
4.3 DETERMINATION OF ORGANIC ANALYTES 
- 

4.3.1 GAS CHROMATOGRAPHIC METHODS 

The f o l l o w i n g  methods a re  inc luded  i n  t h i s  sec t ion :  

Method 8000A: 
Method 8010B: 

Method 801 1 : 

Method 8015A: 

Met hod 8020A : 
Method 8021A: 

Method 8030A: 
Method 8031: 
Method 8032: 
Method 8040A: 
Method 8060: 
Method 8061: 

Method 8070: 
Method 8080A: 

Method 8081: 

Method 8090: 
Method 8100: 
Method 8110: 
Method 8120A: 
Method 8121: 

Method 8140: 
Method 8141A: 

Method 81508: 
Method 8151: 

Gas Chromatography 
Hal ogenated Vol a t  i 1 e Organics by Gas 
Chromatography 
1,2-Di bromoethane and 1 ,Z-Dibromo-3-chlot%propane 
by M i  c r o e x t r a c t  i on and Gas Chromatography 
Nonhal ogenated V o l a t i l e  O r g m i c s  by Gas 
Chromatography 
Aromatic V o l a t i l e  Organics by Gas Chmmatogrrtphy 
Halogenated Vol a t i  l e s  by Gas Ch rombqraphy  Using 
Pho to ion i za t i on  and E l e c t r o l y t i c  C m d w c t i u i t y  
De tec to rs  i n  Ser ies:  C a p i l l a r y  C o l m  Technique 
Ac ro le i n  and Ac ry l on i  t r i l e  by Gas Ch roma tw@y 
Acry l  on i  tri 1 e by Gas Chromatography 
Ac ry l  ami de by Gas Chromatography 
Phenols by Gas Chromatography 
Phthal  a te  Es te rs  
Phthal  a t e  Es te rs  by Capi 11 a r y  Gas Chromatography 
w i t h  E lec t ron  Capture Detec t ion  (GC/ECD) 
N i  t rosamines by Gas Chromatography 
Organochlor ine Pes t i c ides  and Polych l  o r tna ted  
Biphenyl s by Gas Chromatography 
Organochlor ine Pes t i c i des  and PCBs as Arocl  ors by 
Gas Chromatography: Cap i l  l a r y  Column Technique 
N i  t roaromat i  cs and C y c l i c  Ketones 
Polynucl  ear  Aromatic Hydrocarbons 
Hal oethers  by Gas Chromatography 
Ch lo r ina ted  Hydrocarbons by Gas Chromatography 
Chl o r i  nated Hydrocarbons by Gas Chrmtographyr 
Capi 11 a ry  Col umn Technique 
Organophosphorus Pes t i c ides  
Organophosphorus Compounds by  Gas Chrornatograghy: 
C a p i l l a r y  Column Technique 
Chl o r i  nated Herb ic ides  by Gas Chromatography 
Ch lo r ina ted  Herb ic ides  by GC Usfng Rethytatton o r  
Penta f l  uorobenzyl a t i o n  D e r i v a t i t a t i a n :  Capillary 
Col umn Techn i que 
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METHOD 8000A 

GAS CHROMATOGRAPHY 

/ 

1.0 SCOPE AND APPLICATION 

1.1 Gas chromatography is a quantitative technique useful for the 
analysis of organic compounds capable of being volatilized without being 
decomposed or chemically rearranged. Gas chromatography (GC), also known as 
vapor phase chromatography (VPC) , has two subcategories distinguished by: gas- 
sol id chromatography (GSC), and gas-) iquid chromatography (GLC) or gas-1 iquid 
partition chromatography (GLPC). This last group is the most commonly used, 
distinguished by type of column adsorbent or packing. 

1.2 The chromatographic methods are recommended for use only by, or under 
the close supervi si on of, experienced residue analysts. 

2.0 SUMMARY OF METHOD 

2.1 Each organic analytical method that fol lows provides a recommended 
technique for extraction, cleanup, and occasionally, derivatization of the 
samples to be analyzed. Before the prepared sample is introduced into the GC, 
a procedure for standardization must be followed to determine the recovery and 
the limits of detection for the analytes of interest. Following sample 
introduction into the GC, analysis proceeds with a comparison of sample values 
with standard values. Quantitative analysis is achieved through integration of 

f-? peak area or measurement of peak height. 
b 

3.0 INTERFERENCES 

3.1 Contamination by carryover can occur whenever high-concentrat ion and 
1 ow-concentrat ion samples are sequentially analyzed. To reduce carryover, the 
sample syringe or purging device must be rinsed out between samples with water 
or sol vent. Whenever an unusually concentrated sample is encountered, it should 
be followed by an analysis of a solvent blank or of water to check for cross 
contamination. For volatile samples containing large amounts of water-soluble 
illaterial s, suspended sol ids, high boil ing compounds or high organohal ide 
concentrations, it may be necessary to wash out the syringe or purging device 
with a detergent solution, rinse it with distilled water, and then dry it in a 
105OC oven between analyses. 

4.0 APPARATUS AND MATERIALS 

4.1 Gas chromatograph - Analytical system complete with gas chromatograph 
suitable for on-column injections and all required accessories, including 
detectors, column suppl i es, recorder, gases, and syringes. A data system for 
measuring peak height and/or peak areas is recommended. 

4.2 Gas chromatographic columns - See the specific determinative method. 
Other packed or capillary (open-tubular) columns may be used if the requirements 
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o f  Section 8 . 6  are met. 

5 . 0  REAGENTS 

5 .1  See the  spec i f i c  determinative method f o r  the  reagents needed. 

6.0 SAMPLE COLLECTION, PRESERVATION, AND HANDLING 

6 . 1  See the  in t roductory  mater ia l  t o  t h i s  chapter, Organic Analytes, 
Section 4.1.  

7 .0  PROCEDURE 

7.1  Extract ion - Adhere t o  those procedures spec i f i ed  i n  t he  r e f e r r i n g  
de temina t  i v e  method. 

7.2 Cleanup and separation - Adhere t o  those procedures spec i f i ed  i n  the 
r e f e r r i n g  determinative method. 

7.3 The recommended gas chromatographic co l  umns and operating condi t ions 
f o r  the instrument are spec i f ied i n  the  r e f e r r i n g  determinative method. 

7.4 Cal ib ra t ion  

7.4.1  Establ i s h  gas chromatographic operating parameters equivalent  
t o  those ind icated i n  Section 7 . 0  o f  the determinative method o f  i n t e res t .  
Prepare ca l  i bra t  i o n  standards using the  procedures ind icated i n  - 
Section 5.0  o f  the determinative method o f  i n t e res t .  Ca l ib ra te  the \-we{ 

chromatographic system using e i t h e r  the external  standard technique 
(Section 7.4.2) o r  the in te rna l  standard technique (Section 7.4.3) .  

7.4.2 External standard ca l  i bra t  ion  procedure 

7.4.2 .1  For each analyte o f  i n te res t ,  prepare ca l  i bra t i on  
standards a t  a minimum o f  f i v e  concentrations by adding volumes o f  
one o r  more stock standards t o  a volumetric f l a s k  and d i l u t i n g  t o  
volume w i t h  an appropriate solvent. One o f  the external  standards 
should be a t  a concentrat ion near, but  above, the method detect ion 
1 i m i  t. The other  concentrations should correspond t o  the expected 
range o f  concentrations found i n  r ea l  samples o r  should def ine the 
working range o f  the detector. 

7.4.2 .2  I n j e c t  each ca l i b ra t i on  standard using the 
technique t ha t  w i l l  be used t o  introduce the actual samples i n t o  the 
gas chromatograph (e.g. 2-5 pL in jec t ions,  purge-and-trap, etc.  ) . 
Tabulate peak height o r  area responses against the mass in jected.  
The r e s u l t s  can be used t o  prepare a c a l i b r a t i o n  curve f o r  each 
analyte. A1 te rna t i ve ly ,  f o r  samples t h a t  are introduced i n t o  the 
gas chromatograph using a syringe, the r a t i o  o f  the response t o  the 
amount in jected,  defined as the c a l i b r a t i o n  f a c t o r  (CF), can be 
ca lcu la ted f o r  each analyte a t  each standard concentrat ion. I f  the  

- -  - I 
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percent re1 a t ive standard deviation (XRSD) of the cal ibration factor  
i s  l e s s  than 20% over the working range, l inear i ty  through the 
origin can be assumed, and the average calibration factor  can be 
used in place of a calibration curve. 

4. 

Total Area of peak" 
brat ion factor = Mass injected (in nanograms) 

* For mu1 t i  response pesticides/PCBs, use the to ta l  area of 
a l l  peaks used fo r  quantitation. 

7.4.2.3 The working cal i brat i on curve or  cal i brat i on 
factor  must be verified on each working day by the injection of one 
or  more cal i bration standards. 'The frequency of verification i s  
dependent on the detector. Detectors, such as the electron capture 
detector,  t ha t  operate in the sub-nanogram range are  more 
susceptible t o  changes in detector response caused by GC column and 
sample e f fec t s .  Therefore, more frequent veri f i ca t i  on of 
cal i brati  on i s  necessary. The flame ionization detector i s  much 
1 ess sensi t ive  and requires l e s s  frequent verification.  If the 
response for  any analyte varies from the predicted response by more 
than 2 15%, a new calibration curve must be prepared for  tha t  
analyte. For methods 8010, 8020, and 8030, see Table 3 in each 
method for  cal i bration and qua1 i t y  control acceptance c r i t e r i a .  

R, - R2 
Percent Difference = - x 100 

where: 

1 
- - Cal ibrat  ion Factor from f i r s t  analysis. 

R, = Cal i bration Factor from succeeding analyses. 

7.4.3 Internal standard cal i brat ion procedure 

7.4.3.1 To use t h i s  approach, the analyst must se lec t  one 
o r  more internal standards that  are simil a r  in analytical behavior 
t o  the compounds of interest .  The analyst must further demonstrate 
t ha t  the measurement of the internal standard i s  not affected by 
method o r  matrix interferences. Due t o  these l imitations,  no 
internal standard applicable t o  a1 1 samples can be suggested. 

7.4.3.2 Prepare cal i brati  on standards a t  a minimum of f ive  
concentrations fo r  each analyte of interest  by adding volumes of one 
or  more stock standards t o  a volumetric f lask.  To each calibration 
standard, add a known constant amount of one or more internal 
standards and d i lu t e  t o  volume with an appropriate solvent. One of 
the standards should be a t  a concentration near, but above, the 
method detection 1 imi t . The other concentrations should correspond 
t o  the expected range of concentrations found in real samples or  
should define the working range of the detector. 
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7.4.3.3 I n j e c t  each ca l i b ra t i on  standard using the same 
in t roduc t ion  technique t h a t  w i l l  be appl ied t o  the  actual  samples 
(e.g. 2  t o  5  p L  in jec t ion ,  purge-and-trap, etc.).  Tabulate the peak 
height  o r  area responses against the concentrat ion o f  each compound 
and .internal standard. Calculate response fac to rs  (RF) f o r  each 
compound as f o l  1  ows: 3 

where: 

As 
- - Response f o r  the analyte t o  be measured. 

'is 
- - Response f o r  the i n te rna l  standard. 

C i s  
- - Concentration o f  the  i n te rna l  standard, pg/L. 

cs  
- - Concentration o f  the analyte t o  be measured, 

pg/L. 

If the RF value over the  working range i s  constant (< 20% 
RSD) , the  RF can be assumed t o  be invar iant ,  and the  average RF can 
be used f o r  calculat ions.  A1 te rna t i ve ly ,  the r e s u l t s  can be used t o  
p l o t  a  ca l i b ra t i on  curve o f  response ra t i os ,  A,/Ais versus RF. 

7.4.3.4 'The working ca l i b ra t i on  curve o r  RF must be 
v e r i f i e d  on each working day by the measurement o f  one o r  more 
ca l  i b r a t i  on standards. The frequency o f  v e r i  f i ca t  i on i s dependent 
on the detector. Detectors, such as the e lec t ron capture detector, 
t h a t  operate i n  the sub-nanogram range are more suscept ib le t o  
changes i n  detector  response caused by GC column and sample e f f ec t s .  

9 
b_J 

Therefore, more frequent v e r i f i c a t i o n  o f  cal  i bra t  i on i s  necessary. 
The flame ion iza t ion  detector  i s  much less sens i t i ve  and requires 
less frequent v e r i f i c a t i o n .  I f  the response f o r  any analyte var ies  
from the predicted response by more than + 15%, a  new c a l i b r a t i o n  
curve must be prepared f o r  t h a t  compound. For methods 8010, 8020, 
and 8030, see Table 3  i n  each method f o r  ca l  i bra t ion  and qua1 i t y  
cont ro l  acceptance c r i t e r i a .  

7.5 Retention t ime windows 

7.5.1 Before estab l ish ing windows, make sure the  GC system i s  w i t h i n  
optimum operating condit ions. Make three i n j ec t i ons  o f  a1 1  s ing l  e  
component standard mixtures and multiresponse products ( i .e .  PCBs) 
throughout the course o f  a  72 hour period. Ser ia l  i n j ec t i ons  over less 
than a 72 hour per iod r e s u l t  i n  re ten t ion  time windows t h a t  are too t i g h t .  

7.5.2 Calculate the standard dev ia t ion o f  the  three re ten t ion  times 
(use any funct ion o f  re ten t ion  time; inc lud ing absolute re ten t ion  time, o r  
re1 a t i v e  re ten t i on  t ime) f o r  each s ing l  e  component standard. FCT 
multiresponse products, choose one major peak from the envelope and 
ca lcu la te  the  standard dev ia t ion o f  the three re ten t ion  times f o r  t h a t  
peak. The peak chosen should be f a i r l y  immune t o  losses due t o  
degradation and weathering i n  samples . 
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7.5.2.1 Plus o r  minus three times the  standard dev ia t ion  
o f  the  r e t e n t i o n  times f o r  each standard w i l l  be used t o  def ine  the  
r e t e n t i o n  t ime window; however, the  experience o f  the  analyst  should 
weigh heav i ly  i n  the  i n t e r p r e t a t i o n  o f  chromatograms. For 
mu1 t i response analytes ( i  .e. PCBs), the analyst  should use the 
r e t e n t i o n  t ime window, but  should p r i m a r i l y  r e l y  on pat tern  
recogni t ion.  

7.5.2.2 I n  those cases where the standard dev ia t i on  f o r  a  
p a r t i c u l a r  standard i s  zero, the  1  aboratory must subs t i t u te  the 
standard dev ia t i on  o f  a  c lose e lu t i ng ,  s i m i l a r  compound t o  develop 
a  v a l i d  r e t e n t i o n  t ime window. 

7.5.3 The labora tory  must ca lcu la te  re ten t ion  t ime windows f o r  each 
standard on each GC column and whenever a  new GC column i s  i ns ta l l ed .  The 
data must be re ta ined by the laboratory. 

7.6 Gas chromatographic analys is 

7.6.1 In t roduc t ion  o f  organic conlpounds i n t o  the gas chromatograph 
var ies  depending on the  v o l a t i l i t y  o f  the  compound. V o l a t i l e  organics are 
pr imar i  1  y  introduced by purge-and-trap (Method 5030). However, there  are 
1  i m i  t ed  appl i c a t i o n s  ( i n  Method 5030) where d i r e c t  i n j e c t i o n  i s  
acceptable. Use o f  Method 3810 o r  3820 as a  screening technique for 
v o l a t i l e  organic analys is may be valuable w i t h  some sample matr ices t o  
prevent over l  oading and contamination o f  the  GC systems. Semi vol  a t  i 1 e 
organics are introduced by d i r e c t  i n jec t ion .  

7.6.2 The appropr iate detector(s)  i s  given i n  the  s p e c i f i c  method. 

7.6.3 Samples are analyzed i n  a  set  re fe r red  t o  as an analysis 
sequence. The sequence begins w i t h  instrument ca l  i bra t ion  fol lowed by 
sample ex t rac ts  interspersed w i t h  mu1 t i  -concentrat ion ca l  i b r a t i  on 
standards. The sequence ends when the set o f  samples has been in jec ted  o r  
when qua1 i t a t  i v e  and/or quan t i ta t i ve  QC c r i t e r i a  are exceeded. 

7.6.4 D i r e c t  I n j e c t i o n  - I n j e c t  2-5 p L  o f  the sample ex t rac t  using 
the solvent  f l u s h  technique, i f  the ex t rac t  i s  manually in jected.  Smaller 
volumes (1.0 pL)' can be in jected,  and the  solvent f l u s h  technique i s  not  
required, i f  automatic devices are employed. Record the volume in jec ted  
t o  the  nearest 0.05 pL and the r e s u l t i n g  peak s i ze  i n  area u n i t s  o r  peak 
height .  

7.6.5 I f  the responses exceed the 1  inear range o f  the  system, d i l u t e  
t h e  e x t r a c t  and reanalyze. It i s  recommended t h a t  ex t rac ts  be d i l u t e d  so 
t h a t  a1 1  peaks are on scale. Overlapping peaks are not always evident 
when peaks are o f f  scale. Computer reproduction o f  chromatograms, 
manipulated t o  ensure a l l  peaks are on scale over a  100-fo ld range, are 
acceptable i f  l i n e a r i t y  i s  demonstrated. Peak height  measurements are 
recommended over peak area in teg ra t ion  when over l  appi ng peaks cause er rors  
i n  area in tegra t ion .  

7.6.6 I f  peak detect ion i s  prevented by the  presence o f  
in ter ferences , fur ther  c l  eanup i s required. 
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7.6.7 Examples of chromatograms f o r  t h e  compounds o f  i n t e r e s t  are 
f requen t l y  avai  1  able i n  t h e  r e f e r r i n g  a n a l y t i c a l  method. 

7.6.8 Cal i bra te  t h e  system immediately p r i o r  t o  conduct ing any 
analyses (see Sect ion 7.4). A  mid-concentrat ion standard must a1 so be 
i n j e c t e d  a t  i n t e r v a l s  spec i f i ed  i n  t h e  method and a t  t h e  end o f  t h e  
ana lys is  sequence. The c a l i b r a t i o n  f a c t o r  f o r  each ana ly te  t o  be 
quant i ta ted,  must n o t  exceed a  15% d i f f e r e n c e  when compared t o  t h e  i n i t i a l  
standard o f  t he  ana lys is  sequence. When t h i  s  c r i t e r i o n  i s exceeded, 
inspect  t h e  GC system t o  determine the  cause and per form whatever 
maintenance i s  necessary (see Sect ion 7.7) before r e c a l  i b r a t i n g  and 
proceeding w i t h  sample analys is .  A l l  samples t h a t  were i n j e c t e d  a f t e r  t h e  
standard exceeding t h e  c r i t e r i o n  must be r e i n j e c t e d  t o  avoid e r r o r s  i n  
quan t i t a t i on ,  i f  t h e  i n i t i a l  ana lys is  i nd i ca ted  t h e  presence o f  t h e  
s p e c i f i c  t a r g e t  analytes t h a t  exceeded the  c r i t e r i o n .  

7.6.9 Es tab l i sh  d a i l y  r e t e n t i o n  t ime windows f o r  each analyte.  Use 
t h e  r e t e n t i o n  t ime f o r  each analyte from Sect ion 7.6.8 as t h e  midpoint  o f  
t he  window f o r  t h a t  day. The d a i l y  r e t e n t i o n  t i m e -  window equals t h e  
midpo in t  + th ree  t imes t h e  standard dev ia t i on  determined i n  Sect ion 7.5. 

7.6.9.1 Tenta t ive  i d e n t i  f i  c a t i  on o f  an ana ly te  occurs when 
a  peak from a  sample e x t r a c t  f a l l s  w i t h t n  t h e  d a i l y  r e t e n t i o n  t ime 
window. Normally, conf i rmat ion  i s  required:  on a  second GC column, 
by GC/MS i f  concentrat ion permits, o r  by o the r  recognized 
conf i rmat ion  techniques. Confirmation may n o t  be necessary i f  the  
composition o f  t he  sample ma t r i x  i s  w e l l  es tab l ished by p r i o r  
analyses. 

7.6.9.2 Val i d a t i o n  o f  GC system qua1 i t a t i v e  performance: 
Use the  mid-concentrat i  on standards in terspersed throughout the  
ana lys i s  sequence (Sect ion 7.6.8) t o  evaluate t h i s  c r i t e r i o n .  I f  
any o f  t h e  standards f a l l  outs ide t h e i r  d a i l y  r e t e n t i o n  t ime window, 
the  system i s  ou t  o f  con t ro l .  Determine the  cause o f  t h e  problem 
and c o r r e c t  i t  (see Sect ion 7.7). A l l  samples t h a t  were i n j e c t e d  
a f t e r  t he  standard exceeding t h e  c r i t e r i a  must be r e i n j e c t e d  t o  
avo id  f a l s e  negatives and poss ib l y  f a l s e  pos i t i ves .  

7.7 Suggested chromatography system maintenance - Cor rec t i ve  measures may 
r e q u i r e  any one o r  more o f  t h e  f o l l o w i n g  remedial act ions.  

7.7.1 Packed columns - For instruments w i t h  i n j e c t i o n  p o r t  t raps,  
rep1 ace the  demi s t e r  t rap :  clean, and deact iva te  t h e  g lass  i n j e c t i o n  p o r t  
i n s e r t  o r  rep lace w i t h  a  cleaned and deact ivated i n s e r t .  Inspect  t h e  
i n j e c t i o n  end o f  t he  column and remove any f o r e i g n  ma te r ia l  (broken g lass  
from t h e  r i m  o f  t he  column o r  pieces o f  septa). Replace the  g lass  wool 
w i t h  f r e s h  deact ivated g lass wool . A1 so, i t may be necessary t o  remove 
t h e  f i r s t  few m i l l i m e t e r s  o f  t h e  packing mater ia l  i f  any d i s c o l o r a t i o n  i s  
noted, a lso  swab ou t  the  i n s i d e  wa l l s  o f  t he  column i f  any res idue i s  
noted. I f  these procedures f a i l  t o  e l im ina te  t h e  degradation problem, i t  
may be necessary t o  deact iva te  the  metal i n j e c t o r  body (described i n  
Sect ion 7.7.3) and/or repack/repl ace the  c o l  umn . 
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7.7. 
p o r t  inser  
the  f i r s t  
c o l  umn . 

2 C a p i l l a r y  columns - Clean and deact ivate the  g lass i n j e c t i o n  
lt o r  replace w i t h  a  cleafi4d and deact ivated inse r t .  Break o f f  
few inches, up t o  one foot, o f  the  i n j e c t i o n  p o r t  s ide  o f  t he  
Remove t h e  column and solvent  backf lush according t o  the  

manufacturer's i ns t ruc t i ons .  I f  these procedures f a i  1  t o  e l  iminate the  
degradation problem, i t  may be necessary t o  deact ivate the  metal i n j e c t o r  
body and/or replace the  column. 

7.7.3 Metal i n j e c t o r  body - Turn o f f  t he  oven and remove the 
a n a l y t i c a l  column when the  oven has cooled. Remove t h e  g lass i n j e c t i o n  
p o r t  i n s e r t  ( instruments w i t h  off-column i n j e c t i o n  o r  Grob). Lower the  
i n j e c t i o n  p o r t  temperature t o  room temperature. . .Inspect the  i n j e c t i o n  
p o r t  and remove any not iceab le  fo re ign  mater ia l .  

7.7.3.1 Place a  beaker beneath the  i n j e c t o r  p o r t  i ns ide  
the  GC oven. Using a  wash b o t t l e ,  s e r i a l l y  r i n s e  the  e n t i r e  i ns ide  
o f  t he  i n j e c t o r  p o r t  w i t h  acetone and then toluene; catching the 
r i n s a t e  i n  the  beaker. 

7.7.3.2 Prepare a  sol  u t i o n  o f  deact iva t ing  agent (Syl on-CT 
o r  equivalent)  f o l l ow ing  manufacturer's d i rec t i ons .  A f t e r  a l l  metal 
surfaces ins ide  the  i n j e c t o r  body have been thoroughly coated w i t h  
t h e  deac t i va t i on  so lu t ion ,  s e r i a l l y  r i n s e  the  i n j e c t o r  body w i t h  
t o 1  uene, methanol, acetone, and hexane. Reassemble the  i n j e c t o r  and 
rep1 ace the  GC column. 

7.8 Ca lcu la t ions  

7.8.1 External standard ca l  i bra t ion  - The concentrat ion o f  each 
ana ly te  i n  t h e  sample may be determined by c a l c u l a t i n g  the  amount of 
standard purged o r  in jec ted,  from the peak response, us ing t h e  c a l  i b r a t i o n  
curve o r  the  c a l i b r a t i o n  f a c t o r  determined i n  Sect ion 7.4.2. The 
concentrat ion o f  a  s p e c i f i c  analyte i s  ca lcu la ted as fo l lows:  

Aqueous samples 

where: 

Ax 
- - Response f o r  t he  analyte i n  the  sample, u n i t s  may be i n  

area counts o r  peak height.  

A - - Amount o f  standard i n jec ted  o r  purged, ng. 

As 
= Response f o r  the  external  standard, u n i t s  same as f o r  

Ax - 
"i 

- - Volume o f  e x t r a c t  in jected,  pL. For purge-and-trap 
analysis, Vi i s  no t  appl icable and there fore  = 1. 

D  P D i l u t i o n  fac to r ,  i f  d i l u t i o n  was made on the sample 
p r i o r  t o  analys is .  I f  no d i l u t i o n  was made, D = 1, 
dimensionless. 
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"t 
E Volume o f  t o t a l  ex t rac t ,  pL. For purge-and-trap 

analysis, V, i s  not  appl icable and there fo re  = 1. 

''8 
= Volume o f  sample extracted o r  purged, mL. 

Nonaaueous s a m ~ l  es 

where: 

W = Weight o f  sample extracted o r  purged, g. The wet weight 
o r  d ry  weight may be used, depending upon the  s p e c i f i c  
appl i ca t i ons  o f  t he  data. 

Ax, A,, 
samples when 
v o l a t i l e  org 

A, V,, D, and V, have the  same d e f i n i t i o n  as f o r  aqueous 
a s o l i d  sample i s  purged (e.g., low concentrat ion s o i l )  f o r  
anic analysis o r  for  semivolat i  1 e organic and pes t i c ide  

ext rac ts .  when the  nonaqueous sample i s  extracted f o r  purge and t r a p  
analysis, Vi = volume o f  methanol ex t rac t  added t o  reagent water f o r  purge 
and t r a p  analysis. 

7.8.2 In te rna l  standard c a l i b r a t i o n  - For each analyte o f  i n te res t ,  
t he  concentrat ion o f  t h a t  analyte i n  the  sample i s  ca lcu la ted as fo l lows: 

Aqueous s a m ~ l  es 

where: 

Ax = Response o f  the  analyte being measured, u n i t s  may be i n  
area counts o r  peak height .  

C is  
= Amount o f  i n t e rna l  standard added t o  ex t rac t  o r  volume 

purged, ng. 

D = D i l u t i o n  fac tor ,  i f  a d i l u t i o n  was made on- t he  sample 
p r i o r  t o  analysis. I f  no d i l u t i o n  was made, D = 1, 
dimensionless. 

Ai s 
- - Response o f  the in te rna l  standard, u n i t s  same as Ax. 

RF = Response f ac to r  f o r  analyte, as determined i n  Section 
7.4.3.3. 

vs  
= Volume o f  water extracted o r  purged, mL. 

Nonaaueous s a m ~ l  es 
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where : 

"'s 
- - Weight o f  sample extracted, g. E i the r  a d r y  weight o r  

wet weight may be used, depending upon t h e  s p e c i f i c  
appl i c a t i o n  o f  t he  data. 

A,, Cis, D, A,,, and RF have the  same d e f i n i t i o n  as f o r  aqueous 
samples. 

8.0 QUALITY CONTROL 

8.1 Each l abo ra to ry  t h a t  uses these methods i s  requi red t o  operate a 
formal qual i t y  c o n t r o l  program. The minimum requirements o f  t h i s  program cons is t  
o f  an i n i t i a l  demonstration o f  l abo ra to ry  capabi l  i t y  and an ongoing ana lys is  o f  
sp i  ked samples t o  eval uate and document qual i t y  data. The 1 aboratory should 
main ta in  records t o  document t h e  q u a l i t y  o f  t he  data generated. Ongoing data 
q u a l i t y  checks are compared w i t h  establ ished performance c r i t e r i a  t o  determine 
i f  t h e  r e s u l t s  o f  analyses meet t he  performance c h a r a c t e r i s t i c s  o f  the  method. 
When r e s u l t s  o f  sample spikes i n d i c a t e  a t yp i ca l  method performance, a qual i t y  
c o n t r o l  check standard should be analyzed t o  conf i rm t h a t  t h e  measurements were 
performed i n  an i n - c o n t r o l  mode o f  operat ion. 

8.2 Before processing any samples, t he  analyst  should demonstrate, 
through t h e  ana lys is  o f  a reagent blank, t h a t  in te r fe rences from t h e  a n a l y t i c a l  
system, glassware, and reagents are under cont ro l .  Each t ime a se t  o f  samples 
i s  ex t rac ted  o r  t he re  i s  a change i n  reagents, an organ ic - f ree  reagent water 
b lank should be processed as a safeguard against  chronic  labora tory  

,rmas 
contamination. The b lank samples should be c a r r i e d  through a l l  stages o f  the  
sample prepara t ion  and measurement steps. 

w 
8.3 For each a n a l y t i c a l  batch (up t o  20 samples), a reagent blank, mat r ix  

sp i  ke, and dupl i c a t e  o r  m a t r i x  sp ike dupl i c a t e  should be analyzed ( the  frequency 
o f  t h e  spikes may be d i f f e r e n t  f o r  d i f f e r e n t  moni tor ing programs). The blank and 
spiked samples should be c a r r i e d  through a l l  stages o f  t h e  sample preparat ion and 
measurement steps. 

8.4 The experience o f  the  analyst  performing gas chromatography i s  
i nva luab le  t o  t h e  success o f  t h e  methods. Each day t h a t  analys is  i s  performed, 
t he  d a i l y  c a l i b r a t i o n  sample should be evaluated t o  determine i f  the  
chromatographic system i s  operat ing proper ly .  Questions t h a t  should be asked 
are: Do t h e  peaks l o o k  normal?; I s  t h e  response obtained comparable t o  the  
response from previous c a l  i b r a t  ions? Careful  examination o f  t he  standard 
chromatogram can i n d i c a t e  whether the  column i s  s t i l l  good, the  i n j e c t o r  i s  
leaking,  t h e  i n j e c t o r  septum needs replac ing,  etc .  I f  any changes are made t o  
the  system (e.g. column changed), reca l  i b r a t i o n  o f  t h e  system should take place. 

8.5 Required instrument QC 

8.5.1 Step 7.4 requ i res  t h a t  t he  XRSD vary by < 20% when comparing 
c a l i b r a t i o n  f a c t o r s  t o  determine i f  a f i v e  p o i n t  c a l i b r a t i o n  curve i s  
1 inear .  
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8.5.2 Section 7.4 sets a l i m i t  o f  + 15% d i f fe rence  when comparing 
d a i l y  response of a given analyte versus the i n i t i a l  response. For 
Methods 8010, 8020, and 8030, f o l l ow  the guidance on l i m i t s  spec i f ied i n  
Section 7.4.3.4. If the l i m i t  i s  exceeded, a new standard curve should be 
prepared unless instrument maintenance corrects the problem f o r  t h a t  - 
par t  i c u l  a r  anal y t e  . d 

8.5.3 Step 7.5 requires the establishment o f  r e ten t i on  time windows. 

8.5.4 Section 7.6.8 sets a l i m i t  of + 15% d i f ference when comparing 
the response from the cont inuing cal  i bra t  i on  standard o f  a given analyte 
versus any succeeding standards analyzed dur ing an analysis sequence. 

8.5.5 Step 7.6.9.2 requires t ha t  a l l  succeeding standards i n  an 
analysis sequence should f a l l  w i t h i n  the d a i l y  r e ten t i on  t ime window 
establ ished by the f i r s t  standard o f  the sequence. 

8.6 To estab l ish  the a b i l i t y  t o  generate acceptable accuracy and 
precis ion,  the analyst should perform the fo l low ing  operations. 

8.6.1 A q u a l i t y  cont ro l  (QC) check sample concentrate i s  required 
contain ing each analyte o f  i n te res t .  The QC check sample concentrate may 
be prepared from pure standard materials, o r  purchased as c e r t i f i e d  
solut ions.  I f  prepared by the laboratory, the QC check sample concentrate 
should be made using stock standards prepared independently from those 
used f o r  ca l  i bra t  i on. 

8.6.1.1 The concentrat ion o f  the QC check sample 
concentrate i s  h igh ly  dependent upon the analytes being 
invest igated.  Therefore, r e f e r  t o  Method 3500, Section 8.0 f o r  the 
required concentrat ion o f  the QC check sample concentrate. 4 

8.6.2 Preparation o f  QC check samples 

8.6.2.1 V o l a t i l e  organic analytes (Methods 8010, 8020, and 
8030) - The QC check sample i s  prepared by adding 200 pL o f  the QC 
check sample concentrate (Step 8.6.1) t o  100 mL o f  water. 

8.6.2.2 Semi vol  a t  i 1 e organic analytes (Methods 8040, 8060, 
8070, 8080, 8090, 8100, 8110, and 8120) - The QC check sample i s  
prepared by adding 1.0 mL o f  the QC check sample concentrate (Step 
8.6.1) t o  each o f  four  1-L a l iquots  o f  water. 

8.6.3 Four a1 iquots o f  the wel l  -mixed QC check sample are analyzed 
by the same procedures used t o  analyze actual samples (Section 7.0 o f  each 
o f  the  met hods) . For vol a t  i 1 e organics, the preparat i on/anal ys i s process 
i s  purge-and-trap/gas chromatography. For semivol a t i  l e  organics, the  QC 
check samples should undergo solvent ex t rac t ion (see Method 3500) p r i o r  t o  
chromatographic anal y s i  s . 

8.6.4 Cal cul a te  the average recovery (x) i n  pg/L, and the standard 
dev ia t ion  o f  the recovery (s) i n  pg/L, f o r  each analyte o f  i n t e r e s t  using 
the  f ou r  resu l  t s .  
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8.6.5 For each analyte compare s and 2 with the corresponding 
acceptance c r i t e r i a  fo r  precision and accuracy, respectively, given the QC 
Acceptanc: Cr i te r ia  Table a t  the end of each of the determinative methods. 
I f  s and x fo r  a1 1 analytes of in te res t  meet the acceptance c r i t e r i a ,  the 
system performance i s  acceptable and analysis of actual samples can-begi n. 
I f  any individual s exceeds the precision l imit  o r  any individual x f a l l s  
outside the range fo r  accuracy, then the system performance i s  
unacceptable f o r  t ha t  analyte. 

NOTE: The large number of analytes i n  each of the QC Acceptance - 
Cri te r ia  Tables present a substantial probability t ha t  one or 
more will f a i l  a t  l e a s t  one of the acceptance c r i t e r i a  when 
a l l  analytes of a given method are determined. 

8.6.6 When one or more of the analytes tested f a i l  a t  1 eas t  one of 
the acceptance c r i t e r i a ,  the analyst should proceed according t o  Step 
8.6.6.1 or 8.6.6.2. 

8.6.6.1 Locate and correct the source of the problem and 
repeat the t e s t  f o r  a l l  analytes of in te res t  beginning with 
Step 8.6.2. 

8.6.6.2 Beginning with Step 8.6.2, repeat the t e s t  only 
f o r  those analytes tha t  fa i led t o  meet c r i t e r i a .  Repeated fa i lu re ,  
however, will confirm a general problem with the measurement system. 
I f  t h i s  occurs, locate and correct  the source of the problem and 
repeat the t e s t  f o r  a l l  compounds of in te res t  beginning with 
Step 8.6.2. 

'wl 8.7 The laboratory should, on an ongoing basis,  analyze a reagent blank 
and a matrix spiked duplicate fo r  each analytical batch (up t o  a maximum of 20 
sampl es/batch) t o  assess accuracy. For soi 1 and waste samples where detectable 
amounts of organics are present, repl icate  samples may be appropriate in place 
of spiked duplicates. For laboratories analyzing one t o  ten samples per month, 
a t  l e a s t  one spiked sample per month i s  required. 

8.7.1 The. concentration of the spike in the sample should be 
determined as follows: 

8.7.1.1 I f ,  a s  in compl i ance monitoring, the concentration 
of a specif ic  analyte in the sample i s  being checked against a 
regulatory concentration 1 imit, the spike should be a t  t ha t  1 imit, 
or  1 t o  5 times higher than the background concentration determined 
in Step 8.7.2, whichever concentration would be 1 arger. 

8.7.1.2 If  the concentration of a specif ic  analyte in a 
water sample i s  not being checked against a 1 imi t specif ic  t o  that  
analyte, the spike should be a t  the same concentration as the QC 
reference sample (Step 8.6.2) o r  1 t o  5 times higher than the 
background concentration determined in Step 8.7.2, whichever 
concentration would be 1 arger. For other matrices, the recommended 
spiking concentration i s  20 times the EQL. 
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8.7.1.3 For semivo la t i l e  organics, i t  may no t  be poss ib le  
t o  determine the  background concentrat ion l e v e l s  p r i o r  t o  sp i k ing  
(e.g. maximum ho ld ing  t imes w i l l  be exceeded). I f  t h i s  i s  t h e  case, 
t h e  sp ike  concentrat ion should be (1) t h e  r e g u l a t o r y  concent ra t ion  
l i m i t ,  i f  any; or ,  i f  none (2) t h e  l a r g e r  o f  e i t h e r  5 t imes h igher  
than t h e  expected background concentrat ion o r  the  QC re ference 
sample concentrat ion (Step 8.6.2). For o the r  matr ices,  t h e  
recommended sp ik ing  concentrat ion i s  20 t imes the  EQL. 

8.7.2 Analyze one unspi ked and one spiked sample a1 i q u o t  t o  
determine percent  recovery of each o f  t h e  spiked compounds. 

8.7.2.1 V o l a t i l e  organics - Analyze one 5-mL sample 
a l i q u o t  t o  determine the  background concent ra t ion  (B) o f  each 
analyte. I f  necessary, prepare a new QC re ference sample 
concentrate (Step 8.6.1) appropr ia te  f o r  t h e  background 
concentrat ion i n  t h e  sample. Spi ke a second 5-mL sample a1 i q u o t  
w i t h  10 p L  o f  t h e  QC reference sample concentrate and analyze i t  t o  
determine the  concentrat ion a f t e r  sp i k ing  (A) o f  each analyte. 
Ca lcu la te  each percent recovery (p) as 100(A - B)%/T, where T i s  t h e  
known t r u e  value o f  t he  spike. 

8.7.2.2 Semi vo l  a t  i 1 e organics - Analyze one sample a1 iquo t  
( e x t r a c t  of 1 -L sample) t o  determine the  background concent ra t ion  
(B) o f  each analyte. I f  necessary, prepare a new QC reference 
sampl e concentrate (Step 8.6.1) appropr ia te  f o r  t h e  background 
concentrat ion i n  t h e  sample. Spike a second 1-L sample a1 i q u o t  w i t h  
1.0 mL o f  t he  QC reference sample concentrate and analyze i t  t o  
determine t h e  concentrat ion a f t e r  sp i k ing  (A) o f  each analyte. 
Ca lcu la te  each percent recovery (p) as 100(A - B)%/T, where T i s  t h e  
known t r u e  value o f  t he  spike. I 

\" ./ 

8.7.3 Compare the  percent recovery (p) f o r  each ana ly te  i n  a water 
sample w i t h  t h e  corresponding c r i t e r i a  presented i n  the  QC Acceptance 
C r i t e r i a  Table found a t  t h e  end o f  each o f  t h e  determinat ive  methods. 
These acceptance c r i  t e r i  a  were c a l  cu l  ated t o  inc lude an a1 1 owance f o r  
e r r o r  i n  measurement o f  both t h e  background and sp.i ke concentrat ions,  
assuming a spike t o  background r a t i o  o f  5: 1. This e r r o r  w i l l  be accounted 
f o r  t o  t h e  ex ten t  t h a t  t he  ana lys t ' s  spike t o  background r a t i o  approaches 
5 : l .  I f  sp ik ing  was performed a t  a concentrat ion lower than t h e  QC 
re ference saniple concentrat ion (Step 8.6.2), t h e  ana lys t  should use e i t h e r  
t h e  QC acceptance c r i t e r i a  presented i n  the  Tables, o r  op t i ona l  QC 
acceptance c r i t e r i a  ca l cu la ted  f o r  t he  s p e c i f i c  spike concentrat ion.  To 
c a l  c u l  a te  op t iona l  acceptance c r i t e r i a  f o r  t h e  recovery o f  an analyte:  
(1) Ca lcu la te  accuracy ( x ' )  us ing t h e  equation found i n  the  Method 
Accuracy and Prec is ion  as a Funct ion o f  Concentrat ion Table (appears a t  
t he  end o f  each determinat ive method), s u b s t i t u t i n g  t h e  sp ike  
concent ra t ion  (T) f o r  C; (2) c a l c u l a t e  o v e r a l l  -precis ion ( S t )  us ing  t h e  
equation i n  the  same Table, s u b s t i t u t i n g  x '  f o r  x; (3) c a l c u l a t e  t h e  range 
f o r  recovery a t  t he  sp i  ke concentrat ion as (100x1/T) 2 2. 44(100S1/T)%. 

8.7.4 I f  any i n d i v i d u a l  p f a l l s  outs ide t h e  designated range f o r  
recovery, t h a t  analyte has f a i l e d  the  acceptance c r i t e r i a .  A check 
standard conta in ing  each ana ly te  t h a t  f a i l e d  t h e  c r i t e r i a  should be 
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analyzed as described i n  Step 8.8. 

8.8 I f  any ana ly te  i n  a water sample f a i l s  the  acceptance c r i t e r i a  f o r  

, '81 
recovery i n  Step 8.7, a QC reference standard conta in ing  each analyte t h a t  f a i l e d  
should be prepared and analyzed. 

.j 
NOTE: The frequency f o r  t he  requ i red  ana lys is  o f  a QC reference standard - 

w - i l l  depend upon t h e  number o f  analytes being simultaneously tested, 
t h e  complexity o f  t h e  sample matr ix ,  and the  performance o f  t he  
labora tory .  I f  t h e  e n t i r e  1 i s t  o f  analytes g iven i n  a method should 
be measured i n  t he  sample i n  Step 8.7, t he  p r o b a b i l i t y  t h a t  the 
ana lys is  o f  a QC check standard w i l l  be requ i red  i s  high. I n  t h i s  
case, the  QC check standard should be r o u t i n e l y  analyzed w i t h  the  
spiked sample. 

8.8.1 Preparat ion o f  t he  QC check sample - For v o l a t i l e  organics, 
add 10 p L  o f  t he  QC check sample concentrate (Step 8.6.1 o r  8.7.2) t o  5 
mL o f  water. For semivol a t i  1 e organics, add 1.0 mL o f  t he  QC check sample 
concentrate (Step 8.6.1 o r  8.7.2) t o  1 L o f  water. The QC check sample 
needs on l y  t o  conta in  t h e  analytes t h a t  f a i l e d  c r i t e r i a  i n  t h e  t e s t  i n  
Step 8.7. Prepare the  QC check sample f o r  ana lys is  f o l l ow ing  the  
guide1 ines  g iven i n  Method 3500 (e.g . purge-and-trap, ex t rac t ion ,  etc.) . 

8.8.2 Analyze the  QC check saniple t o  determine t h e  concentrat ion 
measured (A) o f  each analyte. Calculate each percent recovery (p,, as 
100(A/T)%, where T i s  t he  t r u e  value o f  t he  standard concentrat ion. 

8.8.3 Compare t h e  percent recovery (p,) f o r  each ana ly te  w i t h  the  
corresponding QC acceptance c r i t e r i a  found i n  t h e  appropr iate Tab1 e i n  
each o f  t h e  methods. Only analytes t h a t  f a i l e d  the  t e s t  i n  Step 8.7 need 
t o  be compared w i t h  these c r i t e r i a .  I f  the  recovery o f  any such analyte 
fa1 1 s ou ts ide  t h e  designated range, the  1 aboratory performance f o r  t h a t  
ana ly te  i s  judged t o  be out  o f  cont ro l ,  and the  problem should be 
immediately i d e n t i f i e d  and corrected. The r e s u l t  f o r  t h a t  analyte i n  t h e  
unspiked sample i s  suspect and may no t  be repor ted f o r  regu la tory  
compl i ance purposes. 

8.9 As p a r t  o f  t h e  QC program f o r  t he  laboratory,  method accuracy f o r  
each m a t r i x  s tud ied  should be assessed and records should be maintained. A f t e r  
t h e  ana lys is  o f  f i v e  spiked samples ( o f  the  same mat r i x  type) as i n  Step 8.7, 
c a l c u l a t e  t h e  average percent recovery (p) and the  standard dev ia t i on  o f  t he  
percent recovery ( s  ) .  Express the  acc_uracy assessment as a percent recovery 
i n t e r v a l  from p - f sp  t o  p t 2sp. I f  p = 90% and s, = lo%, f o r  example, t he  
accuracy i n t e r v a l  i s  expressed as 70-110%. Update the  accuracy assessment f o r  
each ana ly te  on a regu la r  basis  (e.g. a f t e r  each f i v e  t o  ten  new accuracy 
measurements). 

8.10 Ca lcu la te  surrogate con t ro l  l i m i t s  as fo l lows:  

8.10.1 For each sample analyzed, ca l cu la te  the  percent recovery 
o f  each surrogate i n  t h e  sample. 

8.10.2 Cal cu l  a te  the  average percent recovery (p) and standard 
d e v i a t i o n  o f  t h e  percent recovery (s) f o r  each of t he  surrogates when 
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surrogate data from 25 t o  30 samples f o r  each m a t r i x  i s  ava i l ab le .  

8.10.3 For a g iven mat r ix ,  c a l c u l a t e  t h e  upper and lower 
c o n t r o l  1 i m i  t f o r  met hod performance f o r  each surrogate standard. Thi  s  
should be done as fo l lows:  

Upper Contro l  L i m i t  (UCL) = p t 3s 
Lower Contro l  L i m i t  (LCL) = p - 3s 

8.10.4 For aqueous and s o i l  matr ices,  these labo ra to ry  
es tab l  i shed surrogate con t ro l  1 i m i  t s  should, i f  appl i cab le ,  be compared 
w i t h  the  c o n t r o l  l i m i t s  i n  Tables A and B o f  Methods 8240 and 8270, 
respec t i ve l y .  The 1 i m i  t s  g iven i n  these methods are  mu1 t i -1 aboratory 
performance based 1 i m i t s  f o r  s o i l  and aqueous samples, and there fore ,  t h e  
s ing le - labo ra to ry  1 i m i t s  es tab l ished i n  Step 8.10.3 should f a l l  w i t h i n  
those g iven i n  Tables A and B f o r  these matr ices. 

8.10.5 I f  recovery i s  no t  w i t h i n  l i m i t s ,  t h e  f o l l o w i n g  i s  
requ i  red. 

o Check t o  be sure there  are no e r r o r s  i n  c a l c ~ ~ l a t i o n s ,  
surrogate so lu t i ons  and i n t e r n a l  standards. A1 so, check 
instrument performance. 

Recalculate the  data  and/or reanalyze the  e x t r a c t  i f  any o f  
t h e  above checks reveal  a problem. 

o Reextract and reanalyze the  sample i f  none of t h e  above are a 
problem o r  f l a g  t h e  data as "est imated concentrat ion."  

8.10.6 A t  a  minimum, each labora tory  should update surrogate 
recovery 1 i m i  t s  on a matr ix-by-matr ix  basis, annual ly .  

8.11 It i s  recommended t h a t  t h e  l abo ra to ry  adopt a d d i t i o n a l  qua1 i t y  
assurance p rac t i ces  f o r  use w i t h  t h i s  method. The s p e c i f i c  p rac t i ces  t h a t  a re  
most p roduct ive  depend upon t h e  needs o f  t h e  l abo ra to ry  and t h e  nature  o f  t h e  
samples. F i e l d  dup l ica tes  may be analyzed t o  assess t h e  p r e c i s i o n  of t h e  
environmental measurements. When doubt e x i s t s  over the  i d e n t i f i c a t i o n  o f  a peak 
on t h e  chromatogram, conf i rmatory techniques such as gas chromatography w i t h  a 
d i s s i m i l a r  column, s p e c i f i c  element detector ,  o r  mass spectrometer should be 
used. Whenever possi b l  e, t h e  1 aboratory shoul d analyze standard re ference 
mate r ia l s  and p a r t i c i p a t e  i n  re1  evant performance eva luat ion  s tud ies .  

9.0 METHOD' PERFORMANCE 

9.1 The method de tec t i on  l i m i t  (MDL) i s  de f ined as t h e  minimum 
concent ra t ion  o f  a substance t h a t  can be measured and repor ted  w i t h  99% 
confidence t h a t  t h e  value i s  above zero. The MDL concentrat ions l i s t e d  i n  t h e  
r e f e r r i n g  a n a l y t i c a l  methods were obtained using water. S i m i  1  a r  r e s u l t s  were 
achieved us ing representa t ive  wastewaters. The MDL actual  l y  achieved i n  a g iven 
ana lys is  w i l l  vary depending on instrument s e n s i t i v i t y  and m a t r i x  e f f e c t s .  
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9.2 Refer t o  t he  determinat ive method fo r  s p e c i f i c  method performance 
in fo rmat ion .  

10.0 REFERENCES 

1. U.S. EPA 40 CFR Par t  136, "Guidel ines Es tab l ish ing  Test Procedures f o r  the  
Analys is  o f  Po l l u tan ts  Under the  Clean Water Act; F ina l  Rule and I n t e r i m  
F i n a l  Rule and Proposed Rule," October 26, 1984. 

2. U.S. EPA Contract Laboratory Program, Statement o f  Work f o r  Organic 
Analysis,  J u l y  1985, Revision. 
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M'ETHOD 801 0B 

HALOGENATED VOLATILE ORGANICS BY GAS CHROMATOGRAPHY 

1.0 SCOPE AND APPLICATION 

1.1 Method 8010 is used to determine the concentration of various 
vol at i 1 e ha1 ogenated organi c compounds. The fol 1 owing compounds can be 
determined by this method: 

Appropri ate Technique 
Direct 

Compound Name CAS No.= Purge-and-Trap Injection 

Ally1 chloride 
Benzyl chloride 
Bi s (2-chl oroethoxy)methane 
Bis(2-chloroi sopropyl ) ether 
Bromoacetone 
Bromobenzene 
Bromodi chl oromethane 
Bromoform 
Bromomethane 
Carbon tetrachloride 
Chl orobenzene 
Chl oroethane 

,'- 
2-Chl oroethanol 
2-Chloroethyl vinyl ether 

'bd Chloroform 
I-Chlorohexane 
Chl oroniethane 
Chl oromethyl methyl ether 
Chl oroprene 
4-Chl orotol uene 
Di bromochl oromethane 
1,2-Di bromo-3-chloropropane 
Dibromomethane 
1,2-Di chl orobenzene 
1,3-Di chl orobenzene 
1,4-Dichlorobenzene 
1,4-Dichloro-2-butene 
Dichl orodi fl uoromethane 
I, 1 -Di chloroethane 
1,2-Dichloroethane 
I, 1 -Di chl oroethene 
trans-1,2-Dichl oroethene 
Dichl oromethane 
1,2-Di chl oropropane 
1,3-Dichloro-2-propanol ' 
cis- 1,3-Di chl oropropene 
trans- 1,3-Di chl oropropene 
Epichl orhydrin 

2 ""14 
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Appropr ia te  Technique 
D i r e c t  

Compound Name CAS No." Purge-and-Trap In ject ion 

Ethy l  ene d i  bromide 106 - 93 - 4 b b 
Methyl i o d i d e  74-88-4 PP b 
1,1,2,2-Tetrachloroethane 79-34-5 b b 
1,1,1,2-Tetrachloroethane 630-20-6 b b 
Te t rach l  oroethene 127-18-4 b b 
1, 1 , 1 - T r i  ch l  oroethane 71-55-6 b b 
1,1,2-Tr ichloroethane 79-00-5 b b 
T r i  ch l  oroethene 79-01-6 b b 
T r i c h l  o r o f l  uoromethane 75-69-4 b b 
1,2,3-Tri c h l  oropropane 96- 18-4 b b 
V iny l  Ch lo r i de  75-01-4 b b 

a Chemical Abs t rac t  Services Reg is t r y  Number 
b Adequate response us ing  t h i s  technique 
pp Poor purg ing  e f f i c i e n c y ,  r e s u l t i n g  i n  h igh  EQLs 
pc Poor chromatographic performance. 

1.2 Table 1 i n d i c a t e s  conipounds t h a t  may be analyzed by t h i s  method and 
l i s t s  t he  method d e t e c t i o n  l i m i t  f o r  each compound i n  o r g a n i c - f r e e  reagent water.  
Table 2 l i s t s  t h e  est imated q u a n t i t a t i o n  l i m i t  f o r  o t h e r  mat r i ces .  

2.0 SUMMARY OF METHOD 

2.1 Method 8010 prov ides gas chromatographic c o n d i t i o n s  f o r  t h e  
d e t e c t i o n  o f  halogenated v o l a t i l e  o rgan ic  compounds. Samples can be in t roduced 
i n t o  t h e  GC us ing  d i r e c t  i n j e c t i o n  o r  purge-and-trap (Method 5030). Ground water 
samples must be analyzed us ing Method 5030. A temperature program i s  used i n  t h e  
gas chromatograph t o  separate t he  organic  compounds. Detec t ion  i s achieved by 
a e l e c t r o l y t i c  c o n d u c t i v i t y  de tec to r  (HECD) . 

2.2 The method prov ides an op t i ona l  gas chromatographic column t h a t  may 
be h e l p f u l  i n  r e s o l v i n g  t h e  analy tes from c o - e l u t i n g  non- ta rge t  compounds and f o r  
ana l y te  con f i rma t i on .  

3.0 INTERFERENCES 

3.1 Refer  t o  Methods 5030 and 8000. 

3.2 Samples can be contaminated by d i f f u s i o n  o f  v o l a t i l e  organics 
( p a r t i  c u l  a r l y  c h l o r o f l  uorocarbons and methylene c h l o r i d e )  through the  sample 
con ta ine r  septum du r ing  shipment and storage. A t r i p  b lank  prepared from 
o r g a n i c - f r e e  reagent water and c a r r i e d  through sampling and subsequent s torage 
and hand1 i n g  can serve as a check on such contaminat ion. 
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4.0 APPARATUS AND MATERIALS 

4.1 Gas chromatograph 

4.1.1 Gas chromatograph - a n a l y t i c a l  system complete w i t h  gas 
chromatograph s u i t a b l e  f o r  on-column i n j e c t i o n s  o r  purge-and- t rap sample 
i n t r o d u c t i o n  and a1 1  r e q u i r e d  accessor ies,  i n c l u d i n g  de tec to r ,  a n a l y t i c a l  
columns, recorder ,  gases, and syr inges.  A da ta  system f o r  measuring peak 
he igh t s  and/or peak areas i s  recommended. 

4.1.2 Col umns 

4.1.2.1 Column 1  - 8  ft x 0.1 i n .  ID  s t a i n l e s s  s t e e l  o r  
g l ass  column packed w i t h  1% SP-1000 on Carbopack-B 60/80 mesh o r  
equ iva len t .  

4.1.2.2 Column 2  - 6  ft x 0 . 1  i n .  I D s t a i n l e s s s t e e l  o r  
g l  ass c o l  umn packed w i t h  chemical l y  bonded n-octane on Poras i  1  -C  
100/120 mesh (Durapak) o r  equ iva len t .  

4.1.3 Detec to r  - E l e c t r o l y t i c  c o n d u c t i v i t y  (HECD) . 
4.2 Sample i n t r o d u c t i o n  apparatus, r e f e r  t o  Method 5030 f o r  t he  

app rop r i a te  equi  pment f o r  sample i n t r o d u c t i o n  purposes. 

4.3 Syr inges, 5 mL Luer lok  g l ass  hypodermic and a 5 mL, g a s - t i g h t  w i t h  
shu to f f  va lve .  

4.4 Vo lumet r i c  f l a s k ,  Class A, Appropr ia te  s i zes  w i t h  ground g lass  
"- stoppers.  
'W 

4.5 Mic rosyr inge ,  10 and 25 p L  w i t h  a  0.006 i n .  ID  needle (Hamil ton 702N 
o r  equ i va len t )  and a  100 pL .  

4.6 A n a l y t i c a l  balance - 0.0001 g. 

5.0 REAGENTS 

5.1 Reagent grade chemicals s h a l l  be used i n  a l l  t e s t s .  Unless 
o therw ise  i nd i ca ted ,  i t  i s  in tended t h a t  a l l  reagents s h a l l  conform t o  t he  
s p e c i f i c a t i o n s  of t h e  Committee on A n a l y t i c a l  Reagents o f  t h e  American Chemical 
Soc ie ty ,  where such s p e c i f i c a t i o n s  are ava i l ab le .  Other grades may be used, 
p rov ided  i t  i s  f i r s t  ascer ta ined t h a t  t h e  reagent i s  o f  s u f f i c i e n t l y  h igh  p u r i t y  
t o  pe rm i t  i t s  use w i t hou t  lessen ing  t he  accuracy o f  t he  determinat ion.  

5.2 Organ i c - f r ee  reagent water.  A1 1 re ferences t o  water i n  t h i s  method 
r e f e r  t o  o r g a n i c - f r e e  reagent water, as de f ined  i n  Chapter One. 

5.3 Methanol, CH,OH. Pes t i c i de  qua1 i t y  o r  equ iva len t .  S to re  away from 
o t h e r  s o l  vents.  
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5.4 Stock s tandards - Stock s o l u t i o n s  niay be prepared f rom pure  s tandard 
m a t e r i a l s  o r  purchased as c e r t i f i e d  s o l u t i o n s .  Prepare s tock  s tandards i n  
methanol us i ng  assayed l i q u i d s  o r  gases, as app rop r i a te .  Because o f  t h e  t o x i c i t y  
o f  some o f  t h e  organohal ides,  p r imary  d i l u t i o n s  o f  these  m a t e r i a l s  should be 
prepared i n  a  hood. ? 

d r Y "  

5.4.1 Place about 9.8 mL o f  methanol i n  a  10 mL t a r e d  ground g l a s s  
stoppered vo lume t r i c  f l a s k .  A l l ow  t h e  f l a s k  t o  stand, unstoppered, f o r  
about 10 minutes u n t i l  a l l  a l coho l -we t t ed  sur faces  have d r i e d .  Weigh t h e  
f l a s k  t o  t h e  neares t  0.0001 g.  

5.4.2 Add t h e  assayed re fe rence  m a t e r i a l ,  -as descr ibed  be1 ow. 

5.4.2.1 L i qu ids .  Using a 100 p L  sy r i nge ,  immediate ly  add 
two o r  more drops o f  assayed re fe rence  m a t e r i a l  t o  t h e  f l a s k ;  then  
reweigh. The 1 i q u i d  must f a l l  d i r e c t l y  i n t o  t h e  a l coho l  w i t h o u t  
c o n t a c t i n g  t h e  neck o f  t h e  f l a s k .  

5.4.2.2 Gases. To prepare s tandards f o r  any compounds 
t h a t  b o i l  below 30°C (e.g. bromomethane, ch loroethane,  
c h l  oromethane, d i c h l  o r o d i  f l  uoromethane, tri c h l  o r o f l  uoromethane, 
v i n y l  c h l o r i d e ) ,  f i l l  a 5 nlL va lved  g a s - t i g h t  sy r i nge  w i t h  t h e  
re fe rence  s tandard t o  t h e  5.0 mL mark. Lower t h e  needle t o  5  mm 
above t h e  methanol meniscus. S1 owly i n t r o d u c e  t h e  re fe rence  
s tandard above t h e  su r f ace  o f  t h e  l i q u i d .  The heavy gas r a p i d l y  
d i s s o l v e s  i n  t h e  methanol.  T h i s  may a l s o  be accompl i shed  by u s i n g  
a l e c t u r e  b o t t l e  equipped w i t h  a  Hami l ton Lec tu re  B o t t l e  Septum 
(#86600). A t t ach  T e f l o n  t u b i n g  t o  t h e  s ide-a rm re1  i e f  v a l v e  and 
d i r e c t  a  g e n t l e  stream o f  gas i n t o  t h e  methanol meniscus. 

5.4.3 Reweigh, d i l u t e  t o  volume, s topper ,  and then  mix  by i n v e r t i n g  
rT 
bd 

t h e  f l a s k  severa l  t imes.  Ca l cu la te  t h e  concen t ra t i on  i n  m i  11 igrams per  
1  i t e r  (mg/L) f rom t h e  n e t  g a i n  i n  weight .  When compound p u r i t y  i s  assayed 
t o  be 96% o r  g r e a t e r ,  t h e  weight  may be used w i t h o u t  c o r r e c t i o n  t o  
c a l c u l a t e  t h e  concen t ra t i on  o f  t h e  s tock  s tandard.  Commercial ly prepared 
s t o c k  s tandards may be used a t  any concen t ra t i on  i f  they a r e  c e r t i f i e d  by 
t h e  manufacturer  o r  by an independent source. 

5.4.4 T rans fe r  t h e  s tock  standard s o l u t i o n  i n t o  a  b o t t l e  w i t h  a  
T e f l o n  1 i ned  screw-cap. Store,  w i t h  minimal headspace, a t  -10°C t o  -20°C 
and p r o t e c t  f rom 1 i g h t .  

5.4.5 Prepare f r e s h  s tock  standards f o r  gases weekly o r  sooner i f  
comparison w i t h  check standards i n d i c a t e s  a problem. Reac t i ve  compounds 
such as 2 - ch l  o roe thy l  v i n y l  e t h e r  may need t o  be prepared more f r equen t l y .  
A l l  o t h e r  s tandards must be rep laced  a f t e r  s i x  months. Both gas and 
l i q u i d  s tandards must be moni tored c l o s e l y  by comparison t o  t h e  i n i t i a l  
c a l  i b r a t i o n  curve and by comparison t o  QC check s tandards.  I t  may be 
necessary t o  rep1 ace t h e  standards more f r e q u e n t l y  i f  e i t h e r  check exceeds 
a 20% d r i f t .  

5.4.6 Opt iona l  1  y  c a l  i b r a t  i on us ing  a c e r t  i f i ed gaseous m i x t u r e  can 
be accompl i shed  d a i l y  u t i l  i z i n g  commerc ia l ly  ava i  1  ab le  gaseous ana l y te  
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m i x t u r e  o f  bromomethane, chloromethane, chloroethane, v i n y l  c h l o r i d e ,  
d i ch l o rod i f l uo rome thane  and t r i ch l o ro f l uo rome thane  i n  n i t r ogen .  These 
m ix tu res  o f  doc~~mented qua1 i t y  a re  s t a b l e  f o r  as long  as s i x  months 
w i t h o u t  r e f r i g e r a t i o n .  (VOA-CYL I 11, RESTEK Corporat ion,  Cat.  #20194 o r  
e q u i v a l e n t ) .  

5.5 Secondary d i  1 u t i o n  standards.  Using s tock  standard so lu t i ons ,  
prepare secondary d i l u t i o n  standards i n  methanol, as needed, con ta i n i ng  t h e  
compounds o f  i n t e r e s t ,  e i t h e r  s i n g l y  o r  mixed toge ther .  The secondary d i l u t i o n  
s tandards should  be prepared a t  concen t ra t ions  such t h a t  t h e  aqueous c a l  i b r a t i o n  
s tandards prepared i n  Sec. 5.6 w i l l  b racke t  t h e  working range of t h e  a n a l y t i c a l  
system. Secondary d i  1 u t i o n  standards should be s to red  w i t h  m i  n in ia l  headspace f o r  
v o l a t i l e s  and should  be checked f r e q u e n t l y  f o r  s igns  o f  degrada t ion  o r  
evapora t ion ,  e s p e c i a l l y  j u s t  p r i o r  t o  p repa r i ng  c a l  i b r a t i o n  standards f rom them. 

5.6 C a l i b r a t i o n  standards.  Prepare c a l i b r a t i o n  standards i n  
o rgan i  c - f r e e  reagent  water  f rom t h e  secondary d i  1 u t  i o n  o f  t h e  s t ock  standards, 
a t  a minimum o f  f i v e  concen t ra t ions .  One o f  t h e  concen t ra t ions  should be a t  a 
concen t ra t i on  near, bu t  above, t h e  method d e t e c t i o n  1 i m i  t. The remain ing 
concen t ra t i ons  should  correspond t o  t h e  expected range o f  t h e  concen t ra t ions  
found i n  r e a l  samples o r  should  d e f i n e  t h e  working range o f  t h e  GC. Each 
s tandard should  c o n t a i n  each ana l y t e  f o r  d e t e c t i o n  by t h i s  method (e.g. some o r  
a l l  o f  t h e  compounds 1 i s t e d  i n  Table  1 may be i nc l uded ) .  I n  o rde r  t o  prepare 
accura te  aqueous s tandard s o l u t i o n s ,  t h e  f o l  l ow ing  p recau t ions  must be observed. 

5.6.1 Do n o t  i n j e c t  more than 20 p L  o f  a l c o h o l i c  standards i n t o  
100 mL o f  water .  

i"". 
5.6.2 Use a 25 FL Hami1 t o n  702N mic rosy r inge  o r  equ iva len t  

( v a r i a t i o n s  i n  needle geometry w i l l  adverse ly  a f f e c t  t h e  a b i l i t y  t o  
'w d e l  i v e r  r e p r o d u c i b l e  volumes o f  methanol i c  standards i n t o  wa te r ) .  

5.6.3 Rap id ly  i n j e c t  t h e  a l c o h o l i c  standard i n t o  t h e  f i l l e d  
v o l u m e t r i c  f l a sk .  Remove t h e  needle  as f a s t  as poss ib l e  a f t e r  i n j e c t i o n .  

5.6.4 M i x  aqueous standards by i n v e r t i n g  t h e  f l a s k  t h r e e  t in ies on ly .  

5.6.5 F i l l  t h e  sample sy r i nge  f rom t h e  standard s o l u t i o n  conta ined 
i n  t h e  expanded area o f  t h e  f l a s k  (do no t  use any s o l u t i o n  conta ined i n  
t h e  neck o f  t h e  f l a s k ) .  

5.6.6 Never use p i p e t s  t o  d i l u t e  o r  t r a n s f e r  samples o r  aqueous 
s tandards.  

5.6.7 Aqueous standards are n o t  s t a b l e  and should be d iscarded a f t e r  
one hour, un less  p r o p e r l y  sealed and s tored.  The aqueous standards can 
be s t o r e d  up t o  24 hours, i f  h e l d  i n  sea led v i a l s  w i t h  ze ro  headspace. 

5.7 I n t e r n a l  standards ( i f  i n t e r n a l  standard c a l i b r a t i o n  i s  used) - To 
use t h i s  approach, t h e  a n a l y s t  must s e l e c t  one o r  more i n t e r n a l  standards t h a t  
a r e  s i m i l a r  i n  a n a l y t i c a l  behav io r  t o  t h e  compounds o f  i n t e r e s t .  The ana l ys t  
must f u r t h e r  demonstrate t h a t  t h e  measurement o f  t h e  i n t e r n a l  standard i s  no t  
a f f e c t e d  by method o r  m a t r i x  i n t e r f e rences .  Because o f  these l i m i t a t i o n s ,  no 
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i n t e r n a l  standard can be suggested t h a t  i s  app l i cab le  t o  a l l  samples. The 
compounds recommended f o r  use as surrogate spikes (Sec. 5.8) have been used 
success fu l l y  as i n t e r n a l  standards, because o f  t h e i r  genera l l y  unique r e t e n t i o n  
t imes. 

9 
5.7.1 Prepare c a l i b r a t i o n  standards a t  a minimum of f i v e  w' 

concentrat ions f o r  each ana ly te  o f  i n t e r e s t  as descr ibed i n  Sec. 5.6. 

5.7.2 Prepare a sp i k ing  s o l u t i o n  con ta in ing  each of t h e  i n t e r n a l  
standards us ing  t h e  procedures described i n  Secs. 5.4 and 5.5. It i s  
recommended t h a t  t h e  secondary d i l u t i o n  standard be prepared a t  a 
concent ra t ion  of 15 ng/pL o f  each i n t e r n a l  standard compound. The 
a d d i t i o n  o f  10 p L  o f  t h i s  standard t o  5.0 mL o f  sample o r  c a l i b r a t i o n  
standard would be equ iva len t  t o  30 pg/L. 

5.7.3 Analyze each c a l i b r a t i o n  standard according t o  Sec. 7.0, 
adding 10 p L  o f  i n t e r n a l  standard sp i k ing  s o l u t i o n  d i r e c t l y  t o  t he  
syr inge.  

5.8 Surrogate standards - The ana lys t  should mon i to r  bo th  t h e  
performance o f  t he  a n a l y t i c a l  system and the  e f fec t i veness  o f  t h e  method i n  
dea l i ng  w i t h  each sample m a t r i x  by sp i k ing  each sample, standard, and 
o rgan ic - f ree  reagent water b lank w i t h  surrogate halocarbons. A combination of 
bromochloromethane, bromochlorobenzene and bromofluorobenzene i s  recommended t o  
encompass t h e  range o f  temperature program used i n  t h i s  method. From stock 
standard so lu t i ons  prepared as i n  Sec. 5.4, add a volume t o  g i v e  750 p g  o f  each 
surrogate t o  45 mL o f  o rgan ic - f ree  reagent water contained i n  a 50 mL vo lumet r ic  
f l a s k ,  mix, and d i l u t e  t o  volume f o r  a concent ra t ion  o f  15 ng/pL. Add 10 p L  of 
t h i s  surrogate sp i k ing  s o l u t i o n  d i r e c t l y  i n t o  the  5 mL syr inge w i t h  every sample 
and re ference standard analyzed. I f  the  i n t e r n a l  standard ca l  i b r a t  i o n  procedure 
i s  used, t h e  surrogate compounds may be added d i r e c t l y  t o  t h e  i n t e r n a l  standard k am/ 
s p i k i n g  s o l u t i o n  (Sec. 5.7.2). 

6.0 SAMPLE COLLECTION, PRESERVATION, AND HANDLING 

6.1 See t h e  i n t roduc to ry  ma te r i a l  t o  t h i s  Chapter, Organic Analytes, 
Sec. 4.1. 

7.0 PROCEDURE 

7.1 V o l a t i l e  compounds are in t roduced i n t o  t h e  gas chromatograph us ing 
e i t h e r  d i r e c t  i n j e c t i o n  o r  purge-and-trap (Method 5030). Method 5030 may be used 
d i r e c t l y  on ground water samples o r  low-concentrat ion contaminated s o i l  s and 
sediments. For medium-concentration s o i l s  o r  sediments, methanol ic e x t r a c t i o n ,  
as descr ibed i n  Method 5030, may be necessary p r i o r  t o  purge-and-t rap ana lys is .  

7.2 Gas chromatographic cond i t i ons  (Recommended) 

7.2.1 Column 1: 

Helium f l o w  r a t e  = 40 mL/min 
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Temperature program: 
I n i t i a l  temperature = 45"C, ho ld  f o r  3 minutes 
Program = 45°C t o  220°C a t  8"C/rnin 
F i n a l  temperature = 220°C, h o l d  f o r  15 minutes. 

7.2.2 Column 2: 

He1 i um f l o w  r a t e  = 40 mL/min 
Temperature program: 

I n i t i a l  temperature = 50°C, ho ld  f o r  3  minutes 
Program = 50°C t o  170°C a t  6"C/min 
F i n a l  temperature = 170°C, h o l d  f o r  4  minutes. 

7.3 Cal i b r a t  i on. The procedure f o r  i n t e r n a l  o r  ex te rna l  c a l  i b r a t  i on may 
be used. Re fe r  t o  Method 8000 f o r  a  d e s c r i p t i o n  o f  each o f  these procedures. Use 
Table 1  and Table 2  f o r  guidance on s e l e c t i n g  t he  lowest  p o i n t  on t h e  c a l i b r a t i o n  
curve. 

7.3.1 C a l i b r a t i o n  must take  p lace  us ing  t h e  same sample i n t r o d u c t i o n  
method t h a t  w i l l  be used t o  analyze ac tua l  samples (see Sec. 7.4.1). 

7.4 Gas chromatographic ana l ys i s  

7.4.1 In t roduce  v o l a t i l e  compounds i n t o  t h e  gas chromatograph us ing 
e i t h e r  Method 5030 (purge-and- t rap)  o r  the  d i r e c t  i n j e c t i o n  method (see 
Sec. 7.4.1.1). I f  t h e  i n t e r n a l  standard c a l i b r a t i o n  technique i s  used, 
add 10 pL  o f  i n t e r n a l  s tandard t o  t he  sample p r i o r  t o  purg ing.  

7.4.1.1 I n v e r y l i m i t e d a p p l i c a t i o n s ( e . g . a q u e o u s p r o c e s s  
wastes) d i r e c t  i n j e c t i o n  o f  t he  sample onto the  GC column w i t h  a  
10 p L  sy r inge  may be appropr ia te .  The d e t e c t i o n  l i m i t  i s  very  h i gh  
(approx imate ly  10,000 pg/L) there fo re ,  i t  i s  o n l y  permi t t e d  where 
concent ra t ions  i n  excess o f  10,000 pg/L a re  expected o r  f o r  water-  
s o l u b l e  compounds t h a t  do no t  purge. The system must be c a l i b r a t e d  
by d i r e c t  i n j e c t  i o n  (bypassing t he  purge-and-trap dev ice) .  

7.4.2 Method 8000 p rov ides  i n s t r u c t i o n s  on t he  ana lys is  sequence, 
app rop r i a te  d i l u t i o n s ,  e s t a b l i s h i n g  d a i l y  r e t e n t i o n  t ime windows, and 
i d e n t i f i c a t i o n  c r i t e r i a .  Inc lude  a  mid -concent ra t ion  standard a f t e r  each 
group o f  10 samples i n  t h e  ana l ys i s  sequence. 

7.4.3 Table 1  summarizes t he  est imated r e t e n t i o n  t imes on t he  two 
columns f o r  a  number o f  o rgan ic  compounds analyzable us ing t h i s  method. 
An example o f  t h e  separa t ion  achieved by Column 1  i s  shown i n  F igure 1. 

7.4.4 Record t h e  sample volume purged o r  i n j e c t e d  and the  r e s u l t i n g  
peak s i z e s  ( i n  area u n i t s  o r  peak he igh t s ) .  

7.4.5 Refer  t o  Method 8000 f o r  guidance on c a l c u l a t i o n  o f  
concen t ra t ion .  

7.4.6 I f  a n a l y t i c a l  i n t e r f e rences  a re  suspected, o r  f o r  t h e  purpose 
o f  con f i rma t i on ,  ana l ys i s  us ing  t h e  second GC column i s  recommended. 
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7.4.7 If t h e  response f o r  a  peak i s  o f f - s c a l e ,  i . e . ,  beyond t h e  
c a l  i b r a t i o n  range o f  t h e  standards, prepare a d i l u t i o n  o f  t h e  sample w i t h  
o r g a n i c - f r e e  reagent  water.  The d i l u t i o n  must be performed on a second 
a1 i q u o t  o f  t h e  sample which has been p r o p e r l y  sealed and s t o r e d  p r i o r  t o  
use. 

8.0 QUALITY CONTROL 

8 .1  Refe r  t o  Chapter One f o r  s p e c i f i c  q u a l i t y  c o n t r o l  procedures and 
Method 8000 f o r  gas chromatographic procedures. Q u a l i t y  c o n t r o l  t o  ensure t h e  
p roper  o p e r a t i o n  o f  t h e  purge-and- t rap dev ice  i s  covered i n  Method 5030. 

8.2 Qua1 i t y  c o n t r o l  r e q u i r e d  t o  v a l i d a t e  t h e  GC system o p e r a t i o n  i s  
found i n  Method 8000. 

8.2.1 The qua1 i t y  c o n t r o l  check sample concent ra te  (Method 8000) 
should c o n t a i n  each ana l y te  o f  i n t e r e s t  a t  a  concen t ra t i on  o f  10 mg/L i n  
methanol.  

8.2.2 Table 3 i n d i c a t e s  t h e  c a l  i b r a t i o n  and QC acceptance c r i t e r i a ,  
f o r  wa te r  samples, f o r  t h i s  method. Table 4 g i v e s  method accuracy and 
p r e c i s i o n  as func t ions  o f  concen t ra t ion ,  f o r  wa te r  samples, f o r  t h e  
ana l y tes  o f  i n t e r e s t .  The con ten ts  o f  bo th  Tables should be used t o  
eva l  ua te  a 1 abora to ry ' s  ab i  1  i t y  t o  per fo rm and generate acceptable d a t a  
by t h i s  method. 

8.3 Cal c u l  a t e  sur roga te  s tandard recovery  on a1 1 sampl es , b l  anks, and 
sp ikes .  Determine i f  recovery  i s  w i t h i n  1  i m i t s  (1  i m i t s  e s t a b l  i shed  by per fo rming  
QC procedure ou t1  i ned i n  Method 8000). 

k.$d' 
8.3.1 If recovery  i s  n o t  w i t h i n  l i m i t s ,  t h e  f o l l o w i n g  i s  r equ i red :  

Check t o  be sure t h a t  t h e r e  a re  no e r r o r s  i n  
c a l c u l a t i o n s ,  su r roga te  s o l u t i o n s  and i n t e r n a l  standards. A1 so, 
check ins t rument  performance. 

Reca lcu la te  t h e  da ta  and/or r e -ana l yze  t h e  sample i f  
any o f  t h e  above checks revea l  a  problem. 

Re -ex t rac t  and re -ana l yze  t h e  sample i f  none o f  t h e  
above are a problem o r  f l a g  t h e  da ta  as "es t imated  concen t ra t i on " .  

9.0 METHOD PERFORMANCE 

9.1 T h i s  method was t e s t e d  by 20 l a b o r a t o r i e s  us ing  o r g a n i c - f r e e  reagent  
water,  d r i n k i n g  water,  su r face  water,  and t h r e e  i n d u s t r i a l  wastewaters sp iked  a t  
s i x  concen t ra t i ons  over  t h e  range 8.0-500 pg/L. S i n g l e  ope ra to r  p r e c i s i o n ,  
o v e r a l l  p r e c i s i o n ,  and method accuracy were found t o  be d i r e c t l y  r e l a t e d  t o  t h e  
concen t ra t i on  o f  t h e  ana ly te ,  and e s s e n t i a l l y  independent o f  t h e  sample m a t r i x .  
L i n e a r  equa t ions  t o  desc r i be  these r e l a t i o n s h i p s  a re  presented i n  Table 4. 

Rev is ion  2 @-% 
September 1994 

i 



9.2 The accuracy and p rec i s ion  obtained w i l l  be determined by the  sample 
mat r ix ,  sample i n t r o d u c t i o n  technique, and by the  ca l  i b r a t i o n  procedure used. 

/+da 9.3 The method de tec t i on  1 i m i  t s  repor ted i n  Table 1 were generated under 
: optimum a n a l y t i c a l  cond i t ions  by an Agency cont rac tor  (Ref. 6) as guidance, and 

may n o t  be r e a d i l y  achievable by a l l  l abo ra to r i es  a t  a l l  t imes. 

10.0 REFERENCES 

1. B e l l a r ,  T.A. ; Lichtenberg, J.J. J. Amer. Water Works Assoc. 1974, 66(12), 
pp. 739-744. 

2.  Be1 1 ar ,  T.A. ; Lichtenberg, J. J., Semi -Automated Headspace Analysis o f  
Dr ink ing  Waters and I n d u s t r i a l  Waters f o r  Purgeable V o l a t i l e  Organic 
Compounds, Measurement o f  Orqanic Po l l u tan ts  i n  Water and Wastewater; Van 
Hal 1 , Ed. ; ASTM STP 686, pp 108-129, 1979. 

3. "Development and Appl i c a t i o n  o f  Test Procedures f o r  Spec i f i c  Organic Toxic 
Substances i n  Wastewaters: Category 11 - Purgeables and Category 12 - 
Acro le in ,  A c r y l o n i t r i l e ,  , and Dichlorodif luoromethane"; r e p o r t  f o r  EPA 
Contract  68-03-2635. 

4. U.S. EPA 40 CFR Part  136, "Guide1 ines Es tab l ish ing  Test Procedures f o r  the 
Analys is  o f  Po l l u tan ts  Under the Clean Water Act:  F ina l  Rule and I n t e r i m  
F i n a l  Rule and Proposed Rule", October 26, 1984. 

5. "EPA Method Val i d a t  i o n  Study 23, Method 601 (Purgeabl e Hal ocarbons)" ; 

, ?,% 
r e p o r t  f o r  EPA Contract 68-03-2856. 

Itr*' 6. Gebhart, J. E., S.V. Lucas, S.J. Naber, A.M. Berry, T.H. Danison and H.M. 
Burkholder, "Va l i da t i on  o f  SW-846 Methods 8010, 8015, and 8020"; Report 
f o r  EPA Contract 68-03-1760, Work Assignment 2-15; US EPA, EMSL- 
C inc inna t i ,  1987. 

Revision 2 
September 1994 



TABLE 1. 
CHROMATOGRAPHIC CONDITIONS AND METHOD DETECTION LIMITS 

FOR HALOGENATED VOLATILE ORGANICS 

Met hod ,P% 

Compound 

CAS Retent ion Time De tec t i on  
Reg is t r y  (minutes) L imi  ta 
Number Column 1 Column 2 (pg/L) 

A1 l y l  ch lo r i de * *  107-05-1 
Benzyl c h l o r i d e  100-44-7 
B i  s (2 -ch l  oroethoxy)methanet 111-91-1 
B i s ( 2 - c h l o r o i  sopropyl ) e ther*  39638-32-9 
Bromobenzene 108-86-1 
Bromodi ch l  oromethane 75-27-4 
~ r o m o f  orm* 75-25-2 
~romomet hane* 74-83-9 
Carbon t e t r a c h l o r i d e *  56-23-5 
Chl o roaceta l  d$hyde 107-20-0 
Chl orobenzene 108-90-7 
Chl oroethace 75-00-3 
Chloroform 67-66-3 
1-Chl orohexane 544- 10-5 
2-Chl o r o e t h y l * v i n y l  e ther*  110-75-8 
Chl oromethane 74-87-3 
Chl oromethyl methyl e ther*  107-30-2 
4-Ch loro to l  uene 106-43-4 
Dibromochloromethane 124-48-1 
1,2-Di bromo-3-Fhloropropane* 96-12-8 
Di  bromomet hane 74-95-3 
1,2-~ichlorobenzene: 95-50- 1 
1,3-Dichlorobenzene* 541-73-1 
1,4-Dichlorobenzene 106-46-7 
1 ,4 -~ i ch lo ro -2 -bu tene*  764-41-0 
Di  c h l  o rod i  f l  u ~ r o r n e l h a n e * ~ ~  75-71-8 
1, l -Dich loroethane 75-34-3 
1,2-Dichloroethane: 107-06-2 
1, l -Dich loroethene 75-35-4 
t r a n s - 1  , 2 - ~ i  chlproethene* 156-60-5 
Dichloromethane 75-09-2 
1,2-Di ch l  oropropane* 78-87-5 
trans-1,3-Dichl~ro~ropene* 10061-02-5 
Ethy lene d ibromide 106-93-4 
1,1,2,2-~etrachloroethane: 79-34-5 
1,1,1,2-Tetrachloroethane 630-20-6 
Tet rach l  o roe t  hene 127-18-4 
1, 1, 1 - T r i  ch l  oroethane* 71-55-6 
1,1,2-Tr ich loroethane 79 - 00 - 5 
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TABLE 1. 
Continued 

,- "n, 

W Met hod 

Compound 

C AS Reten t ion  Time Detec t ion  
Reg i s t r y  (minutes) L i m i t a  
Number Column 1 Column 2 (pg/L) 

T r i  c h l  oroethene* 79-01 -6 17.40 13.12 0.001 
T r i c h l  o r o f l  uoromethane: 75-69-4 9.26 

96- 18-4 
(b) 

1 ,2 ,3-Tr ich l  or?propane 22.95 
(b )  

V i n y l  Ch lo r i de  75-01 -4  3.25 
(b) 
5.28 

(b )  
0.006 

a = Using purge-and- t rap method (Method 5030). See Sec. 9.3. 
b = Not determined 
* = Appendix V I I I  compounds 
c = Demonstrated very  e r r a t i c  r e s u l t s  when t e s t e d  by purge-and- t rap 
d = See Sec. 4.10.2 o f  Method 5030 f o r  guidance on s e l e c t i o n  o f  t r app ing  

m a t e r i a l  
e = Est imated r e t e n t i o n  t ime 

TABLE 2. 
DETERMINATION OF ESTIMATED QWANTITATION LIMITS (EQL) 

FOR VARIOUS MATRICESa 

M a t r i x  Factor  

Ground water 10 
Low-concentrat ion s o i l  10 
Water m i s c i b l e  l i q u i d  waste 500 
H igh-concent ra t ion  s o i l  and sludge 1250 
Non-water m i s c i b l e  waste 1250 

a EQL = [Method d e t e c t i o n  l i m i t  (see Table I ) ]  X [Factor  found i n  
t h i s  t a b l e ] .  For non-aqueous samples, the  f a c t o r  i s  on a wet- 
weight bas is .  Sample EQLs a re  h i g h l y  matr ix-dependent . The EQLs 
1 i s t e d  he re in  a re  prov ided f o r  guidance and may n o t  always be 
achievable.  
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TABLE 3. 
CALIBRATION AND QC ACCEPTANCE CRITERIAa 

Analy te 

Range L i m i t  Range Range 
f o r  Q f o r  S f o r  x P, p, 
(pg/L) (pg/L) ( L (%I 

Bromodi ch l  oromethane 
Bromoform 
Bromomethane 
Carbon t e t r a c h l o r i d e  
Chl orobenzene 
Chl oroethane 
2-Chl o roe thy l  v i n y l  e the r  
Chl oroform 
Chl oromethane 
D i  bromochl oromethane 
1,2-Dichlorobenzene 
1,3-Dichl  orobenzene 
1,4--Dichlorobenzene 
1,l -D ich l  oroethane 
1,2-Dichloroethane 
1, l -Dich loroethene 
trans-1,2-Dichloroethene 
Dichloromethane 
1,2 -Di c h l  oropropane 
cis-1,3-Dichloropropene 
t rans-1,3-Dichl  oropropene 
1,1,2,2-Tetrachloroethane 
Tet rach l  oroethene 
l,l, 1-Tr ich lo roe thane 
1,1,2-Tr ichloroethane 
T r i c h l  oroethene 
T r i  c h l  o r o f l  uoromethane 
V iny l  c h l o r i d e  

Q - - Concentrat ion measured i n  QC check sample, i n  pg/L. 

S - - Standard d e v i a t i o n  o f  f o u r  recovery measurements, i n  pg/L. 
- 
X - - Average recovery f o r  f o u r  recovery measurements, i n  pg/L. 

P, Ps = Percent recovery measured. 

D - - Detected; r e s u l t  must be g rea te r  than zero. 

a C r i t e r i a  f rom 40 CFR Par t  136 f o r  Method 601 and were c a l c u l a t e d  assuming 
a QC check sample concent ra t ion  o f  20 pg/L. 

Revis ion 2 
September 1994 



TABLE 4. 
METHOD ACCURACY AND PRECISION AS FUNCTIONS OF CONCENTRATIONa 

% 

Accuracy, as S ing le  ana lys t  Ove ra l l  
recovery,  x' p rec i s i on ,  s,' p rec i s i on ,  

Ana ly te  ( W / L )  ( P ~ / L  s f  ( P ~ / L )  

Bromodi c h l  oromet hane 
Bromoform 
Bromomet hane 
Carbon t e t r a c h l o r i d e  
Chl orobenzene 
Chl oroethane 
2-Chl o roe thy l  v i n y l  e therb 
Chloroform 
Chl oromethane 
Dibromochloromethane 
1,2-Dichlorobenzene 
1,3-Dichlorobenzene 
1,4-Dichlorobenzene 
1 , l -D ich lo roe thane 
1,2-Dich loroethane 
1 , l -D ich lo roe thene 
t r a n s -  1,2-Dichl  oroethene 
D i  c h l  oromethane 
1 , 2 - ~ i c h l o r o ~ r o ~ a n e ~  

QZ c i s -1 ,3 -D i ch l  oropropeneb 
b a r f '  

t r a n s -  1 , 3 - ~ i  c h l  oropropeneb 
1,1,2,2-Tetrachloroethane 
Te t rach l  oroethene 
l , l , l - T r i c h l o r o e t h a n e  
1,1,2-Tr ich loroethane 
T r i c h l  oroethene 
T r i  c h l  o r o f  1 uoromethane 
V iny l  c h l o r i d e  

1.12C-1.02 
0.96C-2.05 
0.76C-1.27 
0.98C-1.04 
1.OOC-1.23 
0.99C-1.53 
1 . OOC 
0.93C-0.39 
0.77C+0.18 
0.94C+2.72 
0.93C+1.70 
0.95C+0.43 
0.93C-0.09 
0.95C-1.08 
1.04C-1.06 
0.98C-0.87 
0.97C-0.16 
0.91C-0.93 
1. OOC 
1. OOC 
1. OOC 
0.95C+0.19 
0.94C+O. 06 
0.9OC-0.16 
0.86C+O. 30 
0.87C+0.48 
0.89C-0.07 
0.97C-0.36 

x '  = Expected recovery f o r  one o r  more measurements o f  a sample con ta in i ng  
a concen t ra t i on  o f  C,  i n  pg/L. 

s '  Expected s i n g l e  ana l ys t  standard d e v i a t i o n  o f  nieasurements a t  an 
average concen t ra t i on  o f  x, i n  pg/L. 

S '  = Expected i n t e r 1  abora to ry  standard d e v i a t i o n  o f  measurements a t  an 
average concen t ra t i on  found o f  x, i n  pg/L. 

C = True va lue f o r  t h e  concentrat ion,  i n  pg/L. 

X = Average recovery found f o r  measurements o f  samples con ta in i ng  a 
concen t ra t i on  o f  C, i n  pg/L. 

a From 40 CFR Pa r t  136 f o r  Method 601. 

Est imates based upon t h e  performance i n  a s i n g l e  l abo ra to r y .  
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FIGURE 1. 
GAS CHROMATOGRAM OF HALOGENATED V O L A T I L E  ORGANICS 

Colum: 1% SP-1000 on Carbopack-8 
Program: 45.C-3 Minutes, BeC/Minute to 22O'C 5 Detector: Hall 700-A ELutrolyt ic Conductivity 
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METHOD 8 0 1 0 B  
HALOGENATED V O L A T I L E  ORGANICS BY GAS CHROMATOGRAPHY 

Start 0 
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METHOD 801 1 

1.2-DIBROMOETHANE AND 1.2-DIBROMO-3-CHLOROPROPANE 
BY MICROEXTRACTION AND GAS CHROMATOGRAPHY 

1.0 SCOPE AND APPLICATION 

1.1 This method i s  appl icable t o  the  determination o f  the  fo l lowing 
compounds i n  d r i n k i n g  water and ground water: 

Compound Name CAS  NO.^ 

1,2-Di bromoethane (EDB) 
1,2 -Di bromo-3-chl oropropane (DBCP) 

a Chemical Abstract Services Regist ry Number. 

1.2 For compounds and matr ices other than those 1  i s t e d  i n  Sect ion 1.1, 
the  labora to ry  must demonstrate the usefulness o f  the  method by c o l l e c t i n g  
p rec is ion  and accuracy data on actual samples and provide qua1 i t a t i v e  
conf i rmat ion o f  r e s u l t s  by gas chromatography/mass spectrometry (GC/MS) . 

1.3 The experimental l y  determined method detec t ion  1  i m i  t s  (MDL) f o r  EDB 
and DBCP were ca lcu la ted t o  be 0.01 pg/L. The method has been shown t o  be 
useful  f o r  these analytes over a  concentrat ion range o f  approx.imately 0.03 t o  200 
pg/L. Actual detec t ion  l i m i t s  are h i g h l y  dependent upon the  charac te r i s t i cs  o f  
the  gas chromatographic system, sample matr ix,  and c a l i b r a t i o n .  

1.4 This method i s  r e s t r i c t e d  t o  use by o r  under the  Supervision o f  
analysts experienced i n  the  use o f  gas chromatography and i n  the  i n t e r p r e t a t i o n  
o f  gas chromatograms. Each analyst must demonstrate the  a b i l i t y  t o  generate 
acceptable r e s u l t s  w i t h  t h i s  method using the procedure described i n  Section 8.2. 

1.5 1,2-Di bromoethane and 1,2-Di bromo-3-chl oropropane have been 
t e n t  a t  i vel  y c l  ass i f i ed as known o r  suspected human o r  mammal i an carcinogens . 
Pure s t  ndard materi  a1 s  and stock standard so lu t ions  o f  these compounds should 
be hand1 ?! d  i n  a  hood. A NIOSH/MESA approved t o x i c  gas r e s p i r a t o r  should be worn 
when the analyst  handl es h igh concentrat ions o f  these t o x i c  compounds. 

2.0 SUMMARY OF METHOD 

2.1 T h i r t y  f i v e  mL o f  sample are extracted w i t h  2  mL of hexane. Two pL 
o f  the  e x t r a c t  are then i n j e c t e d  i n t o  a  gas chromatograph equipped w i t h  a  
1  inear ized e lec t ron  capture detector  f o r  separation and analysis. Aqueous mat r ix  
spikes are extracted and analyzed i n  an i d e n t i c a l  manner as the samples i n  order 
t o  compensate f o r  poss ib le  ex t rac t ion  losses. 

2.2 The ex t rac t ion  and analys is t ime i s  30 t o  50 minutes per sample 
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depending upon the ana ly t i ca l  condi t ions chosen. See Table 1 and Figure 1. 

2.3 Confirmatory evidence i s  obtained using a d i f f e r e n t  column (Table 1) .  

\L*d 

3.0 INTERFERENCES 

3.1 Impur i t ies  contained i n  the ex t rac t ing  sol  vent (hexane) usual ly  
account f o r  the ma jo r i t y  o f  the ana ly t i ca l  problems. Reagent blanks should be 
analyzed fo r  each new b o t t l e  o f  hexane before use. I n d i r e c t  d a i l y  checks on the 
hexane are obtained by monitoring the reagent b l  anks. Whenever an inter ference 
i s  noted i n  the method o r  instrument blank, the laboratory  should reanalyze the 
hexane. Low l eve l  inter ferences general ly  can be removed by d i s t i l l  a t i on  o r  
column chromatography, however, i t i s  general ly  more economical t o  obta in  a new 
source o f  hexane sol  vent. In ter ference- f ree hexane i s  def ined as contain ing 1 ess 
than 0.01 pg/L o f  the analytes. Protect inter ference-free hexane by s to r i ng  i t  
i n  an area known t o  be f r ee  o f  organochlorine solvents. 

3.2 Several instances o f  accidental sample contamination have been 
a t t r i b u t e d  t o  d i f f u s i o n  o f  v o l a t i l e  organics through the septum seal i n t o  the 
sample b o t t l e  dur ing shipment and storage. T r i p  blanks must be used t o  monitor 
for  t h i s  problem. 

3.3 This 1 iqu id / l  i q u i d  ex t rac t ion  technique ex t rac ts  a wide boi 1 i n g  range 
of non-pol a r  organic compounds and, i n  addi t ion,  ex t rac ts  some pol  a r  organic 
compounds. 

3.4 EDB a t  low concentrations may be masked by very high concentrat ions 
o f  d i  bromochl oromethane (DBCM) , a common chlor inated d r ink ing  water contaminant, 
when using the conf i rmat ion co l  umn . 

4.0 APPARATUS AND MATERIALS 

4.1 Microsyringe - 10, 25, and 100 pL  w i t h  a 2 i n .  x 0.006 i n .  needle 
(Hami 1 t on  702N o r  equivalent)  . 

4.2 Gas Chromatograph 

4.2.1 The GC must be capable o f  temperature programming and should 
be equipped w i t h  a 1 inear ized e lec t ron capture detector  and a c a p i l l a r y  
co l  umn spl  i tl ess i n j ec to r .  

4.2.2 Columns 

4.2.2.1 Column A - 0.32 mm ID x 30 m fused s i l i c a  
c a p i l l a r y  w i t h  dimethyl s i l i cone  mixed phase (Durawax-DX 3, 0.25 p m  
f i l m ,  o r  equivalent) .  

4.2.2.2 Col umn B (confirmation co l  umn) - 0.32 mm ID x 30 m 
fused s i  1 i c a  capi 11 ary w i t h  methyl po lys i  1 oxane phase (DB-1, 0.25 p m  
f i l m ,  o r  equivalent) .  

4.3 Volumetric f lasks,  Class A - 10 mL. 
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4.4 Glass b o t t l e s  - 15 mL, w i t h  Tef lon l i n e d  screw caps o r  crimp tops. 

4.5 Ana ly t i ca l  balance - 0.0001 g. 

4.6 Graduated c y l i n d e r  - 50 mL. 

4.7 Transfer  p ipe t .  

5.0 REAGENTS 

5.1 Reagent grade chemicals sha l l  be used i n  a1 1 tes ts .  Unless otherwise 
indicated,  i t  i s  intended t h a t  a l l  reagents sha l l  conform t o  the  spec i f i ca t i ons  
o f  t h e  Committee on Ana ly t i ca l  Reagents o f  t he  American Chemical Society, where 
such s p e c i f i c a t i o n s  are a v a i l  able. Other grades may be used, provided i t  i s  f i r s t  
ascertained t h a t  t he  reagent i s  o f  s u f f i c i e n t l y  h igh p u r i t y  t o  permit i t s  use 
w i thout  1 esseni ng the  accuracy o f  t he  determination. 

5.2 Organic-free reagent water - A1 1 references t o  water i n  t h i s  method 
r e f e r  t o  organ ic - f ree  reagent water, as def ined i n  Chapter One. 

5.3 Hexane, C,H,, - UV grade (Burdick and Jackson #216 o r  equivalent).  

5.4 Methyl alcohol,  CH30H - Demonstrated t o  be f r e e  o f  analytes. 

5.5 Sodium ch lor ide ,  NaCl - Pulver ize a batch o f  NaCl and p lace i t  i n  a 
m u f f l e  furnace a t  room' temperature. Increase the  temperature t o  400°C f o r  
30 minutes. Store i n  a capped b o t t l e .  

C-=% 5.6 1,2-Di bromoethane (99%), C,H4Br2, (A1 d r i  ch Chemical Company, o r  
equivalent)  . 

5.7 1,2-Di bromo-3-chl oropropane (99.4%)) C3H,Br2C1 , (AMVAC Chemical 
Corporat ion, Los Angel es, Cal i f o r n i  a, o r  equivalent) . 

5.8 Stock standards - These so lu t ions  may be purchased as c e r t i f i e d  
so l  u t  ions o r  prepared from pure standards using the  f o l  1 owing procedures: 

5.8.1 Place about 9.8 mL o f  methanol i n t o  a 10 mL ground glass 
stoppered volumetr ic  f l ask .  Al low the  f l a s k  t o  stand, unstoppered, f o r  
about 10 minutes and weigh t o  the  nearest 0.0001 g. 

5.8.2 Use a 25 pL syr inge and immediately add two o r  more drops 
( z  10 pL) o f  standard t o  the  f l ask .  Be sure t h a t  t he  standard f a l l s  
d i r e c t l y  i n t o  t h e  alcohol wi thout  contact ing the  neck o f  the  f lask .  

5.8.3 Reweigh, d i l u t e  t o  volume, stopper, and then mix by i n v e r t i n g  
t h e  f l  ask several t imes. Calculate the  concentrat ion i n  m i l  1 igrams per 
1 i t e r  (mg/L) from the  net  ga in  i n  weight. When compound p u r i t y  i s  assayed 
t o  be 96% o r  greater,  the  weight may be used wi thout  co r rec t i on  t o  
c a l c u l a t e  the  concentrat ion o f  t he  stock standard. 

5.8.4 Store stock standards i n  15 mL b o t t l e s  equipped w i t h  Tef lon 
l i n e d  screw-caps o r  crimp tops. Stock standards are s tab le  f o r  a t  l e a s t  
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f ou r  weeks when stored a t  4OC and away from 1 i gh t .  

5.9 Intermediate standard - Use stock standards t o  prepare an 
intermediate standard t h a t  contains both analytes i n  methanol. The intermediate 
standard should be prepared a t  a concentrat ion t h a t  can be e a s i l y  d i l u t e d  t o  
prepare aqueous ca l  .i b ra t  i on standards t h a t  w i  11 bracket the working concentrat ion 
range. Store the  intermediate standard w i t h  minimal headspace and check 
f requent ly  f o r  signs o f  de te r io ra t ion  o r  evaporation, especi a1 l y  j u s t  before 
preparing ca l  i bra t i on  standards. The storage t ime described f o r  stock standards 
also appl ies t o  the intermediate standard. 

5.10 Qua1 i t y  con t ro l  (QC) reference sample - Prepare a QC reference sample 
concentrate a t  0.25 mg/L o f  both analytes from standards from a d i f f e r e n t  source 
than the standards used f o r  the stock standard. 

5.11 Check standard - Add an appropriate volume o f  the intermediate 
standard t o  an a l i quo t  o f  organic- f ree reagent water i n  a volumetr ic  f l ask .  Do 
not  add more than 20 pL  o f  an a lcohol ic  intermediate standard t o  the water o r  
poor p rec is ion  w i l l  r e s u l t .  Use a 25 pL  microsyringe and r a p i d l y  i n j e c t  the 
a lcoho l i c  intermediate standard i n t o  the expanded area of the almost f i l l e d  
volumetr ic  f l ask .  Remove the needle as qu ick ly  as possib le a f t e r  i n j ec t i on .  Mix 
by i nve r t i ng  the f l a s k  several times. Discard the contents contained i n  the neck 
o f  the f l ask .  Aqueous ca l  i bra t ion  standards should be prepared every 8 hours. 

6.0 SAMPLE COLLECTION, PRESERVATION, AND STORAGE 

6.1 See the in t roductory  mater ia l  t o  t h i s  chapter, Organic Analytes, 
Section 4.1. 

7.0 PROCEDURE 

7.1 Recommended Chromatographic Conditions 

Two gas chromatography columns are recommended. Column A i s  a h igh ly  
e f f i c i e n t  co l  umn t h a t  provides separations f o r  EDB and DBCP without  in ter ferences 
from trihalomethanes. Column A should be used as the primary ana l y t i ca l  column 
unless r o u t i n e l y  occurr ing analytes are not  adequately resolved. Col umn B i s  
recommended f o r  use as a confirmatory column when GC/MS conf i rmat ion i s  not  
ava i lab le .  Retention times f o r  EDB and DBCP on these columns are presented i n  
Table 1. 

Column A: 

I n j e c t o r  temperature : 2OO0C. 
Detector temperature: 290°C. 
Car r ie r  gas (He1 ium) Linear ve loc i t y  : 25 cm/sec. 
Temperature program: 

I n i t i a l  temperature: 40°C, hold f o r  4 min. 
Program: 40°C t o  190°C a t  8OC/mi n . 
Fina l  temperature: 190°C, hold f o r  25 min., o r  

unt i 1 a1 1 expected analytes 
have eluted. 
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See Figure 1 f o r  a sample chromatogram and Table 1 f o r  r e t e n t i o n  data. 

Colu~iin B: 

I n j e c t o r  temperature: 2OO0C. 
Detector temperature: 290°C. 
Car r ie r  gas (He1 i um) Linear v e l o c i t y  : 25 cm/sec. 
Temperature program: 

I n i t i a l  temperature: 40°C, hold f o r  4 min. 
Program : 40°C t o  270°C a t  10°C/min. 
F ina l  temperature: 270°C, hold f o r  10 min., o r  

u n t i l  a l l  expected analytes 
have eluted. 

See Table 1 f o r  r e t e n t i o n  data. 

7.2 Ca l ib ra t ion  

7.2.1 Prepare a t  l e a s t  f i v e  c a l i b r a t i o n  standards. One should 
contain EDB and DBCP a t  a concentrat ion near, bu t  greater  than, the  method 
detec t ion  l i m i t  (Table 1) for each compound. The others should be a t  
concentrat ions t h a t  bracket the  range expected i n  the  samples. For 
example, i f  the  MDL i s  0.01 pg/L, and a sample expected t o  contain 
approximately 0.10 pg/L i s  t o  be analyzed, aqueous ca l  i bra t ion  standards 
should be prepared a t  concentrations o f  0.03 pg/L, 0.05 pg/L, 0.10 pg/L, 
0.15 pg/L, and 0.20 pg/L. 

7.2.2 Analyze each c a l i b r a t i o n  standard and tabu la te  peak height  o r  
area response versus the  concentrat ion i n  the  standard. Prepare a 
c a l i b r a t i o n  curve f o r  each compound. A l te rna t i ve l y ,  i f  the r a t i o  o f  
response t o  concentrat ion (cal  i b r a t i  on f a c t o r )  i s a constant over the  
working range (< 10% r e l a t i v e  standard deviat ion) ,  l i n e a r i t y  can be 
assumed and the average r a t i o  o r  c a l i b r a t i o n  f a c t o r  can be used i n  place 
o f  a ca l  i b r a t  i on curve. 

7.3 Sample preparat ion 

7.3.1 Remove samples and standards from storage and al low them t o  
reach room temperature. 

7.3.2 For samples and f i e l d  blanks contained i n  40 mL bot t les ,  
remove the  container  cap. Discard a 5 mL volume using a 5 mL t rans fe r  
p ipe t .  Replace the container cap and weigh the container w i t h  contents t o  
the  nearest 0.1 g and record t h i s  weight f o r  subsequent sample volume 
determination. 

7.3.3 For ca l  i b r a t i  on standards, check standards, QC reference 
samples, and blanks, measure a 35 mL volume using a 50 mL graduated 
c y l  inder and t r a n s f e r  i t t o  a 40 mL san~pl e container. 

7.4 Ext rac t ion  

7.4.1 Remove the  container cap and add 7 g o f  NaCl t o  a1 1 samples. 
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7.4.2 Recap t h e  sample conta iner  and d i sso lve  t h e  NaCl by shaking by 
hand f o r  about 20 seconds. 

7.4.3 Remove t h e  cap and using a t r a n s f e r  p ipe t ,  add 2.0 mL o f  
hexane. Recap and shake v igorous ly  by hand f o r  1 minute. A1 low t h e  water 
and hexane phases t o  separate. I f  s tored a t  t h i s  stage, keep t h e  
conta iner  upside down. 

3 
7.4 .4  Remove t h e  cap and c a r e f u l l y  t r a n s f e r  a s u f f i c i e n t  amount 

(0 .5-1.0 mL) o f  t h e  hexane l a y e r  i n t o  a v i a l  us ing  a disposable g lass  
p i  pe t .  

7.4.5 Transfer t h e  remaining hexane phase, being c a r e f u l  no t  t o  
inc lude any o f  t he  water phase, i n t o  a second v i a l .  Reserve t h i s  second 
v i a l  a t  4 O C  f o r  reana lys i s  i f  necessary. 

7.5 Analys is  

7.5 .1  Transfer  t h e  f i r s t  sample v i a l  t o  an autosampler s e t  up t o  
i n j e c t  2.0 p L  p o r t i o n s  i n t o  t h e  gas chromatograph f o r  analys is .  
A l te rna te l y ,  2 p L  po r t i ons  o f  samples, blanks and standards may be 
manually in jec ted,  us ing t h e  solvent  f l u s h  technique, al though an auto 
sampl e r  i s s t rong ly  recommended. 

7.6  Determinat ion o f  sample vo l  ume 

7.6 .1  For samples and f i e l d  blanks, remove t h e  cap from t h e  sample 
conta iner .  Di  scard t h e  remaining sample/hexane mixture.  Shake o f f  t h e  
remaining few drops us ing  short,  b r i s k  w r i s t  movements. Reweigh t h e  empty 
conta iner  w i t h  o r i g i n a l  cap and c a l c u l a t e  t h e  ne t  weight o f  sample by 
d i f f e r e n c e  t o  t h e  nearest 0 .1  g. This net  weight i s  equ iva lent  t o  t h e  

9 
L, ,5131 

volume o f  water extracted.  

7.7  Cal c u l  a t  ions 

7.7.1 I d e n t i f y  EDB and DBCP i n  t h e  sample chromatogram by comparing 
t h e  r e t e n t i o n  t ime o f  t h e  suspect peak t o  r e t e n t i o n  t imes generated by the  
c a l  i b r a t  i on standards and t h e  check standard. 

7.7.2 Use t h e  c a l i b r a t i o n  curve o r  c a l i b r a t i o n  f a c t o r  t o  d i r e c t l y  
c a l c u l a t e  t h e  uncorrected concentrat ion (C,) o f  each ana ly te  i n  t h e  sample 
(e.g. c a l i b r a t i o n  f a c t o r  x response). 

7.7.3 Calcu la te  t h e  sample volume (V,) as equal t o  t h e  ne t  sample 
weight: 

V, (mL) = gross weight (grams) - b o t t l e  t a r e  (grams) 

7.7 .4  Cal c u l  a t e  t h e  cor rec ted sample concentrat ion as: 

Concentrat ion (pg/L) = Ci x 35 
s 

7.7.5 Report t h e  r e s u l t s  f o r  t h e  unknown samples i n  pg/L. Round t h e  
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r e s u l t s  t o  the  nearest 0.01 pg/L o r  two s i g n i f i c a n t  f igures .  

, , 8.0 QUALITY CONTROL 

w 8.1  Each labora tory  t h a t  uses t h i s  method i s  required t o  operate a formal 
qua1 i t y  con t ro l  program. 

8.1.1 The labora tory  must make an i n i t i a l  determinat ion o f  the  
method de tec t i on  1 i m i t s  and demonstrate t h e , a b i l  i t y  t o  generate acceptable 
accuracy and p rec i s ion  w i t h  t h i s  method. This i s  establ ished as described 
i n  Sect ion 8.2.  

8.1.2 I n  recogn i t i on  o f  1 aboratory advances t h a t  are occur r ing  i n  
chromatography, the  labora tory  i s  permi t ted c e r t a i n  opt ions t o  improve the  
separat ions o r  lower the  cost  o f  measurements. Each t ime such a 
mod i f i ca t i on  i s  made t o  the  method, the  analyst  i s  requ i red  t o  repeat the  
procedure i n  Sect ion 7.1 and 8.2. 

8.1.3 The 1 aboratory must analyze a reagent and ca l  i b r a t  i on  blank t o  
demonstrate t h a t  in ter fe rences from t h e  a n a l y t i c a l  system are under 
con t ro l  every twenty samples o r  per a n a l y t i c a l  batch, whichever i s  more 
f requent .  

8.1.4 The 1 aboratory must, on an ongoing basis, demonstrate through 
the  analyses o f  QC reference samples and check standards t h a t  the  
opera t ion  o f  the  measurement system i s  i n  con t ro l .  The frequency o f  the  
check standard analyses i s  equivalent  t o  5% o f  a l l  samples o r  every 
a n a l y t i c a l  batch, whichever i s  more frequent.  On a weekly basis, the  QC 

d~ reference sample must be run. 

8.2 To e s t a b l i s h  the  a b i l i t y  t o  achieve low detec t ion  1 i m i t s  and nenerate 
acceptable accuracy and precis ion,  the  analyst  must perform the fo l l ow ing  
operat ions: 

8.2.1 Prepare seven samples each a t  a concentrat ion o f  0.03 pg/L. 

8.2.2 Analyze the  samples according t o  the  method beginning i n  
Sect ion 7.0. 

8.2.3 Calculate the  average concentrat ion (51) i n  pg/L and the  
standard dev ia t i on  o f  t he  concentrat ions (s) i n  pg/L, f o r  each analyte 
us ing the  seven r e s u l t s .  Then ca lcu la te  the  MDL a t  99% confidence l e v e l  
f o r  seven rep1 i c a t e s  as 3.143s. 

8.2.4 For each analyte i n  an aqueous mat r i x  sample, must be 
between 60% and 140% o f  the  t r u e  value. Add i t i ona l l y ,  t he  MDL may not  
exceed t h e  0.03 pg/L spiked concentrat ion. I f  both analytes meet the  
acceptance c r i  t e r i  a, t h e  system performance i s acceptable and analysi  s o f  
ac tua l  samples can begin. I f  e i t h e r  analyte f a i l s  t o  meet a c r i t e r i o n ,  
repeat  the  t e s t .  I t  i s  recommended t h a t  the  labora tory  repeat the  MDL 
determinat ion on a regu la r  basis. 

8.3 The 1 aboratory must demonstrate on a frequency equivalent  t o  5% o f  
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t h e  sample load o r  once per  a n a l y t i c a l  batch, whichever i s  more frequent,  t h a t  
t h e  measurement system i s  i n  c o n t r o l  by analyz ing a check standard o f  bo th  
analytes a t  0.25 pg/L. 

8.3.1 Prepare a check standard (0.25 pg/L) by d i l u t i n g  the  ? 
intermediate standard w i t h  water t o  0.25 pg/L. k*~' 

8.3.2 Analyze t h e  sample according t o  Sect ion 7.0 and c a l c u l a t e  t h e  
recovery f o r  each analyte.  The recovery must be between 60% and 140% o f  
t h e  expected value f o r  aqueous matr ices. For non-aqueous matr ices,  t h e  
U.S. EPA w i l l  se t  c r i t e r i a  a f t e r  more i n t e r l a b o r a t o r y  data are gathered. 

8.3.3 I f  t h e  recovery f o r  e i t h e r  ana ly te  f a l l s  ou ts ide  t h e  
designated range, t h e  ana ly te  f a i  1 s  t h e  acceptance c r i t e r i a .  A second 
c a l  i b r a t i o n  v e r i f i c a t i o n  standard conta in ing  each ana ly te  t h a t  f a i l e d  must 
be analyzed. Repeated f a i l  ure, however, w i  11 con f i rm  a general problem 
w i t h  the  measurement system. I f  t h i s  occurs, l o c a t e  and c o r r e c t  t he  
source o f  t h e  problem and repeat  t h e  t e s t .  

8.4 On a weekly basis, t h e  l abo ra to ry  must demonstrate t h e  a b i l i t y  t o  
analyze a QC reference sample. 

8.4.1 Prepare a QC reference sample a t  0.10 pg/L by d i l u t i n g  t h e  QC 
re ference sample concentrate (Sect ion 5.9). 

8.4.2 For each ana ly te  i n  an aqueous mat r ix ,  t h e  recovery must be 
between 60% and 140% o f  t h e  expected value. When e i t h e r  ana ly te  f a i l s  t h e  
t e s t ,  t h e  ana lys t  must repeat t h e  t e s t  o n l y  f o r  t h a t  ana ly te  which f a i l e d  
t o  meet t h e  c r i t e r i a .  Repeated f a i l u r e ,  however, w i l l  conf i rm a general 
problem w i t h  t h e  measurement system o r  f a u l t y  samples and/or standards. 
I f  t h i s  occurs, l o c a t e  and c o r r e c t  t h e  source o f  t he  problem and repeat  
t h e  t e s t .  For non-aqueous matr ices, t h e  U.S. EPA w i l l  s e t  c r i t e r i a  a f t e r  
more i n t e r 1  aboratory data are gathered. 

8.5 Instrument performance - Check the  performance o f  t h e  e n t i r e  
a n a l y t i c a l  system d a i l y  us ing data gathered from analyses o f  b l  anks, standards, 
and rep1 i c a t e  samples. 

8.5.1 Peak t a i l i n g  s i g n i f i c a n t l y  i n  excess o f  t h a t  shown i n  t h e  
chromatogram (Figure 1) must be corrected. Tai 1 i n g  problems are g e n e r a l l y  
t raceab le  t o  a c t i v e  s i t e s  on t h e  GC column o r  t o  t h e  de tec to r  operat ion.  

8.5.2 Check t h e  p rec i s ion  between r e p l i c a t e  analyses. A p roper l y  
opera t ing  system should perform w i t h  an average r e 1  a t  i ve standard 
d e v i a t i o n  o f  l e s s  than 10%. Poor p rec i s ion  i s  genera l l y  t raceab le  t o  
pneumatic leaks, e s p e c i a l l y  a t  t h e  i n j e c t i o n  po r t .  

9.0 ME'THOD PERFORMANCE 

9.1 Method de tec t i on  1 i m i t s  are presented i n  Table 1. S ing le  1 aboratory 
accuracy and p r e c i s i o n  a t  several concentrat ions i n  t a p  water are presented i n  
Table 2. 
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9.2 I n  a preservation study extending over a 4 week period, the average 
percent recoveries and re1 a t  i ve standard deviat ions presented i n  Tab1 e 3 were 
observed f o r  organic- f ree reagent water (ac id i f ied) ,  tap water and ground water. 

"b. The resu l t s  f o r  a c i d i f i e d  and non-acid i f ied samples were not  s i g n i f i c a n t l y  
d i f f e r e n t .  
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TABLE 1. 
CHROMATOGRAPHIC CONDITIONS AND METHOD DETECTION 

LIMITS (MDL) FOR 1,2-DIBROMOETHANE (EDB) AND 
1,2-DIBROMO-3-CHLOROPROPANE (DBCP) 

Retention Time. Minutes 

Anal y t e  Column A Column B MDL (~rg/L)  

EDB 

DBCP 

Column A: Durawax-DX 3 

Column B: DB-1 

TABLE 2. 
SINGLE LABORATORY ACCURACY AND PRECIS ION 

FOR EDB AND DBCP IN TAP WATER 

Re1 a t  i ve 
Number Spike Average Standard 

o f  Concentrat i o n  Recovery Dev ia t ion 
Analyte Samples (Crg/L) (%) (%I 

EDB 

DBC P 
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TABLE 3. 
ACCURACY AND PRECISION AT 2.0 pg/L 

OVER A 4-WEEK STUDY PERIOD 

1 1  

Analyte 

Average Re la t i ve  
Number Accuracy Std. Dev. 

~ a t r i x '  o f  Samples (% Recovery) (%) 

EDB 

DBCP 

RW -A 16 104 
GW 15 101 
GW-A 16 96 
TW 16 93 
TW -A 16 93 

RW -A 16 105 
GW 16 105 
GW-A 16 101 
TW 16 9 5 
TW-A 16 94 

1 RW-A = Organic-free reagent water a t  pH 2 
GW = Ground water, ambient pH 
GW-A = Ground water a t  pH 2 
TW = Tap water, ambient pH 
TW-A = Tap water a t  pH 2 
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FIGURE 1 .  
SAMPLE CHROMATOGRAM FOR EXTRACT OF WATER SPIKED 

AT 0 . 1 1 4  pg/L WITH EDB AND DBCP 

CdLUm: Fused slllca capillary 
LIQUID PHASE: Durawax-0x3 
FIW THICKNESS: 0.25 um 
C O L W  DIMENSIONS: SO M x 0.317 mn ID 
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METHOD 801 1 
1,2-DIBROMOETHANE AND 1,2-DZBROMO-3-CHLOROPROPANE 

BY MICROEXTRACTION AND GAS CHROMATOGRAPHY 

Start C7 
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METHOD 8015A 

1.0 SCOPE AND APPLICATION 

1.1 Method 8015 is used to determine the concentration of various 
nonhal ogenated vol at i l e organic compounds. The following compounds can be 
determined by this method: 

A ~ ~ r o p r i  ate Techni aue 
Direct 

Compound Name CAS  NO.^ Purge-and-Trap Injection 

Diet hyl ether 
Ethanol 
Methyl ethyl ketone (MEK) 
Methyl i sobutyl ketone (MIBK) 

a Chemical Abstract Services Registry Number. 
b Adequate response using this technique 
i Inappropriate technique for this analyte 
pp Poor purging efficiency, resulting in high EQLs 

r-. , 

2.0 SUMMARY OF METHOD 

2.1 Method 8015 provides gas chromatographic conditions for the detect ion 
of certain nonhalogenated volatile organic compounds. Samples may be introduced 
into the GC using direct injection or purge-and-trap (Method 5030). Ground water 
samples must be analyzed by Method 5030. A temperature program is used in the 
gas chromatograph to separate the organic compounds. Detection i s achieved by 
a flame ionization detector (FID). 

2.2 The method provides an optional gas chromatographic column that may 
be helpful in resolving the analytes from co-el uting non-target compounds and for 
analyte confirmat ion. 

3.0 INTERFERENCES 

3.1 Refer to Method 5030 and 8000. 

3.2 Samples can be contaminated by diffusion of volatile organics 
(part i cul arly chl orofl uorocarbons and methyl ene chloride) through the sample 
container septum during shipment and storage. A trip blank prepared from 
organic-free reagent water and carried through sampling and subsequent storage 
and handling can serve as a check on such contamination. 
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4.0 APPARATUS AND MATERIALS 

4.1 Gas chromatograph 

4.1.1 Gas Chromatograph - Ana ly t i ca l  system complete w i t h  gas 
chromatograph s u i t a b l e  fo r  on-column i n j e c t i o n s  o r  purge-and-trap sample d 
i n t r o d u c t i o n  and a1 1  requ i red  accessories, i n c l u d i n g  detectors,  co l  umn 
suppl ies,  recorder, gases, and syr inges. A  data system f o r  measuring peak 
he ights  and/or peak areas i s recommended. 

4.1.2 Columns 

4.1.2.l Column 1 - 8  ft x 0.1 i n .  ID s t a i n l e s s  s t e e l  o r  
g lass  column packed w i t h  1% SP-1000 on Carbopack-B 60/80 mesh o r  
equi va l  en t  . 

4.1.2.2 Column 2  - 6  ft x 0.1 i n .  I D  s t a i n l e s s  s t e e l  o r  
g lass  column .packed w i t h  n-octane on Poras i l -C 100/120 mesh 
(Durapak) o r  equivalent  . 
4.1.3 Detector  - Flame i o n i z a t i o n  (FID). 

4.2 Sample i n t r o d u c t i o n  apparatus - Refer t o  Method 5030 f o r  t h e  
appropr ia te  equipment f o r  sample i n t r o d u c t i o n  purposes. 

4.3 Syringes - A 5 m L L u e r l o k g l a s s h y p o d e r m i c a n d a 5 m L ,  g a s - t i g h t w i t h  
s h u t o f f  valve. 

4.4 Volumetr ic  f l asks ,  Class A - Appropr iate s izes  w i t h  ground g lass  
stoppers. - 

L S d  
4.5 Microsyringes - 10 and 25 p L  w i t h  a  0.006 i n .  I D  needle (Hamilton 

702N o r  equ iva lent )  and a  100 pL. 

4.6 A n a l y t i c a l  balance - 0.0001 g. 

5.0 REAGENTS 

5.1 Reagent grade chemicals s h a l l  be used i n  a l l  t e s t s .  Urlless otherwise 
ind ica ted,  i t  i s  intended t h a t  a l l  reagents s h a l l  conform t o  t h e  s p e c i f i c a t i o n s  
o f  t h e  Committee on Ana ly t i ca l  Reagents o f  t he  American Chemical Society, where 
such s p e c i f i c a t i o n s  are ava i lab le .  Other grades may be used, provided i t  i s  f i r s t  
ascer ta ined t h a t  t he  reagent i s  o f  s u f f i c i e n t l y  h igh  p u r i t y  t o  permi t  i t s  use 
w i thou t  lessening t h e  accuracy o f  t he  determinat ion. 

5.2 Organic- f ree reagent water - A l l  references t o  water i n  t h i s  method 
r e f e r  t o  o rgan ic - f ree  reagent water, as def ined i n  Chapter One. 

5.3 Methanol, CH,OH. Pest ic ide  qua1 i ty  o r  equ iva lent  . Store  away from 
o the r  so l  vents. 

5.4 Stock standards - Stock so lu t i ons  may be prepared from pure standard 
m a t e r i a l s  o r  purchased as c e r t i f i e d  so lu t ions .  Prepare stock standards i n  
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methanol using assayed 1 iquids. 

5.4.1 Place about 9.8 mL of methanol in a 10 mL tared, ground-glass 
p4, stoppered volumetric flask. Allow the flask to stand, unstoppered, for 

k w d  about 10 minutes or until all alcohol wetted surfaces have dried. Weigh 
the flask to the nearest 0.0001 g. 

5.4.2 Using a 100 pL syringe, immediately add two or more drops of 
assayed reference material to the flask; then reweigh. The liquid must 
fall directly into the alcohol without contacting the neck of the flask. 

5.4.3 Reweigh, dilute to volume, stopper, and then mix by inverting 
the flask several times. Calculate the concentration in mil 1 igrams per 
liter (mg/L) from the net gain in weight. When compound purity is assayed 
to be 96% or greater, the weight may be used without correction to 
cal cul ate the concentration of the stock standard. Commerci a1 ly prepared 
stock standards may be used at any concentration if they are certified by 
the manufacturer or by an independent source. 

5.4.4 Transfer the stock standard solution into a bottle with a 
Teflon 1 ined screw-cap. Store, with minimal headspace, at - lO°C to -20°C 
and protect from 1 ight. 

5.4.5 Standards must be replaced after 6 months, or sooner if 
comparison with check standards indicates a problem. 

5.5 Secondary dilution standards - Using stock standard solutions, pre- 
pare in methanol secondary dilution standards, as needed, that contain the 
compounds of interest, either singly or mixed together. The secondary dilution 

I standards should be prepared at concentrations such that the aqueous calibration 
'u standards prepared in Section 5.5 will bracket the working range of the 

analytical system. Secondary di 1 ut ion standards should be stored with minimal 
headspace for volatiles and should be checked frequently for signs of degradation 
or evaporation, especially just prior to preparing calibration standards from 
them. 

5.6 Calibration standards - Calibration standards at a minimum of five 
concentrations are prepared in water from the secondary dilution of the stock 
standards. One of the concentrations should be at a concentration near, but 
above, the method detection 1 imit. The remaining concentrations should 
correspond to the expected range of concentrations found in real samples or 
should define the working range of the GC. Each standard should contain each 
analyte for detection by this method (e.g. some or all of the compounds 1 isted 
in Sect ion 1.1 may be included) . In order to prepare accurate aqueous standard 
solutions, the foll owing precautions must be observed: 

5.6.1 Do not inject more than 20 pL of alcoholic standards into 
100 mL of water. 

5.6.2 Use a 25 pL Hamilton 702N microsyringe or equivalent 
(variations in needle geometry will adversely affect the ability to 
del iver reproduci bl e vol umes of methanol ic standards into water). 

5.6.3 Rapidly inject the alcoholic standard into the filled 
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volumetr ic  f l ask .  Remove t h e  needle as f a s t  as poss ib le  a f t e r  i n j e c t i o n .  

5.6.4 Mix aqueous standards by i n v e r t i n g  t h e  f l a s k  th ree  t imes only.  

5.6.5 F i l l  t h e  sample syr inge from t h e  standard s o l u t i o n  contained 
i n  t h e  expanded area o f  t h e  f l a s k  (do no t  use any s o l u t i o n  contained i n  
the  neck o f  t h e  f l a s k ) .  

3 
5.6.6 Never use p i p e t s  t o  d i l u t e  o r  t r a n s f e r  samples o r  aqueous 

standards. 

5.6.7 Aqueous standards are n o t  s tab le  and should be discarded a f t e r  
1 hour, unless p roper l y  sealed and stored. The aqueous standards can be 
s tored up t o  24 hours, i f  he ld  i n  sealed v i a l s  w i t h  zero headspace. 

5.7 I n t e r n a l  standards ( i f  i n t e r n a l  standard c a l  i b r a t i o n  i s  used) - To 
use t h i s  approach, t h e  ana lys t  must se lec t  one o r  more i n t e r n a l  standards t h a t  
are s i m i l a r  i n  a n a l y t i c a l  behavior t o  t h e  compounds o f  i n t e r e s t .  The ana lys t  
must f u r t h e r  demonstrate t h a t  t h e  measurement o f  t h e  i n t e r n a l  standard i s  no t  
a f f e c t e d  by method o r  m a t r i x  in ter fe rences.  Because o f  these 1 i m i t a t i o n s ,  no 
i n t e r n a l  standard can be suggested t h a t  i s  app l icab le  t o  a l l  samples. 

5.7.1 Prepare c a l i b r a t i o n  standards a t  a minimum o f  f i v e  
concentrat ions f o r  each parameter o f  i n t e r e s t  as described i n  Sect ion 5.6. 

5.7.2 Prepare a sp i k ing  s o l u t i o n  conta in ing  each o f  t h e  i n t e r n a l  
standards using t h e  procedures described i n  Sect ions 5.4 and 5.5. It i s  
recommended t h a t  t h e  secondary d i l u t i o n  standard be prepared a t  a 
concent ra t ion  o f  15 ng/pL o f  each 'Internal standard compound. The 
a d d i t i o n  o f  10 p L  o f  t h i s  standard t o  5.0 mL o f  sample o r  c a l i b r a t i o n  
standard would be equivalent  t o  30 pg/L. 

? 
\. d 

5.7.3 Analyze each c a l i b r a t i o n  standard according t o  Sect ion 7.0, 
adding 10 p L  o f  i n t e r n a l  standard sp i k ing  s o l u t i o n  d i r e c t l y  t o  the  
s y r i  nge . 
5.8 Surrogate standards - The analyst  should moni tor  both t h e  performance 

o f  t h e  a n a l y t i c a l  system and t h e  e f fec t iveness o f  t h e  method i n  deal i n g  w i t h  each 
sample m a t r i x  by sp i k ing  each sample, standard, and water b lank w i t h  one o r  two 
surrogate compounds recommended t o  encompass the  range o f  temperature program 
used i n  t h i s  method. From stock standard so lu t i ons  prepared as i n  Sect ion 5.4, 
add a volume t o  g i v e  750 p g  o f  each surrogate t o  45 mL o f  water contained i n  a 
50 mL vo lumet r ic  f l a s k ,  mix, and d i l u t e  t o  volume f o r  a concent ra t ion  o f  
15 ng/pL. Add 10 p L  o f  t h i s  surrogate sp i k ing  s o l u t i o n  d i r e c t l y  i n t o  t h e  5 mL 
syr inge w i t h  every sample and reference standard analyzed. I f  t h e  i n t e r n a l  
standard c a l  i b r a t  i o n  procedure i s used, the  surrogate compounds may be added 
d i r e c t l y  t o  t h e  i n t e r n a l  standard sp ik ing  s o l u t i o n  (Sect ion 5.7.2). 

6.0 SAMPLE COLLECTION, PRESERVATION, AND HANDLING 

6.1 See t h e  i n t r o d u c t o r y  mater ia l  t o  t h i s  Chapter, Organic Analytes, 
Sect ion 4.1. 
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7.0 PROCEDURE 

7.1 Vol atile compounds are introduced into the gas chromatograph either 
p""""4\ by direct injection or purge-and-trap (Method 5030). Method 5030 may be used 
b m d  directly on ground water samples or low-concentration contaminated soils and 

sediments. For high-concentration soils or sediments, methanol ic extraction, as 
described in Method 5030, may be necessary prior to purge-and-trap analysis. 
Method 5030 also provides guidance on the analysis of aqueous miscible and non- 
aqueous mi sci ble 1 iquid wastes (see Section 7.4.1.1). 

7.2 Chromatographic conditions (Recommended) 

7.2.1 Column 1 

Carrier gas (He1 ium) flow rate: 40 ml/min 
Temperature program: 

Ini ti a1 temperature: 45OC, hold for 3 minutes 
Program: 45OC to 220°C at 8OC/rnin 
Final temperature: 220°C, hold for 15 minutes. 

7.2.2 Column 2 

Carrier gas (He1 ium) flow rate: 40 mL/min 
Temperature program: 

Initial temperature: 50°C, hold for 3 minutes 
Program: 50°C to 170°C at 6OC/min 
Final temperature: 170°C, hold for 4 minutes. 

7.3 Cal ibration - Refer to Method 8000 for proper cal i bration techniques. 
7.3.1 Calibration must take place using the same sample introduction 

method that will be used to analyze actual samples (see Section 7.4.1). 

7.3.2 The procedure for internal or external calibration may be 
used. Refer to Method 8000 for a description of each of these procedures. 

7.4 Gas chromatographic analysis 

7.4.1 Introduce volatile compounds into the gas chromatograph using 
either Method 5030 (purge-and-trap method) or the direct injection method. 
If the internal standard calibration technique is used, add 10 pL of 
internal standard to the sample prior to purging. 

7.4.1.1 Direct injection - In very limited applications 
(e.g. aqueous process wastes), direct injection of the sample into 
the GC system with a 10 pL syringe may be appropriate. One such 
application is for verification of the alcohol content of an aqueous 
sample prior to determining if the sample is ignitable (Methods 1010 
or 1020). In this case, it is suggested that direct injection be 
used. The detection limit is very high (approximately 10,000 pg/L); 
therefore, it is only permitted when concentrations in excess of 
10,000 pg/L are expected or for water-soluble compounds that do not 
purge. The system must be calibrated by direct injection (bypassing 
the purge-and-trap device). 
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Non-aqueous misc ib le  wastes may also be analyzed by d i r e c t  
i n j e c t i o n  i f  the concentrat ion o f  t a rge t  analytes i n  t he  sample 
f a l l s  w i t h i n  the c a l i b r a t i o n  range. If d i l u t i o n  o f  the  sample i s  
necessary, f o l l ow  the guidance f o r  High Concentration samples i n  
Method 5030, Section 7.3.3.2. 

7.4.2 Method 8000 provides ins t ruc t ions  on the  analysis sequence, 
appropriate d i l u t i ons ,  es tab l ish ing d a i l y  r e ten t i on  t ime windows, and 
i d e n t i f i c a t i o n  c r i t e r i a .  I n c l  ude a  mid-concentrat ion standard a f t e r  each 
group o f  10 samples i n  the  analysis sequence., 

7.4.3 Record the sample volilme purged o r  i n j ec ted  and the r e s u l t i n g  
peak sizes ( i n  area u n i t s  o r  peak heights). 

7.4.4 Calculat ion o f  concentrat ion i s  covered i n  Method 8000. 

7.4.5 I f  ana ly t i ca l  inter ferences are suspected, o r  f o r  the  purpose 
o f  confirmation, analysis using the  second GC column i s  recommended. 

7.4.6 I f  the response f o r  a  peak i s  o f f -sca le ,  prepare a  d i l u t i o n  o f  
the  sample w i t h  water. The d i l u t i o n  must be performed on a  second a1 iquo t  
o f  the  sample which has been proper ly  sealed and stored p r i o r  t o  use. 

8.0 QUALITY CONTROL 

8.1 Refer t o  Chapter One f o r  spec i f i c  qua1 i t y  con t ro l  procedures and 
Method 8000 f o r  gas chromatographic procedures. Qua1 i t y  con t ro l  t o  ensure the  
proper operat ion o f  the  purge-and-trap device i s  covered i n  Method 5030. 

8.2 Q u a l i t y  cont ro l  required t o  va l ida te  the GC system operat ion i s  found L, ,~  

i n  Method 8000, Section 8.6. 

8.3 Cal cu l  a te  surrogate standard recovery on a1 1  sampl es , b l  anks , and 
spikes. Determine i f  recovery i s  w i t h i n  l i m i t s  ( l i m i t s  establ ished by performing 
QC procedure out1 i ned i n  Method 8000, Section 8.10). 

8.3.1 I f  recovery i s  not  w i t h i n  l i m i t s ,  the fo l low ing  i s  required: 

o Check t o  be sure t h a t  there are no e r ro rs  i n  ca lcu la t ions,  
surrogate solut ions, and in te rna l  standards. A1 so, check 
instrument performance. 

Recalculate the data and/or reanalyze the ex t rac t  i f  any o f  
the  above checks reveal a  problem. 

Re-extract and re-analyze the sample i f  none o f  the  above are 
a  problem o r  f l a g  the data as "estimated concentrat ion". 

9.0 METHOD PERFORMANCE 

9.1 The accuracy and prec is ion obtained w i l l  be determined by the  sample 
matr ix, sample in t roduc t ion  technique, and ca l  i bra t ion  procedures used. - 
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9.2 Specific method performance information will be provided as it 
becomes ava i 1 able. 
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METHOD 8020A 

AROMATIC VOLATILE ORGANICS BY GAS CHROMATOGRAPHY 

w 
1.0 SCOPE AND APPLICATION 

1.1 Method 8020 i s  used t o  determine t he  concent ra t ion  o f  va r ious  
aromat ic  vo l  a t  i 1 e  o rgan ic  compounds. The f o l l  owing compounds can be determined 
by t h i s  method: 

Appropr ia te  Technique 
D i  r e c t  

Compound Name CAS No ." Purge-and-Trap I n j e c t i o n  

Benzene 
Chl orobenzene 
1,2-Dichlorobenzene 
1,3-Dichlorobenzene 
1,4-Dichl  orobenzene 
E thy l  benzene 
To1 uene 
Xyl  enes 

a  Chemical Abs t rac t  Serv ices Reg i s t r y  Number. 
, /"a2 b adequate response by t h i s  technique. 

LsllbaJ 
1.2 Table 1 l i s t s  t h e  method d e t e c t i o n  l i m i t  f o r  each t a r g e t  ana ly te  i n  

o r g a n i c - f r e e  reagent water.  Table 2  1  i s t s  t h e  est imated q u a n t i t a t i o n  1  i m i  t (EQL) 
f o r  o t h e r  mat r i ces .  

2.0 SUMMARY OF METHOD 

2.1 Method 8020 p rov ides  chromatographic cond i t i ons  f o r  t h e  d e t e c t i o n  o f  
aromat ic  v o l a t i l e  compounds. Samples can be in t roduced i n t o  t he  GC us ing  d i r e c t  
i n j e c t i o n  o r  purge-and- t rap (Method 5030). Ground water samples must be 
determined us ing  Method 5030. A  temperature program i s  used i n  t he  gas 
chromatograph t o  separate t h e  o rgan ic  compounds. De tec t ion  i s  achieved by a  
p h o t o - i o n i z a t i o n  d e t e c t o r  (PID). 

2.2 I f  i n t e r f e r e n c e s  are encountered, t h e  method prov ides an op t iona l  gas 
chromatographic column t h a t  may be h e l p f u l  i n  r e s o l v i n g  t he  ana ly tes  from t h e  
i n t e r f e r e n c e s  and f o r  ana l y te  conf i rmat ion.  

3.0 INTERFERENCES 

3.1 Refer  t o  Method 5030 and 8000. 
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3.2 Samples can be contaminated by d i f f u s i o n  o f  v o l a t i l e  o rgan ics  
( p a r t i c u l a r l y  c h l  o r o f l  uorocarbons and methylene c h l  o r i d e )  th rough  t h e  sampl e  
c o n t a i n e r  septum d u r i n g  shipment and s torage.  A  f i e l d  sample b l ank  prepared f rom 
o r g a n i c - f r e e  reagent  water  and c a r r i e d  through sampling and subsequent s to rage  
and hand1 i ng can serve as a  check on such contaminat ion.  

4.0 APPARATUS AND MATERIALS 

4.1 Gas chromatograph 

4.1.1 Gas Chromatograph - A n a l y t i c a l  system complete w i t h  gas 
chromatograph s u i t a b l e  f o r  on-column i n j e c t i o n s  o r  purge-and- t rap  sample 
i n t r o d u c t i o n  and a1 1  r e q u i  r e d  accessor ies,  i n c l  u d i  ng de tec to r s ,  c o l  umn 
supp l ies ,  recorder ,  gases, and sy r inges .  A  da ta  system f o r  measuring peak 
h e i g h t s  and/or peak areas i s  recommended. 

4.1.2 Columns 

4.1.2.1 Co lumn l :  6 f t x 0 . 0 8 2 i n I D # 3 0 4 s t a i n l e s s s t e e l  
o r  g l a s s  column packed w i t h  5% SP-1200 and 1.75% Bentone-34 on 
100/120 mesh Supel copor t ,  o r  equ i va len t .  

4.1.2.2 Column 2: 8  ft x 0.1 i n  ID  s t a i n l e s s  s t e e l  o r  
g l a s s  column packed w i t h  5% 1,2 ,3-Tr is(2-cyanoethoxy)propane on 
60/80 mesh Chromosorb W-AW, o r  equ i va len t .  

4.1.3 De tec to r  - P h o t o i o n i z a t i o n  (PID) (h-Nu Systems, I nc .  Model 
PI -51-02 o r  e q u i v a l e n t ) .  ,---+? 
4.2 Sample i n t r o d u c t i o n  apparatus - Refe r  t o  Method 5030 f o r  t h e  L ~ , '  

app rop r i a te  equipment f o r  sample i n t r o d u c t i o n  purposes. 

4.3 Syr inges - A  5  mL Lue r l ok  g l ass  hypodermic and a  5  mL, g a s - t i g h t  w i t h  
s h u t o f f  va lve .  

4.4 Vo lumet r i c  f l a s k ,  Class A - Appropr ia te  s i z e s  w i t h  ground g l a s s  
s toppers.  

4.5 M ic rosy r i nge  - 10 and 25 p L  w i t h  a  0.006 i n  I D  needle (Hamil t o n  702N 
o r  e q u i v a l e n t )  and a  100 pL. 

4.6 A n a l y t i c a l  balance - 0.0001 g. 

5.0 REAGENTS 

5.1 Organ i c - f r ee  reagent  water.  A l l  re fe rences  t o  wate r  i n  t h i s  method 
r e f e r  t o  o r g a n i c - f r e e  reagent  water, as de f i ned  i n  Chapter One. 

5.2 Methanol (CH,OH) - p e s t i c i d e  qua1 i t y  o r  equ i va len t .  S to re  away f rom 
o t h e r  so l ven t s .  
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5.3 Stock standards - Stock so lu t ions  may be prepared from pure standard 
mater i  a1 s o r  purchased as c e r t i f i e d  so lu t ions .  Prepare stock standards i n  

r- *\ methanol usirrg assayed l i q u i d s .  Because o f  the  t o x i c i t y  o f  benzene and 
1,4-dichlorobenzene, pr imary d i l u t i o n s  o f  these mater ia ls  should be prepared i n  

~..p' a hood. 

5.3.1 Place about 9.8 mL o f  methanol i n  a 10 mL tared ground glass 
stoppered volumetr ic  f lask.  Al low the f lask  t o  stand, unstoppered, fo r  
about 10 min o r  u n t i l  a l l  alcohol wetted surfaces have dr ied .  Weigh the  
f l a s k  t o  the  nearest 0.0001 g. 

5.3.2 Using a 100 pL syringe, immediately add two o r  more drops o f  
assayed reference mater ia l  t o  the  f lask;  then reweigh. The l i q u i d  must 
f a l l  d i r e c t l y  i n t o  the  alcohol wi thout  contact ing the neck o f  the f lask.  

5.3.3 Reweigh, d i l u t e  t o  volume, stopper, and then mix by i n v e r t i n g  
the  f l a s k  several t imes. Calculate the  concentrat ion i n  m i l l  igrams per 
1 i t e r  (mg/L) from the net  gain i n  weight. When compound p u r i t y  i s  assayed 
t o  be 96% o r  greater ,  the  weight may be used wi thout  co r rec t i on  t o  
c a l c u l a t e  the  concentrat i on  o f  the stock standard. Commerci a1 l y  prepared 
stock standards may be used a t  any concentrat ion i f  they are c e r t i f i e d  by 
the  manufacturer o r  by an independent source. 

5.3.4 Transfer the  stock standard s o l u t i o n  i n t o  a Tef l  on-sealed 
screw-cap b o t t l e .  Store, w i t h  minimal headspace, a t  4°C and p ro tec t  from 
1 i g h t .  

5.3.5 A1 1 standards must be replaced a f t e r  6 months, o r  sooner if 
comparison w i t h  check standards indicates a problem. 

5.4 Secondary d i l u t i o n  standards: Using stock standard solut ions,  
prepare i n  methanol secondary d i l u t i o n  standards, as needed, t h a t  conta in the 
compounds o f  i n t e r e s t ,  e i t h e r  s i n g l y  o r  mixed together. The secondary d i l u t i o n  
standards should be prepared a t  concentrat ions such t h a t  the aqueous c a l i b r a t i o n  
standards prepared i n  Sect ion 5.5 w i l l  bracket the working range o f  the 
a n a l y t i c a l  system. Secondary d i l u t i o n  standards should be stored w i t h  minimal 
headspace f o r  v o l a t i l e s  and should be checked frequently fo r  signs o f  degradation 
o r  evaporation, especi a1 l y  j u s t  p r i o r  t o  preparing ca l  i b r a t i o n  standards from 
them. 

5.5 C a l i b r a t i o n  standards: Ca l i b ra t i on  standards a t  a minimum o f  f i v e  
concentrat ions are prepared i n  organic- f ree reagent water from the secondary 
d i l u t i o n  o f  the  stock standards. One o f  the concentrat ions should be a t  a 
concentrat ion near, bu t  above, the  method detec t ion  l i m i t .  The remaining 
concentrat ions should correspond t o  the expected range o f  concentrat ions found 
i n  r e a l  samples o r  should def ine  the working range o f  the GC. Each standard 
should conta in  each analyte f o r  de tec t ion  by t h i s  method (e.g., some o r  a l l  o f  
t he  compounds 1 i s t e d  i n  the  t a r g e t  analyte l i s t  may be included). I n  order t o  
prepare accurate aqueous standard sol  u t  i ons, the fo l  1 owing precautions must be 
observed. 
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5.5.1 Do n o t  i n j e c t  more than  20 p L  o f  a l c o h o l i c  s tandards i n t o  
100 mL o f  o rgan i c - f r ee  reagent  water .  

5.5.2 Use a 25 p L  Hami l ton 702N m ic rosy r i nge  o r  e q u i v a l e n t  
( v a r i a t i o n s  i n  needle geometry w i l l  adverse ly  a f f e c t  t h e  a b i l i t y  t o  "I ~d 
de l  i v e r  reproduc i  b l  e  v o l  umes o f  methanol i c  standards i n t o  wa te r ) .  

5.5.3 Rap id ly  i n j e c t  t h e  a l c o h o l i c  s tandard i n t o  t h e  f i l l e d  
v o l u m e t r i c  f l a s k .  Remove t h e  needle as f a s t  as p o s s i b l e  a f t e r  i n j e c t i o n .  

5.5.4 Mix aqueous standards by i n v e r t i n g  t h e  f l a s k  t h r e e  t imes  o n l y .  

5.5.5 F i l l  t h e  sample sy r i nge  f rom t h e  s tandard s o l u t i o n  con ta ined  
i n  t h e  expanded area o f  t h e  f l a s k  (do n o t  use any s o l u t i o n  con ta ined  i n  
t h e  neck o f  t h e  f l a s k ) .  

5.5.6 Never use p i p e t s  t o  d i l u t e  o r  t r a n s f e r  samples o r  aqueous 
s tandards.  

5.5.7 Aqueous standards a re  n o t  s t a b l e  and should be d iscarded  a f t e r  
1 h r ,  un less  p r o p e r l y  sealed and s to red .  The aqueous s tandards can be 
s to red  up t o  24 h r ,  i f  h e l d  i n  sealed v i a l s  w i t h  zero  headspace. 

5.6 I n t e r n a l  standards ( i f  i n t e r n a l  s tandard c a l  i b r a t i o n  i s  used) : To 
use t h i s  approach, t h e  ana l ys t  must s e l e c t  one o r  more i n t e r n a l  s tandards t h a t  
a re  s i m i l a r  i n  a n a l y t i c a l  behav io r  t o  t h e  compounds o f  i n t e r e s t .  The a n a l y s t  
must f u r t h e r  demonstrate t h a t  t h e  measurement o f  t h e  i n t e r n a l  s tandard i s  n o t  
a f fected by method o r  m a t r i x  i n t e r f e r e n c e s .  Because o f  these  1 i m i  t a t i o n s ,  no 
i n t e r n a l  s tandard can be suggested t h a t  i s  a p p l i c a b l e  t o  a l l  samples. 
A1 pha,al pha,al p h a - t r i f l  u o r o t o l  uene has been used successfu l  l y  as an i n t e r n a l  
s tandard.  

T 
' - a4  

5.6.1 Prepare c a l i b r a t i o n  standards a t  a  minimum o f  f i v e  
concen t ra t i ons  f o r  each parameter o f  i n t e r e s t  as descr ibed  i n  Sec t i on  5.5. 

5.6.2 Prepare a s p i k i n g  s o l u t i o n  c o n t a i n i n g  each o f  t h e  i n t e r n a l  
s tandards us ing  t h e  procedures descr ibed  i n  Sec t ions  5.3 and 5.4. It i s  
recommended t h a t  t h e  secondary d i l u t i o n  s tandard be prepared a t  a  
c o n c e n t r a t i o n  o f  15 mg/L o f  each i n t e r n a l  s tandard compound. The a d d i t i o n  
o f  10 p L  o f  t h i s  s tandard t o  5.0 mL o f  sample o r  c a l i b r a t i o n  s tandard 
would be equ i va len t  t o  30 pg/L.  

5.6.3 Analyze each c a l  i b r a t i o n  s tandard accord ing  t o  Sec t ion  7.0, 
adding 10 p L  o f  i n t e r n a l  s tandard s p i k i n g  s o l u t i o n  d i r e c t l y  t o  t h e  
sy r i nge .  

5.7 Surrogate standards: The ana l ys t  should moni t o r  bo th  t h e  performance 
o f  t h e  a n a l y t i c a l  system and t h e  e f f e c t i v e n e s s  o f  t h e  method i n  deal  i n g  w i t h  each 
sample m a t r i x  by s p i k i n g  each sample, standard, and o r g a n i c - f r e e  reagent  wa te r  
b l  ank w i t h  su r roga te  compounds (bromochl orobenzene, bromofl  uorobenzene, 1,1,1- 
tri f l  u o r o t o l  uene, f l  uorobenzene, and d i  f l  uorobenzene a re  recommended) which 
encompass t h e  range o f  t h e  temperature program used i n  t h i s  method. From s tock  

Rev i s i on  1 
September 1994 



standard solutions prepared as in Section 5.3, add a volume to give 750 pg of 
each surrogate to 45 mL of organic-free reagent water contained in a 50 mL 
volumetric flask, mix, and dilute to volume for a concentration of 15 ng/pL. 
Add 10 pL of this surrogate spiking solution directly into the 5 mL syringe with 
every sample and reference standard analyzed. If the internal standard 
calibration procedure is used, the surrogate compounds may be added directly to 
the internal standard spiking solution (Section 5.6.2). 

6.0 SAMPLE COLLECTION, PRESERVATION, AND HANDLING 

6.1 See the introductory material to this chapter, Organic Analytes, 
Section 4.1. 

7.0 PROCEDURE 

7.1 Volatile compounds are introduced into the gas chromatograph either 
by direct injection or purge-and-trap (Method 5030). Method 5030 may be used 
directly on ground water samples or low-concentration contaminated soils and 
sediments. For medium-concentration soils or sediments, methanolic extraction, 
as described in Method 5030, may be necessary prior to purge-and-trap analysis. 
Method 5030 a1 so provides guidance on the analysis of aqueous miscible and non- 
aqueous miscible liquid wastes (see Section 7.4.1.1 below). 

7.2 Gas chromatography conditions (Recommended): 

7.2.1 Column 1: 

Carrier gas (He) flow rate: 36 mL/min 
For 1 ower boi 1 i ng compounds : 

Initial temperature: 50°C, hold for 2 min; 
Temperature program: 50°C to 90°C at 6"C/min, hold until 

a1 1 compounds have eluted. 
For higher boiling range of compounds: 

Initial temperature: 50°C, hold for 2 min; 
Temperature program: 50°C to 110°C at 3"C/min, hold until 

all compounds have eluted. 

Column 1 provides outstanding separations for a wide variety of 
aromatic hydrocarbons. Column 1 should be used as the primary analytical 
column because of its unique ability to resolve para-, meta-, and ortho- 
aromatic isomers. 

7.2.2 Column 2: 

Carrier gas (He) flow rate: 30 mL/min 
Ini ti a1 temperature: 40°C, hold for 2 min; 
Temperature program: 40°C to 100°C at Z°C/min, hold until 

all compounds have eluted. 

Revision 1 
September 1994 



Column 2, an ext remely  h i g h  p o l a r i t y  column, has been used f o r  a  
number o f  years  t o  r e s o l v e  aromat ic  hydrocarbons f rom a1 kanes i n  compl ex 
samples. However, because r e s o l u t i o n  between some o f  t h e  aromat ics  i s  n o t  
as e f f i c i e n t  as w i t h  Column 1, Column 2  should be used as a  con f i rmato ry  
c o l  umn. 

+ 
d 

7.3 Cal i b r a t i o n :  Re fe r  t o  Method 8000 f o r  p roper  c a l  i b r a t i o n  techniques.  
Use Table 1 and e s p e c i a l l y  Table 2  f o r  guidance on s e l e c t i n g  t h e  lowes t  p o i n t  on 
t h e  c a l  i b r a t i o n  curve. 

7.3.1 Cal i b r a t i o n  must t ake  p l ace  us ing  t h e  same sample i n t r o d u c t i o n  
method t h a t  w i l l  be used t o  analyze ac tua l  samples (see Sec t i on  7 .4 .1 ) .  

7.3.2 The procedure f o r  i n t e r n a l  o r  e x t e r n a l  c a l i b r a t i o n  may be 
used. Refer  t o  Method 8000 f o r  a  d e s c r i p t i o n  o f  each o f  these procedures. 

7.4 Gas chromatographic ana l ys i s :  

7.4.1 I n t r oduce  v o l a t i l e  compounds i n t o  t h e  gas chromatograph us ing  
e i t h e r  Method 5030 (purge-and- t rap method) o r t h e  d i r e c t  i n j e c t i o n  method. 
If t h e  i n t e r n a l  s tandard c a l i b r a t i o n  technique i s  used, add 10 p L  o f  
i n t e r n a l  s tandard t o  t h e  sample p r i o r  t o  purg ing .  

7.4.1.1 D i r e c t  i n j e c t i o n :  I n  ve ry  l i m i t e d  a p p l i c a t i o n s  
(e.g., aqueous process wastes),  d i r e c t  i n j e c t i o n  o f  t h e  sample i n t o  
t h e  GC system w i t h  a  10 p L  sy r i nge  may be app rop r i a te .  The 
d e t e c t i o n  1  i m i  t i s  ve ry  h i g h  (approx imate ly  10,000 pg/L)  ; t h e r e f o r e ,  
i t  i s  o n l y  pe rm i t t ed  when concen t ra t i ons  i n  excess o f  10,000 pg/L 
a r e  expected o r  f o r  water  s o l u b l e  compounds t h a t  do n o t  purge. The 
system must be c a l  i bra ted  by d i r e c t  i n j e c t i o n  (bypass ing t h e  purge- T 
and- t rap  dev i ce ) .  \hi 

Non-aqueous m i s c i b l e  wastes may a l s o  be analyzed by d i r e c t  
i n j e c t i o n  i f  t h e  concen t ra t i on  o f  t a r g e t  ana l y tes  i n  t h e  sample 
f a l l s  w i t h i n  t h e  c a l i b r a t i o n  range. I f  d i l u t i o n  o f  t h e  sample i s  
necessary, f o l l o w  t h e  guidance f o r  High Concent ra t ion  samples i n  
Method 5030, Sec t ion  7.3.3.2. 

7.4.2 Method 8000 p rov ides  i n s t r u c t i o n s  on t h e  a n a l y s i s  sequence, 
a p p r o p r i a t e  d i l u t i o n s ,  e s t a b l i s h i n g  d a i l y  r e t e n t i o n  t i m e  windows, and 
i d e n t i f i c a t i o n  c r i t e r i a .  I nc l ude  a  mid -concent ra t ion  s tandard a f t e r  each 
group of 10 samples i n  t h e  a n a l y s i s  sequence. 

7.4.3 Table 1 summarizes t h e  es t imated  r e t e n t i o n  t imes  and d e t e c t i o n  
l i m i t s  f o r  a  number o f  o rgan i c  compounds analyzable us ing  t h i s  method. An 
example o f  t h e  separa t ion  achieved by Column 1 i s  shown i n  F igu re  1. 
F igu re  2  shows an example o f  t h e  separa t ion  achieved us ing  Column 2. 

7.4.4 Record t h e  sample vo l  ume purged o r  i n j e c t e d  and t h e  r e s u l t i n g  
peak s i z e s  ( i n  area u n i t s  o r  peak h e i g h t s ) .  

7.4.5 C a l c u l a t i o n  o f  concen t ra t i on  i s  covered i n  Method 8000. 
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7.4.6 I f  a n a l y t i c a l  i n t e r f e rences  a re  suspected, o r  f o r  t h e  purpose 
o f  con f i rma t i on ,  ana l ys i s  us ing  t he  second GC column i s  recommended. 

7.4.7 I f  t h e  response f o r  a peak i s  o f f  scale,  i .e., beyond t h e  
c a l  i b r a t i o n  range o f  t h e  standards, prepare a d i l u t i o n  o f  t h e  sample w i t h  
o r g a n i c - f r e e  reagent water.  The d i l u t i o n  must be performed on a second 
a l i q u o t  o f  t h e  sample which has been p rope r l y  sealed and s to red  p r i o r  t o  
use. 

8.0 QUALITY CONTROL 

8.1 Refer  t o  Chapter One f o r  s p e c i f i c  qual i t y  c o n t r o l  procedures and 
Method 8000 f o r  gas chromatographic procedures. Q u a l i t y  c o n t r o l  t o  ensure t h e  
p roper  o p e r a t i o n  o f  t he  purge-and- t rap dev ice i s  covered i n  Method 5030. 

8.2 Qua1 i t y  c o n t r o l  r equ i red  t o  v a l i d a t e  t h e  GC system opera t ion  i s  found 
i n  Method 8000. 

8.2.1 The qual  i t y  c o n t r o l  check sample concentrate (Method 8000) 
should c o n t a i n  each parameter o f  i n t e r e s t  a t  a concen t ra t ion  o f  10 mg/L 
i n  methanol. 

8.2.2 Table 3 i n d i c a t e s  t he  c a l i b r a t i o n  and QC acceptance c r i t e r i a  
f o r  t h i s  method. Table 4 g ives  method accuracy and p r e c i s i o n  as f unc t i ons  
o f  concen t ra t i on  f o r  t h e  ana ly tes  o f  i n t e r e s t .  The contents  o f  bo th  
t a b l e s  should be used t o  eva luate a l abo ra to r y ' s  a b i l i t y  t o  per form and 
generate acceptable data by t h i s  method. 

"i4. 

8.3 Ca l cu la te  sur roga te  standard recovery on a1 1 samples, b l  anks, and 
sp ikes.  Determine i f  recovery i s  w i t h i n  1 i m i t s  (1 i m i t s  es tab l  ished by per forming 
QC procedure out1 ined  i n  Method 8000). 

8.3.1 I f  recovery i s  n o t  w i t h i n  l i m i t s ,  t he  f o l l o w i n g  i s  requ i red .  

Check t o  be sure t h a t  t he re  a re  no e r r o r s  i n  
c a l c u l a t i o n s ,  surrogate s o l u t i o n s  and i n t e r n a l  
standards. A1 so, check inst rument  performance. 

Reca lcu la te  t h e  data and/or reanalyze t h e  e x t r a c t  i f  any 
o f  t h e  above checks reveal  a problem. 

Reext ract  and reanalyze t h e  sample i f  none o f  t he  above 
a re  a problem o r  f l a g  t h e  data as "est imated 
concent ra t ion" .  

Rev is ion 1 
September 1994 



9.0 METHOD PERFORMANCE 

9.1 T h i s  method was t e s t e d  by 20 l a b o r a t o r i e s  us ing  o r g a n i c - f r e e  reagent  
water,  d r i n k i n g  water,  surface water, and t h r e e  i n d u s t r i a l  wastewaters sp iked  a t  
s i x  concen t ra t i ons  over  t h e  range 2.1 - 500 pg/L. S i n g l e  ope ra to r  p r e c i s i o n ,  

fT 
o v e r a l l  p r e c i s i o n ,  and method accuracy were found t o  be d i r e c t l y  r e l a t e d  t o  t h e  

d 
concen t ra t i on  o f  t h e  parameter and e s s e n t i a l l y  independent o f  t h e  sample m a t r i x .  
L i nea r  equat ions t o  desc r i be  these  r e l a t i o n s h i p s  a re  presented i n  Table 4. 

9.2 The accuracy and p r e c i s i o n  ob ta ined  w i l l  be determined by t h e  sample 
m a t r i x ,  sample i n t r o d u c t i o n  technique, and by t h e  c a l  i b r a t i o n  procedure used. 

9.3 The method d e t e c t i o n  l i m i t s  r e p o r t e d  i n  Table 1 were generated under 
optimum a n a l y t i c a l  c o n d i t i o n s  by an Agency c o n t r a c t o r  (Ref. 7 )  as guidance, and 
may n o t  be r e a d i l y  ach ievab le  by a l l  l a b o r a t o r i e s  a t  a l l  t imes.  
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TABLE 1. 
CHROMATOGRAPHIC CONDITIONS AND METHOD DETECTION LIMITS 

FOR AROMATIC VOLATILE ORGANICS 

Compound 

Retent ion t ime Method 
(mi n) d e t e c t i o n  

1 i m i  t" 
Col.  1 Col. 2 ( P ~ / L )  

Benzene 
C h l  orobenzeneb 
1,4-Dichlorobenzene 
1,3-Di c h l  orobenzene 
1,2-Dichlorobenzene 
E t h y l  Benzene 
To1 uene 
Xyl  enes 

a Using purge-and- t rap method (Method 5030). See Sec. 9.3. 
b Chlorobenzene and m-xylene may c o - e l u t e  on some columns. 

TABLE 2. 
DETERMINATION OF ESTIMATED QUANTITATION LIMITS (EQLs) 

FOR VARIOUS MATRICES" 

M a t r i x  Fac to r  

Ground water 
Low-concentrat  i o n  so i  1 
Water m i s c i b l e  1 i q u i d  waste 
H igh-concent ra t  i o n  s o i  1 and sludge 
Non-water m i s c i b l e  waste 

a EQL = [Method d e t e c t i o n  l i m i t  (see Table I ) ]  X [Fac to r  found i n  t h i s  
t a b l e ] .  For non-aqueous samples, t h e  f a c t o r  i s  on a wet-weight bas is .  
Sample EQLs a re  h i g h l y  matr ix-dependent.  The EQLs determined he re in  are 
p rov ided  f o r  guidance and may n o t  always be achievable.  
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TABLE 3. 
QC ACCEPTANCE CRITERIAa 

Parameter 

Range L i m i t  Range Range 
f o r  Q f o r  s f o r  x p, p, 
(pg/L) (pg/L) (pg/L) (%I 

Benzene 15.4-24.6 4.1 10.0-27.9 39- 150 
Chl orobenzene 16.1-23.9 3.5 12.7-25.4 55- 135 
1,2-Di c h l  orobenzene 13.6-26.4 5.8 10.6-27.6 ' 37-154 
1,3-Di c h l  orobenzene 14.5-25.5 5.0 12.8-25.5 50- 141 
1,4-Di c h l  orobenzene 13.9-26.1 5.5 11.6-25.5 42- 143 
E thy l  benzene 12.6-27.4 6.7 10.0-28.2 32- 160 
To1 uene 15.5-24.5 4.0 11.2-27.7 46-148 

Q = Concentrat ion measured i n  QC check sample, i n  pg/L. 

S - - Standard d e v i a t i o n  o f  f o u r  recovery measurements, i n  pg/L. 
- 
X - - Average recovery f o r  f o u r  recovery measurements, i n  pg/L. 

P, P, = Percent recovery measured. 

a C r i t e r i a  from 40 CFR Par t  136 f o r  Method 602, us ing  packed columns, and 
were c a l c u l a t e d  assuming a check sample concent ra t ion  o f  20 pg/L. These 
c r i t e r i a  a re  based d i r e c t l y  upon the  method performance data  i n  Table 4. 
Where necessary, t h e  l i m i t s  f o r  recovery have been broadened t o  assure 
appl i c a b i l  i t y  o f  t h e  1 i m i  t s  t o  concentrat ions be1 ow those used t o  develop 
Table 1. When c a p i l l a r y  columns are used, see Method 8021 f o r  performance 
data.  
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TABLE 4. 
METHOD ACCURACY AND PRECIS ION AS FUNCTIONS OF CONCENTRATION 

,- 
w 

Accuracy, as Single analyst  Overal l  
recovery, x '  prec is ion,  srl prec is ion,  

Parameter ( P ~ / L )  (pg/L) S '  (pg/L) 

Benzene 0.92C+O. 57 O.OS~+O.  59 0.21?+0.56 
Chl orobenzene 0.95C+0.02 0.09i+0. 23 0.17~+0.10 
1,2-Dichlorobenzene 0.93C+O. 52 0.17g-0.04 0.222+0.53 
1,3-Dichlorobenzene 0.96C-0.04 0.15~-0.10 0.19?+0,09 
1,4-Dichlorobenzene 0.93C-0.09 0.15x+0.28 0.20~+0.41 
Ethy l  benzene 0.94C+0.31 0.17~+0.46 0.26?+0.23 
To1 uene 0.94C+0.65 0.092+0.48 0.18?+0.71 

x ' = Expected recovery f o r  one o r  more measurements o f  a sample 
conta in ing  concentrat ion C, i n  pg/L. 

sr - - Expected s i n g l e  analyst  standard dev ia t ion  o f  measurements a t  an 
average concentrat ion o f  2, i n  pg/L. 

S' - - Expected i n t e r l  aboratory s t a n d a ~ d  dev ia t ion  o f  measurements a t  an 
average concentrat ion found o f  x, i n  pg/L. 

.my C - - True value f o r  the  concentration, i n  pg/L. 

!*I - 
X - - Average recovery found f o r  measurements o f  samples conta in ing a 

concentrat ion o f  C, i n  pg/L. 
- 
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Figure 1 
Chromatogram o f  Aromatic Vol a t  i 1 e Organics 

(col  umn 1 condit ions)  

Column : 5% SP-1200/1.75% Bentone 34 
Program : 50°C-2 Minutes, 6OC/Min. to 90°C 
Detector: Photoionization 

0.40 pg/L Standard Mixture 

0 2 4 8 0 10 12 14 18 10 30 22 

RETENTloru T M E  (NINUTESJ 
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Figure 2 
Chromatogram of Aromatic Vol a t i l  e Organics 

(col umn 2 conditions) 

5% 1,2,3-Tris(2-Cyanoethoxy)Propane on Chroma 
40°C-2 Minutes, 2"C/Min. to 100°C 

Detector: Photoionization 
2.0 pg/L Stand~rd Mixture 
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METHOD 8 0 2 0 A  
AROMATIC V O L A T I L E  ORGANICS BY GAS CHROMATOGRAPHY 

Start u 
7.1 Introduce compoundr 
into gar chromatograph 

by direct injection or 
purge-and-trap 
(Method 5030)  

v 
7.2 Set gar 

chromatograph 
condition. 

7.3 Calibrate 
(refer to Method 8000 )  

7.4.1 Introduce 
volatile compoundr 

into gar chromatograph 
by purge-and-trap or 

direct injection. 

7.4.4 Record volume 
purged or injected 

and peak rizer. 

7.4.6 Cerculate 
concentration 

(refer to Method 8000 )  

1 8 0 0 0  for analyrir 

I requence, etc. I 
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METHOD 802 1A 

HALOGENATED VOLAT I LES BY GAS CHROMATOGRAPHY USING 
PHOTOIONIZATION AND ELECTROLYTIC CONDUCTIVITY DETECTORS 

IN SERIES: CAPILLARY COLUMN TECHNIQUE 

1.0 SCOPE AND APPLICATION 

1.1 Method 8021 is used to determine volatile organic compounds in a 
variety of sol id waste matrices. This method is appl icable to nearly a1 1 types 
of samples, regardless of water content, including ground water, aqueous sludges, 
caustic liquors, acid liquors, waste solvents, oily wastes, mousses, tars, 
fibrous wastes, polymeric emu1 sions, filter cakes, spent carbons, spent 
catalysts, soils, and sediments. The following compounds can be determined by 
this method: 

Analyte 

A~propri ate Technique 
Direct 

CAS No." Purge-and-Trap Injection 

Benzene 
Bromobenzene 
Bromochl oromethane 
Bromodichl oromethane 

/ z% Bromoform 
Bromomethane 
n-Butyl benzene 
sec-Butyl benzene 
tert -Butyl benzene 
Carbon tetrachloride 
Chl orobenzene 
Chl orodi bromomethane 
Chl oroethane 
Chloroform 
Chloromethane 
2-Chl orotol uene 
4-Chl orotol uene 
1,2-Dibromo-3-chloropropane 
1,2-Dibromoethane 
Dibromomethane 
1,2 -Dichl orobenzene 
1,3-Dichlorobenzene 
1,4-Dichl orobenzene 
Dichlorodi fl uoromethane 
1,l-Dichloroethane 
l,2-Dichloroethane 
1,l -Di chl oroethene 
cis- 1,2-Dichloroethene 
trans-1,2-Dichl oroethene 
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Approp r i a te  Technique 
D i r e c t  

Anal y t e  CAS No." 

1 ,2-Dich l  oropropane 
1,3-Dich l  oropropane 
2,2-Dich l  oropropane 
1 , l  -D i ch l  oropropene 
c is -1 ,3 -d ich lo ropropene 
t r a n s - 1 , 3 - d i c h l  oropropene 
E thy l  benzene 
Hexachl o robu tad i  ene 
Isopropylbenzene 
p-  I sop ropy l  t o 1  uene 
Methy l  ene c h l  o r i  de 
Napht ha1 ene 
n -  Propy l  benzene 
Styrene 
1,1,1,2-Tetrachloroethane 
1,1,2,2-Tetrachloroethane 
Te t rach l  o r o e t  hene 
To1 uene 
1,2,3-Tr ichlorobenzene 
1,2,4-Tr ichlorobenzene 
l,l, 1 - T r i c h l  oroethane 
1,1,2-Tr ich loroethane 
T r i  c h l  oroethene 
T r i  c h l  o r o f l  uoromet hane 
1 ,2 ,3 -Tr i ch l  oropropane 
1,2,4-Tr imethyl  benzene 
1,3,5-Tr imethyl  benzene 
V i n y l  c h l o r i d e  
o-Xy l  ene 
m-Xyl ene 
p -Xy l  ene 

Purge-and-Trap I n j e c t i o n  pdl*hti 
k.i"i/ 

b b  
b  b  
b  b  
b  b  
b  b  
b  b  
b  b  
b  b  
b  b  
b  b  
b  b  
b  b  
b  b  
b  b  
b  b  
b  b  
b  b  
b  b  
b  b  
b  b  
b  b  
b  b  
b  b  
b  b  
b  b  
b  b  
b  b  
b  b  
b  b  
b  b  
b  b 

a  Chemical Abs t rac t  Serv ices R e g i s t r y  Number. 
b  Adequate response by t h i s  technique.  
pp Poor pu rg ing  e f f i c i e n c y  r e s u l t i n g  i n  h i gh  EQLs. 

1.2 Method d e t e c t i o n  l i m i t s  (MDLs) a re  compound dependent and va ry  w i t h  
pu rg ing  e f f i c i e n c y  and concent ra t ion .  The MDLs f o r  se lec ted  ana l y tes  a re  
presented i n  Table 1. The a p p l i c a b l e  concen t ra t i on  range o f  t h i s  method i s  
compound and ins t rument  dependent b u t  i s  approx imate ly  0.1 t o  200 pg/L.  
Ana ly tes  t h a t  a re  i n e f f i c i e n t l y  purged from water  w i l l  n o t  be de tec ted  when 
p resen t  a t  low concent ra t ions ,  b u t  they  can be measured w i t h  accep tab le  accuracy 
and p r e c i s i o n  when p resen t  'in s u f f i c i e n t  amounts. De te rmina t ion  o f  some 
s t r u c t u r a l  isomers ( i  .e. xy lenes)  may be hampered by c o e l u t i o n .  

Rev is ion  1  
September 1994 



1.3 The est imated q u a n t i t a t i o n  l i m i t  (EQL) o f  Method 8021A f o r  an 
i n d i v i d u a l  compound i s  approx imate ly  1  pg/kg (wet weight)  f o r  so i l /sed iment  
samples, 0.1 mg/kg (wet weight )  f o r  wastes, and 1  pg/L f o r  ground water (see 
Table 3 ) .  EQLs w i l l  be p r o p o r t i o n a t e l y  h i ghe r  f o r  sample e x t r a c t s  and samples 
t h a t  r e q u i r e  d i l u t i o n  o r  reduced sample s i z e  t o  avo id s a t u r a t i o n  o f  t h e  de tec to r .  

1.4 Th i s  method i s  recommended f o r  use o n l y  by ana lys ts  exper ienced i n  
t h e  measurement o f  purgeable organics a t  t h e  low bg/L l e v e l  o r  by experienced 
t echn i c i ans  under t h e  c l o s e  superv is ion  o f  a  qua1 i f i e d  ana l ys t .  

1.5 The t o x i c i t y  o r  c a r c i n o g e n i c i t y  o f  chemicals used i n  t h i s  method has 
n o t  been p r e c i s e l y  de f ined .  Each chemical should be t r e a t e d  as a  p o t e n t i a l  
h e a l t h  hazard, and exposure t o  these chemicals should be minimized. Each 
1 abora to ry  i s  r espons ib l e  f o r  ma in ta i n i ng  awareness o f  OSHA regu la t i ons  regard ing  
sa fe  hand l i ng  o f  chemicals used i n  t h i s  method. Add i t i ona l  re ferences t o  
l a b o r a t o r y  s a f e t y  a re  a v a i l a b l e  f o r  t h e  i n fo rma t i on  o f  t h e  ana l ys t  ( re ferences 
4  and 6) .  

1 .6  The f o l l o w i n g  method ana ly tes  have been t e n t a t i v e l y  c l a s s i f i e d  as 
known o r  suspected human o r  mammal i an carcinogens: benzene, carbon t e t r a c h l o r i d e ,  
1,4-dichlorobenzene, 1 ,2-d ich loroethane,  hexachloro-butadiene, 1,1,2,2- 
t e t r a c h l  oroethane, 1 ,1 ,2- t r ich loroethane,  chloroform, 1 ,2 -d i  bromoethane, 
t e t r a c h l  oroethene, t r i ch l o roe thene ,  and v i n y l  ch lo r i de .  Pure standard mater i  a1 s  
and s t o c k  s tandard s o l u t i o n s  of these compounds should be handled i n  a  hood. A  
NIOSH/MESA approved t o x i c  gas r e s p i r a t o r  should be worn when t h e  ana l ys t  hand1 es 
h i g h  concent ra t ions  o f  these t o x i c  compounds. 

,*- 2.0 SUMMARY OF METHOD 

2.1 Method 8021 p rov ides  gas chromatographic cond i t i ons  f o r  t h e  
d e t e c t  i o n  o f  ha1 ogenated and aromat i E  vo l  a t  i 1 e  organ; c  compounds. Samples can 
be analyzed us ing  d i r e c t  i n j e c t i o n  o r  purge-and-trap (Method 5030). Ground water 
samples must be analyzed us ing  Method 5030 (where app l i cab le )  . A temperature 
program i s  used i n  t he  gas chromatograph t o  separate t h e  organic  compounds. 
D e t e c t i o n  i s  achieved by a  pho to ion i za t i on  de tec to r  (PID) and an e l e c t r o l y t i c  
c o n d u c t i v i t y  d e t e c t o r  (HECD) i n  se r i es .  

2.2 T e n t a t i v e  i d e n t i f i c a t i o n s  a re  obtained by ana lyz ing  standards under 
t h e  same c o n d i t i o n s  used f o r  samples and comparing r e s u l t a n t  GC r e t e n t i o n  t imes. 
Conf i rmato ry  i n f o r m a t i o n  can be gained by comparing t h e  r e l a t i v e  response from 
t h e  two d e t e c t o r s .  Concentrat ions o f  t h e  i d e n t i f i e d  components are measured by 
r e l a t i n g  t h e  response produced f o r  t h a t  compound t o  t h e  response produced by a  
compound t h a t  i s  used as an i n t e r n a l  standard. 

3.0 INTERFERENCES 

3.1 Refer  t o  Methods 5030 and 8000. 

3.2 Samples can be contaminated by d i f f u s i o n  o f  v o l a t i l e  organics 
( p a r t i c u l  a r l y  ch lo ro f luorocarbons  and methylene c h l o r i d e )  through t h e  sample 
con ta ine r  septum d u r i n g  shipment and storage. A  t r i p  b lank prepared from 
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o r g a n i c - f r e e  reagent  water  and c a r r i e d  th rough sampl ing and subsequent s to rage  
and hand l i ng  can serve as a  check on such con tamina t ion .  

3.3 S u l f u r  d i o x i d e  i s  a  p o t e n t i a l  i n t e r f e r a n t  i n  t h e  a n a l y s i s  f o r  v i n y l  
c h l o r i d e .  

*- 

dY 

4.0 APPARATUS AND MATERIALS 

4.1 Sample i n t r o d u c t i o n  apparatus - Refer  t o  Method 5030 f o r  t h e  
a p p r o p r i a t e  equipment f o r  sample i n t r o d u c t i o n  purposes. 

4.2 Gas Chromatograph - capable o f  temperature programming; equipped 
w i t h  variable-constant differential f l o w c o n t r o l 1 e r s ,  subambient oven c o n t r o l l e r ,  
p h o t o i o n i z a t i o n  and e l e c t r o l y t i c  c o n d u c t i v i t y  d e t e c t o r s  connected w i t h  a  s h o r t  
p i ece  o f  uncoated c a p i l l a r y  tub ing ,  0.32-0.5 mm ID, and da ta  system. 

4.2.1 Column - 60 m x  0.75 mm ID  VOCOL wide-bore c a p i l l  a r y  column 
w i t h  1.5 p m  f i l m  t h i ckness  (Supelco Inc. ,  o r  e q u i v a l e n t ) .  

4.2.2 P h o t o i o n i z a t i o n  d e t e c t o r  (PID) (T racor  Model 703, o r  
e q u i v a l e n t )  . 

4.2.3 E l  e c t r o l y t i  c  c o n d u c t i v i t y  d e t e c t o r  (HECD) (T racor  Hal 1  Model 
700-A, o r  e q u i v a l e n t ) .  

4.3 Syr inges - 5  mL g l a s s  hypodermic w i t h  Luer-Lok t i p s .  

4.4 Syr inge  va lves  - 2-way w i t h  Luer ends (Te f l on  o r  Kel  - F ) .  

4.5 M ic rosy r i nge  - 25 p L  w i t h  a  2  i n .  x  0.006 i n .  ID, 22" bevel  needle 
(Hami l ton #702N o r  e q u i v a l e n t ) .  

4.6 M ic rosyr inges  - 10, 100 pL .  

4.7 Syr inges - 0.5, 1.0, and 5  mL, g a s - t i g h t  w i t h  s h u t - o f f  va lve .  

4.8 B o t t l e s  - 15 rnL, T e f l o n  l i n e d  w: h screw-cap o r  c r imp t op .  

4.9 A n a l y t i c a l  balance - 0.0001 g. 

4.10 R e f r i g e r a t o r .  

4.11 Vo lu - :e t r i c  f l a s k s ,  Class A  - Appropr ia te  s i zes  w i t h  ground g l a s s  
s toppers.  

5.0 REAGENTS 

5.1 Reagent grade i n o r g a n i c  chemicals s h a l l  be used i n  a l l  t e s t s .  
Unless o the rw i se  i n d i c a t e d ,  i t  i s  in tended t h a t  a l l  i n o r g a n i c  reagents  s h a l l  
conform t o  t h e  s p e c i f i c a t i o n s  o f  t h e  Committee on A n a l y t i c a l  Reagents o f  t h e  
American Chemical Soc ie ty ,  where such s p e c i f i c a t i o n s  a re  avai  1  ab le .  Other grades 
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may be used, prov ided i t  i s  f i r s t  ascer ta ined t h a t  the  reagent i s  o f  s u f f i c i e n t l y  
h i g h  p u r i t y  t o  permi t  i t s  use w i t hou t  lessening t he  accuracy o f  the  
de te rmina t ion .  

l L j  5.2 Organ ic - f ree  reagent water.  A1 1 references t o  water i n  t h i s  method 
r e f e r  t o  o r g a n i c - f r e e  reagent water, as de f ined  i n  Chapter One. 

5.3 Methanol, CH,OH - Pes t i c i de  qua1 i t y  o r  equiva lent ,  demonstrated t o  
be f r e e  o f  ana ly tes .  Store away from o the r  so lvents .  

5.4 V iny l  ch lo r i de ,  (99.9% pure) ,  CH,=CHCl . V iny l  c h l o r i d e  i s  a v a i l a b l e  
f rom I d e a l  Gas Products, Inc. ,  Edison, New Jersey and from Matheson, East 
Ruther ford,  New Jersey, as w e l l  as from o the r  sources. C e r t i f i e d  mix tu res  o f  
v i n y l  c h l o r i d e  i n  n i t r o g e n  a t  1.0 and 10.0 ppm (v/v) are a v a i l a b l e  from several  
sources. 

5.5 Stock standards - Stock so lu t i ons  may e i t h e r  be prepared from pure 
s tandard m a t e r i a l s  o r  purchased as c e r t i f i e d  so lu t ions .  Prepare s tock  standards 
i n  methanol us ing  assayed 1 i q u i d s  o r  gases, as appropr ia te.  Because o f  t he  
t o x i c i t y  o f  some o f  t h e  organohal ides, pr imary d i l u t i o n s  o f  these ma te r i a l s  o f  
t h e  t o x i c i t y  should be prepared i n  a hood. 

NOTE: I f  d i r e c t  i n j e c t i o n  i s  used, t he  so lven t  system o f  standards must - 
match t h a t  o f  t he  sample. I t  i s  no t  necessary t o  prepare h igh  
concentrat  i o n  aqueous mixed standards when us ing  d i r e c t  i n j e c t i o n .  

5.5.1 Place about 9.8 mL o f  methanol i n  a  10 mL ta red  ground g lass  
stoppered vo lumet r i c  f l a s k .  A l low the  f l a s k  t o  stand, unstoppered, f o r  
about 10 minutes u n t i l  a1 1 a lcohol  -wetted sur faces have dr ied .  Weigh the  
f l a s k  t o  t h e  nearest  0.1 mg. 

5.5.2 Add the  assayed re fe rence  ma te r i a l ,  as descr ibed below. 

5.5.2.1 L iqu ids :  U s i n g a 1 0 0 p L s y r i n g e , i m m e d i a t e l y a d d  
two o r  more drops o f  assayed reference ma te r i a l  t o  the  f l a s k ;  then 
reweigh. The l i q u i d  must f a l l  d i r e c t l y  i n t o  the  a lcohol  w i t hou t  
con tac t i ng  t h e  neck o f  t he  f l a s k .  

5.5.2.2 Gases: To prepare standards f o r  any compounds 
t h a t  b o i  1 below 30°C (e. g. bromomethane, ch l  oroethane, 
chloromethane, d i c h l  o r o d i f l  uoromethane, t r i c h l o r o f l  uoromethane, 
v i n y l  c h l o r i d e ) ,  f i l l  a 5 mL valved g a s - t i g h t  sy r inge  w i t h  t h e  
re fe rence  standard t o  the  5.0 mL mark. Lower t he  needle t o  5 mm 
above t h e  methanol meniscus. Slowly in t roduce t h e  reference 
standard above t h e  surface o f  the  l i q u i d .  The heavy gas r a p i d l y  
d i sso l ves  i n  t he  methanol. Th is  may a lso  be accomplished by us ing 
a l e c t u r e  b o t t l e  equipped w i t h  a Hamil ton Lecture B o t t l e  Septum 
(#86600). A t tach  Te f l on  t ub ing  t o  t he  side-arm re1 i e f  va lve and 
d i r e c t  a  g e n t l e  stream o f  gas i n t o  the methanol meniscus. 

5.5.3 Reweigh, d i . l u te  t o  volume, stopper, and then mix by i n v e r t i n g  
t h e  f l a s k  severa l  t imes. Ca lcu la te  t he  concent ra t ion  i n  m i l  1  igrams per  
l i t e r  (mg/L) f rom t h e  ne t  ga in  i n  weight.  When compound p u r i t y  i s  assayed 
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t o  be 96% o r  g rea te r ,  t h e  weight  may be used w i t h o u t  c o r r e c t i o n  t o  
c a l  c u l  a t e  t h e  concen t ra t i on  of t h e  s tock  standard. Commerci a1 l y  prepared 
s tock  standards may be used a t  any concen t ra t i on  i f  they  a re  c e r t i f i e d  by 
t h e  manufacturer  o r  by an independent source. 

5.5.4 Transfer  t h e  s tock  standard s o l u t i o n  i n t o  a  b o t t l e  w i t h  a  
T e f l o n  l i n e d  screw-cap o r  c r imp t op .  Store,  w i t h  minimal headspace, a t  
-10°C t o  -20°C and p r o t e c t  f rom l i g h t .  

5.5.5 Prepare f r e s h  s tock  standards f o r  gases weekly o r  sooner i f  
comparison w i t h  check s tandards i n d i c a t e s  a problem. Reac t i ve  compounds 
such as 2 - ch lo roe thy l  v i n y l  e t h e r  and s ty rene  may need t o  be prepared more 
f r e q u e n t l y .  A l l  o t h e r  standards must be rep laced  a f t e r  s i x  months. Both 
gas and 1 i q u i d  standards must be moni tored c l o s e l y  by comparison t o  t h e  
i n i t i a l  c a l i b r a t i o n  curve and by comparison t o  QC check standards. It may 
be necessary t o  r ep lace  t h e  standards more f r e q u e n t l y  i f  e i t h e r  check 
exceeds a 20% d r i f t .  

5.6 Prepare secondary d i l  u t i o n  standards, us i ng  s t o c k  s tandard 
s o l u t i o n s ,  i n  methanol, as needed, t h a t  c o n t a i n  t h e  compounds o f  i n t e r e s t ,  e i t h e r  
s i n g l y  o r  mixed t oge the r .  The secondary d i l u t i o n  s tandards should be prepared 
a t  concen t ra t i ons  such t h a t  t h e  aqueous c a l  i b r a t  i o n  s tandards prepared i n  Sec. 
5.7 w i l l  b racke t  t h e  work ing range o f  t h e  a n a l y t i c a l  system. Secondary d i l u t i o n  
s tandards should be s to red  w i t h  minimal headspace f o r  v o l a t i l e s  and should be 
checked f r e q u e n t l y  f o r  s i gns  o f  degrada t ion  o r  evaporat ion,  espec i  a1 l y  j u s t  p r i o r  
t o  p repa r i ng  c a l i b r a t i o n  standards f rom them. 

5.7 Cal i b r a t i o n  standards, a t  a  minimum o f  f i v e  concen t ra t i on  l e v e l  s  a re  
prepared i n  o r g a n i c - f r e e  reagent water  f rom t h e  secondary d i l u t i o n  o f  t h e  s tock  
standards. One o f  t h e  concen t ra t i on  l e v e l s  should be a t  a  c o n c e n t r a t i o n  near, ,@=% 

b u t  above, t h e  method d e t e c t i o n  1 i m i  t. The remain ing concen t ra t i on  l e v e l s  should .d 
correspond t o  t h e  expected range o f  t h e  concent ra t ions  found i n  r e a l  samples o r  
should d e f i n e  t h e  work ing range o f  t h e  GC. Standards (one o r  more) should 
c o n t a i n  each a n a l y t e  f o r  d e t e c t i o n  by t h i s  method. I n  o rde r  t o  prepare accura te  
aqueous s tandard s o l  u t  i ons, t h e  f o l  1  owing p recau t ions  must be observed. 

NOTE: Prepare c a l  i b r a t i o n  s o l u t i o n s  f o r  use w i t h  d i r e c t  i n j e c t i o n  analyses 
i n  water  a t  t h e  concen t ra t i ons  requ i red .  

5.7.1 Do n o t  i n j e c t  more than  20 p L  o f  a l c o h o l i c  s tandards i n t o  
100 mL o f  water .  

5.7.2 Use a 25 p L  Hamil t o n  702N m ic rosy r i nge  o r  e q u i v a l e n t  
( v a r i a t i o n s  i n  needle geometry w i l l  adverse ly  a f f e c t  t h e  a b i l i t y  t o  
d e l i v e r  r e p r o d u c i b l e  volumes o f  methanol ic  standards i n t o  wate r ) .  

5.7.3 Rap id ly  i n j e c t  t h e  a l c o h o l i c  s tandard i n t o  t h e  f i l l e d  
v o l u m e t r i c  f l a s k .  Remove t h e  needle as f a s t  as p o s s i b l e  a f t e r  i n j e c t i o n .  

5.7.4 Mix  aqueous standards by i n v e r t i n g  t h e  f l a s k  t h r e e  t imes.  

, 
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5.7.5 F i l l  t he  sample sy r inge  from the standard s o l u t i o n  conta ined 
i n  t h e  expanded area o f  t he  f l a s k  (do n o t  use any s o l u t i o n  conta ined i n  
t he  neck o f  t h e  f l a s k ) .  

5.7.6 Never use p i p e t s  t o  d i l u t e  o r  t r a n s f e r  samples o r  aqueous 
standards. 

5.7.7 Aqueous standards are n o t  s t a b l e  and should be d iscarded a f t e r  
one hour, un less p r o p e r l y  sealed and s tored.  The aqueous standards can 
be s t o r e d  up t o  12 hours, i f  he ld  i n  sealed v i a l s  w i t h  zero headspace. 

5.7.8 O p t i o n a l l y  c a l  i b r a t i o n  us ing  a c e r t i f i e d  gaseous m ix tu re  can 
be accompl i shed  d a i l y  u t i l  i z i n g  commercial ly a v a i l  ab le  gaseous ana ly te  
m i x t u r e  o f  bromo~nethane, chloromethane, chloroethane, v i n y l  c h l o r i d e ,  
d i  c h l  o rod i  f l  uoromethane and tri ch l  o r o f l  uoromethane i n  n i t r ogen .  These 
m ix tu res  o f  documented q u a l i t y  are s t a b l e  f o r  as l ong  as s i x  months 
w i t h o u t  r e f r i g e r a t i o n .  (VOA-CYL 111, RESTEK Corporat ion,  Cat. #20194 o r  
e q u i v a l e n t ) .  

5.8 I n t e r n a l  standards - Prepare a s p i k i n g  s o l u t i o n  con ta in i ng  
f l  uorobenzene and 2-bromo- 1 - ch l  oropropane i n  methanol , us ing  t he  procedures 
descr ibed  i n  Secs. 5.5 and 5.6. It i s  recommended t h a t  t he  secondary d i l u t i o n  
s tandard be prepared a t  a concen t ra t ion  o f  5 qg/L o f  each i n t e r n a l  standard 
compound. The a d d i t i o n  o f  10 p L  o f  such a standard t o  5.0 mL o f  sample o r  
c a l i b r a t i o n  standard would be equ iva len t  t o  10 pg/L.  

5.9 Surrogate standards - The ana lys t  should mon i to r  both t he  
performance o f  t h e  a n a l y t i c a l  system and t he  e f f ec t i veness  o f  t he  method i n  
d e a l i n g  w i t h  each sample m a t r i x  by s p i k i n g  each sample, standard, and reagent 
b lank  w i t h  two o r  more sur roga te  compounds. A combinat ion o f  1,4-dichlorobutane 
and bromochlorobenzene i s  recommended t o  encompass t h e  range o f  the  temperature 
program used i n  t h i s  method. From stock standard s o l u t i o n s  prepared as i n  Sec. 
5.5, add a volume t o  g i v e  750 p g  o f  each surrogate t o  45 mL o f  o rgan i c - f r ee  
reagent  water  conta ined i n  a 50 mL vo lumet r i c  f l a s k ,  mix, and d i l u t e  t o  volume 
f o r  a concen t ra t i on  o f  15 ng/pL. Add 10 p L  o f  t h i s  surrogate s p i k i n g  s o l u t i o n  
d i r e c t l y  i n t o  t h e  5 mL sy r i nge  w i t h  every sample and reference standard analyzed. 
I f  t h e  i n t e r n a l  standard c a l  i b r a t i o n  procedure i s  used, t he  surrogate compounds 
may be added d i r e c t l y  t o  t h e  i n t e r n a l  standard s p i k i n g  s o l u t i o n  (Sec. 5.8).  

6.0 SAMPLE COLLECTION, PRESERVATION, AND HANDLING 

6.1 See t h e  i n t r o d u c t o r y  m a t e r i a l  t o  t h i s  chapter,  Organic Analytes, 
Sec. 4.1. 

7.0 PROCEDURE 

7.1 V o l a t i l e  compounds are in t roduced i n t o  the  gas chromatograph e i t h e r  
by d i r e c t  i n j e c t i o n  o r  purge-and- t rap (Method 5030). Method 5030 may be used 
d i r e c t l y  on ground water  samples o r  1 ow-concentrat ion contaminated s o i l  s and 
sediments. For medi um-concentrat ion s o i l s  o r  sediments, methanol i c  ex t rac t i on ,  
as descr ibed  i n  Method 5030, may be necessary p r i o r  t o  purge-and- t rap ana lys is .  
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7.2 Gas chromatography c o n d i t i o n s  (Recommended) 

7 . 2 . 1 S e t  up t h e  gas chromatograph system so t h a t  t h e  
p h o t o i o n i z a t i o n  d e t e c t o r  (PID) i s  i n  s e r i e s  w i t h  t h e  e l e c t r o l y t i c  
c o n d u c t i v i t y  d e t e c t o r  (HECD) . 

7.2.2 Oven s e t t i n g s :  

C a r r i e r  gas (He1 ium) F l  ow r a t e :  6 mL/min. 
Temperature program 

I n i t i a l  temperature:  10°C, h o l d  f o r  8 minutes a t  
Program: 10°C t o  180°C a t  4"C/min 
F i n a l  temperature:  180°C, h o l d  u n t i l  a1 1 expected 

compounds have e l  u ted  . 
7.2.3 The c a r r i e r  gas f l o w  i s  augmented w i t h  an a d d i t i o n a l  24 mL o f  

he1 i um f l  ow be fo re  e n t e r i n g  t h e  p h o t o i o n i z a t i o n  d e t e c t o r .  Th i s  make-up 
gas i s  necessary t o  ensure op t ima l  response f rom bo th  de tec to r s .  

7.2.4 These ha1 ogen-speci f i c  systems e l  i m i  na te  m i s i d e n t i f i c a t i o n s  
due t o  non-organohal ides which a re  coex t rac ted  d u r i n g  t h e  purge s tep .  A 
Tracor  Hal 1 Model 700-A d e t e c t o r  was used t o  ga the r  t h e  s i n g l e  1 abora to ry  
accuracy and p r e c i s i o n  da ta  presented i n  Table 2. The ope ra t i ng  
c o n d i t i o n s  used t o  c o l l e c t  these da ta  are:  

Reactor tube: N i cke l ,  1/16 i n  OD 
Reactor temperature:  8 10°C 
Reactor base temperature:  250°C 
E l e c t r o l y t e :  100% n-Propy l  a1 coho1 
E l e c t r o l y t e  f l o w  r a t e :  0.8 mL/min 
React ion gas: Hydrogen a t  40 rr~L/min 
C a r r i e r  gas p l u s  make-up gas: He1 i um a t  30 mL/mi n 

7.2.5 A sample chromatogram ob ta ined  w i t h  t h i s  column i s  presented 
i n  F igu re  5. Th i s  column was used t o  develop t h e  method performance 
statements i n  Sec. 9.0. Est imated r e t e n t i o n  t imes  and MDLs t h a t  can be 
achieved under these c o n d i t i o n s  a re  g i ven  i n  Table 1. Other  columns o r  
element s p e c i f i c  d e t e c t o r s  may be used i f  t h e  requi rements o f  Sec. 8.0 a re  
met. 

7.3 C a l i b r a t i o n  - Refer  t o  Method 8000 f o r  p roper  c a l  i b r a t i o n  
techniques.  Use Table 1 and e s p e c i a l l y  Table 2 f o r  guidance on s e l e c t i n g  t h e  
lowes t  p o i n t  on t h e  c a l i b r a t i o n  curve. 

7.3.1 Cal i b r a t i o n  must t ake  p l ace  us ing  t h e  same sample i n t r o d u c t i o n  
method t h a t  w i l l  be used t o  analyze ac tua l  samples (see Sec. 7 .4 .1) .  

7.3.2 The procedure f o r  i n t e r n a l  o r  ex te rna l  c a l  i b r a t  i o n  may be 
used. Re fe r  t o  Method 8000 f o r  a d e s c r i p t i o n  o f  each o f  these  procedures. 

7.4 Gas chromatographic a n a l y s i s  
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7.4.1 In t roduce  v o l a t i l e  compounds i n t o  t h e  gas chromatograph us ing  
e i t h e r  Method 5030 (purge-and- t rap method) o r  t h e  d i r e c t  i n j e c t i o n  method 
(see Sec. 7.4.1.1). I f  the  i n t e r n a l  standard c a l i b r a t i o n  technique i s  
used, add 10 p L  o f  i n t e r n a l  standard t o  t h e  sample p r i o r  t o  purg ing.  

7.4.1.1 D i r e c t  i n j e c t i o n  - I n  very  l i m i t e d  a p p l i c a t i o n s  
(e.g. aqueous process wastes) d i r e c t  i n j e c t i o n  o f  t h e  sample i n t o  
t h e  GC system w i t h  a  10 p L  sy r inge  may be appropr ia te .  The 
d e t e c t i o n  1  i m i t  i s  ve ry  h i gh  (approx imate ly  10,000 pg/L) , there fo re ,  
i t  i s  on l y  pe rm i t t ed  where concent ra t ions  i n  excess o f  10,000 pg/L 
a r e  expected o r  f o r  wa te r -so lub le  compounds t h a t  do n o t  purge. The 
system must be c a l  i bra ted  by d i r e c t  i n j e c t i o n  (bypassing t h e  purge- 
and- t rap  dev ice) .  

7.4.2 Fo l low Sec. 7.6 i n  Method 8000 f o r  i n s t r u c t i o n s  on the  
a n a l y s i s  sequence, app rop r i a te  d i l u t i o n s ,  e s t a b l i s h i n g  d a i l y  r e t e n t i o n  
t i m e  windows, and i d e n t i f i c a t i o n  c r i t e r i a .  I nc l ude  a  mid -concent ra t ion  
s tandard a f t e r  each group o f  10 samples i n  t he  ana l ys i s  sequence. 

7.4.3 Table 1  summarizes t h e  est imated r e t e n t i o n  t imes  on t h e  two 
d e t e c t o r s  f o r  a  number o f  organic  compounds analyzable us ing  t h i s  method. 

7.4.4 Record t h e  sample volume purged o r  i n j e c t e d  and t h e  r e s u l t i n g  
peak s i zes  ( i n  area u n i t s  o r  peak he igh t s ) .  

7.4.5 C a l c u l a t i o n  o f  concen t ra t ion  i s  covered i n  Method 8000. 

7.4.6 I f  a n a l y t i c a l  i n t e r f e rences  a re  suspected, o r  f o r  t h e  purpose 
o f  con f i rma t i on ,  a n a l y s i s  us i ng  a  second GC column i s  recommended. 

7.4.7 I f  t h e  response f o r  a  peak i s  o f f - s c a l e ,  i . e . ,  beyond t h e  
c a l i b r a t i o n  range o f  t h e  standards, prepare a  d i l u t i o n  o f  t h e  sample w i t h  
o r g a n i c - f r e e  reagent water.  The d i l u t i o n  must be performed on a  second 
a1 i q u o t  o f  t h e  sample which has been p rope r l y  sealed and s to red  p r i o r  t o  
use. 

8.0 QUALITY CONTROL 

8.1 Refer  t o  Chapter One f o r  s p e c i f i c  q u a l i t y  c o n t r o l  procedures and 
Method 8000 f o r  gas chromatographic procedures. Q u a l i t y  c o n t r o l  t o  ensure the  
p roper  ope ra t i on  o f  t he  purge-and- t rap dev ice  i s  covered i n  Method 5030. 

8.2 Q u a l i t y  c o n t r o l  r equ i red  t o  v a l i d a t e  t h e  GC system opera t ion  i s  
found i n  Method 8000. 

8.2.1 The qua1 i t y  c o n t r o l  re ference sample (Method 8000) should 
c o n t a i n  each parameter o f  i n t e r e s t  a t  a  concen t ra t ion  o f  10 mg/L i n  
methanol . 

8.2.2 Table 2  g ives  method accuracy and p r e c i s i o n  as f unc t i ons  o f  
concen t ra t i on  f o r  t h e  ana ly tes  o f  i n t e r e s t .  
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8.3 Cal c u l  a t e  sur roga te  s tandard recovery  on a1 1  sampl es , b l  an ks , and 
sp ikes .  Determine i f  recovery  i s  w i t h i n  1  i m i t s  ( 1  i m i t s  e s t a b l  i shed  by per fo rming  
QC procedure o u t l i n e d  i n  Method 8000). 

8.3.1 I f  recovery  i s  n o t  w i t h i n  l i m i t s ,  t h e  f o l l o w i n g  i s  r equ i red .  1 
'.LA 

Check t o  be sure t h e r e  a r e  no e r r o r s  i n  c a l c u l a t i o n s ,  
su r roga te  s o l u t i o n s  and i n t e r n a l  s tandards.  A l so  check 
ins t rument  performance. 

Reca lcu la te  t h e  da ta  and/or reana lyze  t h e  e x t r a c t  i f  any 
o f  t h e  above checks revea l  a  problem. 

Reex t rac t  and rean.alyze t h e  sample i f  none o f  t h e  above 
a re  a  problem o r  f l a g  t h e  da ta  as "es t imated  
concent ra t  i on " .  

9.0 METHOD PERFORMANCE 

9.1 Method d e t e c t i o n  1  i m i t s  f o r  these ana l y tes  have been c a l c u l a t e d  f rom 
d a t a  c o l l e c t e d  by s p i k i n g  o r g a n i c - f r e e  reagent  water  a t  0.1 pg/L.  These da ta  
a re  presented i n  Table 1. 

9.2 'This method was t e s t e d  i n  a  s i n g l e  l a b o r a t o r y  us ing  o r g a n i c - f r e e  
reagent  wa te r  sp iked  a t  10 pg/L.  S i n g l e  l a b o r a t o r y  p r e c i s i o n  and accuracy da ta  
f o r  each d e t e c t o r  a re  presented f o r  t h e  method ana l y tes  i n  Table 2. 
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TABLE 1. 

CHROMATOGRAPHIC RETENTION TIMES AND METHOD DETECTION LIMITS (MDL) FOR 
VOLATILE ORGANIC COMPOUNDS ON PHOTOIONIZATION DE'TECTION (PID) AND 

HALL ELECTROLYTIC CONDUCTIVITY DETECTOR (HECD) DETECTORS 

Ana l y te  

P I  D HECD PID HECD 
Ret.  Timea R e t . T i m e  MDL MDL 

minute minu te  ~ ! 3 /  L  PS/L 

D i c h l  o r o d i  f l  uoromethane 
Chl oromethane 
V i n y l  C h l o r i d e  
Bromomethane 
Chl oroethane 
T r i c h l o r o f l  uoromethane 
1 , l -D ich lo roe thene 
Methyl  ene Ch lo r i de  
t r a n s -  1,2-Di ch l  oroethene 
1 , l -D i ch lo roe thane  
2,2-Dich l  oropropane 
c is -1 ,2 -D ich lo roe thane 
Chloroform 
Bromochl oromethane 
l,l, 1-Tr i ch lo roe thane  
1 , 1 -Di  c h l  oropropene 
Carbon T e t r a c h l o r i d e  
Benzene 
1,2-Dich loroethane 
T r i  c h l  oroethene 
1,2-Dichloropropane 
Bromodichl oromethane 
D i  bromomethane 
To1 uene 
1 ,1 ,2 -Tr i ch lo roe thane 
Te t rach l  oroethene 
1,3-Dich loropropane 
D i  bromochl oromethane 
1,2-Di bromoethane 
Chl orobenzene 
E thy l  benzene 
1,1,1,2-Tetrachloroethane 
m-Xyl ene 
p-Xy l  ene 
o-Xy l  ene 
Styrene 
Isopropy lbenzene 
Bromoform 
1,1,2,2-Tetrachloroethane 
1,2 ,3 -Tr i ch l  oropropane 
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TABLE 1. 
(Continued) 

'W 

Analyte 

PID HECD PID HECD 
Ret. Time" Ret .T ime MDL MD L 

minute minute PS/L PS/L 

n-Propyl benzene 
Bromobenzene 
1,3,5-Trimethylbenzene 
2-Ch loro to l  uene 
4-Chl o r o t o l  uene 
t e r t  - Buty l  benzene 
1,2,4-Trimethyl benzene 
sec-Butyl  benzene 
p- Isopropyl  to1  uene 
1,3-Di ch l  orobenzene 
1,4-Dichlorobenzene 
n -Buty l  benzene 
1,2-Dichlorobenzene 
1,2-Di bromo-3-Chloropropane 
1,2,4-Trichlorobenzene 
Hexachl orobutadiene 
Naphtha1 ene 
1,2,3-Trichlorobenzene 

(-I I n t e r n a l  Standards 
'W F l  uorobenzene 

2-Bromo- 1 -ch l  oropropane 

" Retent ion t imes determined on 60 m x 0.75 mm ID VOCOL c a p i l l a r y  column. 
Program: Hold a t  10°C f o r  8 minutes, then program a t  4"C/min t o  180°C, and 
ho ld  u n t i l  a1 1 expected compounds have e luted.  

b Dash ( - )  i nd i ca tes  de tec to r  does not  respond. 

" ND = Not determined. 
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TABLE 2. 
SINGLE LABORATORY ACCURACY AND PRECISION DATA 

FOR VOLATILE ORGANIC COMPOUNDS I N  wATERd 

Ana ly te  

bd 

Pho to ion i za t i on  Hal 1 E l e c t r o l y t i c  
De tec to r  C o n d u c t i v i t y  De tec to r  

Standard Standard 
Recovery, a Dev ia t i on  Recovery, a D e v i a t i o n  

% o f  Recovery % o f  Recovery 

Benzene 
Bromobenzene 
Bromochloromethane 
Bromodichloromethane 
Bromoform 
Bromomet hane 
n -Buty l  benzene 
sec- Bu t y l  benzene 
t e r t  -Bu t y l  benzene 
Carbon t e t r a c h l o r i d e  
Chl orobenzene 
Chl oroethane 
Chloroform 
Chl oromethane 
2-Chloroto luene 
4-Chl o r o t o l  uene 
1,2-Dibromo-3-chloropropane 
Dibromochloromethane 
1,2-Dibromoethane 
Dibromomethane 
1,2-Dich l  orobenzene 
1,3-Dich l  orobenzene 
1,4-Di c h l  orobenzene 
D i  c h l  o r o d i  f l  uoromethane 
1 , 1 -Di  c h l  oroethane 
1,2-Dich loroethane 
1 , 1 -Di c h l  oroethene 
c i s -1 ,2  D ich lo roe thene 
trans-1,2-Dichloroethene 
1,2-Dich l  oropropane 
1,3-Di c h l  oropropane 
2,2-Di c h l  oropropane 
1, l  -Di  c h l  oropropene 
E thy l  benzene 
Hexachl orobutad iene 
I sopropyl  benzene 
p -  I sopropy l  t o 1  uene 
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TABLE 2. 
(Cont inued) 

A n a l y t e  

Photo i  o n i  z a t  i o n  Hal 1 E l e c t r o l y t i c  
D e t e c t o r  C o n d u c t i v i t v  De tec to r  

Standard Standard 
Recovery, a D e v i a t i o n  Recovery, a D e v i a t i o n  

% o f  Recovery % o f  Recovery 

Methylene c h l o r i d e  
Naphthalene 
n -  P ropy l  benzene 
S ty rene  
1,1,1,2-Tetrachloroethane 
1,1,2,2-Tetrachloroethane 
Tet  r a c h l  o r o e t  hene 
To1 uene 
1 ,2 ,3 -T r i  c h l  orobenzene 
1,2 ,4-Tr ich lorobenzene 
1, 1 , l - T r i c h l  oroethane 
1 , 1 , 2 - T r i c h l  oroethane 
T r i  c h l  o r o e t  hene 
T r i c h l  o r o f l  uoromethane 
1,2 ,3-Tr i  c h l  oropropane 
1,2 ,4-Tr imethy l  benzene 

- ?-, 1,3,5-Tr imethy l  benzene 
I V i n y l  c h l o r i d e  
ku o-Xy lene 

m- Xyl ene 
p-Xy lene 

" Recover ies and s tandard  d e v i a t i o n s  were determined f rom seven samples and sp iked a t  
10 pg/L o f  each a n a l y t e .  Recover ies were determined by i n t e r n a l  s tandard method. I n t e r n a l  
s tandards were: F l  uorobenzene f o r  PID, 2-Bromo-1 -ch loropropane f o r  HECD. 

b D e t e c t o r  does n o t  respond. 

" ND = Not determined.  

d - [ h i s  method was t e s t e d  i n  a s i n g l e  l a b o r a t o r y  u s i n g  water  sp iked  a t  10 pg/L (see 
r e f e r e n c e  5 ) .  
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TABLE 3. 
DETERMINATION OF ESTIMATED QUANTITATION LIMITS (EQL) 

FOR VARIOUS MATRICESa 

- 

M a t r i x  Fac to r  

Ground water  10 
Low-concentrat ion s o i l  10 
Water m i s c i b l e  1 i q u i d  waste 500 
High -concen t ra t i on  s o i l  and s ludge 1250 
Non-water m i s c i b l e  waste 1250 

a EQL = [Method d e t e c t i o n  1 i m i t  (see Table I)] X [Fac to r  found i n  
t h i s  t a b l e ] .  For non-aqueous samples, t h e  f a c t o r  i s  on a wet-  
weight  bas is .  Sample EQLs a re  h i g h l y  matr ix -dependent .  The EQLs 
1 i s t e d  h e r e i n  a re  p rov ided  f o r  guidance and may n o t  always be 
achievable.  
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FIGURE 1. 
PURGING D E V I C E  
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FIGURE 2 .  
TRAP PACKINGS AND CONSTRUCTION TO INCLUDE DESORB CAPABILITY 
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FIGURE 3 .  
PURGE-AND-TRAP SYSTEM - PURGE MODE 
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FIGURE 4 .  
SCHEMATIC OF PURGE-AND-TRAP DEVICE - DESORB MODE 
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FIGURE 5. 
GAS CHROMATOGRAM OF V O L A T I L E  ORGANICS 
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METHOD 8 0 2 1 A  
HALOGENATED VOLATILES BY GAS CHROMATOGRAPHY USING PHOTOIONIZATION 

AND ELECTROLYTIC CONDUCTIVITY DETECTORS I N  SERIES : 
CAPILLARY COLUMN TECHNIQUE 
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METHOD 8030A 

ACROLE IN AND ACRYLONITRILE BY GAS CHROMATOGRAPHY 
..-%, 1 1.0 SCOPE AND APPLICATION 

1.1 Method 8030 i s  used t o  determine the  concentrat ion o f  the  fo l l ow ing  
vo l  a t  i 1 e organic compounds: 

Compound Name CAS  NO.^ 

Acro l  e i  n (Propenal ) 
Acry lon i  t r i l e  

a Chemical Abstract  Services Reg is t ry  Number. 

1.2 Table 1 1 i s t s  chromatographic cond i t ions  and method detec t ion  1 i m i t s  
f o r  a c r o l e i n  and a c r y l o n i t r i l e  i n  o rgan ic - f ree  reagent water. Table 2 l i s t s  the  
est imated q u a n t i t a t i o n  l i m i t  (EQL) f o r  other  matr ices. 

2.0 SUMMARY OF METHOD 

2.1 Method 8030 provides gas chromatographic cond i t ions  f o r  the  de tec t ion  
of t he  t a r g e t  analytes. Samples can be analyzed using d i r e c t  i n j e c t i o n  o r  purge- 
and-trap (Method 5030). Tenax should be used as the  t r a p  packing mater ia l .  
Ground water samples must be analyzed us ing Method 5030. A temperature program 
i s  used i n  t he  gas chromatograph t o  separate the  organic compounds. Detect ion 
i s  achieved by a flame i o n i z a t i o n  de tec tor  (FID). 

2.2 The method prov ides an opt iona l  gas chromatographic column t h a t  may 
be he lp fu l  i n  r e s o l v i n g  the  analytes from co -e lu t i ng  non- target  compounds and fo r  
ana ly te  conf i rmat ion.  

3.0 INTERFERENCES 

3.1 Refer t o  Methods 5030 and 8000. 

3.2 Samples can be contaminated by d i f f u s i o n  o f  v o l a t i l e  organics 
( p a r t  i cu l  a r l y  ch l  o r o f l  uorocarbons and methyl ene ch lo r i de )  through the sample 
conta iner  septum dur ing  shipment and storage. A t r i p  b lank prepared from 
o rgan ic - f ree  reagent water and c a r r i e d  through sampling and subsequent storage 
and hand1 i ng can serve as a check on such contamination. 
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4.0 APPARATUS AND MATERIALS 

4.1 Gas chromatograph 

4.1.1 Gas Chromatograph - Ana ly t i ca l  system complete w i t h  gas 
chromatograph s u i t a b l e  f o r  on-column i n j e c t i o n s  o r  purge-and-trap sample 

? 
k w J  

i n t r o d u c t i o n  and a1 1 requ i red  accessories, i n c l u d i n g  detectors,  co l  umn 
suppl ies ,  recorder, gases, and syr inges. A data system f o r  measuring peak 
he ight  and/or peak area i s  recommended. 

4.1.2 Col umns 

4.1.2.1 Column 1 - 10 f t  x 2 A I D  s t a i n l e s s  s tee l  o r  
g lass  packed w i t h  Porapak-QS (80/100 mesh) o r  equ iva lent  . 

4.1.2.2 Column 2 - 6 ft x 0.1 i n .  I D  s t a i n l e s s  s tee l  o r  
g lass  packed w i t h  Chromosorb 101 (60/80 mesh) o r  equivalent .  

4.1.3 Detector  - Flame i o n i z a t i o n  (FID) . 
4.2 Sample i n t r o d u c t i o n  apparatus - Refer t o  Method 5030 f o r  the  

appropr iate equipment f o r  sample i n t r o d u c t i o n  purposes. 

4.3 Syringes - A 5 mL Luer - lok  g lass hypodermic and a 5 mL, gas - t i gh t  
w i t h  s h u t o f f  valve. 

4.4 Volumetr ic f lasks ,  Class A - Appropr iate s izes  w i t h  ground g lass  
stoppers. 

4.5 Microsyringes - 10 and 25 pL w i t h  a 0.006 i n .  ID needle /slq 
(Hamilton 702N, o r  equ iva lent )  and a 100 pL. 4' 

4.6 A n a l y t i c a l  balance - 0.0001 g. 

5.0 REAGENTS 

5.1 Reagent grade chemical s ' s h a l l  be used i n  a l l  t e s t s .  Unless otherwise 
ind ica ted,  i t  i s  intended t h a t  a l l  reagents s h a l l  conform t o  t h e  s p e c i f i c a t i o n s  
o f  t he  Committee on A n a l y t i c a l  Reagents o f  t h e  American Chemical Society, where 
such s p e c i f i c a t i o n s  are ava i lab le .  Other grades may be used, provided i t  i s  f i r s t  
ascer ta ined t h a t  t h e  reagent i s  o f  s u f f i c i e n t l y  h igh  p u r i t y  t o  permi t  i t s  use 
w i thou t  lessening the  accuracy o f  the  determinat ion. 

5.2 Organic- f ree reagent water: A l l  references t o  water i n  t h i s  method 
r e f e r  t o  o rgan ic - f ree  reagent water, as def ined i n  Chapter One. 

5.3 Hydrochlor ic  acid, HC1 - 1:l (v/v). 

5.4 Sodium hydroxide, NaOH - 10N solut.ion. D isso lve  40 g NaOH i n  
o rgan ic - f ree  reagent water and d i l u t e  t o  100 mL. 

5.5 Stock standards - Stock so lu t i ons  may be prepared from pure standard 
ma te r ia l s  o r  purchased as c e r t i f i e d  so lu t ions .  Prepare stock standards i n  
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organ ic - f ree  reagent water us ing assayed 1 iquids.  Because ac ro le in  and 
a c r y l o n i  tri l e  are 1 achrymators, pr imary d i l u t i o n s  o f  these compounds should be 
prepared i n  a hood. 

5 .5 .1  Place about 9.8 mL o f  o rgan ic - f ree  reagent water i n  a 10 
mL ta red  ground-gl ass stoppered vol umetr ic f l  ask. For ac ro le in  standards 
the  water must be adjusted t o  pH 4-5 using hydroch lor ic  ac id  ( 1 : l  v/v) o r  
sodium hydroxide (ION), i f  necessary. Weigh the  f l a s k  t o  the  nearest 
0.0001 g. 

5.5.2 Using a 100 pL syringe, imnediately add two o r  more drops 
o f  assayed reference mater ia l  t o  the  f l ask ,  then reweigh. The 1 i q u i d  must 
f a l l  d i r e c t l y  i n t o  the  water wi thout  contact ing the  neck o f  the  f l ask .  

5.5.3  Reweigh, d i l u t e  t o  volume, stopper, and then mix by 
i n v e r t i n g  the  f l a s k  several t imes. Calculate the  concentrat ion i n  
m i l l i g rams  per l i t e r  (mg/L) from the net  gain i n  weight. When compound 
p u r i t y  i s  assayed t o  be 96% o r  greater,  the  weight may be used wi thout  
c o r r e c t i o n  t o  ca l cu la te  the  concentrat ion o f  t he  stock standard. 
Commerci a1 l y  prepared stock standards may be used a t  any concentrat ion, i f  
they are c e r t i f i e d  by the  manufacturer o r  by an independent source. 

5.5.4 Transfer the  stock standard s o l u t i o n  i n t o  a b o t t l e  w i t h  
a Tef lon  l i n e d  screw-cap. Store, w i t h  minimal headspace, a t  4OC and 
p r o t e c t  from l i g h t .  

5.5 .5  Prepare f resh  standards da i  1 y. 

5.6  Secondary d i  1 u t i o n  standards - Prepare secondary d i l u t i o n  standards 
as needed, i n  organ ic - f ree  reagent water, from the stock standard solut ions.  The 
secondary d i l u t i o n  standards must conta in the  compounds o f  i n te res t ,  e i t h e r  
s i n g l y  o r  mixed together. The secondary d i  1 u t i o n  standards should be prepared 
a t  concentrat ions such t h a t  the  aqueous c a l i b r a t i o n  standards prepared i n  Sect ion 
5.7  w i l l  bracket  the  working range o f  the  ana ly t i ca l  system. Secondary d i l u t i o n  
standards should be s tored w i t h  minimal headspace, and should be checked 
f requent ly  f o r  s igns o f  degradation o r  evaporation, especi a1 l y  j u s t  p r i o r  t o  
prepar ing ca l  i b r a t i o n  standards from them. 

5.7 Cal i b r a t i o n  standards - Prepare ca l  i b r a t i o n  standards i n  organic- f ree 
reagent water from the secondary d i l u t i o n  standards a t  a minimum o f  f i v e  
concentrat ions. One o f t h e  concentrat ions should be a t  a concentrat ion near, but 
above, the  method detec t ion  1 i m i  t . The remaining concentrat ions should 
correspond t o  the  expected range o f  concentrat ions found i n  r e a l  samples, o r  
should de f ine  the  working range o f  the  GC. Each standard should conta in each 
ana ly te  f o r  de tec t ion  by t h i s  method. I n  order t o  prepare accurate aqueous 
standard sol  ut ions,  t he  f o l l  owing precautions must be observed. 

5.7.1  Use a 25 p L  Hamilton 702N microsyringe, o r  equivalent,  
( v a r i a t i o n s  i n  needle geometry w i l l  adversely a f f e c t  the  a b i l i t y  t o  
d e l i v e r  reproducib le volumes o f  standards i n t o  water). 

5.7.2 Never use p ipe ts  t o  d i l u t e  o r  t r a n s f e r  samples o r  aqueous 
standards. 
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5.7.3 Standards must be prepared d a i l y .  

5.8 I n t e r n a l  standards ( i f  i n t e r n a l  standard c a l i b r a t i o n  i s  used) - To 
use t h i s  approach, t h e  ana lys t  must s e l e c t  one o r  more i n t e r n a l  standards t h a t  
are s i m i l a r  i n  a n a l y t i c a l  behavior t o  t h e  compounds o f  i n t e r e s t .  The ana lys t  @"% 
must f u r t h e r  demonstrate t h a t  t h e  measurement o f  t h e  i n t e r n a l  standard i s  n o t  
a f f e c t e d  by method o r  ma t r i x  in ter fe rences.  Because o f  these 1 i m i t a t i o n s ,  no 

\& 

i n t e r n a l  standard can be suggested t h a t  i s  appl i cab1 e t o  a1 1 samples . 
5.8.1 Prepare c a l i b r a t i o n  standards a t  a minimum o f  f i v e  

concentrat ions f o r  each parameter o f  i n t e r e s t ,  as described i n  Sect ion 
5.7. 

5.8.2 Prepare a sp i k ing  s o l u t i o n  conta in ing  each o f  t he  i n t e r n a l  
standards, us ing t h e  procedures described i n  Sect ions 5.5 and 5.6. It i s  
recommended t h a t  t h e  secondary d i l u t i o n  standard be prepared a t  a 
concentrat ion o f  15 mg/L o f  each i n t e r n a l  standard compound. The a d d i t i o n  
o f  10 p L  o f  t h i s  standard t o  5.0 mL o f  sample o r  c a l i b r a t i o n  standard 
would be equ iva lent  t o  30 pg/L. 

5.8.3 Analyze each c a l  i b r a t  i o n  standard according t o  Sect ion 
7.0, adding 10 p L  o f  i n t e r n a l  standard sp i k ing  s o l u t i o n  d i r e c t l y  t o  the  
s y r i  nge . 
5.9 Surrogate standards - The ana lys t  should moni tor  both t h e  performance 

o f  t h e  a n a l y t i c a l  system and the  e f fec t iveness o f  t h e  method i n  deal i n g  w i t h  each 
sample m a t r i x  by sp i  k i n g  each sample, standard, and o rgan ic - f ree  reagent water 
b lank w i t h  one o r  two surrogate compounds (e.g. compounds s i m i l a r  i n  a n a l y t i c a l  
behavior t o  the  analytes o f  i n t e r e s t  bu t  which are no t  expected t o  be present i n  
t h e  sample) recommended t o  encompass t h e  range o f  t h e  temperature program used 
i n  t h i s  method. From s tock  standard so lu t i ons  prepared as i n  Sect ion 5.5, add c~ a volume t o  g i v e  750 p g  o f  each surrogate t o  45 mL o f  o rgan ic - f ree  reagent water 
contained i n  a 50 mL volumetr ic  f l ask ,  mik, and d i l u t e  t o  volume f o r  a 
concent ra t ion  o f  15 ng/pL. Add 10 p L  o f  t h i s  surrogate s p i k i n g  s o l u t i o n  
d i r e c t l y  i n t o  t h e  5 mL syr inge w i t h  every sample and reference standard analyzed. 
I f  t h e  i n t e r n a l  standard c a l  i b r a t  i on procedure i s used, the  surrogate compounds 
may be added d i r e c t l y  t o  the  i n t e r n a l  standard sp i k ing  s o l u t i o n  (Sect ion 5.8.2). 

6.0 SAMPLE COLLECTION, PRESERVATION, AND HANDLING 

6.1 See t h e  i n t roduc to ry  mater ia l  t o  t h i s  chapter, Organic Analytes, 
Sect ion 4.1. 

7.0 PROCEDURE 

7.1 V o l a t i l e  compounds are introduced i n t o  the  gas chromatograph e i t h e r  
by d i r e c t  i n j e c t i o n  o r  heated purge-and-trap (Method 5030). Method 5030 may be 
used d i r e c t l y  on ground water samples o r  low-concentrat ion contaminated s o i l s  and 
sediments. For h igh-concentrat ion s o i l s  o r  sediments, methanol i c  ex t rac t i on ,  as 
described i n  Method 5030, may be necessary p r i o r  t o  purge-and-trap analys is .  
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7.2 Gas chromatographic condi t ions (Recommended) 

7.2.1 Column 1: 

He1 i um f low r a t e  = 30 mL/min 
Temperature program: 

I n i t i a l  temperature = l l O ° C ,  ho ld  f o r  1.5 minutes 
Program = l l O ° C  t o  150°C, heating as 

r a p i d l y  as possib le 
F ina l  temperature = 150°C, hold f o r  20 minutes. 

7.2.2 Column 2: 

He1 ium f l o w  r a t e  = 40 mL/min 
Temperature program: 

I n i t i a l  temperature = 80°C, hold f o r  4 minutes 
Program = 80°C t o  120 '~  a t  50°C/min 
F ina l  temperature = 120°C, hold f o r  12 minutes. 

7.3 C a l i  b r a t i o n  - Refer t o  Method 8000 f o r  proper ca l  -i bra t ion  techniques. 
Use Table 1 and espec ia l l y  Table 2 f o r  guidance on se lec t ing  the lowest po in t  on 
t h e  c a l l  b r a t  i o n  curve. 

7.3.1 Ca l ib ra t ion  must take place using the same sample 
in t roduc t ion  method t h a t  w i l l  be used t o  analyze actual samples (see 
Section 7.4.1). 

7.3.2 The procedure f o r  i n t e r n a l  o r  external c a l i b r a t i o n  may be 
used. Refer t o  Method 8000 f o r  a descr ip t ion  o f  each o f  these procedures. 

7.4 Gas chromatographic analys is 

7.4.1 Introduce v o l a t i l e  compounds i n t o  the gas chromatograph 
us ing e i t h e r  Method 5030 (heated purge-and-trap method using Tenax as the 
t r a p  packing mater ia l )  o r  the  d i r e c t  i n j e c t i o n  method. I f  the in te rna l  
standard c a l i b r a t i o n  technique i s  used, add 10 p L  o f  the  in te rna l  standard 
t o  t h e  sample p r i o r  t o  purging. 

7.4.1.1 D i r e c t  i n j e c t i o n  - I n  very l i m i t e d  appl icat ions 
(e.g. aqueous process wastes), d i r e c t  i n j e c t i o n  o f  the sample i n t o  
the GC system w i t h  a 10 p L  syringe may be appropriate. The 
detec t ion  1 i m i t  i s  very h igh (approximately 10,000 pg/L); therefore, 
i t  i s  on ly  permit ted when concentrations i n  excess o f  10,000 pg/L 
are expected o r  f o r  water-soluble compounds t h a t  do not  purge. The 
system must be ca l i b ra ted  by d i r e c t  i n j e c t i o n  (bypassing the purge- 
and-trap device). 

7.4.2 Follow Method 8000 f o r  i ns t ruc t ions  on the  analysis 
sequence, appropriate d i l u t i o n s ,  establ i sh ing  d a i l y  re ten t ion  t ime 
windows, and i d e n t i f i c a t i o n  c r i t e r i a .  Include a mid-concentration 
standard a f t e r  each group o f  10 samples i n  the analys is sequence. 

7.4.3 Table 1 summarizes the estimated re ten t ion  times and 
de tec t ion  1 i m i  t s  f o r  a number o f  organic compounds analyzable using t h i s  
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method. F igure  1 ill us t ra tes  t h e  chromatographic separa t ion  o f  a c r o l e i n  
and o f  a c r y l o n i t r i l e  us ing  Column 1. 

7.4.4 Record t h e  sample volume purged o r  i n j e c t e d  and t h e  
r e s u l t i n g  peak s izes  ( i n  area u n i t s  o r  peak he igh ts ) .  9 

'd 
7.4.5 Ca lcu la t i on  o f  concent ra t ion  i s  covered i n  Method 8000. 

7.4.6 I f  a n a l y t i c a l  i n te r fe rences  a re  suspected, o r  f o r  t h e  
purpose o f  conf i rmat ion ,  ana lys is  us ing t h e  second GC column i s  
recommended. 

7.4.7 I f  t h e  response f o r  a peak i s  o f f - s c a l e ,  prepare a 
d i l u t i o n  o f  t h e  sample w i t h  o rgan ic - f ree  reagent water.  The d i l u t i o n  must 
be performed on a second a1 i q u o t  o f  t h e  sample which has been p r o p e r l y  
sealed and s tored p r i o r  t o  use. 

8.0 QUALITY CONTROL 

8.1 Refer t o  Chapter One f o r  s p e c i f i c  qual i t y  c o n t r o l  procedures and 
Method 8000 f o r  gas chromatographic procedures. Q u a l i t y  c o n t r o l  t o  ensure t h e  
proper  opera t ion  o f  t h e  purge-and-trap device i s  covered i n  Method 5030. 

8.2 Procedures t o  check t h e  GC system opera t ion  are  found i n  Method 8000, 
Sect ion  8.6. 

8.2.1 'The qua1 i t y  c o n t r o l  check sample concentrate (Method 8000, 
Sect ion  8.6) should con ta in  each parameter o f  i n t e r e s t  a t  a concent ra t ion  
o f  25 mg/L i n  water. -, 

'% /' 
/ 

8.2.2 Table 3 i n d i c a t e s  the  c a l i b r a t i o n  and QC acceptance 
c r i t e r i a  f o r  t h i s  method. Table 4 g ives  s i n g l e  l a b o r a t o r y  accuracy and 
p r e c i s i o n  f o r  t h e  analytes o f  i n t e r e s t .  The contents o f  bo th  Tables 
should be used t o  eva lua te  a 1 aboratory 's  a b i l i t y  t o  per form and generate 
acceptable data by t h i s  method. 

8.3 Ca lcu la te  surrogate standard recovery on a1 1 samples, blanks, and 
spikes. Determine i f  recovery i s  w i t h i n  1 i m i t s  (1 i m i t s  es tab l  i shed by per forming 
QC procedure o u t l i n e d  i n  Method 8000, Sect ion 8.10). 

8.3.1 I f  recovery i s  no t  w i t h i n  l i m i t s ,  t h e  f o l l o w i n g  i s  
r e q u i  red.  

0 Check t o  be sure t h a t  t h e r e  are no e r r o r s  i n  ca l cu la t i ons ,  
surrogate so l  u t  i ons and i n t e r n a l  standards. A1 so, check 
inst rument  performance. 

Recalculate t h e  data and/or reanalyze t h e  e x t r a c t  i f  any o f  t h e  
above checks revea l  a problem. 

r Reextract  and reanalyze t h e  sample i f  none o f  t h e  above are  a 
problem o r  f l a g  t h e  data as "est imated concent ra t ion" .  
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9.0 METHOD PERFORMANCE 

9.1 I n  a s ing le  laboratory,  the  average recoveries and standard 
dev ia t ions  presented i n  Table 4 were obtained using Method 5030. Seven rep1 i c a t e  
samples were analyzed a t  each spike concentration. 

9.2 The accuracy and p rec is ion  obtained w i l l  be determined by the sample 
matr ix,  sample in t roduc t ion  technique, and by the ca l  i b r a t  i o n  procedure used. 
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TABLE 1. 
CHROMATOGRAPHIC CONDITIONS AND METHOD DETECTION LIMITS 

Compound 
Retention t ime (min) Method detect ion kJ 

Col. 1 Col. 2 1 i m i  ta (pg/L) 

Acrol e i  n 10.6 8.2 
A c r y l o n i t r i l e  12.7 9.8 

a Based on using purge-and-trap, Method 5030. 

TABLE 2. 
DETERMINATION OF ESTIMATEB QUANTITATION 

LIMITS (EQLs) FOR VARIOUS MATRICESa 

Mat r i x   actor^ 

Ground water 10 
Low-concentration so i  1 10 
Water m isc ib le  1 i q u i d  waste 500 
High-concentrat ion s o i l  and sludge 1250 
Non-water m isc ib le  waste 1250 

a Sample EQLs are high1 y m a t r i x  dependent. 'The EQLs 1 i s t  ::d here in  
are provided f o r  guidance and may not  always be achievable. 

EQL = [Method detec t ion  l i m i t  (Table l)] X [Factor  (Table 2) ] .  
For non-aqueous samples, the  f a c t o r  i s  on a wet-weight basis. 
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TABLE 3. 
CALI BRATION AND QC ACCEPTANCE CRITERIAa 

sf 

I 

Anal y t e  

Range L i m i t  Range Range 
f o r  Q f o r  S f o r  x P, Ps 
(ccg/Ll (ccg/L) (ccg/L) 

/ 
(%I 

Acro le in  45.9 - 54.1 4.6 42.9 - 60.1 88-118 
Acry lon i  t r i l e  41.2 - 58.8 9.9 33.1 - 69.9 71-135 

Q - - Concentrat ion measured i n  QC check sample, i n  pg/L. 
S - - - Standard dev ia t i on  o f  f o u r  recovery measurements, i n  pg/L. 
R - - Average recovery f o r  f o u r  recovery measurements, i n  pg/L. 
P, Ps = Percent recovery measured. 

a C r i t e r i a  from 40 CFR Par t  136 f o r  Method 603 and were ca lcu la ted 
assuming a QC check sample concentrat ion o f  50 pg/L. 

TABLE 4. 
SINGLE LABORATORY ACCURACY AND PRECISION 

@T 
Spike Average Standard Average 

L' conc. recovery dev ia t i on  percent Sampl e 
Parameter (CCS/L) ( c ( ~ / L )  (c~g/L) recovery mat r ix  

Acrol  e i  n 5.0 
50.0 
5.0 

50.0 
5.0 

100.0 

Acry l  on i  tri 1 e 5.0 
50.0 
20.0 

100.0 
10.0 

100.0 

AW 
AW 

POTW 
POTW 
I W 
I W 

A W 
A W 

POT W 
POTW 
I W 
I W 

AW - - ASTM Type 11 water. 
POTW = Prechl o r i n a t  i o n  secondary e f f l u e n t  from a_ municipal sewage 

treatment p lan t .  
I W  - - I n d u s t r i a l  wastewater conta in ing an u n i d e n t i f i e d  ac ro le in  

reactant .  
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Figl l re 1 
Gas Chromatogram o f  Acrol e i n  and Acry l  on i  tri 1 e 
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METHOD 8030A 
ACROLE I N  AND ACRY LONITRI LE BY GAS CHROMATOGRAPHY 
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METHOD 8031 

ACRYLONITRILE BY GAS CHROMATOGRAPHY 

1.0 SCOPE AND APPLICATION 

1.1 Method 8031 i s  used t o  determine t h e  concent ra t ion  o f  a c r y l o n i  t r i l e  
i n  water.  Th i s  method may a l so  be app l i cab le  t o  o the r  mat r i ces .  The f o l l o w i n g  
compound can be determined by t h i s  method: 

Compound Name CAS No." 

A c r y l o n i  t r i l e  107-13-1 

" Chemical Abs t rac t  Serv ices Reg i s t r y  Number. 

1.2 The est imated q u a n t i t a t i o n  l i m i t  o f  Method 8031 f o r  determin ing t he  
concen t ra t i on  o f  a c r y l o n i t r i l e  i n  water i s  approx imate ly  10 ,ug/L. 

1.3 Th i s  method i s  r e s t r i c t e d  t o  use by o r  under t h e  superv is ion  o f  
ana l ys t s  exper ienced i n  t h e  use o f  gas chromatographs and s k i l l e d  i n  the  
i n t e r p r e t a t i o n  o f  gas chromatograms. Each ana l ys t  must demonstrate t h e  a b i l i t y  

,-- t o  generate acceptable r e s u l t s  w i t h  t h i s  method. 

w 
2.0 SUMMARY OF METHOD 

2.1 A measured sample volume i s m i  c ro -ex t rac ted  w i t h  methyl t e r t -  b u t y l  
e the r .  The e x t r a c t  i s  separated by gas chromatography and measured w i t h  a 
N i  trogen/Phosphorus de tec to r .  

3.0 INTERFERENCES 

3.1 Method i n t e r f e r e n c e s  may be caused by contaminants i n  solvents,  
reagents,  glassware, and o the r  sample processing hardware t h a t  1 eads t o  d i s c r e t e  
a r t i f a c t s  and/or e leva ted  base1 i nes  i n  gas chromatograms. A1 1 o f  these m a t e r i a l s  
must be r o u t i n e l y  demonstrated t o  be f r e e  from i n te r f e rences  under t h e  cond i t i ons  
o f  t h e  ana l ys i s  by runn ing  l a b o r a t o r y  reagent blanks. 

3.2 Samples can be contaminated by d i f f u s i o n  o f  v o l a t i l e  organics around 
t h e  septum seal  i n t o  t h e  sample du r i ng  hand l ing  and storage. A f i e l d  b lank 
s h o ~ ~ l d  be prepared f rom o r g a n i c - f r e e  reagent water and c a r r i e d  through t h e  
sampling and sample hand1 i n g  p ro toco l  t o  serve as a check on such contaminat ion. 

3.3 Contaminat ion by car ryover  can occur whenever h igh-concent ra t ion  and 
l ow-concen t ra t i on  samples a re  sequent ia l  l y  analyzed. To reduce carryover ,  t he  
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sample s y r i n g e  must be r i n s e d  o u t  between samples w i t h  so l ven t .  Whenever an 
unusua l l y  concen t ra ted  sample i s  encountered, i t  should be f o l l o w e d  by t h e  
a n a l y s i s  o f  s o l v e n t  t o  check f o r  cross contaminat ion.  - 
4.0 APPARATUS AND MATERIALS 

LWti 

4.1 Gas chromatograph system 

4.1.1 Gas chromatograph, a n a l y t i c a l  system complete w i t h  gas 
chromatograph s u i t a b l e  f o r  on-column i n j e c t i o n s  and a l l  r e q u i r e d  
accessor ies,  i n c l u d i n g  de tec to r ,  a n a l y t i c a l  columns, recorder ,  gases, and 
sy r inges .  A da ta  system f o r  measuring peak h e i g h t s  and/or peak areas i s  
recommended. 

4.1.2 Column: Porapak Q - 6 ft., 80/10 Mesh, g l a s s  column, o r  
equi  va l  e n t  . 

4.1.3 Nitrogen/Phosphorus d e t e c t o r .  

4.2 M a t e r i a l s  

4.2.1 Grab sample b o t t l e s  - 40 mL VOA b o t t l e s .  

4.2.2 M i x i n g  b o t t l e s  - 90 mL b o t t l e  w i t h  a T e f l o n  1 i n e d  cap. 

4.2.3 Syr inges - 10 p L  and 50 pL .  

4.2.4 Vo lumet r i c  f l a s k  (Class A) - 100 mL. 

4.2.5 Graduated c y l i n d e r  - 50 mL. 

4.2.6 P i p e t  (Class A) - 5, 15, and 50 mL. 

4.2.7 V i a l s  - 10 mL. 

4.3 Prepara t  i on 

4.3.1 Prepare a1 1 m a t e r i a l s  t o  be used as descr ibed  i n  Chapter 4 f o r  
v o l a t i l e  o rgan ics .  

5.0 REAGENTS 

5.1 Reagent grade chemicals s h a l l  be used i n  a l l  t e s t s .  Unless o therw ise  
i nd i ca ted ,  i t  i s  in tended t h a t  a l l  reagents  s h a l l  conform t o  t h e  s p e c i f i c a t i o n s  
o f  t h e  Committee on A n a l y t i c a l  Reagents o f  t h e  American Chemical Soc ie ty ,  where 
such s p e c i f i c a t i o n s  a re  a v a i l a b l e .  Other  grades may be used, p rov ided  i t  i s  f i r s t  
asce r ta i ned  t h a t  t h e  reagent  i s  o f  s u f f i c i e n t l y  h i g h  p u r i t y  t o  p e r m i t  i t s  use 
w i t h o u t  l essen ing  t h e  accuracy o f  t h e  de te rmina t ion .  

Rev i s i on  0 I k?wJ 
September 1994 



5.2 General 

5.2.1 Methanol, CH,OH - Pes t i c i de  qual  i t y ,  o r  equ iva len t .  

5.2.2 Organ i c - f r ee  reagent water.  A l l  re ferences t o  water i n  t h i s  
method r e f e r  t o  o r g a n i c - f r e e  reagent water, as de f ined  i n  Chapter One. 

5.2.3 Methyl  t e r t - b u t y l  e ther ,  CH,Ot-C,H, - P e s t i c i d e  qual i ty,  o r  
equ i va len t  . 

5.2.4 A c r y l o n i t r i l e ,  H,C:CHCN, 98%. 

5.3 Stock standard s o l u t i o n  

5.3.1 Stock standard s o l u t i o n s  - Can be prepared from pure standard 
m a t e r i a l s  o r  can be purchased as c e r t i f i e d  so lu t i ons .  Prepare s tock 
standards i n  o rgan i c - f r ee  reagent water us ing  assayed l i q u i d s .  

5.3.2 The s tock  s tandard s o l u t i o n  may be prepared by volume o r  by 
weight .  Stock s o l u t i o n s  must be rep laced a f t e r  one year ,  o r  sooner i f  
comparison w i t h  t h e  check standards i n d i c a t e s  a problem. 

CAUTION: Ac ry l  on i  tri 1 e i s  t o x i c .  Standard p repa ra t i on  should be 
performed i n  a 1 aboratory  fume hood. 

5.3.2.1 To prepare t h e  s tock standard s o l u t i o n  by vo l  ume: 
i n j e c t  10 p L  o f  a c r y l o n i t r i l e  (98%) i n t o  a 100 mL vo lumet r i c  f l a s k  
w i t h  a sy r inge .  Make up t o  volume w i t h  methanol. 

5.3.2.2 To prepare t he  s tock standard s o l u t i o n  by weight:  
Place about 9.8 mL o f  o rgan i c - f r ee  reagent water i n t o  a 10 mL 
vo lume t r i c  f l a s k  be fo re  weighing t h e  f l a s k  and stopper.  Weigh t h e  
f l a s k  and record  t h e  weight t o  t he  nearest  0.0001 g. Add two drops 
o f  pure a c r y l o n i t r i l e ,  us ing  a 50 pL  syr inge,  t o  t h e  f l a s k .  The 
l i q u i d  must f a l l  d i r e c t l y  i n t o  t he  water, w i t hou t  con tac t i ng  t he  
i n s i d e  w a l l  o f  t h e  f l a s k .  Stopper t h e  f l a s k  and then reweigh. 
O i l  u t e  t o  volume w i t h  o rgan i c - f r ee  reagent water.  Ca lcu la te  the  
concen t ra t i on  from t h e  n e t  g a i n  i n  weight .  

5.4 Working standard s o l u t i o n s  

5.4.1 Prepare a minimum o f  5 working standard s o l u t i o n s  t h a t  cover 
t h e  range o f  ana l y te  concentrat  ions expected i n  t h e  samples. Working 
standards of 20, 40, 60, 80, and 100 ug/L may be prepared by i n j e c t i n g  10, 
20, 30, 40, and 50 pL o f  t h e  s tock  standard s o l u t i o n  prepared i n  Sec. 
5.3.2.1 i n t o  5 separate 90 m L  mix ing  b o t t l e s  con ta in i ng  40 mL o f  organic-  
f r e e  reagent  water.  

5.4.2 I n j e c t  15 mL o f  methyl t e r t - b u t y l  e the r  i n t o  each mix ing  
b o t t l e ,  shake v i go rous l y ,  and l e t  stand 5 minutes, o r  u n t i l  l a y e r s  have 
separated. 
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5.4.3 Remove 5 mL of t op  1 ayer by p i p e t ,  and p l  ace i n  a 10 mL v i  a1 . 
5.4.4 Keep a l l  s tandard s o l u t i o n s  below 4°C u n t i l  used. + 

6.0 SAMPLE COLLECTION, PRESERVATION, AND HANDLING 

6.1 See t h e  i n t r o d u c t o r y  m a t e r i a l  t o  t h i s  chapter ,  Organic  Analy tes,  
Sec. 4.1. 

7.0 PROCEDURE 

7.1 Sample E x t r a c t i o n  

7.1.1 Pour 40 mL o f  t h e  sample i n t o  a 90 mL m ix i ng  b o t t l e .  P i p e t  15 
mL o f  Methyl  t e r t - b u t y l  e t h e r  i n t o  t h e  m ix i ng  b o t t l e .  Shake v i g o r o u s l y  
f o r  about 2 min. and l e t  s tand f o r  about 5 min. Remove about 5 mL o f  t h e  
t o p  l a y e r  and s t o r e  i n  a 10 mL v i a l .  

7.2 Chromatographic Cond i t ions  (Recommended) 

C a r r i e r  Gas (He) f l o w  r a t e :  35 mL/min. 
Col umn Temperature: 180" C, Isothermal  
I n j e c t i o n  p o r t  temperature:  250" C 
De tec to r  temperature:  250" C 
De tec to r  Cur ren t  (DC): 18 v o l t s  
Gases : Hydrogen, 3 mL/min; A i r ,  290 mL/min. 

7.3 C a l i  b r a t i o n  o f  GC 

7.3.1 On a d a i l y  bas is ,  i n j e c t  3 p L  o f  methyl  t e r t - b u t y l  e t h e r  
d i r e c t l y  i n t o  t h e  GC t o  f l u s h  t h e  system. A l so  purge t h e  system w i t h  
methy l  t e r t - b u t y l  e t h e r  i n j e c t i o n s  between i n j e c t i o n s  o f  standards and 
samples. 

7.3.2 I n j e c t  3 p L  o f  a sample b l ank  ( o r g a n i c - f r e e  reagent  wa te r  
c a r r i e d  th rough t h e  sampl e s torage procedures and e x t r a c t e d  w i t h  methyl  
t e r t  - b u t y l  e t h e r )  . 

7.3.3 I n j e c t  3 p L  o f  a t  l e a s t  f i v e  s tandard s o l u t i o n s :  one should 
be near  t h e  d e t e c t i o n  l i m i t ;  one should be near, bu t  below, t h e  expected 
concen t ra t i ons  o f  t h e  analy te ;  one should be near,  b u t  above, t h e  expected 
concen t ra t i ons  o f  t h e  ana ly te .  The range o f  s tandard s o l u t i o n  
concen t ra t i ons  used should n o t  exceed t he  work ing range o f  t h e  GC system. 

7.3.4 Prepare a c a l i b r a t i o n  curve us ing  t h e  peak areas o f  t h e  
standards ( r e t e n t i o n  t ime  o f  a c r y l o n i  tri l e  under t h e  c o n d i t i o n s  o f  Sec. 
7.2 i s  approx imate ly  2.3 m inu tes ) .  I f  the  c a l i b r a t i o n  curve  dev ia tes  
s i g n i f i c a n t l y  f rom a s t r a i g h t  l i n e ,  prepare a new c a l i b r a t i o n  curve w i t h  
t h e  e x i s t i n g  standards, o r ,  prepare new standards and a new c a l i b r a t i o n  
curve.  See Method 8000, Sec. 7.4.2, f o r  a d d i t i o n a l  guidance on 
c a l  i b r a t i o n  by t h e  e x t e r n a l  s tandard method. 
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7.4 Sample Analys is  

7.4.1 I n j e c t  3 1 L  o f  the  sample ex t rac t ,  us ing the same 
chromatographic cond i t ions  used t o  prepare the  standard curve. Calculate 
the  concent ra t ion  o f  a c r y l o n i t r i l e  i n  the  ex t rac t ,  us ing the  area o f  the 
peak, against  the  c a l i b r a t i o n  curve prepared i n  Sec. 7.3.4. 

8.0 QUALITY CONTROL 

8.1 Refer t o  Chapter One and Method 8000 f o r  s p e c i f i c  qua1 i t y  cont ro l  
procedures. 

8.2 P r i o r  t o  p repara t ion  o f  s tock solut ions,  methanol and methyl 
t e r t - b u t y l  e ther  reagents should be analyzed gas chromatographical ly under the 
cond i t i ons  described i n  Sec. 7.2, t o  determine poss ib le  in te r fe rences w i t h  the 
a c r y l o n i t r i l e  peak. I f  the  solvent  blanks show contamination, a d i f f e r e n t  batch 
o f  so lvents  should be used. 

9.0 METHOD PERFORMANCE 

9.1 Method 8031 was tes ted  i n  a s ing le  labora tory  over a per iod  o f  days. 
Dup l ica te  samples and one spiked sample were run f o r  each ca l cu la t i on .  The GC 
was ca l  i brated d a i l y .  Results are presented i n  Table 1. 

10.0 REFERENCES 

0 1. K.L. Anderson, "The Determinat ion o f  Trace Amounts o f  A c r y l o n i t r i l e  i n  
Water by Spec i f i c  Ni t rogen Detector Gas Chromatograph", American Cynamid 
Report No. WI-88-13, 1988. 
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TABLE 1 

SINGLE LABORATCIRY METHOD PERFORMANCE 

CONCENTRATION 
SAMPLE S P I K E  ( ~ l g / L )  % RECOVERY 

A v e r a g e  
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METHOD 8031 
ACRY LON ITRI  LE BY GAS CHROMATOGRAPHY 

7.1 .l Extract 40 mL 
of sample with methyl 
t-butyl ether in 90 mL 

bottle. 

7.2 Set 
Chromatographic 

conditions. 

7.3.1 Flush GC 
system with 30 uL 

methyl t-butyl ether. 

7.3.2 Analyze 3 uL 
of sample blank. 

7.3.3 - 7.3.4 Establish 
calibration curve with 

at least 5 stds. 

7.4 Sample Analysis e 
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METHOD 8032 

ACRY LAMlDE BY GAS CHROMATOGRAPHY 

J 1.0 SCOPE AND APPLICATION 

1.1 Method 8032 i s  used t o  determine t r a c e  amounts o f  acry lamide monomer 
i n  aqueous mat r i ces .  Th is  method may be app l i cab le  t o  o t h e r  matr ices.  The 
f o l l  owing compound can be determined by t h i s  method: 

Compound Name CAS No." 

Ac ry l  amide 79-06-01 

" Chemical Abs t rac t  Serv ices Reg i s t r y  Number. 

1.2 The method d e t e c t i o n  1 i n l i t  (MDL) i n  c lean  water i s  0.032 kg/L.  

1.3 Th i s  method i s  r e s t r i c t e d  t o  use by, o r  under t he  superv is ion  o f ,  
a n a l y s t s  exper ienced i n  t h e  use o f  gas chromatographs and s k i l l e d  i n  the  
i n t e r p r e t a t  i o n  o f  gas chromatograms. Each ana l ys t  must demonstrate t h e  a b i l  i t y  
t o  generate acceptable r e s u l t s  w i t h  t h i s  method. 

,,-, 2.0 SUMMARY OF METHOD w 
2.1 Method 8032 i s  based on  brominat ion o f  t h e  acrylamide double bond. 

The r e a c t i o n  p roduc t  (2 ,3-d i  bromopropionamide) i s  ex t rac ted  f rom the  r e a c t i o n  
m i x t u r e  w i t h  e t h y l  acetate,  a f t e r  s a l t i n g  ou t  w i t h  sodium s u l f a t e .  The e x t r a c t  
i s  c leaned up us ing  a F l o r i s i l  column, and analyzed by gas chromatography w i t h  
e l e c t r o n  cap tu re  d e t e c t i o n  (GC/ECD) . 

2.2 Compound i d e n t i f i c a t i o n  should be supported by a t  l e a s t  one 
a d d i t i o n a l  qua1 i t a t i v e  technique.  Ana lys is  us ing  a second gas chromatographic 
c o l  umn o r  gas chromatography/mass spectrometry may be used f o r  compound 
con f i rma t i on .  

3 .0  INTERFERENCES 

3.1 No i n t e r f e r e n c e  i s  observed from sea water  o r  i n  t h e  presence o f  8.0% 
o f  ammonium i ons  de r i ved  from ammonium bromide. I m p u r i t i e s  f rom potassium 
bromide are removed by t h e  F l o r i s i l  c lean  up procedure. 
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4.0 APPARATUS AND MATERIALS 

4.1 Gas chromatographic System 

4.1.1 Gas chromatograph s u i t a b l e  f o r  on-column i n j e c t i o n s  w i t h  a l l  mli%a 

r e q u i r e d  accessor ies,  i nc l  u d i  ng de tec to r ,  a n a l y t i c a l  c o l  umns, recorder ,  G LA/ 

gases, and sy r inges .  A  da ta  system f o r  measuring peak h e i g h t s  and/or peak 
areas i s  recommended. 

4.1.2 Column: 2  m x  3  mm g l ass  column, 5% FFAP ( f r e e  f a t t y  a c i d  
p o l y e s t e r )  on 60-80 mesh a c i d  washed Chromosorb W ,  o r  e q u i v a l e n t .  

4.1.3 Detec to r :  e l e c t r o n  cap tu re  d e t e c t o r .  

4.2 Kuderna-Danish (K-D) apparatus. 

4.2.1 Concentrator  tube - 10 mL graduated (Kontes K-570050-1025 o r  
e q u i v a l e n t ) .  A  ground g lass  s topper  i s  used t o  p reven t  evapora t ion  o f  
e x t r a c t s .  

4.2.2 Evaporat ion f l a s k  - 500 mL (Kontes K-570001-500 o r  
e q u i v a l e n t ) .  A t t ach  t o  concen t ra to r  tube  w i t h  spr ings ,  clamps, o r  
equ i v a l  en t  . 

4.2.3 Snyder column - Three b a l l  macro (Kontes K-503000-0121 o r  
e q u i v a l e n t ) .  

4.2.4 Snyder column - Two b a l l  m i c ro  (Kontes K-569001-0219 o r  
e q u i v a l e n t )  . 

,TI 
4.2.5 Spr ings - 1/2 i n c h  (Kontes K-662750 o r  e q u i v a l e n t ) .  4 

4.3 Separatory  funne l  - 150 mL. 

4.4 Vo lumet r i c  f l a s k  (Class A) - 100 mL, w i t h  ground g lass  s topper ;  
25 mL, amber, w i t h  ground g lass  s topper .  

4 . 5  Syr inge  - 5 rnL. 

4.6 Mic rosyr inges  - 5  pL,  100 pL .  

4.7 P ipe t s  (Class A). 

4.8 G l  ass c o l  umn (30 cm x  2  cm) . 
4.9 Mechanical shaker. 

5.0 REAGENTS 

5.1 Reagent grade chemicals s h a l l  be used i n  a1 1  t e s t s .  Unless o therw ise  
i n d i c a t e d ,  i t  i s  in tended t h a t  a l l  reagents  s h a l l  conform t o  t h e  s p e c i f i c a t i o n s  
o f  t h e  Committee on A n a l y t i c a l  Reagents o f  t h e  American Chemical Soc ie ty ,  where 
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such s p e c i f i c a t i o n s  a r e  a v a i l a b l e .  Other  grades may be used, p r o v i d e d  i t  i s  
f i r s t  a s c e r t a i n e d  t h a t  t h e  reagen t  i s  o f  s u f f i c i e n t l y  h i g h  p u r i t y  t o  p e r m i t  i t s  
use w i t h o u t  1  essen ing t h e  accuracy o f  t h e  d e t e r m i n a t i o n .  

.hrib,, 

I I 

$4 k,kld~V 
5.2 O r g a n i c - f r e e  reagen t  water .  A l l  r e f e r e n c e s  t o  w a t e r  i n  t h i s  method 

r e f e r  t o  o r g a n i c - f r e e  reagen t  water ,  as d e f i n e d  i n  Chapter One. 

5.3 So lven ts  

5.3.1 E t h y l  ace ta te ,  C2H,C02C2H,. P e s t i c i d e  qua l  i t y ,  o r  e q u i v a l e n t .  

5.3.2 D i e t h y l  e t h e r ,  C2H50C2H5. P e s t i c i d e  qua l  i t y ,  o r  e q u i v a l e n t .  
Must be f r e e  o f  p e r o x i d e s  as i n d i c a t e d  by  t e s t  s t r i p s  (EM Quant, o r  
e q u i v a l e n t )  . Procedures f o r  removal o f  pe rox ides  a r e  p r o v i d e d  w i t h  t h e  
t e s t  s t r i p s .  A f t e r  cleanup, 20 mL o f  e t h y l  a l c o h o l  p r e s e r v a t i v e  must be 
added t o  each 1 i t e r  of e t h e r .  

5.3.3 Methanol ,  CH30H. P e s t i c i d e  q u a l i t y ,  o r  e q u i v a l e n t .  

5.3.4 Benzene, C6H6. P e s t i c i d e  qua l  i t y ,  o r  e q u i v a l e n t .  

5.3.5 Acetone, CH,COCH,. P e s t i c i d e  qua l  i t y ,  o r  e q u i v a l e n t  . 
5.4 S a t u r a t e d  bromine wa te r .  Prepare by shak ing o rgan i  c - f r e e  reagent  

w a t e r  w i t h  bromine and a l l o w i n g  t o  s tand  f o r  1 hour,  i n  t h e  da rk ,  a t  4°C. Use 
t h e  aqueous phase. 

5.5 Sodium s u l f a t e  (anhydrous, g r a n u l a r ) ,  Na2S0,. P u r i f y  b y  h e a t i n g  a t  
400°C f o r  4  hours  i n  a  s h a l l o w  t r a y ,  o r  by  p r e c l e a n i n g  t h e  sodium s u l f a t e  w i t h  
methy lene c h l o r i d e .  I f  t h e  sodium s u l f a t e  i s  prec leaned w i t h  methylene c h l o r i d e ,  
a  method b l  ank must be analyzed, demons t ra t i ng  t h a t  t h e r e  i s  no i n t e r f e r e n c e  f rom 
t h e  sodium s u l f a t e .  

5.6 Sodium t h i o s u l f a t e ,  Na2S,03, 1 M aqueous s o l u t i o n .  

5.7 Potassium bromide, KBr, prepared f o r  i n f r a r e d  a n a l y s i s .  

5.8 Concent ra ted hydrobromic  ac id ,  HBr, s p e c i f i c  g r a v i t y  1.48. 

5.9 A c r y l  amide monomer, H2C:CHCONH2, e l e c t r o p h o r e s i s  reagent  grade, 
minimum 95% p u r i t y .  

5.10 D imethy l  p h t h a l  a te ,  C,H,(COOCH,),, 99.0% p u r i t y .  

5.11 F l o r i s i l  (60/100 mesh): Prepare F l o r i s i l  by a c t i v a t i n g  a t  130°C f o r  
a t  l e a s t  16 hours .  A l t e r n a t i v e l y ,  s t o r e  F l o r i s i l  i n  an oven a t  130°C. Be fo re  
use, c o o l  t h e  F l o r i s i l  i n  a d e s i c c a t o r .  Pack 5  g  o f  t h e  F l o r i s i l ,  suspended i n  
benzene, i n  a  g l a s s  column (Sec. 4 .8) .  

5.12 S tock  s tandard  s o l u t i o n s  

5.12.1 Prepare a  s t o c k  s tandard s o l u t i o n  o f  a c r y l  amide monomer 
as s p e c i f i e d  i n  Sec. 5.12.1 .l. When compound p u r i t y  i s  assayed t o  be 96% 
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o r  g rea te r ,  t h e  weight  can be used w i t h o u t  c o r r e c t i o n  t o  c a l c u l a t e  t h e  
concen t ra t i on  o f  t h e  s tock  standard. Commercial ly prepared standards can 
be used a t  any concen t ra t i on  i f  t hey  a re  c e r t i f i e d  by t h e  manufacturer  o r  
by an independent source. 

i9 
5.12.1.1 D i sso l ve  105.3 mg o f  acry lamide monomer i n  4 i 

o r g a n i c - f r e e  reagent  water  i n  a 100 mL vo lume t r i c  f l a s k ,  and d i l u t e  
t o  t h e  mark w i t h  o r g a n i c - f r e e  reagent  water.  D i l u t e  t h e  s o l u t i o n  o f  
a c r y l  amide monomer so as t o  o b t a i n  s tandard s o l u t i o n s  c o n t a i n i n g  
0.1 - 10 mg/L o f  a c r y l  amide monomer. 

5.13 C a l i b r a t i o n  standards 

5.13.1 D i l u t e  t h e  a c r y l  amide s tock  s o l u t i o n  w i t h  o r g a n i c - f r e e  
reagent  water  t o  produce s tandard s o l u t i o n s  c o n t a i n i n g  0.1 - 5 mg/L o f  
acry lamide.  P r i o r  t o  i n j e c t i o n  t h e  c a l i b r a t i o n  standards a re  reac ted  and 
e x t r a c t e d  i n  t h e  same manner as environmental  samples (Sec. 7 ) .  

5.14 I n t e r n a l  standards 

5.14.1 The suggested i n t e r n a l  s tandard i s  d imethy l  ph tha la te .  
Prepare a s o l u t i o n  c o n t a i n i n g  100 mg/L o f  d imethy l  p h t h a l a t e  i n  e t h y l  
ace ta te .  The concen t ra t i on  o f  d imethy l  p h t h a l a t e  i n  t h e  sample e x t r a c t s  
and c a l i b r a t i o n  standards should be 4 mg/L. 

6.0 SAMPLE COLLECTION, PRESERVATION, AND HANDLING 

6.1 See t h e  i n t r o d u c t o r y  m a t e r i a l  t o  t h i s  chapter ,  Organic Analy tes,  
Sec. 4.1. (9 

u' 
7.0 PROCEDURE 

7.1 Bromi n a t  i on 

7.1.1 P i p e t  50 mL o f  sample i n t o  a 100 mL g l a s s  stoppered f l a s k .  
D i sso l ve  7.5 g of potassium bromide i n t o  t h e  sample, w i t h  s t i r r i n g .  

7.1.2 Ad jus t  t h e  pH o f  t h e  s o l u t i o n  w i t h  concen t ra ted  hydrobromic 
a c i d  u n t i l  t h e  pH i s  between 1 and 3. 

7.1.3 Wrap t h e  f l a s k  w i t h  aluminum f o i l  i n  o rde r  t o  exc lude l i g h t .  
Add 2.5 mL o f  sa tu ra ted  bromine water,  w i t h  s t i r r i n g .  S to re  t h e  f l a s k  and 
con ten t s  i n  t h e  dark,  a t  O°C, f o r  a t  l e a s t  1 hour.  

7.1.4 A f t e r  r e a c t i n g  t h e  s o l u t i o n  f o r  a t  l e a s t  an hour, decompose 
t h e  excess o f  bromine by adding 1 M sodium t h i o s u l  f a t e  s o l u t i o n ,  dropwise, 
u n t i l  t h e  c o l o r  o f  t h e  s o l u t i o n  i s  discharged. 

7.1.5 Add 15 g o f  sodium s u l f a t e ,  us ing  a magnetic s t i r r e r  t o  e f f e c t  
v igorous  s t i r r i n g .  

Rev i s i on  0 I 

September 1994 L&-J 



7.2 E x t r a c t i o n  

7.2.1 Trans fe r  t h e  s o l u t i o n  i n t o  a  150 mL separatory  funnel .  Rinse 
t h e  r e a c t i o n  f l a s k  t h r e e  t imes w i t h  1 mL a l i q u o t s  o f  o r g a n i c - f r e e  reagent 
water.  T rans fe r  t h e  r i n s i n g s  i n t o  t h e  separatory  funnel .  

7.2.2 E x t r a c t  t h e  aqueous s o l u t i o n  w i t h  two 10 mL p o r t i o n s  o f  e t h y l  
ace ta te  f o r  2 min each, us ing  a  mechanical shaker (240 s t rokes  per  min). 
Dry t h e  o rgan ic  phase w i t h  1- g  o f  sodium s u l f a t e .  

7.2.3 Trans fe r  t h e  o rgan ic  phase i n t o  a 25 mL amber vo lumet r i c  
f l a s k .  Rinse t h e  sodium s u l f a t e  w i t h  t h r e e  1.5 .mL p o r t i o n s  o f  e t h y l  
ace ta te  and combine t h e  r i n s i n g s  w i t h  t h e  organic  phase. 

7.2.4 Add e x a c t l y  100 p g  o f  d imethy l  ph tha la te  t o  t h e  f l a s k  and make 
t h e  s o l u t i o n  up t o  t h e  25 mL mark w i t h  e t h y l  acetate.  I n j e c t  5  p L  
p o r t i o n s  o f  t h i s  s o l u t i o n  i n t o  t h e  gas chromatograph. 

7.3 F l  o r i  s i  1  cleanup: Whenever i n te r f e rences  a re  observed, t h e  samples 
should be cleaned up as f o l l ows .  

7.3.1 Trans fe r  t h e  d r i e d  e x t r a c t  i n t o  a  Kuderna-Danish evaporator 
w i t h  15 mL o f  benzene. Evaporate the  so lven t  a t  70°C under reduced 
pressure, and concent ra te  t h e  s o l u t i o n  t o  about 3  mL. 

7.3.2 Add 50 mL o f  benzene and sub jec t  t h e  s o l u t i o n  t o  F l o r i s i l  
column chromatography a t  a  f l o w  r a t e  of 3  mL/min. E l u t e  t h e  column f i r s t  
w i t h  50 mL o f  d i e t h y l  ether/benzene (1:4) a t  a  f l o w  r a t e  o f  5  mL/min, and 
then w i t h  25 mL o f  acetone/benzene ( 2 : l )  a t  a  f l o w  r a t e  o f  2  mL/min. 

,'A*,> Discard  a l l  o f  t h e  f i r s t  e l u a t e  and t h e  i n i t i a l  9  mL p o r t i o n  o f  t h e  second 
i~ e lua te ,  and use t h e  remainder f o r  t h e  determinat ion,  us ing  dimethyl  

p h t h a l a t e  ( 4  mg/L) as an i n t e r n a l  standard. 

NOTE: Benzene i s  t o x i c ,  and should be o n l y  be used under a  - 
v e n t i l  a ted 1  aboratory  hood. 

7.4 Gas chromatographic cond i t i ons :  

N i t r ogen  c a r r i e r  gas f l o w  r a t e :  40 mL/min 
Column temperature:  165°C. 
I n j e c t o r  temperature:  180°C 
Detec to r  temperature:  185°C. 
I n j e c t i o n  volume: 5  PL 

7.5 C a l i b r a t i o n :  

7.5.1 I n j e c t  5  p L  o f  a  sample b lank  (o rgan i c - f r ee  reagent water 
c a r r i e d  through a1 1  sample storage, hand1 ing,  brominat ion and e x t r a c t i o n  
procedures) .  

7.5.2 Prepare s tandard s o l u t i o n s  o f  acrylarnide as descr ibed i n  Sec. 
5.13.1. Brominate and e x t r a c t  each standard s o l u t i o n  as descr ibed i n  
Secs. 7.1 and 7.2. 
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7.5.2.1 I n j e c t  5 FL o f  each o f  a minimum o f  f i v e  s tandard 
s o l u t i o n s :  one should be near t h e  d e t e c t i o n  l i m i t ;  one should be 
near, b u t  below, t h e  expected concen t ra t i ons  o f  t h e  ana ly te ;  one 
should be near, b u t  above, t h e  expected concen t ra t i ons  o f  t h e  
anal  y t e .  - 

-4 
7.5.2.2 Prepare a c a l i b r a t i o n  curve  us ing  t h e  peak areas 

o f  t h e  standards. I f  t h e  c a l i b r a t i o n  curve  d e v i a t e s  s i g n i f i c a n t l y  
f rom a s t r a i g h t  l i n e ,  prepare a new c a l i b r a t i o n  curve  w i t h  t h e  
e x i s t i n g  standards, o r ,  prepare new standards and a new c a l i b r a t i o n  
curve.  See Method 8000, Sec. 7.4.3, f o r  a d d i t i o n a l  guidance on 
c a l i b r a t i o n  by t h e  i n t e r n a l  s tandard method. 

7.5.2.3 Ca l cu la te  t h e  response f a c t o r  f o r  each s tandard 
accord ing t o  Equat ion 1. 

(PSI ('is) 
RF = Equat ion 1 

(Pis) (MA) 

RF = Response f a c t o r  
p s 

- - Peak h e i g h t  o f  acry lamide 

Mis 
- - Amount o f  i n t e r n a l  s tandard i n j e c t e d  (ng) 

Pis 
- - Peak h e i g h t  o f  i n t e r n a l  s tandard 

MA - - Amount of a c r y l  amide i n j e c t e d  (ng) 

7.5.3 C a l c u l a t e  t h e  mean response f a c t o r  accord ing t o  Equat ion 2. 

Equat ion 2 

- 
RF = Mean response f a c t o r  
RF = Response f a c t o r s  f rom standard analyses 

( c a l c u l a t e d  i n  Equat ion 1)  
n - - Number o f  analyses 

7.6 Gas chromatographic ana l ys i s :  

7.6.1 I n j e c t  5 FL p o r t i o n s  o f  each sample ( c o n t a i n i n g  4 mg/L 
i n t e r n a l  standard) i n t o  t h e  gas chromatograph. An example GC/ECD 
chromatogram i s  shown i n  F igu re  1. 

7.6.2 The concen t ra t i on  o f  acry lamide monomer i n  t h e  sample i s  g i ven  
by Equat ion 3.  

Equat ion 3 

[A] = Concent ra t ion  o f  a c r y l  amide monomer i n  sample (mg/L) 
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PA 
- - Peak he igh t  o f  a c r y l  aniide monomer 

'is 
= Amount o f  i n t e r n a l  standard i n j e c t e d  (ng) 

v s  
- - To ta l  volume o f  sample (mL) 

P. - - 
A 

Peak he igh t  o f  i n t e r n a l  standard 
RF = Mean response f a c t o r  f rom Equat ion 2  
Vi - - I n j e c t i o n  volume (pL)  

8.0 QUALITY CONTROL 

8.1 Refer t o  Chapter One and Method 8000 f o r  s p e c i f i c  q u a l i t y  con t ro l  
procedures. 

9.0 METHOD PERFORMANCE 

9.1 The f o l l o w i n g  performance da ta  have been generated under t h e  
c o n d i t i o n s  descr ibed  i n  t h i s  method: 

9.1.1 The c a l  i b r a t i o n  curve f o r  Method 8032 i s  1  i nea r  over t h e  range 
0 -5  pg/L o f  acrylamide monomer. 

9.1.2 The 1  i m i t  o f  d e t e c t i o n  f o r  an aqueous s o l u t i o n  i s  0.032 pg/L. 

9.1.3 The y i e l d s  o f  t h e  brominated compol~nd a re  85.2 2 3.3% and 83.3 
+ 0.9%, a t  f o r t i f i c a t i o n  concent ra t ions  o f  1.0 and 5.0 pg/L, r espec t i ve l y .  - 

9.2 Table 1 prov ides  t h e  recover ies  o f  acrylamide monomer from r i v e r  
, 'r"m, 

water,  sewage e f f l u e n t ,  and sea water.  

. iw 9.3 The recovery o f  t h e  brominat ion product as a f u n c t i o n  o f  t h e  amount 
o f  potassium bromide and hydrobromic ac id  added t o  t h e  sample i s  shown i n  
F igu re  2. 

9.4 The e f f e c t  o f  t h e  r e a c t i o n  t ime on t h e  recovery o f  t he  brominat ion 
p roduc t  i s  shown i n  F igure  3. The y i e l d  was constant  when t h e  r e a c t i o n  t ime was 
more than 1 hour .  

9.5 F igu re  4  shows t h e  recovery o f  t he  brominat ion product  as a  f u n c t i o n  
o f  t h e  i n i t i a l  pH from 1  t o  7.35. The y i e l d  was constant  w i t h i n  t h i s  pH range. 
The use o f  conven t iona l  b u f f e r  so lu t i ons ,  such as sodium ace ta te  - a c e t i c  a c i d  
s o l u t i o n  o r  phosphate s o l u t i o n ,  caused a  s i g n i f i c a n t  decrease i n  y i e l d .  

10.0 REFERENCES 

1. Hashimoto, A., "Improved Method f o r  t h e  Determinat ion o f  Acry l  amide 
Monomer i n  Water by Means o f  Gas-Liquid Chromatography w i t h  an E lec t ron-  
cap tu re  Detec to r ,  " Analyst ,  101 : 932-938, 1976. 
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TABLE 1 

RECOVERY OF ACRYLAMIDE FROM WATER SAMPLES AS 
2,3-DIBROMOPROPIONAMIDE 

Overa l l  
Ac ry l  amide Amount o f  2,3-DBPAa/pg Brominat ion Recovery o f  C o e f f i c i e n t  

Sampl e Monomer Recovery Ac ry l  ami de o f 
M a t r i x  Sp i ked/pg Cal c u l  a ted Foundb %b Monomer, %b V a r i a t i o n  

Standard 0.05 0.162 0.138 85.2 
0.20 0.649 0.535 82.4 
0.25 0.812 0.677 83.3 

R i v e r  Water 0.20 0.649 0.531 81 - 8  99.4 

Sewage 
E f f l u e n t  0.20 0.649 0.542 83.5 101.3 

Sea Water 0.20 0.649 0.524 80.7 98.8 

" 2,3-Di bromopropi onamide 

Mean o f  f i v e  rep1 i c a t e  determinat ions 
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Figure 1 

Typ ica l  gas chromatograms o f  t h e  bromi na t  ion  product obtained from aqueous 
a c r y l  amide monomer s o l u t i o n :  

A .  Unt rea ted  
B. With F l o r i s i l  cleanup 
BL. Chromatogram o f  b lank,  concentrated f i v e - f o l d  be fore  gas chromatographic 

a n a l y s i s .  

Peaks : 

1. 2,3-Di  bromopropionamide 
2 .  Dimethyl p h t h a l a t e  
4-7 .  I m p u r i t i e s  from potassium bromide 

Sample s i z e  = 100 mL; a c r y l  amide monomer = 0.1  pg 
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Figure  2 

5 2Q 23 
Amount of KBrlg per SO ml 

o 2 4 6 e l a  
Amount of HUrlml Oer 50 ml 

E f f e c t  of (A) potassium bromide and (B) hydrobromic a c i d  on t h e  y i e l d  o f  
brominat ion. Sample s i z e  = 50 mL; acrylamide monomer = 0.25 p g  
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Figure 3 

E f f e c t  o f  r e a c t i o n  t ime on t h e  bromination.  Reaction condi t ions:  

50 mL o f  sample; 
0 .25  p g  o f  acrylamide monomer; 
7 . 5  g  o f  potassium bromide; 
2 . 5  mL o f  sa tura ted  bromine water 

E x t r a c t i o n  cond i t ions:  

15 g  o f  sodium s u l f a t e ;  
e x t r a c t i o n  a t  pH 2;  
so lvent  = 10 mL o f  e t h y l  ace ta te  (X2) 
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Figure  4 

E f f e c t  o f  i n i t i a l  pH on t h e  brominat ion.  Reaction and e x t r a c t i o n  cond i t i ons  as 
i n  F igure  3 .  The pH was adjusted t o  below 3 w i t h  concentrated hydrobromic acid, 
and t o  4-5 w i t h  d i l u t e  hydrobromic ac id.  React ion a t  pH 6 was i n  d i s t i l l e d  
water.  pH 7.35 was achieved by care fu l  a d d i t i o n  o f  d i l u t e  sodium hydroxide 
s o l u t i o n .  The broken 1 i n e  shows t h e  r e s u l t  obta ined by t h e  use o f  sodium acetate 
- a c e t i c  a c i d  b u f f e r  s o l u t i o n .  
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7.1 Bromination + 
7.1.1 Dissolve 7.5 g KBr into 
50 mL sample in flask. 

4 
7.1.2 Adjust soln. pH with 
concentrated HBr to between 
1 and 3. 

4 
7.1.3 Wrap soln. flask with 
aluminum. Add 2.5 mL satd. 
bromine water, sCr, store at 
0 C tor 1 hr. 

4 
7.1.4 Add 1 M sodium 
thiosulfate dropwise to flask to 
decompose excess bromine. 

4 
7.1.5 Add 15 g sodium 
sulfate, and stir. 

METHOD 8032 
ACRYLAMIDE BY GAS CHROMATOGRAPHY 

7.2 Extraction - 
7.2.1 Transfer fbsk d n .  to 

acetate. Dry organic phase 
using sodium sulfate. 

and rinses into amber 
glass flask. 

7.2.4 Add 100 ug dimethyl 
phthalate to flask. dilute to 

7.3 Florisil Cleanup - 
K-D assembly wlbenzene. 
Concentrate to 3 mL at 70 C 
under reduced pressure. 

7.3.2 Add 50 mL benzene to 
solution. Pass d n .  through 
Florisil cdumn. Elute with 
diethyl etherlbenzene, then 
acetonetbenzene. Collect 
the second elution train (less 
initial 9 mL) for analysis. 

I 
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METHOD 8032 
cont inued 

I 7.4 GC Conditions I 

7.5 Calibration -6 
7.5.1 Inject 5 uL sample dank. 

4 
7.5.2 Brominate and extract std. 
solns. similar to the samples. 
.1 Inject 5 uL of each of the 

minimum 5 stds. 
.2 Plot peak are vs. 11. 
.3 Calculate response factor 

(RF) for each [ 1. 

7.5.3 Calculate mean RF from 
eqn. 2. 

4 
I 7.6 GC Analysis 

4 
7.6.1 Inject 5 uL sample containing 
internal std. into GC. 

4 
7.6.2 Calculate aaylamide monomer 
concentration in sample using 
eqn. 3. 

Revis ion 0 
September 1994 



METHOD 8040A 

PHENOLS BY GAS CHROMATOGRAPHY 

)U/ 1.0 SCOPE AND APPLICATION 

1.1 Method 8040 i s  used t o  determine t h e  concentrat ion o f  various 
phenol i c  compounds. The f o l  lowing compounds can be determined by t h i s  method: 

3 

Compound Name CAS  NO.^ 3510 3520 3540 3550 3580 

2-sec-Butyl -4,6-dini trophenol 
(DNBP, D i  noseb) 

4-Chloro-3-methyl phenol 
2-Chl orophenol 
Cresol s (methyl phenols) 
2-Cyclohexyl -4,6-dini trophenol 
2,4-Dichl orophenol 
2,6-Dichlorophenol 
2,4-Dimethyl phenol 
2,4-Dini trophenol 
2-Methyl -4,6-dini  t rophenol 
2-Ni trophenol 
4-Ni trophenol 
Pentachl orophenol G Phenol 
Tetrachlorophenol s 
T r i  c h l  orophenol s 
2,4,6-Tri c h l  orophenol 

a Chemical Abstract  Services Regist ry  Number. 
DC = Unfavorable d i s t r i b u t i o n  c o e f f i c i e n t  (number i n  parenthesis i s  percent 

recovery).  
LR = Low response. 
ND = Not determined. 
X = Greater than 70 percent recovery by t h i s  technique. 

1.2 Table 1 l i s t s  t h e  method detec t ion  l i m i t  f o r  t he  t a r g e t  analytes i n  
water. Table 2 l i s t s  the  estimated quan t i t a t i on  l i m i t  (EQL) f o r  a l l  matrices. 

2.0 SUMMARY OF METHOD 

2.1 Method 8040 provides gas chromatographic cond i t ions  f o r  t h e  detec t ion  
o f  phenol ic  compounds. P r i o r  t o  analysis, samples must be ex t rac ted using 
appropr iate techniques (see Chapter Two f o r  guidance). Both neat and d i l u t e d  
organic 1 i q u i d s  (Method 3580, Waste D i l  u t i on )  may be analyzed by d i r e c t  
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i n j e c t i o n .  A 2 t o  5 p L  sample i s  i n j e c t e d  i n t o  a gas chromatograph using the  
so lvent  f l u s h  technique, and compounds i n  t h e  GC e f f l u e n t  are detected by a flame 
i o n i z a t i o n  detec tor  (FID). 

2.2 Method 8040 a lso  provides f o r  the  preparat ion o f  pentaf luorobenzyl-  
bromide (PFB) de r i va t i ves ,  w i t h  add i t i ona l  cleanup procedures f o r  e lec t ron  
capture gas chromatography. This i s  t o  lower t h e  de tec t ion  l i m i t s  o f  some 
phenols and t o  a i d  the  analyst  i n  t h e  e l  im inat ion  o f  in ter ferences.  

3.0 INTERFERENCES 

3.1 Refer t o  Methods 3500, 3600, and 8000. 

3.2 Solvents, reagents, g l  assware, and o ther  sample processing hardware 
may y i e l d  d i s c r e t e  a r t i f a c t s  and/or elevated base1 ines causing m i s i n t e r p r e t a t i o n  
o f  gas chromatograms. A l l  o f  these mater ia ls  m ~ ~ s t  be demonstrated t o  be free 
from inter ferences,  under the  cond i t ions  o f  the  analys is,  by analyz ing reagent 
blanks. S p e c i f i c  se lec t ion  o f  reagents and p u r i f i c a t i o n  o f  sol  vents by 
d i s t i l l a t i o n  i n  a l l - g l a s s  systems may be required. 

3.3 In ter ferences coextracted from samples w i l l  vary considerably from 
source t o  source, depending upon t h e  waste being sampled. A1 though general 
cleanup techniques are  recommended as p a r t  o f  t h i s  method, unique samples may 
r e q u i r e  add i t i ona l  cleanup. 

3.4 The decomposition o f  some analytes under basic e x t r a c t i o n  cond i t ions  
has been demonstrated. S p e c i f i c a l l y ,  phenols may reac t  t o  form tannates. These 
react ions  increase w i t h  increasing pH, and are decreased by t h e  shor te r  reac t ion  
times a v a i l a b l e  i n  Method 3510. ? 

\di 
3.5 'The flame i o n i z a t i o n  detec tor  (FID) i s  very suscept ib le  t o  f a l s e  

p o s i t i v e s  caused by t h e  presence o f  hydrocarbons commonly found i n  samples from 
waste s i t e s .  The problem may be minimized by applying acid-base cleanup (Method 
3650) and/or a1 umina column chromatography (Method 3611) p r i o r  t o  GC/FID ana lys is  
o r  using t h e  d e r i v a t i z a t i o n  technique and analyzing by GC/electron capture 
detec tor .  I n i t i a l  s i t e  i n v e s t i g a t i o n  should always be performed u t i l  i z i n g  GC/MS 
ana lys is  t o  charac ter ize  t h e  s i t e  and determine the  f e a s i b i l i t y  o f  u t i l i z i n g  
Method 8040 w i t h  a GC/FID. 

4.0 APPARATUS AND MATERIALS 

4.1 Gas chromatograph 

4.1.1 Gas Chromatograph - Ana ly t i ca l  system complete w i t h  gas 
chromatograph s u i t a b l e  fo r  on-column i n j e c t i o n s  and a l l  requ i red 
accessories, i nc lud ing  detectors,  column suppl ies ,  recorder, gases, and 
syringes. A data system for  measuring peak areas and/or peak he ights  i s  
recommended. 

4.1.2 Columns 

4.1.2.1 Col umn f o r  underi v a t i  zed phenol s  - 1.8 m x 2.0 mm 
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I D  g lass column packed w i t h  1% SP-1240DA on Supelcoport 80/100 mesh, 
o r  equi val  ent  . 

4.1.2.2 Column f o r  der iva t ized phenols - 1.8 m x 2 mm I D  
g lass column packed w i t h  5% OV-17 on Chromosorb W-AW-DMCS 80/100 
mesh, o r  equivalent .  

4.1.3 Detectors - F l  ame i o n i z a t i o n  (FID) and e lec t ron  capture (ECD) . 
4.2 Reaction v i a l  - 20 mL, w i t h  Tef lon l i n e d  screw-cap o r  crimp top. 

4.3 Volumetric f l ask ,  Class A - Appropriate si-zes w i th  ground-glass 
stoppers. 

4.4 Kuderna-Danish (K-D) apparatus 

4.4.1 Concentrator tube - 10 mL, graduated (Kontes K-570050-1025 o r  
equivalent)  . Ground-gl ass stopper i s  used t o  prevent evaporation o f  
ex t rac ts .  

4.4.2 Evaporation f l a s k  - 500 mL (Kontes K-570001-500 o r  
equivalent) .  Attach t o  concentrator tube w i t h  springs, clamps o r  
equivalent  . 

4.4.3 Snyder column - Three b a l l  macro (Kontes K-503000-0121 o r  
equivalent)  . 

4.4.4 Snyder column - Two b a l l  micro (Kontes K-569001-0219 o r  
equivalent) .  

4.4.5 Springs - 1/2 inch (Kontes K-662750 o r  equivalent).  

4.5 B o i l  i ng  chips - Sol vent extracted, approximately 10/40 mesh ( s i  1 icon 
carbide o r  equivalent)  . 

4.6 Water bath - Heated, w i t h  concentr ic r i n g  cover, capable o f  
temperature con t ro l  (+ 5OC). The bath should be used i n  a hood. 

4.8 Syringe - 5 mL. 

4.9 Balance - ana ly t i ca l ,  0.0001 g. 

5.0 REAGENTS 

5.1 Reagent grade chemicals sha l l  be used i n  a l l  tes ts .  Unless otherwise 
indicated,  i t  i s  intended t h a t  a l l  reagents sha l l  conform t o  the spec i f i ca t ions  
o f  the  Committee on Ana ly t i ca l  Re.agents o f  the  American Chemical Society, where 
such spec i f i ca t ions  are avai lable.  Other grades may be used, provided i t  i s  f i r s t  
ascertained t h a t  the  reagent i s  o f  s u f f i c i e n t l y  h igh p u r i t y  t o  permit i t s  use 
wi thout  lessening the accuracy o f  the determination. 
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5.2 Organic- f ree reagent water - A l l  re ferences t o  water i n  t h i s  method 
r e f e r  t o  o rgan ic - f ree  reagent water, as de f ined i n  Chapter One. 

5.3 Hexane, CH3(CH2),CH3 - Pes t i c i de  qual i t y  o r  equ iva len t  . 
5.4 2-Propanol , (CH,),CHOH - Pes t i c i de  qual i t y  o r  equ iva len t  . 
5.5 To1 uene, C6H5CH3 - Pes t i c i de  qual i t y  o r  equ iva len t  . 
5.6 D e r i v a t i z a t i o n  reagent - Add 1 mL pentaf luorobenzyl  bromide and 1 g 

18-crown-6-ether t o  a 50 mL vo lumet r ic  f l a s k  and d i l u t e  t o  volume w i t h  
2-propanol . Prepare f r e s h  weekly. This  opera t ion  should be c a r r i e d  o u t  i n  a 
hood. Store a t  4OC and p r o t e c t  from l i g h t .  

5.6.1 Penta f l  uorobenzyl bromide (a1 pha-Bromopentafl uo ro to l  uene) , 
C6F5CH2Br. 97% m i  nimum p u r i t y  . 

NOTE: Th is  chemical i s  a lachrymator.  - 
5.6.2 18-crown-6-ether (1,4,7,10,13,16-Hexaoxacyclooctadecane) - 

98% minimum p u r i t y .  

NOTE: Th i s  chemical i s  h i g h l y  t o x i c .  - 
5.7 Potassium carbonate (Powdered), K2C03. 

5.8 Stock standard s o l u t i o n s  

5.8.1 Prepare s tock  standard s o l u t i o n  a t  a concent ra t ion  o f  
1000 mg/L by d i s s o l v i n g  0.0100 g o f  assayed re ference m a t e r i a l  .in 
2-propanol and d i l u t i n g  t o  volume i n  a 10 mL vo lumet r ic  f l a s k .  Larger 

p'4pl 
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volumes can be used a t  t h e  convenience o f  t h e  ana lys t .  When compound 
p u r i t y  i s  assayed t o  be 96% o r  greater ,  t h e  weight can be used w i thou t  
c o r r e c t i o n  t o  c a l c u l a t e  t h e  concent ra t ion  o f  t h e  s tock  standard. 
Commercially prepared s tock  standards can be used a t  any concent ra t ion  i f  
they  are  c e r t i f i e d  by t h e  manufacturer o r  by an independent source. 

5.8.2 Trans fer  t he  s tock  standard s o l u t i o n s  i n t o  b o t t l e s  w i t h  Te f l on  
l i n e d  screw-caps o r  cr imp tops. Store a t  4OC and p r o t e c t  from l i g h t .  
Stock standards should be checked f requen t l y  f o r  s igns o f  degradat ion o r  
evaporat ion, especia l  l y  j u s t  p r i o r  t o  p repar ing  c a l  i b r a t i o n  standards 
from them. 

5.8.3 Stock standard so lu t i ons  must be replaced a f t e r  one year, o r  
sooner i f  compari son w i t h  check standards i ndi  cates a p rob l  em. 

5.9 Cal i b r a t i o n  standards - Prepare c a l  i b r a t i o n  standards a t  a minimum 
o f  f i v e  concentrat ions through d i l u t i o n  o f  t h e  stock standards w i t h  2-propanol. 
One o f  t h e  concentrat ions should be a t  a concent ra t ion  near, bu t  above, t h e  
method de tec t i on  1 i m i  t. The remaining concentrat ions should correspond t o  t h e  
expected range o f  concentrat ions found i n  r e a l  samples o r  should d e f i n e  t h e  
working range o f  t h e  GC. C a l i b r a t i o n  s o l u t i o n s  niust be replaced a f t e r  s i x  
months, o r  sooner, i f  comparison w i t h  check standards i n d i c a t e s  a problem. 
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5.10 I n t e r n a l  standards ( i f  i n t e r n a l  standard c a l i b r a t i o n  i s  used) - To 
use t h i s  approach, the  analyst  must s e l e t t  one o r  more i n t e r n a l  standards t h a t  
are s i m i l a r  i n  a n a l y t i c a l  behavior t o  the  compounds o f  i n t e r e s t .  The analyst 

A 
must f u r t h e r  demonstrate t h a t  the  measurement o f  the  i n t e r n a l  standard i s  no t  

I a f fec ted  by method o r  ma t r i x  in ter ferences.  Because o f  these 1 imi ta t ions ,  no 
i n t e r n a l  standard can be suggested t h a t  i s  appl icable t o  a l l  samples. 

5.10.1 Prepare ca l  i b r a t i o n  standards a t  a minimum of f i v e  
concentrat ions f o r  each analyte as described i n  Sect ion 5.9. 

5.10.2 To each c a l i b r a t i o n  standard, add a known constant 
amount o f  one o r  more i n t e r n a l  standards, and d i l u t e  t o  volume w i t h  2- 
propanol . 

5.10.3 Analyze each ca l  i b r a t  i o n  standard according t o  Section 
7.0. 

5.11 Surrogate standards - The analyst  should monitor the  performance of 
t he  e x t r a c t  ion, cleanup ( i f  necessary), and a n a l y t i c a l  system and the  
e f fec t iveness o f  the  method i n  deal ing w i t h  each sample ma t r i x  by sp ik ing  each 
sampl e, standard, and organ ic - f ree  reagent water b l  ank w i t h  phenol i c  surrogates 
(e .g . 2 - f l  uorophenol and 2,4,6-tri bromophenol ) recommended t o  encompass the  range 
o f  the  temperature program ~ ~ s e d  i n  t h i s  method. Method 3500 d e t a i l s  i ns t ruc t i ons  
on the  preparat ion o f  ac id  surrogates. Deuterated analogs o f  analytes should not  
be used as surrogates f o r  gas chromatographic analys is  due t o  coe lu t i on  problems. 

6.0 SAMPLE COLLECTION, PRESERVATION, AND HANDLING 

6.1 See the  i n t roduc to ry  mater ia l  t o  t h i s  chapter, Organic Analytes, 
Sect ion 4.1. Ex t rac ts  must be stored under r e f r i g e r a t i o n  and analyzed w i t h i n  40 
days o f  ex t rac t i on .  

7.0 PROCEDURE 

7.1 Ex t rac t i on  

7.1.1 Refer t o  Chapter Two f o r  guidance on choosing the  appropriate 
e x t r a c t i o n  procedure. I n  general, water samples are extracted a t  a pH o f  
l e s s  than o r  equal t o  2 w i t h  methylene ch lor ide ,  using e i t h e r  Method 3510 
o r  3520. S o l i d  samples are extracted using e i t h e r  Method 3540 o r  3550, 
and non-aqueous samples using Method 3580. Extracts obtained from 
a p p l i c a t i o n  o f  e i t h e r  Method 3540 o r  3550 should undergo Acid-Base 
P a r t i t i o n  Cleanup, using Method 3650. 

7.1.2 P r i o r  t o  gas chromatographic analys is ,  the  ex t rac t i on  sol vent 
must be exchanged t o  2-propanol. The exchange i s  performed as fol lows: 

7.1.2.1 Fol lowing concentrat ion o f  the  ex t rac t  t o  1 mL 
using the  macro-Snyder column, a1 low the  apparatus t o  cool and d ra in  
fo r  a t  l e a s t  10 minutes. 
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7.1.2.2 Remove t h e  micro-Snyder column and r i n s e  i t s  lower 
j o i n t  i n t o  the  concentrator tube w i t h  a  minimum amount o f  2- 
propanol. Adjust the  e x t r a c t  volume t o  1.0 mL. Stopper t h e  
concentrator  tube and s to re  r e f r i g e r a t e d  a t  4OC i f  f u r t h e r  
processing w i l l  not  be performed immediately. I f  the  e x t r a c t  w i l l  
be stored longer than two days, i t  should be t rans fe r red  t o  a  v i a l  

- 
di 

w i t h  a  Tef lon  1  ined screw-cap o r  crimp top. I f  the  e x t r a c t  requ i res  
no f u r t h e r  d e r i v a t i z a t i o n  o r  cleanup, proceed w i t h  gas 
chromatographic analys is.  

7.2 Gas chromatographic cond i t ions  (Recommended) 

7.2.1 Column f o r  under ivat ized phenols - 

C a r r i e r  gas (N,) f l ow  ra te :  30 mL/min 
I n i t i a l  temperature: 80°C 
Temperature program: 80°C t o  150°C a t  8OC/mi n  
F ina l  Temperature: 150°C, ho ld  u n t i l  a1 1  compounds have 

eluted.  

7.2.2 Column f o r  de r i va t i zed  phenols - 

C a r r i e r  gas (5% methane/95% argon) 
f l ow  ra te :  30 mL/min 
I n i  t i  a1 temperature: 2OO0C 
Temperature program: isothermal, ho ld  u n t i l  a l l  

compounds have e l  uted. 

7.3 C a l i b r a t i o n  - Refer t o  Method 8000 f o r  proper ca l i b ra t ion techn iques .  
Use Table 1 and espec ia l l y  Table 2  f o r  guidance on se lec t ing  t h e  lowest p o i n t  on 
the  c a l i b r a t i o n  curve. 

7.3.1 The procedure f o r  i n t e r n a l  o r  external  c a l  i b r a t i o n  may be used 
f o r  t h e  under ivat ized phenols. Refer t o  Method 8000 f o r  a  desc r ip t i on  o f  
each o f  these procedures. I f  d e r i v a t i z a t i o n  o f  t h e  phenols i s  required, 
t h e  method o f  external  ca l  i b r a t  i o n  should be used by i n j e c t i n g  f i v e  o r  
more concentrat ions o f  c a l  i b r a t i o n  standards t h a t  have a1 so undergone 
d e r i v a t i z a t i o n  and cleanup p r i o r  t o  instrument c a l i b r a t i o n .  

7.4 Gas chromatographic ana lys is  

7.4.1 Refer t o  Method 8000. I f  the  i n t e r n a l  standard c a l i b r a t i o n  
technique i s  used, add 10 p L  o f  i n t e r n a l  standard t o  t h e  sample p r i o r  t o  
i n j e c t i o n .  

7.4.2 Phenols are t o  be determined on a  gas chromatograph equipped 
w i t h  a  flame i o n i z a t i o n  detec tor  according t o  t h e  cond i t ions  l i s t e d  f o r  
the  1% SP-1240DA column (Section 7.2.1). Table 1 summarizes estimated 
r e t e n t i o n  times and s e n s i t i v i t i e s  t h a t  should be achieved by t h i s  method 
f o r  clean water samples. Estimated q u a n t i t a t i o n  1  i m i t s  f o r  other 
matr ices are l i s t  i n  Table 2. 

7.4.3 Method 8000 provides i n s t r u c t i o n s  on t h e  ana lys is  sequence, 
appropr iate d i l u t i o n s ,  establ  i s h i n g  d a i l y  r e t e n t i o n  t ime windows, and 
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i d e n t i f i c a t i o n  c r i t e r i a .  Inc lude a mid-concentration standard a f t e r  each 
group o f  10 samples i n  the  analys is sequence. 

7.4.4 An example o f  a GC/FID chromatogram f o r  c e r t a i n  phenol s i s  
shown i n  Figure 1. Other packed o r  c a p i l l a r y  (open-tubular) columns, 
chromatographic condit ions, o r  detectors may be used i f  the requirements 
o f  Sect ion 8.2 are met. 

7.4.5 Record the  sample volume in jec ted  and the r e s u l t i n g  peak sizes 
( i n  area u n i t s  o r  peak heights).  

7.4.6 Using e i t h e r  the  i n t e r n a l  o r  external. c a l i b r a t i o n  procedure 
(Method 8000), determine the i d e n t i t y  and quan t i t y  o f  each component peak 
i n  the  sample chromatogram which corresponds t o  the  compounds used f o r  
ca l  i b r a t i o n  purposes. See Method 8000 f o r  ca lcu la t i on  equations. 

7.4.7 I f  peak detec t ion  using the.  SP-1240DA column w i t h  the  flame 
i o n i z a t i o n  detec tor  i s prevented by interferences, PFB der i va t i ves  o f  the  
phenols should be analyzed on a gas chromatograph equipped w i t h  an 
e lec t ron  capture detec tor  according t o  the  condi t ions 1 i s t e d  f o r  the  5% 
OV-17 column (Sect i o n  7.2.2). The d e r i  va t  i z a t i  on and cleanup procedure 
i s  ou t l i ned  i n  Sections 7.5 through 7.6. Table 3 summarizes estimated 
r e t e n t i o n  times f o r  de r i va t i ves  o f  some phenols using the  condi t ions o f  
t h i s  method. 

7.4.8 Figure 2 shows a GC/ECD chromatogram o f  PFB der i va t i ves  o f  
c e r t a i n  phenol s . 

7.4.9 Record the  sample volume in jec ted  and the r e s u l t i n g  peak sizes. 
( i n  area u n i t s  o r  peak heights).  

7.4.10 Determine the i d e n t i t y  and quant i ty  of each component 
peak i n  the  sample chromatogram which corresponds t o  the  compounds used 
f o r  c a l  i b r a t  i o n  purposes. The method o f  external  ca l  i b r a t i o n  should be 
used (see Method 8000 f o r  guidance). The concentrat ion o f  the  ind iv idua l  
compounds i n  the  sample i s  calculated as fo l lows:  

[(A) (Vt)  (0) (Dl I 
Concentrat i o n  (pg/L) = 

[(V,)(X)(C)(E)I 

where : 

A - - Mass of underivat ized phenol represented by area o f  peak 
i n  sample chromatogram, determined from c a l i b r a t i o n  
curve (see Method 8000), ng. 

v t - - Total  amount of column e luate  o r  combined f rac t ions  from 
which Vi was taken, pL. 

B - - Total  volume o f  hexane added i n  Section 7.5.5, mL. 

D - - Tota l  volume o f  2-propanol ex t rac t  p r i o r  t o  
de r i va t i za t ion ,  mL. 
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v i  - - Vol ume in jec ted,  pL. 

X - - Volume o f  water extracted, mL, o r  weight o f  nonaqueous 
sample extracted, g, from Section 7.1. E i the r  the d ry  
o r  wet weight o f  the nonaqueous sample may be used, ,"-% 
depending upon the spec i f i c  app l i ca t ion  o f  the  data. 4 

C - - Vol urne o f  hexane sampl e  sol u t  i on  added t o  cleanup co l  umn 
(Method 3630), mL. 

E - - Vol ume o f  2-propanol ex t rac t  ca r r i ed  through 
de r i va t i za t i on  i n  Section 7.5.1,- mL. 

7.5 Der i va t i za t ion  - I f  inter ferences prevent measurement o f  peak area 
dur ing analysis o f  the ex t rac t  by flame i on i za t i on  gas chromatography, the 
phenol s  must be der i va t i zed  and analyzed by e lec t ron capture gas chromatography. 

7.5.1 Pipet a  1.0 mL a l i quo t  o f  the 2-propanol stock standard 
so lu t ion  o r  o f  the sample ex t rac t  i n t o  a  glass reac t ion  v i a l .  Add 1.0 mL 
de r i va t i za t i on  reagent (Section 5.3). This amount o f  reagent i s  
s u f f i c i e n t  t o  der i va t i ze  a  so lu t ion  whose t o t a l  phenolic content does not  
exceed 300 mg/L. 

7.5.2 Add approximately 0.003 g  o f  potassium carbonate t o  the 
so lu t i on  and shake gently. 

7.5.3 Cap the mixture and heat i t  f o r  4  hours a t  80°c i n  a  hot  water 
bath . 

7.5.4 Remove the so lu t ion  from the hot  water bath and a l low i t  t o  
cool . ? 

7.5.5 Add 10 rr~L hexane t o  the react ion v i a l  and shake v igorously f o r  
1 minute. Add 3.0 mL organic- f ree reagent water t o  the react  i o n  v i  a1 and 
shake f o r  2  minutes. 

7.5.6 Decant the organic 1  ayer i n t o  a  concentrator tube and cap w i t h  
a  glass stopper. Proceed w i t h  cleanup procedure. 

7.6 Cleanup 

7.6.1 Cleanup o f  the der ivat ized ext rac ts  takes place using Method 
3630 ( S i l i c a  Gel Cleanup), i n  which spec i f i c  i ns t r uc t i ons  f o r  cleanup o f  
the  d e r i  v a t i  zed phenol s  appear. 

7.6.2 Fol 1  owing col  umn cleanup, analyze the sarr~ples using GC/ECD, as 
described s t a r t i n g  i n  Section 7.4.7. 

8.0 QUALITY CONTROL 

8.1 Refer t o  Chapter One f o r  spec i f i c  q u a l i t y  cont ro l  procedures. 
Q u a l i t y  con t ro l  t o  va l ida te  sample ex t rac t ion  i s  covered i n  Method 3500 and i n  
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t he  e x t r a c t i o n  method used. I f  e x t r a c t  cleanup was performed, f o l l o w  the  QC i n  
Method 3600 and i n  the  s p e c i f i c  cleanup method. 

8.2 Procedures t o  check the  GC system operat ion are found i n  Method 8000, 
Sect ion 8.6. 

8.2.1 The qua1 i t y  con t ro l  check sample concentrate (Method 8000, 
Sect ion 8.6) should conta in  each analyte o f  i n t e r e s t  a t  a concentrat ion 
o f  100 mg/L i n  2-propanol. 

8.2.2 Table 4 i nd i ca tes  the  c a l i b r a t i o n  and QC acceptance c r i t e r i a  
f o r  t h i s  method. Table 5 g ives method accuracy and p rec i s ion  as 
func t ions  o f  concentrat ion f o r  t he  analytes. The contents o f  both tab les  
should be used t o  evaluate a labora tory 's  a b i l i t y  t o  perform and generate 
acceptable data by t h i s  method. 

8.3 Calcul a te  surrogate standard recovery on a1 1 samples, b l  anks, and 
spikes. Determine i f  the  recovery i s  w i t h i n  l i m i t s  ( l i m i t s  establ ished by 
per forming QC procedures out1 ined i n  Method 8000, Sect ion 8.10). 

8.3.1 I f  recovery i s  no t  w i t h i n  l i m i t s ,  t h e  f o l l o w i n g  i s  required. 

e Check t o  be sure t h a t  there  are no e r r o r s  i n  ca lcu la t ions ,  
surrogate so lu t i ons  and i n t e r n a l  standards. A1 so, check 
instrument performance. 

e Recalculate the  data and/or reanalyze the  e x t r a c t  i f  any o f  
the  above checks reveal  a problem. 

e Reextract and reanalyze the  sample i f  none of t h e  above are a 
problem o r  f l a g  the  data as "estimated concentrat ion."  

9.0 METHOD PERFORMANCE 

9.1 The method was tes ted  by 20 l abo ra to r i es  us ing organ ic - f ree  reagent 
water, d r i n k i n g  water, sur face water, and th ree  i n d u s t r i a l  wastewaters spiked a t  
s i x  concentrat ions over t he  range 12 t o  450 pg/L. Single operator prec is ion,  
o v e r a l l  p rec is ion ,  and method accuracy were found t o  be d i r e c t l y  r e l a t e d  t o  the  
concentrat  i o n  o f  t he  analyte and essent i a1 l y  independent o f  t h e  sample matr ix .  
L inear  equat ions t o  descr ibe these re la t i onsh ips  f o r  a flame i o n i z a t i o n  detector  
are presented i n  Table 5. 

9.2 The accuracy and p rec i s ion  obtained w i l l  be a f fec ted  by the  sample 
mat r ix ,  sampl e -prepara t i  on technique, and ca l  i b r a t i o n  procedures used. 
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TABLE 1. 
FLAME IONIZATION GAS CHROMATOGRAPHY OF PHENOLSa 

Anal y t e  

Met hod 
Retent ion t ime Detect ion 
(minutes) 1 i m i t  (pg/L) 

2-sec-Butyl -4,6-dini trophenol (DNBP) 
4-Chloro-3-methyl phenol 
2-Chl orophenol 
Cresol s (methyl phenol s) 
2-Cyclohexyl -4,6-dini trophenol 
2,4-Dichl orophenol 
2,6-Dichl orophenol 
2,4-Dimethyl phenol 
2,4-Dini trophenol 
2-Methyl -4,6-dini  t rophenol 
2-Ni trophenol 
4-Nitrophenol 
Pentachl orophenol 
Phenol 
Te t rach l  orophenol s 
T r i c h l  orophenol s 
2,4,6-Trichlorophenol 

,*-, a - 1% SP-1240DA on Supelcoport 80/100 mesh column. 

TABLE 2. 
DETERMINATION OF ESTIMATED QUANTITATION 

LIMITS (EQLs) FOR VARIOUS MATRICESa 

M a t r i x   actor^ 

Ground water 10 
Low-concentration so i  1 by son ica t ion  w i t h  GPC cleanup 670 
High-concentrat ion so i  1 and sludges by son ica t ion  10,000 
Non-water m i s c i b l e  waste 100,000 

a Sample EQLs are h i g h l y  matrix-dependent. The EQLs l i s t e d  here in  are provided 
f o r  guidance and may no t  always be achievable. 

b EQL = [Method de tec t i on  1 i m i t  (Table I)] X [Factor (Table 2)] .  For non- 
aqueous samples, t h e  f a c t o r  i s  on a wet-weight basis.  
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TABLE 3. 
ELECTRON CAPTURE GAS CHROMATOGRAPHY OF PFB DERIVATIVESa 

Parent compound 

Retention Met hod 
t ime detect ion 
(mi n) 1 i m i  t (pg/L) 

4-Chl oro-2-methyl phenol 
2-Chl orophenol 
2,4-Dichl orophenol 
2,4-Dimethyl phenol 
2,4-Dinitrophenol 
2-Methyl-4,6-dinitrophenol 
2-Nitrophenol 
4-Ni trophenol 
Pen tach1 orophenol 
Phenol 
2,4,6-Trichl orophenol 

a - 5% OV-17 on Chromosorb W-AW-DMCS 80/100 mesh column. 
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TABLE 4. 
QC ACCEPTANCE CRITERIAa 

'd 

Analyte 

Test L im i t  Range Recovery 
conc. for  s f o r  x Range 
(pg/L) (pg/L) (pg/L) (%I 

4-Chl oro-3-methyl phenol 
2-Chl orophenol 
2,4-Dichlorophenol 
2,4-Dimethyl phenol 
4,6-Dinitro-2-methyl phenol 
2,4-Dini trophenol 
2-Ni trophenol 
4-Ni trophenol 
Pentachl orophenol 
Phenol 
2,4,6-Trichlorophenol 

s = Standard dev ia t ion o f  four recovery measurements, i n  pg/L. 
- 
x = Average recovery f o r  four  recovery measurements, i n  pg/L. 

a C r i t e r i a  from 40 CFR Part 136 f o r  Method 604. These c r i t e r i a  are based 
d i r e c t l y  upon the method performance data i n  Table 5. Where necessary, the 
1 i m i t s  f o r  recovery have been broadened t o  assure a p p l i c a b i l i t y  o f  the 
l i m i t s  t o  concentrations below those used t o  develop Table 5. 
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TABLE 5. 
METHOD ACCURACY AND PRECISION AS FUNCTIONS OF CONCENTRATIONa 

Analyte 

Accuracy, as Single analyst  Overal l  b-1 

recovery, x1 precis ion,  srl p rec is ion,  
(ccg/L) (ccg/L) s1 (ccg/L) 

4-Chl oro-3-methyl phenol 
2-Chl orophenol 
2,4-Dichl orophenol 
2,4-Dimethyl phenol 
4,6-Dini tro-2-methyl phenol 
2,4-Dini trophenol 
2-Ni trophenol 
4-Ni trophenol 
Pentachl orophenol 
Phenol 
2,4,6-Trichlorophenol 

x I = Expected recovery f o r  one o r  more measurements o f  a sample 
contain ing a concentrat ion o f  C, i n  pg/L. 

srl = Expected s ing le  analyst  m n d a r d  dev ia t ion o f  measurements a t  an 
average concentrat ion o f  x, i n  pg/L. 

S I - - Expected in te r labora to ry  s t anda~d  dev ia t ion  o f  measurements a t  an 
average concentrat ion found o f  x, i n  pg/L. 

T 
\\ >," 

C - - True value f o r  the concentration, i n  pg/L. 
- 
X - - Average recovery found f o r  measurements o f  samples contain ing a 

concentrat ion o f  C, i n  pg/L. 

"From 40 CFR Part  136 f o r  Method 604. 
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Figure 1 
Gas Chromatogram o f  Phenol s 

Column: 1% ST.12400A on Suedcooon 
hogram: 80% 0 Minuta eIMinute to ISOOC 
bucror: F l rm lonirrt~on 

0 4 8 12 18 20 24 28 
RETENTION TIME (MINUTES] 
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Figure 2 
Gas Chromatogram o f  PFB Der ivat ives  o f  Phenols 
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METHOD 8040A 
PHENOLS BY GAS CHROMATOGRAPHY 

S r a r :  
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to Chapter 2 )  
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7 3 Refer to 1 Method 8000 I 
for proper 
callbratLon 
techniques 1 
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least 5 

concentratlonl 
of callbratlon 

standards 

7 4 Perform 
CC analysls 
(see Method 

8000 1 

7 4 analyze 
uslng CC/FID 

R e v i s i o n  1 
July 1992 



METHOD 8040A 
(Continued) 
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METHOD 8060 

PHTHALATE ESTERS 

1.0 SCOPE AND APPLICATION 

1.1 Method 8060 i s  used t o  determine the concentrat ion o f  various 
phthalate esters. Table 1 ind icates compounds t ha t  may be determined by t h i s  
method and 1 i s t s  the  method detect ion 1 i m i t  f o r  each compound i n  reagent 
water. Table 2 1 i s t s  the p rac t i ca l  quan t i ta t ion  l i m i t  (PQL) f o r  other 
matrices. 

2.0 SUMMARY OF METHOD 

2.1 Method 8060 provides gas chromatographic condi t ions f o r  the 
detect ion o f  ppb leve ls  o f  phthalate esters. P r i o r  t o  use o f  t h i s  method, 
appropr iate sarnpl e ex t rac t ion  techniques must be used. Both neat and d i  1 uted 
organic 1 iqu ids  (Method 3580, Waste D i lu t ion )  may be analyzed by d i r e c t  
i n j ec t i on .  A 2- t o  5-uL a l i quo t  o f  the ext rac t  i s  in jec ted  i n t o  a gas 
chromatograph (GC) using the  solvent f l ush  technique, and compounds i n  the GC 
e f f l  uent are detected by an e lec t ron capture detector  (ECD) o r  a flame 
i on i za t i on  detector  (FID). Ground water samples should be determined by ECD. 

2.2 The method provides a second gas chromatographic co l  umn tha t  may be 
he lp fu l  i n  reso lv ing the  analytes from inter ferences t h a t  may occur and f o r  
ana ly te  confirmation. 

2' 7, 

3.0 INTERFERENCES 

3.1 Refer t o  Methods 3500, 3600, and ,8000. 

3.2 Phthalate esters contaminate many types o f  products commonly found 
i n  the laboratory. The analyst  must demonstrate t h a t  no phthalate residues 
contaminate the sample o r  solvent ex t rac t  under the condi t ions o f  analysis. 
P las t ics ,  i n  pa r t i cu l a r ,  must be avoided because phthalates are  comnonly used 
as p l a s t i c i z e r s  and are easi l y  extracted f r o m  p l a s t i c  materials. Serious 
phtha la te  contamination may r e s u l t  a t  any t ime i f  consistent q u a l i t y  control 
i s  not  pract iced.  

3.3 Solvents, reagents, glassware, and other sample processing hardware 
may y i e l d  d isc re te  a r t i  f ac t s  and/or elevated base1 ines causing 
m i  s i  n t e r p r e t a t l  on o f  gas chromatograms. A l l  these mater ia ls must be 
demonstrated t o  be f r ee  from interferences, under the condit ions o f  the 
analysis, by analyzing method blanks. Spec i f ic  se lec t ion o f  reagents and 
p u r i f i c a t i o n  o f  solvents by d i s t i  1 l a t i o n  i n  a1 1 -glass systems may be required. 

3.4 Inter ferences coextracted from samples w i l l  vary considerably from 
source t o  source, depending upon the waste being sampled. Although general 
cleanup techniques are recommended as p a r t  o f  t h i s  method, unique samples may 
requ i re  add i t i ona l  cleanup. 
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TABLE 1. RETENTION TIME AND DETECTION LIMIT INFORMATION FOR PHTHALATE ESTERS 

Retention time (mini Method detect ion 
E;~i t (u9/;]ID T 

Compound Col. la Col. 2b ,w / 

Benzyl buty l  phthalate *6.94 **5.11 0.34 15 
Bi s (2-ethyl hexyl ) phthal a te *8.92 **10.5 2.0 20 
D i  -n-butyl phthal ate 8.65 3.50 0.36 14 
Diethyl  phthalate 2.82 1.27 0.49 3 1 
Dimethyl phthal ate 2.03 0.95 0.29 19 
D i  -n-octyl phthal a te *16.2 **8.0 3.0 31 

aCol umn 1 : Supel coport 1001120 mesh coated w i th  1.5% SP-225011.95% SP- 
2401 packed i n  a 180-cm x 4-mn I.D. glass column w i th  c a r r i e r  gas a t  60 
mL/min f low rate. Column temperature i s  180'C, except where * indicates 
220'C. Under these condit ions the retent ion tlme o f  A ld r i n  i s  5.49 min 
a t  180'C and 1.84 min a t  220'C. 

b~olumn 2: Supelcoport 1001120 mesh w i th  3% OV-1 i n  a 180-cm x 4-nm I.D. 
glass column wi th c a r r i e r  gas a t  60 mLlmin f low rate. Column temperature 
I s  200'C, except where ** indicates 220'C. Under these condit ions the 

tent ion time o f  A ld r in  i s  3.18 min a t  200'C and 1.46 min a t  220'C. 

TABLE 2. DETERMINATION OF PRACTICAL QUANTITATION LIMITS (PQL) FOR VARIOUS 
MATRICESa 

Matr ix 

Ground water 
Low-level s o i l  by sonication wi th  GPC cleanup 
High-1 eve1 soi 1 and s l  udges by sonication 
Non-water m i  sc i  b l  e waste 

asample PQLs are highly matrix-dependent. The PQLs l i s t e d  herein are 
provided f o r  guidance and may not always be achievable. 

~ P Q L  = [Method detection l i m i t  (Table I)] X [Factor (Table 2)]. For non- 
aqueous samples, the fac tor  i s  on a wet-weight basis. 
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4.0 APPARATUS AND MATERIALS 

4.1 Gas chromatograph: 

4.1.1 Gas . chromatograph: Analy t ica l  system complete w i th  gas 
chromatograph su i  tab1 e f o r  on-col umn i n j ec t i ons  and a1 1 required 
accessories, i nc l  udi  ng detectors, col  umn suppl i es, recorder, gases, and 
syringes. A data system f o r  measuring peak areas andlor peak heights i s  
recommended. 

4.1.2.1 Column 1: 1.8-m x 4-mm I.D. glass column packed w i t h  
1.5% SP-225011.95% SP-2401 on Supel coport 1001120 mesh o r  
equi val ent  . 

4.1.2.2 Column 2: 1.8-m x 4-mm I.D. g lass column packed wi th  
3% OV-1  on Supel coport 1001120 mesh o r  equivalent. 

4.1.3 Detectors: Flame i on i za t i on  (FID) o r  e lec t ron capture (ECD) . 
4.2 Vol umetric f lask:  lo-, 50-, and 100-mL, ground-gl ass stopper. 

4.3 Kuderna-Dani sh (K-D) apparatus: 

4.3.1 Concentrator tube: 10-mL, graduated (Kontes K-570050-1025 o r  
equi val  ent) . Ground-gl ass stopper i s  used t o  prevent evaporation o f  
ex t rac ts  

4.3.2 Evaporation f lask:  500-mL (Kontes K-570001-500 o r  
equival ent) . Attach t o  concentrator tube w i t h  springs. 

4.3.3 Snyder column: Three-bal 1 macro (Kontes K-503000-0121 o r  
equi val  ent) . 

4.3.4 Snyder column: Two-bal 1 micro (Kontes K-569001-0219 o r  
equivalent) . 
4.4 Bo i l  i n  ch i  s: Solvent extracted, approximately 10140 mesh ( s i l i con  

carbide o r  --+!- equiva ent  

4.5 Water bath: Heated, w i th  concentr ic r i n g  cover, capable o f  
temperature cont ro l  (55'C). 'The bath should be used i n  a hood. 

4.6 Microsyringe: 10-uL. 

' 4.7 Syringe: 5-mL. 

4.8 Vials:  Glass, 2- and 20-mL capacity w i t h  Teflon-l ined screw cap. 
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5.0 REAGENTS 

5.1 Solvents: Hexane, acetone, isooctane (2,2,4-trimethylpentane) 
(pesticide- o r  equivalent) . we, 

5.2 Stock standard solutions: 

5.2.1 Prepare stock standard solutions a t  a concentration of 1.00 
ug/uL by dissolving 0.0100 g of assayed reference material i n  i sooctane 
and di lut ing t o  volume in a 10-mL volumetric flask. Larger volumes can 
be used a t  the convenience of the analyst. When compound purity i s  
assayed t o  be 96% o r  greater ,  the weight can be used without correction 
t o  cal cul a t e  the concentration of the stock standard. Commercial ly 
prepared stock standards can be used a t  any concentration i f  they are  
ce r t i f i ed  by the manufacturer o r  by an independent source. 

5.2.2 Transfer the stock standard solutions in to  Teflon-sealed 
screw-cap bottles.  Store a t  4'C and protect from l ight .  Stock standards 
should be checked frequently f o r  signs of degradation o r  evaporation, 
especially just pr ior  t o  preparing calibration standards from them. 

5.2.3 Stock standard solutions must be replaced a f t e r  one year, o r  
sooner i f  comparison with check standards indicates a probl em. 

5.3 Cal i bration standards: Cal i bration standards a t  a minimum of f ive  
concentration levels should be prepared through di lut ion of the stock 
standards with isooctane. One of the concentration levels  should be a t  a 
concentration near, but above, the method detection 1 imi t. The remaining 
concentration levels  should correspond t o  the expected range of concentrations 
found in  real samples o r  should define the working range of the GC. 
Calibration solutions must be replaced a f t e r  s i x  months, o r  sooner i f  

3 
comparison w i t h  check standards indicates a problem. 

5.4 Internal standards ( i f  internal standard cal i bration i s  used) : To 
use this a m  tha t  
are  s imi l a r  i n  analytical bihavior t o  the compounds of in te res t .  The analyst 
must fur ther  demonstrate tha t  the measurement of the internal standard i s  not 
affected by method o r  matrix interferences. Because of these 1 imitations,  no 
internal standard can be suggested tha t  is  applicable t o  a l l  samples. 

5.4.1 Prepare calibration standards a t  a minimum of f ive  
concentration level s f o r  each analyte of in t e re s t  as described i n  
Paragraph 5.3. 

5.4.2 To each calibration standard, add a known constant amount of 
one o r  more internal standards, and d i lu t e  t o  volume w i t h  isooctane. 

5.4.3 Analyze each calibration standard according t o  Section 7.0. 

5.5 Surrogate standards: The analyst should monitor the performance of 
the extraction, cleanup (when used), and analytical system and the effec- 
tiveness of the method i n  dealing w i t h  each sample matrix by spiking each 

L&=' 
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sample, standard, and reagent water blank wi th  one o r  two surrogates (e.g., 
phthalates tha t  are not expected t o  be i n  the sample) recommended t o  encompass 
the range o f  the temperature program used i n  t h i s  method. Method 3500, 
Section 5.3.1.1, detai 1 s inst ruct ions on the preparation o f  baseheutral Bj surrogates. Deuterated analogs o f  analytes should not be used as surrogates 
f o r  gas chromatographic analysis due t o  coel u t ion problems. 

6.0 SAMPLE COLLECTION, PRESERVATION, AND HANDLING 

6.1 See the introductory material t o  t h i s  chapter, Organic Analytes, 
Section 4.1. Extracts must be stored under re f r igera t ion  and analyzed wi th in  
40 days o f  extraction. 

7.0 PROCEDURE 

7.1 Extraction: 

7.1.1 Refer t o  Chapter Two f o r  guidance on choosing the appropriate 
extract ion procedure. I n  general, water samples are extracted a t  a 
neutral, o r  as is ,  pH wi th methylene chloride, using e i ther  Method 3510 
o r  3520. Sol i d  samples are extracted using e i ther  Method 3540 o r  3550. 

7.1.2 P r io r  t o  gas chromatographic analysis, the extract ion sol vent 
must be exchanged t o  hexane. The exchange i s  performed during the K-D 
procedures 1 is ted  i n  a1 1 o f  the extract ion methods. The exchange i s  
performed as f o l  1 ows . 

7.1.2.1 Following K-D o f  the methylene chloride extract t o  
1 mL using the macro-Snyder column, a1 low the apparatus t o  cool and 
dra in f o r  a t  least  10 min. 

7.1.2.2 Momentarily remove the Snyder column, add 50 mL o f  
hexane, a new b o i l i n g  chip, and reattach the macro-Snyder column. 
Concentrate the extract using 1 mL o f  hexane t o  prewet the Snyder 
column. Place the K-D apparatus on the water bath so that  the 
concentrator tube i s  p a r t i a l l y  immersed i n  the hot water. Adjust 
the ve r t i ca l  pos i t ion o f  the apparatus and the water temperature, as 
required, t o  complete concentration i n  5-10 min. A t  the proper rate 
o f  d i s t i l l a t i o n  the b a l l s  o f  the column w i l l  ac t i ve ly  chatter, but 
the chambers w i  11 not flood. When the apparent volume o f  1 iqu id 
reaches 1 mL, remove the K-D apparatus and a1 low i t  t o  drain and 
cool f o r  a t  least  10 min. The extract w i l l  be handled d i f f e ren t l y  
a t  t h i s  point, depending on whether o r  not cleanup i s  needed. I f  
cleanup i s  not required, proceed t o  Paragraph 7.1.2.3. I f  cleanup 
i s  needed, proceed t o  Paragraph 7.1.2.4. 

7.1.2.3 I f  cleanup o f  the extract i s  not required, remove the 
Snyder column and r inse the f lask and i t s  lower j o i n t  i n t o  the 
concentrator tube wi th  1-2 mL o f  hexane. A 5-mL syringe i s  
recommended f o r  t h i s  operation. Adjust the extract volume t o  
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10.0 mL. Stopper the concentrator tube and s tore  refrigerated a t  
4.C i f  fur ther  processing will not be performed immediately. I f  the 
extract  will be stored longer than two days, i t  should be 
transferred t o  a Teflon-seal ed screw-cap vial .  Proceed w i t h  gas 
chromatographic analysis. 

1 
h & H  

7.1.2.4 If  cleanup of the extract  is  required, remove the 
Snyder column and rinse the f lask and i ts  lower jo in t  in to  the 
concentrator tube w i t h  a r i n imum amount of hexane. A 5-mL syringe 
is recommended f o r  this operation. Add a clean boiling chip t o  the 
concentrator tube and attach a two-ball micro-Snyder column. Prewet 
the column by adding about 0.5 mL of hexane t o  the top. Place the 
micro-K-D apparatus on the water bath (80.C) so tha t  the 
concentrator tube i s  pa r t i a l ly  immersed i n  the  hot water. Adjust 
the vertical position of the apparatus and the water temperature, as 
required, t o  complete concentration in 5-10 min. A t  the proper ra te  
of d i s t i l l a t i o n  the ba l l s  of the column will actively chat ter ,  bu t  
the chambers will not flood. When the apparent volume of 1 iquid 
reaches 0.5 mL, remove the K-D apparatus and allow i t  t o  drain and 
cool fo r  a t  l eas t  10 min. 

7.1.2.5 Remove the micro-Snyder column and rfnse the f lask and 
i ts  lower jo in t  into the concentrator tube w i t h  0.2 mL of hexane. 
Adjust the extract  volume t o  2.0 mL and proceed with e i t h e r  Method 
3610 o r  3620. 

7.2 Gas chromatography conditions (Recommended) : The analysis for  
phthalate es ters  may be conducted using e i the r  a flame ionization o r  an 
electron capture detector. The ECD may, however, provide substant i a1 l y  be t te r  
sens i t iv i ty  . P*Wg 

'%&&I 

7.2.1 C o l m  1: Set 5% methane/95% argon ca r r i e r  gas flow a t  60 
mL/min flow rate.  Set column temperature a t  180.C isothermal. 

7.2.2 Colum 2: Set 5% methane/95% argon c a r r i e r  gas flow a t  60 
mL/mi n f 1 ow rate.  Set col umn temperature a t  200.C i sothermal . 
7.3 Calibration: Refer t o  Method 8000 fo r  proper calibration 

techniques. Use Table 1 and especially Table 2 fo r  guidance on selecting the 
lowest point on the calibration curve. 

7.3.1 The procedure f o r  internal o r  external calibration may be 
used. Refer t o  Method 8000 f o r  a descrfption of each of these 
procedures. 

7.3.2 I f  cleanup i s  performed on the samples, the analyst should 
process a se r i e s  of standards through the cleanup procedure and then 
analyze the samples by GC. This will confirm elution patterns and the 
absence of interferents  from the reagents. 
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7.4 Gas chromatographic analysis: 

7.4.1 Refer t o  Method 8000. I f  the in ternal  standard ca l ib ra t ion  
technique i s  used, add 10 uL o f  in ternal  standard t o  the sample p r i o r  t o  
in ject ion.  

7.4.2 Follow Section 7.6 i n  Method 8000 f o r  inst ruct ions on the 
analysis sequence, appropriate d i lu t ions,  establ ishing da l l y  retent ion 
t i  me w i  ndows , and i dent i f i cat i on c r i  t e r i  a. I n c l  ude a m i  d-1 eve1 standard 
a f t e r  each group o f  10 samples i n  the analysis sequence. 

7.4.3 Examples o f  GCIECD chromatograms f o r  phthal ate esters are 
shown i n  Figures 1 and 2. 

7.4.4 Record the sample volume injected and the resu l t ing  peak 
sizes ( i n  area un i t s  o r  peak heights). 

7.4.5 Using e i t he r  the in ternal  o r  external cal  i brat ion procedure 
(Method 8000), determine the i den t i t y  and quant i ty of each analyte peak 
i n  the sample chromatogram. See Section 7.8 o f  Method 8000 f o r  
ca lcu lat ion equations. 

7.4.6 I f  peak detection and i den t i f i ca t i on  are prevented due t o  
interferences, the hexane extract  may undergo cleanup using e i ther  Method 
3610 o r  3620. 

7.5 Cleanup: 

7.5.1 Proceed w i th  e i ther  Method 3610 o r  3620, using the 2-mL 
hexane extracts obtained from Paragraph 7.1.2.5. 

7.5.2 Following cleanup, the extracts should be analyzed by GC, as 
described i n  the previous paragraphs and i n  Method 8000. 

8.0 QUALITY CONTROL 

8.1 Refer t o  Chapter One f o r  speci f ic  qua l i t y  control procedures. 
Qua1 i t y  control  t o  va l idate sample extract ion i s  covered i n  Method 3500 and i n  
the ext ract ion method u t i l i zed .  I f  extract  cleanup was performed, fo l low the 
QC i n  Method 3600 and i n  the speci f ic  cleanup method. 

8.2 Procedures t o  check the GC system operation are found i n  Method 
8000, Section 8.6. 

8.2.1 The qua1 i t y  control check sample concentrate (Method 8000, 
Section 8.6) should contain each analyte of in te res t  a t  the fol lowing 
concentrations i n  acetone: buty l  benzyl phthal ate, 10 ug1mL; b i  s (2- 
e thy l  hexyl) phthalate, 50 ug/mL; di-n-octyl phthalate, 50 ug/mL; and any 
other phthalate, 25 ug/mL. 
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Figure 1. Gas chromrtognm of ~hthrlrtm (example 1 ). 
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Figure 2. Gu chromatogram of phthalrtsr (exmpk 2). 
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8.2.2 Table 3 ind ica tes  the c a l i b r a t i o n  and QC acceptance c r i t e r i a  
f o r  t h i s  method. Table 4 gives method accuracy and p rec is ion  as 
funct ions o f  concentrat ion f o r  the analytes o f  i n te res t .  The contents o f  
both Tables should be used t o  evaluate a laboratory 's  a b i l i t y  t o  perform 
and generate acceptable data by t h i s  method. 

parn? 
bJ 

8.3 Cal cu l  a te  surrogate standard recovery on a1 1 sampl es , b l  anks , and 
spikes. Determine i f  the recovery i s  w i t h i n  l i m i t s  ( l i m i t s  establ ished by 
performing QC procedures out1 i ned i n  Method 8000, Section 8.10). 

8.3.1 I f  recovery i s  no t  w i t h i n  l i m i t s ,  the  f o l l ow ing  i s  required. 

Check t o  be sure there are no e r ro rs  i n  calculat ions,  
surrogate so lu t ions and i n te rna l  standards. A1 so, check 
instrument performance. 

Recalculate the data and/or reanalyze the  ex t rac t  i f  any o f  
the above checks reveal a problem. 

Reextract and reanalyze the  sample i f  none o f  the  above are 
a problem o r  f l a g  the  data as "estimated concentration." 

9.0 METHOD PERFORMANCE 

9.1 The method was tes ted by 16 laborator ies  using reagent water, 
d r i  n k i  ng water, surface water, and three i ndus t r i  a1 wastewaters sp i  ked a t  s i  x 
concentrat ions over the  range 0.7 t o  106 ug/L. Single operator  precis ion,  
overa l l  precis ion,  and method accuracy were found t o  be d i r e c t l y  re1 ated t o  
the concentrat ion o f  the analyte and essen t i a l l y  independent o f  the  sample 
matr ix .  L inear equations t o  describe these re la t ionsh ips  f o r  a flame 

3 
i on i za t i on  detector  are presented i n  Table 4. 

9.2 The accuracy and p rec is ion  obtained w i l l  be determined by the  sample 
mat r i  x, sampl e-preparation technique, and ca l  i bra t i on  procedures used. 
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1. Development and Appl ica t ion o f  Test Procedures f o r  Spec i f i c  Organic Toxic 
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2. "Determi na t ion  o f  Phthal ates i n  I ndus t r i  a1 and Municipal Wastewaters, " 
EPA-600/4-81-063, U.S. Environmental Protect ion Agency, Environmental 
Moni tor ing and Support Laboratory, Cinci nnat i  , Ohio 45268, October 1981. 

3. Burke, J.A. . "Gas Chromatography f o r  Pest ic ide Residue Analysis; Some 
Prac t i ca l  Aspects, " Journal o f  t he  Associat ion o f  O f f i  c i  a1 Analy t ica l  
Chemists, 48, 1037, 1965. 
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I 5. U.S. EPA 40 CFR Part  136, "Guide1 ines Establ ishing Test Procedures f o r  the 
Analysis o f  Po l lu tants  Under the  Clean Water Act; F inal  Rule and I n te r im  Final 
Rule and Proposed Rule, ' October 26, 1984. 
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TABLE 3. QC ACCEPTANCE CRITERIAa 

Parameter 

Test Limit Range Range 
conc. f o r  s f o r  x P, PS 
(ug/L) (ug/L) (ug/L) (%I 

Bi s (2-ethyl hexy1)phthalate 50 38.4 1.2-55.9 0-158 
Butyl benzyl phthal a t e  10 4.2 5.7-11.0 30-136 
Dl -n-butyl phthal a t e  25 8.9 10.3-29.6 23-136 
Diethyl phthal a t e  25 9.0 1.9-33.4 D-149 
Dlmethyl phthalate 25 9.5 1.3-35.5 D-156 
Dl-n-octyl phthal a t e  50 13.4 0-50.0 0-114 

-- - - 

s = Standard deviation of four recovery measurements, in ug/L. 

X = Average recovery f o r  four recovery measurements, i n  ug/L. 

P, PS = Percent recovery measured. 

D = Detected; resul t  must be greater than zero. 

aCri t e r i a  from 40 CFR Part 136 fo r  Method 606. These c r l  t e r l a  are based 
direct ly upon the method performance data in Table 4. Where necessary, the 
1 imi ts f o r  recovery have been broadened t o  assure applicabi l i ty  of the l imits  
t o  concentrations below those used t o  develop Table 4. 
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TABLE 4. METHOD ACCllRACY AND PRECISION AS FllNCTIONS OF CONCENTRATIONa 

P+=- 

b Parameter 

Accuracy, as Single analyst Overall 
recovery, x '  precision, sr' precision, 

(ug/L) (ug/L) s (ug/L) 

B i  s(2-ethyl hexyl) phthalate ,0.53C+2.02 0.80X-2.56 0.73X-0.17 
Buty l  benzyl phthal a te  0.82C+0.13 0.26X+0.04 0.25X+0.07 
D i  -n-butyl phthal a te  0.79C+0.17 0.23X+0.20 0.29X+O. 06 
Die thy l  phthal a te  0.70C+0.13 0.27X+0.05 0.45X+O.l1 
Dimethyl phthal a te  0.73C+O. 17 0.26X+0.14 0.44X+0.31 
D i  -n-octyl phthal a te  0.35C-0.71 0.38X+0.71 0.62K+0.34 

x '  = Expected recovery f o r  one o r  more measurements o f  a sample 
contain ing a concentrat ion o f  C, i n  ug/L. 

sr8 = Expected s ing le  analyst  standard dev ia t ion o f  measurements a t  an 
average concentrat ion o f  XI i n  ug/L. 

S = Expected i n t e r l  aboratory standard deviat ion o f  measurements a t  an 
average concentrat ion found o f  XI i n  11g/L. 

C = True value f o r  the concentration, i n  ug/L. 

X = Average recovery found f o r  measurements o f  samples containing a 
concentrat ion o f  C, i n  ug/L. 

" r i t e r i a  from 40 CFR Part 136 f o r  Method 606. 
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METHOD 8061 

PHTHALATE ESTERS BY CAPILLARY GAS CHROMATOGRAPHY 
WITH ELECTRON CAPTURE DETECTION (GC/ECD) 

1.0 SCOPE AND APPLICATION 

1.1 Method 8061 i s  used t o  determine t h e  i d e n t i t i e s  and concent ra t ions  
of va r i ous  p h t h a l a t e  e s t e r s  i n  l i q u i d ,  so l  i d  and sludge mat r i ces .  The f o l l o w i n g  
compounds can be determined by t h i s  method: 

Compound Name CAS No." 

Benzyl benzoate ( I  .S. ) 
B i  s ( 2 - e t h y l  hexy l  ) ph tha l  a t e  
B u t y l  benzyl  ph tha l  a t e  
Di - n - b u t y l  ph tha l  a t e  
D i e t h y l  ph tha l  a t e  
Dimethyl  ph tha l  a t e  
D i  - n - o c t y l  ph tha l  a t e  

" Chemical Abs t rac t  Serv ices Reg i s t r y  Number. 

1.2 Table 1 l i s t s  t h e  method d e t e c t i o n  l i m i t s  (MDL) f o r  t h e  t a r g e t  
ana ly tes  i n  a  water m a t r i x .  The MDLs f o r  t h e  components o f  a  s p e c i f i c  sample may '3 d i f f e r  f rom those l i s t e d  i n  Table 1 because MDLs depend on t h e  na tu re  o f  
i n t e r f e r e n c e s  i n  t h e  sample m a t r i x .  Table 2 l i s t s  t h e  es t imated  q u a n t i t a t i o n  
l i m i t s  (EQL) f o r  o t h e r  mat r i ces .  

1.3 When t h i s  method i s  used t o  analyze f o r  any o r  a l l  o f  t he  t a r g e t  
ana ly tes ,  co~iipound i d e n t i f i c a t i o n  should be supported by a t  1  eas t  one a d d i t i o n a l  
qua1 i t a t  i v e  technique.  Th i s  method descr ibes cond i t i ons  f o r  para1 1  e l  column, 
dual  e l e c t r o n  cap tu re  d e t e c t o r  ana l ys i s  which f u l  f i  11 s  t h e  above requirement . 
Reten t ion  t ime  i n f o r m a t i o n  ob ta ined  on two megabore f u s e d - s i l i c a  open t u b u l a r  
columns i s  g i ven  i n  Table 1. A1 t e r n a t i v e l y ,  gas chromatography/mass spectrometry 
cou ld  be used f o r  compound con f i rma t i on .  

1.4 The f o l l o w i n g  compounds, b i s (2 -n -bu toxye thy l )  ph tha la te ,  b i s ( 2 -  
e thoxye thy l )  ph tha l  a te ,  b i  s (2-methoxyethy l )  ph tha l  a te ,  bis(4-methyl-2-pentyl ) 
ph tha l  a te ,  d i  amyl ph tha l  a te ,  d i c y c l  ohexyl ph tha l  a te ,  d i  hexy l  ph tha l  ate, 
d i  i sobuty l  ph tha l  ate,  d inony l  ph tha l  ate,  and hexy l  2 -e thy l  hexy l  ph tha l  a t e  can 
a l s o  be analyzed by t h i s  method and may be used as surrogates.  

1.5 T h i s  method i s  r e s t r i c t e d  t o  use by o r  under t h e  supe rv i s i on  o f  
ana l ys t s  exper ienced i n  t h e  use o f  gas chromatographs and s k i l l e d  i n  t h e  
i n t e r p r e t a t i o n  o f  gas chromatograms. Each ana l ys t  must demonstrate t h e  a b i l i t y  
t o  generate acceptable r e s u l t s  w i t h  t h i s  method. 
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2.0 SUMMARY OF METHOD 

2.1 A  m e a s ~ ~ r e d  v o l ~ ~ m e  o r  weight  o f  sample (approx imate ly  1 1  i t e r  f o r  
l i q u i d s ,  10 t o  30 grams f o r  s o l i d s  and sludges) i s  e x t r a c t e d  by us ing  t h e  
app rop r i a te  sample e x t r a c t i o n  technique s p e c i f i e d  i n  Methods 3510, 3540, 3541 3 and 3550. Method 3520 i s  n o t  recommended f o r  t h e  e x t r a c t i o n  o f  aqueous samples 
because t h e  l onge r  cha in  e s t e r s  ( d i  hexy l  ph tha l  a te ,  b i  s ( 2 - e t h y l  hexy l  ) ph tha l  a te ,  
d i  - n - o c t y l  ph tha la te ,  and d inony l  ph tha la te )  tend  t o  adsorb t o  t h e  g lassware and 
consequent ly,  t h e i r  e x t r a c t i o n  recove r i es  a re  t 4 0  percen t .  Aqueous samples a r e  
e x t r a c t e d  a t  a  pH o f  5  t o  7, w i t h  methylene c h l o r i d e ,  i n  a  separa to ry  funne l  
(Method 3510). A1 t e r n a t i v e l y ,  p a r t i c u l  a t e - f r e e  aqueous samples c o u l d  be f i l t e r e d  
through membrane d i s k s  t h a t  c o n t a i n  &-bonded s i l i c a .  The p h t h a l a t e  e s t e r s  a r e  
r e t a i n e d  by t h e  s i l i c a  and, l a t e r  e l u t e d  w i t h  a c e t o n i t r i l e .  Sol i d  samples a re  
e x t r a c t e d  w i t h  hexane/acetone ( 1  : 1) o r  methylene c h l  o r ide /ace tone  ( 1  : 1 )  i n  a  
Soxhl e t  e x t r a c t o r  (Methods 3540/3541) o r  w i t h  an u l t r a s o n i c  e x t r a c t o r  (Method 
3550). A f t e r  cleanup, t h e  e x t r a c t  i s  analyzed by gas chromatography w i t h  
e l e c t r o n  cap tu re  d e t e c t i o n  (GC/ECD) . 

2.2 The s e n s i t i v i t y  o f  Method 8061 u s u a l l y  depends on t h e  l e v e l  o f  
i n t e r f e r e n c e s  r a t h e r  than  on i ns t rumen ta l  l i m i t a t i o n s .  I f  i n t e r f e r e n c e s  p reven t  
d e t e c t i o n  o f  t h e  ana ly tes ,  c leanup o f  t h e  sample e x t r a c t s  i s  necessary.  E i t h e r  
Method 3610 o r  3620 a lone o r  f o l l  owed by Method 3660, S u l f u r  Cleanup, may be used 
t o  e l  i m i n a t e  i n t e r f e r e n c e s  i n  t h e  ana l ys i s .  Method 3640, Gel Permeat ion Cleanup, 
i s  a p p l i c a b l e  f o r  samples t h a t  c o n t a i n  h i g h  amounts o f  l i p i d s  and waxes. 

3.0 INTERFERENCES 

3 .1  Refer  t o  Methods 3500, 3600, and 8000. 

(?-? 3.2 I n t e r f e r e n c e s  coex t rac ted  f rom t h e  samples w i  11 va ry  c o n s i d e r a b 1 , d  
f rom waste t o  waste. Whi le genera l  c leanup techniques a r e  re fe renced  o r  p rov ided  
as p a r t  o f  t h i s  method, un ique samples may r e q u i r e  a d d i t i o n a l  c leanup approaches 
t o  achieve d e s i r e d  s e n s i t i v i t i e s  f o r  t h e  t a r g e t  ana l y tes .  

3.3 G I  assware must be sc rupu lous l y  c lean .  A1 1  g l  assware r e q u i r e  
t rea tment  i n  a  m u f f l e  fu rnace  a t  400 "C f o r  2  t o  4  h rs ,  o r  thorough r i n s i n g  w i t h  
pes t i c i de -g rade  so lven t ,  p r i o r  t o  use. Refer  t o  Chapter 4, Sec. 4.1.4, f o r  
f u r t h e r  d e t a i  1  s  r ega rd ing  t h e  c l ean ing  o f  g l  assware. Vol ume t r i  c  g l  assware should 
n o t  be heated i n  a  m u f f l e  furnace.  

I f  Soxh le t  e x t r a c t o r s  a re  baked i n  t h e  m u f f l e  fu rnace ,  ca re  must be taken  
t o  ensure t h a t  they  a re  d r y  (breakage may r e s u l t  if any wate r  i s  l e f t  i n  t h e  
s ide-a rm) .  Thorough r i n s i r r g  w i t h  h o t  t a p  water ,  fo l lowed by de ion i zed  wate r  and 
acetone i s  n o t  an adequate decontaminat ion procedure. Even a f t e r  a  Soxh le t  
e x t r a c t o r  was r e f l u x e d  w i t h  acetone f o r  t h r e e  days, w i t h  d a i l y  s o l v e n t  changes, 
t h e  concen t ra t i ons  o f  b i s ( 2 - e t h y l  h e x y l )  p h t h a l a t e  were as h i g h  as 500 ng p e r  
washing. Storage o f  g lassware i n  t h e  l a b o r a t o r y  i n t r oduces  con tamina t ion ,  even 
i f  t h e  g lassware i s  wrapped i n  a1 uminum f o i l .  Therefore,  any g lassware used i n  
Method 8061 should be c leaned immediate ly  p r i o r  t o  use. 

3.4 F l o r i s i l  and alumina may be contaminated w i t h  p h t h a l a t e  e s t e r s  and, 
t h e r e f o r e ,  use o f  these  m a t e r i a l s  i n  san~ple c leanup should be employed 
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c a u t i o u s l y .  I f  these m a t e r i a l s  a re  used, they  must be obta ined packaged i n  g lass  
( p l a s t i c  packaging w i l l  c o n t r i b u t e  t o  contaminat ion w i t h  ph tha la te  es te r s ) .  
Washing o f  these m a t e r i a l s  p r i o r  t o  use w i t h  t h e  so l ven t ( s )  used f o r  e l u t i o n  
d u r i n g  e x t r a c t  c leanup was found h e l p f u l ,  however, hea t i ng  a t  320 "C f o r  F l o r i s i l  
and 210 "C f o r  alumina i s  recommended. Ph tha la te  e s t e r s  were detected i n  
F l o r i s i l  c a r t r i d g e  method b lanks a t  concen t ra t ions  rang ing  f rom 10 t o  460 ng, 
w i t h  5  p h t h a l a t e  e s t e r s  i n  t h e  105 t o  460 ng range. Complete removal o f  t he  
p h t h a l a t e  e s t e r s  f rom F l o r i s i l  c a r t r i d g e s  does n o t  seem poss ib le ,  and i t  i s  
t h e r e f o r e  d e s i r a b l e  t o  keep t h e  steps i nvo l ved  i n  sample p repa ra t i on  t o  a  
minimum. 

3.5 Paper th imb les  and f i l t e r  paper must be exhaus t i ve l y  washed w i t h  t h e  
so l ven t  t h a t  w i l l  be used i n  t h e  sample e x t r a c t i o n .  Soxhlet  e x t r a c t i o n  o f  paper 
t h imb les  and f i l t e r  paper f o r  12 h r s  w i t h  f r e s h  so lven t  should be repeated f o r  
a  minimum o f  t h r e e  t imes. Method b lanks should be ob ta ined  be fo re  any o f  t h e  
p r e c l  eaned th imb les  o r  f i l t e r  papers a re  used. Storage o f  p r e c l  eaned th imb les  
and f i l t e r  paper i n  precleaned g lass  j a r s  covered w i t h  a l u m i n ~ ~ m  f o i l  i s  
recommended. 

3.6 Glass wool used i n  any s tep  o f  sample p repa ra t i on  should be a  
s p e c i a l l y  t r e a t e d  pyrex wool, p e s t i c i d e  grade, and must be baked a t  400°C f o r  
4  h rs .  immediately p r i o r  t o  use. 

3.7 Sodium s u l f a t e  must be obta ined packaged i n  g lass  ( p l a s t i c  packaging 
w i l l  c o n t r i b u t e  t o  contaminat ion w i t h  ph tha la te  es te r s ) ,  and must be p u r i f i e d  by 
hea t i ng  a t  400 "C f o r  4  h r s .  i n  a  sha l low t r a y ,  o r  by p rec lean ing  w i t h  methylene 
c h l o r i d e  (Sec. 5.3).  To avo id  recontaminat ion,  t h e  precleaned m a t e r i a l  must be 
s to red  i n  g l  ass-stoppered g lass  b o t t l e s ,  o r  g l ass  b o t t l e s  covered w i t h  p r e c l  eaned 
aluminum f o i l .  The s torage p e r i o d  should no t  exceed two weeks. To minimize 

I contaminat ion, e x t r a c t s  should be d r i e d  d i r e c t l y  i n  t h e  glassware i n  which they 
A' are  c o l l e c t e d  by adding smal l  amounts o f  precleaned sodium s u l f a t e  u n t i l  an 

excess o f  f r e e  f l o w i n g  m a t e r i a l  i s  noted. 

3.8 The presence o f  elemental  s u l f u r  w i l l  r e s u l t  i n  l a r g e  peaks which 
o f t e n  mask t h e  reg ion  o f  t h e  compounds e l u t i n g  be fo re  d i cyc lohexy l  ph tha l  a t e  
(Compound No. 14) i n  t h e  gas chromatograms shown i n  F igure  1. Method 3660 i s  
suggested f o r  removal o f  s u l f u r .  

3.9 Waxes and 1  i p i d s  can be removed by Gel Permeation Chromatography 
(Method 3640). E x t r a c t s  con ta in i ng  h i g h  concent ra t ions  o f  l i p i d s  a re  viscous, 
and may even s o l i d i f y  a t  room temperature.  

4.0 APPARATUS AND MATERIALS 

4.1 Gas chromatography 

4.1.1 Gas chromatograph, a n a l y t i c a l  system complete w i t h  gas 
chromatograph s u i t a b l e  f o r  on-column and sp l  i t / s p l  i t l e s s  i n j e c t i o n s  and 
a1 1  r e q u i r e d  accessor ies,  i n c l u d i n g  de tec to r ,  a n a l y t i c a l  columns, 
recorder ,  gases, and sy r inges .  A  da ta  system f o r  measuring peak he igh t s  
and/or peak areas i s  recommended. 
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4.1.1.1 E i g h t  i n c h  i n j e c t i o n  t e e  (Supelco, I nc . ,  Ca ta log  
No. 2-3665, o r  equ i va len t )  o r  g l ass  Y sp l  i t t e r  f o r  megabore columns 
(J&W S c i e n t i f i c ,  - " p r e s s - f i t " ,  Cata log No. 705-0733, o r  e q u i v a l e n t ) .  

4.1.2 Columns 

4.1.2.1 Column 1, 30 m x  0.53 mm ID, 5% phenyl/95% methyl  
s i l i c o n e  f u s e d - s i l i c a  open t u b u l a r  column (DB-5, J&W S c i e n t i f i c ,  o r  
e q u i v a l e n t ) ,  1.5 pm f i l m  t h i ckness .  

4.1.2.2 Column 2, 30 m x  0.53 mm ID, 14% cyanopropyl  
phenyl s i l i c o n e  f u s e d - s i l i c a  open t u b u l a r  column (DB-1703, J&W 
S c i e n t i f i c ,  o r  equ i va len t ) ,  1.0 p m  f i l m  t h i ckness .  

4.1.3 De tec to r  - Dual e l e c t r o n  cap tu re  d e t e c t o r  (ECD) 

4.2 Glassware, see Methods 3510, 3540, 3541, 3550, 3610, 3620, 3640, and 
3660 f o r  s p e c i f i c a t i o n s .  

4.3 Kuderna-Danish (K-D) apparatus. 

4.3.1 Concentrator  tube  - 10 mL graduated (Kontes K-570050-1025 o r  
e q u i v a l e n t ) .  A  'ground g lass  s topper  i s  used t o  p reven t  evapo ra t i on  o f  
e x t r a c t s .  

4.3.2 Evaporat ion f l a s k  - 500 mL (Kontes K-570001-500 o r  equ iva-  
l e n t ) .  A t t ach  t o  concen t ra to r  tube  w i t h  spr ings ,  clamps, o r  e q u i v a l e n t .  

4.3.3 Snyder column - Three b a l l  macro (Kontes K-503000-0121 o r  
e q u i v a l e n t )  . /- 

b.' 

4.3.4 Snyder column - Two b a l l  m i c ro  (Kontes K-569001-0219 o r  
e q u i v a l e n t )  . 

4.3.5 Spr ings - 1/2 i n c h  (Kontes K-662750 o r  e q u i v a l e n t ) .  

4.4 B o i l i n g  ch ips ,  approx imate ly  10/40 mesh. Heat t o  400 "C f o r  30 min, 
o r  S o x h l e t - e x t r a c t  w i t h  methylene c h l o r i d e  p r i o r  t o  use. 

4..5 Water bath,  heated, w i t h  c o n c e n t r i c  r i n g  cover ,  capable o f  
temperature c o n t r o l  (+ 2°C). 

5.0 REAGENTS 

5.1 Reagent grade chemicals s h a l l  be used i n  a l l  t e s t s .  Unless o the rw i se  
i nd i ca ted ,  i t  i s  in tended t h a t  a l l  reagents  s h a l l  conform t o  t h e  s p e c i f i c a t i o n s  
o f  t h e  Committee on A n a l y t i c a l  Reagents o f  t h e  American Chemical Soc ie t y ,  where 
such s p e c i f i c a t i o n s  a re  a v a i l a b l e .  Other grades may be used, p rov ided  i t  i s  
f i r s t  ascer ta ined  t h a t  t h e  reagent  i s  o f  s u f f i c i e n t l y  h i g h  p u r i t y  t o  p e r m i t  i t s  
use w i t h o u t  l essen ing  t h e  accuracy of t h e  de te rm ina t i on .  
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5.2 Organ ic - f ree  reagent water.  A1 1  re ferences t o  water i n  t h i s  method 
r e f e r  t o  o r g a n i c - f r e e  reagent water, as de f ined  i n  Chapter One. 

5.3 Sodium s u l f a t e  (g ranu la r ,  anhydrous), Na2S04. P u r i f y  by hea t ing  a t  
400 "C f o r  4  hours i n  a  shal low t r a y ,  o r  by p rec lean ing  t h e  sodium s u l f a t e  w i t h  

,/ methylene c h l o r i d e .  I f  t h e  sodium s u l f a t e  i s  precleaned w i t h  methylene ch lo r i de ,  
a  method b lank  must be analyzed, demonstrat ing t h a t  t h e r e  i s  no i n t e r f e r e n c e  from 
t h e  sodium s u l f a t e .  

5.4 Solvents :  

5.4.1 Hexane, C,H,, - P e s t i c i d e  qual i t y ,  o r  equ i va len t .  

5.4.2 Methyl ene c h l o r i d e ,  CH2C12 - P e s t i c i d e  qual i t y ,  o r  equ iva len t .  

5.4.3 Acetone, CH3COCH3 - P e s t i c i d e  qual i t y ,  o r  equ i va len t  . 
5.4.4 A c e t o n i t r i l e ,  CH3CN - HPLC grade. 

5.4.5 Methanol , CH,OH - HPLC grade. 

5.4.6 D i e t h y l  Ether,  C2H50C,H5 - P e s t i c i d e  qual i t y ,  o r  equ iva len t .  
Must be f r e e  o f  peroxides, as i nd i ca ted  by t e s t  s t r i p s  (EM Quant, o r  
equ i va len t ) .  Procedures f o r  removal o f  perox ides a re  prov ided w i t h  t h e  
t e s t  s t r i p s .  A f t e r  cleanup, 20 rr~L o f  e t h y l  a lcoho l  p rese rva t i ve  must be 
added t o  each l i t e r  o f  e ther .  

5.5 Stock standard s o l u t i o n s :  

5.5.1 Prepare s tock  standard s o l u t i o n s  a t  a  concen t ra t i on  of 
1000 mg/L by d i s s o l v i n g  0.0100 g  of assayed reference m a t e r i a l  i n  hexane, 
and d i l u t i n g  t o  volume i n  a  10 mL vo lumet r i c  f l a s k .  When compound p u r i t y  
i s  assayed t o  be 96 percent  o r  g rea te r ,  t he  weight can be used w i t hou t  
c o r r e c t i o n  t o  c a l c u l a t e  t h e  concent ra t ion  o f  t h e  s tock  standard. 
Con~merc ia l ly  prepared s tock  standard s o l u t i o n s  can be used a t  any 
concen t ra t i on  i f  they  a re  c e r t i f i e d  by t h e  manufacturer  o r  by an 
independent source. 

5.5.2 Trans fe r  t h e  s tock  standard s o l u t i o n s  i n t o  g l ass  v i a l s  w i t h  
T e f l o n  l i n e d  screw-caps o r  cr imp tops.  S to re  a t  4  "C and p r o t e c t  f rom 
1  i g h t .  Stock s tandard s o l u t i o n s  should be checked p e r i o d i c a l l y  by gas 
chromatography f o r  s igns o f  degradat ion o r  evaporat ion,  e s p e c i a l l y  j u s t  
p r i o r  t o  p repa ra t i on  o f  c a l i b r a t i o n  standards. 

5.5.3 Stock standard s o l u t i o n s  must be rep laced a f t e r  6  months, o r  
sooner i f  comparison w i t h , check  standards i n d i c a t e s  a  problem. 

5.6 Cal i b r a t  i on standards : Cal i b r a t  i on standards are prepared a t  a  
minimum o f  f i v e  concen t ra t ions  f o r  each parameter o f  i n t e r e s t  through d i l u t i o n  
o f  t h e  s tock  s tandard s o l u t i o n s  w i t h  hexane. One o f  t h e  concent ra t ions  should 
be a t  a  concen t ra t i on  near, b u t  above, t h e  method d e t e c t i o n  1  i m i t .  The remaining 
concent ra t  i ons  should correspond t o  t h e  expected range o f  concen t ra t ions  found 
i n  r e a l  samples, o r  should d e f i n e  t h e  working range o f  t h e  GC. C a l i b r a t i o n  
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s o l u t i o n s  must be rep laced  a f t e r  1 t o  2  months, o r  sooner i f  comparison w i t h  
c a l i b r a t i o n  v e r i f i c a t i o n  s tandards i n d i c a t e s  a  problem. 

5.7 I n t e r n a l  standards ( i f  i n t e r n a l  s tandard c a l i b r a t i o n  i s  used):  To 
use t h i s  approach, t h e  a n a l y s t  must s e l e c t  one o r  more i n t e r n a l  s tandards t h a t  
a re  s i m i l a r  i n  a n a l y t i c a l  behav io r  t o  t h e  compounds o f  i n t e r e s t .  The a n a l y s t  L~ 
must f u r t h e r  demonstrate t h a t  t h e  measurement o f  t h e  i n t e r n a l  s tandard  i s  n o t  
a f f e c t e d  by method o r  m a t r i x  i n t e r f e r e n c e s .  Benzyl benzoate has been t e s t e d  and 
found app rop r i a te  f o r  Method 8061. 

5.7.1 Prepare a  s p i k i n g  s o l u t i o n  o f  benzyl  benzoate i n  hexane a t  
5000 mg/L. A d d i t i o n  o f  10 p L  of t h i s  s o l u t i o n  t o  1  mL o f  sample e x t r a c t  
i s  recommended. The s p i k i n g  concen t ra t i on  o f  t h e  i n t e r n a l  s tandard should 
be kep t  cons tan t  f o r  a l l  samples and c a l i b r a t i o n  s tandards.  S to re  t h e  
i n t e r n a l  s tandard s p i k i n g  s o l u t i o n  a t  4  "C i n  g l a s s  v i a l s  w i t h  T e f l o n  
1  ined  screw-caps o r  cr imp tops .  Standard s o l  u t i o n s  shou ld  be rep1 aced 
when ongoing QC (Sec. 8 )  i n d i c a t e s  a  problem. 

5.8 Surrogate standards: The a n a l y s t  should m o n i t o r  t h e  performance o f  
t h e  e x t r a c t i o n ,  c leanup (when used), a n a l y t i c a l  system, and t h e  e f f e c t i v e n e s s  of 
t h e  method i n  d e a l i n g  w i t h  each sample m a t r i x  by s p i k i n g  each sample, s tandard,  
and b lank  w i t h  su r roga te  compounds. Three sur roga tes  may be used f o r  Method 8061 
i n  a d d i t i o n  t o  those l i s t e d  i n  Sec. 1.4: d ipheny l  p h t h a l a t e ,  d i pheny l  
i soph tha la te ,  and d i  benzyl  p h t h a l a t e .  However, t h e  compounds 1  i s t e d  i n  Sec. 1.4 
a re  recommended. 

5.8.1 Prepare a  sur roga te  s tandard s p i k i n g  s o l u t i o n ,  i n  acetone, 
which con ta ins  50 ng/pL o f  each compound. A d d i t i o n  o f  500 p L  o f  t h i s  
s o l u t i o n  t o  1 L  o f  water  o r  30 g  s o l i d  sample i s  e q u i v a l e n t  t o  25 pg/L o f  
water  o r  830 pg/kg o f  s o l i d  sample. The s p i k i n g  c o n c e n t r a t i o n  o f  t h e  
su r roga te  standards may be ad jus ted  acco rd ing l y ,  i f  t h e  f i n a l  volume o f  

m 
e x t r a c t  i s  reduced below 2  mL f o r  water  samples o r  10 mL f o r  s o l  i d  

id 
samples. S to re  t h e  sur roga te  s p i k i n g  s o l u t i o n  a t  4 "C i n  g l a s s  v i a l s  w i t h  
Tef lon 1  i ned  screw-caps o r  cr imp t ops .  The s o l u t i o n  must be rep laced  
a f t e r  6  months, o r  sooner i f  ongoing QC (Sec. 8) i n d i c a t e s  problems. 

6 .0  SAMPLE COLLECTION, PRESERVATION, AND HANDLING 

6.1 See t h e  i n t r o d u c t o r y  m a t e r i a l  t o  t h i s  chap te r ,  Organic  Ana ly tes ,  
Sec. 4.1. 

7.0 PROCEDURE 

7.1 E x t r a c t i o n :  

7.1.1 Refer  t o  Chapter Two f o r  guidance on choosing t h e  a p p r o p r i a t e  
e x t r a c t i o n  procedure.  I n  genera l ,  water  samples a re  e x t r a c t e d  a t  a  pH o f  
5  t o  7 w i t h  methylene c h l o r i d e  i n  a  separa to ry  funne l  (Method 3510).  
Method 3520 i s  n o t  recommended f o r  t h e  e x t r a c t i o n  of  aqueous samples 
because t h e  l onge r  cha in  e s t e r s  ( d i h e x y l  p h t h a l a t e  b i s ( 2 - e t h y l h e x y l )  
ph tha l  a te ,  d i  - n - o c t y l  ph tha l  a te ,  and d inony l  ph tha l  a te )  t end  t o  adsorb t o  
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t h e  glassware and consequently, t h e i r  e x t r a c t i o n  recover ies  are 
t 4 0  percen t .  Sol i d  samples are ex t rac ted  w i t h  hexane/acetone ( 1  : 1)  o r  
methyl  ene ch lor ide/acetone ( 1  : 1)  i n  a  Soxhlet  e x t r a c t o r  (Methods 
3540/3541) o r  w i t h  an u l t r a s o n i c  e x t r a c t o r  (Method 3550). Immediately 
p r i o r  t o  e x t r a c t i o n ,  sp ike  500 p L  o f  t h e  sur roga te  s tandard s p i k i n g  
s o l u t i o n  ( concen t ra t i on  = 50 ng/pL) i n t o  1 L  aqueous sample o r  30 g  so l  i d  
sampl e  . 

7.1.2 E x t r a c t i o n  o f  p a r t i c u l  a t e - f r e e  aqueous samples us ing 
C,,-extract i o n  d i s k s  (op t i ona l  ) : 

7.1.2.1 D i skp recond i t i on ing :  PlacetheC,,-extract ion d i s k  
i n t o  t h e  f i l t r a t i o n  apparatus and prewash t h e  d i s k  w i t h  10 t o  20 mL 
o f  a c e t o n i t r i l e .  Apply vacuum t o  p u l l  t h e  so l ven t  through t h e  d i s k .  
Ma in ta i n  vacuum t o  p u l l  a i r  through f o r  5  min. Fo l low w i t h  10 mL o f  
methanol. Apply vacuum and p u l l  most o f  t h e  methanol through t h e  
d i s k .  Release vacuum be fo re  t he  d i s k  ge t s  d ry .  Fo l low w i t h  10 mL 
o r g a n i c - f r e e  reagent  water .  Apply vacuum and p u l l  most o f  t h e  water 
through t h e  d i s k .  Release t h e  vacuum be fo re  t h e  d i s k  ge t s  d r y .  

7.1.2.2 Sample p reconcent ra t ion :  Add 2.5 mL o f  methanol t o  
t h e  500 mL aqueous sample i n  o rde r  t o  g e t  r ep roduc ib l e  r e s u l t s .  
Pour t h e  sample i n t o  t h e  f i l t r a t i o n  apparatus. Ad jus t  vacuum so 
t h a t  i t  takes approx imate ly  20 min t o  process t h e  e n t i r e  sample. 
A f t e r  a l l  o f  t h e  sample has passed through t h e  membrane d i s k ,  p u l l  
a i r  through t h e  d i s k  f o r  5  t o  10 min. t o  remove any r e s i d u a l  water.  

7.1.2.3 Sample e l u t i o n :  Break t h e  vacuum and p lace  t h e  t i p  
of  t h e  f i l t e r  base i n t o  t h e  t e s t  tube t h a t  i s  conta ined i n s i d e  t he  
s u c t i o n  f l a s k .  Add 10 mL o f  a c e t o n i t r i l e  t o  t h e  graduated funnel ,  
making sure t o  r i n s e  t h e  w a l l s  o f  t he  graduated funnel w i t h  t h e  
so l  vent.  Apply vacuum t o  pass t h e  aceton i  tri 1  e  through t he  membrane 
d i s k .  

7.1.2.4 E x t r a c t  concen t ra t ion  ( i f  necessary):  Concentrate 
t h e  e x t r a c t  t o  2  mL o r  l ess ,  us ing  e i t h e r  t he  mic ro  Snyder column 
technique (Sec. 7.1.2.4.1) o r  n i t r o g e n  b l  owdown technique (Sec. 
7.1.2.4.2). 

7.1.2.4.1 Mic ro  Snyder Col umn Techni que 

7.1.2.4.1.1 Add one o r  two c lean  b o i l i n g  ch ips  t o  
t h e  concent ra to r  tube and a t t a c h  a  two b a l l  m ic ro  Snyder 
column. Prewet t he  c o l  un~n by adding about 0.5 mL o f  
a c e t o n i t r i l e  t o  t he  t o p  o f  t h e  column. Place t h e  K-D 
apparatus i n  a  ho t  water bath (15-20°C above t h e  b o i l i n g  
p o i n t  o f  t he  so l ven t )  so t h a t  t h e  concent ra to r  tube i s  
p a r t i a l l y  immersed i n  t he  ho t  water and t h e  e n t i r e  lower  
rounded sur face  o f  t h e  f l a s k  i s  bathed w i t h  ho t  vapor. 
Ad jus t  t h e  v e r t i c a l  p o s i t i o n  o f  t h e  apparatus and t h e  
water temperature, as requ i red ,  t o  complete t he  
concen t ra t i on  i n  5-10 minutes. A t  t h e  proper  r a t e  o f  
d i s t i l l a t i o n  t h e  b a l l s  o f  .the column w i l l  a c t i v e l y  
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c h a t t e r ,  bu t  t h e  chambers w i l l  n o t  f l o o d .  When t h e  
apparent volume o f  1  i q u i d  reaches 0.5 mL, remove t h e  K-D 
apparatus f rom t h e  water  ba th  and a l l o w  i t  t o  d r a i n  and 
coo l  f o r  a t  l e a s t  10 minutes. Reniove t h e  Snyder column 
and r i n s e  t h e  f l a s k  and i t s  l owe r  j o i n t s  w i t h  about 
0.2 mL o f  so l ven t  and add t o  t h e  concen t ra to r  tube .  
Ad jus t  t h e  f i n a l  volume t o  1.0-2.0 mL w i t h  s o l v e n t .  

7.1.2.4.2 N i t r ogen  Blowdown Technique 

7.1.2.4.2.1 Place t h e  concen t ra to r  tube  i n  a  warm 
water  ba th  (approx imate ly  35 "C) and evaporate t h e  
so l ven t  volume t o  t h e  r e q u i r e d  l e v e l  u s i n g  a  g e n t l e  
stream o f  c lean,  d r y  n i t r o g e n  ( f i l t e r e d  t h rough  a  column 
o f  a c t i v a t e d  carbon).  

CAUTION: Do n o t  use p l a s t i c i z e d  t u b i n g  between 
t h e  carbon t r a p  and t h e  sample. 

7.1.2.4.2.2 The i n t e r n a l  w a l l  o f  t h e  tube  must be 
r i n s e d  down severa l  t imes  w i t h  a c e t o n i t r i l e  d u r i n g  t h e  
ope ra t i on .  Dur ing  evaporat ion,  t h e  s o l  ven t  1  eve1 i n  t h e  
tube  niust be p o s i t i o n e d  t o  p reven t  water  f rom condensing 
i n t o  t h e  sample ( i  .e., t h e  s o l v e n t  l e v e l  should be be1 ow 
t h e  l e v e l  o f  t h e  water  ba th ) .  Under normal o p e r a t i n g  
cond i t i ons ,  t h e  e x t r a c t  should n o t  be a l lowed t o  become 
d r y .  

7.2 So lven t  Exchange: P r i o r  t o  F l o r i s i l  c leanup o r  gas chromatographic 
ana l ys i  s, t h e  methyl  ene c h l o r i d e  and methyl  ene c h l  or ide/acetone e x t r a c t s  ob ta i ned  
i n  Sec. 7.1.1 must be exchanged t o  hexane, as descr ibed  i n  Secs. 7 .2 .1  th rough 1 L~~~ 
7.2.3. Exchange i s  n o t  r e q u i r e d  f o r  t h e  a c e t o n i t r i l e  e x t r a c t s  ob ta i ned  i n  
Sec. 7.1.2.4. 

7.2.1 Add one o r  two c l ean  b o i l i n g  ch ips  t o  t h e  f l a s k  and a t t a c h  a  
t h r e e  b a l l  Snyder column. Concentrate t h e  e x t r a c t  as desc r i bed  i n  Sec. 
7.1.2.4.1, us i ng  1 rr~L o f  niethylene c h l o r i d e  t o  prewet t h e  column, and 
comple t ing  t h e  concen t ra t i on  i n  10-20 minutes.  When t h e  apparent  volume 
o f  1  i q u i d  reaches 1 -2  mL, remove t h e  K-D apparatus f rom t h e  wate r  ba th  and 
a l l o w  i t  t o  d r a i n  and coo l  f o r  a t  l e a s t  10 minutes.  

7.2.2 Momentar i ly  remove t h e  Snyder column, add 50 mL o f  hexane, a  
new b o i l i n g  ch ip ,  and a t t a c h  t h e  macro Snyder column. Concentrate t h e  
e x t r a c t  as descr ibed  i n  Sec. 7.1.2.4.1, us i ng  1  mL o f  hexane t o  prewet  t h e  
Snyder column, r a i s i n g  t h e  temperature o f  t h e  wate r  bath,  i f  necessary,  t o  
m a i n t a i n  p roper  d i s t i l  1  a t i o n ,  and comple t ing  t h e  c o n c e n t r a t i o n  i n  10-20 
minutes.  When t h e  apparent volume o f  1  i q u i d  reaches 1 -2  mL, remove t h e  
K-D apparatus and a1 low i t  t o  d r a i n  and coo l  f o r  a t  l e a s t  10 min. 

7.2.3 Remove t h e  Snyder column and r i n s e  t h e  f l a s k  and i t s  l owe r  
j o i n t  i n t o  t h e  concen t ra to r  tube  w i t h  1  t o  2  mL hexane. A  5  mL s y r i n g e  i s  
recommended f o r  t h i s  ope ra t i on .  Ad jus t  t h e  e x t r a c t  volume t o  2  mL f o r  
water  samples, us i ng  e i t h e r  t h e  m ic ro  Snyder column techn ique  (Sec. 
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7.1.2.4.1) 
so l  i d  samp 
processing 

o r  n i t rogen  blowdown technique (Sec. 7.1.2.4.2), o r  10 mL f o r  
l e s .  Stopper the  concentrator  tube and s to re  a t  4 "C i f  f u r t h e r  

w i l l  be performed immediately. I f  the  e x t r a c t  w i l l  be stored 
f o r  two days o r  longer, i t  should be t rans fe r red  t o  a g lass  v i a l  w i t h  a 
Tef lon  l i n e d  screw-cap o r  crimp top.  Proceed w i t h  t h e  gas chromatographic 
analys is .  

7.3.1 Cleanup may not  be necessary f o r  ex t rac ts  from a r e l a t i v e l y  
c lean sample mat r ix .  I f  po lych lor ina ted  biphenyl s (PCBs) and 
organochlor ine pes t i c i des  are known t o  be present i n  the  sample, use the  
procedure out1 ined i n  Methods 3610 o r  3620. When using column cleanup, 
c o l l e c t  F rac t i on  1 by e l u t i n g  w i t h  140 mL (Method 3610) o r  100 mL 
(Method 3620) o f  20-percent d i e t h y l  e ther  i n  hexane. Note tha t ,  under 
these condi t ions,  b i  s (2-methoxyethyl ) phthalate,  bis(2-ethoxyethyl ) 
phthal  ate, and b i  s (2-n-butoxyethyl  ) phthal a te  are no t  recovered from the  
F l  o r i  s i  1 co l  umn. The e l u t i o n  pa t te rns  and compound recover ies are g iven 
i n  Table 3. 

7.3.2 Methods 3610 and 3620 a lso describe procedures f o r  sample 
cleanup using A'luniina and F l o r i s i l  Cartr idges. With t h i s  method, 
bis(2-methoxyethyl ) phthal ate, bis(2-ethoxyethyl ) phthal  ate, and 
b is (2-n-butoxyethy l )  ph tha la te  are recovered q u a n t i t a t i v e l y .  

7.4 Gas chromatographic cond i t ions  (recommended) : 

7.4.1 Column 1 and Column 2 (Sec. 4.1.2): 

C a r r i e r  gas (He) = 6 mL/min. 
I n j e c t o r  temperature = 250 "C. 
Detector  temperature = 320 "C. 
Col umn temperature: 

I n i t i a l  temperature = 150 Y,  ho ld  f o r  0.5 min. 
Temperature program = 150 "C t o  220 "C a t  5 "C/min., 

fo l lowed by 220 "C t o  275 "C a t  3 
"C/min. 

F ina l  temperature = 275 "C ho ld  f o r  13 min. 

7.4.2 Table 1 g ives  the  r e t e n t i o n  t imes and MDLs t h a t  can be 
achieved by t h i s  method f o r  the  16 phtha la te  es te rs .  An example o f  the  
separat ions achieved w i t h  the  DB-5 and DB-1701 fused-s i  1 i c a  open tubu la r  
columns i s  shown i n  F igure 1. 

7.5 Cal i bra t i on :  

7.5.1 Refer t o  Method 8000 f o r  proper ca l  i b r a t i o n  techniques. Use 
Tables 1 and 2 f o r  guidance on se lec t i ng  the  lowest p o i n t  on the 
ca l  i b r a t i  on curve. 

7.5.2 The procedure f o r  i n t e r n a l  o r  ex terna l  ca l  i b r a t i o n  may be 
used. Refer t o  Method 8000 fo r  the  d e s c r i p t i o n  o f  each of these 
procedures. 
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7.6 Gas chromatographic ana lys is :  

7.6.1 Refer  t o  Method 8000. If t h e  i n t e r n a l  standard c a l i b r a t i o n  
technique i s  used, add 10 p L  of i n t e r n a l  standard s o l u t i o n  a t  5000 mg/L 
t o  t h e  sample p r i o r  t o  i n j e c t i o n .  -9 

''WS J 

7.6.2 Fol low Method 8000 f o r  i n s t r u c t i o n s  on t h e  a n a l y s i s  sequence, 
app rop r i a te  d i l u t i o n s ,  e s t a b l i s h i n g  d a i l y  r e t e n t i o n  t ime  windows, and 
i d e n t i f i c a t i o n  c r i t e r i a .  

7.6.3 Record t h e  sample volume i n j e c t e d  and t h e  r e s u l t i n g  peak 
areas. 

7.6.4 Using e i t h e r  t h e  i n t e r n a l  o r  t he  ex te rna l  c a l i b r a t i o n  
procedure (Method 8000), determine t h e  i d e n t i t y  and t h e  q u a n t i t y  o f  each 
component peak i n  t h e  sample chromatogram which corresponds t o  t h e  
compounds used f o r  c a l  i b r a t  i on purposes. 

7.6.5 I f  t h e  response o f  a  peak exceeds t h e  work ing range o f  t h e  
system, d i l u t e  t h e  e x t r a c t  and reanalyze. 

7.6.6 I d e n t i f y  compounds i n  t h e  sample by comparing t h e  r e t e n t i o n  
t imes o f  t h e  peaks i n  t he  sample chromatogram w i t h  those o f  t h e  peaks i n  
standard chromatograms. The r e t e n t i o n  t ime  window used t o  make 
i d e n t i f i c a t i o n s  i s  based upon measurements o f  ac tua l  r e t e n t i o n  t ime  
v a r i a t i o n s  over t h e  course o f  10 consecut ive i n j e c t i o n s .  Three t imes t h e  
standard d e v i a t i o n  o f  t h e  r e t e n t i o n  t ime  can be used t o  c a l c u l a t e  a  
suggested window s ize .  

8.0 QUALITY CONTROL 

8.1 Refer  t o  Chapter One f o r  s p e c i f i c  q u a l i t y  c o n t r o l  procedures. 
Q u a l i t y  c o n t r o l  t o  v a l i d a t e  sample e x t r a c t i o n  i s  covered i n  Method 3500 and i n  
t h e  e x t r a c t i o n  method u t i l i z e d .  I f  e x t r a c t  cleanup was performed, f o l l o w  t h e  QC 
s p e c i f i e d  i n  Method 3600 and i n  t h e  s p e c i f i c  cleanup method. 

8.2 Qua1 i t y  c o n t r o l  r equ i red  t o  eva lua te  t h e  GC system ope ra t i on  i s  found 
i n  Method 8000. 

8.2.1 The qua1 i t y  c o n t r o l  check sample concent ra te  (Method 8000) 
should con ta in  t he  t e s t  compounds a t  5  t o  10 ng/pL. 

8.3 Calcu l  a t e  t h e  recover ies  o f  t h e  surrogate compounds f o r  a1 1  samples, 
method blanks, and method spikes.  Determine i f  t h e  recove r ies  a re  w i t h i n  1  i m i t s  
es tab l i shed by per forming QC procedures o u t l i n e d  i n  Method 8000. 

8.3.1 I f  t h e  recover ies  are n o t  w i t h i n  l i m i t s ,  t h e  f o l l o w i n g  are 
requ i  r e d  : 

8.3.1.1 Make sure the re  are no e r r o r s  i n  c a l c u l a t i o n s ,  
sur rogate  s o l u t i o n s  and i n t e r n a l  standards. A lso  check ins t rument  
performance. 
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8.3.1.2 Recalcul  a t e  t h e  da ta  and/or reanalyze t he  e x t r a c t  
i f  any o f  t h e  above checks revea l  a  problem. 

8.3.1.3 Reext ract  and reanalyze t h e  sample i f  none o f  t he  
above a re  a problem, o r  f l a g  t h e  data as "est imated concent ra t ion . "  

8.4 An i n t e r n a l  standard peak area check must be performed on a l l  
samples. The i n t e r n a l  standard must be evaluated f o r  acceptance by determin ing 
whether t h e  measured area f o r  t h e  i n t e r n a l  standard dev ia tes  by more than 30 
percent  f rom t h e  average area f o r  t h e  i n t e r n a l  standard i n  t h e  c a l i b r a t i o n  
standards. When the  i n t e r n a l  s tandard peak area i s  ou t s i de  t h a t  l i m i t ,  a l l  
samples t h a t  f a l l  o u t s i d e  t h e  QC c r i t e r i a  must be reanalyzed. 

8.5 GC/MS con f i rma t i on :  Any compounds conf i rmed by two columns may a1 so 
be conf i rmed by GC/MS i f  t h e  concent ra t ion  i s  s u f f i c i e n t  f o r  d e t e c t i o n  by GC/MS 
as determined by t he  labora to ry -genera ted  d e t e c t i o n  l i m i t s .  

8.5.1 The GC/MS would norma l l y  r e q u i r e  a  minimum concent ra t ion  o f  10 
ng/pL i n  t h e  f i n a l  e x t r a c t  f o r  each single-component compound. 

8.5.2 The sample e x t r a c t  and assoc ia ted b lank  should be analyzed by 
GC/MS as p e r  Sec. 7.0 o f  Method 8270. Normal ly,  ana l ys i s  o f  a  b lank i s  
n o t  r equ i  r e d  f o r  con f i rma t i on  anal y s i  s, however, ana l ys i  s  f o r  ph tha l  a tes 
i s  a  spec ia l  case because o f  t h e  p o s s i b i l i t y  f o r  sample contaminat ion 
through septum punctures, e t c .  

8.5.3 A re fe rence  standard o f  t he  compound must a1 so be analyzed by 
GC/MS. The concen t ra t i on  o f  t he  re fe rence  standard must be a t  a  
concen t ra t i on  t h a t  would demonstrate t h e  a b i l i t y  t o  con f i rm  t h e  ph tha la te  
e s t e r s  i d e n t i f i e d  by GC/ECD. 

8.6 I nc l ude  a mid-concentrat  i o n  c a l  i b r a t i o n  standard a f t e r  each group o f  
20 samples i n  t h e  a n a l y s i s  sequence. The response f a c t o r s  f o r  t he  
mid -concent ra t ion  c a l i b r a t i o n  must be w i t h i n  + 15 percent  o f  t h e  average values 
f o r  t h e  mu1 t i c o n c e n t r a t i o n  c a l  i b r a t i o n .  

8.7 Demonstrate through t h e  analyses o f  standards t h a t  t h e  F l o r i s i l  
f r a c t i o n a t i o n  scheme i s  r ep roduc ib l e .  When us ing t h e  f r a c t i o n a t i o n  schemes g iven  
i n  Methods 3610 o r  3620, ba t ch - t o -ba t ch  v a r i a t i o n s  i n  t h e  composi t ion o f  t he  
alumina o r  F l o r i s i l  ma te r i a l  may cause v a r i a t i o n s  i n  t he  recove r i es  o f  t he  
ph tha l  a t e  e s t e r s .  

9.0 METHOD PERFORMANCE 

9.1 The MDL i s  de f i ned  i n  Chapter One. The MDL concent ra t ions  1 i s t e d  i n  
Table 1 were ob ta ined  us ing  o r g a n i c - f r e e  reagent water .  D e t a i l s  on how t o  
de te r~ i i i ne  MDLs a re  g i ven  i n  Chapter One. The MDL a c t u a l l y  achieved i n  a  g iven  
a n a l y s i s  w i l l  vary ,  as i t  i s  dependent on inst rument  s e n s i t i v i t y  and m a t r i x  
e f f e c t s .  

9.2 Th i s  method has been t es ted  i n  a  s i n g l e  l a b o r a t o r y  by us ing  d i f f e r e n t  
types o f  aqueous samples and so l  i d  samples which were f o r t i f i e d  w i t h  t he  t e s t  
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compounds a t  two concent ra t ions .  S ing le -ope ra to r  p r e c i s i o n ,  o v e r a l l  p r e c i s i o n ,  
and method accuracy were found t o  be r e l a t e d  t o  t h e  c o n c e n t r a t i o n  o f  t h e  
compounds and t h e  t ype  o f  m a t r i x .  R e s l ~ l t s  o f  t h e  s i n g l e - l a b o r a t o r y  method 
e v a l u a t i o n  a re  presented i n  Tables 4 and 5. - 

9.3 The accuracy and p r e c i s i o n  ob ta ined  i s  determined by t h e  sample 4y. 

ma t r i x ,  sample p repa ra t i on  technique, c leanup techniques, and c a l  i b r a t  i o n  
procedures used. 
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TABLE 1. 
GAS CHROMATOGRAPHIC RETENTION TIMES AND METHOD DETECTION LIMITS FOR THE PHTHALATE ESTERSa 

Compound 
No. Compound name 

R e t e n t i  on t imea 
Chemical (mi n )  M D L ~  
A b s t r a c t  
Reai s t r v  L i a u i d  

0 .  " Column 1 Column 2  ( n g / ~ )  

SU- 1 
SU- 2  
SU-3 

D imethy l  p h t h a l  a te  
D i e t h y l  p h t h a l  a t e  
D i  i s o b u t y l  p h t h a l  a t e  
D i  - n - b u t y l  p h t h a l  a t e  
B i  s(4-methyl-2-pentyl ) p h t h a l  a t e  
B i  s (2 -methoxye thy l  ) p h t h a l  a t e  
D i  amyl p h t h a l  a t e  
B i  s ( 2 - e t h o x y e t h y l )  p h t h a l  a t e  
Hexy l  2 - e t h y l  hexy l  p h t h a l  a t e  
D i  h e x y l  p h t h a l  a t e  
B u t y l  benzy l  p h t h a l  a t e  
B i  s(2-n-butoxyethyl ) p h t h a l  a t e  
B i s ( 2 - e t h y l  hexy l  ) p h t h a l  a t e  
D i  c y c l  ohexy l  p h t h a l  a t e  
D i  - n - o c t y l  p h t h a l a t e  
D i n o n y l  p h t h a l  a t e  

Benzy l  benzoate 

D ipheny l  p h t h a l  a te  
D ipheny l  i s o p h t h a l  a t e  
D i  benzy l  p h t h a l  a t e  
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TABLE 2. 
ESTIMATED QUANTITATION LIMITS (EQL) FOR VARIOUS MATRICES" 

+-% 

Ma t r i x  Factor 

Groundwater 10 
Low-concentration s o i l  by u l t r a s o n i c  e x t r a c t i o n  670 

w i t h  GPC cleanup 
High-concentrat ion so i  1 and sludges by u l t rason ic  10,000 

e x t r a c t i o n  
Non-water misc ib le  waste 100,000 

a EQL = [Method detec t ion  l i m i t  (see Table I)] X [Factor found i n  t h i s  
tab le ] .  For non-aqueous samples, the  f a c t o r  i s  on a wet-weight basis. 
Sample EQLs are h i g h l y  matrix-dependent . The EQLs determined here in  are 
provided f o r  guidance and may not  always be achievable. 
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TABLE 3. 
AVERAGE RECOVERIES OF METHOD 8061 COMPOUNDS USING METHODS 3610 AND 3620 

Compound A1 um'lna F l  o r i s i  1  A1 umina F l o r i s i l  '""" 

c o l  umn" c o l  umn" c a r t r i d g e b  c a r t r i d g e d  

Dimethyl  ph tha l  a t e  
D i e t h y l  ph tha l  a t e  
D i  i s o b u t y l  ph tha l  a t e  
D i  - n -bu t y l  ph tha l  a t e  
Bis(4-methyl-2-pentyl ) p h t h a l a t e  
Bis(2-methoxyethy l )  ph tha l  a t e  
D i  amyl ph tha l  a t e  
Bis(2-ethoxyethyl ) ph tha l  a t e  
Hexyl 2 -e thy l  hexy l  ph tha l  a t e  
D i  hexy l  ph tha l  a t e  
Benzyl b u t y l  ph tha l  a t e  
Bis(2-n-butoxyethyl ) ph tha l  a t e  
B i s ( 2 - e t h y l  hexy l  ) ph tha l  a t e  
D i c y c l  ohexyl ph tha l  a t e  
D i  - n - o c t y l  ph tha l  a t e  
Dinony l  ph tha l  a t e  

" 2 de te rmina t ions ;  a1 umina and F l  o r i s i l  chromatography performed accord ing  
t o  Methods 3610 and 3620, r e s p e c t i v e l y .  

b '"%1 2 de te rmina t ions ,  us i ng  1 g alumina c a r t r i d g e s ;  F r a c t i o n  1 was e l u t e d  w i t h  W 
5 mL o f  20-percent acetone i n  hexane. 40 p g  o f  each component was sp iked  
p e r  c a r t r i d g e .  

" 36.8 percen t  was recovered by e l u t i o n  w i t h  an a d d i t i o n a l  5 mL o f  
20-percent acetone i n  hexane. 

2  de te rmina t ions ,  us ing  1 g F l o r i s i l  c a r t r i d g e s ;  F r a c t i o n  1 was e l u t e d  
w i t h  5 mL o f  10-percent  acetone i n  hexane. 40 p g  o f  each component was 
sp iked p e r  c a r t r i d g e .  

" 14.4 percen t  was recovered by e l u t i o n  w i t h  an a d d i t i o n a l  5 mL o f  
10-percent  acetone i n  hexane. 
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TABLE 4. 
ACCURACY AND PRECISION DATA FOR METHOD 3510 AND METHOD 8061" 

Spike Concentrat ion Spike Concentrat ion 
(20 uq/L)  (60 fiq/L) 

Es tua r i ne  Estuar ine 
Compound water Leachate Groundwater water Leachate Groundwater 

Dimethyl  ph tha l  a t e  84.0 (4.1) 
D i  e t h y l  ph tha l  a t e  71.2 (3.8) 
D i  i sobuty l  ph tha l  a t e  76.0 (6.5) 
D i  - n - b u t y l  ph tha l  a t e  83.2 (6.5) 
B i s ( 4 - m e t h y l - 2 - p e n t y l )  ph tha la te  78.6 (2 .6 )  
B is (2 -methoxyethy l )  ph tha l  a te  73.8 (1.0) 
Di amyl ph tha l  a t e  78.2 (7.3) 
B i  s (2 -e thoxyethy l  ) ph tha l  a t e  75.6 (3.3) 
Hexyl 2 - e l h y l  hexy l  ph tha l  a t e  84.7 (5.3) 
D i  hexy l  ph t  ha1 a t e  79.8 (7.2)  
Benzyl b u t y i  ph tha l  a t e  84.1 (6.4) 
B i s ( 2 - n - b u t o x y e t h y l )  ph tha la te  78.5 (3.5) 
B i  s  (2-etk ,y l  hexy l  ) ph tha l  a t e  81.4 (4.1)  
D i cyc lohexy l  ph tha l  a t e  77.4 (6.5)  
Di - n - o c t y l  ph tha l  a t e  74.9 (4.9)  
Dinonyl  ph tha l  a t e  59.5 (6.1) 

Surrogates: 

Diphenyl ph tha l  a t e  
D i  phenyl i sophthal a t e  
Di benzyl  ph tha l  a t e  

" The number o f  de termina t ions  was 3. The values g iven  i n  parentheses are t h e  percent  r e l a t i v e  standard dev ia t i ons  o f  
t he  average recove r ies .  
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Figure 1 

DB- 1 701 

GC/ECD chromatograms o f  a composite phthal  a te  es te rs  standard (concent ra t ion  
10 ng/pL per  compound) analyzed on a DB-5 and a DB-1701 f u s e d - s i l  i c a  open 
t u b u l a r  column. Temperature program: 150°C (0.5 min ho ld )  t o  220°C a t  
5"C/min, then t o  275°C (13 min hold)  a t  3"C/min. 
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METHOD 8061 
PHTHALATE ESTERS BY CAPILLARY GAS CHROMATOGRAPHY 

WITH ELECTRON CAPTURE DETECTION (GC/ECD) 

I 7.1.1 Reter to Chapter 2 tor 
guidance on choosing 
an emactlon procedure. 
Recommendations glven. 

7.1.2 Determine splke sample 
recovely and detection limit 
tor each new sample mawlx 
and a given exlraction 
procedure. 

I 

7.1.3 Aqueous sample emaceon 
w~th C18 disks: 
.1 Precondition disks using 

solvent train. 
.2 Concentrate sample 

analytes on disk. 
3 Elute sample analytes 

w~th acetonitrile. 
4 Concentrate emact: 

1 M~cro-Snyder Column 
Techn~que 

2 Nltrogen Blowdown 
Techn~que 
1 Evaporate solvent to 

desired level 
2 Rlnse tube walls 

hequenlly and avold 
evapuanng to dryness 

v 
7.2  Solvent Exchange to Hexane 

7 2.2 Add hexane to K-D assembly 

adiust vdume to des~red level. 

necassaly tor emace mth 
dean sample mawices. 
Fraction mllecbon and 
memods oullned tor other 

7 3 2 Flons~l Camdge Cleanup 
1 Chec)c each lot of Florlsll 

car81dges tor analyte 
recovery by elulng and 
analyzing a composite std 

2 Wash and adjust solvent 
flow mrough camdges 

3 Place culture tubes or 5 mL 
vol flasks for eluate 
collection 

4 Transfer appropriate emact 
volume on car81dge 

5 Elute the cartridges and 
dllute to mark on flask 
Transfer eluate to glass 
v~als for concentranon 

v 
7 3 3 Collect 2 hacaons 11 PCBs 

and organochlorine pesecides 

1 7 4 Gas ~ h r o m z a p  

7 4 1 Set GC ooeratlng parametes 

7 4 2 Table 1 and F~gure 1 show 
MOLs and analyte retenaon 
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METHOD 8061 
(CONTINUED) 

calibration technique. 

intemallextmal std. 

7.6 GC Analysis e 
7 6 1 Reter lo Method 8000. I 

7.6.2 Fdlow Secson 7.6 In 
Method 8000 for 
inslructions on analysis 
sequence. dilutions. 
relenson sme windom. 
and  denti ilk at ion criteria. + 

7.6.3 Record injection volume 
and samDb w a k  areas. 

component peak using the 
~ntemal or external sld. 
orocedure. 

show analyte levels 
ouOlde of the albrauon 
range. - 

7 6 6 Idensty compounds in the 
sarnpe by comparing 
retBnhon urns In the 
sarnpe and the standard 
chromatograms 

v 
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METHOD 8070 

NITROSAMINES BY GAS CHROMATOGRAPHY 

u 
1.0 SCOPE AND APPLICATION 

1.1 This method covers t h e  determinat ion o f  c e r t a i n  n i  trosamines. The 
fo l l ow ing  compounds can be determined by t h i s  method: 

Appropriate Technique 

Compound Name CASNO.~  3510 3520 3540 3550 3580 

N-Ni trosodimethyl amine 62-75-9 X X X X X 
N-Ni trosodiphenyl amine 86-30-6 X X X X X 
N-Nitrosodi-n-propylamine 621-64-7 X X X X X 

a Chemical Abstract  Services Regist ry  Number. 
X Greater than 70 percent recovery by t h i s  preparat ion technique. 

1.2 Th is  i s  a gas chromatographic (GC) method app l icab le  t o  the  
de te rn~ i  na t i on  o f  t he  parameters 1 i sted above i n  municipal and i n d u s t r i a l  
discharges. When t h i s  method i s  used t o  analyze u n f a m i l i a r  samples f o r  any o r  
a l l  o f  t h e  compounds above, compound i d e n t i f i c a t i o n s  should be supported by a t  

,104 
l e a s t  one add i t i ona l  qua1 i t a t i v e  technique. This method describes a n a l y t i c a l  
cond i t ions  fo r  a second gas chromatographic column t h a t  can be used t o  conf i rm 
measurements made w i t h  t h e  pr imary column. Method 8270 provides gas 
chromatograph/mass spectrometer (GC/MS) cond i t ions  appropr iate f o r  t h e  
qua l  i t a t i v e  and q u a n t i t a t i v e  c o n f i r m a t i o n  o f  r e s u l t s  f o r  
N-ni t rosod i  -n-propyl amine. I n  order  t o  conf i rm t h e  presence o f  
N-ni t r o s o d i  phenyl amine, t h e  cleanup procedure spec i f i ed  .in Sect ion 7.3.3 o r  7.3.4 
must be used. I n  order  t o  conf i rm the  presence o f  N-nitrosodimethylamine by 
GC/MS, chromatographic column 1 o f  t h i s  method must be subs t i t u ted  f o r  t he  column 
recommended i n  Method 8270. Confirmation o f  these parameters us ing GC-high 
reso l  u t i  on mass spectrometry o r  a Thermal Energy Analyzer i s a1 so recommended 
p rac t i ce .  

1.3 The method de tec t i on  l i m i t  (MDL) f o r  each parameter i s  l i s t e d  i n  
Table 1. The MDL f o r  a s p e c i f i c  wastewater may d i f f e r  from those l i s t e d ,  
depending upon the  nature o f  in ter fe rences i n  the  sample mat r ix .  Table 2 l i s t s  
t h e  Estimated Quant i  t a t i o n  L i m i t s  (EQLs) f o r  var ious matr ices. 

1.4 The t o x i c i t y  o r  ca rc inogen ic i t y  o f  each reagent used i n  t h i s  method 
has not  heen p r e c i s e l y  def ined.  However, each chemical compound should be 
t rea ted  as a p o t e n t i a l  hea l th  hazard. From t h i s  viewpoint,  exposure t o  these 
chemicals must be reduced t o  the  lowest possib le concentrat ion by whatever means 
avai 1 able. The 1 aboratory i s  responsib le f o r  mainta in ing a cu r ren t  awareness 
f i l e  o f  OSHA regu la t i ons  regarding the  safe handl ing o f  t he  chemicals spec i f i ed  
ir! t h i s  method. .A reference f i l e  o f  mater ia l  data handl ing sheets should a lso  
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be made a v a i l a b l e  t o  a l l  personnel invo lved i n  t h e  chemical ana lys is .  

1.5 These n i  trosamines are known carcinogens. Therefore, utmost care 
must be exerc ised i n  t h e  handl ing o f  these mate r ia l s .  Nitrosamine re ference fi 
standards and standard so lu t i ons  should be handled and prepared i n  a  v e n t i l a t e d  4 
glove box w i t h i n  a  proper ly  v e n t i l a t e d  room. 

1.6 N-Ni t r o s o d i  phenyl amine i s  reported t o  undergo t r a n s n i  t r o s a t i  on 
reac t ions .  Care must be exerc ised i n  t h e  heat ing o r  concent ra t ing  o f  s o l u t i o n s  
conta in ing  t h i s  compound i n  t h e  presence o f  r e a c t i v e  amines. 

2.0 SUMMARY OF METHOD 

2.1 A  measured volume o f  aqueous sample, approximately one l i t e r ,  i s  
so lvent  ex t rac ted w i t h  methylene c h l o r i d e  using a  separatory funnel .  The 
methylene c h l o r i d e  e x t r a c t  i s  washed w i t h  d i l u t e  HC1 t o  remove f ree  amines, 
dr ied,  and concentrated t o  a  volume o f  10 mL o r  l ess .  Gas chromatographic 
cond i t ions  are  described which permi t  t h e  separat ion and measurement o f  t h e  
compounds i n  t h e  e x t r a c t  a f t e r  i t  has been exchanged t o  methanol. 

2.2 Method 8070 provides gas chromatographic cond i t i ons  f o r  t h e  de tec t  i o n  
o f  ppb concentrat ions o f  ni trosamines. P r i o r  t o  use o f  t h i s  method, appropr ia te  
sample e x t r a c t i o n  techniques must be used. Both neat and d i l u t e d  organic 1  i q u i d s  
(Method 3580, Waste D i l u t i o n )  may be analyzed by d i r e c t  i n j e c t i o n .  A  2  t o  5 p L  
a l i q u o t  o f  t h e  e x t r a c t  i s  i n j e c t e d  i n t o  a  gas chromatograph (GC) us ing  t h e  
so lvent  f l u s h  technique, and compounds i n  t h e  GC e f f l u e n t  a re  detected by a  
nitrogen-phosphorus de tec to r  (NPD) o r  a  Thermal Energy Analyzer and t h e  r e d u c t i v e  
H a l l  de tec tor .  

I 

3.0 INTERFERENCES 

3.1 Refer t o  Methods 3500, 3600, and 8000. 

3.2 M a t r i x  i n te r fe rences  may be caused by contaminants t h a t  are 
coextracted from t h e  sample. The ex ten t  o f  m a t r i x  i n te r fe rences  w i l l  vary 
considerably from source t o  source, depending upon t h e  nature  and d i v e r s i t y  o f  
t h e  i n d u s t r i a l  complex o r  municipal i t y  being sampled. The cleanup procedures 
(Methods 3610 o r  3620) can be used t o  overcome many of these in te r fe rences ,  bu t  
unique samples may r e q u i r e  add i t i ona l  cleanup approaches t o  achieve t h e  MDL 
l i s t e d  i n  Table 1. 

3.3 Ni  trosamines contaminate many types o f  products commonly found i n  t h e  
l abo ra to ry .  The ana lys t  must demonstrate t h a t  no n i t rosamine res idues 
contaminate t h e  sample o r  so lvent  e x t r a c t  under t h e  cond i t i ons  of ana lys is .  
P las t i cs ,  i n  p a r t i c u l a r ,  must be avoided because n i t rosamines are  cornrnonly used 
as p l a s t i c i z e r s  and are  e a s i l y  ex t rac ted  from p l a s t i c  ma te r i  a1 s. Serious 
n i t rosamine contaminat ion may r e s u l t  a t  any t ime i f  cons is ten t  qua1 i t y  c o n t r o l  
i s  n o t  p rac t iced.  

3.4 The s e n s i t i v e  and s e l e c t i v e  Thermal Energy Analyzer and t h e  r e d u c t i v e  
H a l l  de tec to r  may be used i n  p lace o f  t h e  n i t rogen-p tmphorus  d e t e c t o r  when 
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interferences are encountered. The Thermal Energy Analyzer offers the highest 
selectivity of the non-mass spectrometric detectors. 

- --% 3.5 Solvents, reagents, glassware, and other sample processing hardware 

l_j may yield discrete artifacts and/or elevated base1 ines causing misinterpretation 
of gas chromatograms. A1 1 these materials must be demonstrated to be free from 
interferences, under the conditions of the analysis, by analyzing reagent blanks. 
Specific selection of reagents and purification of solvents by distillation in 
a1 1 -glass systems may be required. 

3.6 Interferences coextracted from samples wi 1 1  vary considerably from 
source to source, depending upon the waste being sampled. Although general 
cleanup techniques are recommended as part of this method, unique samples may 
require additional cleanup. 

4.0 APPARAI'US AND MATERIALS 

4.1 Gas chromatograph - An analytical system complete with temperature 
prograrnmabl e gas chromatograph suitable for on-col umn injection and all required 
accessories incl uding syringes, analytical col umns, gases, detector, and strip- 
chart recorder. A data system is recommended for measuring peak areas. 

4.1.1 Column 1 - 1.8 m x 4 mm ID Pyrex glass, packed with Chromosorb 
W AW, (80/100 mesh) coated with 10% Carbowax 20 M/2% KOH or equivalent. 
This column was used to develop the method performance statements in 
Section 9.0. Guidelines for the use of alternate col~lmn packings are 
provided in Section 7.3.2. 

4.1.2 Column 2 - 1.8 m x 4 mm ID Pyrex glass, packed with 
Supelcoport (100/120 mesh) coated with 10% SP-2250, or equivalent. 

4.1.3 Detector - Ni trogen-Phosphorus, reductive Hal 1 or Thermal 
Energy Analyzer. These detectors have proven effective in the analysis of 
wastewaters for the parameters listed in the scope. A nitrogen-phosphorus 
detector was used to develop the method performance statements in Section 
9.0. Guidelines for the use of alternate detectors are provided in 
Section 7.3.2. 

4.2 Kuderna-Danish (K-D) apparatus 

4.2.1 Concentrator tube - 10 mL, graduated (Kontes K-570050-1025 or 
equivalent). Calibration must be checked at the volumes employed in the 
test. A ground glass stopper is used to prevent evaporation of extracts. 

4.2.2 Evaporation flask - 500 mL (Kontes K-570001-0500 or 
equivalent). Attach to concentrator tube with springs, clamps, or 
equivalent. 

4.2.3 Snyder column - Three ball macro (Kontes K-503000-0121 or 
equivalent) . 

4.2.4 Snyder column - Two ball micro (Kontes K-569003-0219 or 
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equ iva lent )  . 
4.2.5 Springs - 1/2 i nch  (Kontes K-662750 o r  equ iva lent ) .  

4.3 B o i l i n g  chips - Approximately 10/40 mesh. Heat t o  400°C f o r  
30 minutes o r  Soxhlet e x t r a c t  w i t h  methylene ch lo r ide .  

4.4 Water bath - Heated, w i t h  concent r ic  r i n g  cover, capable o f  
temperature c o n t r o l  (f 2OC). The bath should be used i n  a hood. 

4.5 Bal ance - Ana ly t i ca l  , 0.0001 g . 
4.6 V i a l s  - 10 t o  15 mL, amber g lass  w i t h  Tef lon  1 ined screw-cap o r  cr imp 

top. 

4.7 Volumetr ic f l asks ,  Class A, Appropr iate s izes  w i t h  ground g lass  
stoppers. 

5.0 REAGENTS 

5.1 Reagent grade inorgan ic  chemicals s h a l l  be used i n  a1 1 t e s t s .  Unless 
otherwise ind ica ted,  i t  i s  intended t h a t  a l l  inorgan ic  reagents s h a l l  conform t o  
the  s p e c i f i c a t i o n s  o f  t h e  Committee on Ana ly t i ca l  Reagents o f  t h e  American 
Chemical Society, where such s p e c i f i c a t i o n s  are avai 1 able. Other grades may be 
used, provided i t  i s  f i r s t  ascer ta ined t h a t  t h e  reagent i s  o f  s u f f i c i e n t l y  h igh  
p u r i t y  t o  permi t  i t s  use w i thout  lessening t h e  accuracy o f  t h e  determinat ion.  

5.2 Organi c - f r e e  reagent water - A1 1 references t o  water i n  t h i s  method 
r e f e r  t o  o rgan ic - f ree  reagent water, as def ined i n  Chapter One. "I 

k w  

5.3 Methanol, CH,OH - Pes t i c ide  qual i t y  o r  equ iva lent .  

5.4 Isooctane, (CH,),CCH,CH(CH,), - Pes t i c ide  qual i t y  o r  equ iva lent .  

5.5 Methylene ch lo r ide ,  CH,Cl, - Pes t i c ide  qual i t y  o r  equ iva lent .  

5.6 Stock standard so lu t i ons  (1000 mg/L) - Stock standard s o l u t i o n s  can 
be prepared from pure standard mater i  a1 s o r  purchased as c e r t i f i e d  so l  u t  ions.  

5.6.1 Prepare stock standard so lu t i ons  by accu ra te l y  weighing 
0.1000 + 0.0010 g o f  pure ma te r ia l .  Dissolve t h e  m a t e r i a l  i n  p e s t i c i d e  
q u a l i t y  methanol and d i l u t e  t o  volume i n  a 100 mL vo lumet r i c  f l a s k .  
Larger vo l  umes can be used a t  t h e  convenience o f  t h e  ana lys t .  I f  compound 
p u r i t y  i s  c e r t i f i e d  a t  96% o r  greater ,  t h e  weight can be used w i thou t  
c o r r e c t i o n  t o  c a l c u l a t e  t h e  concent ra t ion  o f  t h e  s tock  standard. 
Commerci a1 l y  prepared stock standards can be used a t  any concent ra t ion  i f  
they  are  c e r t i f i e d  by t h e  manufacturer o r  by an independent source. 

5.6.2 Transfer  t h e  stock standard so lu t i ons  i n t o  b o t t l e s  w i t h  Te f lon  
l i n e d  screw-caps o r  cr imp tops. Store a t  4OC and p r o t e c t  f rom l i g h t .  



Stock standard so lu t i ons  should be checked f requen t l y  f o r  signs o f  
degradat ion o r  evaporation, espec ia l l y  j u s t  p r i o r  t o  prepar ing ca l  i b r a t i o n  
standards from them. 

5.6.3 Stock standard so lu t i ons  must be replaced a f t e r  s i x  months, o r  
sooner i f  compari son w i t h  check standards i nd i ca tes  a problem. 

5.7 Cal i b r a t i o n  standards - A minimum o f  f i v e  concentrat ions should be 
prepared through d i l u t i o n  o f  t h e  stock standards w i t h  isooctane. One of t he  
concentrat ions should be a t  a concentrat ion near, bu t  above, t he  method de tec t i on  
1 i m i  t . The remaining concentrat ions should correspond t o  the  expected range o f  
concentrat ions found i n  r e a l  samples o r  should de f i ne  the  working range o f  the  
GC. C a l i b r a t i o n  so lu t i ons  must be replaced a f t e r  s i x  months, o r  sooner i f  
comparison w i t h  check standards i nd i ca tes  a problem. 

5.8 I n t e r n a l  standards ( i f  i n t e r n a l  standard c a l i b r a t i o n  i s  used) - To 
use t h i s  approach, t h e  ana lys t  must se lec t  one o r  more i n t e r n a l  standards t h a t  
a re  s i m i l a r  i n  a n a l y t i c a l  behavior t o  t h e  compounds o f  i n t e r e s t .  The analyst  
must f u r t h e r  demonstrate t h a t  the  measurement o f  t he  i n t e r n a l  standard i s  no t  
a f f e c t e d  by method o r  m a t r i x  in te r fe rences.  Because o f  these 1 im i ta t i ons ,  no 
i n t e r n a l  standard can be suggested t h a t  i s  app l icab le  t o  a l l  samples. 

5.8.1 Prepare c a l i b r a t i o n  standards a t  a minimum o f  f i v e  
concentrat ions f o r  each ana ly te  o f  i n t e r e s t ,  as described i n  Sect ion 5.7. 

5.8.2 To each c a l i b r a t i o n  standard, add a known constant amount o f  
one o r  more i n t e r n a l  standards, and d i l u t e  t o  volume w i t h  isooctane. 

b 5.8.3 Analyze each c a l  i b r a t i o n  standard according t o  Sect ion 7.0. 

\ w 5.9 Surrogate standards - The analyst  should moni tor  t he  performance o f  
t he  ex t rac t i on ,  cleanup (when used), and a n a l y t i c a l  system and the  e f fec t iveness  
o f  t he  method i n  dea l ing  w i t h  each sample m a t r i x  by sp i k ing  each sample, 
standard, and reagent b lank w i t h  one o r  two surrogates (e.g. ni trosamines t h a t  
a re  no t  expected t o  be i n  t he  sample) recommended t o  encompass the  range o f  t he  
temperature program used i n  t h i s  method. Method 3500 d e t a i l s  i n s t r u c t i o n s  on the  
prepara t ion  o f  base/neutral surrogates. Deuterated analogs o f  analytes should 
n o t  be used as surrogates f o r  gas chromatographic ana lys is  due t o  coe lu t i on  
prob l  ems. 

6.0  SAMPLE COLLECTION, PRESERVATION, AND HANDLING 

6 .1  See t h e  i n t roduc to ry  ma te r i a l  t o  t h i s  chapter, Organic Analytes, 
Sect ion 4.1. Ex t rac ts  must be s to red a t  4OC and analyzed w i t h i n  40 days o f  
e x t r a c t i o n .  
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7.1 Ex t rac t i on  

19 7.1.1 Refer t o  Chapter Two f o r  guidance on choosing t h e  appropr ia te  
e x t r a c t i o n  procedure. I n  general, water samples are  ex t rac ted  a t  a 
neut ra l ,  o r  as i s ,  pH w i t h  methylene ch lor ide ,  us ing e i t h e r  Method 3510 o r  
3520. S o l i d  samples are ex t rac ted using e i t h e r  Method 3540 o r  3550. 

7.1.2 P r i o r  t o  gas chromatographic analys is ,  t h e  e x t r a c t i o n  so lvent  
must be exchanged t o  methanol. The exchange i s  performed du r ing  t h e  K-D 
procedures 1 i s t e d  i n  a l l  o f  t he  e x t r a c t i o n  methods. The exchange i s  
performed as fo l lows.  

7.1.2.1 F o l l  owing K-D o f  t h e  methyl ene c h l o r i d e  e x t r a c t  t o  
1 mL using the  macro-Snyder column, a l l ow  t h e  apparatus t o  cool  and d r a i n  
f o r  a t  l e a s t  10 minutes. 

7.1.2.2 Momentari ly remove t h e  Snyder column, add 50 mL o f  
methanol, a new bo i  1 i n g  chip, and rea t tach  t h e  macro-Snyder column. 
Concentrate the  e x t r a c t  us ing 1 mL o f  methanol t o  prewet the  Snyder 
column. Place t h e  K-D apparatus on t h e  water ba th  so t h a t  t h e  
concentrator  tube i s  p a r t i a l l y  immersed i n  t h e  h o t  water. Ad jus t  
t h e  v e r t i c a l  p o s i t i o n  o f  t h e  apparatus and t h e  water temperature, as 
required,  t o  complete concentrat ion i n  5-10 minutes. A t  t h e  proper 
r a t e  o f  d i s t i l l a t i o n  the  b a l l s  o f  t he  column w i l l  a c t i v e l y  cha t te r ,  
b u t  t h e  chambers w i l l  n o t  f lood. When t h e  apparent volume o f  1 i q u i d  
reaches 1 mL, remove t h e  K-D apparatus and a l l o w  i t  t o  d r a i n  and 
cool f o r  a t  l e a s t  10 minutes. The e x t r a c t  w i l l  be handled 
d i f f e r e n t l y  a t  t h i s  po in t ,  depending on whether o r  n o t  cleanup i s  e1 
needed. I f  cleanup i s  n o t  required,  proceed t o  Sect ion  7.1.2.3. I f  ~' 
cleanup i s  needed, proceed t o  Sect ion 7.1.2.4. 

7.1.2.3 I f  cleanup o f  the  e x t r a c t  i s  n o t  required,  remove 
t h e  Snyder column and r i n s e  t h e  f l a s k  and i t s  lower j o i n t  i n t o  the  
concentrator  tube w i t h  1-2 mL o f  methanol. A 5 mL syr inge i s  
recommended f o r  t h i s  operat ion.  Ad jus t  t h e  e x t r a c t  volume t o  
10.0 mL. Stopper t h e  concentrator  tube and s t o r e  r e f r i g e r a t e d  a t  
4OC i f  f u r t h e r  process'lng w i l l  no t  be performed immediately. I f  t h e  
e x t r a c t  w i l l  be s tored longer than two days, i t  should be 
t r a n s f e r r e d  t o  a v i a l  w i t h  a Te f lon  1 ined screw-cap o r  cr imp top .  
Proceed w i t h  gas chromatographic analys is .  

7.1.2.4 I f  cleanup o f  t h e  e x t r a c t  i s  required,  remove t h e  
Snyder column and r i n s e  the  f l a s k  and i t s  lower j o i n t  i n t o  t h e  
concentrator  tube w i t h  a minimum amount o f  methylene ch lo r ide .  A 5 
mL syr inge i s  recommended f o r  t h i s  operat ion.  Add a c lean b o i l i n g  
c h i p  t o  t h e  concentrator  tube and a t tach  a two b a l l  micro-Snyder 
column. Prewet t h e  column by adding about 0.5 mL o f  methylene 
c h l o r i d e  t o  t h e  top. Place t h e  micro K-D apparatus on t h e  water 
ba th  (80°C) so t h a t  t he  concentrator  tube i s  p a r t i a l l y  immersed i n  
t h e  hot  water. Adjust  t h e  v e r t i c a l  p o s i t i o n  o f  t h e  apparatus and 
t h e  water temperature, as required,  t o  complete concent ra t ion  i n  5- 
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10 minutes. At t he  proper r a t e  o f  d i s t i l l a t i o n  the  b a l l s  o f  t he  
column w i l l  a c t i v e l y  chat te r ,  but  t he  chambers w i l l  no t  f lood.  When 
t h e  apparent volume o f  l i q u i d  reaches 0.5 mL, remove the  K-D 
apparatus and a l low i t  t o  d r a i n  and cool f o r  a t  l e a s t  10 minutes. 

7.1.2.5 Remove the  micro-Snyder column and r i n s e  the  f l a s k  
and i t s  lower j o i n t  i n t o  the  concentrator tube w i t h  0.2 mL o f  
methylene ch lor ide .  Adjust t he  e x t r a c t  volume t o  2.0 mL and proceed 
w i t h  e i t h e r  Method 3610, 3620, o r  3640. 

7.1.3 I f  N-nitrosodiphenylamine i s  t o  be measured by gas 
chromatography, the  analyst  must f i r s t  use a cleanup column t o  e l im inate  
d i  phenyl amine in te r fe rence  (Methods 3610 o r  3620). I f  N- 
ni trosodiphenylamine i s  o f  no i n te res t ,  t he  analyst  may proceed d i r e c t l y  
w i t h  gas chromatographic analys is  (Section 7.3). 

7.2 Cleanup 

7.2.1 Cleanup procedures may no t  be necessary f o r  a re1 a t  i vely  clean 
sample mat r ix .  The cleanup procedure recommended i n  t h i s  method has been 
used f o r  t he  analys is  o f  various clean waters and i n d u s t r i a l  e f f l uen ts .  If 
p a r t  i c u l  a r  c i  rcumstances demand the  use o f  an a1 t e r n a t  i ve cleanup 
procedure, t he  analyst  must determine the  e l u t i o n  p r o f i l e  and demonstrate 
t h a t  t he  recovery o f  each compo~~nd o f  i n t e r e s t  i s  no l e s s  than 85%. 
Diphenylamine, i f  present i n  the  o r i g i n a l  sample e x t r a c t  must be separate 
from the n i  trosamines i f  N-ni trosodiphenyl ami ne i s  t o  be determined by 
t h i s  method. 

7.2.2 Proceed w i t h  e i t h e r  Method 3610 o r  3620, using the 2 mL 
methylene c h l o r i d e  ex t rac ts  obtained from Sect ion 7.1.2.5. 

7.2.3 Fol lowing cleanup, the  ex t rac ts  should be analyzed by GC, as 
described i n  the  previous paragraphs and i n  Method 8000. 

7.3 Gas Chromatography 

7.3.1 N-ni t rosod i  phenyl amine completely reac ts  t o  form diphenyl amine 
a t  t h e  normal operat ing temperatures o f  a GC i n j e c t i o n  p o r t  (200 t o  250°C). 
Thus, N-ni t rosod i  phenyl amine i s  chromatographed and detected as 
diphenyl amine. Accurate determinat ion depends on removal o f  diphenyl amine 
t h a t  may be present i n  the  o r i g i n a l  e x t r a c t  p r i o r  t o  GC (see Sect ion 
7.1.3). 

7.3.2 Tab1 e 1 summari zes the  recommended operat i ng cond i ti ons f o r  
t h e  gas chromatograph. This t a b l e  includes r e t e n t i o n  times and MDLs t h a t  
were obtained under these condi t ions.  Examples o f  t he  parameter 
separat ions achieved by these columns are shown i n  Figures 1 and 2. Other 
packed columns, chromatographic condi t ions,  o r  de tec tors  may be used i f  
t h e  requirements o f  Sect ion 8.2 are met. Capi 11 ary  (open-tubul a r )  columns 
may a l so  be used i f  the  r e l a t i v e  standard dev ia t ions  of responses f o r  
r e p l i c a t e  i n j e c t i o n s  are demonstrated t o  be l e s s  than 6% and the  
requirements o f  Sect ion 8.2 are met. 
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7.4 Cal i b r a t  i on - Refer t o  Method 8000 f o r  proper c a l  i b r a t  i on techniques . 
Use Table 1 and espec ia l l y  Table 2  f o r  guidance on s e l e c t i n g  t h e  lowest  p o i n t  on 
t h e  c a l  i b r a t  i on curve. 

7.4.1 The procedure f o r  i n t e r n a l  o r  ex terna l  c a l  i b r a t i o n  may be 
used. Refer t o  Method 8000 f o r  a  d e s c r i p t i o n  o f  each o f  these procedures. 

7.4.2 I f  cleanup i s  performed on t h e  samples, t h e  ana lys t  should 
process a  se r ies  o f  standards through the  cleanup procedure and then 
analyze the  samples by GC. Th is  w i l l  conf i rm e l u t i o n  pa t te rns  and t h e  
absence o f  i n t e r f e r e n t s  from t h e  reagents. 

7.5 Gas chromatographic ana lys is  

7.5.1 Refer t o  Method 8000. I f  t h e  i n t e r n a l  standard c a l i b r a t i o n  
technique i s  used, add 10 p L  o f  i n t e r n a l  standard t o  t h e  sample p r i o r  t o  
i n j e c t i o n .  

7.5.2 Method 8000 provides i n s t r u c t i o n s  on t h e  ana lys i s  sequence, 
appropr ia te  d i l u t i o n s ,  es tab l  i s h i n g  d a i l y  r e t e n t i o n  t ime windows, and 
i d e n t i f i c a t i o n  c r i t e r i a .  Inc lude a  mid-concentrat ion check standard a f t e r  
each group o f  10 samples i n  t h e  ana lys is  sequence. 

7.5.3 Examples o f  GC/NPD chromatograms f o r  n i  trosamines are  shown i n  
Figures 1 and 2. 

7.5.4 Record the  sample volume i n j e c t e d  and t h e  r e s u l t i n g  peak s izes  
( i n  area u n i t s  o r  peak he ights ) .  - 7.5.5 Using e i t h e r  t h e  i n t e r n a l  o r  ex terna l  c a l i b r a t i o n  procedure 
(Method 8000a), determine the  i d e n t i t y  and q u a n t i t y  o f  each ana ly te  peak i n  
t h e  sample chromatogram. See Method 8000 f o r  c a l c u l a t i o n  equations. 

7.5.6 I f  peak de tec t i on  and i d e n t i f i c a t i o n  are  prevented due t o  
in ter fe rences,  the  hexane e x t r a c t  may undergo cleanup using e i t h e r  Method 
3610 o r  3620. 

8.0 QUALITY CONTROL 

8.1 Refer t o  Chapter One f o r  s p e c i f i c  q u a l i t y  c o n t r o l  procedures. 
Q u a l i t y  c o n t r o l  t o  v a l i d a t e  sample e x t r a c t i o n  i s  covered i n  Method 3500 and i n  
t h e  e x t r a c t i o n  method u t i l  ized.  I f  e x t r a c t  cleanup was performed, f o l l o w  t h e  QC 
i n  Method 3600 and i n  the  s p e c i f i c  cleanup method. 

8.2 Procedures t o  check t h e  GC system opera t ion  are found i n  Method 8000, 
Sect ion 8.6. 

8.2.1 The q u a l i t y  c o n t r o l  (QC) reference sample concentrate (Method 
8000, Sect ion 8.6) should conta in  each ana ly te  o f  i n t e r e s t  a t  20 mg/L. 

8.2.2 Table 3  i nd i ca tes  t h e  c a l i b r a t i o n  and QC acceptance c r i t e r i a  
f o r  t h i s  method. Table 4  g ives  method accuracy and p r e c i s i o n  as func t i ons  
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o f  concentrat ion f o r  the analytes o f  i n te res t .  The contents o f  both 
Tables should be used t o  evaluate a laboratory's a b i l i t y  t o  perform and 
generate acceptable data by t h i s  method. 

'@% 
I 
'W 8.3 Calculate surrogate standard recovery on a1 1 samples, blanks, and 

spikes. Determine i f  the recovery i s  w i th in  l i m i t s  ( l i m i t s  established by 
performing QC procedures out1 i ned i n  Method 8000, Section 8.10). 

8.3.1 I f  recovery i s  not w i th in  l i m i t s ,  the fo l lowing i s  required. 

e Check t o  be sure t ha t  there are no er rors  i n  calculat ions, 
surrogate sol ut ions and in te rna l  standards. A1 so, check 
instrument performance. 

a Recalculate the data and/or reanalyze the ex t rac t  if any o f  
the above checks reveal a problem. 

a Reextract and reanalyze the sample i f  none o f  the above are a 
problem o r  f l a g  the data as "estimated concentration. 

9.0 METHOD PERFORMANCE 

9.1 This method has been tested f o r  1 i n e a r i t y  o f  recovery from spiked 
organic- f ree reagent water and has been demonstrated t o  be appl icable f o r  the 
concentrat ion range from 4 x MDL t o  1000 x MDL. 

9.2 I n  a s ing le  laboratory (Southwest Research I n s t i t u t e ) ,  using spiked 
z Y  wastewater samples , the average recoveries presented i n Tab1 e 2 were obtained . 

Each spiked sample was analyzed i n  t r i p 1  i ca te  on three separate occasions. The 
standard dev ia t ion o f  the percent recovery i s  a lso included i n  Table 2. 
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TABLE 1. 
CHROMATOGRAPHIC CONDITIONS AND METHOD DETECTION LIMITS 

-, 
4 

Retent ion Time Method 
(minutes 1 Detec t ion  L i m i t  

Analyte Column 1 Column 2 (Pg/L) 

N-Nitrosodimethyl amine 4.1 0.88 
N-Ni t rosod i  -n-propyl amine 12.1, 4.2 
N-Ni t rosodiphenyl  aminea 12.8 6.4' 

Col umn 1 condi t i ons : 
C a r r i e r  gas (He) f l o w  ra te :  40 mL/min 
Col umn temperature: Isothermal, a t  l l O ° C ,  except as otherwise 

ind ica ted.  

Col umn 2 condi t i ons : 
C a r r i e r  gas (He) f l ow  ra te :  40 mL/min 
Col umn temperature: Isothermal, a t  120°C, except as otherwi  se 

ind ica ted.  

a Measured as d i  phenyl amine. 
b Determi ned i so the rma l l y  a t  220°C. 
c Determined i so the rma l l y  a t  210°C. 

TABLE 2. 
SINGLE OPERATOR ACCURACY AND PRECISION 

Anal y t e  
Types 

Average Standard Spike Number 
Percent Dev ia t ion  Range o f  M a t r i x  
Recovery X (pg/L) Analyses 

N-Ni t rosodimethyl  amine 32 3.7 0.8 29 5 
N-Ni t rosodiphenyl  ami ne 7 9 7.1 1.2 2 9 5 
N-Ni t rosod i  -n-propyl  amine 6 1 4.1 9.0 29 5 



TABLE 3. 
QC ACCEPTANCE CRITERIA 

I 
L-4d 

Analyte 

Test L i m i t  Range Recovery 
Conc. f o r  s f o r  X Range 
(vg/L) (vg/L) (Ps/L) (%I 

N-Nitrosodimethylamine 20 3.4 4.6-20.0 13-109 

N-Ni t r o s o d i  phenyl ami ne 20 6.1 2.1-24.5 D-139 

N-Ni t r o s o d i  -n-propyl ami ne 20 5.7 11.5-26.8 45-146 

S - - Standard d e v i a t i o n  f o r  f o u r  recovery measurements, i n  pg/L. 

x - - Average recovery f o r  f o u r  recovery measurements, i n  pg/L. 

D - - Detected, r e s u l t  must be g rea te r  than zero. 
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TABLE 4. 
METHOD ACCURACY AND PRECISION AS FLINCTIONS OF CONCENTRATION 

Analyte 

i 1 
Accuracy, as S ing le  
recovery, X' ana lys t  Overa l l  

(W/L) p r e c i  s i on, prec is ion ,  
s,' ( P ~ / L )  Sf (vg/L) 

N-Ni t rosodimethyl  amine 0.37C+0.06 0.25X-0.04 0.25X+0.11 

N-Ni t rosodiphenyl  amine 0.64C+O. 52 0.36X-1.53 0.46X-0.47 

N-Ni t roso-n-propy l  amine 0.96C-0.07 0.15X+O. 13 0.21X+O. 15 

X ' - - Expected recovery f o r  one o r  more measurements o f  a sample 
con ta in ing  a concentrat ion o f  C, i n  pg/L. 

- srf - Expected s i n g l e  ana lys t  standard d e v i a t i o n  o f  measurements a t  an 
average concent ra t ion  found o f  1, i n  pg/L. 

C - - True value f o r  t h e  concentrat ion, i n  pg/L. 

X - - Average recovery found f o r  measurements o f  samples con ta in ing  a 
concent ra t ion  o f  C, i n  pg/L. 
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FIGURE 1 .  
GAS CHROMATOGRAM OF NITROSAMINES 

Column: 10% Carbowax M M  + 2% 
KOH on Chromororb WW W 

lemperatwa: 1 1 O0 
Detectoc Phosphorus/Nitrogen 
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FIGURE 2 .  
GAS CHROMATOGRAM OF N-NITROSODI PHENYLAMINE AS D I  PHENY LAMINE 

Column: 1 0 %  Carbowax 2OM + 2% KOH on 
Chromosorb W-A W 

Temperature: 220° C. 
Detector Phosphorus/Nitrogen 

I 1 I 1 I I I I 1 1 1 

0 2 4 6 8 10 12 14 16 18 

Retention rim. mn-8 
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METHOD 8070 
N ITROSAMINES BY GAS CHROMATOGRAPHY 
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METHOD 8080A 

ORGANOCHLORINE PESTICIDES AND POLYCHLORINATED BIPHENYLS 
BY GAS CHROMATOGRAPHY 

1.0 SCOPE AND APPLICATION 

1.1 Method 8080 i s  used t o  determine t h e  concen t ra t i on  o f  va r ious  
o rganoch lo r ine  p e s t i c i d e s  and po l ych lo r i na ted  b ipheny ls  (PCBs). The f o l l  owing 
compounds can be determined by t h i s  method: 

Compound Name CAS No." 

A1 d r i  n  
a - BHC 
0 - BHC 
6-BHC 
y-BHC ( L i  ndane) 
Chlordane ( t echn i ca l  ) 
4,4'-DDD 
4,4'-DDE 
4,4'-DDT 
D i e l d r i n  
Endosulfan I 
Endosul f an  I I 
Endosul fan s u l f a t e  
Endr i  n  
Endr i  n  a1 dehyde 
Heptachl o r  
Heptachl  o r  epoxide 
4,4'-Methoxychlor 
Toxaphene 
A roc l  o r -  1016 
Aroc lo r -1221  
Aroc lor -1232 
Aroc l  o r -  1242 
A roc l  o r -  1248 
Aroc l  o r -  1254 
A roc l  o r -  1260 

a  Chemical Abs t rac t  Serv ices Reg i s t r y  Number. 

1.2 Table 1 l i s t s  t h e  method de tec t i on  l i m i t  f o r  each compound i n  
o r g a n i c - f r e e  reagent  water.  Table 2  l i s t s  t h e  est imated q u a n t i t a t i o n  l i m i t  (EQL) 
f o r  o t h e r  mat r i ces .  
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2.0 SUMMARY OF METHOD 

2.1 Method 8080 prov ides gas chromatographic cond i t i ons  f o r t h e  d e t e c t i o n  
o f  ppb concentrat ions o f  c e r t a i n  organochlor ine p e s t i c i d e s  and PCBs. P r i o r  
the  use o f  t h i s  method, appropr iate sample e x t r a c t i o n  techniques must be u s e c 3  
Both neat and d i l u t e d  organic l i q u i d s  (Method 3580, Waste D i l u t i o n )  may be 
analyzed by d i r e c t  i n j e c t i o n .  A 2  t o  5  p L  sample i s  i n j e c t e d  i n t o  a  gas 
chromatograph (GC) us ing  the  so lvent  f l u s h  technique, and compounds i n  t h e  GC 
e f f l u e n t  are detected by an e l e c t r o n  capture de tec to r  (ECD) o r  an e l e c t r o l y t i c  
c o n d u c t i v i t y  de tec to r  (HECD) . 

2.2 The s e n s i t i v i t y  o f  Method 8080 usua l l y  depends on t h e  concent ra t ion  
o f  i n te r fe rences  r a t h e r  than on inst rumenta l  l i m i t a t i o n s .  I f  in te r fe rences  
prevent de tec t i on  o f  t he  analytes, Method 8080 may a l so  be performed on samples 
t h a t  have undergone cleanup. Method 3620, F l o r i  s i l  Column Cleanup, by i t s e l f  o r  
fo l lowed by Method 3660, S u l f u r  Cleanup, may be used t o  e l i m i n a t e  i n te r fe rences  
i n  t he  ana lys is .  

3.0 INTERFERENCES 

3.1 Refer t o  Methods 3500, 3600, and 8000. 

3.2 In te r fe rences by ph tha la te  es te rs  can pose a  major problem i n  
p e s t i c i d e  determinat ions when us ing  the  e l e c t r o n  capture  de tec to r .  These 
compounds general l y  appear i n  t he  chromatogram as 1  arge 1  a t e - e l  u t i n g  peaks, 
e s p e c i a l l y  i n  t h e  15% and 50% f r a c t i o n s  from the  F l o r i s i l  cleanup. Common 
f l e x i b l e  p l a s t i c s  con ta in  vary ing  amounts o f  phthal  ates.  These phtha l  ates a re  
e a s i l y  ex t rac ted  o r  1  eached from such mater i  a1 s  du r ing  1  aboratory opera t ions .  
Cross contami n a t i o n  o f  c l  ean g l  assware r o u t  i ne ly  occurs when p l  a s t  i cs are  handl 
du r ing  e x t r a c t i o n  steps, especi a1 l y  when sol  vent-wet ted sur faces are handl e  
In te r fe rences  from phtha la tes  can best  be minimized by avo id ing  contac t  w i t h  any 
p l  as t  i c mater i  a1 s. Exhaustive cleanup o f  reagents and g l  assware may be requ i red  
t o  e l  in i inate background phthal  a te  contaminat ion. The contaminat ion f rom 
phthal  a te  es te rs  can be complete ly  e l  iminated w i t h  a  mic rocou lomet r ic  o r  
e l e c t r o l y t i c  c o n d u c t i v i t y  de tec to r .  

4.0 APPARATUS AND MATERIALS 

4.1 Gas chromatograph 

4.1.1 Gas Chromatograph: A n a l y t i c a l  system complete w i t h  gas 
chromatograph s u i t a b l e  f o r  on-col umn i n j e c t i o n s  and a1 1  requ i red  
accessories, i n c l  ud i  ng de tec tors ,  c o l  umn suppl i es, recorder ,  gases, and 
syr inges.  A data system f o r  measuring peak he igh ts  and/or peak areas i s  
recommended. 

4.1.2 Columns 

4.1.2.1 Column 1: Supelcoport (100/120 mesh) coated w i t h  
1.5% SP-2250/1.95% SP-2401 packed i n  a  1.8 m x  4  mm ID g lass  column 
o r  equ iva len t  . 

Rev i s i on':? 
September 199 



4.1.2.2 Column 2: Supelcoport (100/120 mesh) coated w i t h  
3% O V - 1  i n  a  1.8 m x  4  mm ID g lass  column o r  equ iva len t .  

4.1.3 Detectors : E lec t ron  capture (ECD) o r  e l e c t r o l y t i c  
c o n d u c t i v i t y  de tec to r  (HECD) . 
4.2 Kuderna-Dani sh (K-D) apparatus: 

4.2.1 Concentrator tube: 10 mL, graduated (Kontes K-570050-1025 o r  
equ iva len t )  . A ground-gl ass stopper i s  used t o  prevent evaporat ion o f  
ex t rac t s .  

4.2.2 Evaporat ion f lask:  500 mL (Kontes K-570001-500 o r  
equ iva len t ) .  At tach t o  concentrator  tube w i t h  spr ings, clamps, o r  
equ iva len t  . 

4.2.3 Snyder column: Three b a l l  macro (Kontes K-503000-0121 o r  
equ iva len t ) .  

4.2.4 Snyder column: Two b a l l  m ic ro  (Kontes K-569001-0219 o r  
equ iva len t )  . 

4.2.5 Springs - 1/2 inch  (Kontes K-662750 o r  equ iva len t ) .  

4.3 B o i l  i n g  ch ips :  Solvent  ext racted,  approximately 10/40 mesh ( s i  1  i con  
carb ide  o r  equ iva len t ) .  

4.4 Water bath: Heated, w i t h  concent r i c  r i n g  cover, capable o f  
temperature c o n t r o l  (+5"C). The bath should be used i n  a  hood. 

4.5 Volumetr ic f l asks ,  Class A: s izes as appropr ia te  w i t h  ground-gl ass 
stoppers. 

4.6 Microsyr inge:  10 pL .  

4.7 Syringe: 5rr1L. 

4.8 V ia l s :  Glass, 2, 10, a n d 2 0 r r 1 L c a p a c i t y w i t h T e f l o n - l i n e d s c r e w c a p s  
o r  cr imp tops. 

4.9 Balances: A n a l y t i c a l ,  0.0001 g and Top loading,  0.01 g. 

5.0 REAGENTS 

5.1 Reagent grade chemicals s h a l l  be used i n  a1 1  t e s t s .  Unless otherwise 
ind ica ted ,  i t  i s  intended t h a t  a l l  reagents s h a l l  conform t o  t he  s p e c i f i c a t i o n s  
o f  t h e  Committee on A n a l y t i c a l  Reagents o f  t he  American Chemical Society,  where 
such s p e c i f i c a t i o n s  are  ava i l ab le .  Other grades may be used, prov ided i t  i s  f i r s t  
ascer ta ined t h a t  t he  reagent i s  o f  s u f f i c i e n t l y  h igh  p u r i t y  t o  permi t  i t s  use 
w i thou t  1  esseni ng the  accuracy o f  t he  determinat ion.  
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5.2 Organ ic - f ree  reagent water  - A l l  re ferences t o  water  i n  t h i s  method 
r e f e r  t o  o rgan i c - f ree  reagent water, as de f i ned  i n  Chapter One. 

5.3 Solvents 

5.3.1 Hexane, C6H,, - Pes t i c i de  q u a l i t y  o r  equ iva len t .  

5.3.2 Acetone, CH3COCH3 - Pes t i c i de  q u a l i t y  o r  equ i va len t .  

5.3.3 To1 uene, C6H,CH3 - Pes t i c i de  qua1 i t y  o r  equ i va len t .  

5.3.4 Isooctane, (CH,),CCH,CH(CH,), - P e s t i c i d e  q u a l i t y  o r  equ i va len t .  

5.4 Stock standard so lu t i ons :  

5.4.1 Prepare s tock standard s o l u t i o n s  a t  a  concen t ra t i on  of 
1000 mg/L by d i s s o l v i n g  0.0100 g  o f  assayed re fe rence m a t e r i a l  i n  
isooctane and d i l u t i n g  t o  volume i n  a  10 mL vo lume t r i c  f l ask .  A small 
volume o f  to luene may be necessary t o  p u t  some p e s t i c i d e s  i n  s o l u t i o n .  
Larger  volumes can be used a t  t h e  convenience o f  t h e  ana l ys t .  When 
compound p u r i t y  i s  assayed t o  be 96% o r  g rea te r ,  t h e  we igh t  can be used 
w i t h o u t  c o r r e c t i o n  t o  c a l c u l a t e  t h e  concent ra t ion  o f  t h e  s tock  standard. 
Commercially prepared s tock  standards can be used a t  any concen t ra t i on  i f  
they are c e r t i f i e d  by the  manufacturer o r  by an independent source. 

5.4.2 Trans fer  t h e  s tock  standard s o l u t i o n s  i n t o  v i a l s  w i t h  Te f l on -  
l i n e d  screw caps o r  cr imp tops.  Store a t  4°C and p r o t e c t  f rom l i g h t .  
Stock standards should be checked f r e q u e n t l y  f o r  s i gns  o f  degradat ion o r  
evaporat ion,  especia l  l y  j u s t  p r i o r  t o  p repar ing  c a l  i b r a t  i o n  standards from 
them. 

5.4.3 Stock standard s o l u t i o n s  must be rep laced a f t e r  one year ,  o r  
sooner i f  comparison w i t h  check standards i n d i c a t e s  a  problem. 

5.5 C a l i b r a t i o n  standards: C a l i b r a t i o n  standards a t  a  minimum o f  f i v e  
concent ra t ions  f o r  each parameter o f  i n t e r e s t  are prepared through d i  1  u t  i on o f  
t he  s tock  standards w i t h  isooctane. One o f  t h e  concent ra t ions  should be a t  a  
concent ra t ion  near, b u t  above, t h e  method d e t e c t i o n  l i m i t .  The remain ing 
concent ra t ions  should correspond t o  t h e  expected range o f  concent ra t ions  found 
i n  r e a l  samples o r  should d e f i n e  t h e  working range o f  t h e  GC. C a l i b r a t i o n  
s o l u t i o n s  must be replaced a f t e r  s i x  months, o r  sooner, i f  comparison w i t h  check 
standards i n d i c a t e s  a  problem. 

5.6 I n t e r n a l  standards ( i f  i n t e r n a l  standard c a l i b r a t i o n  i s  used): To 
use t h i s  approach, t h e  ana l ys t  must s e l e c t  one o r  more i n t e r n a l  standards t h a t  
a re  s i m i l a r  i n  a n a l y t i c a l  behavior  t o  t h e  compounds o f  i n t e r e s t .  The ana l ys t  
must f u r t h e r  demonstrate t h a t  t h e  measurement o f  t h e  i n t e r n a l  s tandard i s  n o t  
a f f e c t e d  by method o r  m a t r i x  i n te r fe rences .  Because o f  these 1  i m i t a t i o n s ,  no 
i n t e r n a l  standard can be suggested t h a t  i s  app l i cab le  t o  a1 1  samples. 

5.6.1 Prepare c a l i b r a t i o n  standards a t  a  minimum o f  f i v e  
concent ra t ions  f o r  each ana l y te  o f  i n t e r e s t  as descr ibed i n  Sec. 5.5. 
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5.6.2 To each c a l i b r a t i o n  standard, add a  known constant  amount o f  
one o r  more i n t e r n a l  standards, and d i l u t e  t o  volume w i t h  isooctane. 

/"-, 
5.6.3 Analyze each c a l  i b r a t i o n  standard accord ing t o  Sec. 7.0. 

5.7 Surrogate standards: The ana lys t  should mon i to r  t h e  performance o f  
t h e  e x t r a c t i o n ,  c leanup (when used), and a n a l y t i c a l  system and t h e  e f f ec t i veness  
o f  t h e  method i n  dea l i ng  w i t h  each sample m a t r i x  by s p i k i n g  each sample, 
standard, and o r g a n i c - f r e e  reagent water b lank  w i t h  p e s t i c i d e  surrogates. 
Because GC/ECD da ta  a re  much more sub jec t  t o  i n t e r f e r e n c e  than GC/MS, a  secondary 
sur roga te  i s  t o  be used when sample i n t e r f e r e n c e  i s  apparent. Two surrogate 
standards ( t e t r a c h l  oro-m-xyl  ene (TCMX) and decachl o rob i  phenyl ) a re  added t o  each 
sample; however, o n l y  one need be c a l c u l a t e d  f o r  recovery.  Proceed w i t h  
c o r r e c t i v e  a c t i o n  when bo th  surrogates a re  ou t  o f  1  i m i t s  f o r  a  sample (Sec. 8.3). 
Method 3500 i n d i c a t e s  t h e  proper  procedure f o r  p repar ing  these surrogates.  

6.0 SAMPLE COLLECTION, PRESERVATION, AND HANDLING 

6.1 See t h e  i n t r o d u c t o r y  ma te r i a l  t o  t h i s  chapter,  Organic Analytes,  Sec. 
4.1. E x t r a c t s  must be s to red  under r e f r i g e r a t i o n  and analyzed w i t h i n  40 days o f  
e x t r a c t i o n .  

7.0 PROCEDURE 

7.1 Ex t rac t i on :  

7.1.1 Refer  t o  Chapter Two f o r  guidance on choosing t he  appropr ia te  
e x t r a c t i o n  procedure. I n  genera l ,  water samples a re  ex t rac ted  a t  a  
n e u t r a l ,  o r  as i s ,  pH w i t h  methylene ch lo r i de ,  us ing  e i t h e r  Method 3510 o r  
3520. S o l i d  samples a re  ex t rac ted  us ing  Method 3540, 3541, o r  3550. 

7.1.2 P r i o r  t o  gas chromatographic ana lys is ,  t h e  e x t r a c t i o n  so lven t  
must be exchanged t o  hexane. The exchange i s  performed du r i ng  t he  K-D 
procedures 1  i s t e d  i n  a l l  o f  t he  e x t r a c t i o n  methods. The exchange i s  
performed as f o l l  ows. 

7.1.2.1 Fo l low ing  K-D o f  t h e  me'thylene c h l o r i d e  e x t r a c t  t o  
1  mL us ing  t h e  macro-Snyder column, a l l o w  t h e  apparatus t o  cool  and 
d r a i n  f o r  a t  l e a s t  10 min. 

7.1.2.2 Increase t he  temperature o f  t h e  h o t  water ba th  t o  
about 90°C. Momentar i ly remove t he  Snyder column, add 50 mL o f  
hexane, a  new b o i l i n g  ch ip ,  and r e a t t a c h  t h e  macro-Snyder column. 
Concentrate t h e  e x t r a c t  us ing  1  mL o f  hexane t o  prewet t he  Snyder 
column. Place t h e  K-D apparatus on t h e  water ba th  so t h a t  t he  
concent ra to r  tube i s  p a r t i a l l y  immersed i n  t h e  h o t  water.  Ad jus t  
t h e  v e r t i c a l  p o s i t i o n  o f  t h e  apparatus and t h e  water  temperature, as 
requ i red ,  t o  complete concen t ra t i on  i n  5-10 min. A t  t h e  proper  r a t e  
o f  d i s t i l l a t i o n  t h e  b a l l s  o f  t h e  column w i l l  a c t i v e l y  c h a t t e r ,  bu t  
t h e  chambers w i l l  n o t  f l ood .  When t h e  apparent volume o f  l i q u i d  
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reaches 1 mL, remove the  K-D apparatus and a l l o w  i t  t o  d r a i n  and 
cool f o r  a t  l e a s t  10 min. 

7.1.2.3 Remove the  Snyder column and r i n s e  t h e  f l a s k  and 
i t s  lower j o i n t  i n t o  t h e  concent ra to r  tube  w i t h  1-2 mL o f  hexane. 9 
A 5 mL syr inge i s  recommended f o r  t h i s  opera t ion .  Ad jus t  t h e  
e x t r a c t  volume t o  10.0 mL. Stopper t h e  concent ra to r  tube  and s t o r e  
r e f r i g e r a t e d  a t  4"C, i f  f u r t h e r  processing w i l l  n o t  be performed 
immediately. I f  t h e  e x t r a c t  w i l l  be s to red  l onge r  than two days, i t  
should be t r a n s f e r r e d  t o  a v i a l  w i t h  a T e f l o n - l i n e d  screw cap o r  
cr imp top.  Proceed w i t h  gas chromatographic a n a l y s i s  i f  f u r t h e r  
cleanup i s  n o t  requ i red .  

7.2 Gas chromatography cond i t i ons  (Recommended) : 

7.2.1 Column 1: 

C a r r i e r  gas (5% methane/95% argon) f l o w  r a t e :  60 mL/min 
Column temperature: 200°C i s o t  hermal 

When ana lyz ing  f o r  t he  low molecular  weight  PCBs (PCB 1221-PCB 
1248), i t  i s  advisable t o  s e t  t h e  oven temperature t o  160°C. 

7.2.2 Column 2: 

C a r r i e r  gas (5% methane/95% argon) f l o w  r a t e :  60 mL/min 
Col umn temperature: 200°C isothermal  

When ana lyz ing  f o r  t he  low molecular  weight  PCBs (PCB 1221-PCB 
1248), i t  i s adv isab le  t o  s e t  t h e  oven temperature t o  140°C. ? 

d 
7.2.3 When ana lyz ing  fo r  most o r  a l l  o f  t h e  ana ly tes  i n  t h i s  method, 

a d j u s t  t h e  oven temperature and column gas f l o w  t o  p rov ide  s u f f i c i e n t  
r e s o l u t i o n  f o r  accurate q u a n t i t a t i o n  o f  t h e  ana ly tes .  T h i s  w i l l  no rma l l y  
r e s u l t  i n  a r e t e n t i o n  t ime o f  10 t o  12 minutes f o r  4,4'-DDT, depending on 
t h e  packed column used. 

7.3 Cal i b r a t i o n :  Refer t o  Method 8000 f o r  proper  c a l  i b r a t i o n  techniques.  
Use Table 1 and especi a1 l y  Table 2 f o r  guidance on s e l e c t i n g  t h e  1 owest p o i n t  on 
t h e  c a l i b r a t i o n  curve.  

7.3.1 The procedure f o r  i n t e r n a l  o r  ex te rna l  c a l  i b r a t i o n  may be 
used. Refer t o  Method 8000 f o r  a d e s c r i p t i o n  of each o f  these procedures. 

7.3.2 Because o f  t h e  low concent ra t ion  o f  p e s t i c i d e  standards 
i n j e c t e d  on a GC/ECD, column adsorp t ion  may be a problem when t h e  GC has 
n o t  been used f o r  a day. Therefore, t h e  GC column should be pr imed o r  
deac t iva ted  by i n j e c t i n g  a PCB o r  p e s t i c i d e  s tandard m i x t u r e  approx imate ly  
20 t imes more concentrated than the  mid-concent ra t ion  s tandard.  I n j e c t  
t h i s  p r i o r  t o  beginning i n i t i a l  o r  d a i l y  c a l i b r a t i o n .  
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7.4 Gas chromatographic ana l ys i s :  

7.4.1 Re fe r  t o  Method 8000. I f  t h e  i n t e r n a l  s tandard c a l i b r a t i o n  
techn ique  i s  used, add 10 pL o f  i n t e r n a l  s tandard t o  t h e  sample p r i o r  t o  

"7 i n j e c t i o n .  u 
7.4.2 Method 8000 p rov ides  i n s t r u c t i o n s  on t h e  a n a l y s i s  sequence, 

app rop r i a t e  d i l u t i o n s ,  es tab l  i s h i n g  d a i l y  r e t e n t i o n  t ime windows, and 
i d e n t i f i c a t i o n  c r i t e r i a .  I nc l ude  a m id -concen t ra t ion  s tandard a f t e r  each 
group o f  10 samples i n  t he  a n a l y s i s  sequence. 

NOTE: A 72 hour sequence i s  n o t  r e q u i r e d  w i t h  t h i s  method. 

7.4.3 Examples o f  GC/ECD chromatograms f o r  va r i ous  p e s t i c i d e s  and 
PCBs a re  shown i n  F igures  1 th rough  5. 

7.4.4 Prime t h e  column as p e r  Sec. 7.3.2. 

7.4.5 DDT and e n d r i n  a re  e a s i l y  degraded i n  t h e  i n j e c t i o n  p o r t  i f  
t h e  i n j e c t i o n  p o r t  o r  f r o n t  o f  t h e  column i s  d i r t y .  T h i s  i s  t h e  r e s u l t  o f  
b u i l d u p  o f  h i g h  b o i l i n g  r es i due  f rom sample i n j e c t i o n .  Check f o r  
degrada t ion  problems by i n j e c t i n g  a  m id -concen t ra t ion  s tandard con ta i n i ng  
o n l y  4,4'-DDT and endr in .  Look f o r  t h e  degrada t ion  p roduc ts  o f  4,4'-DDT 
(4,4'-DDE and 4,4'-DDD) and e n d r i n  ( end r i n  ketone and e n d r i n  aldehyde).  
I f  degrada t ion  o f  e i t h e r  DDT o r  e n d r i n  exceeds 20%, t a k e  c o r r e c t i v e  a c t i o n  
be fo re  proceeding w i t h  c a l  i b r a t  ion,  by f o l l o w i n g  t h e  GC system maintenance 
out1 i n e d  i n  o f  Method 8000. Ca l cu l a te  percent  breakdown as f o l l o w s :  

To ta l  DDT degrada t ion  peak area (DDE + DDD) 
% breakdown - - x 100 
f o r  4,4'-DDT To ta l  DDT peak area (DDT + DDE + DDD) 

T o t a l  e n d r i n  degradat ion peak area 
( e n d r i n  a1 dehyde + e n d r i n  ketone) 

% breakdown - - x 100 
f o r  Endr in  To ta l  e n d r i n  peak area (end r i n  + 

e n d r i n  aldehyde + e n d r i n  ketone) 

7.4.6 Record t h e  sample volume i n j e c t e d  and t h e  r e s u l t i n g  peak s i zes  
( i n  area u n i t s  o r  peak h e i g h t s ) .  

7.4.7 Using e i t h e r  t h e  i n t e r n a l  o r  ex te rna l  c a l i b r a t i o n  procedure 
(Method 8000), determine t h e  i d e n t i t y  and q u a n t i t y  o f  each component peak 
i n  t h e  sample chromatogram which corresponds t o  t he  compounds used f o r  
c a l i b r a t i o n  purposes. 

7.4.8 I f  peak d e t e c t i o n  and i d e n t i f i c a t i o n  a re  prevented due t o  
i n t e r f e r e n c e s ,  t h e  hexane e x t r a c t  may need t o  undergo cleanup us ing  Method 
3620. The r e s u l t a n t  e x t r a c t ( s )  may be analyzed by GC d i r e c t l y  o r  may 
undergo f u r t h e r  c leanup t o  remove s u l f u r  us i ng  Method 3660. 
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7.5 Cleanup: 

7.5.1 Proceed w i t h  Method 3620, f o l l o w e d  by, i f  necessary, Method 
3660, us i ng  t h e  10 mL hexane e x t r a c t s  ob ta ined  f rom Sec. 7.1.2.3. - 

7.5.2 Fo l l ow ing  cleanup, t h e  e x t r a c t s  should be analyzed by GC, a-' 
descr ibed  i n  t h e  p rev ious  sec t i ons  and i n  Method 8000. 

7.5.3 I f  o n l y  PCBs a re  t o  be measured i n  a sample, t h e  s u l f u r i c  
acid/permanganate c l  eanup (Method 3665), f o l l  owed by S i  1 i ca C l  eanup 
(Method 3630) o r  F l o r i s i l  Cleanup (Method 3620), i s  recommended. 

7.6 C a l c u l a t i o n s  (excerpted f rom U.S. FDA, PAM) : 

7.6.1 C a l c u l a t i o n  o f  C e r t a i n  Residues: Residues which a r e  m i x t u r e s  
o f  two o r  more components p resen t  problems i n  measurement. When t h e y  a r e  
found toge ther ,  e.g., toxaphene and DDT, t h e  problem o f  q u a n t i t a t i o n  
becomes even more d i f f i c u l t .  I n  t h e  f o l l o w i n g  s e c t i o n s  suggest ions a re  
o f f e r e d  f o r  hand l i ng  toxaphene, chlordane, PCB, DDT, and BHC. A 10% 
DC-200 s t a t i o n a r y  phase column was used t o  o b t a i n  t h e  chromatograms i n  
F igures  6-9.  

7.6.2 Toxaphene: Q u a n t i t a t i v e  c a l c u l a t i o n  o f  toxaphene o r  Strobane 
i s  d i f f i c u l t ,  b u t  reasonable accuracy can be ob ta ined .  To c a l c u l a t e  
toxaphene on GC/ECD: (a )  a d j u s t  sample s i z e  so t h a t  toxaphene ma jo r  peaks 
a re  10-30% f u l l  - s ca le  d e f l e c t i o n  (FSD) ; (b)  i n j e c t  a toxaphene s tandard 
t h a t  i s  es t imated  t o  be w i t h i n  + l o  ng o f  t h e  sample; ( c )  c o n s t r u c t  t h e  
base l i ne  o f  s tandard toxaphene between i t s  e x t r e m i t i e s ;  and (d )  c o n s t r u c t  
t h e  base l i ne  under t h e  sample, us i ng  t h e  d i s tances  o f  t h e  peak t roughs  t o  
base1 i n e  on t h e  s tandard as a gu ide  (F igu res  7, 8, and 9 ) .  T h i s  procedur  w i s  made d i f f i c u l t  by t h e  f a c t  t h a t  t h e  r e l a t i v e  h e i g h t s  and w id ths  o f  t t ,  
peaks i n  t h e  sample w i l l  p robab ly  n o t  be i d e n t i c a l  t o  t h e  s tandard.  
toxaphene s tandard t h a t  has been passed th rough a F l o r i s i l  column w i l l  
show a s h o r t e r  r e t e n t i o n  t i m e  f o r  peak X and an enlargement o f  peak Y .  

7.6.3 Toxaphene and DDT: I f  DDT i s  present ,  i t  w i l l  superimpose 
i t s e l f  on toxaphene peak V. To determine t h e  approxiniate base1 i n e  o f  t h e  
DDT, draw a l i n e  connec t ing  t h e  t rough  o f  peaks U and V w i t h  t h e  t r o u g h  o f  
peaks W and X and c o n s t r u c t  another  l i n e  p a r a l l e l  t o  t h i s  l i n e  which w i l l  
j u s t  c u t  t h e  t o p  o f  peak W (F i gu re  61) .  Th i s  procedure was t e s t e d  w i t h  
r a t i o s  o f  s tandard toxaphene-DDT m ix tu res  froni  1:10 t o  2 : l  and t h e  r e s u l t s  
o f  added and c a l c u l a t e d  DDT and toxaphene by t h e  "para1 l e l  1 i nes "  method 
o f  b a s e l i n e  c o n s t r u c t i o n  were w i t h i n  10% o f  t h e  a c t u a l  va lues  i n  a l l  
cases. 

7.6.3.1 A s e r i e s  o f  toxaphene res idues  have been 
c a l c u l a t e d  us ing  t o t a l  peak area f o r  comparison t o  t h e  s tandard and 
a l s o  us ing  area o f  t h e  l a s t  f o u r  peaks o n l y  i n  b o t h  sample and 
s tandard.  The agreement between t h e  r e s u l t s  ob ta ined  by t h e  two 
methods j u s t i f i e s  t h e  use o f  t h e  l a t t e r  method f o r  c a l c u l a t i n g  
toxaphene i n  a sample where t h e  e a r l y  e l u t i n g  p o r t i o n  o f  t h e  
toxaphene chromatogram i s  i n t e r f e r e d  w i t h  by o t h e r  substances. 
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7.6.3.2 The base1 i n e  f o r  methoxychl o r  superimposed on 
toxaphene (F igure  8b) was constructed by ove r l ay ing  the  samples on 
a toxaphene standard o f  approximately t h e  same concent ra t ion  (F igure 
8a) and v iewing the  cha r t s  against  a l i g h t e d  background. 

7.6.4 Chlordane i s  a techn ica l  m ix tu re  o f  a t  l e a s t  11 major 
components and 30 o r  more minor ones. Gas chromatography-mass 
spectrometry and nucl  ear magnetic resonance a n a l y t i c a l  techniques have 
been app l i ed  t o  t he  e l u c i d a t i o n  o f  t h e  chemical s t ruc tu res  o f  t he  many 
chlordane cons t i tuen ts .  F igure 9a i s  a chromatogram o f  standard c h l o r -  
dane. Peaks E and F are responses t o  t r ans -  and c is-ch lordane,  respec- 
t i v e l y .  These are the  two major components o f  techn ica l  chlordane, bu t  
t h e  exact percentage o f  each i n  the  techn ica l  ma te r i a l  i s  no t  completely 
de f ined  and i s  no t  cons i s ten t  f rom batch t o  batch. Other l a b e l  l e d  peaks 
i n  F igure  9a are  thought t o  represent :  A, monochlorinated adduct o f  
pentachl orocyc l  opentadiene w i t h  cyclopentadiene; B, coel u t i  on o f  
heptachlor  and a-chlordene; C, coel  u t i  on o f  8 - c h l  ordene and y-chlordene; 
D, a chlordane analog; G, coe lu t i on  o f  c is-nonachlor  and "Compound K," a 
chlordane isomer. 'The r i g h t  "shoulder" o f  peak F i s  caused by t rans -  
nonachl o r .  

7.6.4.1 The GC p a t t e r n  o f  a chlordane res idue may d i f f e r  
considerably  from t h a t  o f  t h e  techn ica l  standard. Depending on the  
sarr~pl e subs t ra te  and i t s  h i s t o r y ,  res idues o f  chlordane can cons i s t  
o f  almost any combination o f  cons t i t uen ts  from the  techn ica l  
chlordane, p l a n t  and/or animal metabol i tes, and products of 
degradat ion caused by exposure t o  environmental f a c t o r s  such as 
water and sun1 i g h t .  Only 1 i m i t e d  in fo rmat ion  i s  a v a i l a b l e  on which 
res idue GC pa t te rns  are l i k e l y  t o  occur i n  which samples types, and 
even t h i s  . information may no t  be app l i cab le  t o  a s i t u a t i o n  where the  
r o u t e  of exposure i s  unusual. For example, f i s h  exposed t o  a recent  
s p i l l  o f  t echn i ca l  chlordane w i l l  con ta in  a res idue d r a s t i c a l l y  
d i f f e r e n t  f rom a f i s h  whose chlordane res idue was accumulated by 
i nges t i on  of smal ler  f i s h  o r  of vegetat ion, which i n  t u r n  had 
accumulated res idues because chlordane was i n  t he  water from 
a g r i c u l t u r a l  r u n o f f .  

7.6.4.2 Because o f  t h i s  i n a b i l i t y  t o  p r e d i c t  a chlordane 
res idue GC pa t te rn ,  i t  i s  no t  poss ib le  t o  p resc r i be  a s i n g l e  method 
f o r  t h e  q u a n t i t a t i o n  o f  chlordane res idues.  The ana l ys t  must judge 
whether o r  no t  t h e  res idue 's  GC p a t t e r n  i s  s u f f i c i e n t l y  s i m i l a r  t o  
t h a t  o f  a t echn i ca l  chlordane reference ma te r i a l  t o  use the  l a t t e r  
as a re fe rence standard f o r  q u a n t i t a t i o n .  

7.6.4.3 When t h e  chlordane res idue does n o t  resemble 
techn i ca l  chlordane, bu t  instead cons i s t s  p r i m a r i l y  o f  i n d i v i d u a l ,  
i d e n t i f i a b l e  peaks, q u a n t i t a t e  each peak separa te ly  against  the  
appropr ia te  re fe rence mater i  a1 s and r e p o r t  t he  i n d i v i d u a l  residues. 
(Reference m a t e r i a l s  are a v a i l a b l e  f o r  a t  l e a s t  11 chlordane 
cons t i t uen ts ,  metabo l i tes  o r  degradat ion products which may occur i n  
t he  res idue. )  
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7.6.4.4 When the  GC p a t t e r n  o f  the  res idue resembles t h a t  
o f  t echn ica l  chlordane, q u a n t i t a t e  chlordane res idues by comparing 
the  t o t a l  area o f  t he  chlordane chromatogram from peaks A through F  
(F igure  9a) i n  t he  sample versus t h e  same p a r t  o f  t he  standard 
chromatogram. Peak G may be obscured i n  a  sample by t h e  presence o f  
o the r  pes t i c i des .  I f  G i s  n o t  obscured, i nc lude  i t  i n  the  
measurement f o r  both standard and sample. I f  t h e  heptach lor  epoxide 
peak i s  re1  a t i v e l y  smal l ,  inc lude i t  as p a r t  o f  t he  t o t a l  chlordane 
area f o r  c a l c u l a t i o n  o f  t h e  res idue.  I f  heptach lor  and/or 
heptachlor  epoxide are much out  o f  p ropo r t i on  as i n  F igure  6 j ,  
c a l c u l a t e  these separate ly  and sub t rac t  t h e i r  areas f rom t o t a l  area 
t o  g i ve  a  cor rec ted  chlordane area. (Note t h a t  oc tach lo r  epoxide, 
a  metabo l i te  o f  chlordane, can e a s i l y  be mistaken f o r  heptachlor  
epoxide on a  nonpolar GC column.) 

7.6.4.5 To measure t h e  t o t a l  area o f  t h e  chlordane 
chromatogram, proceed as i n  Sec. 7.6.2 on toxaphene. I n j e c t  an 
amount o f  t echn ica l  chlordane standard which w i l l  produce a  
chromatogram i n  which peaks E and F  are approximately t h e  same s i z e  
as those i n  t he  sample chromatograms. Construct  t h e  base l ine  
beneath the  standard from t h e  beginning o f  peak A t o  t h e  end o f  peak 
F  as shown i n  F igure 9a. Use the  d is tance from t h e  t rough between 
peaks E and F  t o  the  base l ine  i n  t h e  chromatogram o f  t h e  standard t o  
cons t ruc t  t he  base1 i n e  i n  t he  chromatogram o f  t he  sample. F igure  9b 
shows how the  presence o f  toxaphene causes t h e  base l ine  under 
chlordane t o  take an upward angle. When t h e  s i z e  o f  peaks E and F 
i n  standard and sample chromatograms are  the  same, t h e  d i s tance  from 
the  t rough o f  t he  peaks t o  the  basel ines should be t h e  same. 
Measurement o f  chlordane area should be done by t o t a l  peak area i f  
poss ib le .  

NOTE: A comparison has been made o f  t h e  t o t a l  peak area 
i n t e g r a t i o n  method and t h e  a d d i t i o n  o f  peak he igh ts  
method f o r  several samples con ta in ing  chlordane. The 
peak he igh ts  A, B, C, D, E, and F  were measured i n  
m i l l i m e t e r s  from peak maximum o f  each t o  t h e  base l ine  
constructed under the  t o t a l  chlordane area and were then 
added together .  These r e s u l t s  obta ined by t h e  two 
techniques are  too  c lose  t o  ignore  t h i s  method o f  "peak 
he igh t  a d d i t i o n "  as a  means o f  c a l c u l a t i n g  chlordane. 
The technique has inherent  d i f f i c u l t i e s  because n o t  a1 1  
the  peaks are symmetrical and n o t  a1 1  are  present  i n  t h e  
same r a t i o  i n  standard and i n  sample. This  method does 
o f f e r  a  means o f  c a l c u l a t i n g  r e s u l t s  i f  no means o f  
measuring t o t a l  area i s  p r a c t i c a l  . 

7.6.5 Po lych lor ina ted  b iphenyls  (PCBs): Q u a n t i t a t i o n  o f  res idues o f  
PCB invo lves  problems s i m i l a r  t o  those encountered i n  t he  q u a n t i t a t i o n  o f  
toxaphene, Strobane, and chlordane. I n  each case, t h e  chemical i s  made up 
o f  numerous compounds. So t h e  chromatograms are mu1 t i -peak. Also i n  each 
case, t h e  chromatogram of t he  res idue may n o t  match t h a t  o f  t h e  standard. 

7.6.5.1 Mixtures o f  PCBs o f  var ious  c h l o r i n e  contents were 
so ld  f o r  many years i n  t he  U.S. by t h e  Monsanto Co. under t h e  
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tradename A r o c l o r  (1200 s e r i e s  and 1016). Though these A roc lo r s  a re  
no l onge r  marketed, t h e  PCBs remain i n  t he  environment and a re  
sometimes found as res idues  i n  foods, e s p e c i a l l y  f i s h .  

7.6.5.2 PCB res idues  are q u a n t i t a t e d  by comparison t o  one 
o r  more o f  t h e  A r o c l o r  ma te r i a l s ,  depending on t h e  chromatographic 
p a t t e r n  o f  t h e  res idue .  A  choice must be made as t o  which A roc lo r  
o r  m i x t u r e  o f  A roc lo r s  w i l l  produce a  chromatogram most s i m i l a r  t o  
t h a t  o f  t h e  res idue .  Th i s  may a l so  i n v o l v e  a  judgment about what 
p r o p o r t i o n  o f  t h e  d i f f e r e n t  A roc lo r s  t o  combine t o  produce t h e  
app rop r i a te  re fe rence  ma te r i  a1 . 

7.6.5.3 Q u a n t i t a t e  PCB res idues by comparing t o t a l  area o r  
h e i g h t  o f  r es i due  peaks t o  t o t a l  area o f  he igh t  o f  peaks from 
app rop r i a te  Aroc l  o r ( s )  re fe rence  ma te r i  a1 s. Measure t o t a l  area o r  
he igh t  response f rom common base1 i n e  under a l l  peaks. Use o n l y  
those peaks f rom t h e  sample t h a t  can be a t t r i b u t e d  t o  
ch lo rob ipheny ls .  These peaks must a l s o  be present  i n  t h e  
chromatogram o f  t h e  re fe rence  ma te r i  a1 s. M i x tu res  o f  Aroc l  o r s  may 
be r e q u i r e d  t o  p rov ide  t h e  bes t  match o f  GC p a t t e r n s  o f  sample and 
re fe rence .  

7.6.6 DDT: DDT found i n  samples o f t e n  c o n s i s t s  o f  bo th  o ,p t -  and 
p,pt-DDT. Residues o f  DDE and DDD are  a l so  f r e q u e n t l y  present .  Each 
isomer o f  DDT and i t s  metabo l i tes  should be q u a n t i t a t e d  us ing  t h e  pure 
s tandard o f  t h a t  compound and repo r ted  as such. 

7.6.7 Hexachl o rocyc l  ohexane (BHC, f rom the  former name, benzene 
hexachl o r i d e )  : Technical  grade BHC i s  a  cream-colored amorphous so l  i d  
w i t h  a  very  c h a r a c t e r i s t i c  musty odor; i t  cons i s t s  o f  a  m ix tu re  o f  s i x  
chemical l y  d i s t i n c t  isomers and one o r  more heptachl  o ro - cyc l  ohexanes and 
oc tach l  o ro - cyc l  ohexanes. 

7.6.7.1 Commercial BHC p repa ra t i ons  may show a  wide 
var iance  i n  t h e  percentage o f  i n d i v i d u a l  isomers present .  The 
e l i m i n a t i o n  r a t e  o f  t he  isomers f ed  t o  r a t s  was 3  weeks f o r  t h e  a-, 
y-, and 6- isomers and 14 weeks f o r  t h e  p - i somer .  Thus i t  may be 
p o s s i b l e  t o  have any combinat ion o f  t h e  var ious  isomers i n  d i f f e r e n t  
food commodit ies. BHC found i n  d a i r y  p roduc ts  u s u a l l y  has a  l a r g e  
percentage o f  p- isomer.  

7.6.7.2 I n d i v i d u a l  isomers (a ,  P ,  y, and 6 )  were i n j e c t e d  
i n t o  gas chromatographs equipped w i t h  f lame i o n i z a t i o n ,  
m ic rocou lomet r i c ,  and e l e c t r o n  cap tu re  de tec to r s .  Response f o r  t he  
f o u r  isomers i s  ve ry  n e a r l y  t h e  same whether f lame i o n i z a t i o n  o r  
m ic rocou lomet r i c  GLC i s  used. The a - ,  y-, and 6- isomers show equal 
e l e c t r o n  a f f i n i t y .  P-BHC shows a  much weaker e l e c t r o n  a f f i n i t y  
compared t o  t he  o the r  isomers. 

7.6.7.3 Q u a n t i t a t e  each isomer ( a ,  0, y, and 6) 
sepa ra te l y  aga ins t  a  s tandard o f  t h e  r e s p e c t i v e  pure isomer, us ing  
a  GC column which separates a l l  t h e  isomers f rom one another.  
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8.0 QUALITY CONTROL 

8.1 Refer t o  Chapter One f o r  s p e c i f i c  q u a l i t y  c o n t r o l  procedures. 
Q u a l i t y  c o n t r o l  t o  v a l i d a t e  sample e x t r a c t i o n  i s  covered i n  Method 3500 and i n  
the  e x t r a c t i o n  method u t i l  ized. I f  e x t r a c t  cleanup was performed, f o l l o w  the  QC P"rb 
i n  Method 3600 and i n  the  s p e c i f i c  cleanup method. d 

8.2 Qua1 i t y  c o n t r o l  requ i red  t o  evaluate the  GC system opera t ion  i s  found 
i n  Method 8000. 

8.2.1 The qua1 i t y  c o n t r o l  check sample concentrate (Method 8000) 
should conta in  each single-component parameter o f  i n t e r e s t  a t  t he  
f o l  1  owi ng concentrat ions i n  acetone o r  o the r  water m i  s c i  b l  e  so l  vent:  
4,4'-DDD, 10 mg/L; 4,4'-DDT, 10 mg/L; endosulfan 11, 10 mg/L; endosulfan 
su l fa te ,  10 mg/L; endrin, 10 mg/L; and any o the r  single-component 
pes t i c i de ,  2  mg/L. I f  t h i s  method i s  on l y  t o  be used t o  analyze f o r  PCBs, 
chlordane, o r  toxaphene, the  QC check sample concentrate should con ta in  
the  most representa t ive  mu1 t i  -component parameter a t  a  concent ra t  i on o f  50 
mg/L i n  acetone. 

8.2.2 Table 3 i nd i ca tes  t h e  QC acceptance c r i t e r i a  f o r  t h i s  method. 
Table 4  g i ves  method accuracy and p r e c i s i o n  as func t i ons  o f  concent ra t ion  
f o r  t h e  analytes o f  i n t e r e s t .  The contents o f  both Tables should be used 
t o  evaluate a  1  aboratory 's  abi  1  i t y  t o  perform and generate acceptable data 
by t h i s  method. 

8.3 Cal cu l  a te  surrogate standard recovery on a1 1  samples, blanks, and 
spikes. Determine i f  the  recovery i s  w i t h i n  l i m i t s  ( l i m i t s  es tab l i shed  by 
per forming QC procedures out1 ined i n  Method 8000). 

8.3.1 I f  recovery i s  n o t  w i t h i n  l i m i t s ,  t h e  f o l l o w i n g  i s  requ i red .  2 
d 

Check t o  be sure the re  are no e r r o r s  i n  c a l c u l a t i o n s ,  
surrogate s o l u t i o n s  and i n t e r n a l  standards. A1 so, check 
inst rument  performance. 

Recalculate the  data and/or reanalyze t h e  e x t r a c t  i f  any 
o f  t he  above checks reveal  a  problem. 

Reextract  and reanalyze t h e  sample i f  none o f  t h e  above 
are a  problem o r  f l a g  the  da ta  as "est imated 
concent ra t ion" .  

8.4 GC/MS conf i rmat ion :  Any compounds conf irmed by two columns may a1 so 
be conf irmed by GC/MS i f  the  concent ra t ion  i s  s u f f i c i e n t  f o r  d e t e c t i o n  by GC/MS 
as determined by the  1  aboratory generated d e t e c t i o n  1  i m i  t s .  

8.4.1 The GC/MS would normal ly  r e q u i r e  a  minimum concen t ra t i on  o f  10 
ng/pL i n  t h e  f i n a l  e x t r a c t ,  f o r  each s i  ng l  e-component compound. 

8.4.2 The p e s t i c i d e  e x t r a c t  and associated b lank  should be analyzed 
by GC/MS as per Sec. 7.0 o f  Method 8270. 
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8.4.3 The conf i rmat ion  may be from t h e  GC/MS analys is  o f  the  
base/neutral -ac id  ex t rac tab l  es ex t rac ts  (sample and b l  ank) . However, i f  
t h e  compounds are no t  detected i n  the  base/neutral-acid e x t r a c t  even 
though the  concentrat ion i s  h igh  enough, a GC/MS ana lys is  o f  t he  pes t i c i de  
e x t r a c t  should be performed. 

8.4.4 A reference standard o f  the  compound must a1 so be analyzed by 
GC/MS. The concentrat ion o f  t h e  reference standard must be a t  a l e v e l  
t h a t  would demonstrate t h e  a b i l  i t y  t o  conf irm t h e  pesticides/PCBs 
i d e n t i f i e d  by GC/ECD. 

9.0 METHOD PERFORMANCE 

9.1 The method was tes ted  by 20 l abo ra to r i es  us ing organ ic - f ree  reagent 
water, d r i n k i n g  water, sur face water, and th ree  i n d u s t r i a l  wastewaters spiked a t  
s i x  concentrat ions.  Concentrations used i n  the  study ranged from 0.5 t o  30 pg/L 
f o r  single-component pes t i c i des  and from 8.5 t o  400 pg/L f o r  multi-component 
parameters. Sing1 e operator  p rec is ion ,  ove ra l l  p rec is ion ,  and method accuracy 
were found t o  be d i r e c t l y  r e l a t e d  t o  the  concentrat ion o f  t he  parameter and 
essent i  a1 l y  independent o f  t he  sample mat r ix .  L inear  equations t o  descr ibe these 
r e l a t i o n s h i p s  f o r  an e l e c t r o n  capture de tec tor  are presented i n  Table 4. 

9.2 The accuracy and p rec i s ion  obtained w i  11 be determined by the  sample 
mat r ix ,  sample-preparat ion technique, op t iona l  cleanup techniques, and 
c a l i b r a t i o n  procedures used. 
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TABLE 1. 
GAS CHROMATOGRAPHY OF PESTICIDES AND PCBs" 

Analy te 

Retent ion t ime (mini Method 
Detec t ion  

Col. 1 Col. 2 1 i m i  t (pg/L) 
- - - 

A l d r i n  
a-BHC 
P -  BHC 
6-BHC 
y-BHC (Lindane) 
Chlordane ( t echn i ca l  ) 
4,4'-DDD 
4,4'-DDE 
4,4'-DDT 
D i e l d r i n  
Endosulfan I 
Endosul f an  I I 
Endosul f an  s u l f a t e  
Endri  n 
Endrin aldehyde 
Heptachl o r  
Heptachlor epoxide 
Methoxychl o r  
Toxap hene 
PCB-1016 
PCB-1221 
PCB-1232 
PCB- 1242 
PCB- 1248 
PCB-1254 
PCB-1260 

"U. S. EPA. Method 617. Organochlorine Pes t ic ides  and PCBs. Environmental 
Mon i to r ing  and Support Laboratory, C inc innat i ,  Ohio 45268. 

e = Mu1 t i p l e  peak response. 

nd = n o t  determined. 
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TABLE 2,  
DETERMINATION OF ESTIMATED QUANTITATION LIMITS (EQLs) FOR VARIOUS MATRICESa 

M a t r i x  Fac tor  

Ground water 10 
Low-concentrat ion s o i l  by son ica t i on  w i t h  GPC cleanup 670 
High-concentrat ion s o i l  and sludges by son ica t i on  10,000 
Non-water m i s c i b l e  waste 100,000 

a  EQL = [Method de tec t i on  1  i m i t  (see Table l)] X [Factor  found i n  t h i s  
t ab le ] .  For non-aqueous samples, t he  f a c t o r  i s  on a  wet-weight 
basis .  Sample EQLs are h i g h l y  matrix-dependent. The EQLs 1  i sted 
he re in  are provided f o r  guidance and may no t  always be achievable. 
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TABLE 3. 
QC ACCEPTANCE CRITERIA" 

i 

Anal y t e  

Test L i m i t  Range Range 
conc. f o r  s f o r  x P, P, 
( M / L )  (pg/L) (pg/L) (%I 

- - - - 

A l d r i n  
a-BHC 
P-BHC 
6 - BHC 
y- BHC 
Chlordane 
4,4'-DDD 
4,4'-DDE 
4,4' -DDT 
D i e l d r i n  
Endosulfan I 
Endosul f a n  I I 
Endosul f a n  S u l f a t e  
Endr i  n 
Heptachlor  
Heptachl  o r  epoxide 
Toxaphene 
PCB-1016 
PCB-1221 

+?P PCB- 1232 

W PCB- 1242 
PCB-1248 
PCB- 1254 
PCB- 1260 

S - - Standard d e v i a t i o n  o f  f o u r  recovery measurements, i n  pg/L. 
- 
X - - Average recovery f o r  f o u r  recovery measurements, i n  pg/L. 

P, P, = Percent recovery measured. 

D - - Detected; r e s u l t  must be g rea te r  than zero. 

" C r i t e r i a  f rom 40 CFR Pa r t  136 f o r  Method 608. These c r i t e r i a  a re  based d i r e c t l y  
upon t h e  method performance da ta  i n  Table 4. Where necessary, t h e  l i m i t s  f o r  
recovery  have been broadened t o  assure a p p l i c a b i l i t y  o f  t h e  l i m i t s  t o  
concen t ra t ions  below those used t o  develop Table 4. 
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TABLE 4. 
METHOD ACCURACY AND PRECISION AS FUNCTIONS OF CONCENTRATIONa 

Accuracy, as S ing le  ana lys t  Overa l l  
recovery, x1 p r e c i  s i  on, srl p rec i s ion ,  

Anal y t e  (Pg/L) (Pg/L) s1 ( m / L )  

A1 d r i  n 
a - BHC 
6 - BHC 
s - BHC 
y-BHC 
Chlordane 
4,4'-DDD 
4,4'-DDE 
4,4'-DDT 
D i e l d r i n  
Endosulfan I 
Endosul f an  I I 
Endosul fan  Sul f a t e  
Endr in 
Heptachl o r  
Heptachl o r  epoxide 
Toxaphene 
PCB-1016 
PCB-1221 

I PCB- 1232 
PCB- 1242 
PCB- 1248 
PCB-1254 
PCB-1260 

x - - Expected recovery f o r  one o r  more measurements of a sample 
con ta in ing  concent ra t ion  C, i n  pg/L. 

- srl - Expected s i n g l e  ana lys t  standard d e v i a t i o n  o f  measurements a t  an 
average concent ra t ion  o f  x, i n  pg/L. 

- sl' - Expected i n t e r l  aboratory s t a n d a ~ d  d e v i a t i o n  o f  measurements a t  an 
average concent ra t ion  found o f  x, i n  pg/L. 

C' - - True value f o r  t he  concentrat ion,  i n  pg/L. 

X - - Average recovery found f o r  measurements o f  samples con ta in ing  a 
concent ra t ion  o f  C, i n  pg/L. 
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Figure 1 
Gas Chromatogram o f  Pest ic ides  

Column: 1.5% SP-2250+ 
1.95% SP-2401 on Supelcoport 

Temperature: 200°C 
Detector: Electron Capture 
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Figure  2 
Gas Chromatogram o f  Chlordane 
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r 
Column: 1.5% SP-2250+ 

1.95% SP-2401 on Supelcoport 
Temperature: 200°C 
Detector: Electron Capture 



Figure 3 
Gas Chron~atogram of Toxaphene 
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Figure  4 
Gas Chromatogram o f  Aroc lor  1254 

Column: 1.5% SP-2250+ 
1.95% SP-2401 on Supelcoport 

Temperature: 200°C 
Detector: Electron Capture 
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Figure 5 
Gas Chromatogram o f  Arocl o r  1260 
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Figure 6 

Fig.6--Baseline construction for some typical gas chromotagraphic peaks. 
a: symmetrical separated flat baseline; b and c: overlapp flat baseline; 
d: separated (pen does not return to baseline between peaks); e: separated 
sloping baseline; f: separated (pen goes below baseline between peaks); 
g: a- and 7-BHC sloping baseline; h: a-,/3- and 7-BHC sloping baseline; 
1: chlordane flat baseline; j: heptachlor and heptachlor epoxide super- 
imposed on chlordane; k: chair-shaped peaks, unsymmetrical peak; 
1: p,pl-DDT superimposed on toxaphene. 
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Figure 7 

Fig.- 7a - -  Baseline construction for multiple residues with standard 
toxaphene. 

Fig.- 7b - -  Baseline construction for multiple residues with toxaphene, 
DDE and o,pl-, and p,pl-DDT 
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Figure 8 

Fig.- 8a - -  Baseline construction for multiple residues: standard toxaphene. 

Fig.- 8b - -  Baseline construction tor multiple nsidue~: rice bran with BHC, 
toxaphene, DDT, and rnethoxychlor. 
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Figure 9 

Fig.- 9a - -  Baseline construction for multiple residues: standard chlordane. 

Fig.- 9b - -  Baseline construction for multiple residues: rice bran with 
chlordane, toxaphene, and DDT. 
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METHOD 8080A 
ORGANOCHLORINE PESTICIDES AND POLYCHLORINATED BIPHENYLS 

BY GAS CHROHATOGRAPHY 

7.1.1 Choose 
appropriate extraction 

procedure. 

7.1.2 Exchange 
extraction solvent 

t o  hexane. 

7.2 Set 
chromatographic 

conditions. 

7.3 Refer to 
Method 8000 for 

proper calibration 
techniques. 

7.3.2 Prime or 4 deactivate the GC I 
column prior t o  

daily calibration. 

7.4 Perform 
GC analysis. 

v 

7.4.8 
is  peak Yes 7.5.1 Cleanup 

detection and using Method 3620 
identification or 3660 i f  necessary. 
prevented? , <> 

7.6 Calculate 
t w o  or more concentrations. 
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METHOD 8081 

ORGANOCHLORINE PESTICIDES AND PCBs AS AROCLORS BY GAS 
CHROMATOGRAPHY: CAP1 LLARY COLUMN TECHNIOUE 

1.0 SCOPE AND APPLICATION 

1.1 Method 8081 i s  used t o  determine the concentrat ions o f  various 
organochlor ine pes t i c ides  and po lych lor ina ted biphenyls (PCBs) as Aroclors, i n  
ex t rac ts  from so l  i d  and 1 i q u i d  matrices. Open-tubul ar, capi 11 ary co l  umns were 
empl oyed w i t h  e lec t ron  capture detectors (ECD) o r  e l e c t r o l y t i c  conduct iv i ty  
detectors (ELCD) . When compared t o  the  packed co l  umns, these fused-s i  1 ica,  open- 
tubu l  a r  co l  umns o f f e r  improved reso l  u t ion ,  b e t t e r  s e l e c t i v i t y ,  increased 
s e n s i t i v i t y ,  and f a s t e r  analysis. The 1 i s t  below i s  annotated t o  show whether a 
s i n g l e -  o r  dual-column analys is  system was used t o  i d e n t i f y  each ta rge t  analyte. 

Compound Name CAS Regist ry  No. 

~l d r i  napb 
 rocl lor-1016"~ 
~ r o c l  o r  - 122 lab 
Arocl o r -  1 2 3 ~ " ~  
Arocl o r -  1242"~ 
Arocl o r -  1 ~ 4 8 " ~  
Arocl o r -  1 ~ 5 4 " ~  
~ r o c l  o r -  1260asb 
~ - B H c " , ~  
f i  - B H C ~ , ~  
y-BHC ( ~ i n d a n e ) " ~  
6 - BHcarb 
Chl orobenzi l a t e b  
a-Chlordaneb 
y-Chl ordaneasb 
D B C P ~  
4,4' -DDD".~ 
4,4' - D D E ~ , ~  
4,4 - D D T ~ , ~  
D i  a1 1 ateb 
~ i e l  d r i  nasb 
Endosul fan  
Endosul fan  I 
Endosul fan sul 
~ n d r  i napb 
Endrin aldehydeasb 
Endrin ketoneb 
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Compound Name CAS R e g i s t r y  No. 

Heptachl  oraab 
Heptachl  o r  epoxi  deasb 
Hexachl orobenzeneb 
Hexachl o rocyc l  opentadi  eneb 
l s o d r i n b  
~ e p o n e ~  
Met hoxychl  orafb 
~ o x a p h e n e " , ~  

a Single-column a n a l y s i s  
b Dual -column a n a l y s i s  

1.2 The a n a l y s t  must s e l e c t  c o l  umns, d e t e c t o r s  and c a l  i b r a t i o n  procedures 
most a p p r o p r i a t e  f o r  t h e  s p e c i f i c  ana ly tes  o f  i n t e r e s t  i n  a  s tudy.  M a t r i x -  
s p e c i f i c  performance da ta  must be es tab l  i shed  and t h e  s t a b i l  i t y  o f  t h e  a n a l y t i c a l  
system and ins t rument  c a l i b r a t i o n  must be es tab l i shed  f o r  each a n a l y t i c a l  m a t r i x  
(e.g., hexane s o l u t i o n s  from sample e x t r a c t i o n s ,  d i  1  u ted  o i l  samples, e t c . ) .  

1.3 A l t h o ~ ~ g h  performance da ta  a re  presented f o r  many o f  t h e  1  i s t e d  
chemicals,  i t  i s  u n l i k e l y  t h a t  a l l  o f  them cou ld  be determined i n  a  s i n g l e  
a n a l y s i s .  T h i s  1  i m i t a t i o n  r e s u l t s  because t h e  chemical and chromatographic 
behav io r  o f  many o f  these chemicals can r e s u l t  i n  c o - e l u t i o n .  Several  1 

bd 
c l  eanup / f r ac t i ona t i on  schemes a re  p rov ided  i n  t h i s  method and i n  Method 3600. 
Any chemical i s  a  p o t e n t i a l  method i n t e r f e r e n c e  when i t  i s  n o t  a  t a r g e t  ana l y te .  

1.4 Several  mu1 t i -component m ix tu res  ( i  . e., A roc l  o r s  and Toxaphene) a re  
l i s t e d  as t a r g e t  compounds. When samples c o n t a i n  more than  one mult i -component 
ana l y te ,  a  h i g h e r  l e v e l  o f  ana l ys t  e x y e r t i s e  i s  r e q u i r e d  t o  a t t a i n  acceptable 
l e v e l s  o f  q u a l i t a t i v e  and q u a n t i t a t i v e  ana l ys i s .  The same i s  t r u e  o f  m u l t i -  
component ana l y tes  t h a t  have been sub jec ted  t o  environmental  degrada t ion  o r  
degrada t ion  by t rea tment  techno log ies .  These r e s u l t  i n  "weathered" A r o c l o r s  ( o r  
any o t h e r  mu1 t i  -component m ix tu res )  t h a t  may have s i g n i f i c a n t  d i f f e r e n c e s  i n  peak 
p a t t e r n s  than  those o f  standards. I n  these cases, i n d i v i d u a l  congener analyses 
may be p r e f e r r e d  over  t o t a l  m i x t u r e  analyses. 

1.5 Compound i d e n t i f i c a t i o n  based on s i n g l e  column a n a l y s i s  should be 
conf i rmed on a  second column, o r  should be supported by a t  l e a s t  one o t h e r  
qua1 i t a t i v e  technique.  Th is  method descr ibes  a n a l y t i c a l  c o n d i t i o n s  f o r  a  second 
gas chromatographic column t h a t  can be used t o  con f i rm  t h e  measurements made w i t h  
t h e  p r ima ry  column. GC/MS Method 8270 i s  a1 so recommended as a  c o n f i r m a t i o n  
techn ique  i f  s e n s i t i v i t y  pe rm i t s  (Sec. 8 ) .  

1.6 T h i s  method descr ibes  a  dual  column o p t i o n .  The o p t i o n  a l l ows  a  
hardware c o n f i g u r a t i o n  o f  two a n a l y t i c a l  columns j o i n e d  t o  a  s i n g l e  i n j e c t i o n  
p o r t .  The o p t i o n  a l l ows  one i n j e c t i o n  t o  be used f o r  dual  column ana l ys i s .  
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Ana lys ts  a re  caut ioned t h a t  t h e  dual coluthn o p t i o n  may no t  be appropr ia te  when 
t h e  inst rument  i s  sub jec t  t o  mechanical s t ress ,  many samples are t o  be r u n  i n  a 
sho r t  per iod,  o r  when contaminated sampl es a re  analyzed. 

P4~3.. 

\ 
"kd 1.7 Th is  method i s  r e s t r i c t e d  t o  use by o r  under t h e  superv is ion  o f  

ana lys ts  experienced i n  t he  use o f  a  gas chromatograph (GC) and i n  t he  
i n t e r p r e t a t i o n  o f  gas chromatograms. Each ana lys t  must demonstrate t he  a b i l  i t y  
t o  generate acceptable r e s u l t s  w i t h  t h i s  method. 

1.8 Ex t rac t s  s u i t a b l e  f o r  ana lys is  by t h i s  method may a l s o  be analyzed 
f o r  organophosphorus p e s t i c i d e s  (Method 8141). Some e x t r a c t s  may a lso  be 
s u i t a b l e  f o r  t r i a z i n e  he rb i c i de  ana lys is ,  i f  low recover ies  (normal ly  samples 
taken f o r  t r i a z i n e  ana lys is  must be preserved) are no t  a  problem. 

1.9 The f o l l o w i n g  compounds may a l so  be determined us ing  t h i s  method: 

Compound Name CAS Reg is t ry  No. 

A1 achl oracb 
~ a p t a f o l  
captanb 
chloronebb 
Chloropropyl  a teb 
c h l o r o t h a l o n i l b  
DC  PA^ 
D i ch l  oneb 
~i c o f o l  
~ t r i d i a z o l e ~  
Hal owax- 100ob 
~ a l o w a x -  100lb 
Hal owax- 1 0 1 3 ~  
Halowax- 1 0 1 4 ~  
Halowax-1051b 
Hal owax- 1 0 9 9 ~  
~i rexb 
~i t r o f e n b  
P C N B ~  
p e r t  haneb 
Propachl orb 
strobaneb 
trans-Nonachl o rb  
t rans-permethr inb 
~ r i f l u r a l  i n b  

" Sing1 e-co l  umn ana lys is  
Dual-column ana lys is  
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2.0 SUMMARY OF METHOD 

2.1 A  measured vo l  ume o r  weight  o f  sample (approx imate ly  1 L f o r  1  i q u i d s ,  
2  g  t o  30 g  f o r  s o l i d s )  i s  e x t r a c t e d  us ing  t h e  app rop r i a te  sample e x t r a c t i o n  
technique.  L i q u i d  samples a re  e x t r a c t e d  a t  n e u t r a l  pH w i t h  methylene c h l o r i d e  3 us ing  e i t h e r  a  separa to ry  funnel  (Method 3510) o r  a  cont inuous 1  i q u i d - 1  i q u i d  
e x t r a c t o r  (Method 3520). Sol i d  samples a re  e x t r a c t e d  w i t h  hexane-acetone (1:  1 )  
o r  methylene ch lo r i de -ace tone  (1:  1) us i ng  e i t h e r  Soxh le t  e x t r a c t i o n  (Method 
3540), Automated Soxh le t  (Method 3541), o r  U l t r a s o n i c  E x t r a c t  i o n  (Method 3550). 
A  v a r i e t y  o f  c leanup s teps may be a p p l i e d  t o  t h e  e x t r a c t ,  depending on (1 )  t h e  
na tu re  o f  t h e  coex t rac ted  m a t r i x  i n t e r f e r e n c e s  and (2 )  t h e  t a r g e t  ana ly tes .  
A f t e r  cleanup, t h e  e x t r a c t  i s  analyzed by i n j e c t i n g  a  1 -pL  sample i n t o  a  gas 
chromatograph w i t h  a  narrow- o r  wide-bore fused s i l i c a  c a p i l l a r y  column and 
e l e c t r o n  cap tu re  d e t e c t o r  (GC/ECD) o r  an e l e c t r o l y t i c  c o n d u c t i v i t y  d e t e c t o r  
(GC/ELCD) . 

3.0 INTERFERENCES 

3.1 Refe r  t o  Methods 3500 (Sec. 3, i n  p a r t i c u l a r ) ,  3600, and 8000. 

3.2 Sources o f  i n t e r f e r e n c e  i n  t h i s  method can be grouped i n t o  t h r e e  
broad ca tego r i es :  contaminated s o l  vents,  reagents  o r  sample p rocess ing  hardware; 
contaminated GC c a r r i e r  gas, pa r t s ,  column sur faces  o r  d e t e c t o r  sur faces;  and t h e  
presence o f  c o e l u t i n g  compounds i n  t h e  sample m a t r i x  t o  which t h e  ECD w i l l  
respond. I n t e r f e r e n c e s  coex t rac ted  f rom t h e  samples w i l l  va r y  cons ide rab l y  f rom 
waste t o  waste. Whi le  genera l  c leanup techniques a re  re fe renced  o r  p rov ided  as 
p a r t  o f  t h i s  method, unique samples may r e q u i r e  a d d i t i o n a l  c leanup approaches t o  
ach ieve d e s i r e d  degrees o f  d i s c r i m i n a t i o n  and q u a n t i t a t i o n .  

3.3 I n t e r f e r e n c e s  by p h t h a l a t e  e s t e r s  i n t r oduced  d u r i n g  sample h, cv 1 
p r e p a r a t i o n  can pose a  major  problem i n  p e s t i c i d e  de te rm ina t i ons .  These 
m a t e r i a l s  may be removed p r i o r  t o  a n a l y s i s  us ing  Gel Permeation Cleanup - 
p e s t i c i d e  o p t i o n  (Method 3640) o r  as F r a c t i o n  111 o f  t h e  s i l i c a  g e l  c leanup 
procedure (Method 3630). Common f l e x i b l e  p l a s t i c s  c o n t a i n  v a r y i n g  amounts o f  
p h t h a l a t e  e s t e r s  which a re  e a s i l y  e x t r a c t e d  o r  leached from such m a t e r i a l s  d u r i n g  
l a b o r a t o r y  opera t ions .  Cross-contaminat ion o f  c l ean  glassware r o u t i n e l y  occurs 
when p l a s t i c s  a re  handled d u r i n g  e x t r a c t i o n  steps, e s p e c i a l l y  when so l  ven t -wet ted  
sur faces  a re  handled. I n t e r f e r e n c e s  f rom p h t h a l a t e  e s t e r s  can bes t  be min imized 
by avo id i ng  c o n t a c t  w i t h  any p l a s t i c  m a t e r i a l s  and check ing a l l  so l ven t s  and 
reagents  f o r  p h t h a l a t e  contaminat ion.  Exhaust ive cleanup o f  so lven ts ,  reagents  
and g l  assware may be r e q u i r e d  t o  e l  im ina te  background ph tha l  a t e  e s t e r  
contaminat ion.  

3.4 G l  assware must be sc rupu lous ly  cleaned. Clean a1 1  glassware as soon 
as p o s s i b l e  a f t e r  use by r i n s i n g  w i t h  t he  l a s t  so l ven t  used. T h i s  should be 
f o l l o w e d  by de te rgen t  washing w i t h  h o t  water, and r i n s e s  w i t h  t a p  water  and 
o r g a n i c - f r e e  reagent  water.  D ra in  t h e  glassware and d r y  i n  an oven a t  130°C f o r  
severa l  hours o r  r i n s e  w i t h  methanol and d r a i n .  S to re  d r y  glassware i n  a  c lean  
env i ronmen t . 

3.5 The presence o f  elemental  s u l f u r  w i l l  r e s u l t  i n  broad peaks t h a t  
i n t e r f e r e  w i t h  t h e  d e t e c t i o n  o f  e a r l y - e l  u t i n g  o rganoch lo r ine  p e s t i c i d e s .  S u l f u r  
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contaminat ion should be expected w i t h  sediment samples. Method 3660 i s  suggested 
f o r  removal o f  s u l f u r .  Since the  recovery o f  Endrin aldehyde (us ing the  TBA 
procedure) i s  d r a s t i c a l l y  reduced, t h i s  compound must be determined p r i o r  t o  A, s u l f u r  cleanup. 

L*' 3.6 Waxes, 1 i p i d s ,  and o ther  h igh  molecular weight co-extractables can 
be removed by Gel -Permeation Cleanup (Method 3640). 

3.7 It may be d i f f i c u l t  t o  quan t i t a te  Aroc lo r  pa t te rns  and s ing le  
component pes t i c i des  together.  Some pes t ic ides  can be removed by s u l f u r i c  
acid/permanganate cleanup (Method 3665) and s i  1 i c a  f r a c t i o n a t i o n  (Method 3630). 
Guidance on the  i d e n t i f i c a t i o n  o f  PCBs i s  g iven i n  Sec. 7. 

3.8 T h e f o l l o w i n g t a r g e t a n a l y t e s c o e l u t e u s i n g  s ing leco lumnana lys i s :  

DB 608 T r i  f l  u r a l  i n / D i a l l  a te  isomers 
PCNP/Di ch l  one/Isodri  n 
DDD/Endosul fan I I 

DB 1701 Captan/Chl orobenzi 1 a te  
Captafol/Mi rex  
DDD/Endosul fan I I 
Methoxychl or/Endosul fan sul  f a t e  

3.8.1 Other halogenated pes t ic ides  o r  i n d u s t r i a l  chemicals may 
i n t e r f e r e  w i t h  the  ana lys is  o f  pes t ic ides .  Cer ta in  co -e lu t i ng  
organophosphorus pes t i c i des  are e l  iminated by the  Gel Permeation 
Chromatography cleanup - p e s t i c i d e  op t ion  (Method 3640). Co-el u t i n g  

' '--. chlorophenol s are e l  iminated by S i l  i c a  gel (Method 3630), F l o r i s i l  (Method 
3620), o r  Alumina (Method 3610) cleanup. 

*&J 

3.9 The f o l l o w i n g  compounds coelute using the dual colunin analys is .  Two 
temperature programs are provided f o r  the  same p a i r  o f  columns as op t ion  1 and 
op t i on  2 f o r  dual column analys is .  I n  general, the  DB-5 column resolves fewer 
compounds t h a t  t he  DB-1701: 

3.9.1 DB-5/DB-1701, t h i n  f i l m ,  slow ramp: See Sec. 7 and Table 6. 

DB-5 trans-Permethrin/Heptachlor epoxide 
Endosul fan  I/a-Chl ordane 
Perthane/Endrin 
Endosul fan  I I/Chl oropropyl ate/Chl orobenzi 1 a te  
4,4' -DDT/Endosul fan  s u l f a t e  
Methoxychl or/Di c o f o l  

Perthane/Endrin and Chl orobenzi 1 ate/Endosul fan I I /Chloropropyl  a te  
w i l l  a l so  co -e lu te  on DB-5 a f t e r  moderate d e t e r i o r a t i o n  i n  column 
performance . 

Revision 0 
September 1994 



DB-1701 Chl o ro tha l  on i  l/B-BHC 
6-BHC/DCPA/t rans-Permet h r i  n 
a-Chl ordane/trans-Nonachl o r  
Captan/Dieldr i  n 
Chl orobenzi 1 ate/Chl oropropyl  a te  FiA8, 

4 
Chlorothalonil/B-BHC and a-Chlordane/trans-Nonachlor w i l l  c o - e l u t e  

on t h e  DB-1701 column a f t e r  moderate d e t e r i o r a t i o n  i n  column performance. 

N i t ro fen ,  Dichlone, Carbophenothion, D ich lo ran and Kepone were 
removed from t h e  composite m ix tu re  because o f  extensive peak t a i l i n g  on 
both columns. Simazine and At raz ine  g i v e  poor responses on t h e  ECD 
de tec to r .  T r i a z i n e  compounds should be analyzed us ing  Method 8141 (NPD 
op t i on ) .  

3.9.2 DB-5/DB-1701, t h i c k  f i l m ,  f a s t  ramp: See Sec. 7 and Table 7. 

DB- 5 D i a l  1 ate/a-BHC 
Perthane/Endosul fan  I I 
Chl orobenzi 1 ate/Chl oropropyl  a te  
Endri  n/Ni t r o f e n  
4,4' -DDT/Endosul fan  s u l f a t e  
Methoxychl or/Di co l  fo1 

DB- 1701 a-Chl ordaneltrans-Nonachl o r  ( p a r t  i a1 l y  reso l  ved) 
4,4'-DDD/Endosul fan  I1  ( p a r t i a l l y  resolved)  

4.0 APPARATUS AND MATERIALS 

4.1 Gas chromatograph: an a n a l y t i c a l  system complete w i t h  gas \ 

chromatograph s u i t a b l e  f o r  on-column and sp l  i t - s p l  i t l e s s  i n j e c t i o n  and a1 1 
requ i  r e d  accessories i n c l  ud i  ng syr inges, a n a l y t i c a l  co l  umns, gases, e l  ec t ron  
capture de tec to rs  (ECD), and reco rde r / i n teg ra to r  o r  data system. 

The columns 1 i s t e d  i n  t h i s  sec t ion  were used t o  develop t h e  method 
performance data. The i r  s p e c i f i c a t i o n  i s not  intended t o  prevent  1 abora tor ies  
from us ing  columns t h a t  are developed a f t e r  promulgat ion o f  t h e  method. 
Laborator ies may use o ther  c a p i l l a r y  columns i f  they  document method performance 
data  (e.g. chromatographic reso l  u t i on ,  ana ly te  breakdown, and MDLs) equal t o  o r  
b e t t e r  than those prov ided w i t h  the  method. 

4.1.1 Single-colurr~n Analys is :  

4.1.1.1 Narrow-bore columns: 

4.1.1.1.1 Column 1 - 30 m x 0.25 o r  0.32 mm i n t e r n a l  
diameter ( ID)  fused s i  1 i c a  capi  11 ary column chemica l ly  bonded 
w i t h  SE-54 (DB 5 o r  equ iva len t ) ,  1 pm f i l m  th ickness.  

4.1.1.1.2 Column 2 - 30 m x 0.25 mm ID fused s i l i c a  
capi 11 a ry  column chemical l y  bonded w i t h  35 percent  phenyl 
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methylpolysiloxane (DB 608, SPB 608, or equivalent), 25 pm 
coating thickness, 1 pm film thickness. 

4.1.1.1.3 Narrow bore columns should be installed in 
spl i t/spl i tl ess (Grob-type) injectors. 

4.1.1.2 Wide-bore col umns 

4.1.1.2.1 Column 1 - 30 m x 0.53 mm ID fused silica 
capi 11 ary column chemically bonded with 35 percent phenyl 
methylpolysiloxane (DB 608, SPB 608, RTx-35, or equivalent), 
0.5 pm or 0.83 pm film thickness. 

4.1.1.2.2 Column 2 - 30 m x 0.53 mm ID fused silica 
capi 11 ary col umn chemically bonded with 50 percent phenyl 
methylpolysiloxane (DB 1701, or equivalent), 1.0 pm film 
thickness . 

4.1.1.2.3 Column 3 - 30 m x 0.53 mm ID fused silica 
capillary column chemically bonded with SE-54 (DB 5, SPB 5, 
RTx5, or equivalent), 1.5 pm film thickness. 

4.1.1.2.4 Wide-bore columns should be installed in 1/4 
inch injectors, with deactivated 1 iners designed specifically 
for use with these columns. 

4.1.2 Dual Column Analysis : 

4.1.2.1 Col umn pa i r 1 : 

4.1.2.1.1 J&W Scientific press-fit Y-shaped glass 3- 
way union spl i tter (J&W Scientific, Catalog no. 705-0733) or 
Restek Y-shaped fused-silica connector (Restek, Catalog no. 
20405) , or equi val ent . 

4.1.2.1.2 30 111 x 0.53 m ID DB-5 (J&W Scientific), 
1.5 pm film thickness, or equivalent. 

4.1.2.1.3 30 m x 0.53 mm ID DB-1701 (J&W Scientific), 
1.0 pm film thickness, or equivalent. 

4.1.2.2 Column pair 2: 

4.1.2.2.1 Splitter 2 - Supelco 8 in. glass injection 
tee, deactivated (Supel co, Catalog no. 2-3665M), or 
equivalent . 

4.1.2.2.2 30 m x 0.53 m ID DB-5 (J&W Scientific), 
0.83 pm film thickness, or equivalent. 

4.1.2.2.3 30 m x 0.53 mm ID DB-1701 (J&W Scientific), 
1.0 pm film thickness, or equivalent. 
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4.1.3 Column r i n s i n g  k i t :  Bonded-phase column r i n s e  k i t  (J&W 
S c i e n t i f i c ,  Cata log no. 430-3000 o r  e q u i v a l e n t ) .  

4.2 Glassware (see Methods 3510, 3520, 3540, 3541, 3550, 3630, 3640, 
3660, and 3665 f o r  spec i  f i c a t i o n s )  . 

4.3 Kuderna-Danish (K-D) apparatus. See e x t r a c t i o n  methods f o r  s p e c i f i c s .  

5.0 REAGENTS 

5.1 Reagent o r  p e s t i c i d e  grade chemicals s h a l l  be used i n  a l l  t e s t s .  
Unless o therw ise  i nd i ca ted ,  i t  i s  in tended t h a t  a l l  reagents  s h a l l  conform t o  
s p e c i f i c a t i o n s  o f  t h e  Committee on A n a l y t i c a l  Reagents o f  t h e  American Chemical 
Soc ie ty ,  where such s p e c i f i c a t i o n s  a re  a v a i l  ab le .  Other  grades may be used, 
p rov ided  i t  i s  f i r s t  ascer ta ined  t h a t  t h e  reagent  i s  o f  s u f f i c i e n t l y  h i g h  p u r i t y  
t o  pe rm i t  i t s  use w i t h o u t  l essen ing  t h e  accuracy o f  t h e  de te rm ina t i on .  

NOTE : - Store  t h e  s tandard s o l u t i o n s  (s tock ,  composite, c a l  i b r a t i o n ,  
i n t e r n a l ,  and sur roga te )  a t  4°C i n  Te f l on -sea led  con ta ine rs  i n  t h e  
dark .  When a  l o t  o f  standards i s  prepared, i t  i s  recommended t h a t  
a1 i q u o t s  o f  t h a t  l o t  be s t o r e d  i n  i n d i v i d u a l  smal l  v i a l s .  A l l  s t ock  
s tandard s o l u t i o n s  must be rep laced  a f t e r  one yea r  o r  sooner i f  
r o u t i n e  QC (Sec. 8 )  i n d i c a t e s  a  problem. A l l  o t h e r  s tandard 
s o l u t i o n s  must be rep laced  a f t e r  s i x  months o r  sooner i f  r o u t i n e  QC 
(Sec. 8 )  i n d i c a t e s  a  problem. 

5.2 So lven ts  and reagents:  As app rop r i a te  f o r  Method 3510, 3520, 3540, 
3541, 3550, 3630, 3640, 3660, o r  3665: n-hexane, d i e t h y l  e ther ,  methylene 
c h l o r i d e ,  acetone, e t h y l  acetate,  and i sooc tane  (2,2,4-trimethylpentane). A l l  
so l ven t s  shou ld  be p e s t i c i d e  q u a l i t y  o r  equ iva len t ,  and each l o t  o f  so l ven t  

+ 
bw'  

should be determined t o  be p h t h a l a t e  f r e e .  So lven ts  must be exchanged t o  hexane 
o r  i sooc tane  p r i o r  t o  ana l ys i s .  

5.2.1 Organ i c - f r ee  reagent  water :  A l l  re fe rences  t o  wate r  i n  t h i s  
method r e f e r  t o  o r g a n i c - f r e e  reagent  water  as d e f i n e d  i n  Chapter One. 

5.3 Stock s tandard s o l u t i o n s  (1000 mg/L): Can be prepared f rom pure 
s tandard m a t e r i a l s  o r  can be purchased as c e r t i f i e d  s o l u t i o n s .  

5.3.1 Prepare s t o c k  s tandard s o l u t i o n s  by a c c u r a t e l y  weigh ing about 
0.0100 g  o f  pure compound. D i sso l ve  t h e  compound i n  i sooc tane  o r  hexane 
and d i l u t e  t o  volume i n  a  10-mL vo lume t r i c  f l a s k .  I f  compound p u r i t y  i s  
96 percen t  o r  g rea te r ,  t h e  weight  can be used w i t h o u t  c o r r e c t i o n  t o  
c a l c u l a t e  t h e  concen t ra t i on  o f  t h e  s tock  s tandard s o l u t i o n .  Commercial ly 
prepared s t o c k  s tandard s o l u t i o n s  can be used a t  any concen t ra t i on  i f  they  
a r e  c e r t i f i e d  by t h e  manufacturer  o r  by an independent source. 

5.3.2 i3-BHC, D i e l d r i n ,  and some o t h e r  s tandards may n o t  be 
adequate ly  s o l u b l e  i n  isooctane.  A  smal l  amount o f  acetone o r  t o l uene  
should be used t o  d i s s o l v e  these compounds d u r i n g  t h e  p r e p a r a t i o n  o f  t h e  
s t o c k  s tandard s o l u t i o n s .  
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5.4 Composite s tock  standard: Can be prepared from i n d i v i d u a l  s tock 
s o l u t i o n s .  For composite s tock  standards con ta in i ng  l e s s  than 25 components, 
t ake  e x a c t l y  1 mL o f  each i n d i v i d u a l  s tock  s o l u t i o n  a t  1000 mg/L, add so lvent ,  

.'".I and mix t h e  s o l u t i o n s  i n  a 25-mL vo lumet r i c  f l a s k .  For example, f o r  a composite 
I con ta in ing  20 i n d i v i d u a l  standards, t h e  r e s u l t i n g  concent ra t ion  o f  each component 

i n  t h e  mix tu re ,  a f t e r  t h e  volume i s  ad justed t o  25 mL, w i l l  be 1 mg/25 mL. 'This 
composite s o l u t i o n  can be f u r t h e r  d i l u t e d  t o  o b t a i n  t h e  des i red  concentrat ions.  
For  composite s tock  standards con ta in i ng  more than 25 components, use vo lumet r i c  
f l asks  of t h e  appropr ia te  volume (e.g., 50 mL, 100 mL). 

5.5 C a l i b r a t i o n  standards should be prepared a t  a minimum o f  f i v e  
concent ra t ions  by d i l u t i o n  o f  t h e  composite s tock  standard w i t h  isooctane o r  
hexane. The concent ra t ions  should correspond t o  t h e  expected range o f  
concent ra t ions  found i n  r e a l  samples and should bracket  t he  l i n e a r  range o f  t he  
d e t e c t o r .  

5.5.1 Al though a l l  s i n g l e  component analy tes can be resolved on a 
new 35 percent  phenyl methyl s i l i c o n e  column (e.g., DB-608), two 
c a l i b r a t i o n  mix tu res  should be prepared f o r  t he  s i n g l e  component analy tes 
o f  t h i s  method. 

5.5.2 Th is  procedure i s  es tab l i shed t o  (1) minimize p o t e n t i a l  
r e s o l u t i o n  and quant i t a t  i o n  problems on con f i rma t i on  columns o r  on o l d e r  
35 percent  phenyl methyl  s i l i c o n e  (e.g. DB-608) columns and (2) a l l ow  
de te rmina t ion  o f  Endr in  and DDT breakdown f o r  method QC (Sec. 8 ) .  

5.5.3 Separate c a l  i b r a t i o n  standards are requ i red  f o r  each mu1 t i  - 
component t a r g e t  analy te,  w i t h  t h e  except ion of Aroc lo rs  1016 and 1260, 
which can be r u n  as a mix tu re .  

5.6 I n t e r n a l  standard (op t iona l  ) : 

5.6.1 Pentachl o ron i  trobenzene i s  suggested as an i n t e r n a l  standard 
f o r  t he  s i n g l e  column analys is ,  when i t  i s  n o t  considered t o  be a t a r g e t  
ana ly te .  I-Bromo-2-ni trobenzene i s  a suggested op t ion .  Prepare t h e  
s tandard t o  complement t he  concentrat ions found i n  Sec. 5.5. 

5.6.2 Make a s o l u t i o n  o f  1000 mg/L o f  1-bromo-2-ni trobenzene f o r  
dual-column ana lys is .  D i l u t e  i t  t o  500 ng/pL f o r  sp ik ing,  then use a 
s p i k i n g  volume o f  10 pL/mL o f  e x t r a c t .  

5.7 Surrogate standards: The performance o f  t h e  method should be 
moni tored us ing  sur roga te  compounds. Surrogate standards are added t o  a1 1 
samples, method blanks, m a t r i x  spikes, and ca l  i b r a t i o n  standards. 

5.7.1 For t he  s i n g l e  column analys is ,  use decachlorobiphenyl as t he  
p r imary  surrogate.  However, i f  recovery i s  1 ow, o r  l a t e - e l  u t i n g  compounds 
i n t e r f e r e  w i t h  decachlorobiphenyl  , then te t rachloro-m-xy lene should be 
evaluated as a surrogate. Proceed w i t h  c o r r e c t i v e  ac t i on  when both 
surrogates are ou t  o f  l i m i t s  f o r  a sample (Sec. 8.2). Method 3500, Sec. 
5, i n d i c a t e s  t h e  proper  procedure f o r  prepar ing these surrogates. 
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5.7.2 For  t h e  dual  column ana l ys i s  make a  s o l u t i o n  o f  1000 mg/L o f  
4 - c h l o r o - 3 - n i  t r o b e n z o t r i f l  u o r i d e  and d i l u t e  t o  500 ng/pL. Use a  s p i k i n g  
volume o f  100 p L  f o r  a  1 L  aqueous sample. S to re  t h e  s p i k i n g  s o l u t i o n s  
a t  4°C i n  Te f lon-sea led  con ta ine rs  i n  t h e  dark .  

,p"4bq 
hc ,/ 

6.0 SAMPLE COLLECTION, PRESERVATION AND HANDLING 

6.1 See Chapter 4, Organic  Analytes,  Sec. 4. 

6.2 E x t r a c t s  must be s t o r e d  under r e f r i g e r a t i o n  i n  t h e  d a r k  and analyzed 
w i t h i n  40 days o f  e x t r a c t i o n .  

7.0 PROCEDURE 

7.1 E x t r a c t i o n :  

7.1.1 Refer  t o  Chapter Two and Method 3500 f o r  guidance i n  choosing 
t h e  appropr i  a t e  e x t r a c t i o n  procedure. I n  genera l  , water  sampl es a re  
e x t r a c t e d  a t  a  n e u t r a l  pH w i t h  methylene c h l o r i d e  as a  s o l v e n t  us i ng  a  
separa to ry  funne l  (Method 3510) o r  a  cont inuous 1  i q u i d - 1  i q u i d  e x t r a c t o r  
(Method 3520). E x t r a c t  s o l i d  samples w i t h  hexane-acetone ( 1 : l )  us i ng  one 
o f  t h e  Soxh le t  e x t r a c t i o n  (Method 3540 o r  3541) o r  u l t r a s o n i c  e x t r a c t i o n  
(Method 3550) procedures. 

NOTE: Hexane/acetone ( 1 : l )  may be more e f f e c t i v e  as an e x t r a c t i o n  - 
s o l v e n t  f o r  o rganoch lo r ine  p e s t i c i d e s  and PCBs i n  some 
environmental  and waste ma t r i ces  t han  i s  methy l  ene 
c h l  or ide/acetone 1 : 1 )  Use o f  hexane/acetone genera l  l y  
reduces t h e  amount o f  co -ex t rac ted  i n t e r f e r e n c e s  and improves 1 
s igna l /no ise .  

7.1.2 Spiked samples a re  used t o  v e r i f y  t h e  a p p l i c a b i l i t y  o f  t h e  
chosen e x t r a c t i o n  techn ique  t o  each new sample type .  Each sample t ype  
must be sp iked  w i t h  t h e  compounds o f  i n t e r e s t  t o  determine t h e  percen t  
r ecove ry  and t h e  l i m i t  o f  d e t e c t i o n  f o r  t h a t  sample (Sec. 5 ) .  See Method 
8000 f o r  guidance on demonstrat ion o f  i n i t i a l  method p r o f i c i e n c y  as w e l l  
as guidance on m a t r i x  sp ikes  f o r  r o u t i n e  sample a n a l y s i s .  

7.2.1 Cleanup procedures may n o t  be necessary f o r  a  r e 1  a t i v e l y  c lean  
sample m a t r i x ,  b u t  most e x t r a c t s  f rom environmental  and waste samples w i l l  
r e q u i r e  a d d i t i o n a l  p r e p a r a t i o n  be fo re  ana l ys i s .  The s p e c i f i c  c leanup 
procedure used w i l l  depend on t h e  n a t u r e  o f  t h e  sample t o  be analyzed and 
t h e  d a t a  qua1 i t y  o b j e c t i v e s  f o r  t h e  measurements. General guidance f o r  
sample e x t r a c t  c leanup i s  p rov ided  i n  t h i s  s e c t i o n  and i n  Method 3600. 

7.2.1.1 I f  a  sample i s  o f  b i o l o g i c a l  o r i g i n ,  o r  con ta ins  
h i g h  mo lecu la r  weight  ma te r i a l s ,  t h e  use o f  GPC c l  eanup/pest ic ide 
o p t i o n  (Method 3640) i s  recommended. Frequent ly ,  one o f  t h e  
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adso rp t i on  chromatographic cleanups may a l s o  be r e q u i r e d  f o l l o w i n g  
t h e  GPC cleanup. 

7.2.1.2 I f  o n l y  PCBs a re  t o  be measured i n  a sample, t h e  
s u l  f u r i c  acid/permanganate c leanup (Method 3665) i s  recommended. 
A d d i t i o n a l  c l eanup / f r ac t i ona t i on  by A1 umina Cleanup (Method 3610), 
S i  1 i ca-Gel Cleanup (Method 3630), o r  F l  o r i  s i  1 Cleanup (Method 3620), 
may be necessary. 

7.2.1.3 I f  bo th  PCBs and p e s t i c i d e s  a re  t o  be measured i n  
t h e  sample, i s o l a t i o n  o f  t h e  PCB f r a c t i o n  by S i l i c a  Cleanup (Method 
3630) i s  recommended. 

7.2.1.4 I f  o n l y  p e s t i c i d e s  a re  t o  be measured, c leanup by 
Method 3620 o r  Method 3630 i s  recommended. 

7.2.1.5 Elemental s u l f u r ,  which may appear i n  c e r t a i n  
sediments and i n d u s t r i  a1 wastes, i n t e r f e r e s  w i t h  t h e  e l e c t r o n  
cap tu re  gas chromatography.of  c e r t a i n  p e s t i c i d e s .  S u l f u r  should be 
removed by t h e  technique descr ibed i n  Method 3660, S u l f u r  Cleanup. 

7.3 GC Cond i t ions :  Th i s  method a1 1 ows t h e  ana l ys t  t o  choose between 
a s i n g l e  column o r  a dual  colunin c o n f i g u r a t i o n  i n  t h e  i n j e c t o r  p o r t .  E i t h e r  
wide- o r  nar row-bore columns may be used. I d e n t i f i c a t i o n s  based on r e t e n t i o n  
t imes  f rom a s i n g l e  column must be conf i rmed on a second column o r  w i t h  an 
a1 t e r n a t i v e  qua1 i t a t i v e  technique. 

7.3.1 S i n g l e  Column Ana lys is :  

7.3.1.1 Th is  c a p i l l a r y  GC/ECD method a l lows  t h e  ana l ys t  
t h e  o p t i o n  o f  us i ng  0.25-0.32 mm ID  c a p i l l a r y  columns (narrow-bore) 
o r  0.53 mm I D  cap i  11 a r y  columns (wide-bore) . Performance da ta  are 
p rov ided  f o r  bo th  op t i ons .  F igures 1 -6  p rov i de  example 
chromatograms. 

7.3.1.2 The use o f  narrow-bore columns i s  recommended when 
t h e  a n a l y s t  r e q u i r e s  g rea te r  chromatographic r e s o l u t i o n .  Use o f  
narrow-bore columns i s  s u i t a b l e  f o r  r e l a t i v e l y  c l ean  samples o r  f o r  
e x t r a c t s  t h a t  have been prepared w i t h  one o r  more o f  t h e  c lean-up 
o p t i o n s  re fe renced  i n  t h e  method. Wide-bore columns (0.53 mm) a re  
s u i t a b l e  f o r  more complex environmental  and waste mat r i ces .  

7.3.1.3 For t h e  s i n g l e  column method o f  ana lys is ,  us ing 
wide-bore c a p i l l  a r y  columns, Tab1 e 1 1 i s t s  average r e t e n t i o n  t imes 
and method d e t e c t i o n  l i m i t s  (MDLs) f o r  t h e  t a r g e t  ana ly tes  i n  water 
and s o i l  ma t r i ces .  For  t h e  s i n g l e  column method o f  ana l ys i s ,  us ing  
narrow-bore c a p i l l  a ry  columns, Table 2 1 i s t s  average r e t e n t i o n  t imes 
and method d e t e c t i o n  1 i m i  t s  (MDLs) f o r  t h e  t a r g e t  ana ly tes  i n  water 
and s o i l  mat r i ces .  The MDLs f o r  t h e  components o f  a s p e c i f i c  sample 
may d i f f e r  f rom those 1 i s t e d  i n  Tables 1 and 2 because they  a re  
dependent upon t h e  na tu re  o f  i n t e r f e rences  i n  t h e  sample ma t r i x .  
Table  3 1 i s t s  t h e  Est imated Q u a n t i t a t i o n  L i m i t s  (EQLs) f o r  o t he r  
ma t r i ces .  Table  4 l i s t s  t h e  GC ope ra t i ng  c o n d i t i o n s  f o r  t h e  s i n g l e  
column method o f  ana l ys i s .  
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7.3.2 Dual Col uliin Ana l ys i s :  

7.3.2.1 The dual  - c o l  unin/dual - d e t e c t o r  approach i n v o l v e s  
t h e  use o f  two 30 m  x  0.53 mm ID  f u s e d - s i l i c a  open- tubu la r  columns 
o f  d i f f e r e n t  p o l a r i t i e s ,  thus  d i f f e r e n t  s e l e c t i v i t i e s  towards t h e  
t a r g e t  compounds. The columns a re  connected t o  an i n j e c t i o n  t e e  and 

1 
\J 

ECD de tec to r s .  Re ten t ion  t imes f o r  t h e  o rganoch lo r ine  ana l y tes  on 
dual  columns a re  i n  Table 5. The GC o p e r a t i n g  c o n d i t i o n s  f o r  t h e  
compounds i n  Table 5  a re  i n  Table 6. Mult icomponent m i x t u r e s  o f  
Toxaphene and Strobane were analyzed sepa ra te l y  (F i gu res  7  and 8) 
us i ng  t h e  GC ope ra t i ng  c o n d i t i o n s  found i n  Table 7. Seven A r o c l o r  
m i x tu res  and s i x  Halowax m ix tu res  were analyzed under t h e  c o n d i t i o n s  
o u t l i n e d  i n  Table 7  (F igures  9 through 21). F i gu re  22 i s  a  sample 
chromatogram f o r  a  m i x t u r e  o f  o rganoch lo r ine  p e s t i c i d e s .  The 
r e t e n t i o n  t imes  o f  t h e  i n d i v i d u a l  components de tec ted  i n  these 
m ix tu res  a re  g i ven  i n  Tables 8  and 9. 

7.3.2.1.1 Operat ing c o n d i t i o n s  f o r  a  more h e a v i l y  
loaded DB-5/DB-1701 p a i r  a re  g i ven  i n  Table 7. Th i s  column 
p a i r  was used f o r  t h e  d e t e c t i o n  o f  mult icomponent 
o rganoch lo r ine  compounds. 

7.3.2.1.2 Operat ing c o n d i t i o n s  f o r  a  DB-5/DB-1701 
column p a i r  w i t h  t h i n n e r  f i l m s ,  a  d i f f e r e n t  t y p e  o f  s p l i t t e r ,  
and a  s lower  temperature programming r a t e  a r e  p rov ided  i n  
Table 6. These c o n d i t i o n s  gave b e t t e r  peak shapes f o r  
compounds such as N i t r o f e n  and D i c o f o l .  Table 5  l i s t s  t h e  
r e t e n t i o n  t imes f o r  t h e  compounds de tec ted  on t h i s  column 
p a i r .  

7.4 C a l i b r a t i o n :  

7.4.1 Prepare c a l i b r a t i o n  standards us ing  t h e  procedures i n  Sec. 5. 
Re fe r  t o  Method 8000 (Sec. 7) f o r  p roper  c a l i b r a t i o n  techniques f o r  bo th  
i n i t i a l  c a l i b r a t i o n  and c a l i b r a t i o n  v e r i f i c a t i o n .  The procedure f o r  
e i t h e r  i n t e r n a l  o r  ex te rna l  c a l i b r a t i o n  may be used, however, i n  most 
cases e x t e r n a l  s tandard c a l i b r a t i o n  i s  used w i t h  Method 8081. Th i s  i s  
because o f  t h e  s e n s i t i v i t y  o f  t he  e l e c t r o n  cap tu re  d e t e c t o r  and t h e  
p r o b a b i l i t y  o f  t h e  i n t e r n a l  standard be ing a f f e c t e d  by i n t e r f e r e n c e s .  
Because severa l  o f  t h e  p e s t i c i d e s  may c o - e l u t e  on any s i n g l e  column, 
ana l ys t s  should use two c a l i b r a t i o n  m ix tu res  (see Sec. 3.8).  The s p e c i f i c  
m i x t u r e  should be se lec ted  t o  min imize t h e  problem o f  peak over lap .  

NOTE: Because of  t h e  s e n s i t i v i t y  o f  t h e  e l e c t r o n  cap tu re  d e t e c t o r ,  
t h e  i n j e c t i o n  p o r t  and column should always be cleaned p r i o r  
t o  per fo rming  t h e  i n i t i a l  c a l i b r a t i o n .  

7.4.1.1 Method 8081 has many mul t i -component  t a r g e t  
ana l y tes .  For t h i s  reason, t h e  t a r g e t  ana l y tes  chosen f o r  
c a l i b r a t i o n  should be l i m i t e d  t o  those s p e c i f i e d  i n  t h e  p r o j e c t  
p l an .  For ins tance ,  some s i t e s  may r e q u i r e  a n a l y s i s  f o r  t h e  
o rganoch lo r ine  p e s t i c i d e s  o n l y  o r  t h e  PCBs on l y .  Toxaphene and/or 
t e c h n i c a l  Chlordane may n o t  be s p e c i f i e d  a t  c e r t a i n  s i t e s .  I n  
a d d i t i o n ,  where PCBs a re  s p e c i f i e d  i n  t h e  p r o j e c t  p lan,  a  m i x t u r e  o f  
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Aroc lo r s  1016 and 1260 w i l l  s u f f i c e  f o r  t h e  i n i t i a l  c a l i b r a t i o n  o f  
a l l  A roc lo rs ,  s ince  they  Snclude a l l  congeners present  i n  the  
d i f f e r e n t  r egu la ted  A roc lo r s .  A m id -po in t  c a l i b r a t i o n  standard o f  
a l l  A roc lo r s  ( f o r  A roc lo r  p a t t e r n  r e c o g n i t i o n )  must be inc luded  w i t h  
t h e  i n i t i a l  c a l i b r a t i o n  so t h a t  t h e  ana l ys t  i s  f a m i l i a r  w i t h  each 
A r o c l o r  p a t t e r n  and r e t e n t i o n  t imes on each column. 

7.4.1.2 For  c a l i b r a t i o n  . v e r i f i c a t i o n  (each 12 h r  s h i f t )  
a l l  t a r g e t  ana ly tes  requ i red  i n  t h e  p r o j e c t  p l an  must be i n j e c t e d  
w i t h  t he  f o l l o w i n g  except ion f o r  t he  Aroc lo rs .  For s i t e s  t h a t  
r e q u i r e  PCB ana l ys i s ,  i nc l ude  o n l y  t h e  Aroc lo rs  t h a t  a re  expected t o  
be found a t  t h e  s i t e .  I f  PCBs a re  requi red,  b u t  i t  i s  unknown which 
Aroc l  o r s  may be present,  t h e  mid-concentrat  i o n  Aroc l  o r s  1016/1260 
m i x t u r e  on ly ,  may be i n j e c t e d .  However, i f  s p e c i f i c  A roc lo r s  a re  
found a t  t h e  s i t e  du r i ng  t h e  i n i t i a l  screening, i t  i s  r equ i red  t h a t  
t h e  samples con ta in i ng  A roc lo r s  be r e i n j e c t e d  w i t h  t h e  proper  mid- 
concen t ra t  i on Aroc l  o r  standards. 

7.4.2 Because o f  t h e  low concent ra t ion  o f  p e s t i c i d e  standards 
i n j e c t e d  on a  GC/ECD, column adsorp t ion  may be a  problem when t h e  GC has 
n o t  been used f o r  a  day o r  more. Therefore, t h e  GC column should be 
pr imed o r  deac t i va ted  by i n j e c t i n g  a  PCB o r  p e s t i c i d e  standard m ix tu re  
approx imate ly  20 t imes  more concentrated than t h e  mid-concentrat ion 
standard. I n j e c t  t h i s  standard m ix tu re  p r i o r  t o  beginn ing t h e  i n i t i a l  
c a l i b r a t i o n  o r  c a l i b r a t i o n  v e r i f i c a t i o n .  

CAUTION: Several analy tes,  i n c l u d i n g  A1 d r i n ,  may be observed i n  
t he  i n j e c t i o n  j u s t  f o l l o w i n g  t h i s  system pr iming.  
Always run  an acceptable b lank  p r i o r  t o  running any 
standards o r  sampl es . 

7.4.3 Reten t ion  t ime  windows: 

7.4.3.1 Before e s t a b l i s h i n g  t he  r e t e n t i o n  t ime windows, 
make sure t h e  gas chromatographic system i s  w i t h i n  optimum opera t ing  
cond i t i ons .  The w id th  o f  the  r e t e n t i o n  t ime window should be based 
upon ac tua l  r e t e n t i o n  t imes o f  standards measured over  t h e  course o f  
72 hours.  See Method 8000 f o r  d e t a i l  s. 

7.4.3.2 Reten t ion  t ime windows s h a l l  be de f i ned  as p l us  o r  
minus t h r e e  t imes  t h e  standard d e v i a t i o n  o f  t h e  absolute r e t e n t i o n  
t imes  f o r  each standard. However, t h e  exper ience o f  t h e  ana lys t  
should weigh h e a v i l y  i n  t he  i n t e r p r e t a t i o n  o f  t h e  chromatograms. 
For mu1 t i  component standards (i . e., PCBs), t h e  ana l ys t  should use 
t h e  r e t e n t i o n  t ime  window b u t  should p r i m a r i l y  r e l y  on p a t t e r n  
r e c o g n i t i o n .  Sec. 7.5.4 prov ides guidance on t he  establ ishment o f  
abso lu te  r e t e n t i o n  t ime windows. 

7.4.3.3 Ce r ta i n  analy tes,  p a r t i c u l a r l y  Kepone, are sub jec t  
t o  changes i n  r e t e n t i o n  t imes. Dry Kepone standards prepared i n  
hexane o r  i sooctane can produce gauss i an peaks. However, Kepone 
e x t r a c t e d  f rom samples o r  standards exposed t o  water o r  methanol may 
produce peaks w i t h  broad t a i l s  t h a t  e l u t e  l a t e r  than t h e  standard 
(0 -1  minu te ) .  Th is  s h i f t  i s  presumably t h e  r e s u l t  o f  t h e  fo rmat ion  
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of a hemi-acetal from the ketone functionality. Method 8270 is 
recommended for Kepone. 

7.5 Gas chromatographic analysis: 

7.5.1 Set up the GC system using the conditions described in Tables / 

4, 6, or 7. An initial oven temperature at or below 140-150°C is required 
to resolve the four BHC isomers. A final temperature of 240-270°C is 
required to el ute decachlorobiphenyl . Use of injector pressure 
programming will improve the chromatography of late eluting peaks. 

7.5.2 Verify cal i bration each 12 hour shift by injecting cal i bration 
verification standards prior to conducting any analyses. See Sec. 7.4.1.2 
for speci a1 guidance on cal i brat ion verification of PCBs. A cal i brat ion 
standard must also be injected at intervals of not less than once every 
twenty samples (after every 10 samples is recommended to minimize the 
number of samples requiring re-injection when QC limits are exceeded) and 
at the end of the analysis sequence. The calibration factor for each 
analyte to be quantitated must not exceed a 215 percent difference when 
compared to the initial calibration curve. When this criterion is 
exceeded, inspect the gas chromatographic system to determine the cause 
and perform whatever maintenance i s necessary before verifying cal i brat ion 
and proceeding with sample analysis. If routine maintenance does not 
return the instrument performance to meet the QC requirements (Sec. 8.2) 
based on the last initial calibration, then a new initial calibration must 
be performed. 

7.5.2.1 Analysts should use high and low concentrations of 
mixtures of single-component analytes and multi-component analytes 
for cal i brat i on veri f i cat i on. e 
7.5.3 Sample injection may continue for as long as the calibration 

verification standards and standards interspersed with the samples meet 
instrument QC requirements. It is recommended that standards be analyzed 
after every 10 (required after every 20 samples), and at the end of a set. 
The sequence ends when the set of samples has been injected or when 
qua1 i tati ve and/or quantitative QC criteria are exceeded. 

7.5.3.1 Each sample analysis must be bracketed with an 
acceptable initial calibration, calibration verification standard(s) 
(each 12 hr shift), or calibration standards interspersed within the 
samples. All samples that were injected after the standard that 
last met the QC criteria must be reinjected. 

7.5.3.2 Although analysis of a single mid-concentration 
standard (standard mixture or multi-component analyte) will satisfy 
the m:lnimum requirements, analysts are urged to use different 
cal i brat ion verification standards during organochlorine 
pest i cide/PCB analyses. A1 SO, mu1 ti -1 eve1 standards (mixtures or 
multi-component analytes) are highly recommended to ensure that 
detector response remains stable for all analytes over the 
cal i brat i on range. 
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7.5.4 Estab l  i s h  abso lu te  r e t e n t i o n  t ime windows f o r  each ana ly te .  
Use t h e  abso lu te  r e t e n t i o n  t i m e  f o r  each ana l y t e  f rom standards analyzed 
d u r i n g  t h a t  12 hour s h i f t  as t h e  m idpo in t  o f  t h e  window. The d a i l y  
r e t e n t i o n  t i m e  window equals t h e  m idpo in t  + t h r e e  t imes  t h e  standard 
dev i  a t  i ons. 

7.5.4.1 T e n t a t i v e  i d e n t i f i c a t i o n  o f  an ana l y t e  occurs  when 
a  peak from a  sample e x t r a c t  f a l l s  w i t h i n  t h e  d a i l y  r e t e n t i o n  t ime 
window. 

7.5.4.2 Val i d a t  i o n  o f  gas chromatographic system 
q u a l i t a t i v e  performance: Use t h e  c a l i b r a t i o n  standards analyzed 
d u r i n g  t h e  sequence t o  eva lua te  r e t e n t i o n  t ime  s t a b i l i t y .  I f  any o f  
t h e  standards f a l l  ou t s i de  t h e i r  d a i l y  r e t e n t i o n  t ime  windows, t h e  
system i s  out  o f  c o n t r o l .  Determine t h e  cause o f  t h e  problem and 
c o r r e c t  i t .  

7.5.5 Record t h e  volume i n j e c t e d  t o  t h e  nearest  0.05 pL and t h e  
r e s u l t i n g  peak s i z e  i n  area u n i t s .  Using e i t h e r  t h e  i n t e r n a l  o r  t h e  
e x t e r n a l  c a l  i b r a t  i o n  procedure (Method 8000), determine t h e  i d e n t i t y  and 
t h e  q u a n t i t y  o f  each component peak i n  t h e  sample chromatogram which 
corresponds t o  t h e  compounds used f o r  c a l i b r a t i o n  purposes. 

7.5.5.1 I f  t h e  responses exceed t h e  c a l  i b r a t i o n  range o f  
t h e  system, d i l u t e  t h e  e x t r a c t  and reanalyze.  Peak he igh t  
measurements a r e  recommended over peak area i n t e g r a t i o n  when 
o v e r l  apping peaks cause e r r o r s  i n  area i n t e g r a t i o n .  

7.5.5.2 I f  p a r t i  a1 l y  over1 appi ng o r  coe l  u t  i n g  peaks a re  
found, change columns o r  t r y  GC/MS q u a n t i t a t i o n ,  see Sec. 8  and 
Method 8270. 

7.5.5.3 I f  t h e  peak response i s  l e s s  than 2.5 t imes t h e  
base l i ne  no i se  l e v e l ,  t h e  v a l i d i t y  o f  t h e  q u a n t i t a t i v e  r e s u l t  may be 
ques t ionab le .  The ana l ys t  should  consu l t  w i t h  t h e  source o f  t he  
sample t o  determine whether f u r t h e r  concen t ra t i on  o f  t h e  sample i s  
warranted. 

7.5.6 I d e n t i f i c a t i o n  o f  m i x tu res  ( i  .e. PCBs and Toxaphene) i s  based 
on t h e  c h a r a c t e r i s t i c  " f i n g e r p r i n t "  r e t e n t i o n  t ime  and shape o f  the  
i n d i c a t o r  peak(s);  and q u a n t i t a t i o n  i s  based on t h e  area under t he  
c h a r a c t e r i s t i c  peaks as compared t o  t h e  area under t h e  corresponding 
c a l i b r a t i o n  peak(s) o f  t h e  same r e t e n t i o n  t ime  and shape generated us ing  
e i t h e r  i n t e r n a l  o r  ex te rna l  c a l  i b r a t  i o n  procedures. 

7.5.7 Q u a n t i t a t i o n  o f  t h e  t a r g e t  compounds i s  based on: 1) a 
r e p r o d u c i b l e  response o f  t h e  ECD o r  ELCD w i t h i n  t h e  c a l  i b r a t i o n  range; and 
2) a  d i r e c t  p r o p o r t i o n a l i t y  between t h e  magnitude o f  response o f  t he  
d e t e c t o r  t o  peaks i n  t h e  sample e x t r a c t  and t h e  c a l i b r a t i o n  standards. 
Proper quan t i  t a t  i o n  r e q u i r e s  t h e  app rop r i a t e  s e l e c t  i o n  o f  a  base1 i n e  f rom 
which t h e  area o r  he igh t  o f  t h e  c h a r a c t e r i s t i c  peak(s) can be determined. 
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7 . 5 . 8  I f  compound i d e n t i f i c a t i o n  o r  quan t i  t a t i o n  i s  p rec luded  due t o  
i n t e r f e r e n c e  (e.g., broad, rounded peaks o r  i l l - d e f i n e d  base l i nes  a re  
p resen t )  c leanup o f  t h e  e x t r a c t  o r  replacement o f  t h e  c a p i l l a r y  column o r  
d e t e c t o r  i s  warranted. Rerun t h e  sample on another  i ns t rumen t  t o  
determine i f  t h e  p rob le~ i i  r e s u l t s  f rom a n a l y t i c a l  hardware o r  t h e  sample 
m a t r i x .  Re fe r  t o  Method 3600 f o r  t h e  procedures t o  be f o l l o w e d  i n  sample 

? 
' b 2  

cleanup. 

7 .6  Q u a n t i t a t i o n  o f  M u l t i p l e  Component Analy tes:  

7 . 6 . 1  Mult i -component ana l y tes  p resen t  problems i n  measurement. 
Suggest ions a re  o f f e r e d  i n  t h e  f o l l  owing s e c t i o n s .  f o r  handing Toxaphene, 
Chlordane, PCBs, DDT, and BHC. 

7 .6 .2  Toxaphene: Toxaphene i s  manufactured by t h e  c h l o r i n a t i o n  o f  
camphenes, whereas Strobane r e s u l  t s  f rom t h e  c h l  o r i n a t  i o n  o f  a  m i x t u r e  o f  
camphenes and pinenes. Q u a n t i t a t i v e  c a l c u l a t i o n  o f  Toxaphene o r  Strobane 
i s  d i f f i c u l t ,  b u t  reasonable accuracy can be obta ined.  To c a l c u l a t e  
Toxaphene on GC/ECD: (a )  a d j u s t  t h e  sample s i z e  so t h a t  t h e  major  
Toxaphene peaks a re  10-70% o f  f u l l - s c a l e  d e f l e c t i o n  (FSD); (b )  i n j e c t  a  
Toxaphene s tandard t h a t  i s  es t imated  t o  be w i t h i n  210 ng o f  t h e  sample; 
( c )  q u a n t i t a t e  us ing  t h e  f i v e  major  peaks o r  t h e  t o t a l  area o f  t h e  
Toxaphene p a t t e r n .  

7 . 6 . 2 . 1  To measure t o t a l  area, c o n s t r u c t  t h e  b a s e l i n e  o f  
s tandard Toxaphene between i t s  e x t r e m i t i e s ;  and c o n s t r u c t  t h e  
b a s e l i n e  under t h e  sample, us i ng  t h e  d i s tances  o f  t h e  peak t roughs  
t o  base1 i n e  on t h e  s tandard as a  gu ide.  T h i s  procedure i s  made 
d i f f i c u l t  by t h e  f a c t  t h a t  t h e  r e l a t i v e  h e i g h t s  and w id ths  o f  t h e  
peaks i n  t h e  sample w i l l  probably  n o t  be i d e n t i c a l  t o  t h e  standard. 

-, 

7 .6 .2 .2  A  s e r i e s  o f  Toxaphene res idues  have been 
u 

c a l c u l a t e d  us ing  t h e  t o t a l  peak area f o r  comparison t o  t h e  s tandard 
and a l s o  us ing  t h e  area o f  t h e  l a s t  f o u r  peaks on l y ,  i n  bo th  sample 
and standard. The agreement between t h e  r e s u l t s  ob ta i ned  by t h e  two 
methods j u s t i f i e s  t h e  use o f  t h e  l a t t e r  method f o r  c a l c u l a t i n g  
Toxaphene i n  a  sample where t h e  e a r l y  e l u t i n g  p o r t i o n  o f  t h e  
Toxaphene chromatogram shows i n t e r f e r e n c e s  f rom o t h e r  substances 
such as DDT. 

7 . 6 . 3  Chlordane i s  a  t e c h n i c a l  m i x tu re  o f  a t  l e a s t  11 major  
components and 30 o r  more minor  components. Trans- and c is -Ch lo rdane (a 
and y ,  r e s p e c t i v e l y ) ,  a re  t h e  two major components o f  t e c h n i c a l  Chlordane. 
However, t h e  exact  percentage o f  each i n  t h e  t e c h n i c a l  m a t e r i a l  i s  n o t  
comple te ly  de f ined ,  and i s  n o t  c o n s i s t e n t  f rom ba tch  t o  batch.  

7 . 6 . 3 . 1  The GC p a t t e r n  o f  a  Chlordane res idue  may d i f f e r  
cons ide rab l y  f rom t h a t  o f  t h e  t e c h n i c a l  standard. Depending on t h e  
sample subs t ra te  and i t s  h i s t o r y ,  res idues  o f  Chlordane can c o n s i s t  
o f  a lmost  any combinat ion o f :  c o n s t i t u e n t s  f rom t h e  t e c h n i c a l  
Chlordane, p l a n t  and/or animal metabol i tes ,  and p roduc ts  o f  
degrada t ion  caused by exposure t o  environmental  f a c t o r s  such as 
wate r  and sun1 i g h t  . 
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7.6.3.2 Whenever possible, when a  Chlordane res idue does 
not  resemble techn ica l  Chlordane, t he  analyst  should quan t i t a te  the  
peaks o f  a-Chl ordane, -Chl ordane, and Heptachl o r  separate ly  against 
t h e  appropr iate reference mater i  a1 s, and repo r t  t h e  i n d i v i d u a l  
residues. 

7.6.3.3 When the  GC pa t te rn  o f  the  res idue resembles t h a t  
o f  techn ica l  Chlordane, t he  analyst  may quan t i t a te  Chlordane 
residues by comparing the  t o t a l  area o f  the  Chlordane chromatogram 
using the  f i v e  major peaks o r  t he  t o t a l  area. I f  the  Heptachlor 
epoxide peak i s  r e l a t i v e l y  small, inc lude i t  as p a r t  o f  t he  t o t a l  
Chlordane area f o r  c a l c u l a t i o n  o f  the  residue. I f  Heptachlor and/or 
Heptachl o r  epoxide are much out o f  p ropor t  ion, c a l c u l a t e  these 
separate ly  and subt rac t  t h e i r  areas from the  t o t a l  area t o  g i ve  a  
cor rec ted  Chl ordane area. (Note t h a t  octachl  oro epoxide, a  
metabo l i te  o f  Chlordane, can e a s i l y  be mistaken f o r  Heptachlor 
epoxide on a  nonpolar GC column. ) 

7.6.3.4 To measure the  t o t a l  area o f  the  Chlordane 
chromatogram, i n j e c t  an amount o f  techn ica l  Chlordane standard which 
w i l l  produce a  chromatogram i n  which the  major peaks are 
approximately t he  same s i ze  as those i n  the  sample chromatograms. 

7.6.4 Po lych lor ina ted  biphenyls (PCBs) : Q u a n t i t a t i o n  o f  residues o f  
PCBs invo lves  problems s i m i l a r  t o  those encountered i n  the  quan t i t a t i on  o f  
Toxaphene, Strobane, and Chlordane. I n  each case, t he  mater ia l  i s  made up 
o f  numerous compounds which generate mul t i -peak chromatograms. Also, i n  
each case, the  chromatogram o f  the  res idue may not  .match t h a t  o f  the  
standard. 

7.6.4.1 Mixtures o f  PCBs o f  var ious ch lo r i ne  contents were 
so ld  f o r  many years i n  the  U.S. by the  Monsanto Co. under the  t rade 
name Aroc lo r  (1200 ser ies  and 1016). A1 though these Aroclors are no 
longer marketed, t he  PCBs remain i n  the  environment and are 
sometimes found as residues i n  foods, espec ia l l y  f i s h .  The Aroclors 
most commonly found i n  the  environment are 1242, 1254, and 1260. 

7.6.4.2 PCB residues are general l y  quant i ta ted  by 
comparison t o  the  most s i m i l a r  Aroc lo r  standard. A choice must be 
made as t o  which Aroc lo r  i s  most s i m i l a r  t o  t h a t  o f  t he  res idue and 
whether t h a t  standard i s  t r u l y  representa t ive  o f  the  PCBs i n  the  
sample. 

7.6.4.3 PCB Q u a n t i t a t i o n  op t ion  #1- Quan t i t a te  the PCB 
residues by comparing the  t o t a l  area o f  the  ch lo r ina ted  biphenyl 
peaks t o  the  t o t a l  area o f  peaks from the  appropr iate Aroclor  
reference ma te r ia l .  Measure the  t o t a l  area o r  he igh t  response from 
the  common base1 i n e  under a1 1  the  peaks. Use only  those peaks from 
the  sample t h a t  can be a t t r i b u t e d  t o  chlorobiphenyls. These peaks 
must a1 so be present i n  the  chromatogram o f  the  reference mater ia ls .  
Option # 1  should no t  be used i f  there are i n te r fe rence  peaks w i t h i n  
the  A roc lo r  pa t te rn ,  espec ia l l y  i f  they over lap PCB congeners. 
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7.6.4.4 PCB Q u a n t i t a t i o n  o p t i o n  #2- Q u a n t i t a t e  t h e  PCB 
res idues  by comparing t h e  responses o f  3  t o  5  ma jo r  peaks i n  each 
app rop r i a te  A r o c l o r  s tandard w i t h  t h e  peaks ob ta ined  f rom t h e  
c h l o r i n a t e d  b i pheny l s  i n  t h e  sample e x t r a c t .  The amount o f  A r o c l o r  
i s  c a l c u l a t e d  us ing  an i n d i v i d u a l  response f a c t o r  f o r  each o f  t h e  
major  peaks. The r e s u l t s  o f  t h e  3  t o  5  de te rm ina t i ons  a re  averaged. 
Major  peaks a re  de f i ned  as those peaks i n  t h e  A r o c l o r  s tandards t h a t  
a re  a t  l e a s t  25% o f  t h e  h e i g h t  o f  t h e  l a r g e s t  A r o c l o r  peak. La te -  
e l u t i n g  A r o c l o r  peaks a re  g e n e r a l l y  t h e  most s t a b l e  i n  t h e  
env i  ronment . 

7.6.4.5 When samples appear t o  c o n t a i n  weathered PCBs, 
t r e a t e d  PCBs, o r  m ix tu res  o f  Aroc lo rs ,  t h e  use o f  A r o c l o r  s tandards 
i s  n o t  appropr ia te .  ,Several  d i a g n o s t i c  peaks u s e f u l  f o r  i d e n t i f y i n g  
non-Aroc lo r  PCBs a re  g i ven  i n  Table 10. Ana l ys t s  should examine 
chromatograms c o n t a i n i n g  these peaks c a r e f u l  l y ,  as these  sampl es may 
c o n t a i n  PCBs. PCB concent ra t ions  may be es t imated  from s p e c i f i c  
congeners by adding t h e  concen t ra t i on  o f  t h e  congener peaks l i s t e d  
i n  Table 11. The congeners a re  analyzed as s i n g l e  components. Th i s  
approach wi 11 p rov ide  reasonabl e  accuracy f o r  A roc l  o r s  1016, 1232, 
1242 and 1248 b u t  w i l l  underest imate t h e  concen t ra t i ons  o f  A roc lo r s  
1254, 1260 and 1221. It i s  h i g h l y  recommended t h a t  h e a v i l y  
weathered, t r ea ted ,  o r  mixed A roc lo r s  be analyzed u s i n g  GC/MS i f  
concen t ra t i on  permi ts .  

7.6.5 Hexachlorocyclohexane (BHC, f rom t h e  former name, benzene 
hexachl o r i d e )  : Technica l  grade BHC i s  a  cream-colored amorphous s o l  i d  
w i t h  a  ve ry  c h a r a c t e r i s t i c  musty odor; i t  c o n s i s t s  o f  a  m i x t u r e  o f  s i x  
chem ica l l y  d i s t i n c t  isomers and one o r  more hep tach lo rocyc l  ohexanes and 
oc tach l  orocyclohexanes. Co~iimerci a1 BHC p repa ra t i ons  may show a  wide - 
var iance  i n  t h e  percentage o f  i n d i v i d u a l  isomers p resen t .  Q u a n t i t a t e  \i ,; 

each isomer ( a ,  0, -y, and 6 )  sepa ra te l y  aga ins t  a  s tandard o f  t h e  
r e s p e c t i v e  pure isomer. 

7.6.6 DDT: Technica l  DDT c o n s i s t s  p r i m a r i l y  o f  a  m i x t u r e  o f  4,4'- 
DDT (approx imate ly  75%) and 2,4' -DDT (approx imate ly  25%). As DDT 
weathers, 4,4'-DDE, 2,4'-DDE, 4,4'-DDD, and 2,4'-DDD are  formed. Since 
t h e  4,4 '- isomers o f  DDT, DDE, and DDD predominate i n  t h e  environment, 
these a re  t h e  isomers norma l l y  r egu la ted  by US EPA and should be 
q u a n t i t a t e d  aga ins t  standards o f  t h e  r e s p e c t i v e  pure isomer. 

7.7 Suggestedchromatographymaintenance: C o r r e c t i v e m e a s u r e s m a y r e q u i r e  
any one o r  more o f  t h e  f o l l o w i n g  remedial  ac t i ons .  

7.7.1 Spl  i t t e r  connect ions: For  dual  columns which a r e  connected 
us ing  a  p r e s s - f i t  Y-shaped g lass  s p l i t t e r  o r  a  Y-shaped f u s e d - s i l i c a  
connector  (J&W S c i e n t i f i c  o r  Restek) , c lean  and d e a c t i v a t e  t h e  sp l  i t t e r  
p o r t  i n s e r t  o r  r ep lace  w i t h  a  c leaned and deac t i va ted  sp l  i t t e r .  Break o f f  
t h e  f i r s t  few inches (up t o  one f oo t )  o f  t h e  i n j e c t i o n  p o r t  s i d e  o f  t h e  
column. Remove t h e  columns and so l ven t  back f l ush  accord ing  t o  t h e  
manufac tu re r ' s  i n s t r u c t i o n s .  If these procedures f a i l  t o  e l i m i n a t e  t h e  
degradat ion,  problem, i t may be necessary t o  d e a c t i v a t e  t h e  meta l  i n j e c t o r  
body and/or rep1 ace t h e  columns. 
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7.7.1.1 GC i n j e c t o r  p o r t s  can be o f  c r i t i c a l  concern, 
e s p e c i a l l y  i n  t he  ana l ys i s  o f  DDT and Endrin.  I n j e c t o r s  t h a t  a re  
contaminated, chemica l l y  ac t i ve ,  o r  t o o  ho t  can cause t he  
degradat ion ("breakdown") o f  t he  analy tes . Endr in  and DDT breakdown 
t o  Endr in  aldehyde, Endr in  ketone, DDD, o r  DDE. When such breakdown 
i s  observed, c lean  and deac t i va te  t he  i n j e c t o r  po r t ,  break o f f  a t  
l e a s t  0.5 M o f  t h e  column and remount i t. Check t h e  i n j e c t o r  
temperature and lower  i t  t o  205"C, i f  requ i red .  Endr in  and DDT 
breakdown i s  l e s s  o f  a  problem when ambient on-column i n j e c t o r s  a re  
used. 

7.7.2 Metal  i n j e c t o r  body: Turn o f f  t h e  oven and remove t h e  
a n a l y t i c a l  columns when t h e  oven has cooled. Remove t h e  g l ass  i n j e c t i o n  
p o r t  i n s e r t  ( ins t ruments  w i t h  on-column i n j e c t i o n ) .  Lower t h e  i n j e c t i o n  
p o r t  temperature t o  room temperature. Inspec t  t h e  i n j e c t i o n  p o r t  and 
remove any no t i ceab le  f o r e i g n  ma te r i a l  . 

7.7.2.1 Place a  beaker beneath t h e  i n j e c t o r  p o r t  i n s i d e  
t h e  oven,. Using a  wash b o t t l e ,  s e r i a l l y  r i n s e  t h e  e n t i r e  i n s i d e  o f  
t h e  i n j e c t o r  p o r t  w i t h  acetone and then to luene;  ca tch  t h e  r i n s a t e  
i n  t h e  beaker. 

7.7.2.2 Prepare a  s o l u t i o n  o f  a  d e a c t i v a t i n g  agent (Syl  on- 
CT o r  equ i va len t )  f o l l o w i n g  manufacturer 's d i r e c t i o n s .  A f t e r  a l l  
metal  sur faces i n s i d e  t h e  i n j e c t o r  body have been thoroughly  coated 
w i t h  t h e  d e a c t i v a t i o n  s o l u t i o n ,  r i n s e  t h e  i n j e c t o r  body w i t h  
t o 1  uene, methanol, acetone, then  hexane. Reassemble t h e  i n j e c t o r  
and rep lace  t h e  columns. 

7.7.3 Column r i n s i n g :  The column should be r i n s e d  w i t h  several  
column volumes o f  an appropr ia te  so lven t .  Both p o l a r  and nonpolar 
so l ven t s  a re  recommended. Depending on t he  na tu re  o f  t h e  sample res idues 
expected, t h e  f i r s t  r i n s e  might  be water, fo l lowed by methanol and 
acetone; methylene c h l o r i d e  i s  a  good f i n a l  r i n s e  and i n  some cases may be 
t he  o n l y  so l ven t  requ i red .  The column should then be f i l l e d  w i t h  
methylene c h l o r i d e  and al lowed t o  stand f looded ove rn igh t  t o  a l l o w  
m a t e r i a l s  w i t h i n  t he  s t a t i o n a r y  phase t o  m ig ra te  i n t o  t h e  so lvent .  The 
column i s  then  f l ushed  w i t h  f r e s h  methylene ch lo r i de ,  drained, and d r i e d  
a t  room temperature w i t h  a  stream o f  u l t r a p u r e  n i t rogen .  

8.0 QUALITY CONTROL 

8.1 Refer  t o  Chapter One f o r  s p e c i f i c  q u a l i t y  c o n t r o l  ( Q C )  procedures 
i n c l u d i n g  m a t r i x  spikes, dup l i ca tes  and blanks. Qual i t y  c o n t r o l  t o  v a l i d a t e  
sample e x t r a c t i o n  i s  covered i n  Method 3500 and i n  t he  e x t r a c t i o n  method 
u t i l  i zed .  I f  an e x t r a c t  c leanup was performed, f o l l o w  the  QC i n  Method 3600 and 
i n  t h e  s p e c i f i c  c leanup method. 

8.2 Qual  i t y  c o n t r o l  requirements f o r  t h e  GC system, i n c l u d i n g  c a l i b r a t i o n  
and c o r r e c t i v e  ac t ions ,  a re  found i n  Method 8000. The f o l l o w i n g  steps are 
reco~~mended as a d d i t i o n a l  method QC. 
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8.2.1 The QC Reference Sample concent ra te  (Method 3500) should 
c o n t a i n  t h e  o rganoch lo r ine  p e s t i c i d e s  a t  10 mg/L f o r  water  samples. I f  
t h i s  method i s  t o  be used f o r  a n a l y s i s  o f  A roc lo r s ,  Chlordane, o r  
Toxaphene on ly ,  t h e  QC Reference Sample should c o n t a i n  t h e  most 
r e p r e s e n t a t i v e  mult i -component m i x t u r e  a t  a concen t ra t i on  of 50 mg/L i n  
acetone. The f requency o f  ana l ys i s  o f  t h e  QC r e fe rence  sample a n a l y s i s  i s  

* 
4 

equ i va len t  t o  a minimum o f  1 per  20 samples o r  1 p e r  ba tch  i f  l e s s  than  20 
samples. I f  t h e  recovery o f  any compound found i n  t h e  QC r e f e r e n c e  sample 
i s  l e s s  than  80 percent  o r  g r e a t e r  than  120 percen t  o f  t h e  c e r t i f i e d  
va l  ue, t h e  1 abora to ry  performance i s  judged t o  be o u t  o f  c o n t r o l ,  and t h e  
problem must be co r rec ted .  A new s e t  o f  c a l i b r a t i o n  s tandards should be 
prepared and analyzed. 

8.2.2 Cal c u l  a te  sur roga te  s tandard recovery  on a1 1 sampl es, b l  anks, 
and sp ikes.  Determine i f  t h e  recovery  i s  w i t h i n  l i m i t s  ( l i m i t s  
e s t a b l i s h e d  by per fo rming  QC procedures o u t l i n e d  i n  Method 8000). 

I f  recovery i s  n o t  w i t h i n  l i m i t s ,  t h e  f o l l o w i n g - a r e  r e q u i r e d :  

8.2.2.1 Confir111 t h a t  t h e r e  a re  no e r r o r s  i n  c a l c u l a t i o n s ,  
su r roga te  s o l u t i o n s  and i n t e r n a l  standards. A1 so, check ins t rument  
performance. 

8.2.2.2 Examine chromatograms f o r  i n t e r f e r i n g  peaks and 
f o r  i n t e g r a t e d  areas. 

8.2.2.3 Reca lcu la te  t h e  da ta  and/or reana lyze  t h e  e x t r a c t  
i f  any o f  t h e  above checks revea l  a problem. 

8.2.2.4 Reex t rac t  and reana lyze  t h e  sample i f  none o f  t h e  
above a re  a problem o r  f l a g  t h e  da ta  as "es t imated  concen t ra t i on . "  

8.2.3 I nc l ude  a c a l  i b r a t i o n  s tandard a f t e r  each group o f  20 samples 
( i t  i s  reco~ii~iiended t h a t  a c a l i b r a t i o n  s tandard be i nc l uded  a f t e r  every  10 
samples t o  min imize t h e  number o f  repea t  i n j e c t i o n s )  i n  t h e  a n a l y s i s  
sequence as a c a l  i b r a t i o n  check. The response f a c t o r s  f o r  t h e  c a l  i b r a t i o n  
should be w i t h i n  15 percen t  o f  t h e  i n i t i a l  c a l i b r a t i o n .  When t h i s  
c o n t i n u i n g  c a l  i b r a t i o n  i s  o u t  o f  t h i s  acceptance window, t h e  1 abora to ry  
should s top  analyses and take  c o r r e c t i v e  a c t i o n .  

8.2.4 Whenever q u a n t i t a t i o n  i s  accomplished us ing  an i n t e r n a l  
standard, i n t e r n a l  standards must be eva lua ted  f o r  acceptance. The 
measured area o f  t h e  i n t e r n a l  s tandard must be no more t han  50 percen t  
d i f f e r e n t  f rom t h e  average area c a l c u l a t e d  d u r i n g  c a l  i b r a t i o n .  When t h e  
i n t e r n a l  s tandard peak area i s  o u t s i d e  t h e  1 i m i t ,  a l l  samples t h a t  f a l l  
o u t s i d e  t h e  QC c r i t e r i a  must be reanalyzed.  

8.3 DDT and Endr in  a re  e a s i l y  degraded i n  t h e  i n j e c t i o n  p o r t .  Breakdown 
occurs when t h e  i n j e c t i o n  p o r t  1 i n e r  i s  contaminated h i g h  b o i l  i n g  r e s i d u e  f rom 
sample i n j e c t i o n  o r  when t h e  i n j e c t o r  con ta ins  metal  f i t t i n g s .  Check f o r  
degrada t ion  problems by i n j e c t i n g  a s tandard c o n t a i n i n g  o n l y  4,4'-DDT and Endr in .  
Presence o f  4,4'-DDE, 4,4'-ODD, End r i n  ketone o r  Endr in  i n d i c a t e s  breakdown. I f  
degrada t ion  o f  e i t h e r  DDT o r  End r i n  exceeds 15%, t ake  c o r r e c t i v e  a c t i o n  be fo re  
proceeding w i t h  c a l i b r a t i o n .  
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8.3.1 Ca l cu la te  percent  breakdown as f o l l ows :  

% breakdown To ta l  DDT degradat ion peak area (DDE + DDD) 
f o r  4,4'-DDT = x  100 

peak areas (DDT + DDE + DDD) 

To ta l  end r i n  degradat ion peak area 
% breakdown (Endr in  aldehyde + Endr in  ketone) 
f o r  Endr in  = x  100 

peak areas (Endr in  + aldehyde + ketone) 

8.3.2 The breakdown o f  DDT and Endr in  should be measured before 
samples a re  analyzed and a t  t h e  beginn ing o f  each 12 hour s h i f t .  I n j e c t o r  
mai ntenance and r e c a l  i b r a t  i o n  should be completed i f  t h e  breakdown i s  
g r e a t e r  than 15% f o r  e i t h e r  compound (Sec. 8.2.3). 

8.4 GC/MS con f i rma t i on  may be used f o r  s i n g l e  column ana lys is .  I n  
a d d i t i o n ,  any compounds conf i rmed by two columns should a l s o  be conf i rmed by 
GC/MS i f  t h e  concen t ra t i on  i s  s u f f i c i e n t  f o r  d e t e c t i o n  by GC/MS. 

8.4.1 F u l l  -scan GC/MS w i l l  no rma l l y  r e q u i r e  a  minimum concent ra t ion  
near  10 ng/pL i n  t h e  f i n a l  e x t r a c t  f o r  each single-component compound. 
I o n  t r a p  o r  se lec ted  i o n  mon i to r ing  w i l l  no rma l l y  r e q u i r e  a  minimum 
concen t ra t i on  near 1 ng/pL. 

8.4.2 The GC/MS must be c a l i b r a t e d  f o r  t h e  s p e c i f i c  t a r g e t  
p e s t i c i d e s  when i t  i s  used f o r  q u a n t i t a t i v e  ana lys is .  

8.4.3 GC/MS may n o t  be used f o r  s i n g l e  column con f i rma t i on  when 
concent ra t ions  a re  below 1 ng/pL. 

8.4.4 GC/MS con f i rma t i on  should be accompl i shed by analyz ing t h e  
same e x t r a c t  used f o r  GC/ECD ana l ys i s  and t h e  assoc ia ted blank. 

8.4.5 Use o f  t h e  base/neut ra l -ac id  e x t r a c t  and assoc ia ted b lank may 
be used i f  t h e  surrogates and i n t e r n a l  standards do n o t  i n t e r f e r e  and i t  
i s  demonstrated t h a t  t h e  ana l y te  i s  s t a b l e  du r i ng  acid/base p a r t i t i o n i n g .  
However, i f  t h e  con~pounds are n o t  detected i n  t h e  base/neut ra l -ac id  
e x t r a c t  even though t h e  concentrat ions a re  h i gh  enough, a  GC/MS ana lys is  
of t h e  p e s t i c i d e  e x t r a c t  should be performed. 

8.4.6 A  QC re fe rence  sample o f  t h e  compound must a1 so be analyzed by 
GC/MS. The concen t ra t i on  o f  t h e  Q C  re fe rence  standard must demonstrate 
t h e  ab i  1  i t y  t o  con f i rm  t h e  pest  i cides/Arocl  o r s  i d e n t i f i e d  by GC/ECD. 

8.5 Whenever s i  1  i c a  ge l  (Method 3630) o r  F l  o r i  s i  1  (Method 3620) cleanup 
i s  used, t h e  ana l ys t  must demonstrate t h a t  t h e  f r a c t i o n a t i o n  scheme i s  
r ep roduc ib l e .  Batch t o  batch v a r i a t i o n  i n  t he  composit ion o f  t he  s i l i c a  ge l  
m a t e r i a l  o r  over load ing  t h e  column may cause a  change i n  t h e  d i s t r i b u t i o n  
p a t t e r n s  o f  t h e  o rganoch lo r ine  p e s t i c i d e s  and PCBs. When compounds a re  found i n  
two f r a c t i o n s ,  add t h e  concent ra t ions  i n  t h e  f r a c t i o n s ,  and co r rec t i ons  f o r  any 
a d d i t i o n a l  d i l u t i o n .  

Revis ion 0  
September 1994 



9 . 0  METHOD PERFORMANCE 

9 . 1  The MDL i s  de f ined i n  Chapter One. The MDL concent ra t ions  1  i sted i n  
Tables 1 and 2 were obtained us ing o rgan ic - f ree  reagent water and sandy loam 
s o i l .  e 

&@' 

9 .2  The chromatographic separat ions i n  t h i s  method have been t e s t e d  i n  
a  s i n g l e  l a b o r a t o r y  by us ing c lean hexane and l i q u i d  and s o l i d  waste e x t r a c t s  
t h a t  were spiked w i t h  the  t e s t  compounds a t  t h ree  concentrat ions.  S ing le -  
opera tor  p rec i s ion ,  o v e r a l l  p rec i s ion ,  and method accuracy were found t o  be 
r e l a t e d  t o  the  concent ra t ion  o f  t he  compound and the  type o f  ma t r i x .  

9 . 3  This  method has been app l ied  i n  a  v a r i e t y  o f  commercial l a b o r a t o r i e s  
f o r  environmental and waste matr ices.  Performance data were obta ined f o r  a  
l i m i t e d  number o f  t a r g e t  analytes spiked i n t o  sewage sludge and d ich lo roethene 
s t i l l  bottoms a t  h igh  concent ra t ion  l e v e l s .  These data are prov ided i n  Tables 
12 and 13. 

9 . 4  The accuracy and p rec i s ion  ob ta inab le  w i t h  t h i s  method depend on the  
sample ma t r i x ,  sample prepara t ion  technique, op t i ona l  cleanup techniques, and 
c a l  i b r a t i  on procedures used. 

9 . 5  S.i qgl e  1  aboratory accuracy data were obtained f o r  organochlor ine 
p e s t i c i d e s  i n  a  c l a y  s o i l .  The sp i k ing  concent ra t ion  was 500 pg/kg. The 
s p i k i ~ g  s o l u t i o n  was mixed i n t o  the  s o i l  and then immediately t r a n s f e r r e d  t o  the  
e x t r a c t i o n  device and immersed i n  the  e x t r a c t i o n  so l  vent. The spiked sample was 
then ex t rac ted  by Method 3541 (Automated Soxhlet )  . The data  represent  a  s i n g l e  
determinat ion.  Analys is  was by capi  11 a ry  column gas chromatographylel ec t ron  
capture de tec to r  f o l l  owing Method 8081 f o r  t h e  organochlor ine pes t i c i des .  These 
data are l i s t e d  i n  Table 14 and were taken from Reference 14. 

9 . 6  Sing le  l abo ra to ry  recovery data were obtained f o r  PCBs i n  c l a y  and 
s o i l .  Oak Ridge Nat ional  Laboratory spiked Aroc lo rs  1254 and 1260 a t  
concentrat ions o f  5 and 50 ppm i n t o  po r t i ons  o f  c l a y  and s o i l  samples and 
ex t rac ted  these spiked samples us ing the  procedure o u t l i n e d  i n  Method 3541. 
M u l t i p l e  e x t r a c t i o n s  us ing two d i f f e r e n t  e x t r a c t o r s  were performed. The e x t r a c t s  
were analyzed by Method 8081. The data are l i s t e d  i n  Table 15 and were taken 
from Reference 15. 

9 . 7  M u l t i - l a b o r a t o r y  accuracy and p rec i s ion  data were obta ined f o r  PCBs 
i n  s o i l .  E igh t  l a b o r a t o r i e s  spiked Aroc lo rs  1254 and 1260 i n t o  t h r e e  p o r t i o n s  
of 10 g of F u l l e r ' s  Ear th on th ree  non-consecutive days, fo l lowed by immediate 
e x t r a c t i o n  us ing  Method 3541. Six  o f  the  l a b o r a t o r i e s  spiked each A roc lo r  a t  5 
and 50 mg/kg and two l a b o r a t o r i e s  spiked each A roc lo r  a t  50 and 500 mg/kg. A l l  
e x t r a c t s  were analyzed by Oak Ridge Nat ional  Laboratory, Oak Ridge, TN, us ing  
Method 8081. These data are l i s t e d  i n  Table 16 and were taken from Reference 13. 
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TABLE 1 

GAS CHROMATOGRAPHIC RETENT I O N  TIMES AND METHOD DETECTION 
LIMITS FOR THE ORGANOCHLORINE PESTICIDES AND PCBs AS AROCLORS 

USING WIDE-BORE CAPILLARY COLUMNS 
SINGLE COLllMN METHOD OF ANALYSIS 

Compound 
Retent ion Time (min) MDLa Water MDLa S o i l  
DB 6 0 8 ~  DB 1701b (P!~/L) (~g /k !3 )  

A l d r i n  
a- BHC 
B-BHC 
6- BHC 
7-BHC (Lindane) 
a-Chl ordane 
7-Chl  ordane 
4,4'-DDD 
4,4'-ODE 
4,4'-DDT 
D i e l d r i n  
Endosulfan I 
Endosulfan I 1  
Endosul f an  S u l f a t e  
Endr i  n 
Endr in  aldehyde 
Heptachlor  
Heptachlor  epoxide 
Met hoxychl o r  
Toxaphene 
Aroc l  or-1016 
Aroc l  or-1221 
Aroc l  o r -  1232 
Aroc l  or-1242 
Aroc l  or-1248 
Aroc l  or-1254 
Aroc l  o r -  1260 

Water = Organ ic - f ree  reagent water. 
S o i l  = Sandy loam s o i l .  
MR = Mu1 t i  p l e  peak responses. 
NA = Data no t  ava i l ab le .  
a MDL i s  t h e  method de tec t i on  l i m i t .  MDL was determined from the  

ana l ys i s  o f  seven r e p l i c a t e  a l  i quo ts  o f  each m a t r i x  processed 
through t h e  e n t i r e  a n a l y t i c a l  method (ex t rac t i on ,  s i l i c a  ge l  
cleanup, and GC/ECD ana l ys i s ) .  MDL = t (n-1, 0.99) x SD, where t ( n -  
1, 0.99) i s  t h e  Student 's t value appropr ia te  f o r  a 99% confidence 
i n t e r v a l  and a standard dev ia t i on  w i t h  n -1  degrees o f  freedom, and 

b 
SD i s  t he  standard d e v i a t i o n  o f  t he  seven r e p l i c a t e  measurements. 
See Table 4 f o r  GC opera t ing  cond i t ions .  
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TABLE 2 

GAS CHROMATOGRAPHIC RETENTION TIMES AND METHOD DETECTION 
LIMITS FOR THE ORGANOCHLORINE PESTICIDES AND PCBs AS AROCLORS 

USING NARROW-BORE CAP1 LLARY COLUMNS 
SINGLE COLUMN METHOD OF ANALYSIS 

Retent ion Time (min) MDLa Water MDL" S o i l  
Compound DB 6 0 8 ~  DB 5b (Pg/L) (Pg/ kg 

A1 d r i n  
a- BHC 
I3 - BHC 
6- BHC 
y-BHC (Lindane) 
a-Chl ordane 
y-Chl ordane 
4,4'-DDD 
4,4'-DDE 
4,4' -DDT 
D i e l d r i n  
Endosulfan I 
Endosul fan  I I 
Endosul fan  sul  f a t e  
Endri  n 
Endri  n a1 dehyde 
Heptachl o r  
Heptachl o r  epoxi de 
Methoxychl o r  
Toxaphene 
Arocl  o r -  1016 
Aroclor-1221 
Arocl  o r -  1232 
Arocl  o r -  1242 
Arocl  o r -  1248 
Arocl  o r -  1254 
Arocl  o r -  1260 

Water = Organic- f ree reagent water. 
S o i l  = S a n d y l o a m s o i l .  
M R = Mu1 t i p l e  peak responses. 
N A = Data no t  a v a i l  able. 
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TABLE 2 
(Continued) 

a MDL i s  t h e  method d e t e c t i o n  l i m i t .  MDL was determined from the  
ana l ys i s  o f  seven r e p l i c a t e  a l i q u o t s  o f  each m a t r i x  processed 
through t h e  e n t i r e  a n a l y t i c a l  method ( e x t r a c t  ion, cleanup, and 
GC/ECD ana lys is ) .  MDL = t ( n -1 ,  0.99) x SD, where t ( n - 1 ,  0.99) i s  
t h e  Student 's t value appropr ia te  f o r  a 99% conf idence i n t e r v a l  and 
a standard d e v i a t i o n  w i t h  n -1  degrees o f  freedom, and SD i s  t he  
standard d e v i a t i o n  o f  t he  seven rep1 i c a t e  measurements. 

b 30 m x 0.25 mm I D  136-608 1 p m  f i l m  th ickness,  see Table 4 f o r  GC 
operat  i ng cond i t i ons .  

C 30 m x 0.25 mm I D  DB-5 1 pm f i l m  thickness, see Table 4 f o r  GC 
ope ra t i ng  cond i t ions .  
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TABLE 3 

DETERMINATION OF ESTIMATED QUANTITATION LIMITS (EQLs) FOR VARIOUS MATRICESa 

e 

M a t r i x  

W#P 

Factor  

Ground water 10 
Low-concentrat ion so i  1 by son ica t i on  w i t h  GPC cleanup 670 
High-concentrat ion so i  1 and s l  udges by son ica t i on  10,000 
Non-water m i s c i b l e  waste 100,000 

a EQL = [Method d e t e c t i o n  l i m i t  f o r  water (see Table 1 o r  Table 2) wide- 
bore o r  narrow-bore op t ions ]  x [Factor  found i n  t h i s  t a b l e ] .  For 
nonaqueous samples, t h e  f a c t o r  i s  on a wet-weight basis .  Sample EQLs 
are h i g h l y  matrix-dependent. The EQLs t o  be determined he re in  are  
prov ided f o r  guidance and may not  always be achievable. 
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TABLE 4 
GC OPERATING CONDITIONS FOR ORGANOCHLORINE COMPOUNDS 

SINGLE COLUMN ANALYSIS 

/ 

Narrow-bore columns: 

Narrow-bore Column 1 - 30 m x 0.25 or 0.32 mm internal diameter (ID) fused 
silica capillary column chemically bonded with SE-54 (DB-5 or equivalent), 1 
pm film thickness. 

Carrier gas (He) 
Injector temperature 
Detector temperature 
Initial temperature 
Temperature program 

Final temperature 

16 psi 
225°C 
300°C 
100°C, hold 2 minutes 
100°C to 160°C at 15"C/min, followed 
by 160°C to 270°C at 5"C/min 
270°C 

Narrow-bore Column 2 - 30 m x 0.25 mm ID fused sil ica capillary column 
chemical 1 y bonded with 35 percent phenyl methyl polysi 1 oxane (DB-608, SPB-608, 
or equivalent), 25 pm coating thickness, 1 pm film thickness 

Carrier gas (N,) 
Injector temperature 
Detector temperature 
Initial temperature 

- 
, Y Temperature program 
\..&,A Final temperature 

20 psi 
225°C 
300°C 
160°C, hold 2 minutes 
160°C to 290°C at 5"C/min 
290°C, hold 1 min 

Wide-bore columns: 

Wide-bore Column 1 - 30 m x 0.53 mm ID fused silica capillary column 
chemica1,ly bonded with 35 percent phenyl methylpolysiloxane (DB-608, SPB-608, 
RTx-35, or equivalent), 0.5 pm or 0.83 pm film thickness. 

Wide-bore Column 2 - 30 m x 0.53 mm ID fused silica capillary column 
chemically bonded with 50 percent phenyl methyl polysiloxane (DB-1701, or 
equivalent), 1.0 pm film thickness. 

Carrier gas (He) 5-7 mL/mi nute 
Makeup gas 
argon/methane (P-5 or P-10) or N, 30 mL/min 
Injector temperature 250°C 
Detector temperature 290°C 
Ini ti a1 temperature 150°C, hold 0.5 minute 
Temperature program 150°C to 270°C at 5"C/min 
Final temperature 270°C, hold 10 min 

(continued) 
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TABLE 4 (Continued) 
GC OPERATING CONDITIONS FOR ORGANOCHLORINE COMPOUNDS 

SINGLE COLUMN ANALYSIS 

Wide- bore Col umns (cont inued)  

Wide-bore Column 3 - 30 m x 0.53 mm I D  fused s i l i c a  c a p i l l a r y  column 
chemica l l y  bonded w i t h  SE-54 (DB-5, SPB-5, RTx-5, o r  equ i va len t ) ,  1.5 p m  f i l m  
th ickness.  

C a r r i e r  gas (He) 
Makeup gas 
argon/methane (P-5 o r  P-10) o r  N, 
I n j e c t o r  temperature 
Detec tor  temperature 
I n i  t i  a1 temperature 
Temperature program 

30 mL/min 
205°C 
290°C 
140°C, h o l d  2 min 
140°C t o  240°C a t  10°C/mi n, 
ho ld  5 minutes a t  24o0C, 
240°C t o  265°C a t  5OC/min 
265"C, ho ld  18 min F ina l  temperature 
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TABLE 5 
RETENTION TIMES OF THE ORGANOCHLOR [NE PESTICIDES4 

\ 

DUAL COLUMN METHOD OF ANALYSIS 

DB-5 DB-1701 

Compound CAS No. RT(nii n )  RT (mi n )  

DBCP 96-12-8 2.14 2.84 
Hexachl o rocyc l  opentadi  ene 77-47-4 4.49 4.88 
E t r i d i  azo l  e 2593-15-9 6.38 8.42 
Chl oroneb 2675-77-6 7.46 10.60 
Hexachlorobenzene 118-74- 1 12.79 14.58 
D i  a1 1 a t e  2303-16-4 12.35 15.07 
Propachl o r  1918- 16- 17 9.96 15.43 
T r i f l u r a l  i n  1582-09-8 11.87 16.26 
a-BHC 319-84-6 12.35 17.42 
PCNB 82-68-8 14.47 18.20 
y-BHC 58-89-9 14.14 20.00 
Heptachl  o r  76-44-8 18.34 21.16 
A1 d r i  n 309-00-2 20.37 22.78 
A1 achl  o r  15972-60-8 18.58 24.18 
Chl o r o t h a l o n i  1 1897-45-6 15.81 24.42 
A1 achl  o r  15972-60-8 18.58 24.18 
P -  BHC 319-85-7 13.80 25.04 
I s o d r i n  465-73-6 22.08 25.29 
DC PA 1861 -32-1 21.38 26.11 
6 - BHC 319-86-8 15.49 26.37 

~ a i  Heptach lo r  epoxide 1024-57-3 22.83 27.31 
Endosul f a n - I  959-98-8 25.00 28.88 

-Chl ordane 5103-74-2 24.29 29.32 
a-Chl  ordane 5103-71-9 25.25 29.82 
t rans-Nonachlor  39765-80-5 25.58 30.01 
4,4' -DDE 72-55-9 26.80 30.40 
D i e l d r i n  60-57-1 26.60 31.20 
Capt an 133-06-2 23.29 31.47 
P e r t  hane 72-56-0 28.45 32.18 
Endr i  n 72-20-8 27.86 32.44 
Chl o ropropy l  a t e  99516-95-7 28.92 34.14 
Chl orobenzi  1 a t e  510-15-6 28.92 34.42 
N i  t r o f e n  1836-75-5 27.86 34.42 
4,4'-DDD 72-54-8 29.32 35.32 
Endosul f an  I I 33213-65-9 28.45 35.51 
4,4'-DDT 50-29-3 31.62 36.30 
Endr i  n aldehyde 7421-93-4 29.63 38.08 
M i  r e x  2385-85- 5 37.15 38.79 
Endosul f an  su l  f a t e  1031-07-8 31.62 40.05 

cont inued 
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TABLE 5 
(Continued) 

DB-5 DB- 1701 

Compound CAS No. RT(mi n)  RT(mi n)  

Met hoxychl o r  
Captafol  
Endri  n ketone 
t rans-Permethr in 
Kepone 
D ico fo l  
Di ch l  one 
a,aC-Di  bromo-m-xyl ene 
2-Bromobi phenyl 

aThe GC opera t ing  cond i t i ons  were as fo l l ows :  30-m x 0.53-mm ID DB-5 
(0.83-pm f i l m  th ickness)  and 30-m x 0.53-mm ID DB-1701 (1.0-pm f i l m  
th ickness)  connected t o  an 8 - i n  i n j e c t i o n  tee  (Supelco Inc . ) .  Temperature 
program: 140°C (2-min ho ld)  t o  270°C ( I - m i n  hold)  a t  2.8"C/min; i n j e c t o r  
temperature 250°C; de tec tor  temperature 320°C; he1 ium c a r r i e r  gas 6 mL/min; 
n i t rogen  makeup gas 20 mL/min. 

b ~ o t  detected a t  2 ng per  i n j e c t i o n .  

Revis ion 0 
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TABLE 6 
GC OPERATING CONDITIONS FOR ORGANOCHLORINE PESTICIDES 

FOR DUAL COLUMN METHOD OF ANALYSIS 
LOW TEMPERATURE, THIN FILM 

Type: DB-1701 (J&W) o r  equ i va len t  
Dimensions: 30 m x 0.53 mm ID  
F i l m  Thickness (pm): 3.0 

Column 2: 

Type: DB-5 (J&W) o r  equ i va len t  
Dimensions: 30 m x 0.53 mm I D  
F i l m  Thickness (pm): 0.83 

C a r r i e r  gas f l o w r a t e  (mL/min) : 6 (He1 i u m )  

Makeup gas f l o w r a t e  (mL/min): 20 (Ni t rogen)  

Temperature program: 140°C ( 2  min ho ld )  t o  270°C (1 min ho ld )  a t  2.8"C/min 

I n j e c t o r  temperature:  250°C 

De tec to r  temperature:  320°C 

r"- I n j e c t i o n  volume: 2 FL 
wt 

Sol vent:  Hexane 

Type o f  i n j e c t o r :  F l  ash vapo r i za t i on  

De tec to r  type:  Dual ECD 

Range: 10 

A t t enua t i on :  64 (DB-1701)/32 (DB-5) 

Type of s p l i t t e r :  Supelco 8 i n  i n j e c t i o n  t e e  
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TABLE 7 
GC OPERATING CONDITIONS FOR ORGANOCHLORINE PESTICIDES 

FOR THE DUAL COLUMN METHOD OF ANALYSIS 
HIGH TEMPERATURE, THICK FILM 3 

Column 1: 

Type: DB-1701 (J&W) o r  equ iva len t  
Dimensions: 30 m x 0.53 mm ID  
F i l m  Thickness: 1.0 pm 

Column 2: 

Type: DB-5 (J&W) o r  equivalent  
Dimensions: 30 m x 0.53 mm ID  
F i l m  Thickness: 1.5 pm 

C a r r i e r  gas f l o w r a t e  (mL/min): 6 (Helium) 

Makeup gas f l o w r a t e  (mL/min): 20 (Ni t rogen) 

Temperature program: 150°C (0.5 min hold)  t o  190°C (2 min hold)  a t  lE°C/min 
then t o  275°C (10 min hold)  a t  4"C/min. 

I n j e c t o r  temperature: 250°C 

Detec tor  temperature: 320°C 

I n j e c t i o n  volume: 2 p L  

Sol vent: Hexane 

Type o f  i n j e c t o r :  F lash vapor iza t ion  

Detec tor  type: Dual ECD 

Range: 10 

At tenuat ion :  64 (DB-1701)/64 (DB-5) 

Type o f  s p l i t t e r :  J&W S c i e n t i f i c  p r e s s - f i t  Y-shaped i n l e t  s p l i t t e r  

Revis ion 0 
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TABLE 8 SUMMARY OF RETENTION TIMES (MIN)  OF AROCLORS 
ON THE DB-5 COLUMNa 

DUAL SYSTEM OF ANALYSIS 
'"7 

Peek Aroclor 
No., 1016 

1 
2 
3 8.41 
4 8.77 
5 8.98 
6 9.71 
7 10.49 
8 10.58 
9 10.90 

10 11.23 
11 11.88 

Aroclor Aroclor 
1221 1232 

5.85 5 -85 
7.63 7.64 
8.43 8.43 
8.77 8.78 
8.99 9.00 

10.50 10.50 
10.59 10.59 

10.91 
11.24 11.24 

11.90 
12.00 

12.29 12.29 
12.68 12.69 
12.99 13.00 

13.19 
13.63 
13.82 
13.97 
14.50 
14.64 
15.02 
15.36 

Aroclor 
1242 

Aroclor 
1248 

ArocLor Aroclor Pesticide eluting at  same 
1254 1260 retention time 

Chlorothalonil (11.18) 

Captan (16.21) ' 

gamna-Chlordane (16.95) 

4,4'-DDE (18.38) 
Die ldr in  (18.591 

Chloropropylate (19.91) 
Endosulfan l l  (19.91) 

Kepone ( 20.99) 

4,4'-DDT (21.75) 
Endosulfan sulfate (21.75) 

Captafol (22.71 ) 

23.42 
23.75 23.73 Endrin ketone (23.73) 

(continued) 
"The GC operating conditions are given i n  Table 7. 
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TABLE 8 CONTINUED 

Peak Aroclor Aroclor Aroclor Aroclor Aroclor Aroclor Aroclor Pesticide e lu t ing  a t  same 
No. 1016 1221 1232 1242 1248 1254 1260 retention time 

1- 

i4 

56 23.99 23.97 
57 24.16 
58 24.27 Methoxychlor (24.29) 

Dicofol (24.29)  
59 24.45 
60 24.61 24.62 
61 24.93 24.91 
62 25.44 
63 26.22 26.19 Mirex (26.19)  
64 26.52 
65 26.75 
66 27.41 
67 28.07 
68 28.35 
69 29.00 

"The GC operating conditions are given i n  Table 7 .  
b~hese  are sequentially numbered from elut ion order and are not isomer nunbers 

R e v i s i o n  0 
f-, 

1 
September 1994 



TABLE 9 SUMMARY OF RETENTION TIMES (M IN)  OF AROCLORS 
ON THE DB- 1 7 0 1  COLUMNa 

DUAL SYSTEM OF ANALYSIS 

T r i f  lu ra l in  (6.96) 

Peak Aroclor Aroclor Aroclor Aroclor Aroclor Aroclor Aroclor Pesticide eluting a t  saw 
No., 1016 1221 1232 1242 1248 1254 1260 retention time 

1 4.45 4.45 
2 5.38 
3 5.78 
4 5.86 5.86 
5 6.33 6.34 6.34 6.28 
6 6.78 6.78 6.79 6.72 
7 6.96 6.96 6.96 6.90 6.91 
8 7.64 7.59 
9 8.23 8.23 8.23 8.15 8.16 

10 8.62 8.63 8.63 8.57 
11 8.88 8.89 8.83 8.83 
12 9.05 9.06 9.06 8.99 8.99 
13 9.46 9.47 9.40 9.41 
14 9.77 9.79 9.78 9.71 9.71 
15 10.27 10.29 10.29 10.21 10.21 
16 10.64 10.65 10.66 10.59 10.59 
17 10.96 10.95 10.95 
18 11.01 11.02 11.02 11.03 
19 11.09 11.10 
20 11.98 11.99 11.94 11.93 11.93 
2 1 12.39 12.39 12.33 12.33 12.33 
22 12.77 12.71 12.69 
23 12.92 12.94 12.93 
24 12.99 13.00 13.09 13.09 13.10 
25 13.14 13.16 
26 13.24 
27 13.49 13.49 13.44 13.44 

~'1 $ 13.58 13.61 13.54 13.54 13.51 13.52 

30 
13.67 13.68 

14.08 14.03 14.03 14.03 14.02 
3 1 14.30 14.26 14.24 14.24 14.25 
32 14.39 14.36 
33 14.49 14.46 14.46 
34 14.56 14.56 
35 15.10 15.10 
36 15.38 15.33 15.32 15.32 Chlordane (15.32) 
37 15.65 15.62 15.62 15.61 16.61 4,4'-DDE (15.67) 
38 15.78 15.74 15.74 15.74 15.79 
39 16.13 16.10 16.10 16.08 
40 16.19 
4 1 16.34 16.34 
42 16.44 16.45 
43 16.55 
44 16.77 16.73 16.74 16.77 16.77 Perthane (16.71) 
45 17.13 17.09 17.07 17.07 17.08 
46 17.29 17.31 
47 17.46 17.44 17.43 17.43 
48 17.69 17.69 17.68 17.68 
49 18.19 18.17 18.18 
50 18.48 18.49 18.42 18.40 
51 18.59 
52 18.86 18.86 
53 19.13 19.13 19.10 19.09 Endosulfan 11 (19.05) 
54 19.42 19.43 

(continued) 
"The GC operating conditions are given i n  Table 7. 
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TABLE 9 CONTINUED 

Peak Aroclor Aroclor Aroclor Aroclor Aroclor Aroclor Aroclor Pesticide eluting a t  sarne 
No. 1016 1221 1232 1242 1248 1254 1260 retention time 

55 19.55 19.59 4,4'-DDT (19.54) 
56 20.20 20.21 
57 20.34 
58 20.L3 
59 20.57 20.55 
60 20.62 20.66 Endrin aldehyde (20.69) 
61 20.88 20.87 
62 21.03 
63 21.53 21.53 
64 21.83 21.81 
65 23.31 23.27 
66 23.85 
67 24.11 
68 24.46 
69 24.59 
70 24.87 
71 25.85 
72 27.05 
73 27.72 

'The GC operating conditions are given i n  Table 7. 
b~hese are sequentially nunbered from elution order and are not isomer nunbers 
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TABLE 10 
PEAKS DIAGNOSTIC OF PCBs OBSERVED I N  0.53 mm I D  COLUMN 

SINGLE COLUMN ANALYSIS 
,- 

w 
Peak RT on RT on 
No." DB 608" DB 1701"  rocl lor^ 

E l u t i o n  
Order 

I 4.90 4.66 1221 Before TCmX 

I I 7.15 6.96 1221, 1232, 1248 Before a-BHC 

I 1 1  7.89 7.65 1061, 1221, 1232, 1242, Before a-BHC 

I V 9.38 9.00 1016, 1232, 1242, 1248, j u s t  a f t e r  a-BHC on 
DB- 1701 ; j u s t  be fo re  
7-BHC on DB-608 

V 10.69 10.54 1016, 1232, 1242, 1248 a-BHC and 
heptachl  o r  on DB- 1701 ; 
j u s t  a f t e r  heptachlor  
on DB-608 

V I 14.24 14.12 1248, 1254 y-BHC and hep tach lo r  
epoxide on DB-1701; 
hep tach lo r  epoxide and 

-Chl ordane on DB-608 

Heptachl o r  epoxide and 
y-Chlordane on 
DB-1701; a- and 
y-Chlordane on DB-608 

DDE and D i e l d r i n  on 
DB-1701; D i e l d r i n  and 
Endr in  on DB-608 

Endosulfan I 1  on 
DB-1701; DDT on DB-608 

Continued 
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TABLE 10 (Continued) 
PEAKS DIAGNOSTIC OF PCBs OBSERVED IN 0.53 mm ID COLUMN 

SINGLE COLUMN ANALYSIS 

Peak RT on RT on 
No. DB 608" DB 1701" Arocl  orb 

E l  u t  i on 
Order 

Endr in  aldehyde and 
Endosul f a n  s u l f a t e  on 
DB-1701; Endosul f a n  
s u l f a t e  and 
Met hoxychl o r  on 
on DB-608 

J u s t  be fo re  e n d r i n  
ketone on DB-1701; 
a f t e r  e n d r i n  ketone on 
DB-608 

" Temperature program: Ti = 150°C, h o l d  30 seconds; increase temperature a t  
5"C/mi nutes t o  275°C. 

Under l ined A roc lo r  i n d i c a t e s  the  l a r g e s t  peak i n  t h e  p a t t e r n .  

" These are  s e q u e n t i a l l y  numbered from e l u t i o n  o rder  and a re  n o t  isomer 
numbers ? d 
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TABLE 11 SPECIFIC PCB CONGENERS IN AROCLORS 

, <- Aroc l  o r  
Congener IUPAC number 1016 1221 1232 1242 1248 1254 1260 

Biphenyl  
2CB 
23DCB 
34DCB 
244'TCB 
22'35'TCB 
23'44'TCB 
233'4'6PCB 
23'44' 5PCB 
22'44'55'HCB 
2Z1344'5'HCB 
22'344'55'HpCB 
22'33'44'5HpCB 

*apparent c o - e l u t i o n  o f  two major peaks: 

28 w i t h  31 (2,4',5 t r i c h l o r o )  
66 w i t h  95 (2,2',3,5',6 pentachloro) 
118 w i t h  149 (2,Z' ,3 ,4 '  ,5' ,6 hexachl oro) 
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TABLE 12 ANALYTE RECOVERY FROM SEWAGE SLUDGE 

Compound Sonicat ion 
%Recovery %RSD 

Soxhl e t  
%Recovery %RSD 

Hexachl oroethane 
2-Chl oronapthal ene 
4-Bromodi phenyl e the r  
a-BHC 
y-BHC 
Heptachl o r  
A l d r i n  
0-BHC 
4- BHC 
Heptachl o r  epoxide 
Endosul f an  I 
y-Chl  ordane 
a-Chl ordane 
DDE 
Di e l  d r i  n 
Endri  n 
Endosul fan  I I 
DDT 
Endri  n a1 dehyde 
DDD 
Tet rach l  oro-m-xyl ene 
Decachl o rob i  phenyl 

Concentrat ion spiked i n  t he  sample: 500-1000 ng/g 
Three rep1 i cates/sampl e 

E x t r a c t i o n  sol  vent, Method 3540 - methyl ene c h l o r i d e  
Ex t rac t i on  sol  vent, Method 3550 - methylene chloride/-acetone ( 1  : 1) 

Cleanup - Method 3640 

GC colurnn - DB-608, 30M X 0.53 mm ID  

Revis ion 0 
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TABLE 13 ANALYTE RECOVERY FROM DCE STILL BOTTOMS 

1 Compound Soni c a t i  on 
%Recovery %RSD 

Soxhl e t  
%Recovery %RSD 

Hexachl oroethane 
2-Chl oronapthal ene 
4-Bromodi phenyl e the r  
a-BHC 
P -  BHC 
Heptachl o r  
A l d r i n  
/3-BHC 
a - BHC 
Heptachl o r  epoxide 
Endosulfan I 

-Chl ordane 
a-Chl ordane 
DDE 
D i e l d r i n  
Endri n 
Endosul f an  I I 
DDT 
Endri n aldehyde 
DDD 
Tetrachl  oro-m-xylene 
Decachl o rob i  phenyl 

Concentrat ion spiked i n  t h e  sample: 500-1000 ng/g 
Three rep1 i cates/sampl e 

Ex t rac t i on  solvent,  Method 3540 - methylene ch lo r i de  
Ex t rac t i on  solvent,  Method 3550 - methylene chloride/acetone (1  : 1) 

Cleanup - Method 3640 

GC column - DB-608, 30M X 0.53 mm I D  
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TABLE 14 
SINGLE LABORATORY ACCURACY DATA FOR THE EX'TRACTION OF 

ORGANOCHLORINE PESTICIDES FROM SPIKED CLAY SOIL BY METHOD 3541 
(AUTOMATED SOXHLET) " 

Compound Name Spike Level % Recovery 
~ g / k g  DB- 5 D-1701 

a-BHC 
P - BHC 
Heptachl o r  
A l d r i n  
Heptachl o r  epoxi de 
t rans-Chl  ordane 
Endosulfan I 
D i e l d r i n  
Endr in 
Endosul f an  I I 
4,4'-DDT 
M i  r ex  

a The opera t ing  cond i t i ons  f o r  t he  automated Soxhlet were as fo l l ows :  
immersion t ime 45 min; e x t r a c t i o n  t ime 45 min; t h e  sample s i z e  was 10 g 
c l  ay so i  1, e x t r a c t i o n  so l  vent, 1 : 1 acetone/hexane. No equi 1 i b r a t  i on t ime 
f o l  1 owing sp i  k ing. 

b Not ab le  t o  determine because o f  in te r fe rence.  

Data taken from Reference 14. 
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TABLE 15 
S INGLE LABORATORY RECOVERY DATA FOR EXTRACTION OF 

PCBs FROM CLAY AND SOIL BY METHOD 3541" (AUTOMATED SOXHLET) 

M a t r i x  Compound Spike Level T r  i a1 Percent 
( P P ~ )  ~ e c o v e r y ~  

C l  ay Aroc l  o r -  1254 5 

C l  ay Aroc l  o r -  1254 5 0 

C l  ay Aroc l  o r -  1260 5 

,---, C l  ay Aroc l  o r  - 1260 50 
I 

Soi 1 Aroc l  o r -  1254 5 

Soi 1 Aroc l  or-1254 5 0 

(cont inued) 
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TABLE 15 
(cont inued)  

M a t r i x  Compound Spike Level  T r i  a1 Percent  
( PPm) ~ e c o v e r y ~  

Soi 1  Arocl  o r -  1260 5 1 
2 
3 
4 
5 
6 
7 

5 0 1 
2 
3 
4 
5 
6 

S o i l  Arocl  o r -  1260 

a  The o p e r a t i n g  c o n d i t i o n s  f o r  t h e  automated Soxh le t  were as f o l l o w s :  
immersion t i m e  60 min; r e f l u x  t i m e  60 min.  

b  M u l t i p l e  r e s u l t s  from two d i f f e r e n t  e x t r a c t o r s .  

Da ta  from Reference 15. 
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TABLE 16. MULTI-LABORATORY PRECISION AND ACCURACY DATA 
FOR THE EXTRACTION OF PCBs FROM SPIKED SOIL 

BY METHOD 3541 (AUTOMATED SOXHLET) 
I .................................................................................................................................................................................................. ,... .......................... 

. ,/) 

I I I I 

i I 

I 
PCB Percent Recovery I i 

i I Aroc l  o r  I ........................................................... ........................................................... 
I 

i i 
I 

I 1254 I 1260 i I ........................................................... { ........................................................... i i 
I I I I 1 I PCB Level  i ................... PCB Level I ,. ...................................... ......................................................... A l l  i i Levels 
I Labora to ry  1 5- 1 50 1 500 1 5 1 50 1 500 1 I ............................................ ............................. { ................... I ............ I ................... I ................... ................... ................................................. 

I I I I I I 
i 
I j Lab 1 1 Num 3.0 1 3.0 1 1 3.0 1 3.0 j 1 12.0 1 

I j Average 101.2 1 74.0 1 f 83.9 1 78.5 1 1 84.4 1 
I 1 s t  Dev 1 34.91 41.81 1 7.4 1 7.4 / i ....................................... ............................. .................. ............................................................................................................................ 26.0 I I { 
I 
1 Lab 2 j Num. I 1 6.0 1 6.0 i 6.0 j 6.0 j 24.0 j I 

I / Average j 1 56.5 1 66.9 1 
I 

1 70.1 1 74.5 1 67.0 j 
I ~ S t D e v  7 0 1 15.4 1 I 

1 14.5 1 10.3 f 13.3 ; I ............................................ { ............................. { ................... 4 .................... ............................................................ ................... { ............................. 
I I I I / Lab 3 / Num 1 3.0 f 3.0 / / 3.0 / 3.0 / 1 12.0 1 

I 

I 
/ Average j 72.8 1 63.3 1 1 70.6 1 57.2 1 1 66.0 1 
I St Dev 1 10.8 1 8.3 1 f 2 5 1  5 6 1  I 

9.1 i I ............................................ { ............................ { ................... { ................... I ................... 4 ............ :......I ............ ............................ ............................. 
I I I I I 1 j Lab 4 j Num 6.0 1 6.0 1 6.0 1 6.0 j 1 24.0 j 

I 
I i Average i 112.6 i 144.3 1 i 100.3 1 84.8 1 1 110.5 1 
I I St  Dev 1 18 2 1 30 4 1 1 1 3 3 1  3 8 1  1 28.5 / I ............................................ I ............................. 4 ............ ............................ ................... I ............ : ...... { ............ : ...... 4 ................... I ............................. 
j Lab 5 

I I I i Num I I i 3.0 1 3.0 j i 3.0 j 3.0 f 12.0 1 
;/ -.., I 

I j Average j 1 97.1 1 80.1 1 1 79.5 1 77.0 1 83.5 j 
1 St Dev I 1 8 7 1  5 1 1  L&=.J I ............................................ 4 ............................. 4 ................................ :......I ............ : ...... 4 ................... i .................... ................... 4 ............................. 3.1 1 9.4 1 10.3 i 

I 
1 Lab 6 
I 

/ Num / 2.0 / 3.0 j 3.0 j 4.0 j / 12.0 i 
I / Average j 140.9 / 127.7 1 / 138.7 1 105.9 j 1 125.4 j 
I I St  Dev 1 4 3 1 15.5 f 1 15 5 1 7.9 1 

I 
18.4 i ............................. I ............................................ { ............................. 4 ............ :...... ................... 4 ................... ,. ........... : ...... 4 ................... { ................... { 

I I I I j Lab 7 j Num i 3.0 1 3.0 1 1 3.0 1 3.0 j 1 12.0 j 
I 1 Average / 100.1 1123.4 1 1 82.1 1 94.1 1 1 99.9 1 

1 S t  Dev 1 17 9 1 14 6 1 1 7 9 1  5 2 1  I 1 19.0 1 ............................. I ............................................ I ............................. { ............ : ...... { ............ : ...... { ............................... :......{............:......I ................... 4 
/ Lab 8 1 Num i 3.0 i 3.0 j 3.0 i 3.0 j i 12.0 j 
I j Average j 65.0 1 38.3 1 92.8 1 51.9 1 t 1 62.0 1 
I I St  Dev 1 16 0 21 9 1 1 3 6 5 ;  1 2 8 ;  1 29.1 / ............................. I ............................................ I ............................. { ............ : ...... { ............ : ...... { ................... 4 ............ : ...... { ............ : ...... 4 ................... { 
i A l l  

I j Num ; 20.0 / 30.0 / 9.0 j 21.0 1 31.0 / 9.0 j 120.0 j 
1 Labo ra to r i es  1 Average 1 98.8 1 92.5 1 71.3 1 95.5 1 78.6 1 75.3 1 87.6 1 

I s t  Dev I 28.7 42.9 14.1 j 25 3 f 18.0 9.5 f 29.7 1 1 ............................................ l... .......................... J ..................................... 1 ............................... : ...... J ................... 1 ................... 1 ............................. I 

Data f rom Reference 13. 
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FIGURE 1.  
GAS CHROMATOGRAM OF THE MIXED ORGANOCHLORINE P E S T I C I D E  STANDARD 

S t a r t  Time : 0.00 m i n  End T lum : 33.00 m i n  LW P o i n t  : 20.00 mV Hish P o i n t  : 420.00 nv 
Scaie Factor :  0 P l o t  Offset: 20 nV P l o t  Scale: 600 W 

Response [ m V ]  

Col umn : 30 m x 0 .25  mm I D ,  DB-5 
Temperature program: 100°C (ho ld  2 minutes) t o  160°C a t  lS°C/min, then  a t  

S°C/min t o  270°C; c a r r i e r  He a t  16 p s i .  
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FIGURE 2. 
GAS CHROMATOGRAM OF INDIVIDUAL ORGANOCHLORINE PESTICIDE STANDARD MIX A 

Star t  T i m e  : 0.00 min End Tim : 33.00 min LOU Point : 20.00 mU nrgn  Point : 2ZD.00 mu 
ScaleFaclor:  0 Plot  offset: 20 mv PIot  scale: 250 mv 

Response [ m V ]  

Col umn : 30 m x 0.25 mrn ID, DB-5 
Temperature program: 100°C (hold 2 minutes) to 160°C at 15"C/min, then at 

5"C/min to 270°C; carrier He at 16 psi. 
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FIGURE 3 
GAS CHROMATOGRAM OF INDIVIDUAL ORGANOCHLORINE PESTICIDE STANDARD MIX B 

S t a r t  r lmc : 0 . 9 0  mln End Tim : 33.00 min LOU P o i n t  : 20.00  mv nigh P o i x  : 270.20 mv 
Scale  Factor :  0 p ( o t  O f f s e t :  20  mv P l o t  Scale: 250 nN 

Response [ m V ]  

Col umn : 30 m x 0 .25 mm ID,  DB-5 
Temperature program: 100°C (hold 2  minutes) t o  160°C a t  lS°C/min, then a t  

S°C/rnin t o  270°C; c a r r i e r  He a t  16 p s i .  
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FIGURE 4 .  
GAS CHROMATOGRAM OF f HE TOXAPHENE STANDARD 

Start Tim : 0.00 mln End Tim : 33.00 min Leu Point : 20.00 nH niph Point : 80.00 av 
Scale Factor: 0 Plot Off$et: 20 N Plot Scale: 60 H 

Response [ m ~ ]  
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Col unln : 30 m x 0 .25 mm I D ,  DB-5 
Temperature program: 100°C (hold 2 minutes) t o  160°C a t  15OC/min, then a t  

S°C/min t o  270°C; c a r r i e r  He a t  16 p s i .  
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FIGURE 5 .  
GAS CHROMATOGRAM OF THE AROCLOR-1016 STANDARD .. ..._ 

Start  Time : 0.00 min End Time : 33.00 min Lou Point : 20.00 mv nigh Point : 120.00 mv 
scale factor: 0 P lo t  offset: 20 mv Plot  Scale: 100 mv 

Response [ m V ]  

Col umn : 30 m x 0 . 2 5  mm I D  DB-5 fused s i l i c a  c a p i l l a r y .  
Temperature program: 100°C (ho ld  2 minutes)  t o  160°C a t  lS°C/min, then  a t  

S°C/min t o  270°C; c a r r i e r  He a t  16 p s i .  
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FIGURE 6.  
GAS CHROMATOGRAM OF THE TECHN I CAL CHLORDANE STANDARD 

Start  T I &  : 0.00 .in End Tim : 33.00 min L a r  Poinr : 20.00 mV nigh Point : 220.00 rn 
Scale Factor: 0 plot  offset: 20 w Plot Scale: 200 mV 

Response [ m V ]  

Col umn : 30 m x 0.25 mm I D  DB-5 fused s i l i c a  c a p i l l a r y .  
Temperature program: 100°C (ho ld  2 minutes) t o  160°C a t  lS°C/min, then a t  

S°C/min t o  270°C; c a r r i e r  He a t  16 p s i .  
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FIGURE 7. GC/ECD chromatogram o f  Toxaphene analyzed on a DB-5/DB-1701 fused- 
s i l i c a  open- tubular  column p a i r .  The GC ope ra t i ng  c o n d i t i o n s  were 
as f o l l o w s :  30 m x 0.53 mm I D  DB-5 (1.5-pm f i l m  th ickness)  and 30 
m x 0.53 mm I D  DB-1701 (1.0-pm f i l m  th ickness)  connected t o  a J&W 
S c i e n t i f i c  p r e s s - f i  t Y-shaped i n l e t  sp l  i t t e r .  Temperature program: 
150°C (0.5 min ho ld )  t o  190°C (2 min ho ld )  a t  12"C/min then t o  275°C 
(10 min ho ld )  a t  4"C/min. 
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FIGURE 8. GC/ECD chromatogram o f  Strobane analyzed on a DB-5/DB-1701 fused- 
s i  1 i c a  open-tubul a r  column p a i r .  The GC ope ra t i ng  c o n d i t i o n s  were 
as fo l lows :  30 m x 0.53 mm ID  DB-5 (1.5-pm f i l m  th ickness)  and 30 
m x 0.53 mm ID DB-1701 (1.0-pm f i l m  th ickness)  connected t o  a J&W 
S c i e n t i f i c  p r e s s - f  i t Y-shaped i n l e t  s p l  i t t e r .  Temperature program: 
150°C (0.5 min ho ld )  t o  190°C (2 min ho ld )  a t  12OC/min then t o  275OC 
(10 min ho ld )  a t  4OC/min. 
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FIGURE 9. GC/ECD chromatogram o f  A r o c l o r  1016 analyzed on a DB-5/DB-1701 
f u s e d - s i l i c a  open- tubu la r  column p a i r .  The GC o p e r a t i n g  c o n d i t i o n s  
were as f o l l o w s :  30 m x 0.53 mm I D  DB-5 (1.5-pm f i l m  t h i c k n e s s )  and 
30 m x 0.53 mm ID DB-1701 (1.0-pm f i l m  t h i ckness )  connected t o  a J&W 
S c i e n t i f i c  p r e s s - f i  t Y -shaped i n l e t  sp l  i t t e r .  Temperature program: 
150°C (0.5 min h o l d )  t o  190°C ( 2  min h o l d )  a t  12"C/min then  t o  275°C 
(10 min h o l d )  a t  4"C/min. 
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FIGURE 10. GC/ECD chromatogram o f  Aroc lo r  1221 analyzed on a DB-5/DB-1701 
f u s e d - s i l i c a  open-tubular  column p a i r .  The GC opera t ing  cond i t ions  
were as fo l lows:  30 m x 0.53 mm ID DB-5 (1.5-pm f i l m  th ickness)  and 
30 m x 0.53 mm ID DB-1701 (1.0-pm f i l m  th ickness)  connected t o  a J&W 
S c i e n t i f i c  p r e s s - f i t  Y-shaped i n l e t  sp l  i t t e r .  Temperature program: 
150°C (0.5 min hold)  t o  190°C (2 min ho ld)  a t  12"C/min then t o  275°C 
(10 min ho ld)  a t  4OC/min. 
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FIGURE 11. GC/ECD chromatogram o f  A roc lo r  1232 analyzed on a DB-5/DB-1701 
f u s e d - s i l i c a  open-tubular  column p a i r .  'The GC ope ra t i ng  cond i t i ons  
were as fo l l ows :  30 m x 0.53 mm ID DB-5 (1.5-pm f i l m  th ickness)  and 
30 m x 0.53 mm ID  DB-1701 (1.0-pm f i l m  th ickness)  connected t o  a J&W 
S c i e n t i f i c  p r e s s - f i t  Y-shaped i n l e t  s p l i t t e r .  Temperature program: 
150°C (0.5 min ho ld )  t o  190°C (2 min ho ld)  a t  12"C/min then t o  275°C 
(10 min ho ld )  a t  4"C/min. 
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FIGURE 12. GC/ECD chromatogram o f  A r o c l o r  1242 analyzed on a DB-5/DB-1701 
f u s e d - s i l i c a  open- tubu la r  column p a i r .  The GC ope ra t i ng  cond i t i ons  
were as f o l l o w s :  30 m x 0.53 mm I D  DB-5 (1.5-pm f i l m  th ickness)  and 
30 m x 0.53 mm I D  DB-1701 (1.0-pm f i l m  t h i ckness )  connected t o  a J&W 
S c i e n t i f i c  p r e s s - f i  t Y -shaped i n l e t  sp l  i t t e r .  Temperature program: 
150°C (0.5 min h o l d )  t o  190°C (2 min ho ld )  a t  lZ°C/min then  t o  275°C 
(10 min h o l d )  a t  4"C/min. 

Rev i s i on  0 
September 1994 



FIGURE 13. GC/ECD chromatogram o f  A roc lo r  1248 analyzed on a DB-5/DB-1701 
f u s e d - s i l i c a  open-tubular  column p a i r .  The GC ope ra t i ng  cond i t i ons  
were as fo l l ows :  30 m x 0.53 mm ID DB-5 (1.5-pm f i l m  th ickness)  and 
30 m x 0.53 mm ID DB-1701 (1.0-pm f i l m  th ickness)  connected t o  a J&W 
S c i e n t i f i c  p r e s s - f i t  Y-shaped i n l e t  s p l i t t e r .  Temperature program: 
150°C (0.5 min ho ld)  t o  190°C (2 min ho ld )  a t  12"C/min then t o  275°C 
(10 min ho ld)  a t  4"C/min. 
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FIGURE 14. GC/ECD chromatogram o f  A roc lo r  1254 analyzed on a DB-5/DB-1701 
f u s e d - s i l  i c a  open-tubul a r  column p a i r .  The GC opera t ing  cond i t i ons  
were as f o l l o w s :  30 m x 0.53 mm ID  DB-5 (1.5-pm f i l m  th ickness)  and 
30 m x 0.53 mm ID  DB-1701 (1.0-pm f i l m  th ickness)  connected t o  a J&W 
S c i e n t i f i c  p r e s s - f i t  Y -shaped i n l e t  sp l  i t t e r .  Temperature program: 
150°C (0.5 min ho ld )  t o  190°C ( 2  min ho ld )  a t  lE°C/min then t o  275°C 
(10 min ho ld )  a t  4"C/min. 
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FIGURE 15. GC/ECD chromatogram o f  A roc lo r  1260 analyzed on a DB-5/DB-1701 
f u s e d - s i l i c a  open-tubular  column p a i r .  The GC ope ra t i ng  cond i t i ons  
were as fo l l ows :  30 m x 0.53 mm ID DB-5 (1.5-pm f i l m  t h i ckness )  and 
30 m x 0.53 mm ID DB-1701 (1.0-prn f i l m  th ickness)  connected t o  a J&W 
S c i e n t i f i c  p ress- f  i t  Y -shaped in1  e t  sp l  i t t e r .  Temperature program: 
150°C (0.5 min ho ld)  t o  190°C ( 2  min ho ld)  a t  12"C/rnin then t o  275°C 
(10 rnin ho ld)  a t  4"C/min. 
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FIGURE 16. GC/ECD chromatogram o f  Halowax 1000 analyzed on a DB-5/DB-1701 
f u s e d - s i l i c a  open-tubular column p a i r .  The GC opera t ing  cond i t ions  
were as fo l l ows :  30 m x 0.53 mm I D  DB-5 (1.5-pm f i l m  th ickness)  and 
30 m x 0.53 mm ID DB-1701 ( I  .O-pm f i l m  th ickness)  connected t o  a J&W 
S c i e n t i f i c  p r e s s - f i  t Y-shaped i n l e t  sp l  i t t e r .  Temperature program: 
150°C (0.5 min hold)  t o  190°C ( 2  min hold)  a t  1E0C/min then t o  275°C 
(10 min ho ld)  a t  4"C/min. 
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FIGURE 17. GC/ECD chromatogram o f  Halowax 1001 analyzed on a DB-5/DB-1701 
f u s e d - s i l i c a  open- tubular  column p a i r .  The GC ope ra t i ng  c o n d i t i o n s  
were as fo l l ows :  30 m x 0.53 mm ID DB-5 (1.5-pm f i l m  t h i ckness )  and 
30 m x 0.53 mm ID DB-1701 (1.0-pm f i l m  t h i ckness )  connected t o  a J&W 
S c i e n t i f i c  p r e s s - f i t  Y-shaped i n l e t  s p l i t t e r .  Temperature program: 
150°C (0.5 min ho ld )  t o  190°C (2 min ho ld )  a t  12"C/min then t o  275°C 
(10 min ho ld )  a t  4"C/min. 
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FIGURE 18. GC/ECD chro~iiatogram o f  Halowax 1099 analyzed on a DB-S/DB-1701 
fused-s i  1 i c a  open-tubul a r  column p a i r .  'The GC opera t ing  cond i t ions  
were as fo l lows:  30 m x 0.53 mm ID DB-5 (1.5-pm f i l m  th ickness)  and 
30 m x 0.53 mm ID DB-1701 (1.0-pm f i l m  th ickness)  connected t o  a J&W 
S c i e n t i f i c  p r e s s - f i  t Y-shaped i n l e t  sp l  i t t e r .  Temperature program: 
150°C (0.5 min ho ld)  t o  190°C ( 2  min ho ld)  a t  lZ°C/min then t o  275°C 
(10 min ho ld)  a t  4"C/min. 
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FIGURE 19. GC/ECD chromatogram o f  Halowax 1013 analyzed on a DB-5/DB-1701 
f u s e d - s i l i c a  open-tubular  column p a i r .  The GC ope ra t i ng  c o n d i t i o n s  
were as fo l l ows :  30 m x 0.53 mm I D  DB-5 (1.5-pm f i l m  t h i ckness )  and 
30 m x 0.53 mm I D  DB-1701 (1.0-pm f i l m  th ickness)  connected t o  a J&W 
S c i e n t i f i c  p r e s s - f i  t Y -shaped i n l e t  sp l  i t t e r .  Temperature program: 
150°C (0.5 min ho ld)  t o  190°C (2 min ho ld)  a t  lZ°C/min then t o  275°C 
(10 min ho ld)  a t  4"C/min. 
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FIGURE 20. GC/ECD chromatogram o f  Halowax 1014 analyzed on a DB-5/DB-1701 
f u s e d - s i l i c a  open-tubular column p a i r .  The GC opera t ing  cond i t ions  
were as fo l lows:  30 m x 0.53 mm I D  DB-5 (1.5-pm f i l m  th ickness)  and 
30 m x 0.53 mm I D  DB-1701 ( 1  .O-pm f i l m  th ickness)  connected t o  a J&W 
S c i e n t i f i c  p r e s s - f i t  Y-shaped i n l e t  s p l i t t e r .  Temperature program: 
150°C (0.5 min ho ld)  t o  190°C (2 min ho ld)  a t  lZ°C/min then t o  275°C 
(10 min ho ld)  a t  4"C/min. 
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FIGURE 21. GC/ECD chromatogram o f  Halowax 1051 analyzed on a DB-5/DB-1701 
f u s e d - s i l i c a  open - tubu la r  column p a i r .  The GC o p e r a t i n g  c o n d i t i o n s  
were as f o l l o w s :  30 m x 0.53 mm I D  DB-5 (1.5-pm f i l m  t h i ckness )  and 
30 m x 0.53 rum I D  DB-1701 (1.0-pm f i l m  t h i ckness )  connected t o  a J&W 
S c i e n t i f i c  p r e s s - f i  t Y -shaped i n l e t  s p l  i t t e r .  Temperature program: 
150°C (0.5 min ho ld )  t o  190°C ( 2  min  ho ld )  a t  12OC/min t hen  t o  275OC 
(10 min  ho ld )  a t  4OC/min. 
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FIGURE 22. GC/ECD chromatogram o f  the organochlor ine pes t i c i des  analyzed on a 
DB-5/DB-1701 fused -s i l  i c a  open-tubular column p a i r .  The GC 
opera t ing  cond i t ions  were as fo l lows:  30 m x 0.53 mm ID DB-5 (0.83- 
pm f i l m  th ickness)  and 30 m x 0.53 mm ID DB-1701 (1.0-pm f i l m  
th ickness)  connected t o  an 8 i n  i n j e c t i o n  tee  (Supelco Inc . ) .  
Temperature program: 140°C (2  min ho ld)  t o  270°C ( 1  min hold)  a t  
2.8"C/mi n . 
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GC o f  t h e  Mixed Organochlor ine P e s t i c i d e  Standard. The GC o p e r a t i n g  
c o n d i t i o n s  were as f o l l ows :  30 m x 0.25 mm I D  DB-5 column. 
Temperature program: 100°C ( h o l d  2 minutes)  t o  160°C a t  15"C/min, 
then  a t  S°C/min t o  270°C; c a r r i e r  He a t  16 p s i .  

GC o f  I n d i v i d u a l  Organochlor ine P e s t i c i d e  Standard Mix  A. 'The GC 
ope ra t i ng  c o n d i t i o n s  were as fo l lows :  30 m x 0.25 mm I D  DB-5 
column. Temperature program: 100°C ( h o l d  2 minutes)  t o  160°C a t  
15"C/min, then  a t  S°C/min t o  270°C; c a r r i e r  He a t  16 p s i .  

GC o f  I n d i v i d u a l  Organochlor ine P e s t i c i d e  Standard Mix  B. The GC 
ope ra t i ng  c o n d i t i o n s  were as f o l l o w s :  30 m x 0.25 mm I D  DB-5 
column. Temperature program: 100°C ( h o l d  2 minu tes )  t o  160°C a t  
lS°C/min, then  a t  S°C/min t o  270°C; c a r r i e r  He a t  16 p s i .  

GC o f  t h e  Toxaphene Standard. The GC o p e r a t i n g  c o n d i t i o n s  were as 
f o l l o w s :  30 m x 0.25 mm I D  DB-5 column. Temperature program: 
100°C ( h o l d  2 minutes)  t o  160°C a t  15"C/min, then  a t  5"C/min t o  270°C; 
c a r r i e r  He a t  16 p s i .  

GC o f  t h e  Aroc lor -1016 Standard. The GC o p e r a t i n g  c o n d i t i o n s  were 
as f o l l o w s :  30 m x 0.25 mm ID  OB-5 fused s i l i c a  c a p i l l a r y  column. 
Temperature program: 100°C ( h o l d  2 minutes)  t o  160°C a t  15"C/min, 
then  a t  S°C/min t o  270°C; c a r r i e r  He a t  16 p s i .  

GC o f  t h e  Technica l  Chlordane Standard. The GC o p e r a t i n g  c o n d i t i o n s  
were as f o l l o w s :  30 m x 0.25 mm ID  DB-5 fused  s i l  i c a  c a p i l l a r y  
column. Temperature program: 100°C ( h o l d  2 minu tes )  t o  160°C a t  
15"C/min, then  a t  S°C/min t o  270°C; c a r r i e r  He a t  16 p s i .  

GC/ECD chromatogram o f  Toxaphene analyzed on a DB-5/DB-1701 fused-  
s i  1 i c a  open-tubul  a r  c o l  urr~n p a i r .  The GC opera t i r rg  c o n d i t i o n s  were 
as f o l l o w s :  30 m x 0.53 mm ID  DB-5 (1.5-pm f i l m  t h i c k n e s s )  and 30 
m x 0.53 mm I D  DB-1701 (1.0-pm f i l m  t h i c k n e s s )  connected t o  a J&W 
S c i e n t i f i c  p r e s s - f i t  Y-shaped i n l e t  s p l i t t e r .  Temperature program: 
150°C (0.5 min h o l d )  t o  190°C ( 2  min h o l d )  a t  lZ°C/min then  t o  275°C 
(10 min h o l d )  a t  4"C/min. 

GC/ECD chromatogram of Strobane analyzed on a DB-5/DB-1701 fused-  
s i l i c a  open- tubu la r  column p a i r .  The GC o p e r a t i n g  c o n d i t i o n s  were 
as f o l l o w s :  30 m x 0.53 mm ID  DB-5 (1.5-pm f i l m  t h i ckness )  and 30 
m x 0.53 mm ID  OB-1701 (1.0-pm f i l m  t h i ckness )  connected t o  a J&W 
S c i e n t i f i c  p r e s s - f i  t Y-shaped i n l e t  sp l  i t t e r .  Temperature program: 
150°C (0.5 min h o l d )  t o  190°C (2  min h o l d )  a t  12"C/min t hen  t o  275°C 
(10 min h o l d )  a t  4"C/min. 
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Figure  9. GC/ECD chromatogram o f  A roc lo r  1016 analyzed on a DB-5/DB-1701 
f u s e d - s i l  i c a  open- tubular  column p a i r .  The GC ope ra t i ng  cond i t i ons  
were as f o l l ows :  30 m x 0.53 mm I D  DB-5 (1.5-pm f i l m  th ickness)  and 
30 m x 0.53 mm I D  DB-1701 (1.0-pm f i l m  th ickness)  connected t o  a J&W 
S c i e n t i f i c  p r e s s - f i t  Y-shaped i n l e t  s p l i t t e r .  Temperature program: 
150°C (0.5 rnin ho ld )  t o  190°C (2 rnin ho ld )  a t  12"C/min then t o  275°C 
(10 min ho ld )  a t  4"C/min. 

F i gu re  10. GC/ECD chromatogram o f  A r o c l o r  1221 analyzed on a DB-5/DB-1701 
fused-s i l  i c a  open-tubul  a r  c o l  limn p a i r .  The GC ope ra t i ng  cond i t i ons  
were as f o l l ows :  30 m x 0.53 mm ID  DB-5 (1.5-pm f i l m  th ickness)  and 
30 m x 0.53 mm I D  DB-1701 (1.0-pm f i l m  th ickness)  connected t o  a J&W 
S c i e n t i f i c  p r e s s - f i  t Y -shaped i n l e t  sp l  i t t e r .  Temperature program: 
150°C (0.5 min ho ld )  t o  190°C (2  rnin ho ld )  a t  lE°C/min then t o  275°C 
(10 rnin ho ld )  a t  4"C/min. 

F i gu re  11. GC/ECD chromatogram o f  A roc lo r  1232 analyzed on a DB-5/DB-1701 
f u s e d - s i l  i c a  open-tubul  a r  column p a i r .  The GC ope ra t i ng  cond i t i ons  
were as f o l l ows :  30 m x 0.53 mm I D  DB-5 (1.5-pm f i l m  th ickness)  and 
30 m x 0.53 nlm I D  DB-1701 ( 1  .O-pm f i l m  th ickness)  connected t o  a J&W 
S c i e n t i f i c  p r e s s - f i  t Y-shaped i n l e t  sp l  i t t e r .  Tel~iperature program: 
150°C (0.5 min ho ld )  t o  190°C (2 min ho ld)  a t  lE°C/min then  t o  275°C 
(10 min ho ld )  a t  4"C/min. 

F i gu re  12. GC/ECD chromatogram o f  A roc lo r  1242 analyzed on a DB-5/DB-1701 
f u s e d - s i l  i c a  open-tubul  a r  co l  umn p a i r .  The GC ope ra t i ng  cond i t i ons  
were as f o l l ows :  30 m x 0.53 mm ID  DB-5 (1.5-pm f i l m  th ickness)  and 
30 m x 0.53 mm I D  DB-1701 (1.0-pm f i l m  th ickness)  connected t o  a J&W 
S c i e n t i f i c  p r e s s - f i t  Y-shaped i n l e t  sp l  i t t e r .  Temperature program: 
150°C (0.5 rnin ho ld )  t o  190°C (2  min ho ld )  a t  lE°C/min then t o  275°C 
(10 rnin ho ld )  a t  4"C/min. 

F i gu re  13. GC/ECD chromatogram o f  A roc lo r  1248 analyzed on a DB-5/DB-1701 
f used -s i  1 i c a  open-tubul  a r  column p a i r .  The GC ope ra t i ng  cond i t i ons  
were as f o l l ows :  30 m x 0.53 mrn ID  DB-5 (1.5-pm f i l m  th ickness)  and 
30 m x 0.53 mm I D  DB-1701 ( 1  .O-prn f i l m  th ickness)  connected t o  a J&W 
S c i e n t i f i c  p r e s s - f i  t Y-shaped i n l e t  sp l  i t t e r .  Temperature program: 
150°C (0.5 min ho ld )  t o  190°C (2 min ho ld)  a t  lE°C/min then t o  275°C 
(10 min ho ld )  a t  4"C/min. 

F i gu re  14. GC/ECD chromatogram o f  A roc lo r  1254 analyzed on a DB-5/DB-1701 
f u s e d - s i l  i c a  open- tubular  column p a i r .  The GC ope ra t i ng  cond i t i ons  
were as f o l l ows :  30 m x 0.53 mm I D  DB-5 (1.5-pm f i l m  th ickness)  and 
30 m x 0.53 mm I D  DB-1701 (1.0-pm f i l m  th ickness)  connected t o  a J&W 
S c i e n t i f i c  p r e s s - f i  t Y-shaped i n l e t  sp l  i t t e r .  Temperature program: 
150°C (0.5 min ho ld )  t o  190°C ( 2  min ho ld )  a t  12"C/min then  t o  275°C 
(10 nl in ho ld )  a t  4"C/min. 
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Figure  15. GC/ECD chromatogram o f  A r o c l o r  1260 analyzed on a DB-5/DB-1701 
f u s e d - s i l i c a  open- tubu la r  column p a i r .  The GC o p e r a t i n g  c o n d i t i o n s  
were as f o l l o w s :  30 m x 0.53 mm ID  DB-5 (1.5-pm f i l m  t h i c k n e s s )  and 
30 m x 0.53 mm I D  DB-1701 (1.0-pm f i l m  t h i ckness )  connected t o  a J&W 
S c i e n t i f i c  p r e s s - f i t  Y-shaped i n l e t  s p l  i t t e r .  Temperature program: 
150°C (0.5 min h o l d )  t o  190°C (2 min h o l d )  a t  12"C/min t h e n  t o  275°C 
(10 rnin ho ld )  a t  4"C/min. 

3 
F igu re  16. GC/ECD chromatogram o f  Halowax 1000 analyzed on a DB-5/DB-1701 

f u s e d - s i l  i c a  open- tubu la r  column p a i r .  The GC o p e r a t i n g  c o n d i t i o n s  
were as f o l l o w s :  30 m x 0.53 mm :ID DB-5 (1.5-pm f i l m  t h i c k n e s s )  and 
30 m x 0.53 mm ID  DB-1701 (1.0-pm f i l m  t h i c k n e s s )  connected t o  a J&W 
S c i e n t i f i c  p r e s s - f i  t Y-shaped i n l e t  s p l  i t t e r .  Temperature program: 
150°C (0.5 min ho ld )  t o  190°C (2 min ho ld )  a t  12"C/min t hen  t o  275°C 
(10 min ho ld )  a t  4"C/min. 

F i gu re  17. GC/ECD chromatogram o f ,  Halowax 1001 analyzed on a DB-5/DB-1701 
f u s e d - s i l i c a  open- tubu la r  column p a i r .  The GC o p e r a t i n g  c o n d i t i o n s  
were as f o l l o w s :  30 m x 0.53 mm ID  DB-5 (1.5-pm f i l m  t h i ckness )  and 
30 m x 0.53 mm ID  DB-1701 (1.0-pm f i l m  t h i ckness )  connected t o  a J&W 
S c i e n t i f i c  p r e s s - f i t  Y -shaped i n l e t  s p l  i t t e r .  Temperature program: 
150°C (0.5 rnin ho ld )  t o  190°C (2 rnin h o l d )  a t  12"C/min then  t o  275°C 
(10 min  ho ld )  a t  4"C/min. 

F i gu re  18. GC/ECD chromatogram o f  Halowax 1099 analyzed on a DB-5/DB-1701 
f u s e d - s i l i c a  open- tubu la r  column p a i r .  The GC o p e r a t i n g  c o n d i t i o n s  
were as f o l l o w s :  30 m x 0.53 mm [D DB-5 (1.5-pm f i l m  t h i c k n e s s )  and 
30 m x 0.53 mm ID  DB-1701 ( 1  .O-pm f i l m  t h i ckness )  connected t o  a J&W 
S c i e n t i f i c  p r e s s - f i t  Y-shaped i n l e t  s p l i t t e r .  Temperature program: 
150°C (0.5 rnin h o l d )  t o  190°C (2 rnin h o l d )  a t  12"C/min t hen  t o  275°C 
(10 rnin h o l d )  a t  4"C/min. kd' 

F igu re  19. GC/ECD chromatogram o f  Halowax 1013 analyzed on a DB-5/DB-1701 
f u s e d - s i l  i c a  open- tubul  a r  column p a i r .  The GC o p e r a t i n g  c o n d i t i o n s  
were as f o l l o w s :  30 m x 0.53 mm I D  DB-5 (1.5-pm f i l m  t h i ckness )  and 
30 m x 0.53 mm ID  DB-1701 (1.0-pm f i l m  t h i ckness )  connected t o  a J&W 
S c i e n t i f i c  p r e s s - f i t  Y-shaped i n l e t  s p l i t t e r .  Temperature program: 
150°C (0.5 rnin h o l d )  t o  190°C (2 min h o l d )  a t  12"C/min then  t o  275°C 
(10 rnin h o l d )  a t  4"C/min. 

F i gu re  20. GC/ECD chromatogram o f  Halowax 1014 analyzed on a DB-5/DB-1701 
f used -s i  1 i c a  open- tubul  a r  column p a i r .  The GC o p e r a t i n g  c o n d i t i o n s  
were as f o l l o w s :  30 m x 0.53 mm ID  DB-5 (1.5-pm f i l m  t h i c k n e s s )  and 
30 m x 0.53 mm ID  DB-1701 ( 1  .O-pm f i l m  t h i c k n e s s )  connected t o  a J&W 
S c i e n t i f i c  p r e s s - f i  t Y -shaped i n 1  e t  s p l  i t t e r .  Temperature program: 
150°C (0.5 rnin h o l d )  t o  190°C (2 min h o l d )  a t  12"C/min t hen  t o  275°C 
(10 rnin ho ld )  a t  4"C/min. 
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Figure 21. GC/ECD chromatogram o f  Halowax 1051 analyzed on a DB-5/DB-1701 
f u s e d - s i l  i c a  open-tubul a r  column p a i r .  The GC operat ing cond i t ions  
were as fo l lows:  30 m x 0.53 mm ID DB-5 (1.5-pm f i l m  th ickness)  and 

,---, 30 m x 0.53 mm ID DB-1701 ( 1  .O-pm f i l m  th ickness)  connected t o  a J&W 

*, / 
S c i e n t i f i c  p r e s s - f i t  Y-shaped i n l e t  s p l i t t e r .  Temperature program: 

*>dm 150°C (0.5 min hold)  t o  190°C (2  min hold)  a t  12OC/min then t o  275°C 
(10 min hold)  a t  4"C/min. 

F igure 22. GC/ECD chromatogram o f  t he  organochlor ine pes t i c i des  analyzed on a 
DB-5/DB-1701 fused -s i l  i c a  open-tubul a r  column p a i r .  'The GC 
operat ing cond i t ions  were as fo l lows:  30 m x 0.53 mm ID DB-5 (0.83- 
pm f i l m  th ickness)  and 30 m x 0.53 mm ID DB-1701 (1.0-pm f i l m  
th ickness)  connected t o  an 8 i n  i n j e c t i o n  tee  (Supelco Inc. ) .  
Temperature program: 140°C (2 min ho ld)  t o  270°C ( 1  min hold)  a t  
2.8"C/mi n . 
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METHOD 8090 

NITROAROMATICS AND CYCLIC KETONES 

1.0 SCOPE AND APPLICATION 

1.1 Method 8090 i s  used t o  determine the concentration o f  various 
n i  troaromatic and cycl i c  ketone compounds. Table 1 i n d i  cates compounds that  
may be determined by t h i s  method and l i s t s  the method detection l i m i t  f o r  each 
compound i n  reagent water. Table 2 l i s t s  the pract ica l  quant i tat ion l i m i t  
(PQL) f o r  other matrices. 

2.0 SUMMARY OF METHOD 

2.1 Method 8090 provides gas chromatographic conditions f o r  the 
detection of ppb levels of nitroaromatic and cyc l i c  ketone compounds. Pr ior  
t o  use of t h i s  method, appropriate sample extract ion techniques must be used. 
Both neat and d i l u ted  organic 1 iquids (Method 3580, Waste Di lu t ion)  may be 
analyzed by d i rec t  in ject ion. A 2- t o  5-uL a l iquot  o f  the extract i s  in jected 
i n t o  a gas chromatograph (GC) using the solvent f lush technique, and com ounds 
i n  the GC efPluent are detected by an electron capture detector (ECD ! or  a 
flame ion izat ion detector (FID) . The d i  n i  t ro t01 uenes are determined using 
ECD, whereas the other compounds amenable t o  t h i s  method are determined using 
FID. 

-. 2.2 I f  interferences prevent proper detection o f  the analytes, the 
method may also be performed on extracts that  have undergone cleanup. 

kk&.d 

3.0 INTERFERENCES 

3.1 Refer t o  Method 3500, 3600, and 8000. 

3.2 Sol vents, reagents, glassware, and other sampl e-processing hardware 
may y i e l d  discrete a r t i f a c t s  and/or elevated base1 ines causing 
misinterpretat ion o f  gas chromatograms. A1 1 o f  these materi a1 s must be 
demonstrated t o  be f ree f r o m  interferences, under the conditions o f  the 
analysis, by analyzing method blanks. Specif ic selection o f  reagents and 
p u r i f i c a t i o n  o f  solvents by d i s t i  1 l a t i o n  i n  a1 1 -glass systems may be required. 

3.3 Interferences coextracted from samples w i  11 vary considerably from 
source t o  source, depending upon the waste being sampled. A1 though general 
cleanup techniques are recommended as par t  o f  t h i s  method, unique samples may 
requi r e  addit ional c l  eanup. 
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TABLE 1. GAS CHROMATOGRAPHY OF NITROAROMATICS AND ISOPHORONE 
- 

Retention time (min) Method detection 
l i m i t  (uqlL) 

Compound Col. l a  Col. 2b ECD FID 

I sop horone 
N i  trobenzene 
2,4-Di n i  t r o t o l  uene 
2,6-Di n i  t r o t o l  uene 
Di n i  trobenzene 
Naphthoquinone 

aColumn 1: Gas-Chrom Q (801100 mesh) coated w i th  1.95% QF-111.5% OV-17 
packed i n  a 1.2-m x 2-mn o r  4-mn I.D. glass column. A 2-mm I.D. column and 
nitrogen gas a t  44 mLImin f low ra te  were used when determining isophorone and 
nitrobenzene by GCIFID. The column temperature was held isothermal a t  85.C. 
A 4-mm I.D. col umn and 10% methanel90X argon c a r r i e r  gas a t  44 mLlmin f low 
ra te  were used when determining the d i n i  t r o t o l  uenes by GCIECD. The column 
temperature was held isothermal a t  145.C. 

b ~ o l  umn 2: Gas-Chrom Q (801100 mesh) coated wi th  3% OV-101 packed i n  a 3.0- 
m x 2 - m  o r  4 - m  I.D. glass column. A 2 - m  I.D. column and ni t rogen c a r r i e r  
gas a t  44 mLlmin f low ra te  were used when determining i sophorone and 
nitrobenzene by GCIFID. The column temperature was held isothermal a t  100.C. 
A 4-mm I.D. column and 10% methanel90X argon c a r r i e r  gas a t  44 mL/min f low 
ra te  were used t o  determine the dini t rotoluenes by GCIECD. The column 1 
temperature was held isothermal a t  150.C. '-&A&+ 

TABLE 2. DETERMINATION OF PRACTICAL QUANTITATION LIMITS (PQL) FOR VARIOUS 
MATRICESa 

Matri x  actor^ 

Ground water 
Low-level s o i l  by sonlcatlon w i th  GPC cleanup 
Hlgh-level sol  1 and sludges by sonlcatlon 
Non-water miscible waste 

%ample PQLs are h ighly  matrix-dependent. The PQLs 1 l s ted  herein are 
provlded f o r  guidance and may not always be achievable. 

b ~ u l t i ~ l ~  the Method Detectlon L lmi ts  i n  Table 1 by the Factor t o  
determine the PQL f o r  each analyte i n  the matr ix  t o  be analyzed. 
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4.0 APPARATUS AND MATERIALS 

,* -, 4.1 Gas chromatograph: 

k, d 
4.1.1 Gas chromatograph: Analytical system complete wi th  gas 

chromatograph sui tab1 e f o r  on-col urn in ject ions and a1 1 required 
accessories, i ncl  udi ng detectors, col umn suppl i es, recorder, gases, and 
syringes. A data system f o r  measuring peak areas andlor peak heights i s  
recomnended . 

4.1.2.1 Column 1: 1.2-m x 2- o r  4-mn I.D. glass column packed 
wi th  1.95% QF-111.5% OV-17 on Gas-Chrom Q (801100 mesh) o r  
equivalent . 

4.1.2.2 Column 2: 3.0-m x 2- o r  4-m I.D. glass column packed 
wi th  3% OV-101 on Gas-Chrom Q (801100 mesh) o r  equivalent. 

4.1.3 Detectors: F l  ame ion izat ion (FJD) o r  electron capture (ECD) . 
4.2 Kuderna-Dani sh (K-D) apparatus: 

4.2.1 Concentrator tube: 10-mL, graduated (Kontes K-570050-1025 o r  
equivalent) . Ground-gl ass stopper i s  used t o  prevent evaporation o f  
extracts 

f f l  -., 
4.2.2 Evaporation f lask: 500-mL (Kontes K-570001-500 o r  

equi val ent) . Attach t o  concentrator tube wi th  spriqgs. 
kd 

4.2.3 Snyder col  m: Three-ball macro (Kontes K-503000-0121 o r  
equi val ent) . 

4.2.4 Snyder column: Two-ball micro (Kontes K-569001-0219 o r  
equivalent). 

4.3 Boi l  i n  chi s: Solvent extracted, approximately 10140 mesh (s i l i con  
=&bide or* 

4.4 Water bath: Heated, wl th  concentrlc r i n g  cover, capable o f  
temperature control  (25.C). The bath should be used i n  a hood. 

4.5 Vol umetri c f 1 asks: lo- ,  50-, and 100-mL, ground-gl ass stopper. 

4.6 M i  crosyrinqe: 10-uL. 

4.7 Syringe: 5-mL. 

4.8 Vials: Glass, 2-, lo-, and 20-mL capacity wi th  Teflon-lined screw 
cap. 
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5.0 REAGENTS 

5.1 Sol vents: hexane, acetone (pest1 cide qua1 i t y  o r  equivalent .) 

5.2 Stock standard solutions: 

5.2.1 Prepare stock, standard sol ut ions a t  a concentration o f  1.00 
ug/uL by d l  ssolving 0.0100 g o f  assayed reference mater ial  i n  hexane and 
d i l u t i n g  t o  volume i n  a 10-mL volumetric f lask. Larger volumes can be 
used a t  the convenience o f  the analyst. When compound p u r i t y  i s  assayed 
t o  be 96% o r  greater, the weight can be used without correct ion t o  
calculate the concentration o f  the stock standard. Comnerci a1 l y  prepared 
stock standards can be used a t  any concentration i f  they are c e r t i f i e d  by 
the manufacturer o r  by an independent source. 

5.2.2 Transfer the stock standard sol ut ions i n t o  Teflon-seal ed 
screw-cap bott les.  Store a t  4.C and protect from 1 ight.  Stock standards 
should be checked frequently f o r  signs o f  degradation o r  evaporation, 
especial ly j u s t  p r i o r  t o  preparing ca l ib ra t ion  standards f r o m  them. 

5.2.3 Stock standard solut ions must be replaced a f t e r  one year, o r  
sooner i f compari son w i th  check standards i ndicates a problem. 

5.3 Cal i  b ra t ion  standards: Cal i  brat ion standards a t  a minimum o f  f i v e  
concentrat3 on 1 evel s are prepared through d i  1 u t ion  o f  the stock standards w i th  
hexane. One o f  the concentration 1 evel s should be a t  a concentration near, 
but above, the method detection 1 i m i  t. The remaining concentration 1 evel s 
should correspond t o  the expected range o f  concentrations found i n  real  
samples o r  should define the working range o f  the GC. Cal ibrat ion solut ions m1 
must be replaced a f t e r  s i x  months, o r  sooner i f  comparison w i th  a check 4 
standard indicates a problem. 

5.4 In ternal  standards ( i f  in te rna l  standard ca l i b ra t i on  i s  used) : To 
use t h i s  approach, the analyst must select one o r  more in te rna l  standards t h a t  
are s im i l a r  i n  analy t ica l  behavior t o  the compounds o f  in terest .  The analyst  
must fu r ther  demonstrate tha t  the measurement o f  the in te rna l  standard i s  not 
af fected by method o r  matr lx Interferences. Because o f  these l lm l ta t lons ,  no 
In ternal  standard can be suggested tha t  i s  applicable t o  a1 1 samples. 

5.4.1 Prepare cal l b r a t l o n  standards a t  a mlnlmum o f  f i v e  
concentratl  on 1 evel s f o r  each parameter o f  I n te res t  as descrl bed i n 
Paragraph 5.3. 

5.4.2 To each c a l l  brat lon standard, add a known constant amount o f  
one o r  more in ternal  standards, and d l  1 ute t o  volume w i th  hexane. 

5.4.3 Analyze each c a l l  brat lon standard accord1 ng t o  Section 7.0. 

5.5 Surrogate standards: The analyst should monltor the performance o f  
the extract ion, cleanup (when used), and analy t ica l  system and the effec- 
tiveness o f  the method I n  dealing w i th  each sample matr ix  by spi  k lng each 

0 
k.' 
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sample, standard, and reagent water blank wi th  one o r  two surrogates (e.g., 2- 
f 1 uorobi phenyl ) reconmended t o  encompass the range o f  the temperature program 

I rk used i n  t h i s  method. Method 3500, Section 5.3.1.1, de ta i l s  instruct ions on 
the preparation o f  baselneutral surrogates. Deuterated analogs o f  analytes 

1 1 ~  should not be used as surrogates f o r  gas chromatographic analysis due t o  
coel u t ion  problems. 

6.0 SAMPLE COLLECTION, PRESERVATION, AND HANDLING 

6.1 See the introductory material t o  t h i s  chapter, Organic Analytes, 
Section 4.1. Extracts must be stored under re f r igera t ion  and analyzed wi th in  
40 days o f  extraction. 

7.0 PROCEDURE 

7.1 Extraction: 

7.1.1 Refer t o  Chapter Two f o r  guidance on choosing the appropriate 
extract ion procedure. I n  general, water samples are extracted a t  a pH 
between 5 t o  9 w i th  methylene chloride, using e i ther  Method 3510 o r  3520. 
Sol id  sarlples are extracted using e i ther  Method 3540 o r  3550. 

7.1.2 Pr io r  t o  gas chromatographic analysis, the extract ion solvent 
must be exchanged t o  hexane. The exchange i s  performed during the K-D 
procedures 1 i s ted  i n  a1 1 o f  the extract ion methods. The exchange may be 
performed i n  one o f  two ways, depending on the data requirements. I f  the 

ii.F;ln detection 1 im i t s  c i t ed  i n  Table 1 must be achieved, the exchange should 

bad 
be performed as described s ta r t ing  i n  Section 7.1.4. I f  these detection 
1 i m i  t s  are not necessary, solvent exchange i s  performed as out1 ined i n  
Section 7.1.3. 

7.1.3 Solvent exchange when detection l i m i t s  i n  Table 1 are not 
required: 

7.1.3.1 Fol lowing K-D o f  the methylene chlor ide extract t o  
1 mL using the macro-Snyder column, allow the apparatus t o  cool and 
dra in f o r  a t  least  10 min. 

7.1.3.2 Momentarily remove the Snyder column, add 50 mL o f  
hexane, a new b o i l i n g  chip, and reattach the macro-Snyder column. 
Concentrate the ext ract  using 1 mL o f  hexane t o  prewet the Snyder 
column. Place the K-D apparatus on the water bath so tha t  the 
concentrator tube i s  p a r t i a l l y  imnersed i n  the hot water. Adjust 
the ve r t i ca l  pos i t ion o f  the apparatus and the water temperature, as 
required, t o  complete concentration i n  5-10 min. A t  the proper rate 
o f  d i s t i l l a t i o n  the b a l l s  o f  the colurnn w i l l  ac t i ve ly  chatter, but 
the chambers w i  11 not flood. When the apparent volume o f  1 iqu id 
reaches 1 mL, remove the K-D apparatus and al low i t  t o  drain and 
cool f o r  a t  leas t  10 min. The extract w i l l  be handled d i f f e ren t l y  

8090 - 5 
Revi s i on 0 
Date September 1986 



a t  t h i s  point, depending on whether o r  not cleanup i s  needed. I f  
cleanup i s  not required, proceed t o  Paragraph 7.1.3.3. I f  cleanup 
i s  needed, proceed t o  Paragraph 7.1.3.4. Al 

7.1.3.3 I f  cleanup o f  the ext ract  i s  not required, remove the b l 4 '  

Snyder column and r inse  the f lask  and i t s  lower j o i n t  i n t o  the 
concentrator tube wi th  1-2 mL o f  hexane. A 5-mL syringe i s  
recomnended f o r  t h i s  operation. Adjust the ext ract  volume t o  
10.0 mL. Stopper the concentrator tube and store re f r igera ted  a t  
4'C i f  fu r ther  processing w i l l  not be performed imed ia te l y .  If the 
ext ract  w i  11 be stored longer than two days, i t  should be 
transferred t o  a Teflon-sealed screw-cap v ia l .  Proceed w i th  gas 
chromatographic analysis. 

7.1.3.4 I f  cleanup o f  the ext ract  i s  required, remove the 
Snyder column and r inse  the f lask  and i t s  lower j o i n t  i n t o  the 
concentrator tabe w i th  a minimum amount o f  hexane. A 5-mL syringe 
i s  recommended f o r  t h i s  operation. Add a clean b o i l i n g  chip t o  the 
concentrator tube and attach a two-ball micro-Snyder column. Prewet 
the column by adding about 0.5 mL o f  hexane t o  the top. Place the 
micro-K-D apparatus on the water bath (80'C) so tha t  the concen- 
t r a t o r  tube i s  p a r t i a l l y  imnersed i n  the hot water. Adjust the 
ver t i ca l  pos i t ion  o f  the apparatus and the water temperature, as 
required, t o  complete concentration i n  5-10 min. A t  the proper ra te  
o f  d i s t i l l a t i o n  the b a l l s  o f  the column w i l l  ac t i ve l y  chatter, but 
the chambers w i  1 1 not flood. When the apparent vol ume o f  1 i qu id  
reaches 0.5 mL, remove the K-D apparatus and a1 low i t  t o  dra in and 
cool f o r  a t  leas t  10 min. 

7.1.3.5 Remove the micro-Snyder column and r i nse  the f l ask  and 
i t s  lower j o i n t  i n t o  the concentrator tube w i th  0.2 mL o f  hexane. 
Adjust the ext ract  volume t o  2.0 mL and proceed w i th  Method 3620. 

7.1.4 Solvent exchange when detect ion 1 i m i t s  1 i s t e d  i n  Table 1 must 
be achieved: 

7.1.4.1 Following K-D o f  the methylene chlor ide ex t rac t  t o  
1 mL using the macro-Snyder column, al low the apparatus t o  cool and 
dra in f o r  a t  leas t  10 m i  n. 

7.1.4.2 Remove the Snyder column and r inse  the f l ask  and i t s  
lower j o i n t  i n t o  the concentrator tube w i th  1-2 mL o f  methylene 
chloride. A 5-mL syringe i s  recomnended f o r  t h i s  operation. Add 
1-2 mL o f  hexane, a clean b o i l i n g  chip, and attach a two-ball micro- 
Snyder column. Prewet the column by adding 0.5 mL o f  hexane t o  the 
top. Place the micro-K-D apparatus on the water bath (60-65'C) so 
tha t  the concentrator tube i s  p a r t i a l l y  immersed i n  the hot water. 
Adjust the ve r t i ca l  pos i t ion  o f  the apparatus and the water 
temperature, as required, t o  complete concentration i n  5-10 min. A t  
the proper ra te  of d i s t i l l a t i o n  the b a l l s  o f  the column w i l l  
ac t i ve ly  chatter, but the chambers w i l l  not flood. When the 
apparent volume o f  1 i qu id  reaches 0.5 mL, remove the K-D apparatus 
and al low i t  t o  d ra in  and cool f o r  a t  leas t  10 min. 
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7.1.4.3 Remove the micro-Snyder column and r inse the f lask  and 
i t s  lower j o i n t  i n t o  the concentrator tube wi th  a minimum amount o f  
hexane. The volume o f  the extract should be adjusted t o  1.0 mL i f  
the extract w i l l  be analyzed without cleanup. I f  the extract w i l l  
require cleanup, adjust the volume t o  2.0 m l  w i th  hexane. Stopper 
the concentrator tube and store ref r igerated a t  4'C i f  fur ther  
processing w i l l  not be performed immediately. I f  the extract w i l l  
be stored longer than two days, i t  should be transferred t o  a 
Tef 1 on-seal ed screw-cap v i  a1 . Proceed wi th  e i ther  gas chromato- 
graphic analysis o r  with cleanup, as necessary. 

7.2 Gas chromatography conditions (Recomnended): The determination o f  
d i n i  t ro t01 uenes should be performed using GCIECD. A1 1 other compounds 
amenable t o  t h i s  method are t o  be analyzed by GCIFID. 

7.2.1 Column 1: Set 10% methanel90X argon ca r r i e r  gas flow a t  
44 mL/min f low rate. For a 2-mn I.D. column, set the temperature a t  85'C 
isothermal. For a 4-mn I.D. column, set the . temperature a t  145'C 
i sothermal. 

7.2.2 Column 2: Set 10% methanel90X argon ca r r i e r  gas flow a t  
44 mllmin f low rate. For a 2-mn I.D. column, set the temperature a t  
100'C isothermal. For a 4-mn I.D. column, set the temperature a t  150'C 
isothermal . 
7.3 Calibration: 

techniques. Use Table 
lowest 'point on the cal 

Refer t o  Method 8000 f o r  proper ca l ibrat ion 
1 and especial ly Table 2 f o r  guidance on selecting the 
i bra t  i on curve. 

/--- 

b' 7.3.1 The procedure f o r  i nternal o r  external standard cal i brat ion 
may be used. Refer t o  Method 8000 f o r  a descr ipt ion o f  each o f  these 
procedures. 

7.3.4 I f  cleanup i s  performed on the samples, the analyst should 
process a series o f  standards through the cleanup procedure and then 
analyze the samples by GC. This w i l l  confirm e lu t ion  patterns and the 
absence o f  i nterferents from the reagents. 

7.4 Gas chromatographlc anal ysi  s: 

7.4.1 Refer t o  Method 8000. I f  the in ternal  standard ca l ib ra t ion  
technique i s  used, add 10 uL o f  in ternal  standard t o  the sample p r i o r  t o  
in ject ion.  

7.4.2 Follow Section 7.6 i n  Method 8000 f o r  inst ruct ions on the 
analysis sequence, appropriate d i  lut ions, establishing d a i l y  retent ion 
time windows, and i den t i f i ca t i on  c r i t e r i a .  Include a mid-level standard 
a f t e r  each group o f  10 samples i n  the analysis sequence when using FID 
and a f t e r  each group of 5 samples i n  the analysis sequence when using 
ECD. 
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7.4.3 An example o f  a GCIFID chromatogram f o r  nitrobenzene and 
isophorone i s  shown i n  Figure 1. Figure 2 i s  an example o f  a GCIECD 
chromatogram o f  the din1 t ro t01 uenes. 

7.4.4 Record the sample volume in jected and the resu l t i ng  peak 
sizes ( i n  area un i t s  o r  peak heights). 

7.4.5 Using e i t he r  the in te rna l  o r  external c a l l  b ra t ion  procedure 
(Method 8000), determine the i d e n t i t y  and quant i ty  o f  each analyte peak 
i n  the sample chromatogram. See Section 7.8 o f  Method 8000 f o r  
ca l  cu l  a t  i on equations. 

7.4.6 I f  peak detection and i d e n t i f i c a t i o n  are prevented due t o  
interferences, the hexane ext ract  may undergo cleanup using Method 3620. 

7.5 Cleanup: 

7.5.1 Proceed w i th  Method 3620, using the 2-mL hexane extracts 
obtained from e i the r  Paragraph 7.1.3.5 o r  7.1.4.3. 

7.5.2 Following cleanup, the extracts should be analyzed by GC, as 
described i n  the previous paragraphs and i n  Method 8000. 

8.0 QUALITY CONTROL 

8.1 Refer t o  Chapter One f o r  spec i f i c  qual i t y  contro l  procedures. 
Qua1 i t y  control  t o  va l idate sample ext ract ion i s  covered i n  Method 3500 and i n  
the ext ract ion method u t i l i zed .  I f  ex t rac t  cleanup was performed, fo l low the 
QC i n  Method 3600 and i n  the spec i f i c  cleanup method. d 

8.2 Procedures t o  check the GC system operation are found i n  Method 
8000, Section 8.6. 

8.2.1 The qual i t y  control  check sample concentrate (Method 8000, 
Section 8.6) should contain each parameter o f  i n te res t  i n  acetone a t  a 
concentration o f  20 ug/mL f o r  each din1 trotoluene and 100 ug/mL f o r  
isophorone and nitrobenzene. 

8.2.2 Table 3 indicates the ca l i b ra t i on  and QC acceptance c r i t e r i a  
for  t h i s  method. Table 4 gives method accuracy and prec is ion as 
functions o f  concentration f o r  the analytes o f  in te res t .  The contents o f  
both Tables should be used t o  evaluate a laboratory 's  abi 1 i t y  t o  perform 
and generate acceptable data by t h i s  method. 

8.3 Calculate surrogate standard recovery on a1 1 samples, blanks, and 
spikes. Determine i f  the recovery i s  w i t h i n  l i m i t s  ( l i m i t s  established by 
performing QC procedures out1 i ned i n  Method 8000, Section 8.10). 

I I 
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8.3.1 I f  recovery i s  not w i th in  l im i t s ,  the fol lowing i s  required. 

Check t o  be sure there are no errors i n  calculations, 
surrogate sol u t i  ons and in ternal  standards. A1 so, check 
i nstrument performance. 

Recalculate the data and/or reanalyze the extract if any o f  
the above checks reveal a problem. 

Reextract and reanalyze the sample i f  none o f  the above are 
a problem o r  f l a g  the data as "estimated concentration." 

9.0 METHOD PERFORMANCE 

9.1 'The method was tested by 18 laboratories using reagent water, 
dr inking water, surface water, and three indus t r ia l  wastewaters spiked a t  s i x  
concentrations over the range 1.0 t o  515 ug/L. Single operator precision, 
overal l  precision, and method accuracy were found t o  be d i r e c t l y  related t o  
the concentration o f  the parameter and essential 1 y independent o f  the sample 
matrix. Linear equations t o  describe these relationships f o r  a flame 
ion izat ion detector are presented i n  Table 4. 

9.2 'The accuracy and precision obtained w i l l  be detemined by the sample 
matrix, sampl e-preparation technique, and cal i brat ion procedures used. 
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TABLE 3. QC ACCEPTANCE CRITERIAa 

Parameter 

Test L im i t  Range Range 
conc. f o r  s f o r  X P, Ps fT 
(uglL) (uglL) (uglL) ( X I  

2,4-Dini t r o t o l  uene 
2,6-Di n i  t r o t o l  uene 
I sophorone 
Nitrobenzene 

s = Standard deviat ion o f  four recovery measurements, i n  ug1L. 

X = Average recovery f o r  four  recovery measurements, i n  ug/L. 

P, P, = Percent recovery measured. 

D = Detected: r e s u l t  must be greater than zero. 

a c r i t e r l a  from 40 CFR Part 136 f o r  Method 609. These c r l t e r l a  are based 
d l  r e c t l y  upon the method performance data i n  Table 4. Where necessary, the 
1 i m l  t s  f o r  recovery have been broadened t o  assure appl l c a b i l  i t y  o f  the 1 l m l  t s  
t o  concentrations below those used t o  develop Table 4. 
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TABLE 4. METHOD ACCURACY AND PRECISION AS FUNCTIONS OF CONCENTRATION 

Accuracy, as S I  ngl e analyst Overall 
recovery, x a  preci slon srB precl sf on 

(ug/L) (ug/~I -  s ( u g l ~ j  

2,4-Di n i  t rot01 uene 0.65C+O .22 0.20X+0.08 0.37X-0.07 
2,4-Dl n l  trot01 uene 0.66C+0.20 0.19WO.06 0.36X-0.00 
Isophorene 0,49C+2.93 0.28X+2.77 0.46X+0.31 
N l  trobenzene 0.60C+2.00 0.25X+2.53 0.37X-0.78 

x '  = Expected recovery f o r  one or  more wasurclcnts o f  a sample 
containing a concentratlon o f  C, I n  ug/L, 

sr' = Expected single analyst standard deviation o f  measurements a t  an 
average concentratlon o f  X, i n  ug/L. 

S' = Expected interlaboratory standard deviation o f  measurements a t  an 
average concentratlon found o f  X, I n  ug/L. 

C =True value f o r  the concentratlon, i n  ug/L. 

X = Average recovery found f o r  measurements o f  sanples containing a 
concentration o f  C, i n  ug/L. 
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*7 POLYNUCLEAR AROMATIC HYDROCARBOWS 
4 

1.0 SCOPE AND APPLICATION 

1.1 Method 8100 I s  used t o  determine the concentration o f  c e r k l n  
polynucl ear aromatic hydrocarbons (PAH) . Tab1 e 1 I ndl cates .cmpounds that mqy 
be determined by t h l s  method. 

1.2 The packed column gas chromatographic method described here cannot 
adequately resolve the f o l  lowlng four pa lm  of carpounds: anthracene and 
phenanthrene; chrysene and benzo (a) anthracene: benzo(b) fluoranthene and 
benzo (k) f 1 uoranthene; and d l  benzo(a, h)anthracene and Indeno(l,2,3-cd)pyrenc. 
The use o f  a cap1 1 la ry  col unm Instead o f  'the packed column, also described i n  
t h l s  method, lnay adequately resolve these PAHs. However, unless the purpose 
o f  the analysls can be served by reporting a quantltatlve sum fo r  an 
unresolved PAH palr, d ther l l qu l d  chromatography (Method 8310) o r  gas chnrra- 
tography/mass spectroscopy (Method 8270) should be used f o r  these coqmunds. 

2.0 S W R Y  OF METHOD 

2.1 Method 8100 provides gas chrrulaatographlc condlt'lons f o r  the 
detectlon o f  ppb levels o f  certain polynuclear arrulaatlc hydrocarbons. Prlor 
t o  use o f  t h l s  method, appropriate s a ~ p l e  extractlon technlques w s t  be used. 
Both neat and d l  luted organic 1 Iqulds (Method 3580, Waste Dllutlon) mqy be 

f - analyzed by d l n c t  lnjectlon. A 2- t o  5-uL altquot o f  the extract I s  injected 
I n to  a gas chromatograph (6C) using the solvent f lush technlque, and colpounds 
I n  the 6C ef f luent  are detected by a flame lonlzatlon detector (FID) . 

2.2 I f  fnterferences prevent proper detectlon o f  the analytes o f  
I nterest , the method may a1 so be perfonred on extracts that have undergone 
cleanup uslng s l l l c a  gel column cleanup (Method 3630). 

3.0 INTERFERENCES 

3.1 Refer t o  Methods 3500, 3600, add 8000. 

3.2 Sol vents, reagents, g l  assware, and other sanple processlng hardware 
-may y l  e ld d l  screte ar t1 facts and/or elevated basel lnes causlng 
mlslnterpretatlon o f  gas chromatograms. A1 1 o f  these materials w s t  be 
demonstrated t o  be free from Interferences, under the condltlons o f  the 
analysls, by analyzing method blanks. Spec1 f l c  sel ectlon o f  reagents and 
pur i  f l ca t lon  o f  sol vents by d l s t l l l  atlon I n  a1 1 -glass system may be nqulred. 

3.3 Interferences coextracted from samples w i l l  vary considerably from 
source' t o  source, depend1 ng upon the waste being sampled. A1 though general 
cleanup technlques are reconnded as par t  o f  th l s  method, unlque s m l e s  uy 
requlre addltlonal. cleanup. 
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Colapound Retention tilac (aln) 

Acenapht hene 10.8 
Acenaphthyl ene 10.4 
Ant hracene 15.9 

20.6 
29.4 
28.0 

28.0 
38.6 
24.7 

36.2 

Fl uorant hene 19.8 
Fl uonne 12.6 
Indeno (l,2,3-cd) pynne 36.2 
3-Wcthyl chol ant hnne 
Naphtha1 ene 4 s  
Phenanthnne 15,9 
Pynne 20e6 r*""a, 

qesul  t s  obtained uslng Colurr 1. 
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4.0 APPARATUS AND MATERIALS 

4.1 Gas chromatograph: 

4.1.1 6as thrumtograph: Analytical s y s t a  corplete w l t h  gas 
chromatograph sultable for on-column lnjectlons and a11 rqulred 
accessorl es, I ncl udl ng detectors, col urn suppl 1 es, recorder, gases, and 
syrlnges. A data s y s t a  for measuring peak areas andlor peak helghts I s  
recomannded . 

4.1.2.1 Column 1: 1.- x 2- I.D. glass column packed w l t h  
3% OV-17 on .Chmwsorb W-AW-DCm (1001120 mesh) or qudvalent. 

4.1.2.2 Co lm 2: 30-1 x 0.25-aa I.D. SE-54 fused sl l lca 
caplllary column. 

4.1.2.3 Column3: 30-1 x 0.32- I.D. S E - ~ f u s e d s l l l c a  
caplllary column. 

4.1.3 htcctor: Flame lonlzatlon (FID). 

4.2 Volumetric flask: 10-, SO-, and 100-RL, ground-glass stopper. 

4.3 Ul crosvrl not: 10-uL. 

-- \ 5.0 REAGENTS 
u 

5.1 Sol vents : Hexane, I swctane (2,2,4-trlmethyl pentane) (pest1 cl de 
qua1 I ty  o r w e n t )  . 

5.2 Stock standard sol utlons: 

5.2.1 Prepare stock standard solutlons a t  a concentratlon of 1.00 
ug/uL by dl ssolvl ng 0.0100 g of assayed reference materlal In lswctane 
and dllutlng to volume In a 10-RL volumetrlc flask. Larger volumes can 
be used a t  the convenl ence of the analyst. .When cotspound purity Is  
assayed to be 96% or greater, the weight can be used without correction 
to  calculate the concentration of the stock standard. Colrmcrclal ly 
prepared stock standards can be used a t  any concentratlon If they are 
certl f l  ed by the manufacturer or by an Independent source. 

5.2.2 Transfer the stock standard solutlons Into Teflon-sealed 
screw-cap bottles. Store a t  4.C and protect frola 1 lght. Stock standards 
should be checked frequently for slgns of degradation or evaporation, 
especlal ly just prl or to preparing cal I bratlon standards froa them. 

5.2.3 Stock standard solutlons lust be replaced after  one year, or 
sooner If conparl son wl t h  check standards I ndl cates a probl an. 
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5.3 Calibration standards: Calibration -. standards a t  a minimum o f  five 
concentratjon levels should be prepared through d l lu t lon  o f  the stock 
standards wlth isooctane. One of the concentration levels should be a t  a 
concentration near, but above, the method detection 1 i m i  t. The remainin! 

- 
4 

concentration 1 eve1 s should correspond t o  the expected range o f  concentratl ons 
found in  real samples or  should define the working range o f  the 6C. Cali- 
bration solutions must be replaced af ter  s ix  months, o r  sooner i f  coaparison 
.with .a check standard Indicates a problem. 

5.4 Internal standards (if internal standard cal lbrat ion i s  usedl: To 
use t h l s  approach, the analyst must select one o r  more internal standards that 
a n  s l r l l a r  I n  analytlcal behavior t o  the conpounds o f  lnterest. The analyst 
must further demonstrate that  the acasurtment o f  the internal standard i s  not 
affected by lnethod o r  matrix interferences. Because o f  these 1 imitations, no 
internal standard can be suggested that I s  applicable t o  a1 1 samples. 

5.4.1 Prepare calibration standards a t  a minimum o f  f i ve  
concentration levels f o r  each analyte of Interest as described i n  
Paragraph 5.3. 

5.4.2 To each cal ibrat ion standard, add a known constant amount o f  
one o r  more internal standards, and d l lu te  t o  volume wlth Isooctane. 

5.4.3 Analyze each cal i bra t i  on standard according t o  Sect1 on 7 -0. 

5.5 Surrogate standards: The analyst should aonltor the performance o f  
the extraction, cleanup (when used), and analytlcal system and the 
effectiveness o f  the method i n  deal lng with each sample matrix by spiking each 
s q l e ,  standard, and reagent water blank with one o r  two surrogates (e.g., 2- a 
f 1 uorobi phenyl and 1-f 1 uoronaphthal ene) recomncnded t o  encompass the range o f  "...Bd 
the temperature program used I n  t h l s  acthod. llethod 3500, Section 5.3.1.1, 
detai 1 s instructions on the preparati un o f  baseJneutra1 surrogates. 
Deuterated analogs of  analytes should not be used as surrogates f o r  gas 
chromatographic analysis due t o  coel ut ion problems. 

6 -0 SAMPLE - COLLECTION, PRESERVATION, AND HANDLING 

6.1 See the introductory arateri a1 t o  t h i s  chapter, Organic Analytes, 
Section 4.1. Extracts must be stored under refr igerat ion and must be analyzed 
within 40 days o f  extraction. 

7 .0 PROCEDURE 

7.1 Extraction: 

7.1;1 Refer t o  Chapter Two for guidance on choosing the appropriate 
extraction procedure. I n  general, water sauples are extracted a t  a 
neutral pH with methylene chloride, using ei ther Method 3510 or 3520. 
Sol i d  samples are extracted using either Method 3540 or  3550. To achleve 
maximum sensl t i v i t y  with t h i s  method, the extract must be concentrated t o  
1 mL. 
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7.2 6as chromatoqraphy condl tl ons (Recosmcndedl: 

7.2.1 C o l m  1: Set nltrogen carr ler gas flow a t  40-.L/mln flow 
rate. Set c o l m  teaperature a t  100eC fo r  4 aln; then program a t  8*C/aIn 
t o  a fl nal hold a t  280.C. 

7.2.2 C o l m  2: Set helium carr ler gas a t  20-cm/sec f l o w  rate. 
Set c o l m  tcmpcrature a t  35.C f o r  2 .In; then pmgram a t  10eC/ain to 
265.C and hold for 12 nln. 

7.2.3 C o l m  3: Set h e l l m  carr ler  gas a t  60 d s e c  flow rate. 
Set c o l ~ m  temperature a t  35.C f o r  2 .in; then program a t  1OeC/a1n t o  
265.C and hold f o r  3 aln. 

7.3 Callbratlon: Refer t o  Method 8000 f o r  proper callbratlon 
techniques. 

7.3.1 The procedure for lnternal o r  external standard cal lbrat lon 
may be used. Refer t o  Method 8000 f o r  a descrlptlon o f  each o f  these 
procedures. 

7.3.2 I f  cleanup I s  perforrred on the sarples, the analyst should 
process a series o f  standards through the cleanup procedure and then 
analyze the saraples by 6C. Thls w i l l  validate elut lon patterns and the 
absence o f  1 nterferents from the reagents. 

7.4.1 RefertoMethod8000. I f t h e i n t e r n a l  standardcallbratlon 
technique I s  used, add 10 uL o f  lnternal standard to the sarple p r lo r  t o  
I njectlon. 

7.4.2 Follow Sectlon 7.6 I n  Method 8000 for Instructions on the 
analysl s squence, approprlate d l  1 utlons, establ 1 shlng dal l y  retention 
tlm w l  ndom, and Iden t l f l  cation c r l  terla. Include a .Id-level standard 
a f te r  each group o f  10 sauples I n  the analysis squence. 

7.43 Record the s q l e  volume Injected and the k s u l t l n g  peak 
slzes (In area unlts o r  peak helghts). 

7.4.4 Uslng e l  ther the lnternal or external cal I bratlon procedure 
(Method 8000), deteml ne the I dent1 t y  and quantl t y  o f  each component peak 
I n  the sample chromatogram whlch corresponds t o  the compounds used fo r  
cal lbrat lon purposes. See Sectlon 7.8 o f  Method 8000 for calculation 
q u a t l  ons. 

7.4.5 I f  peak detection and ldent l f lcat lon are prevented due t o  
Interferences, the extract aay undergo cleanup uslng Method 3630. 

7.5 Cleanup: 

7.5.1 Proceed wlth Method 3630. Instructions are glven I n  th l s  
method for exchanging the solvent of the extract t o  hexane. 
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7.5.2 Following cleanup, the extracts should be analyzed by GC, as 
described I n  the previous paragraphs and I n  Method 8000. + 

s4 
8.0 QUALITY CONTROL 

8.1 Refer t o  Chapter One fo r  specific qual i ty control procedures. 
Qua1 i t y  control t o  val ldate sanple extraction i s covered I n  Utthod 3500 and i n  
the txtract lon method u t l l  Ired. If extract cleanup was- performed, follow the 
QC I n  Method 3600 and I n  the speclflc cleanup method. 

8.2 Procedures t o  chkk  the 6C system operation are found I n  Method 
8000, Section 8.6. 

8.2.1 The qua1 l t y  control check. sample concentrate (Hethod 8000, 
Section 8.6) should contain each analyte a t  the f o l  lorring concentratlons 
i n  acetoni tri 1 e: naphthalene, 100 ug/aL; acenaphthyl ene, 100 ug/mL; 
acenaphthene, 100 ug/d; f l  uonne, 100 ug/mL: phenanthnne, 100 ug/mL; 
anthracene, 100 ug/mL; benzo(k) f l  uoranthene, 5 ug/mL; and any other PAH 
a t  10 ug/mL. 

8.2.2 Table 2 Indicates the cal lbrat ion and QC acceptance c r l  t e r i a  
f o r  t h i s  method. Table 3 glves method accuracy and pnc ls lon  as 
functions o f  concentration fo r  the analytes o f  Interest. The contents o f  
both Tables should be used t o  evaluate a laboratory's a b l l l  t y  t o  p t r f o m  
and generate acceptable data by th l s  ~wthod. 

8.3 Calculate surrogate standard recovery on a1 1 samples, blanks, and 
spl kes. Detemlne I f  the recovery I s  with111 l lm l t s  ( l l a i t s  established by 
perfomlng QC pmceduns out1 lned I n  Method 8000, Sectlon 8.10). 

? 
4 

8.3.1 I f  recovery I s  not within l lmlts, the following pmceduns 
are required. 

Check to  be s u n  t h e n  a n  no errors I n  calculatlons, 
surrogate sol utlons and internal standards. A1 so, check 
instrument performance. 

Recalculate the data and/or reanalyze the extract i f  any o f  
the above checks reveal a problem. 

Reextract and reanalyze the sample if none o f  the above a n  
a problem o r  f lag  the data as 'estimated concentration.' 

9.0 METHOD PERFORMANCE 

9.1 The method was tested by 16 . laboratories using reagent water, 
dr lnki ng water, surface water, and three i ndustrlal wastewaters spl ked a t  s lx  
concentratlons over the range 0.1 t o  425 ug/L. Slngle operator preclslon, 
overall p n c l  slon, and nethod accuracy wen found t o  be d l  rec t l y  related t o  

I 
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the concentratlon o f  the analyte and essentlal ly Independent o f  the sample 
,.,="=-, matrlx. Linear equations t o  describe these n la t lonsh lps  f o r  a flame 

lonizat lon detector a n  presented I n  Table 3. 
4 

9.2 Thl s method has been tested f o r  1 lnear l ty  o f  spl ke recovery from 
reagent water and has been demonstrated t o  be appllcable over the 
concentratlon range fm 8 x MDL t o  800 x HDL with the following exceptlon: 
benzo(gh1)perylene recovery a t  80 x and 800 x HDL were low (351 and 451, 
respect1 vely) . 

9.3 The accuracy and preclslon obtalned w i l l  be determined by the sample 
matrix, sample-preparation technf que, and cal  lb ra t lon  procedures used. 
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TABLE 2. QC ACCEPTANCE CRITERIAa 
- - 

Test Llml t Range Range 
conc . for  s f o r  x P1 Ps 

Parameter (ug/L) (ug/L) (ug/L) (X) 
3 

Acenaphthene 
Acenaphthyl ene 
Anthracene 

Chrysene 
Dlbenzo(a, h) anthracene 
Fl uoranthene 
Fl  uorene 
I ndeno (l,2,3-cd) pyrene 
Naphtha1 ene 
Phenanthrene 
Pyrene 

s - Standard devlatlon o f  four recovery measurements, I n  ug/L. 

X = Average recovery f o r  four recovery wasurcracnts, I n  ug/L. 

P, Ps = Percent recovery measured. 

D - Detected; result must be greater than zero. 

aCrlterla from 40 CFR Part 136 for Method 610. These c r l  t e r l a  a n  based 
direct ly upon the wthod perfonwince data I n  Table 3. Where necessary, the 
l la1 t s  fo r  recovery have been broadened t o  assure appl lcabl l  I t y  o f  the l lmlts 
t o  concentrations below those used t o  develop Table 3. 



TABLE 3. UE7HOD ACCURACY AM) PRECISION AS FUNCTIONS OF CONCENTRATION 
- -  

,+-, Accuracy, as Single analyst Overall 
v ncovery, X'  p n c i  slon, sr' precision, 

P a r w t t r  ( W L )  ( W L )  s8 ( W L )  

Acenaphthtne 
Acenapht hy 1 ene 
Anthracene 

Chrysene 
Dl benzo (a, h) ant hraccnc 
Fl  uorant hene 
Fl  uonne 
Ideno (1,2, 3-cd) pyrene 
Naphtha1 ene 
Phenanthnne 
Pynne 

x '  Expected ncovery for one or  pore measurements of a sample 
containing a concentration of C, i n  ug/L. 

--<- sr' = Expected single analyst standard deviation of measurements a t  an 
id average concentration o f  X, i n  ug/L. 

S' = Expected interlaboratory standard deviation o f  measurements a t  an 
average concentratlon found of X, I n  ug/L. 

C = True value f o r  the concentratlon, I n  ug/L. 

X = Average ncovery found f o r  measu-nts of sanples containing a 
concentratlon o f  C, i n  ug/L. 
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METHOD 8110 

HALOETHERS BY GAS CHROMATOGRAPHY 
'? 

'k "d 
1.0 SCOPE AND APPLICATION 

1.1 This method covers t h e  determinat ion of c e r t a i n  haloethers. The 
f o l l o w i n g  compounds can be determined by t h i s  method: 

A ~ ~ r o p r i a t e  Technique 

Compound Name 

B i  s (2-chl  oroethoxy)methane 111-91-1 X X X X X 
B i s  (2-chl o roe thy l  ) e ther  111-44-4 X X X X X 
B i  s(2-chloroisopropy1) e ther  108-60-1 X X X X X 
4-Bromophenyl phenyl e ther  101-55-3 X X X X X 
4-Chlorophenyl phenyl e ther  7005-72-3 X X X X X 

a Chemical Abstract  Services Reg is t ry  Number. 
X Greater than 70 percent recovery by t h i s  technique. 

1.2 This i s  a gas chromatographic (GC) method app l i cab le  t o  the  
determinat ion of t he  compounds 1 i s t e d  above i n  municipal and i n d u s t r i a l  
discharges. When t h i s  method i s  used t o  analyze u n f a m i l i a r  samples f o r  any o r  

.- b h  a l l  o f  t h e  compounds above, compound i d e n t i f i c a t i o n s  should be supported by a t  
d W J “  1 east  one add i t i ona l  qua1 i t a t i v e  technique. 'This method descr ibes a n a l y t i c a l  

cond i t i ons  o f  a second GC column t h a t  can be used t o  conf i rm measurements made 
w i t h  t h e  pr imary column. Method 8270 provides gas chromatograph/mass 
spectrometer (GC/MS) cond i t i ons  appropr ia te  f o r  t he  q u a l i t a t i v e  and q u a n t i t a t i v e  
con f i rma t ion  o f  r e s u l t s  f o r  a l l  o f  t h e  parameters 1 i s t e d  above, us ing t h e  e x t r a c t  
from t h i s  method. 

1.3 The method de tec t i on  l i m i t  (MDL, def ined i n  Sect ion 9.1) f o r  each 
parameter i s  l i s t e d  i n  Table 1. The MDL f o r  a s p e c i f i c  wastewater may d i f f e r  
from t h a t  1 i s ted ,  depending upon t h e  nature o f  in te r fe rences i n  t h e  sample 
ma t r i x .  

1.4 This method i s  r e s t r i c t e d  t o  use by o r  under t h e  superv is ion  o f  
ana lys ts  experienced i n  t h e  use o f  gas chromatography and i n  t h e  i n t e r p r e t a t i o n  
o f  gas chromatograms. Each ana lys t  must demonstrate t h e  a b i l  i t y  t o  generate 
acceptable r e s u l t s  w i t h  t h i s  method us ing t h e  procedure described i n  Sect ion 8.2. 

1.5 The t o x i c i t y  o r  c a r c i n o g e n i c i t y o f  each reagent used i n  t h i s m e t h o d  
has not  been p r e c i s e l y  def ined.  However, each chemical compound should be 
t r e a t e d  as a p o t e n t i a l  h e a l t h  hazard. From t h i s  viewpoint,  exposure t o  these 
chemicals must be reduced t o  t h e  lowest poss ib le  l e v e l  by whatever means 
avai  1 able. The 1 aboratory i s  responsib le f o r  ma in ta in ing  a cu r ren t  awareness 
f i l e  o f  OSHA regu la t i ons  regarding t h e  safe handl ing o f  t h e  chemicals s p e c i f i e d  
i n  t h i s  metb-jd. A reference f i  J e  o f  ma te r i a l  data hand1 i n g  sheets should a lso  
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be made ava i l  able t o  a l l  personnel involved i n  the chemical analysis.  Addi t iona l  
references t o  1 aboratory safe ty  are ava i lab le  and have been i d e n t i f i e d .  

2.0 SUMMARY OF METHOD 

2.1 A measured volume o f  sample, approximately one-1 i t e r ,  i s  solvent  
extracted w i t h  methyl ene ch lo r ide  using a separatory funnel. The methyl ene 
ch lor ide ex t rac t  i s  d r ied  and exchanged t o  hexane dur ing concentrat ion t o  a 
volume o f  10 mL o r  less.  GC condi t ions are described which permit the separation 
and measurement o f  the compounds i n  the ex t rac t  using a ha1 i de  spec i f i c  detector .  

2.2 Method 8110 provides gas chromatographic condi t ions f o r t h e  detect ion 
of ppb concentrations o f  haloethers. P r i o r  t o  use o f  t h i s  method, appropr iate 
sample ex t rac t ion  techniques must be used. Both neat and d i l u t e d  organic 1 iqu ids  
(Method 3580, Waste D i l u t i on )  may be analyzed by d i r e c t  i n j e c t i o n .  A 2 t o  5 pL 
a l i quo t  o f  the ex t rac t  i s  in jec ted  i n t o  a gas chromatograph (GC) us ing the  
solvent f l ush  technique, and compounds i n  the GC e f f l u e n t  are detected by an 
e l e c t r o l y t i c  conduc t i v i t y  detector  (HECD) . 

3.0 INTERFERENCES 

3.1 Refer t o  Methods 3500, 3600, and 8000. 

3.2 Mat r i x  inter ferences may be caused by contaminants t h a t  are 
coextracted from the sample. The extent  o f  mat r ix  in ter ferences w i l l  vary 
considerably from source t o  source, depending upon the  nature and d i v e r s i t y  o f  
the  i ndus t r i  a1 compl ex or  muni c i  pal i t y  being sampl ed. The c l  eanup procedures i n 
Section 7.3 can be used t o  overcome many o f  these inter ferences,  but  unique 
samples may requ i re  add i t iona l  cleanup approaches t o  achieve the  MDL l i s t e d  i n  7 

k \ 3 4  

Table 1. 

3.3 Dichlorobenaenes are known t o  coel u te  w i t h  haloethers under some gas 
chromatographic condit ions. I f  these mater ia ls  are present i n  a sample, i t  may 
be necessary t o  analyze the ex t rac t  w i t h  two d i f f e r e n t  column packings t o  
completely resolve a1 1 o f  the  compounds. 

3.4 Sol vents, reagents, g l  assware, and other sampl e processi ng hardware 
may y i e l d  d isc re te  a r t i f a c t s  and/or elevated base1 ines causing mis in te rp re ta t ion  
o f  gas chromatograms. A l l  these mater ia ls  must be demonstrated t o  be f r e e  from 
inter ferences under the condi t ions o f  the analysis, by analyzing reagent b l  anks. 
Spec i f ic  se lec t ion o f  reagents and p u r i f i c a t i o n  o f  solvents by d i s t i l l a t i o n  i n  
a1 1 -g l  ass systems may be requi  red. 

4.0 APPARAI'US AND MATERIALS 

4.1 Gas chromatograph 

4.1.1 Gas chromatograph - An ana ly t i ca l  system complete w i t h  
temperature programmable gas chromatograph su i t ab le  f o r  on-column 
i n j e c t i o n  and a l l  required accessories inc lud ing syringes, ana l y t i ca l  
columns, gases, detector, and s t r i p - c h a r t  recorder. A data system i s  
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recommended f o r  measuring peak areas. 

4.1.2 Columns 

4.1.2.1 Column 1 - 1.8 m x 2 nun I D  pyrex glass, packed 
w i t h  Supelcoport, (100/120 mesh) coated w i th  3% SP-1000 o r  
equivalent. This column was used t o  develop the method performance 
statements i n  Section 9.0. Guidelines f o r  the use of a l ternate 
column packings are provided i n  Section 7.3.1. 

4.1.2.2 Column 2 - 1.8 m x 2 nun I D  pyrex glass, packed 
w i th  2,6-di phenyl ene oxide polymer (Tenax-GC 60/80 mesh) o r  
equivalent. 

4.1.3 Detector - E lec t ro l y t i c  conduct iv i ty o r  microcoulometric. 
These detectors have proven ef fec t ive i n  the analysis o f  wastewaters f o r  
the parameters 1 i s t ed  i n  the scope o f  t h l s  method. The Hal l  conduct iv i ty 
detector (HECD) was used t o  develop the method performance statements i n  
Section 9.0. Guidelines f o r  the use o f  a l ternate detectors are provided 
i n  Section 7.3.1. A1 though less selective, an electron capture detector 
(ECD) i s  an acceptabl e a1 t e rna t i  ve. 

4.2 Kuderna-Dani sh (K-D) apparatus 

4.2.1 Concentrator tube - 10 mL graduated (Kontes K-570050-1025 o r  
equivalent). A ground glass stopper i s  used t o  prevent evaporation o f  
extracts.  

4.2.2 Evaporation f lask - 500 mL (Kontes K-570001-0500 o r  
equivalent).  Attach t o  concentrator tube w i t h  springs, clamps, o r  
equi val ent . 

4.2.3 Snyder column - Three b a l l  macro (Kontes K-503000-0121 o r  
equivalent).  

4.2.4 Springs - 1/2 inch (Kontes K-662750 o r  equivalent).  

4.3 V ia ls  - Amber glass, 10 t o  15 mL capacity, w i th  Teflon l i n e d  screw- 
cap o r  crimp top. 

4.4 Bo i l i ng  chips - ~pprox imate ly  10/40 mesh. Heat t o  400°C f o r  
30 minutes or Soxhlet ex t ract  w i th  methylene chlor ide.  

4.5 Water bath - Heated, wi th  concentric r i n g  cover, capable o f  
temperature cont ro l  (f Z°C). The bath should be used i n  a hood. 

4.6 Balance - Analyt ical ,  0.0001 g. 

4.7 Volumetric f lasks, Class A - Appropriate sizes w i th  ground glass 
stoppers. 
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5.0 REAGENTS 

5.1 Reagent grade inorganic chemicals s h a l l  be used i n  a1 1 t e s t s .  Unless 
otherwise indicated,  i t  i s  intended t h a t  a l l  inorganic reagents s h a l l  conform t o  
the  spec i f i ca t ions  o f  the  Committee on Ana ly t i ca l  Reagents o f  t h e  American 

kl#*# 

I 
Chemical Society, where such spec i f i ca t ions  are avai 1 able. Other grades may be 
used, provided i t  i s  f i r s t  ascertained t h a t  the  reagent i s  o f  s u f f i c i e n t l y  h igh  
p u r i t y  t o  permit  i t s  use wi thout  lessening the  accuracy o f  the  determination. 

5.2 Organic-free reagent water - A l l  references t o  water i n  t h i s  method 
r e f e r  t o  organ ic - f ree reagent water, as def ined i n  Chapter One. 

5.3 Acetone, CH3COCH3 - Pest ic ide  qual i t y  o r  equivalent  . 
5.4 Hexane, C,H,, - Pest ic ide  q u a l i t y  o r  equivalent .  

5.5 Isooctane, (CH,),CCH,CH(CH,), - Pest ic ide  qual i t y  o r  equ iva lent  . 
5.6 Stock standard so lu t ions  (1000 mg/L) - Stock standard so lu t i ons  can 

be prepared from pure standard mater i  a1 s o r  purchased as c e r t i f i e d  so l  u t  i ons. 

5.6.1 Prepare stock standard so lu t i ons  by accura te ly  weighing 
0.1000 f 0.0010 g o f  pure mater ia l .  Dissolve t h e  mate r ia l  i n  p e s t i c i d e  
qual i t y  acetone and d i l u t e  t o  volume i n  a 100 rrrL volumetr ic  f l a s k .  Larger 
volumes can be used a t  the  convenience o f  the  analyst .  I f  compound p u r i t y  
i s  c e r t i f i e d  a t  96% o r  greater,  t he  weight can be used w i thou t  c o r r e c t i o n  
t o  c a l c u l a t e  the  concentrat ion o f  the  stock standard. Commercially 
prepared stock standards can be used a t  any concent ra t ion  i f  they are 
c e r t i f i e d  by the  manufacturer o r  by an independent source. 

5.6.2 Transfer  the  stock standard so lu t i ons  i n t o  b o t t l e s  w i t h  Tef lon  
,- 

l i n e d  screw-caps o r  crimp tops. Store a t  4OC and p r o t e c t  from l i g h t .  
Stock standard so lu t i ons  should be checked f requen t l y  f o r  s igns o f  
degradation o r  evaporation, especi a1 l y  j u s t  p r i o r  t o  prepar ing c a l  i b r a t i  on 
standards from them. 

5.6.3 Stock standard s o l ~ ~ t i o n s  must be replaced a f t e r  s i x  months, o r  
sooner i f  comparison w i t h  check standards ind ica tes  a problem. 

5.7 C a l i b r a t i o n  standards - C a l i b r a t i o n  standards a t  a minimum o f  f i v e  
concentrat ions should be prepared through d i l u t i o n  of t h e  stock standards w i t h  
isooctane. One o f  the  concentrat ions should be a t  a concent ra t ion  near, bu t  
above, the  method de tec t ion  1 i m i  t. The remaining concentrat ions should 
correspond t o  the  expected range of concentrat ions found i n  r e a l  samples o r  
should de f ine  the  working range o f  the  GC. C a l i b r a t i o n  s o l u t i o n s  must be 
rep1 aced a f t e r  s i x  months, o r  sooner i f  comparison w i t h  check standards ind ica tes  
a problem. 

5.8 I n t e r n a l  standards (if i n t e r n a l  standard c a l i b r a t i o n  i s  used) - To 
use t h i s  approach, the  analyst  must se lec t  one o r  more i n t e r n a l  standards t h a t  
are s i m i l a r  i n  a n a l y t i c a l  behavior t o  the  conipounds o f  i n t e r e s t .  The ana lys t  
must f u r t h e r  demonstrate t h a t  t h e  measurement of the  i n t e r n a l  standard i s  no t  
a f fec ted  by method o r  m a t r i x  interferences. Because o f  these l i m i t a t i o n s ,  no 
i n t e r n a l  stacdard can be suggested t h a t  i s  app l icab le  t o  a1 1 samples. 
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5.8.1 Prepare c a l i b r a t i o n  standards a t  a minimum o f  f i v e  
concentrat ions f o r  each analyte o f  i n t e r e s t  as described i n  Sect ion 5.7. 

5.8.2 To each c a l i b r a t i o n  standard, add a known constant amount of 
one o r  more i n t e r n a l  standards, and d i l u t e  t o  volume w i t h  isooctane. 

5.8.3 Analyze each ca l  i bra t ion  standard according t o  Sect ion 7.0. 

5 .9 Surrogate standards - The analyst  should monitor the  performance o f  
the  ex t rac t i on ,  cleanup (when used), and ana ly t i ca l  system and the  ef fect iveness 
o f  t he  method i n  dea l ing  w i t h  each sample ma t r i x  by sp ik ing  each sample, 
standard, and reagent b lank w i t h  one o r  two surrogates (e.g. haloethers t h a t  are 
not  expected t o  be i n  the  sample) recommended t o  encompass the  range o f  the  
temperature program used i n  t h i s  method. Method 3500 d e t a i l s  i ns t ruc t i ons  on the 
prepara t ion  o f  base/neutral surrogates. Deuterated anal ogs o f  analytes should 
no t  be used as surrogates f o r  gas chromatographic analys is  due t o  coe lu t ion  
probl  ems. 

6.0 SAMPLE COLLECTION, PRESERVATION, AND HANDLING 

6.1 See t h e  i n t roduc to ry  mater ia l  t o  t h i s  chapter, Organic Analytes, 
Sect ion 4.1. Ext rac ts  must be stored a t  4OC and analyzed w i t h i n  40 days o f  
ex t rac t i on .  

7.0 PROCEDURE 

7.1  Ex t rac t i on  

7.1 .1  Refer t o  Chapter Two f o r  guidance on choosing the  appropriate 
e x t r a c t i o n  procedure. I n  general, water samples are extracted a t  a 
neut ra l ,  o r  as i s ,  pH w i t h  methylene chlor ide,  using e i t h e r  Method 3510 o r  
3520. S o l i d  samples are extracted using e i t h e r  Method 3540 o r  3550. 

NOTE: Some o f  t he  haloethers are very v o l a t i l e  and s i g n i f i c a n t  - 
losses w i l l  occur i n  concentrat ion steps i f  care i s  not 
exercised. It i s  important t o  maintain a constant gent le 
evaporat ion r a t e  and not  t o  a l low the  l i q u i d  volume t o  f a l l  
below 1 t o  2 mL before removing the  K-D apparatus from the hot 
water bath. 

7.1.2 P r i o r  t o  gas chromatographic analysis, the ex t rac t i on  solvent 
must be exchanged t o  hexane. The exchange i s  performed dur ing the  K-D 
procedures 1 i s t e d  i n  a l l  o f  the ex t rac t i on  methods. The exchange i s  
performed as f o l l  ows. 

7.1.2.1 Fol lowing K-D o f  the  methylene ch lo r ide  ex t rac t  t o  
1 mL using the  macro-Snyder column, a l l  ow the  apparatus t o  cool and 
d r a i n  f o r  a t  l e a s t  10 minutes. 

7.1.2.2 Momentari l y  remove the Snyder column, add 50 mL o f  
hexane, a new b o i l i n g  chip, and reat tach the macro-Snyder column. 
Concentrate the  ex t rac t  using 1 mL o f  hexane t o  prewet the  Snyder 
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column. Place the  K-D apparatus on t h e  water bath so t h a t  t h e  
concentrator tube i s  p a r t i a l l y  immersed i n  the  hot  water. Adjust  
t h e  v e r t i c a l  p o s i t i o n  o f  the  apparatus and the  water temperature, as 
required, t o  complete concentrat ion i n  5-10 minutes. At the  proper 
r a t e  o f  d i s t i l l a t i o n  the  b a l l s  o f  the  column w i l l  a c t i v e l y  chat ter ,  
b u t  t h e  chambers w i l l  no t  f lood.  When the  apparent volume o f  1 i q u i d  
reaches 1 mL, remove the  K-D apparatus and a l l ow  i t  t o  d r a i n  and 
cool f o r  a t  l e a s t  10 minutes. The e x t r a c t  w i l l  be handled 
d i f f e r e n t l y  a t  t h i s  po in t ,  depending on whether o r  no t  cleanup i s  
needed. I f  cleanup i s  n o t  required, proceed t o  Sect ion 7.1.2.3. If 
cleanup i s  needed, proceed t o  Sect ion 7.1.2.4. 

7.1.2.3 I f  cleanup o f  t h e  e x t r a c t  i s  n o t  required,  remove 
t h e  Snyder column and r i n s e  t h e  f l a s k  and i t s  lower j o i n t  i n t o  the  
concentrator  tube w i t h  1-2 mL of hexane. A 5 mL syr inge i s  
recommended f o r  t h i s  operat ion. Adjust t h e  e x t r a c t  volume t o  
10.0 mL. Stopper the  concentrator tube and s t o r e  r e f r i g e r a t e d  a t  
4OC i f  f u r t h e r  processing w i l l  not  be performed immediately. I f  t h e  
e x t r a c t  w i l l  be stored longer than two days, i t  should be 
t rans fe r red  t o  a Tef lon  1 ined screw-cap v i a l  . Proceed w i t h  gas 
chromatographic analys is.  

7.1.2.4 I f  cleanup o f  t h e  e x t r a c t  i s  required,  remove t h e  
Snyder column and r i n s e  the  f l a s k  and i t s  lower j o i n t  i n t o  t h e  
concentrator  tube w i t h  a minimum amount o f  hexane. A 5 mL syr inge 
i s  recommended f o r  t h i s  operat ion. Add a clean b o i l  i n g  c h i p  t o  t h e  
concentrator  tube and a t tach a two b a l l  micro-Snyder column. Prewet 
t h e  column by adding about 0.5 mL o f  hexane t o  t h e  top. Place t h e  
micro-K-D apparatus on the water bath (80'~) so t h a t  t h e  
concentrator  tube i s  p a r t i a l l y  immersed i n  t h e  hot  water. Adjust  
t h e  v e r t i c a l  p o s i t i o n  o f  t h e  apparatus and t h e  water temperature, as 

- 
required,  t o  complete concentrat ion i n  5-10 minutes. At t h e  proper 
r a t e  of d i s t i l l a t i o n  the  b a l l s  o f  the  column w i l l  a c t i v e l y  chat ter ,  
bu t  t h e  chambers w i l l  not  f lood.  When the  apparent volume o f  1 i q u i d  
reaches 0.5 mL, remove the  K-D apparatus and a l low i t  t o  d r a i n  and 
cool fo r  a t  l e a s t  10 minutes. 

7.1.2.5 Remove the  micro-Snyder column and r i n s e  t h e  f l a s k  
and i t s  lower j o i n t  i n t o  the  concentrator tube w i t h  0.2 mL of 
hexane. Adjust  the  e x t r a c t  volume t o  2.0 mL and proceed w i t h  e i t h e r  
Method 3610 o r  3620. 

7.2 Cleanup 

7.2.1 Proceed w i t h  Method 3620, using the  2 mL hexane ex t rac ts  
obtained from Section 7.1.2.5. 

7.2.2 Followirrg cleanup, the  ex t rac ts  should be analyzed by GC, as 
described i n  t h e  previous paragraphs and i n  Method 8000. 

7.3 Gas Chromatography Condit ions 

7.3.1 Tab1 e 1 summarizes the  recommended operat ing cond i t ions  f o r  
t h e  gas chromatograph. This t a b l e  includes r e t e n t i o n  times and MDLs t h a t  
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were obtained under these conditions. Examples of the parameter 
separations achieved by these columns are shown in Figures 1 and 2. Other 
packed columns, chromatographic conditions, or detectors may be used if 
the requirements of Section 8.2 are met. Capillary (open-tubular) columns 
may also be used if the relative standard deviations of responses for 
replicate injections are demonstrated to be less than 6% and the 
requirements of Section 8.2 are met. 

7.4 Cali bration - Refer to Method 8000 for proper calibration techniques. 
Use Table 1 and especially Table 2 for guidance on selecting the lowest point on 
the calibration curve. 

7.4.1 The procedure for internal or external calibration may be 
used. Refer to Method 8000 for a description of each of these procedures. 

7.4.2 If cleanup is performed on the samples, the analyst should 
process a series of standards through the cleanup procedure and then 
analyze the samples by GC. This will confirm elution patterns and the 
absence of interferents from the reagents. 

7.5 Gas chromatographic analysis 

7.5.1 Refer to Method 8000. If the internal standard calibration 
technique is used, add 10 pL of internal standard to the sample prior to 
injection. 

7.5.2 Method 8000 provides instructions on the analysis sequence, 
appropriate dilutions, establishing daily retention time windows, and 
identification criteria. Include a mid-concentration check standard after 
each group of 10 samples in the analysis sequence. 

7.5.3 Examples of GC/HECD chromatograms for haloethers are shown in 
Figures 1 and 2. 

7.5.4 Record the sample volume injected and the resulting peak sizes 
(in area units or peak heights). 

7.5.5 Using either the internal or external cal i bration procedure 
(Method 8000), determine the identity and quantity of each analyte peak in 
the sample chromatogram. See Method 8000 for calculation equations. 

7.5.6 If peak detection and identification are prevented due to 
interferences,. the hexane extract may undergo cleanup using either Method 
3610 or 3620. 

8.0 QUALITY CONTROL 

8.1 Refer to Chapter One for specific quality control procedures. 
Qua1 ity control to validate sample extraction is covered in Method 3500 and in 
the extraction method utilized. If extract cleanup was performed, follow the QC 
in Method 3600 and in the specific cleanup method. 
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8.2 Procedures t o  check the  GC system operat ion are found i n  Method 8000, 
Sect ion 8.6. 

8.2.1 The qua1 i ty  con t ro l  (QC) reference sample concentrate (Method 
8000, Sect ion 8.6) should contain each analyte o f  i n t e r e s t  a t  20 mg/L. 

8.2.2 Table 1 ind ica tes  the  recommended operat ing condi t ions,  
r e t e n t i o n  times, and MDLs t h a t  were obtained under these condi t ions.  
Tabl e 2 g ives method accuracy and p rec is ion  f o r  t h e  analytes o f  i n t e r e s t .  
The contents o f  both Tables should be used t o  evaluate a labora tory 's  
a b i l i t y  t o  perform and generate acceptable data by t h i s  method. 

8.3 Cal cu l  a te  surrogate standard recovery on a1 1 sampl es, b l  anks, and 
spikes. Determine i f  the  recovery i s  w i t h i n  l i m i t s  ( l i m i t s  es tab l ished by 
performing QC procedures out1 i ned i n  Method 8000, Sect ion 8.10) . 

8.3.1 I f  recovery i s  not  w i t h i n  l i m i t s ,  the  f o l l o w i n g  i s  required.  

Check t o  be sure t h a t  there  are no e r r o r s  i n  ca lcu la t ions ,  
surrogate so lu t i ons  and i n t e r n a l  standards. A1 so, check 
instrument performance. 

Recalculate the  data and/or reanalyze t h e  e x t r a c t  if any of 
t h e  above checks reveal a problem. 

Reextract and reanalyze the saniple i f  none o f  the  above are a 
problem o r  f l a g  the  data as "estimated concentrat ion."  

9.0 METHOD PERFORMANCE 
b& 

9.1 Th is  method has been tes ted  f o r  l i n e a r i t y  o f  recovery from spiked 
organic- f ree reagent water and has been demonstrated t o  be app l icab le  f o r  the  
concentrat ion range from 4 x MDL t o  1000 x MDL. 

9.2 I n  a s i n g l e  labora tory  (Monsanto Research Center), us ing spiked 
wastewater samples, the  average recover ies presented i n  Tabl e 2 were obtained. 
Each spiked sample was analyzed i n  t r i p 1  i c a t e  on three separate occasions. The 
standard dev ia t i on  o f  the  percent recovery i s  a1 so inc luded i n  Table 2. 
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TABLE 1. 
CHROMATOGRAPHIC CONDITIONS AND METHOD DETECTION LIMITS 

- 

Analyte 

---- - 

Retention Time 

- - 

Met hod 
(minutes) Detect ion L im i t  

Column 1 Column 2 ( P ~ / L )  

B i  s(2-chl o ro i  sopropy1 ) ether 8.4 9.7 
B i  s (2-chl oroethyl  ) ether 9.4 9.1 
B i  s(2-chl oroethoxy)methane 13.1 10.0 
4-Chl orophenyl phenyl ether 19.4 15.0 
4-Bromophenyl phenyl ether 21.2 16.2 

Col umn 1 condi t ions : 
Car r ie r  gas (He) f low ra te :  40 mL/min 
I n i t i a l  temperature: 60°C, hold f o r  2 minutes 
Temperature program: 60°C t o  230°C a t  8OC/min 
F ina l  temperature: 230°C, hold f o r  4 minutes 

Under these condi t ions the re ten t ion  t ime f o r  a l d r i n  i s  22.6 minutes. 

Column 2 condi t ions:  
Car r ie r  gas (He) f l ow ra te :  40 mL/min 
I n i t i a l  temperature: 150°C, hold f o r  4 minutes 
Temperature program: 150°C t o  310°C a t  16OC/min 
F ina l  temperature: 3 1 O°C 

Under these condi t ions the re ten t ion  t ime for  a l d r i n  i s  18.4 minutes. 
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TABLE 2. 
SINGLE OPERATOR ACCURACY AND PRECISION 

'4 

Ana ly te  

Average Standard Spike Number 
Percent Devi a t  i o n  Range o f M a t r i x  
Recovery % (pg/L) Analyses Types 

B i  s (2 -ch l  oroethoxy)methane 6 2 5 :3 138 27 3 
B i  s (2 - ch l  o roe thy l  ) e t h e r  5 9 4.5 97 27 3 
~i s (2 -ch l  o r o i  sopropyl  ) e t h e r  67 4.0 5 4 2 7 3 
4-Bromophenyl phenyl e t h e r  78 3.5 14 27 3 
4-Chlorophenyl phenyl e the r  7 3 4.5 3 0 27 3 
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FIGURE 1. 
GAS CHROMATOGRAM OF HALOETHERS 

Column: 3% SP-1000 on Supokopon 
Program: 60°C. -2 minutor 8*/minuto to 2300C. 
Ostsetoc Hell sloetrolytre eonductivrty 
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FIGURE 2 .  
GAS CHROMATOGRAM OF HALOETHERS 

Column: Tonox GC 
hogram: 150°C. -4 minutos I 6°/minuto to 310°C. 
Dotoctoc Hall oloctrolyric conductivily 

I 1 I 1 I 1 

0 4 8 12 16 20 24 

Rotontion time. minutes 
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METHOD 8110 
HALOETHERS BY GAS CHROMATOGRAPHY 

7 1 1 Choose 7 4 Refer to Method 
approprrate 8000 for proper 
extractron calrbratlon 
procedure technrques 

7 1 2 Perform 
solvent exchange 

uorng herane 

7 1 2 4 Perform 
mrcro-K-D procedure 

uorng herane. the extract 
proceed wrth Method 

3610 or 3620 

I 

7 5 1 Refer to 
Method 8000 for 
gurdance on CC 

analysro 

7 5 4 Record sample 
volume rnjected and 
resultrng peak srze 

I manner 

7.1 2 3 Adlust 
extract volume and 

proceed wrth 
analysrs or store 
rn approprrate 

7 3 1 Refer to 
Table 1 for 
recommended 
opera trng 

condrtrons for the 

7 5 5 Perform 
approprrate 

calculatrons (refer 
to Method 8000) 
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METHOD 8120A 

CHLORINATED HYDROCARBONS BY GAS CHROMATOGRAPHY 
/r- 

(k 1.0 SCOPE AND APPLICATION 

1.1 Method 8120 i s  used t o  determine t he  concent ra t ion  o f  c e r t a i n  
c h l o r i n a t e d  hydrocarbons. The f o l l  owing compounds can be determined by t h i s  
met hod: 

- -- 

Compounds 

Appropr ia te  Prepara t ion  Techniques 

CAS Noa 3510 3520 3540/ 3550 358) 
3541 

2-Chl oronaphthal  ene 
1,2-Dichlorobenzene 
1,3-Dichl  orobenzene 
1,4-Di c h l  orobenzene 
Hexachl orobenzene 
Hexachl o robu tad i  ene 
Hexachl o rocyc l  ohexane 
Hexachl o rocyc l  opentadi  ene 
Hexachl oroethane 
Pent ach l  orohexane ,--. Tet rach l  orobenzenes 
1,2,4-Tr ich l  orobenzene 

a Chemical Abs t rac t  Serv ices Reg i s t r y  Number. 
x Greater  than  70 percent  recovery by t h i s  technique 
ND Not determined. 

1.2 Table 1 i n d i c a t e s  compounds t h a t  may be determined by t h i s  method and 
l i s t s  t h e  method d e t e c t i o n  l i m i t  f o r  each compound i n  o rgan i c - f r ee  reagent water. 
Table 2 1 i s t s  t h e  est imated q u a n t i t a t i o n  1 i m i t  (EQL) f o r  o the r  mat r i ces .  

2.0 SUMMARY OF METHOD 

2.1 Method 8120 prov ides gas chromatographic cond i t i ons  f o r t h e  de tec t i on  
o f  ppb concent ra t ions  o f  c e r t a i n  c h l o r i n a t e d  hydrocarbons. P r i o r  t o  use o f  t h i s  
method, app rop r i a te  sample e x t r a c t i o n  techniques must be used. Both neat and 
d i l u t e d  o rgan ic  1 i q u i d s  (Method 3580, Waste D i l u t i o n )  may be analyzed by d i r e c t  
i n j e c t i o n .  A 2 t o  5 p L  a l i q u o t  o f  t h e  e x t r a c t  i s  i n j e c t e d  i n t o  a gas 
chromatograph (GC), and compounds i n  t h e  GC e f f l u e n t  a re  detected by an e l e c t r o n  
cap tu re  d e t e c t o r  (ECD). 
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2.2 I f  i n te r fe rences  are  encountered i n  t he  ana lys is ,  Method 8120 may 
a l s o  be performed on e x t r a c t s  t h a t  have undergone cleanup us ing  Method 3620. 

3.0 INTERFERENCES 

3.1 Refer t o  Methods 3500, 3600, and 8000. 

3.2 Sol vents,  reagents, g l  assware, and o the r  sampl e processing hardware 
may y i e l d  d i s c r e t e  a r t i f a c t s  and/or e leva ted  base1 i nes  causing m i s i n t e r p r e t a t i o n  
o f  gas chromatograms. A l l  o f  these m a t e r i a l s  must be demonstrated t o  be f r e e  
from in te r fe rences ,  under t he  cond i t i ons  o f  t h e  ana lys is ,  by ana lyz ing  method 
b l  anks. S p e c i f i c  s e l e c t i o n  o f  reagents and p u r i f i c a t i o n  o f  s o l  vents by 
d i s t i l l a t i o n  i n  a l l  g lass  systems may be requ i red .  

3.3 I n te r fe rences  coex t rac ted  from samples w i  11 vary  cons iderab ly  from 
source t o  source, depending upon t h e  waste being sampled. Al though general  
cleanup techniques a re  recommended as p a r t  o f  t h i s  method, unique samples may 
r e q u i r e  a d d i t i o n a l  cleanup. 

4.0 APPARATUS AND MATERIALS 

4.1 Gas chromatograph 

4.1.1 Gas chromatograph - A n a l y t i c a l  system complete w i t h  gas 
chromatograph s u i t a b l e  f o r  on-column i n j e c t i o n s  and a l l  r e q u i r e d  
accessories, i n c l  ud ing detectors,  column suppl i es ,  recorder ,  gases, and 
syr inges.  A da ta  system f o r  measuring peak areas and/or peak he igh ts  i s  
recommended. 

4.1.2 Columns 

4.1.2.1 Column 1 - 1.8 m x 2 mm ID g lass  column packed 
w i t h  1% SP-1000 on Supelcoport  (100/120 mesh) o r  equ i va len t .  

4.1.2.2 Column 2 - 1.8 m x 2 mm ID g lass  column packed 
w i t h  1.5%. OV-1/2.4% OV-225 on Supelcoport  (80/100 mesh) o r  
equ i va len t  . 
4.1.3 Detec tor  - E lec t ron  capture (ECD). 

4.2 Kuderna-Danish (K-D) apparatus 

4.2.1 Concentrator tube - 10 mL, graduated (Kontes K-570050-1025 o r  
equ i va len t ) .  A ground g lass  stopper i s  used t o  prevent  evaporat ion o f  
e x t r a c t s  

4.2.2 Evaporat ion f l a s k  - 500 mL (Kontes K-570001-500 o r  
equ i va len t )  . At tach  t o  concent ra to r  tube w i t h  spr ings, clamps o r  
equ i va len t  . 

4.2.3 Snyder column - Three b a l l  macro (Kontes K-503000-0121 o r  
equ i va len t )  . 
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4.2.4 Snyder column - Two b a l l  m ic ro  (Kontes K-569001-0219 o r  
equ i va len t )  . 

,o-- 4.2.5 Spr ings - 1/2 i n c h  (Kontes K-662750 o r  equ i va len t ) .  

'b 
4.3 B o i l  i n g  ch ips  - Solvent  ex t rac ted ,  approx imate ly  10/40 mesh ( s i l i c o n  

ca rb ide  o r  equ i va len t ) .  

4.4 Water ba th  - Heated, w i t h  concen t r i c  r i n g  cover, capable o f  
temperature c o n t r o l  (+ 5°C). The ba th  should be used i n  a  hood. 

4.5 Volumetr ic  f l a s k s  - 10, 50, and 100 mL, w i t h  ground g lass  stoppers.  

4.6 M ic rosyr inge  - 10 pL.  

4.7 Syr inge - 5  mL. 

4.8 V i a l s  - Glass, 2, 10, and 20 rr~L capac i t y  w i t h  Te f l on  1  ined  screw- 
caps o r  c r imp tops.  

5.0 REAGENTS 

5.1 Reagent grade i no rgan i c  chemicals s h a l l  be used i n  a l l  t e s t s .  Unless 
o therw ise  i nd i ca ted ,  i t  i s  in tended t h a t  a l l  reagents s h a l l  conform t o  t he  
s p e c i f i c a t i o n s  o f  t h e  Committee on A n a l y t i c a l  Reagents o f  t h e  Anieri can Chemical 
Soc ie ty ,  where such s p e c i f i c a t i o n s  are ava i l ab le .  Other grades may be used, 
p rov ided  i t  i s  f i r s t  ascer ta ined  t h a t  t h e  reagent i s  o f  s u f f i c i e n t l y  h i gh  p u r i t y  

T 
t o  pe rm i t  i t s  use w i t hou t  lessen ing  t h e  accuracy o f  t he  determinat ion.  

I 

5.2 Organ ic - f ree  reagent water.  A l l  re ferences t o  water i n  t h i s  method 
r e f e r  t o  o r g a n i c - f r e e  reagent water, as de f ined  i n  Chapter One. 

5.3 Solvents  

5.3.1 Hexane, C,H,,. Pes t i c i de  qual i t y  o r  equ iva len t  . 

5.3.2 Acetone, CH3COCH3. Pes t i c i de  q u a l i t y  o r  equ iva len t .  

5.3.3 Isooctane, C8H,,. Pes t i c i de  qual i t y  o r  equ iva len t .  

5.4 Stock standard s o l u t i o n s  

5.4.1 Prepare s tock  standard s o l u t i o n s  a t  a  concen t ra t ion  o f  1000 
mg/L by d i s s o l v i n g  0.0100 g  o f  assayed re fe rence  ma te r i a l  i n  isooctane o r  
hexane and d i l u t i n g  t o  volume i n  a  10 mL vo lumet r i c  f l a s k .  Larger volumes 
can be used a t  t h e  convenience o f  t he  ana lys t .  When compound p u r i t y  i s  
assayed t o  be 96% o r  g rea te r ,  t he  weight can be used w i t hou t  c o r r e c t i o n  t o  
c a l c u l a t e  t h e  concent ra t ion  o f  t h e  s tock standard. Commercially prepared 
s tock  standards can be used a t  any concent ra t ion  i f  they a re  c e r t i f i e d  by 
t h e  manufacturer o r  by an independent source. 
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5.4.2 Transfer  t he  stock standard so lu t i ons  i n t o  v i a l s  w i t h  Te f l on  
l i n e d  screw caps o r  cr imp tops. Store a t  4°C and p r o t e c t  from l i g h t .  
Stock standards should be checked f requen t l y  f o r  s igns o f  degradat ion o r  
evaporat ion, e s p e c i a l l y  j u s t  p r i o r  t o  prepar ing c a l i b r a t i o n  standards. * 

5.4.3 Stock standard so lu t i ons  must be replaced a f t e r  one year, o r  u 
sooner i f  comparison w i t h  check standards i nd i ca tes  a problem. 

5.5 C a l i b r a t i o n  standards - C a l i b r a t i o n  standards a t  a minimum o f  f i v e  
concentrat ions should be prepared through d i l u t i o n  o f  t h e  stock standards w i t h  
isooctane o r  hexane. One of t h e  concentrat ions should be a t  a concent ra t ion  
near, bu t  above, t h e  method de tec t i on  l i m i t .  The remaining concentrat ions should 
correspond t o  t h e  expected range o f  concentrat ions found i n  r e a l  samples o r  
should d e f i n e  t h e  working range o f  t h e  GC. C a l i b r a t i o n  s o l u t i o n s  must be 
replaced a f t e r  s i x  months, o r  sooner i f  comparison w i t h  check standards i n d i c a t e s  
a problem. 

5.6 I n t e r n a l  standards ( i f  i n t e r n a l  standard c a l i b r a t i o n  i s  used) - To, 
use t h i s  approach, t h e  ana lys t  must s e l e c t  one o r  more i n t e r n a l  standards t h a t  
are s i m i l a r  i n  a n a l y t i c a l  behavior t o  t h e  compounds o f  i n t e r e s t .  The ana lys t  
must f u r t h e r  demonstrate t h a t  t h e  measurement o f  t h e  i n t e r n a l  standard i s  n o t  
a f f e c t e d  by method o r  m a t r i x  in te r fe rences.  Because o f  these l i m i t a t i o n s ,  no 
i n t e r n a l  standard can be suggested t h a t  i s  app l i cab le  t o  a l l  samples. 

5.6 .1  Prepare c a l i b r a t i o n  standards a t  a minimum o f  f i v e  
concent ra t ions  f o r  each ana ly te  o f  i n t e r e s t  as descr ibed i n  Sec. 5 .5 .  

5 .6.2 To each c a l i b r a t i o n  standard, add a known constant  amount o f  
one o r  more i n t e r n a l  standards, and d i l u t e  t o  volume w i t h  isooctane o r  
hexane. 

5.6.3 Analyze each c a l  i b r a t i  on standard according t o  Sec. 7 . O .  

5 .7  Surrogate standards - The ana lys t  should moni tor  t h e  performance o f  
t he  ex t rac t i on ,  cleanup (when used), and a n a l y t i c a l  system and t h e  e f fec t i veness  
o f  t h e  method i n  dea l i ng  w i t h  each sample m a t r i x  by s p i k i n g  each sample, 
standard, and o rgan ic - f ree  reagent water b lank w i t h  one o r  two surrogates (e.g. 
ch lo r i na ted  hydrocarbons t h a t  are no t  expected t o  be i n  t he  sample) recommended 
t o  encompass t h e  range o f  t h e  temperature program used i n  t h i s  method. Method 
3500 d e t a i l  s i n s t r u c t i o n s  on t h e  prepara t ion  o f  base/neutral  surrogates. 
Deuterated analogs o f  analytes should no t  be used as surrogates f o r  gas 
chromatographic ana lys i s  due t o  coel u t i o n  problems. 

6 . 0  SAMPLE COLLECTION, PRESERVATION, AND HANDLING 

6.1 See t h e  i n t roduc to ry  ma te r i a l  t o  t h i s  chapter, Organic Analytes, Sec. 
4.1 .  

6 .2 Ex t rac ts  must be s to red under r e f r i g e r a t i o n  and analyzed w i t h i n  40 
days o f  e x t r a c t i o n .  
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PROCEDURE 

7 .1  E x t r a c t i o n  

7.1.1 Refer  t o  Chapter Two f o r  guidance on choosing t h e  appropr ia te  
e x t r a c t i o n  procedure. I n  general ,  water samples a re  ex t rac ted  a t  a  
n e u t r a l ,  o r  as i s ,  pH w i t h  methylene ch lo r i de ,  us ing  e i t h e r  Method 3510 o r  
3520. Sol i d  samples a re  e x t r a c t e d  us ing  e i t h e r  Methods 3540/3541 o r  3550. 

7.1.2 P r i o r  t o  gas chromatographic ana lys is ,  t h e  e x t r a c t i o n  so lven t  
must be exchanged t o  hexane. The exchange i s  performed du r i ng  t h e  K-D 
procedures l i s t e d  i n  a l l  o f  t h e  e x t r a c t i o n  methods. The exchange i s  
performed as f o l  1  ows. 

7.1.2.1 Fo l low ing  K-D o f  t h e  methylene c h l o r i d e  e x t r a c t  
t o  1 mL us ing  t h e  macro Snyder column, a1 low t h e  apparatus t o  cool 
and d r a i n  f o r  a t  l e a s t  10 minutes. 

7.1.2.2 Momentar i ly remove t h e  Snyder column, add 50 mL 
o f  hexane, a  new b o i l  i n g  ch ip ,  and r e a t t a c h  t h e  macro Snyder column. 
Concentrate t h e  e x t r a c t  us ing  1 mL o f  hexane t o  prewet t h e  Snyder 
column. Place t h e  K-D apparatus on t h e  water ba th  so t h a t  t h e  
concent ra to r  tube  i s  p a r t i a l l y  immersed i n  t h e  ho t  water. Ad jus t  
t h e  v e r t i c a l  p o s i t i o n  o f  t h e  apparatus and t he  water temperature, as 
requ i red ,  t o  complete concen t ra t ion  i n  5-10 minutes. A t  t h e  proper 
r a t e  o f  d i s t i l l a t i o n  t h e  b a l l s  o f  t h e  column w i l l  a c t i v e l y  cha t te r ,  
bu t  t h e  chambers w i  11 no t  f l o o d .  When t h e  apparent volume o f  1  i q u i d  
reaches 1 mL, remove t h e  K-D apparatus and a l l o w  i t  t o  d r a i n  and 
coo l  f o r  a t  l e a s t  10 minutes. The e x t r a c t  w i l l  be handled 
d i f f e r e n t l y  a t  t h i s  p o i n t ,  depending on whether o r  n o t  cleanup i s  
needed. I f  cleanup i s  no t  requ i red ,  proceed t o  Sec. 7.1.2.3. I f  
cleanup i s  needed, proceed t o  Sec. 7.1.2.4. 

7.1.2.3 I f  cleanup o f  t h e  e x t r a c t  i s  n o t  requi red,  remove 
t h e  Snyder column and r i n s e  t h e  f l a s k  and i t s  lower  j o i n t  i n t o  t he  
concent ra to r  tube w i t h  1-2 mL o f  hexane. A 5 mL sy r inge  i s  
recommended f o r  t h i s  operat ion.  Ad jus t  t h e  e x t r a c t  volume t o  
10.0 mL. Stopper t he  concent ra to r  tube and s t o r e  r e f r i g e r a t e d  a t  4°C 
i f  f u r t h e r  process ing w i l l  n o t  be performed immediately. I f  the  
e x t r a c t  w i l l  be s tored.  longer  than two days, i t  should be 
t r a n s f e r r e d  t o  a  v i a l  w i t h  a Te f l on  l i n e d  screw cap o r  cr imp top.  
Proceed w i t h  gas chromatographic ana lys is .  

7.1.2.4 I f  cleanup o f  t h e  e x t r a c t  i s  requi red,  remove t he  
Snyder column and r i n s e  t h e  f l a s k  and i t s  lower  j o i n t  i n t o  t h e  
concent ra to r  tube w i t h  a  minimum amount o f  hexane. A 5 mL sy r inge  
i s  recommended f o r  t h i s  operat ion.  Add a c lean  b o i l i n g  c h i p  t o  t h e  
concent ra to r  tube and a t t ach  a two b a l l  m ic ro  Snyder column. Prewet 
t h e  column by adding about 0.5 mL o f  hexane t o  t h e  top .  Place t h e  
m ic ro  K-D apparatus on t h e  water bath (80°C) so t h a t  t h e  concent ra to r  
tube i s  p a r t i a l l y  immersed i n  t h e  ho t  water. Ad jus t  t h e  v e r t i c a l  
p o s i t i o n  o f  t h e  apparatus and t h e  water temperature, as requi red,  t o  
complete concen t ra t ion  i n  5-10 minutes. A t  t h e  proper  r a t e  o f  
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d i s t i l l a t i o n  the  b a l l s  o f  t he  column w i l l  a c t i v e l y  cha t te r ,  bu t  t he  
chambers w i l l  no t  f lood. When the  apparent volume o f  1  i q u i d  reaches 
0.5 mL, remove t h e  K-D apparatus and a l l ow  i t  t o  d r a i n  and cool f o r  
a t  l e a s t  10 minutes. 

7.1.2.5 Remove the  micro Snyder c o l  umn and r i n s e  t h e  f l a s k  
and i t s  lower j o i n t  i n t o  t h e  concentrator  tube w i t h  0.2 mL o f  
hexane. Adjust  t h e  e x t r a c t  volume t o  2.0 mL and proceed w i t h  Method 
3620. 

7.2 Gas chromatographic cond i t i ons  (Recommended) 

7.2.1 Column 1  ' 

C a r r i e r  gas (5% methane/95% argon) f l o w  r a t e  = 25 mL/min 
Column temperature = 65°C isothermal,  unless otherwise s p e c i f i e d  

(see Tab1 e  1)  . 
7.2.2 Column 2  

C a r r i e r  gas (5% methane/95% argon) f l ow  r a t e  = 25 mL/min 
Col umn temperature = 75OC isothermal,  unless otherwi se s p e c i f i e d  

(see Table 1). 

7.3 Cal i b r a t i o n  - Refer t o  Method 8000 f o r  proper  ca l  i b r a t i o n  techniques. 
Use Table 1 and e s p e c i a l l y  Table 2  f o r  guidance on s e l e c t i n g  t h e  1  owest p o i n t  on 
t h e  c a l i b r a t i o n  curve. 

7.3.1 The procedure f o r  i n t e r n a l  o r  ex terna l  c a l i b r a t i o n  may be 
used. Refer t o  Method 8000 f o r  a  d e s c r i p t i o n  o f  each o f  these procedures. 

7.3.2 I f  cleanup i s  performed on the  samples, t h e  ana lys t  should 
process a  se r ies  o f  standards through the  cleanup procedure and then 
analyze t h e  samples by GC. Th is  w i l l  v a l i d a t e  e l u t i o n  pa t te rns  and the  
absence o f  i n t e r f e r e n t s  from t h e  reagents. 

7.4 Gas chromatographic ana lys is  

7.4.1 Refer t o  Method 8000. I f  the  i n t e r n a l  standard c a l i b r a t i o n  
technique i s  used, add 10 1 L  o f  i n t e r n a l  standard t o  t h e  sample p r i o r  t o  
i n j e c t i n g .  

7.4.2 Method 8000 prov ides i n s t r u c t i o n s  on the  ana lys i s  sequence, 
appropr ia te  d i l u t i o n s ,  es tab l i sh ing  d a i l y  r e t e n t i o n  t ime windows, and 
i d e n t i f i c a t i o n  c r i t e r i a .  Inc lude a  mid-concentrat ion standard a f t e r  each 
group o f  10 samples i n  t he  ana lys is  sequence. 

7.4.3 Examples o f  GC/ECD chromatograms f o r  c e r t a i n  c h l o r i n a t e d  
hydrocarbons are shown i n  F igures 1 and 2. 

7.4.4 Record t h e  sample volume i n j e c t e d  and t h e  r e s u l t i n g  peak s izes  
( i n  area u n i t s  o r  peak he igh ts ) .  
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7.4.5 Using e i t h e r  t he  i n t e r n a l  o r  ex te rna l  c a l i b r a t i o n  procedure 
(Method 8000), determine t h e  i d e n t i t y  and q u a n t i t y  o f  each component peak 
i n  t h e  sample chromatogram which corresponds t o  t h e  compounds used f o r  
c a l  i b r a t  i o n  purposes. See Method 8000 f o r  c a l  c u l  a t  i on equat ions. 

7.4.6 I f  peak d e t e c t i o n  and i d e n t i f i c a t i o n  a re  prevented due t o  
i n te r f e rences ,  t h e  hexane e x t r a c t  may undergo cleanup us ing  Method 3620. 

7.5 Cleanup: I f  requ i red ,  t h e  samples may be cleaned up us ing  t h e  Methods 
presented i n  Chapter 4. 

7.5.1 Proceed w i t h  Method 3620 us ing  t h e . 2  mL hexane e x t r a c t s  
ob ta ined  from Sec. 7.1.2.5. 

7.5.2 Fo l low ing  cleanup, t h e  e x t r a c t s  should be analyzed by GC, as 
descr ibed  i n  t h e  prev ious paragraphs and i n  Method 8000. 

8.0 QUALITY CONTROL 

8.1 Refer  t o  Chapter One f o r  s p e c i f i c  qual  i t y  c o n t r o l  procedures. 
Q u a l i t y  c o n t r o l  t o  v a l i d a t e  sample e x t r a c t i o n  i s  covered i n  Method 3500 and i n  
t h e  e x t r a c t i o n  method u t i l  i zed .  I f  e x t r a c t  cleanup was performed, f o l l o w  t h e  QC 
i n  Method 3600 and i n  t h e  s p e c i f i c  cleanup method. 

8.2 Procedures t o  c h e c k t h e  GC system opera t ion  are found i n  Method 8000. 

8.2.1 The qual  i t y  c o n t r o l  check sample concentrate (Method 8000) 
should c o n t a i n  each parameter o f  i n t e r e s t  a t  t h e  f o l l o w i n g  concentrat ions 
i n  acetone: hexachloro-subst i  t u t e d  hydrocarbon, 10 mg/L; and any o the r  
c h l o r i n a t e d  hydrocarbon, 100 mg/L. 

8.2.2 Table 3 i n d i c a t e s  t h e  c a l i b r a t i o n  and QC acceptance c r i t e r i a  
f o r  t h i s  method. Table 4 g i v e s  method accuracy and p r e c i s i o n  as f unc t i ons  
o f  concen t ra t i on  f o r  t h e  ana ly tes  o f  i n t e r e s t .  The contents  o f  bo th  
Tables should be used t o  eva lua te  a l a b o r a t o r y ' s  a b i l i t y  t o  per form and 
generate acceptable da ta  by t h i s  method. 

8.3 Ca l cu la te  sur roga te  standard recovery on a1 1 samples, blanks, and 
sp ikes.  Determine i f  t h e  recovery i s  w i t h i n  l i m i t s  ( l i m i t s  es tab l i shed  by 
per fo rming  QC procedures out1 i ned i n  Method 8000). 

8.3.1 If recovery i s  no t  w i t h i n  1 i m i  t s ,  t h e  f o l l  owing procedures are 
r e q u i  red.  

Check t o  be sure t he re  are no e r r o r s  i n  ca l cu la t i ons ,  
su r roga te  s o l u t i o n s  and i n t e r n a l  standards. Also, 
check inst rument  performance. 

Reca lcu la te  t h e  da ta  and/or reanalyze t h e  e x t r a c t  i f  
any o f  t h e  above checks reveal  a problem. 
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• Reextract  and reanalyze the  sample i f  none o f  t h e  above 
are a  problem o r  f l a g  t h e  da ta  as "est imated 
concent ra t ion" .  

9.0 METHOD PERFORMANCE 

9.1 The method was tes ted  by 20 l a b o r a t o r i e s  us ing  o rgan i c - f ree  reagent 
water,  d r i n k i n g  water,  sur face water,  and th ree  i n d u s t r i a l  wastewaters spiked a t  
s i x  concent ra t ions  over t he  range 1.0 t o  356 pg/L. S ing le  opera tor  p rec i s i on ,  
o v e r a l l  p rec i s i on ,  and method accuracy were found t o  be d i r e c t l y  r e l a t e d  t o  t h e  
concent ra t ion  o f  t he  parameter and e s s e n t i a l l y  independent o f  t h e  sample m a t r i x .  
L inear  equat ions t o  descr ibe  these r e l a t i o n s h i p s  f o r  a  f l  anie i o n i z a t i o n  de tec to r  
are presented i n  Table 4. 

9.2 The accuracy and p r e c i s i o n  obta ined w i l l  be determined by the  sample 
ma t r i x ,  sample p repa ra t i on  technique, and c a l i b r a t i o n  procedures used. 

10.0 REFERENCES 

1. "Development and Appl i c a t  i o n  o f  Test Procedures f o r  Speci f i  c  Organic Toxic  
Substances i n  Wastewaters. Category 3  - Ch lo r ina ted  Hydrocarbons, and 
Category 8  - Phenols," Report f o r  EPA Contract 68-03-2625. 

2. Burke, J.A. "Gas Chromatography f o r  Pes t i c i de  Residue Ana lys is ;  Some 
P r a c t i c a l  Aspects, " Journal o f  t he  Assoc ia t ion  o f  O f f  i c i  a1 A n a l y t i c a l  
Chemists, 48, 1037, 1965. 

3. "EPA Method V a l i d a t i o n  Study 22, Method 612 (Ch lor ina ted  Hydrocarbons)," 
Report f o r  EPA Contract  68-03-2625. f- 

1 

4. "Method Performance f o r  Hexachl o rocyc l  opentadi ene by Method 612, " 
Memorandum from R. S1 a te r ,  U. S. Environmental P r o t e c t i o n  Agency, 
Environmental Mon i to r ing  and Support Laboratory,  C i n c i n n a t i ,  Ohio 45268, 
December 7, 1983. 

5. U.S. EPA 40 CFR Par t  136, "Guidel ines Es tab l i sh ing  Test  Procedures f o r  t he  
Ana lys is  o f  P o l l u t a n t s  Under the  Clean Water Act;  F i n a l  Rule and I n t e r i m  
F ina l  Rule and Proposed Rule," October 26, 1984. 

6. "Determinat ion o f  Ch lo r ina ted  Hydrocarbons i n  I n d u s t r i  a1 and Munic ipal  
Wastewaters," Report f o r  EPA Contract  68-03-2625. 

Rev is ion  1 
September 1994 

iT 
bs.PJ 



TABLE 1. 
GAS CHROMATOGRAPHY OF CHLORINATED HYDROCARBONS 

Compound 

Retent ion t ime (min) Method 
Detect ion 

Col. 1 Col. 2 l i m i t  (pg/L) 

2-Chl oronaphthal ene 
1,2-Dichlorobenzene 
1,3-Dichl orobenzene 
1,4-Dichl orobenzene 
Hexachl orobenzene 
Hexachl orobutadi ene 
Hexachl orocycl  ohexane 
Hexachl orocycl  opentadi ene 
Hexachl o roe t  hane 
Pentachlorohexane 
Tet rach l  orobenzenes 
1,2,4-Tri ch l  orobenzene 

ND = Not determined. 

"150°C co l  umn temperature. 

b 1 6 5 0 ~  column temperature. 

"100°C co l  umn temperature. 
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TABLE 2. 
DETERMINATION OF ESTIMATED QUANTITATION 

LIMITS (EQL) FOR VARIOUS MATRICESa 

p p p p p  -- - 

M a t r i x  Factor  

Ground water 10 
Low-concentrat ion s o i l  by u l t r a s o n i c  e x t r a c t i o n  w i t h  GPC cleanup 670 
High-concentrat ion s o i l  and sludges by u l t r a s o n i c  e x t r a c t i o n  10,000 
Non-water m i s c i b l e  waste 100,000 

a EQL = [Method de tec t i on  l i m i t  (see Table I ) ]  X [Factor  found i n  t h i s  
t ab le ] .  For non-aqueous samples, t h e  f a c t o r  i s  on a wet weight basis .  
Sample EQLs are h i g h l y  m a t r i x  dependent. The EQLs t o  be determined 
he re in  are provided f o r  guidance and may no t  always be achievable. 
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TABLE 3. 
QC ACCEPTANCE CRITERIA" 

$LW' 

Parameter 

Test L i m i t  Range Range 
conc. f o r  s f o r  x P, P, 
(I.cg/L) (I.cg/L) (I.cg/L) (%I 

2-Chl oronaphthalene 
1,2-Dichlorobenzene 
1,3-Dichl orobenzene 
1,4-Dichlorobenzene 
Hexachl orobenzene 
Hexachl orobutadi ene 
Hexachl orocycl  opentadi ene 
Hexachloroethane 
1,2,4-Trichlorobenzene 

S - - Standard dev ia t i on  o f  f o u r  recovery measurements, i n  pg/L. 
- 
X - - Average recovery f o r  f o u r  recovery measurements, i n  pg/L. 

P,P, = Percent recovery measured. 

D - - Detected; r e s u l t  must be greater  than zero. 

a C r i t e r i a  from 40 CFR Part  136 f o r  Method 612. These c r i t e r i a  are 
based d i r e c t l y  upon the  method performance data i n  Table 4. Where 
necessary, the  l i m i t s  f o r  recovery have been broadened t o  assure 
a p p l i c a b i l i t y  o f  the  l i m i t s  t o  concentrat ions below those used t o  
develop Table 4. 
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TABLE 4. 
METHOD ACCURACY AND PRECISION AS FUNCTIONS OF CONCENTRATIONa 

Parameter 

- - w 
Accuracy, as S i n g l e  a n a l y s t  O v e r a l l  
recovery,  x '  p r e c i s i o n ,  s,' p r e c i s i o n ,  

(pg/L) (P!~/L) S '  (P!~/L) 

Chloronaphthal  ene 
1,2-Dichl  orobenzene 
1,3-Dichl  orobenzene 
1,4-Di c h l  orobenzene 
Hexachl orobenzene 
Hexachlorobutadiene 
Hexachl o rocyc l  opentadi  enea 
Hexachloroethane 
1 ,2 ,4 -Tr i ch l  orobenzene 

x ' - - Expected recovery  f o r  one o r  more measurements o f  a  sample 
c o n t a i n i n g  a concen t ra t i on  o f  C, i n  pg/L. 

- s,' - Expected s i n g l e  ana l ys t  s tandard d e v i a t i o n  o f  measurements a t  an 
average concen t ra t i on  o f  x, i n  pg/L.  

S ' - - Expected i n t e r 1  abora to ry  s t a n d a ~ d  d e v i a t i o n  o f  measurements a t  an 
average concen t ra t i on  found o f  x, i n  pg/L. 1 

\d 
C - - True va lue  f o r  t h e  concent ra t ion ,  i n  pg/L.  
- 
X - - Average recovery  found f o r  measurements o f  samples c o n t a i n i n g  a 

concen t ra t i on  o f  C, i n  pg/L. 

a  Est imates based upon t h e  performance i n  a  s i n g l e  l a b o r a t o r y .  
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FIGURE 1 

Column : 1.5% OV-1 + 1.5% OV-225 on Gar Chran. Q 
Temerature: 75OC 

Gas chromatagram of chlorinated hydrocarbons (high molecular weight compounds) . 
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FIGURE 2 

1.5% OV-1 + 1.5% 0V-225 on Gas Chrom. Q 
Temperature: 160°C 
Detector: Electron Capture 

0 4 0 12 18 
RLTtNTlON TIME (Y INUTU) 

Gas chromatagram of chlorinated hydrocarbons (low molecular weight compounds). 
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METHOD 8 1 2 0 A  
CHLORINATED HYDROCARBONS BY GAS CHROMATOGRAPHY 

Start (7 
7.1.1 Choose 

appropriate 
extraction 

procedure (see 
Chapter 2).  

7 .1 .2  Exchange 
extraction solvent 
to hexane during 
K-D procedures. 

7 .2  Set gas 
chromatography 

/*% conditions. 

u 

R e v i s i o n  1 
S e p t e m b e r  1 9 9 4  

7 .3  Refer to Method 
8000 for proper 

calibration 
techniques. 
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METHOD 8121 

CHLORINATED HYDROCARBONS BY GAS CHROMATOGRAPHY: CAPILLARY COLUMN TECHNIQUE 
I I 

"L > JWp 

1.0 SCOPE AND APPLICATION 

1.1 Method 8121 descr ibes t he  determinat ion o f  ch lo r i na ted  hydrocarbons 
i n  e x t r a c t s  prepared from environmental samples and RCRA wastes. It descr ibes 
wide- bore open-tubul ar ,  capi  11 a ry  co l  umn gas chromatography procedures us ing both 
s i n g l e  c o l  umn/si ng l  e de tec to r  and dual -column/dual - de tec to r  approaches. The 
f o l l  owi ng compounds can be determined by t h i s  method: 

Compound Name CAS Reg i s t r y  No." 

Benzal c h l o r i d e  98-87-3 
Benzo t r i ch lo r i de  98-07-7 
Benzyl c h l o r i d e  100-44-7 
2-Chl oronaphthal ene 91-58-7 
1,2-Di ch l  orobenzene 95-50-1 
1,3-Di c h l  orobenzene 541 -73- 1 
1,4-Di ch l  orobenzene 106-46-1 
Hexachl orobenzene 118-74- 1 
Hexachl orobutadiene 87-68-3 
a-Hexachl o rocyc l  ohexane (a-BHC) 319-84-6 
0-Hexachl o rocyc l  ohexane (P-BHC) 319-85-7 
y -Hexachl o rocyc l  ohexane (7-BHC) 58 - 89 - 9 
6-Hexachlorocyclohexane (6-BHC) 319-86-8 
Hexachl o rocyc l  opentadiene 77-4.7-4 
Hexachl oroethane 67-72- 1 
Pentachl orobenzene 608-93-5 
1,2,3,4-Tetrachlorobenzene 634-66-2 
1,2,4., 5-Tetrachl  orobenzene 95-94-2 
1,2,3,5-Tetrachl orobenzene 634-90-2 
1,2,4-Tr i  ch l  orobenzene 120-82-1 
1,2,3-Tr i  ch l  orobenzene 87-61-6 
1,3,5-Tr ich l  orobenzene 108-70-3 

" Chemical Abs t rac t  Services Reg is t ry  Number. 

1.2 The dual - co l  umn/dual -de tec to r  approach invo lves  t h e  use o f  two 
30 m x 0.53 mm ID  f u s e d - s i l i c a  open-tubular columns o f  d i f f e r e n t  p o l a r i t i e s ,  thus 
d i f f e r e n t  s e l e c t i v i t i e s  towards t he  t a r g e t  compounds. The columns are connected 
t o  an i n j e c t i o n  t e e  and two i d e n t i c a l  de tec to rs .  When compared t o  t he  packed 
columns, t he  megabore fused-s i1  i c a  open-tubul a r  columns - o f f e r  improved 
r e s o l u t i o n ,  b e t t e r  s e l e c t i v i t y ,  increased s e n s i t i v i t y ,  and f a s t e r  analys is .  

1.3 Table 1 1 i s t s  method de tec t i on  1 i m i  t s  (MDL) f o r  each compound i n  an 
o r g a n i c - f r e e  reagent water mat r i x .  The MDLs f o r  t he  compounds o f  a s p e c i f i c  
sample may d i f f e r  from those 1 i s t e d  i n  Table 1 because they are dependent upon 
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t h e  na tu re  o f  i n te r fe rences  i n  t h e  sample ma t r i x .  Table 2  l i s t s  t h e  est imated 
q u a n t i t a t i o n  1  i m i  t s  (EQL) f o r  o the r  matr ices.  

1.4 Table 3  l i s t s  t h e  compounds t h a t  have been determined by t h i s  method 
and t h e i r  r e t e n t i o n  t imes us ing t h e  s i n g l e  column technique. Table 4  1  i s t s  dual 
column/dual de tec to r  r e t e n t i o n  t ime  data. F igures 1 and 2  a re  chromatograms '+es' 

showing t h e  s ing1 e  column technique. F igure  3  shows a  chromatogram of t h e  t a r g e t  
ana ly tes  e l u t e d  from a  p a i r  o f  DO-5/DB-1701 columns and de tec ted  w i t h  e l e c t r o n  
capture de tec to rs  (ECD) under t h e  prescr ibed GC cond i t i ons  l i s t e d  i n  Table 2. 

1.5 Th is  method i s  r e s t r i c t e d  t o  use by o r  under t h e  supe rv i s i on  o f  
ana lys ts  experienced i n  t h e  use o f  a  gas chromatograph and i n  t h e  i n t e r p r e t a t i o n  
of gas chromatograms. 

2.0 SUMMARY OF METHOD 

2.1 Method 8121 prov ides gas chromatographic cond i t i ons  f o r t h e  d e t e c t i o n  
of ppb concentrat ions o f  c h l o r i n a t e d  hydrocarbons i n  water  and s o i l  o r  ppm 
concent ra t ions  i n  waste samples. P r i o r  t o  use o f  t h i  s  method, app rop r i a te  sample 
e x t r a c t i o n  techniques must be used f o r  environmental samples ( r e f e r  t o  Chapt. 2).  
Both neat and d i l u t e d  organic  l i q u i d s  (Method 3580) may be analyzed by d i r e c t  
i n j e c t i o n .  Spiked samples are  used t o  v e r i f y  t he  a p p l i c a b i l i t y  o f  t h e  chosen 
e x t r a c t i o n  technique t o  each new sample type.  Analys is  i s  accomplished by gas 
chromatography u t i l  i z i n g  an inst rument  equipped w i t h  wide bore c a p i l l  a r y  colun~ns 
and s i n g l e  o r  dual e l e c t r o n  capture de tec to rs .  

3.0 INTERFERENCES 

3 .1  Refer t o  Methods 3500, 3600, and 8000. 

3.2 The e l e c t r o n  capture de tec to r  responds t o  a1 1  e l  ec t ronegat ive  
compounds. Therefore, i n te r fe rences  are poss ib le  by o the r  ha1 ogenated compounds, 
as we1 1  as ph tha l  a tes and o the r  oxygenated compounds, and, organoni t rogen, 
organosul f u r  and organophosphorus compounds. Second c o l  umn con f i rma t i on  o r  GC/MS 
con f i rma t i on  are  necessary t o  ensure proper ana l y te  i d e n t i f i c a t i o n  unless 
prev ious c h a r a c t e r i z a t i o n  o f  t he  sample source w i l l  ensure proper  i d e n t i f i c a t i o n .  

3.3 Contaminat ion by car ryover  can occur whenever h igh-concent ra t  i on and 
low-concent ra t ion  samples are s e q u e n t i a l l y  analyzed. To reduce carryover ,  t h e  
syr inge used f o r  i n j e c t i o n  must be r i n s e d  ou t  between samples w i t h  so lven t .  
Whenever an e x t r a c t  concent ra t ion  exceeds t h a t  o f  t h e  h ighes t  c a l i b r a t i o n  
standard, i t  should be fo l lowed by t h e  ana l ys i s  o f  a  so l ven t  b lank  t o  check f o r  
cross-contaminat ion.  Add i t i ona l  so lven t  b lanks in te rspersed w i t h  t h e  sample 
e x t r a c t s  should be considered whenever t he  ana l ys i s  o f  a  so lven t  b lank  i n d i c a t e s  
cross-contaminat ion problems. 

3.4 Phtha la te  es te rs ,  i f  present i n  a  sample, w i l l  i n t e r f e r e  or i ly  w i t h  
t h e  BHC isomers because they  e l u t e  i n  F r a c t i o n  2  o f  t h e  F l o r i s i l  procedure 
descr ibed i n  Method 3620. The presence o f  ph tha la te  es te rs  can u s u a l l y  be 
minimized by avo id ing  contac t  w i t h  any p l a s t i c  mater i  a1 s  and by f o l l o w i n g  
standard decontaminat ion procedures o f  reagents and glassware. 
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3.5 The presence o f  elemental s u l f u r  w i  11 r e s u l t  i n  1  arge peaks, and can 
o f t e n  mask t h e  reg ion  o f  compounds e l u t i n g  a f t e r  1,2,4,5-tetrachlorobenzene. The 
t e t r a b u t y l  ammonium (TBA) - s u l  f i  t e  procedure (Method 3660) works we1 1  f o r  t he  
removal o f  elemental su l f u r .  

\*d 
3.6 I n  c e r t a i n  cases some compounds coe lu te  on e i t h e r  one o r  both 

columns. I n  these cases t h e  compounds must be repor ted  as coe lu t ing .  The 
m ix tu re  can be reanalyzed by GC/MS techniques, see Sec. 8.7 and Method 8270. 

3.6.1 Using t he  dual column system o f  ana l ys i s  t he  f o l l o w i n g  
compounds coel  u ted : 

DB-5 1,4-dichlorobenzene/benzyl c h l o r i d e  
1,2,3,5-tetrachlorobenzene/l,2,4,5-tetrachlorobenzene 
1,2,3,4-tetrachlorobenzene/2-chloronaphthalene 

DB- 1701 benzyl c h l o r i d e / l ,  2-dichlorobenzene/hexachl oroethane 
benzal chloride/l,2,4-trichlorobenzene/ 
hexachl orobutadi  ene 

Some o f  t h e  i n j e c t i o n s  showed a  separat ion o f  1 ,2 ,4 - t r i ch l  orobenzene 
f rom the  o the r  two compounds, however, t h i s  i s  n o t  always t he  case, so t he  
compounds a re  1  i sted as coel u t i n g .  

3.7 Sol vents, reagents, glassware, and o the r  sample processing hardware 
may y i e l d  d i s c r e t e  a r t i f a c t s  and/or e levated basel ines causing m i s i n t e r p r e t a t i o n  
o f  gas chromatograms. A1 1  these ma te r i a l s  must be demonstrated t o  be f r e e  from 
i n t e r f e r e n c e s  under t he  cond i t i ons  o f  t he  ana lys i  s, by analyz ing reagent blanks. 

/-"\ 

b 4.0 APPARATUS AND MATERIALS 

4.1 Gas chromatograph: An a n a l y t i c a l  system complete w i t h  a  gas 
chromatograph s u i t a b l e  f o r  on-col  umn and sp l  i t - s p l  i t l ess i n j e c t i o n ,  and a1 1  
requ i  r ed  accessories , i n c l  ud i  ng syr inges , a n a l y t i c a l  c o l  umns , gases, and two 
e l e c t r o n  cap tu re  de tec to rs .  A da ta  system f o r  measuring peak areas, and dual 
d i s p l a y  o f  chromatograms i s  recommended. A GC equipped w i t h  a  s i n g l e  GC column 
and d e t e c t o r  are acceptable,  however, second co l  umn con f i rmat ion  i s  obvious ly  
more t ime consuming. F o l l  owing a re  t he  s i n g l e  and dual co l  umn con f i gu ra t i ons  
used f o r  developing t h e  r e t e n t i o n  t ime da ta  presented i n  t he  method. The columns 
l i s t e d  i n  t h e  dual column c o n f i g u r a t i o n  may a l so  be used f o r  s i n g l e  column 
ana l ys i s .  

4.1.1 S ing le  Column Analys is :  

4.1.1.1 Column 1 - 30 m x 0.53 mm ID  f u s e d - s i l i c a  
capi  11 a r y  column chemical l y  bonded w i t h  tri f l  ~roropropy l  methyl 
s i l i c o n e  (DB-210 o r  equ iva len t ) .  

4.1.1.2 Column 2  - 30 m x  0.53 mm I D  f u s e d - s i l i c a  
capi  11 a ry  co l  umn chemical ly  bonded w i t h  po lyethy lene g l y c o l  (DB-WAX 
o r  equ i va len t ) .  
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4.1.2 Dual Column Ana lys is :  

4.1.2.1 Column 1 - 30 m x  0.53 mm I D  f u s e d - s i l i c a  
open-tubul  a r  c o l  umn, cross1 inked and chemical l y  bonded w i t h  95 
percen t  d imethy l  and 5  percent  d i  phenyl - p o l y s i  1  oxane (DB-5, RTx-5, 
SPB-5, o r  equ i va len t ) ,  0.83 pm o r  1.5 pm f i l m  t h i ckness .  

4.1.2.2 Column 2  - 30 m x  0.53 mm I D  f u s e d - s i l i c a  
open- tubu la r  column c r o s s l i n k e d  and chem ica l l y  bonded w i t h  14 
percen t  cyanopropyl phenyl and 86 percen t  d imethy l  - p o l y s i  1  oxane 
(DB-1701, RTx-1701, o r  equ i va len t ) ,  1.0 pm f i l m  t h i ckness .  

4.1.3 S p l i t t e r :  I f  t h e  s p l i t t e r  approach t o  dual  column i n j e c t i o n  
i s  chosen, f o l l o w i n g  a re  t h r e e  suggested s p l  i t t e r s .  An equ i va len t  
s p l i t t e r  i s  acceptable.  See Sec. 7.5.1 f o r  a  c a u t i o n  on t h e  use o f  
sp l  i t t e r s .  

4.1.3.1 S p l i t t e r  1 - J&W S c i e n t i f i c  p r e s s - f i t  Y-shaped 
g l a s s  3-way un ion s p l i t t e r  (J&W S c i e n t i f i c ,  Cata log no. 705-0733). 

4.1.3.2 S p l i t t e r  2  - Supelco 8 i n .  g l a s s  i n j e c t i o n  tee ,  
deac t i va ted  (Supel co, Cata l  og no. 2-3665M) . 

4.1.3.3 S p l i t t e r  3  - Restek Y-shaped f u s e d - s i l i c a  
connector  (Restek, Catalog no. 20405). 

4.1.4 Column r i n s i n g  k i t  ( o p t i o n a l ) :  Bonded-phase column r i n s e  k i t  
(J&W S c i e n t i f i c ,  Cata log no. 430-3000 o r  e q u i v a l e n t ) .  

4.1.5 M ic rosyr inges  - 100 pL, 50 pL,  10 p L  (Hami l ton 701 N o r  T 
equi  v a l  e n t )  , and 50 p L  (B l  unted, Hami 1  t o n  705SNR o r  equi  v a l  e n t )  . b3d 

4.1.6 Balances - A n a l y t i c a l ,  0.0001 g. 

4.1.7 Vo lumet r i c  f l a s k s ,  Class A  - 10 mL t o  1000 mL. 

5.0 REAGENTS 

5.1 Reagent grade i no rgan i c  chemicals s h a l l  be used i n  a1 1  t e s t s .  Unless 
o therw ise  i n d i c a t e d ,  i t  i s  in tended t h a t  a l l  reagents  s h a l l  conform t o  t h e  
s p e c i f i c a t i o n s  o f  t h e  Committee on A n a l y t i c a l  Reagents o f  t h e  American Chemical 
Soc ie ty ,  where such s p e c i f i c a t i o n s  a re  a v a i l a b l e .  Other grades may be used, 
p rov ided  i t  i s  f i r s t  ascer ta ined  t h a t  t h e  chemicals a re  o f  s u f f i c i e n t l y  h i g h  
p u r i t y  t o  p e r m i t  t h e i r  use w i t h o u t  a f f e c t i n g  t h e  accuracy o f  t h e  de te rmina t ions .  

NOTE: S to re  t h e  standard s o l u t i o n s  (s tock ,  composite, c a l i b r a t i o n ,  
i n t e r n a l ,  and surrogate)  a t  4°C i n  Te f lon-sea led  con ta ine rs  i n  t h e  
dark .  A l l  s tandard s o l u t i o n s  must be rep laced  a f t e r  s i x  months o r  
sooner if r o u t i n e  QC (Sec. 8) i n d i c a t e s  a  problem. 
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5.2 Solvents 

5.2.1 Hexane, C,H,, - Pes t ic ide  q u a l i t y  o r  equivalent .  

5.2.2 Acetone, CH,COCH, - Pest ic ide  qual i t y  o r  equivalent .  

5.2.3 Isooctane, (CH,),CCH,CH(CH,), - Pes t ic ide  qual i t y  o r  equivalent.  

5.3 Stock standard so lu t i ons  (1000 mg/L): Can be prepared from pure 
standard mater i  a1 s o r  can be purchased as c e r t i f i e d  so lu t ions .  

5.3.1 Prepare stock standard so lu t ions  by accura te ly  weighing about 
0.0100 g o f  pure compound. Dissolve the  compound i n  isooctane o r  hexane 
and d i l u t e  t o  volume i n  a 10 mL volumetr ic  f l ask .  I f  compound p u r i t y  i s  
96 percent  o r  greater ,  t he  weight can be used w i thout  co r rec t i on  t o  
c a l c u l a t e  the  concentrat ion o f  the  stock standard so lu t i on .  Commerci a1 l y  
prepared stock standard so lu t i ons  can be used a t  any concentrat ion i f  they 
are c e r t i f i e d  by the  manufacturer o r  by an independent source. 

5.3.2 For those compounds which are no t  adequately so lub le  i n  hexane 
o r  isooctane, mixtures o f  acetone and hexane are recommended. 

5.4 Composite stock standard: Can be prepared from i n d i v i d u a l  stock 
so l  u t i ons .  For composite stock standards conta in ing l ess  than 25 components, 
take  e x a c t l y  1 rr~L o f  each i n d i v i d u a l  s tock s o l u t i o n  a t  1000 mg/L, add solvent,  
and mix the  so lu t i ons  i n  a 25 mL volumetr ic  f l a s k .  For example, f o r  a composite 
con ta in ing  20 i n d i v i d u a l  standards, the  r e s u l t i n g  concentrat ion o f  each component 
i n  t he  mixture,  a f t e r  the  volume i s  adjusted t o  25 mL, w i l l  be 40 mg/L. This 
composite sol  u t i o n  can be f u r t h e r  d i l u t e d  t o  ob ta in  the  desi red concentrat ions. 

W 5.5 C a l i b r a t i o n  standards should be prepared a t  a minimum o f  f i v e  
concentrat ions by d i l u t i o n  o f  the  con~posite stock standard w i t h  isooctane o r  
hexane. The concentrat ions should correspond t o  the  expected range o f  
concentrat ions found i n  r e a l  samples and should bracket t he  1 inear  range o f  the  
de tec tor .  A suggested l i s t  o f  c a l i b r a t i o n  so lu t i on  standards i s  found i n  Table 
7. 

5.6 Recommended i n t e r n a l  standard: Make a s o l u t i o n  o f  1000 mg/L o f  
1 ,3 ,5- t r i  bromobenzene. (Two other  i n t e r n a l  standards, 2,5-di bromotol uene and 
a1 pha, a1 pha' - d i  brorho-m-xyl ene, are suggested i f  mat r i x  in te r fe rences are a 
problem.) For sp ik ing,  d i l u t e  t h i s  s o l u t i o n  t o  50 ng/pL. Use a sp ik ing  volume 
o f  10 pL/mL o f  ex t rac t .  The sp ik ing  concentrat ion o f  the  i n t e r n a l  standards 
should be kept constant f o r  a l l  samples and c a l i b r a t i o n  standards. Store the  
i n t e r n a l  standard sp ik ing  so lu t i ons  a t  4'C i n  Tef lon-sealed conta iners i n  the 
dark.  

5.7 Recommended surrogate standards: Monitor t he  performance o f  the 
method us ing surrogate compounds. Surrogate standards are added t o  a1 1 samples, 
method blanks, ma t r i x  spikes, and c a l i b r a t i o n  standards. Make a so lu t i on  o f  
1000 mg/L o f  1,4-dichloronaphthalene and d i l u t e  i t  t o  100 ng/pL. Use a sp ik ing  
volume o f  100 p L  f o r  a 1 L aqueous sample. I f  mat r i x  in te r fe rences are a 
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problem, two a l t e r n a t i v e  surrogates are:  alpha, 2 , 6 - t r i c h l o r o t o l u e n e  o r  
2,3,4,5,6-pentachlorotol uene. 

6.0 SAMPLE COLLECTION, PRESERVATION, AND HANDLING 

6.1 See t h e  i n t r o d u c t o r y  m a t e r i a l  t o  t h i s  Chapter, Organic Analy tes,  Sec. 
4.1. 

6.2 E x t r a c t s  must be s to red  a t  4 "C and analyzed w i t h i n  40 days o f  
e x t r a c t i o n .  

7.0 PROCEDURE 

7.1 E x t r a c t i o n  and Cleanup: 

7.1.1 Refer  t o  Chapter Two and Method 3500 f o r  guidance on choosing 
t h e  appropr i  a t e  e x t r a c t i o n  procedure. I n  genera l ,  wa te r  sampl es a re  
e x t r a c t e d  a t  a n e u t r a l ,  o r  as i s ,  pH w i t h  methylene c h l o r i d e ,  us i ng  e i t h e r  
Method 3510 o r  3520. S o l i d  samples a re  e x t r a c t e d  us ing  e i t h e r  Methods 
3540, 3541, o r  3550 w i t h  methylene ch lo r ide /ace tone  ( 1 : l )  as t h e  
e x t r a c t i o n  so l  vent .  

7.1.2 I f  requ i red ,  t h e  samples may be cleaned up us ing  Method 3620 
( F l  o r i  s i  1 ) and/or Method 3640 (Gel Permeation Chromatography). See 
Chapter Two, Sec. 2.3.2 and Method 3600 f o r  genera l  guidance on cleanup 
and method s e l e c t i o n .  Method 3660 i s  used f o r  su l f~ . i r  removal. 

7.1.3 P r i o r  t o  gas chromatographic ana lys is ,  t h e  e x t r a c t i o n  s o l  vent  rn 
must exchanged i n t o  hexane us ing  t h e  Kuderna-Danish c o n c e n t r a t i o n  s tep  4' 
found i n  any o f  t h e  e x t r a c t i o n  methods. Any methylene c h l o r i d e  remain ing 
i n  t h e  e x t r a c t  w i l l  cause a very  broad so l ven t  peak. 

7.2 Gas Chromatographic Cond i t ions :  

7.2.1 Reten t ion  t ime  i n f o r m a t i o n  f o r  each o f  t h e  ana l y tes  i s  
presented i n  Tables 3 and 4. The recommended GC ope ra t i ng  c o n d i t i o n s  a re  
p rov ided  i n  Tables 5 and 6. F igures 1, 2 and 3 i l l u s t r a t e  t y p i c a l  
chromatography o f  t h e  method ana ly tes  f o r  bo th  t h e  s i n g l e  column approach 
and t h e  dual  column approach when operated a t  t h e  c o n d i t i o n s  s p e c i f i e d  i n  
Tables 5 and 6. 

7.3 C a l i b r a t i o n :  

7.3.1 Prepare c a l  i b r a t  i on standards us ing  t h e  procedures i n  Sec. 
5.0. Re fe r  t o  Method 8000 f o r  proper  c a l i b r a t i o n  procedures. The 
procedure f o r  i n t e r n a l  o r  ex te rna l  c a l i b r a t i o n  may be used. 

7.3.2 Refe r  t o  Method 8000 f o r  t h e  es tab l i shment  o f  r e t e n t i o n  t ime  
w.i ndows . 
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7.4 Gas chromatographic ana lys is :  

7.4.1 Method 8000 p rov ides  i n s t r u c t i o n s  on t h e  ana l ys i s  sequence, 
app rop r i a te  d i  1 u t i ons ,  es tab l  i shing d a i l y  r e t e n t i o n  t ime  windows, and 
i d e n t i f i c a t i o n  c r i t e r i a .  

7.4.2 Automatic i n j e c t i o n s  o f  1 pL are  recommended. Hand i n j e c t i o n s  
o f  no more than 2 pL may be used i f  t h e  ana l ys t  demonstrates q u a n t i t a t i o n  
p r e c i s i o n  o f  5 10 percent  r e l a t i v e  standard dev ia t i on .  The so lven t  f l u s h  
technique may be used i f  t h e  amount o f  so lven t  i s  kept  a t  a minimum. I f  
t h e  i n t e r n a l  standard c a l i b r a t i o n  technique i s  used, add 10 pL o f  t h e  
i n t e r n a l  standard t o  each mL o f  sample e x t r a c t  p r i o r  t o  i n j e c t i o n .  

7.4.3 Ten ta t i ve  i d e n t i f i c a t i o n  o f  an ana l y te  occurs when a peak from 
a sample e x t r a c t  f a l l s  w i t h i n  t h e  d a i l y  r e t e n t i o n  t ime window. 

7.4.4 Val i d a t i o n  o f  gas chromatographic system qua1 i t a t i v e  
performance: Use t h e  midconcentrat ion standards in te rspersed  throughout 
t h e  ana l ys i s  sequence (Sec. 7.3) t o  eva luate t h i s  c r i t e r i o n .  I f  any o f  
t h e  standards f a l l  ou t s i de  t h e i r  d a i l y  r e t e n t i o n  t ime  windows, t h e  system 
i s  ou t  o f  c o n t r o l .  Determine t h e  cause o f  t h e  problem and c o r r e c t  it (see 
Sec. 7 .5 ) .  

7.4.5 Record t h e  volume i n j e c t e d  t o  t h e  nearest  0.05 pL and t h e  
r e s u l t i n g  peak s i z e  i n  peak.  he igh t  o r  area u n i t s .  Using e i t h e r  t h e  
i n t e r n a l  o r  t h e  ex te rna l  c a l  i b r a t  i o n  procedure (Method 8000), determine 
t h e  i d e n t i t y  and t h e  q u a n t i t y  o f  each component peak i n  t h e  sample 
chromatogram which corresponds t o  t h e  compounds used f o r  c a l i b r a t i o n  
purposes. See Met hod 8000 f o r  c a l  cu l  a t  i on equat ions . 

7.4.6 I f  t h e  responses exceed t he  1 i nea r  range o f  t he  system, d i l u t e  
t h e  e x t r a c t  and reanalyze. Peak he igh t  measurements a re  recommended over 
peak area i n t e g r a t i o n  when over lapping peaks cause e r r o r s  i n  area 
i n t e g r a t i o n .  

7.4.7 I f  p a r t i a l l y  over1 apping o r  coel  u t i n g  peaks are found, change 
columns o r  t r y  a GC/MS technique (see Sec. 8.7 and Method 8270). 
I n te r f e rences  t h a t  prevent  ana l y te  i d e n t i f i c a t i o n  and/or quan t i  t a t i o n  may 
be removed by t h e  cleanup techniques mentioned above. 

7.4.8 I f  t h e  peak response i s  l e s s  than 2 . 5  t imes t h e  base l i ne  no ise  
l e v e l ,  t h e  v a l  i d i t y  o f  t h e  q u a n t i t a t i v e  r e s u l t  may be quest ionable.  The 
ana l ys t  should c o n s u l t  w i t h  t he  source o f  t h e  sample t o  determine whether 
f u r t h e r  concen t ra t i on  o f  t h e  sampl e i s  warranted. 

7.5 Inst rument  Maintenance: 

7.5.1 I n j e c t i o n  o f  sample e x t r a c t s  f rom waste s i t e s  o f t e n  leaves a 
h i g h  b o i l  i n g  res idue  i n :  t h e  i n j e c t i o n  p o r t  area, sp l  i t t e r s  when used, and 
t h e  i n j e c t i o n  p o r t  end o f  t h e  chromatographic column. Th i s  res idue  
e f f e c t s  chromatography i n  many ways (i .e., peak t a i l i n g ,  r e t e n t i o n  t ime 
s h i f t s ,  ana l y te  degradat ion, e t c .  ) and, therefore,  ins t rument  maintenance 
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i s  very important .  Residue bu i ldup  i n  a  s p l i t t e r  may l i m i t  f l o w  through 
one l e g  and t h e r e f o r e  change t h e  s p l i t  r a t i o s .  I f  t h i s  occurs du r i ng  an 
a n a l y t i c a l  run, t h e  q u a n t i t a t i v e  data may be i n c o r r e c t .  Proper cleanup 
techniques w i l l  minimize t h e  problem and inst rument  QC w i l l  i n d i c a t e  when 
inst rument  maintenance i s  requ i red .  

7.5.2 Suggested chromatograph maintenance: Co r rec t i ve  measures may 
r e q u i r e  any one o r  more o f  t h e  f o l l o w i n g  remedial  ac t ions .  A1 so see Sec. 
7  i n  Method 8000 f o r  a d d i t i o n a l  guidance on c o r r e c t i v e  a c t i o n  f o r  
c a p i l l a r y  columns and t h e  i n j e c t i o n  p o r t .  

7.5.2.1 Spl i t t e r  connections: For dual columns which are 
connected us ing  a  p r e s s - f i t  Y-shaped g lass  s p l i t t e r  o r  a  Y-shaped 
fused-s i  1  i c a  connector, c lean and deac t i va te  t h e  sp l  i t t e r  o r  r e p l  ace 
w i t h  a  cleaned and deac t iva ted  s p l i t t e r .  Break o f f  t h e  f i r s t  few 
inches (up t o  one f o o t )  o f  t h e  i n j e c t i o n  p o r t  s i de  o f  t h e  column. 
Remove the  columns and so lven t  back f lush  accord ing t o  t he  
manufacturer 's i n s t r u c t i o n s .  I f  these procedures f a i l  t o  e l i m i n a t e  
t h e  degradat ion problem, i t  may be necessary t o  deac t i va te  t h e  metal 
i n j e c t o r  body and/or r e p l  ace t h e  c o l  umns. 

8.0 QUALITY CONTROL 

8.1 Refer  t o  Chapter One and Method 8000 f o r  s p e c i f i c  q u a l i t y  c o n t r o l  
procedures. Q u a l i t y  c o n t r o l  t o  v a l i d a t e  sample e x t r a c t i o n  i s  covered i n  Method 
3500 and i n  t h e  e x t r a c t i o n  method u t i l i z e d .  I f  e x t r a c t  cleanup was performed, 
f o l l o w  t h e  QC i n  Method 3600 and i n  t he  s p e c i f i c  cleanup method. 

8.2 Qua1 i t y  c o n t r o l  r equ i red  t o  evaluate t h e  GC system ope ra t i on  i s  found 
i n  Method 8000, Sec. 8.3. 'kid 

8.3 Ca lcu la te  surrogate standard recover ies  f o r  a1 1  samples, b l  anks, and 
spikes. Determine i f  t h e  recovery i s  w i t h i n  l i m i t s  ( l i m i t s  es tab l i shed  by 
per forming QC procedures o u t l i n e d  i n  Method 8000, Sec. 8 ) .  I f  t h e  recovery i s  
no t  w i t h i n  l i m i t s ,  t h e  f o l l o w i n g  are requ i red :  

8.3.1 Check t o  be sure the re  are no e r r o r s  i n  c a l c u l a t i o n s ,  
surrogate s o l u t i o n s  and i n t e r n a l  standards. A1 so, check inst rument  
performance. 

8.3.2 Recalcu late t h e  data and/or reanalyze t h e  e x t r a c t  i f  any o f  
t h e  above checks reveal  a  problem. 

8.3.3 Reextract  and reanalyze the  sample i f  none o f  t h e  above are 
a  problem, o r  f l a g  t h e  da ta  as "est imated concent ra t ions" .  

8.4 Data from systems t h a t  au toma t i ca l l y  i d e n t i f y  t a r g e t  ana ly tes  on t h e  
bas is  o f  r e t e n t i o n  t ime o r  r e t e n t i o n  t ime i nd i ces  should be reviewed by an 
experienced ana lys t  be fore  they are repor ted .  

8.5 When us ing  t h e  i n t e r n a l  standard c a l i b r a t i o n  technique, an i n t e r n a l  
standard peak area check must be performed on a1 1  samples. The i n t e r n a l  standard 
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must be evaluated f o r  acceptance by determining whether the  measured area f o r  the  
i n t e r n a l  standard deviates by more than 50 percent from the  average area f o r  the 
i n t e r n a l  standard i n  t he  c a l i b r a t i o n  standards. When the  i n t e r n a l  standard peak 

/'*- area i s  ou ts ide  t h a t  l i m i t ,  a l l  samples t h a t  f a l l  outs ide t h e  QC c r i t e r i a  must 
be reanalyzed. 

8.6 I n c l  ude a mid-concentrat ion ca l  i b r a t  i o n  standard a f t e r  each group o f  
20 samples i n  t he  analys is  sequence. The response fac to rs  f o r  the  
mid-concentrat ion ca l  i b r a t i o n  must be w i t h i n  + 15 percent o f  the  average values 
f o r  the  mu1 t iconcent ra t ion  c a l  i brat ion .  When the response fac to rs  fa1 1 outs ide 
t h a t  1 i m i  t, a1 1 samples analyzed a f t e r  t h a t  mid-concentrat ion ca l  i bra t i on  
standard must be reanalyzed a f t e r  performing instrument maintenance t o  cor rec t  
the  usual source o f  t he  problem. I f  t h i s  f a i l s  t o  co r rec t  t he  problem, a new 
ca l  i b r a t  i o n  curve must be es tab l  ished. 

8.7 GC/MS conf i rmat i on : 

8.7.1 GC/MS techniques should be j u d i c i o u s l y  employed t o  support 
qual i t a t i v e  i d e n t i f i c a t i o n s  made w i t h  t h i s  method. Fol low the  GC/MS 
operat ing requirements spec i f i ed  i n  Method 8270. Ensure t h a t  there i s  
s u f f i c i e n t  concentrat ion of t he  ana ly te (s )  t o  be confirmed, i n  the  ex t rac t  
f o r  GC/MS analys is .  

8.7.2 When ava i lab le ,  chemical i o n i z a t i o n  mass spectra may be 
employed t o  a i d  i n  t he  q u a l i t a t i v e  i d e n t i f i c a t i o n  process. 

8.7.3 To conf i rm an i d e n t i f i c a t i o n  o f  a compound, t he  background 
corrected mass spectrum o f  t he  compound must be obtained from the  sample 
e x t r a c t  and must be compared w i t h  a mass spectrum from a stock o r  
ca l  i b r a t  i o n  standard analyzed under the  same chromatographic condit ions. 
At l e a s t  25 ng o f  mater ia l  should be i n jec ted  i n t o  the  GC/MS. The 
i d e n t i f i c a t i o n  c r i t e r i a  spec i f ied  i n  Method 8270 must be met f o r  
qual i t  a t  i ve conf i rmat ion.  

8.7.3.1 Should the MS procedure f a i l  t o  provide 
s a t i s f a c t o r y  r e s u l t s ,  add i t iona l  steps may be taken before 
reana lys is .  These steps may inc lude the  use o f  a l t e rna te  packed o r  
capi 1 l a r y  GC columns o r  add i t i ona l  sample cleanup. 

9.0 METHOD PERFORMANCE 

9.1 The MDL i s  def ined i n  Chapter One. The MDLs l i s t e d  i n  Table 1 were 
obtained by us ing organ ic - f ree  reagent water. D e t a i l s  on how t o  determine MDLs 
are g iven i n  Chapter One. The MDLs a c t u a l l y  achieved i n  a g iven analys is  w i l l  
vary s ince they depend on instrument s e n s i t i v i t y  and mat r ix  e f fec ts .  

9.2 This method has been tes ted  i n  a s ing le  labora tory  by using 
o rgan ic - f ree  reagent water, sandy loam samples and ex t rac ts  which were spiked 
w i t h  the  t e s t  compounds a t  one concentrat ion. Si ng l  e-operator p rec i  s ion and 
method accuracy were found t o  be r e l a t e d  t o  the concentrat ion o f  compound and the 
type o f  mat r ix .  
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9.3 S ing le  l abo ra to ry  accuracy data were obtained f o r  c h l o r i n a t e d  
hydrocarbons i n  a c l a y  s o i l .  The s p i k i n g  concentrat ions ranged from 500 t o  5000 
pg/kg, depending on the  s e n s i t i v i t y  o f  t he  ana ly te  t o  t h e  e l e c t r o n  capture 
de tec tor .  The s p i k i n g  s o l u t i o n  was mixed i n t o  the  s o i l  du r i ng  a d d i t i o n  and then 
immediat ly t r a n s f e r r e d  t o  the  e x t r a c t i o n  device and immersed i n  t h e  e x t r a c t i o n  
solvent .  The spiked sample was then ex t rac ted  by Method 3541 (Automated 
Soxhlet)  . The data  represents a s i n g l e  determinat ion.  Ana lys is  was by c a p i l l  a r y  
column gas chromatography/electron capture de tec tor  f o l l o w i n g  Method 8121 f o r  the  
ch lo r i na ted  hydrocarbons. These data  are 1 i s t e d  i n  Table 9 and were taken from 
Reference 4. 
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TABLE 1 
METHOD DETECTION LIMITS FOR CHLORINATED HYDROCARBONS 

SINGLE COLUMN METHOD OF ANALYSIS 

Compound name 
MDLa 

CAS Reg. No. (ng/L) 

Benzal ch l  o r i  de 
Benzotr ich l  o r i d e  
Benzyl ch l  o r i d e  
2-Chl oronaphthal ene 
1,2-Di ch l  orobenzene 
1,3-Di ch l  orobenzene 
1,4-Dichl orobenzene 
Hexachl orobenzene 
Hexachl orobutadi ene 
a-Hexachl orocycl ohexane (a-BHC) 
0-Hexachl orocycl  ohexane (8-BHC) 
?-Hexact11 orocycl  ohexane (7-BHC) 
6-Hexachl orocycl ohexane (6-BHC) 
Hexachl orocycl  opentadiene 
Hexachl o roet  hane 
Pentachl orobenzene 
1,2,3,4-Tetrachl orobenzene 
1,2,4,5-Tetrachl orobenzene 
1,2,3,5-Tetrachl orobenzene 
1,2,4-Trichlorobenzene 
1,2,3-Trichlorobenzene 
1,3,5-Trichlorobenzene 

" MDL i s  the  method detec t ion  1 i m i t  f o r  organic- f ree reagent water. MDL 
was determined from the analys is  o f  e igh t  rep1 i c a t e  a1 iquots  processed 
through the  e n t i  r e  ana ly t i ca l  method (extract ion,  F l  o r i  s i  1 ca r t r i dge  
c l  eanup, and GC/ECD anal y s i  s) . 

where t,n~l,,,sQ, i s  the  student 's t value appropriate f o r  a 99 percent 
confidence i n t e r v a l  and a standard dev ia t ion  w i t h  n-1  degrees o f  
freedom, and SD i s  the  standard dev ia t ion  o f  the  e i g h t  r e p l i c a t e  
measurements. 

Estimated from the instrument de tec t ion  1 i m i t .  
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TABLE 2 

ESTIMATED QUANTITATION LIMIT (EQL) FACTORS FOR VARIOUS MATRICESa 

M a t r i x  Fac tor  

Ground water 10 

Low-concentrat i  on so i  1 by u l t r a s o n i c  e x t r a c t i o n  
w i t h  GPC cleanup 

High-concentrat ion s o i l  and s l  udges by u l t r a s o n i c  10,000 
e x t r a c t i o n  

Waste n o t  m i s c i b l e  w i t h  water 100,000 

" EQL = [Method de tec t i on  l i m i t  (see Table l)] x [Factor  found i n  t h i s  
t a b l e ] .  For nonaqueous samples, t h e  f a c t o r  i s  on a wet-weight basis .  
Sample EQLs are h i g h l y  matrix-dependent. The EQLs l i s t e d  he re in  a re  
prov ided f o r  guidance and may no t  always be achievable. 
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TABLE 3 
GAS CHROMATOGRAPHIC RETENTION TIMES FOR CHLORINATED HYDROCARBONS: SINGLE 

,- 
COLUMN METHOD OF ANALYSIS 

Retention time (min) 
Compound name DB-210" DB -  WAX^ 

Benzal chl ori de 
Benzotri chloride 
Benzyl chloride 
2-Chl oronaphthal ene 
1,2-Dichlorobenzene 
1,3-Dichlorobenzene 
1,4-Dichlorobenzene 
Hexachlorobenzene 
Hexachl orobutadi ene 
U- BHC 
y- BHC 
6- BHC 
Hexachl orocycl opentad i ene 
Hexachl oroethane 
Pentachl orobenzene 
1,2,3,4-Tetrachl orobenzene 
1,2,4,5-Tetrachl orobenzene 
1,2,3,5-Tetrachl orobenzene 
1,2,4-Trichlorobenzene 
1,2,3-Trichlorobenzene 
1,3,5-Trichlorobenzene 

"ma, 

wJ Internal Standards 

2,s-Di bromotol uene 
1,3,5-Tribromobenzene 
a,al -Di bromo-meta-xyl ene 

Surroqates 

a, 2,6-Trichlorotol uene 
1,4-Dichloronaphthalene 
2,3,4,5,6-Pentachlorotoluene 

" GC operating conditions: 30 m x 0.53 mm ID DB-210 fused-silica 
capillary column; 1 pm film thickness; carrier gas helium at 10 mL/min; 
makeup gas is nitrogen at 40 mL/min; temperature program from 65°C to 
175°C (hold 20 minutes) at 4"C/min; injector temperature 220°C; detector 
temperature 250°C. 

GC operating conditions: 30 m x 0.53 mm ID DB-WAX fused-silica 
capillary column; 1 pm film thickness; carrier gas helium at 10 mL/min; 
makeup gas is nitrogen at 40 mL/min; temperature program from 60°C to 
170°C (hold 30 minutes) at 4"C/min; injector temperature 200°C; detector 
temperature 230°C. 

,---,) Compound decomposes on-col umn. 
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TABLE 4 
RETENTION TIMES OF THE CHLORINATED HYDROCARBONS" 

DUAL COLUMN METHOD OF ANALYSIS 

DB- 5 DB-1701 

Compound RT(min) RT(min) 

1,3-Di c h l  orobenzene 
1,4-Di c h l  orobenzene 
Benzyl c h l o r i d e  
1,2-Dichlorobenzene 
Hexachl oroethane 
1,3,5-Tr ichl  orobenzene 
Benzal c h l  o r i  de 
1,2,4-Trichlorobenzene 
1,2,3-Tr ichl  orobenzene 
Hexachl orobutadiene 
Benzot r i ch l  o r i d e  
1,2,3,5-Tetrachl orobenzene 
1,2,4,5-Tetrachl orobenzene 
Hexachl orocyc l  opentadi ene 
1,2,3,4-Tetrachl orobenzene 
2-Chloronaphthal ene 
Pentachl orobenzene 
a-BHC 
Hexachl orobenzene 

- BHC 
y-BHC 
6 - BHC 

I n t e r n a l  Standard 
1,3,5-Tribromobenzene 

Surroqate 
1,4-Dichl  oronaphthal ene 
- - 

"The GC opera t i ng  cond i t i ons  were as fo l l ows :  30 m x 0.53 mm I D  DB-5 
(0.83-pm f i l m  th ickness)  and 30 m x 0.53 mm I D  DB-1701 (1.0 p m  f i l m  
th ickness)  connected t o  an 8 - i n  i n j e c t i o n  t e e  (Supelco Inc .  ) . Temperature 
program: 80°C (1.5 min ho ld )  t o  125°C ( 1  min ho ld )  a t  ZeC/min then t o  240°C 
(2 min ho ld )  a t  5"C/min; i n j e c t o r  temperature 250°C; de tec to r  temperature 
320°C; hel ium c a r r i e r  gas 6 mL/min; n i t r o g e n  makeup gas 20 mL/min. 
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TABLE 5 
GC OPERATING CONDITIONS FOR CHLOROHYDROCARBONS 

SINGLE COLUMN METHOD OF ANALYSIS 
,- 

Column 1: DB-210 30 m x 0.53 mm ID f u s e d - s i l i c a  c a p i l l a r y  column 
chemical l y  bonded w i t h  tri f l  uoropropyl methyl s i  1 icone 

C a r r i e r  gas (He) 10 mL/min 
Col umn temperature : 

I n i t i a l  temperature 65 "C 
Temperature program 65°C t o  175°C a t  4"C/min 
F ina l  temperature 175"C, ho ld  20 minutes. 

I n j e c t o r  temperature 220°C 
Detector  temperature 250°C 
I n j e c t i o n  volume 1-2 p L  

Column 2: DB-WAX 30 m x 0.53 mm ID fused -s i l i ca  c a p i l l a r y  column 
chemical ly  bonded w i t h  polyethylene g l yco l  

C a r r i e r  gas (He) 10 mL/min 
Col umn temperature: 

I n i  t i  a1 temperature 60" C 
Temperature program 60°C t o  170°C a t  4"C/min 
F ina l  temperature 170°C, ho ld  30 minutes. 

I n j e c t o r  temperature 200°C 
Detector  temperature 230°C 
I n j e c t i o n  volume 1-2 p L  

/-, 
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Column 1: 

TABLE 6 
GC OPERATING CONDITIONS FOR CHLORINATED HYDROCARBONS 

DUAL COLUMN METHOD OF ANALYSIS 

Type: DB-1701 (J&W S c i e n t i f i c )  o r  equ iva len t  
Dimensions: 30 m x 0.53 mm ID 
F i l m  Thickness: 1.0 (pm) 

Type: DB-5 (J&W S c i e n t i f i c )  o r  equ iva len t  
Dimensions: 30 m x 0.53 mm ID 
F i l m  Thickness: 0.83 (pm) 

C a r r i e r  gas f l  owrate (mL/mi n) : 6 (He1 i um) 

Makeup gas f l  owrate (mL/min) : 20 (Ni t rogen)  

Temperature program: 80°C (1.5 min ho ld )  t o  125°C ( 1  min ho ld )  a t  E0C/min 
then t o  240°C ( 2  min ho ld )  a t  5"C/min. 

I n j e c t o r  temperature: 250°C 

Detec tor  temperature: 320°C 

I n j e c t i o n  volume: 2 p L  

Sol vent:  Hexane 

Type o f  i n j e c t o r :  Flash vapo r i za t i on  

Detec tor  type: Dual ECD 

Range: 10 

At tenuat ion :  32 (DB-1701)/32 (DB-5) 

Type o f  s p l i t t e r :  Supelco 8 - i n  i n j e c t i o n  tee  

Rev is ion  0 
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1 TABLE 7 

SUGGESTED CONCENTRATIONS FOR THE CALIBRATION SOLUTIONSa 1 '1 
Concentration (ng/pL) 

Benzal chloride 0.1 0.2 
Benzotrichl oride 0.1 0.2 
Benzyl chl ori de 0.1 0.2 
2-Chl oronaphthal ene 2.0 4.0 
1,2-Dichlorobenzene 1.0 2.0 
1,3-Dichlorobenzene 1.0 2.0 
1,4-Dichlorobenzene 1.0 2.0 
Hexachl orobenzene 0.01 0.02 
Hexachl orobutadi ene 0.01 0.02 
a - BHC 0.1 0.2 
P-BHC 0.1 0.2 
y -BHC 0.1 0.2 
6 -BHC 0.1 0.2 
Hexachl orocycl opentadiene 0.01 0.02 
Hexachl oroethane 0.01 0.02 
Pentachl orobenzene 0.01 0.02 
1,2,3,4-Tetrachlorobenzene 0.1 0.2 
1,2,4,5-Tetrachlorobenzene 0.1 0.2 
1,2,3,5-Tetrachl orobenzene 0.1 0.2 
1,2,4-Tri chl orobenzene 0.1 0.2 ,,, 1,2,3-Trichlorobenzene 0.1 0.2 

w 1,3,5-Tri chl orobenzene 0.1 0.2 

Surroqates 

a,2,6-Trichlorotoluene 0.02 0.05 
1,4-Dichl oronaphthalene 0.2 0.5 
2,3,4,5,6-Pentachlorotoluene 0.02 0.05 

" One or more internal standards should be spiked prior to GC/ECD 
analysis into a1 1 cal i bration solutions. The spike concentration of 
the internal standards should be kept constant for all calibration 
solutions. 
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TABLE 8 

ELUTION PATTERNS .OF CHLORINATED HYDROCARBONS 
FROM THE FLORISIL COLUMN BY ELUTION WITH PETROLEUM ETHER (FRACTION 1) 

AND 1: 1 PETROLEUM ETHER/DIETHYL ETHER (FRACTION 2) 

Compound 

Recovery (percent)" 
Amount 
( ~ 9 )  F rac t i on  1" F rac t i on  2" 

Benzal c h l  or ided 
Benzotr ich l  o r i d e  
Benzyl ch l  o r i d e  
2-Chloronaphthalene 
l ,2 -D ich l  orobenzene 
1,3-Dichlorobenzene 
1,4-Dichl orobenzene 
Hexachl orobenzene 
Hexachl orobutadiene 
a - BHC 
P - BHC 
y - BHC 
'5 - BHC 
Hexachl orocycl  opentadi ene 
Hexachl oroethane 
Pentachl orobenzene 
1,2,3,4-Tetrachl orobenzene 
1,2,4,5-Tetrachl orobenzene" 
1,2,3,5-Tetrachlorobenzene" 
1,2,4-Trichlorobenzene 
1,2,3-Trichlorobenzene 
1,3,5-Trichl orobenzene 

" Values g iven represent average values o f  dup l i ca te  experiments. 

b Frac t ion  1 was e lu ted w i t h  200 mL petroleum ether .  

" F rac t i on  2 was e lu ted w i t h  200 mL petroleum e the r /d ie thy l  e ther  (1 : l ) .  

d This  compound coel utes w i t h  1,2,4-trichlorobenzene; separate 
experiments were performed w i t h  benzal ch lo r ide  t o  v e r i f y  t h a t  t h i s  
compound i s  no t  recovered from the  F l o r i s i l  cleanup i n  e i t h e r  f r a c t i o n .  

" This p a i r  cannot be resolved on the  DB-210 f u s e d - s i l i c a  c a p i l l a r y  
c o l  umns . 
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TABLE 9 
SINGLE LABORATORY ACCURACY DATA FOR THE EXTRACTION OF 

CHLORINATED HYDROCARBONS FROM SPIKED CLAY SOIL BY METHOD 3541 
(AUTOMATED SOXHLET) " 

Compound Name Spike Level % Recovery 

~cg/kg DB-5 DB- 1701 

1,3-Dichlorobenzene 
1,2-Dichl orobenzene 
Benzal c h l o r i d e  
Benzotr i  ch l  o r i d e  
Hexachl orocycl  opentadiene 
Pentac h l  orobenzene 
a1 pha-BHC 
del  ta-BHC 
Hexachl orobenzene 

I 
I a The operat ing cond i t ions  f o r  the  automated Soxhlet were as fo l lows:  
I immersion t ime 45 min; ex t rac t i on  t ime 45 min; the  sample s i ze  was 10 g 

c l a y  soi  1 , e x t r a c t i o n  solvent,  1 : 1 acetone/hexane. No equ i l  i b r a t i o n  t ime 
f o l l o w i n g  spik ing.  

*.4""\ u b Not able t o  determine because o f  in ter ference.  

Data taken from Reference 4. 

Revision 0 
September 1994 



Figure 1. GC/ECD chromatogram o f  Method 8121 composite standard analyzed on a 
30 m x 0.53 mn ID  DB-210 fused-si l ica c a p i l l a r y  column. GC 
operating conditions are given i n  Section 7.4. See Table 3 for 
compound i dent i f i cation. 
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Figure 2. GC/ECD chromatogram o f  Method 8121 composite standard analyzed on a 
30 m x 0.53 m I D  DB-MAX fused-si l ica cap i l l a ry  column. GC 
operating conditions are given i n  Section 7.4. See Table 3 f o r  
compound iden t i f i ca t ion .  
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Figure 3. GC/ECD chromatogram o f  chlorinated hydrocarbons analyzed on a DB 
5/08 1701 fused-sil i ca, open-tubul ar column pair .  The GC operating 
conditions were as follows: 30 m x 0.53 nun I D  DB 5 (0.83 p m  f i l m  
thickness) and 30 m x 0.53 m I D  DB 1701 (1.0 p m  f i l m  thickness) 
connected t o  an 8 i n  in jec t ion  tee (Supelco Inc.) . Temperature 
program: 80°C (1.5 min hold) t o  125OC (1  min hold) a t  P°C/min, then 
t o  240°C (2 min hold) a t  s0C/min. 
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METHOD 8121 

CHLORINATED HYDROCARBONS BY GAS CHROMATOGRAPHY : CAP1 LLARY COLllMN TECHN I Q l l E  

7.12 Add 1 +-~d2- 1 

R e v i s i o n  0 
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METHOD 8121 
(continued) 

7.2.3 S m  -b.aEpr 
and refriprate 

I 7.4.1 Set cdumn 1 amdhkam I 

I 7.4.2 Set cdumn 2 conditions 

7.5.1 Refer to Memod aOOO bf 
Caiibrati0ntechniques;seled 

bvvest point on calibratbn came 

7.5.2 Choose Pnd perkrm 
b,terrLal or exwnal c d h h  

(re& b Memod 8000) 

7.6.1 Add in8emal Standard 
if- 

7.6.2 Establish daily re tmh  time 
windows, aWsk  is, 

dilutions, and kbntificabon cnteria 

Revision 0 
September 1994 



METHOD 8121 
(concl uded) 

7.6.4 DetemJne identhy and 
qurntily of each cunpcmmt peak 

-t amesponds to mnpound 
lmd for callbralmn 

7.6.6 Compare standard and 
sample retention Wries; 
-wcanpounds 
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METHOD 8140 

ORGANOPHOSPHORUS PESTICIDES 

1.0 SCOPE AND APPLICATION 

1 .I Method 8140 I s  a gas chromatographic (CC) method used to  determine 
the concentration of various organosphosphorus pesticides. Tab1 e 1 indicates 
compounds that may be detemined by this method and l i s t s  the method detection 
limit for each compound In reagent water. Table 2 l i s t s  the practical 
quanti tatlon 1 loll t (PQL) for other matrices. 

1.2 When Method 8140 I s  used to analyze unfamiliar sanples, coapound 
identl f ications should be supported by a t  least two addl tlonal qual I tatlve 
techniques If wss spectroscopy is not. claployed. Section 8.4 provides gas 
chromatograph/mass spectrometer (GCIUS) crf terf a approprlate for the 
qual 1 tat1 ve confl mation of conpound Identl flcatlons. 

2.0 SUMMARY OF METHOD 

2.1 Method 8140 provldes gas chromatographic condltlons for the 
detect1 on of ppb 1 eve1 s of organophosphorus pest1 cl des. Prl or to  analysl s, 
approprlate sample extraction techniques mist be used. Both neat and diluted 
organic 1 I qulds (Uethod 3580, Waste Dilutfon) my be analyzed by direct 

i- Injection. A 2- t o  5-uL aliquot of the extract I s  Injected Into a gas 
chromatograph, and compounds i n  the 6C effluent are detected wi th  a flame 
photometric or themi on1 c detector. 

2.2 If Interferences are encountered In the analysis, Method 8140 my 
also be performed on extracts that have undergone cleanup using Method 3620 
and/or Method 3660. 

3.0 INTERFERENCES 

3.1 Refer to Methods 3500 (Sectlon 3.5, In particular), 3600, and 8000. 

3.2 The use of Florisll cleanup materials (Method 3620) for some of the 
compounds In this  method has been demonstrated to yield recoveries less than 
85% and i s  therefore not reconanended for a l l  compounds. Refer to Table 2 of 

$ Method 3620 for rtcoverles of organophosphorous pesticldes as a function of 
Fl or1 sf 1 f ract I ons. Use of phosphorus- or ha1 ogen-spec1 f l  c detectors, 
however, often obviates the necessl ty for cleanup for re1 at1 vely clean sample 
matrices. If partlcular circumstances demand the use of an alternatlve 
cleanup procedure, the analyst must determine the elution proflle and 
demonstrate that the recovery of each analyte i s  no less than 85% 
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TABLE 1. 6AS CHROMATOGRAPHIC CONDITIONS AND METHOD DETECTION LIMITS FOR 
ORGANOPHOSPHOROUS PESTICIDESa 

Retention Method 
î 

w 

6C t lw detect1 on 
Colnpound col urnb (d n) l l m l t  (uQIL) 

Azl nphos methyl 
Bol star 
Chlorpyri fos 
comaphos 
Dcwton-0 
Dcwton-S 
Dl ar I non 
Dl chl owos 
Dl sul foton 
Ethoprop 
Fensul fothlon 
FentHlon 
Merphos 
Mevlnphos 
Naled -- 
Parathlon methyl 
Phorate 
Ronnel 
St1 rophos Tetrachl o w l  nphos) 
Tokuthlon I Prothlofos) 
Tr i  chl oronate 

l a  
l a  
2 
l a  
l a  
l a  
2 

lb, 3 
l a  
2 
l a  

l b  
3 
2 
l a  
2 

lb, 3 
l a  
l a  

aDevel opment o f  Anal ytl cal Test Procedurrs fo r  Organ1 c Pol 1 utants I n  
Uastmater; Report f o r  EPA Contract 68-03-2711 (In preparation) . 
b ~ e e  Sectlons 4.2.1 and 7.2 fo r  col un descrlptlons and condl tlons. 

'kd 
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TABLE 2. DETERMINATION OF PRACTICAL QUANTITATION LIMITS (PQL) FOR VARIOUS 
MATRICESa 

o ?\ 

I ' 
\ c  t ,d Matr ix 

Ground water 
Low-level s o i l  by sonication w i th  GPC cleanup 
High-1 eve1 soi  1 and s l  udges by son1 cat ion 
Non-water m i  sc ib l  e waste 

asample PQLs are h igh ly  matrix-dependent. The PQLs 1 i s ted  herein are 
provided f o r  guidance and m y  not always be achievable. 

~ P Q L  = [Method detection l i m i t  (Table I)] X [Factor (Table 2)]. For non- 
aqueous samples, the fac to r  i s  on a wet-weight basis. 
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3.3 Use o f  a flame photometric detector i n  the phosphorus mode w i l l  
minimize interferences from material s t ha t  do not contain phosphorus. 
Elemental su l fur ,  however, may in te r fe re  w i th  the determination o f  cer ta in  
organophosphorus pest ic ides by f 1 ame photometric gas chromatography. Sul f u r  
c l  eanup us i  ng Method 3660 may a1 1 evi  ate t h i  s interference. rn 

a ,i 
3.4 A ha1 ogen-speci f i c detector (1 e . ,  e l e c t r o l y t i c  conduct iv i ty o r  

m i  crocoul ometric) i s  very select ive f o r  the halogen-containi ng pest ic ides and 
i s  recommended f o r  use w i th  dichlorvos, naled, and stirophos. 

4.0 APPARATUS AND MATERIALS 

4.1 Gas chromatograph: Analytical system complete w i th  gas 
chromatograph sui tab le f o r  on-col umn in jec t ions  and a1 1 required accessories, 
i ncl udi ng detectors, col umn suppl i es, recorder, gases, and s y r i  nges. A data 
system f o r  measuring peak areas andlor peak heights i s  recommended. 

4.1.1 Columns: 

4.1.1.1 Column l a  and lb: 1.8-m x 2-mm I.D. glass, packed 
w i th  5% SP-2401 on Supel coport, 1001120 mesh (or equivalent) . 

4.1.1.2 Column 2: 1.8-m x 2-mn I.D. glass, packed w i th  3% SP- 
2401 on Supel coport , 1001120 mesh (or equivalent) . 

4.1.1.3 Column 3: 50-cm x 118-in O.D. Teflon, packed w i th  15% 
SE-54 on Gas Chrom Q, 1001120 mesh (or equivalent). 

4.1.2 Detectors: The fol lowlng detectors have proven e f fec t i ve  i n  + 
analysls fo r  the analytes l i s t e d  i n  Table 1 and were used t o  develop the 

LL, accuracy and precis ion statements i n  Section 9.0. 

4.1.2.1 Phosphorus-specific: Nl trogen1Phosphorus (NIP), 
operated i n  phosphorus-sensl ti ve mode. 

4.1.2.2 Flame Photometric (FPD) : FPD I s  more select ive f o r  
phosphorus than the N/P. 

4.1.2.3 Hal ogen-speci f I c: E lec t ro l y t i c  conductivl t y  o r  
m i  crocoulometri c. These are very sel e c t l  ve f o r  those pesticides 
containing halogen substltuents. 

4.2 Balance: ana ly t l  cal , capable o f  accurately weigh1 ng t o  the nearest 
0.0001 g. 

4.3 Vials: Amber glass, 10- t o  15-mL capacity w i th  Teflon-l ined screw- 
cap. 

4.4 Kuderna-Dan1 sh (K-D) apparatus: 

4.4.1 Concentrator tube: 10-mL, graduated (Kontes K-570050-1025 o r  
equl val ent) . Ground-gl ass stopper i s  used t o  prevent evaporation o f  
extracts 
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4.4.2 Evaporation flask: 500-mL (Kontes K-570001-500 o r  
equivalent) . Attach t o  concentrator tube w i t h  springs. 

4.4.3 Snyder col ran: Three-bal 1 macro (Kontes K-503000-0121 o r  
equivalent) . 

4.4.4 Snyder col m: Two-bal 1 micro (Kontes K-569001-0219 o r  
equivalent) . 
4.5 Boil in chi s: Solvent extracted, approximately 10140 mesh (silicon 

carbide o r  -+d equ va ent 

4.6 Water bath: Heated, w i t h  concentric ring cover, capable of 
temperature control (25'~). The bath should be used i n  a hood. 

4.7 Mi crosyringe: 10-uL. 

4.8 Syringe: 5-mL. 

4.9 Vol umetric flasks: lo-, 50-, and 100-mL, ground-glass stopper. 

5.0 REAGENTS 

5.1 Sol vents: Hexane, acetone, i sooctane (2,2,4-trimethylpentane) 
(pest1 ci d e m  o r  equi val ent) . 

5.2 Stock standard solutions: 
,f-\ 

'%#skfd 5.2.1 Prepare stock standard sol utions by accurately weighing about 
0.0100 g of pure material. Dissolve the material i n hexane o r  other 
sui table  solvent and d i lu te  t o  volume in a 10-mL volumetric flask. 
Larger volumes can be used a t  the convenience of the analyst. If  
compound purity is  c e r t i f i  ed a t  96% o r  greater, the weight can be used 
without correction t o  calculate the concentration of the stock standard. 
Commercially prepared stock standards can be used a t  any concentration i f  
they are  cer t i f ied  by the manufacturer o r  by an independent source. 

5.2.2 Transfer the stock standard solutions into Teflon-sealed 
screw-cap bottles.  Store a t  4'C and protect from 1 ight. Stock standard 
sol utions should be checked frequently for  signs of degradation o r  
evaporati on, especi a1 ly  just pri  o r  to  preparing cal i bration standards 
from them. 

5.2.3 Stock standard solutions must be replaced a f t e r  one year, or  
sooner i f  comparison w i t h  check standards indicates a problem. 

5.3 Calibration standards: Calibration standards a t  a minimum of five 
concentratl on 1 eve1 s f o r  each parameter of Interest  should be prepared through 
d i l  ution of the stock standards wi t h  isooctane. One of the concentratlon 
levels should be a t  a concentration near, but above, the method detection 
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1 imi t . The remaining concentration 1 evel s should correspond t o  the expected 
range of concentrations found i n  real samples or should define the working 
range of the GC. Cali bration standards must be replaced a f te r  six months, or 6 
sooner i f  comparison w i t h  check standards indicates a problem. \ 

*c_ J 

5.4 Internal standards ( i f  internal standard calibration i s  used): To 
use this approach, the analyst must select one or more internal standards that 
are similar i n  analytical behavior to the compounds of Interest. The analyst 
must further demonstrate that the measurement of the internal standard is not 
affected by method or matrix Interferences. Because of these 1 imitations, no 
internal standard can be suggested that is applicable to  a l l  samples. 

5.4.1 Prepare calibration standards a t  a minimum of five 
concentration 1 evel s for each parameter of interest as described i n  
Paragraph 5.3. 

5.4.2 To each calibration standard, add a known constant amount of 
one or more internal standards,.and dilute to volume with hexane or other 
suitable sol vent. 

5.4.3 Analyze each cal i bration standard according t o  Section 7 -0. 

5.5 Surrogate standards: The analyst should monitor the performance of 
the extraction, cleanup (when used), and analytical system and the 
effectiveness of the method i n  dealing w i t h  each sample matrix by spi k i n  each ' 

sample, standard, and reagent water blank w i t h  one or two surrogates 9 e.g., 
organophosphorous pesticides not expected to be present i n  the sample) 
recommended to  encompass the range of the temperature program used in this  + 
method. Deuterated analogs of analytes should not be used as surrogates for 0 
gas chromatographic analysis due t o  coel u t i  on problems. b * j c '  

6.0 SAMPLE COLLECTION, PRESERVATION, AND HANDLING 

6.1 See the introductory material .to this chapter, Organic Analytes, 
Section 4.1. Extracts must be stored under refrigeration and analyzed w i t h i n  
40 days of extraction. 

7.0 PROCEDURE 

7.1 Extraction: 

7.1.1 Refer to Chapter Two for guidance on choosing the appropriate 
extraction procedure. In general, water samples are extracted a t  a 
neutral, or as is, pH w i t h  methylene chloride, using either Method 3510 
or 3520. Sol id samples are extracted using either Method 3540 or 3550. 

7.1.2 Prior to  gas chromatographic analysi s ,  the extract1 on sol vent 
may be exchanged t o  hexane. - T h i s  is  recommended i f  the detector used i s  
ha1 ogen-speci f i c. The exchange is performed during the K-D procedures 
l isted in a l l  of the extraction methods. The exchange is performed as 
follows. 

8140 - 6 '--P' 
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7.1.2.1 Following K-D of the methylene chloride extract to  
1 mL using the macro-Snyder column, allow the apparatus to cool and 
drain for a t  least 10 min. 

7.1 -2.2 Momentarily remove the Snyder column, add 50 mL of 
hexane, a new boll ing chip, and reattach the macro-Snyder column. 
Concentrate the extract using 1 mL of hexane to  prewet the Snyder 
column. Place the K-D apparatus on the water bath so that the 
concentrator tube i s  partially immersed in the hot water. Adjust 
the vertical position of the apparatus and the water temperature, as 
required, t o  complete concentration in 5-10 min. A t  the proper rate 
of dist i l lat ion the balls of the column will actively chatter, but 
the chambers wi 11 not flood. When the apparent volume of 1 iquid 
reaches 1 mL, remove the K-D apparatus and a1 low i t  t o  drain and 
cool for a t  least 10 mln. 

7.1.2.3 Remove the Snyder column and rinse the flask and i t s  
lower joint into the concentrator tube with 1-2 mL of hexane. A 
5-mL syringe i s  recommended for th is  operation. Adjust the extract 
volume to  10.0 mL. Stopper the concentrator tube and store 
refrigerated a t  4'C i f  further processing wi 11 not be performed 
immediately. If the extract will be stored longer than two days, i t  
should be transferred t o  a Teflon-seal ed screw-cap vial . Proceed 
with gas chromatographic analysls If further cleanup i s  not 
requi red. 

7.2 Gas chromatoqraphy condi t i  ons (Recomnended) : 

.-? 7.2.1 Col um la: Set he1 i um carrier gas flow a t  30 mL/min flow 
rate. Column temperature i s  set  a t  150'C for 1 min and then programned 
a t  25'CImin t o  220eC and held. 

7.2.2 Column lb: Set nitrogen carrier gas flow a t  30 mL/min flow 
rate. Column temperature i s  set  a t  170'C for 2 min and then programmed 
a t  20eC/min t o  220eC and held. 

7.2.3 Colm 2: Set he1 ium carrier gas a t  25 mL/min flow rate. 
Column temperature i s  set  a t  170.C for 7 min and then programned a t  
10'C/mln t o  250'C and held. 

7.2.4 Column 3: Set ni trogen carrier gas a t  30 mL/min  flow rate. 
Column temperature i s  set a t  100'C and then imnediately programed a t  
25'C/mln to 200'C and held. 

7.3 Calibration: Refer to  Method 8000 for proper calibration 
techniques. Use Tabl'e 1 and especially Table 2 for guidance on selecting the 
lowest point on the calibration curve. 

7.3.1 The procedure for internal or external calibration may be 
used. Refer t o  Method 8000 for a description of each of these 
procedures. 
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7.3.2 I f  cleanup i s  performed on the  samples, t he  ana lys t  should 
process a ser ies  o f  standards through the  cleanup procedure and then 
analyze the  samples by GC. This w i  11 conf i rm e l u t i o n  pat terns and the  
absence o f  i n t e r f e ren t s  from the reagents. 

 LA 

7.4 Gas chromatographic analysis: 

7.4.1 Refer t o  Method 8000. I f  the i n te rna l  standard c a l i b r a t i o n  
technique i s  used, add 10 uL o f  i n t e rna l  standard t o  the sample p r i o r  t o  
i n j ec t i on .  

7.4.2 Follow Section 7.6 i n  Method 8000 f o r  i ns t r uc t i ons  on the 
ana lys is  sequence, appropr iate d i  1 ut ions, establ  i sh i ng  d a i l y  r e ten t i on  
t ime windows, and i d e n t i f i c a t i o n  c r i t e r i a .  Include a mid-level standard 
a f t e r  each group o f  10 samples i n  the analysis sequence. 

7.4.3 Exampl es o f  chromatograms f o r  var ious organophosphorous 
pes t i c ides  are shown i n  Figures 1 through 4. 

7.4.4 Record the  sample volume in jec ted  and the r e s u l t i n g  peak 
s izes ( i n  area u n i t s  o r  peak heights). 

7.4.5 Using e i t h e r  the i n te rna l  o r  external  ca l  i b r a t i o n  procedure 
(Method 8000), determine the  i d e n t i t y  and quan t i t y  o f  each component peak 
i n  the  sample chromatogram which corresponds t o  the  compounds used f o r  
c a l i b r a t i o n  purposes. See Section 7.8 o f  Method 8000 f o r  ca l cu la t i on  
equations. 

7.4.6 I f  peak detect ion and i d e n t i f i c a t i o n  are prevented due t o  
inter ferences,  the  hexane ex t rac t  may undergo cleanup using Method 3620. kd 
The resu l t an t  ex t rac t (s)  may be analyzed by GC d i r e c t l y  o r  may undergo 
f u r t h e r  cleanup t o  remove s u l f u r  using Method 3660. 

7.5 Cleanup: 

7.5.1 Proceed w i t h  Method 3620, followed by, i f  necessary, Method 
3660, using the 10-mL hexane ex t rac ts  obtained from Paragraph 7.1.2.3. 

7.5.2 Fol lowing cleanup, the ex t rac ts  should be analyzed by GC, as 
described i n  the previous paragraphs and i n  Method 8000. 

8.0 QUALITY CONTROL 

8.1 Refer t o  Chapter One fo r  spec i f i c  qua1 i t y  con t ro l  procedures. 
Q u a l i t y  con t ro l  t o  va l i da te  sample ex t rac t ion  i s  covered i n  Method 3500 and i n  
the  ex t rac t i on  method u t l l  ized. I f  ex t rac t  cleanup was performed, f o l  low the 
QC i n  Method 3600 and i n  the spec i f i c  cleanup method. 

8.2 Procedures t o  check the  GC system operation are found i n  Method 
8000, Section 8.6. 
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Figure 1. G n  chromato~nm of orprnophor~horus posticidm (Example 1). 
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blumn: 3% SP-2401 
Rogrrm: 170% 7 Minunc, 10°C/Minuu 
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Figure 2. Gas chromatogram of organophosphorus pesticides (Example 2). 
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Figure 3. Gas chromatogram of organophosphorus pesticides (Example 3). 
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Column: 5% SP-2401 on Sumlcoport 
Temmrrture: 170% 2 Minuta, then 20°C/Minute to 2200C 
Detector: Phosphorus-Specific Flame Photometric 

I I I I I I I I I I 
0 1 - 2 3 4 5 6 7 8 9 

RETENTION TIME (MINUTES) 

Figure 4. Gas chromatogram of organophosphorus pesticides (Example 4). 

Revi s i  on 0 
Date September 1986 



8.2.1 Select a representat ive sp i  ke concentrat ion f o r  each analyte 
t o  be measured. The q u a l i t y  cont ro l  check sample concentrate (Method 

1 ,* 8000, Section 8.6) should contain each analyte i n  acetone a t  a 

r~ulrw' concentrat ion 1,000 times more concentrated than the selected spike 
concentration. 

8.2.2 Table 3 ind icates Single Operator Accuracy and Precision f o r  
t h i s  method. Compare the resu l t s  obtained w i t h  the resu l t s  given i n  
Table 3 t o  determine i f  the data qual i t y  i s  acceptable. 

8.3 Calculate surrogate standard recovery on a l l  samples, blanks, and 
sp i  kes. Determine i f  the  recovery i s  w i t h i n  l i m i t s  ( l i m i t s  establ ished by 
performing QC procedures ou t l i ned  i n  Method 8000, Section 8.10). 

8.3.1 I f  recovery i s  no t  w i t h i n  1 im i ts ,  the fo l lowing procedures 
are requi  red. 

Check t o  be sure there are no er rors  i n  calculat ions,  
surrogate sol  u t ions and i n te rna l  standards. A1 so, check 
instrument performance. 

Recalculate the data and/or reanalyze the ext rac t  i f  any o f  
the above checks reveal a problem. 

Reextract and reanalyze the sample i f  none o f  the above are 
a problem o r  f l a g  the data as "estimated concentration." 

8.4 GCIMS confirmation: 

8.4.1 GC/MS techniques should be jud ic ious ly  employed t o  support 
qual i t a t i v e  i d e n t i f i c a t i o n s  made w i t h  t h i s  method. The GCIMS operating 
condi t ions and procedures f o r  analysis are those spec i f ied i n  Method 
8270. 

8.4.2 When avai lable,  chemical i on i za t i on  mass spectra may be 
employed t o  a i d  i n  the  qual i t a t i v e  i d e n t i f i c a t i o n  process. 

8.4.3 Should these MS procedures f a i l  t o  provide sa t i s fac to ry  
resu l  t s ,  add i t i ona l  steps may be taken before reanalysis. These steps 
may inc lude the use o f  a1 ternate packed o r  c a p i l l a r y  GC columns and 
addl t i  onal cleanup. 

9.0 METHOD PERFORMANCE 

9.1 Si ngl  e-operator accuracy and prec is ion studies have been conducted 
using spiked wastewater samples. The resu l t s  o f  these studies are presented 
i n  Table 3. 
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TABLE 3. SINGLE-OPERATOR ACCURACY AND  PRECISION^ 

Average Standard Spf ke Number 
recovery devf a t f  on range o f  

Parameter ( X I  ( X I  (ug/L) analyses 
- - - - 

Azf nphos methyl 
Bol s ta r  
Chl orpyrf fos 
Coumaphos 
Demeton 
D l  azl non 
Df chlorvos 
Df sul foton 
E t  hoprop 
Fensul fo th ion 
Fenthl on 
Merphos 
Mevl nphos 
Nal ed 
Parathf on methyl 
Phorate 
Ronnel 
St1 rophos 
Tokuthl on 
T r l  chloronate 

aInformatlon taken from Reference 4. 
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METHOD 8141A 

ORGANOPHOSPHORUS COMPOUNDS BY GAS CHROMATOGRAPHY: 
CAP1 LLARY COLUMN TECHNIQUE 

1.0 SCOPE AND APPLICATION 

1.1 Method 8141 i s  a c a p i l l a r y  gas chromatographic (GC) method used t o  
determine the  concentrat ion o f  organophosphorus (OP) compounds. The fused- 
s i l i c a ,  open-tubular columns spec i f i ed  i n  t h i s  method o f f e r  improved reso lu t ion ,  
b e t t e r  s e l e c t i v i t y ,  increased s e n s i t i v i t y ,  and f a s t e r -  ana lys is  than packed 
columns. The compounds 1 i sted i n  t he  t a b l e  below can be determined by GC using 
capi  11 ary  co l  umns w i t h  a f l  ame photometr ic de tec tor  (FPD) o r  a n i t rogen- 
phosphorus de tec tor  (NPD) . Tr iaz ine  herb ic ides can a1 so be determined w i t h  t h i s  
method when the  NPD i s  used. Although performance data are presented f o r  each 
o f  t h e  l i s t e d  chemicals, i t  i s  u n l i k e l y  t h a t  a l l  o f  them could be determined i n  
a s i n g l e  ana lys is .  This  l i m i t a t i o n  r e s u l t s  because the  chemical and 
chromatographic behavior o f  many o f  these chemicals can r e s u l t  i n  co-e lu t ion .  
The ana lys t  must se lec t  columns, detectors and c a l i b r a t i o n  procedures f o r  the 
s p e c i f i c  analytes o f  i n t e r e s t  i n  a study. Any 1 i s t e d  chemical i s  a po ten t i a l  
method i n te r fe rence  when i t  i s  no t  a t a r g e t  analyte. 

Compound Name CAS Reg is t ry  No. 

OP Pest ic ides  
Aspon, b 3244-90-4 
Azi nphos-methyl 86-50-0 
Azinphos-ethyla 2642-71-9 
Bol s t a r  (Sul profos)  35400-43-2 
Carbophenothi ona 786-19-6 
Chl o r fenv i  nphosa 470-90-6 
Chl o r p y r i  f os  2921-88-2 
Chl o r p y r i f o s  methyla 5598- 13-0 
Coumaphos 56-72-4 
Crotoxyphos" 7700-17-6 
Demeton -0" 8065-48-3 
Demeton-Sc 8065-48-3 
Diazinon 333-41-5 
D ich l  o ro fen th iona 97-17-6 
Di ch l  orvos (DDVP) 62 - 73 - 7 
Di  crotophosa 141-66-2 
Dimethoate 60-51-5 
Di oxathion"" 78-34-2 
Di  su l  f o ton  298-04-4 
EPN 2104-64-5 
Ethiona 563-12-2 
Ethoprop 13194-48-4 
Famphura 52-85-7 
Feni t r o t h i o n a  122-14-5 
Fensul f o t h i o n  115-90-2 
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Compound Name CAS R e g i s t r y  No. 

Fonophosa 
Fen th i  on 
~ e p t o p h o s " , ~  
Ma1 a t h i  on 
Merphosc 
Mevi nphose 
Monocrotophos 
Nal ed 
Parath ion,  e t h y l  
Pa ra th i  on, methyl  
Phorate 
Phosmeta 
Phosphamidona 
Ronnel 
S t i r ophos  (Te t rach lo rov inphos)  
Sul  f o tepp  
T E P P ~  
Terbufosa 
~ h i o n a z i  naeb (Zinophos) 
Tokuthionb ( P r o t o t h i o f o s )  
T r i c h l o r f o n a  
T r i c h l  oronateb 

I n d u s t r i  a1 Chemical s  
Hexamet h y l  phosphorami dea (HMPA) 
~ r i  - 0 - c r e s y l  phosphateafd (TOCP) 

T r i a z i n e  He rb i c i des  (NPD o n l y )  
A t  r a z  i nea 
Simazi nea 

a  T h i s  a n a l y t e  has been eva lua ted  us ing  a  30-m column on ly .  
b  Produc t ion  d i scon t i nued  i n  t h e  U.S., standard n o t  r e a d i l y  a v a i l  ab le .  
c Standards may have mu1 t i p l e  components because o f  o x i d a t i o n .  
d  Compound i s ext remely  t o x i c  o r  neu ro tox i c .  
e  Adjacent  major/minor peaks can be observed due t o  c i s / t r a n s  isomers. 

1.2 A  dual  - c o l  umn/dual - d e t e c t o r  approach may be used f o r  t h e  a n a l y s i s  o f  
r e l a t i v e l y  c l ean  e x t r a c t s .  Two 15- o r  30-m x  0.53-mm ID f u s e d - s i l i c a ,  open- 
t u b u l a r  columns o f  d i f f e r e n t  p o l a r i t i e s  a re  connected t o  an i n j e c t i o n  t ee  and 
each i s  connected t o  a  de tec to r .  Ana lys ts  a re  cau t ioned  rega rd ing  t h e  use o f  a  
dual  column c o n f i g u r a t i o n  when t h e i r  ins t rument  i s  sub jec t  t o  mechanical s t r ess ,  
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when many samples a re  analyzed over  a  shor t  t ime, o r  when e x t r a c t s  o f  
contaminated samples a re  analyzed. 

1.3 Two de tec to r s  can be used f o r  t he  l i s t e d  OP chemicals. The FPD works 

i 

by measuring t h e  emission o f  phosphorus- o r  su l  f u r - c o n t a i n i n g  species. De tec to r  
performance i s  op t im ized  by s e l e c t i n g  t h e  proper o p t i c a l  f i l t e r  and a d j u s t i n g  t he  
hydrogen and a i r  f l ows  t o  t h e  f lame. The NPD i s  a  f lame i o n i z a t i o n  de tec to r  w i t h  
a  rub id i um ceramic f lame t i p  which enhances t he  response o f  phosphorus- and 
n i t r ogen -con ta in i ng  ana ly tes .  The FPD i s  more s e n s i t i v e  and more se lec t i ve ,  bu t  
i s  a  l e s s  common d e t e c t o r  i n  environmental 1  abora to r ies .  

1.4 Table 1  1  i s t s  method d e t e c t i o n  1  i m i t s  (MDLs) f o r  t he  t a r g e t  analy tes,  
us i ng  15-m columns and FPD, f o r  water and s o i l  mat r i ces .  Table 2  l i s t s  t h e  
es t imated  q u a n t i t a t i o n  1  i m i  t s  (EQLs) f o r  o the r  matr ices.  MDLs and EQLs us ing 30- 
m columns w i l l  be very  s i m i l a r  t o  those obta ined f rom 15-m columns. 

1.5 The use o f  a  15-m column system has no t  been f u l l y  v a l i d a t e d  f o r  t he  
determi  n a t  i on o f  t h e  f o l  1  owing compounds. The ana l ys t  must demonstrate. 
chromatographic r e s o l u t i o n  o f  a l l  analy tes,  recover ies  o f  g rea te r  than 70 
percent ,  w i t h  p r e c i s i o n  o f  no more than 15 percent  RSD, be fo re  da ta  generated on 
t h e  15-m column system can be repor ted  f o r  these, o r  any a d d i t i o n a l ,  analy tes:  

Az i  nphos-ethy l  E th i on  Phosmet 
Carbophenothi on Famphur Phosphamidon 
Chl o r f e n v i  nphos HMPA Terbu fos  
D ioxa th ion  Leptophos TOCP 

1.6 When Method 8141 i s  used t o  analyze unfami l  i a r  samples, compound 
i d e n t i f i c a t i o n s  should be supported by con f i rmato ry  ana lys is .  Sec. 8.0 prov ides 
gas chromatograph/mass spectrometer (GC/MS) c r i t e r i a  appropr ia te  f o r  t h e  
q u a l i t a t i v e  con f i rma t i on  o f  compound i d e n t i f i c a t i o n s .  

1.7 Th is  method i s  r e s t r i c t e d  t o  use by, o r  under t h e  superv is ion  o f ,  
ana l ys t s  exper ienced i n  t he  use o f  c a p i l l a r y  gas chromatography and i n  t h e  
i n t e r p r e t a t i o n  o f  chromatograms. 

2.0 SUMMARY OF METHOD 

2.1 Method 8141 prov ides gas chromatographic cond i t i ons  f o r  t he  de tec t  i o n  
o f  ppb concent ra t ions  o f  organophosphorus compounds. P r i o r  t o  the  use o f  t h i s  
method, app rop r i a te  sample p repa ra t i on  techniques must be used. Water samples 
a re  e x t r a c t e d  a t  a  n e u t r a l  pH w i t h  methylene c h l o r i d e  by us ing  a  separatory 
funne l  (Method 3510) o r  a  cont inuous 1  i qu id -1  i q u i d  e x t r a c t o r  (Method 3520). 
Soxh le t  e x t r a c t i o n  (Method 3540) o r  automated Soxhlet  e x t r a c t i o n  (Method 3541) 
us ing  methylene ch lor ide/acetone ( 1 : l )  are used f o r  s o l i d  samples. Both neat and 
d i l u t e d  o rgan ic  1  i q u i d s  (Method 3580, Waste D i l u t i o n )  may be analyzed by d i r e c t  
i n j e c t i o n .  Spiked samples are used t o  v e r i f y  t he  a p p l i c a b i l i t y  o f  t he  chosen 
e x t r a c t i o n  technique t o  each new sample type.  A  gas chromatograph w i t h  a  f lame 
photometr ic  o r  ni t rogen-phosphorus de tec to r  i s  used f o r  t h i s  m u l t i r e s i d u e  
procedure. 
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2.2 Organophosphorus e s t e r s  and t h i o e s t e r s  can hyd ro l yze  under bo th  a c i d  
and base c o n d i t i o n s .  Samples prepared us ing  a c i d  and base p a r t i t i o n i n g  
procedures a re  n o t  s u i t a b l e  f o r  a n a l y s i s  by Method 8141. 

2.3 U l t r a s o n i c  E x t r a c t i o n  (Method 3550) i s  n o t  an a p p r o p r i a t e  sample fl% 

p r e p a r a t i o n  method f o r  Method 8141 and should n o t  be used because o f  t h e  hrw* 

p o t e n t i a l  f o r  d e s t r u c t i o n  o f  t a r g e t  ana l y tes  d u r i n g  t h e  u l t r a s o n i c  e x t r a c t i o n  
process. 

3.0 INTERFERENCES 

3 .1  Refer  t o  Methods 3500, 3600, and 8000, as w e l l  as t o  Sec. 1.1. 

3.2 The use o f  F l o r i  s i l  Cleanup (Method 3620) f o r  some o f  t h e  compounds 
i n  t h i s  method has been demonstrated t o  y i e l d  r ecove r i es  l e s s  t han  85 percen t  and 
i s  t h e r e f o r e  n o t  recommended f o r  a l l  compounds. Refer  t o  Table 2  o f  Method 3620 
f o r  r ecove r i es  o f  organophosphorlls compounds. Use o f  an FPD o f t e n  e l i m i n a t e s  t h e  
need f o r  sample cleanup. I f  p a r t i c u l a r  c i rcumstances demand t h e  use o f  an 
a1 t e r n a t i v e  c leanup procedure, t h e  a n a l y s t  must determine t h e  e l  u t i  on p r o f  i 1  e  and 
demonstrate t h a t  t h e  recovery  o f  each a n a l y t e  i s  n o t  l e s s  than  85 percen t .  

3.3 The use o f  Gel Permeation Cleanup (GPC) (Method 3640) f o r  sample 
cleanup has been demonstrated t o  y i e l d  r ecove r i es  o f  l e s s  than  85 percen t  f o r  
many method ana l y tes  because t hey  e l  u t e  be fo re  b i  s -  ( 2 - e t h y l  hexy l  ) ph tha l  a te .  
Method 3640 i s  t h e r e f o r e  n o t  recommended f o r  use w i t h  t h i s  method, un less 
ana ly tes  o f  i n t e r e s t  a re  l i s t e d  'In Method 3640 o r  a re  demonstrated t o  g i v e  
g r e a t e r  than  85 percen t  recovery.  

3.4 Use o f  a  f lame pho tomet r i c  d e t e c t o r  i n  t h e  phosphorus mode w i l l  
m in im ize  i n t e r f e r e n c e s  f rom m a t e r i a l s  t h a t  do n o t  c o n t a i n  phosphorus o r  s u l f u r .  Lad 
Elemental s u l f u r  w i l l  i n t e r f e r e  w i t h  t h e  de te rm ina t i on  o f  c e r t a i n  
organophosphorus compounds by f lame pho tomet r i c  gas chromatography. I f  Method 
3660 i s  used f o r  s u l f u r  cleanup, o n l y  t h e  t e t r a b u t y l  ammonium (TBA) - s u l  f i  t e  o p t i o n  
should be employed, s i nce  copper and mercury may des t roy  OP p e s t i c i d e s .  The 
s t a b i l i t y  o f  each a n a l y t e  must be t e s t e d  t o  ensure t h a t  t h e  recove ry  f rom t h e  
T B A - s u l f i t e  s u l f u r  c leanup s tep  i s  n o t  l e s s  than  85 percen t .  

3.5 A ha1 ogen -spec i f i c  d e t e c t o r  ( i  e .  , e l e c t r o l y t i c  c o n d u c t i v i t y  o r  
mi c rocou l  ometry) i s  very  s e l e c t i v e  f o r  t h e  ha1 ogen-conta i  n i  ng compounds and may 
be used f o r  t h e  de te rm ina t i on  o f  C h l o r p y r i f o s ,  Ronnel , Coumaphos, Tokuthion, 
T r i c h l o r o n a t e ,  D ich lo rvos ,  EPN, Naled, and S t i rophos  o n l y .  Many o f  t h e  OP 
p e s t i c i d e s  may a1 so be de tec ted  by t h e  e l e c t r o n  cap tu re  d e t e c t o r  (ECD) ; however, 
t h e  ECD i s  n o t  as s p e c i f i c  as t h e  NPD o r  FPD. The ECD should o n l y  be used when 
p rev ious  analyses have demonstrated t h a t  i n t e r f e r e n c e s  w i l l  n o t  adverse ly  e f f e c t  
quan t i  t a t i o n ,  and t h a t  t h e  d e t e c t o r  s e n s i t i v i t y  i s  s u f f i c i e n t  t o  meet r e g u l a t o r y  
l i m i t s .  

3.6 C e r t a i n  ana l y tes  w i l l  coe l  u te ,  p a r t i c l l l a r l y  on 15-m columns (Tab le  
3 ) .  I f  c o e l u t i o n  i s  observed, ana l ys t s  should (1) s e l e c t  a  second column o f  
d i f f e r e n t  p o l a r i t y  f o r  con f i rma t i on ,  (2 )  use 30-m x  0.53-mm columns, o r  (3) use 
0.25- o r  0.32-mm I D  columns. See F igures  1  through 4  f o r  combinat ions o f  
compounds t h a t  do n o t  coe lu te  on 15-m columns. 
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3.7 The f o l l o w i n g  p a i r s  coe lu ted  on t h e  DB-5/DB-210 30-m column p a i r :  

DB-5 T e r b u f o s / t r i - o - c r e s y l  phosphate 
Nal ed/Simazine/Atrazine 
D i  c h l  o r o f e n t h i  on/Demeton-0 
T r i  c h l  oronate/Aspon 
Bols tar /St i rophos/Carbophenoth ion 
Phosphamidon/Crotoxyphos 
Fensul fothion/EPN 

DB-210 T e r b u f o s l t r i  -0-cresy1 phosphate 
D i  c h l  o r o f e n t h i  on/Phosphamidon 
C h l o r p y r i f o s ,  methyl /Parathion, methyl 
C h l o r p y r i  fos/Parathion, e t h y l  
Aspon/Fenthion 
Demeton-O/Di methoate 
Leptophos/Azinphos-methyl 
EPN/Phosmet 
Famphur/Carbophenothion 

See Table 4 f o r  r e t e n t i o n  t imes o f  these compounds on 30-m columns. 

3.8 A n a l y t i c a l  d i f f i c u l t i e s  encountered f o r  t a r g e t  ana ly tes  inc lude :  

3.8.1 Te t rae thy l  pyrophosphate (TEPP) i s  an uns tab le  diphosphate 
which i s  r e a d i l y  hydro lyzed i n  water and i s  t he rma l l y  l a b i l e  (TEPP 
decomposes a t  170°C). Care must be taken t o  minimize l o s s  du r i ng  GC 
ana l ys i  s and d u r i n g  sample p repara t ion .  I d e n t i f i c a t i o n  o f  bad standard 
l o t s  i s  d i f f i c u l t  s ince  t h e  e l e c t r o n  impact ( E I )  mass spectrum o f  TEPP i s  
n e a r l y  i d e n t i c a l  t o  i t s  major breakdown product,  t r i e t h y l  phosphate. 

3.8.2 The water s o l u b i l i t y  o f  D ich lo rvos  (DDVP) i s  10 g/L a t  20°C, 
and recovery  i s  poor f rom aqueous s o l u t i o n .  

3.8.3 Naled i s  conver ted t o  D ich lo rvos  (DDVP) on column by 
debrominat ion .  Th is  r e a c t i o n  may a1 so occur d u r i n g  sample workup. The 
ex ten t  o f  debrominat ion w i l l  depend on t he  na tu re  o f  t he  m a t r i x  be ing 
analyzed. The ana l ys t  must cons ider  t he  p o t e n t i  a1 f o r  debrominat ion when 
Naled i s  t o  be determined. 

3.8.4 T r i c h l o r f o n  rearranges and i s  dehydrochlor inated i n  ac id i c ,  
n e u t r a l ,  o r  bas i c  media t o  form D ich lo rvos  (DDVP) and hyd roch lo r i c  ac id .  
I f  t h i s  method i s  t o  be used f o r  t h e  de te rmina t ion  o f  organophosphates i n  
t h e  presence o f  T r i c h l o r f o n ,  t h e  ana l ys t  should be aware o f  t he  
poss i  b i l  i t y  o f  rearrangement t o  D ich lo rvos  t o  prevent  m i s i d e n t i f i c a t i o n .  

3.8.5 Demeton (Systox)  i s  a m ix tu re  o f  two compounds; 0 ,O-d ie thy l  
0-12-(ethylthio)ethyl]phosphorothioate (Demeton-0) and 0,O-diethyl  S-12- 
( e t h y l  t h i o ) e t h y l  Iphosphoroth ioate (Demeton-S) . Two peaks a re  observed i n  
a l l  t h e  chromatograms corresponding t o  these two isomers. It i s  
recommended t h a t  t h e  e a r l y  e l u t i n g  compound (Demeton-S) be used f o r  
quan t i  t a t i o n .  
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3.8.6 D ioxa th ion  i s  a  single-component p e s t i c i d e .  However, severa l  
e x t r a  peaks a r e  observed i n  t h e  chromatograms o f  standards. These peaks 
appear t o  be t h e  r e s u l t  o f  spontaneous oxygen -su l f u r  i somer i za t i on .  
Because o f  t h i s ,  D ioxa th ion  i s  n o t  i nc l uded  i n  composite s tandard 
mix tu res .  

"ucl 
I 

3.8.7 Merphos ( t r i  b u t y l  phosphoro t r i  t h i o i t e )  i s  a  s ingle-component 
p e s t i c i d e  t h a t  i s  r e a d i l y  o x i d i z e d  t o  i t s  p h o s p h o r o t r i t h i o a t e  (Merphos 
oxone). Chromatographic a n a l y s i s  o f  Merphos almost always r e s u l t s  two 
peaks (unox id ized  Merphos e l u t e s  f i r s t ) .  As t h e  r e l a t i v e  amounts o f  
o x i d a t i o n  o f  t h e  sample and t h e  s tandard a re  p robab l y  d i f f e r e n t ,  
q u a n t i t a t i o n  based on t h e  sum o f  bo th  peaks may be most app rop r i a te .  

3.8.8 Reten t ion  t imes o f  some analy tes,  p a r t i c u l a r l y  Monocrotophos, 
may inc rease  w i t h  i nc reas ing  concen t ra t i ons  i n  t h e  i n j e c t o r  . Ana lys ts  
should check f o r  r e t e n t i o n  t ime  s h i f t s  i n  h i g h l y  contaminated samples. 

3.8.9 Many ana ly tes  w i l l  degrade on r e a c t i v e  s i t e s  i n  t h e  
chromatographic system. Ana lys ts  must ensure t h a t  i n j e c t o r s  and s p l i t t e r s  
a re  f r e e  f rom con tamina t ion  and a re  s.i1 anized. Columns should be 
i n s t a l l e d  and mainta ined p r o p e r l y .  

3.8.10 Performance o f  chromatographic systems w i l l  degrade w i t h  
t ime.  Column r e s o l u t i o n ,  ana l y te  breakdown and base l i nes  may be improved 
by column washing (Sec. 7 ) .  Ox ida t i on  o f  columns i s  n o t  r e v e r s i b l e .  

3.9 Method i n t e r f e r e n c e s  may be caused by contaminants i n  so lven ts ,  
reagents ,  glassware, and o t h e r  sample p rocess ing  hardware t h a t  1  ead t o  d i s c r e t e  
a r t i f a c t s  o r  e l eva ted  base l ines  i n  gas chromatograms. A l l  these m a t e r i a l s  must 
be r o u t i n e l y  demonstrated t o  be f r e e  f rom i n t e r f e r e n c e s  under t h e  c o n d i t i o n s  o f  
t h e  a n a l y s i s  by ana lyz ing  reagent  b lanks  (Sec. 8.0).  b 

3.10 NP De tec to r  i n t e r f e rences :  T r i a z i n e  he rb i c i des ,  such as A t r a z i n e  
and Simazine, and o t h e r  n i t r o g e n - c o n t a i n i n g  compounds may i n t e r f e r e .  

4.0 APPARATUS AND MATERIALS 

4.1 Gas chromatograph: An a n a l y t i c a l  system complete w i t h  a  gas 
chroniatograph s u i t a b l e  f o r  on-column o r  s p l i t / s p l i t l e s s  i n j e c t i o n ,  and a l l  
r e q u i r e d  accessor ies,  i n c l u d i n g  syr inges,  a n a l y t i c a l  columns, gases, su i  tab1 e  
d e t e c t o r ( s ) ,  and a  reco rd ing  dev ice.  The a n a l y s t  should s e l e c t  t h e  d e t e c t o r  f o r  
t h e  s p e c i f i c  measurement appl i c a t i o n ,  e i t h e r  t h e  f l  ame pho tomet r i c  d e t e c t o r  o r  
t h e  n i t rogen-phosphorus de tec to r .  A  da ta  system f o r  measuring peak areas and 
dual  d i s p l a y  o f  chromatograms i s  h i g h l y  recommended. 

4.1.1 C a p i l l a r y  Columns (0.53-mm, 0.32-mm, o r  0.25-mm I D  x  15-m o r  
30-m l eng th ,  depending on t h e  r e s o l u t i o n  r e q u i r e d ) .  Columns o f  0.53-mm I D  
a r e  recommended f o r  most environmental  and waste a n a l y s i s  a p p l i c a t i o n s .  
Dual -column, s ing1 e - i n j e c t o r  ana l ys i s  r e q u i r e s  c o l  umns o f  equal 1  ength and 
bore. See Sec. 3.0 and F igures  1 through 4  f o r  guidance on s e l e c t i n g  t h e  
p roper  l e n g t h  and d iameter  f o r  t h e  co lumn(s) .  
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4.1.1.1 Column 1 - 15- o r  30-m x 0.53-mm wide-bore 
c a p i l l a r y  column, I . O - p m  f i l m  th ickness,  chemica l l y  bonded w i t h  50% 
tr if l  uoropropy l  p o l y s i  loxane, 50% methyl p o l y s i  loxane (DB-210), o r  
equ i va len t .  

4.1.1.2 Column 2 - 15- o r  30-m x 0.53-mm wide-bore 
c a p i l l a r y  column, 0.83-pm f i l m  th ickness, chemica l l y  bonded w i t h  
35% phenyl methyl p o l y s i  1 oxane (DB-608, SPB-608, RTx-35), o r  
equ i va len t  . 

4.1.1.3 Column 3 - 15- o r  30-m x 0.53-mm wide-bore 
c a p i l l a r y  column, 1.0 p m  f i l m  th ickness,  chemica l l y  bonded w i t h  5% 
phenyl p o l y s i  1 oxane, 95% methyl p o l y s i  loxane (DB-5, SPB-5, RTx-5), 
o r  equ i va len t .  

4.1.1.4 Column 4 - 15- o r  30-m x 0.53-mm I D  f u s e d - s i l i c a  
open-tubul  a r  column, chemical l y  bonded w i t h  methyl p o l y s i  loxane 
(DB-I, SPB-1, o r  equ i va len t ) ,  1.0-pm o r  1.5-pm f i l m  th ickness.  

4.1.1.5 (op t i ona l  ) Column r i n s i n g  k i t :  Bonded-phase column 
r i n s e  k i t  (J&W S c i e n t i f i c ,  Catalog no. 430-3000 o r  equ i va len t ) .  

4.1.2 S p l i t t e r :  I f  a dual-column, s i n g l e - i n j e c t o r  con f i gu ra t i on  i s  
used, t h e  open t u b u l a r  columns should be connected t o  one o f  t he  f o l l o w i n g  
s p l i t t e r s ,  o r  equ i va len t :  

4.1.2.1 S p l i t t e r  1 - J&W S c i e n t i f i c  p r e s s - f i t  Y-shaped 
g l a s s  3-way un ion  s p l i t t e r  (J&W S c i e n t i f i c ,  Catalog no. 705-0733). 

4.1.2.2 S p l i t t e r  2 - Supelco 8 - i n  g l ass  i n j e c t i o n  tee, 
deac t i va ted  (Supel co, Catalog no. 2-3665M). 

4.1.2.3 S p l i t t e r  3 - Restek Y-shaped f u s e d - s i l i c a  
connector (Restek, Catalog no. 20405). 

4.1.3 I n j e c t o r s :  

4.1.3.1 Packed column, 1 /4 - in  i n j e c t o r  p o r t  w i t h  hourglass 
l i n e r  a re  recommended f o r  0.53-mm column. These i n j e c t o r  p o r t s  can 
be f i t t e d  w i t h  s p l i t t e r s  (Sec. 4.0) f o r  dual-column ana lys is .  

4.1.3.2 Spl i t / s p l  i t l e s s  c a p i l l  a r y  i n j e c t o r s  operated i n  
t h e  s p l i t  mode a re  requ i red  f o r  0.25-mm and 0.32-mm columns. 

4.1.4 Detec to rs :  

4.1.4.1 Flame Photometr ic De tec to r  (FPD) operated i n  t h e  
phosphorus-spec i f i c  mode i s  recommended. 

4.1.4.2 Ni  trogen-Phosphorus Detec to r  (NPD) operated i n  t h e  
phosphorus-spec i f i c  mode i s  l e s s  s e l e c t i v e  bu t  can de tec t  t r i a z i n e  
he rb i c i des .  
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4.1.4.3 Ha logen -Spec i f i c  D e t e c t o r s  ( e l e c t r o l y t i c  
c o n d u c t i v i t y  o r  microcoulometry)  may be used o n l y  f o r  a  1  i m i t e d  
number o f  halogenated o r  s u l f u r - c o n t a i n i n g  ana l y tes  (Sec. 3.0). 

4.1.4.4 E lec t ron -cap tu re  d e t e c t o r s  may be used f o r  a  
l i m i t e d  number o f  ana ly tes  (Sec. 3 .0) .  i, / 

4.1.5 Data system: 

4.1.5.1 Data system capable o f  p resen t i ng  chromatograms, 
r e t e n t i o n  t ime,  and peak i n t e g r a t i o n  da ta  i s  s t r o n g l y  recommended. 

4.1.5.2 Use o f  a  da ta  system t h a t  a l l ows  s to rage  o f  raw 
chromatographic da ta  i s  s t r o n g l y  recommended. 

5.0 REAGENTS 

5.1 So lven ts  

5.1.1 Isooctane, (CH3),CCH2CH(CH3), - P e s t i c i d e  qual  i t y  o r  equ i va len t .  

5.1.2 Hexane, C,H,, - P e s t i c i d e  q u a l i t y  o r  e q u i v a l e n t .  

5.1.3 Acetone, CH3COCH3 - P e s t i c i d e  q u a l i t y  o r  e q u i v a l e n t .  

5.1.4 Te t rahydro fu ran  (THF) , C,H,O - P e s t i c i d e  qual  i t y  o r  equ i va len t  
( f o r  t r i a z i n e  standards o n l y ) .  

5.1.5 Methyl t e r t  - b u t y l  - e the r  (MTBE) , CH,Ot-C,H, - P e s t i c i d e  qual i t y  
1 i 

o r  e q u i v a l e n t  ( f o r  tri az ine  standards on l y ) .  ~WW' 

5.2 Stock s tandard s o l u t i o n s  (1000 mg/L): Can be prepared f rom pure 
s tandard ma te r i  a1 s  o r  can be purchased as c e r t i f i e d  s o l u t i o n s .  

5.2.1 Prepare s tock  s tandard s o l u t i o n s  by accu ra te l y  weigh ing about 
0.0100 g  of pure compounds. D i sso l ve  t h e  compounds i n  s u i t a b l e  m ix tu res  
o f  acetone and hexane and d i l u t e  t o  volume i n  a  10-mL vo lume t r i c  f l a s k .  
I f  compound p u r i t y  i s  96 percent  o r  g rea te r ,  t h e  we igh t  can be used 
w i t h o u t  c o r r e c t i o n  t o  c a l c u l a t e  t h e  concen t ra t i on  o f  t h e  s tock  s tandard 
s o l u t i o n .  Commercial ly prepared s tock  s tandard s o l u t i o n s  can be used a t  
any concen t ra t i on  i f  they  a re  c e r t i f i e d  by t h e  m a n u f a c t ~ ~ r e r  o r  by an 
independent source. 

5.2.2 Both Simazine and A t raz ine  have low s o l u b i l i t i e s  i n  hexane. 
I f  Simazine and A t raz ine  standards a re  requ i red ,  A t r a z i n e  s h o i ~ l d  be 
d i  sso l  ved i n  MTBE, and Simazi ne should be d i sso l ved  i n  acetone/MTBE/THF 
(1:3:1). 

5.2.3 Composite s tock  standard: Th is  s tandard can be prepared f rom 
i n d i v i d u a l  s tock  s o l u t i o n s .  The ana l ys t  must demonstrate t h a t  t h e  
i n d i v i d u a l  ana l y tes  and common o x i d a t i o n  p roduc ts  a re  reso l ved  by t h e  
chromatographic system. For composite s tock  standards c o n t a i n i n g  l e s s  
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than 25 components, take exac t l y  1 mL o f  each ind i v idua l  stock so lu t i on  a t  
1000 mg/L, add solvent,  and mix the  so lu t ions  i n  a 25-mL volumetr ic  f l ask .  
For example, f o r  a composite conta in ing 20 ind i v idua l  standards, the 
r e s u l t i n g  concentrat ion o f  each component i n  the  mixture, a f t e r  the volume 
i s  adjusted t o  25 mL, w i l l  be 40 mg/L. This composite so lu t i on  can be 
f u r t h e r  d i l u t e d  t o  ob ta in  the  desired concentrat ions. Composite stock 
standards conta in ing  more than 25 components are not  recommended. 

5.2.4 Store the  standard so lu t ions  (stock, composite, c a l i b r a t i o n ,  
i n t e r n a l ,  and surrogate) a t  4°C i n  Tef lon-sealed containers i n  the  dark. 
A l l  standard so lu t i ons  should be replaced a f t e r  two months, o r  sooner i f  
r o u t i n e  QC (Sec. 8.0) ind ica tes  a problem. Standards f o r  e a s i l y  
hydrolyzed chemicals i nc lud ing  TEPP, Methyl Parathion, and Merphos should 
be checked every 30 days. 

5.2.5 It i s  recommended t h a t  l o t s  o f  standards be subdivided and 
stored i n  small v i a l s .  Ind iv idua l  v i a l s  should be used as working 
standards t o  minimize the  p o t e n t i a l  f o r  contamination o r  hydro lys is  of the 
e n t i r e  l o t .  

5.3 C a l i b r a t i o n  standards should be prepared a t  a minimum of f i v e  
concentrat ions by d i  1 u t i o n  o f  the  composite stock standard w i t h  isooctane o r  
hexane. The concentrat ions should correspond t o  the  expected range o f  
concentrat ions found i n  rea l  samples and should bracket the 1 inear  range of the 
detec tor .  Organophosphorus c a l  i b r a t i o n  standards should be rep1 aced a f t e r  one 
o r  two months, o r  sooner i f  comparison w i t h  check samples o r  h i s t o r i c a l  data 
i nd i ca tes  t h a t  there  i s  a problem. Laborator ies may wish t o  prepare separate 
ca l  i b r a t  i o n  so lu t i ons  f o r  the  e a s i l y  hydrolyzed standards i d e n t i f i e d  above. 

,/ cT 5.4 I n t e r n a l  standard: I n te rna l  standards should only be used on w e l l -  
'bJ character ized samples by analysts experienced i n  the technique. Use o f  i n te rna l  

standards i s  complicated by co -e lu t i on  o f  some OP pes t ic ides  and by the 
d i f f e rences  i n  de tec tor  response t o  d i  ssimi 1 a r  chemicals. 

5.4.1 FPD response f o r  organophosphorus compounds i s  enhanced by the 
presence o f  s u l f u r  atoms bonded t o  the  phosphorus atom. It has not  been 
es tab l  ished t h a t  a thiophosphate can be used as an in te rna l  standard f o r  
an OP w i t h  a d i f f e r e n t  numbers o f  s u l f u r  atoms (e.g., phosphorothioates 
[P=S] as an i n t e r n a l  standard f o r  phosphates [PO,]) o r  phosphorodi th ioa tes  
[ P=S,I . 

5.4.2 I f  i n t e r n a l  standards are t o  be used, the  analyst must se lec t  
one o r  more i n t e r n a l  standards t h a t  are s i m i l a r  i n  ana ly t i ca l  behavior t o  
the  compounds o f  i n t e r e s t .  The analyst must f u r t h e r  demonstrate t h a t  the  
measurement o f  the  i n t e r n a l  standard i s  not  a f fec ted by method o r  mat r ix  
in ter fe rences.  

5.4.3 When 15-m columns are used, i t  may be d i f f i c u l t  t o  f u l l y  
reso lve  i n t e r n a l  standards from t a r g e t  analytes, method inter ferences and 
mat r i x  in ter fe rences.  The analyst  must demonstrate t h a t  the measurement 
of the i n t e r n a l  standard i s  no t  a f fec ted by method o r  mat r ix  
in ter fe rences.  
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5.4.4 The f o l l o w i n g  NPD i n t e r n a l  s tandard has been used f o r  a  30-m 
column p a i r .  Make a  s o l u t i o n  o f  1000 mg/L o f  1-bromo-2-ni t robenzene. For 
sp i k i ng ,  d i l u t e  t h i s  s o l u t i o n  t o  5 mg/L. Use a  s p i k i n g  volume o f  10 pL/mL 
o f  e x t r a c t .  The s p i k i n g  concen t ra t i on  o f  t h e  i n t e r n a l  s tandards should be 
kep t  cons tan t  f o r  a l l  samples and c a l i b r a t i o n  standards. S ince i t s  FPD 
response i s  smal l ,  1-bromo-2-ni t robenzene i s  n o t  an a p p r o p r i a t e  i n t e r n a l  b x ~  

standard f o r  t h a t  d e t e c t o r .  No FPD i n t e r n a l  s tandard i s  suggested. 

5.5 Surrogate s tandard s p i k i n g  s o l u t i o n s  - The a n a l y s t  should mon i t o r  t h e  
performance o f  t h e  e x t r a c t i o n ,  c leanup (when used), and a n a l y t i c a l  system, and 
t h e  e f f e c t i v e n e s s  of t h e  method i n  d e a l i n g  w i t h  each sample m a t r i x ,  by s p i k i n g  
each sample, standard, and b lank  w i t h  one o r  two sur roga tes  (e.g., 
organophosphorus compounds n o t  expected t o  be p resen t  i n  t h e  sample). I f  
m u l t i p l e  ana l y tes  a re  t o  be measured, two sur roga tes  (an e a r l y  and a  l a t e  e l u t e r )  
a re  recommended. Deuterated analogs o f  ana ly tes  a re  n o t  a p p r o p r i a t e  sur roga tes  
f o r  gas chromatographi c/FPD/NPD ana l ys i s .  

5.5.1 I f  sur roga tes  a re  t o  be used, t h e  a n a l y s t  must s e l e c t  one o r  
more compounds t h a t  a re  s i m i l a r  i n  a n a l y t i c a l  behav io r  t o  t h e  compounds o f  
i n t e r e s t .  The a n a l y s t  must f u r t h e r  demonstrate t h a t  t h e  measurement o f  a  
su r roga te  i s  n o t  a f f e c t e d  by method o r  m a t r i x  i n t e r f e r e n c e s .  General 
guidance on t h e  s e l e c t i o n  and use o f  su r roga tes  i s  p rov ided  i n  Sec. 5.0 of 
Method 3500. 

5.5.2 T r i  b u t y l  phosphate and t r i p h e n y l  phosphate a re  used as FPD and 
NPD sur roga tes .  A  volume o f  1.0 mL o f  a  1-pg/L s p i k i n g  s o l u t i o n  ( 1  ng o f  
su r roga te )  i s  added t o  each wate r  sample and each so i l / sed iment  sample. 
I f  t h e r e  i s  a  co -e l  u t i o n  problem, 4 - c h l o r o - 3 - n i t r o b e n z o - t r i f l  u o r i d e  has 
a l s o  been used as an NPD-only surrogate.  

6.0 SAMPLE COLLECTION, PRESERVATION, AND HANDLING 

6.1 See t h e  i n t r o d u c t o r y  ma te r i  a1 t o  Chapter Four, "Organic Analy tes,  " 
Sec. 4.0. 

6.2 E x t r a c t s  a re  t o  be r e f r i g e r a t e d  a t  4°C and analyzed w i t h i n  40 days 
o f  e x t r a c t i o n .  See Sec. 5.2.4 f o r  s to rage  o f  standards. 

6.3 Organophosphorus e s t e r s  w i l l  hydro lyze  under a c i d i c  o r  bas i c  
c o n d i t i o n s .  Ad jus t  samples t o  a  pH o f  5 t o  8 us ing  sodium hydrox ide  o r  s u l f u r i c  
a c i d  s o l u t i o n  as soon as poss ib l e  a f t e r  sample c o l l e c t i o n .  Record t h e  volume 
used. 

6.4 Even w i t h  s torage a t  4°C and use o f  me rcu r i c  c h l o r i d e  as a  
p rese rva t i ve ,  most OPs i n  groundwater samples c o l l e c t e d  f o r  t h e  n a t i o n a l  
p e s t i c i d e  survey degraded w i t h i n  a  14-day per iod .  Begin sample e x t r a c t i o n  w i t h i n  
7 days o f  c o l l e c t i o n .  
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7.0 PROCEDURE 

7.1 E x t r a c t i o n  and cleanup: 

7.1.1 Refe r  t o  Chapter Two and Method 8140 f o r  guidance on choosing 
t h e  appropr i  a t e  e x t r a c t i o n  procedure. I n  general  , water sarr~ples are 
e x t r a c t e d  a t  a n e u t r a l  pH w i t h  methylene ch lo r i de ,  us ing  e i t h e r  Method 
3510 o r  3520. S o l i d  samples a re  ex t rac ted  us ing  e i t h e r  Method 3540 o r  
3541 w i t h  methylene ch lor ide/acetone ( 1  : 1 v/v) o r  hexane/acetone ( 1  : 1 v/v) 
as t he  e x t r a c t i o n  so l ven t .  Method 3550 i s  an i napp rop r i a te  e x t r a c t i o n  
technique f o r  t h e  t a r g e t  ana ly tes  o f  t h i s  method (See Sec. 2.3). 

7.1.2 E x t r a c t i o n  and cleanup procedures t h a t  use s o l u t i o n s  below pH 
4 o r  above pH 8 a re  n o t  appropr ia te  f o r  t h i s  method. 

7.1.3 I f  requ i red ,  t he  samples may be cleaned up us ing  the  Methods 
presented i n  Chapter Four, Sec. 2. F l o r i s i l  Column Cleanup (Method 3620) 
and Sul f u r  Cleanup (Method 3660, TBA-sul f i  t e  op t i on )  may have p a r t i c u l a r  
appl i c a t i  on f o r  OPs . Gel Permeat i o n  C l  eanup (Method 3640) should n o t  
g e n e r a l l y  be used f o r  OP p e s t i c i d e s .  

7.1.3.1 If s u l f u r  cleanup by Method 3660 i s  requi red,  do 
n o t  use mercury o r  copper. 

7.1.3.2 GPC may o n l y  be employed i f  a l l  t a r g e t  OP 
p e s t i c i d e s  a re  l i s t e d  as ana ly tes  o f  Method 3640, o r  i f  the  
l a b o r a t o r y  has demonstrated a recovery o f  g rea te r  than 85 percent 
f o r  t a r g e t  OPs a t  a concen t ra t ion  n o t  g r e a t e r  than 5 t imes t he  
r e g u l a t o r y  a c t i o n  l e v e l .  Labora to r ies  must r e t a i n  data 
demonstrat ing acceptable recovery.  

7.1.4 P r i o r  t o  gas chromatographic ana lys is ,  t h e  e x t r a c t i o n  so lven t  
may be exchanged t o  hexane. The ana l ys t  must ensure q u a n t i t a t i v e  t r a n s f e r  
o f  t h e  e x t r a c t  concentrate.  S i  ng l  e-1 abora to ry  da ta  i n d i c a t e  t h a t  samples 
should n o t  be t r a n s f e r r e d  w i t h  100-percent hexane du r i ng  sample workup, as 
t h e  more p o l a r  organophosphorus compounds may be l o s t .  Transfer  o f  
organophosphorus es te r s  i s  bes t  accompl ished us ing  methylene c h l o r i d e  o r  
a hexane/acetone s o l  vent m ix tu re .  

7.1.5 Methylene c h l o r i d e  may be used as an i n j e c t i o n  so lven t  w i t h  
bo th  t h e  FPD and t h e  NPD. 

NOTE: Fol low manufacturer 's  i n s t r u c t i o n s  as t o  s u i t a b i l i t y  o f  us ing  
methylene c h l o r i d e  w i t h  any s p e c i f i c  de tec to r .  

7.2 Gas chromatographic cond i t i ons :  

7.2.1 Four 0.53-mm ID  c a p i l l a r y  columns a re  suggested f o r  t he  
de te rmina t  i o n  o f  organophosphates by t h i s  method. Col un~n 1 (DB-210 o r  
e q u i v a l e n t )  and Column 2 (SPB-608 o r  equ i va len t )  o f  30-m l e n g t h  a re  
recommended i f  a l a r g e  number o f  organophosphorus ana ly tes  a re  t o  be 
determined. I f  s u p e r i o r  chromatographic r e s o l u t i o n  i s  n o t  requi red,  15-m 
1 engths c o l  umns may be appropr ia te .  Operat ing cond i t i ons  f o r  15-m columns 
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a r e  l i s t e d  i n  Table 5. Operat ing c o n d i t i o n s  f o r  30-m columns a re  l i s t e d  
i n  Table 6. 

7.2.2 Reten t ion  t imes  f o r  ana ly tes  on each s e t  o f  columns a re  
presented i n  Tables 3 and 4. 

7.3 Cal i b r a t i o n :  Re fe r  t o  Method 8000 f o r  p roper  c a l  i b r a t i o n  techniques.  
Use Table 5 and Table 6 f o r  e s t a b l  i s h i n g  t h e  p roper  o p e r a t i n g  parameters f o r  t h e  
s e t  o f  columns be ing  employed i n  t h e  analyses. 

7.4 Gas chromatographic ana l ys i s :  Method 8000 p rov ides  i n s t r u c t i o n s  on 
t h e  a n a l y s i s  sequence, app rop r i a te  d i l u t i o n s ,  e s t a b l i s h i n g  d a i l y  r e t e n t i o n  t ime  
windows and i d e n t i f i c a t i o n  c r i t e r i a .  

7.4.1 Automatic i n j e c t i o n s  o f  1 p L  a re  recommended. Hand i n j e c t i o n s  
o f  no more than  2 p L  may be used i f  t h e  a n a l y s t  denionstrates q u a n t i t a t i o n  
p r e c i s i o n  o f  r 10 percen t  r e l a t i v e  s tandard d e v i a t i o n .  The s o l v e n t  f l u s h  
technique may be used i f  t h e  amount o f  s o l v e n t  i s  kep t  a t  a minimum. I f  
t h e  i n t e r n a l  s tandard c a l i b r a t i o n  technique i s  used, add 10 p L  o f  i n t e r n a l  
s tandard t o  each mL o f  sample p r i o r  t o  i n j e c t i o n .  Chromatograms o f  t h e  
t a r g e t  organophosphorus compounds a re  shown i n  F igures  1 th rough 4. 

7.4.2 F igures  5 and 6 show chromatograms w i t h  and w i t h o u t  Simazine, 
A t raz ine ,  and Carbophenothion on 30-m columns. 

7.5 Record t h e  sample volume i n j e c t e d  t o  t h e  neares t  0.05 p L  and t h e  
I 

I 

r e s u l t i n g  peak s i z e s  ( i n  area u n i t s  o r  peak h e i g h t s ) .  Us ing e i t h e r  t h e  i n t e r n a l  
o r  e x t e r n a l  c a l  i b r a t  i on procedure (Method 8000), determine t h e  i d e n t i t y  and I 
q u a n t i t y  o f  each component peak i n  t h e  sample chromatogram which corresponds t o  1 
t h e  compounds used f o r  c a l  i b r a t i o n  purposes. See Method 8000 f o r  c a l c u l a t i o n  
equat ions.  La.-/1 

7.5.1 I f  peak d e t e c t i o n  and i d e n t i f i c a t i o n  i s  prevented by t h e  
presence o f  i n t e r f e r e n c e s ,  t h e  use o f  an FPD o r  f u r t h e r  sample cleanup i s  
r e q u i r e d .  Be fo re  us ing  any cleanup procedure, t h e  a n a l y s t  must process a 
s e r i e s  o f  c a l  i b r a t i o n  standards through t h e  procedure t o  e s t a b l  i sh e l u t i o n  
p a t t e r n s  and t o  determine recovery  o f  t a r g e t  compounds. The absence o f  
i n t e r f e r e n c e  f rom reagents  must be demonstrated by r o u t i n e  p rocess ing  o f  
reagent  b lanks  through t h e  chosen cleanup procedure. Re fe r  t o  Sec. 3.0 
f o r  i n t e r f e r e n c e s .  

7.5.2 I f  t h e  responses exceed t h e  1 i n e a r  range o f  t h e  system, d i l u t e  
t h e  e x t r a c t  and reanalyze.  It i s  recommended t h a t  e x t r a c t s  be d i l u t e d  so 
t h a t  a l l  peaks a re  on sca le .  Over lapping peaks a re  n o t  always e v i d e n t  
when peaks a re  o f f - s c a l e .  Computer r ep roduc t i on  o f  chromatograms, 
manipu la ted t o  ensure a l l  peaks a re  on sca le  over  a 1 0 0 - f o l d  range, a re  
accep tab le  i f  l i n e a r i t y  i s  demonstrated. Peak h e i g h t  measurements a re  
recommended over  peak area i n t e g r a t i o n  when over1 appi  ng peaks cause e r r o r s  
i n  area i n t e g r a t i o n .  

7.5.3 I f  t h e  peak response i s  l e s s  than 2.5 t in ies t h e  base1 i n e  no i se  
l e v e l ,  t h e  v a l i d i t y  o f  t h e  q u a n t i t a t i v e  r e s u l t  may be ques t ionab le .  The 
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ana l ys t  should consu l t  w i t h  t he  source o f  t he  sample t o  determine whether 
f u r t h e r  concen t ra t i on  of the  sample e x t r a c t  i s  warranted. 

7.5.4 I f  p a r t i a l l y  over lapp ing  o r  c o e l u t i n g  peaks a re  found, change 
columns o r  t r y  a  GC/MS technique. Refer  t o  Sec. 8.0 and Method 8270. 

7.6 Suggested chromatograph maintenance: Co r rec t i ve  measures may r e q u i r e  
any one o r  more o f  t h e  f o l l o w i n g  remedial  ac t ions .  

7.6.1 Refer  t o  Method 8000 f o r  general  i n f o rma t i on  on the  
maintenance o f  cap i  11 a r y  c o l  umns and i n j e c t o r s .  

7.6.2 Spl i t t e r  connect ions: For dual  columns which a re  connected 
us ing  a  p r e s s - f i t  Y-shaped g lass  s p l i t t e r  o r  a  Y-shaped f u s e d - s i l i c a  
connector (J&W S c i e n t i f i c ,  Restek, o r  equ iva len t ) ,  c lean  and deac t i va te  
t h e  s p l i t t e r .  Reattach t h e  columns a f t e r  c l e a n l y  c u t t i n g  o f f  a t  l e a s t  one 
f o o t  f rom t h e  i n j e c t i o n  p o r t  s i de  o f  t h e  column us ing  a  c a p i l l a r y  c u t t i n g  
t o o l  o r  sc r i be .  The accumulat ion o f  h i g h  b o i l i n g  res idues can change 
s p l  i t  r a t i o s  between dual  columns and thereby change c a l  i b r a t i o n  f ac to r s .  

7.6.3 Columns w i l l  be damaged permanently and i r r e v e r s i b l y  by 
con tac t  w i t h  oxygen a t  e leva ted  temperature. Oxygen can en te r  t h e  column 
d u r i n g  a  septum change, when oxygen t r a p s  a re  exhausted, through neoprene 
diaphragms o f  r egu la to r s ,  and through l eaks  i n  t h e  gas mani fo ld .  Po la r  
columns i n c l u d i n g  t h e  DB-210 and DB-608 a re  more prone t o  ox ida t i on .  
Ox id ized  columns w i l l  e x h i b i t  base1 i nes  t h a t  r i s e  r a p i d l y  du r i ng  
temperature programming. 

7.6.4 Peak t a i l i n g  f o r  a l l  components w i l l  be exacerbated by d i r t y  
i n j e c t o r s ,  pre-columns, and g lass  "YNs. A d d i t i o n a l l y ,  c lean ing  o f  t h i s  
equipment ( o r  rep1 acement/cl i pp ing ,  as appropr ia te )  wi  11 g r e a t l y  reduce 
t h e  peak t a i  1  ing .  Components such as Fensul f o th i on ,  Nal ed, Azinphos- 
methyl ,  and Dimethoate a re  very  good i n d i c a t o r s  o f  system performance. 

7.7 Detec to r  maintenance: 

7.7.1 Older  FPDs may be suscep t ib le  t o  s t r a y  1  i g h t  i n  t h e  
photomul t i p 1  i e r  tube compartment. Th is  s t r a y  1  i g h t  w i l l  decrease t h e  
s e n s i t i v i t y  and t h e  1  i n e a r i t y  o f  t h e  de tec to r .  Analysts  can check f o r  
l e a k s  by i n i t i a t i n g  an ana l ys i s  i n  a  dark  room and t u r n i n g  on t h e  l i g h t s .  
A s h i f t  i n  t h e  base l i ne  i n d i c a t e s  t h a t  l i g h t  may be l e a k i n g  i n t o  t he  
photomul t i  p l  i e r  tube compartment. Add i t i ona l  s h i e l d i n g  should be appl i e d  
t o  e l  im ina te  1  i g h t  l eaks  and min imize s t r a y  1  i g h t  i n t e r f e rence .  

7.7.2 The bead o f  t h e  NPD w i l l  become exhausted w i t h  t ime, which 
w i l l  decrease t he  s e n s i t i v i t y  and t h e  s e l e c t i v i t y  o f  t h e  de tec to r .  The 
c o l l e c t o r  may become contaminated which decreased de tec to r  s e n s i t i v i t y .  

7.7.3 Both types o f  de tec to r s  use a  f lame t o  generate a  response. 
Flow r a t e s  o f  a i r  and hydrogen should be opt imized t o  g i v e  t h e  most 
s e n s i t i v e ,  1  i n e a r  de tec to r  response fo r  t a r g e t  analy tes.  
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8.0 QUALITY CONTROL 

8.1 Re fe r  t o  Chapter One f o r  s p e c i f i c  q u a l i t y  c o n t r o l  procedures.  
I n c l u d e  a  m i d - l e v e l  check s tandard a f t e r  each group o f  10 samples i n  t h e  a n a l y s i s  
sequence. Qua1 i t y  c o n t r o l  t o  v a l i d a t e  sample e x t r a c t i o n  i s  covered i n  Method 
3500 and i n  t h e  e x t r a c t i o n  method u t i l i z e d .  I f  e x t r a c t  c leanup was performed, 

1 
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f o l l o w  t h e  QC i n  Method 3600 and i n  t h e  s p e c i f i c  c leanup method. 

8.2 Procedures t o  check t h e  GC system o p e r a t i o n  a re  found i n  Method 8000. 

8.3 GC/MS c o n f  i rmat i on 

8.3.1 GC/MS techniques should  be j u d i c i o u s l y  employed t o  suppor t  
q u a l i t a t i v e  i d e n t i f i c a t i o n s  made w i t h  t h i s  method. Fo l l ow  t h e  GC/MS 
o p e r a t i n g  requi rements  s p e c i f i e d  i n  Method 8270. 

8.3.2 When a v a i l a b l e ,  chemical  i o n i z a t i o n  mass spec t ra  may be 
employed t o  a i d  i n  t h e  q u a l i t a t i v e  i d e n t i f i c a t i o n  process. 

8.3.3 To c o n f i r m  an i d e n t i f i c a t i o n  o f  a  compound, t h e  background- 
c o r r e c t e d  mass spectrum o f  t h e  compound must be ob ta ined  f rom t h e  sample 
e x t r a c t  and must be compared w i t h  a  mass spectrum f rom a  s tock  o r  
c a l i b r a t i o n  s tandard analyzed under t h e  same chromatographic  c o n d i t i o n s .  
A t  l e a s t  25 ng o f  m a t e r i a l  should  be i n j e c t e d  i n t o  t h e  GC/MS. The 
f o l l o w i n g  c r i t e r i a  must be met f o r  q u a l i t a t i v e  c o n f i r m a t i o n :  

8.3.3.1 The q u a l i t a t i v e  i d e n t i f i c a t i o n  o f  compounds 
determined by t h i s  method i s  based on r e t e n t i o n  t ime,  and on 
corr~par ison o f  t h e  sample mass spectrum, a f t e r  background c o r r e c t i o n ,  
w i t h  c h a r a c t e r i s t i c  i ons  i n  a  r e fe rence  mass spectrum. The rn 
r e f e r e n c e  mass spectrum must be generated by t h e  l a b o r a t o r y  us i ng  d 
t h e  c o n d i t i o n s  o f  t h i s  method. The c h a r a c t e r i s t i c  i o n s  f rom t h e  
r e f e r e n c e  mass spectrum are  d e f i n e d  t o  be t h e  t h r e e  i o n s  o f  g r e a t e s t  
r e l a t i v e  i n t e n s i t y ,  o r  any i o n s  over  30% r e l a t i v e  i n t e n s i t y  i f  l e s s  
than  t h r e e  such i o n s  occur  i n  t h e  r e fe rence  spectrum. Corr~pounds 
should  be i d e n t i f i e d  as p resen t  when t h e  c r i t e r i a  be1 ow a re  met. 

8.3.3.1.1 The i n t e n s i t i e s  o f  t h e  c h a r a c t e r i s t i c  i o n s  
o f  a  con~pound maximize i n  t h e  sanie scan o r  w i t h i n  one scan o f  
each o the r .  S e l e c t i o n  o f  a  peak by a  d a t a  system t a r g e t  
compound search r o u t i n e  where t h e  search i s  based on t h e  
presence o f  a  t a r g e t  chromatographic peak c o n t a i n i n g  i o n s  
spec i  f i c  f o r  t h e  t a r g e t  compound a t  a  compound-speci f i c  
r e t e n t i o n  t ime  w i l l  be accepted as meet ing t h i s  c r i t e r i o n .  

8.3.3.1.2 The RRT o f  t h e  sample component i s  w i t h i n  
+ 0.06 RRT u n i t s  o f  t h e  RRT o f  t h e  s tandard co~iiponent. 

8.3.3.1.3 The r e l a t i v e  i n t e n s i t i e s  o f  t h e  
' c h a r a c t e r i s t i c  i ons  agree w i t h i n  30% o f  t h e  r e l a t i v e  
i n t e n s i t i e s  o f  these  i ons  i n  t h e  r e f e r e n c e  spectrum. 
(Example: For an i o n  w i t h  an abundance o f  50% i n  t h e  
r e fe rence  spectrum, t h e  cor responding abundance i n  a  sample 
spectrum can range between 20% and 80%.) 
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8.3.3.1.4 S t r u c t u r a l  isomers t h a t  produce very  s imi  1  a r  
mass spec t ra  should be i d e n t i f i e d  as i n d i v i d u a l  isomers i f  
they have s u f f i c i e n t l y  d i f f e r e n t  GC r e t e n t i o n  t imes. 
S u f f i c i e n t  GC r e s o l u t i o n  i s  achieved i f  t h e  h e i g h t  o f  t he  
v a l l e y  between two isomer peaks i s  l e s s  than  25% o f  t h e  sum o f  
t he  two peak he igh ts .  Otherwise, s t r u c t u r a l  isomers are 
i d e n t i f i e d  as isomer ic  p a i r s .  

8.3.3.1.5 I d e n t i f i c a t i o n  i s  hampered when sample 
components a re  n o t  reso lved  chromatographica l ly  and produce 
mass spec t ra  con ta in i ng  ions  c o n t r i b u t e d  by more than one 
ana ly te .  When gas chromatographic peaks obv ious ly  represent  
more than  one sample component (i .e., a  broadened peak w i t h  
shoulder(s)  o r  a  v a l l e y  between two o r  more maxima), 
appropr i  a t e  se l  e c t i o n  o f  ana ly te  spec t ra  and background 
spec t ra  i s  important . Examination o f  ex t rac ted  i o n  cu r ren t  
p r o f i l e s  o f  appropr ia te  ions  can a i d  i n  t h e  s e l e c t i o n  o f  
spect ra ,  and i n  qua1 i t a t i v e  i d e n t i f i c a t i o n  o f  compounds. When 
anal  y t e s  coel  u t e  ( i . e , o n l y  one chromatographic peak i s 
apparent) ,  t h e  i d e n t i f i c a t i o n  c r i t e r i a  can be met, bu t  each 
ana l y te  spectrum w i l l  con ta i n  extraneous ions  con t r i bu ted  by 
t h e  coel  u t  i ng compound. 

8.3.3.2 For samples con ta in i ng  components no t  assoc ia ted 
w i t h  t h e  c a l  i b r a t i o n  standards, a  1 i b r a r y  search may be made f o r  t he  
purpose o f  t e n t a t i v e  i d e n t i f i c a t i o n .  The necess i t y  t o  per form t h i s  
t ype  o f  i d e n t i f i c a t i o n  w i l l  be determined by t h e  purpose o f  t he  
analyses be ing conducted. Computer generated 1  i bra ry  search 
r o u t i n e s  should n o t  use normal i z a t i o n  r o u t i n e s  t h a t  would 
misrepresent  t h e  l i b r a r y  o r  unknown spec t ra  when compared t o  each 
o the r .  For example, t h e  RCRA pe rm i t  o r  waste de l  i s t i n g  requirements 
may r e q u i r e  t h e  r e p o r t i n g  o f  non ta rge t  analy tes.  Only a f t e r  v i sua l  
comparison o f  sample spec t ra  w i t h  t h e  nearest  1  i b r a r y  searches w i l l  
t h e  mass s p e c t r a l  i n t e r p r e t a t i o n  s p e c i a l i s t  ass ign a  t e n t a t i v e  
i d e n t i f i c a t i o n .  Gu ide l ines  f o r  making t e n t a t i v e  i d e n t i f i c a t i o n  are: 

(1 )  R e l a t i v e  i n t e n s i t i e s  o f  major ions i n  t he  re fe rence  
spectrum ( ions  > 10% o f  t h e  most abundant i on )  should be present  i n  
t he  sample spectrum. 

( 2 )  The r e l a t i v e  i n t e n s i t i e s  o f  t he  major ions  should agree 
w i t h i n  + 20%. (Example: For an i o n  w i t h  an abundance o f  50% i n  t he  
standard spectrum, t h e  corresponding sample i o n  abundance must be 
between 30 and 70%.) 

(3)  Molecular  ions  present  i n  t he  re fe rence  spectrum should 
be p resen t  i n  t h e  sample spectrum. 

( 4 )  Ions present  i n  t h e  sample spectrum bu t  n o t  i n  t h e  
re fe rence  spectrum should be reviewed f o r  poss ib l e  background 
contaminat ion o r  presence o f  coel  u t i  ng compounds. 

(5) Ions present  i n  t h e  re ference spectrum b u t  n o t  i n  t he  
sample spectrum should be reviewed f o r  poss ib l e  sub t rac t i on  from t h e  
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sample spectrum because o f  background contaminat ion o r  coel  u t i n g  
peaks. Data system l i b r a r y  reduc t i on  programs can sometimes c rea te  
these d iscrepancies.  

8.3.4 Where ava i l ab le ,  chemical i o n i z a t i o n  mass spec t ra  may be 
F t  

'L> 1 
employed t o  a i d  i n  t h e  qua1 i t a t i v e  i d e n t i f i c a t i o n  process because o f  t h e  
ex tens ive  f ragmentat ion o f  organophosphorus p e s t i c i d e s  du r i ng  e l e c t r o n  
impact MS processes. 

8.3.5 Should t h e  MS procedure f a i l  t o  p rov ide  s a t i s f a c t o r y  r e s u l t s ,  
a d d i t i o n a l  steps may be taken be fore  reana l ys i s .  These steps may inc lude 
t h e  use o f  a1 t e r n a t e  packed o r  c a p i l l a r y  GC c o l  urns o r  a d d i t i o n a l  sample 
cleanup. 

9.0 METHOD PERFORMANCE 

9.1 Est imated MDLs and associated chromatographic cond i t i ons  f o r  water  
and c lean s o i l  (uncontaminated w i t h  s y n t h e t i c  organics)  a re  1 i s t e d  i n  Table 1. 
As d e t e c t i o n  1 i m i t s  w i l l  vary w i t h  t he  p a r t i c u l a r  m a t r i x  t o  be analyzed, guidance 
f o r  determin ing EQLs i s  g iven  i n  Table 2. Recoveries f o r  severa l  method ana ly tes  
are prov ided i n  Tables 5, 6, and 7. 
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TABLE 1 
METHOD DETECTION LIMITS I N  A  WATER AND A SOIL 

MATRIX USING 15-m COLUMNS AND A FLAME PHOTOMETRIC DETECTOR 

Compound 

Reagent 
Water (3510)" S o i l  ( 3 5 4 0 ) ~  
(Pg/L) (Pg/kg) 

Azinphos-methyl 
Bol s t a r  (Sul p ro fos )  
Chl o r p y r i  f o s  
Coumaphos 
Demeton, -0, -S 
D i  az i non 
D i  c h l  orvos (DDVP) 
Dimethoate 
D i  su l  f o t o n  
E PN 
Ethoprop 
Fensul f o t h i o n  
Fenth ion 
Ma1 a t h i o n  
Merphos 
Mevi nphos 
Nal ed 
Para th ion ,  e t h y l  
Para th ion ,  methyl  
Phorate 
Ronnel 
Sul f o tepp  
TEPPc 
Te t rach l  orov inphos 
Tokuth ion ( P r o t o t h i o f o s ) "  
T r i c h l  oronatec 

a Sample e x t r a c t e d  us ing  Method 3510, Separatory  Funnel L i q u i d - L i q u i d  
E x t r a c t i o n .  

b Sample e x t r a c t e d  us ing  Method 3540, Soxhlet  E x t r a c t i o n .  

C P u r i t y  o f  these standards n o t  es tab l i shed  by t h e  EPA P e s t i c i d e s  and 
I n d u s t r i a l  Chemicals Reposi tory ,  Research T r i a n g l e  Park, NC. 
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TABLE 2 
DETERMINATION OF ESTIMATED QUANTITATION LIMITS 

( EQLs) FOR VARIOUS MATRICESa 

M a t r i x  Fac to r  

Ground water (Methods 3510 o r  3520) 
Low-concentrat  i on so i  1 by Soxhl e t  and no cleanup 
Non-water m i s c i b l e  waste (Method 3580) 

" EQL = [Method d e t e c t i o n  1 i m i t  (see Table I)] X [Fac to r  found i n  t h i s  t ab le ] .  
For  non-aqueous samples, t h e  f a c t o r  i s  on a wet-weight bas is .  Sample EQLs a r e  
h i g h l y  m a t r i x  dependent. The EQLs t o  be determined he re in  a re  f o r  guidance and 
may n o t  always be achievable.  

b Mu1 t i p l y  t h i s  f a c t o r  t imes t h e  reagent water MDL i n  Table 1. 

" M u l t i p l y  t h i s  f a c t o r  t imes t h e  s o i l  MDL i n  Table 1. 
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TABLE 3. 
RETENTION TIMES FOR METHOD 8141A ANALYTES 

EMPLOYING 15-m COLUMNS 

Capi 11 ary  Col umn 
Compound DB-5 SPB-608 DB-210 

TEPP 
Di c h l  orvos (DDVP) 9.63 
Mevi nphos 14.18 
Demeton, -0 and -S 18.31 
E t  hoprop 18.62 
Nal ed 
Phorate 19.94 
Monochrotophos 20.04 
Sul fo tepp 20.11 
Dimethoate 20.64 
Di su l  f o t o n  23.71 
D i  a z i  non 24.27 
Merphos 26.82 
Ronnel 29.23 
Chl o r p y r i  f o s  31.17 
Ma1 a t h i o n  31.72 
Parathion, methyl 31.84 
Parath ion,  e t h y l  31.85 
T r i c h l  oronate 32.19 
Tet rach l  orovinphos 34.65 
Tokuth ion ( P r o t o t h i o f o s )  34.67 
Fensul f o t h i o n  35.85 
Bol s t a r  (Sul p ro fos)  36.34 
~amphur*  36.40 
EPN 
Azinphos-methyl 38.34 
Fenth ion 38.83 
Coumaphos 39.83 

* ~ e t h o d  8141A has no t  been f u l l y  va l i da ted  f o r  Famphur. 

I n i  t i  a1 temperature 
I n i t i a l  t ime 
Program 1 r a t e  
Program 1 f i n a l  temp. 
Program 1 ho ld  
Program 2 r a t e  
Program 2 f i n a l  ternp. 
Program 2 ho ld  

130°C 
3 minutes 
S°C/min 
180°C 
10 minutes 
zoC/min 
250°C 
15 minutes 

50°C 
1 minute 
5"C/min 
140°C 
10 minutes 
10°C/min 
240°C 
10 minutes 

50" C 
1 minute 
5"C/min 
140°C 
10 minutes 
10°C/min 
240°C 
10 minutes 
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TABLE 4. 
RETENTION TIMES FOR METHOD 8141A ANALYTES 

EMPLOYING 30-m COLUMNSa 

RT (min) 

Corr~pound DB-5 DB-210 DB - 608 DB- 1 

Tr imethy l  phosphate 
Di  ch l  orvos (DDVP) 
Hexamet h y l  phosphorami de 
T r i  ch l  o r f o n  
TEPP 
Thi onazi n 
Mevinphos 
E t  hoprop 
Di  a z i  non 
Sul fo tepp 
Terbufos 
T r i - o - c r e s y l  phosphate 
Nal ed 
Phorate 
Fonophos 
D i  su l  f o t o n  
Merphos 
Oxid ized Merphos 
D ich l  o ro fen th ion  
Ch lo rpy r i f os ,  methyl 
Ror~nel 
Chl o r p y r i f o s  
T r i c h l  oronate 
Aspon 
Fenthion 
Demeton-S 
Demeton-0 
Monocrotophosc 
Dimethoate 
Tokuthion 
Ma1 a th ion  
Para th i  on, methyl 
Fen i th ro th ion  
Chl o r f e n v i  nphos 
Parathion, e t h y l  
Bol s t a r  
S t  i rophos 
Eth ion  

(cont inued) 
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TABLE 4. (Continued) 

RT (min) 
sfl k Th, 

Compound DB-5 DB-210 DB-608 DB- 1 I I 
i l l  

Phosphamidon 
Crotoxyphos 
Leptophos 
Fensul f o t h i o n  
E PN 
Phosmet 
Azinphos-methyl 
Azinphos-ethyl  
Famphur 
Coumaphos 
A t raz ine  
Simazine 
Carbophenothion 
Dioxath ion 
T r i t h i o n  methyl 
Di  crotophos 
I n t e r n a l  Standard 
1-Bromo-2-nitrobenzene 
Surroqates 
T r i  b u t y l  phosphate 
Tr ipheny l  phosphate 
4-C1-3-ni  t r o b e n z o t r i  f l  uo r i de  

a The GC ope ra t i ng  cond i t i ons  were as f o l  lows: 

DB-5 and DB-ZIO - 30-m x 0.53-mm ID column, DB-5 (1.50- m f i l m  t h i ckness )  and 
DB-210 (1.0- m f i l m  th ickness) .  Both connected t o  a p r e s s - f i t  Y-shaped i n l e t  
s p l i t t e r .  Temperature program: 120°C (3-min ho ld )  t o  270°C (10-min ho ld )  a t  
S°C/min; i n j e c t o r  temperature 250°C; de tec to r  temperature 300°C; beadter~ ipera tu re  
400°C; b i a s  vo l t age  4.0; hydrogen gas pressure 20 p s i  ; he1 ium c a r r i e r  gas 6 
mL/min; he l ium makeup gas 20 mL/min. 

LIB-608 - 30-m x 0.53-mm ID column, DB-608 (1.50- m f i l m  t h i ckness )  i n s t a l l e d  i n  
an 0.25- in  packed-column i n l e t .  Temperature program: 110°C (0.5-min ho ld )  t o  
250°C (4-min ho ld )  a t  3"C/min; i n j e c t o r  temperature 250°C; he l ium c a r r i e r . g a s  5 
mL/min; f lame photometr ic  de tec to r .  

DB-1 30-m x 0.32-mm ID column, DB-1 (0.25- m f i l m  th ickness)  sp l  i t / s p l  i t l e s s  w i t h  
head pressure o f  10 p s i ,  s p l i t  va lve  c losu re  a t  45 sec, i n j e c t o r  temp. 250°C, 
50°C (1-min ho ld )  t o  280°C (2-min ho ld )  a t  6"C/min, mass spectrometer f u l l  scan 
35-550 amu. 

Not de tec ted  a t  20 ng per  i n j e c t i o n .  
Retent ion t imes may s h i f t  t o  longer  t imes w i t h  l a r g e r  amounts i n j e c t e d  ( s h i f t s  

o f  over 30 seconds have been observed, Hatcher e t .  a l . )  
d Shows mu1 t i p l e  peaks; t he re fo re ,  n o t  inc luded i n  t he  composite. 
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TABLE 5. 
PERCENT RECOVERY OF 27 ORGANOPHOSPHATES BY SEPARATORY FUNNEL EXTRACTION 

-*' 

Compound 
Percent Recoverv 

Low Med i um High 

Azinphos methyl  
Bol  s t a r  
Chl o r p y r i  f o s  
Coumaphos 
Demeton 
D i  a z i  non 
D i  c h l  orvos 
Dimethoate 
D i  s u l  f o t o n  
EPN 
Ethoprop 
Fensul f o n t h i o n  
Fen th ion  
Ma la th i on  
Merphos 
Mevi nphos 
Monocrotophos 
Nal ed 
Parath ion,  e t h y l  
Parath ion,  methy l  
Phorate 
Ronnel 
Sul  f o t e p  
TEPP 
Te t rach lo r v i nphos  
Tokuth ion 
T r i c h l o r o a t e  

NR = Not  recovered. 
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TABLE 6. 
PERCENT RECOVERY OF 27 ORGANOPHOSPHATES BY CONTINUOUS LIQUID-LIQUID EXTRACTION 

Compound 
Percent Recovery 

Low Med i um High 

Azi  nphos methyl 
Bol s t a r  
Chl o r p y r i  f os  
Coumaphos 
Demeton 
Di  a z i  non 
D i  c h l  orvos 
Dimethoate 
D i  su l  f o t o n  
EPN 
Ethoprop 
Famphur 
Fensul f o n t h i  on 
Fenth i  on 
Ma1 a t h i o n  
Merphos 
Mevi nphos 
Monocrotophos 
Nal ed 
Parathion, e t h y l  
Parathion, methyl  
Phorate 
Ronnel 
Sul f o t e p  
TEPP 
Tet rach lo rv inphos  
Tokuthion 
T r i c h l  o roa te  

NR = Not recovered. 
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TABLE 7 .  
PERCENT RECOVERY OF 27 ORGANOPHOSPHATES BY SOXHLET EXTRACTION 

. I, 

Compound 
Percent Recoverv 

Low Med i urn High 

Az i  nphos methyl  
Bol s t a r  
C h l o r p y r i f o s  
Coumaphos 
Demeton 
D iaz inon  
D i ch lo r vos  
Dimethoate 
D i  s u l  f o t o n  
E PN 
Ethoprop 
Fensul f o n t h i o n  
Fenth ion 
Ma la th ion  
Merphos 
Mevi nphos 
Monocrotophos 
Nal ed 
Parath ion,  e t h y l  
Parath ion,  methyl  
Phorate 
Ronnel 
Sul f o t e p  
TEPP 
Tet rach lo rv inphos  
Tokuth ion 
T r i c h l o r o a t e  

NR = Not recovered. 
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TABLE 8. 

SUGGESTED OPERATING CONDITIONS FOR 15-m COLUMNS 

Pill%, 

\4w, ,d' 

Columns 1 and 2 (DB-210 and SPB-608 o r  t h e i r  equ iva len t )  

C a r r i e r  gas (He) f l o w  
I n i  t i  a1 temperature = 
Temperature program = 

r a t e  = 

Column 3 (DB-5 o r  equ iva len t )  

C a r r i e r  gas (He) f l o w  r a t e  = 
I n i  t i  a1 temperature = 
Temperature program = 

5 mL/m-in 
50°C, ho ld  f o r  1 minute 
50°C t o  140°C a t  S°C/min, ho ld  f o r  
10 minutes, f o l l owed  by 140°C t o  
240°C a t  10°C/min, ho ld  f o r  10 
minutes ( o r  a s u f f i c i e n t  amount o f  
t ime f o r  l a s t  compound t o  e l u t e ) .  

5 mL/min 
130°C, ho ld  f o r  3 minutes 
130" t o  180°C a t  5"C/min, ho ld  f o r  
10 minutes, f o l l owed  by 180°C t o  
250°C a t  E°C/min, ho ld  f o r  15 
minutes ( o r  a s u f f i c i e n t  amount o f  
t ime f o r  1 a s t  compound t o  e l u t e )  . 
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TABLE 9 
SUGGESTED OPERATING CONDITIONS FOR 30-m COLUMNS 

Column 1: 

Type: DB-210 
Dimensions: 30-m x 0.53-mm ID  
F i l m  Thickness (pm): 1.0 

Col umn 2: 

Type: DB-5 
Dimensions: 30-m x 0.53-mm I D  
F i l m  Thickness (pm): 1.5 

C a r r i e r  gas f l o w r a t e  (mL/min): 6 (Helium) 

Makeup gas f l o w r a t e  (mL/min): 20 (Helium) 

Temperature program: 120°C (3-min ho ld )  t o  270°C (10-rnin ho ld )  a t  S°C/min 

I n j e c t o r  temperature:  250°C 

Detec to r  temperature:  300°C 

I n j e c t i o n  volume: 2 p L  

Sol vent :  Hexane 

Type o f  i n j e c t o r :  F l  ash v a p o r i z a t i o n  

Detec to r  type:  Dual NPD 

Range: 1 

A t t enua t i on :  64 

Type o f  s p l i t t e r :  Y-shaped o r  Tee 

Data system: I n t e g r a t o r  

Hydrogen gas pressure: 20 p s i  

Bead temperature:  400°C 

Bias vo l tage :  4 
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TABLE 10 
QUANTITATION AND CHARACTERISTIC IONS FOR OP PESTICIDES 

Compound Name Quan t i  t a t i o n  i ons  C h a r a c t e r i s t i c  i ons  

Azi  nphos-methyl 
Bol s t a r  (Sul p ro fos)  
Chl o r p y r i f o s  
Coumaphos 
Demeton-S 
Diaz inon 
Di  c h l  orvos (DDVP) 
Dimethoate 
Di  su l  f o t o n  
E PN 
Ethoprop 
Fensul f o t h i o n  
Fenth i  on 
Ma1 a t h i  on 
Merphos 
Mevi nphos 
Monocrotophos 
Nal ed 
Para th i  on, e t h y l  
Para th i  on, methyl 
Phorate 
Ronnel 
S t  i rophos 
Sul fo tepp 
TEPP 
Tokuthion 
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Figure  1 .  Chromatogram o f  t a r g e t  organophosphorus compounds from a 15-m DB-210 
column w i t h  FPD d e t e c t o r .  More compounds a r e  shown i n  F i g u r e  2 .  See Table  3 i o r  
r e t e n t i o n  t imes.  
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F igu re  2 .  Chromatogram o f  t a r g e t  organophosphorus compounds f rom a 15-m DB-210 
column w i t h  FPD d e t e c t o r .  More compounds a re  shown i n  F i g u r e  1. See Table 3 f o r  
r e t e n t i o n  t imes .  
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Figure 3. Chromatogram of target organophosphorus compounds from a 15-m 08-210 
column with NPD detector. More compounds are shown in Figure 4.  See Table 3 for 
retention times. 
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Figure  4 .  Chromatogram o f  t a r g e t  organophosphorus compounds from a 15-m DB-210 
column w i t h  NPD d e t e c t o r .  More compounds a r e  shown i n  F igure  3 .  See Table  3 f o r  
r e t e n t i o n  t imes.  
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Figure  5 .  Chromatogram o f  t a r g e t  organophosphorus compounds on a  30-m DB-5/DB-210 
column p a i r  w i t h  NPD d e t e c t o r ,  wi thout  Simazine, A t r a z i n e  and Carbophenothion. See 
Table  4 f o r  r e t e n t i o n  t imes and f o r  GC operat ing cond i t ions .  
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Figure  6 .  Chromatogram o f  t a r g e t  organophosphorus compounds on a  30-m DB-5/DB-210 
column p a i r  w i t h  NPD d e t e c t o r ,  w i t h  Simazine,  A t r a z i n e  and Carbophenothion.  See 
Tab le  4 f o r  r e t e n t i o n  t imes and f o r  GC o p e r a t i n g  c o n d i t i o n s .  
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METHOD 8 1 4 1 A  
ORGANOPHOSPHORUS COMPOUNDS BY GAS CHROMATOGRAPHY: 

CAPILLARY COLUMN TECHNIQUE 

Start u 
7.1.1 Refer t o  Chapter 

T w o  for guidance on 
choosing the appropriate 

extraction procedure. 

7.1.2 Perform 
solvent exchange 

during K-D 
procedures i n  all 

extraction methods. 

7.2 Select GC 
conditions. 

7.3 Refer t o  Method 
8 0 0 0  for 

calibration techniques. 

7.3.1 Internal or 
external 

calibration may 
be used. 

7.4.1 Add internal 
standard t o  sample 

i f  necessary. 

7.4.2 Refer to  
Method 8000, Sec. 
7.6 for instructions 

on  analysis sequence, 
dilutions, retention times, 

and identif ication 
criteria. 

7.4.3 Inject sample. 

7.4.5 Record sample 
volume injected and 
resulting peak sizes. 

+ 
7.4.6 Determine 

identity and 
quantity of each 
component peak; 
refer to  Method 

8000, Sec. 7.8 for 
calculation equations. 

R e v i s i o n  1 
S e p t e m b e r  1 9 9 4  

-# 
7.5.1 Perform 

appropriate cleanup. 

7.5.2 Reanalyze by 
GC. 

Stop 

A 



METHOD 8150B 

CHLORINATED HERBICIDES BY GAS CHROMATOGRAPHY 

1.0 SCOPE AND APPLICATION 

1.1 Method 8150 i s  a  gas chromatographic (GC) method f o r  determin ing 
c e r t a i n  c h l o r i n a t e d  a c i d  herb ic ides .  The f o l l o w i n g  compounds can be determined 
by t h i s  method: 

Compound Name CAS No." 

2,4-D 
2,4-DB 
2,4,5-TP ( S i l v e x )  
2,4,5-T 
Dal apon 
D i  camba 
Di  c h l  oroprop 
D i  noseb 
MC PA 
MCPP 

" Chemical Abs t rac t  Serv ices Reg i s t r y  Number. 

1.2 Table 1  l i s t s  t h e  method d e t e c t i o n  l i m i t  f o r  each compound i n  
o r g a n i c - f r e e  reagent  water.  Table 2  1  i s t s  t h e  est imated quant i t a t i o n  1  i m i  t (EQL) 
f o r  o t h e r  mat r i ces .  

1.3 When Method 8150 i s  used t o  analyze u n f a m i l i a r  samples, compound 
i d e n t i f i c a t i o n s  should be supported by a t  l e a s t  one a d d i t i o n a l  q u a l i t a t i v e  
technique. Th is  method descr ibes a n a l y t i c a l  cond i t i ons  f o r  a  second gas 
chromatographic column t h a t  can be used t o  con f i rm  measurements made w i t h  t h e  
p r imary  column. Sec. 8.4 prov ides gas chromatograph/mass spectrometer (GC/MS) 
c r i t e r i a  app rop r i a te  f o r  t h e  qua1 i t a t  i v e  con f i rmat  i o n  o f  compound 
i d e n t i f i c a t i o n s .  

1.4 Only exper ienced ana lys ts  should be al lowed t o  work w i t h  
d i  azomethane due t o  t h e  p o t e n t i  a1 hazards assoc ia ted w i t h  i t s  use ( t he  compound 
i s  exp los i ve  and ca rc i nogen i c ) .  

2.0 SUMMARY OF METHOD 

2.1 Method 8150 p rov ides  e x t r a c t i o n ,  e s t e r i f i c a t i o n ,  and gas 
chromatographic c o n d i t i o n s  f o r  t h e  ana l ys i s  o f  c h l o r i n a t e d  a c i d  he rb i c i des .  
Spiked samples a re  used t o  v e r i f y  t h e  a p p l i c a b i l i t y  o f  t h e  chosen e x t r a c t i o n  
technique t o  each new sample type .  The es te r s  a re  hydro lyzed w i t h  potassium 
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hydroxide, and extraneous organ ic  ma te r i a l  i s  removed by a  so lven t  wash. A f t e r  
a c i d i f i c a t i o n ,  t h e  ac ids  are ex t rac ted  w i t h  so lven t  and converted t o  t h e i r  methyl 
es te rs  us ing  d i  azomethane as the  d e r i v a t i z i n g  agent. A f t e r  excess reagent  i s  
removed, t he  e s t e r s  a re  determi ned by gas chromatography employing an e l e c t r o n  
capture de tec to r ,  microcoul  ometr ic  de tec to r ,  o r  e l e c t r o l y t i c  c o n d u c t i v i t y  h 
de tec to r  ( G o e r l i t z  and Lamar, 1967). The r e s u l t s  are repo r ted  as t h e  a c i d  bd5)' 
equ iva len ts .  

2.2 The s e n s i t i v i t y  o f  Method 8150 u s u a l l y  depends on t h e  l e v e l  o f  
i n te r fe rences  r a t h e r  than on ins t rumenta l  1  i m i t a t i o n s .  

3.0 INTERFERENCES 

3.1 Refer  t o  Method 8000. 

3.2 Method i n te r fe rences  may be caused by contaminants i n  so lvents,  
reagents, g l  assware, and o the r  sample processing hardware t h a t  1  ead t o  d i s c r e t e  
a r t i f a c t s  o r  e leva ted  base l ines  i n  gas chromatograms. A1 1  these m a t e r i a l s  must 
be r o u t i n e l y  demonstrated t o  be f r e e  f rom in te r fe rences  under t h e  c o n d i t i o n s  o f  
t he  ana lys is ,  by ana lyz ing  reagent b l  anks. 

3.2.1 Glassware must be scrupu lous ly  cleaned. Clean each p iece  o f  
glassware as soon as poss ib le  a f t e r  use by r i n s i n g  i t  w i t h  t h e  l a s t  
so l ven t  used i n  it. Th is  should be fol lowed by de tergent  washing w i t h  ho t  
water and r i n s e s  w i t h  t a p  water, then w i t h  o r g a n i c - f r e e  reagent  water.  
Glassware should be so l  v e n t - r i  nsed w i t h  acetone and pes t  i c ide-qua1 i t y  
hexane. A f t e r  r i n s i n g  and dry ing ,  glassware should be sealed and s to red  
i n  a  c lean environment t o  prevent  any accumulat ion o f  dus t  o r  o t h e r  
contaminants. S tore  glassware i n v e r t e d  o r  capped w i t h  a1 uminum f o i l  . m Immediately p r i o r  t o  use, glassware should be r i n s e d  w i t h  t h e  nex t  so l ven t  L ,~ 
t o  be used. 

3.2.2 The use o f  h igh  p u r i t y  reagents and so l ven ts  he lps  t o  min imize 
i n t e r f e r e n c e  problems. P u r i f i c a t i o n  of so lven ts  by d i s t i l l a t - 2 n  i n  a l l -  
g l ass  systems may be requ i red .  

3.3 M a t r i x  i n te r fe rences  may be caused by contaminants t h a t  are 
coextracted from t h e  sample. The ex ten t  o f  m a t r i x  i n t e r f e r e n c e s  w i l l  va ry  
cons iderab ly  f rom waste t o  waste, depending upon t h e  na tu re  and d i v e r s i t y  o f  t h e  
waste being sampled. 

3.4 Organic ac ids,  especi a1 l y  c h l o r i n a t e d  acids, cause t h e  most d i r e c t  
i n t e r f e r e n c e  w i t h  t h e  de termina t ion .  Phenols, i n c l u d i n g  chlorophenol  s, may a1 so 
i n t e r f e r e  w i t h  t h i s  procedure. 

3.5 A l  k a l  i n e  h y d r o l y s i s  and subsequent e x t r a c t i o n  of t h e  bas i c  s o l  u t i o n  
remove many c h l o r i n a t e d  hydrocarbons and ph tha la te  e s t e r s  t h a t  migh t  o therw ise  
i n t e r f e r e  w i t h  t h e  e l e c t r o n  capture ana l ys i s .  

3.6 The herb ic ides ,  be ing s t rong organ ic  ac ids,  r e a c t  r e a d i l y  w i t h  
a1 ka l  i ne substances and may be 1  o s t  d u r i n g  ana l ys i s .  Therefore, g l  assware and 
g lass  wool must be a c i d  r insed,  and sodium s u l f a t e  must be a c i d i f i e d  w i t h  
s u l f u r i c  a c i d  p r i o r  t o  use t o  avo id  t h i s  p o s s i b i l i t y .  
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3.7 Sample e x t r a c t s  should be d r y  p r i o r  t o  m e t h y l a t i o n  o r  e l s e  poor 
r ecove r i es  w i l l  be obta ined.  

lay 
4.0 APPARAI'US AND MATERIALS 

h C d l  

4.1 Gas chromatograph 

4.1.1 Gas chromatograph, a n a l y t i c a l  system complete w i t h  gas 
chromatograph s u i t a b l e  f o r  on-col  umn i n j e c t i o n s  and a l l  r e q u i r e d  
accessor ies ,  i n c l  ud ing  de tec to r s ,  a n a l y t i c a l  columns, recorder ,  gases, and 
sy r inges .  A da ta  system f o r  measuring peak h e i g h t s  and/or peak areas i s  
recommended. 

4.1.2 Columns 

4.1.2.1 Column l a  and I b  - 1.8 m x 4 mm ID  g lass ,  packed 
w i t h  1.5% SP-2250/1.95% SP-2401 on Supelcopor t  (100/120 mesh) o r  
equ i  va l  e n t  . 

4.1.2.2 Column 2 - 1.8 m x 4 mm I D  g lass ,  packed w i t h  5% 
OV-210 on Gas Chrom Q (100/120 mesh) o r  equ i va l en t .  

4.1.2.3 Column 3 - 1.98 m x 2 mm I D  g lass,  packed w i t h  
0.1% SP-1000 on 80/100 mesh Carbopack C o r  equ i va l en t .  

4.1.3 De tec to r  - E l e c t r o n  cap tu re  (ECD) . 
4.2 Erlenmeyer f l a s k s  - 250 and 500 mL Pyrex, w i t h  24/40 ground g l ass  

P- j o i n t  . 
4.3 Beaker - 500 mL. 

4.4 Diazomethane genera to r  - Refer  t o  Sec. 7.4 t o  determine which method 
o f  diazomethane gene ra t i on  should be used f o r  a p a r t i c u l a r  a p p l i c a t i o n .  

4.4.1 D iaza ld  k i t  - recommended f o r  t h e  gene ra t i on  o f  diazomethane 
us i ng  t h e  procedure g i ven  i n  Sec. 7.4.2 ( A l d r i c h  Chemical Co., Cat. No. 
210,025-2 o r  e q u i v a l e n t ) .  

4.4.2 Asserrlble from two 20 x 150 mm t e s t  tubes, two Neoprene rubber  
s toppers ,  and a source o f  n i t r o g e n .  Use Neoprene rubber  s toppers  w i t h  
ho les  d r i l l e d  i n  them t o  accommodate g l ass  d e l i v e r y  tubes.  The e x i t  tube 
must be drawn t o  a p o i n t  t o  bubble diazomethane th rough  t h e  sample 
e x t r a c t .  The genera to r  assembly i s  shown i n  F i gu re  1. The procedure f o r  
use o f  t h i s  t ype  o f  genera to r  i s  g i ven  i n  Sec. 7.4.3. 

4.5 V i a l s  - 10 t o  15 mL, amber g lass ,  w i t h  T e f l o n  l i n e d  screw cap o r  
c r imp top .  

4.6 Separatory  funne l  - 2000 mL, 125 mL, and 60 mL. 

4.7 D ry i ng  column - 400 mm x 20 mm I D  Pyrex chromatographic column w i t h  
Pyrex g l a s s  wool a t  bot tom and a T e f l o n  stopcock. 
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NOTE: F r i  t t e d  g l  ass d i scs  are d i f f i c u l t  t o  decontaminate a f t e r  h i g h l y  
contaminated e x t r a c t s  have been passed through. Columns w i thou t  
f r i t s  may be purchased. Use a  small pad o f  Pyrex g lass  wool t o  
r e t a i n  the  adsorbent. Prewash the  g lass  wool pad w i t h  50 mL o f  
acetone fo l lowed by 50 mL o f  e l u t i o n  so lvent  p r i o r  t o  packing t h e  
co l  umn w i t h  adsorbent. L+/ 

4.8 Kuderna-Danish (K-D) apparatus 

4.8.1 Concentrator tube - 10 mL, graduated (Kontes K-570050-1025 o r  
equ iva len t )  . A ground g l  ass stopper i s  used t o  prevent  evaporat ion o f  
e x t r a c t s  

4.8.2 Evaporat ion f l a s k  - 500 mL (Kontes K-570001-500 o r  
equ iva len t ) .  At tach t o  concentrator  tube w i t h  spr ings,  clamps o r  
equi va l  en t  . 

4.8.3 Snyder column - Three b a l l  macro (Kontes K-503000-0121 o r  
equ iva len t )  . 

4.8.4 Snyder column - Two b a l l  micro (Kontes K-569001-0219 o r  
equ iva len t )  . 

4.8.5 Springs - 1/2 inch  (Kontes K-662750 o r  equ iva len t ) .  

4.9 B o i l i n g  ch ips  - Solvent ext racted,  approximately 10/40 mesh ( s i l i c o n  
carb ide o r  equ iva len t )  . 

4.10 Water bath - Heated, w i t h  concent r ic  r i n g  cover, capable o f  
temperature c o n t r o l  (+ 5°C). The bath should be used i n  a  hood. 

loyi/ 

4.11 Microsyr inge - 10 pL.  

4.12 Wr i s t  shaker - B u r r e l l  Model 75 o r  equ iva len t .  

4.13 Glass wool - Pyrex, a c i d  washed. 

4.14 Balance - A n a l y t i c a l ,  capable o f  accura te ly  weighiqg t o  0.0001 g. 

4.15 Syringe - 5mL.  

4.16 Glass rod. 

5.0 REAGENTS 

5.1 Reagent grade inorgan ic  chemicals s h a l l  be used i n  a l l  t e s t s .  
Unless otherwise ind ica ted ,  i t  i s  intended t h a t  a1 1  reagents s h a l l  conform t o  t h e  
s p e c i f i c a t i o n s  o f  t h e  Committee on A n a l y t i c a l  Reagents of t h e  American Chemical 
Soc ie ty  , where such speci f i c a t  i ons are avai 1  able. Other grades may be used, 
prov ided i t  i s  f i r s t  ascer ta ined t h a t  t he  reagent i s  o f  s u f f i c i e n t l y  h igh  p u r i t y  
t o  permi t  i t s  use w i thou t  lessen ing  t h e  accuracy o f  t h e  de terminat ion .  
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5 . 2  Organ i c - f r ee  reagent  water.  A l l  re fe rences  t o  water  i n  t h i s  method 
r e f e r  t o  o r g a n i c - f r e e  reagent  water, as de f i ned  i n  Chapter One. 

5.3 S u l f u r i c  a c i d  s o l u t i o n  

5.3.1 ( ( 1 : l )  (v/v))  - S low ly  add 50 mL H2S04 (sp. g r .  1.84) t o  50 mL 
o f  o rgan i c - f r ee  reagent  water.  

5.3.2 ((1:3) (v /v) )  - S low ly  add 25 mL H2S04 (sp. g r .  1.84) t o  75 mL 
o f  o r g a n i c - f r e e  reagent  water.  

5 '4  Hyd roch lo r i c  a c i d  ((1:9) (v /v) ) ,  HC1. Add one volume o f  
concen t ra ted  HC1 t o  9  volumes of  o rgan i c - f r ee  reagent  water.  

5.5 Potass i  uni hydrox ide  s o l  u t  i on (KOH) - 37% aqueous s o l  u t  i on (w/v) . 
D i sso l ve  37 g potassium hydrox ide  pe l  l e t s  i n  o rgan i c - f r ee  reagent  water,  and 
d i l u t e  t o  100 mL. 

5.6 Carb i  t o 1  (Di  e t h y l  ene g l y c o l  monoethyl e ther ) ,  C2H50CH2CH20CH2CH20H. 
A v a i l a b l e  f rom A l d r i c h  Chemical Co. 

5.7 So lven ts  

5.7.. 1 Acetone, CH3COCH3 - P e s t i c i d e  qual  i t y  o r  equ i va l en t .  

5.7.2 Methanol, CH30H - P e s t i c i d e  qual i t y  o r  equ i va l en t .  

5.7.3 Isooctane,  (CH,),CCH,CH(CH,), - P e s t i c i d e  qual  i t y  o r  
e q u i v a l e n t  . 

5.7.4 Hexane, C,H,, - P e s t i c i d e  qual  i t y  o r  equ i va l en t .  

5.7.5 D i e t h y l  E ther ,  C2H50C2H5. P e s t i c i d e  qual  i t y  o r  equ i va l en t .  
Must be f r e e  o f  perox ides as i n d i c a t e d  by t e s t  s t r i p s  (EM Quant, o r  
equ i va l en t )  . Procedures f o r  removal o f  perox ides a re  p rov ided  w i t h  t h e  
t e s t  s t r i p s .  A f t e r  cleanup, 20 mL o f  e t h y l  a l coho l  p r e s e r v a t i v e  must be 
added t o  each l i t e r  o f  e t h e r .  

5.8 Sodium s u l f a t e  ( g ranu la r ,  a c i d i f i e d ,  anhydrous), Na2S04. P u r i f y  by 
h e a t i n g  a t  400°C f o r  4  hours i n  a  sha l low t r a y ,  o r  by p rec l ean ing  t h e  sodium 
s u l f a t e  w i t h  methylene c h l o r i d e .  I f  t h e  sodium s u l f a t e  i s  precleaned w i t h  
methylene c h l o r i d e ,  a  method b lank  must be analyzed, demonst ra t ing t h a t  t h e r e  i s  
no i n t e r f e r e n c e  f rom t h e  sodium s u l f a t e .  A c i d i f y  by s l u r r y i n g  100 g  sodium 
s u l f a t e  w i t h  enough d i e t h y l  e t h e r  t o  j u s t  cover  t h e  s o l i d ;  then  add 0.1 mL o f  
concen t ra ted  s u l f u r i c  a c i d  and mix tho rough ly .  Remove t h e  e the r  under a  vacuum. 
M ix  1 g  of t h e  r e s u l t i n g  s o l i d  w i t h  5  mL o f  o rgan i c - f r ee  reagent  water and 
measure t h e  pH o f  t h e  m i x tu re .  It must be below a  pH o f  4. S to re  a t  130°C. 

5.9 N-Methyl -N-ni  t r oso -p - t o1  uenesul fonamide (Di azald) , CH,C,H4S02N(CH,)N0. 
A v a i l a b l e  f rom A l d r i c h  Chemical Co. 

5.10 S i l i c i c  ac i d .  Chromatographic grade, nominal 100 mesh. S to re  a t  
130°C. 
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5 .11  Stock standard s o l u t i o n s  - Stock standard s o l u t i o n s  can be prepared 
from pure standard ma te r i a l s  o r  purchased as c e r t i f i e d  s o l u t i o n s .  

5 .11 .1  Prepare s tock  standard s o l u t i o n s  by accu ra te l y  weighing /,- , 
about 0.0100 g o f  pure acids. D isso lve  t h e  ac ids  i n  p e s t i c i d e  q u a l i t y  
acetone and d i s s o l v e  t h e  e s t e r s  i n  10% acetone/ isooctane (v/v) and d i l u t e  \-I 

t o  volume i n  a 10 mL v o l u ~ i i e t r i c  f l a s k .  Larger  volumes can be used a t  t h e  
convenience o f  t he  ana lys t .  I f  compound p u r i t y  i s  c e r t i f i e d  a t  96% o r  
g rea ter ,  t h e  weight  can be used w i thou t  c o r r e c t i o n  t o  c a l c u l a t e  t he  
concent ra t ion  o f  t h e  s tock  standard. Commerci a1 l y  prepared s tock  
standards can be used a t  any concent ra t ion  i f  they  are  c e r t i f i e d  by t h e  
manufacturer o r  by an independent source. 

5.11.2  Trans fer  t h e  s tock  standard s o l u t i o n s  i n t o  v i a l s  w i t h  
Te f l on  l i n e d  screw caps o r  cr imp tops.  S to re  a t  4°C and p r o t e c t  f rom 
l i g h t .  Stock standard s o l u t i o n s  should be checked f r e q u e n t l y  f o r  s igns  o f  
degradat ion o r  evaporat ion, especi a1 1 y  j u s t  p r i o r  t o  p repa r ing  c a l  i b r a t  i o n  
standards from them. 

5.11.3 Stock standard s o l u t i o n s  o f  t he  d e r i v a t i z e d  ac ids  must 
be rep laced a f t e r  1 year,  o r  sooner, i f  comparison w i t h  check standards 
i n d i c a t e s  a problem. Stock standard s o l u t i o n s  o f  t h e  f r e e  ac ids  degrade 
more q u i c k l y  and should be replaced a f t e r  two months, o r  sooner i f  
comparison w i t h  check standards i n d i c a t e s  a problem. 

5.12 Cal i b r a t i o n  standards - A minimum o f  f i v e  c a l  i b r a t i o n  standards f o r  
each parameter o f  i n t e r e s t  should be prepared through d i l u t i o n  o f  t h e  s tock  
standards w i t h  d i e t h y l  e ther .  One o f  t h e  concent ra t ions  should be a t  a  
concent ra t ion  near, b u t  above, t he  method d e t e c t i o n  l i m i t .  The remain ing 
concent ra t ions  should correspond t o  t h e  expected range o f  concen t ra t i ons  found 
i n  r e a l  samples o r  should d e f i n e  t h e  working range o f  t h e  GC. C a l i b r a t i o n  

\ 

k. ,) 
s o l u t i o n s  must be replaced a f t e r  s i x  months, o r  sooner i f  comparison w i t h  check 
standards i n d i c a t e s  a problem. 

5.13 I n t e r n a l  standards ( i f  i n t e r n a l  standard c a l - i b r a t i o n  i s  used) - To 
use t h i s  approach, t he  ana lys t  must s e l e c t  one o r  more i n t e r n a l  standards t h a t  
are s i m i l a r  i n  a n a l y t i c a l  behavior  t o  t b e  compounds o f  i n t e r e s t .  The ana l ys t  
must f u r t h e r  denionstrate t h a t  t he  measurement o f  t he  i n t e r n a l  standard i s  n o t  
a f f e c t e d  by method o r  m a t r i x  i n te r fe rences .  Because o f  these 1 i m i  t a t i o n s ,  no 
i n t e r n a l  standard can be suggested t h a t  i s  appl i c a b l e  t o  a1 1 samples. 

5 . 1 3 . 1  Prepare c a l i b r a t i o n  standards a t  a  minimum o f  f i v e  
concent ra t ions  f o r  each parameter o f  i n t e r e s t  as descr ibed i n  Sec. 5 . 1 2 .  

5 . 1 3 . 2  To each c a l i b r a t i o n  standard, add a known cons tan t  
amount o f  one o r  more i n t e r n a l  standards, and d i l u t e  t o  volume w i t h  
hexane. 

5 .13 .3  Analyze each c a l i b r a t i o n  standard per  Sec. 7 . 0 .  

5 .14  Surrogate standards - 'The ana l ys t  should mon i to r  t h e  performance o f  
t h e  e x t r a c t i o n ,  cleanup (when used), and a n a l y t i c a l  system, and t h e  e f f e c t i v e n e s s  
o f  t h e  method i n  dea l i ng  w i t h  each sample m a t r i x  by s p i k i n g  each sample, 
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standard, and o rgan i c - f r ee  reagent water b lank w i t h  one o r  t w o  he rb i c i de  
surrogates (e.g. he rb i c i des  t h a t  are no t  expected t o  be present i n  t h e  sample). 
The surrogates se lec ted  should e l u t e  over  t h e  range o f  t h e  temperature program 

I .h  used i n  t h i s  method. 2,4-Dichlorophenylacetic a c i d  (DCAA) i s  recommended as a  

~ l u s u d  
sur roga te  compound. Deuterated analogs o f  ana ly tes  should n o t  be used as 
surrogates f o r  gas chromatographic ana l ys i s  due t o  c o e l u t i o n  problems. 

6.0 SAMPLE COLLECTION, PRESERVATION, AND HANDLING 

6.1 See t h e  i n t r o d u c t o r y  m a t e r i a l  t o  t h i s  Chapter, Organic Analytes, 
Sec. 4.1. E x t r a c t s  must be s to red  under r e f r i g e r a t i o n  and analyzed w i t h i n  40 
days o f  e x t r a c t i o n .  

7.0 PROCEDURE 

7.1 Prepara t ion  o f  waste samples 

7.1.1 E x t r a c t i o n  

7.1.1.1 Fol low Method 3580 except use d i e t h y l  e the r  as the  
d i l u t i o n  so lven t ,  a c i d i f i e d  anhydrous sodium s u l f a t e ,  and a c i d i f i e d  
g l  ass wool . 

7.1.1.2 Trans fe r  1.0 mL (a  l e s s e r  volume o r  a  d i l u t i o n  may 
be r e q u i r e d  i f  h e r b i c i d e  concent ra t ions  are h igh)  t o  a  250 mL ground 
g lass -s toppered  Erlenmeyer f l a s k .  Proceed t o  Sec. 7.2.2 h y d r o l y s i s .  

7.2 Prepara t ion  o f  s o i l ,  sediment, and o the r  s o l  i d  samples 

7.2.1 E x t r a c t i o n  

7.2.1.1 To a  500 mL, wide mouth Erlenmeyer f l a s k  add 50 
g ( d r y  weight  as determined i n  Method 3540, Sec. 7.2.1) o f  t h e  w e l l  
mixed, mo is t  s o l i d  sample. Ad jus t  t he  pH t o  2 (See Method 9045) 
w i t h  concentrated HC1 and mon i to r  t he  pH f o r  15 minutes w i t h  
occas ional  s t i r r i n g .  I f  necessary, add a d d i t i o n a l  HC1 u n t i l  t he  pH 
remains a t  2. 

7.2.1.2 Add 20 mL acetone t o  t he  f l a s k  and mix t he  
con ten ts  w i t h  t he  w r i s t  shaker f o r  20 minutes. Add 80 mL d i e t h y l  
e t h e r  t o  t h e  same f l a s k  and shake again f o r  20 minutes. Decant t he  
e x t r a c t  and measure t h e  volume o f  so lven t  recovered. 

7.2.1.3 E x t r a c t  t h e  sample tw i ce  more us ing  20 mL o f  
acetone f o l l owed  by 80 mL o f  d i e t h y l  e ther .  A f t e r  a d d i t i o n  o f  each 
so lven t ,  t h e  m i x t u r e  should be shaken w i t h  t h e  w r i s t  shaker f o r  
10 minutes and t h e  acetone-ether  e x t r a c t  decanted. 

7.2.1.4 Af te r  t h e  t h i r d  e x t r a c t i o n ,  t h e  volume o f  e x t r a c t  
recovered should be a t  l e a s t  75% o f  t h e  volume o f  added so lven t .  
I f  t h i s  i s  n o t  t h e  case, a d d i t i o n a l  e x t r a c t i o n s  may be necessary. 
Combine t h e  e x t r a c t s  i n  a  2 l i t e r  separatory  funnel  con ta in i ng  

Rev is ion  2 
September 1994 



250 mL o f  reagent  water .  I f  an emulsion forms, s l o w l y  add 5  g  of 
a c i d i f i e d  sodium s u l f a t e  (anhydrous) u n t i l  t h e  so l ven t -wa te r  m i x t u r e  
separates. A  q u a n t i t y  o f  a c i d i f i e d  sodium s u l f a t e  equal t o  t h e  
we igh t  o f  t h e  sample may be added, i f  necessary.  

r? 

7.2.1.5 Check t h e  pH o f  t h e  e x t r a c t .  I f  i t  i s  n o t  a t  o r  w' 
below pH 2, add more concent ra ted  HC1 u n t i l  s t a b i l i z e d  a t  t h e  
des i r ed  pH. Gent l y  m ix  t h e  con ten ts  o f  t h e  sepa ra to r y  funne l  f o r  
1 minu te  and a1 low t h e  1  ayers t o  separate.  C o l l e c t  t h e  aqueous 
phase i n  a  c l ean  beaker and t h e  e x t r a c t  phase ( t o p  l a y e r )  i n  a  
500 mL ground g l  ass-stoppered Erlenmeyer f l a s k .  P l  ace t h e  aqueous 
phase back i n t o  t he  separa to ry  funne l  and r e - e x t r a c t  us i ng  25 mL o f  
d i e t h y l  e the r .  A1 1  ow t h e  1  ayers t o  separate and d i s c a r d  t h e  aqueous 
l a y e r .  Combine t h e  e t h e r  e x t r a c t s  i n  t h e  500 mL Erlenmeyer f l a s k .  

7.2.1.6 An a1 t e r n a t i  ve e x t r a c t  i o n  procedure u s i  vg 
u l t r a s o n i c  e x t r a c t i o n  can be found i n  Sec. 7.2 o f  Method 8151. 

7.2.2 H y d r o l y s i s  

7.2.2.1 Add 30 mL o f  o r g a n i c - f r e e  reagent  water ,  5  mL o f  
37% KOH, and one o r  two c l ean  b o i l i n g  ch ips  t o  t h e  f l a s k .  P lace a  
t h r e e  b a l l  Snyder column on t h e  f l a s k ,  evaporate t h e  d i e t h y l  e t h e r  
on a  water  bath,  and con t i nue  t o  hea t  u n t i l  t h e  h y d r o l y s i s  s tep  i s  
completed ( u s u a l l y  1 t o  2  hours) .  

7.2.2.2 Remove t h e  f l a s k  f rom t h e  wate r  ba th  and a l l o w  t o  
c o o l .  T rans fe r  t h e  water  s o l u t i o n  t o  a  125 mL sepa ra to r y  f unne l  and 
e x t r a c t  t h e  bas i c  s o l u t i o n s  once w i t h  40 mL and t hen  t w i c e  w i t h  
20 mL o f  d i e t h y l  e the r .  A l l ow  s u f f i c i e n t  t i m e  f o r  t h e  l a y e r s  t o  
separate and d i s c a r d  t h e  e t h e r  l a y e r  each t ime.  The phenoxy-acid 
h e r b i c i d e s  remain s o l u b l e  i n  t h e  aqueous phase as potass ium s a l t s .  

7.2.3 Sol ven t  c l  eanup 

7.2.3.1 Ad jus t  t h e  pH t o  2  by adding 5  mL c o l d  (4°C) 
s u l f u r i c  a c i d  (1 :3)  t o  t h e  separa to ry  f u n n e l .  Be sure  t o  check t h e  
pH a t  t h i s  p o i n t .  E x t r a c t  t h e  h e r b i c i d e s  once w i t h  40 mL and t w i c e  
w i t h  20 mL o f  d i e t h y l  e the r .  D i sca rd  t h e  aqueous phase. 

7.2.3.2 Combine e t h e r  e x t r a c t s  i n  a  125 mL Erlenmeyer 
f l a s k  c o n t a i n i n g  5 - 7  g  o f  a c i d i f i e d  anhydrous sodium s u l f a t e .  
Stopper and a l l o w  t h e  e x t r a c t  t o  remain i n  c o n t a c t  w i t h  t h e  
a c i d i f i e d  sodium s u l f a t e .  I f  concen t ra t i on  and e s t e r i f i c a t i o n  a re  
n o t  t o  be performed immediately,  s t o r e  t h e  sample o v e r n i g h t  i n  t h e  
r e f r i g e r a t o r .  

NOTE: The d r y i n g  s tep  i s  ve ry  c r i t i c a l  t o  ensu r i ng  complete 
e s t e r i f i c a t i o n .  Any mo i s tu re  rema in ing  i n  t h e  e t h e r  
w i l l  r e s u l t  i n  low h e r b i c i d e  r e c o v e r i e s .  The amount o f  
sodium s u l f a t e  i s  adequate i f  some f r e e = f l o w i n g  
c r y s t a l s  a re  v i s i b l e  when s w i r l i n g  t h e  f l a s k .  I f  a l l  
t h e  sodium s u l f a t e  s o l i d i f i e s  i n  a  cake, add a  few 
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add i t i ona l  grams o f  a c i d i f i e d  sodium s u l f a t e  and again 
t e s t  by s w i r l i n g .  The 2 hour d ry ing  t ime i s  a  minimum, 
however, t he  ex t rac ts  may be he ld  overn ight  i n  contact 
w i t h  the  sodium su l fa te .  

7.2.3.3 Transfer the  ether  ex t rac t ,  through a  funnel 
plugged w i t h  ac id  washed g lass wool, i n t o  a  500 mL K-D f l a s k  
equipped w i t h  a  10 mL concentrator  tube. Use a  g lass  r o d  t o  crush 
caked sodium s u l f a t e  dur ing  the  t rans fe r .  Rinse the  Erlenmeyer 
f l a s k  and column w i t h  20-30 mL o f  d i e t h y l  e ther  t o  complete the 
q u a n t i t a t i v e  t rans fe r .  

7.2.3.4 Add one o r  two c lean b o i l i n g  ch ips  t o  the  f l a s k  
and a t tach  a  th ree  b a l l  Snyder column. Prewet the  Snyder column by 
adding about 1 mL o f  d i e t h y l  e ther  t o  t he  top. Place the  apparatus 
on a  ho t  water bath (60"-65°C) so t h a t  t he  concentrator  tube i s  
p a r t i a l l y  immersed i n  the  ho t  water and the  e n t i r e  lower rounded 
sur face o f  t he  f l a s k  i s  bathed i n  vapor. Adjust  the v e r t i c a l  
p o s i t i o n  o f  t he  apparatus and the  water temperature, as required, 
t o  complete the  concentrat ion i n  15-20 minutes. A t  t he  proper r a t e  
o f  d i s t i l l a t i o n  the  b a l l s  o f  t he  column w i l l  a c t i v e l y  chat te r ,  but  
the  chambers w i l l  no t  f lood.  When the  apparent volume o f  l i q u i d  
reaches 1 mL, remove the  K-D apparatus from the  water bath and a l low 
i t  t o  d r a i n  and cool f o r  a t  l e a s t  10 minutes. 

7.2.3.5 Remove the  Snyder column and r i n s e  the f l a s k  and 
i t s  lower j o i n t s  i n t o  the  concentrator  tube w i t h  1-2 mL o f  d i e t h y l  
e ther .  A 5 mL syr inge i s  recommended f o r  t h i s  operat ion.  Add a  
f resh  b o i l  i n g  ch ip ,  a t tach  a  micro Snyder column t o  the  concentrator  
tube, and prewet the column by adding 0.5 mL o f  e t h y l  e ther  t o  the 
top. Place the  micro K-D apparatus on t h e  water bath so t h a t  the  
concentrator  tube i s  p a r t i a l l y  immersed i n  t h e  ho t  water. Adjust  
t he  v e r t i c a l  p o s i t i o n  o f  t he  apparatus and the  water temperature as 
requ i red  t o  complete concentrat ion i n  5-10 minutes. When the 
apparent vo l  ume o f  t he  1  i quid reaches 0.5 mL, remove the micro K-D 
from the  bath and a l l ow  it t o  d r a i n  and coo l .  Remove the Snyder 
column and add 0.1 mL o f  methanol. Rinse the  wa l l s  o f  the 
concentrator  tube wh i le  ad jus t i ng  the  e x t r a c t  volume t o  1.0 mL w i t h  
d i e t h y l  e ther .  Proceed t o  Sec. 7.4 f o r  e s t e r i f i c a t i o n .  

3 Preparat ion o f  aqueous samples 

7.3.1 Ex t rac t i on  

7.3.1.1 Using a  1 l i t e r  graduated cy l i nde r ,  measure 1 
1 i t e r  (nominal) o f  sample, record the  sample volume t o  the  nearest 
5 mL, and q u a n t i t a t i v e l y  t r a n s f e r  i t  t o  the  separatory funnel .  I f  
h igh  concentrat ions are an t ic ipa ted ,  a  smal ler  volume may be used 
and then d i l u t e d  w i t h  o rgan ic - f ree  reagent water t o  1 l i t e r .  Adjust 
t he  pH t o  l e s s  than 2. w i t h  s u l f u r i c  ac id  (1:l). 

7.3.1.2 Add 150 mL of d i e t h y l  e the r  t o  t he  sarr~ple b o t t l e ,  
seal,  and shake for  30 seconds t o  r i n s e  the  wa l ls .  Transfer  the  
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so lvent  wash t o  t h e  separatory funnel  and e x t r a c t  t h e  sample by 
shaking t h e  funnel  f o r  2  minutes w i t h  p e r i o d i c  ven t i ng  t o  re lease 
excess pressure. A l low t h e  organic  l a y e r  t o  separate from t h e  water 
l a y e r  f o r  a  minimum o f  10 minutes. I f  the  emulsion i n t e r f a c e  mb? between 1  ayers i s  more than one t h i r d  t h e  s i z e  o f  t h e  s o l  vent  1  ayer,  

LI,L,J.' 
t he  ana l ys t  must employ mechanical techniques t o  complete t h e  phase 
separat ion.  The optimum technique depends upon t h e  sample and may 
i nc lude  s t i r r i n g ,  f i l t r a t i o n  o f  t h e  emulsion through g l a s s  wool, 
c e n t r i f u g a t i o n ,  o r  o t h e r  phys ica l  methods. D ra in  t h e  aqueous phase 
i n t o  a  1 l i t e r  Erlenmeyer f l a s k .  C o l l e c t  t h e  so l ven t  e x t r a c t  i n  a  
250 mL ground g lass  Erlenmeyer f l a s k  con ta in ing  2  mL o f  37% KOH. 
Approximately 80 mL o f  t h e  d i e t h y l  e the r  w i l l  remain d i sso l ved  i n  
t he  aqueous phase. 

7.3.1.3 Repeat t h e  e x t r a c t i o n  two more t imes us ing  50 mL 
o f  d i e t h y l  e the r  each t ime.  Combine t h e  e x t r a c t s  i n  t h e  Erlenmeyer 
f l a s k .  (Rinse t h e  1  l i t e r  f l a s k  w i t h  each a d d i t i o n a l  a l i q u o t  o f  
e x t r a c t i n g  so l  vent. ) 

7.3.2 Hydro lys is  

7.3.2.1 Add one o r  two c lean b o i l i n g  ch ips  and 15 mL o f  
o rgan i c - f ree  reagent water t o  t h e  250 mL f l a s k  and a t t a c h  a  t h r e e  
b a l l  Snyder column. Prewet t h e  Snyder column by adding about 1  mL 
o f  d i e t h y l  e the r  t o  t h e  t o p  o f  t h e  column. Place t h e  apparatus on 
a  ho t  water  bath (60"-65°C) so t h a t  t h e  bottom o f  t h e  f l a s k  i s  bathed 
w i t h  ho t  water vapor. Al though t h e  d i e t h y l  e t h e r  w i l l  evaporate i n  
about 15 minutes, con t inue heat ing  u n t i l  t h e  h y d r o l y s i s  s tep  i s  
completed ( u s u a l l y  1 t o  2  hour-s) . Remove t h e  apparatus and 1  e t  
s tand a t  room temperature f o r  a t  l e a s t  10 minutes. ,e, 

k" 
7.3.2.2 Trans fer  t he  s o l u t i o n  t o  a  60 mL separa tory  funnel  

us ing  5-10 mL o f  o rgan i c - f ree  reagent water.  Wash t h e  bas i c  
s o l u t i o n  t w i c e  by shaking f o r  1  minute w i t h  20 mL p o r t i o n s  o f  
d i e t h y l  e the r .  Discard t h e  organic  phase. The he rb i c i des  remain 
i n  t h e  aqueous phase. 

7.3.3 Sol vent c l  eanup 

7.3.3.1 A c i d i f y  t h e  contents o f  t he  separatory funne l  t o  
pH 2  by adding 2  mL o f  c o l d  (4°C) s u l f u r i c  a c i d  (1 :3 ) .  Test  w i t h  pH 
i n d i c a t o r  paper. Add 20 mL d i e t h y l  e the r  and shake v i g o r o u s l y  f o r  
2  minutes. D r a i n  t he  aqueous l a y e r  i n t o  a  250 mL Erlenmeyer f l a s k ,  
and pour t he  organ ic  l a y e r  i n t o  a  125 mL Erlenmeyer f l a s k  c o n t a i n i n g  
about 5-7 g  o f  a c i d i f i e d  sodium s u l f a t e .  Repeat t h e  e x t r a c t i o n  
t w i c e  more w i t h  10 mL a l i q u o t s  o f  d i e t h y l  e ther ,  combining a l l  
so l ven t  i n  t h e  125 mL f l a s k .  A l low t h e  e x t r a c t  t o  remain i n  con tac t  
w i t h  t h e  sodium s u l f a t e  f o r  approx imate ly  2  hours. 

NOTE: The d r y i n g  step i s  very  c r i t i c a l  t o  ensur ing  complete 
e s t e r i f i c a t i o n .  Any mois tu re  remain ing i n  t h e  e t h e r  
w i  11 r e s u l t  i n  1  ow h e r b i c i d e  recove r ies .  The amount o f  
sodium s u l f a t e  i s  adequate i f  some f r e e  f l o w i n g  
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c r y s t a l s  are v i s i b l e  when s w i r l i n g  t h e  f l a s k .  I f  a l l  
t h e  sodium s u l f a t e  s o l i d i f i e s  i n  a  cake, add a  few 
a d d i t i o n a l  grams o f  a c i d i f i e d  sodium s u l f a t e  and again 
t e s t  by s w i r l i n g .  The 2  hour d r y i n g  t ime i s  a  minimum, 
however, t h e  e x t r a c t s  may be h e l d  ove rn igh t  i n  con tac t  
w i t h  t h e  sodium s u l f a t e .  

7.3.3.2 Trans fe r  t h e  e the r  e x t r a c t ,  through a  funnel  
plugged w i t h  a c i d  washed g lass  wool, i n t o  a  500 IYIL K-D f l a s k  
equipped w i t h  a  10 mL concent ra to r  tube. Use a  g l ass  r o d  t o  crush 
caked sodi  um s u l f a t e  du r i ng  t h e  t r a n s f e r .  Rinse t h e  Erlenmeyer 
f l a s k  and column w i t h  20-30 mL o f  d i e t h y l  e t h e r  t o  complete t h e  
q u a n t i t a t i v e  t r a n s f e r .  

7.3.3.3 Add one o r  two c lean  b o i l i n g  ch ips  t o  t h e  f l a s k  
and a t t a c h  a  t h r e e  b a l l  Snyder column. Prewet t h e  Snyder column by 
adding about 1  mL o f  d i e t h y l  e t h e r  t o  t h e  top.  Place t h e  apparatus 
on a  ho t  water  ba th  (60"-65°C) so t h a t  t h e  concent ra to r  tube i s  
p a r t i a l l y  immersed i n  t h e  h o t  water and t h e  e n t i r e  lower  rounded 
sur face  o f  t h e  f l a s k  i s  bathed i n  vapor. Ad jus t  t h e  v e r t i c a l  
p o s i t i o n  o f  t h e  apparatus and t h e  water temperature, as requ i red ,  
t o  complete t h e  concen t ra t i on  i n  15-20 minutes. A t  t h e  proper  r a t e  
o f  d i s t i l l a t i o n  t h e  b a l l s  o f  t h e  column w i l l  a c t i v e l y  cha t t e r ,  b u t  
t h e  chambers w i l l  no t  f l o o d .  When t h e  apparent volume o f  l i q u i d  
reaches 1  mL, remove t h e  K-D apparatus from t h e  water  ba th  and a l l o w  
i t  t o  d r a i n  and cool  f o r  a t  l e a s t  10 minutes. 

7.3.3.4 Remove t h e  Snyder column and r i n s e  t h e  f l a s k  and 
i t s  lower  j o i n t s  i n t o  t h e  concent ra to r  tube w i t h  1-2 mL of d i e t h y l  
e the r .  A 5  mL sy r i nge  i s  recommended f o r  t h i s  opera t ion .  Add a  
f r e s h  b o i l  i n g  ch ip ,  a t t a c h  a  mic ro  Snyder column t o  t h e  concent ra to r  
tube, a,nd prewet t h e  column by adding 0.5 mL o f  e t h y l  e the r  t o  t h e  
top .  P lace t h e  mic ro  K-D apparatus on t h e  water  ba th  so t h a t  t h e  
concent ra to r  tube i s  p a r t i a l l y  immersed i n  t h e  ho t  water.  Ad jus t  
t h e  v e r t i c a l  p o s i t i o n  o f  t h e  apparatus and t h e  water  temperature as 
r e q u i r e d  t o  complete concen t ra t ion  i n  5-10 minutes. When t h e  
apparent volume o f  t h e  1  i q u i d  reaches 0.5 mL, remove t he  mic ro  K-D 
f rom t h e  ba th  and a l l o w  i t  t o  d r a i n  and coo l .  Remove t h e  Snyder 
column and add 0.1 mL o f  methanol. Rinse t h e  w a l l s  o f  t h e  
concent ra to r  tube w h i l e  a d j u s t i n g  t he  e x t r a c t  volume t o  1.0 mL w i t h  
d i e t h y l  e the r .  

7.4 E s t e r i f i c a t i o n  

7.4.1 Two methods may be used f o r  t h e  genera t ion  of diazomethane: 
t h e  bubb le r  method ( s e t  up shown i n  F igure  1) and t h e  D iaza ld  k i t  method. 
The bubb le r  method i s  suggested when smal l  batches (10-15) of samples 
r e q u i r e  e s t e r i f i c a t i o n .  The bubbler  method works w e l l  w i t h  samples t h a t  
have low concent ra t ions  o f  he rb i c i des  (e.g. aqueous samples) and i s  s a f e r  
t o  use than  t h e  D iaza ld  k i t  procedure. The D iaza ld  k i t  method i s  good f o r  
1 arge q u a n t i t i e s  o f  samples needing e s t e r i  f i c a t i o n .  The D iaza ld  k i t  
method i s  more e f f e c t i v e  than t h e  bubbler  method f o r  s o i l s  o r  samples t h a t  
may c o n t a i n  h i g h  concent ra t ions  o f  he rb i c i des  (e.g. ,  samples such as s o i l s  
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t h a t  r e s u l t  i n  y e l l o w  e x t r a c t s  f o l l o w i n g  h y d r o l y s i s  may be d i f f i c u l t  t o  
handle by t h e  bubbler  method). The diazomethane d e r i v a t i z a t i o n  (U.S. EPA, 
1971) procedures, descr ibed below, w i l l  r e a c t  e f f i c i e n t l y  w i t h  a l l  o f  t h e  
c h l o r i n a t e d  he rb i c i des  descr ibed i n  t h i s  method and should be used o n l y  by 
experienced analysts ,  due t o  t he  p o t e n t i a l  hazards associated w i t h  i t s  I 

use. The f o l l o w i n g  precaut ions  should be taken: k- ./I 

CAUTION: Diazomethane i s  a  carcinogen and can explode under 
c e r t a i n  cond i t i ons .  

- Use a  s a f e t y  screen. 
- Use mechanical p i  p e t t i n g  aides. 
- Do n o t  heat above 90°C - -  EXPLOSION may r e s u l t .  
- Avoid g r i n d i n g  surfaces, ground g l a s s  j o i n t s ,  s leeve 

bearings, g lass  s t i r r e r s  - -  EXPLOSION may r e s u l t  . 
- Store  away from a1 k a l  i metals  - -  EXPLOSION may r e s u l t .  
- So lu t i ons  o f  diazomethane decompose r a p i d l y  i n  t h e  

presence o f  s o l i d  m a t e r i a l s  such as copper powder, 
ca lc ium ch lo r i de ,  and b o i l i n g  ch ips .  

7.4.2 D iaza ld  k i t  method - I n s t r u c t i o n s  f o r  p repa r ing  diazomethane 
are  p rov ided w i t h  t h e  generator  k i t .  

7.4.2.1 Add 2  mL o f  diazomethane s o l u t i o n  and l e t  sample 
s tand f o r  10 minutes w i t h  occasional s w i r l i n g .  

7.4.2.2 Rinse i n s i d e  wa l l  o f  t h e  ampule w i t h  severa l  
hundred p L  o f  d i e t h y l  e ther .  A l l ow  so l ven t  t o  evaporate 
spontaneously a t  room temperature t o  about 2  mL. 

7.4.2.3 D isso lve  t h e  res idue  i n  5  mL o f  hexane. Analyze 'kd 
by gas chromatography. 

7.4.3 Bubbl e r  method - Assemble t h e  d i  azomethane bubb le r  (see 
F igure  1). 

7.4.3.1 Add 5  mL o f  d i e t h y l  e t h e r  t o  t h e  f i r s t  t e s t  tube. 
Add 1 mL o f  d i e t h y l  e ther ,  1 mL o f c a r b i t o l ,  1.5 mL o f  37% KOH, and 
0.1-0.2 g  D iaza ld  t o  t he  second t e s t  tube. Immediately p lace  t h e  
e x i t  tube i n t o  t h e  concent ra to r  tube con ta in ing  t h e  sample e x t r a c t .  

Apply n i t r o g e n  f l  ow (10 mL/min) t o  bubble d i  azomethane through 
t h e  e x t r a c t  f o r  10 minutes o r  u n t i l  t h e  y e l l o w  c o l o r  o f  diazomethane 
p e r s i s t s .  The amount o f  D iaza ld  used i s  s u f f i c i e n t  f o r  
e s t e r i f i c a t i o n  o f  approx imate ly  t h r e e  sample e x t r a c t s .  An 
a d d i t i o n a l  0.1-0.2 g  o f  D iaza ld  may be added ( a f t e r  t h e  i n i t i a l  
D iaza ld  i s  consumed) t o  extend t h e  genera t ion  o f  t h e  diazomethane. 
There i s  s u f f i c i e n t  KOH present  i n  t h e  o r i g i n a l  s o l u t i o n  t o  per fo rm 
a  maximum o f  approx imate ly  20 minutes o f  t o t a l  e s t e r i f i c a t i o n .  

7.4.3.2 Remove t h e  concent ra to r  tube and seal i t  w i t h  a  
Neoprene o r  T e f l o n  stopper.  S tore  a t  room temperature i n  a  hood f o r  
20 minutes. 
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7.4.3.3 Destroy any unreacted diazomethane by adding 
0.1-0.2 g s i l i c i c  ac id  t o  the  concentrator  tube. Al low t o  stand 
u n t i l  the  evo lu t i on  o f  n i t rogen  gas has stopped. Adjust  t he  sample 
volume t o  10.0 mL w i t h  hexane. Stopper the  concentrator  tube and 
s t o r e  r e f r i g e r a t e d  i f  f u r t h e r  processing w i l l  no t  be performed 
immediately. It i s  recommended t h a t  the  methyl ated ex t rac ts  be 
analyzed immediately t o  minimize the  t r a n s - e s t e r i f i c a t i o n  and o ther  
potent  i a1 reac t ions  t h a t  may occur. Analyze by gas chromatography. 

7.5 Gas chromatographic cond i t ions  (Recommended) 

7.5.1 Column l a  

C a r r i e r  gas (5% methane/95% argon) f l o w  ra te :  70 rnL/min 
Temperature program: 185"C, isothermal . 
7.5.2 Column I b  

C a r r i e r  gas (5% methane/95% argon) f l ow  ra te :  70 mL/min 
I n i t i a l  temperature: 140°C, ho ld  f o r  6 minutes 
Temperature program: 140°C t o  200°C a t  10°C/min, ho ld  u n t i l  l a s t  

compound has e l  uted. 

7.5.3 Column 2 

C a r r i e r  gas (5% methane/95% argon) f l o w  ra te :  70 rnL/min 
Temperature program: 185"C, i sothermal . 

,@?, 
7.5.4 Column 3 

C a r r i e r  gas ( u l  t r a - h i g h  p u r i t y  N,) f l ow  r a t e :  25 mL/min 
I n i  t i  a1 temperature: 100°C, no ho ld  
Temperature program: 100°C t o  150°C a t  10°C/min, ho ld  u n t i l  l a s t  

compound has e l  uted. 

7.6 C a l i b r a t i o n  - Refer t o  Method 8000 fo r  proper c a l i b r a t i o n  
techniques. Use Table 1 and espec ia l l y  Table 2 fo r  guidance on se lec t i ng  the  
lowest  p o i n t  on the  c a l i b r a t i o n  curve. 

7.6.1 The procedure f o r  i n t e r n a l  o r  ex terna l  c a l i b r a t i o n  may be 
used. Refer t o  Method 8000 f o r  a desc r ip t i on  of each o f  these procedures. 

7.6.2 The f o l  1 owing gas chromatographic co l  umns are recommended f o r  
t h e  compounds i nd i ca ted :  

Anal y te  Col umn Anal y t e  Col umn 

Di camba la ,2  Dal apon 3 
2,4-D la,2 MCPP 1 b 
2,4,5-TP la ,2  MC PA 1 b 
2,4,5-T la ,2  D ich l  oroprop 1 b 
2,4-DB 1 a Di noseb 1 b 
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7.7 Gas chromatographic ana lys is  

7.7 .1  Refer t o  Method 8000. I f  the  i n t e r n a l  standard c a l i b r a t i o n  
technique i s  used, add 10 pL o f  i n t e r n a l  standard t o  t h e  sample p r i o r  t o  
i n j e c t i o n .  k 

7.7.2 Method 8000 provides i n s t r u c t i o n s  on t h e  ana lys i s  sequence, 
appropr ia te  d i l u t i o n s ,  e s t a b l i s h i n g  d a i l y  r e t e n t i o n  t ime  windows, and 
i d e n t i f i c a t i o n  c r i t e r i a .  Inc lude a  mid-concentrat i o n  check standard a f t e r  
each group o f  10 san~ples .in t he  ana lys is  sequence. 

7.7.3 Examples o f  chromatograms f o r  var ious  c h l  orophenoxy a c i d  
herb ic ides  are shown i n  Figures 2 through 4. 

7 .7.4 Record t h e  sample volume i n j e c t e d  and t h e  r e s u l t i n g  peak s izes  
( i n  area u n i t s  o r  peak he igh ts ) .  

7.7.5 Using e i t h e r  t h e  i n t e r n a l  o r  ex te rna l  c a l  i b r a t i o n  procedure 
(Method 8000), determine t h e  i d e n t i t y  and q u a n t i t y  o f  each component peak 
i n  t he  sample chromatogram which corresponds t o  t h e  compounds used f o r  
c a l  i b r a t i  on purposes. 

7.7 .6  I f  c a l i b r a t i o n  standards have been analyzed i n  t he  same manner 
as the  samples (e.g. have undergone hyd ro l ys i s  and e s t e r i f i c a t i o n ) ,  then 
t h e  c a l c u l a t i o n  o f  concent ra t ion  g iven i n  Method 8000 should be used. 
However, i f  c a l i b r a t i o n  i s  done us ing standards made f rom methyl e s t e r  
compounds (compounds no t  e s t e r i f i e d  by a p p l i c a t i o n  o f  t h i s  method), then 
t h e  c a l c u l a t i o n  o f  concent ra t ion  must i nc lude  a  c o r r e c t i o n  f o r  t h e  
molecular  weight o f  t h e  methyl e s t e r  versus t h e  a c i d  he rb i c ide .  

7.7.7 I f  peak de tec t i on  and i d e n t i f i c a t i o n  are  prevented due t o  
m 
k9' 

inter fe rences,  f u r t h e r  cleanup i s  requ i red .  Before us ing  any cleanup 
procedure, t h e  ana lys t  must process a  se r ies  o f  standards through the  
procedure t o  v a l i d a t e  e l u t i o n  pa t te rns  and t h e  absence o f  i n te r fe rences  
from reagents. 

8.0  QUALITY CONTROL 

8 . 1  Refer t o  Chapter One f o r  s p e c i f i c  qua1 i t y  c o n t r o l  procedures. 
Q u a l i t y  c o n t r o l  t o  v a l i d a t e  sample e x t r a c t i o n  i s  covered i n  Method 3500 and i n  
the  e x t r a c t i o n  method u t i l i z e d .  I f  e x t r a c t  cleanup was performed: &o l  low the  QC 
i n  Method 3600 and i n  t h e  s p e c i f i c  cleanup method. 

8 . 2  Procedures t o  check the  GC system opera t ion  are  found i n  Method 
8000. 

8 . 2 . 1  Selec t  a  rep resen ta t i ve  spike concent ra t ion  f o r  each compound 
(ac id  o r  e s t e r )  t o  be measured. Using s tock  standards, prepare a  q u a l i t y  
c o n t r o l  check sampl e  concentrate i n  acetone 1,000 t imes more concentrated 
than the  se lec ted  concentrat ions.  
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8.2.2 Table  3 i n d i c a t e s  s i n g l e  opera to r  accuracy and p r e c i s i o n  f o r  
t h i s  method. Compare t h e  r e s u l t s  ob ta ined  w i t h  t h e  r e s u l t s  g iven  i n  
Table  3  t o  determine i f  t h e  da ta  qual  i t y  i s  acceptable.  

I n ,  

4 1 ~ 2 '  
8.3 Cal c u l  a t e  su r roga te  s tandard recovery  on a1 1 sampl es, b l  anks, and 

sp ikes.  Determine i f  t h e  recovery  i s  w i t h i n  l i m i t s  ( l i m i t s  es tab l i shed  by 
per fo rming  QC procedures out1 i ned  i n  Method 8000). 

8.3.1 I f  recovery  i s  no t  w i t h i n  l i m i t s ,  t h e  f o l l o w i n g  procedures a re  
r e q u i  red.  

Check t o  be sure t h e r e  a re  no e r r o r s  i n  c a l c u l a t i o n s ,  
su r roga te  s o l u t i o n s  and i n t e r n a l  standards.  Also,  
check ins t rument  performance. 

Reca lcu la te  t h e  da ta  and/or reanalyze t h e  e x t r a c t  i f  
none o f  t h e  above checks revea l  a  problem. 

Re-ex t rac t  and re-analyze t h e  sample i f  none o f  t h e  
above a re  a  problem o r  f l a g  t h e  da ta  as "est imated 
concen t ra t i on " .  

8.4 GC/MS con f  i rma t i  on 

8.4.1 GC/MS techniques should  be j u d i c i o u s l y  employed t o  support  
qual  i t a t i v e  i d e n t i f i c a t i o n s  made w i t h  ' t h i s  method. Re fe r  t o  Method 8270 
f o r  t h e  appropr i  a t e  GC/MS o p e r a t i  ng c o n d i t i o n s  and ana l ys i  s  procedures. 

8.4.2 When a v a i l a b l e ,  chemical i o n i z a t i o n  mass spec t ra  may be 
employed t o  a i d  t h e  q u a l i t a t i v e  i d e n t i f i c a t i o n  process. 

8.4.3 Should these MS procedures f a i l  t o  p rov i de  s a t i s f a c t o r y  
r e s u l t s ,  a d d i t i o n a l  s teps may be taken be fo re  r e a n a l y s i s .  These steps may 
i n c l u d e  t h e  use o f  a l t e r n a t e  packed o r  c a p i l l a r y  GC columns o r  a d d i t i o n a l  
c leanup. 

9.0 METHOD PERFORMANCE 

9.1 I n  a  s i n g l e  l a b o r a t o r y ,  us i ng  o r g a n i c - f r e e  reagent  water  and 
e f f l  uen ts  f rom pub1 i c l y  owned t rea tment  works (POTW) , t h e  'average recove r i es  
presented i n  Table  3 were obta ined.  The s tandard d e v i a t i o n s  o f  t h e  percent  
r ecove r i es  o f  these measurements a re  a l s o  inc luded  i n  Table  3 .  

10.0 REFERENCES 

1. U.S. EPA, Na t i ona l  Pol 1  u t a n t  Discharge E l  i m i n a t i o n  System, Appendix A, 
Fed. Reg., 38, No. 75, P t .  11, Method f o r  Ch lo r i na ted  Phenoxy Ac id  
He rb i c i des  i n  I n d u s t r i a l  E f f l u e n t s ,  C i n c i n n a t i ,  Ohio, 1971. 

2. G o e r l i t z ,  D.G., and W.L. Lamar, "Determinat ion o f  Phenoxy Ac id  Herb ic ides  
i n  Water by E l e c t r o n  Capture and Mic rocou lomet r i c  Gas Chromatography," 
U.S. Geol. Survey Water Supply Paper, 1817-C, 1967. 

Rev is ion  2 
September 1994 



3. Burke, J .A., "Gas Chro~natography f o r  P e s t i c i d e  Residue Ana l ys i s ;  Some 
P r a c t i c a l  Aspects, " Journa l  o f  t h e  Assoc ia t i on  o f  O f f i c i a l  A n a l y t i c a l  
Chemists, 48, 1037, 1965. 

4. U.S. EPA, " E x t r a c t i o n  and Cleanup Procedure f o r  t h e  De te rm ina t i on  o f  m 
Phenoxy Ac id  He rb i c i des  i n  Sediment," EPA Tox i can t  and A n a l y s i s  Center, k*d 

Bay S t .  Louis ,  M i s s i s s i p p i ,  1972. 

5. " P e s t i c i d e  Methods Eva lua t ion , "  L e t t e r  Report  #33 f o r  EPA Con t rac t  No. 68- 
03-2697. A v a i l a b l e  f rom U.S. Environmental  P r o t e c t i o n  Agency, 
Environmental  M o n i t o r i n g  and Support  Laboratory ,  C i n c i n n a t i ,  Ohio 45268. 

6. E iche lberger ,  J.W., L.E. H a r r i s ,  and W.L. Budde, "Reference Compound t o  
C a l i b r a t e  I o n  Abundance Measurement i n  Gas Chromatography-Mass 
Spectrometry,  " A n a l y t i c a l  Chemistry, 47, 995, 1975. 

7. G l  aser, J .A. e t .  a1 . , "Trace Ana l ys i s  f o r  Wastewaters, " Environmental  
Science & Technology, l5, 1426, 1981. 

8. Gurka, D.F, Shore, F.L., Pan, S-T, "S ing le  Labora to ry  V a l i d a t i o n  o f  EPA 
Method 8150 f o r  De te rmina t ion  o f  C h l o r i n a t e d  He rb i c i des  i n  Hazardous 
Waste", JAOAC, 69, 970, 1986. 

9. U.S. EPA, "Method 615. The Dete rmina t ion  o f  C h l o r i n a t e d  He rb i c i des  i n  
I n d u s t r i a l  and Mun ic ipa l  Wastewater," Environmental  M o ~ i t o r i n g  and Support  
Laboratory ,  C i n c i n n a t i ,  Ohio, 45268, June 1982. 

I-) Rev i s i on  2 ,,( 

September 1994 



TABLE 1. 
CHROMATOGRAPHIC CONDITIONS AND DETECTION LIMITS 

FOR CHLORINATED HERBICIDES 

,- 

R e t e n t i o n  t i m e  (m.in)" Met hod 
d e t e c t i o n  

Compound C o l . l a  C o l . l b  Co1.2 Co1.3 1 i m i t  (pg/L)  

2,4-D 
2 ,4 -.DB 
2,4,5-T 
2,4,5-TP ( S i l  vex)  
Da l  apon 
D i  camba 
D i c h l  o r o p r o p  
D i  noseb 
MC PA 
MC PP 

"Column c o n d i t i o n s  a r e  g i v e n  i n  Secs. 4 .1  and 7.5. 

TABLE 2. 
DETERMINATION OF ESTIMATED QUANTITATION 

LIMITS (EQL) FOR VARIOUS MATRICES" 

M a t r i x  F a c t o r  

Ground w a t e r  (based on one l i t e r  sample s i z e )  
S o i l / s e d i m e n t  and o t h e r  s o l i d s  
Waste samples 

"EUL = [Method d e t e c t i o n  l i m i t  (see Tab le  l ) ]  X [ F a c t o r  found i n  t h i s  t a b l e ] .  
F o r  non-aqueous samples, t h e  f a c t o r  i s  on a wet w e i g h t  b a s i s .  Sample EQLs a r e  
h i g h l y  m a t r i x  dependent. The EQLs t o  be de te rm ined  h e r e i n  a r e  p r o v i d e d  f o r  
gu idance and niay n o t  a lways be a c h i e v a b l e .  
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TABLE 3. 
SINGLE OPERATOR ACCURACY AND PRECISIONa 

Compound 

Mean Standard 
Sampl e Spi  ke Recovery d e v i a t i o n  
Type ( P ! ~ / L I  ( % I  (%I 

Dal apon 

2,4-DB 

D i  camba 

D i  c h l  o rp rop  

Dinoseb 

MC PA 

MCPP 

" A l l  r e s u l t s  based upon seven r e p l i c a t e  analyses. E s t e r i f i c a t i o n  per formed us ing  
t h e  bubb le r  method. Data ob ta ined  f rom re fe rence  8. 

DW = ASTM Type I 1  
MW = Mun i c i pa l  wa te r  
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FIGURE 1. 
DIAZOMETHANE GENERATOR 

gloss lubing 

tube 1 tubo 2 
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FIGURE 2 .  
GAS CHROMATOGRAM O F  CHLORINATED H E R B I C I D E S  

Column: 1.5% SP-ZZSO/l S% SC-2401 om Su#ko9orl(100/110 M) 
tmprrmrtr : bothrrmrl at 1 l ° C  
Doocoor: Ekctron CIOtue 

1 ' I I 1 I I 

0 1 2 3 4 6 
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FIGURE 3.  
GAS CHROMATOGRAM OF CHLORINATED HERBICIDES 

blumn: 14% SP-2260/136% SP-2401 on &okogon (100/110 M d )  
hogrm: 140°C tor 6 Min, 1 0 ° C I M i ~  ap W C  
hector: Elrctron CIQtura 
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F I G U R E  4 .  
GAS CHROMATOGRAM OF DALAPON, COLUMN 3 

- 
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CIETtNTION TIYE (MINUTES) 
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METHOD 8150B 
CHLORINATED HERBICIDES BY GAS CHROMATOGRAPHY 

--..- 
7.2.1.1 Type of Srmplr 7.3.1.1 Adjurt 

Adjuet rrmple Snnple? 

I 

rrmple pH 
with H2S04. 

Sample 

7.1.1 Follow 
Method 3680 for 

A , I extraction, urine 1 
7.2.1 .S diethyl ether, 

7.2.1.2 Extract 
Re-extract acidified anhydrour 

rample with 
and dircard rodium rulfate and acetone and 

aqueoua acidified 01088 
diethyl ether. 

phare. wool. 

7.2.2 Procwed 7.1.1.2 Uee 7.2.1.3 Extract 
twicm morr. 

hydrolyeir. ramplm for 
hydrolylir. 

7.2.3 Procred 
with rolvant 

extractr. 

pH of extract, 
d i u r t  i f  

necerrary. 
Separatr layer.. 

7.3.1.3 
Extract twice morr, 

and combina 
extrrctr. 

7.3.2 Proceed 
with 

hydrolyris. 

7.3.3 Proceed 
with rolvrnt 

cleanup. 
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METHOD 8150B 
(Continued) 
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7.4.2 Prepare 
diazomethane 
according to 

kit 
inrtructionr. 

7.4.3 Arremble 
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7.5 Set 
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to Method 
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METHOD 8151 

CHLORINATED HERBICIDES BY GC USING METHYLATION OR PENTAFLUOROBENZY LATION 
DERIVATIZATION : CAP1 LLARY COLUMN TECHNIQUE 

b. ->,' 

1.0 SCOPE AND APPLICATION 

1.1 Method 8151 i s  a  c a p i l l a r y  gas chromatographic (GC) method f o r  
de te rmin ing  c e r t a i n  c h l o r i n a t e d  a c i d  he rb i c i des  and re1  ated compounds i n  aqueous, 
s o i l  and waste mat r i ces .  S p e c i f i c a l l y ,  Method 8151 may be used t o  determine t he  
f o l l  owing compounds : 

Con~pound Name CAS No." 

2;4,5-TP (S i l vex )  
2,4,5-T 
Dal apon 
D i  camba 
D i  c h l  oroprop 
Dinoseb 
MC PA 
MC PP 
4-Ni t rophenol  

r a, Pentachl orophenol 

a Chemical Abs t rac t  Serv ices Reg i s t r y  Number. 

Because these compounds a re  produced and used i n  var ious  forms ( i . e., ac id ,  
s a l t ,  e s t e r ,  e tc . ) ,  Method 8151 descr ibes a  h y d r o l y s i s  s tep  t h a t  can be used t o  
conver t  h e r b i c i d e  e s t e r s  i n t o  t he  a c i d  form p r i o r  t o  ana l ys i s .  Yerb ic ide  es te r s  
g e n e r a l l y  have a  h a l f - 1  i f e  o f  l e s s  than one week i n  s o i l .  

1.2 When Method 8151 i s  used t o  analyze u n f a m i l i a r  samples, compound 
i d e n t i f i c a t i o n s  should be supported by a t  l e a s t  one a d d i t i o n a l  qual  i t a t i v e  
technique. Sec. 8.4 p rov ides  gas chromatograph/mass spectrometer (GC/MS) 
c r i t e r i a  app rop r i a te  f o r  t h e  qual  i t a t i v e  con f i rma t i on  o f  compound 
i d e n t i f i c a t i o n s .  

1.3 The est imated d e t e c t i o n  l i m i t s  f o r  each o f  t h e  compounds i n  aqueous 
and s o i l  mat r i ces  a re  l i s t e d  i n  Table 1. The d e t e c t i o n  l i m i t s  f o r  a  s p e c i f i c  
waste sample may d i f f e r  f rom those l i s t e d ,  depending upon t h e  na tu re  o f  t he  
i nter fe rences  and t h e  sampl e  m a t r i x .  
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1.4 The f o l l o w i n g  compounds may a l so  be determined us ing  t h i s  method: 

Compound Name CAS No.' 

A c i f l  uor fen  
Bent azon 
Chl oramben 
DCPA d iac idb  
3,5-Dichl orobenzoic ac id  
5-Hydroxydi camba 
P i  c l  oram 

a Chemical Abs t rac t  Services Reg is t ry  Number. 

b DCPA monoacid and d i a c i d  metabo l i tes  inc luded i n  method scope; DCPA 
d i a c i d  me tabo l i t e  used f o r  v a l i d a t i o n  s tud ies .  DCPA i s  a  d imethyl  
es te r .  

1.5 'This method i s  r e s t r i c t e d  t o  use by o r  under t h e  superv is ion  o f  
ana lys ts  experienced i n  t h e  use o f  gas chromatography and s k i l l e d  i n  t h e  
i n t e r p r e t a t i o n  o f  gas chromatograms. Each ana lys t  must demonstrate t h e  ab i  1  i t y  
t o  generate acceptabl e  resu l  t s  w i t h  t h i  s  method. 

1.6 Only experienced ana lys ts  should be al lowed t o  work w i t h  diazomethane 
due t o  the  p o t e n t i a l  hazards associated w i t h  i t s  use (explos ive,  carc inogen ic ) .  * 
2.0 SUMMARY OF METHOD' 

2.1 Method 8151 prov ides e x t r a c t i o n ,  d e r i  v a t i  za t ion ,  and gas 
chromatographic cond i t i ons  f o r  t h e  ana lys i s  o f  c h l o r i n a t e d  a c i d  he rb i c ides  i n  
water, s o i l ,  and waste samples. An op t i on  f o r  t h e  h y d r o l y s i s  o f  e s t e r s  i s  a l so  
described. 

2.1.1 Water samples are ex t rac ted  w i t h  d i e t h y l  e t h e r  and then 
e s t e r i f i e d  w i t h  e i t h e r  diazomethane o r  pentaf luorobenzyl  bromide. The 
d e r i v a t i v e s  are  determined by gas chromatography w i t h  an e l e c t r o n  capture 
de tec to r  (GC/ECD). The r e s u l t s  a re  repor ted  as a c i d  equ iva len ts .  

2.1.2 S o i l  and waste samples are  ex t rac ted  and e s t e r i f i e d  w i t h  
e i t h e r  d i  azomet hane o r  p e n t a f l  uorobenzyl bromide. The d e r i v a t i v e s  are  
determined by gas chromatography w i t h  an e l e c t r o n  capture  d e t e c t o r  
(GC/ECD). The r e s u l t s  a re  repor ted  as ac id  equ iva len ts .  

2.1.3 I f  he rb i c ide  es te rs  a re  t o  be determined us ing  t h i s  method, 
h y d r o l y s i s  cond i t i ons  f o r  t h e  es te rs  i n  water and s o i l  e x t r a c t s  a re  
described. 
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2.2 The s e n s i t i v i t y  o f  Method 8151 depends on t h e  l e v e l  o f  i n t e r f e rences  
i n  a d d i t i o n  t o  ins t rumenta l  l ' i n i i t a t i ons .  Table 1 l i s t s  t h e  GC/ECD and GC/MS 
d e t e c t i o n  1  i m i t s  t h a t  can be obta ined i n  aqueous and s o i l  mat r i ces  i n  t h e  absence 
o f  i n t e r f e rences .  De tec t i on  1  i m i t s  f o r  a  t y p i c a l  waste sample should be h igher .  

3.0 INTERFERENCES 

3.1 Refer  t o  Method 8000. 

3.2 Method in te r fe rences  may be caused by contaminants i n  so lvents ,  
reagents,  glassware, and o t h e r  sample process ing hardware t h a t  l e a d  t o  d i s c r e t e  
a r t i f a c t s  o r  e leva ted  base1 ines  i n  gas chromatograms. A1 1  these ma te r i a l  s  must 
be r o u t i n e l y  demonstrated t o  be f r e e  from i n te r f e rences  under t h e  cond i t i ons  o f  
t h e  ana lys is ,  by ana lyz ing  reagent  b l  anks. 

3.2.1 Glassware must be sc rupu lous ly  cleaned. Clean each p iece  o f  
glassware as soon as poss ib l e  a f t e r ,  use by r i n s i n g  i t  w i t h  t h e  l a s t  
so l ven t  used i n  it. Th is  should be f o l l owed  by de te rgen t  washing w i t h  ho t  
water  and r i n s e s  w i t h  t a p  water, then w i t h  o r g a n i c - f r e e  reagent water. 
Glassware should be so l  ven t - r i nsed  w i t h  acetone and pes t i c ide-qua1 i t y  
hexane. A f t e r  r i n s i n g  and d ry ing ,  glassware should be sealed and s to red  
i n  a  c l ean  environment t o  prevent  any accumulat ion o f  dus t  o r  o the r  
contaminants.  S to re  g l  assware i n v e r t e d  o r  capped w i t h  a1 umi num f o i  1  . 
Immediately p r i o r  t o  use, glassware should be r i n s e d  w i t h  t h e  nex t  so lven t  
t o  be used. 

3.2.2 The use o f  h i g h  p u r i t y  reagents and so l ven t s  he lps  t o   minimize 
i n t e r f e r e n c e  problems. P u r i f i c a t i o n  of so lven ts  by d i s t i l l a t i o n  i n  a l l -  
g l ass  systems may be requ i red .  

3.3 M a t r i x  i n t e r f e r e n c e s  may be caused by contaminants t h a t  are 
coex t rac ted  from t h e  sample. The ex ten t  o f  m a t r i x  i n t e r f e rences  w i l l  vary  
cons iderab ly  f rom waste t o  waste, depending upon t h e  na tu re  and d i v e r s i t y  o f  t h e  
waste be ing  sampl ed. 

3.4 Organic ac ids,  e s p e c i a l l y  c h l o r i n a t e d  ac ids,  cause t h e  most d i r e c t  
i n t e r f e r e n c e  w i t h  t h e  de te rmina t ion  by methyl a t  ion .  Phenol s, i n c l u d i n g  
ch lorophenols ,  may a l s o  i n t e r f e r e  w i t h  t h i s  procedure. The de te rmina t ion  us ing  
p e n t a f l  uorobenzyl a t i  on i s  more s e n s i t i v e ,  and more prone t o  i n te r f e rences  from 
t h e  presence o f  o rgan ic  ac ids  o r  phenols than by methy la t ion .  

3.5 A'l k a l  i n e  h y d r o l y s i s  and subsequent e x t r a c t i o n  o f  t h e  bas ic  s o l u t i o n  
removes many c h l o r i n a t e d  hydrocarbons and ph tha la te  es te r s  t h a t  might  o therwise 
i n t e r f e r e  w i t h  t h e  e l e c t r o n  cap tu re  ana l ys i s .  However, h y d r o l y s i s  may r e s u l t  i n  
t h e  l o s s  o f  dinoseb and t h e  fo rmat ion  o f  a l d o l  condensat ion products  i f  any 
r e s i d u a l  acetone remains from t h e  e x t r a c t i o n  o f  s o l i d s .  

3.6 'The herb ic ides ,  be ing s t rong  organic  ac ids,  r e a c t  r e a d i l y  w i t h  
a1 k a l  i ne substances and may be 1  o s t  d u r i n g  ana l ys i s .  Therefore,  g l  assware must 
be a c i d - r i n s e d  and then r i n s e d  t o  constant  pH w i t h  o r g a n i c - f r e e  reagent water.  
Sodium s u l f a t e  must be a c i d i f i e d .  
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3.7 Sample e x t r a c t s  should be d r y  p r i o r  t o  me thy la t i on  o r  e l s e  poor 
recover ies  w i  11 be obtained . 

4.0 APPARATUS AND MATERIALS 

4.1 Gas chromatograph 

4.1.1 Gas chromatograph - A n a l y t i c a l  system complete w i t h  gas 
chromatograph s u i t a b l e  f o r  Grob-type i n j e c t i o n  us ing  c a p i l l a r y  columns, 
and a1 1 requ i red  accessories i n c l u d i n g  de tec tor ,  capi  11 a ry  a n a l y t i c a l  
columns, recorder,  gases, and syr inges.  A da ta  system f o r  measuring peak 
he igh ts  and/or peak areas i s  recommended. 

4.1.2 Columns 

4.1.2.1 Narrow Bore Col umns 

4.1.2.1.1 Primary Column 1 - 30 m x 0.25 mm, 5% 
phenyl/95% methyl s i  1 icone (DB-5, J&W S c i e n t i f i c ,  o r  
equ iva len t ) ,  0.25 pm f i l m  th ickness.  

4.1.2.1.2 Primary Column l a  (GC/MS) - 30 m x 0.32 mm, 
5% phenyl/95% methyl s i  1 icone, (DB-5, J&W S c i e n t i f i c ,  o r  
equ iva len t ) ,  1 pm f i l m  th ickness.  

4.1.2.1.3 Column 2 - 30 m x 0.25 mm DB-608 (J&W 
S c i e n t i f i c  o r  equ iva len t )  w i t h  a 25 pm f i l m  th ickness .  

4.1.2.1.4 Conf i rmat ion Column - 30 m x 0.25 mm, 14% 
cyanopropyl phenyl s i l i c o n e ,  (DB-1701, J&W S c i e n t i f i c ,  o r  
equ iva len t ) ,  0.25 pm f i l m  th ickness.  *' 

4.1.2.2 Wide-bore Columns 

4.1.2.2.1 Primary Column - 30 m x 0.53 mm DB-608 (J&W 
S c i e n t i f i c  o r  equ iva len t )  w i t h  0.83 pm f i l m  th ickness.  

4.1.2.2.2 Conf i rmat ion Column - 30 m x 0.53 mm, 14% 
cyanopropyl phenyl s i l i c o n e ,  (DB-1701, J&W S c i e n t i f i c ,  o r  
equ iva len t ) ,  1.0 pm f i l m  th ickness.  

4.1.3 Detector  - E lec t ron  Capture Detector  (ECD) 

4.2 Kuderna-Dani sh (K-D) apparatus 

4.2.1 Concentrator tube - 10 mL graduated (Kontes K-570050-1025 o r  
equ iva len t )  . A ground g lass  stopper i s  used t o  prevent  evaporat ion of 
e x t r a c t s .  

4.2.2 Evaporat ion f l a s k  - 500 mL (Kontes K-570001-500 o r  
equ iva len t ) .  A t tach  t o  concent ra tor  tube w i t h  spr ings ,  clamps, o r  
equi va l  en t  . 
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4.2.3 Snyder column - Three b a l l  macro (Kontes K-503000-0121 o r  
equi  v a l  e n t  ) . 

4.2.4 Snyder column - Two b a l l  m i c ro  (Kontes K-569001-0219 o r  
equ i va l  en t )  . 

4.2.5 Spr ings - 1/2 i n c h  (Kontes K-662750 o r  equ i va l en t ) .  

4.3 Diazomethane Generator: Refer  t o  Sec. 7.5 t o  determine which method 
o f  d i  azomethane generat  i o n  should  be used f o r  a  p a r t i c u l a r  generat  ion .  

4.3.1 D iaza ld  K i t  - Recommended f o r  t h e  gene ra t i on  o f  diazomethane 
( A l d r i c h  Chemical Co., Cat No. 210,025-0, o r  equ i va l en t ) .  

4.3.2 As an a l t e r n a t i v e ,  assemble f rom two 20 mm x  150 mm t e s t  
tubes, two Neoprene rubber  stoppers,  and a  source o f  n i t r ogen .  Use 
Neoprene rubber  s toppers  w i t h  ho les  d r i l l e d  i n  them t o  accommodate g l ass  
d e l i v e r y  tubes. The e x i t  tube  must be drawn t o  a  p o i n t  t o  bubble 
d i  azomethane through t h e  sampl e  e x t r a c t .  The genera to r  assembly i s  shown 
i n  F i gu re  1. The procedure f o r  use o f  t h i s  t ype  of genera to r  i s  g i ven  i n  
Sec. 7.5. 

4.4 Other  Glassware 

4.4.1 Beaker - 400 mL, t h i c k  wa l led .  

4.4.2 Funnel - 75 mm diameter.  

4.4.3 Separatory  funne l  - 500 mL, w i t h  T e f l o n  stopcock. 

4.4.4 C e n t r i f u g e  b o t t l e  - 500 mL (Pyrex 1260 o r  e q u i v a l e n t ) .  

4.4.5 C e n t r i f u g e  b o t t l e  - 24/40 500 mL 

4.4.6 Continuous E x t r a c t o r  (Hershberg-Wol f e  type, Lab Glass No. LG- 
6915, o r  equ i va l en t )  

4.4.7 P i p e t  - Pasteur, g lass,  d i sposab le  (140 mm x  5 mm I D ) .  

4.4.8 V i a l s  - 10 mL, g lass ,  w i t h  T e f l o n  l i n e d  screw-caps. 

4.4.9 Vo lumet r i c  f l a s k s ,  Class A - 10 mL t o  1000 mL. 

4.5 F i l t e r  paper - 15 cm d iameter  (Whatman No. 1 o r  e q u i v a l e n t ) .  

4.6 Glass Wool - Pyrex, a c i d  washed. 

4.7 B o i l i n g  c h i p s  - So lven t  e x t r a c t e d  w i t h  methylene 
c h l o r i d e ,  approx imate ly  10/40 mesh ( s i  1 i c o n  ca rb i de  o r  e q u i v a l e n t ) .  

4.8 Water ba th  - Heated, w i t h  concen t r i c  r i n g  cover, capable o f  
temperature c o n t r o l  (+ 2°C). The ba th  should  be used i n  a  hood. 
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4.9 Balance - A n a l y t i c a l ,  capable o f  a c c u r a t e l y  weigh ing t o  0.0001 g.  

4.10 Cen t r i f uge .  

4.11 U l t r a s o n i c  p repa ra t i on  - A  horn- type  dev i ce  equipped w i t h  a  t i t a n i u m  ++"? 
t i p ,  o r  a  dev ice  t h a t  w i l l  g i v e  equ i va len t  performance, s h a l l  be used. 'u 

4.11.1 U l t r a s o n i c  D i s r u p t e r  - The d i s r u p t e r  must have a  minimum 
power wattage o f  300 wat ts ,  w i t h  p u l s i n g  c a p a b i l i t y .  A  dev i ce  designed t o  
reduce t h e  c a v i t a t i o n  sound i s  recommended. F o l l  ow t h e  manufacturers  
i n s t r u c t i o n s  f o r  p repa r i ng  t h e  d i  s r u p t e r  f o r  e x t r a c t i o n  o f  samples. Use 
a  3/4" horn f o r  most samples. 

4.12 Sonabox - Recommended w i t h  above d i s r u p t e r s  f o r  decreas ing  c a v i t a t i o n  
sound (Heat Systems - U l t r ason i cs ,  Inc . ,  Model 432B o r  e q u i v a l e n t ) .  

4.13 pH paper. 

4.14 S i l  i c a  ge l  c leanup column (Bond E l u t m  - Analyt ichem, Harbor City, CA 
o r  equ i va len t )  . 

5.0 REAGENTS 

5.1 Reagent grade i no rgan i c  chemicals s h a l l  be used i n  a l l  t e s t s .  Unless 
o therw ise  i nd i ca ted ,  i t  i s  in tended t h a t  a l l  reagents  s h a l l  conform t o  t h e  
s p e c i f i c a t i o n s  o f  t h e  Committee on A n a l y t i c a l  Reagents o f  t h e  American Chemical 
Soc ie ty ,  where such s p e c i f i c a t i o n s  a r e  a v a i l a b l e .  Other  grades may be used, 
p rov ided  i t  i s  f i r s t  ascer ta ined  t h a t  t h e  reagent  i s  o f  s u f f i c i e n t l y  h i g h  p u r i t y  
t o  pe rm i t  i t s  use w i t h o u t  lessen ing  t h e  accuracy o f  t h e  de te rm ina t i on .  

5.2 Organ i c - f r ee  reagent  water .  A l l  re fe rences  t o  wate r  i n  t h i s  method 
p195 
w 

r e f e r  t o  o r g a n i c - f r e e  water,  as de f i ned  i n  Chapter One. 

5.3 Sodium hydrox ide  s o l u t i o n  (0 .1  N), NaOH. D i s s o l v e  4  g  NaOH i n  
o r g a n i c - f r e e  reagent  water  and d i l u t e  t o  1.0 L. 

5.4 Potassium hydrox ide  s o l u t i o n  (37% aqueous so l  u t i o n  (w/v)) , KOH. 
D i sso l ve  37 g  potass ium hydrox ide  p e l l e t s  i n  o r g a n i c - f r e e  reagent  wa te r  and 
d i l u t e  t o  100 mL. 

5.5 Phosphate b u f f e r  pH = 2.5 (0 .1  M) . D i sso l ve  12 g  sodi  um phosphate 
(NaH,PO,) i n  o r g a n i c - f r e e  reagent  water  and d i l u t e  t o  1.0 L.  Add phosphor ic  a c i d  
t o  a d j u s t  t h e  pH t o  2.5. 

5.6 N-methy l -N-n i t roso-p- to luenesul fonamide (D iaza ld ) .  H igh p u r i t y ,  
a v a i l  ab le  f rom A l d r i c h  Chemical Co. o r  equ i va len t .  

5.7 S i l i c i c  ac id ,  H,SiO,. 100 mesh powder, s t o r e  a t  130°C. 

5.8 Po tass i  um carbonate, K2C03. 

5.9 2,3,4,5,6- Pen ta f l  uorobenzyl  bromide ( PFBBr) , C,F,CH,Br . P e s t i c i d e  
qua1 i t y  o r  e q u i v a l e n t  . 
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5.10 Sodium s u l f a t e  (g ranu la r ,  a c i d i f i e d ,  anhydrous), Na,S04. P u r i f y  by 
hea t i ng  a t  400°C f o r  4  hours i n  a  sha l low t r a y ,  o r  by p rec lean ing  t h e  sodium 
s u l f a t e  w i t h  methylene c h l o r i d e .  I f  t h e  sodium s u l f a t e  i s  precleaned w i t h  
methylene c h l o r i d e ,  a  method b l ank  must be analyzed, demonst ra t ing t h a t  t h e r e  i s  
no i n t e r f e r e n c e  from t h e  sodium s u l f a t e .  A c i d i f y  by s l u r r y i n g  100 g  sodium 
s u l f a t e  w i t h  enough d i e t h y l  e t h e r  t o  j u s t  cover  t h e  s o l i d ;  then  add 0.1 mL o f  
concen t ra ted  s u l f u r i c  a c i d  and mix  thoroughly .  Remove t h e  e t h e r  under vacuum. 
Mix 1 g  o f  t h e  r e s u l t i n g  s o l i d  w i t h  5  mL o f  o r g a n i c - f r e e  reagent  water and 
measure t h e  pH o f  t h e  m ix tu re .  It must be below a  pH o f  4. S to re  t h e  remain ing 
so l  i d  a t  130°C. 

5.11 So lven ts  

5.11.1 Methylene c h l o r i d e ,  CH2C12. P e s t i c i d e  q u a l i t y  o r  
e q u i v a l e n t  . 

5.11.2 Acetone, CH,COCH,. P e s t i c i d e  qua1 i t y  o r  equ i va l en t .  

5.11.3 Methanol, CH,OH. P e s t i c i d e  qua1 i ty o r  equ i va l en t .  

5.11.4 To1 uene, C6H5CH3. P e s t i c i d e  qua1 i t y  o r  equi  va l  e n t  . 

5.11.5 D i  e t h y l  Ether,  C2H50C2H5. P e s t i c i d e  qua1 i ty  o r  
equ i va l en t .  Must be f r e e  o f  perox ides as i n d i c a t e d  by t e s t  s t r i p s  (EM 
Quant, o r  equ i va l en t )  . Procedures f o r  removal o f  perox ides a re  prov ided 
w i t h  t h e  t e s t  s t r i p s .  A f t e r  cleanup, 20 mL o f  e t h y l  a l coho l  p r e s e r v a t i v e  
must be added t o  each 1  i t e r  o f  e ther .  

5.11.6 I sooctane, (CH,),CH,CH(CH,), . P e s t i c i d e  qua1 i t y  o r  
equ i va l en t .  

5.11.7 Hexane, C6H,,. P e s t i c i d e  qua1 i t y  o r  equ i va l en t  . 

5.11.8 Ethanol ,  abso lu te .  C2H50H 

5.11.9 Carb i  t o 1  ( d i e t h y l  ene g l y c o l  monoethyl e t h e r ) ,  
C2H50CH2CH20CH2CH20 - o p t i o n a l  f o r  produc ing a lcoho l  - f r e e  diazomethane. 

5.12 Stock s tandard s o l u t i o n s  (1000 mg/L) - Can be prepared f rom pure 
s tandard m a t e r i  a1 s  o r  can be purchased as c e r t i f i e d  s o l u t i o n s .  

5.12.1 Prepare s tock  s tandard s o l u t i o n s  by accu ra te l y  weighing 
about 0.010 g  o f  pu re  ac i d .  D i sso l ve  t h e  m a t e r i a l  i n  p e s t i c i d e  q u a l i t y  
acetone and d i l u t e  t o  volume i n  a  10 rr~L vo lume t r i c  f l a s k .  Stocks prepared 
f rom pure methyl  e s t e r s  a r e  d i sso l ved  i n  10% acetone/ i  sooctane (v/v)  . 
Larger  volumes may be used a t  t h e  convenience o f  t h e  ana l ys t .  I f  compound 
p u r i t y  i s  c e r t i f i e d  a t  96% o r  g rea te r ,  t h e  weight  may be used w i t hou t  
c o r r e c t i o n  t o  c a l c u l a t e  t h e  concen t ra t i on  o f  t h e  s t ock  standard.  

5.12.2 T rans fe r  t h e  s tock  s tandard s o l u t i o n s  t o  v i a l s  w i t h  
T e f l o n  l i n e d  screw-caps. S to re  a t  4"C, p r o t e c t e d  f rom l i g h t .  Stock 
s tandard s o l u t i o n s  should be checked f r e q u e n t l y  f o r  s igns  o f  degrada t ion  
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o r  evaporat ion, e s p e c i a l l y  immediately p r i o r  t o  p repar ing  c a l i b r a t i o n  
standards from them. 

5.12.3 Stock standard s o l u t i o n s  of t he  d e r i v a t i z e d  ac ids must 
be replaced a f t e r  1 year, o r  sooner, if comparison w i t h  check standards 
i nd i ca tes  a problem. Stock standard s o l u t i o n s  o f  t h e  f r e e  ac ids degrade b' 
more q u i c k l y  and should be replaced a f t e r  two months, o r  sooner i f  
comparison w i t h  check standards i nd i ca tes  a problem. 

5.13 I n t e r n a l  Standard Sp ik ing  Sol u t i o n  ( i f  i n t e r n a l  standard c a l  i b r a t  i o n  
i s  used) - To use t h i s  approach, t h e  ana lys t  must s e l e c t  one o r  more i n t e r n a l  
standards t h a t  are s i m i l a r  i n  a n a l y t i c a l  behavior t o  t h e  co~iipounds o f  i n t e r e s t .  
The ana lys t  must f u r t h e r  demonstrate t h a t  t h e  measurement o f  t h e  i n t e r n a l  
standard i s  n o t  a f f e c t e d  by method o r  m a t r i x  in te r fe rences.  The compound 4,4'- 
d i  bromooctafl uorobiphenyl (UBOB) has been shown t o  be an e f f e c t i v e  i n t e r n a l  
standard, bu t  o the r  compounds, such as 1,4-dichlorobenzene, may be used i f  the re  
i s  a DBOB in te r fe rence .  

5.13.1 Prepare an i n t e r n a l  standard sp i  k i n g  so l  u t  i on by 
accura te ly  weighing approximately 0.0025 g o f  pure DBOB. D isso lve  t h e  
DBOB i n  acetone and d i l u t e  t o  volume i n  a 10 mL vo lumet r ic  f l a s k .  
Transfer  t h e  i n t e r n a l  standard sp i k ing  s o l u t i o n  t o  a v i a l  w i t h  a T e f l o n  
l i n e d  screw-cap, and s to re  a t  room temperature. Add i t i on  o f  10 p L  o f  t h e  
i n t e r n a l  standard sp i k ing  s o l u t i o n  t o  10 mL o f  sample e x t r a c t  r e s u l t s  i n  
a f i n a l  i n t e r n a l  standard concent ra t ion  o f  0.25 pg/L. The s o l u t i o n  should 
be replaced i f  the re  i s  a change i n  i n t e r n a l  standard response g rea te r  
than 20 percent  o f  t h e  o r i g i n a l  response recorded. 

5.14 C a l i b r a t i o n  standards - C a l i b r a t i o n  standards, a t  a minimum o f  f i v e  
concentrat ions f o r  each parameter o f  i n t e r e s t ,  should be prepared through 
d i l u t i o n  o f  t he  s tock  standards w i t h  d i e t h y l  e the r  o r  hexane. One o f  t h e  
concentrat ions sl?ould be a t  a concent ra t ion  near, bu t  above, t h e  method d e t e c t i o n  
l i m i t .  The remaining concentrat ions should correspond t o  t h e  expected range o f  
concentrat ions found i n  r e a l  samples o r  should de f i ne  the  working range o f  t h e  
GC. C a l i b r a t i o n  s o l u t i o n s  must be replaced a f t e r  s i x  months, o r  sooner i f  
comparison w i t h  check standards i nd i ca tes  a problem. 

5.14.1 D e r i v a t i z e  each c a l i b r a t i o n  standard prepared from f r e e  
ac ids i n  a 10 mL K-D concent ra tor  tube, according t o  t h e  procedures 
beginning a t  Sec. 7.5. 

5.14.2 Add a known, constant  amount of one o r  more i n t e r n a l  
standards t o  each d e r i v a t i z e d  c a l i b r a t i o n  standard, and d i l u t e  t o  volume 
w i t h  t h e  so lvent  i nd i ca ted  i n  t h e  d e r i v a t i v e  op t i on  used. 

5.15 Surrogate standards - The ana lys t  should mon i to r  t h e  performance o f  
t he  ex t rac t i on ,  cleanup (when used), and determinat ive  step, and t h e  
e f fec t i veness  o f  t h e  method i n  dea l i ng  w i t h  each sample ma t r i x ,  by s p i k i n g  each 
sample, standard, and b lank  w i t h  one o r  two h e r b i c i d e  surrogates (e.g., 
herb ic ides  t h a t  are n o t  expected t o  be present  i n  t h e  sample) recommended t o  
encompass the  range o f  t he  temperature program used i n  t h i s  method. Deuterated 
analogs o f  ana ly tes  should no t  be used as surrogates i n  gas chromatographic 
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ana lys i  s  due t o  coe l  u t  i o n  p rob l  ems. The surrogate standard recommended f o r  use 
i s  2,4-Dichlorophenyl a c e t i c  a c i d  (DCAA). 

, -\ 5.15.1 Prepare a  surrogate standard sp i  k i ng  s o l u t i o n  by 
accu ra te l y  weighing approximately 0.003 g o f  pure DCAA. D isso lve  t h e  DCAA 

*II ,-J i n  acetone, and d i l u t e  t o  volume i n  a  10 mL vo lumet r i c  f l a s k .  T rans fe r  
t h e  sur roga te  standard s p i k i n g  s o l u t i o n  t o  a  v i a l  w i t h  a  Te f l on  l i n e d  
screw-cap, and s t o r e  a t  room temperature. A d d i t i o n  o f  50 p L  o f  t h e  
surrogate standard s p i k i n g  s o l u t i o n  t o  1  L  o f  sample, p r i o r  t o  ex t rac t i on ,  
r e s u l t s  i n  a  f i n a l  concent ra t ion  i n  t h e  e x t r a c t  o f  0.5 mg/L. 

5.16 pH Adjustment So lu t i ons  

5.16.1 Sodium hydroxide, NaOH, 6  N. 

5.16.2 S u l f u r i c  acid, H,SO,, 12 N. 

6.0 SAMPLE COLLECTION, PRESERVATION, AND HANDLING 

6.1 See t h e  i n t r o d u c t o r y  ma te r i a l  t o  t h i s  chapter,  Organic Analytes, 
Sec. 4.1. 1 L  samples should be co l l ec ted .  

6.2 Ex t rac t s  must be s to red  under r e f r i g e r a t i o n  (4°C). 

7.0 PROCEDURE 

7.1 Prepara t ion  o f  High Concentrat ion Waste Samples 

7.1.1 E x t r a c t i o n  

7.1.1.1 Fol low Method 3580, Waste D i l u t i o n ,  w i t h  t h e  
f o l l  owing except ions: 

use d i e t h y l  e t h e r  as t h e  d i l u t i o n  so lven t ,  
use a c i d i f i e d  anhydrous sodium s u l f a t e ,  and a c i d i f i e d  
g l  ass wool , 
sp i ke  t h e  sample w i t h  surrogate cornpound(s) according t o  
Sec. 5.16.1. 

7.1.1.2 I f  t h e  sample i s  t o  be analyzed f o r  bo th  he rb i c i de  
es te rs  and ac ids,  then  t h e  sample e x t r a c t  must be hydrolyzed. I n  
t h i s  case, t r a n s f e r  1.0 mL ( a  smal ler  volume o r  a  d i l u t i o n  may be 
requ i red  i f  h e r b i c i d e  concentrat ions a re  l a rge )  t o  a  250 mL ground 
g lass  Erlenmeyer f l a s k .  Proceed t o  Sec. 7.2.1.8. I f  t h e  ana lys is  
i s  f o r  ac id  he rb i c i des  only ,  proceed t o  Sec. 7.4.5 f o r  
d e r i v a t i z a t i o n  by diazomethane ( i f  PFB d e r i v a t i z a t i o n  i s  selected, 
reduce t h e  volume o f  d i e t h y l  e the r  t o  0.1 - 0.5 mL as per  Sec. 7.4.2 
and then d i l u t e  t o  4 mL w i t h  acetone). 
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Prepara t ion  o f  S o i l ,  Sediment, and Other S o l i d  Samples 

7.2.1 E x t r a c t i o n  

7.2.1.1 To a  400 mL, t h i c k - w a l l  beaker add 30 g  ( d r y  - 
weight as determined i n  Method 3540, Sec. 7.2.1) o f  t h e  we1 1  -mixed f~ 
s o l i d  sample. Ad jus t  t h e  pH t o  2  w i t h  concentrated h y d r o c h l o r i c  
a c i d  o r  a c i d i f y  s o l i d s  i n  each beaker w i t h  85 mL o f  0.1 M phosphate 
b u f f e r  (pH = 2.5) and thoroughly  mix t h e  conten ts  w i t h  a  g lass  
s t i r r i n g  rod.  Spike t h e  sample w i t h  surrogate compound ( s  j accord ing 
t o  Sec. 5.16.1. 

7.2.1.2 The u l t r a s o n i c  e x t r a c t i o n  o f  s o l  i d s  must be 
opt imized f o r  each type  o f  sample. I n  o rder  f o r  t h e  u l t r a s o n i c  
e x t r a c t o r  t o  e f f i c i e n t l y  e x t r a c t  so l  i d  samples, t h e  sample must be 
f r e e  f l o w i n g  when t h e  so l ven t  i s  added. A c i d i f i e d  anhydrous sodium 
s u l f a t e  should be added t o  c l a y  type  s o i l s  (normal ly  1: l ) ,  o r  any 
o the r  so l  i d  t h a t  i s  no t  a  f r e e  f l o w i n g  sandy mix tu re ,  u n t i l  a  f r e e  
f l o w i n g  m ix tu re  i s  obtained. 

7.2-.1.3 Add 100 mL o f  methyl ene c h l  or ide/acetone ( 1  : 1  
v/v) t o  t h e  beaker. Perform u l t r a s o n i c  e x t r a c t i o n  f o r  3 minutes, 
w i t h  ou tpu t  c o n t r o l  knob s e t  a t  10 ( f u l l  power) and w i t h  mode sw i t ch  
on Pulse (pul  s i n g  energy r a t h e r  than cont inuous energy) and percent -  
du ty  c y c l e  knob s e t  a t  50% (energy on 50% o f  t i m e  and o f f  50% o f  
t ime) .  A l low t h e  so l  i d s  t o  s e t t l e .  T rans fer  t h e  organ ic  l a y e r  i n t o  
a  500 mL c e n t r i f u g e  b o t t l e .  

7.2.1.4 U l t r a s o n i c a l l y  e x t r a c t  t h e  sample t w i c e  more us ing  
100 mL o f  methylene c h l o r i d e  and t h e  same u l t r a s o n i c  c o n d i t i o n s .  

bdj 

7.2.1.5 Combine t h e  th ree  organ ic  e x t r a c t s  f rom t h e  sample 
i n  t h e  c e n t r i f u g e  b o t t l e  and cen t r i f uge  10 minutes t o  s e t t l e  t h e  
f i n e  p a r t  i c l  es . F i  1  t e r  t h e  combi ned e x t r a c t  through f i 1  t e r  paper 
(Whatman #I, o r  equ i va len t )  con ta in ing  7-10 g  o f  a c i d i f i e d  sodium 
s u l f a t e  i n t o  a  500 mL 24/40 Erlenmeyer f l a s k .  Add 10 g  o f  a c i d i f i e d  
anhydrous sodi l~m s u l f a t e .  P e r i o d i c a l l y ,  v i g o r o u s l y  shake the  
e x t r a c t  and d r v i n g  agent and a l l o w  t h e  d r y i n g  agent t o  remain i n  
con tac t  w i t h  t he  e x t r a c t  f o r  a  minimum o f  2  hours. See NOTE i n  Sec. 
7.3.1.6 t h a t  emphasizes t h e  need fo r  a  d r y  e x t r a c t  p r i o r  t o  
e s t e r i f i c a t i o n .  

7.2.1.6 Q u a n t i t a t i v e l y  t r a n s f e r  t h e  conten ts  o f  t h e  f l a s k  
t o  a  500-mL Kuderna-Danish f l a s k  w i t h  a  10-mL concen t ra to r  tube 
attached. Add b o i l i n g  ch ips  and a t t a c h  t h e  macro Snyder column. 
Evaporate t h e  e x t r a c t  on t h e  water ba th  t o  a  volume o f  approx imate ly  
5  mL. Remove the  f l a s k s  from the  water  ba th  and a l l o w  them t o  coo l .  

7.2.1.7 I f  h y d r o l y s i s  o r  a d d i t i o n a l  c leanup i s  n o t  
r e q u i r e d  and t h e  san~ple i s  d ry ,  proceed t o  Sec. 7.4.4 - N i t rogen  
B l  owdown. 
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7.2.1.8 Use t h i s  step only i f  herb ic ide  esters i n  add i t ion  
t o  herb ic ide  acids are t o  be determined: 

7.2.1.8.1 Add 5  mL o f  37% aqueous potassium hydroxide 
and 30 mL o f  water t o  the ex t rac t .  Add add i t iona l  b o i l i n g  
chips t o  the  f lask. Reflux the  mixture on a  water bath a t  
60-65°C u n t i l  the  hydro lys is  step i s  completed (usua l ly  1  t o  
2  hours).  Remove the  f l asks  from the water bath arrd cool t o  
room temperature. CAUTION - the presence o f  res idua l  acetone 
w i l l  r e s u l t  i n  the  formation of a ldo l  condensation products 
which w i l l  cause GC in ter ference.  

7.2.1.8.2 Transfer the  hydrolyzed aqueous so lu t i on  t o  
a  500 mL separatory funnel and e x t r a c t  the  so lu t i on  three 
times w i t h  100 mL por t ions  o f  methylene ch lor ide .  Discard the  
methylene ch lo r ide  phase. A t  t h i s  p o i n t  the  basic (aqueous) 
so lu t i on  contains the herb ic ide  s a l t s .  

7.2.1.8.3 Adjust the  pH o f  the  s o l u t i o n  t o  <2 w i th  
co ld  (4°C) s u l f u r i c  ac id  (1:3) and ex t rac t  once w i t h  40 mL o f  
d i e t h y l  ether  and twice w i th  20 mL por t ions  of e ther .  Corrrbine 
the  ex t rac ts  and pour them through a  pre- r insed dry ing  column 
conta in ing 7  t o  10 cm o f  a c i d i f i e d  anhydrous sodium su l fa te .  
Co l l ec t  the  d r i e d  ex t rac ts  i n  a  500 mL Erlenmeyer f l a s k  (w i th  
a  24/40 j o i n t )  conta in ing 10 g  o f  a c i d i f i e d  anhydrous sodium 
s u l f a t e .  Pe r iod i ca l l y ,  v igorously shake the  ex t rac t  and 
d ry ing  agent and a l low the  d ry ing  agent t o  remain i n  contact 
w i t h  the  e x t r a c t  f o r  a  minimum o f  2  hours. See NOTE i n  Sec. 
7.3.1.6 t h a t  emphasizes the  need f o r  a  d ry  ex t rac t  p r i o r  t o  
e s t e r i f i c a t i o n .  Q u a n t i t a t i v e l y  t r a n s f e r  the  contents o f  the  
f l a s k  t o  a  500-mL Kuderna-Danish f l a s k  w i t h  a  10-mL 
concentrator tube attached when the  ex t rac t  i s  known t o  be 
dry .  

7.2.1.8.4 Proceed toSec .  7.4, Ex t rac t  Concentration. 
I f  add i t i ona l  cleanup i s  required, proceed t o  Sec. 7.2.1.9. 

7.2.1.9 Use t h i s  step i f  add i t i ona l  cleanup o f  the  non- 
hvdrol  vzed herbic ides i s  reaui  red: 

7.2.1.9.1 P a r t i t i o n  the  herbic ides by e x t r a c t i n g  the 
n~ethylene ch lo r ide  from 7.2.1.7 ( o r  d i e t h y l  ether  from 
7.2.1.8.4) w i t h  3 x  15 mL por t ions  o f  aqueous base prepared 
by c a r e f u l l y  mix ing 30 mL o f  reagent water i n t o  15 mL o f  37% 
aqueous potassium hydroxide. Discard the  methyl ene ch lo r ide  
o r  ether  phase. A t  t h i s  po in t  the  basic (aqueous) so lu t i on  
contains the  herb ic ide  sa l t s .  

7.2.1.9.2 Adjust the  pH o f  the  s o l u t i o n  t o  <2 w i t h  
co ld  (4°C) s u l f u r i c  ac id (1  :3) and e x t r a c t  once w i th  40 mL o f  
d i e t h y l  ether  and tw ice  w i t h  20 mL por t ions  o f  ether .  Combine 
the  ex t rac ts  and pour them through a  pre- r insed d ry ing  column 
conta in ing 7  t o  10 cm o f  a c i d i f i e d  anhydrous sodium su l fa te .  
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C o l l e c t  t h e  d r i e d  e x t r a c t s  i n  a  500 mL Erlenmeyer f l a s k  ( w i t h  
a  24/40 j o i n t )  con ta in ing  10 g  o f  a c i d i f i e d  anhydrous sodium 
s u l f a t e .  P e r i o d i c a l l y ,  v i go rous l y  shake t h e  e x t r a c t  and 
d r y i n g  agent and a l l ow  the  d r y i n g  agent t o  remain i n  contac t  
w i t h  t h e  e x t r a c t  f o r  a  minimum o f  2  hours. See NOTE i n  Sec. 
7.3.1.6 t h a t  emphasizes t h e  need f o r  a  d ry  e x t r a c t  p r i o r  t o  
e s t e r i f i c a t i o n .  Q u a n t i t a t i v e l y  t r a n s f e r  t h e  contents o f  t h e  
f l a s k  t o  a  500-mL Kuderna-Danish f l a s k  w i t h  a  10-mL 
concentrator  tube attached when t h e  e x t r a c t  i s  known t o  be 
dry.  

7.2.1.9.3 Proceed t o  sec t i on  7.4 f o r  e x t r a c t  
concentrat ion.  

7.2.1.10 An a l t e r n a t i v e  wr i s t - shake r  e x t r a c t i o n  procedure 
can be found i n  Sec. 7.2 o f  Method 8150. 

Preparat ion o f  Aqueous Samples 

7.3.1 Separatory Funnel 

7.3.1.1 Using a  graduated c y l i n d e r ,  measure ou t  a  1-L 
sample and t rans fe . r  i t  i n t o  a  2-L separatory funne l .  Spike t h e  
sample w i t h  surrogate compound(s) according t o  Sec. 5.15.1. 

7.3.1.2 Add 250 g  o f  NaCl t o  t h e  sample, seal,  and shake 
t o  d i s s o l v e  t h e  s a l t .  

7.3.1.3 Use t h i s  s tep on l y  i f  he rb i c ide  e s t e r s  i n  a d d i t i o n  
t o  he rb i c ide  acids, a re  t o  be determined: ms 

u 
7.3.1.3.1 Add 17 mL o f  6 N NaOH t o  t h e  sample, seal,  

and shake. Check t h e  pH of t h e  sample w i t h  pH paper; i f  t h e  
sample does no t  have a  pH g rea te r  than o r  equal t o  12, ad jus t  
t h e  pH by adding more 6  N NaOH. Le t  t h e  sample s i t  a t  room 
temperature u n t i l  t he  hyd ro l ys i s  s tep i s  completed ( u s u a l l y  1 
t o  2  hours),  shaking t h e  separatory funnel  and contents 
p e r i o d i c a l l y .  

7.3.1.3.2 Add 60 mL o f  methylene c h l o r i d e  t o  t h e  
sample b o t t l e  and r i n s e  both t h e  b o t t l e  and t h e  graduated 
c y l  i nde r .  Transfer t h e  methylene c h l o r i d e  t o  t h e  separatory 
funnel  and e x t r a c t  t he  sample by v igo rous l y  shaking t h e  funnel  
f o r  2  minutes, w i t h  p e r i o d i c  vent ing  t o  re lease  excess 
pressure. Al low t h e  organic l a y e r  t o  separate f rom t h e  water 
phase f o r  a  minimum o f  10 minutes. I f  t h e  emulsion i n t e r f a c e  
between the  l a y e r s  i s  more than o n e - t h i r d  t h e  volume o f  t h e  
so lvent  1  ayer, t he  ana lys t  must employ mechanical techniques 
t o  complete the  phase separat ion.  The optimum technique 
depends upon t h e  sample, bu t  may i nc lude  s t i r r i n g ,  f i l t r a t i o n  
through g lass  wool, cen t r i f uga t i on ,  o r  o the r  phys i ca l  methods. 
Di scard the  methylene c h l o r i d e  phase. 
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7.3.1.3.3 Add a second 60 mL volume o f  methylene 
c h l o r i d e  t o  the  separatory funnel and repeat the  ex t rac t i on  
procedure a  second time, d iscard ing  the  methylene ch lo r i de  
l aye r .  Perform a  t h i r d  e x t r a c t i o n  i n  the same manner. 

7.3.1.4 Add 17 mL o f  c o l d  (4°C) 12 N s u l f u r i c  ac id  t o  the 
sample (o r  hydrolyzed sample), seal, and shake t o  mix. Check the pH 
of t he  sample w i t h  pH paper: i f  the  sample does not  have a  pH less  
than o r  equal t o  2, ad jus t  t he  pH by adding more ac id.  

7.3.1.5 Add 120 mL d i e t h y l  e ther  t o  t he  sample, seal, and 
e x t r a c t  the  sample by v igorous ly  shaking the  funnel f o r  2  min w i t h  
p e r i o d i c  vent ing  t o  re1 ease excess pressure. A1 1  ow the  organic 
l a y e r  t o  separate from the water phase f o r  a  minimum o f  10 min. I f  
the  emu1 s ion  i n t e r f a c e  between 1 ayers i s  more than one t h i r d  the 
volume o f  the solvent  layer ,  the analyst  must employ mechanical 
techniques t o  complete the phase separation. The optimum techniques 
t o  complete the  phase separat ion depends upon the  sample, bu t  may 
inc lude s t i r r i n g ,  f i l t r a t i o n  through g lass wool, cen t r i f uga t i on ,  o r  
o ther  physical  methods. Remove the  aqueous phase t o  a  2  L  
Erlenmeyer f l a s k  and c o l l e c t  the e ther  phase i n  a  500 mL Erlenmeyer 
f l a s k  conta in ing  approximately 10 g  o f  a c i d i f i e d  anhydrous sodium 
s u l f a t e .  P e r i o d i c a l l y ,  v igorous ly  shake the  e x t r a c t  and d ry ing  
agent. 

7.3.1.6 Return the  aqueous phase t o  the  separatory funnel,  
add 60 mL o f  d i e t h y l  e ther  t o  the  sample, and repeat the e x t r a c t i o n  
procedure a  second time, combining the  e x t r a c t s  i n  the 500 mL 
Erlenmeyer f l a s k .  Perform a  t h i r d  e x t r a c t i o n  w i t h  60 mL d i e t h y l  
e the r  i n  t he  same manner. Al low the e x t r a c t  t o  remain i n  contact  
w i t h  the  sodium s u l f a t e  f o r  approximately 2  hours. 

NOTE : - The d ry ing  step i s  very c r i t i c a l  t o  ensuring 
complete e s t e r i f i c a t i o n .  Any moisture remaining 
i n  the  e ther  w i l l  r e s u l t  i n  low herb ic ide  
recover ies.  The amount o f  sodium s u l f a t e  i s  
adequate i f  some f r e e  f low ing c r y s t a l s  are 
v i s i b l e  when s w i r l i n g  the  f l a s k .  I f  a l l  o f  the  
sodium s u l f a t e  s o l i d i f i e s  i n  a  cake, add a  few 
add i t i ona l  grams o f  a c i d i f i e d  sodium s u l f a t e  and 
again t e s t  by s w i r l i n g .  The 2  hour d ry ing  t ime 
i s  a  minimum, however, t he  ex t rac ts  may be he ld  
i n  contact  w i t h  the  sodium s u l f a t e  overn ight .  

7.3.1.7 Pour the d r i e d  e x t r a c t  through a  funnel plugged 
w i t h  ac id  washed g lass wool, and c o l l e c t  the  e x t r a c t  i n  the  K-D 
concentrator .  Use a  g lass rod t o  crush any caked sodium s u l f a t e  
dur ing  the  t r a n s f e r .  Rinse the  Erlenmeyer f l a s k  and funnel w i t h  20 
t o  30 mL o f  d i e t h y l  e ther  t o  cor~iplete the  q u a n t i t a t i v e  t r a n s f e r .  
Proceed t o  Sec. 7.4 f o r  e x t r a c t  concentrat ion.  
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7.4 Ex t rac t  Concentrat ion 

7.4.1 Add one o r  two c lean b o i l i n g  ch ips  t o  t h e  f l a s k  and a t tach  a 
th ree  b a l l  Snyder column. Prewet t he  Snyder column by adding about 1 mL 
o f  d i e t h y l  e the r  t o  t h e  t o p  o f  the  column. Place the  K-D apparatus on a 
ho t  water bath (15-20°C above the  b o i l i n g  p o i n t  o f  t h e  so lvent )  so t h a t  t h e  b d ~  

concentrator  tube i s  p a r t i a l l y  immersed i n  t h e  ho t  water and t h e  e n t i r e  
lower rounded sur face o f  t he  f l a s k  i s  bathed w i t h  ho t  vapor. Ad jus t  t h e  
v e r t i c a l  p o s i t i o n  o f t h e  apparatus and the  water temperature, as requ i red ,  
t o  complete t h e  concent ra t ion  i n  10-20 minutes. A t  t h e  proper  r a t e  o f  
d i s t i l l a t i o n  t h e  b a l l s  o f  t he  column w i l l  a c t i v e l y  c h a t t e r ,  b u t  t h e  
chambers w i l l  no t  f l ood .  When t h e  apparent volume o f  1 i q u i d  reaches 1 mL, 
remove the  K-D apparatus from t h e  water ba th  and a l l o w  i t  t o  d r a i n  and 
cool f o r  a t  l e a s t  10 minutes. 

7.4.2 Remove t h e  Snyder column and r i n s e  t h e  f l a s k  and i t s  lower 
j o i n t s  i n t o  the  concentrator  tube w i t h  1-2 mL o f  d i e t h y l  e the r .  The 
e x t r a c t  may be f u r t h e r  concentrated by us ing  e i t h e r  t h e  micro Snyder 
co l  umn technique (Sec. 7.4.3) o r  n i t rogen  b l  owdown technique (Sec. 7.4.4). 

7.4.3 Mic ro  Snyder Col umn Technique 

7.4.3.1 Add another one o r  two c lean b o i l i n g  ch ips  t o  t h e  
concent ra tor  tube and a t tach  a two b a l l  m ic ro  Snyder column. Prewet 
t h e  column by adding about 0.5 mL o f  d i e t h y l  e t h e r  t o  t h e  t o p  o f  t he  
column. Place the  K-D apparatus i n  a ho t  water ba th  so t h a t  t h e  
concent ra tor  tube i s  p a r t i a l l y  immersed i n  t h e  ho t  water.  Adjust  
t h e  v e r t i c a l  p o s i t i o n  o f  t h e  apparatus and t h e  water temperature, as 
requi red,  t o  complete the  concent ra t ion  i n  5-10 minutes. A t  t h e  
proper  r a t e  o f  d i s t i l l a t i o n  t h e  b a l l s  o f  t h e  column w i l l  a c t i v e l y  
cha t te r ,  bu t  t h e  chambers w i l l  no t  f lood.  When the  apparent volume 
of l i q u i d  reaches 0.5 mL, remove t h e  K-D apparatus f rom t h e  water 
bath and a1 low i t  t o  d r a i n  and cool f o r  a t  l e a s t  10 minutes. Remove 
t h e  Snyder column and r i n s e  the  f l a s k  and i t s  lower j o i n t s  w i t h  
about 0.2 mL o f  d i e t h y l  e the r  and add t o  the  concent ra tor  tube. 
Proceed t o  Sec. 7.4.5. 

7.4.4 N i t rogen Blowdown Technique 

7.4.4.1 Place the  concentrator  tube i n  a warm water ba th  
(approximate ly  35°C) and evaporate t h e  so lvent  volume t o  t h e  
requ i red  l e v e l  us ing a gen t l e  streani o f  c lean, d r y  n i t r o g e n  
( f i l t e r e d  through a column o f  a c t i v a t e d  carbon) .  

CAUTION: Do no t  use p l a s t i c i z e d  t u b i n g  between t h e  carbon 
t r a p  and the  sample. 

7.4.4.2 The i n t e r n a l  w a l l  o f  t he  tube must be r i n s e d  down 
several t imes w i t h  d i e t h y l  e the r  du r ing  t h e  opera t ion .  Dur ing 
evaporat ion, t h e  so lvent  l e v e l  i n  t h e  tube must be p o s i t i o n e d  t o  
prevent  water from condensing i n t o  the  sample ( i  .e., t h e  so lvent  
l e v e l  should be below t h e  l e v e l  o f  t h e  water ba th ) .  Under normal 
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opera t ing  cond i t ions ,  t h e  e x t r a c t  should no t  be al lowed t o  become 
d ry .  Proceed t o  Sec. 7.4.5. 

7.4.5 D i l u t e  t h e  e x t r a c t  w i t h  1 mL o f  isooctane and 0.5 mL o f  
methanol. D i l u t e  t o  a f i n a l  volume o f  4 mL w i t h  d i e t h y l  e ther .  'The 
sample i s  now ready f o r  me thy la t i on  w i t h  diazomethane. I f  PFB d e r i v a t i o n  
i s  be ing  performed, d i l u t e  t o  4 mL w i t h  acetone. 

7.5 E s t e r i f i c a t i o n  - For  diazomethane d e r i v a t i z a t i o n  proceed w i t h  Sec. 
7.5.1. For  PFB d e r i v a t i z a t i o n  proceed w i t h  Sec. 7.5.2. 

7.5.1 Diazomethane D e r i v a t i z a t i o n  - Two methods may be used f o r  t he  
genera t ion  o f  diazomethane: t he  bubbler  method (see F igure  l ) ,  Sec. 
7.5.1.1, and the  D iaza ld  k i t  method, Sec. 7.5.1.2. 

CAUTION: Oiazomethane i s  a carcinogen and can explode under 
c e r t a i n  cond i t i ons .  

The bubbler  method i s  suggested when small batches o f  samples 
(10-15) r e q u i r e  e s t e r i f i c a t i o n .  The bubbler method works w e l l  w i t h  
samples t h a t  have low concentrat ions o f  herb ic ides  (e.g., aqueous samples) 
and i s  s a f e r  t o  use than  t h e  D iaza ld  k i t  procedure. The D iaza ld  k i t  
method i s  good f o r  l a r g e  q u a n t i t i e s  o f  samples needing e s t e r i f  i c a t i o n .  
The D iaza ld  k i t  method i s  more e f f e c t i v e  than t h e  bubbler  method f o r  s o i l s  
o r  samples t h a t  may con ta in  h igh  concentrat ions o f  he rb i c i des  (e.g., 
samples such as s o i l s  t h a t  may r e s u l t  i n  ye l l ow  e x t r a c t s  f o l l o w i n g  
h y d r o l y s i s  may be d i f f i c u l t  t o  handle by t h e  bubbler  method). The 
d i  azomethane d e r i v a t i z a t i o n  (U.S. EPA, 1971) procedures, descr ibed below, 
w i l l  r e a c t  e f f i c i e n t l y  w i t h  a l l  o f  t h e  c h l o r i n a t e d  he rb i c i des  descr ibed i n  
t h i s  method and should be used on l y  by experienced analysts ,  due t o  t h e  
p o t e n t i a l  hazards associated w i t h  i t s  use. The f o l l o w i n g  precaut ions 
should be taken: 

Use a s a f e t y  screen. 
Use mechanical p i p e t t i n g  aides. 
Do n o t  heat  above 90°C - EXPLOSION may r e s u l t .  
Avoid g r i n d i n g  surfaces, ground-glass j o i n t s ,  s leeve bearings, 
and g lass  s t i r r e r s  - EXPLOSION may r e s u l t .  
Store away from a1 k a l  i metals - EXPLOSION may r e s u l t .  
So lu t i ons  o f  d i  azomethane decorr~pose r a p i d l y  i n  t h e  presence o f  
so l  i d  m a t e r i a l s  such as copper powder, ca lc ium ch lo r i de ,  and 
b o i l i n g  ch ips .  

7.5.1.1 Bubbler method - Assemble t h e  diazomethane bubbler 
(see F igure  1 ) .  

7.5.1.1.1 A d d 5 m L o f d i e t h y l  e t h e r t o  t h e  f i r s t  t e s t  
tube. Add 1 mL o f  d i e t h y l  e ther ,  1 mL o f  c a r b i t o l  , 1.5 mL o f  
37% KOH, and 0.1-0.2 g o f  D iaza ld  t o  t h e  second t e s t  tube. 
Immediately p lace  t he  e x i t  tube i n t o  t h e  concent ra to r  tube 
con ta in i ng  t h e  sample e x t r a c t .  Apply n i t r o g e n  f l o w  
(10 mL/min) t o  bubble diazomethane through the  e x t r a c t  f o r  
10 minutes o r  u n t i l  t h e  y e l l o w  c o l o r  o f  diazomethane p e r s i s t s .  

Revis ion 0 
September 1994 



The amount o f  D iaza ld  used i s  s u f f i c i e n t  f o r  e s t e r i f i c a t i o n  o f  
approx imate ly  t h r e e  sample e x t r a c t s .  An a d d i t i o n a l  0.1-0.2 g 
o f  D iaza ld  may be added ( a f t e r  t h e  i n i t i a l  D iaza ld  i s  
consumed) t o  extend t h e  genera t ion  o f  t h e  diazomethane. There 
i s  s u f f i c i e n t  KOH presen t  i n  t h e  o r i g i n a l  s o l u t i o n  t o  per fo rm 0 a maximum o f  approx imate ly  20 minutes o f  t o t a l  e s t e r i f i c a t i o n .  

7.5.1.1.2 Remove t h e  concen t ra to r  t l l be  and seal  i t  
w i t h  a  Neoprene o r  T e f l o n  s topper .  S to re  a t  room temperature 
i n  a  hood f o r  20 minutes. 

7.5.1.1.3 Dest roy any unreacted diazomethane by adding 
0.1-0.2 g of s i l i c i c  a c i d  t o  t h e  concen t ra to r  tube.  A l l ow  t o  
s tand u n t i l  t h e  e v o l u t i o n  o f  n i t r o g e n  gas has stopped. A d j u s t  
t h e  sample volume t o  10.0 mL w i t h  hexane. Stopper t h e  
concen t ra to r  t ube  o r  t r a n s f e r  1  mL o f  sample t o  a  GC v i a l ,  and 
s t o r e  r e f r i g e r a t e d  i f  f u r t h e r  p rocess ing  wi 11 n o t  be performed 
immediately.  Analyze by gas chromatography. 

7.5.1.1.4 E x t r a c t s  should be s t o r e d  a t  4°C away f rom 
l i g h t .  P rese rva t i on  s tudy  r e s u l t s  i n d i c a t e  t h a t  most ana l y tes  
a re  s t a b l e  f o r  28 days; however, i t  i s  recommended t h a t  t h e  
methy la ted e x t r a c t s  be analyzed immediate ly  t o  min imize t h e  
t r a n s - e s t e r i  f i c a t i o n  and o t h e r  p o t e n t i  a1 r e a c t  i ons  t h a t  may 
occur .  

7.5.1.2 D iaza ld  k i t  method - I n s t r ~ ~ c t i o n s  f o r  p repa r i ng  
diazomethane a re  p rov ided  w i t h  t h e  genera to r  k i t .  

7.5.1.2.1 Add 2 mL o f  diazomethane s o l u t i o n  and l e t  
t h e  sample s tand f o r  10 minutes w i t h  occas iona l  s w i r l i n g .  The k v "  

y e l l o w  c o l o r  o f  diazomethane should be e v i d e n t  and should 
p e r s i s t  f o r  t h i s  pe r i od .  

/ 

7.5.1.2.2 Rinse t h e  i n s i d e  w a l l  of t h e  ampule w i t h  700 
p L  of  d i e t h y l  e t h e r .  Reduce t h e  sample volume t o  
approx imate ly  2  mL t o  remove excess diazomethane by a l l o w i n g  
t h e  s o l  vent  t o  evaporate spontaneously a t  room temperature.  
A l t e r n a t i v e l y ,  10 mg o f  s i l i c i c  a c i d  can be added t o  d e s t r o y  
t h e  excess d i  azomethane. 

7.5.1.2.3 D i l u t e  t h e  sample t o  30.0 mL w i t h  hexane. 
Analyze by gas chromatography. It i s  recommended t h a t  t h e  
methy la ted  e x t r a c t s  be analyzed immediate ly  t o  m in im ize  t h e  
t r a n s - e s t e r i  f i c a t i o n  and o t h e r  p o t e n t i  a1 r e a c t i o n s  t h a t  may 
occur .  

7.5.2 PFB Method 

7.5.2.1 Add 30 p L  of  10% K,CO, and 200 p L  o f  3% PFBBr i n  
acetone. Close t h e  tube  w i t h  a  g l a s s  s topper  and mix  on a v o r t e x  
m ixe r .  Heat t h e  tube a t  60°C f o r  3  hours.  
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7.5.2.2 Evaporate t h e  s o l u t i o n  t o  0.5 mL w i t h  a  gen t l e  
stream o f  n i t r ogen .  Add 2 mL o f  hexane and repea t  evaporat ion j u s t  
t o  dryness a t  ambient temperature. 

7.5.2.3 Redissolve t h e  res idue  i n  2  mL o f  to1uene:hexane 
(1:6) f o r  column cleanup. 

7.5.2.4 Top a s i l i c a  column (Bond E lu t "  o r  equ i va len t )  
w i t h  0.5 cm o f  anhydrous sodium s u l f a t e .  Prewet t h e  column w i t h  5 
mL hexane and l e t  t h e  so lven t  d r a i n  t o  t h e  t o p  o f  t h e  adsorbent. 
Q u a n t i t a t i v e l y  t r a n s f e r  t h e  r e a c t i o n  res idue  t o  t h e  column w i t h  
severa l  r i n s i n g s  o f  t h e  to1uene:hexane s o l u t i o n  ( t o t a l  2  - 3  mL) . 

7.5.2.5 E l u t e  t he  column w i t h  s u f f i c i e n t  t o 1  uene: hexane t o  
c o l l e c t  8 mL o f  e luen t .  D iscard  t h i s  f r a c t i o n ,  which con ta ins  
excess reagent .  

7.5.2.6 E l u t e  t h e  column w i t h  to1uene:hexane ( 9 : l )  t o  
c o l l e c t  8 mL o f  e l uen t  con ta in i ng  PFB d e r i v a t i v e s  i n  a  10 mL 
vo lumet r i c  f l ask .  D i l u t e  t o  10 mL w i t h  hexane. Analyze by GC/ECD. 

7.6 Gas chromatographic cond i t i ons  (recommended) : 

7.6.1 Narrow Bore 

7.6.1.1 Pr imary Column 1: 

Temperature program: 60°C t o  300°C, a t  4"C/min 
He1 i um c a r r i e r  f l  ow: 30 cm/sec 
I n j e c t i o n  volume: 2  pL, s p l i t l e s s ,  45 sec de lay  
I n j e c t o r  temperature: 250°C 
Detec to r  temperature:  320°C 

7.6.1.2 Pr imary Column l a :  

Temperature program: 60°C t o  300°C, a t  4"C/min 
Hel ium c a r r i e r  f l ow:  30 cm/sec 
I n j e c t i o n  volume: 2  pL, s p l  i t l e s s ,  45 sec de lay  
I n j e c t o r  temperature: 250°C 
Detec to r  temperature:  320°C 

7.6.1.3 Column 2: 

Temperature program: 60°C t o  300°C, a t  4"C/min 
Hel ium c a r r i e r  f l ow :  30 cm/sec 
I n j e c t i o n  vo l  ume: 2  pL, sp l  i tl ess, 45 sec de l  ay 
I n j e c t o r  temperature:  250°C 
Detec to r  temperature: 320°C 
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7.6.1.4 Conf i rmat i on Col umn : 

Temperature program: 60°C t o  300°C, a t  4"C/min 
Helium c a r r i e r  f low:  30 cm/sec 
I n j e c t i o n  volume: 2  pL, sp l  i t l e s s ,  45 sec delay 
I n j e c t o r  temperature: 250°C 
Detector  temperature : 320°C 

7.6.2.1 Primary Col umn: 

Temperature program: 0.5 minute a t  150°C, 150°C t o  270°C a t  
5"C/mi n  

Helium c a r r i e r  f low:  7  mL/min 
I n j e c t i o n  volume: 1 PL 

7.6.2.2 Confirmatory Col umn : 

Temperature program: 0.5 minute a t  150°C, 150°C t o  270°C a t  
5"C/mi n  

He1 ium c a r r i e r  f low:  7  mL/min 
I n j e c t i o n  volume: 1 PL 

7.7 C a l i b r a t i o n  

7.7.1 The procedure f o r  i n t e r n a l  o r  ex te rna l  c a l i b r a t i o n  may be 
used. Refer t o  Method 8000 f o r  a  d e s c r i p t i o n  o f  each o f  these procedures. 
Use Table 1 f o r  guidance on s e l e c t i n g  t h e  lowest  p o i n t  on t h e  c a l i b r a t i o n  
curve. -1 

*' 

7.8 Gas chromatographic ana lys is  

7.8.1 Refer t o  Method 8000. I f  the  i n t e r n a l  standard c a l i b r a t i o n  
technique i s  used, add 10 p L  o f  i n t e r n a l  standard t o  t h e  sample p r i o r  t o  
i n j e c t i o n .  

7.8.2 Fol low Method 8000 f o r  i n s t r u c t i o n s  on t h e  ana lys i s  sequence, 
appropr ia te  d i l u t i o n s ,  e s t a b l i s h i n g  d a i l y  r e t e n t i o n  t ime windows, and 
i d e n t i f i c a t i o n  c r i t e r i a .  Inc lude a  mid-concentrat ion standard a f t e r  each 
group o f  10 samples i n  t he  ana lys is  sequence. 

7.8.3 An example o f  a  chromatogram f o r  a  methylated chlorophenoxy 
he rb i c ide  i s  shown i n  F igure 2.  Tables 2 and 3  present  r e t e n t i o n  t imes 
f o r  t he  t a r g e t  analytes a f t e r  e s t e r i f i c a t i o n ,  us ing t h e  diazomethane 
d e r i v a t i z a t i o n  procedure and the  PFB d e r i v a t i z a t i o n  procedure, 
r e s p e c t i v e l y .  

7.8.4 Record t h e  sample volume i n j e c t e d  and the  r e s u l t i n g  peak s izes  
( i n  area u n i t s  o r  peak he igh ts ) .  

7.8.5 Using e i t h e r  t h e  i n t e r n a l  o r  ex terna l  c a l  i b r a t i o n  procedure 
(Method 8000), determine the  i d e n t i t y  and q u a n t i t y  o f  each component peak 
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i n  the  sample chromatogram which corresponds t o  the compounds used f o r  
c a l i b r a t i o n  purposes. 

7.8.6 I f  ca l  i b r a t  i on standards have been analyzed i n  t he  same manner 
as the  samples (e .g. have undergone hyd ro l ys i s  and e s t e r i f  i cat ion) ,  then 
the  c a l c u l a t i o n  o f  concentrat ion g iven i n  Method 8000 should be used. 
However, i f  c a l  i b r a t  i o n  i s  performed using standards made from methyl 
e s t e r  compounds (compounds not  e s t e r i f i e d  by a p p l i c a t i o n  o f  t h i s  method), 
then the  c a l c u l a t i o n  o f  concentrat ion must inc lude a  c o r r e c t i o n  f o r  the  
molecular weight o f  t he  methyl e s t e r  versus the  ac id  herb ic ide .  

7.8.7 I f  peak detec t ion  and i d e n t i f i c a t i o n  are prevented due t o  
in ter ferences,  f u r t h e r  cleanup i s  requi red.  Before us ing  any cleanup 
procedure, t he  ana lys t  must process a  ser ies  o f  standards through the  
procedure t o  v a l i d a t e  e l u t i o n  pa t te rns  and the  absence o f  in te r fe rences 
from reagents. 

8.0 QUALITY CONTROL 

8.1 Refer t o  Chapter One f o r  s p e c i f i c  qual i t y  con t ro l  procedures. 
Q u a l i t y  con t ro l  t o  v a l i d a t e  sample e x t r a c t i o n  i s  covered i n  Method 3500 and i n  
the  e x t r a c t i o n  method u t i l i z e d .  I f  e x t r a c t  cleanup was performed, f o l l o w  the  QC 
i n  Method 3600 and i n  the  s p e c i f i c  cleanup method. 

8.2 Procedures t o  check the GC system operat ion are found i n  Method 8000. 

8.2.1 Select  a  representa t ive  spike concentrat ion f o r  each compound 
(ac id  o r  es te r )  t o  be measured. Using stock standards, prepare a  qual i t y  
con t ro l  check sample concentrate, i n  acetone, t h a t  i s  1000 times more 
concentrated than the  selected concentrat ions.  Use t h i s  q u a l i t y  con t ro l  
check sample concentrate t o  prepare qual i t y  con t ro l  check samples. 

8.2.2 Tables 4 and 5  present b ias  and p r e c i s i o n  data f o r  water and 
c l  ay matr ices,  us ing the  diazomethane d e r i v a t i z a t i o n  procedure. Tab1 e  6  
presents re1 a t i  ve recovery data generated using the  PFB d e r i  v a t i z a t i  on 
procedure and water samples. Compare the  r e s u l t s  obtained w i t h  the  r e s u l t s  
g iven i n  these Tables t o  determine i f  the  data q u a l i t y  i s  acceptable. 

8.3 Ca lcu la te  surrogate standard recovery on a1 1  standards, samples, 
blanks, and spikes. Determine i f  the  recovery i s  w i t h i n  l i m i t s  ( l i m i t s  
es tab l ished by performing QC procedures o u t l i n e d  i n  Method 8000). 

8.3.1 I f  recovery i s  no t  w i t h i n  l i m i t s ,  the  f o l l o w i n g  procedures are 
requ i red  : 

8.3.1.1 Check t o  be sure there  are no e r r o r s  i n  
ca l  cu l  a t  ions, surrogate so lu t i ons  and i n t e r n a l  standards. A1 so, 
check instrument performance. 

8.3.1.2 Recalculate the  data and/or reanalyze the  e x t r a c t  
i f  any o f  t he  above checks reveal a  problem. 
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8.3.1.3 Reextract  and reanalyze the  sample i f  none o f  t h e  
above are  a  problem o r  f l a g  t h e  da ta  as "est imated concent ra t ion . "  

8.4 GC/MS con f  i rmat i  on 

8.4.1 GC/MS techniques should be j u d i c i o u s l y  employed t o  suppor t  '+$ 

qual i t a t i v e  i d e n t i f i c a t i o n s  made w i t h  t h i s  method. Refer  t o  Method 8270 
f o r  t h e  appropr ia te  GC/MS ope ra t i ng  cond i t i ons  and a n a l y s i s  procedures. 

8.4.2 When ava i l ab le ,  chemical i o n i z a t i o n  mass spec t ra  may be 
employed t o  a i d  t h e  qual i t a t i v e  i d e n t i f i c a t i o n  process. 

8.4.3 Should these MS procedures f a i l  t o  p rov ide  s a t i s f a c t o r y  
r e s h l  t s ,  a d d i t i o n a l  steps may be taken be fore  reana l ys i s .  These steps may 
i nc lude  the  use o f  a1 t e r n a t e  packed o r  capi  11 a ry  GC columns o r  a d d i t i o n a l  
c l  eanup. 

9.0 METHOD PERFORMANCE 

9.1 I n  s i n g l e  1  aboratory s tud ies  us ing o rgan i c - f ree  reagent  water  and 
c l a y / s t i l l  bottom samples, t he  mean recover ies  presented i n  Tables 4  and 5  were 
obta ined f o r  diazomethane d e r i v a t i z a t i o n .  The standard d e v i a t i o n s  o f t h e  percent  
recover ies  o f  these measurements a re  a l so  i n  Tables 4  and 5. 

9.2 Table 6  presents r e l a t i v e  recover ies  o f  t h e  t a r g e t  ana ly tes  obta ined 
us ing  t h e  PFB d e r i v a t i z a t i o n  procedure w i t h  spiked water  samples. 
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F i g u r e  2 
CHROMATOGRAM OF METHYL ESTERS OF CHLOROPHENOXYACIDS 

J 
1046 

100.0 

R IC 

A - Dahpon. methyl ester 
B = Dicamb.. meIhyl esIer 
C : MCPP. wthyl esIsr 
D = MCPA. w ~ h y l  ester 
E - Dichlorprop. methyl estu 
F = 2.4.-0. meahyl ester 
G - Silwh. nwrt~yl esIer 
H 2.4.6 1. meIhyl ester 
I : 2.4-Dtl. methyl ester 

J Dinowlr. methyl ether 
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TABLE 1 
ESTIMATED METHOD DETECTION LIMITS FOR METHOD 8151, 

DIAZOMETHANE DERIVATIZATION 

Ana ly te  

~ s G m a t e d  ~ s t ' i m a t e d  ~ s t i m a t e d  
De tec t i on  D e t e c t i o n  I d e n t i f i c a t i o n  

L im i  ta L imi  tb L im i  tc 
(pg/L) ( ~ ~ g / k g )  (ns) 

- 

A c i f l  uo r f en  0.096 
Bent azon 0.2 
Chl oramben 0.093 
2,4-D 0.2 
Dal apon 1.3 
2,4-DB 0.8 
DCPA d i a c i d e  0.02 
Dicamba 0.081 
3,5-Dichl  orobenzoic  a c i d  0.061 
D i  c h l  oroprop 0.26 
D i  noseb 0.19 
5-Hydroxydicamba 0.04 
MCPP 0 . 0 9 ~  
MC PA 0 . 0 5 6 ~  
4-Ni t rophenol .O. 13 
Pent ach l  orophenol 0.076 
P i  c l  oram 0.14 
2,4,5-T 0.08 
2,4,5-TP 0.075 

a EDL = es t imated  d e t e c t i o n  l i m i t ;  d e f i n e d  as e i t h e r  t h e  MDL (40 CFR P a r t  136, 
Appendix B, Rev i s i on  1.11 ), o r  a concen t ra t i on  o f  a n a l y t e  i n  a sample 
y i e l d i n g  a peak i n  t h e  f i n a l  e x t r a c t  w i t h  s i g n a l - t o - n o i s e  r a t i o  o f  
approx imate ly  5, whichever va lue  i s  h i ghe r .  

b De tec t i on  l i m i t s  determined f rom standard s o l u t i o n s  c o r r e c t e d  back t o  50 g 
samples, e x t r a c t e d  and concent ra ted  t o  10 mL, w i t h  5 p L  i n j e c t e d .  
Chromatography us ing  narrow bore cap i  11 a r y  column, 0.25 p m  f . i  Im, 
5% phenyl/95% methyl  s i  1 i cone .  

c The rn'lnimum amount o f  ana l y te  t o  g i v e  a F inn igan  :INCOS F IT  va lue  o f  800 as 
t h e  methyl  d e r i v a t i v e  vs. t h e  spectrum ob ta ined  f rom 50 ng o f  t h e  r e s p e c t i v e  
f r e e  a c i d  h e r b i c i d e .  

d 40 CFR Pa r t  136, Appendix B (49 FR 43234). Chromatography u s i n g  wide-bore 
cap i  11 a r y  c o l  umn . 

e DCPA monoacid and d i a c i d  m e t a b o l i t e s  i nc l uded  i n  method scope; DCPA d i a c i d  
m e t a b o l i t e  used f o r  v a l i d a t i o n  s tud ies .  DCPA i s  a d ime thy l  e s t e r .  
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TABLE 2 
RETENTION TIMES (MINUTES) OF METHYL DERIVATIVES OF CHLORINATED HERBICIDES 

/ r, 

Megabore Columns 
'k4.d Narrow Bore Columns Wide-bore Columns 

P r i  marya Conf i rmat i on" P r i  maryb Conf i rmationb 
Ana ly te  Col umn Col umn Col urnn Col uliin 

Dal apon 3.4 
3,5-Dichl orobenzoic a c i d  18.6 
4-Ni t rophenol  18.6 
DCAA (sur roga te)  22.0 
Dicamba 22.1 
D i c h l  oroprop 25.0 
2,4-D 25.5 
DBOB ( i n t e r n a l  std.)  27.5 
Pentachl orophenol 28.3 
Chloramben 29.7 
2,4,5-TP 29.7 
5-Hydroxydicamba 30.0 
2,4,5-T 30.5 
2,4-DB 32.2 
D i  noseb 32.4 
Bent azon 33.3 
P i  c l  oram 34.4 
DCPA d i a c i d c  35.8 

/<*a\, 

A c i f l u o r f e n  41.5 
MCPP 

1 

'kid MC PA 

a Primary Column: 5% phenyl/95% methyl s i 1 icone 
Conf i rmat i on Col umn: 14% cyanopropyl phenyl s i  1 i cone 

Temperature program: 60°C t o  300°C, a t  4"C/min 
He1 ium c a r r i e r  f l ow :  30 cm/sec 
I n j e c t i o n  volume: 2 pL, s p l i t l e s s ,  45 sec delay 
I n j e c t o r  temperature: 250°C 
Detec to r  temperature: 320°C 

b Primary Column: DB-608 
Conf i rmatory Col umn : 14% cyanopropyl phenyl s i 1 i cone 

Temperature program: 0.5 minute a t  150°C, 
150°C t o  270°C, a t  5"C/min 

H e l i u m c a r r i e r f l o w :  7mL/min 
I n j e c t i o n  volume: 1 

c DCPA monoacid and d i a c i d  metabo l i tes  inc luded i n  method scope; DCPA d i a c i d  
metabol i t e  used f o r  v a l i d a t i o n  s tud ies .  DCPA i s  a d imethy l  es te r .  
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TABLE 3 
RETENTION TIMES (MINUTES) OF PFB DERIVATIVES OF CHLORINATED HERBICIDES 

Herb ic ide  
Gas Chromatoqraphic Column 

T h i n - f i l m  DB-5" SP-2250b T h i c k - f i l m  DB-5" 

Dal apon 
MCPP 
Dicamba 
MC PA 
Di  c h l  oroprop 
2,4-D 
S i  1 vex 
2,4,5-T 
D i  noseb 
2,4-DB 

a DB-5 c a p i l l a r y  column, 0.25 pm f i l m  th ickness,  0.25 mm ID x 30 m long .  
Column temperature, programmed: 70°C f o r  1 minute, program 10°C/min. t o  
240°C, ho ld  f o r  17 minutes. 

b SP-2550 c a p i l l a r y  column, 0.25 p m  f i l m  th ickness,  0.25 mm I D  x 30 m long.  
Column temperature, programmed: 70°C f o r  1 minute, program 10°C/min. t o  
240°C, h o l d  f o r  10 minutes. 

c DB-5 c a p i l l a r y  column, 1.0 pm f i l m  th ickness,  0.32 mm I D  x 30 m long .  
Col u~nn temperature, programmed: 70°C f o r  1 minute, program 10°C/min. t o  
240°C, h o l d  f o r  10 minutes. 
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TABLE 4 
ACCURACY AND PRECISION FOR METHOD 8151 

DIAZOMETHANE DERIVATIZATION, ORGANIC-FREE REAGENT WATER MATRIX 

Analyte 

Spike Mean" Standard 
Concentration Percent Dev ia t ion  o f  

(pg/L) Recovery Percent Recovery 

A c i f l  uor fen 
Bentazon 
Chl oramben 
2,4-D 
Dal apon 
2,4-DB 
DCPA d iac idb  
Di camba 
3,5-Dichlorobenzoic ac id  
Di c h l  oroprop 
Dinoseb 
5-Hydroxydicamba 
4-Ni trophenol 
Pentachl orophenol 
Pic1 oram 
2,4,5-'TP 
2,4,5-T 

,.-\ a Mean percent recovery ca l cu la ted  from 7-8 determinat ions o f  spiked 

'&usw./ o rgan ic - f ree  reagent water. 

b DCPA monoacid and d i a c i d  metabol i tes included i n  method scope; DCPA 
d i a c i d  metabo l i te  used f o r  v a l i d a t i o n  studies. DCPA i s  a dimethyl es ter .  
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TABLE 5 
ACCURACY AND PRECIS ION FOR METHOD 81 51 

DIAZOMETHANE DERIVATIZATION, CLAY MATRIX 

L inear  Percent 
m 
'-J 

Concentrat ion Re1 a t  i ve 
Mean ~ a n g e ~  Standard Devi a t i onc  

Analyte Percent Recoverya ( ng/g (n=20) 

D i  camba 
MCPP 
MC PA 
Di ch l  oroprop 
2,4-D 
2,4,5-TP 
2,4,5-T 
2,4-DB 
Di noseb 

a Mean percent recovery c a l c u l  ated from 10 determinat ions o f  sp i  ked c l  ay 
and c l  ay/st i 11 bottom samples over t h e  1 i near concent ra t ion  range. 

b L inear  concent ra t ion  range was determined us ing  standard so l  u t  i ons and 
cor rec ted  t o  50 .g  so l  i d  samples. 

c Percent re1  a t i v e  standard dev ia t i on  was ca l cu la ted  us ing  standard 
so lu t i ons ,  10 samples h igh  i n  t he  1 i nea r  concent ra t ion  range, and 10 
samples low i n  the  range. 
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TABLE 6 
RELATIVE RECOVERIES OF PFB DERIVATIVES OF HERBICIDESa 

A n a l y t e  

Standard 
Concentrat ion R e l a t i v e  recover ies ,  % 

mg/ L  1  2  3 4  5  6 7 8 Mean 

MCPP 
D i  camba 
MC PA 
D i  c h l  oroprop 
2 ,4 -D  
S i  1  vex 
2 , 4 , 5 - T  
2,4-DB 

Mean 

a  Percent  recovery de terminat ions  made using e i g h t  spiked water  samples. 
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METHOD 8151 
CHLORINATED HERBIC IDES  BV GC USING METHVLATION OR PENTAFLUOROBENZVLATION 

D E R I V A T I Z A T I O N  : CAP1 LLARV COLUMN TECHNIQUE 

Extraction/Hydrolysis of Waste and Soi 1 Samples 

7.2.1.8.1 Add KOH and 
water. Rdux (or 2 hn. 
Allow to cod. 

7.2.1.8.2 Transfer the 
hydrolyzed solution ma 
S9p hnnel and e-aU 3 
times wim MeCI. 
Discard ercOacE. 

- 

7.2.1.8.3 AddQ and 
e m a  3 times wim 
dkthyl @her. Com#ne 
and dry the e x m a  2 h n  

I 

72.1.9.1 Exfract3Umes 
KOH. Diuard the 

and.ddto0.ker; 
add add and spptks;  

aaatme to sarrpk a 
0xOad 3 min.: I d  
tern &decant eXWad 

sonically e m u  sample 

7 2.1.5 Cmkneorgan 

filter 0lcOad. Dry (w 

e m  to about 5 mL 
mm Snyder cdunn. 

7 2.1 9.2 AadQ and 

dkmyl ehst. Com#ne I and dry the exlrace 2 h a  1 I 
If hydrolyor, is not 
required, proceed to Sec(ion 
7.4.4, Nltogm Bkwdom. 
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METHOD 8151 
(continued) 

Extraction/Hydrolysis of Aqueous Samples and Extract Concentration 

7.3.1.1 MeasurelLof 
sample and transfer to 
a 2L sop. hmnsl. 

msall@eandshaks 

7.3.1.3.1 Add 6N NsOH do 
sample and shah. Add I 

addand8hab. Add 

7.3.1.5 Add ddly l  

e x h a  SIwboh 

(e.Q. sthmg, nmPUon hrw 
emulsion OlpIS WOd. amWga1m. a 

form') omerphysrcallnmocb). 
saw born phasor. 

until pH > 12. L8t stand 

7.3.1.6 R e m  aqueaa phas 7.3.1.7 Pwr O X h d  

e m ~ 2 m a e ~ . c o m b l n c  
em-, and allow amact m praoed 0 Secwn 7.4.1 

7.3.1.3.2 Add MeCI snd r e m a i n i n a n m a w i h ~  
oxinid by shaking (a whte  tor 2 hn. 
2 mn. Discard MeCI. 

7.3.1.3.3 R q m t  
exbankn lwica mas. 
Discard MeCI. 

7.4.1 Place K-D apparaar, 
in waber barn. ~ ~ n ~ ~ m b a m  
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METHOD 8151 
(continued) 

Extract Derivatization 

7.5.21 Add p o t p g h  
carbonam end PFBBr. 
Close Ubs, mix 6 heat 

7.5.22 Evaporate vnU? 
nitrogen b 0.5 mL. Add 
2 mL h e m  and repeat r 
7 5.23 R e d i k e  lkr 
resldu in 2 mL toluene: 
h e m  (1 : 6) 

7.5.24 Load sodium 
sulfafa / silica desnup 
column WIU-I residue. 

7.5.25 Elute d u m n  
vrim enough td- : 
hexane b coUect 8 mL 
eluant 

7 5.26 D M  1st trac(lon 
and conhum U o n  wim 
enough toluene : hexam (1 : 9) 
to collect 8 mL mcre eluant 
Transfer to a 10 mL vdumeoic 
task and dilute b h mark 
W I ~  hexane 

7.5.1.1 AssmbbUW 
di iomehm bubbler 

(Fgure 1) 

1 . 
7.5.1.1.1 Add 5mLto l s t m  
Ubs. Add 1 mL diithyl e m .  
1 mLcarMW. 1 . 5 m L d 3 K K O H  
and 0.1 - 0.2 g Diauld b lkr 
2nd Ubs. Bubblo wim n b g m  
f o r 1 0 m i n a u n l y s l k w ~  

I 

mnmtorbrboand!3eal 
it Storeat man lamp. 

w 

7.5.1.1.3 Add s i l i a e i d t o  
cmamtrator tubs and le( sand 
unlll nmogsn wdu(lon has 
stopped.  jut sampe v d u m  
b 10 mL wlm heune. Stopper. 

I Immediate analysis is remmmended I 

scMeat4CinhdPrk 
tor a max of 28 days. 

Revision 0 
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7.6.1 6 7.6.2 Set GC 
c o n d i h  

I 

7.5.1.2 Read kit 

7.5.1.2.1 Add 2 mL 
d lazmtmne sdulion. 
Letsrpnd for 10 min 
and swirl 

7.5.1.2.2 Rlnse ampule wim 
dithyl e h a  and evaporate 
b 2 mL b tunwe dazomelhane 
AlBmeUvely, s i l ic  aad 
may te added. 

7.5.1.2.3 Dilute sarnple 
to 10 mL wim hexane 



METHOD 8151 
(con t inued)  

Ana l ys i s  by Gas Chromatography 

I 7.8.2 So 8000 (or 

analysis requsnce, appropnam I 
dllul&ls, Q I W ~ W ~ ~  drily 

7.8.5 M m  U?O 
idonllllop(knai(air. Chedr 

7.8.4 ~ e a d  vdune 
inlocbpd and U?O rnsul&l0 Have 

caladmmU?Omfmcaon 
(ormoleaJuweigMol 
mohylensrmhabidd. 
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4 . 3  DETERMINATION OF ORGANIC ANALYTES 

4 . 3 . 2  GAS CHROMATOGRAPHIC/MASS SPECTROMETRIC METHODS 

The f o l l o w i n g  methods a re  inc luded  i n  t h i s  sec t ion :  

Method 82406: Vo l  a t  i 1 e Organ i  c Compounds by  Gas 
Chromatography/Mass Spectrometry (GC/MS) 

Method 8250A: S e m i v o l a t i l e  Organic - Compounds by Gas 
Chromatography/Mass Spectrometry (GC/MS) 

Method 8260A: V o l a t i l e  O r g a n i c  Compounds by  Gas 
Chromatography/Mass Spect rometry  (GC/MS): 
C a p i l l  a r y  Column Technique 

Met hod 82706: Semi vo l  a t i  1 e Organic Compounds by Gas 
Chromatography/Mass Spect rometry  (GC/MS): 
Capi 1 1 a r y  Col umn Technique 

Method 8280: The Ana lys is  o f  Po l ych lo r i na ted  D i  benzo-p-Dioxins 
and Pol ych l  o r i  nated D i  benzofurans 

Appendix A: Signal - to-Noi  se Deternii n a t i o n  Methods 
Appendix 6: Recomniended Safe ty  and Hand1 i ng Procedures 

f o r  PCDDs/ PCDFs 
Method 8290: Pol ych l  o r i  nated Di  benzodi o x i  ns (PCDDs) and 

Po l ych lo r i na ted  Di  benzofurans (PCDFs) by High- 
Resol u t i o n  Gas Chromatography/High-Resol u t i o n  
Mass Spec troniet r y  (HRGC/HRMS) 

FOUR - 11 Revis ion 2  
September 1994 



METHOD 8240B 

VOLATILE ORGANIC COMPOllNDS BY GAS CHROMATOGRAPHY/MASS SPECTROMETRY (GC/MS) 
"nrr, 

, 
NW-' 1.0 SCOPE AND APPLICATION 

1.1 Method 8240 i s  used t o  determine v o l a t i l e  organic  compo~~nds i n  a 
v a r i e t y  o f  so l  i d  waste mat r i ces .  Th is  method i s  appl i c a b l e  t o  n e a r l y  a1 1 types 
o f  sampl es, regard1 ess o f  water content,  i n c l  ud i  ng ground water, aqueous s l  udges, 
c a u s t i c  1 iquors,  a c i d  1 iquors,  waste so l  vents, o i l y  wastes, mousses, t a r s ,  
f i b rous  wastes, po lymer ic  emu1 sions, f i l t e r  cakes, spent carbons, spent 
c a t a l y s t s ,  s o i l s ,  and sediments. The f o l l o w i n g  compounds can be determined by 
t h i s  method: 

Appropr ia te Technique 
D i r e c t  

CAS  NO.^ Purge-and-Trap I n j e c t i o n  

Acetone 
A c e t o n i t r i l e  
Acro l  e i n  (Propenal ) 
A c r y l o n i t r i l e  
A1 1 y l  a1 coho1 
A1 l y l  c h l o r i d e  

'-. Benzene 
Benzyl c h l o r i d e  

x / Bromoacetone 
Bromochl oromethane ( I .  S. ) 
Bromodichl oromethane 
4-Bromofl uorobenzene ( su r r .  ) 
Bromoform 
Bromomet hane 
2-Butanone (MEK) 
Carbon d i  su l  f i d e  
Carbon t e t r a c h l  o r i d e  
Ch lo ra l  hydra te  
Chl orobenzene 
Chl orobenzene-d, ( I .  S. ) 
Chl o rod i  bromomethane 
Chl oroethane 
2-Chl oroethanol  
b i s -  (2 -Ch lo roe thy l  ) s u l f i d e  
2-Chl o roe thy l  v i n y l  e the r  
Chloroform 
Chl oromethane 
Chl oroprene 
3 - C h l o r o p r o p i o n i t r i l e  
1,2-Dibromo-3-chloropropane 
1,2-Dibromoethane 

Revis ion 2 
September 1994 



A ~ ~ r o p r i  ate Technique 

Anal yte 

Di bromomethane 
1,4-Dichl oro-2-butene 
Di chl orodi fl uoromethane 
1,l -Di chl oroethane 
1,2-Dichloroethane 
1,2-Dichl oroethane-d,(surr. ) 
1,l -Di chl oroethene 
trans- 1,2-Di chl oroethene 
1,2-Dichl oropropane 
1,3-Dichloro-2-propanol 
ci s-1,3-Dichloropropene 
trans- 1,3-Di chl oropropene 
1,2,3,4-Diepoxybutane 
1,4-Difl uorobenzene (I. S. ) 
1,4-Dioxane 
Epi chl orohydri n 
Ethanol 
Ethyl benzene 
Ethylene oxide 
Ethyl methacryl ate 
2-Hexanone 
2-Hydroxypropionitrile 
Iodomethane 
Isobutyl a1 cohol 
Ma1 ononi tri 1 e 
Methacryloni trile 
Methyl ene chloride 
Methyl iodide 
Methyl methacryl ate 
4-Methyl-2-pentanone 
Pentachl oroethane 
2-Pic01 ine 
Propargyl a1 cohol 
O-Propiolactone 
Propionitrile 
n - Propyl ami ne 
Pyridine 
Styrene 
1,1,1,2-Tetrachloroethane 
1,1,2,2-Tetrachloroethane 
Tetrachl oroethene 
To1 uene 
To1 uene-d, (surr. ) 
l,l,l-Trichloroethane 
1,1,2-Trichloroethane 
Trichl oroethene 
Trichl orofl uoromethane 

Direct 
Purge-and-Trap Injection 
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// '-. 
,-d Anal y t e  

Appropr ia te  Technique 
D i r e c t  

CAS  NO.^ Purge-and-Trap I n j e c t i o n  

1,2,3-Tr ichloropropane 
V iny l  ace ta te  
V i n y l  c h l o r i d e  
Xyl ene (To ta l  ) 

a  Adequate response by t h i s  technique. 
b  Chemical Abs t rac t  Serv ices Reg i s t r y  Number. 
pp P o o r p u r g i n g e f f i c i e n c y r e s u l t i n g i n h i g h E Q L s .  
i Inapp rop r i a te  technique f o r  t h i s  ana ly te .  
pc Poor chromatographic behavior.  
s u r r  Surrogate 
I .S. I n t e r n a l  Standard 
ND Not determined 

1.2 Method 8240 can be used t o  q u a n t i t a t e  most v o l a t i l e  organic  
compounds t h a t  have b o i l i n g  p o i n t s  below 200°C and t h a t  a re  i n s o l u b l e  o r  s l i g h t l y  
s o l u b l e  i n  water.  V o l a t i l e  wa te r -so lub le  compounds can be inc luded  i n  t h i s  
a n a l y t i c a l  technique.  However, f o r  t h e  more so lub le  compounds, quan t i  t a t i o n  
1 i m i  t s  a re  approx imate ly  t e n  t imes h ighe r  because o f  poor purg iug e f f i c i e n c y .  
The method i s  a l s o  l i m i t e d  t o  compounds t h a t  e l u t e  as sharp peaks from a GC 

p:-, column packed w i t h  g r a p h i t i z e d  carbon l i g h t l y  coated w i t h  a  carbowax. Such 
compounds i n c l  ude 1 ow molecular  weight  ha1 ogenated hydrocarbons, aromatics, 
ketones, n i t r i l e s ,  acetates,  ac ry la tes ,  e thers ,  and s u l f i d e s .  See Table 1 f o r  
a  l i s t  o f  compounds, r e t e n t i o n  t imes, and t h e i r  c h a r a c t e r i s t i c  ions  t h a t  have 
been eval  uated on a purge-and- t rap GC/MS system. 

1.3 The est imated q u a n t i t a t i o n  l i m i t  (EQL) o f  Method 8240 f o r  an 
i n d i v i d u a l  compound i s  approx imate ly  5 pg/kg (wet weight )  f o r  so i  l /sediment 
samples, 0.5 mg/kg (wet weight )  f o r  wastes, and 5 pg/L f o r  ground water (see 
Table 2 ) .  EQLs w i l l  be p r o p o r t i o n a t e l y  h igher  f o r  sample e x t r a c t s  and samples 
t h a t  r e q u i r e  d i l u t i o n  o r  reduced sample s i z e  t o  avo id s a t u r a t i o n  o f  t h e  de tec to r .  

1.4 Th is  method i s  r e s t r i c t e d  t o  use by, o r  under t he  superv is ion  o f ,  
ana l ys t s  exper ienced i n  t h e  use o f  purge-and- t rap systems and gas 
chromatograph/mass spectrometers,  and s k i l l e d  i n  t h e  i n t e r p r e t a t i o n  o f  mass 
spec t ra  and t h e i r  use as a q u a n t i t a t i v e  t o o l .  

1.5 To increase purg ing e f f i c i e n c i e s  o f  a c r y l o n i t r i l e  and ac ro le i n ,  
r e f e r  t o  Methods 5030 and 8030 f o r  proper  purge-and- t rap cond i t i ons .  

2.0 SUMMARY OF METHOD 

2.1 The v o l a t i l e  compounds a r e  in t roduced - in to  t h e  gas chromatograph by 
t h e  purge-and- t rap  method o r  by d i r e c t  i n j e c t  i o n  ( i n  l i m i  t e d  appl i c a t  ions) .  The 
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components a re  separated v i a  t h e  gas chromatograph and detected us ing  a mass 
spectrometer, which i s  used t o  p rov ide  both q u a l i t a t i v e  and q u a n t i t a t i v e  
in fo rmat ion .  The chromatographic cond i t ions ,  as we1 1 as t y p i c a l  mass 
spectrometer o p e r a t i ~ g  parameters, are g iven.  m 

2.2 If t h e  above sample i n t r o d u c t i o n  techniques a re  n o t  app l i cab le ,  a w 
p o r t i o n  o f  t h e  sample i s  d ispersed i n  methanol t o  d i s s o l v e  t h e  v o l a t i l e  o rgan ic  
cons t i t uen ts .  A p o r t i o n  of t h e  methanol i c  s o l u t i o n  i s  combined w i t h  o r g a n i c - f r e e  
reagent water  i n  a s p e c i a l l y  designed purg ing chamber. It i s  then analyzed by 
purge-and-trap GC/MS f o l l  owing t h e  normal water method. 

2.3 The purge-and- t rap process - An i n e r t  gas i s  bubbled through t h e  
so l  u t i o n  a t  ambient temperature, and t h e  vo l  a t i  1 e components a re  e f f i c i e n t l y  
t r a n s f e r r e d  from t h e  aqueous phase t o  t h e  vapor phase. 'The vapor i s  swept 
through a sorbent column where t h e  v o l a t i l e  corr~ponents are trapped. A f t e r  
purg ing i s  completed, t he  sorbent column i s  heated and b a c k f l  ushed w i t h  i n e r t  gas 
t o  desorb t h e  components onto a gas chromatographic column. The gas 
chromatographic column i s  heated t o  e l u t e  t h e  components, which are  detected w i t h  
a mass spectrometer.  

3.0 INTERFERENCES 

3.1 In te r fe rences  purged o r  coextracted from t h e  samples w i l l  va ry  
cons iderab ly  from source t o  source, depending upon the  p a r t i c u l a r  sample o r  
e x t r a c t  be ing tes ted .  The a n a l y t i c a l  system, however, should be checked t o  
ensure freedom from in te r fe rences ,  under t he  ana l ys i s  cond i t i ons ,  by ana lyz ing  
met hod b l  an ks . 

3.2 Samples can be contaminated by d i f f u s i o n  o f  v o l a t i l e  organics 
( p a r t i c u l a r l y  methyl ene c h l o r i d e  and f luorocarbons)  through the  septum seal i n t o  

m w 
t h e  sample d u r i n g  shipment and storage. A t r i p  blank, prepared from o r g a n i c - f r e e  
reagent  water  and c a r r i e d  through t h e  sampl i ng and hand1 i ng p ro toco l  , can serve 
as a check on such contaminat ion. 

3.3 Cross contaminat ion can occur whenever h igh-concent ra t ion  and 1 ow- 
concent ra t ion  samples are  analyzed sequen t i a l l y .  Whenever an unusua l l y  
concentrated sample i s  analyzed, i t  should be fo l lowed by t h e  a n a l y s i s  o f  
o r g a n i c - f r e e  reagent  water t o  check f o r  cross contaminat ion. The purge-and- t rap 
system may r e q u i r e  ex tens ive  bake-out and c lean ing  a f t e r  a h igh -concen t ra t i on  
sample. 

3.4 The l a b o r a t o r y  where v o l a t i l e  ana lys is  i s  performed should be 
compl e t e l  y f ree  o f  so l  vents.  

3.5 I m p u r i t i e s  i n  t h e  purge gas and from organic  compounds out-gassing 
from t h e  plumbing ahead o f  t h e  t r a p  account f o r  t h e  m a j o r i t y  o f  contaminat ion 
problems. The a n a l y t i c a l  system must be demonstrated t o  be f r e e  from 
contaminat ion under t h e  cond i t i ons  o f  t he  ana l ys i s  by runn ing  c a l  i b r a t  i o n  and 
reagent  blanks. The use o f  non-TFE p l a s t i c  coat ing,  non-TFE th read  sealants,  o r  
f l o w  c o n t r o l l e r s  w i t h  rubber  components i n  t h e  purg ing dev ice  should be avoided. 

,* 
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1 4.0 APPARATUS AND MATERIALS 

4.1 Microsyr inges - 10 pL, 25 pL, 100 pL, 250 pL, 500 pL, and 1,000 pL .  
These syr inges should be equipped w i t h  a 20 gauge (0.006 i n .  ID)  needle having 
a l eng th  s u f f i c i e n t  t o  extend from the  sample i n l e t  t o  w i t h i n  1 cm o f  t he  g lass  
frit i n  t h e  purg ing  dev ice.  The needle l eng th  w i l l  depend upon the  dimensions 
o f  t h e  purg ing  dev ice  employed. 

4.2 Syr inge va lve  - Two-way, w i t h  Luer ends ( t h ree  each), i f  app l i cab le  
t o  t h e  purg ing  dev ice.  

1 4.3 Syr inge - 5 mL, g a s - t i g h t  w i t h  s h u t o f f  value. 

1 4.4 Balances - A n a l y t i c a l ,  0.0001 g, and top- loading,  0.1 g. 

4.5 Glass s c i n t i l l a t i o n  v i a l s  - 20 mL, w i t h  screw caps and Te f lon  1 i n e r s  
o r  g l ass  c u l t u r e  tubes w i t h  a screw cap and Te f lon  l i n e r .  

4.6 Volumetr ic  f l a s k s ,  Class A - 10 mL and 100 mL, w i t h  ground-glass 
stoppers. 

1 4.7 V i a l s  - 2  mL, f o r  GC autosampler. 

4.8 Spatu la - S ta in l ess  s t e e l .  

4.9 Disposable p i p e t s  - Pasteur. 

1 4.10 Heater o r  heated o i l  bath - Should be capable o f  ma in ta in ing  t he  
, -, purg ing  chamber t o  w i t h i n  1°C over t h e  temperature range o f  ambient t o  100°C. 

L-# 4.11 Purge-and-trap dev ice  - The purge-and-trap dev ice cons is ts  o f  t h ree  
separate p ieces o f  equipment: t h e  sample purger, t he  t rap ,  and the  desorber. 
Several compl e t e  dev i  ces are commerci a1 1 y  avai 1  abl  e  . 

4.11.1 The recommended purg ing chamber i s  designed t o  accept 
5  mL samples w i t h  a water column a t  l e a s t  3  cm deep. The gaseous 
headspace between the  water column and the  t r a p  must have a t o t a l  volume 
o f  l e s s  than 15 mL. The purge gas must pass through the  water column as 
f i n e l y  d i v i d e d  bubbles w i t h  a diameter o f  l e s s  than 3 mm a t  t he  o r i g i n .  
The purge gas must be in t roduced no more than 5 mm from the  base o f  t he  
water column. The sample purger, i l l u s t r a t e d  i n  F igure 1, meets these 
des ign c r i t e r i a .  A1 t e r n a t e  sample purge devices may be u t  il ized, prov ided 
equ iva len t  performance i s  demonstrated. 

4.11.2 The t r a p  must be a t  l e a s t  25 cm long  and have an i n s i d e  
diameter o f  a t  l e a s t  0.105 i n .  S t a r t i n g  from the  i n l e t ,  t he  t r a p  should 
con ta in  t he  f o l l o w i n g  amounts o f  adsorbents: 1/3 o f  2,6-diphenylene ox ide 
polymer, 1/3 o f  s i l i c a  ge l ,  and 1/3 o f  coconut charcoal.  It i s  
recommended t h a t  1.0 cm o f  methyl s i l  icone coated packing be i nse r ted  a t  
t he  i n l e t  t o  extend t h e  l i f e  o f  the  t r a p  (see F igure 2) .  I f  i t  i s  no t  
necessary t o  analyze f o r  d ich lorodi f luoromethane o r  o the r  f luorocarbons 
o f  s i m i l a r  v o l a t i l i t y ,  t h e  charcoal can be e l im ina ted  and the  polymer 
increased t o  f i l l  2/3 o f  the  t r ap .  If on ly  compounds b o i l i n g  above 35°C 
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are t o  be analyzed, both the  s i l i c a  gel  and charcoal can be e l im ina ted  
and the  polymer increased t o  f i l l  the  e n t i r e  t rap .  Before i n i t i a l  use, 
t h e  t r a p  should be condi t ioned overn igh t  a t  180°C by back f lush ing  w i t h  an 
i n e r t  gas f l o w  o f  a t  l e a s t  20 mL/min. Vent t h e  t r a p  e f f l u e n t  t o  t h e  room, 
n o t  t o  t h e  a n a l y t i c a l  column. P r i o r  t o  d a i l y  use, t he  t r a p  should be 
cond i t ioned f o r  10 minutes a t  180°C w i t h  backf lushing.  The t r a p  may be 
vented t o  the  a n a l y t i c a l  column du r ing  d a i l y  cond i t i on ing .  However, t h e  
column must be run  through the  temperature program p r i o r  t o  ana lys i s  o f  
samples. 

4.11.3 The desorber should be capable o f  r a p i d l y  heat ing  t h e  
t r a p  t o  180°C f o r  desorpt ion.  The polymer s e c t i o n - o f  t h e  t r a p  should no t  
be heated h igher  than 180°C, and the  remaining sec t ions  should no t  exceed 
220°C du r ing  bake out  mode. The desorber design i l l u s t r a t e d  i n  F igure  2 
meets these c r i t e r i a .  

4.11.4 The purge-and-trap device may be assembled as a separate 
u n i t  o r  may be coupled t o  a gas chromatograph, as shown i n  Figures 3 
and 4. 

4.11.5 Trap Packing Mater i  a1 s 

4.11.5.1 2,6-Diphenylene ox ide polymer - 60/80 mesh, 
chromatographic grade (Tenax GC o r  equ iva len t ) .  

4.11.5.2 Methyl s i l i c o n e  packing - OV-1 (3%) on 
Chromosorb-W, 60/80 mesh o r  equival  en t  . 

4.11.5.3 S i l i c a  ge l  - 35/60 mesh, Davison, grade 15 o r  
equ i val  en t  . 

4.11.5.4 Coconut charcoal - Prepare from Barnebey Cheney, 
CA-580-26, l o t  #M-2649, by crushing through 26 mesh screen ( o r  
equ iva len t ) .  

4.12 Gas chromatograph/mass spectrometer system 

4.12.1 Gas chromatograph - An a n a l y t i c a l  system complete w i t h  
a temperature programmable gas chromatograph and a l l  r equ i red  accessories 
i n c l u d i n g  syr inges, a n a l y t i c a l  columns, and gases. 

4.12.2 Column - 6 ft x 0.1 i n .  ID glass, packed w i t h  1% SP-1000 
on Carbopack-B (60/80 mesh) o r  equ iva len t .  

4.12.3 Mass spectrometer - Capable o f  scanning from 35-260 amu 
every 3 seconds o r  less,  us ing  70 v o l t s  (nominal) e l e c t r o n  energy i n  t he  
e l e c t r o n  impact mode and producing a mass spectrum t h a t  meets a l l  t he  
c r i t e r i a  i n  Table 3 when 50 ng o f  4-bromofluorobenzene (BFB) are  i n j e c t e d  
through t h e  gas chromatograph i n l e t .  

4.12.4 GC/MS i n t e r f a c e  - Any GC-to-MS i n t e r f a c e  t h a t  g ives  
acceptable c a l i b r a t i o n  p o i n t s  a t  50 ng o r  l e s s  per  i n j e c t i o n  f o r  each o f  
t h e  ana ly tes  and achieves a1 1 acceptable performance c r i t e r i a  (see 

Revis ion 2 fe, 
September 1994 L F f '  



Table 3 )  may be used. GC-to-MS i n t e r f a c e s  const ructed e n t i r e l y  o f  g lass  
o r  o f  g lass-1  ined  m a t e r i a l s  are recommended. Glass can be deac t i va ted  by 
s i l a n i z i n g  w i t h  d ich lo rod imethy l  s i l ane .  

4.12.5 Data system - A computer system t h a t  a l lows t h e  
cont inuous a c q u i s i t i o n  and storage on machine readable media o f  a l l  mass 
spec t ra  obta ined throughout t h e  du ra t i on  o f  t h e  chromatographic program 
must be i n t e r f a c e d  t o  t h e  mass spectrometer. The computer must have 
sof tware t h a t  a1 lows searching any GC/MS da ta  f i l e  f o r  ions  o f  a spec i f i ed  
mass and p l o t t i n g  such i o n  abundances versus t ime o r  scan number. This 
type  o f  p l o t  i s  de f ined  as an Ext racted I o n  Current P r o f i l e  (EICP). 
Software must a l so  be a v a i l a b l e  t h a t  a l lows i n t e g r a t i n g  t h e  abundances i n  
any E I C P  between s p e c i f i e d  t ime o r  scan nurnber l i m i t s .  The most recent  
ve rs ion  o f  t h e  EPA/NIST Mass Spectral  L i b r a r y  should a l s o  be ava i l ab le .  

5.0 REAGENTS 

5.1 Reagent grade chemicals s h a l l  be used i n  a l l  t e s t s .  Unless 
o therw ise  i nd i ca ted ,  i t  i s  intended t h a t  a l l  reagents s h a l l  conform t o  t he  
s p e c i f i c a t i o n s  o f  t h e  Committee on A n a l y t i c a l  Reagents o f  t h e  American Chemical 
Society ,  where such s p e c i f i c a t i o n s  are ava i l ab le .  Other grades may be used, 
p rov ided  i t  i s  f i r s t  ascer ta ined t h a t  t h e  reagent i s  o f  s u f f i c i e n t l y  h igh  p u r i t y  
t o  pe rm i t  i t s  use w i t hou t  lessening t h e  accuracy o f  t h e  determinat ion.  

5.2 Organ ic - f ree  reagent water - A l l  references t o  water i n  t h i s  method 
r e f e r  t o  o rgan i c - f r ee  reagent water, as de f ined  i n  Chapter One. 

+-% 
5.3 Stock s o l u t i o n s  - Stock so lu t i ons  may be prepared from pure standard 

m a t e r i a l s  o r  purchased as c e r t i f i e d  so lu t i ons .  Prepare s tock standard so lu t i ons  
i n  methanol, us ing  assayed l iqu ids  o r  gases, as appropr ia te.  

5.3.1 Place about 9.8 mL o f  methanol i n  a 10 rr~L t a r e d  ground-glass- 
stoppered vo lumet r i c  f l  ask. A1 low the  f l a s k  t o  stand, unstoppered, f o r  
about 10 minutes o r  u n t i l  a l l  a lcohol  wetted surfaces have d r i ed .  Weigh 
t h e  f l a s k  t o  t he  nearest  0.0001 g. 

5.3.2 Add t h e  assayed reference ma te r i a l ,  as descr ibed below. 

5.3.2.1 L iqu ids  - Using a 100 p L  syr inge,  immediately add 
two o r  more drops o f  assayed reference ma te r i a l  t o  t h e  f l a s k ;  then 
reweigh. The l i q u i d  must f a l l  d i r e c t l y  i n t o  t he  a lcohol  w i thou t  
con tac t i ng  t h e  neck o f  t h e  f l a s k .  

5.3.2.2 Gases - To prepare standards f o r  any compounds 
t h a t  b o i l  below 30°C (e.g. bromomethane, chloroethane, 
chloromethane, o r  v i n y l  ch lo r i de ) ,  f i l l  a 5 mL valved g a s - t i g h t  
sy r inge  w i t h  t h e  reference standard t o  t h e  5.0 mL mark. Lower t he  
needle t o  5 mm above t h e  methanol meniscus. Slowly in t roduce the  
re fe rence  standard above t h e  sur face o f  t h e  l i q u i d .  The heavy gas 
w i l l  r a p i d l y  d i sso l ve  i n  t he  methanol. Standards may a lso  be 
prepared by us ing  a l e c t u r e  b o t t l e  equipped w i t h  a Hamil ton Lecture 
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B o t t l e  Septum (#86600). A t tach  Te f l on  t u b i n g  t o  t h e  side-arm r e l i e f  
va lve  and d i r e c t  a  g e n t l e  stream o f  gas i n t o  t h e  methanol meniscus. 

5.3.3 Reweigh, d i l u t e  t o  volume, stopper, and then mix by i n v e r t i n g  
t h e  f l a s k  several  t imes. Ca lcu la te  t he  concent ra t ion  i n  m i l  1  igrams per  p"ass 
l i t e r  (mg/L) from t h e  n e t  ga in  i n  weight .  When compound p u r i t y  i s  assayed 
t o  be 96% o r  g rea ter ,  t h e  weight may be used w i t h o u t  c o r r e c t i o n  t o  
c a l  c u l  a te  t h e  concent ra t ion  o f  t h e  s tock  standard. Commerci a1 l y  prepared 
s tock  standards may be used a t  any concent ra t ion  i f  they  are  c e r t i f i e d  by 
t h e  manufacturer o r  by an independent source. 

5.3.4 Trans fer  t he  s tock  standard s o l u t i o n  i n t o  a T e f l o n  sealed 
screw cap b o t t l e .  Store, w i t h  minimal headspace, a t  -10°C t o  -20°C and 
p r o t e c t  f rom l i g h t .  

5.3.5 Prepare f r e s h  s tock  standards f o r  gases weekly o r  sooner i f  
comparison w i t h  check standards i n d i c a t e s  a problem. React ive compounds 
such as 2 -ch lo roe thy l  v i n y l  e t h e r  and styrene may need t o  be prepared more 
f requen t l y .  A l l  o the r  standards must be replaced a f t e r  s i x  months. Both 
gas and l i q u i d  standards must be monitored c l o s e l y  by comparison t o  the  
i n i t i a l  c a l i b r a t i o n  curve and by comparison t o  QC check standards. It may 
be necessary t o  rep lace  t h e  standards more f r e q u e n t l y  i f  e i t h e r  check 
exceeds a 20% d r i f t .  

5.3.6 Opt ional  l y ,  c a l  i b r a t  i on us ing  a c e r t  i f i ed gaseous m ix tu re  can 
be accompl i shed d a i l y  u t i l  i z i n g  commercial ly a v a i l a b l e  gaseous ana ly te  
m ix tu re  o f  bromomethane, c h l  oromethane, ch l  oroethane, v i n y l  ch lo r i de ,  
d ich lorodi f luoromethane and t r i ch lo ro f l uo romethane  i n  n i t r ogen .  These 
m ix tu res  o f  documented q u a l i t y  are s t a b l e  f o r  as l ong  as s i x  months 
w i t h o u t  r e f r i g e r a t i o n .  (VOA-CYL I I I, RESTEK Corporat ion,  Cat. #20194 o r  
equ i va len t ) .  

F. w 

5.4 Secondary d i l u t i o n  standards - Using s tock  standard so lu t i ons ,  
prepare i n  methanol, secondary d i l u t i o n  standards con ta in ing  t h e  compounds o f  
i n t e r e s t ,  e i t h e r  s- ing ly  o r  mixed together .  Secondary d i l u t i o n  standards must be 
s to red  w i t h  minimal headspace and should be checked f r e q u e n t l y  f o r  s igns of 
degradat ion o r  evaporat ion, e s p e c i a l l y  j u s t  p r i o r  t o  p repar ing  c a l i b r a t i o n  
standards from them. 

5.5 Surrogate standards - The surrogates recommended are  to1  uene-d,, 
4-bromofluorobenzene, and 1,2-dichloroethane-d,. Other compounds may be used 

as surrogates,  depending upon the  ana l ys i s  requirements. A s tock  surrogate 
s o l u t i o n  i n  methanol should be prepared as descr ibed i n  Sec. 5.3, and a surrogate 
standard s p i k i n g  s o l u t i o n  should be prepared from t h e  s tock  a t  a  concent ra t ion  
o f  250 pg/10 mL i n  methanol. Each water sample undergoing GC/MS ana l ys i s  must 
be spiked w i t h  10 p L  o f  t he  surrogate s p i k i n g  s o l u t i o n  p r i o r  t o  ana lys is .  

5.6 I n t e r n a l  standards - The recommended i n t e r n a l  standards are  
bromochl oromethane, 1,4-di  f l  uorobenzene, and c h l  orobenzene-d,. Other compounds 
may be used as i n t e r n a l  standards as long  as they  have r e t e n t i o n  t imes s i m i l a r  
t o  t h e  compounds being detected by GC/MS. Prepare i n t e r n a l  standard s tock  and 
secondary d i l u t i o n  standards i n -  methanol us ing t h e  procedures descr ibed i n  Secs. 
5.3 and 5.4. It i s  recommended t h a t  t he  secondary d i l u t i o n  standard should be 
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prepared a t  a concentrat ion o f  25 mg/L o f  each i n t e r n a l  standard compound. 
Add i t i on  o f  10 p L  o f  t h i s  standard t o  5.0 mL o f  sample o r  c a l i b r a t i o n  standard 
would be the  equivalent  o f  50 pg/L. 

, 4'\ 

'+=&d 5.7 4-Bromofl uorobenzene (BFB) standard - A standard s o l u t i o n  conta in ing 
25 ng/pL o f  BFB i n  methanol should be prepared. 

5.8 C a l i b r a t i o n  standards - Ca l i b ra t i on  standards a t  a minimum o f  f i v e  
concentrat ions shou1.d be prepared from the secondary d i  1 u t  i o n  o f  s tock standards 
(see Secs. 5.3 and 5.4). Prepare these so lu t ions  i n  o rgan ic - f ree  reagent water. 
One o f  the  concentrat ions should be a t  a concentrat ion near, bu t  above, the 
method de tec t i on  l i m i t .  The remaining concentrat ions should correspond t o  the  
expected range o f  concentrat ions found i n  rea l  samples bu t  should not  exceed the 
working range o f  t he  GC/MS system. Each standard should conta in each analyte f o r  
de tec t i on  by t h i s  method. I t  i s  EPA's i n t e n t  t h a t  a l l  t a r g e t  analytes f o r  a 
p a r t  i cu l  a r  ana lys is  be inc luded i n  the  ca l  i b r a t i  on standard (s)  . However, these 
t a r g e t  analytes may no t  inc lude the  e n t i r e  L i s t  o f  Analytes (Sec. 1.1) f o r  which 
the  method has been demonstrated. However, t he  labora tory  sha l l  not  r e p o r t  a 
q u a n t i t a t i v e  r e s u l t  f o r  a t a r g e t  analyte t h a t  was not  included i n  the  c a l i b r a t i o n  
standard(s) . Cal i b r a t i o n  standards must be prepared d a i l y .  

5.9 M a t r i x  sp ik ing  standards - Ma t r i x  sp ik ing  standards should be 
prepared from v o l a t i l e  organic compounds which w i l l  be representa t ive  o f  the 
compounds being inves t iga ted .  The suggested compounds are I ,  1 - d i c h l  oroethene, 
tri c h l  oroethene, ch l  orobenzene, t o1  uene, and benzene. The standard should be 
prepared i n  methanol, w i t h  each compound present a t  a concentrat ion o f  
250 pg/10.0 mL. 

,.So, 5.10 Great care must be taken t o  mainta in the  i n t e g r i t y  o f  a l l  standard 
so lu t i ons .  I t  i s  recommended t h a t  a l l  standards i n  methanol be stored a t  -10°C 
t o  -20°C i n  screw cap amber b o t t l e s  w i t h  Tef lon  1 iners .  

5.11 Methanol, CH,OH. Pest ic ide  qua1 i t y  o r  equivalent  . Store apart  from 
o ther  so l  vents. 

5.12 Reagent Tetraglyme - Reagent tetraglyme i s  def ined as tetraglyme i n  
which i n te r fe rence  i s  no t  observed a t  the  method detec t ion  l i m i t  o f  compounds o f  
i n t e r e s t .  

5.12.1 Tetragl  yme ( t e t r a e t h y l  ene g l y c o l  dimethyl ether,  A1 d r i c h  
#17, 240-5 o r  equ iva len t ) ,  C,H,,O,. P u r i f y  by treatment a t  reduced pressure 
i n  a r o t a r y  evaporator.  The tetraglyme should have a peroxide content o f  
l e s s  than 5 ppm as i nd i ca ted  by EM Quant Test Str- ips (ava i l ab le  from 
S c i e n t i f i c  Products Co., Catalog No. P1126-8 o r  equivalent) .  

CAUTION: Glycol ethers are suspected carcinogens. A1 1 solvent  
handl ing should be done i n  a hood wh i le  using proper 
p r o t e c t i v e  equipment t o  minimize exposure t o  1 i q u i d  and 
vapor. 

Peroxides may be removed by passing the  tetraglyme through a column 
o f  ac t i va ted  alumina. The tetraglyme i s  placed i n  a round bottom f l a s k  

Revision 2 
September 1994 



equipped w i t h  a standard tape r  j o i n t ,  and t h e  f l a s k  i s  a f f i x e d  t o  a r o t a r y  
evaporator.  The f l a s k  i s  immersed i n  a water bath a t  90-100°C and a vacuum 
i s  maintained a t  < 10 mm Hg f o r  a t  l e a s t  two hours us ing  a two stage 
mechanical pump. The vacuum system i s  equipped w i t h  an a l l  g l ass  t r a p ,  
which i s  maintained i n  a d r y  ice/methanol bath.  Cool t h e  te t rag lyme t o  0 
ambient temperature and add 100 mg/L of 2,6-di -tert-butyl -4-methyl -phenol 
t o  prevent perox ide format ion.  S tore  t h e  te t rag lyme i n  a t i g h t l y  sealed 
screw cap b o t t l e  i n  an area t h a t  i s  n o t  contaminated by so l  vent  vapors. 

5.12.2 I n  o rder  t o  demonstrate t h a t  a l l  i n t e r f e r i n g  v o l a t i l e s  
have been removed from t h e  tetraglyme, an o r g a n i c - f r e e  reagent 
water / te t raglyme b lank  must be analyzed. 

5.13 Polyethy lene g l y c o l ,  H(OCH2CH2),0H. Free o f  i n te r fe rences  a t  t h e  
d e t e c t i o n  l i m i t  o f  t h e  analy tes.  

6.0 SAMPLE COLLECTION, PRESERVATION, AND HANDLING 

6.1 See t h e  i n t r o d u c t o r y  ma te r i a l  t o  t h i s  chapter,  Organic Analytes, 
Sec. 4.1. 

7.0 PROCEDURE 

Samples may be in t roduced i n t o  t h e  GC by e i t h e r  d i r e c t  i n j e c t i o n  o r  purge- 
and- t rap procedures. Whichever procedure i s  used, t h e  inst rument  c a l i b r a t i o n  and 
sample i n t r o d u c t i o n  must be performed by the  same procedure. 

Regardless o f  which sample i n t r o d u c t i o n  procedure i s  employed, e s t a b l i s h  
GC/MS ope ra t i ng  cond i t i ons  us ing the  f o l l  owing recommendations as guidance. 

Recommended GC/MS opera t ing  cond i t ions :  

E l  ec t ron  energy: 
Mass range: 
Scan t ime:  

I n i  t i  a1 c o l  umn temperature: 
I n i t i a l  column ho ld ing  t ime:  
Column temperature program: 
F i n a l  c o l  umn temperature: 
F i n a l  column ho ld ing  t ime: 
I n j e c t o r  temperature: 
Source temperature: 

T rans fe r  1 i n e  temperature: 
C a r r i e r  gas: 

70 v o l t s  (nominal ) . 
35-260 amu. 
To g i v e  5 scans/peak, b u t  n o t  t o  
exceed 1 sec/scan. 
45°C. 
3 minutes. 
8"C/mi nu t  e . 
220°C. 
15 minutes. 
200-225°C. 
A c c o r d i n g  t o  m a n u f a c t u r e r ' s  
s p e c i f i c a t i o n s .  
250-300°C. 
Hydrogen a t  50 cm/sec o r  he1 i um a t  30 
cm/sec. 

7.1 D i r e c t  i n j e c t i o n  - I n  very 1 i m i t e d  a p p l i c a t i o n s  (e.g. aqueous 
process wastes), d i r e c t  i n j e c t i o n  o f  t h e  sample i n t o  t h e  GC/MS system w i t h  a 10 
pL sy r i nge  may be appropr ia te .  One such a p p l i c a t i o n  i s  f o r  v e r i f i c a t i o n  o f  t h e  
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alcohol  content  o f  an aqueous sample p r i o r  t o  determining i f  the  sample i s  
i g n i t a b l e  (Methods 1010 o r  1020). I n  t h i s  case, i t  i s  suggested t h a t  d i r e c t  
i n j e c t i o n  be used. The de tec t i on  1 i m i t  i s  very h igh (approximately 10,000 pg/L); 

F-- t here fore ,  i t  i s  on l y  permi t ted  when concentrat ions i n  excess o f  10,000 pg/L are 
expected o r  f o r  water so lub le  compounds t h a t  do no t  purge. The system must be 'U' cal  i b r a t e d  by d i r e c t  i n j e c t i o n  us ing the  procedures described i n  Sec. 7.2,, but  
bypassing the  purge-and-trap device. 

7.2 I n i  t i  a1 ca l  i b r a t i  on f o r  purge-and-trap procedure 

7.2.1 Es tab l i sh  the  GC/MS operat ing condi t ions,  using the  
recommendations i n  Sec. 7.0 as guidance. 

7.2.2 Each GC/MS system must be hardware tuned t o  meet the  c r i t e r i a  
i n  Table 3 f o r  a 50 ng i n j e c t i o n  o r  purging o f  4-bromofluorobenzene (2 pL 
i n j e c t i o n  o f  t he  BFB standard). Analyses must no t  begin u n t i l  these 
c r i t e r i a  are met. 

7.2.3 Assemble a purge-and-trap device t h a t  meets the  s p e c i f i c a t i o n  
i n  Sec. 4.11. Condi t ion the  t r a p  overn ight  a t  180°C i n  the  purge mode 
w i t h  an i n e r t  gas f l o w  o f  a t  l e a s t  20 mL/min. P r i o r  t o  use,  cond i t i on  the 
t r a p  d a i l y  f o r  10 min wh i l e  backf lushing a t  180°C w i t h  the  column a t  220°C. 

7.2.4 Connect the  purge-and-trap device t o  a gas chromatograph. 

7.2.5 Prepare the  f i n a l  so lu t ions  conta in ing  the  requi red 
concentrat  ions o f  ca l  i b r a t i o n  standards, i nc lud ing  surrogate standards, 
d i r e c t l y  i n  t he  purg ing device (use f r e s h l y  prepared stock so lu t i ons  when 
prepar ing the  ca l  i b r a t i o n  standards f o r  the  i n i t i a l  ca l  i bra t ion . )  Add 
5.0 mL o f  o rgan ic - f ree  reagent water t o  the  purging device. The organic- 
f r e e  reagent water i s  added t o  the  purging device us ing a 5 mL glass 
syr inge f i t t e d  w i t h  a 15 cm, 20 gauge needle. The needle i s  inser ted  
through the  sample i n l e t  shown i n  F igure 1. The i n t e r n a l  diameter o f  the 
14 gauge needle t h a t  forms the sample i n l e t  w i l l  permi t  i n s e r t i o n  o f  the  
20 gauge needle. Next, us ing a 10 pL o r  25 pL microsyringe equipped w i t h  
a long needle (Sec. 4 .  l ) ,  take a volume o f  the  secondary d i l u t i o n  s o l u t i o n  
conta in ing  appropr iate concentrat ions o f  the  ca l  i b r a t i o n  standards (Sec. 
5.6). Add the a l i q u o t  o f  c a l i b r a t i o n  s o l u t i o n  d i r e c t l y  t o  the  organic- 
free reagent water i n  the purging device by i n s e r t i n g  the  needle through 
the  sample i n l e t .  When d ischarging the contents o f  the microsyringe, be 
sure t h a t  t he  end o f  the  syr inge needle i s  we l l  beneath the  surface o f  the 
organ ic - f ree  reagent water. S i m i l a r l y ,  add 10 pL  of the i n t e r n a l  standard 
s o l u t i o n  (Sec. 5.4).  Close the 2 way syr inge valve a t  the sample i n l e t .  

7.2.6 Carry out  the purge-and-trap analys is  procedure as described 
i n  Sec. 7.4.1. 

7.2.7 Tabulate the  area response o f  the c h a r a c t e r i s t i c  ions (see 
Table 1) against  concentrat ion f o r  each compound and each i n te rna l  
standard. Ca lcu la te  response fac to rs  (RF) f o r  each compound re1 a t i v e  t o  
one o f  the i n t e r n a l  standards. The i n t e r n a l  standard selected fo r  the  
c a l c u l a t i o n  o f  t he  RF f o r  a compound should be the i n t e r n a l  standard t h a t  
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has a r e t e n t i o n  t ime c l o s e s t  t o  t h e  compound being measured (Sec. 7.5.2). 
The RF i s  ca l cu la ted  as fo l l ows :  

where : 

Ax = Area o f  t he  c h a r a c t e r i s t i c  i o n  f o r  t he  compound be ing  
measured. 

Ais = Area o f  t h e  c h a r a c t e r i s t i c  i o n  f o r  t he  s p e c i f i c  i n t e r n a l  
standard. 

Cis = Concentrat ion o f  t he  s p e c i f i c  i n t e r n a l  standard. 
c x = Concentrat ion o f  t he  compound being measured. 

7.2.8 The average RF must be ca l cu la ted  f o r  each compound us ing  t h e  
5 RF values ca l cu la ted  f o r  each compound from the  i n i t i a l  ( 5 -po in t )  
c a l i b r a t i o n  curve. A system performance check should be made be fore  t h i s  
c a l i b r a t i o n  curve i s  used. F ive  compounds ( t h e  System Performance Check 
Compounds, o r  SPCCs) are checked f o r  a minimum average r e l a t i v e  response 
f a c t o r .  These compounds are ch l  oromethane, 1,l - d i  ch l  oroethane, bromoform, 
1,1,2,2-tetrachloroethane, and chlorobenzene. The minimum acceptable 
average RF f o r  these compounds should be 0.300 (>0.10 f o r  bromoform). 
'These compounds t y p i c a l l y  have RFs o f  0.4-0.6 and a re  used t o  check 
con~pound i n s t a b i l i t y  and t o  check f o r  degradat ion caused by contaminated 
l i n e s  o r  a c t i v e  s i t e s  i n  t he  system. Examples o f  these occurrences are: 

7.2.8.1 Chloromethane - Th is  compound i s  t h e  most l i k e l y  
compound t o  be l o s t  i f  the  purge f l o w  i s  t o o  f a s t .  

7.2.8.2 Bromoform - Th is  compound i s  one o f  t h e  compounds 
most l i k e l y  t o  be purged very  poo r l y  i f  t h e  purge f l o w  i s  t o o  slow. 
Cold spots and/or a c t i v e  s i t e s  i n  t he  t r a n s f e r  l i n e s  may adversely  
a f f e c t  response. Response o f  t he  q u a n t i t a t i o n  i o n  (m/z 173) i s  
d i r e c t l y  a f f e c t e d  by t h e  tun ing  o f  BFB a t  i ons  m/z 174/176. 
Inc reas ing  the  m/z 174/176 r e l a t i v e  t o  m/z 95 r a t i o  may 'Improve 
bromoform response. 

7.2.8.3 Te t rach l  oroethane and 1, 1 - d i c h l  oroethane - These 
compounds are  degraded by contaminated t r a n s f e r  1 i nes  i n  purge-and- 
t r a p  systems and/or a c t i v e  s i t e s  i n  t r app ing  mater i  a1 s. 

7.2.9 Using the  RFs from the  i n i t i a l  c a l i b r a t i o n ,  c a l c u l a t e  and 
record  t h e  percent  r e l a t i v e  standard d e v i a t i o n  (%RSD) f o r  a l l  compounds. 
The percent  RSD i s  ca l cu la ted  as fo l l ows :  

where: 

RSD = - re1 a t i v e  standard d e v i a t i o n .  
RF = mean o f  5 i n i t i a l  RFs f o r  a compound. 
SD = standard d e v i a t i o n  o f  average RFs f o r  a compound. 
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where: 

RF, = RF f o r  each o f  the  5 c a l i b r a t i o n  l e v e l s  
N = Number o f  RF values (i . e., 5) 

The percent  r e1  a t i v e  standard d e v i a t i o n  should be l e s s  than 15% f o r  
each compound. However, t he  %RSD f o r  each i n d i v i d u a l  C a l i b r a t i o n  Check 
Compound (CCC) must be l e s s  than 30%. La te -e l  u t i n g  compounds u s u a l l y  have 
much b e t t e r  agreement. The CCCs are: 

1 , l -D ich loroethene,  
Chloroform, 
1,2-Di c h l  oropropane, 
To1 uene, 
E thy l  benzene, and 
V i n y l  c h l o r i d e .  

7.2.9.1 I f  a %RSD g rea te r  than 30 percent  i s  measured f o r  
any CCC, then c o r r e c t i v e  a c t i o n  t o  e l i m i n a t e  a system l eak  and/or 
column r e a c t i v e  s i t e s  i s  r equ i red  be fo re  rea t tempt ing  c a l  i bra t i on .  

7.2.10 L i n e a r i t y  - I f  t h e  %RSD o f  any compound i s  15% o r  less ,  
t hen  t he  r e l a t i v e  response f a c t o r  i s  assumed t o  be constant  over t he  
c a l i b r a t i o n  range, and t h e  average r e l a t i v e  response f a c t o r  may be used 
f o r  q u a n t i t a t i o n  (Sec. 7.5.2.2). 

7.2.10.1 If the %RSD o f  any compound i s  g r e a t e r  than 15%, 
cons t ruc t  c a l  i b r a t i o n  curves o f  area r a t i o  (A/A,) versus 
concen t ra t i on  us ing  f i r s t  o r  h igher  o rder  regress ion  fit o f  the  f i v e  
c a l  i b r a t i o n  po in t s .  The ana l ys t  should s e l e c t  t he  regress ion  order  
which in t roduces  t h e  l e a s t  c a l  i b r a t i o n  e r r o r  i n t o  t he  quant i  t a t i o n  
(Sec. 7.5.2.4) . The use o f  c a l  i b r a t  i o n  curves i s a recommended 
a l t e r n a t i v e  t o  average response f a c t o r  c a l i b r a t i o n ,  and a use fu l  
d i a g n o s t i c  o f  standard p repa ra t i on  accuracy and absorp t ion  a c t i v i t y  
i n  t he  chromatographic system. 

7.2.11 These curves a re  v e r i f i e d  each s h i f t  by purg ing  a 
performance standard. Recal i b r a t i o n  i s  r equ i red  on l y  i f  c a l  i b r a t i o n  and 
on-going performance c r i t e r i a  cannot be met. 

7.3 D a i l y  GC/MS c a l  i b r a t i o n  

7.3.1 P r i o r  t o  t he  ana l ys i s  o f  samples, i n j e c t  o r  purge 50 ng o f  the  
4-bromofluorobenzene standard. The r e s u l t a n t  mass spec t ra  f o r  t he  BFB 
must meet a l l  o f  the  c r i t e r i a  g i ven  i n  Table 3 be fo re  sample ana lys is  
begins.  These c r i t e r i a  must be demonstrated each 12 hour s h i f t .  
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7.3.2 The i n i t i a l  c a l  i b r a t i o n  curve  (Sec. 7.2) f o r  each compound o f  
i n t e r e s t  must be checked and v e r i f i e d  once every 12 hours o f  a n a l y s i s  
t ime.  Th i s  i s  accomplished by ana lyz ing  a c a l i b r a t i o n  s tandard t h a t  i s  
a t  a concen t ra t i on  near  t h e  midpo in t  concen t ra t i on  f o r  t h e  work ing range 
o f  t h e  GC/MS and check ing t h e  SPCC (Sec. 7.3.3) and CCC (Sec. 7.3.4). 19 

k&w' 

7.3.3 System Performance Check Compounds (SPCCs) - A system 
performance check must be made each 12 hours.  I f  t h e  SPCC c r i t e r i a  a re  
met, a comparison o f  r e l a t i v e  response f a c t o r s  i s  made f o r  a l l  compounds. 
Th is  i s  t h e  same check t h a t  i s  app l i ed  d u r i n g  t h e  i n i t i a l  c a l i b r a t i o n .  
I f  t h e  minimum r e l a t i v e  response f ac to r s  a re  n o t  met, t h e  system must be 
evaluated,  and c o r r e c t i v e  a c t i o n  must be taken  be fo re  sample a n a l y s i s  
begins.  The minimum r e l a t i v e  response f a c t o r  f o r  v o l a t i l e  SPCCs i s  0.300 
(>0.10 f o r  Bromoform). Some p o s s i b l e  problems a re  s tandard m i x t u r e  
degradat ion,  i n j e c t i o n  p o r t  i n l e t  contaminat ion,  con tamina t ion  a t  t he  
f r o n t  end o f  t h e  a n a l y t i c a l  column, and a c t i v e  s i t e s  i n  t h e  co l~ lmn  o r  
chromatographic system. 

7.3.4 C a l i b r a t i o n  Check Compounds (CCCs): A f t e r  t h e  system 
performance check i s  met, CCCs l i s t e d  i n  Sec. 7.2.9 a r e  used t o  check t h e  
v a l i d i t y  o f  t h e  i n i t i a l  c a l i b r a t i o n .  

Ca l cu la te  t h e  percent  d r i f t  us ing  t h e  f o l l o w i n g  equat ion :  

Cl - c c  
% D r i f t  = x 100 

where: 

C, = C a l i b r a t i o n  Check Compound s tandard concen t ra t i on .  
C, = Measured concen t ra t i on  us ing  se lec ted  q u a n t i t a t i o n  method. 

I f  t h e  percen t  d i f f e r e n c e  f o r  each CCC i s  l e s s  than  20%, t h e  i n i t i a l  
c a l i b r a t i o n  i s  assumed t o  be v a l i d .  I f  t h e  c r i t e r i o n  i s  n o t  met ( >  20% 
d r i f t ) ,  f o r  any one CCC, c o r r e c t i v e  a c t i o n  must be taken.  Problems 
s i m i l a r  t o  those l i s t e d  under SPCCs cou ld  a f f e c t  t h i s  c r i t e r i o n .  I f  no 
source o f  t h e  problem can be determined a f t e r  c o r r e c t i v e  a c t i o n  has been 
taken, a new f i v e  p o i n t  c a l i b r a t i o n  MUST be generated. T h i s  c r i t e r i o n  
MUST be met be fo re  q u a n t i t a t i v e  sample ana l ys i s  begins.  I f  t h e  CCCs are  
n o t  r e q u i r e d  ana ly tes  by t h e  permi t ,  then a l l  r e q u i r e d  ana l y tes  must meet 
t h e  20% d r i f t  c r i t e r i o n .  

7.3.5 The i n t e r n a l  s tandard responses and r e t e n t i o n  t imes  i n  t h e  
check c a l i b r a t i o n  s tandard must be evaluated immediate ly  a f t e r  o r  d u r i n g  
da ta  a c q u i s i t i o n .  I f  t h e  r e t e n t i o n  t ime  f o r  any i n t e r n a l  s tandard changes 
by more than 30 seconds f rom t h e  l a s t  c a l i b r a t i o n  check (12 hours) ,  t h e  
chromatographic system must be inspec ted  f o r  ma1 f u n c t i o n s  and c o r r e c t i o n s  
must be made, as requ i red .  I f  t h e  EICP area f o r  any o f  t h e  i n t e r n a l  
standards changes by a f a c t o r  o f  two ( -  50% t o  + 100%) f rom t h e  l a s t  d a i l y  
c a l i b r a t i o n  check standard, t h e  mass spectrometer must be inspec ted  f o r  
ma l func t ions  and c o r r e c t i o n s  must be made, as app rop r i a te .  When 
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c o r r e c t i o n s  are made, reana l ys i s  o f  samples analyzed wh i l e  t h e  system was 
ma1 func t i on ing  i s  necessary. 

7.4 GC/MS ana l ys i s  

7.4.1 Water samples 

7.4.1.1 Screening o f  t h e  sample p r i o r  t o  purge-and-trap 
ana l ys i s  w i l l  p rov ide  guidance on whether sample d i l u t i o n  i s  
necessary and w i  11 prevent  contaminat ion o f  t h e  purge-and- t r a p  
system, Two screening techniques t h a t  can be used are: t he  
headspace sampler (Method 3810) us ing  a gas chromatograph (GC) 
equipped w i t h  a photo i o n i z a t i o n  de tec to r  (PID)  i n  se r i es  w i t h  an 
e l e c t r o l y t i c  c o n d u c t i v i t y  de tec to r  (HECD); and e x t r a c t i o n  o f  t h e  
sample w i t h  hexadecane and ana lys is  o f  t he  e x t r a c t  on a GC w i t h  a 
FID and/or an ECD (Method 3820). 

7.4.1.2 A1 1 samples and standard so lu t i ons  must be a1 lowed 
t o  warm t o  ambient temperature before ana lys is .  

7.4.1.4 BFB tun ing  c r i t e r i a  and d a i l y  GC/MS c a l i b r a t i o n  
c r i t e r i a  must be met (Sec. 7.3) before analyz ing samples. 

7.4.1.5 Ad jus t  t h e  purge gas (he1 ium) f l o w  r a t e  t o  25- 
40 mL/min on t h e  purge-and-trap device. Opt imize t h e  f l o w  r a t e  t o  
p rov ide  t h e  best  response f o r  chloromethane and bromoform, i f  these 
compounds are analy tes.  Excessive f l o w  r a t e  reduces chloromethane 
response, whereas i n s u f f i c i e n t  f l o w  reduces bromoforni response (see 
Sec. 7.2.8). 

7.4.1.6 Remove the  plunger from a 5 mL syr inge  and a t tach  
a c losed sy r inge  valve. Open t h e  sample o r  standard b o t t l e ,  which 
has been al lowed t o  come t o  an~bient  temperature, and c a r e f u l l y  pour 
t h e  sample i n t o  t h e  sy r inge  b a r r e l  t o  j u s t  sho r t  o f  over f lowing.  
Replace t h e  sy r inge  p lunger  and compress t h e  sample. Open the  
sy r inge  va lve  and vent  any res idua l  a i r  w h i l e  ad jus t i ng  t h e  sample 
volume t o  5.0 mL. 'This process o f  t a k i n g  an a l i q u o t  dest roys the  
v a l i d i t y  o f  t h e  l i q u i d  sample f o r  f u t u r e  ana lys is ;  there fo re ,  i f  
t he re  i s  on l y  one VOA v i a l ,  t he  ana lys t  should f ill a second sy r inge  
a t  t h i s  t ime t o  p r o t e c t  against  poss ib le  l o s s  o f  sample i n t e g r i t y .  
Th i s  second sample i s  maintained on l y  u n t i l  such t ime when the  
ana l ys t  has determined t h a t  t h e  f i r s t  sample has been analyzed 
p rope r l y .  F i l l  i n g  one 20 mL syr inge  would a1 1 ow t h e  use o f  on l y  one 
sy r inge .  I f  a second ana l ys i s  i s  needed from a syr inge, i t  must be 
analyzed w i t h i n  24 hours. Care must be taken t o  prevent  a i r  from 
l e a k i n g  i n t o  t h e  syr inge.  

7.4.1.7 The f o l l o w i n g  procedure i s  appropr ia te  f o r  
d i  1 u t i n g  purgeable samples. A1 1 steps must be performed w i thou t  
de lays u n t i l  t h e  d i l u t e d  sample i s  i n  a gas t i g h t  sy r inge .  
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7.4.1.7.1 D i l u t i o n s  may be made i n  vo lume t r i c  f l a s k s  
(10 t o  100 mL). Se lec t  t h e  vo lume t r i c  f l a s k  t h a t  w i l l  a l l o w  
f o r  t h e  necessary d i l u t i o n .  I n te rmed ia te  d i l u t i o n s  may be 
necessary f o r  ex t reme ly  l a r g e  d i l u t i o n s .  -, 

', 
k& .,' 

7.4.1.7.2 Ca l cu la te  t h e  approximate vo l  ume o f  o rgan i c -  
f r e e  reagent  wa te r  t o  be added t o  t h e  v o l u m e t r i c  f l a s k  
se lec ted  and add s l i g h t l y  l e s s  than  t h i s  q u a n t i t y  o f  o rgan i c -  
f r e e  reagent  water  t o  t h e  f l a s k .  

7.4.1.7.3 I n j e c t  t h e  p roper  a1 i q u o t  o f  samples f rom 
t h e  sy r i nge  prepared i n  Sec. 7.4.1.6 i n t o  t h e  f l a s k .  
A l i q u o t s  o f  l e s s  than  1  mL are  n o t  recommended. D i l u t e  t h e  
sample t o  t h e  mark w i t h  o r g a n i c - f r e e  reagent  water .  Cap t h e  
f l a s k ,  i n v e r t ,  and shake t h r e e  t imes.  Repeat above procedure 
f o r  a d d i t i o n a l  d i l u t i o n s .  

7.4.1.7.4 F i l l  a  5  mL sy r i nge  w i t h  t h e  d i l u t e d  sample 
as i n  Sec. 7.4.1.6. 

7.4.1.8 Add 10.0 p L  o f  su r roga te  s p i k i n g  s o l u t i o n  (Sec. 
5.5) and 10 p L  o f  i n t e r n a l  s tandard s p i k i n g  s o l u t i o n  (Sec. 5.6) 
th rough  t h e  v a l v e  bore o f  t h e  sy r inge ;  then  c l o s e  t h e  va lve .  The 
sur roga te  and i n t e r n a l  standards may be mixed and added as a  s i n g l e  
s p i k i n g  s o l u t i o n .  The a d d i t i o n  o f  10 p L  o f  t h e  sur roga te  s p i k i n g  
s o l u t i o n  t o  5  mL o f  sample i s  equ i va len t  t o  a  c o n c e n t r a t i o n  o f  
50 pg/L o f  each sur roga te  standard. 

7.4.1.9 A t t ach  t h e  sy r i nge -sy r i nge  va l ve  assembly t o  t h e  
s y r i n g e  va l ve  on t h e  purg ing  dev ice.  Open t h e  sy r i nge  va lves  and 
i n j e c t  t h e  sample i n t o  t h e  purg ing  chamber. 

7.4.1.10 Close bo th  va lves and purge,  t h e  sample f o r  
11.0 + 0.1 minutes a t  ambient temperature.  

7.4.1.11 A t  t h e  conc lus ion  o f  t h e  purge t ime,  a t t a c h  t h e  
t r a p  t o  t h e  chromatograph, a d j u s t  t h e  dev ice  t o  t h e  desorb mode, and 
beg in  t h e  gas chromatographic temperature program and GC/MS da ta  
a c q u i s i t i o n .  Concurrent ly ,  i n t r oduce  t h e  t rapped m a t e r i a l s  t o  t h e  
gas chromatographic column by r a p i d l y  hea t i ng  t h e  t r a p  t o  180°C 
w h i l e  back f l ush ing  t h e  t r a p  w i t h  i n e r t  gas between 20 and 60 mL/min 
f o r  4  minutes. I f  t h i s  r a p i d  hea t i ng  r e q ~ ~ i r e m e n t  cannot be met, t h e  
gas chromatographic column must be used as a  secondary t r a p  by 
c o o l i n g  i t  t o  30°C ( o r  subainbient, i f  problems p e r s i s t )  i ns tead  o f  
t h e  recommended i n i t i a l  program temperature o f  45°C. 

7.4.1.12 Whi le t h e  t r a p  i s  be ing  desorbed i n t o  t h e  gas 
chromatograph, empty t h e  purg ing  chamber. Wash t h e  chamber w i t h  a  
minimum o f  two 5  mL f l ushes  o f  o r g a n i c - f r e e  reagent  water  ( o r  
methanol f o l l owed  by o r g a n i c - f r e e  reagent  water)  t o  avo id  c a r r y o v e r  
o f  p o l  1  u t a n t  compounds i n t o  subsequent analyses. 
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7.4.1.13 A f t e r  desorbing t h e  sample f o r  4  minutes, 
r e c o n d i t i o n  t h e  t r a p  by r e t u r n i n g  t h e  purge-and- t rap dev ice t o  t he  
purge mode. Wait 15 seconds; then c l ose  t h e  sy r inge  va l ve  on t he  
purg ing  dev ice t o  begin gas f l o w  through t h e  t r ap .  'The t r a p  
temperature should be mainta ined a t  180°C. Trap temperatures up t o  
220°C may be employed; however, t h e  h i ghe r  temperature w i l l  shor ten 
t h e  use fu l  l i f e  of t h e  t r a p .  A f t e r  approximately 7  minutes, t u r n  
o f f  t h e  t r a p  hea te r  and open t h e  sy r inge  va lve  t o  s top t h e  gas f l o w  
through t h e  t r a p .  When coo l ,  t h e  t r a p  i s  ready f o r  t h e  nex t  sample. 

7.4.1.14 I f  t h e  i n i t i a l  ana l ys i s  o f  a  sample o r  a  d i l u t i o n  
o f  t h e  sample has a concen t ra t ion  o f  ana ly tes  t h a t  exceeds t h e  
i n i t i a l  c a l i b r a t i o n  range, t h e  sample must be reanalyzed a t  a  h i ghe r  
d i l u t i o n .  Secondary i o n  q u a n t i t a t i o n  i s  al lowed o n l y  when t h e r e  are 
sample i n t e r f e r e n c e s  w i t h  t h e  pr imary ion .  When a sample i s  
analyzed t h a t  has sa tu ra ted  i ons  f rom a compound, t h i s  ana l ys i s  must 
be f o l l owed  by a b l ank  o rgan i c - f r ee  reagent  water ana lys is .  I f  t h e  
b l ank  ana l ys i s  i s  n o t  f r e e  o f  in te r fe rences ,  t h e  system must be 
decontaminated. Sample ana l ys i s  may n o t  resume u n t i l  a  b lank  can 
be analyzed t h a t  i s  f r e e  o f  i n t e r f e rences .  

7.4.1.15 For m a t r i x  sp ike  ana lys is ,  add 10 p L  o f  t h e  m a t r i x  
sp i ke  s o l u t i o n  (Sec. 5.9) t o  t h e  5 mL o f  sample t o  be purged. 
D is regard ing  any d i l u t i o n s ,  t h i s  i s  equ iva len t  t o  a  concen t ra t ion  
o f  50 pg/L o f  each m a t r i x  sp ike  standard. 

7.4.1.16 A l l  d i l u t i o n s  should keep t he  response o f  t h e  
major  c o n s t i t u e n t s  ( p rev ious l y  sa tu ra ted  peaks) i n  t h e  upper h a l f  
o f  t h e  l i n e a r  range o f  t he  curve. Proceed t o  Secs. 7.5.1 and 7.5.2 
f o r  qua1 i t a t i v e  and q u a n t i t a t i v e  ana lys is .  

7.4.2 Water m i s c i b l e  l i q u i d s  

7.4.2.1 Water m i s c i b l e  l i q u i d s  a re  analyzed as water 
samples a f t e r  f i r s t  d i l u t i n g  them a t  l e a s t  50 f o l d  w i t h  o rgan i c - f r ee  
reagent  water.  

7.4.2.2 I n i t i a l  and s e r i a l  d i l u t i o n s  can be prepared by 
p i p e t t i n g  2 mL o f  t h e  sample t o  a  100 mL vo lumet r i c  f l a s k  and 
d i  1  u t  i n g  t o  volume w i t h  o rgan i c - f r ee  reagent water.  Transfer  
immediately t o  a 5 mL gas t i g h t  syr inge.  

7.4.2.3 A l t e r n a t i v e l y ,  prepare d i l u t i o n s  d i r e c t l y  i n  a  5  
mL sy r inge  f i l l e d  w i t h  o rgan i c - f r ee  reagent water by adding a t  l e a s t  
20 pL, b u t  n o t  more than 100 p L  o f  l i q u i d  sample. The sample i s  
ready f o r  a d d i t i o n  o f  i n t e r n a l  and surrogate standards. 

7.4.3 Sediment/soi l  and waste samples - I t  i s  h i g h l y  recommended 
t h a t  a l l  salrtples o f  t h i s  type be screened p r i o r  t o  t h e  purge-and-trap 
GC/MS ana l ys i s .  The headspace l~iethod (Method 3810) o r  t h e  hexadecane 
e x t r a c t i o n  and screening method (Method 3820) may be used f o r  t h i s  
purpose. These sampl es may con ta in  percent  q u a n t i t i e s  o f  purgeable 
o rgan ics  t h a t  w i  11 contaminate t h e  purge-and- t rap system, and r e q u i r e  
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extensive cleanup and instrument downtime. Use the screening data to 
determine whether to use the low-concentration method (0.005- 1 mg/kg) or 
the high-concentration method ( >  1 mg/kg) . 

7.4.3.1 Low-concentration ~iiethod - This is designed for FlllbZ 
samples containing individual purgeable compounds of < 1 mg/kg. It 'w ' 
is limited to sediment/soil samples and waste that is of a similar 
consi stency (granul ar and porous). The 1 ow-concentrat i on method i s 
based on purging a heated sediment/soil sample mixed with organic- 
free reagent water containing the surrogate and internal standards. 
Analyze all reagent blanks and standards under the same conditions 
as the samples. See Figure 5 for an illustration of a low soils 
i mpi nger . 

7.4.3.1.1 Use a 5 g sample if the expected 
concentration is < 0.1 mg/kg or a 1 g sample for expected 
concentrations between 0.1 and 1 mg/kg. 

7.4.3.1.2 The GC/MS system should be set up as in 
Secs. 7.4.1.2-7.4.1.4. This should be done prior to the 
preparation of the sample to avoid loss of volatiles from 
standards and samples. A heated purge cal .i bration curve  nus st 
be prepared and used for the quantitation of all samples 
analyzed with the 1 ow-concentrat ion method. Fol 1 ow the 
initial and daily cal i bration instructions, except for the 
addition of a 40°C purge temperature. 

7.4.3.1.3 Remove the plunger from a 5 mL Luerlock type 
syringe equipped with a syringe valve and fill until 
overflowing with organic-free reagent water. Replace the 
plunger and compress the water to vent trapped air. Adjust 
the volume to 5.0 mL. Add 10 pL each of surrogate spiking 
solution (Sec. 5.5) and internal standard solution (Sec. 5.6) 
to the syringe through the valve. (Surrogate spiking 
solution and internal standard solution may be mixed 
together.) The addition of 10 pL of the surrogate spiking 
solution to 5 g of sediment/soil is equivalent to 50 pg/kg of 
each surrogate standard. 

7.4.3.1.4 The sample (for volatile organics) consists 
of the entire contents of the sample container. Do not 
discard any supernatant liquids. Mix the contents of the 
sample container with a narrow metal spatula. Weigh the 
amount determined in Sec. 7.4.3.1.1 into a tared purge 
device. Note and record the actual weight to the nearest 0.1 
g. 

7.4.3.1.5 Determine the percent dry weight of the 
soil/sediment sample. This includes waste samples that are 
amenable to percent dry weight determination. Other wastes 
should be reported on a wet-weight basis. 
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7.4.3.1.5.1 Immediately a f t e r  weighing t h e  sample 
f o r  e x t r a c t i o n ,  weigh 5-10 g o f  t h e  sample i n t o  a t a red  
c r u c i b l e .  Determine t h e  % d r y  weight o f  t h e  sample by 
d r y i n g  overn igh t  a t  105°C. A l low t o  cool  i n  a 
des i cca to r  be fo re  re-weigh ing . Concentrat ions o f  
i n d i v i d u a l  ana ly tes  a re  repo r ted  r e l a t i v e  t o  t h e  d r y  
weight o f  sample. 

WARNING: The d r y i n g  oven should be conta ined 
i n  a hood o r  vented. S i g n i f i c a n t  
1 aboratory  contaminat ion may r e s u l t  
f rom a h e a v i l y  contaminated hazardous 
waste sample. 

% d r y  weight  = q o f  d r y  sample x 100 
g o f  sample 

7.4.3.1.6 Add t h e  sp iked water t o  t h e  purge device, 
which con ta ins  t h e  weighed amount o f  sample, and connect t h e  
dev ice  t o  t h e  purge-and-trap system. 

NOTE: P r i o r  t o  t he  attachment o f  t he  purge device, t h e  - 
procedures i n  Secs. 7.4.3.1.4 and 7.4.3.1.6 must 
be performed r a p i d l y  and w i t hou t  i n t e r r u p t i o n  t o  
avo id  l o s s  o f  v o l a t i l e  organics.  These steps 
must be performed i n  a 1 aboratory  f r e e  o f  so l  vent 
fumes. 

7.4.3.1.7 Heat t h e  sample t o 4 0 ° C + 1 " C a n d p u r g e t h e  
sample f o r  11.0 + 0.1 minute. 

7.4.3.1.8 Proceed w i t h  t h e  ana lys is  as o u t l i n e d  i n  
Secs. 7.4.1.11-7.4.1.16. Use 5 mL o f  t h e  same o rgan i c - f r ee  
reagent water as i n  t h e  reagent b lank.  I f  sa tu ra ted  peaks 
occurred o r  would occur i f  a 1 g sample were analyzed, t h e  
h i gh -concen t ra t i on  method must be f o l l  owed. 

7.4.3.1.9 For low-concent ra t ion  sediment /so i ls  add 
10 p L  o f  t he  m a t r i x  sp ike  s o l u t i o n  (Sec. 5.9) t o  t h e  5 mL o f  
o rgan i c - f r ee  reagent water (Sec. 7.4.3.1.3). The 
concen t ra t i on  f o r  a 5 g sample would be equ i va len t  t o  50 
pg/kg o f  each m a t r i x  sp ike  standard. 

7.4.3.2 H igh-concent ra t ion  method - The method i s  based on 
e x t r a c t i n g  t h e  sediment /so i l  w i t h  methanol. A waste sample i s  
e i t h e r  ex t rac ted  o r  d i l u t e d ,  depending on i t s  s o l u b i l i t y  i n  
methanol. Wastes ( i  .e. petroleum and coke wastes) t h a t  are 
i n s o l u b l e  i n  methanol a re  d i l u t e d  w i t h  reagent te t rag lyme o r  
p o s s i b l y  po lye thy lene  g l y c o l  (PEG). An a1 i q u o t  o f  t h e  e x t r a c t  i s  
added t o  o r g a n i c - f r e e  reagent  water con ta in i ng  i n t e r n a l  standards. 
T h i s  i s  purged a t  ambient temperature. A l l  samples w i t h  an expected 
concen t ra t i on  o f  > 1.0 mg/kg should be analyzed by t h i s  method. 
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7.4.3.2.1 The sample ( f o r  v o l a t i l e  o rgan i cs )  c o n s i s t s  
o f  t h e  e n t i r e  con ten ts  o f  t h e  sample con ta ine r .  Do no t  
d i s c a r d  any supernatant  l i q u i d s .  Mix  t h e  con ten t s  o f  t h e  
sample con ta ine r  w i t h  a  narrow metal  spa tu la .  For 
sediment /so i l  and s o l i d  wastes t h a t  a re  i n s o l u b l e  i n  FT 
methanol, weigh 4  g  (wet we igh t )  o f  sample i n t o  a  t a r e d  20 mL L3,! 
v i a l .  Use a  t o p  l o a d i n g  balance. Note and r e c o r d  t h e  ac tua l  
weight  t o  0.1 gram and determine t h e  percen t  d r y  we igh t  o f  
t h e  sample us ing  t he  procedure i n  Sec. 7.4.3.1.5. For  waste 
t h a t  i s  s o l u b l e  i n  methanol, te t rag lyme,  o r  PEG, weigh 1  g  
(wet we igh t )  i n t o  a , t a r e d  s c i n t i l l a t i o n  v i a l  o r  c u l t u r e  tube 
o r  a  10 mL vo lume t r i c  f l a s k .  ( I f  a  v i a l  o r  t ube  i s  used, i t  
must be c a l i b r a t e d  p r i o r  t o  use. P ipe t  10.0 mL o f  s o l v e n t  
i n t o  t h e  v i a l  and mark t h e  bottom o f  t h e  meniscus. D iscard  
t h i s  so l  vent .  ) 

7.4.3.2.2 Q u i c k l y  add 9.0 mL o f  a p p r o p r i a t e  so l ven t ;  
t hen  add 1.0 mL o f  t h e  sur roga te  s p i k i n g  s o l u t i o n  t o  t h e  
v i a l .  Cap and shake f o r  2  minutes. 

NOTE: Secs. 7.4.3.2.1 and 7.4.3.2.2 must be performed 
r a p i d l y  and w i t hou t  i n t e r r u p t i o n  t o  avo id  l o s s  o f  
v o l a t i l e  o rgan ics .  These s teps must be performed 
i n  a  l a b o r a t o r y  f ree  from s o l v e n t  fumes. 

7.4.3.2.3 P ipe t  approx imate ly  1 mL o f  t h e  e x t r a c t  t o  
a  GC v i a l  f o r  s torage,  us i ng  a  d isposab le  p i p e t .  The 
remainder may be disposed o f .  T rans fe r  approx imate ly  1  mL o f  
app rop r i a te  so l ven t  t o  a  separate GC v i a l  f o r  use as t h e  
method b lank  f o r  each s e t  o f  samples. These e x t r a c t s  may be 
s to red  a t  4°C i n  t he  dark ,  p r i o r  t o  a n a l y s i s .  The a d d i t i o n  
o f  a  100 p L  a l i q u o t  o f  each o f  these e x t r a c t s  i n  Sec. 
7.4.3.2.6 w i l l  g i v e  a  concen t ra t i on  e q u i v a l e n t  t o  6,200 pg/kg 
o f  each sur roga te  standard. 

7.4.3.2.4 The GC/MS system should be s e t  up as i n  
Secs. 7.4.1.2-7.4.1.4. Th is  should be done p r i o r  t o  t h e  
a d d i t i o n  o f  t h e  so l ven t  e x t r a c t  t o  o r g a n i c - f r e e  reagent  
water .  

7.4.3.2.5 Table 4  can be used t o  determine t h e  volume 
o f  so l ven t  e x t r a c t  t o  add t o  t h e  5  mL o f  o r g a n i c - f r e e  reagent  
water  f o r  ana l ys i s .  I f  a  screening procedure was f o l l owed  
(Method 3810 o r  3820), use t h e  es t imated  concen t ra t i on  t o  
determine t h e  app rop r i a te  volume. Otherwise, es t ima te  t h e  
concen t ra t i on  range o f  t h e  sample f rom t h e  1  ow-concentrat  i o n  
ana l ys i s  t o  determine t h e  app rop r i a te  volume. I f  t h e  sample 
was submi t ted as a  h i gh -concen t ra t i on  sample, s t a r t  w i t h  
100 pL .  A l l  d i l u t i o n s  must keep t h e  response o f  t h e  major  
c o n s t i t u e n t s  ( p rev ious l y  sa tu ra ted  peaks) i n  t h e  upper ha1 f 
of t h e  l i n e a r  range o f  t h e  curve. 
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7.4.3.2.6 Remove t h e  p lunger  f rom a 5.0 mL Luer lock 
t ype  sy r i nge  equipped w i t h  a sy r i nge  va l ve  and f i l l  u n t i l  
o ve r f l ow ing  w i t h  organi  c - f r e e  reagent  water.  Rep1 ace t h e  
p lunger  and compress t h e  water t o  vent  t rapped a i r .  Ad jus t  
t h e  volume t o  4.9 mL. P u l l  t h e  p lunger  back t o  5.0 mL t o  
a l l o w  volume f o r  t h e  a d d i t i o n  of t h e  sample e x t r a c t  and o f  
standards.  Add 10 p L  o f  i n t e r n a l  s tandard s o l u t i o n .  A lso  
add t h e  volume o f  so l ven t  e x t r a c t  determined i n  Sec. 
7.4.3.2.5 and a volume o f  e x t r a c t i o n  o r  d i s s o l u t i o n  so lven t  
t o  t o t a l  100 p L  (exc lud ing  methanol i n  s tandards) .  

7.4.3.2.7 A t t ach  t h e  sy r i nge -sy r i nge  va l ve  assembly t o  
t h e  sy r i nge  va l ve  on t h e  purg ing  dev ice.  Open t h e  sy r i nge  
va l ve  and i n j e c t  t h e  o r g a n i c - f r e e  reagent  water/methanol 
sample i n t o  t h e  purg ing  chamber. 

7.4.3.2.8 Proceed w i t h  t h e  ana l ys i s  as o u t l i n e d  i n  
Sec. 7.4.1.11-7.4.1.16. Analyze a l l  reagent  b lanks on t h e  
same ins t rument  as t h a t  use f o r  t h e  samples. The standards 
and b lanks  should  a l s o  c o n t a i n  100 p L  o f  so l ven t  t o  s imu la te  
t h e  sample cond i t i ons .  

7.4.3.2.9 For  a m a t r i x  sp i ke  i n  t h e  h i gh -concen t ra t i on  
sed iment /so i l  samples, add 8.0 mL o f  methanol, 1.0 mL o f  
su r roga te  sp i ke  s o l u t i o n  (Sec. 5.5),  and 1.0 mL o f  m a t r i x  
sp i ke  s o l u t i o n  (Sec. 5.9) as i n  Sec. 7.4.3.2.2. Th i s  r e s u l t s  
i n  a 6,200 pg/kg concen t ra t i on  o f  each m a t r i x  sp ike  standard 
when added t o  a 4 g sample. Add a 100 p L  a1 i q u o t  o f  t h i s  
e x t r a c t  t o  5 mL o f  o rgan i c - f r ee  reagent  water f o r  pu rg ing  (as 
p e r  Sec. 7.4.3.2.6). 

Data i n t e r p r e t a t i o n  

7.5.1 Qua1 i t a t i v e  ana l ys i s  

7.5.1.1 The q u a l i t a t i v e  i d e n t i f i c a t i o n  o f  compounds 
determined by t h i s  method i s  based on r e t e n t i o n  t ime, and on 
comparison o f  t h e  sample mass spectrum, a f t e r  background co r rec t i on ,  
w i t h  c h a r a c t e r i s t i c  i ons  i n  a re fe rence  mass spectrum. The 
re fe rence  mass spectrum niust be generated by t h e  l a b o r a t o r y  us ing  
t h e  c o n d i t i o n s  o f  t h i s  method. The c h a r a c t e r i s t i c  i ons  f rom t h e  
re fe rence  mass spectrum are  de f i ned  t o  be t h e  t h r e e  i ons  o f  g rea tes t  
r e l a t i v e  i n t e n s i t y ,  o r  any i ons  over 30% r e l a t i v e  i n t e n s i t y  i f  l e s s  
than  t h r e e  such i ons  occur  i n  t h e  re fe rence  spectrum. Compounds 
should  be i d e n t i f i e d  as p resen t  when t h e  c r i t e r i a  below a re  met. 

7.5.1.1.1 The i n t e n s i t i e s  o f  t h e c h a r a c t e r i s t i c  ions  
o f  a compound maximize i n  t h e  same scan o r  w i t h i n  one scan o f  
each o the r .  Se lec t i on  o f  a peak by a da ta  system t a r g e t  
compound search r o u t i n e  where t h e  search i s  based on t h e  
presence o f  a t a r g e t  chromatographic peak con ta i n i ng  ions  
s p e c i f i c  f o r  t h e  t a r g e t  compound a t  a compound-specif ic 
r e t e n t i o n  t ime  w i l l  be accepted as meet ing t h i s  c r i t e r i o n .  
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7.5.1.1.2 The RRT o f  t h e  sample component i s  w i t h i n  
+ 0.06 RRT u n i t s  o f  t h e  RRT o f  t h e  s tandard component. - 

7.5.1.1.3 The r e l a t i v e  i n t e n s i t i e s  o f  t h e  
c h a r a c t e r i s t i c  i o n s  agree w i t h i n  30% o f  t h e  r e l a t i v e  
i n t e n s i t i e s  o f  these i ons  i n  t h e  re fe rence  spectrum. 

r 
i.,? 

(Example: For an i o n  w i t h  an abundance o f  50% i n  t h e  
re fe rence  spectrum, t h e  corresponding abundance i n  a  sample 
spectrum can range between 20% and 80%.) 

7.5.1.1.4 S t r u c t u r a l  isomers t h a t  produce ve ry  s i m i l a r  
mass spec t ra  should be i d e n t i f i e d  as i n d i v i d u a l  isomers i f  
they  have s u f f i c i e n t l y  d i f f e r e n t  GC r e t e n t i o n  t imes .  
S u f f i c i e n t  GC r e s o l u t i o n  i s  achieved i f  t h e  h e i g h t  o f  t h e  
v a l l e y  between two isomer peaks i s  l e s s  t han  25% o f  t h e  sum 
o f  t h e  two peak he igh t s .  Otherwise, s t r u c t u r a l  isomers a re  
i d e n t i f i e d  as i somer ic  p a i r s .  

7.5.1.1.5 I d e n t i f i c a t i o n  i s  hampered when sample 
components a re  n o t  r eso l ved  chromatograph ica l l y  and produce 
mass spec t ra  c o n t a i n i n g  i ons  c o n t r i b u t e d  by more t han  one 
ana l y te .  When gas chromatographic peaks o b v i o u s l y  represen t  
more than  one sample component ( i . e . ,  a  broadened peak w i t h  
shou lder (s )  o r  a  v a l l e y  between two o r  more maxima), 
app rop r i a te  s e l e c t i o n  o f  ana l y te  spec t ra  and background 
spec t ra  i s  impo r tan t .  Examinat ion o f  e x t r a c t e d  i o n  c u r r e n t  
p r o f i l e s  o f  app rop r i a te  i o n s  can a i d  i n  t h e  s e l e c t i o n  o f  
spect ra ,  and i n  qua1 i t a t i v e  i d e n t i f i c a t i o n  o f  compounds. 
When ana ly tes  coel  u t e  ( i  .e., o n l y  one chromatographic peak i s  
apparent) ,  t h e  i d e n t i f i c a t i o n  c r i t e r i a  can be met, b u t  each 
ana l y te  spectrum w i l l  c o n t a i n  extraneous i o n s  c o n t r i b u t e d  by rn 

Wff 
t h e  coel  u t  i ng compound. 

7.5.1.2 For samples c o n t a i n i n g  components n o t  assoc ia ted  
w i t h  t h e  c a l i b r a t i o n  standards, a  1  i b r a r y  search may be made f o r  t h e  
purpose o f  t e n t a t i v e  i d e n t i f i c a t i o n .  The necess i t y  t o  pe r f o rm  t h i s  
t y p e  o f  i d e n t i f i c a t i o n  w i l l  be determined by t h e  t y p e  o f  analyses 
be ing  conducted. Gu ide l ines  f o r  making t e n t a t i v e  i d e n t i f i c a t i o n  
a re  : 

(1 )  R e l a t i v e  i n t e n s i t i e s  o f  major  i o n s  i n  t h e  re fe rence  
spectrum ( i o n s  > 10% o f  t h e  most abundant i o n )  should be p resen t  i n  
t h e  sample spectrum. 

(2 )  The r e l a t i v e  i n t e n s i t i e s  o f  t h e  ma jo r  i o n s  should agree 
w i t h i n  + 20%. (Example: For an i o n  w i t h  an abundance o f  50% i n  t h e  
s tandard spectrum, t h e  corresponding sample i o n  abundance must be 
between 30 and 70%). 

(3) Mo lecu la r  ions  p resen t  i n  t h e  re fe rence  spectrum should 
be p resen t  i n  t h e  sample spectrum. 
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(4) Ions present i n  the  sample spectrum but  not  i n  the 
reference spectrum should be reviewed f o r  possi b l  e  background 
contaminat ion o r  presence o f  coe lu t ing  compounds. 

(5) Ions present i n  t he  reference spectrum but  no t  i n  the 
sample spectrum should be reviewed f o r  possib le subt rac t ion  from the 
sample spectrum because o f  background contamination o r  coel u t i  ng 
peaks. Data system l i b r a r y  reduct ion programs can sometimes create 
these discrepancies. 

Computer generated l i b r a r y  search rou t ines  should no t  use 
normal i z a t  i on rou t i nes  t h a t  would m i  srepresent the  1  i brary  o r  
unknown spectra when compared t o  each other .  Only a f t e r  v isual  
comparison o f  sample w i t h  the nearest 1  i b r a r y  searches w i l l  the mass 
spec t ra l  i n t e r p r e t a t i o n  special  i s t  assign a  t e n t a t i v e  
i d e n t i f i c a t i o n .  

7.5.2 Q u a n t i t a t i v e  analys is  

7.5.2.1 When a  compound has been i d e n t i f i e d ,  the  
q u a n t i t a t i o n  o f  t h a t  compound w i l l  be based on the  in tegra ted  
abundance from the  E I C P  o f  the  pr imary c h a r a c t e r i s t i c  ion.  
Q u a n t i t a t i o n  w i l l  take p lace using the  i n t e r n a l  standard technique. 
The i n t e r n a l  standard used s h a l l  be the one nearest the  re ten t i on  
t ime o f  t h a t  o f  a  g iven analyte (e.g. see Table 5). 

7.5.2.2 When l i n e a r i t y  ex i s t s ,  as per Sec. 7.2.10, 
c a l c u l a t e  the  concentrat ion o f  each i d e n t i f i e d  analyte i n  the  sample 
as fo l l ows :  

Water 

concentrat ion (pg/L) = 
(4s) (v,) 

where: 

Ax 
- - Area o f  c h a r a c t e r i s t i c  i o n  f o r  compound being 

measured. 
16 - - Amount o f  i n t e r n a l  standard i n j e c t e d  (ng).  

- 
'is - Area o f  c h a r a c t e r i s t i c  i o n  f o r  t he  i n t e r n a l  

standard. 
RF = Mean re1  a t  i ve response f a c t o r  f o r  compound being 

measured (Sec. 7.2.8). 
V, = Volunie o f  water purged (mL), t ak ing  i n t o  

considerat ion any d i l u t i o n s  made. 
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Sediment/Soil Sludge (on a  d r y -we igh t  b a s i s )  and Waste 
(no rma l l y  on a  wet-weight  bas is )  

(A,) ( I,) (Vt) 
concen t ra t i on  (pg/kg) = 

(4s) (RF) (Vi) (Ws) (Dl  
where : 

A,, I,, Ai,, m, = Same as f o r  water.  
v t - - Volume o f  t o t a l  e x t r a c t  (pL)  (use 10,000 p L  o r  a  

f a c t o r  o f  t h i s  when d i l u t i o n s  a r e  made). 

Vi = Volume o f  e x t r a c t  added (pL)  f o r  purg ing .  
W, = Weight o f  sample e x t r a c t e d  o r  purged (g ) .  
D  - - % d r y  weight  o f  sample/100, o r  1 f o r  a  wet-weight  

bas is .  

7.5.2.3 Where app l i cab le ,  an es t ima te  o f  concen t ra t i on  f o r  
noncal i bra ted  components i n  t h e  sample should be made. The formulae 
g i v e n  above should be used w i t h  t h e  f o l l o w i n g  m o d i f i c a t i o n s :  The 
areas A, and A, should be f rom t h e  t o t a l  i o n  chromatograms, and t h e  
RF f o r  t h e  compound should be assumed t o  be 1. The concen t ra t i on  
ob ta ined  should be repo r ted  i n d i c a t i n g  (1 )  t h a t  t h e  va lue  i s  an 
es t ima te  and (2)  which i n t e r n a l  s tandard was used t o  determine 
concen t ra t i on .  Use t h e  neares t  i n t e r n a l  s tandard f r e e  o f  
i n t e r f e r e n c e s .  

7.5.2.4 A l t e r n a t i v e l y ,  t h e  reg ress ion  l i n e  f i t t e d  t o  t h e  
i n i t i a l  c a l  i b r a t i o n  (Sec. 7.2.10.1) may be used f o r  de te rm ina t i on  
o f  ana l y te  concen t ra t ion .  + 

'M 

8.0 QUALITY CONTROL 

8.1 Each l a b o r a t o r y  t h a t  uses these methods i s  r e q u i r e d  t o  opera te  a  
formal  qual  i t y  c o n t r o l  program. 'The minimum requi rements o f  t h i  s  program cons i  s t  
o f  an i n i t i a l  demonstrat ion o f  l a b o r a t o r y  c a p a b i l i t y  and an ongoing a n a l y s i s  o f  
sp iked  samples t o  eva lua te  and document da ta  qual  i t y .  The l a b o r a t o r y  must 
m a i n t a i n  records  t o  document t h e  q u a l i t y  o f  t h e  da ta  generated. Ongoing da ta  
q u a l i t y  checks a re  compared w i t h  es tab l i shed  performance c r i t e r i a  t o  determine 
i f  t h e  r e s u l t s  o f  analyses meet t h e  performance c h a r a c t e r i s t i c s  o f  t h e  method. 
When r e s u l t s  o f  sample sp ikes i n d i c a t e  a t y p i c a l  method performance, a  q u a l i t y  
c o n t r o l  r e fe rence  sample must be analyzed t o  c o n f i r m  t h a t  t h e  measurements were 
performed i n  an i n - c o n t r o l  mode o f  ope ra t i on .  

8.2 Be fo re  p rocess ing  any samples, t h e  ana l ys t  should demonstrate, 
th rough  t h e  a n a l y s i s  o f  a  method b lank,  t h a t  i n t e r f e r e n c e s  f rom t h e  a n a l y t i c a l  
system, glassware, and reagents  a re  under c o n t r o l .  Each t ime  a  s e t  o f  samples 
i s  e x t r a c t e d  o r  t h e r e  i s  a  change i n  reagents,  a  method b lank  should be processed 
as a  safeguard aga ins t  ch ron i c  1  abora to ry  contaminat ion.  The b lank  samples 
should be c a r r i e d  through a l l  stages o f  sample p repa ra t i on  and measurement. 
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8.3 The exper ience o f  t h e  ana l ys t  per forming GC/MS analyses i s  
i n v a l u a b l e  t o  t h e  success o f  t h e  methods. Each day t h a t  ana l ys i s  i s  performed, 
t h e  d a i l y  c a l i b r a t i o n  s tandard should be evaluated t o  determine i f  t h e  
chromatographic system i s  ope ra t i ng  p rope r l y .  Quest ions t h a t  should be asked 
are:  Do t h e  peaks l o o k  normal?; I s  t h e  response obta ined comparable t o  t he  
response f rom prev ious  c a l  i b r a t  ions? Carefu l  examinat ion o f  t h e  standard 
chromatogram can i n d i c a t e  whether t h e  colurr~n i s  s t i l l  useable, t h e  i n j e c t o r  i s  
l eak ing ,  t h e  i n j e c t o r  septum needs rep lac ing ,  e t c .  I f any changes a re  made t o  
t h e  system (e.g. column changed), r e c a l  i b r a t i o n  o f  t h e  system must take  place. 

8.4 Required ins t rument  QC i s  found i n  t h e  f o l l o w i n g  sec t ion :  

8.4.1 The GC/MS system must be tuned t o  meet t h e  BFB s p e c i f i c a t i o n s  
i n  Sec. 7.2.2. 

8.4.2 There must be an i n i t i a l  c a l i b r a t i o n  o f  t h e  GC/MS system as 
s p e c i f i e d  i n  Sec. 7.2. 

8.4.3 The GC/MS system must meet t h e  SPCC c r i t e r i a  s p e c i f i e d  i n  Step 
7.3.3 and t h e  CCC c r i t e r i a  i n  Sec. 7.3.4, each 12 hours.  

8.5 To e s t a b l i s h  t h e  a b i l i t y  t o  generate acceptable accuracy and 
p r e c i s i o n ,  t h e  ana l ys t  must per form t h e  f o l l o w i n g  operat ions.  

8.5.1 A qua1 i t y  c o n t r o l  (QC) re fe rence  sample concentrate i s  
r e q u i r e d  con ta in i ng  each ana l y te  a t  a concen t ra t ion  o f  10 mg/L i n  
methanol. The QC re fe rence  sample concentrate may be prepared from pure 
s tandard m a t e r i a l s  o r  purchased as c e r t i f i e d  so lu t i ons .  I f  prepared by 
t h e  l abo ra to r y ,  t h e  QC re fe rence  sample concent ra te  must be made us ing  
s tock  standards prepared independent ly fro111 those used f o r  c a l i b r a t i o n .  

8.5.2 Prepare a QC re fe rence  sample t o  con ta in  20 pg/L o f  each 
ana l y te  by adding 200 p L  o f  QC re fe rence  sample concentrate t o  100 mL o f  
water .  

8.5.3 Four 5-mL a1 i quo t s  o f  t he  we1 1 mixed QC re fe rence  sample are 
analyzed accord ing t o  t h e  method beginn ing i n  Sec. 7.4.1. 

8.5.4 Ca l cu la te  t h e  average recovery (x) i n  pg/L, and t he  standard 
d e v i a t i o n  of t h e  recovery  ( s )  i n  pg/L, f o r  each ana l y te  us ing  t h e  f o u r  
r e s u l t s .  

8.5.5 For each ana l y te  compare s and x w i t h  t he  corresponding 
acceptance c r i  t e r i  a - f o r  p r e c i s i o n  and accuracy, r espec t i ve l y ,  found i n  
Table 6. I f  s and x f o r  a l l  ana ly tes  meet t he  acceptance c r i t e r i a ,  t h e  
system performance i s  acceptable and ana l ys i s  o f  ac tua l  samples can-begi n. 
I f  any i n d i v i d u a l  s exceeds t he  p r e c i s i o n  1 i m i t  o r  any i n d i v i d u a l  x f a l l s  
o u t s i d e  t h e  range f o r  accuracy, then t h e  system performance i s  
unacceptable f o r  t h a t  ana ly te .  

NOTE: The 1 arge number o f  analy tes i n  Table 6 present  a subs tan t i a l  - 
p r o b a b i l i t y  t h a t  one o r  more w i l l  f a i l  a t  l e a s t  one o f  t h e  
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acceptance c r i t e r i a  when a l l  ana l y tes  o f  a  g i ven  method a re  
determined. 

8.5.6 When one o r  more o f  t h e  ana ly tes  t e s t e d  f a i l  a t  l e a s t  one o f  
t h e  acceptance c r i t e r i a ,  t h e  a n a l y s t  must proceed accord ing  t o  Sec. !@-+I 

8.5.6.1 o r  8.5.6.2. b d  

8.5.6.1 Locate and c o r r e c t  t h e  source o f  t h e  problem and 
repea t  t h e  t e s t  f o r  a l l  ana l y tes  beg inn ing  w i t h  Sec. 8.5.2. 

8.5.6.2 Beginning w i t h  Sec. 8.5.2, r epea t  t h e  t e s t  o n l y  
f o r  those ana l y tes  t h a t  f a i l e d  t o  meet c r i t e r i a .  Repeated f a i l u r e ,  
however, w i l l  c o n f i r m  a genera l  problem w i t h  t h e  measurement system. 
I f  t h i s  occurs,  l o c a t e  and c o r r e c t  t h e  source o f  t h e  problem and 
repea t  t h e  t e s t  f o r  a l l  compounds o f  i n t e r e s t  beg inn ing  w i t h  Sec. 
8.5.2. 

8.6 The 1 abora to ry  must, on an ongoing bas is ,  analyze a method b lank  and 
a sp iked r e p l i c a t e  f o r  each a n a l y t i c a l  ba tch  (up t o  a  maximum o f  20 
sampl es/batch) t o  assess accuracy. For s o i  1  and waste sampl es where de tec tab l  e  
amounts o f  o rgan i cs  a re  present ,  r e p l i c a t e  samples may be a p p r o p r i a t e  i n  p l ace  
o f  sp iked  r e p l i c a t e s .  For l a b o r a t o r i e s  ana lyz ing  one t o  t e n  samples p e r  month, 
a t  l e a s t  one sp iked  sample p e r  month i s  r equ i red .  

8.6.1 The concen t ra t i on  o f  t h e  sp i ke  i n  t h e  sample should be 
determined as f o l l  ows: 

8.6.1.1 1 f , a s i n c o m p l i a n c e m o n i t o r i n g , t h e c o n c e n t r a t i o n  
of a  s p e c i f i c  ana l y te  i n  t h e  sample i s  be ing  checked aga ins t  a  
r e g u l a t o r y  concen t ra t i on  l i m i t ,  t h e  sp i ke  should be a t  t h a t  l i m i t  
o r  1 t o  5 t imes  h i g h e r  than t h e  background c o n c e n t r a t i o n  determined {f"? &F 

i n  Sec. 8.6.2, whichever concen t ra t i on  would be l a r g e r .  

8.6.1.2 I f  t h e  concen t ra t i on  o f  a  s p e c i f i c  a n a l y t e  i n  a  
wate r  sample i s  n o t  be ing  checked aga ins t  a  s p e c i f i c  1- in i i t ,  t h e  
s p i k e  should be a t  20 pg/L o r  1 t o  5  t imes  h i g h e r  t han  t h e  
background concen t ra t i on  determined i n  Sec. 8.6.2, whichever 
concen t ra t i on  would be l a r g e r .  For  o t h e r  mat r i ces ,  recommended 
s p i k i n g  concen t ra t i on  i s  10 t imes  t h e  EQL. 

8.6.2 Analyze one 5-mL sample a1 i q u o t  t o  determine t h e  background 
concen t ra t i on  (B) o f  each ana ly te .  I f  necessary, prepare a new QC 
re fe rence  sample concent ra te  (Sec. 8.5.1) app rop r i a te  f o r  t h e  background 
c o n c e n t r a t i o n  i n  t h e  sample. Spike a second 5-mL sample a l i q u o t  w i t h  
10 p L  o f  t h e  QC r e fe rence  sample concent ra te  and analyze i t  t o  determine 
t h e  concen t ra t i on  a f t e r  s p i k i n g  (A) o f  each ana l y te .  C a l c u l a t e  each 
percen t  recovery  (p) as 100(A-B)%/T, where T i s  t h e  known t r u e  va lue  of 
t h e  sp ike .  

8.6.3 Compare t h e  percen t  recovery  (p) f o r  each a n a l y t e  i n  a  water  
sample w i t h  t h e  corresponding QC acceptance c r i t e r i a  found i n  Table 6. 
These acceptance c r i t e r i a  were c a l c u l a t e d  t o  i n c l  ude an a1 1 owance f o r  
e r r o r  i n  measurement o f  bo th  t h e  background and s p i  ke concent ra t ions ,  
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assuming a sp ike  t o  background r a t i o  o f  5 : l .  Th i s  e r r o r  w i l l  be accounted 
f o r  t o  t h e  e x t e n t  t h a t  t h e  ana l ys t ' s  sp ike  t o  background r a t i o  approaches 
5: 1. I f  s p i k i n g  was performed a t  a  concen t ra t i on  lower  than  20 pg/L, t h e  
a n a l y s t  must use e i t h e r  t h e  QC acceptance c r i t e r i a  presented i n  Table 6, 
o r  o p t i o n a l  QC acceptance c r i t e r i a  c a l c u l a t e d  f o r  t h e  s p e c i f i c  sp ike  
concen t ra t i on .  To c a l c u l a t e  o p t i o n a l  acceptance c r i t e r i a  f o r  t h e  recovery  
o f  an ana ly te :  (1 )  Ca l cu l a te  accuracy ( x ' )  us i ng  t h e  equa t ion  found i n  
Table  7, s u b s t i t u t i n g  t h e  sp ike  concen t ra t i on  (T) f o r  C; (2)  c a l c u l a t e  
o v e r a l l  p r e c i s i o n  ( S t )  us ing  t h e  equat ion i n  Table 7, s u b s t i t u t i n g  x '  f o r  - 
x; (3)  c a l c u l a t e  t h e  range f o r  recovery  a t  t h e  sp i ke  concen t ra t i on  as 
( lOOxt/T) + 2.44(100St/T)%. 

8.6.4 I f  any i n d i v i d u a l  p  f a l l s  o u t s i d e  t h e  des ignated range f o r  
recovery ,  t h a t  ana l y t e  has f a i l e d  t h e  acceptance c r i t e r i a .  A check 
s tandard c o n t a i n i n g  each ana l y t e  t h a t  f a i l e d  t h e  c r i t e r i a  must be analyzed 
as descr ibed  i n  Sec. 8.7. 

8.7 I f  any ana l y t e  i n  a  water  sample f a i l s  t h e  acceptance c r i t e r i a  f o r  
r ecove ry  i n  Sec. 8.6, a  QC r e fe rence  sample con ta i n i ng  each ana l y t e  t h a t  f a i l e d  
must be prepared and analyzed. 

NOTE: The frequency f o r  t h e  r e q u i r e d  ana l ys i s  o f  a  QC re fe rence  sample 
w i l l  depend upon t h e  number o f  ana ly tes  be ing s imul taneous ly  tes ted ,  
t h e  comp lex i t y  o f  t h e  sample ma t r i x ,  and t h e  performance o f  t h e  
l a b o r a t o r y .  I f  t h e  e n t i r e  l i s t  o f  ana ly tes  i n  Table 6  must be 
measured i n  t h e  sample i n  Sec. 8.6, t h e  p r o b a b i l i t y  t h a t  t h e  
a n a l y s i s  o f  a  QC r e fe rence  sample w i l l  be r e q u i r e d  i s  h igh .  I n  t h i s  
case, t h e  QC r e fe rence  sample should be r o u t i n e l y  analyzed w i t h  t h e  
sp iked  sample. 

8.7.1 Prepare t h e  QC re fe rence  sample by adding 10 p L  o f  t h e  QC 
r e fe rence  sample concen t ra te  (Sec. 8.5.1 o r  8.6.2) t o  5  mL o f  reagent 
water .  The QC r e fe rence  sample needs o n l y  t o  con ta i n  t h e  ana ly tes  t h a t  
f a i l e d  c r i t e r i a  i n  t h e  t e s t  i n  Sec. 8.6. 

8.7.2 Analyze t h e  QC re fe rence  sample t o  determine t h e  concen t ra t ion  
measured (A) o f  each ana ly te .  Ca l cu l a te  each percent  recovery  (p,) as 
100(A/T)%, where T i s  t h e  t r u e  va lue o f  t h e  standard concen t ra t ion .  

8.7.3 Compare t h e  percent  recovery  (p,) f o r  each ana l y t e  w i t h  t h e  
cor responding QC acceptance c r i t e r i a  found i n  Table 6. Only ana ly tes  t h a t  
f a i l e d  t h e  t e s t  i n  Sec. 8.6 need t o  be compared w i t h  these c r i t e r i a .  I f  
t h e  recovery  o f  any such ana l y t e  f a l l s  ou t s i de  t h e  des ignated range, t he  
l a b o r a t o r y  performance f o r  t h a t  ana l y t e  i s  judged t o  be ou t  o f  con t ro l ,  
and t h e  problem must be immediately i d e n t i f i e d  and cor rec ted .  The r e s u l t  
f o r  t h a t  a n a l y t e  i n  t h e  unspiked sample i s  suspect and may n o t  be repor ted  
f o r  r egu l  a t o r y  compl iance purposes. 

8 .8  As p a r t  o f  t h e  QC program f o r  t h e  l abo ra to r y ,  method accuracy f o r  
each m a t r i x  s t u d i e d  must be assessed and records must be maintained. A f t e r  t h e  
a n a l y s i s  o f  f i v e  sp iked  samplesJof t h e  same m a t r i x )  as i n  Sec. 8.6, c a l c u l a t e  
t h e  average percen t  recovery  (p) and t h e  s tandard d e v i a t i o n  o f  t h e  percent  
recovery  (s,). Express t h e  accuracy assessment as a  percent  recovery  i n t e r v a l  
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f rom p - 2sp t o  p + 2sp. I f  p = 90% and sp = lo%, f o r  example, t h e  accuracy 
i n t e r v a l  i s  expressed as 70-110%. Update t h e  accuracy assessment f o r  each 
a n a l y t e  on a  r e g u l a r  bas i s  (e.g., a f t e r  each f i v e  t o  t e n  new accuracy 
measurements) . F-4 

'b,' 

8.9 To determine acceptable accuracy and p r e c i s i o n  1  . im i  t s  f o r  su r roga te  
standards t h e  f o l l o w i n g  procedure should be performed. 

8 .9 .1 For each sample analyzed, c a l c u l a t e  t h e  percen t  recovery  o f  
each sur roga te  i n  t h e  sample. 

8.9.2 Once a  minimum o f  t h i r t y  samples o f  t h e  same m a t r i x  have been 
analyzed, c a l c u l a t e  t h e  average percen t  recovery  (P) and s tandard 
d e v i a t i o n  o f  t h e  percen t  recovery  (s )  f o r  each o f  t h e  sur roga tes .  

8.9.3 For  a  g i v e n  ma t r i x ,  c a l c u l a t e  t h e  upper and l owe r  c o n t r o l  
l i m i t  f o r  method performance f o r  each sur roga te  s tandard.  T h i s  should be 
done as f o l l o w s :  

Upper Cont ro l  L i m i t  (UCL) = P  + 3s 
Lower Cont ro l  L i m i t  (LCL) = P  - 3s 

8.9.4 For aqueous and s o i l  mat r i ces ,  these l a b o r a t o r y  e s t a b l i s h e d  
su r roga te  c o n t r o l  l i m i t s  should, i f  app l i cab le ,  be compared w i t h  t h e  
c o n t r o l  l i m i t s  l i s t e d  i n  Table 8. The l i m i t s  g i v e n  i n  Table 8  a re  m u l t i -  
1  abo ra to r y  performance based 1  i m i  t s  f o r  s o i  1  and aqueous samples, and 
t h e r e f o r e ,  t h e  s i n g l e - l a b o r a t o r y  l i m i t s  es tab l i shed  i n  Sec. 8.9.3 must 
f a l l  w i t h i n  those g i ven  i n  Table 8  f o r  these mat r i ces .  

8.9.5 I f  recovery  i s  n o t  w i t h i n  l i m i t s ,  t h e  f o l l o w i n g  procedures a re  
r q  w 

r e q u i r e d .  

Check t o  be sure t h e r e  a re  no e r r o r s  i n  c a l c u l a t i o n s ,  
su r roga te  s o l u t i o n s  and i n t e r n a l  s tandards.  A1 so, check 
ins t rument  performance. 

Reca lcu la te  t h e  da ta  and/or reana lyze  t h e  e x t r a c t  i f  any o f  
t h e  above checks revea l  a  problem. 

Reext ract  and reana lyze  t h e  sample i f  none o f  t h e  above a re  
a  problem o r  f l a g  t h e  da ta  as "es t imated  concen t ra t i on " .  

8.9.6 A t  a  minimum, each l a b o r a t o r y  should update su r roga te  recovery  
l i m i t s  on a  m a t r i x - b y - m a t r i x  bas is ,  annua l l y .  

8.10 It i s  recommended t h a t  t h e  l a b o r a t o r y  adopt a d d i t i o n a l  qua1 i t y  
assurance p r a c t i c e s  f o r  use w i t h  t h i s  method. The s p e c i f i c  p r a c t i c e s  t h a t  a re  
most p r o d u c t i v e  depend upon t h e  needs o f  t h e  l a b o r a t o r y  and t h e  n a t u r e  o f  t h e  
samples. F i e l d  d u p l i c a t e s  may be analyzed t o  assess t h e  p r e c i s i o n  o f  t h e  
environmental  measurements. When doubt e x i  s t s  over  t h e  i d e n t i f i c a t i o n  o f  a  peak 
on t h e  chromatogram, con f i rma to ry  techniques such as gas chromatography w i t h  a  
d i s s i m i l a r  column o r  a  d i f f e r e n t  i o n i z a t i o n  mode us ing  a  mass spect rometer  must 
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be used. Whenever poss ib le ,  t h e  l abo ra to r y  should analyze standard re fe rence  
m a t e r i a l s  and p a r t i c i p a t e  i n  r e l e v a n t  perforniance eva lua t i on  s tud ies .  

9.0 METHOD PERFORMANCE 

9.1 Th i s  method was t e s t e d  by 15 l a b o r a t o r i e s  us ing  o rgan i c - f r ee  reagent 
water ,  d r i n k i n g  water,  su r face  water, and i n d u s t r i a l  wastewaters spiked a t  s i x  
concen t ra t i ons  over t h e  range 5-600 pg/L. S ing le  opera to r  p rec i s i on ,  o v e r a l l  
p r e c i s i o n ,  and method accuracy were found t o  be d i r e c t l y  r e l a t e d  t o  t h e  
concen t ra t i on  o f  t h e  ana l y te  and e s s e n t i a l l y  independent o f  t h e  sample ma t r i x .  
L i nea r  equat ions t o  desc r i be  these r e l a t i o n s h i p s  a re  presented i n  Table 7. 
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TABLE 1. 
RETENTION TIMES AND CHARACTERISTIC IONS FOR VOLATILE COMPOUNDS 

4 -7 

L' Compound 
Reten t ion  
Time (minutes) Pr imary I o n  Secondary I on ( s )  

Ethy lene ox ide  
Chl oromethane 
D i  c h l o r o d i  f l  uoromethane 
Bromomethane 
V i n y l  c h l o r i d e  
A c e t o n i t r i l e  
Chl oroethane 
Methy l  i o d i d e  
Methylene c h l o r i d e  
Carbon d i s u l f i d e  
T r i  c h l  o r o f l  uoromethane 
P r o p i o n i t r i l e  
A1 l y l  c h l o r i d e  
1 , l - D i c h l  oroethene 
Bromochloromethane ( I .S . )  
A1 l y l  a1 cohol  
trans-1,2-Dichloroethene 
1,2-Dich loroethane 
Propargy l  a1 cohol  
Chl o ro fo rm 
1,2-Di c h l  oroethane-d,(surr) 

,.- ., 2-Butanone 

[b M e t h a c r y l o n i t r i l e  
Dibromomethane 
2-Chl oroethanol  
b -P rop io l  actone 
Epi c h l  o rohyd r i  n 
l,l, 1 - T r i  c h l  oroethane 
Carbon t e t r a c h l o r i d e  
1,4-Dioxane 
I s o b u t y l  a1 cohol  
Bromodi c h l  oromethane 
Chl oroprene 
1,2:3,4-Di epoxybutane 
1,2-Dichloropropane 
Ch lo ra l  hydra te  (b )  
c i  s -1 ,3 -D ich l  oropropene 
Bromoacetone 
T r i c h l  oroethene 
Benzene 
t rans-1 ,3 -D i  c h l  oropropene 
1,1 ,2-Tr ich loroethane 
3 - C h l o r o p r o p i o n i t r i l e  
1,2-Di bromoethane 
P y r i d i n e  
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TABLE 1. 
(Cont i nued) 

Compound 
Retent ion 
Time (minutes) Primary Ion  Secondary Ion (s )  

2-Chl o roe thy l  v i n y l  e ther  
2-Hydroxypropioni tri l e  
1,4-Di f l  uorobenzene ( I. S. ) 
Ma1 ononi tri 1 e 
Methyl methacryl a t e  
Bromof orm 
1,1,1,2-Tetrachloroethane 
1,3-Dichl oro-2-propanol 
1,1,2,2-Tetrachl oroethane 
Tetrachloroethene 
1,2,3-Trichl  oropropane 
1,4-Dichloro-2-butene 
n - Propyl ami ne 
2-P ico l  i n e  
To1 uene 
Ethy l  met hacry l  a te  
Chl orobenzene 
Pentachl oroethanea 
Ethy l  benzene 
1,2-Di bromo-3-chl oropropane 
4-Bromofluorobenzene ( s u r r . )  
Benzyl c h l o r i d e  
Styrene 
b i s - (2 -Ch lo roe thy l )  s u l f i d e ( b )  
Acetone 
Acro l  e i  n 
A c r y l o n i t r i l e  
Chl orobenzene-d, ( I .  S. ) 
Chl o rod i  bromomethane 
1 , 1-Di ch l  oroethane 
Ethanol 
2-Hexanone 
Iodomethane 
4-Methyl-2-pentanone 
To1 uene-d, ( su r r .  ) 
V iny l  ace ta te  
Xyl ene (Tota l  ) 

a The base peak a t  m/e 117 was n o t  used due t o  an i n te r fe rence  a t  t h a t  mass w i t h  
a n e a r l y  c o e l u t i  ng i n t e r n a l  standard, chlorobenzene-d,. 

b Response f a c t o r  judged t o  be too- low ( l e s s  than 0.02) f o r  p r a c t i c a l  use. 
(1,s.) = I n t e r n a l  Standard 
( s u r r )  = Surrogate 
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TABLE 2. 
ESTIMATED QUANTITATION LIMITS (EQL) FOR VOLATILE ORGANICS 

Vol at i 1 es 

Estimated 
Quanti tation 

Limi tsa 

Ground water Low Soi l/sedimentb 
P ~ / L  w/kg 

Acetone 100 
Acetonitrile 100 
A1 lyl chloride 5 
Benzene 5 
Benzyl chloride 100 
Bromodichloromethane 5 
Bromoform 5 
Bromomethane 10 
2-Butanone 100 
Carbon di sul f ide 100 
Carbon tetrachloride 5 
Chl orobenzene 5 
Chl orodi bromomethane 5 
Chl oroethane 10 
2-Chloroethyl vinyl ether 10 
Chloroform 5 

,/,a. Chl oromethane 10 
Chl oroprene 5 

"~4 1,2-Di bromo-3-chloropropane 100 
1,2-Dibromoethane 5 
Di bromomet hane 5 
1,4-Dichloro-2-butene 100 
Dichlorodi fl uoromethane 5 
1,l-Dichloroethane 5 
1,2-Di chl oroethane 5 
1,l Dichl oroethene 5 
trans-1,2-Dichl oroethene 5 
1,2-Dichloropropane 5 
cis-1,3-Dichloropropene 5 
trans-1 ,3-Dichl oropropene 5 
Ethyl benzene 5 
Ethyl methacryl ate 5 
2-Hexanone 50 
Isobutyl alcohol 100 
Methacrylonitrile 100 
Methyl ene chloride 5 
Methyl iodide 5 
Methyl methacryl ate 5 
4-Methyl -2-pentanone 50 
Pentachl oroethane 10 
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TABLE 2. 
(Cont i  nued) 

Vol a t  i 1 es 

Est imated 
Quan t i  t a t i o n  

L i m i t s "  

Ground water  Low Soi l /sed imentb 
Ps/ L  PS/ kg 

Prop ion i  t r i l e  
Styrene 
1,1,1,2-Tetrachloroethane 
1,1,2,2-Tetrachl oroethane 
Te t rach l  oroethene 
To1 uene 
l,l, 1-Tr i ch lo roe thane  
1,1,2-Tr ich loroethane 
T r i c h l  oroethene 
1 ,2 ,3 -Tr i ch l  oropropane 
V i n y l  ace ta te  
V i n y l  c h l o r i d e  
Xyl ene (To ta l  ) 

a  Sample EQLs a r e  h i g h l y  m a t r i x  dependent. The EQLs l i s t e d  h e r e i n  a re  p rov ided  
f o r  guidance and may n o t  always be achievable.  

b  EQLs 1  i s t e d  f o r  so i l / sed iment  a re  based on wet we igh t .  Normal ly  da ta  a r e  
r e p o r t e d  on a  d r y  weight  bas is ;  t he re fo re ,  EQLs w i l l  be h i ghe r ,  based on t h e  
percen t  d r y  we igh t  o f  each sample. 

Other  Ma t r i ces  FactorC 

Water m i s c i b l e  l i q u i d  waste 5  0  
H igh-concent ra t ion  s o i  1  and sludge 125 
Non-water m i  s c i  b l  e  waste 500 

"EQL = [EQL f o r  l ow  so i l / sed iment  (see Table 2 ) ]  X [Fac to r  found i n  t h i s  
t a b l e ] .  For non-aqueous samples, t h e  f a c t o r  i s  on a  wet weight  bas i s .  
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TABLE 3. 
BFB KEY ION ABUNDANCE CRITERIA 

1 '\ 

\ '* ll*J Mass I o n  Abundance C r i  t e r i  a 

15 t o  40% o f  mass 95 
30 t o  60% o f  mass 95 
base peak, 100% r e 1  a t i v e  abundance 
5 t o  9% o f  mass 95 
l e s s  t h a n  2% o f  mass 174 
g r e a t e r  t h a n  50% o f  mass 95 
5 t o  9% o f  mass 174 
g r e a t e r  t h a n  95% b u t  l e s s  t h a n  101% o f  mass 174 
5 t o  9% o f  mass 176 

TABLE 4. 
QUANTITY OF METHANOL EXTRACT REQUIRED FOR ANALYSIS 

OF HIGH-CONCENTRATION SOILS/SEDIMENTS 

Approximate 
C o n c e n t r a t i o n  Range 

Volume o f  
Methanol E x t r a c t "  

Cal c u l  a t e  a p p r o p r i a t e  d i l u t i o n  f a c t o r  f o r  c o n c e n t r a t i o n s  exceeding t h i s  
t a b l e .  

a The volume o f  methanol added t o  5 mL o f  water  be ing  purged shou ld  be kept  
c o n s t a n t .  There fo re ,  add t o  t h e  5 mL s y r i n g e  whatever volume o f  methanol 
i s  necessary  t o  m a i n t a i n  a volume o f  100 p L  added t o  t h e  sy r inge .  

b D i l u t e  and a l i q u o t  o f  t h e  methanol e x t r a c t  and t h e n  t a k e  100 p L  f o r  
a n a l y s i s .  
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TABLE 5. 
VOLATILE INTERNAL STANDARDS WITH CORRESPONDING ANALYTES ASSIGNED 

FOR QUANTITATION 

Bromochl oromethane 1,4-Di f l  uorobenzene 

Acetone 
Acro l  e i  n 
A c r y l o n i t r i l e  
Bromomet hane 
Carbon d i  su l  f i d e  
Chl oroethane 
Chloroform 
Chl oromet hane 
D ich l  o r o d i f l  uoromethane 
1, 1 -Dichl  oroethane 
1,2-Dichloroethane 
1,2-Dichl oroethane-d, (surrogate)  
1 , 1 -D ich l  oroethene 
trans-1,2-Dichloroethene 
Iodomethane 
Methylene c h l o r i d e  
T r i c h l  o r o f l  uoromethane 
V iny l  c h l o r i d e  

Benzene 
Bromodichloromethane 
Bromoform 
2-Butanone 
Carbon t e t r a c h l o r i d e  
Chl o rod i  bromomethane 
2-Chloroethyl  v i n y l  e t h e r  
Dibromomethane 
1,4-Dichloro-2- butene 
1,2-Di c h l  oropropane 
cis-1,3-Dichloropropene 
trans-1,3-Dichloropropene 
l , l , l - T r i c h l o r o e t h a n e  
1,1,2-Trichloroethane 
T r i  ch l  oroethene 
V iny l  acetate 

Chl orobenzene-d, 

Bromofl uorobenzene (surrogate)  
Ch1 orobenzene 
Ethy l  benzene 
Ethy l  methacryl a t e  
2-Hexanone 
4-Met h y l  - 2 -pent anone 
Styrene 
1,1,2,2-Tetrachl oroethane 
Tet rach l  o roe t  hene 
To1 uene 
To1 uene-d, (surrogate)  
1,2,3-Trichloropropane 
Xyl ene 
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TABLE 6. 
CALIBRATION AND QC ACCEPTANCE CRITERIAa 

,r Range L i m i t  Range Range 

k & d  
f o r  Q f o r  s f o r  x P 7 P. 

Parameter (PS/L) (pg/L) (PS/L) (%I 

Benzene 
Bromodi ch l  oromethane 
Bromoform 
Bromomethane 
Carbon t e t r a c h l o r i d e  
Chl orobenzene 
2-Chloroethyl  v i n y l  e ther  
Chl oroform 
Chl oromethane 
D i  bromochl oromethane 
l,2-Dichlorobenzene 
1,3-Dichlorobenzene 
1,4-Dichlorobenzene 
1, l -Dichloroethane 
1,2-Dichl oroethane 
1, l -Dichloroethene 
trans-1,2-Dichloroethene 
1,2-Dichloropropane 
c i  s- 1,3-Di ch l  oropropene 
trans-1,3-Dichloropropene 
Ethy l  benzene 
Methylene c h l o r i d e  
1,1,2,2-Tetrachloroethane 
Tet rach l  oroethene 
To1 uene 
l , l , l -T r i ch lo roe thane  
1,1,2-Trichloroethane 
T r i  ch l  oroethene 
T r i c h l  o r o f l  uoromethane 
V iny l  c h l o r i d e  

Q - - Concentrat ion measured i n  QC check sample, i n  pg/L. 
S - - - Standard dev ia t i on  o f  f o u r  recovery measurements, i n  pg/L. 
X - - Average recovery f o r  f o u r  recovery measurements, i n  pg/L. 
P7 P, = Percent recovery measured. 
D - - Detected; r e s u l t  must be greater  than zero. 

a C r i t e r i a  from 40 CFR Par t  136 f o r  Method 624 and were ca lcu la ted  assuming a 
QC check sample concentrat ion o f  20 pg/L. These c r i t e r i a  are based d i r e c t l y  
upon the  method performance data i n  Table 7. Where necessary, the  1 i m i t s  f o r  
recovery have been broadened t o  assure a p p l i c a b i l i t y  o f  the  l i m i t s  t o  
concentrat ions below those used t o  develop Table 7. 
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TABLE 7. 
METHOD ACCURACY AND PRECIS ION AS FUNCTIONS OF CONCENTRAT IONa 

Accuracy, as S ing le  ana l ys t  Overa l l  
recovery, x '  p rec is ion ,  srl p rec i s i on ,  rn 

Parameter (pg/L) (pg/L) S' ( W / L )  'b 

Benzene 0.93Ct2.00 0 .26~-1 .74  0.253-1.33 
Bromodichloromethane 1.03C-1.58 0.15h0.59 0.20xt1.13 
Bromoform 1.18C-2.35 0.12G0.34 0.17G1.38 
Bromomethane 1. OOC 0.43; 0 .58 i  
Carbon t e t r a c h l o r i d e  l.lOC-1.68 0.12G0.25 0.11xt0.37 
Chl orobenzene 0.98Ct2.28 0.16;-0.09 0.26;-1.92 
Chloroethane 1.18Ct0.81 0.1432.78 0.2931.75 
2-Chl o roe thy l  v i  n y l  e thera  1. OOC 0.62; 0.84; 
Chloroform 0.93Ct0.33 0.1630.22 0.1830.16 
Chl oromethane 1.03C-1.81 0.3752.14 0.58c0.43 
D i  bromochl oronethan; 1.01C-0.03 0.17i-0.18 0.17g0.49 
1,2-Dichlorobenzene 0.94Ct4.47 0 .22~-1 .45  0 .30~-1 .20  
1,3-Dichlorobenzene 1.06Ct1.68 0.14X-0.48 0.18;-0.82 
1,4-Dichl orobenzeneb 0.94Ct4.47 0.22%- 1.45 0.30;-1.20 
1, l -Dich loroethane 1.05Ct0.36 0.13:-0.05 0.1650.47 
1,2-Dichloroethane 1.02Ct0.45 0.17i-0.32 0 .21~ -0 .38  
1 , l -D ich l  oroethene 1.12Ct0.61 0.17xt1.06 0.43:-0.22 
trans-1,2,-Dichloroethene 1.05Ct0.03 0.14b0.09 0.19%0.17 
1,2-Di c h l  oropropanea 1. OOC 0.33: 0.45; 
c i s -  1,3-Dichl oropropenea 1. OOC 0.38; 0.52; 
t r a n s -  1,3-Di c h l  oropropenea 1. OOC 0.25; 0.34; 
E thy l  benzene 0.98Ct2.48 0.14%1.00 0.26;-1.72 
Methylene c h l o r i d e  0.87Ct1.88 0.15G1.07 0.32G4.00 fi, 
1,1,2,2-Tetrachloroethane 0.93Ct1.76 0.16g0.69 0.2050.41 k" 
Tet rach l  oroethene 1.06Ct0.60 0.133-0.18 0.163-0.45 
To1 uene 0.98Ct2.03 0.153-0.71 0.225-1.71 
l,l, 1 - T r i c h l  oroethane 1.06Ct0.73 0 .12~ -0 .15  0 .21~ -0 .39  
1,1,2-Tr ichloroethane 0.95Ct1.71 0.14kt0.02 0.18$0.00 
T r i c h l  oroethene 1.04Ct2.27 0 .13c0.36  0.12gt0.59 
T r i c h l  o r o f l  uorornethane 0.99C+0.39 0 .33~-1 .48  0 .34~ -0 .39  
V iny l  c h l o r i d e  1. OOC 0.48; 0.65; 

x ' - - Expected recovery f o r  one o r  more measurements o f  a sample 
con ta in ing  a concent ra t ion  o f  C, i n  pg/L. 

sr ' - - Expected s i n g l e  ana l ys t  standard d e v i a t i o n  o f  measurements a t  an 
average concent ra t ion  o f  2, i n  pg/L. 

S ' - - Expected i n t e r l a b o r a t o r y  s t a n d a ~ d  d e v i a t i o n  o f  measurements a t  an 
average concent ra t ion  found o f  x, i n  pg/L. 

C - - - True value f o r  t h e  concentrat ion,  i n  pg/L. 
X - - Average recovery found f o r  measurements o f  samples con ta in ing  a 

concent ra t ion  o f  C, i n  pg/L. 
a Est imates based upon t h e  performance i n  a s i n g l e  l abo ra to ry .  
b Due t o  chromatographic r e s o l u t i o n  problems, performance statements f o r  

these isomers are based upon t h e  sums o f  t h e i r  concent ra t ions .  
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TABLE 8 .  
SURROGATE SPIKE RECOVERY LIMITS FOR WATER AND SOIL/SEDIMENT SAMPLES 

'>> ' .a'/' 

Surrogate Compound 
Low/High Low/High 
Water Soil/Sediment 

4-Bromofl uorobenzene 86-115 
1,2-Di chl oroethane-d, 76-114 
To1 uene-d, 88-110 
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FIGURE 1. 
PURGING CHAMBER 
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FIGURE 2 .  
TRAP PACKINGS AND CONSTRUCTION TO INCLUDE 

DESORB C A P A B I L I T Y  FOR METHOD 8 2 4 0 8  
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F I G l l R E  3 .  
SCHEMATIC OF PURGE-AND-TRAP D E V I C E  - PURGE MODE FOR METHOD 8 2 4 0 B  
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FIGURE 4 .  
SCHEMATIC OF PURGE-AND-'TRAP DEVICE - DESORB MODE FOR METHOD 82406 
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FIGURE 5. 
LOW SOILS IMPINGER 

- 
SAMPLE OUTLET F l n l N G  
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METHOD 8 2 4 0 B  
VOLATILE ORGANICS BY GAS CHROMATOGRAPHY/MASS SPECTROMETRY (GC/MS) 

R e v i s i o n  2 
S e p t e m b e r  1 9 9 4  
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METHOD 8240B 
(continued) 

7.4.3.2 Choose 
solvent for 
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dilution. Weigh 

semple. 

7.4.3.1.1 
Choose semple 
size besed on 

estimeted 
concentretion. 
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end surrogete 
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7.4.3.1.7 
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7.4.3.2.2 Add 
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7.4.3.2.7 
Perform 

purge-end-trep 
procedure. 

7.4.1.1 1 
Attech trep 
t o  GC end 

perform 
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7.5.1.1 Indentify 
enelytes b y  
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semple retention 
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the concentretion 
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METHOD 8250A 

SEMIVOLATILE ORGANIC COMPOUNDS BY GAS CHROMATOGRAPHY/MASS SPECTROMETRY (GC/MS) 
4v+. 

%-' 
1.0 SCOPE AND APPLICATION 

1.1 Method 8250 i s  used t o  determine t he  concent ra t ion  o f  s e m i v o l a t i l e  
o rgan ic  compounds i n  e x t r a c t s  prepared from a l l  types o f  s o l i d  waste matr ices, 
s o i  1 s, and ground water .  D i r e c t  i n j e c t i o n  o f  a sample may be used i n  1 im i t ed  
appl i c a t i o n s .  The f o l l o w i n g  compounds can be determined by t h i s  method: 

Compounds 

Appropr ia te  Prepara t ion  Techniques 

Acenapht hene 
Acenaphthene-d,, ( I .  S.) 
Acenapht h y l  ene 
Acetophenone 
A l d r i n  
4-Ami nobiphenyl  
A n i l i n e  
Anthracene 

/ - A r o c l o r  - 1016 (PCB-1016) 
A r o c l o r  - 1221 (PCB-1221) 

YQB~~Y/ A roc l  o r  - 1232 (PCB-1232) 
A r o c l o r  - 1242 (PCB-1242) 
A r o c l o r  - 1248 (PCB-1248) 
A r o c l o r  - 1254 (PCB-1254) 
A r o c l o r  - 1260 (PCB-1260) 
Benz id i  ne 
Benzoic a c i d  
Benz (a)anthracene 
Benzo(b) f l  uoranthene 
Benzo(k) f l  uoranthene 
Benzo (g  , h, i ) p e r y l  ene 
Benzo (a)pyrene 
Benzyl a1 coho1 
n - BHC 
/3 - BHC 
s - BHC 
y-BHC (Lindane) 
B i  s (2 - ch l  oroethoxy)methane 
B i  s (2 -ch l  o roe thy l  ) e t h e r  
B i s (2 - ch l  o ro i sop ropy l )  e t h e r  
B i s ( 2 - e t h y l  hexy l  ) ph tha l  a t e  
4- Bromophenyl phenyl e t h e r  
B u t y l  benzyl  p h t h a l a t e  
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Appropr ia te Prepara t ion  Techniques 

Compounds 

Chlordane ( t echn i ca l  ) 
4 -Ch loroan i l  i n e  
1-Chl oronaphthal ene 
2-Chloronaphthal ene 
4-Chl oro-3-methyl  phenol 
2-Chl orophenol 
4-Chl orophenyl phenyl e the r  
Chrysene 
Chrysene-d,, ( I  .S.) 
4,4'-DDD 
4,4'-DDT 
4,4'-DDE 
Di benz(a, j ) a c r i d i n e  
Dibenz(a,h)anthracene 
Di benzof uran 
Di -n -bu ty l  ph tha l  a t e  
1,2-Di c h l  orobenzene 
1,3-Di c h l  orobenzene 
1,4-Di c h l  orobenzene 
1,4-Dichlorobenzene-d, ( I  .S) 
3,3 ' -Dich lorobenzid ine 
2,4-Di c h l  orophenol 
2,6-Di c h l  orophenol 
D i e l d r i n  
D i e t h y l  ph tha l  a te  
Dimethylaminoazobenzene 
7,12-Dimethylbenz(a)- 

anthracene 
a,a-Dimethyl  phenethyl  amine 
2,4-Dimethylphenol 
Dimethyl  ph tha l  a t e  
4,6-Dinitro-2-methylphenol 
2,4-Din i t rophenol  
2,4-Di n i  t r o t o l  uene 
2,6-Dini  t r o t o l  uene 
D i  phenyl ami ne 
1,2-Diphenylhydrazine 
Di - n - o c t y l  ph tha l  a t e  
Endosulfan I 
Endosul f a n  I I 
Endosul f a n  su l  f a t e  
Endr i  n 
Endri  n a1 dehyde 
Endri  n ketone 
E thy l  methanesul fona te  
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Compounds 

Appropriate Preparat ion Techniaues 

F l  uorant hene 
F l  uorene 
2-Fl  uorobiphenyl ( su r r .  ) 
2 -F l  uorophenol ( s u r r .  ) 
Heptachl o r  
Heptachl o r  epoxide 
Hexachl orobenzene 
Hexachl orobutadi  ene 
Hexachl orocyc l  opentadi ene 
Hexachl o roe t  hane 
Indeno(l ,2,3-cd) pyrene 
Isophorone 
Met hoxychl o r  
3-Methyl chol anthrene 
Methyl methanesul fonate 
2-Methyl naphthalene 
2-Met hy l  phenol 
4-Methyl phenol 
Naphthal ene 
Naphthal ene-d, ( I  .S. ) 
1 -Naphthyl ami ne 
2-Naphthyl amine 
2-Ni t r o a n i  1 i ne 
3-Ni  t r o a n i l  i n e  
4 - N i t r o a n i l i n e  
Nitrobenzene 
Ni trobenzene-d, ( su r r .  ) 
2-Ni t rophenol 
4-Ni t rophenol  
N-Ni t r o s o d i  b u t y l  amine 
N-Ni t rosodimethy l  amine 
N-Nitrosodiphenylamine 
N-Ni t rosodi -n-propy lamine 
N-Ni t r o s o p i  p e r i d i n e  
Pentachl orobenzene 
Pentachloronitrobenzene 
Pentachlorophenol 
Perylene-d,, (I .S.) 
Phenacetin 
Phenanthrene 
Phenanthrene-d,, ( I  .S. ) 
Phenol 
Phenol -d, ( s u r r .  ) 
2-Pic01 i n e  
Pronami de 
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Appropr ia te Prepara t ion  Techniques 

Compounds 

Pyrene 
Terphenyl -d,,(surr. ) 
1,2,4,5-Tetrachl orobenzene 
2,3,4,6-Tetrachlorophenol 
Toxaphene 
2,4,6-Tri bromophenol ( su r r . )  
1,2,4-Trichlorobenzene 
2,4,5-Tr ichl  orophenol 
2,4,6-Tri chlorophenol 

a Chemical Abs t rac t  Serv ice Reg is t r y  Number. 

CP = Nonreproducible chromatographic performance. 
DC = Unfavorable d i s t r i b u t i o n  c o e f f i c i e n t  (number i n  parenthesis  i s  

percent  recovery) .  
ND = Not determined. 
0s = Ox ida t ion  du r i ng  storage (number i n  paren thes is  i s  percent 

s t a b i l i t y ) .  
X - - Greater  than 70 percent recovery by t h i s  technique. 

1.2 Method 8250 can be used t o  q u a n t i t a t e  most n e u t r a l ,  a c i d i c ,  and '%a&) ' 
bas ic  o rgan ic  compounds t h a t  are so lub le  i n  methylene c h l o r i d e  and capable o f  
be ing e l u t e d  w i thou t  d e r i v a t i z a t i o n  as sharp peaks from a gas chromatographic 
packed c o l  umn. Such compounds i n c l  ude polynucl  ear  aromat i c hydrocarbons, 
c h l o r i n a t e d  hydrocarbons and pes t ic ides ,  phthal  a t e  es te rs ,  organophosphate 
es te rs ,  n i  trosamines, haloethers,  aldehydes, ethers,  ketones, a n i l  ines, 
py r i d ines ,  qu ino l  ines, aromatic n i t r o  compounds, and phenol s, i n c l  ud ing 
n i t r opheno ls .  See Table 1 f o r  a 1 i s t  o f  compounds and t h e i r  c h a r a c t e r i s t i c  ions  
t h a t  have been evaluated on the  s p e c i f i e d  GC/MS system. 

1.3 The f o l l o w i n g  compounds may r e q u i r e  spec ia l  t reatment  when being 
determined by t h i s  method. Benzidine can be sub jec t  t o  o x i d a t i v e  losses  du r i ng  
so lven t  concent ra t ion .  Also, chromatography i s  poor. Under t he  a l k a l i n e  
cond i t i ons  o f  t h e  e x t r a c t i o n  step, a-BHC, y-BHC, endosulfan I and I I, and end r in  
a re  sub jec t  t o  decomposit ion. Neutra l  e x t r a c t i o n  should be performed i f  these 
compounds are  expected and are n o t  being determined by Method 8080. 
Hexachlorocyclopentadiene i s sub jec t  t o  thermal decomposit ion i n  t h e  i n l e t  - o f  t h e  
gas chromatograph, chemical r e a c t i o n  i n  acetone so lu t i on ,  and photochemical 
decomposit ion. N-ni  t rosodimethy l  amine i s  d i f f i c u l t  t o  separate from t h e  so lven t  
under t h e  chromatographic cond i t i ons  descr ibed. N-n i t rosodiphenylamine 
decomposes i n  t h e  gas chromatographic i n l e t  and cannot be separated from 
diphenyl  amine. Pentachlorophenol , 2,4-dinitrophenol , 4 - n i  t rophenol  , 4 ,6 -d in i  t r o -  
2-methylphenol, 4-chloro-3-methylphenol ,  benzoic ac id ,  2 - n i t r o a n i l i n e ,  
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3 - n i t r o a n i l i n e ,  4 - c h l o r o a n i l i n e ,  and benzyl a lcoho l  a re  sub jec t  t o  e r r a t i c  
chromatographic behavior ,  espec ia l  l y  i f  the  GC system i s  contaminated w i t h  h i g h  
b o i  1 i ng mater i  a1 . 

'-4 

'L 1.4 The es t imated  q u a n t i t a t i o n  l i m i t  (EUL) o f  Method 8250 f o r  
de te rmin ing  an i n d i v i d u a l  compound i s  approximately 1 mg/kg (wet weight )  f o r  
so i l /sed iment  samples, 1-200 mg/kg f o r  wastes (dependent on m a t r i x  and method o f  
p repa ra t i on ) ,  and 10 pg/L f o r  ground water samples (see Tab1 e 2). EQLs w i  11 be 
p r o p o r t i o n a t e l y  h i ghe r  f o r  sample e x t r a c t s  t h a t  r e q u i r e  d i l u t i o n  t o  avo id 
s a t u r a t i o n  o f  t h e  de tec to r .  

1 .5-  Th is  method i s  r e s t r i c t e d  t o  use by o r  under t h e  superv is ion  o f  
ana l ys t s  exper ienced i n  t he  use o f  gas chromatograph/mass spectrometers and 
s k i 1  l e d  i n  t h e  i n t e r p r e t a t i o n  o f  mass spectra.  Each ana lys t  must demonstrate t he  
a b i l i t y  t o  generate -acceptable r e s u l t s  w i t h  t h i s  method. 

2.0 SUMMARY OF METHOD 

2.1 P r i o r  t o  us ing  t h i s  method, t h e  samples should be prepared f o r  
chromatography us ing  t h e  app rop r i a te  sample p repa ra t i on  and cleanup methods. 
Th is  method descr ibes chromatographic cond i t i ons  t h a t  w i l l  a1 low f o r  t he  
separa t ion  o f  t h e  compounds i n  t h e  e x t r a c t .  

3.0 INTERFERENCES 

3.1 Raw GC/MS data from a l l  b lanks, samples, and sp ikes must be 
.+=% 

eva lua ted  f o r  i n t e r f e rences .  Determine i f  the  source o f  i n t e r f e r e n c e  i s  i n  t he  
p repa ra t i on  and/or cleanup o f  t h e  samples and take  c o r r e c t i v e  a c t i o n  t o  e l i m i n a t e  

L t h e  problem. 

3.2 Contaminat ion by car ryover  can occur whenever h igh-concent ra t ion  and 
1 ow-concentrat  i on samples a re  sequent i  a1 l y  analyzed. To reduce carryover ,  t h e  
sample sy r i nge  must be r i n s e d  ou t  between samples w i t h  so lven t .  Whenever an 
unusua l l y  concentrated sample i s  encountered, i t  should be fo l lowed by t h e  
ana l ys i s  o f  so l ven t  t o  check f o r  cross contaminat ion. 

4.0 APPARATUS AND MATERIALS 

4.1 Gas chromatograph/mass spectrometer system 

4.1.1 Gas chromatograph - An a n a l y t i c a l  system complete w i t h  a 
temperature-programmable gas chromatograph s u i t a b l e  f o r  sp l  i t l e s s  
i n j e c t i o n  and a1 1 requ i red  accessor ies,  i n c l u d i n g  syr inges,  a n a l y t i c a l  
columns, and gases. 

4.1.2 Columns 

4.1.2.1 For base/neutral  compound d e t e c t i o n  - 2 m x 2 
mm ZD s t a i n l e s s  o r  g lass ,  packed w i t h  3% SP-2250-DB on 100/120 mesh 
Supel copor t  o r  equ iva len t .  
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4.1.2.2 For a c i d  compound d e t e c t i o n  - 2  m x  2  mm I D  g l  ass, 
packed w i t h  1% SP-1240-DA on 100/120 mesh Supelcopor t  o r  equ i va len t .  

4.1.3 Mass spectrometer - Capable o f  scanning f rom 35 t o  500 amu 
every  1 second o r  l ess ,  us i ng  70 v o l t s  (nominal)  e l e c t r o n  energy i n  t h e  mi 
e l e c t r o n  impact i o n i z a t i o n  mode. The mass spect rometer  must be capable ~-' 
of produc ing a mass s p e c t r ~ ~ m  f o r  decaf1 u o r o t r i  phenyl  phosphine (DFTPP) 
which meets a l l  o f  t h e  c r i t e r i a  i n  Table 3 when 1 p L  o f  t h e  GC/MS t u n i n g  
s tandard i s  i n j e c t e d  through t h e  GC (50 ng o f  DFTPP). 

4.1.4 GC/MS i n t e r f a c e  - Any GC-to-MS i n t e r f a c e  t h a t  g i v e s  acceptable 
c a l i b r a t i o n  p o i n t s  a t  50 ng pe r  i n j e c t i o n  f o r  each compound o f  i n t e r e s t  
and achieves acceptable t u n i n g  performance c r i t e r i a  may be used. GC-to-MS 
i n t e r f a c e s  cons t ruc ted  e n t i r e l y  o f  g l a s s  o r  g l ass -1  i n e d  m a t e r i a l s  a re  
recommended. Glass may be deac t i va ted  by s i l a n i z i n g  w i t h  
d i c h l o r o d i m e t h y l s i l a n e .  

4.1.5 Data system - A computer system must be i n t e r f a c e d  t o  t h e  mass 
spect rometer .  'The system must a l l o w  t h e  cont inuous a c q u i s i t i o n  and 
s to rage  on machine-readable media o f  a l l  mass spec t ra  ob ta i ned  t h r o u g h o l ~ t  
t h e  d u r a t i o n  o f  t h e  chromatographic program. The computer must have 
software t h a t  can search any GC/MS da ta  f i l e  f o r  i ons  of a  s p e c i f i c  mass 
and t h a t  can p l o t  such i o n  abundances versus t ime  o r  scan number. Th i s  
t ype  o f  p l o t  i s  d e f i n e d  as an Ex t rac ted  I o n  Cur ren t  P r o f i l e  (EICP). 
Sof tware must a l s o  be a v a i l a b l e  t h a t  a l l ows  i n t e g r a t i n g  t h e  abundances i n  
any EICP between s p e c i f i e d  t ime o r  scan-number l i m i t s .  The most r ecen t  
v e r s i o n  of  t h e  EPA/NIH Mass Spec t ra l  L i b r a r y  should a l s o  be a v a i l a b l e .  

4.2 Syr inge  - 10 pL .  

5.0 REAGENTS 

5.1 Reagent grade chemicals s h a l l  be used i n  a l l  t e s t s .  Unless o therw ise  
i n d i c a t e d ,  i t  i s  in tended t h a t  a l l  reagents  s h a l l  conform t o  t h e  s p e c i f i c a t i o n s  
o f  t h e  Committee on A n a l y t i c a l  Reagents o f  t h e  American Chemical Soc ie ty ,  where 
such s p e c i f i c a t i o n s  a re  a v a i l a b l e .  Other  grades may be used, p rov ided  i t  i s  f i r s t  
ascer ta ined  t h a t  t h e  reagent  i s  o f  s u f f i c i e n t l y  h i gh  p u r i t y  t o  pe rm i t  i t s  use 
w i t h o u t  l essen ing  t h e  accuracy o f  t h e  de te rmina t ion .  

5.2 Organ i c - f r ee  reagent  water.  A l l  re fe rences  t o  wate r  i n  t h i s  method 
r e f e r  t o  o r g a n i c - f r e e  reagent  water,  as de f i ned  i n  Chapter One. 

5.3 Stock s tandard s o l u t i o n s  (1000 mg/L) - Standard s o l u t i o n s  can be 
prepared f rom pure  s tandard ma te r i  a1 s  o r  purchased as c e r t i f i e d  so l  u t i o n s .  

5.3.1 Prepare s tock  s tandard s o l u t i o n s  by accu ra te l y  weigh ing about 
0.0100 g o f  pure m a t e r i a l .  D i sso l ve  t h e  m a t e r i a l  i n  p e s t i c i d e  q u a l i t y  
acetone o r  o t h e r  s u i t a b l e  s o l v e n t  and d i l u t e  t o  volume i n  a  10 mL 
vo lume t r i c  f l a s k .  Larger  volumes can be used a t  t h e  convenience o f  t h e  
ana l ys t .  When compound p u r i t y  i s  assayed t o  be 96% o r  g rea te r ,  t h e  weight  
may be used w i t h o u t  c o r r e c t i o n  t o  c a l c u l a t e  t h e  concen t ra t i on  o f  t h e  s tock  
standard. Commercial ly prepared s tock  standards may be used a t  any 
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concen t ra t i on  if they  are c e r t i f i e d  by t h e  manufacturer o r  by an 
independent source. 

5.3.2 T rans fe r  t he  s tock  standard s o l u t i o n s  i n t o  b o t t l e s  w i t h  Te f l on  
l i n e d  screw-caps o r  cr imp tops.  S to re  a t  -10°C t o  -20°C o r  l e s s  and 
p r o t e c t  f rom l i g h t .  Stock standard s o l u t i o n s  should be checked f r equen t l y  
f o r  s igns o f  degradat ion o r  evaporat ion, e s p e c i a l l y  j u s t  p r i o r  t o  
p repa r i ng  c a l i b r a t i o n  standards from them. 

5.3.3 Stock standard s o l u t i o n s  must be rep laced a f t e r  1 year  o r  
sooner i f  comparison w i t h  q u a l i t y  c o n t r o l  check samples i n d i c a t e s  a 
p r o b l  em. 

5.4 I n t e r n a l  standard so l  u t i o n s  - The i n t e r n a l  standards recommended are 
1,4-d ich l  orobenzene-d,, naphtha1 ene-d,, acenaphthene-dl,, phenanthrene-dl,, 
chrysene-dl,, and perylene-dl,. Other compounds may be used as i n t e r n a l  standards 
as 1 ong as t h e  requirements g i ven  i n  Sec. 7.3.2 a re  met. D isso lve  200 mg o f  each 
compound w i t h  a smal l  volume o f  carbon d i  su l  f i d e .  T rans fe r  t o  a 50 mL vo lumet r i c  
f l a s k  and d i l u t e  t o  volume w i t h  ~ i ie thy lene c h l o r i d e  so t h a t  t h e  f i n a l  so lven t  i s  
approx imate ly  20% carbon d i s u l f i d e .  Most o f  t he  cornpounds a re  a l so  so lub le  i n  
small volumes o f  methanol , acetone, o r  t o1  uene, except f o r  perylene-dl,. The 
r e s u l t i n g  s o l u t i o n  w i l l  c o n t a i n  each standard a t  a concen t ra t ion  o f  4,000 ng/pL. 
Each 1 mL sample e x t r a c t  undergoing ana l ys i s  should be sp iked w i t h  10 p L  o f  t he  
i n t e r n a l  s tandard so lu t i on ,  r e s u l t i n g  i n  a concen t ra t ion  o f  40 ng/pL o f  each 
i n t e r n a l  standard. S to re  a t  -10°C t o  -20°C o r  l e s s  when n o t  be ing used. 

5.5 GC/MS t u n i n g  standard - A methylene c h l o r i d e  s o l u t i o n  con ta in i ng  
50 ng/pL o f  decaf1 uo ro t r i pheny l  phosphine (DFTPP) should be prepared. The 
s tandard should a l s o  c o n t a i n  50 ng/pL each o f  4,4'-DDT, pentachlorophenol, and 

' benz id ine  t o  v e r i f y  i n j e c t i o n  p o r t  ine r tness  and GC column performance. S to re  
a t  4°C o r  l e s s  when no t  be ing used. 

5.6 Cal i b r a t i o n  standards - C a l i b r a t i o n  standards a t  a minimum o f  f i v e  
concen t ra t  ions  should be prepared. One o f  t he  c a l  i b r a t  i o n  standards should be 
a t  a concen t ra t i on  near, bu t  above, t h e  method d e t e c t i o n  l i m i t ;  t h e  o thers  should 
correspond t o  t h e  range o f  concen t ra t ions  found i n  r e a l  samples bu t  should no t  
exceed t h e  working range of t h e  GC/MS system. Each standard should con ta in  each 
ana l y te  f o r  d e t e c t i o n  by t h i s  method (e.g. some o r  a l l  o f  t h e  compounds 1 i s t e d  
i n  Table 1 may be inc luded) .  Each 1 mL a1 i quo t  o f  c a l i b r a t i o n  standard should 
be sp iked  w i t h  10 p L  o f  t h e  i n t e r n a l  standard s o l u t i o n  p r i o r  t o  ana lys is .  A l l  
s tandards should be s to red  a t  -10°C t o  -20°C and should be f r e s h l y  prepared once 
a year ,  o r  sooner i f  check standards i n d i c a t e  a problem. The d a i l y  ca l  i b r a t i o n  
standard should be prepared weekly and s to red  a t  4°C. 

5.7 Surrogate standards - The recommended surrogate standards a re  
phenol -d,, 2 - f l  uorophenol , 2,4 ,6 - t r i  bromophenol , n i  trobenzene-d,, 2- 
f l  uorobiphenyl  , and p - te rpheny l  -dl,. See Method 3500 f o r  t he  i n s t r u c t i o n s  on 
p repa r i ng  t h e  sur roga te  standards. Determine what concen t ra t ion  should be i n  t h e  
b l  ank e x t r a c t s  a f t e r  a1 1 e x t r a c t i o n ,  cleanup, and concent ra t ion  steps. I n j e c t  
t h i s  concen t ra t i on  i n t o  t h e  GC/MS t o  determine recovery o f  surrogate standards 
i n  a l l  b lanks, spikes, and sample e x t r a c t s .  Take i n t o  account a l l  d i l u t i o n s  o f  
sample e x t r a c t s .  
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5.8 M a t r i x  sp ike  standards - See Method 3500 f o r  i n s t r u c t i o n s  on 
p repa r i ng  t h e  m a t r i x  sp i ke  standard. Determine what concen t ra t i on  should be i n  
t h e  b l ank  e x t r a c t s  a f t e r  a1 1  e x t r a c t i o n ,  cleanup, and concen t ra t i on  s teps.  
I n j e c t  t h i s  concen t ra t i on  i n t o  t h e  GC/MS t o  determine recovery  o f  s tandards i n  
a l l  m a t r i x  sp ikes .  Take i n t o  account a l l  d i l u t i o n s  o f  sample e x t r a c t s .  

6.0 SAMPLE COLLECTION, PRESERVATION, AND HANDLING 

6 .1  See t h e  i n t r o d u c t o r y  m a t e r i a l  t o  t h i s  chapter ,  Organic Analy tes,  
Sec. 4.1. 

7.0 PROCEDURE 

7.1 Sample p repa ra t i on  - Samples must be prepared by one o f  t h e  
f o l l  owing methods p r i o r  t o  GC/MS ana l ys i s .  

M a t r i x  
Water 
Soi l /sed iment  
Waste 

Methods 
3510, 3520 
3540, 3541, 3550 
3540, 3541, 3550, 3580 

7.1.1 D i r e c t  i n j e c t i o n  - I n  very  l i m i t e d  a p p l i c a t i o n s  d i r e c t  
i n j e c t i o n  o f  t h e  sample i n t o  t h e  GC/MS system w i t h  a  10 p L  s y r i n g e  may be 
appropr i  a te .  The d e t e c t i o n  l i m i t  i s  ve ry  h i g h  (approx imate ly  
10,000 pg/L)  ; the re fo re ,  i t  i s o n l y  p e r ~ i i i  t t e d  where concen t ra t i ons  i n  
excess o f  10,000 pg/L a re  expected. The system must be c a l i b r a t e d  by 
d i r e c t  i n j e c t i o n .  

7.2 E x t r a c t  c leanup - E x t r a c t s  may be cleaned up by any o f  t h e  f o l l o w i n g  
methods p r i o r  t o  GC/MS ana l ys i s .  

Compounds 
Phenol s  
Phtha l  a t e  e s t e r s  
Ni t rosamines 
Organochlor ine p e s t i c i d e s  & PCBs 
N i t r oa roma t i cs  and c y c l i c  ketones 
Po lynuc lear  aromat ic  hydrocarbons 
Hal oe thers  
Ch lo r i na ted  hydrocarbons 
Organophosphorus p e s t i c i d e s  
Petroleum waste 
A l l  bas ic ,  n e u t r a l ,  and a c i d i c  
P r i o r i t y  P o l l u t a n t s  

Methods 
3630, 3640, 8040" 
3610, 3620, 3640 
3610, 3620, 3640 
3620, 3640, 3660 
3620, 3640 
3611, 3630, 3640 
3620, 3640 
3620, 3640 
3620 
3611, 3650 

"Method 8040 i n c l  udes a  d e r i v a t i  z a t i o n  technique f o l  1  owed by GC/ECD ana lys is ,  i f  
i n t e r f e r e n c e s  a r e  encountered on GC/FID. 
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7.3 Recommended GC/MS operat i ng condi t i  ons 

E lec t ron  energy: 
Mass range: 
Scan time: 
I n j e c t o r  temperature: 
Transfer  1 i ne temperature: 
Source temperature: 
I n j e c t o r :  
Sample volume: 
C a r r i e r  gas: 

70 v o l t s  (nominal) 
35-500 amu 
1 sec/scan 
250-300°C 
250-300°C 
According t o  manufacturer's spec i f i ca t i ons  
Grob-type, sp l  i t l e s s  
1-2 pL 
Helium a t  30 mL/min 

Condit ions f o r  base/neutral analys is  (3% SP-2250-DB): 

I n i  t i  a1 column temperature and hold t ime: 50°C f o r  4 minutes 
Col umn temperature program: 50-300°C a t  8"C/min 
F i n a l  column temperature hold: 300°C f o r  20 minutes 

Condit ions f o r  ac id  ana lys is  (1% SP-1240-DA) : 

I n i t i a l  column temperature and hold t ime: 70°C f o r  2 minutes 
Column temperature program: 70-200°C a t  8"C/min 
F ina l  co l  umn temperature hold: 200°C fo r  20 minutes 

7.4 I n i t i a l  c a l i b r a t i o n  

7.4.1 Each GC/MS system must be hardware-tuned t o  meet the  c r i t e r i a  
i n  Table 3 f o r  a 50 ng i n j e c t i o n  o f  DFTPP. Analyses should no t  begin 
u n t i l  a l l  these c r i t e r i a  are met. Background subt rac t ion  should be 
s t ra igh t fo rward  and designed on l y  t o  e l  iminate column bleed o r  instrument 
background ions. The GC/MS tun ing  standard should a lso  be used t o  assess 
GC column performance and i n j e c t i o n  p o r t  iner tness.  Degradation o f  DDT 
t o  DDE and DDD should no t  exceed 20% (See Sec. 7.4.5 o f  Method 8080). 
Benzidine and pentachlorophenol should be present a t  t h e i r  normal 
responses, and no peak t a i l i n g  should be v i s i b l e .  I f  degradation i s  
excessive and/or poor chromatography i s  noted, the  i n j e c t i o n  p o r t  may 
requ i r e  c l  ean i ng . 

7.4.2 The i n t e r n a l  standards selected i n  Sec. 5.1 should permit  most 
o f  t he  components o f  i n t e r e s t  i n  a chromatogram t o  have r e t e n t i o n  t inies 
of 0.80-1.20 re1 a t i  ve t o  one o f  the  i n t e r n a l  standards. Use the  base peak 
i o n  from the  s p e c i f i c  i n t e r n a l  s tandard  as the  pr imary i o n  f o r  
q u a n t i t a t i o n  (see Table 1) .  I f  in te r fe rences are noted, use the  next  most 
in tense i o n  as the  q u a n t i t a t i o n  i o n  ( i . e .  f o r  1,4-dichlorobenzene-d, use 
m/z 152 f o r  q u a n t i t a t i o n ) .  
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7.4.3 Analyze 1 p L  o f  each c a l i b r a t i o n  s tandard ( c o n t a i n i n g  i n t e r n a l  
standards) and t a b u l a t e  t h e  area o f  t h e  p r ima ry  c h a r a c t e r i s t i c  i o n  aga ins t  
concen t ra t i on  f o r  each compound (as i n d i c a t e d  i n  Tab1 e  1 ) .  Cal c u l  a t e  
response f a c t o r s  (RFs) f o r  each compound re1  a t i v e  t o  t h e  i n t e r n a l  s tandard 
as f o l l o w s :  t-4 

where: 

Ax = Area of t h e  c h a r a c t e r i s t i c  i o n  f o r  t h e  compound be ing  
measured. 

'is 
- - Area o f  t h e  c h a r a c t e r i s t i c  i o n  f o r  t h e  s p e c i f i c  i n t e r n a l  

standard. 
c x  

- - Concent ra t ion  o f  t h e  compound be ing  measured (ng/pL) . 
Cis 

- - Concent ra t ion  o f  t h e  s p e c i f i c  i n t e r n a l  s tandard  (ng/pL).  

7.4.4 A  system performance check must be performed t o  ensure t h a t  
minimum average response f a c t o r s ,  c a l c u l a t e d  as t h e  mean o f  t h e  5  
i n d i v i d u a l  r e1  a t i v e  response f a c t o r s ,  a re  met b e f o r e  t h e  c a l  i b r a t i o n  curve 
i s  used. For semivol a t i  1  es, t h e  System Performance Check Compounds 
(SPCCs) are:  N-n i t roso-d i -n -p ropy lamine ;  hexachlorocyclopentadiene; 
2 ,4 -d in i t ropheno l ;  and 4 -n i t r opheno l .  The minimum acceptable average RF 
f o r  these  compounds i s  0.050. These SPCCs t y p i c a l l y  have very  low RFs 
(0.1-0.2) and t end  t o  decrease i n  response as t h e  chromatographic system 
beg ins  t o  d e t e r i o r a t e  o r  t h e  s tandard m a t e r i a l  begins t o  d e t e r i o r a t e .  
They a re  u s u a l l y  t h e  f i r s t  t o  show poor  performance. Therefore,  t h e y  must 
meet t h e  minimum requi rement  when t h e  system i s  c a l i b r a t e d .  

7.4.4.1 The percen t  r e1  a t  i ve s tandard d e v i a t i o n  should be 
l e s s  than  15% f o r  each compound. However, t h e  %RSD f o r  each 
i n d i v i d u a l  C a l i b r a t i o n  Check Compound (CCC) (see Table 4) must be 
l e s s  than  30%. The r e l a t i v e  r e t e n t i o n  t imes  of each compound i n  
each c a l  i b r a t i o n  r u n  should agree w i t h i n  0.06 r e 1  a t i v e  r e t e n t i o n  
t i m e  u n i t s .  La te -e l  u t i n g  compounds u s u a l l y  have much b e t t e r  
agreement. 

SD 

where: 

RSD = - r e l a t i v e  s tandard d e v i a t i o n .  
RF = mean o f  5  i n i t i a l  RFs f o r  a  compound. 
SD = s tandard d e v i a t i o n  o f  average RFs f o r  a  compound. 
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where: 

RF, = RF f o r  each o f  t h e  5 c a l i b r a t i o n  l e v e l s  
N - - Number o f  RF values ( i  .e., 5)  

7.4.4.2 I f  t h e  %RSD o f  any CCC i s  30% o r  g rea te r ,  then the  
chromatographic system i s  t oo  r e a c t i v e  f o r  ana l ys i s  t o  begin. Clean 
o r  rep1 ace the  i n j e c t o r  1 i n e r  and/or c a p i l l  a ry  column, then repeat  
t h e  c a l i b r a t i o n  procedure beginning w i t h  Sec. 7.4. 

7.4.5 L i n e a r i t y  - I f  the  %RSD o f  any compound i s  15% o r  less ,  then 
t h e  r e l a t i v e  response f a c t o r  i s  assumed t o  be constant  over t he  
c a l i b r a t i o n  range, and the  average r e l a t i v e  response fac to r  may be used 
f o r  q u a n t i t a t i o n  (Sec. 7.7.2). 

7.4.5.1 I f  t h e  %RSD o f  any compound i s  g rea te r  than 15%, 
cons t ruc t  c a l  i b r a t i o n  curves o f  area r a t i o  (A/Ais) versus 
concent ra t ion  us ing  f i r s t  o r  h igher  o rder  regress ion  f i t  o f  t he  f i v e  
ca l  i b r a t  i o n  p o i n t s .  The ana lys t  should s e l e c t  t he  regress ion  order  
which in t roduces  t he  l e a s t  c a l i b r a t i o n  e r r o r  i n t o  t h e  q u a n t i t a t i o n  
(Secs. 7.7.2.2 and 7.7.2.3). The use o f  c a l i b r a t i o n  curves i s  a 
recommended a1 t e r n a t i  ve t o  average response f a c t o r  c a l  i b r a t  ion, and 
a use fu l  d i agnos t i c  o f  standard p repara t ion  accuracy and absorpt ion 
a c t i v i t y  i n  t he  chromatographic system. 

7.5 D a i l y  GC/MS c a l  i b r a t i o n  

7.5.1 P r i o r  t o  ana lys is  o f  samples, t he  GC/MS t un ing  standard must 
be analyzed. A 50 ng i n j e c t i o n  o f  DFTPP must r e s u l t  i n  a mass spectrum 
f o r  DFTPP which meets t he  c r i t e r i a  g iven  i n  Table 3. These c r i t e r i a  must 
be dell ionstrated du r i ng  each 12 hour s h i f t .  

7.5.2 A ca l  i b r a t i o n  standard(s) a t  mid-concentrat ion con ta in ing  a1 1 
semi vo l  a t  i 1 e anal y tes ,  i nc l  ud i  ng a1 1 requ i red  surrogates, must be 
analyzed every 12 hours du r i ng  ana lys is .  Compare t he  inst rument  response 
f a c t o r  from t h e  standards every 12 hours w i t h  t he  SPCC (Sec. 7.5.3) and 
CCC (Sec. 7.5.4) c r i t e r i a .  

7.5.3 System Performance Check Compounds (SPCCs) - A system 
performance check must be made dur ing  every 12 hour s h i f t .  I f  the  SPCC 
c r i t e r i a  a re  met, a comparison o f  response f a c t o r s  i s  made f o r  a l l  
compounds. Th is  i s  t h e  same check t h a t  i s  app l ied  d u r i n g  t he  i n i t i a l  
c a l  i b r a t  ion .  I f  the  minimum response f a c t o r s  are no t  met, t he  system must 
be evaluated, and c o r r e c t i v e  a c t i o n  must be taken be fo re  sample ana lys is  
begins. The minimum RF f o r  sem ivo la t i l e  SPCCs i s  0.050. Some poss ib le  
problems are  standard mix tu re  degradat ion, i n j e c t i o n  p o r t  i n l e t  
contaminat ion, contaminat ion a t  t he  f r o n t  end o f  t h e  a n a l y t i c a l  column, 
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and a c t i v e  s i t e s  i n  t h e  column o r  chromatographic system. Th i s  check must 
be met be fore  ana l ys i s  begins. 

7.5.4 C a l i b r a t i o n  Check Compounds (CCCs): A f t e r  t h e  system 
performance check i s  met, CCCs 1 i s t e d  i n  Table 4 are used t o  check t h e  6"Rs 
v a l i d i t y  o f  t h e  i n i t i a l  c a l i b r a t i o n .  W 

Calcu la te  t h e  percent d r i f t  using: 

C l  - c c  
% D r i f t  = x 100 

CI 

where: 

C, = C a l i b r a t i o n  Check Compound standard concent ra t ion .  
Cc = Measured concent ra t ion  us ing  se lec ted  q u a n t i t a t i o n  method. 

I f  t h e  percent  d i f f e r e n c e  f o r  each CCC i s  l e s s  than o r  equal t o  20%, 
t h e  i n i t i a l  c a l i b r a t i o n  i s  assumed t o  be v a l i d .  I f  t h e  c r i t e r i o n  i s  no t  
met (>  20% d r i f t )  f o r  any one CCC, c o r r e c t i v e  a c t i o n  must be taken. 
Problems s i m i l a r  t o  those 1 i s t e d  under SPCCs cou ld  a f f e c t  t h i s  c r i t e r i o n .  
I f  no source o f  t h e  problem can be determined a f t e r  c o r r e c t i v e  a c t i o n  has 
been taken, a new f i v e - p o i n t  c a l i b r a t i o n  must be generated. Th is  
c r i t e r i o n  must be met be fore  sample ana l ys i s  begins. I f  t h e  CCCs are no t  
ana ly tes  requ i red  by t h e  permi t ,  then a l l  r equ i red  ana ly tes  must meet t h e  
20% d r i f t  c r i t e r i o n .  

7.5.5 'The i n t e r n a l  standard responses and r e t e n t i o n  t imes i n  t h e  
c a l  i b r a t i o n  check standard must be evaluated immediately a f t e r  o r  du r i ng  
da ta  a c q u i s i t i o n .  I f  t h e  r e t e n t i o n  t ime f o r  any i n t e r n a l  standard changes 

PI w 
by more than 30 seconds from t h e  l a s t  d a i l y  c a l  i b r a t i o n  (Sec. 7.4), t h e  
chromatographic system must be inspected f o r  ma l func t ions  and c o r r e c t i o n s  
must be made, as requ i red .  I f  t h e  EICP area f o r  any o f  t h e  i n t e r n a l  
standards changes by a f a c t o r  o f  two (-50% t o  +loo%) f rom t h e  l a s t  d a i l y  
c a l i b r a t i o n  check standard, t h e  mass spectrometer must be inspected f o r  
ma1 f u n c t i o n s  and c o r r e c t  ions  must be made, as appropr i  a te .  

7.6 GC/MS ana l ys i s  

7.6.1 It i s  h i g h l y  recommended t h a t  t h e  e x t r a c t  be screened on a 
GC/FID o r  GC/PID us ing  t h e  same type  o f  column. Th i s  w i l l  min imize 
contaminat ion o f  t h e  GC/MS system from unexpectedly h igh  concent ra t ions  
o f  o rgan ic  compounds. 

7.6.2 Spike the  1 mL e x t r a c t  obta ined from sample p repa ra t i on  w i t h  
10 p L  o f  t h e  i n t e r n a l  standard s o l u t i o n  (Sec. 5.4) j u s t  p r i o r  t o  ana lys is .  

7.6.3 Analyze t h e  1 mL e x t r a c t  by GC/MS us ing  t h e  appropr ia te  column 
(as speci  f i ed i n  Sec . 4.1.2) . The recommended GC/MS operat  i ng condi t i  ons 
t o  be used are s p e c i f i e d  i n  Sec. 7.3. 
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7.6.4 If the response for any quantitation ion exceeds the initial 
calibration curve range of the GC/MS system, extract dilution must take 
place. Additional internal standard must be added to the diluted extract 
to maintain the required 40 ng/pL of each internal standard in the 
extracted volume. The di 1 uted extract must be reanalyzed. 

7.6.5 Perform a1 1 qual itative and quantitative measurements as 
described in Sec. 7.7. Store the extracts at 4"C, protected from light 
in screw-cap vials equipped with unpierced Teflon 1 ined septa. 

7.7 Data interpretation 

7.7.1 Qualitative analysis 

7.7.1.1 The qua1 i tat i ve identification of compounds 
determined by this method is based on retention time, and on 
comparison of the sample mass spectrum, after background correction, 
with characteristic ions in a reference mass spectrum. The 
reference mass spectrum must be generated by the laboratory using 
the conditions of this method. The characteristic ions from the 
reference mass spectrum are defined to be the three ions of greatest 
relative intensity, or any ions over 30% relative intensity if less 
than three such ions occur in the reference spectrum. Compounds 
should be identified as present when the criteria below are met. 

7.7.1.1.1 The intensities of the characteristic ions 
of a compound maximize in the same scan or within one scan of 
each other. Selection of a peak by a data system target 
compound search routine where the search is based on the 
presence of a target chromatographic peak containing ions 
specific for the target compound at a compound-speci fic 
retention time will be accepted as meeting this criterion. 

7.7.1.1.2 The RRT of the sample component is within 
+ 0.06 RRT units of the RRT of the standard component. 

7.7.1.1.3 The relative intensities of the 
characteristic ions agree within 30% of the relative 
intensities of these ions in the reference spectrum. 
(Example: For an ion with an abundance of 50% in the 
reference spectrum, the corresponding abundance in a sample 
spectrum can range between 20% and 80%. ) 

7.7.1.1.4 Structural isomers that produce very 
similar mass spectra should be identified as individual 
isomers if they have sufficiently different GC retention 
times. Sufficient GC resolution is achieved if the height of 
the valley between two isomer peaks is less than 25% of the 
su~ii of the two peak heights. Otherwise, structural isomers 
are identified as isonleric pairs. 

7.7.1.1.5 Identification is hampered when sample 
components are not resolved chromatographically and produce 
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mass spec t ra  c o n t a i n i n g  i ons  c o n t r i b u t e d  by more t han  one 
ana l y te .  When gas chromatographic peaks obv ious l y  represen t  
more than  one sample component ( i . e . ,  a  broadened peak w i t h  
shou lder (s )  o r  a  v a l l e y  between two o r  more maxima), 
appropr i  a t e  s e l e c t i o n  o f  ana l y te  spec t ra  and background 
spec t ra  i s  impor tan t .  Examinat ion o f  e x t r a c t e d  i o n  c u r r e n t  
p r o f i l e s  o f  app rop r i a te  i ons  can a i d  i n  t h e  s e l e c t i o n  o f  
spect ra ,  and i n  qua1 i t a t i v e  i d e n t i f i c a t i o n  o f  compounds. When 
ana l y tes  c o e l u t e  ( i  e . ,  o n l y  one chroniatographic peak i s  
apparent) ,  t h e  i d e n t i f i c a t i o n  c r i t e r i a  can be met, b u t  each 
a n a l y t e  spectrum w i l l  c o n t a i n  extraneous i o n s  c o n t r i b u t e d  by 
t h e  coe l  u t  i ng compound. 

7.7.1.2 For samples c o n t a i n i n g  components n o t  assoc i  a ted  
w i t h  t h e  c a l i b r a t i o n  standards, a  1  i b r a r y  search may be made f o r  t h e  
purpose o f  t e n t a t i v e  i d e n t i f i c a t i o n .  The necess i t y  t o  per fo rm t h i s  
t ype  o f  i d e n t i f i c a t i o n  w i l l  be determined by t h e  purpose o f  t h e  
analyses be ing  conducted. Computer generated l i b r a r y  search 
r o u t i n e s  should n o t  use normal i z a t i o n  r o u t i n e s  t h a t  would 
mis represen t  t h e  1 i b r a r y  o r  unknown spec t ra  when compared t o  each 
o the r .  For example, t h e  RCRA pe rm i t  o r  waste de l  i s t i n g  requi rements 
may r e q u i r e  t h e  r e p o r t i n g  o f  non ta rge t  ana l y tes .  Only a f t e r  v i s u a l  
comparison o f  sample spec t ra  w i t h  t h e  neares t  l i b r a r y  searches w i l l  
t h e  mass s p e c t r a l  i n t e r p r e t a t i o n  speci  a1 i s t  ass ign  a t e n t a t i v e  
i d e n t i f i c a t i o n .  Guide1 i nes  f o r  making t e n t a t i v e  i d e n t i f i c a t i o n  a re :  

(1)  R e l a t i v e  i n t e n s i t i e s  o f  major  i ons  i n  t h e  re fe rence  
spectrum ( i ons  > 10% o f  t h e  most abundant i o n )  should be p resen t  i n  
t h e  sample spectrum. 

(2 )  The r e l a t i v e  i n t e n s i t i e s  o f  t h e  ma jo r  i o n s  should agree 
w i t h i n  + 20%. (Example: For an i o n  w i t h  an abundance o f  50% i n  t h e  
s tandard  spectrum, t h e  corresponding sample i o n  abundance must be 
between 30 and 70%.) 

(3 )  Mo lecu la r  i o n s  p resen t  i n  t h e  re fe rence  spectrul i i  should 
be p resen t  i n  sample t h e  spectrum. 

(4 )  Ions  p resen t  i n  t h e  sample spectrum b u t  n o t  i n  t h e  
r e f e r e n c e  spectrum should be reviewed f o r  poss i  b l  e  background 
con tamina t ion  o r  presence o f  c o e l u t i n g  compounds. 

(5 )  Ions  present  i n  t h e  re fe rence  spectrum b u t  n o t  i n  t h e  
sample spectrum should be reviewed f o r  p o s s i b l e  s u b t r a c t i o n  f rom t h e  
sampl e  spectrum because o f  background contami n a t  i on o r  coe l  u t  i ng 
peaks. Data system 1 i b r a r y  r e d u c t i o n  programs can sometimes c r e a t e  
these  d isc repanc ies .  

7.7.2 Q u a n t i t a t i v e  Ana l ys i s  

7.7.2.1 When a compound has been i d e n t i f i e d ,  t h e  
q u a n t i t a t i o n  o f  t h a t  coliipound w i l l  be based on t h e  i n t e g r a t e d  
abundance f rom t h e  EICP o f  t h e  p r imary  c h a r a c t e r i s t i c  i o n .  
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7.7.2.2 I f  t h e  %RSD o f  a  compound's r e l a t i v e  response 
f a c t o r  i s  15% o r  less ,  then t h e  concent ra t ion  i n  t& e x t r a c t  may be 
determined us ing  t h e  average response f a c t o r  (RF) f rom i n i  t i  a1 
c a l  i b r a t i o n  da ta  (Sec, 7.4.3) and the  f o l l o w i n g  equat ion: 

(Ax x  Cis) 

c,, (mg/L) = 
(A, x  m) 

where CeX i s  t he  concent ra t ion  o f  t he  compound i n  t he  e x t r a c t ,  
and t h e  o the r  terms are as de f i ned  i n  Sec. 7.4.3. 

7.7.2.3 A1 t e r n a t i v e l y ,  t h e  regress ion  1 i n e  f i t t e d  t o  t he  
i n i t i a l  c a l i b r a t i o n  (Sec. 7.4.6.1) may be used f o r  de te rmina t ion  o f  
t h e  e x t r a c t  concen t ra t ion .  

7.7.2.4 Compute t he  concent ra t ion  o f  t he  ana ly te  i n  t he  
sample us ing  t h e  equat ions i n  Secs. 7.7.2.4.1 and 7.7.2.4.2. 

7.7.2.4.1 The concent ra t ion  o f  t he  ana ly te  i n  t he  
l i q u i d  phase o f  t he  sample i s  c a l c u l a t e d  us ing  t he  
concen t ra t i on  of  t h e  ana ly te  i n  t h e  e x t r a c t  and t he  volume o f  
1  i q u i d  ex t rac ted ,  as fo l lows :  

Concentrat ion i n  1  i q u i d  (pg/L) = &,,dV,,l 
"0 

where : 

v e x  
- - e x t r a c t  volume, i n  mL 

"0 
- - volume o f  l i q u i d  ex t rac ted ,  i n  L. 

7.7.2.4.2 The concent ra t ion  of t h e  ana ly te  i n  t he  
s o l i d  phase o f  t he  sample i s  ca l cu la ted  us ing  t he  
concen t ra t i on  o f  t he  p o l l u t a n t  i n  t he  e x t r a c t  and t he  weight 
o f  t he  so l  i ds ,  as f o l l ows :  

Concentrat ion i n  so l  i d  (pg/kg) = KeXHe,l 
Ws 

where : 

v e x  
- - e x t r a c t  volume, i n  mL 

w s 
- - sample weight, i n  kg. 

7.7.2.5 Where appl i cab1 e, an est imate o f  concen t ra t ion  f o r  
noncal i bra ted  components i n  t h e  sample should be made. 'The formulae 
g i ven  above should be used w i t h  t he  f o l l o w i n g  mod i f i ca t i ons :  The 
areas A, and Ais should be from the  t o t a l  i o n  chromatograms and t he  
RF f o r  t h e  compound should be assumed t o  be 1. The concent ra t ion  
ob ta ined  should be repo r ted  i n d i c a t i n g  (1) t h a t  t he  va lue i s  an 
es t imate  and (2)  which i n t e r n a l  standard was used t o  determine 
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concen t ra t i on .  Use t h e  neares t  i n t e r n a l  s tandard f r e e  o f  
i n t e r f e r e n c e s .  

7.7.2.6 Q u a n t i t a t i o n  o f  mult icomponent compounds (e .g.  
A roc lo r s )  i s  beyond t h e  scope o f  Method 8250A. Normal ly,  
q u a n t i t a t i o n  i s  performed us ing  a  GC/ECD by Method 8080. 

?'- 
k d  

8.0 QUALITY CONTROL 

8 .1  Each l a b o r a t o r y  t h a t  uses these methods i s  r e q u i r e d  t o  opera te  a  
formal  q u a l i t y  c o n t r o l  program. The minimum requi rements o f  t h i s  program c o n s i s t  
o f  an i n i t i a l  demonstrat ion o f  l a b o r a t o r y  c a p a b i l i t y  and an ongoing a n a l y s i s  o f  
sp iked samples t o  eva lua te  and document da ta  qual i t y .  The l a b o r a t o r y  must 
ma in ta i n  records  t o  document t h e  q u a l i t y  o f  t h e  da ta  generated. Ongoing da ta  
q u a l i t y  checks a re  compared w i t h  e s t a b l i s h e d  performance c r i t e r i a  t o  determine 
i f  t h e  r e s u l t s  o f  analyses meet t h e  performance c h a r a c t e r i s t i c s  o f  t h e  method. 
When r e s u l t s  o f  sample sp ikes  i n d i c a t e  a t y p i c a l  method performance, a  qual  i t y  
c o n t r o l  check s tandard must be analyzed t o  c o n f i r m  t h a t  t h e  measurements were 
performed i n  an i n - c o n t r o l  mode o f  ope ra t i on .  

8.2 Be fo re  p rocess ing  any samples, t h e  a n a l y s t  should demonstrate, 
th rough  t h e  a n a l y s i s  o f  a  reagent  water  blank, t h a t  i n t e r f e r e n c e s  f rom t h e  
a n a l y t i c a l  system, glassware, and reagents  are under c o n t r o l .  Each t i m e  a  s e t  
o f  samples i s  e x t r a c t e d  o r  t h e r e  i s  a  change i n  reagents,  a  reagent  wa te r  b lank  
should be processed as a  safeguard aga ins t  ch ron i c  1  abora to ry  con tamina t ion .  The 
b lank  samples should be c a r r i e d  through a1 1  stages o f  t h e  san~ple p r e p a r a t i o n  and 
measurement s teps.  

8.3 The exper ience o f  t h e  ana l ys t  per fo rming  GC/MS analyses i s  
i n v a l u a b l e  t o  t h e  success o f  t h e  methods. Each day t h a t  a n a l y s i s  i s  performed, 
t h e  d a i l y  c a l i b r a t i o n  s tandard should be eva lua ted  t o  determine i f  t h e  
chromatographic system i s  ope ra t i ng  p r o p e r l y .  Ques t ions  t h a t  should be asked 
a re :  Do t h e  peaks l o o k  normal?; I s  t h e  response ob ta ined  comparable t o  t h e  
response froni  p rev ious  c a l  .i b r a t i o n s ?  Care fu l  exam-ination o f  t h e  s tandard 
chromatogram can i n d i c a t e  whether t h e  column i s  s t i l l  good, t h e  i n j e c t o r  i s  
l eak ing ,  t h e  i n j e c t o r  septum needs rep lac ing ,  e t c .  I f  any changes a re  made t o  
t h e  system (e.g. column changed), r e c a l i b r a t i o n  o f  t h e  system must t a k e  p l ace .  

8.4 Required ins t rument  QC i s  found i n  t h e  f o l l o w i n g  s e c t i o n :  

8.4.1 The GC/MS system must be tuned t o  meet t h e  DFTPP 
s p e c i f i c a t i o n s  i n  Sec. 7.3.1 and 7.4.1. 

8.4.2 There must be an i n i t i a l  c a l i b r a t i o n  o f  t h e  GC/MS system as 
s p e c i f i e d  i n  Sec. 7.4. 

8.4.3 The GC/MS system must meet t h e  SPCC c r i t e r i a  s p e c i f i e d  i n  Sec. 
7.5.3 and t h e  CCC c r i t e r i a  i n  Sec. 7.5.4, each 12 h r .  

8.5 To e s t a b l i s h  t h e  a b i l i t y  t o  generate acceptable accuracy and 
p rec i s i on ,  t h e  a n a l y s t  must per form t h e  f o l l o w i n g  opera t ions .  

Rev i s i on  1  I 

September 1994 bS_J 



8.5.1 A qua1 i t y  c o n t r o l  (QC) check sample concent ra te  i s  r equ i red  
c o n t a i n i n g  each ana l y te  a t  a concen t ra t ion  o f  100 mg/L i n  acetone. The 
QC check sample concent ra te  may be prepared from pure standard mater i  a1 s 
o r  purchased as c e r t i f i e d  so lu t i ons .  I f  prepared by t h e  l abo ra to r y ,  t he  
QC check sampl e concentrate must be made us ing  s tock  standards prepared 
independent ly  f rom those used f o r  c a l i b r a t i o n .  

8.5.2 Using a p i p e t ,  prepare QC check samples a t  a concen t ra t ion  o f  
100 pg/L by adding 1.00 mL o f  QC check sample concentrate t o  each o f  f o u r  
I - L  a l i q u o t s  o f  o rgan i c - f r ee  reagent water.  

8.5.3 Analyze t h e  wel l -mixed QC check samples according t o  the  
method beginn ing i n  Sec. 7.1 w i t h  e x t r a c t i o n  o f  t he  samples. 

8.5.4 Ca l cu la te  t h e  average recovery (x) i n  pg/L, and t h e  standard 
d e v i a t i o n  o f  t h e  recovery (s)  i n  pg/L, f o r  each ana l y te  us ing  t h e  f o u r  
r e s u l t s .  

8.5.5 For each ana l y te  compare s and x w i t h  t h e  corresponding 
acceptance c r i t e r i a  f o r  p r e c i s i o n  and accuracy, r espec t i ve l y ,  found i n  
Table 6. I f  s and x f o r  a l l  analy tes o f  i n t e r e s t  meet t he  acceptance 
c r i t e r i a ,  t he  system performance i s  acceptable and ana l ys i s  o f  ac tua l  
samples can keg in .  I f  any i n d i v i d u a l  s exceeds t he  p r e c i s i o n  l i m i t  o r  any 
i n d i v i d u a l  x f a l l s  ou t s i de  t he  range f o r  accuracy, then t he  system 
performance i s  unacceptable f o r  t h a t  analy te .  

m: The l a r g e  number o f  ana ly tes  i n  Table 6 present  a subs tan t i a l  
p r o b a b i l i t y  t h a t  one o r  more w i l l  f a i l  a t  l e a s t  one o f  t he  
acceptance c r i t e r i a  when a1 1 ana ly tes  o f  a g iven  method are 
analyzed . 

8.5.6 When one o r  more o f  t he  analy tes t es ted  f a i l  a t  l e a s t  one o f  
t h e  acceptance c r i t e r i a ,  t h e  ana l ys t  must proceed according t o  Secs. 
8.5.6.1 o r  8.5.6.2. 

8.5.6.1 Locate and c o r r e c t  t he  source o f  t he  problem and 
repea t  t h e  t e s t  f o r  a l l  analy tes o f  i n t e r e s t  beginning w i t h  Sec. 
8.5.2. 

8.5.6.2 Beginning w i t h  Sec. 8.5.2, repeat  t he  t e s t  on l y  
f o r  those ana ly tes  t h a t  f a i l e d  t o  meet c r i t e r i a .  Repeated f a i l u r e ,  
however, w i l l  con f i rm  a general  problem w i t h  t h e  measurement system. 
I f  t h i s  occurs, l o c a t e  and co r rec t  t h e  source of t h e  problem and 
repea t  t h e  t e s t  f o r  a l l  compounds o f  i n t e r e s t  beginning w i t h  Sec. 
8.5.2. 

8.6 The l a b o r a t o r y  must, on an ongoing bas is ,  analyze a method blank, 
a m a t r i x  sp ike,  and a m a t r i x  sp i  ke/dupl i c a t e  f o r  each a n a l y t i c a l  batch (up t o  a 
maximum o f  20 samples/batch) t o  assess accuracy. For 1 abora to r ies  analyz ing one 
t o  t e n  samples pe r  month, a t  l e a s t  one spiked sample pe r  month i s  requ i red .  
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8.6.1 The concen t ra t i on  o f \  t h e  sp i ke  i n  t h e  sample should be 
determined as f o l  1  ows: 

8.6.1.1 I f ,  as i n  compl i ance mon i to r ing ,  t h e  concen t ra t i on  
o f  a  s p e c i f i c  a n a l y t e  i n  t h e  sample i s  be ing  checked aga ins t  a  
r e g u l a t o r y  concen t ra t i on  l i m i t ,  t h e  sp i ke  should be a t  t h a t  l i m i t  
o r  1 t o  5 t imes  h ighe r  than  t h e  background c o n c e n t r a t i o n  determined 
i n  Sec. 8.6.2, whichever concen t ra t i on  would be l a r g e r .  

8.6.1.2 I f  t h e  concen t ra t i on  o f  a  s p e c i f i c  a n a l y t e  i n  t h e  
sample i s  n o t  be ing  checked aga ins t  a  l i m i t  s p e c i f i c  t o  t h a t  
ana ly te ,  t h e  sp i ke  should be a t  100 pg/L o r  1 t o  5  t imes  h i g h e r  than  
t h e  background concen t ra t i on  deterni i  ned i n  Sec. 8.6.2, whichever 
concen t ra t i on  would be l a r g e r .  

8.6.1.3 I f  i t  i s  i m p r a c t i c a l  t o  determine background 
l e v e l s  be fo re  s p i k i n g  (e.g., maximum h o l d i n g  t imes  w i l l  be 
exceeded), t h e  sp i ke  concen t ra t i on  should be a t  ( 1 )  t h e  r e g u l a t o r y  
concentration limit,-if any; o r ,  i f  none (2 )  t h e  l a r g e r  o f  e i t h e r  
5 t imes  h ighe r  than t h e  expected background concen t ra t i on  o r  
100 pg/L. 

8.6.2 Analyze one sample a l i q u o t  t o  determine t h e  background 
c o n c e n t r a t i o n  (B) o f  each ana ly te .  I f  necessary, prepare a new QC check 
sanipl e  concen t ra te  (Sec. 8.5.1) app rop r i a te  f o r  t h e  background 
concen t ra t i on  i n  t h e  sample. Spike a second sample a1 i q u o t  w i t h  1 .OO mL 
o f  t h e  QC r e fe rence  sample concent ra te  and analyze i t  t o  determine t h e  
concen t ra t i on  a f t e r  s p i  k i n g  (A) o f  each ana ly te .  Cal c u l  a t e  each percen t  
recovery  (p )  as 100(A-B)%/T, where T i s  t h e  known t r u e  va lue  o f  t h e  sp ike.  

,T 
8.6.3 Compare t h e  percen t  recovery (p) f o r  each a n a l y t e  w i t h  t h e  4 

corresponding QC acceptance c r i t e r i a  found i n  Table 6. These acceptance 
c r i t e r i a  were c a l  c u l  a ted t o  i nc l  ude an a1 1 owance f o r  e r r o r  i n  measurement 
o f  bo th  t h e  background and sp ike  concent ra t ions ,  assuming a sp ike  t o  
background r a t i o  o f  5 : l .  Th i s  e r r o r  w i l l  be accounted f o r  t o  t h e  e x t e n t  
t h a t  t h e  a n a l y s t ' s  sp ike  t o  background r a t i o  approaches 5 : l .  I f  s p i k i n g  
was performed a t  a  concen t ra t i on  lower  than 100 pg/L, t h e  a n a l y s t  must use 
e i t h e r  t h e  QC acceptance c r i t e r i a  presented i n  Table 6, o r  o p t i o n a l  QC 
acceptance c r i t e r i a  c a l c u l a t e d  f o r  t h e  s p e c i f i c  sp i ke  concen t ra t i on .  To 
c a l c u l a t e  o p t i o n a l  acceptance c r i t e r i a  f o r  t h e  recovery  o f  an ana l y te :  (1)  
C a l c u l a t e  accuracy ( x ' )  us ing  t h e  equat ion  found i n  Table 7, s u b s t i t u t i n g  
t h e  s p i k e  concen t ra t i on  (T) f o r  C; (2)  c a l c u l a t e  o v e r a l l  p r e c i s i o n  (S ' )  
us i ng  t h e  equat ion  i n  Table 7, s u b s t i t u t i n g  x '  f o r  x; (3 )  c a l c u l a t e  t h e  
range f o r  recovery  a t  t h e  sp i ke  concen t ra t i on  as (lOOxf/T) 
+ 2 .44(100Sf/T)%. - 

8.6.4 I f  any i n d i v i d u a l  p  f a l l s  o u t s i d e  t h e  des ignated range f o r  
recovery,  t h a t  ana l y te  has f a i l e d  t h e  acceptance c r i t e r i a .  A check 
s tandard c o n t a i n i n g  each ana l y te  t h a t  f a i l e d  t h e  c r i t e r i a  must be analyzed 
as descr ibed  i n  Sec. 8.7. 
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8.7 I f  any ana l y te  f a i l s  t h e  acceptance c r i t e r i a  f o r  recovery i n  Sec. 
8.6, a QC check standard con ta in i ng  each ana l y te  t h a t  f a i l e d  must be prepared and 
analyzed. 

P ?'\ 

1 1 ~ ~  I ~ P /  - NOTE: The frequency f o r  t h e  requ i red  ana l ys i s  o f  a QC check standard w i l l  
depend upon t h e  number o f  analy tes being s imul taneously  tested,  t he  
complex i ty  of  t h e  sample mat r i x ,  and t h e  performance o f  t h e  
l abo ra to ry .  I f  t h e  e n t i r e  l i s t  o f  analy tes i n  Table 6 must be 
measured i n  t h e  sample i n  Sec. 8.6, t h e  p r o b a b i l i t y  t h a t  t he  
ana l ys i s  o f  a QC check standard w i l l  be requ i red  i s  h igh.  I n  t h i s  
case, t h e  QC check standard should be r o u t i n e l y  analyzed w i t h  t h e  
spiked sample. 

8.7.1 Prepare t h e  QC re fe rence  sample by adding 1.0 mL of t h e  QC 
check sample concentrate (Sec. 8.5.1 o r  8.6.2) t o  1 L o f  reagent water. 
The QC check standard needs on l y  t o  con ta in  t h e  analy tes t h a t  f a i l e d  
c r i t e r i a  i n  t h e  t e s t  i n  Sec. 8.6. 

8.7.2 Analyze t h e  QC check standard t o  determine t h e  concent ra t ion  
measured (A) of each analy te.  Ca lcu la te  each percent  recovery (P,) as 
100(A/T)%, where T i s  t h e  t r u e  va lue o f  t h e  standard concentrat ion.  

8.7.3 Compare t h e  percent recovery (P,) f o r  each ana ly te  w i t h  t he  
corresponding QC acceptance c r i t e r i a  found i n  Table 6. Only analy tes t h a t  
f a i l e d  t h e  t e s t  i n  Sec. 8.6 need t o  be compared w i t h  these c r i t e r i a .  I f  
t h e  recovery o f  any such ana ly te  f a l l s  ou t s i de  t h e  designated range, t he  
l a b o r a t o r y  performance f o r  t h a t  ana ly te  i s  judged t o  be ou t  o f  con t ro l ,  
and t h e  problem must be immediately i d e n t i f i e d  and corrected.  The r e s u l t  
f o r  t h a t  ana l y te  i n  t h e  unspiked sample i s  suspect and may no t  be repor ted  
f o r  r e g u l a t o r y  compl i ance purposes. 

8.8 As p a r t  of t h e  QC program f o r  t h e  labora to ry ,  method accuracy f o r  
each m a t r i x  s tud ied  must be assessed and records must be maintained. A f t e r  t h e  
ana l ys i s  o f  f i v e  sp iked samples -(of t h e  same m a t r i x )  as i n  Sec. 8.6, c a l c u l a t e  
t h e  average percen t  recovery (p) and t h e  standard d e v i a t i o n  o f  t h e  percent 
recovery (s,). Express t h e  accuracy assessment as a percent  recovery i n t e r v a l  
f rom p - 2sp t o  p + 2sp. If p = 90% and sp = lo%, f o r  example, t h e  accuracy 
i n t e r v a l  i s  expressed as 70-110%. Update t h e  accuracy assessment f o r  each 
ana l y te  ' on a r e g u l a r  bas is  (e.g. a f t e r  each f i v e  t o  t e n  new accuracy 
measurements). 

8.9 To determine acceptable accuracy and p r e c i s i o n  1 im i  t s  f o r  surrogate 
standards t h e  f o l l  owing procedure should be performed. 

8.9.1 For each sample analyzed, c a l c u l a t e  t h e  percent recovery o f  
each surrogate i n  t h e  sample. 

8.9.2 Once a minimum o f  t h i r t y  samples o f  t h e  same ma t r i x  have been 
analyzed, c a l c u l a t e  t h e  average percent recovery (P) and standard 
d e v i a t i o n  o f  t h e  percent  recovery (s )  f o r  each o f  t h e  surrogates. 
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8.9.3 For a  g i ven  ma t r i x ,  c a l c u l a t e  t h e  upper and lower  c o n t r o l  
l i m i t  f o r  method performance f o r  each sur roga te  standard. Th i s  should be 
done as f o l l o w s :  

Upper Cont ro l  L i m i t  (UCL) = P  + 3s 
Lower Cont ro l  L i m i t  (LCL) = P  - 3s 

8.9.4 For aqueous .and s o i  1  mat r i ces ,  these  1  abo ra to r y  e s t a b l  i shed 
sur roga te  c o n t r o l  l i m i t s  should, i f  app l i cab le ,  be compared w i t h  t h e  
c o n t r o l  l i m i t s  l i s t e d  i n  Table 8. The l i m i t s  g i v e n  i n  Table 8  a re  m u l t i -  
1  abo ra to r y  performance based 1  i m i  t s  f o r  s o i  1  and aqueous samples, and 
t h e r e f o r e ,  t h e  s ing1  e-1 abora to ry  1  i m i  t s  es tab l  i shed i n  Step 8.9.3 must 
f a l l  w i t h i n  those g i ven  i n  Table 8  f o r  these ma t r i ces .  

8.9.5 I f  recovery  i s  n o t  w i t h i n  1  i m i t s ,  t h e  f o l l o w i n g  procedures a re  
r e q u i  red .  

Check t o  be sure t h e r e  a re  no e r r o r s  i n  c a l c u l a t i o n s ,  
su r roga te  s o l u t i o n s  and i n t e r n a l  standards. A lso,  check 
ins t rument  performance. 

Reca lcu la te  t h e  da ta  and/or reana lyze  t h e  e x t r a c t  i f  any of 
t h e  above checks revea l  a  problem. 

Reex t rac t  and reana lyze  t h e  sample i f  none o f  t h e  above a re  
a  problem o r  f l a g  t h e  da ta  as "es t imated  c o n c e n t r a t i o n " .  

8.9.6 A t  a  minimum, each l a b o r a t o r y  should update su r roga te  recovery  
l i m i t s  on a  m a t r i x - b y - m a t r i x  bas is ,  annual ly .  

8.10 It i s  recommended t h a t  t h e  l a b o r a t o r y  adopt a d d i t i o n a l  qua1 i t y  
assurance p r a c t i c e s  f o r  use w i t h  t h i s  method. The s p e c i f i c  p r a c t i c e s  t h a t  a re  
most p r o d u c t i v e  depend upon t h e  needs o f  t h e  l a b o r a t o r y  and t h e  n a t u r e  o f  t h e  
samples. F i e l d  d u p l i c a t e s  may be analyzed t o  assess t h e  p r e c i s i o n  o f  t h e  
env i ronmenta l  measurements. When doubt e x i s t s  over  t h e  i d e n t i f i c a t i o n  o f  a  peak 
on t h e  chromatogram, con f i rma to ry  techniques such as gas chromatography w i t h  a  
d i s s i m i l a r  column o r  mass spect rometry  us ing  o t h e r  i o n i z a t i o n  modes must be used. 
Whenever poss ib l e ,  t h e  1  abora to ry  should analyze s tandard re fe rence  m a t e r i  a1 s  and 
p a r t i c i p a t e  i n  r e l e v a n t  performance eva lua t i on  s tud ies .  

9.0 METHOD PERFORMANCE 

9.1 Method 8250 was t e s t e d  by 15 l a b o r a t o r i e s  us ing  o r g a n i c - f r e e  reagent  
water,  d r i n k i n g  water,  su r f ace  water, and i n d u s t r i a l  wastewaters sp iked  a t  s i x  
concen t ra t i ons  over  t h e  range 5-1,300 pg/L. S i n g l e  ope ra to r  accuracy and 
p r e c i s i o n ,  and method accuracy were found t o  be d i r e c t l y  r e l a t e d  t o  t h e  
concen t ra t i on  o f  t h e  ana l y te  and e s s e n t i a l  l y  independent o f  t h e  sample m a t r i x .  
L i nea r  equat ions t o  desc r i be  these  r e l a t i o n s h i p s  a re  presented i n  Table 7. 
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TABLE 1. 
CHROMATOGRAPHIC CONDITIONS, METHOD DETECTION LIMITS, AND 

CHARACTERISTIC IONS FOR SEMIVOLATILE COMPOUNDS 

Conipound 

Acenaphthene 
Acenaphthene-d,, ( I .S. )  
Acenapht h y l  ene 
Acetophenone 
A l d r i n  
4-Ami nobi phenyl 
A n i l i n e  
Anthracene 
~ r o c l  o r -  1 0 1 6 ~  
~ r o c l  or-1221b 
Aroc l  o r -  1232~  
Aroc l  o r -  1242~  
Aroc l  o r -  1248~  
Aroc l  o r -  1254~  
Aroc l  o r -  1260b 
Benzidinea 
Benzoic a c i d  
Benzo(a)anthracene 
Benzo (b )  f l  uoranthene 
Benzo(k) f luoranthene 
Benzo ( g  , h, i ) pe ry l  ene 
Benzo (a )  pyrene 
Benzyl a1 coho1 
a - BHCa 
P -  BHC 
6-BHC 
y-BHC (Lindane)" 
B i  s (2 -ch l  oroethoxy )methane 
B i  s (2 -ch l  o roe thy l  ) e t h e r  
Bi  s (2 -ch l  o r o i  sopropy1 ) e the r  
B i  s ( 2 - e t h y l  hexyl  ) ph tha l  a t e  
4-Bromophenyl phenyl e the r  
Bu ty l  benzyl ph tha l  a t e  
Chl ordaneb 
4-Ch loroan i l  i n e  
1-Chl oronaphthal ene 
2-Chl oronaphthal ene 
4-Chl oro-3-methyl  phenol 
2-Chl orophenol 
4-Chl orophenyl phenyl e the r  
Chrysene 
Chrysene-d,, ( I  .S.) 
4,4'-DDD 

Retent ion 
Time (min) 

17.8 - - 
17.4 - - 
24.0 

- - 
- - 

22.8 
18-30 
15-30 
15-32 
15-32 
12-34 
22-34 
23-32 
28.8 

- - 
31.5 
34.9 
34.9 
45.1 
36.4 - - 
21.1 
23.4 
23.7 
22.4 
12.2 
8.4 
9.3 

30.6 
21.2 
29.9 
19-30 

- - 
- - 

15.9 
13.2 
5.9 

19.5 
31.5 

- - 
28.6 

Met hod 
Detec t ion  
1 i m i t  (pg/L) 

Pr imary 
I on 

154 , 
164 
152 
105 
6 6 

169 
9 3 

178 
222 
190 
190 
222 
292 
292 
360 
184 
122 
228 
252 
252 
276 
252 
108 
183 
181 
183 
183 
9 3 
9 3 
4 5 

149 
2 48 
149 
373 
127 
162 
162 
107 
128 
204 
228 
240 
235 

Secondary 
I on  ( s )  

153, 152 
162, 160 
151, 153 
77, 51 

263, 220 
168, 170 
66, 65 

176, 179 
260, 292 
224, 260 
224, 260 
256, 292 
362, 326 
362, 326 
362, 394 

92, 185 
105, 77 
229, 226 
253, 125 
253, 125 
138, 277 
253, 125 

79, 77 
181, 109 
183, 109 
181, 109 
181, 109 
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TABLE 1. 
(Continued) 
- - - ,, "*-, 

'"aab.i 
Method 

Retent i  on Detect ion Primary Secondary 
Compound Time (min) L i m i t  (pg/L) Ion  Ion  (s)  

4,4'-DDT 
4,4'-DDE 
Di benz(a, j ) a c r i d i n e  
Di benz(a, h) anthracene 
Di benzofuran 
Di -n -bu ty l  phthal  a te  
1,2-Di ch l  orobenzene 
1,3-Di c h l  orobenzene 
1,4-Dichl orobenzene 
1,4-Dichlorobenzene-d, (I .S. ) 
3,3' -Dichlorobenzid ine 
2,4-Di c h l  orophenol 
2,6-Dichl orophenol 
D i e l d r i n  
Di e t h y l  phthal  a te  
p-Dimethyl ami noazobenzene 
7,12-Dimethyl benz(a) anthracene 
a- ,a-Dimethyl phenethylamine 
2,4-Dimethyl phenol 

<*-? 
Dimethyl phthal  a te  

L/ 4,6-Dini tro-2-methyl phenol 
2,4-Dini t rophenol 
2,4-Di n i  t r o t o l  uene 
2,6-Dini t r o t o l  uene 
Di phenyl ami ne 
1,2-Diphenyl hydrazine 
Di -n -oc ty l  phthal  a te  
Endosul fan  I" 
Endosul fan  I I" 
Endosul fan  s u l f a t e  
Endr i  na 
Endrin aldehyde 
Endrin ketone 
Ethy l  methanesul fonate 
F l  uoranthene 
F l  uorene 
2-Fluorobiphenyl ( s u r r  .) 
2-Fl uorophenol ( s u r r .  ) 
Heptachl o r  
Heptachl o r  epoxide 
Hexachl orobenzene 
Hexachl orobutadi ene 
Hexachl orocycl  opentad i enea 
Hexachl oroethane 
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TABLE 1. 
(Continued) 

Met hod 
Retent ion Detec t ion  Primary Secondary rn 

Compound Time (min) L i m i t  (pg/L) I o n  Ion (s )  '4 

Indeno(l,2,3-cd) pyrene 
Isophorone 
Methoxychl o r  
3-Methyl chol  anthrene 
Methyl methanesul fona te  
2-Methyl naphtha1 ene 
2-Met h y l  phenol 
4-Methyl phenol 
Napht ha1 ene 
Naphthalene-d, ( I .S.)  
1 -Napht h y l  ami ne 
2-Naphthyl amine 
2 - N i t r o a n i l  i n e  
3-Ni t r o a n i l  i n e  
4-Ni t r o a n i l  i n e  
Nitrobenzene 
N i  trobenzene-d, ( s u r r .  ) 
2-Ni t rophenol  
4-Ni t rophenol  
N-Ni t r o s o - d i  - n - b u t y l  amine 
N-Ni t rosod imethy l  aminea 
N-Ni t r o s o d i  phenyl ami nea 
N-Ni t roso-di -n-propylamine 
N-N i t rosop ipe r i d ine  
Pentachl orobenzene 
Pentachl o r o n i  trobenzene 
Pentachl orophenol 
Perylene-dl, ( I  .S.) 
Phenaceti n 
Phenanthrene 
Phenanthrene-dl, ( I  .S. ) 
Phenol 
Phenol -d, ( s u r r  . ) 
2-Pic01 i n e  
Pronami de 
Pyrene 
Terphenyl -d,, ( s u r r .  ) 
1,2,4,5-Tetrachlorobenzene 
2,3,4,6-Tetrachl orophenol 
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TABLE 1. 
(Continued) 

I \  Method 

*lit ,a  I ' 
Retent ion Detec t ion  Primary Secondary 

Compound Time (min) L i m i t  (pg/L) I o n  Ion(s )  

~ o x a p h e n e ~  25-34 - - 159 231, 233 
2,4,6-Tri bromophenol ( su r r . )  - - - - 330 332, 141 
1,2,4-Trichlorobenzene 11.6 1.9 180 182, 145 
2,4,5-Trichlorophenol - - - - 196 198, 200 
2,4,6-Tr ichlorophenol 11.8 2.7 196 198, 200 

"See Sec. 1.3 
bThese compounds are  mix tu res  o f  var ious isomers. 
( I S . )  = I n t e r n a l  Standard 
( s u r r ) .  = Surrogate 

TABLE 2. 
DETERMINATION OF ESTIMATED QUANTITATION LIMITS (EQL) 

FOR VARIOUS MATRICESa 

--71 

'L' M a t r i x  Factor  

Ground water 10 
Low-concentrat ion s o i l  by u l t r a s o n i c  e x t r a c t i o n  w i t h  GPC cleanup 670 
H igh-concent ra t ion  s o i l  and sludges by u l t r a s o n i c  e x t r a c t i o n  10,000 
Non-water m i s c i b l e  waste 100,000 

a EQL = [Method d e t e c t i o n  l i m i t  (see Table I)] X [Factor  found i n  t h i s  t ab le ] .  
For non-aqueous samples, t h e  f a c t o r  i s  on a wet-weight bas is .  Sample EQLs 
are  h i g h l y  matrix-dependent. The EQLs t o  be determined here in  are provided 
f o r  guidance and may n o t  always be achievable. 
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TABLE 3. 
DFTPP KEY IONS AND ION ABUNDANCE CRITERIA" 

Mass I o n  Abundance C r i  t e r i  a 
P, 
h ~ b ~ l d  

30-60% o f  mass 198 

< 2% o f  mass 69 
< 2% o f  mass 69 

40-60% o f  mass 198 

< 1% o f  mass 198 
Base peak, 100% re1  a t  i ve abundance 
5-9% o f  mass 198 

10-30% o f  mass 198 

> 1% o f  mass 198 

Present b u t  l e s s  than mass 443 
> 40% o f  mass 198 
17-23% o f  mass 442 

"See Reference 3. 
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TABLE 4. 
CALIBRATION CHECK COMPOUNDS 

L 
Base/Neutral Fract ion Acid Fract ion 

Acenaphthene 
1,4-Dichl orobenzene 
Hexachl orobutadi ene 
N-Ni troso-di  -n-phenyl amine 
D i  -n-octyl  phthal a t e  
Benzo (a )  pyrene 
F l  uoranthene 

4-Chloro-3-methyl phenol 
2,4-Di chl orophenol 
2-Ni trophenol 
Phenol 
Pentachl orophenol 
2,4,6-Trichlorophenol 
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TABLE 5. 
SEMIVOLATILE INTERNAL STANDARDS WITH CORRESPONDING ANALYTES 

ASSIGNED FOR QUANTITATION 

A n i l i n e  Acetophenone 
Benzyl a1 coho1 Benzoic a c i d  
Bis(2-chloroethyl ) e the r  Bis(2-ch1oroethoxy)methane 
Bi  s (2 -ch lo ro i  sopropyl )e the r  4 -Ch loroan i l  i n e  
2-Chl orophenol 4-Chloro-3-methyl phenol 
1,3-Dichlorobenzene 2,4-Di c h l  orophenol 
1,4-Dichl  orobenzene 2,6-Di c h l  orophenol 
1,2-Dichlorobenzene a,a-Dimethyl phenethyl amine 
E thy l  methanesul fona te  2,4-Dimethyl phenol 
2-F l  uorophenol ( s u r r .  ) Hexachl orobutadi  ene 
Hexachl o roe t  hane Isophorone 
Methyl met hanesul fonate 2-Methyl naphtha1 ene 
2-Met h y l  phenol Naphtha1 ene 
4-Methyl phenol Ni  trobenzene 
N-Nitrosodimethylamine N i  trobenzene-d, ( s u r r .  ) 
N-N i t roso-d i -n -p ropy lamine  2-Ni t rophenol  
Phenol N-N i t roso-d i  - n -bu ty l  amine 
Phenol -d, ( s u r r  . ) N -N i t rosop ipe r i d ine  
2- Pi  c o l  i ne 1,2,4-Trichlorobenzene 

Acenaphthene 
Acenaphthylene 
1-Chl oronaphthal ene 
2-Chloronaphthalene 
4-Chl orophenyl 

phenyl e t h e r  
D i  benzofuran 
D i e t h y l  ph tha l  a t e  
Dimethyl  ph tha l  a te  
2,4-Din i t rophenol  
2,4-Dini  t r o t o l u e n e  
2,6-Dini  t r o t 0 1  uene 
F1 uorene 
2 -F l  uorob i  phenyl 

( s u r r .  ) 
Hexachl o rocyc l  o- 

pentadi  ene 
1 -Naphthyl amine 
2-Naphthyl ami ne 
2 - N i t r o a n i l i n e  
3-Ni t r o a n i l  i n e  
4-Ni t r o a n i l  i ne 
4-Ni t rophenol  
Pentachl orobenzene 
1,2,4,5-Tetrachloro- 

benzene 
2,3,4,6-Tetrachloro- 

phenol 
2 ,4 ,6 -Tr ib romopheno l  

(Sur r  . ) 
2,4,6-Tr ich l  orophenol 
2,4,5-Tr ichlorophenol 

( s u r r .  ) = sur rogate  
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TABLE 5. 
SEMIVOLAT I LE INTERNAL STANDARDS WITH CORRESPONDING ANALYTES 

ASSIGNED FOR QUANTITATION 
(Continued) 

4-Aminobi phenyl 
Ant hracene 
4-Bromophenyl phenyl ether 
Di -n-butyl phthal ate 
4,6-Dini tro-2-methyl phenol 
Di phenyl ami ne 
1,2-Diphenyl hydrazine 
Fl uoranthene 
Hexachl orobenzene 
N-Ni trosodiphenylamine 
Pentachl orophenol 
Pentachloronitrobenzene 
Phenacetin 
Phenanthrene 
Pronamide 

Benzidine 
Benzo (a)  anthracene 
Bi s (2-ethyl hexyl ) phthal ate 
Butyl benzyl phthal ate 
Chrysene 
3,3'-Df chl orobenzidine 
p-Dimethyl ami noazobenzene 
Pyrene 
Terphenyl -dl, (surr. ) 

Benzo (b) fl uorant hene 
Benzo (k) fl uorant hene 
Benzo(g , h , i ) peryl ene 
Benzo (a) pyrene 
Dibenz(a, j)acridine 
Di benz(a, h)anthracene 
7,lZ-Dimethyl benz- 

(a )  anthracene 
Di -n-octyl phthal ate 
Indeno(l,2,3-cd)pyrene 
3-Methyl chol anthrene 

?, 

\- -+ -./ 
(surr.) = surrogate 
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TABLE 6. 
QC ACCEPTANCE CRITERIAa 

Compound 

Tes t  Lini i  t 
conc. f o r  s 
(pg/L) (clg/L) 

Range Range 
f o r  x P, P, 
(Pg/ L) (XI 

Acenaphthene 100 27.6 
Acenaphthylene 100 40.2 
A l d r i n  100 39.0 
Anthracene 100 32.0 
Benzo(a) anthracene 100 27.6 
Benzo(b) f l  uoranthene 100 38.8 
Benzo(k ) f l  uoranthene 100 32.3 
Benzo(a)pyrene 100 39.0 
Benzo (gh i  ) p e r y l  ene 100 58.9 
Bu ty l  benzyl  ph tha l  a t e  100 23.4 
I3 - BHC 100 31.5 
6- BHC 100 21.6 
B i s ( 2 - c h l o r o e t h y l )  e t h e r  100 55.0 
B i  s ( 2 - ch l  oroethoxy)met hane 100 34.5 
B i s (2 - ch lo ro i sop ropy1 )  e t h e r  100 46.3 
B i  s ( 2 - e t h y l  hexy l  ) ph tha l  a te  100 41.1 
4-Bromophenyl phenyl  e t h e r  100 23.0 
2-Chl oronaphthal  ene 100 13.0 
4-Chl orophenyl  phenyl e t h e r  100 33.4 
Chrysene 100 48.3 
4,4'-DDD 100 31 .O 
4,4'-DDE 100 32.0 
4,4'-DDT 100 61.6 
D i  benzo(a, h)anthracene 100 70.0 
D i  - n - b u t y l  ph tha l  a t e  100 16.7 
1,2-Dich l  orobenzene 100 30.9 
1,3-Dich l  orobenzene 100 41.7 
1,4-Di c h l  orobenzene 100 32.1 
3 ,3 ' -D ich lo robenz id ine  100 71.4 
D i e l d r i n  100 30.7 
D i e t h y l  ph tha l  a t e  100 26.5 
Dimethyl  ph tha l  a t e  100 23.2 
2 ,4 -D in i t r o to l uene  100 21.8 
2 , 6 - D i n i t r o t o l u e n e  100 29.6 
D i  - n - o c t y l  p h t h a l a t e  100 31.4 
Endosul f an  s u l f a t e  100 16.7 
Endr i  n a1 dehyde 100 32.5 
F l  uoranthene 100 32.8 
F l  uorene 100 20.7 
Heptachl  o r  100 37.2 
Heptachl  o r  epoxide 100 54.7 
Hexachl orobenzene 100 24.9 
Hexachl o robu tad i  ene 100 26.3 
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TABLE 6. 
QC ACCEPTANCE CRITERIAa 

(Continued) 

Compound 

Test L i m i t  Range' Range 
conc. f o r  s f o r  x P, P. 
(Ps/L) (P!3/L) (Ps/L) (%I 

Hexachl o roe t  hane 
Indeno(1 ,2,3-cd) pyrene 
Isophorone 
Naphtha1 ene 
Nitrobenzene 
N-Ni t roso-d i  -n-propyl  amine 
PCB- 1260 
Phenanthrene 
Pyrene 
1,2,4-Trichlorobenzene 
4-Chl oro-3-methyl phenol 
2-Chl orophenol 
2,4-Chl orophenol 
2,4-Dimethylphenol 
2,4-Dini trophenol 
2-Methyl -4,6-d in i  t rophenol 
2-Ni trophenol 

, %-.. 4-Ni trophenol 
I Pentachl orophenol 
L, Phenol 

2,4,6-Trichlorophenol 

s = Standard dev ia t i on  o f  f ou r  recovery measurements, i n  pg/L. 
- 
X - - Average recovery f o r  f ou r  recovery measurements, i n  pg/L. 

P, P, = Percent recovery measured. 

D - - Detected; r e s u l t  must be greater  than zero. 

a C r i t e r i a  from 40 CFR Par t  136 f o r  Method 625. These c r i t e r i a  are based 
d i r e c t l y  on the  method performance data i n  Table 7. Where necessary, the 
1 i m i t s  f o r  recovery have been broadened t o  assure a p p l i c a b i l i t y  o f  the 
l i m i t s  t o  concentrat ions below those used t o  develop Table 7. 

Revision 1 
September 1994 



TABLE 7. 
METHOD ACCURACY AND PRECISION AS FUNCTIONS OF CONCENTRATIONa 

Accuracy, as S ing le  ana l ys t  Ove ra l l  
recovery, x '  p rec i s i on ,  s,' p rec i s i on ,  rn 

Parameter ( IJ~ /L  ( P ~ / L )  S' ( P ~ / L )  
'4 

Acenaphthene 
Acenapht h y l  ene 
A1 d r i  n 
Anthracene 
Benzo (a)  an t  hracene 
Chl oroethane 
Benzo (b)  f 1 uorant  hene 
Benzo(k) f l  uoranthene 
Benzo (a)  pyrene 
Benzo (gh i  ) p e r y l  ene 
Bu ty l  benzyl ph tha l  a te  
I3 - BHC 
6- BHC 
B i  s(2-chloroethyl ) e the r  
Bi  s (2 -ch l  oroethoxy)methane 
B i  s (2 -ch l  o r o i  sopropy1 ) e the r  
B i s (2 -e thy l  hexyl  ) ph tha la te  
4-Bromophenyl phenyl e the r  
2-Chl oronaphthalene 
4-Chl orophenyl phenyl e the r  
Chrysene 
4,4'-DDD 
4,4'-DDE 
4,4'-DDT 
Dibenzo(a,h)anthracene 
Di  -n -bu ty l  ph tha la te  
l ,2-Dichlorobenzene 
1,3-Dichlorobenzene 
1,4-Dichl  orobenzene 
3,3 ' -Dich lorobenzid ine 
D i e l d r i n  
D i e t h y l  ph tha l  a t e  
Dimethyl ph tha l  a te  
2 ,4 -D in i t r o to luene  
2 , 6 - D i n i t r o t o l  uene 
Di  - n - o c t y l  ph tha l  a t e  
Endosul f an  s u l f a t e  
Endr i  n a1 dehyde 
F l  uoranthene 
F1 uorene 
Heptachl o r  
Heptachl o r  epoxide 
Hexachl orobenzene 
Hexachl orobutadi  ene 
Hexachl oroethane 
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TABLE 7 .  
METHOD ACCURACY AND PRECISION AS FUNCTIONS OF CONCENTRATIONa 

(Cont i  nued) 
I 

'-%/ 

Accuracy, as S i  ng l  e ana lys t  Overa l l  
recovery,  x' p rec is ion ,  srl p rec i s i on ,  

Parameter (pg/L) (pg/L) S t  (PS/L) 

Indeno(l,2,3-cd)pyrene 
Isophorone 
Naphthalene 
N i  trobenzene 
N-Ni t roso-di -n-propylamine 
PCB- 1260 
Phenant hrene 
Pyrene 
1,2,4-Tr ich l  orobenzene 
4-Chl oro-3-methyl  phenol 
2-Chl orophenol 
2,4-Di c h l  orophenol 
2,4-Dimethyl phenol 
2 ,4-Din i t rophenol  
2-Methyl -4 ,6 -d in i t ropheno l  
2-Ni t rophenol  
4-Ni t rophenol  
Pentachlorophenol 

, , Phenol 

b 
2,4,6-Tr ichl  orophenol 

x1 - - Expected recovery f o r  one o r  more measurements o f  a sample 
con ta in i ng  a concent ra t ion  o f  C, i n  pg/L. 

sr I - - Expected s i  ng l  e ana lys t  standard dev i  a t  i o n  o f  measurements a t  an 
average concent ra t ion  o f  2 ,  i n  pg/L. 

S ' - - Expected i n t e r l a b o r a t o r y  s t a n d a ~ d  d e v i a t i o n  o f  measurements a t  an 
average concent ra t ion  found o f  x, i n  pg/L. 

C - - True va lue f o r  the  concentrat ion,  i n  pg/L. 

- 
X - - Average recovery found f o r  measurements o f  samples con ta in ing  a 

concent ra t ion  o f  C, i n  pg/L. 
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TABLE 8. 
SURROGATE SPIKE RECOVERY LIMITS FOR WATER AND SO:[L/SEDIMENT SAMPLES 

Surrogate Compound 

I 
b t  

Low/Med i urn Low/Med i urn 
Water Soi l/Sediment 

Ni trobenzene-d, 
2-Fl  uorobi phenyl 
Terphenyl -d,, 

Phenol -d, 
2-Fl  uorophenol 
2 ,4 ,6 -Tr i  bromophenol 
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METHOD 8 2 5 0 A  
S E M I V O L A T I L E  ORGANIC COMPOUNDS BY GAS CHROMATOGRAPHY/MASS SPECTROMETRY (GC/MS) 

Start 5' 
Water 

7.1 Prepere eample 7.1 Prepare eemple 
wing Method 3540. ueing Method 3510 

3541, or 3610 or 3520 

I 

I 7.1 Preprra ermple 
uaing Method 3540, 

3641, 3550, or 3580 I 

7.2 Cleanup 
enrect 

Recommended 
GClMS 

operating 

Initial 
Calibretion. 

7.5 Daily 
calibration - Tune 

GCIMS with TFTPP 
end check SPCC & 
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METHOD 8250A 
con t inued  

7.6.1 Screen extract 
in GClFlD or GClPlD to 

eliminate too high 
concentrationr. 

7.6.2 Spike 
rample with 

internal 
rtandard. 

extract by GClMS 
uring recommended 

column and oprreting 
condition#. 

7.6.4 Dilute 
initial calibration extract. 

7.7.1 Identify 
compound8 by 

comparing rample 
retention time and 

rample maor rpectre 
to rtandardr. 

Quantitate 
rampler uring 
internal rtd. 

7.7.2.4 Report 
rerultr. 
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METHOD 8260A 

,'-. VOLATILE ORGANIC COMPOUNDS BY GAS CHROMATOGRAPHY/MASS SPECTROMETRY (GC/MS) : 
CAPILLARY COLUMN TECHNIQUE 

1.0 SCOPE AND APPLICATION 

1.1 Method 8260 i s  used t o  determine v o l a t i l e  o rgan ic  compounds i n  a 
v a r i e t y  o f  s o l  i d  waste mat r i ces .  T h i s  method i s  app l i cab le  t o  n e a r l y  a l l  types 
o f  samples, regard less  of water content ,  i n c l u d i n g  ground water, aqueous s l  udges, 
c a u s t i c  1 i quo rs ,  a c i d  1 iquors ,  waste so lvents ,  o i l y  wastes, mousses, t a r s ,  
f i b r o u s  wastes, po lymer ic  emulsions, f i  1 t e r  cakes, spent carbons, spent 
c a t a l y s t s ,  s o i l s ,  and sediments. The f o l l o w i n g  compounds can be determined by 
t h i s  method: 

Anal y t e  

Appropr ia te  Techniaue 
D i r e c t  

CAS No . b  Purge-and-Trap I n j e c t i o n  

Acetone 
A c e t o n i t r i l e  
Ac ro l  e i  n (Propenal ) 
A c r y l  o n i t r i  l e  
A1 1 y l  a1 co ho l  

,, A l l y 1  c h l o r i d e  
Benzene 

-' Benzyl c h l o r i d e  
Bromoacetone 
Bromochl oromethane (I. S. ) 
Bromodi c h l  oromethane 
4-Bromofl  uorobenzene ( su r r .  ) 
Bromof orm 
Bromomet hane 
n-Butanol  
2 -But anone (MEK) 
Carbon d i s u l  f i d e  
Carbon t e t r a c h l o r i d e  
Ch lo ra l  hydra te  
Chl orobenzene 
2-Chloro-1,3-butadiene 
C h l  orod i bromomet hane 
Chl oroethane 
2-Chl oroethanol  
b i  s -  (2-Chl o r o e t h y l  ) s u l f i d e  
2-Chl o roe thy l  v i n y l  e t h e r  
Chloroform 
Chl oromethane 
Chl oroprene 
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Appropr ia te Technique 

Analy te 
D i r e c t  

CAS  NO.^ Purge-and-Trap I n j e c t i o n  

3-Chl oropropene 
3 - C h l o r o p r o p i o n i t r i l e  
1,2-Di bromo-3-chl oropropane 
1,2-Dibromoethane 
Di bromomethane 
1,2-Dichl  orobenzene 
1,3-Dichlorobenzene 
1,4-Dichlorobenzene 
cis-1,4-Dichloro-2-butene 
trans-1,4-Dichloro-2-butene 
Dich l  o r o d i f l  uoromethane 
1 , l - D i c h l  oroethane 
1,2-Dichl  oroethane 
1 , l  -Dich loroethene 
t r a n s -  1,2-Dichl  oroethene 
1,2-Di c h l  oropropane 
1,3-Dichl  oro-2-propanol 
c is-1,3-Dichloropropene 
t r a n s -  1,3-Dichl  oropropene 
1,2,3,4-Diepoxybutane 
D i e t h y l  e t h e r  
1,4-Dif luorobenzene (1,s.) 
1,4-Dioxane 
Ep ich l  o rohyd r i n  
Ethanol 
E thy l  ace ta te  
E thy l  benzene 
Ethy l  ene ox ide 
Ethy l  met hacry l  a t e  
Hexachl orobutadi  ene 
Hexachl o roe t  hane 
2-Hexanone 
2 - H y d r o x y p r o p i o n i t r i l e  
Iodomethane 
I s o b u t y l  a1 coho1 
I sopropyl benzene 
Malononi t r i l e  
Methacry loni  tril e 
Methanol 
Methyl ene c h l o r i d e  (DCM) 
Methyl methacryl  a t e  
4-Methyl-2-pentanone (MIBK) 
Naphtha1 ene 
Ni trobenzene 
2-Nitropropane 
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Appropr ia te  Technique 
D i r e c t  

Ana ly te  CAS NO. Purge-and-Trap I n j e c t  i o n  

Pentachloroethane 76-01-7 i a 
2-Pic01 i n e  109-06-8 PP a 
Propargy l  a1 coho1 107-19-7 P P a 
B-Prop io lac tone  57-57-8 P P a 
P r o p i o n i t r i l e  ( e t h y l  cyanide) 107-12-0 h t PC 
n -  Propy l  amine 107-10-8 a a 
P y r i d i  ne 110-86- 1 i a 
Styrene 100-42-5 a a 
1,1,1,2-Tetrachl oroethane 630-20-6 a a 
1,1,2,2-Tetrachl oroethane 79-34-5 a a 
Te t rach l  oroethene 127-18-4 a a 
To1 uene 108-88-3 a a 
1 ,2 ,4 -Tr i ch l  orobenzene 120-82-1 a a 
l , l , l - T r i c h l o r o e t h a n e  71-55-6 a a 
1 ,1 ,2-Tr ich loroethane 79-00-5 a a 
T r i  c h l  oroethene 79-01-6 a a 
T r i  c h l  o r o f l  uoromethane 75-69-4 a a 
1 ,2 ,3-Tr ich loropropane 96-18-4 a a 
V i  n y l  ace ta te  108-05-4 a a 
V i n y l  c h l o r i d e  75-01-4 a a 
o-Xy l  ene 95-47-6 a a 
m-Xyl ene 108-38-3 a a 

,?-, p-Xylene 106-42-3 a a 
( 

u' 
a Adequate response by t h i s  technique. 
b Chemical Abs t rac t  Serv ices  Reg i s t r y  Number. 
h t  Method a n a l y t e  o n l y  when purged a t  80°C 
i I n a p p r o p r i a t e  techn ique  f o r  t h i s  ana ly te .  
pc Poor chromatographic behav ior .  
pp P o o r p u r g i n g e f f i c i e n c y r e s u l t i n g i n h i g h E Q L s .  
s u r r  Surrogate 
I . S .  I n t e r n a l  Standard 

1.2 Method 8260 can be used t o  q u a n t i t a t e  most v o l a t i l e  o rgan ic  compounds 
t h a t  have b o i l i n g  p o i n t s  below 200°C and t h a t  a re  i n s o l u b l e  o r  s l i g h t l y  s o l u b l e  
i n  wa te r .  V o l a t i l e  wa te r - so l ub le  compounds can be i nc l uded  i n  t h i s  a n a l y t i c a l  
technique.  However, f o r  t h e  more s o l u b l e  compounds, quan t i  t a t i o n  1 i m i  t s  a re  
approx imate ly  t e n  t imes  h i g h e r  because o f  poor pu rg i ng  e f f i c i e n c y .  Such 
compounds i n c l  ude 1 ow-mol ecu l  a r -we igh t  ha1 ogenated hydrocarbons, aromat ics,  
ketones, n i t r i l e s ,  acetates,  ac r y l a tes ,  e thers ,  and s u l f i d e s .  See Tables 1 and 
2 f o r  l i s t s  o f  ana l y t es  and r e t e n t i o n  t imes  t h a t  have been eva lua ted  on a purge- 
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and-trap GC/MS system. Also, the method detection limits for 25 mL sample 
volumes are presented. 'The following analytes are also amenable to analysis by 
Method 8260: 

Bromobenzene 
n - Butyl benzene 
sec-Butyl benzene 
tert -Butyl benzene 
Chl oroacetonitril e 
1-Chl orobutane 
1,3-Dichl oropropane 
2,2-Di chl oropropane 
1,l-Dichl oropropene 
Fl uorobenzene 
p- Isopropyl to1 uene 
Methyl acryl ate 

1-Chl orohexane 
2-Chl orotol uene 
4-Chl orotol uene 
Crotonal dehyde 
Di bromofl uoromethane 
cis-1,2-Dichloroethene 
Methyl - t - butyl ether 
Pentafl uorobenzene 
n- Propyl benzene 
1,2,3-Trichlorobenzene 
1,2,4-Trimethyl benzene 
1,3,5-Trimethylbenzene 

1.3 The estimated quantitation limit (EQL) of Method 8260 for an 
individual compound is somewhat instrument dependent. Using standard quadrupol e 
instrumentation, 1 imi ts should be approximately 5 pg/kg (wet weight) for 
soil/sediment samples, 0.5 mg/kg (wet weight) for wastes, and 5 pg/L for ground 
water (see Table 3). Somewhat lower limits may be achieved using an ion trap 
mass spectrometer or other instrumentation of improved design. No matter which 
instrument is used, EQLs will be proportionately higher for sample extracts and 
samples that require dilution or reduced sample size to avoid saturation of the 
detector. 

1.4. Method 8260 is based upon a purge-and-trap, gas chromatographic/mass 
spectrometric (GC/MS) procedure. This method is restricted to use by, or under 
the supervision of, analysts experienced in the use of purge-and-trap systems and 
gas chromatograph/mass spectrometers, and skilled in the interpretation of mass 
spectra and their use as a quantitative tool. 

1.5 An additional method for sample introduction is direct injection. 
This technique has been tested for the analysis of waste oil diluted with 
hexadecane 1: 1 (vol/vol) and may have application for the analysis of some 
a1 coho1 s and a1 dehydes in aqueous samples . 

2.0 SUMMARY OF METHOD 

2.1 The volatile compounds are introduced into the gas chromatograph by 
the purge-and-trap method or by direct injection (in 1 imi ted appl ications) . 
Purged sample components are trapped in a tube containing suitable sorbent 
material s. When purging i s complete, the sorbent tube is heated and backfl ushed 
with helium to desorb trapped sample components. The analytes are desorbed 
directly to a large bore capillary or cryofocussed on a capillary precolumn 
before being flash evaporated to a narrow bore capillary for analysis. The 
column is temperature programmed to separate the analytes which are then detected 
with a mass spectrometer (MS) interfaced to the gas chromatograph. Wide bore 
capi 1 1  ary col umns require a jet separator, whereas narrow bore capi 1 1  ary columns 
can be directly interfaced to the ion source. 
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2.2 I f  t h e  above sample i n t r o d u c t i o n  techniques a re  n o t  app l i cab le ,  a  
p o r t i o n  o f  t h e  sample i s  d ispersed  i n  so l ven t  t o  d i s s o l v e  t h e  v o l a t i l e  o rgan ic  
c o n s t i t u e n t s .  A  p o r t i o n  o f  t h e  s o l u t i o n  i s  combined w i t h  o r g a n i c - f r e e  reagent 

/ --. water  i n  t h e  purge chamber. It i s  then analyzed by purge-and- t rap GC/MS 
f o l l  owing t h e  normal water  method. 

L' 
2.3 Ana ly tes  e l u t e d  f rom t h e  c a p i l l a r y  column a re  i n t r oduced  i n t o  t h e  

mass spect rometer  v i a  a  j e t  separa to r  o r  a  d i r e c t  connect ion.  I d e n t i f i c a t i o n  o f  
t a r g e t  ana ly tes  i s  accomplished by comparing t h e i r  mass spec t ra  w i t h  t h e  e l e c t r o n  
impact ( o r  e l e c t r o n  impact-1 i ke) spec t ra  o f  au then t i c  standards.  Q u a n t i t a t i o n  
i s  accompl i shed by comparing t h e  response o f  a  major  (quan t i  t a t i o n )  i o n  re1 a t i v e  
t o  an i n t e r n a l  s tandard w i t h  a  f i v e - p o i n t  c a l i b r a t i o n  curve. 

2.4 The method i nc l udes  s p e c i f i c  c a l  i b r a t i o n  and qua1 i t y  c o n t r o l  s teps 
t h a t  r e p l a c e  t h e  general  requ i rements  i n  Method 8000. 

3.0 INTERFERENCES 

3.1 Ma jo r  contaminant sources a re  v o l a t i l e  ma te r i  a1 s  i n  t h e  1  abora to ry  
and i m p u r i t i e s  i n  t h e  i n e r t  pu rg ing  gas and i n  t h e  sorbent  t r a p .  The use o f  non- 
p o l y t e t r a f l  uo roe thy lene  (PTFE) t h read  seal  ants ,  p l a s t i c  t ub i ng ,  o r  f l o w  
c o n t r o l  1  e r s  w i t h  rubber  components should  be avoided s i nce  such m a t e r i a l  s  out-gas 
o rgan ic  compounds which w i l l  be concent ra ted i n  t h e  t r a p  d u r i n g  t h e  purge 
opera t ion .  Analyses o f  c a l  i b r a t i o n  and reagent b lanks p rov i de  i n f o r m a t i o n  about 
t h e  presence o f  contaminants.  When p o t e n t i  a1 i n t e r f e r i n g  peaks a re  noted i n  
blanks, t h e  a n a l y s t  should  change t h e  purge gas source and regenerate t h e  
mo lecu la r  s i eve  purge gas f i l t e r  (F igure  1 ) .  Sub t rac t i ng  b lank  values f rom 
sample r e s u l t s  i s  n o t  pe rm i t t ed .  I f  r e p o r t i n g  va lues n o t  co r rec ted  f o r  blanks 

-- '9 r e s u l t  i n  what t h e  l a b o r a t o r y  f e e l s  i s  a  f a l s e  p o s i t i v e  f o r  a  sample, t h i s  should 
I 
-%#' 

be f u l  l y  exp la i ned  i n  t e x t  accompanying t h e  uncorrected data.  

3.2 I n t e r f e r i n g  contaminat ion may occur  when a  sample con ta i n i ng  low 
concen t ra t i ons  o f  v o l a t i l e  o rgan ic  compounds i s analyzed immediately a f t e r  a  
sample c o n t a i n i n g  h i g h  concen t ra t  i ons  o f  vo l  a t  i 1 e  o rgan ic  compounds. The 
p r e v e n t i v e  techn ique  i s  r i n s i n g  o f  t h e  purg ing  apparatus and sample sy r inges  w i t h  
two p o r t i o n s  o f  o r g a n i c - f r e e  reagent  water  between samples. A f t e r  ana l ys i s  o f  
a  sample c o n t a i n i n g  h i g h  concen t ra t  i ons  o f  vo l  a t  i 1 e  o rgan ic  compounds, one o r  
more c a l  i b r a t  i o n  b lanks  should  be analyzed t o  check f o r  c ross  contaminat ion.  For 
samples c o n t a i n i n g  1  arge amounts o f  water s o l u b l e  ma te r i  a1 s, suspended so l  i d s ,  
h i g h  b o i  1  i ng compounds o r  h i g h  concent r a t i o n s  o f  compounds be ing  determined, i t  
may be necessary t o  wash t h e  purg ing  dev ice  w i t h  a  soap s o l u t i o n ,  r i n s e  i t  w i t h  
o r g a n i c - f r e e  reagen t  water ,  and then  d r y  t h e  purg ing  dev ice  i n  an oven a t  105°C. 
I n  extreme s i t u a t i o n s ,  t h e  whole purge and t r a p  dev ice  may r e q u i r e  d i sman t l i ng  
and c l ean ing .  Screening o f  t h e  samples p r i o r  t o  purge and t r a p  GC/MS ana l ys i s  
i s  h i g h l y  recommended t o  p reven t  contaminat ion o f  t h e  system. Th i s  i s  e s p e c i a l l y  
t r u e  f o r  s o i l  and waste samples. Screening may be accomplished w i t h  an automated 
headspace techn ique  o r  by Method 3820 (Hexadecane E x t r a c t i o n  and Screening o f  
Purgeabl e  Organics) . 

3.2.1 The low purg ing  e f f i c i e n c y  of many ana ly tes  f rom a  25 mL 
sampl e  o f t en  r e s u l t s  i n  s i g n i f i c a n t  concen t ra t ions  remain ing i n  t h e  sample 
purge vessel  a f t e r  a n a l y s i s .  A f t e r  removal o f  t h e  analyzed sample a l i q u o t  
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and t h r e e  r i n s e s  o f  t h e  purge vessel  w i t h  ana l y te  f r e e  water,  i t  i s  
r e q u i r e d  t h a t  t h e  empty vessel  be sub jec ted  t o  a heated purge c y c l e  p r i o r  
t o  t h e  a n a l y s i s  o f  another  sample i n  t h e  same purge vessel  t o  reduce 
sampl e t o  sample car ryover .  

3.3 Specia l  p recau t ions  must be taken t o  analyze f o r  methylene c h l o r i d e .  
m w' 

The a n a l y t i c a l  and sample s torage area should be i s01  a ted  f rom a1 1 atmospheric 
sources o f  methylene c h l o r i d e .  Otherwise random background 1 eve1 s w i  11 r e s u l t .  
Since methylene c h l o r i d e  w i l l  permeate through PTFE tub ing ,  a l l  gas 
chroniatography c a r r i e r  gas l i n e s  and purge gas plumbing should be cons t ruc ted  
from s t a i n l e s s  s t e e l  o r  copper tub ing .  Labora to ry  c l o t h i n g  worn by t h e  a n a l y s t  
should be c l ean  s i nce  c l o t h i n g  p r e v i o u s l y  exposed t o  methylene c h l o r i d e  fumes 
d u r i n g  l i q u i d / l i q u i d  e x t r a c t i o n  procedures can c o n t r i b u t e  t o  sample 
contaminat ion.  

3.4 Samples can be contaminated by d i f f u s i o n  o f  v o l a t i l e  o rgan i cs  
( p a r t i c u l a r l y  methyl  ene c h l o r i d e  and f luo rocarbons)  th rough  t h e  septum sea l  i n t o  
t h e  sample d u r i n g  shipment and s torage.  A t r i p  b l ank  prepared f rom o r g a n i c - f r e e  
reagent  water  and c a r r i e d  through t h e  sampl ing and hand l i ng  p r o t o c o l  can serve 
as a check on such contaminat ion.  

3.5 Use o f  s e n s i t i v e  mass spectrometers t o  ach ieve lower  d e t e c t i o n  l e v e l  
w i l l  i nc rease  t h e  p o t e n t i a l  t o  d e t e c t  l a b o r a t o r y  contaminants as i n t e r f e r e n c e s .  

3.6 D i r e c t  i n j e c t i o n  - Some con tamina t ion  may be e l  im ina ted  by bak ing  o u t  
t h e  co l l ~mn  between analyses. Changing t h e  i n j e c t o r  l i n e r  w i l l  reduce t h e  
p o t e n t i a l  f o r  c ross-con tamina t ion .  A p o r t i o n  o f  t h e  a n a l y t i c a l  c o l  umn may need 
t o  be removed i n  t h e  case o f  extreme contaminat ion.  Use o f  d i r e c t  i n j e c t i o n  w i l l  
r e s u l t  i n  t h e  need f o r  more f r equen t  ins t rument  maintenance. 

3.7 I f  hexadecane i s  added t o  samples o r  pet ro leum samples a r e  analyzed, 
some chromatographic peaks w i l l  e l u t e  a f t e r  t h e  t a r g e t  ana l y tes .  The oven kd 
temperature program must i n c l u d e  a p o s t - a n a l y s i s  bake o u t  p e r i o d  t o  ensure t h a t  
s e m i - v o l a t i l e  hydrocarbons a re  v o l a t i l i z e d .  

4.0 APPARATUS AND MATERIALS 

4.1 Purge-and- t rap dev i ce  - aqueous samples, desc r i bed  i n  Method 5030. 

4.2 Purge-and- t rap dev ice  - s o l i d  samples, desc r i bed  i n  Method 5030. 

4.3 I n j e c t i o n  p o r t  l i n e r s  (HPcata logue  #18740-80200, o r  e q u i v a l e n t )  a re  
m o d i f i e d  f o r  d i r e c t  i n j e c t i o n  a n a l y s i s  by p l a c i n g  a 1-cm p l u g  o f  py rex  wool 
approx imate ly  50-60 mm down t h e  l e n g t h  
o f  t h e  i n j e c t i o n  p o r t  towards t h e  C 
oven. An 0.53 mm I D  column i s  mounted s=ptum 60-60 O v e n  

1 cm i n t o  t h e  l i n e r  f rom t h e  oven s i d e  mm 
o f  t h e  i n j e c t i o n  p o r t ,  accord ing t o  
manufacturer 's  s p e c i f i c a t i o n s .  M o d i f i e d  I n j e c t o r  
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4.4 Gas chromatography/mass spectrometer/data system 

4.4.1 Gas chromatograph - An a n a l y t i c a l  system complete w i t h  a 
temperature-programmabl e gas chromatograph s u i t a b l e  f o r  sp l  i t l e s s  
i n j e c t i o n  o r  i n t e r f a c e  t o  purge-and-trap apparatus. The system inc ludes  
a1 1 requ i red  accessories, i n c l  uding syr inges, a n a l y t i c a l  c o l  umns, and 
gases. The GC should be equipped w i t h  v a r i a b l e  constant  d i f f e r e n t i a l  f l o w  
c o n t r o l l e r s  so t h a t  t h e  column f l o w  r a t e  w i l l  remain constant  throughout 
desorp t ion  and temperature program operat ion.  For some column 
con f i gu ra t i ons ,  t h e  column oven must be cooled t o  < 30°C, t he re fo re ,  a 
subambient oven c o n t r o l l e r  may be requ i red .  The c a p i l l  a ry  column should 
be d i r e c t l y  coupled t o  t h e  source. 

4.4.1.1 Capi 11 a ry  precol  umn i n t e r f a c e  when us ing cryogenic 
c o o l i n g  - Th is  dev ice i n t e r f a c e s  t h e  purge and t r a p  concent ra to r  t o  
t h e  capi  11 a ry  gas chromatograph. The i n t e r f a c e  condenses the  
desorbed sample components and focuses them i n t o  a narrow band on an 
uncoated fused s i l  i c a  c a p i l l  a ry  p reco l  umn. When t h e  i n t e r f a c e  i s  
f l a s h  heated, t h e  sample i s  t r a n s f e r r e d  t o  t h e  a n a l y t i c a l  c a p i l l a r y  
c o l  umn. 

4.4.1.1.1 Dur ing t h e  cryofocuss ing step, t he  
temperature o f  t h e  fused s i l  i c a  i n  t h e  i n t e r f a c e  i s  maintained 
a t  -150°C under a stream o f  l i q u i d  n i t r ogen .  A f t e r  t he  
desorp t ion  per iod,  t h e  i n t e r f a c e  must be capable o f  r a p i d  
hea t ing  t o  250°C i n  15 seconds o r  l e s s  t o  complete t h e  
t r a n s f e r  o f  analy tes.  

4.4.2 Gas chromatographic columns 

4.4.2.1 Column 1 - 60 m x 0.75 mm I D  c a p i l l a r y  column 
coated w i t h  VOCOL (Supelco), 1.5 pm f i l m  th ickness,  o r  equiva lent .  

4.4.2.2 Column 2 - 30 - 75 m x 0.53 mm I D  c a p i l l a r y  column 
coated w i t h  DB-624 (J&W S c i e n t i f i c )  , Rt,-502.2 (RESIEK) , o r  VOCOL 
(Supelco), 3 p m  f i l m  th ickness,  o r  equ iva len t .  

4.4.2.3 Column 3 - 30 m x 0.25 - 0.32 mm ID c a p i l l a r y  
column coated w i t h  95% dimethy l  - 5% diphenyl  po l ys i l oxane  (DB-5, 
Rt,-5, SPB-5, o r  equ i va len t ) ,  1 pm f i l m  th ickness.  

4.4.2.4 Column 4 - 60 m x 0.32 mm 10 c a p i l l a r y  column 
coated w i t h  DB-624 (J&W S c i e n t i f i c ) ,  1.8 pm f i l m  th ickness,  o r  
equ i va len t .  

4.4.3 Mass spectrometer - Capable of scanning from 35 t o  300 amu 
every 2 sec o r  l ess ,  us ing  70 v o l t s  (nominal)  e l e c t r o n  energy i n  t he  
e l e c t r o n  impact i o n i z a t i o n  mode. The mass spectrometer must be capable o f  
producing a mass spectrum fo r  p-Bromofl uorobenzene (BF B) which meets a1 1 
o f  t h e  c r i t e r i a  i n  Table 4 when 5-50 ng o f  t h e  GC/MS t u n i n g  standard (BFB) 
i s  i n j e c t e d  through t h e  GC. To ensure s u f f i c i e n t  p r e c i s i o n  o f  mass 
s p e c t r a l  data, t h e  d e s i r a b l e  MS scan r a t e  a1 lows a c q u i s i t i o n  of a t  l e a s t  
f i v e  spec t ra  w h i l e  a sample component e l u t e s  from t h e  GC. 
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4.4.3.1 The i o n  t r a p  mass spect rometer  may be used i f  i t  
i s  capable o f  a x i a l  modulat ion t o  reduce ion-mo lecu le  r e a c t i o n s  and 
can produce e l e c t r o n  i m p a c t - l i k e  spec t ra  t h a t  match those i n  t h e  
EPA/NIST L i b r a r y .  I n  an i o n  t r a p  mass spectrometer,  because i o n -  
molecule r e a c t i o n s  w i t h  wate r  and methanol may produce i n t e r f e r e n c e s  - 
t h a t  c o e l u t e  w i t h  chloromethane and ch loroethane,  t h e  base peak f o r  
bo th  o f  these ana ly tes  w i l l  be a t  m/z 49. T h i s  i o n  shou ld  be used 
as t h e  q u a n t i t a t i o n  i o n  i n  t h i s  case. The mass spect rometer  must be 
capable o f  produc ing a mass spectrum f o r  BFB which meets a l l  o f  t h e  
c r i t e r i a  i n  Table 3 when 5 o r  50 ng a re  in t roduced.  

4.4.4 GC/MS i n t e r f a c e  - Two a l t e r n a t i v e s  a r e  used t o  i n t e r f a c e  t h e  
GC t o  t h e  mass spectrometer.  

4.4.4.1 D i r e c t  coup l i ng  by i n s e r t i n g  t h e  column i n t o  t h e  
mass spectrometer i s  g e n e r a l l y  used f o r  0.25-0.32 mm i d  c o l  umns . 

4.4.4.2 A separa to r  i n c l u d i n g  an a1 1 -g l ass  t r a n s f e r  1  i n e  
and g l a s s  enr ichment dev i ce  o r  s p l i t  i n t e r f a c e  i s  used w i t h  an 
0.53 mm column. 

4.4.4.3 Any enr ichment dev i ce  o r  t r a n s f e r  l i n e  can be used 
i f  a l l  o f  t h e  performance s p e c i f i c a t i o n s  descr ibed  i n  Sec. 8 
( i n c l u d i n g  acceptable c a l i b r a t i o n  a t  50 ng o r  l e s s )  can be achieved. 
GC-to-MS i n t e r f a c e s  cons t ruc ted  e n t i r e l y  o f  g l  ass o r  o f  g l  ass-1 i ned  
m a t e r i a l  s  a re  recommended. G l  ass can be d e a c t i v a t e d  by s i  1  a n i z i  ng 
w i t h  d i c h l o r o d i m e t h y l s i l a n e .  

4.4.5 Data system - A computer system t h a t  a l l o w s  t h e  con t inuous  
a c q u i s i t i o n  and s torage on machine-readable media o f  a1 1 mass spec t ra  
ob ta i ned  th roughout  t h e  d u r a t i o n  o f  t h e  chromatographic program must be *\ 

i n t e r f a c e d  t o  t h e  mass spect rometer .  The computer must have so f twa re  t h a t  &B 

a l l o w s  search ing  any GC/MS da ta  f i l e  f o r  i o n s  o f  a  s p e c i f i e d  mass and 
p l o t t i n g  such i o n  abundances versus t ime  o r  scan nunrber. T h i s  t ype  o f  
p l o t  i s  d e f i n e d  as an Ex t rac ted  I o n  Cur ren t  P r o f  i 1 e (EICP) . Sof tware  must 
a l s o  be a v a i l a b l e  t h a t  a l l ows  i n t e g r a t i n g  t h e  abundances i n  any EICP 
between s p e c i f i e d  t ime  o r  scan-number l i m i t s .  The most r e c e n t  v e r s i o n  o f  
t h e  EPA/NIST Mass Spec t ra l  L i b r a r y  should a1 so be a v a i l  ab le .  

4.5 M ic rosy r i nges  - 10, 25, 100, 250, 500, and 1,000 pL .  

4.6 Syr inge  va l ve  - Two-way, w i t h  Luer ends ( t h r e e  each),  i f  a p p l i c a b l e  
t o  t h e  pu rg ing  dev ice .  

4.7 Syr inges - 5, 10, o r  25 mL, g a s - t i g h t  w i t h  s h u t o f f  va l ve .  

4.8 Balance - A n a l y t i c a l ,  0.0001 g, and t op - l oad ing ,  0.1 g. 

4.9 Glass s c i n t i l l a t i o n  v i a l s  - 20 mL, w i t h  T e f l o n  l i n e d  screw-caps o r  
g l ass  c u l t u r e  tubes w i t h  T e f l o n  1 ined  screw-caps. 

4.10 V i a l s  - 2  mL, f o r  GC autosampler.  
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4.11 Disposable p i p e t s  - Pasteur.  

4.12 Volumetr ic  f lasks,  Class A  - 10 mL and 100 mL, w i t h  ground-glass 
stoppers.  

4.13 Spatu la  - S t a i n l e s s  s t e e l .  

5.0 REAGENTS 

5.1 Reagent grade i no rgan i c  chemicals s h a l l  be used i n  a l l  t e s t s .  Unless 
o therw ise  i nd i ca ted ,  i t  i s  in tended t h a t  a l l  i no rgan i c  reagents s h a l l  conform t o  
t h e  s p e c i f i c a t i o n s  o f  t h e  Committee on A n a l y t i c a l  Reagents o f  t h e  American 
Chemical Soc ie ty ,  where such s p e c i f i c a t i o n s  a re  ava i l ab le .  Other grades may be 
used, p rov ided  i t  i s  f i r s t  ascer ta ined t h a t  t h e  reagent i s  o f  s u f f i c i e n t l y  h i gh  
p u r i t y  t o  pe rm i t  i t s  use w i t hou t  lessen ing  t h e  accuracy o f  t h e  de te rmina t ion .  

5.2 Organ i c - f r ee  reagent  water - A l l  re ferences t o  water  i n  t h i s  method 
r e f e r  t o  o r g a n i c - f r e e  reagent water, as de f ined  i n  Chapter One. 

5.3 Methanol, CH,OH - P e s t i c i d e  q u a l i t y  o r  equ iva len t ,  demonstrated t o  
be f r e e  o f  analy tes.  S to re  apa r t  f rom o the r  so lvents .  

5.4 Reagent Hexadecane - Reagent hexadecane i s  de f i ned  as hexadecane i n  
which i n t e r f e r e n c e  i s  n o t  observed a t  t h e  method d e t e c t i o n  l i m i t  o f  compounds o f  
i n t e r e s t .  

5.4.1 I n  o rder  t o  demonstrate t h a t  a l l  i n t e r f e r i n g  v o l a t i l e s  have 
been removed from t h e  hexadecane, a  d i r e c t  i n j e c t i o n  b lank must be 
analyzed. 

5.5 Polyethy lene g l y c o l ,  H(OCH2CH2),0H - Free o f  i n t e r f e rences  a t  t h e  
d e t e c t i o n  l i m i t  o f  t h e  t a r g e t  ana ly tes .  

5.6 Hydroch lo r i c  a c i d  (1:l v/v), HC1 - C a r e f u l l y  add a  measured volume 
o f  concentrated HC1 t o  an equal volume o f  o r g a n i c - f r e e  reagent  water.  

5.7 Stock s o l u t i o n s  - Stock s o l u t i o n s  may be prepared f rom pure standard 
m a t e r i a l  s  o r  purchased as c e r t i f i e d  so lu t i ons .  Prepare s tock  s tandard s o l u t i o n s  
i n  methanol, us i ng  assayed l i q u i d s  o r  gases, as appropr ia te .  

5.7.1 Place about 9.8 mL o f  methanol i n  a  10 mL t a r e d  ground-g lass-  
stoppered vo lume t r i c  f l a s k .  A1 low the  f l a s k  t o  stand, unstoppered, f o r  
about 10 minutes o r  u n t i l  a l l  a l coho l  -wet ted sur faces have d r i e d .  Weigh 
t h e  f l a s k  t o  t h e  nearest  0.0001 g. 

5.7.2 Add t h e  assayed re fe rence  m a t e r i a l ,  as descr ibed below. 

5.7.2.1 L iqu ids  - Using a  100 pL  sy r inge ,  immediately add 
two o r  more drops o f  assayed re fe rence  m a t e r i a l  t o  t h e  f l a s k ;  then 
reweigh. The l i q u i d  must f a l l  d i r e c t l y  i n t o  t h e  a lcoho l  w i t hou t  
c o n t a c t i n g  t h e  neck o f  t h e  f l a s k .  
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5.7.2.2 Gases - To prepare standards f o r  any compounds 
t h a t  bo i  1  be1 ow 30°C (e.g. bromomethane, c h l  oroethane, chloromethane, 
o r  v i n y l  c h l o r i d e ) ,  f i l l  a 5 mL valved g a s - t i g h t  sy r i nge  w i t h  t h e  
re fe rence standard t o  t he  5.0 mL mark. Lower t h e  needle t o  5 mm 
above the  methanol meniscus. Slowly i n t roduce  t h e  re fe rence standard 
above t h e  sur face o f  t h e  1 i q u i d .  The heavy gas w i  11 r a p i d l y  d i s s o l v e  
i n  t he  methanol. Standards liiay a l so  be prepared by us ing  a l e c t u r e  
b o t t l e  equipped w i t h  a Hami 1 t o n  Lecture B o t t l e  Septum (#86600). 
A t tach  Te f l on  tub ing  t o  t h e  s ide  arm r e l i e f  va lve  and d i r e c t  a  g e n t l e  
stream o f  gas i n t o  t he  methanol meniscus. 

5.7.3 Reweigh, d i l u t e  t o  volume, stopper, and then mix  by i n v e r t i n g  
t h e  f l a s k  severa l  t imes. Ca l cu la te  t he  concentrat  i o n  i n  m i  11 igrams per  
1 i t e r  (mg/L) from the  n e t  ga in  i n  weight.  When compound p u r i t y  i s  assayed 
t o  be 96% o r  g rea te r ,  t h e  weight may be used w i t h o u t  c o r r e c t i o n  t o  
c a l c u l a t e  t h e  concent ra t ion  o f  t he  s tock  standard. Commercial ly prepared 
s tock  standards may be used a t  any concent ra t ion  i f  they a re  c e r t i f i e d  by 
the  manufacturer o r  by an independent source. 

5.7.4 Trans fer  t h e  s tock  standard s o l u t i o n  i n t o  a b o t t l e  w i t h  a 
Te f l on  l i n e d  screw-cap. Store, w i t h  minimal headspace, a t  -10°C t o  -20°C 
and p r o t e c t  f rom l i g h t .  

5.7.5 Prepare f r e s h  standards f o r  gases weekly o r  sooner i f  
comparison w i t h  check standards i n d i c a t e s  a problem. React ive compounds 
such as 2 -ch lo roe thy l  v i n y l  e the r  and styrene may need t o  be prepared more 
f r e q u e n t l y .  A l l  o the r  standards must be replaced a f t e r  s i x  months, o r  
sooner i f  comparison w i t h  check standards i n d i c a t e s  a problem. Both gas 
and l i q u i d  standards must be monitored c l o s e l y  by comparison t o  t h e  
i n i t i a l  c a l  i b r a t i o n  curve and by comparison t o  QC check standards. It may 
be necessary t o  rep lace  t h e  standards more f r e q u e n t l y  i f  e i t h e r  check 
exceeds a 20% d r i f t .  

5.7.6 O p t i o n a l l y  ca l  i b r a t i o n  us ing  a c e r t i f i e d  gaseous m i x t u r e  can 
be accompl i shed d a i l y  u t i l  i z i n g  commerci a1 l y  avai 1  ab le  gaseous ana l y te  
m ix tu re  o f  br,o~nomethane, chloromethane, chloroethane, v i n y l  c h l o r i d e ,  
d i c h l o r o d i  f l  uoromethane and t r i c h l  orof luoromethane i n  n i t r o g e n .  These 
mix tu res  o f  documented q u a l i t y  a re  s t a b l e  f o r  as l o n g  as s i x  months 
w i thou t  r e f r i g e r a t i o n .  (VOA-CYL 111, RESTEK Corporat ion,  Cat. #20194 o r  
equ iva l  e n t )  . 

5.7.6.1 Prepara t ion  o f  Cal i b r a t i  on Standards From a Gas 
M ix tu re  

5.7.6.1.1 Before removing t h e  c y l i n d e r  sh ipp ing  cap, 
be sure t h e  va lve  i s  complete ly  c losed ( t u r n  c lockwise)  . The 
conten ts  a re  under pressure and should be used i n  a w e l l  - 
vent i 1 ated area. 

5.7.6.1.2 Wrap the  p i p e  thread end o f  t h e  Luer f i t t i n g  
w i t h  Te f l on  tape. Remove the  sh ipp ing  cap from t h e  c y l i n d e r  
and rep lace  i t  w i t h  t he  Luer f i t t i n g .  
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5.7.6.1.3 T rans fe r  h a l f  t h e  work ing s tandard con ta i n i ng  
o t h e r  analy tes,  i n t e r n a l  standards, and surrogates t o  t h e  
purge apparatus.  

5.7.6.1.4 Purge t h e  Luer f i t t i n g  and stem on t h e  gas 
c y l  i nder  p r i o r  t o  sample removal us i ng  t h e  f o l  1 owing sequence: 

a) Connect e i t h e r  t h e  100 p L  o r  500 p L  Luer sy r i nge  
t o  t h e  i n l e t  f i t t i n g  o f  t h e  c y l i n d e r .  

b) Make sure t h e  on/of f  va l ve  on t h e  sy r i nge  i s  i n  
t h e  open p o s i t i o n .  

c )  S low ly  open t h e  va l ve  on t h e  c y l i n d e r  and 
wi thdraw a f u l l  s y r i nge  volume. 

d)  Be su re  t o  c l o s e  t h e  v a l v e  on t h e  c y l  i nder  be fo re  
you wi thdraw t h e  s y r i n g e  f r om t h e  Luer f i t t i n g .  

e) Expel t h e  gas f rom t h e  sy r i nge  i n t o  a w e l l -  
v e n t i l a t e d  area. 

f) Repeat s teps a through e one more t ime  t o  f u l l y  
purge t h e  f i t t i n g .  

5.7.6.1.5 Once t h e  f i t t i n g  and stem have been purged, 
q u i c k l y  wi thdraw t h e  volume o f  gas you r e q u i r e  us i ng  s teps 
5.6.6.1.4(a) through (d) .  Be sure t o  c l o s e  t h e  va l ve  on t h e  
c y l i n d e r  and sy r i nge  be fo re  you wi thdraw t h e  sy r i nge  f rom t h e  
Luer  f i t t i n g .  

5.7.6.1.6 Open t h e  sy r i nge  o n / o f f  va l ve  f o r  5 seconds 
t o  reduce t h e  sy r i nge  pressure t o  atmospher ic pressure.  The 
p ressure  i n  t h e  c y l i n d e r  i s  -30 p s i .  

5.7.6.1.7 The gas m i x t u r e  should  be q u i c k l y  t r a n s f e r r e d  
i n t o  t h e  reagent  water  through t h e  female Luer f i t t i n g  l o c a t e d  
above t h e  pu rg i ng  vessel .  

NOTE: Make sure t h e  arrow on t h e  4-way va l ve  i s  - 
p o i n t i n g  toward t h e  female Luer f i t t i n g  when 
t r a n s f e r r i n g  t h e  sample from t h e  sy r inge .  Be su re  
t o  s w i t c h  t h e  4-way v a l v e  back t o  t h e  c losed  
p o s i t i o n  be fo re  removing t h e  s y r i n g e  f rom t h e  
Luer f i t t i n g .  

5.7.6.1.8 Transfer  t h e  remain ing h a l f  of t h e  work ing 
s tandard i n t o  t h e  pu rg i ng  vessel .  Th i s  procedure i nsu res  t h a t  
t h e  t o t a l  volume of gas mix i s  f l u s h e d  i n t o  t h e  purg ing  
vessel ,  w i t h  none remain ing i n  t h e  va l ve  o r  1 ines .  

5.7.6.1.9 Concent ra t ion o f  each compound i n  t h e  
c y l  i n d e r  i s  t y p i c a l l y  0.0025 pg/pL. 
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5.7.6.1.10 The f o l l o w i n g  a r e  t h e  recommended gas volumes 
sp iked i n t o  5  mL o f  water  t o  produce a  t y p i c a l  5 - p o i n t  
c a l  i b r a t  i on: 

Gas 
Vol ume 

40 p L  
100 p L  
200 p L  
300 p L  
400 p L  

Cal i b r a t  i on 
Concent ra t ion  

20 ccs/L 

5.7.6.1.11 The f o l  1  owing a re  t h e  recommended gas v o l  umes 
sp iked i n t o  25 mL o f  water  t o  produce a  t y p i c a l  5 - p o i n t  
c a l  i b r a t  i on : 

Gas 
Vol ume 

10 p L  
20 p L  
50 p L  

100 p L  
250 p L  

Cal i b r a t  i on 
Concent ra t ion  

1 P ~ / L  
2  pg/L 
5  P ~ / L  

10 pg/L 
25 pg/L 

5.8 Secondary d i l u t i o n  standards - Using s tock  s tandard s o l u t i o n s ,  
prepare i n  methanol, secondary d i l u t i o n  standards c o n t a i n i n g  t h e  compounds o f  
i n t e r e s t ,  e i t h e r  s i n g l y  o r  mixed toge ther .  Secondary d i l u t i o n  s tandards must be 
s t o r e d  w i t h  minimal headspace and should be checked f r e q u e n t l y  f o r  s i gns  o f  
degrada t ion  o r  evaporat ion,  e s p e c i a l l y  j u s t  p r i o r  t o  p r e p a r i n g  c a l i b r a t i o n  
s tandards from them. S to re  i n  a  v i a l  w i t h  no headspace f o r  one week on l y .  

5.9 Surrogate s tandards - The sur roga tes  recommended a r e  toluene-d,, 
4-bromofluorobenzene, 1,2-dichloroethane-d,, and d i  bromof l  uoromethane. o t h e r  
compounds may be used as surrogates,  depending upon t h e  a n a l y s i s  requ i rements .  
A  s tock  su r roga te  s o l u t i o n  i n  methanol should be prepared as desc r i bed  above, and 
a  su r roga te  s tandard s p i k i n g  s o l u t i o n  should be prepared f rom t h e  s t o c k  a t  a  
concen t ra t i on  o f  50-250 pg/10 mL i n  methanol. Each wate r  sarr~ple undergoing 
GC/MS a n a l y s i s  must be sp iked w i t h  10 p L  o f  t h e  su r roga te  s p i k i n g  s o l u t i o n  p r i o r  
t o  ana l ys i s .  

5.9.1 I f  a  more s e n s i t i v e  mass spec t ro~ i i e te r  i s  employed t o  ach ieve 
l owe r  d e t e c t i o n  l e v e l s ,  more d i l u t e  sur roga te  s o l u t i o n s  may be r e q u i r e d .  

5.10 I n t e r n a l  standards - The recommended i n t e r n a l  s tandards a r e  
f l  uorobenzene, c h l  orobenzene-d,, and 1 ,4 -d i ch l  orobenzene-d,. Other  compounds may 
be used as i n t e r n a l  standards as l o n g  as t hey  have r e t e n t i o n  t imes  s i m i l a r  t o  t h e  
compounds be ing  de tec ted  by GC/MS. Prepare i n t e r n a l  s tandard s t o c k  and secondary 
d i l u t i o n  s tandards i n  methanol us i ng  t h e  procedures descr ibed  i n  Secs. 5 .7  and 
5.8. It i s  recommended t h a t  t h e  secondary d i l u t i o n  s tandard should be prepared 
a t  a  concen t ra t i on  o f  25 mg/L o f  each i n t e r n a l  s tandard compound. A d d i t i o n  o f  
10 p L  o f  t h i s  s tandard t o  5.0 mL o f  sample o r  c a l i b r a t i o n  s tandard  would be t h e  
e q u i v a l e n t  o f  50 pg/L.  
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5.10.1 I f  a more sens i t i ve  mass spectrometer i s  employed t o  
achieve 1 ower de tec t i on  1 eve1 s, more d i l u t e  i n t e r n a l  standard so lu t ions  
may be requi red.  Area counts o f  t he  i n t e r n a l  standard peaks should be 
between 50-200% o f  the  area o f  the  ta rge t  analytes i n  t he  mid-point  
c a l  i b r a t i o n  analys is .  

5.11 4-Bromofluorobenzene (BFB) standard - A standard s o l u t i o n  conta in ing 
25 ng/pL of BFB i n  methanol should be prepared. 

5.11.1 I f  a more sens i t i ve  mass spectrometer i s  employed t o  
achieve lower de tec t i on  l eve l s ,  a more d i l u t e  BFB standard s o l u t i o n  may be 
requi red.  

5.12 C a l i b r a t i o n  standards - C a l i b r a t i o n  standards a t  a minimum o f  f i v e  
concentrat ions should be prepared from the  secondary d i l  u t i o n  o f  s tock standards 
(see Secs. 5.7 and 5.8). Prepare these so lu t i ons  i n  o rgan ic - f ree  reagent water. 
One o f  t h e  concentrat ions should be a t  a concentrat ion near, but  above, t he  
method de tec t i on  1 i m i t .  The remaining concentrat ions should correspond t o  t h e  
expected range o f  concentrat ions found i n  r e a l  samples bu t  should no t  exceed the  
working range o f  t h e  GC/MS system. Each standard s h o ~ ~ l d  conta in  each analyte f o r  
de tec t i on  by t h i s  method. I t  i s  EPA's i n t e n t  t h a t  a l l  t a r g e t  analytes f o r  a 
p a r t i c u l a r  ana lys is  be inc luded i n  the  ca l  i b r a t i o n  standard(s).  However, these 
t a r g e t  analytes may no t  inc lude the  e n t i r e  L i s t  o f  Analytes (Sec. 1.1) f o r  which 
the  method has been demonstrated. However, the  l abo ra to ry  sha l l  not  repo r t  a 
q u a n t i t a t i v e  r e s u l t  f o r  a t a r g e t  analyte t h a t  was not  inc luded i n  the  c a l i b r a t i o n  
standard(s) . Cal i b r a t  i o n  standards must be prepared d a i l y .  

5.13 M a t r i x  sp i k ing  standards - Ma t r i x  sp ik ing  standards should be 
prepared from vo l  a t  i 1 e organic compounds which w i  11 be representa t ive  o f  the  

,,- - compounds being inves t iga ted .  A t  a minimum, the  ma t r i x  spike should inc lude 1,l- 
\ 

b, 
dichloroethene, t r i ch lo roe thene,  c h l  orobenzene, to1  uene, and benzene. It i s  
des i rab le  t o  perform a m a t r i x  spike using compounds f o l ~ n d  i n  samples. Some 
permi ts  may r e q u i r e  sp i k ing  s p e c i f i c  compounds o f  i n t e r e s t ,  espec ia l l y  i f  they 
are p o l a r  and would not  be represented by the  above 1 i s t e d  compounds. The 
standard should be prepared i n  methanol, w i t h  each compound present a t  a 
concentrat ion o f  250 pg/10.0 mL. 

5.13.1 I f  a more sens i t i ve  mass spectrometer i s  employed t o  
achieve lower de tec t ion  l e v e l s ,  more d i l u t e  ma t r i x  sp i k ing  so lu t ions  may 
be requ i red.  

5.14 Great care must be taken t o  mainta in t h e  i n t e g r i t y  o f  a l l  standard 
so lu t ions .  It i s  recommended a l l  standards i n  methanol be stored a t  -10°C t o  
-20°C i n  amber b o t t l e s  w i t h  Tef lon  l i n e d  screw-caps. 

6.0 SAMPLE COLLECTION, PRESERVATION, AND HANDLING 

6.1 See the  i n t roduc to ry  mater ia l  t o  t h i s  chapter, Organic Analytes, Sec. 
4.1. 
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7.0 PROCEDURE 

7.1 Three a1 t e r n a t e  methods a r e  p rov ided  f o r  sampl e  i n t r o d u c t i o n .  A1 1  
i n t e r n a l  standards, surrogates,  and m a t r i x  sp ikes  (when appl  i c a b l  e) must be added 
t o  samples b e f o r e  i n t r o d u c t i o n .  

7.1.1 D i r e c t  i n j e c t i o n  - i n  ve ry  l i m i t e d  a p p l i c a t i o n ,  (e.g., 
v o l a t i l e s  i n  waste o i l  o r  aqueous process wastes) d i r e c t  i n j e c t i o n  o f  
aqueous samples o r  samples d i l u t e d  accord ing t o  Method 3585 may be 
appropr ia te .  D i r e c t  i n j e c t i o n  has been used f o r  t h e  a n a l y s i s  o f  v o l  a t i l e s  
i n  waste o i l  ( d i l u t e d  1: l  w i t h  hexadecane) and f o r  de te rm in ing  i f  t h e  
sample i s  i g n i t a b l e  (aqueous i n j e c t i o n ,  Methods 1010 o r  1020). D i r e c t  
i n j e c t i o n  i s  o n l y  p e r m i t t e d  f o r  t h e  de te rm ina t i on  o f  v o l a t i l e s  a t  t h e  
t o x i c i t y  c h a r a c t e r i s t i c  (TC) r e g u l a t o r y  l i m i t s ,  a t  c o n c e n t r a t i o n s  i n  
excess o f  10,000 pg/L, o r  f o r  wa te r -so l  u b l e  compounds t h a t  do n o t  purge. 

7.1.2 Purge-and-trap f o r  aqueous samples, see Method 5030 f o r  
d e t a i  1  s. 

7.1.3 Purge-and-trap f o r  s o l  i d  samples, see Method 5030 f o r  d e t a i l s .  

7.2 Recommended Chromatographic c o n d i t i o n s  

7.2.1 General : 

I n j e c t o r  temperature:  200 - 225°C 
T rans fe r  l i n e  temperature:  250-300°C 

7.2.2 Column 1 (A sample chromatogram i s  presented i n  F i g u r e  5) 

C a r r i e r  gas (He) f l o w  r a t e :  15 mL/min 
I n i t i a l  temperature:  10°C, h o l d  f o r  5  m inu tes  
Temperature program: 6"C/min t o  160°C 
F i n a l  temperature:  160°C, h o l d  u n t i l  a1 1  expected 

compounds have e l  u t e d  . 
7.2.3 Column 2, Cryogenic c o o l i n g  (A sarr~ple chromatogram i s  

presented i n  F igu re  6 )  

C a r r i e r  gas (He) f l o w  r a t e :  15 mL/min 
I n i t i a l  temperature:  10°C, h o l d  f o r  5  m inu tes  
Temperature program: 6"C/min t o  160°C 
F i n a l  temperature:  160°C, h o l d  u n t i l  a l l  expected 

compounds have e l u t e d .  

7.2.4 Column 2 ,  Non-cryogenic coo l  i n g  (A sample chromatogram i s  
presented i n  F igu re  7 ) .  I t  i s  recommended t h a t  c a r r i e r  gas f l o w  and s p l i t  
and make-up gases be s e t  us i ng  performance o f  s tandards as guidance. Set  
t h e  c a r r i e r  gas head pressure t o  = 10 p s i  and t h e  s p l i t  t o  = 30 mL/min. 
Opt im ize  t h e  make-up gas f l o w  f o r  t h e  separa to r  (approx imate ly  30 mL/min) 
by i n j e c t i n g  BFB, and de te rm in ing  t h e  optimum response when v a r y i n g  t h e  
make-up gas. T h i s  w i l l  r e q u i r e  severa l  i n j e c t i o n s  o f  BFB. Next, make 
severa l  i n j e c t i o n s  o f  t h e  v o l a t i l e  work ing s tandard w i t h  a l l  ana l y tes  o f  
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i n t e r e s t .  Ad jus t  t h e  c a r r i e r  and s p l i t  t o  p rov ide  optimum chromatography 
and response. Th is  i s  an e s p e c i a l l y  c r i t i c a l  adjustment f o r  t h e  v o l a t i l e  
gas analy tes.  The head pressure should op t im ize  between 8-12 p s i  and t h e  
s p l i t  between 20-60 mL/min. The use o f  t h e  s p l i t t e r  i s  impor tant  t o  
min imize t h e  e f f e c t  o f  water on ana l y te  response, t o  a l l ow  t h e  use o f  a 
1 a rger  v o l  ume o f  he1 i um du r i ng  t r a p  desorpt ion,  and t o  slow column f low.  

I n i t i a l  temperature: 45"C, h o l d  f o r  2 minutes 
Temperature program: 8"C/mi n t o  200°C 
F i n a l  temperature: 200°C, h o l d  f o r  6 minutes. 

A t r a p  preheated t o  150°C p r i o r  t o  t r a p  desorp t ion  i s  r equ i red  t o  
p rov ide  adequate chromatography o f  t h e  gas analy tes.  

7.2.5 Column 3 ( A  sample chromatogram i s  presented i n  F igure  8 )  

C a r r i e r  gas (He) f l o w  r a t e :  4 mL/min 
I n i t i a l  temperature: 10°C, h o l d  f o r  5 minutes 
Temperature program: 6"C/min t o  70°C, then 15"C/min 

t o  145°C 
F i n a l  temperature: 145"C, ho ld  u n t i l  a l l  expected 

compounds have e lu ted .  

7.2.6 D i r e c t  i n j e c t i o n  - Column 2 

C a r r i e r  gas (He) f l o w  r a t e :  
Column : 
I n i t i  a1 temperature: 
Temperature program: 
F i n a l  temperature: 

Column Bake ou t  ( d i r e c t  i n j ) :  
I n j e c t o r  temperature: 
T rans fe r  l i n e  temperature: 

4 mL/min 
J&W DB-624, 70m x 0.53 mm 
40°C, h o l d  f o r  3 minutes 
8"C/m i n 
260°C, h o l d  u n t  i 1 a1 1 expected 
compounds have e lu ted .  
75 minutes 
200-225°C 
250-300°C 

7.2.7 D i r e c t  S p l i t  I n t e r f a c e  - Column 4 

C a r r i e r  gas (He) f l o w  ra te :  1.5 mL/min 
I n i t i a l  temperature:  35"C, h o l d  f o r  2 minutes 
Temperature program: 4"C/min t o  50°C 

10"C/min t o  220°C 
F i n a l  temperature: 220°C, h o l d  u n t i l  a l l  expected 

compounds have e l u t e d  
S p l i t  r a t i o :  100: 1 
I n j e c t o r  temperature: 125°C 

7.3 I n  i t i a1 c a l  i b r a t  i on - t h e  recommended MS ope ra t i ng  cond i t i ons  

Mass range: 35-260 amu 
Scan t ime: 0.6-2 sec/scan 
Source temperature:  According t o  manufacturer 's  s p e c i f i c a t i o n s  

- 
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I o n  t r a p  on ly :  Set a x i  a1 modul a t i on ,  man i fo ld  temperature, 
and emission c u r r e n t  t o  manufacturer 's  
recommendations 

7.3.1 Each GC/MS system must be hardware-tuned t o  meet t h e  c r i t e r i a  h 
i n  Table 4 f o r  a  5-50 ng i n j e c t i o n  o r  purg ing  o f  4-bromofluorobenzene 'd 
(2  pL i n j e c t i o n  o f  t h e  BFB standard).  Analyses must no t  beg in  u n t i l  these 
c r i t e r i a  a re  met. 

7.3.2 Set up t h e  purge-and-trap system as out1 i ned  .in Method 5030 i f  
purge-and-trap ana l ys i s  i s  t o  be u t i l i z e d .  A s e t  o f  a t  l e a s t  f i v e  
c a l i b r a t i o n  standards con ta in ing  t h e  method ana ly tes  i s  needed. One 
c a l  i b r a t i o n  standard should con ta in  each ana l y te  a t  a  concen t ra t i on  
approaching bu t  g r e a t e r  than t h e  method d e t e c t i o n  l i m i t  (Tab le  1) f o r  t h a t  
compound; t h e  o the r  c a l i b r a t i o n  standards should con ta in  ana ly tes  a t  
concent ra t ions  t h a t  d e f i n e  t h e  range o f  t he  method. C a l i  b r a t i o n  should be 
done us ing  the  sample i n t r o d u c t i o n  technique t h a t  w i l l  be used f o r  
samples. For Method 5030, t h e  purg ing  e f f i c i e n c y  f o r  5 mL o f  water  i s  
g r e a t e r  than f o r  25 mL. Therefore, develop the  standard curve w i t h  
whichever volume o f  sample t h a t  w i l l  be analyzed. 

7.3.2.1 To prepare a c a l i b r a t i o n  standard f o r  purge-and- 
t r a p  o r  aqueous d i r e c t  i n j e c t i o n ,  add an app rop r i a te  volume o f  a  
secondary d i l u t i o n  standard s o l u t i o n  t o  an a l i q u o t  o f  o rgan i c - f ree  
reagent water i n  a vo lumet r ic  f l a s k .  Use a mic rosyr inge and r a p i d l y  
i n j e c t  t h e  a l c o h o l i c  standard i n t o  t h e  expanded area o f  t h e  f i l l e d  
vo lume t r i c  f l a s k .  Remove the  needle as q u i c k l y  as p o s s i b l e  a f t e r  
i n j e c t i o n .  Mix by i n v e r t i n g  t h e  f l a s k  t h r e e  t imes on l y .  D iscard  t h e  
conten ts  conta ined i n  t h e  neck o f  t h e  f l a s k .  Aqueous standards are  
n o t  s t a b l e  and should be prepared d a i l y .  T rans fer  5.0 mL ( o r  25 mL 
i f  lower  d e t e c t i o n  1 i m i t s  a re  requ i red )  o f  each standard t o  a gas 

wj 
t i g h t  sy r inge  along w i t h  10 p L  o f  i n t e r n a l  standard. Then t r a n s f e r  
t h e  conten ts  t o  a purg ing device o r  sy r inge .  Perform purge-and- t rap  
o r  d i r e c t  i n j e c t i o n  as o u t l i n e d  i n  Method 5030. 

7.3.2.2 To prepare a c a l i b r a t i o n  standard f o r  d i r e c t  
i n j e c t i o n  ana l ys i s  o f  o i l ,  d i l u t e  standards i n  hexadecane. 

7.3.3 Tabulate t he  area response o f  the  c h a r a c t e r i s t i c  i ons  (see 
Table 5) aga ins t  concent ra t ion  f o r  each compound and each i n t e r n a l  
standard. Cal c u l  a t e  response f a c t o r s  (RF) f o r  each compound re1  a t  i v e  t o  
one of t h e  i n t e r n a l  standards. The i n t e r n a l  standard se lec ted  f o r  t h e  
c a l c u l a t i o n  o f  t h e  RF f o r  a compound should be the  i n t e r n a l  s tandard t h a t  
has a r e t e n t i o n  t ime c l o s e s t  t o  t h e  compound being measured (Sec. 7.6.2).  
The RF i s  c a l c u l a t e d  as f o l l o w s :  
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where: 

A x  
= Area o f  t h e  c h a r a c t e r i s t i c  i o n  f o r  t h e  compound being 

measured. 
Ais 

= Area o f  t he  c h a r a c t e r i s t i c  i o n  f o r  t h e  s p e c i f i c  
i n t e r n a l  standard. 

Cis 
- - Concentrat i o n  o f  t he  s p e c i f i c  i n t e r n a l  standard. 

c x 
- - Concentrat i o n  o f  t he  compound being measured. 

7.3.4 The average RF must be ca l cu la ted  and recorded f o r  each 
compound us ing t h e  f i v e  RF values ca l cu la ted  f o r  each compound from the  
i n i t i a l  ( 5 -po in t )  c a l  i b r a t  i o n  curve. A system performance check should be 
made be fo re  t h i s  c a l i b r a t i o n  curve i s  used. F ive  compounds ( t he  System 
Performance Check Compounds, o r  SPCCs) are checked f o r  a minimum average 
re1  a t  i ve response f a c t o r .  These compounds are  c h l  oromethane; 1 , l -  
d i c h l  oroethane; bromoform; 1,1,2,2-tetrachl oroethane; and ch l  orobenzene. 
These compounds are  used t o  check compound i n s t a b i l i t y  and t o  check f o r  
degradat ion caused by contaminated l i n e s  o r  a c t i v e  s i t e s  i n  t he  system. 
Exampl es o f  these occurrences are : 

7.3.4.1 Chl oromethane - Th is  compound i s  t he  most 1 i k e l y  
compound t o  be l o s t  i f  the  purge f l o w  i s  t o o  f a s t .  

7.3.4.2 Bromoform - Th is  compound i s  one o f  t he  compounds 
most l i k e l y  t o  be purged very poo r l y  i f  the  purge f low i s  t oo  slow. 
Cold spots and/or a c t i v e  s i t e s  i n  t he  t r a n s f e r  1 ines  may adversely 
a f f e c t  response. Response of t he  q u a n t i t a t i o n  i o n  (m/z 173) i s  
d i r e c t l y  a f fected by t he  t un ing  o f  BFB a t  ions  m/z 174/176. 
Inc reas ing  t he  m/z 174/176 r a t i o  r e l a t i v e  t o  m/z 95 may improve 
bromoform response. 

7.3.4.3 Te t rach l  oroethane and 1 , l  - d i c h l  oroethane - These 
compounds are  degraded by contaminated t r a n s f e r  1 ines  i n  purge-and- 
t r a p  systems and/or a c t i v e  s i t e s  i n  t r app ing  ma te r i a l s .  

7.3.5 Using t he  RFs from the  i n i t i a l  c a l i b r a t i o n ,  c a l c u l a t e  and 
record  t h e  percent  re1  a t i  ve standard d e v i a t i o n  (%RSD) f o r  a1 1 compounds. 
The percent  RSD i s  ca l cu la ted  as f o l l ows :  

S D 
% RSD = - x 100% - 

RFX 

where: 

RSD = R e l a t i v e  standard dev ia t i on .  
R F x 

- - mean of 5 i n i t i a l  RFs f o r  a compound. 
SD = standard d e v i a t i o n  of t h e  5 i n i t i a l  RFs f o r  a compound. 
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where: 

RF, = RF f o r  each o f  t h e  5 c a l  i b r a t  i o n  l e v e l  s 
N = number o f  RF va l  ues (i . e., 5) 

The percen t  r e l a t i v e  s tandard d e v i a t i o n  should be l e s s  than  15% f o r  
each compound. However, t h e  %RSD f o r  each i n d i v i d u a l  C a l i b r a t i o n  Check 
Compound (CCC) must be l e s s  than 30%. The CCCs are: 

1, 1-Dich loroethene,  
Chloroform, 
1,2-Dichloropropane, 
To1 uene, 
E thy l  benzene, and 
V i n y l  c h l o r i d e .  

7.3.5.1 I f  a %RSD g r e a t e r  than  30 percen t  i s  measured f o r  
any CCC, then  c o r r e c t i v e  a c t i o n  t o  e l i m i n a t e  a system l e a k  and/or 
column r e a c t i v e  s i t e s  i s  r e q u i r e d  be fo re  r e a t t e m p t i n g  c a l i b r a t i o n .  

7.3.6 L i n e a r i t y  - I f  t h e  %RSD o f  any compound i s  15% o r  l e s s ,  then  
t h e  r e l a t i v e  response f a c t o r  i s  assumed t o  be cons tan t  over  t h e  
c a l  i b r a t i o n  range, and t h e  average r e l a t i v e  response f a c t o r  may be used e, 
f o r  q u a n t i t a t i o n .  W 

7.3.6.1 I f  t h e  %RSD o f  any compound i s  g r e a t e r  t han  15%, 
c o n s t r u c t  c a l  i b r a t  i o n  curves o f  area r a t i o  (A/A,) versus 
c o n c e n t r a t i o n  us ing  f i r s t  o r  h i ghe r  o rde r  r e g r e s s i o n  f i t  o f  t h e  f i v e  
c a l  i b r a t i o n  p o i n t s .  'The ana l ys t  should s e l e c t  t h e  r e g r e s s i o n  o r d e r  
which i n t r oduces  t h e  l e a s t  c a l i b r a t i o n  e r r o r  i n t o  t h e  q u a n t i t a t i o n .  
The use o f  c a l  i b r a t  i o n  curves i s  a recommended a1 t e r n a t i v e  t o  average 
response f a c t o r  c a l i b r a t i o n  (Sec. 7.6.2.4), and a u s e f u l  d i a g n o s t i c  
o f  s tandard p r e p a r a t i o n  accuracy and abso rp t i on  a c t i v i t y  i n  t h e  
chromatographic system. 

7.3.7 These curves a re  v e r i f i e d  each s h i f t  by pu rg ing  a performance 
s tandard.  Recal i b r a t  i on i s  r e q u i r e d  o n l y  i f c a l  i b r a t  i o n  and on-goi  ng 
performance c r i t e r i a  cannot be met. 

7.4 GC/MS c a l i b r a t i o n  v e r i f i c a t i o n  

7.4.1 P r i o r  t o  t h e  a n a l y s i s  o f  samples, i n j e c t  o r  purge 5-50 ng o f  
t h e  4-bromof l  uorobenzene s tandard f o l l  owing Method 5030. The r e s u l t a n t  
mass spec t ra  f o r  t h e  BFB must meet a l l  o f  t h e  c r i t e r i a  g i v e n  i n  Tab le  4 
be fo re  sample a n a l y s i s  begins.  These c r i t e r i a  must be demonstrated each 
12-hour s h i f t .  
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7 . 4 . 2  The i n i t i a l  c a l i b r a t i o n  curve (Sec. 7.3) f o r  each compound o f  
i n t e r e s t  must be checked and v e r i f i e d  once every 12 hours d u r i n g  ana l ys i s  
w i t h  t h e  i n t r o d u c t i o n  technique used f o r  samples. Th i s  i s  accomplished by 
ana lyz ing  a c a l i b r a t i o n  s tandard t h a t  i s  a t  a concen t ra t i on  near t h e  
midpo in t  concen t ra t i on  f o r  t h e  working range o f  t h e  GC/MS by checking t he  
SPCC and CCC. 

7.4.3 System Performance Check Compounds (SPCCs) - A system 
performance check must be made each 12 hours. I f  t h e  SPCC c r i t e r i a  a re  
met, a comparison of r e 1  a t i v e  response f a c t o r s  i s  made f o r  a l l  compounds. 
Th is  i s  t h e  same check t h a t  i s  app l i ed  du r i ng  t h e  i n i t i a l  c a l i b r a t i o n .  If 
t h e  minimum r e l a t i v e  response f a c t o r s  a re  n o t  met, t he  system must be 
evaluated, and c o r r e c t i v e  a c t i o n  must be taken be fo re  sample ana l ys i s  
begins.  Some p o s s i b l e  problems are  s tandard m i x t u r e  degradat ion, 
i n j e c t i o n  p o r t  i n l e t  contaminat ion, contaminat ion a t  t h e  f r o n t  end o f  t h e  
a n a l y t i c a l  column, and a c t i v e  s i t e s  i n  t h e  column o r  chromatographic 
system. 

7 . 4 . 3 . 1  The minimum r e l a t i v e  response f a c t o r  f o r  v o l a t i l e  
SPCCs are  as f o l l ows :  

Chl oromethane 
1 , l  -Di c h l  oroethane 
Bromof orm 
Chl orobenzene 
1,1,2,2-Tetrachloroethane 

7.4.4 C a l i b r a t i o n  Check Compounds (CCCs) - A f t e r  t h e  system 
performance check i s  met, CCCs l i s t e d  i n  Sec. 7.3.5 a re  used t o  check t he  
v a l i d i t y  o f  t h e  i n i t i a l  c a l i b r a t i o n .  

Cal c u l  a t e  t h e  percent  d r i f t  us ing  t h e  f o l l  owing equat ion:  

% D r i f t  = (C, - C,)/C, x 100 

where: 

C, = Cal i b r a t  i on Check Compound standard concent ra t ion .  
C, = Measured concen t ra t i on  us ing  se lec ted  quant i  t a t i o n  method. 

I f  t h e  percent  d r i f t  f o r  each CCC i s  l e s s  than 20%, t h e  i n i t i a l  
c a l i b r a t i o n  i s  assumed t o  be v a l i d .  I f  t h e  c r i t e r i o n  i s  no t  met (> 20% 
d r i f t ) ,  f o r  any one CCC,  c o r r e c t i v e  a c t i o n  must be taken. Problems 
s i m i l a r  t o  those l i s t e d  under SPCCs cou ld  a f f e c t  t h i s  c r i t e r i o n .  I f  no 
source o f  t h e  problem can be determined a f t e r  c o r r e c t i v e  a c t i o n  has been 
taken, a new f i v e  p o i n t  c a l i b r a t i o n  MUST be generated. Th is  c r i t e r i o n  
MUST be met before q u a n t i t a t i v e  sample ana l ys i s  begins.  If t h e  CCCs are  
n o t  r e q u i r e d  ana ly tes  by t he  permi t ,  then a l l  r e q u i r e d  ana ly tes  must meet 
t h e  20% d r i f t  c r i t e r i o n .  

7.4.5 The i n t e r n a l  s tandard responses and r e t e n t i o n  t imes i n  t h e  
check c a l i b r a t i o n  s tandard must be evaluated immediately a f t e r  o r  d u r i n g  
da ta  a c q u i s i t i o n .  I f  t h e  r e t e n t i o n  t ime f o r  any i n t e r n a l  s tandard changes 
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by more than 30 seconds from the  l a s t  c a l i b r a t i o n  check (12 hours) ,  t h e  
chromatographic system must be inspected f o r  ma l func t ions  and c o r r e c t i o n s  
must be made, as requ i red .  I f  the  EICP area f o r  any o f  t he  i n t e r n a l  
standards changes by a f a c t o r  o f  two (-50% t o  +loo%) from t h e  l a s t  d a i l y  
c a l i b r a t i o n  check standard, t h e  mass spectrometer must be inspected f o r  
ma l func t ions  and co r rec t i ons  must be made, as appropr ia te .  When 
co r rec t i ons  are  made, reana lys i s  o f  samples analyzed w h i l e  t h e  system was 
mal func t ion ing  i s  necessary. 

7.5 GC/MS ana lys is  

7.5.1 It i s  h i g h l y  recommended t h a t  t h e  e x t r a c t  be screened on a 
headspace-GC/FID (Methods 3810/8015), headspace-GC/PID/ELCD (Methods 
3810/8021), o r  waste dilution-GC/PID/ELCD (Methods 3585/8021) us ing  t h e  
same type o f  c a p i l l a r y  column. 'This w i l l  minimize contaminat ion o f  t h e  
GC/MS system from unexpectedly h igh  concentrat ions o f  o rgan ic  compounds. 
Use o f  screening i s  p a r t i c u l a r l y  important  when t h i s  method i s  used t o  
achieve low de tec t i on  l e v e l s .  

7.5.2 A l l  samples and standard so lu t i ons  must be al lowed t o  warm t o  
ambient temperature before ana lys is .  Set up t h e  purge-and-t rap system as 
out1 ined i n  Method 5030 i f  purge-and-trap i n t r o d u c t i o n  w i l l  be used. 

7.5.3 BFB tun ing  c r i t e r i a  and GC/MS c a l i b r a t i o n  v e r i f i c a t i o n  
c r i t e r i a  must be met be fore  analyz ing samples. 

7.5.3.1 Remove t h e  p lunger from a 5 mL sy r i nge  and a t t a c h  
a c losed syr inge valve. I f  lower de tec t i on  1 i m i  t s  are requ i red ,  use 
a 25 mL syr inge.  Open t h e  sample o r  standard b o t t l e ,  which has been 
a1 lowed t o  come t o  ambient temperature, and c a r e f u l l y  pour t h e  sample sllh, 
i n t o  t h e  syr inge b a r r e l  t o  j u s t  shor t  o f  over f lowing.  Replace t h e  
sy r i nge  plunger and compress t h e  sample. Open t h e  syr inge va lve  and 
vent any res idua l  a i r  w h i l e  a d j u s t i n g  t h e  sample volume t o  5.0 mL. 

7.5.4 'The process o f  t a k i n g  an a l i q u o t  destroys t h e  v a l i d i t y  o f  
aqueous and s o i l  samples f o r  f u t u r e  analys is ;  t he re fo re ,  i f  t h e r e  i s  o n l y  
one VOA v i a l ,  t h e  ana lys t  should prepare a second a l i q u o t  f o r  ana lys i s  a t  
t h i s  t ime  t o  p r o t e c t  against  poss ib le  l o s s  of sample i n t e g r i t y .  Th i s  
second sample i s  maintained o n l y  u n t i l  such t ime when t h e  ana lys t  has 
determined t h a t  t h e  f i r s t  sample has been analyzed p rope r l y .  For aqueous 
samples, f i l l i n g  one 20 mL syr inge would r e q u i r e  t h e  use o f  o n l y  one 
syr inge.  I f  a second ana lys is  i s  needed from a syr inge,  i t  must be 
analyzed w i t h i n  24 hours. Care must be taken t o  prevent  a i r  f rom l e a k i n g  
i n t o  t h e  syr inge.  

7.5.4.1 'The f o l 1  owing procedure i s appropr i  a te  f o r  
d i  1  u t  i ng aqueous purgeabl e samples . A1 1 steps must be performed 
w i thou t  delays u n t i l  t h e  d i l u t e d  sample i s  i n  a g a s - t i g h t  syr inge.  

7.5.4.1.1 D i l u t i o n s  may be made i n  vo lumet r i c  f l a s k s  
(10 t o  100 mL). Select  t h e  vo lumet r ic  f l a s k  t h a t  w i l l  a l l o w  
f o r  t h e  necessary d i l u t i o n .  In te rmed ia te  d i l u t i o n s  may be 
necessary f o r  extremely l a r g e  d i l u t i o n s .  
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7.5.4.1.2 Ca l cu la te  t h e  approximate v o l  ume o f  o rgan ic -  
f r e e  reagent  water  t o  be added t o  t h e  vo lume t r i c  f l a s k  
se l ec ted  and add s l i g h t l y  l e s s  than  t h i s  q u a n t i t y  o f  o rgan i c -  
f r e e  reagent  water  t o  t h e  f l a s k .  

7.5.4.1.3 I n j e c t  t h e  p roper  a1 i q u o t  o f  sample f rom t h e  
s y r i n g e  i n t o  t h e  f l a s k .  A l i q u o t s  o f  l e s s  than  1  mL a re  no t  
recommended. D i l u t e  t h e  sample t o  t h e  mark w i t h  o r g a n i c - f r e e  
reagent  water.  Cap t h e  f l a s k ,  i n v e r t ,  and shake t h r e e  t imes. 
Repeat above procedure f o r  a d d i t i o n a l  d i  1  u t i o n s .  

7.5.4.1.4 F i l l  a  5  mL sy r i nge  w i t h  t h e  d i l u t e d  sample. 

7.5.4.2 Composi t i n g  aqueous samples p r i o r  t o  GC/MS 
anal y s i  s  

7.5.4.2.1 Add 5  mL o r  equal l a r g e r  amounts o f  each 
sample (up t o  5  samples a re  a1 lowed) t o  a  25 mL g l  ass sy r inge .  
Spec ia l  p recau t ions  must be made t o  ma in ta i n  zero headspace i n  
t h e  sy r inge .  

7.5.4.2.2 The samples must be cooled a t  4°C d u r i n g  t h i s  
s tep  t o  min imize v o l a t i l i z a t i o n  losses .  

7.5.4.2.3 Mix w e l l  and draw o u t  a  5  mL a l i q u o t  f o r  
ana l ys i s .  

7.5.4.2.4 Fo l low sample i n t r o d u c t i o n ,  pu rg ing ,  and 
desorp t  i on s teps descr ibed  i n  Method 5030. 

7.5.4.2.5 I f  l e s s  than f i v e  samples a re  used f o r  
composi t i ng, a  p r o p o r t i o n a t e l y  smal l  e r  s y r i nge  may be used 
un less  a  25 mL sample i s  t o  be purged. 

7.5.5 Add 10.0 p L  o f  su r roga te  s p i k i n g  s o l u t i o n  and 10 p L  of 
i n t e r n a l  s tandard s p i k i n g  s o l u t i o n  t o  each sample. The sur roga te  and 
i n t e r n a l  standards may be mixed and added as a  s i n g l e  s p i k i n g  s o l u t i o n .  
The a d d i t i o n  o f  10 p L  o f  t h e  su r roga te  s p i k i n g  s o l u t i o n  t o  5  mL of  sample 
i s  e q u i v a l e n t  t o  a  concen t ra t i on  o f  50 pg/L o f  each sur roga te  standard.  
The a d d i t i o n  o f  10 p L  o f  t h e  su r roga te  s p i k i n g  s o l u t i o n  t o  5  g  o f  sample 
i s  e q u i v a l e n t  t o  a  concen t ra t i on  o f  50 pg/kg o f  each sur roga te  standard.  

7.5.5.1 I f  a  more s e n s i t i v e  mass spect rometer  i s  employed 
t o  ach ieve 1  ower d e t e c t i o n  1  eve1 s, more d i  1  u t e  su r roga te  and i n t e r n a l  
s tandard s o l u t i o n s  may be requ i r ed .  

7.5.6 Per form purge-and- t rap  o r  d i r e c t  i n j e c t i o n  by Method 5030. I f  
t h e  i n i t i a l  a n a l y s i s  o f  sample o r  a  d i l u t i o n  o f  t h e  sample has a  
concen t ra t i on  o f  ana l y t es  t h a t  exceeds t h e  i n i t i a l  c a l i b r a t i o n  range, t h e  
sample must be reanalyzed a t  a  h i ghe r  d i l u t i o n .  Secondary i o n  
q u a n t i t a t i o n  i s  a l lowed o n l y  when t h e r e  a r e  sample i n t e r f e r e n c e s  w i t h  t h e  
p r ima ry  i on .  When a  sample i s  analyzed t h a t  has sa tu ra ted  i ons  f rom a  
compound, t h i s  a n a l y s i s  must be f o l l owed  by a  b l ank  o r g a n i c - f r e e  reagent 
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water  ana l ys i s .  I f  t h e  b l ank  ana l ys i s  i s  n o t  f r e e  o f  i n t e r f e r e n c e s ,  t h e  
system must be decontaminated. Sample a n a l y s i s  may n o t  resume u n t i l  t h e  
b l ank  a n a l y s i s  i s  demonstrated t o  be f r e e  o f  i n t e r f e r e n c e s .  

7.5.6.1. A l l  d i l u t i o n s  should keep t h e  response o f  t h e  
ma jo r  c o n s t i t u e n t s  ( p r e v i o u s l y  sa tu ra ted  peaks) i n  t h e  upper h a l f  o f  
t h e  l i n e a r  range o f  t h e  curve. Proceed t o  Secs. 7.6.1 and 7.6.2 f o r  

3 
q u a l i t a t i v e  and q u a n t i t a t i v e  ana l ys i s .  

7.5.7 For m a t r i x  sp ike  ana l ys i s ,  add 10 p L  o f  t h e  m a t r i x  sp i ke  
s o l u t i o n  (Sec. 5.13) t o  t h e  5 mL o f  sample t o  be purged. D i s rega rd ing  any 
d i l u t i o n s ,  t h i s  i s  equ i va len t  t o  a  concen t ra t i on  o f  50 pg/L o f  each m a t r i x  
sp i ke  standard. 

7.6 Data i n t e r p r e t a t i o n  

7.6.1 Q u a l i t a t i v e  ana l ys i s  

7.6.1.1 The q u a l i t a t i v e  i d e n t i f i c a t i o n  o f  compounds 
determined by t h i s  method i s  based on r e t e n t i o n  t ime,  and on 
comparison o f  t h e  sample mass spectrum, a f t e r  background c o r r e c t  ion ,  
w i t h  c h a r a c t e r i s t i c  i o n s  i n  a  re fe rence  niass spectrum. The re fe rence  
mass spectrum must be generated by t h e  l a b o r a t o r y  us ing  t h e  
c o n d i t i o n s  o f  t h i s  method. The c h a r a c t e r i s t i c  i o n s  f rom t h e  
re fe rence  mass spectrum are  d e f i n e d  t o  be t h e  t h r e e  i o n s  o f  g r e a t e s t  
r e l a t i v e  i n t e n s i t y ,  o r  any i ons  over  30% r e l a t i v e  i n t e n s i t y  i f  l e s s  
t han  t h r e e  such i o n s  occur  i n  t h e  re fe rence  spectrum. Compounds 
should be i d e n t i f i e d  as p resen t  when t h e  c r i t e r i a  below a re  met. 

7.6.1.1.1 The i n t e n s i t i e s  o f  t h e  c h a r a c t e r i s t i c  i o n s  m-. 
o f  a  compound maximize i n  t h e  same scan o r  w i t h i n  one scan o f  L 4 

w d  
each o t h e r .  S e l e c t i o n  o f  a  peak by a  d a t a  system t a r g e t  
compound search r o u t i n e  where t h e  search i s  based on t h e  
presence o f  a  t a r g e t  chromatographic peak c o n t a i n i n g  i o n s  
s p e c i f i c  f o r  t h e  t a r g e t  compound a t  a  compound-specif i c  
r e t e n t i o n  t ime  w i l l  be accepted as meet ing t h i s  c r i t e r i o n .  

7 . 6 . 1 . 1 . 2  The RRT of t h e  sample component i s  w i t h i n  
+ 0.06 RRT u n i t s  o f  t h e  RRT o f  t h e  s tandard component. 

7.6.1.1.3 The r e l a t i v e  i n t e n s i t i e s  o f  t h e  
c h a r a c t e r i s t i c  i ons  agree w i t h i n  30% o f  t h e  r e l a t i v e  
i n t e n s i t i e s  o f  these  ions  i n  t h e  r e f e r e n c e  spectrum. 
(Example: For an i o n  w i t h  an abundance of  50% i n  t h e  
re fe rence  spectrum, t h e  corresponding abundance i n  a  sample 
spectrum can range between 20% and 80%.) 

7.6.1.1.4 S t r u c t u r a l  i somers t h a t  produce v e r y  s im i  1  a r  
mass spec t ra  should be i d e n t i f i e d  as i n d i v i d u a l  isomers i f  
they  have s u f f i c i e n t l y  d i f f e r e n t  GC r e t e n t i o n  t imes .  
S u f f i c i e n t  GC r e s o l u t i o n  i s  achieved i f  t h e  h e i g h t  o f  t h e  
v a l l e y  between two isomer peaks i s  l e s s  than  25% o f  t h e  sum o f  
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t h e  two peak he igh ts .  Otherwise, s t r u c t u r a l  isomers are 
i d e n t i f i e d  as i someric p a i r s .  

7.6.1.1.5 I d e n t i f i c a t i o n  i s  hampered when sample 
components are n o t  reso lved  chromatographica l ly  and produce 
mass spec t ra  con ta in ing  ions  con t r i bu ted  by more than one 
analy te.  When gas chromatographic peaks obv ious ly  represent  
more than one sample component ( i  .e., a  broadened peak w i t h  
shoulder(s)  o r  a  v a l l e y  between two o r  more maxima), 
appropr ia te  s e l e c t i o n  o f  ana ly te  spec t ra  and background 
spect ra i s  impor tant .  Examination o f  ex t rac ted  i o n  c u r r e n t  
p r o f i l e s  o f  appropr ia te  i ons  can a i d  i n  t h e  s e l e c t i o n  o f  
spectra,  and i n  qua1 i t a t i v e  i d e n t i f i c a t i o n  o f  compounds. When 
analy tes coe lu te  ( i  e . ,  on l y  one chromatographic peak i s  
apparent) ,  t h e  i d e n t i f i c a t i o n  c r i t e r i a  can be met, b u t  each 
ana ly te  spectrum w i  11 con ta in  extraneous i ons  c o n t r i b u t e d  by 
t h e  coel  u t  i ng compound. 

7.6.1.2 For samples con ta in i ng  components no t  associated 
w i t h  t h e  c a l i b r a t i o n  standards, a  l i b r a r y  search may be made f o r  t h e  
purpose o f  t e n t a t i v e  i d e n t i f i c a t i o n .  The necess i ty  t o  per form t h i s  
type  o f  i d e n t i f i c a t i o n  w i l l  be determined by t h e  type  o f  analyses 
being conducted. Guide1 ines  f o r  making t e n t a t i v e  i d e n t i f i c a t i o n  are: 

(1) R e l a t i v e  i n t e n s i t i e s  o f  major ions  i n  t h e  reference 
spectrum ( i ons  > 10% o f  t h e  most abundant i o n )  should 
be present  i n  t h e  sample spectrum. 

( 2 )  The r e l a t i v e  i n t e n s i t i e s  o f  t h e  major ions  should agree 
w i t h i n  + 20%. (Example: For an i o n  w i t h  an abundance 
o f  50% i n  t h e  standard spectrum, t h e  corresponding 
sample i o n  abundance must be between 30 and 70%). 

(3) Molecular  ions  present  i n  t h e  re fe rence  spectrum should 
be present  i n  t h e  sample spectrum. 

(4 )  Ions  present  i n  t h e  sample spectrum bu t  n o t  i n  t h e  
re fe rence  spectrum should be reviewed f o r  poss i  b l  e  
background contami na t  i on o r  presence o f  coel  u t  i n g  
con'lpounds . 

(5 )  Ions present  i n  t he  reference spectrum bu t  no t  i n  t h e  
sample spectrum should be reviewed f o r  poss ib le  
s u b t r a c t i o n  from t h e  sample spectrum because o f  
background contaminat ion o r  coel  u t  i n g  peaks. Data 
system l i b r a r y  reduc t i on  programs can sometimes c rea te  
these d iscrepancies.  

Computer generated l i b r a r y  search r o u t i n e s  should no t  use 
no rma l i za t i on  r o u t i n e s  t h a t  would misrepresent t h e  l i b r a r y  o r  unknown 
spec t ra  when compared t o  each o the r .  Only a f t e r  v i s u a l  comparison 
o f  sample w i t h  t h e  nearest  1  i b r a r y  searches w i l l  t h e  mass spec t ra l  
i n t e r p r e t a t i o n  s p e c i a l i s t  assign a t e n t a t i v e  i d e n t i f i c a t i o n .  
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7.6.2 Q u a n t i t a t i v e  ana l ys i s  

7.6.2.1 When a  corr~pound has been i d e n t i f i e d ,  t h e  
q u a n t i t a t i o n  o f  t h a t  compound w i l l  be based on t h e  i n t e g r a t e d  
abundance from the  EICP o f  t he  pr imary  c h a r a c t e r i s t i c  i on .  P""aa, 
Quan t i  t a t i o n  w i l l  t ake  p lace  us ing the  i n t e r n a l  standard technique. bd 
The i n t e r n a l  standard used s h a l l  be t h e  one nearest  t h e  r e t e n t i o n  
t ime o f  t h a t  o f  a  g iven  analy te.  

7.6.2.2 When MS response i s  1 i nea r  and passes through the  
o r i g i n ,  c a l c u l a t e  t he  concent ra t ion  o f  each i d e n t i f i e d  ana l y te  i n  t h e  
sample as fo l l ows :  

Water 

.. - 
concent ra t ion  (pg/L) = 

(Ais) (W) (VO) 

where: 

Ax 
= Area o f  c h a r a c t e r i s t i c  i o n  f o r  compound being 

measured. 
I s  

- - Amount o f  i n t e r n a l  standard i n j e c t e d  (ng ) .  

'is 
- - Area o f  c h a r a c t e r i s t i c  i o n  f o r  t h e  i n t e r n a l  

- standard. 
RF - - Mean r e l a t i v e  response f a c t o r  f o r  compound being 

measured. 
"0 

- - Volume o f  water purged (mL), t a k i n g  i n t o  
cons ide ra t i on  any d i l u t i o n s  made. rn 

wi 
Sediment/Soil Sludge (on a  d ry -we igh t  b a s i s )  and Waste 

(normal ly  on a  wet-weight bas is )  

(A,) (1,) (Vt) 
concent ra t ion  (pg/kg) = 

(4s) (m) (Vi) (Us) (Dl  

where: 

A,, I,, A,, G, = Same as f o r  water.  
vt 

- - Volume o f  t o t a l  e x t r a c t  (pL )  (use 10,000 p L  o r  a  
f a c t o r  o f  t h i s  when d i l u t i o n s  a re  made). 

V i  - - Volume o f  e x t r a c t  added (pL )  f o r  purg ing .  

w , - - Weight o f  sample ex t rac ted  o r  purged ( g ) .  
D  - - % d r y  weight o f  sample/100, o r  1 f o r  a  wet-weight  

bas i  s  . 
7.6.2.3 Where appl i cab le ,  an es t imate  o f  concen t ra t i on  f o r  

nonca l i b ra ted  components i n  t he  sample should be made. The formulae 
g i ven  above should be used w i t h  t h e  f o l l o w i n g  m o d i f i c a t i o n s :  The 
areas A, and A,, should be from the  t o t a l  i o n  chromatograms, and t h e  
RF f o r  t h e  compound should be assumed t o  be 1.  Tbfe concen t ra t i on  
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obta ined should be repor ted  i n d i c a t i n g  (1 )  t h a t  t he  value i s  an 
es t imate  and (2 )  which i n t e r n a l  standard was used t o  determine 
concentrat ion.  Use the  nearest  i n t e r n a l  standard f r e e  o f  
i n te r f e rences .  

7.6.2.4 A1 t e r n a t i v e l y ,  t h e  regress ion  1 i n e  f i t t e d  t o  t he  
i n i t i a l  c a l i b r a t i o n  (Sec. 7.3.6.1) may be used f o r  de te rmina t ion  o f  
ana ly te  concentrat  ion.  

8.0 QUALITY CONTROL 

8.1 Refer t o  Chapter One and Method 8000 f o r  general q u a l i t y  con t ro l  
procedures. 

8.2 Add i t i ona l  r equ i red  inst rument  QC i s  found i n  t h e  Secs. 7.3 and 7.4: 

8.2.1 The GC/MS system must be tuned t o  meet t h e  BFB s p e c i f i c a t i o n s .  

8.2.2 There must be an i n i t i a l  c a l i b r a t i o n  o f  t he  GC/MS system 

8.2.3 The GC/MS system must meet t he  SPCC c r i t e r i a  and the  CCC 
c r i t e r i a ,  each 12 hours. 

8.3 To e s t a b l i s h  t h e  a b i l i t y  t o  generate acceptable accuracy and 
p rec i s i on ,  t h e  ana lys t  must per form t h e  f o l l o w i n g  operat ions.  

8.3.1 A qua1 i t y  c o n t r o l  (QC) reference sample concentrate i s  
r equ i red  con ta in i ng  each ana ly te  a t  a  concent ra t ion  o f  10 mg/L o r  l e s s  i n  
methanol. The QC re fe rence  sample concentrate may be prepared from pure 
standard m a t e r i a l s  o r  purchased as c e r t i f i e d  so lu t i ons .  I f  prepared by 
t he  l abo ra to ry ,  t h e  QC reference sample concentrate must be made using 
s tock  standards prepared independent ly f rom those used f o r  c a l i b r a t i o n .  

8.3.2 Prepare a QC re fe rence  sample t o  con ta in  20 pg/L o r  l e s s  o f  
each ana l y te  by adding 200 pL o f  Q C  re ference sample concentrate t o  100 mL 
o f  o r g a n i c - f r e e  reagent water. 

8.3.3 Four 5-mL a l i q u o t s  of t he  we l l  mixed QC re fe rence  sample a re  
analyzed accord ing t o  t h e  method beginning i n  Sec. 7.5.1. 

8.3.4 Ca lcu la te  t he  average recovery (x) i n  pg/L, and the  standard 
d e v i a t i o n  o f  t he  recovery (s)  i n  D ~ / L ,  f o r  each ana ly te  us ing t he  f o u r  
r e s u l t s .  

8.3.5 Tables 7 and 8 p rov ide  s i n g l e  l abo ra to ry  recovery and 
p r e c i s i o n  da ta  obta ined f o r  t he  method analy tes from water.  S i m i l a r  
r e s u l t s  f rom do_sed water should be expected by any experienced l abo ra to ry .  
Compare s  and x  (Sec. 8.3.4) f o r  each ana l y te  t o  t h e  s i n g l e  l abo ra to ry  
recovery and p r e c i s i o n  data.  Resul ts  are comparable i f  the  ca l cu la ted  
standard d e v i a t i o n  o f  t he  recovery does no t  exceed 2.6 t imes the  s i n g l e  
l a b o r a t o r y  RSD o r  20%, whichev_er i s  g rea te r ,  and the  mean recovery 1 i e s  
w i t h i n  t he  i n t e r v a l  k f 3s o r  x 2 30%, whichever i s  g rea te r .  
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NOTE: The l a r g e  number o f  analytes i n  Tables 7  and 8  present a  - 
substan t i a l  p r o b a b i l i t y  t h a t  one o r  more w i l l  f a i l  a t  l e a s t  
one o f  t h e  acceptance c r i t e r i a  when a l l  ana ly tes  o f  a  g iven 
method are determined. 

8.3.6 When one o r  more o f  t he  analytes tes ted  are n o t  comparable t o  
the  data i n  Table 6  o r  7, t h e  analyst  must proceed according t o  Sec. 
8.3.6.1 o r  8.3.6.2. 

8.3.6.1 Locate and c o r r e c t  t h e  source o f  t h e  problem and 
repeat  t h e  t e s t  f o r  a l l  analy tes beginning w i t h  Sec. 8.3.2. 

8.3.6.2 Beginning w i t h  Sec. 8.3.2, repeat  t h e  t e s t  on l y  
f o r  those analytes t h a t  are no t  comparable. Repeated f a i l u r e ,  
however, w i l l  con f i rm  a  general problem w i t h  t h e  measurement system. 
I f  t h i s  occurs, l o c a t e  and c o r r e c t  the  source o f  t h e  problem and 
repeat  t h e  t e s t  f o r  a l l  conipounds o f  i n t e r e s t  beginning w i t h  Sec. 
8.3.2. 

8.4 For aqueous and s o i l  matr ices, l a b o r a t o r y  es tab l i shed  surrogate 
c o n t r o l  l i m i t s  should be compared w i t h  t h e  con t ro l  l i m i t s  l i s t e d  i n  Table 8. 

8.4.1 I f  recovery i s  no t  w i t h i n  l i m i t s ,  t h e  f o l l o w i n g  procedures are 
requ i red .  

8.4.1.1 Check t o  be sure t h a t  t h e r e  are  no e r r o r s  i n  t h e  
ca l cu la t i ons ,  surrogate s o l u t i o n s  o r  i n t e r n a l  standards. I f  e r r o r s  
are found, reca l  c u l  a t e  t h e  data accordingly .  

8.4.1.2 Check inst rument  performance. I f  an inst rument  A performance prob l  em i s  i dent i f i ed, c o r r e c t  t h e  problem and re-ana lyze  
the  e x t r a c t .  

8.4.1.3 I f  no problem i s  found, r e - e x t r a c t  and re-ana lyze  
t h e  sample. 

8.4.1.4 If, upon re -ana lys i s ,  t he  recovery i s  again no t  
w i t h i n  l i m i t s ,  f l a g  the  data as "est imated concent ra t ion" .  

8.4.2 A t  a  minimum, each 1  aboratory should update sur rogate  recovery 
1  i m i t s  on a  ma t r i x -by -ma t r i x  basis ,  annual ly .  

9.0 METHOD PERFORMANCE 

9.1 The method de tec t i on  l i m i t  (MDL) i s  de f ined as t h e  minimum 
concent ra t ion  o f  a  substance t h a t  can be measured and repo r ted  w i t h  99% 
conf idence t h a t  t h e  value i s  above zero. The MUL a c t u a l l y  achieved i n  a  g iven 
ana lys i s  w i l l  vary depending on inst rument  s e n s i t i v i t y  and m a t r i x  e f f e c t s .  

9.2 'This method has been tes ted  i n  a  s i n g l e  l a b o r a t o r y  us ing  spiked 
water.  Using a  wide-bore capi  11 ary co l  umn, water was spiked a t  concent ra t ions  
between 0.5 and 10 pg/L. S ing le  l abo ra to ry  accuracy and p r e c i s i o n  da ta  are 
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presented f o r  the method analytes i n  Table 6. Calculated MDLs are presented i n  
Table 1. 

9.3 'The method was tes ted  using water spiked a t  0.1 t o  0.5 pg/L and 
I analyzed on a cryofocussed narrow-bore column. The accuracy and p rec i s ion  data 

f o r  these compounds are presented i n  Table 7. MDL values were a1 so ca lcu la ted  
from these data and are presented i n  Table 2. 

9.4 D i r e c t  i n j e c t i o n  has been used f o r  the  analys is  o f  waste motor o i l  
samples us ing a wide-bore column. The accuracy and p rec i s ion  data f o r  these 
compounds are presented i n  Table 10. 
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TABLE 1. 
CHROMATOGRAPHIC RETENTION TIMES AND METHOD DETECTION LIMITS (MDL) 
FOR VOLATILE ORGANIC COMPOUNDS ON WIDE-BORE CAPILLARY COLUMNS 

ANALYTE RETENTION TIME M D L ~  
[minutes) (1r!3/L 

Column la Column 2b Column 2'" 

Dichl orodi fl uoromethane 
Chl oromethane 
Vinyl Chloride 
Bromomet hane 
Chl oroethane 
Trichl orofl uoromethane 
Acrol ei n 
Iodomet hane 
Acetonitrile 
Carbon disulfide 
A1 lyl chloride 
Methylene chloride 
1,l-Dichloroethene 
Acetone 
trans-1,2-Dichloroethene 
Acrylonitrile 
1,l-Dichloroethane 

;C"- *1 
Vinyl acetate 

i 2,2-Dichloropropane 
2-Butanone 
ci s-1,2-Dichloroethene 
Propioni trile 
Chloroform 
Bromochl oromethane 
Methacryl oni tri 1 e 
1 ,l , 1 -Trichl oroethane 
Carbon tetrachloride 
1,l-Dichl oropropene 
Benzene 
1,2-Dichloroethane 
Tri chl oroethene 
1,2-Dichloropropane 
Bromodi chl oromethane 
Di bromomethane 
Methyl methacryl ate 
1,4-Dioxane 
2-Chloroethyl vinyl ether 
4-Methyl-2-pentanone 
trans-1,3-Dichloropropene 
To1 uene 
cis-1,3-Dichloropropene 
1,1,2-Trichloroethane 
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TABLE 1. 
(Continued) 

ANALYTE RETENTION TIME 
(minutes 1 (c(g/L) 

Column la Column 2b Column 2'" 

E thy l  methacryl  a t e  
2-Hexanone 
Tet rach l  oroethene 
1,3-Di c h l  oropropane 
Di  bromochl oromet hane 
l ,2-Di  bromoethane 
1-Chl orohexane 
Chl orobenzene 
1,1,1,2-Tetrachloroethane 
Ethy l  benzene 
p-Xyl ene 
m-Xyl ene 
o-Xyl ene 
Styrene 
Bromoform 
Isopropy l  benzene (Cumene) 
cis-1,4-Dichloro-2-butene 
1,1,2,2-Tetrachloroethane 
Bromobenzene 
1,2,3-Tr ichloropropane 
n-  Propyl benzene 
2-Chl o r o t o l  uene 
trans-1,4-Dichloro-2-butene 
1,3,5-Trimethylbenzene 
4-Chl o r o t o l  uene 
Pentachl oroethane 
1,2,4-Trimethyl benzene 
sec-Butylbenzene 
t e r t  -Bu ty l  benzene 
p- Isopropy l  t o 1  uene 
1,3-Dichl  orobenzene 
1,4-Di c h l  orobenzene 
Benzyl c h l o r i d e  
n-Buty l  benzene 
1,2-Di c h l  orobenzene 
1,2-Di bromo-3-chl oropropane 
1,2,4-Tr ich l  orobenzene 
Hexachl orobutadi  ene 
Naphtha1 ene 
1,2,3-Trichlorobenzene 
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TABLE 1. 
(Continued) 

I- 
-< S' ANALYTE RETENTION TIME M D L ~  

(minutes 1 ( P ~ / L )  
Column la Column 2b Column 2'" 

INTERNAL STANDARDS/SURROGATES 

1,4-Di f l  uorobenzene 
Chl orobenzene-d, 
1,4-Dichl orobenzene-d, 

4-Bromofl uorobenzene 
1,2-Dichl orobenzene-d, 
D i  ch l  oroethane-d, 
Di bromofl uoromethane 
To1 uene-d, 
Pentaf l  uorobenzene 
F l  uorobenzene 

" Column 1 - 60 meter x 0.75 mm ID VOCOL capi 11 ary. Hold a t  10°C f o r  8 minutes, 
then program t o  180°C a t  4"/min. 

Ye"- , 
j Column 2 - 30 meter x 0.53 mm ID DB-624 wide-bore c a p i l l a r y  us ing cryogenic 
kp<, oven. Hold a t  10°C f o r  5 minutes, then program t o  160°C a t  6"/min. 

" Col ~ ~ m n  2' - 30 meter x 0.53 mm ID DB-624 wide-bore c a p i l l  ary, cool i n g  GC oven 
t o  ambient temperatures. Hold a t  10°C f o r  6 minutes, program t o  70°C a t  
10°/min, program t o  120°C a t  5"/min, then program t o  180°C a t  aO/min. 

MDL based on a 25 mL sample volume. 
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TABLE 2. 
CHROMATOGRAPHIC RETENTION TIMES AND METHOD DETECTION LIMITS (MDL) 

FOR VOLATILE ORGANIC COMPOUNDS ON NARROW-BORE CAPILLARY COLUMNS 

ANALYTE RETENTION TIME M D L ~  
(minutes) (c(g/L) 
Column 3" 

D ich l  o r o d i f l  uoromethane 
Chl oromethane 
V iny l  c h l o r i d e  
Bromomet hane 
Chl oroethane 
T r i c h l  o r o f l  uoromethane 
1, l -Dichloroethene 
Methyl ene c h l o r i d e  
t rans -  1,2-Di ch l  oroethene 
1, l -Dichloroethane 
cis-1,2-Dichloroethene 
2,2-Dichl oropropane 
Chl oroform 
Bromochl oromet hane 
l , l , l - T r i c h l o r o e t h a n e  
1,2-Dichl oroethane 
1 , 1 -Di c h l  oropropene 
Carbon t e t r a c h l o r i d e  
Benzene 
1,2-Di ch l  oropropane 
T r i  ch l  oroethene 
D i  bromomethane 
Bromodi c h l  oromethane 
To1 Ilene 
1,1,2-Trichloroethane 
1,3 -Di ch l  oropropane 
Di bromochl oromethane 
Tetrachloroethene 
1,2-Dibromoethane 
Chl orobenzene 
1,1,1,2-Tetrachl oroethane 
Ethy l  benzene 
p-Xyl ene 
m-Xyl ene 
Bromof orm 
o-Xylene 
Styrene 
1,1,2,2-Tetrachloroethane 
1,2,3-Trichloropropane 
I sopropyl benzene 
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TABLE 2. 
(Continued) 

- '\ 

ANALYTE 
!'.- -/' 

RETENTION TIME M D L ~  
(minutes) (PS/L) 
Column 3" 

Bromobenzene 
2-Chl o r o t o l  uene 
n - Propyl benzene 
4-Chl o r o t o l  uene 
1,3,5-Trimethyl benzene 
ter t -Buty lbenzene 
1,2,4-Trimethyl benzene 
sec- Bu ty l  benzene 
1,3-Dichlorobenzene 
p- Isopropy l  to1  uene 
1,4-Dichl orobenzene 
1,2-Dichlorobenzene 
n- Buty l  benzene 
1,2-Di bromo-3-chl oropropane 
1,2,4-Trichl  orobenzene 
Naphthalene 
Hexachl orobutadiene 
1,2,3-Trichlorobenzene 

/*.x , \ 

L4 
" Column 3 - 30 meter x 0.32 mm ID DB-5 c a p i l l a r y  w i t h  1 pm f i l m  thickness. 

b MDL based on a 25 mL sample volume. 
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TABLE 3. 
ESTIMATED QUANTITATION LIMITS FOR VOLATILE ANALYTESa 

Est imated Q u a n t i t a t i o n  L i m i t s  
( A l l  Ana ly tes  i n  Table 1) 

Ground wate r  Low ~ o i  1  / ~ e d i  mentb 
Pg/L Pg/kg 

Purg ing 5  mL o f  wa te r  5  

Purg ing 25 mL o f  water  1 

Soi l /Sediment - 

" Est imated Q u a n t i t a t i o n  L i m i t  (EQL) - The lowes t  c o n c e n t r a t i o n  t h a t  can be 
r e l i a b l y  achieved w i t h i n  s p e c i f i e d  l i m i t s  o f  p r e c i s i o n  and accuracy d u r i n g  
r o u t i n e  l a b o r a t o r y  o p e r a t i n g  c o n d i t i o n s .  'The EQL i s  g e n e r a l l y  5  t o  10 
t imes  t h e  MDL. However, i t  may be nom ina l l y  chosen w i t h i n  these  gu ide1  i nes  
t o  simp1 i f y  da ta  r e p o r t i n g .  For  many ana ly tes  t h e  EQL i s  s e l e c t e d  f rom t h e  
lowes t  non-zero s tandard i n  t h e  c a l i b r a t i o n  curve.  Sample EQLs a r e  h i g h l y  
matr ix -dependent .  The EQLs l i s t e d  h e r e i n  a re  p rov ided  f o r  guidance and may 
n o t  always be achievable.  p""a, 

b EQLs l i s t e d  f o r  so i l / sed iment  a re  based on wet we igh t .  Norma l l y  d a t a  a re  
* 

r e p o r t e d  on a  d r y  we igh t  bas is ;  t h e r e f o r e ,  EQLs w i l l  be h i ghe r ,  based on 
t h e  pe rcen t  d r y  we igh t  i n  each sample. 

Other  Ma t r i ces  Fac to rc  

Water m i s c i b l e  1  i q u i d  waste 5 0  
H igh -concen t ra t i on  s o i l  and s ludge 125 
Non-water m i s c i b l e  waste 500 

[EQL f o r  l o w  so i l / sed iment  (see Table 3 ) ]  X [Fac to r ] .  For  non-aqueous 
samples, t h e  f a c t o r  i s  on a  wet-weight  b a s i s .  
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TABLE 4. 
BFB MASS - INTENSITY SPECIFICATIONS (4-BROMOFLUOROBENZENE)" 

Mass ~ n t e n s i  ty Required ( re1  a t i v e  abundance) 

15 t o  40% o f  mass 95 
30 t o  60% o f  mass 95 
base peak, 100% re1 a t  i ve abundance 
5 t o  9% o f  mass 95 
l e s s  than 2% o f  mass 174 
g r e a t e r  than 50% o f  mass 95 
5 t o  9% o f  mass 174 
g r e a t e r  than 95% but  l e s s  than 101% o f  mass 174 
5 t o  9% o f  mass 176 

" A l t e r n a t e  t un ing  c r i t e r i a  may be used (e.g. CLP, Method 524.2, o r  
manufacturers' i n s t r u c t i o n s ) ,  prov ided t h a t  method performance i s  no t  
adversely  a f f ec ted .  
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TABLE 5. 
CHARACTERISTIC MASSES (M/Z) FOR PURGEABLE ORGANIC COMPOUNDS 

Anal y t e  

Primary Secondary 
C h a r a c t e r i s t i c  C h a r a c t e r i s t i c  

I on  I o n  (s)  

Acetone 
A c e t o n i t r i l e  
Acro l  e i n  
A c r y l o n i t r i l e  
A1 l y l  a1 coho1 
A l l y 1  c h l o r i d e  
Benzene 
Benzyl c h l o r i d e  
Bromoacetone 
Bromo benzene 
Bromochl oromethane 
Bromodi c h l  oromethane 
Bromoform 
Bromomet hane 
i so-Butanol 
n-Butanol 
2-Butanone 
n - Bu ty l  benzene 
sec-Butylbenzene 
te r t -Buty lbenzene 
Carbon d i  su l  f i d e  
Carbon t e t r a c h l o r i d e  
Ch lora l  hydrate 
Chl oroacetoni  tri 1 e 
Chl orobenzene 
1-Chl orobutane 
Chlorodibromomethane 
Chl oroethane 
2-Chl o roe t  hanol 
bis-(2-chloroethyl ) s u l f i d e  
2-Chl o roe thy l  v i n y l  e the r  
Chl oroform 
Chl oromethane 
Chl oroprene 
3 - C h l o r o p r o p i o n i t r i l e  
2-Chl o r o t o l  uene 
4-Chl o r o t o l  uene 
1,2-Dibromo-3-chloropropane 
Dibromochloromethane 
1,2-Di bromoethane 
D i  bromomethane 
1,2-Dichl  orobenzene 
1,2-Dichlorobenzene-d, 
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TABLE 5. (continued) 

,- 

' .Lei 

Anal yte 

Pr i mary Secondary 
Characteristic Characteristic 

I on Ion(s) 

1,3-Dichl orobenzene 
1,4-Dichl orobenzene 
cis-1,4-Dichloro-2-butene 
trans-1,4-Dichl oro-2-butene 
Di chl orodi fl uoromethane 
1,l-Dichloroethane 
1,2-Dichloroethane 
1,l-Dichloroethene 
cis-1,2-Dichloroethene 
trans-1,2-Dichloroethene 
1,2-Di chl oropropane 
1,3-Dichl oropropane 
2,2-Di chl oropropane 
1,3-Dichloro-2-propanol 
1,l -Di chl oropropene 
cis-1,3-Dichloropropene 
trans-1,3-Dichl oropropene 
1,2,3,4-Diepoxybutane 
Diethyl ether 
1,4-Dioxane 
Epichlorohydrin 
Ethanol 
Ethyl acetate 
Ethyl benzene 
Ethylene oxide 
Ethyl nlethacryl ate 
Hexachl orobutadi ene 
Hexachl oroethane 
2-Hexanone 
2-Hydroxypropionitrile 
Iodomet hane 
Isobutyl alcohol 
Isopropyl benzene 
p-Isopropyltoluene 
Malononitrile 
Methacryl oni tri 1 e 
Methyl acryl ate 
Methyl -t-butyl ether 
Methylene chloride 
Methyl ethyl ketone 
Methyl iodide 
Methyl methacryl ate 
4-Methyl -2-pentanone 
Naphtha1 ene 
Nitrobenzene 
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TABLE 5.(continued) 

Primary Secondary 
Characteristic Characteristic 

Anal yte I on Ion(s) kw/ 

2-Nitropropane 46 
2-Pic01 ine 93 
Pentachl oroet hane 167 
Propargyl a1 coho1 55 
6-Propiol actone 42 
Propionitrile (ethyl cyanide) 5 4 
n - Propyl ami ne 5 9 
n-Propyl benzene 9 1 
Pyridine 79 
Styrene 104 
1,2,3-Trichlorobenzene 180 
1,2,4-Trichl orobenzene 180 
1,1,1,2-Tetrachloroethane 131 
1,1,2,2-Tetrachloroethane 83 
Tetrachl oroethene 164 
To1 uene 92 
1 , 1, 1 -Tri chl oroethane 9 7 
1,1,2-Tri chl oroethane 83 
Tri chl oroethene 95 
Tri chl orofl uoromethane 151 
1,2,3-Trichl oropropane 75 
1,2,4-Trimethyl benzene 105 
1,3,5-Trimethyl benzene 105 
Vinyl acetate 43 
Vinyl chloride 6 2 
o-Xyl ene 106 
m-Xyl ene 106 
p-Xyl ene 106 

INTERNAL STANDARDS/SlIRROGATES 

1,4-Di fl uorobenzene 
Chl orobenzene-d, 
1,4-Dichlorobenzene-d, 
4-Bromofluorobenzene 
Di bromof 1 uoromethane 
Dichl oroethane-d, 
To1 uene-d, 
Pentaf 1 uorobenzene 
Fl uorobenzene 

* - characteristic ion for an ion trap mass spectrometer (to be used when 
i on-mol ecul e react ions are observed) 
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TABLE 6. 
SINGLE LABORATORY ACCURACY AND PRECIS ION DATA FOR VOLATILE 

ORGANIC COMPOUNDS IN WATER DETERMINED WITH A WIDE- 
BORE CAPILLARY COLUMN 

Conc. Number 
Range, o f 

Analy te P ~ / L  Sampl es 

Standard 
Recoverya Dev ia t i on  Percent 

X o f  Recoveryb RSD 

Benzene 0.1 - 10 
Bromo benzene 0.1 - 10 
Bromochl oromethane 0.5 - 10 
Bromodi c h l  oromethane 0.1 - 10 
Bromoform 0.5 - 10 
Bromomet hane 0.5 - 10 
n - Buty l  benzene 0.5 - 10 
sec-Butyl  benzene 0.5 - 10 
t e r t  -Bu ty l  benzene 0.5 - 10 
Carbon t e t r a c h l o r i d e  0.5 - 10 
Chl orobenzene 0.1 - 10 
Chl oroethane 0.5 - 10 
Chloroform 0.5 - 10 
Chl oromethane 0.5 - 10 
2-Chlorotoluene 0.1 - 10 
4-Chl o r o t o l  uene 0.1 - 10 
1,2-Dibromo-3-Chloropropane 0.5 - 10 

/ ' D i  bromochl oromethane 0.1 - 10 
LJ 1,2-Dibromoethane 0.5 - 10 

Dibromomethane 0.5 - 10 
1,2-Di ch l  orobenzene 0.1 - 10 
1,3-Dichlorobenzene 0.5 - 10 
1,4-Di c h l  orobenzene 0.2 - 20 
D ich l  o rod i  f l  uoromethane 0.5 - 10 
1,l -Di c h l  orobenzene 0.5 - 10 
1,2-Dichl  orobenzene 0.1 - 10 
1, l -Dich loroethene 0.1 - 10 
c i  s-1,2-Dichloroethene 0.5 - 10 
trans-1,2-Dichloroethene 0.1 - 10 
1,2-Dichl  oropropane 0.1 - 10 
1,3-Di ch l  oropropane 0.1 - 10 
2,2-Dichloropropane 0.5 - 10 
1 , l  -Di c h l  oropropene 0.5 - 10 
Ethy l  benzene 0.1 - 10 
Hexachl orobutadi  ene 0.5 - 10 
I sopropyl benzene 0.5 - 10 
p- Isopropy l  t o 1  uene 0.1 - 10 
Methylene c h l o r i d e  0.1 - 10 
Naphthalene 0.1 -100 
n -  Propyl benzene 0.1 - 10 
Styrene 0.1 -100 
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TABLE 6. 
(Continued) 

Conc. Number Standard 
a 
k * lw  

Range, o f  Recoverya Devi a t  i on Percent 
Analy te P ~ / L  Samples % o f  ~ e c o v e r y ~  RSD 

1,1,1,2-Tetrachl oroethane 
1,1,2,2-Tetrachl oroethane 
Tet rach l  oroethene 
To1 uene 
1,2,3-Tri c h l  orobenzene 
1,2,4-Trichlorobenzene 
l,l, 1 - T r i c h l  oroethane 
1,1,2-Tri c h l  oroethane 
T r i c h l  oroethene 
T r i  c h l  o r o f l  uoromethane 
1,2,3-Tri ch l  oropropane 
1,2,4-Trimethyl benzene 
1,3,5-Trimethyl benzene 
V iny l  c h l o r i d e  
o-Xyl ene 
m-Xyl ene 
p-Xyl  ene 

" Recoveries were c a l c u l  ated us ing  i n t e r n a l  standard method. I n t e r n a l  standard 
was f 1 uoro benzene. 

b Standard d e v i a t i o n  was c a l c u l a t e d  by p o o l i n g  da ta  from t h r e e  concent ra t ions .  
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TABLE 7. 
SINGLE LABORATORY ACCURACY AND PRECISION DATA FOR 

VOLATl LE ORGANIC COMPOUNDS IN WATER DETERMINED 
WITH A NARROW-BORE CAPILLARY COLUMN 

- 

Analyte 

Number Standard 
Conc . o f Recoverya Devi a t  i on Percent 
pg/L Samples % of Recovery RSD 

Benzene 0.1 
Bromobenzene 0.5 
Bromochl oromethane 0.5 
Bromodichl oromethane 0.1 
Bromoform 0.5 
Bromomet hane 0.5 
n-Buty l  benzene 0.5 
sec-Butyl  benzene 0.5 
t e r t  -Buty l  benzene 0.5 
Carbon t e t r a c h l o r i d e  0.1 
Chl orobenzene 0.1 
Chl oroethane 0.1 
Chl oroform 0.1 
Chl oromethane 0.5 
2 -Ch loro to l  uene 0.5 
4-Chl o r o t o l  uene 0.5 
1,2-Di bromo-3-chl oropropane 0.5 
Di  bromochl oromethane 0.1 
1,2-Di bromoethane 0.5 
D i  bromomethane 0.5 
1,2-Di ch l  orobenzene 0.1 
1,3-Dichlorobenzene 0.1 
1,4-Dichl  orobenzene 0.1 
D ich lo rod i  f l  uoromethane 0.1 
1, 1 -Dich l  oroethane 0.5 
1,2-Dichloroethane 0.1 
1,1-Dichloroethene 0.1 
c i  s-1,2-Dichl  oroethene 0.1 
trans-1,2-Dichloroethene 0.1 
1,2-Dichloropropane 0.5 
1,3-Dichl  oropropane 0.5 
2,2-Di c h l  oropropane 0.5 
1, l -Dich loropropene 0.5 
E thy l  benzene 0.5 
Hexachl orobutadi  ene 0.5 
Isopropy l  benzene 0.5 
p -  Isopropy l  t o1  uene 0.5 
Methyl ene c h l o r i d e  0.5 
Naphtha1 ene 0.5 
n- Propyl benzene 0.5 
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TABLE 7. 
(Continued) 

Analyte 

Number Standard id 
Conc. o f Recoverya Devi at i on Percent 
pg/L Samples % of Recovery RSD 

Styrene 
1,1,1,2-Tetrachl oroethane 
1,1,2,2-Tetrachloroethane 
Tetrachl oroet hene 
To1 uene 
1,2,3-Trichl orobenzene 
1,2,4-Tri chl orobenzene 
l,l,l-Trichloroethane 
1,1,2-Trichloroethane 
Tri chl oroethene 
Tri chl orofl uoromethane 
1,2,3-Tri chl oropropane 
1,2,4-Trimethylbenzene 
1,3,5-Trimethylbenzene 
Vinyl chloride 
o- Xyl ene 
m-Xyl ene 
p-Xyl ene 

" Recoveries were calculated using internal standard method. Internal standard 
was fl uorobenzene. 
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TABLE 8. 
SURROGATE SPIKE RECOVERY LIMITS FOR WATER AND SO1 L/SEDIMENT SAMPLES 

111, 

I ,, Percent Recovery 
Low/High Low/Hi gh 

Surrogate Compound Water Soil/Sediment 

4-Bromofl uorobenzenea 86-115 74-121 
D i  bromofl  uoromethanea 86-118 80-120 
To1 uene-d," 88-110 81-117 
Di  c h l  oroethane-d," 80-120 80 - 120 

a S i n g l e  l a b o r a t o r y  data,  f o r  guidance only .  

TABLE 9. 
QUANTITY OF EXTRACT REQUT RED FOR ANALYSIS OF 

HIGH-CONCENTRATION SAMPLES 

Approximate 
Concent ra t i  on Range 

Volume of 
Ex t rac ta  

- 

Calcu la te  app rop r i a te  d i l u t i o n  f a c t o r  f o r  concen t ra t ions  exceeding t h i s  t a b l e .  

a The volume o f  so l ven t  added t o  5 mL of water  be ing purged should be kept  
cons tan t .  Therefore,  add t o  t h e  5 mL sy r i nge  whatever volume o f  so lven t  
i s  necessary t o  ma in ta i n  a volume o f  100 pL added t o  t h e  syr inge.  

b D i l u t e  an a1 i q u o t  of t h e  so l ven t  e x t r a c t  and then t ake  100 pL f o r  
ana l ys i s .  
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TABLE 10 
DIRECT INJECTION ANALYSIS OF NEW OIL AT 5 PPM 

Compound 
Blank Spike W 

Recovery (%) %RSD ( PPm) (PPm) 

Acetone 9 1 
Benzene 86 
n-ButanolX,** 107 
iso-Butanol*,** 9 5 
Carbon t e t r a c h l o r i d e  86 
Carbon d i  su l  f i de * *  5 3 
Chl orobenzene 8 1 
Chloroform 84 
1,4-Dichl orobenzene 98 
1,2-Dichl oroethane 10 1 
1, l -Dich loroethene 97 
D i e t h y l  e the r  7 6 
E thy l  ace ta te  113 
E thy l  benzene 83 
Hexachloroethane 7 1 
Methyl ene c h l o r i d e  9 8 
Methyl e t h y l  ketone 79 
M I  BK 93 
Nitrobenzene 8 9 
P y r i d i n e  3 1 
Te t rach l  oroethene 82 
T r i c h l  o r o f l  uoromethane 76 
1,1,2-Cl,F,ethane 69 
To1 uene 73 
T r i c h l  oroethene 6 6 
V iny l  c h l o r i d e  6 3 
o-Xyl  ene 83 
m/p-Xyl ene 8 4 

* A1 t e r n a t e  mass employed 
** I S  q u a n t i t a t i o n  

Data are taken from Reference 9.  
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FIGURE 1. 
PURGING DEVICE 
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FIGURE 2. 
TRAP PACKING AND CONSTRUCTION TO INCLUDE DESORB CAPABIL ITY  
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FIGURE 3.  
SCHEMATIC OF PURGE-AND-TRAP DEVICE - PURGE MODE 
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FIGURE 4 .  
SCHEMATIC OF PURGE-AND-TRAP DEVICE - DESORB MODE 
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FIGURE 8. 
GAS CHROMATOGRAM OF TEST MIXTURE 

iii 

1 

0.5 g / L  PER COHPOUNO 

1. 1.1-DICHLOROETHYLENE 
2. HETHYLENE CHLORIDE 
3. TRANS-1,2-DICHLOROETHYLENE 
4. 1.1 OICHLOROETHANE 
5. ISOPROPYLETHER 
6. CHLOROFORH 
7. 1,l.l-TRICHLOROETHAWE 
8. 1.2-OICHLORORETHYLEWE 
9. CARBON TETRACHLORIDE 
10. BENZENE 
11. FLOUROBENZENE (IWT. STO. ) 
12. TRICHLOROETHYENE 
13. 1,2-DICHLDROPRDPANE 
14. 0ROm)OICHLOROMETHANE 
15. TOLUENE 
16. BROHOCHLOROPROPANE INT. STO.) 
17. DIBROllOCHLOROMETHAWE 
18. TETRACHLOROETHY LEME 
19. CHLOROBENZ EWE 
20. ETHYLBENZENE 
21. 1,3-XYLENE 
22. B R W F O R H  
23. BR[mQBEWZEME 
24. 1,4-OICHLOROBENZENE 
25. 1.2.4-TRICHLOROBEMZENE 
26. NAPHTHALENE 

Revision 1 
September 1994 



FIGllRE 9 .  
LOW SOILS  IMPINGER 
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METHOD 8 2 6 0 A  
VOLATILE ORGANIC COMPOUNDS BY GAS CHROMATOGRAPHY/MASS SPECTROMETRY (GC/MS): 

CAPILLARY COLUMN TECHNIQUE 

Direct 
Injection 7.3.4 Calculate 

for  introducing A h  RFe for  
5 SPCCa. 

7.3.5 Calculate 

7.2 Set GClMS %RSD of RF 

operating for  CCCa. 
conditione. 

7.4 Perform 

7.3.1 Tune callbratlon 
GClMS eyetem veri f icat~on. 

w l th  BFB. 

7.5 Perform GClMS 

7.3.2 Assemble analyele u t~ l l z lng  

purge-and-trap Methods 5030  

devlce and prepare or 8260.  

ca l~brat lon e ta~da rds .  

7.6.1 l d e n t ~ f y  
analytee b y  

7.3.2.1 Perform comparing the 
purge-and-trap - sample and etandard 

analys~e. maaa spectra. 

7.6.2 Calculate the 
concentratlon of 
each l d a n t ~ f ~ e d  

analyte. 

7.6.2.3 Report 
all reeulte. 

-- 
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METHOD 82708 

SEMIVOLATI LE ORGANIC COMPOUNDS BY 
y 

1-1 "- 

1.0 SCOPE AND APPLICATION 

1 
organi c 
s o i l s ,  
appl i c a  

.1 Method 8270 i s  used t o  determine the  concentrat ion o f  semivo la t i l e  
compounds i n  ex t rac ts  prepared from a l l  types o f  so l  i d  waste matrices, 

and ground water. D i r e c t  i n j e c t i o n  o f  a sample may be used i n  l i m i t e d  
t i o n s .  The f o l l o w i n g  compounds can be determined by t h i s  method: 

A D P ~ O D ~ ~  a te  Preparat ion Techni aues 

Compounds 
3540/ 

CAS Noa 3510 3520 3541 3550 3580 

Acenaphthene 
Acenaphthene-d,, ( I  .S. ) 
Acenaphthyl ene 
Acetophenone 
2-Acetyl  ami n o f l  uorene 
1 -Acetyl -2- th iourea 
A l d r i n  
2-Aminoanthraquinone 

,- -% Aminoazobenzene 
I 
\ 
%%--' 4-Aminobiphenyl 

3-Amino-9-ethyl carbazol e 
An i laz ine  
A n i l i n e  
o-An is id ine  
Anthracene 
Arami t e  
Aroc lo r  - 1016 
Arocl o r  - 1221 
Aroc lo r  - 1232 
Aroc lo r  - 1242 
Aroc lo r  - 1248 
A roc lo r  - 1254 
Aroc lo r  - 1260 
Azi nphos -methyl 
Barban 
Benzidine 
Benzoic ac id  
Benz (a) anthracene 
Benzo (b)  f l  uoranthene 
Benzo (k)  f l  uoranthene 
Benzo (g  , h, i ) pery l  ene 
Benzo (a)  pyrene 
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- - 

Compounds 

A ~ p r o p r i a t e  P repa ra t i on  Techniques 
3540/ 

CAS Noa 3510 3520 3541 3550 3580 e 
i..? 

p -  Benzoqui none 106-51-4 
Benzyl a1 coho1 100-51-6 
a - BHC 319-84-6 
P -  BHC 319-85-7 
a - BHC 319-86-8 
y-BHC (Lindane) 58-89-9 
Bis(2-ch1oroethoxy)methane 111-91-1 
B i s ( 2 - c h l o r o e t h y l )  e t h e r  11 1-44-4 
B i  s (2 - ch l  o r o i  sopropy1 ) e t h e r  108-60-1 
B i s ( 2 - e t h y l  hexy l )  p h t h a l a t e  117-81-7 
4-Bromophenyl phenyl  e t h e r  101-55-3 
Bromoxyn i 1 1689-84-5 
B u t y l  benzyl  p h t h a l  a t e  85-68-7 
2-sec-Butyl-4,6-dinitrophenol 88-85-7 
Capta fo l  2425-06- 1 
Captan 133-06-2 
Carbary l  63-25-2 
Carbofuran 1563-66-2 
Carbophenothi on 786-19-6 
Chlordane 57-74-9 
Chl o r f e n v i  nphos 470-90-6 
4 -Ch lo roan i l  i n e  106-47-8 
Chl o robenz i  1 a t e  510- 15-6 
5-Chl o ro -2 -methy l  a n i l  i n e  95-79-4 
4-Chl oro-3-met  h y l  phenol 59-50-7 
3- (Chloromethy l  ) p y r i d i n e  

h y d r o c h l o r i d e  6959-48-4 
1-Chl o ronaph tha l  ene 90-13-1  
2-Chl oronaphtha lene 91-58-7 
2-Chl orophenol  95-57-8 
4-Chloro-1,2-phenylenediamine 95-83-0 
4-Chloro-1,3-phenylenediamine 5131-60-2 
4-Chl oropheny l  phenyl  e t h e r  7005-72 -3  
Chrysene 218-01-9 
Chrysene-d,, (I. S. ) 
Coumaphos 56-72-4 
p -C res id i ne  120-71-8 
Crotoxyphos 7700- 17-6 
2-Cyclohexyl -4,6-d in i t ro-phenol  131-89-5 
4,4'-DDD 72-54-8 
4,4'-DDE 72-55-9 
4,4'-DDT 50-29-3 
Demeton-0 298-03-3 
Demeton-S 126-75-0 
D i a l l a t e  ( c i s  o r  t r a n s )  2303-16-4 
2,4-Di ami not01 uene 95-80-7 
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I 

ihtd Compounds 

A p ~ r o p r i  a t e  Preparat ion Techniques 

3540/ 
CAS Noa 3510 3520 3541 3550 3580 

Di  benz(a, j ) a c r i d i n e  
D i  benz(a, h) anthracene 
Di  benzofuran 
D i  benzo(a, e)pyrene 
1,2-Di bromo-3-chl oropropane 
Di  -n -bu ty l  ph tha l  a t e  
D i  ch l  one 
1,2-Di ch l  orobenzene 
1,3-Dichlorobenzene 
1,4-Dichl orobenzene 
1,4-Dichlorobenzene-d, (I .S) 
3,3'-Dichlorobenzidine 
2,4-Dichlorophenol 
2,6-Dichl orophenol 
D i  ch l  orovos 
Di  crotophos 
D i e l d r i n  
D ie thy l  phthal  a te  
D ie thy l  s t i l  b e s t r o l  
D ie thy l  s u l f a t e  
Di  hyd rosa f f ro l  e , e%% Dimethoate 

' b ~  3,3'-Dimethoxybenzidine 
Dimethyl ami noazobenzene 
7,12-Dimethyl benz(a) - 

anthracene 
3,3'-Dimethyl benzid ine 
a,a-Dimethylphenethyl amine 
2,4-Dimethyl phenol 
Dimethyl ph tha l  a te  
1,2-Dinitrobenzene 
1,3-Dini  trobenzene 
1,4-Dinitrobenzene 
4,6-Dini  tro-2-methyl phenol 
2,4-Di n i  t rophenol 
2 , 4 - D i n i t r o t o l  uene 
2 ,6 -D in i t ro to luene 
D i  nocap 
Dinoseb 
D ioxa th ion  
Di  phenyl ami ne 
5,5-Diphenyl hydantoin 
1,2-Diphenylhydrazine 
Di - n - o c t y l  phthal  a te  
D isu l  f o t o n  

CP, HS(28) 
X 
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APProPriate Preparat ion Techniques 

Compounds 
3540/ 

CAS Noa 3510 3520 3541 3550 3580 
m 
-1 

Endosulfan I 
Endosul fan  I I 
Endosul fan  s u l f a t e  
Endri  n 
Endrin aldehyde 
Endrin ketone 
EPN 
Eth ion 
Ethy l  carbamate 
Ethy l  methanesul fonate 
Ethy l  para th ion  
Famphur 
Fensul f o t h i o n  
Fenthion 
F l  uchl  o r a l  i n  
F l  uorant  hene 
F l  uorene 
2-Fl  uorobiphenyl ( s u r r .  ) 
2-Fl  uorophenol ( s u r r .  ) 
Heptachl o r  
Heptachlor epoxide 
Hexachl orobenzene 
Hexachl orobutadi  ene 
Hexachl o rocyc l  opent adi ene 
Hexachloroethane 
Hexachl orophene 
Hexachl oropropene 
Hexamethyl phosphoramide 
Hydroquinone 
Indeno(l,2,3-cd)pyrene 
I sodr i  n 
Isophorone 
I s o s a f r o l  e 
Kepone 
Leptophos 
Malath ion 
Ma1 e i c  anhydride 
Mestranol 
Methapyri lene 
Methoxychl o r  
3 -Methyl chol anthrene 
4,4'-Methylenebi s 

(2 -ch l  oroani  1 i ne) 
4,4'-Methylenebi s 

(N,N-dirnethyl a n i l  i ne )  

OE, 0s (0)  ND 
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A~propriate Preparation Techniques 
, "% 

'9_,1 Compounds 
3540/ 

CAS Noa 3510 3520 3541 3550 3580 

Methyl methanesul fonate 66-27-3 
2-Methyl naphtha1 ene 91 -57-6 
2-Methyl -5-ni troani 1 ine 99-55-8 
Methyl parathion 298-00-0 
2-Methyl phenol 95-48-7 
3-Met hyl phenol 108-39-4 
4-Methyl phenol 106-44-5 
2-Methyl pyridine 109-06-8 
Mevinphos 7786-34-7 
Mexacarbate 315-18-4 
Mi rex 2385-85-5 
Monocrotophos 6923-22-4 
Nal ed 300-76-5 
Naphtha1 ene 91-20-3 
Naphthalene-d, (I.S.) 
1,4-Naphthoquinone 130-15-4 
1 -Naphthyl ami ne 134-32-7 
2-Naphthyl ami ne 91-59-8 
Nicotine 54-11-5 
5-Ni troacenapht hene 602-87-9 

..-.-, 2-Nitroanil ine 88-74-4 
'. 3-Nitroaniline 99-09-2 
L+ 4-Nitroaniline 100-01-6 

5-Nitro-o-ani sidine 99-59-2 
Ni trobenzene 98-95-3 
Nitrobenzene-d, (surr.) 
4-Ni trobi phenyl 92-93-3 
Ni trofen 1836-75-5 
2-Nitrophenol 88-75-5 
4-Ni trophenol 100-02-7 
5-Nitro-o-toluidine 99-55-8 
Nitroquinoline-1-oxide 56-57-5 
N-Nitrosodibutylamine 924-16-3 
N-Nitrosodiethylamine 55-18-5 
N-Ni trosodimethyl amine 62-75-9 
N-Ni t rosomethy lethy lamine 10595-95-6 
N-Nitrosodiphenylamine 86-30-6 
N-Ni trosodi -n-propyl amine 621-64-7 
N-Nitrosomorpholine 59-89-2 
N-Ni trosopiperidine 100-75-4 
N-Ni trosopyrrol idine 930-55-2 
Octamethyl pyrophosphorarnide 152- 16-9 
4,4'-Oxydianiline 101-80-4 
Parathion 56-38-2 
Pentac hl orobenzene 608- 93 - 5 
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Approp r i a t e  P repa ra t i on  Techniques 

Compounds 
3540/ 

CAS No" 3510 3520 3541 3550 3580 
3 

Pentachl  o r o n i  t robenzene 82-68-8 
Pentachl  orophenol  87-86-5 
Pe ry l  ene-dl, (I. S. ) 
Phenacet in 62-44-2 
Phenant hrene 85-01-8 
Phenanthrene-dl, (I. S. ) 
Phenobarb i ta l  50-06-6 
Phenol 108-95-2 
Phenol -d, ( s u r r .  ) 
1,4-Phenylenediamine 106-50-3 
Phorate 298-02-2 
Phosal one 2310-17-0 
Phosmet 732-11-6 
Phosphamidon 13171-21-6 
P h t h a l i c  anhydr ide  85-44-9 
2-Pic01 i n e  109-06-8 
P i  pe rony l  s u l  f o x i d e  120-62-7 
Pronamide 23950-58-5 
Propy l  t h i  o u r a c i  1 51-52-5 
Pyrene 129-00-0 
P y r i d i n e  110-86- 1 
Resorc i  no1 108-46-3 
S a f r o l  e 94 - 59 - 7 
S t r ychn ine  60-41-3 
Sul  f a 1  1 a t e  95-06-7 
Terbufos 13071-79-9 
Terphenyl  -d,,(surr. ) 1718-51-0 
1 ,2 ,4 ,5-Tet rach l  orobenzene 95-94-3 
2,3,4,6-Tetrachlorophenol 58-90-2 
Te t rach lo r v i nphos  961-11-5 
T e t r a e t h y l  d i t h i opy rophospha te  3689-24-5 
T e t r a e t h y l  pyrophosphate 107-49-3 
Th ionaz ine  297-97-2 
Th i  ophenol (Benzenethi  01 ) 108-98-5 
To1 uene d i  i socyanate 584-84-9 
o - T o l u i d i n e  95-53-4 
Toxaphene 8001-35-2 
2,4,6-Tribromophenol ( s u r r . )  
1 ,2 ,4-Tr ich lorobenzene 120-82-1 
2 ,4 ,5 -Tr i ch l  orophenol  95-95-4 
2 ,4 ,6 -Tr i ch lo ropheno l  88-06-2 
T r i f l  u r a l  i n  1582-09-8 
2 , 4 , 5 - T r i m e t h y l a n i l i n e  137-17-7 
T r ime thy l  phosphate 512-56-1 

8270B - 6 rn 
R e v i s i o n  2 

September 1994 



A p ~ r o p r i  a t e  Prepara t ion  Techni Ques 

Compounds 
3540/ 

CAS Noa 3510 3520 3541 3550 3580 

1,3,5-Tr in i  trobenzene 99-35-4 X ND ND ND X 
Tr is(2,3-dibromopropyl)  phosphate 126-72-7 X ND ND ND LR 
T r i  - p - t o l y l  phosphate 78-32-0 X ND ND ND X 
O,O,O-Triethyl phosphoroth ioate 126-68-1 X ND ND ND X 

a Chemical Abs t rac t  Serv ice  Reg i s t r y  Nurr~ber . 
Adsorp t ion  t o  w a l l s  of glassware d u r i n g  e x t r a c t i o n  and storage. 
Nonreproduci b l e  chromatographic performance. 
Unfavorable d i s t r i b u t i o n  c o e f f i c i e n t  (number i n  paren thes is  i s  percent  
recovery) .  
Hyd ro l ys i s  d u r i n g  e x t r a c t i o n  accelerated by a c i d i c  o r  bas i c  cond i t i ons  
(number i n  paren thes is  i s  percent  recovery) .  
Hyd ro l ys i s  d u r i n g  s torage (number i n  paren thes is  i s  percent  s t a b i l  i t y )  . 
Low response. 
Not determined. 
Ox ida t i on  d u r i n g  e x t r a c t i o n  accelerated by bas i c  c o n d i t i o n s  (number i n  
paren thes i  s i s  percent  recovery) .  
Ox ida t i on  d u r i n g  s torage (number i n  parenthes is  i s  percent  s t a b i l i t y ) .  
Greater  than  70 percent  recovery by t h i s  technique. 

1.2 Method 8270 can be used t o  q u a n t i t a t e  most n e u t r a l ,  a c i d i c ,  and 
bas i c  o rgan ic  compounds t h a t  a re  so lub le  i n  methylene c h l o r i d e  and capable o f  
be ing e l u t e d  w i t hou t  d e r i v a t i z a t i o n  as sharp peaks from a gas chromatographic 
f u s e d - s i l i c a  c a p i l l a r y  column coated w i t h  a s l i g h t l y  p o l a r  s i l i c o n e .  Such 
compounds i nc l ude  po lynuc l  ear  aromatic hydrocarbons, c h l o r i n a t e d  hydrocarbons and 
pes t i c i des ,  ph tha l  a t e  es te r s ,  organophosphate es te rs ,  n i  trosamines, ha loethers ,  
aldehydes, e thers ,  ketones, a n i l  ines, py r i d i nes ,  qu ino l  ines, aromatic n i t r o  
compounds, and phenols, i n c l u d i n g  n i t ropheno ls .  See Table 1 f o r  a l i s t  o f  
compounds and t h e i r  c h a r a c t e r i s t i c  ions  t h a t  have been evaluated on t h e  s p e c i f i e d  
GC/MS system. 

1.3 The f o l l o w i n g  compounds may r e q u i r e  spec ia l  t reatment  when being 
determined by t h i s  method. Benzid ine can be sub jec t  t o  o x i d a t i v e  losses  du r i ng  
so l ven t  concen t ra t ion .  A lso,  chromatography i s  poor.  Under t h e  a l k a l i n e  
c o n d i t i o n s  o f  t h e  e x t r a c t i o n  s tep,  a-BHC, y-BHC, Endosulfan I and 11, and Endr in  
a re  sub jec t  t o  decomposit ion. Neut ra l  e x t r a c t i o n  should be performed i f  these 
compounds a re  expected. Hexachl orocyc l  opentadi ene i s sub jec t  t o  thermal 
decomposit ion i n  t h e  i n l e t  o f  t h e  gas chromatograph, chemical r e a c t i o n  i n  acetone 
s o l u t i o n ,  and photochemical decomposit ion. N-n i t rosod imethy l  amine i s  d i f f i c u l t  
t o  separate f rom t h e  so l ven t  under t h e  chromatographic cond i t i ons  descr ibed.  
N-n i  t r o s o d i  phenyl amine decomposes i n  t h e  gas chromatographic i n l e t  and cannot be 
separated f rom d i  phenyl amine. Pentachlorophenol , 2,4-di  n i  t rophenol  , 
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4-ni t rophenol ,  4 ,6-d in i t ro-2-methyl  phenol, 4-ch1 oro-3-methyl phenol, benzoicacid,  
2 - n i t r o a n i l i n e ,  3 - n i t r o a n i l i n e ,  4 -ch lo roan i l i ne ,  and benzyl a lcohol  are sub jec t  
t o  e r r a t i c  chromatographic behavior,  espec ia l l y  if t h e  GC system i s  contaminated 
w i t h  h igh  b o i l  i n g  ma te r ia l .  

/-%4 

1.4 The est imated q u a n t i t a t i o n  l i m i t  (EQL) o f  Method 8270 f o r  U, 
determin ing an i n d i v i d u a l  compound i s  approximately 1 mg/kg (wet weight)  f o r  
so i l /sediment  samples, 1-200 mg/kg f o r  wastes (dependent on m a t r i x  and method o f  
preparat ion) ,  and 10 pg/L f o r  ground water samples (see Table 2) .  EQLs w i l l  be 
p ropo r t i ona te l y  h igher  f o r  sample e x t r a c t s  t h a t  r e q u i r e  d i l u t i o n  t o  avo id  
s a t u r a t i o n  o f  t h e  de tec tor .  

1.5 Th is  method i s  r e s t r i c t e d  t o  use by o r  under t h e  superv i s ion  o f  
ana lys ts  experienced i n  the  use o f  gas chromatograph/mass spectrometers and 
s k i l l e d  i n  t he  i n t e r p r e t a t i o n  o f  mass spectra. Each ana lys t  must demonstrate t h e  
a b i l  i t y  t o  generate acceptable r e s u l t s  w i t h  t h i s  method. 

2.0 SUMMARY OF METHOD 

2.1 P r i o r  t o  us ing t h i s  method, t h e  samples should be prepared f o r  
chromatography us ing t h e  appropr ia te  sample prepara t ion  and cleanup methods. 
Th is  method descr ibes chromatographic cond i t i ons  t h a t  w i l l  a1 low f o r  t h e  
separat ion o f  t h e  compounds i n  t he  e x t r a c t  and f o r  t h e i r  qua1 i t a t i v e  and 
q u a n t i t a t i v e  ana lys i s  by mass spectrometry. 

3.0 INTERFERENCES 

3.1 Raw GC/MS data from a l l  blanks, san~ples, and spikes must be 
evaluated f o r  in te r fe rences.  Determine i f  t h e  source o f  i n t e r f e r e n c e  i s  i n  t h e  

h4 

prepara t ion  and/or cleanup o f  t h e  samples and take c o r r e c t i v e  a c t i o n  t o  e l  im ina te  
t h e  problem. 

3.2 Contam'l n a t i o n  by carryover  can occur whenever h igh-concent ra t  i on and 
low-concentrat ion samples are sequen t ia l l y  analyzed. To reduce car ryover ,  t h e  
sample syr inge must be r i n s e d  o u t  between samples w i t h  so lvent .  Whenever an 
unusual ly  concentrated sample i s  encountered, i t  should be fo l l owed  by t h e  
ana lys is  of so lvent  t o  check f o r  cross contaminat ion. 

4.0 APPARATUS AND MATERIALS 

4.1 Gas chromatograph/mass spectrometer system 

4.1.1 Gas chromatograph - An a n a l y t i c a l  system complete w i t h  a 
temperature-programmabl e gas chromatograph s u i t a b l e  f o r  sp l  i tl ess 
i n j e c t i o n  and a1 1 requ i red  accessories, i n c l  ud i  ng syr inges,  a n a l y t i c a l  
columns, and gases. The c a p i l l a r y  column should be d i r e c t l y  coupled t o  
the  source. 
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4.1.2 Column - 30 m x 0.25 mm ID ( o r  0.32 mm I D )  1 p m  f i l m  th ickness 
s i l  icone-coated f u s e d - s i l  i c a  c a p i l l a r y  column (J&W S c i e n t i f i c  DB-5 o r  
equ i va len t ) .  

4.1.3 Mass spectrometer - Capable o f  scanning from 35 t o  500 amu 
every 1 sec o r  less ,  us ing  70 v o l t s  (nominal) e l e c t r o n  energy i n  t he  
e l e c t r o n  impact i o n i z a t i o n  mode. The mass spectrometer must be capable 
o f  producing a  mass spectrum f o r  decaf1 uo ro t r i pheny l  phosphine (DFTPP) 
which meets a l l  o f  t h e  c r i t e r i a  i n  Table 3 when 1 pL o f  t h e  GC/MS tun ing  
standard i s  i n j e c t e d  through the  GC (50 ng o f  DFTPP). 

4.1.4 GC/MS in te r f ace  - Any GC-to-MS i n t e r f a c e  t h a t  g ives  acceptable 
c a l i b r a t i o n  p o i n t s  a t  50 ng per  i n j e c t i o n  f o r  each compound o f  i n t e r e s t  
and achieves acceptable t un ing  performance c r i t e r i a  may be used. For a  
narrow-bore cap i  11 a ry  column, t h e  i n t e r f a c e  i s  u s u a l l y  capi  1  l a r y - d i r e c t  
i n t o  t h e  mass spectrometer source. 

4.1.5 Data system - A  computer system must be i n t e r f a c e d  t o  t he  mass 
spectrometer. The system must a l l ow  the  cont inuous a c q u i s i t i o n  and 
s torage on machine-readable media o f  a l l  mass spect ra obta ined throughout 
t h e  d u r a t i o n  of t h e  chromatographic program. The computer must have 
sof tware t h a t  can search any GC/MS data f i l e  f o r  ions  o f  a  s p e c i f i c  mass 
and t h a t  can p l o t  such i o n  abundances versus t ime o r  scan number. This  
type  o f  p l o t  i s  de f ined  as an Ext racted I o n  Current P r o f i l e  (EICP). 
Software must a l s o  be a v a i l a b l e  t h a t  a l lows i n t e g r a t i n g  t h e  abundances i n  
any EICP between s p e c i f i e d  t ime o r  scan-number l i m i t s .  The most recent  
ve rs ion  of t h e  EPA/NIST Mass Spectra l  L i b r a r y  should a l so  be ava i l ab le .  

4.1.6 Guard co l  umn (op t i ona l  ) (J&W Deact ivated Fused S i  1  i ca, 0.25 
mm I D  x 6 m, o r  equ iva len t )  between the  i n j ec t i ' on  p o r t  and t h e  a n a l y t i c a l  
column j o i n e d  w i t h  column j o i n e r s  (Hewlet t  Packard No. 5062-3556, o r  
equ iva l  en t )  . 
4.2 Syr inge - 1 0 p L .  

4.3 Volumetr ic  f l a s k s ,  Class A - Appropr ia te s izes  w i t h  ground g lass  
stoppers. 

4.4 Balance - A n a l y t i c a l ,  0.0001 g. 

4.5 B o t t l e s  - g lass  w i t h  T e f l o n - l i n e d  screw caps o r  cr imp tops. 

5.0 REAGENTS 

5.1  Reagent grade i no rgan i c  chemicals s h a l l  be used i n  a l l  t e s t s .  
Unless o therw ise  ind ica ted ,  i t  i s  intended t h a t  a l l  reagents s h a l l  conform t o  t he  
s p e c i f i c a t i o n s  o f  t h e  Comnli t t e e  on A n a l y t i c a l  Reagents o f  t h e  American Chemical 
Society ,  where such s p e c i f i c a t i o n s  are ava i l ab le .  Other grades may be used, 
p rov ided  i t  i s  f i r s t  ascer ta ined t h a t  t he  reagent i s  o f  s u f f i c i e n t l y  h i g h  p u r i t y  
t o  pe rm i t  i t s  use w i t hou t  lessen ing  t he  accuracy o f  t h e  de te rmina t ion .  
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5.2 Organ i c - f r ee  reagent  water  - A l l  re fe rences  t o  wate r  i n  t h i s  method 
r e f e r  t o  o r g a n i c - f r e e  reagent  water ,  as d e f i n e d  i n  Chapter One. 

5.3 Stock s tandard s o l u t i o n s  (1000 mg/L) - Standard s o l u t i o n s  can be 
prepared f rom pure s tandard m a t e r i a l s  o r  purchased as c e r t i f i e d  so l  u t i o n s .  m, w 

5.3.1 Prepare s tock  s tandard s o l u t i o n s  by a c c u r a t e l y  weigh ing about 
0.0100 g o f  pure  m a t e r i a l .  D i sso l ve  t h e  m a t e r i a l  i n  p e s t i c i d e  qua1 i t y  
acetone o r  o t h e r  s u i t a b l e  so l ven t  and d i l u t e  t o  volume i n  a  10 mL 
vo lume t r i c  f l a s k .  Larger  volumes can be used a t  t h e  convenience o f  t h e  
ana l ys t .  When compound p u r i t y  i s  assayed t o  be 96% o r  g r e a t e r ,  t h e  we igh t  
may be used w i t h o u t  c o r r e c t i o n  t o  c a l c u l a t e  t h e  c o n c e n t r a t i o n  o f  t h e  s tock  
standard. Commercial ly prepared s tock  s tandards may be used a t  any 
concen t ra t i on  i f  they  a re  c e r t i f i e d  by t h e  manufacturer  o r  by an 
independent source. 

5.3.2 Trans fe r  t h e  s tock  s tandard s o l u t i o n s  i n t o  b o t t l e s  w i t h  T e f l o n  
l i n e d  screw-caps. S to re  a t  -10°C t o  -20°C o r  l e s s  and p r o t e c t  f rom l i g h t .  
Stock s tandard s o l u t i o n s  should be checked f r e q u e n t l y  f o r  s i gns  o f  
degrada t ion  o r  evaporat ion,  especi  a1 l y  j u s t  p r i o r  t o  p repa r i ng  c a l  i b r a t i o n  
standards f rom them. 

5.3.3 Stock s tandard s o l u t i o n s  must be rep laced  a f t e r  1 yea r  o r  
sooner i f  comparison w i t h  q u a l i t y  c o n t r o l  check samples i n d i c a t e s  a 
p r o b l  em. 

5.4 I n t e r n a l  s tandard s o l u t i o n s  - The i n t e r n a l  s tandards recommended a re  
1 ,4 -d i ch l  orobenzene-d,, naphtha1 ene-d,, acenaphthene-dl,, phenanthrene-dl,, 
chrysene-dl,, and perylene-dl, (see Table 5 ) .  Other compounds may be used as 
i n t e r n a l  standards as lor lg  as t h e  requi rements g i ven  i n  Sec. 7.3.2 a re  met. 
D i s s o l v e  0.200 g o f  each compound w i t h  a  smal l  volume o f  carbon d i s u l f i d e .  
T rans fe r  t o  a  50 mL vo lume t r i c  f l a s k  and d i l u t e  t o  volume w i t h  methylene c h l o r i d e  
so t h a t  t h e  f i n a l  so l ven t  i s  approx imate ly  20% carbon d i s u l f i d e .  Most o f  t h e  
compounds a re  a l s o  s o l u b l e  i n  smal l  vo l~ lmes o f  methanol, acetone, o r  t o 1  uene, 
except f o r  p e r y l  ene-dl,. The r e s u l t  i ng so l  u t i o n  w i  11 c o n t a i n  each s tandard  a t  
a  concen t ra t i on  o f  4,000 ng/pL. Each 1 mL sample e x t r a c t  undergoing a n a l y s i s  
should be sp iked  w i t h  10 p L  of t h e  i n t e r n a l  s tandard s o l u t i o n ,  r e s u l t i n g  i n  a  
concen t ra t i on  o f  40 ng/pL o f  each i n t e r n a l  s tandard.  S to re  a t  -10°C t o  -20°C 
o r  l e s s  when no t  be ing  used. 

5.5 GC/MS t u n i n g  s tandard - A methylene c h l o r i d e  s o l u t i o n  c o n t a i n i n g  
50 ng/pL o f  decaf1 u o r o t r i  phenyl phosphine (DFTPP) should be prepared.  The 
s tandard should a l s o  c o n t a i n  50 ng/pL each o f  4,4'-DDT, pen tach lo ropheno l ,  and 
benz id ine  t o  v e r i f y  i n j e c t i o n  p o r t  i n e r t n e s s  and GC column performance. S to re  
a t  -10°C t o  -20°C o r  l e s s  when n o t  be ing  used. 

5.6 C a l i b r a t i o n  standards - A minimum o f  f i v e  c a l i b r a t i o n  s tandards 
should be prepared. One of t h e  c a l i b r a t i o n  s tandards should be a t  a  
concen t ra t i on  near,  b u t  above, t h e  method d e t e c t i o n  l i m i t ;  t h e  o t h e r s  should 
correspond t o  t h e  range o f  concen t ra t i ons  found i n  r e a l  samples b u t  shou ld  n o t  
exceed t h e  work ing range o f  t h e  GC/MS system. Each s tandard should c o n t a i n  each 
a n a l y t e  f o r  d e t e c t i o n  by t h i s  method (e.g.  some o r  a l l  o f  t h e  compounds l i s t e d  
i n  Table 1 may be i n c l u d e d ) .  Each 1 mL a l i q u o t  o f  c a l i b r a t i o n  s tandard  shou ld  
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be spiked w i t h  10 p L  o f  t he  i n t e r n a l  standard s o l u t i o n  p r i o r  t o  analysis.  A l l  
standards should be stored a t  -10°C t o  -20°C o r  less ,  and should be f r e s h l y  
prepared once a year,  o r  sooner i f  check standards i n d i c a t e  a problem. The d a i l y  

r- c a l i b r a t i o n  standard should be prepared weekly and stored a t  4°C. 

b 5.7 Surrogate standards - The recommended surrogate standards are 
phenol -dB, 2 - f l  uorophenol , 2 , 4 , 6 - t r i  bromophenol , n i  trobenzene-d,, 
2- f luorobiphenyl ,  and p-terphenyl-d,,. See Method 3500 f o r  the  i n s t r u c t i o n s  on 
prepar ing the  surrogate standards. Determine what concentrat ion should be i n  the 
b lank e x t r a c t s  a f t e r  a1 1 ex t rac t ion ,  cleanup, and concentrat ion steps. I n j e c t  
t h i s  concentrat ion i n t o  the  GC/MS t o  determine recovery o f  surrogate standards 
i n  a l l  blanks, spikes, and sample ex t rac ts .  Take i n t o  account a l l  d i l u t i o n s  o f  
sample ex t rac ts .  

5.8 M a t r i x  sp ike standards - See Method 3500 f o r  i n s t r u c t i o n s  on 
prepar ing the  ma t r i x  sp ike standard. Determine what concentrat ion should be i n  
the  b lank e x t r a c t s  a f t e r  a l l  ex t rac t ion ,  cleanup, and concentrat ion steps. 
I n j e c t  t h i s  concentrat ion i n t o  the  GC/MS t o  determine recovery o f  surrogate 
standards i n  a l l  ma t r i x  spikes. Take i n t o  account a l l  d i l u t i o n s  o f  sample 
ex t rac ts .  

5.9 Acetone, hexane, methyl ene ch lo r ide ,  i sooctane, carbon d i  sul  f ide, 
toluene, and o ther  appropr iate solvents - Pest ic ide  qua1 i t y  o r  equivalent  

6.0 SAMPLE COLLECTION, PRESERVATION, AND HANDLING 

6.1 See the i n t roduc to ry  mater ia l  t o  t h i s  chapter,  Organic Analytes, 
Sec. 4.1. 

/-"". 

L' 
7.0 PROCEDURE 

7.1 Sample prepara t ion  - Samples must be prepared by one o f  the 
f o l l o w i n g  methods p r i o r  t o  GC/MS analys is .  

Ma t r i x  
Water 
Soi l /sediment 
Waste 

Methods 
3510, 3520 

7.1.1 D i r e c t  i n j e c t i o n  - I n  very l i m i t e d  app l i ca t i ons  d i r e c t  
i n j e c t i o n  o f  t he  sample i n t o  the GC/MS system w i t h  a 10 p L  syr inge may be 
appropr iate.  The de tec t i on  l i m i t  i s  very h igh  (approximately 
10,000 pg/L) ; there fore ,  i t  i s  on ly  permi t ted where concentrat ions i n  
excess o f  10,000 pg/L are expected. The system must be c a l i b r a t e d  by 
d i r e c t  i n j e c t i o n .  
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7.2 E x t r a c t  c leanup - E x t r a c t s  may be cleaned up by any o f  t h e  f o l l  owing 
methods p r i o r  t o  GC/MS a n a l y s i s .  

Compounds 
Phenols 
Phtha l  a t e  e s t e r s  
Ni t rosamines 
Organochlor ine p e s t i c i d e s  & PCBs 
N i t r oa roma t i cs  and c y c l i c  ketones 
Pol ynuc l  ea r  aromat ic  hydrocarbons 
Hal oe the rs  
Ch lo r i na ted  hydrocarbons 
Organophosphorus p e s t i c i d e s  
Petroleum waste 
A l l  p r i o r i t y  p o l l u t a n t  base, 

n e u t r a l ,  and ac ids  

Methods 
3630, 3640, 8040" 

a Method 8040 i nc l udes  a d e r i v a t i z a t i o n  technique f o l l o w e d  by GC/ECD 
ana l ys i s ,  i f  i n t e r f e r e n c e s  a re  encountered on GC/F:[D. 

7.3 I n i t i a l  c a l i b r a t i o n  - The recommended GC/MS o p e r a t i n g  c o n d i t i o n s :  

Mass range: 35-500 amu 
Scan t ime:  1 sec/scan 
I n i t i a l  temperature:  40°C, h o l d  f o r  4 minutes 
Temperature program: 40-270°C a t  10°C/min 
F i n a l  temperature:  270°C, h o l d  u n t i  1 benzo[g, h, i ] p e r y l  ene has e l  u t e d  
I n j e c t o r  temperature:  250-300°C 
T rans fe r  1 i n e  temperature:  250-300°C 
Source temperature:  According t o  manufac tu re r ' s  s p e c i f i c a t i o n s  
I n j e c t o r :  Grob-type, s p l  i t l e s s  
Sample v o l  ume: 1 -2  pL 
C a r r i e r  gas : Hydrogen a t  50 cm/sec o r  he1 ium a t  30 cm/sec 

( S p l i t  i n j e c t i o n  i s  a l lowed i f  t h e  s e n s i t i v i t y  o f  t h e  mass spect rometer  
i s  s u f f i c i e n t ) .  

7 .3 .1  Each GC/MS system must be hardware-tuned t o  meet t h e  c r i t e r i a  
i n  Table 3 f o r  a 50 ng i n j e c t i o n  o f  DFTPP. Analyses shou ld  n o t  beg in  
u n t i l  a l l  these c r i t e r i a  a re  met. Background s u b t r a c t i o n  should be 
s t r a i g h t f o r w a r d  and designed o n l y  t o  e l  im ina te  column b leed  o r  i ns t rumen t  
background ions .  The GC/MS t u n i n g  s tandard should a l s o  be used t o  assess 
GC column performance and i n j e c t i o n  p o r t  i n e r t n e s s .  Degrada t ion  o f  DDT 
t o  DDE and UDD should no t  exceed 20%. (See Sec. 8.3.1 o f  Method 8081 f o r  
t h e  percen t  breakdown c a l c u l a t i o n ) .  Benzid ine and pentachlorophenol  
should be p resen t  a t  t h e i r  normal responses, and no peak t a i l i n g  should 
be v i  s i  b l e .  I f  degrada t ion  i s excess ive and/or poor  chromatography i s  
noted, t h e  i n j e c t i o n  p o r t  may r e q u i r e  c l ean ing .  It may a l s o  be necessary 
t o  break o f f  t h e  f i r s t  6-12 i n .  o f  t h e  c a p i l l a r y  column. The use o f  a 
guard column (Sec. 4.1.6) between t h e  i n j e c t i o n  p o r t  and t h e  a n a l y t i c a l  
c o l  umn may he1 p pro1 ong a n a l y t i c a l  c o l  umn performance. 
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7.3.2 The i n t e r n a l  standards se lec ted  i n  Sec. 5.4 should permi t  most 
of t h e  components o f  i n t e r e s t  i n  a chromatogram t o  have r e t e n t i o n  t imes 
o f  0.80-1.20 re1  a t i v e  t o  one o f  t h e  i n t e r n a l  standards. Use t h e  base peak 
i o n  f rom t h e  s p e c i f i c  i n t e r n a l  standard as t h e  pr imary i o n  f o r  
quan t i  t a t i o n  (see Table 1). I f  in te r f e rences  a re  noted, use t h e  nex t  most 
in tense  i o n  as t h e  q u a n t i t a t i o n  i o n  ( i  .e. f o r  1,4-dichlorobenzene-d,, use 
152 m/z f o r  q u a n t i t a t i o n )  . 

7.3.3 Analyze 1 p L  o f  each c a l  i b r a t i o n  standard ( con ta in i ng  i n t e r n a l  
standards) and t a b u l a t e  t h e  area o f  t h e  pr imary c h a r a c t e r i s t i c  i o n  against  
concen t ra t i on  f o r  each compound (as i nd i ca ted  i n  Table 1). F igure  1 shows 
a chromatogram o f  a c a l  i b r a t i o n  standard con ta in i ng  base/neutral  and a c i d  
analy tes.  Ca l cu la te  response f a c t o r s  (RFs) f o r  each compound r e l a t i v e  t o  
one o f  t h e  i n t e r n a l  standards as f o l l ows :  

where: 

A, = Area of t he  c h a r a c t e r i s t i c  i o n  f o r  t h e  compound being 
measured. 

'is 
= Area o f  t h e  c h a r a c t e r i s t i c  i o n  f o r  t h e  s p e c i f i c  i n t e r n a l  

standard. 
Cis = Concentrat ion o f  t h e  s p e c i f i c  i n t e r n a l  standard (ng/pL) . 
cx = Concentrat ion o f  t h e  compound be ing  measured (ng/pL) . 
7.3.4 A system performance check must be performed t o  ensure t h a t  

minimum average RFs a re  met be fo re  t h e  c a l i b r a t i o n  curve i s  used. For 
semivol a t i  l e s ,  t h e  System Performance Check Compounds (SPCCs) are: 
N-n i  t r o s o - d i  -n -p ropy l  amine;hexachlorocyclopentadiene;2,4-dini t ro -pheno l  ; 
and 4 - n i  t rophenol  . The minimum acceptable average RF f o r  these compounds 
i s  0.050. These SPCCs t y p i c a l l y  have very  low RFs (0.1-0.2) and tend t o  
decrease i n  response as t h e  chromatographic system begins t o  d e t e r i o r a t e  
o r  t h e  s tandard m a t e r i a l  begins t o  d e t e r i o r a t e .  They a re  u s u a l l y  t h e  
f i r s t  t o  show poor performance. Therefore,  they  must meet t h e  minimum 
requirement when t h e  system i s  c a l i b r a t e d .  

7.3.4.1 The percent  re1 a t  i v e  s tandard d e v i a t i o n  (%RSD) 
should be l e s s  than 15% f o r  each compound. However, t h e  %RSD f o r  
each i n d i v i d u a l  Cal i b r a t i o n  Check Compound (CCC) (see Table 4) must 
be l e s s  than 30%. The r e l a t i v e  r e t e n t i o n  t imes o f  each compound i n  
each c a l  i b r a t  i on r u n  should agree w i  t h i  n 0.06 re1  a t i v e  r e t e n t i o n  
t ime  u n i t s .  L a t e - e l  u t  i n g  compounds u s u a l l y  have much b e t t e r  
agreement. 

where: 

RSD = r e 1  a t  i v e  standard dev ia t i on .  - 
RF = mean o f  5 i n i t i a l  RFs f o r  a compound. 
SD = s tandard d e v i a t i o n  o f  average RFs f o r  a compound. 

R e v i s i c , ~  2 
September 1994 



where : 

RF, = RF f o r  each o f  t h e  5 c a l i b r a t i o n  l e v e l s  
N = Num~ber o f  RF v a l  ues (i . e. , 5)  

7.3.4.2 I f  t h e  %RSD o f  any CCC i s  30% o r  g r e a t e r ,  t hen  t h e  
chromatographic system i s  t o o  r e a c t i v e  f o r  a n a l y s i s  t o  begin.  Clean 
o r  r ep lace  t h e  i n j e c t o r  l i n e r  and/or c a p i l l a r y  column, t hen  repea t  
t h e  c a l i b r a t i o n  procedure beg inn ing  w i t h  s e c t i o n  7.3. 

7.3.5 L i n e a r i t y  - I f  t h e  %RSD o f  any compound i s  15% o r  l e s s ,  t hen  
t h e  r e l a t i v e  response f a c t o r  i s  assumed t o  be cons tan t  over  t h e  
c a l i b r a t i o n  range, and t h e  average r e l a t i v e  response f a c t o r  may be used 
f o r  q u a n t i t a t i o n  (Sec. 7.6.2).  

7.3.5.1 I f  t h e  %RSD o f  any compound i s  g r e a t e r  t han  15%, 
c o n s t r u c t  c a l i b r a t i o n  curves o f  area r a t i o  (A/A,,) versus 
concen t ra t i on  us ing  f i r s t  o r  h i ghe r  o r d e r  r e g r e s s i o n  f i t  o f  t h e  f i v e  
c a l i b r a t i o n  p o i n t s .  'The ana l ys t  should s e l e c t  t h e  r e g r e s s i o n  o r d e r  
which in t roduces  t h e  l e a s t  c a l i b r a t i o n  e r r o r  i n t o  t h e  q u a n t i t a t i o n  
(Sec. 7.6.2.2 and 7.6.2.3). The use o f  c a l i b r a t i o n  curves i s  a 
recommended a1 t e r n a t i v e  t o  average response f a c t o r  c a l  i b r a t  i on ,  and 
a u s e f u l  d i a g n o s t i c  o f  s tandard p r e p a r a t i o n  accuracy and abso rp t i on  
a c t i v i t y  i n  t h e  chromatographic system. 

7.4 D a i l y  GC/MS c a l i b r a t i o n  
,m 
L.,,,&! 

7.4.1 P r i o r  t o  a n a l y s i s  o f  samples, t h e  GC/MS t u n i n g  s tandard must 
be analyzed. A 50 ng i n j e c t i o n  o f  DFTPP must r e s u l t  i n  a mass spectrum 
f o r  DFTPP which meets t h e  c r i t e r i a  g i v e n  i n  Table 3. These c r i t e r i a  must 
be demonstrated d u r i n g  each 12 hour s h i f t .  

7 . 4 . 2  A c a l i b r a t i o n  s tandard(s)  a t  m id - concen t ra t i on  c o n t a i n i n g  a l l  
semivol a t i l  e ana ly tes ,  i n c l u d i n g  a1 1 r e q u i r e d  sur roga tes ,  must be 
analyzed every  12 hours d u r i n g  a n a l y s i s .  Compare t h e  i ns t rumen t  response 
f a c t o r  f rom t h e  standards every 12 hours w i t h  t h e  SPCC (Sec. 7 . 4 . 3 )  and 
CCC (Sec. 7.4.4) c r i t e r i a .  

7.4.3 System Performance Check Compounds (SPCCs): A system 
performance check must be made d u r i n g  every 12 hour s h i f t .  For  each SPCC 
compound i n  t h e  d a i l y  c a l i b r a t i o n  a minimum response f a c t o r  o f  0.050 must 
be ob ta ined .  Th i s  i s  t h e  same check t h a t  i s  a p p l i e d  d u r i n g  t h e  i n i t i a l  
c a l i b r a t i o n .  I f  t h e  minimum response f a c t o r s  a re  n o t  met, t h e  system must 
be evaluated,  and c o r r e c t i v e  a c t i o n  must be taken  be fo re  sample a n a l y s i s  
begins.  The minimum RF f o r  s e m i v o l a t i l e  SPCCs i s  0.050. Some p o s s i b l e  
problems a re  s tandard m i x t u r e  degrada t ion ,  i n j e c t i o n  p o r t  i n l e t  
contaminat ion,  con tamina t ion  a t  t h e  f r o n t  end o f  t h e  a n a l y t i c a l  column, 
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and a c t i v e  s i t e s  i n  t he  column o r  chromatographic system. Th is  check must 
be met be fo re  ana l ys i s  begins. 

7.4.4 Cal i b r a t i o n  Check Compounds (CCCs) : A f t e r  t h e  system 
performance check i s  met, CCCs l i s t e d  i n  Table 4 are used t o  check t he  
v a l i d i t y  o f  t h e  i n i t i a l  c a l i b r a t i o n .  

Ca lcu la te  t he  percent  d r i f t  using: 

c, - cc  
% D r i f t  = x 100 

c I 

where: 

C, = Cal i b r a t  i o n  Check Compound standard concentrat ion.  
C, = Measured concent ra t ion  us ing se lec ted  quant i  t a t i o n  method. 

I f  t h e  percent  d i f ference f o r  each CCC i s  l e s s  than o r  equal t o  20%, 
t h e  i n i t i a l  c a l i b r a t i o n  i s  assumed t o  be v a l i d .  I f  the  c r i t e r i o n  i s  no t  
met (> 20% d r i f t )  f o r  any one CCC, c o r r e c t i v e  a c t i o n  must be taken. 
Problems s i m i l a r  t o  those 1 i s t e d  under SPCCs cou ld  a f f e c t  t h i s  c r i t e r i o n .  
I f  no source o f  t h e  problem can be determined a f t e r  c o r r e c t i v e  a c t i o n  has 
been taken, a new f i v e - p o i n t  c a l i b r a t i o n  must be generated. This 
c r i t e r i o n  must be met before sample ana lys is  begins. I f  the  CCCs are no t  
analy tes requ i red  by t he  permi t ,  then a l l  r equ i red  analy tes must meet the  
20% d r i f t  c r i t e r i o n .  

7.4.5 The i n t e r n a l  standard responses and r e t e n t i o n  t imes i n  t he  
c a l  i b r a t i o n  check standard must be evaluated immediately a f t e r  o r  dur ing  
da ta  a c q u i s i t i o n .  I f  the  r e t e n t i o n  t ime f o r  any i n t e r n a l  standard changes 
by more than 30 seconds from t h e  l a s t  c a l i b r a t i o n  check (12 hours),  t he  
chromatographic system must be inspected f o r  ma1 func t i ons  and co r rec t i ons  
must be made, as requ i red .  I f  the  E I C P  area f o r  any o f  t he  i n t e r n a l  
standards changes by a f a c t o r  o f  two (-50% t o  +loo%) from t h e  l a s t  d a i l y  
c a l  i b r a t  i o n  check standard, t he  mass spectrometer must be inspected f o r  
ma1 func t i ons  and co r rec t i ons  must be made, as appropr i  a te.  When 
c o r r e c t i o n s  are made, reana l ys i s  o f  samples analyzed w h i l e  t h e  system was 
ma l func t i on ing  i s  requ i red .  

7.5 GC/MS ana l ys i s  

7.5.1 It i s  h i g h l y  recommended t h a t  t he  e x t r a c t  be screened on a 
GC/FID o r  GC/PID us ing  t he  same type  of c a p i l l a r y  column. This  w i l l  
min imize contaminat ion o f  t he  GC/MS system from unexpectedly h igh  
concent ra t ions  o f  organic  compounds. 

7 . 5 . 2  Spike t he  1 mL e x t r a c t  obta ined from sample p repara t ion  w i t h  
10 pL  o f  t h e  i n t e r n a l  standard s o l u t i o n  j u s t  p r i o r  t o  ana lys is .  

7.5.3 Analyze t he  1 mL e x t r a c t  by GC/MS us ing  a 30 m x 0.25 mm ( o r  
0.32 mm) s i l  icone-coated f u s e d - s i l  i c a  c a p i l l a r y  column. The volume t o  be 
i n j e c t e d  should i d e a l l y  con ta in  100 ng o f  base/neutral  and 200 ng o f  a c i d  
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surrogates ( f o r  a  1  p L  i n j e c t i o n ) .  The recommended GC/MS opera t ing  
cond i t ions  t o  be used are s p e c i f i e d  i n  Sec. 7.3 .  

7 .5 .4  I f  t h e  response f o r  any q u a n t i t a t i o n  i o n  exceeds the  i n i t i a l  
c a l i b r a t i o n  curve range o f  t he  GC/MS system, e x t r a c t  d i l u t i o n  must take 

/ - 
place. Add i t i ona l  i n t e r n a l  standard must be added t o  t h e  d i l u t e d  e x t r a c t  
t o  main ta in  the  requ i red  40 ng/pL o f  each i n t e r n a l  standard i n  the  
ex t rac ted  volume. The d i l u t e d  e x t r a c t  must be reanalyzed. 

7.5 .5  Perform a l l  q u a l i t a t i v e  and q u a n t i t a t i v e  measurements as 
described i n  Sec. 7 .6 .  Store t h e  e x t r a c t s  a t  4"C, pro tec ted  from 1  i g h t  
i n  screw-cap v i a l s  equipped w i t h  unpierced Te f l on  l i n e d  septa. 

7 .6  Data i n t e r p r e t a t i o n  

7 . 6 . 1  Qua1 i t a t i v e  ana lys is  

7 . 6 . 1 . 1  The q u a l i t a t i v e  i d e n t i f i c a t i o n  o f  compounds 
determined by t h i s  method i s  based on r e t e n t i o n  t ime,  and on 
comparison o f  the  sample mass spectrum, a f t e r  background c o r r e c t i o n ,  
w i t h  c h a r a c t e r i s t i c  ions  i n  a  reference mass spectrum. The 
reference mass spectrum must be generated by t h e  l a b o r a t o r y  us ing  
the  cond i t i ons  o f  t h i s  method. The c h a r a c t e r i s t i c  ions  from the  
reference mass spectrum are de f ined t o  be the  th ree  i ons  o f  g rea tes t  
r e l a t i v e  i n t e n s i t y ,  o r  any ions  over 30% r e l a t i v e  i n t e n s i t y  i f  l e s s  
than th ree  such ions occur i n  t he  reference spectrum. Compounds 
should be i d e n t i f i e d  as present when the  c r i t e r i a  below are met. 

7 . 6 . 1 . 1 . 1  The i n t e n s i t i e s  o f  t he  c h a r a c t e r i s t i c  ions  
o f  a  compound maximize i n  the  same scan o r  w i t h i n  one scan o f  
each other .  Se lec t ion  o f  a  peak by a  da ta  system t a r g e t  3 
compound search r o u t i n e  where the  search i s  based on t h e  
presence o f  a  t a r g e t  chromatographic peak con ta in ing  ions  
s p e c i f i c  f o r  t he  t a r g e t  compound a t  a  compound-specif ic 
r e t e n t i o n  t ime w i l l  be accepted as meeting t h i s  c r i t e r i o n .  

7 . 6 . 1 . 1 . 2  The RRT o f  the  sample component i s  w i t h i n  
+ 0.06 RRT u n i t s  o f  the  RRT o f  the  standard component. 

7 . 6 . 1 . 1 . 3  The r e l a t i v e  i n t e n s i t i e s  o f  t he  
c h a r a c t e r i s t i c  ions  agree w i t h i n  30% o f  t he  r e l a t i v e  
i n t e n s i t i e s  o f  these ions i n  t he  re ference spectrum. 
(Example: For an i o n  w i t h  an abundance o f  50% i n  t he  
reference spectrum, the  corresponding abundance i n  a  sample 
spectrum can range between 20% and 80%.) 

7 . 6 . 1 . 1 . 4  S t r u c t u r a l  isomers t h a t  produce very  s i m i l a r  
mass spectra should be i d e n t i f i e d  as i n d i v i d u a l  isomers i f  
they have s u f f i c i e n t l y  d i f f e r e n t  GC r e t e n t i o n  t imes.  
S u f f i c i e n t  GC r e s o l u t i o n  i s  achieved i f  t h e  he igh t  o f  t h e  
v a l l e y  between two isomer peaks i s  l e s s  than 25% o f  t h e  sum 
o f  t he  two peak he igh ts .  Otherwise, s t r u c t u r a l  isomers are 
i d e n t i f i e d  as isomer ic  p a i r s .  
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7.6.1.1.5 I d e n t i f i c a t i o n  i s  hampered when sample 
components are no t  resolved chromatographical l y  and produce 
mass spect ra con ta in i ng  ions  con t r i bu ted  by more than one 
ana ly te .  When gas chromatographic peaks obv ious ly  represent 
more than one sarr~ple component (i.e., a  broadened peak w i t h  
shoulder(s)  o r  a  v a l l e y  between two o r  more maxima), 
appropr ia te  s e l e c t i o n  o f  ana ly te  spec t ra  and background 
spec t ra  i s  important.  Examination o f  ex t rac ted  i o n  cu r ren t  
p r o f i l e s  o f  appropr ia te  ions can a i d  i n  t h e  s e l e c t i o n  o f  
spectra,  and i n  qua1 i t a t i v e  i d e n t i f i c a t i o n  o f  compounds. 
When analy tes coe lu te  ( i .e . ,  on l y  one chromatographic peak i s  
apparent) ,  t he  i d e n t i f i c a t i o n  c r i t e r i a  can be met, bu t  each 
ana ly te  spectrum wi 11 con ta in  extraneous ions  con t r i bu ted  by 
t he  coel u t  i ng compound. 

7.6.1.2 F o r s a m p l e s c o n t a i n i n g c o m p o n e n t s n o t a s s o c i a t e d  
w i t h  t he  c a l  i b r a t i o n  standards, a  1 i b r a r y  search may be made f o r  t he  
purpose o f  t e n t a t i v e  i d e n t i f i c a t i o n .  The necess i ty  t o  per form t h i s  
type  o f  i d e n t i f i c a t i o n  w i l l  be determined by t h e  purpose o f  t he  
analyses being conducted. Computer generated 1 i b r a r y  search 
r o u t i n e s  should no t  use normal i z a t  i o n  rou t i nes  t h a t  would 
misrepresent  t he  1 i b r a r y  o r  unknown spec t ra  when compared t o  each 
o the r .  For  example, t he  RCRA permi t  o r  waste de l  i s t i n g  requirements 
may r e q u i r e  t h e  r e p o r t i n g  o f  nontarget  analy tes.  Only a f t e r  v i sua l  
comparison o f  sample spect ra w i t h  t he  nearest 1  i b r a r y  searches w i l l  
t he  mass spec t ra l  i n t e r p r e t a t  i o n  spec ia l  i s t  ass ign a t e n t a t i v e  
i d e n t i f i c a t i o n .  Guidel ines f o r  making t e n t a t i v e  i d e n t i f i c a t i o n  are: 

(1) R e l a t i v e  i n t e n s i t i e s  o f  major ions  .in t he  reference 
spectrum ( i ons  > 10% o f  t he  most abundant ion)  should be present i n  
t h e  sample spectrum. 

( 2 )  The re1 a t i v e  i n t e n s i t i e s  o f  t h e  major ions  should agree 
w i t h i n  + 20%. (Example: For an i o n  w i t h  an abundance o f  50% i n  t he  
standard spectrum, t he  corresponding sample i o n  abundance must be 
between 30 and 70%.) 

( 3 )  Molecular  ions  present i n  t he  reference spectrum should 
be present  i n  t h e  sample spectrum. 

( 4 )  Ions present  i n  t he  sample spectrum bu t  no t  i n  t he  
re fe rence  spectrum should be reviewed f o r  poss ib le  background 
contaminat ion o r  presence o f  coe lu t i ng  compounds. 

(5)  Ions present  i n  t he  reference spectrum bu t  no t  i n  t he  
sample spectrum should be reviewed f o r  poss ib le  sub t rac t  i o n  from the  
sample spectrum because o f  background contaminat ion o r  coel  u t i n g  
peaks. Data system l i b r a r y  reduc t i on  programs can sometimes c rea te  
these d iscrepancies.  
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7.6.2 Q u a n t i t a t i v e  ana lys i s  

7.6.2.1 When a  compound has been i d e n t i f i e d ,  t he  
q u a n t i t a t i o n  o f  t h a t  compound w i l l  be based on t h e  i n t e g r a t e d  .,' 

abundance from t h e  EICP of t h e  pr imary c h a r a c t e r i s t i c  i on .  
\ 

7.6.2.2 I f  t h e  %RSD o f  a  compound's r e l a t i v e  response 
f a c t o r  i s  15% o r  less ,  then t h e  concent ra t ion  i n  t h e  e x t r a c t  may be 
determined us ing  t h e  average response f a c t o r  (m) f rom i n i t i a l  
c a l i b r a t i o n  data (7.4.5.2) and t h e  f o l l o w i n g  equat ion: .  

(Ax x  Cis) 
c,, (mg/L) = 

(A, x  m) 
where C,, i s  t h e  concent ra t ion  o f  t h e  compound i n  t h e  e x t r a c t ,  and 
t h e  o the r  terms are as de f ined i n  Sec. 7.4.3. 

7.6.2.3 A l t e r n a t i v e l y ,  t h e  regress ion  l i n e  f i t t e d  t o  t h e  
i n i t i a l  c a l i b r a t i o n  (Sec. 7.3.5.1) may be used f o r  de terminat ion  o f  
t h e  e x t r a c t  concentrat ion.  

7.6.2.4 Compute t h e  concent ra t ion  o f  t h e  ana ly te  i n  t h e  
sample us ing t h e  equat ions i n  Secs. 7.6.2.4.1 and 7.6.2.4.2. 

7.6.2.4.1 The concent ra t ion  o f  t h e  ana ly te  i n  t h e  
l i q u i d  phase o f  t h e  sample i s  c a l c u l a t e d  us ing  t h e  
concent ra t ion  o f  t he  ana ly te  i n  t h e  e x t r a c t  and t h e  volume o f  
1  i q u i d  ext racted,  as fo l l ows :  

Concentrat ion i n  l i q u i d  (pg/L) = f i ex~ex l  Pi 

b 
v o  

where: 

Vex 
- - e x t r a c t  volume, i n  mL 

v 0 

- - volume o f  l i q u i d  ex t rac ted ,  i n  L. 

7.6.2.4.2 The concent ra t ion  o f  t h e  ana ly te  i n  t h e  
s o l i d  phase o f  t h e  sample i s  c a l c u l a t e d  us ing  the  
concent ra t ion  o f  t h e  p o l l u t a n t  i n  t h e  e x t r a c t  and t h e  weight  
o f  t he  so l i ds ,  as fo l l ows :  

Concentrat ion i n  so l  i d  (pg/kg) = f iex~V,xl 
W s 

where: 

Vex 
- - e x t r a c t  volume, i n  mL 

Ws 
- - sample weight,  i n  kg. 

7.6.2.5 Where appl i cab le ,  an es t imate  o f  concen t ra t i on  f o r  
noncal i brated components i n  t h e  sample should be made. The formulae 
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g i ven  above should be used w i t h  t he  f o l l o w i n g  mod i f i ca t i ons :  The 
areas Ax and AiS should be from the  t o t a l  i o n  chromatograms and t h e  
RF f o r  t he  compound should be assumed t o  be 1. The concent ra t ion  
ob ta ined  should be repo r ted  i n d i c a t i n g  (1) t h a t  t h e  va lue i s  an 
es t imate  and (2) which i n t e r n a l  standard was used t o  determine 
concent ra t ion .  Use t h e  nearest  i n t e r n a l  s tandard f r e e  o f  
i n t e r f e rences .  

7.6.2.6 Q u a n t i t a t i o n  o f  mult icomponent compounds (e.g. 
A roc lo r s )  i s  beyond t h e  scope o f  Method 8270. Normally, 
q u a n t i t a t i o n  i s  performed us ing  a  GC/ECD by Method 8081. 

8.0 QUALITY CONTROL 

8.1 Each l a b o r a t o r y  t h a t  uses these methods i s  r equ i red  t o  operate a  
formal  qual i t y  c o n t r o l  program. The minimum requirements o f  t h i s  program c o n s i s t  
o f  an i n i  t i  a1 demonstrat ion o f  l a b o r a t o r y  c a p a b i l i t y  and an ongoing ana l ys i s  o f  
sp iked  samples t o  eva lua te  and document q u a l i t y  data.  The l a b o r a t o r y  must 
ma in ta i n  records  t o  document t he  q u a l i t y  o f  t h e  da ta  generated. Ongoing da ta  
q u a l i t y  checks a r e  compared w i t h  es tab l i shed  performance c r i t e r i a  t o  determine 
i f  t h e  r e s u l t s  o f  analyses meet t h e  performance c h a r a c t e r i s t i c s  o f  t h e  method. 
When r e s u l  t s  o f  sampl e  sp i  kes i n d i c a t e  a t y p i c a l  method performance, a  qual i t y  
c o n t r o l  re fe rence  sample (Sec. 8.5.1) must be analyzed t o  con f i rm  t h a t  t h e  
measurements were per fo r~ i ied  i n  an i n - c o n t r o l  mode o f  opera t ion .  

8.2 Before process ing any samples, t h e  ana l ys t  should demonstrate, 
through t h e  ana l ys i s  o f  a  method blank, t h a t  i n t e r f e rences  f rom t h e  a n a l y t i c a l  
system, glassware, and reagents a re  under c o n t r o l .  Each t ime a  se t  o f  samples 

Fa-.l i s  e x t r a c t e d  o r  t h e r e  i s  a  change i n  reagents,  a  method b lank  should be processed 

k4 as a  safeguard aga ins t  ch ron i c  1  abora to ry  contaminat ion. The b lanks should be 
c a r r i e d  through a1 1  stages o f  sample p repa ra t i on  and measurement. 

8.3 The exper ience o f  t h e  ana l ys t  per forming GC/MS analyses i s  
i n v a l u a b l e  t o  t h e  success o f  t h e  methods. Each day t h a t  ana l ys i s  i s  performed, 
t h e  d a i l y  c a l i b r a t i o n  s tandard should be evaluated t o  determine i f  t h e  
chromatographic system i s  ope ra t i ng  p rope r l y .  Quest ions  t h a t  should be asked 
are:  Do t h e  peaks l o o k  normal?; I s  t h e  response ob ta ined  comparable t o  t h e  
response f rom prev ious  c a l  i b r a t  ions?  Care fu l  examinat ion o f  t h e  standard 
chromatogram can i n d i c a t e  whether t he  column i s  s t i l l  good, t h e  i n j e c t o r  i s  
l eak ing ,  t h e  i n j e c t o r  septum needs rep lac ing ,  e t c .  I f  any changes are made t o  
t he  system (e.9. column changed), r e c a l i b r a t i o n  o f  t h e  system must t ake  p lace.  

8.4 Required inst rument  QC i s  found i n  t he  f o l l o w i n g  sec t ions  

8.4.1 The GC/MS system must be tuned t o  meet t h e  DFTPP 
s p e c i f i c a t i o n s  i n  Secs. 7.3.1 and 7.4.1. 

8.4.2 There must be an i n i t i a l  c a l i b r a t i o n  o f  t h e  GC/MS system as 
spec i f i ed  i n  Sec. 7.3. 

8.4.3 The GC/MS system must meet t h e  SPCC c r i t e r i a  s p e c i f i e d  i n  Sec. 
7.4.3 and t h e  CCC c r i t e r i a  i n  Sec. 7.4.4, each 12 hours.  
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8.5 To e s t a b l i s h  t h e  a b i l i t y  t o  generate acceptable accuracy and 
prec is ion ,  t he  ana lys t  must perform t h e  f o l l o w i n g  operat ions.  

8.5.1 A qua1 i t y  con t ro l  (QC) reference sample concentrate i s  
requ i red  conta in ing  each base/neutral ana ly te  a t  a  concent ra t ion  of 100 F 

mg/L and each ac id  ana ly te  a t  a  concent ra t ion  o f  200 mg/L i n  acetone o r  
methanol. (See Sec. 5.5.1 o f  Method 3500 f o r  minimum requirements. ) The 
QC reference sample concentrate may be prepared from pure standard 
ma te r ia l s  o r  purchased as c e r t i f i e d  so lu t i ons .  I f  prepared by t h e  
l abo ra to ry ,  t he  QC reference sample concentrate must be made us ing  s tock  
standards prepared independently from those used f o r  c a l i b r a t i o n .  

8.5.2 Using a  p ipe t ,  prepare QC reference samples a t  a  concen t ra t i on  
of 100 pg/L by adding 1.00 mL o f  QC reference sample concentrate t o  each 
o f  f o u r  1-L  a l i q u o t s  o f  water. 

8.5.3 Analyze t h e  we1 1  -mixed QC reference samples according t o  t h e  
method beginning i n  Sec. 7.1 w i t h  e x t r a c t i o n  o f  t h e  samples. 

8.5.4 Ca lcu la te  the  average recovery (x) i n  pg/L, and t h e  standard 
d e v i a t i o n  o f  t h e  recovery (s) i n  pg/L, f o r  each ana ly te  o f  i n t e r e s t  us ing  
the  f o u r  r e s u l t s .  

8.5.5 For each ana ly te  compare s  and k w i t h  t h e  corresponding 
acceptance c r i  t e r i  a - fo r  p r e c i s i o n  and accuracy, r e s p e c t i v e l y ,  found i n  
Table 6. I f  s  and x  f o r  a l l  analy tes meet t h e  acceptance c r i t e r i a ,  t h e  
system performance i s  acceptable and ana lys is  o f  ac tua l  samples can-begin. 
I f  any i n d i v i d u a l  s  exceeds t h e  p r e c i s i o n  l i m i t  o r  any i n d i v i d u a l  x  f a l l s  
ou ts ide  t h e  range f o r  accuracy, then t h e  system performance i s  
unacceptable f o r  t h a t  analyte.  FAa, 

NOTE: The l a r g e  number o f  analytes i n  Table 6  present  a  s u b s t a n t i a l  w 
p r o b a b i l i t y  t h a t  one o r  more w i l l  f a i l  a t  l e a s t  one o f  t he  
acceptance c r i t e r i a  when a l l  ana ly tes  o f  a  g iven method are 
analyzed . 

8.5.6 When one o r  more o f  t he  analytes t e s t e d  f a i l  a t  l e a s t  one o f  
t he  acceptance c r i t e r i a ,  the  ana lys t  must proceed according t o  Sec. 
8.5.6.1 o r  8.5.6.2. 

8.5.6.1 Locate and c o r r e c t  t he  source o f  t h e  problem and 
repeat  t he  t e s t  f o r  a l l  analy tes of i n t e r e s t  beginniqg w i t h  Sec. 
8.5.2. 

8.5.6.2 Beginning w i t h  Sec. 8.5.2, repeat  t h e  t e s t  o n l y  
f o r  those analytes t h a t  f a i l e d  t o  meet c r i t e r i a .  Repeated f a i l u r e ,  
however, w i l l  con f i rm a  general problem w i t h  t h e  measurement system. 
I f  t h i s  occurs, l o c a t e  and c o r r e c t  t h e  source o f  t he  problem and 
repeat  t h e  t e s t  f o r  a l l  compounds o f  i n t e r e s t  beginning w i t h  Sec. 
8.5.2. 

8.6 The l a b o r a t o r y  must, on an ongoing basis ,  analyze a  method b lank,  
a  m a t r i x  spike, and a  r e p l i c a t e  f o r  each a n a l y t i c a l  batch (up t o  a  maximum o f  20 
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samples/batch) t o  assess accuracy. For s o i l  and waste samples where de tec tab le  
amounts o f  o rgan ics  a re  present ,  r e p l i c a t e  samples may be app rop r i a te  i n  p lace 
o f  ~ i i a t r i x  sp iked  samples. For l a b o r a t o r i e s  analyz ing one t o  t e n  samples per  
month, a t  l e a s t  one sp iked sample per  month i s  requ i red .  . 

I ,- 8.6.1 The concent ra t ion  o f  the  sp i ke  i n  t he  sample should be 
determined as f o l l o w s :  

8.6.1.1 If, as i n  compliance mon i to r ing ,  t he  concent ra t ion  
o f  a  s p e c i f i c  ana l y te  i n  t he  sample i s  be ing  checked aga ins t  a  
r e g u l a t o r y  concen t ra t ion  l i m i t ,  t he  sp i ke  should be a t  t h a t  l i m i t  
o r  1 t o  5  t imes h ighe r  than t h e  background concen t ra t i on  determined 
i n  Sec. 8.6.2, whichever concentrat  i o n  would be 1  a rger .  

8.6.1.2 I f  the  concent ra t ion  o f  a  s p e c i f i c  ana ly te  i n  a  
water  sample i s  n o t  be ing checked aga ins t  a  l i m i t  s p e c i f i c  t o  t h a t  
analy te ,  t h e  sp ike  should be a t  100 pg/L o r  1 t o  5  t imes h igher  than 
t h e  background concent ra t ion  determined i n  Step 8.6.2, whichever 
concen t ra t i on  would be 1  arger .  For o t h e r  mat r i ces ,  recommended 
s p i k i n g  concen t ra t i on  i s  20 t imes t h e  EQL. 

8.6.1.3 I f  i t  i s  imp rac t i ca l  t o  determine background 
1  eve1 s  be fo re  s p i k i n g  (e.g. maximum ho ld i ng  t imes w i  11 be exceeded), 
t h e  sp i ke  concent ra t ion  should be a t  ( 1 )  t h e  r e g u l a t o r y  
concen t ra t i on  l i m i t ,  i f  any; or ,  i f  none (2 )  t h e  l a r g e r  o f  e i t h e r  
5  t imes h ighe r  than  t he  expected background concen t ra t i on  o r  100 
pg/L. For o t h e r  matr ices,  recommended s p i k i n g  concen t ra t i on  i s  20 
t imes t h e  EQL. 

8.6.2 Analyze one sample a1 i q u o t  t o  determine t h e  background 
concen t ra t i on  (B) o f  each analy te .  I f  necessary, prepare a  new QC 
r e fe rence  sample concent ra te  (Sec. 8.5.1) appropr ia te  f o r  t h e  background 
concen t ra t i on  i n  t h e  sample. Spike a  second sample a1 i q u o t  w i t h  1.00 mL 
o f  t h e  QC re ference sample concentrate and analyze i t  t o  determine t he  
concen t ra t i on  a f t e r  s p i k i n g  (A)  o f  each ana ly te .  Cal c u l  a te  each percent  
recovery  (p) as 100(A-B)%/T, where T  i s  t h e  known t r u e  va lue  o f  t h e  sp ike.  

8.6.3 Compare t h e  percent  recovery (p) f o r  each ana l y te  i n  a  water 
sample w i t h  t he  corresponding QC acceptance c r i t e r i a  found i n  Table 6. 
These acceptance c r i t e r i a  were c a l c u l a t e d  t o  i n c l u d e  an a1 1  owance f o r  
e r r o r  i n  measurement o f  bo th  t h e  background and sp i ke  concentrat ions,  
assuming a  sp i ke  t o  background r a t i o  of 5: 1. Th i s  e r r o r  w i l l  be accounted 
f o r  t o  t h e  e x t e n t  t h a t  t h e  a n a l y s t ' s  sp i ke  t o  background r a t i o  approaches 
5: 1. I f  s p i k i n g  was performed a t  a  concen t ra t ion  lower  than 100 pg/L, t he  
ana l ys t  must use e i t h e r  t he  QC acceptance c r i t e r i a  presented i n  Table 6, 
o r  o p t i o n a l  QC acceptance c r i t e r i a  c a l c u l a t e d  f o r  t h e  s p e c i f i c  sp ike  
concent r a t  i on .  To c a l  c u l  a t e  o p t i o n a l  acceptance c r i  t e r i  a f o r  t h e  recovery 
o f  an analy te :  ( 1 )  Ca l cu la te  accuracy ( x ' )  us i ng  t h e  equat ion  found i n  
Table 7, s u b s t i t u t i n g  t he  sp i ke  concent ra t ion  (T )  f o r  C; (2)  c a l c u l a t e  
o v e r a l l  p r e c i s i o n  ( S t )  us ing  t he  equat ion i n  Table 7, s u b s t i t u t i n g  x1  f o r  - 
x;  ( 3 )  c a l c u l a t e  t he  range f o r  recovery a t  t h e  sp i ke  concen t ra t i on  as 
(lOOxl/T) + 2.44(100S1/T)%. 
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8.6.4 I f  any i n d i v i d u a l  p  f a l l s  o u t s i d e  t h e  des igna ted  range f o r  
recovery,  t h a t  ana l y te  has f a i l e d  t h e  acceptance c r i t e r i a .  A  check 
s tandard c o n t a i n i n g  each ana l y te  t h a t  f a i l e d  t h e  c r i t e r i a  must be analyzed 
as descr ibed  i n  Sec. 8.7. 

/- 

8.7 I f  any ana l y te  i n  a  sample f a i l s  t h e  acceptance c r i t e r i a  f o r  
recovery  i n  Sec. 8.6, a  QC r e fe rence  sample c o n t a i n i n g  each a n a l y t e  t h a t  f a i l e d  
must be prepared and analyzed. 

NOTE: 'The frequency f o r  t h e  r e q u i r e d  a n a l y s i s  o f  a  QC r e fe rence  sample 
w i l l  depend upon t h e  number o f  ana ly tes  be ing  s imul  t aneous l y  t e s t e d ,  
t h e  complex i t y  o f  t h e  sample ma t r i x ,  and t h e  performance o f  t h e  
l a b o r a t o r y .  I f  t h e  e n t i r e  l i s t  o f  ana l y tes  i n  Table 6  must be 
measured i n  t h e  sample i n  Sec. 8.6, t h e  p r o b a b i l i t y  t h a t  t h e  
a n a l y s i s  o f  a  QC r e fe rence  sample w i l l  be r e q u i r e d  i s  h i g h .  I n  t h i s  
case, t h e  QC re fe rence  sample should be r o u t i n e l y  analyzed w i t h  t h e  
s p i  ked sampl e  . 
8.7.1 Prepare t h e  QC r e fe rence  sample by adding 1.0 mL o f  t h e  QC 

r e fe rence  sample concent ra te  (Sec. 8.5.1 o r  8.6.2) t o  1 L  o f  water .  The 
QC r e fe rence  sample needs o n l y  t o  c o n t a i n  t h e  ana l y tes  t h a t  f a i l e d  
c r i t e r i a  i n  t h e  t e s t  i n  Sec. 8.6. 

8.7.2 Analyze t h e  QC r e fe rence  sample t o  determine t h e  c o n c e n t r a t i o n  
measured (A) o f  each ana ly te .  Ca l cu la te  each percen t  r ecove ry  (p,) as 
100(A/T)%, where T  i s  t h e  t r u e  va lue  o f  t h e  s tandard  c o n c e n t r a t i o n .  

8.7.3 Compare t h e  percen t  recovery  (p,) f o r  each a n a l y t e  w i t h  t h e  
corresponding QC acceptance c r i t e r i a  found i n  Table 6.  Only ana l y tes  t h a t  
f a i l e d  t h e  t e s t  i n  Sec. 8.6 need t o  be compared w i t h  these  c r i t e r i a .  I f  m t h e  recovery  o f  any such ana l y te  f a l l s  o u t s i d e  t h e  des igna ted  range, t h e  
1  abora to ry  performance f o r  t h a t  ana l y te  i s  judged t o  be o u t  o f  c o n t r o l  , 
and t h e  problem must be immediate ly  i d e n t i f i e d  and c o r r e c t e d .  The 
a n a l y t i c a l  r e s u l t  f o r  t h a t  a n a l y t e  i n  t h e  unspiked sample i s  suspect and 
may n o t  be r e p o r t e d  f o r  r e g u l  a t o r y  compl iance  purposes. 

8.8 As p a r t  o f  t h e  QC program f o r  t h e  l a b o r a t o r y ,  method accuracy f o r  
each m a t r i x  s t ud ied  must be assessed and records  must be ma in ta ined .  A f t e r  t h e  
a n a l y s i s  o f  f i v e  sp iked  samples -(of t h e  same m a t r i x )  as i n  Sec. 8.6, c a l c u l a t e  
t h e  average percen t  recovery (p) and t h e  s tandard d e v i a t i o n  o f  t h e  pe rcen t  
recovery  (s,). Express t he  accuracy assessment as a  percen t  r ecove ry  i n t e r v a l  
f rom p - 2sp t o  p + 2sp. I f  p = 90% and sp = lo%, f o r  example, t h e  accuracy 
i n t e r v a l  i s  expressed as 70-110%. Update t h e  accuracy assessment f o r  each 
ana l y te  on a  r e g u l a r  bas i s  (e .g .  a f t e r  each f i v e  t o  t e n  new accuracy 
measurements). 

8 .9  The f o l l  owing procedure should be performed t o  de te rmine  accep tab le  
accuracy and p r e c i s i o n  l i m i t s  f o r  su r roga te  s tandards.  

8 .9 .1  For  each sample analyzed, c a l c u l a t e  t h e  pe rcen t  r ecove ry  o f  
each sur roga te  i n  t h e  sample. 
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8.9.2 Once a  minimum o f  t h i r t y  samples o f  t he  same m a t r i x  have been 
analyzed, c a l c u l a t e  t he  average percent recovery (P)  and standard 
d e v i a t i o n  o f  t he  percent  recovery (s)  f o r  each o f  t he  surrogates.  

8.9.3 For a  g iven  mat r i x ,  c a l c u l a t e  t he  upper and lower  c o n t r o l  
1  i m i t  f o r  method performance f o r  each surrogate standard. This  should be 
done as f o l l ows :  

Upper Contro l  L i m i t  (UCL) = P t 3s 
Lower Contro l  L i m i t  (LCL) = P - 3s 

8.9.4 For aqueous and s o i l  matr ices, these l abo ra to ry -es tab l i shed  
sur roga te  c o n t r o l  l i m i t s  should, i f  app l i cab le ,  be compared w i t h  t he  
c o n t r o l  l i m i t s  l i s t e d  i n  Table 8. The l i m i t s  g iven  i n  Table 8  are m u l t i -  
l a b o r a t o r y  performance-based 1  i m i  t s  f o r  s o i l  and aqueous samples, and 
there fo re ,  t h e  s i ng le -1  aboratory  1  i m i  t s  es tab l i shed i n  Sec. 8.9.3 must 
f a l l  w i t h i n  those g iven  i n  Table 8  f o r  these matr ices.  

8.9.5 I f  recovery i s  no t  w i t h i n  l i m i t s ,  t he  f o l l o w i n g  procedures are 
requ i red .  

Check t o  be sure t he re  are no e r r o r s  i n  ca l cu la t i ons ,  
surrogate so lu t i ons  and i n t e r n a l  standards. A1 so, check 
inst rument  perforniance . 
Recalcu late t he  da ta  and/or reanalyze t he  e x t r a c t  i f  any o f  
t he  above checks reveal  a  problem. 

Reextract  and reanalyze t he  sample i f  none o f  t he  above are 
a  problem o r  f l a g  t he  data as "est imated concent ra t ion" .  

8.9.6 A t  a  minimum, each 1  aboratory  should update surrogate recovery 
1  i m i  t s  on a  ma t r i x -by -ma t r i x  bas is ,  annual ly .  

8.10 It i s  recommended t h a t  t he  1  aboratory  adopt a d d i t i o n a l  qua1 i t y  
assurance p r a c t i c e s  f o r  use w i t h  t h i s  method. The s p e c i f i c  p r a c t i c e s  t h a t  are 
most p roduc t i ve  depend upon the  needs o f  t he  l abo ra to ry  and the  na tu re  o f  t he  
samples. F i e l d  dup l i ca tes  may be analyzed t o  assess t he  p r e c i s i o n  o f  t he  
environmental measurements. When doubt e x i s t s  over t he  i d e n t i f i c a t i o n  o f  a peak 
on t he  chromatogram, con f i rmatory  techniques such as gas chromatography w i t h  a  
d i s s i m i l a r  column, s p e c i f i c  element de tec to r ,  o r  a  mass spectrometer must be 
used. Whenever poss ib le ,  t he  1 aboratory  should analyze standard reference 
m a t e r i a l s  and p a r t i c i p a t e  i n  re l evan t  performance eva lua t i on  s tud ies .  

9.0 METHOD PERFORMANCE 

9.1 Method 8250 ( t h e  packed column vers ion  o f  Method 8270) was tes ted  
by 15 1 a b o r a t o r i  es us ing organi  c - f r e e  reagent water, d r i n k i n g  water, sur face 
water,  and i n d u s t r i a l  wastewaters spiked a t  s i x  concent ra t ions  over t he  range 5- 
1,300 pg/L. S ing le  opera to r  accuracy and prec is ion ,  and method accuracy were 
found t o  be d i r e c t l y  r e l a t e d  t o  t he  concent ra t ion  o f  t he  ana l y te  and e s s e n t i a l l y  
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independent o f  t h e  sample ma t r i x .  L inear  equat ions t o  descr ibe  these 
r e l a t i o n s h i p s  a re  presented i n  Table 7. 

9.2 Chromatograms from c a l  i b r a t  i on standards analyzed w i t h  Day 0 and Day 
7 samples were compared t o  de tec t  poss ib le  d e t e r i o r a t i o n  o f  GC performance. /+ -l 

These recove r ies  (us ing  Method 3510 e x t r a c t i o n )  a re  presented i n  Table 9. 

9.3 Method performance da ta  (us ing  Method 3541 Automated Soxhl e t  
e x t r a c t i o n )  a re  presented i n  Table 10. S ing le  1 abora tory  accuracy and p r e c i s i o n  
da ta  were obta ined f o r  semivolat . i le  organics i n  a c l a y  s o i l  by s p i k i n g  a t  a 
concent ra t ion  o f  6 mg/kg f o r  each compound. The s p i k i n g  s o l u t i o n  was mixed i n t o  
t he  s o i l  du r i ng  a d d i t i o n  and then a l lowed t o  e q u i l i b r a t e  f o r  approx imate ly  1 h r  
p r i o r  t o  e x t r a c t i o n .  The spiked samples were then ex t rac ted  by Method 3541 
(Automated Soxh le t ) .  Three detern i inat ions were performed and each e x t r a c t  was 
analyzed by gas chromatography/ mass spectrometry f o l l  owing Method 8270. The 1 ow 
recovery o f  t h e  more v o l a t i l e  compounds i s  probably  due t o  vo l  a t i  1 i z a t  i o n  1 osses 
du r i ng  e q u i l i b r a t i o n .  These data a re  l i s t e d  i n  Table 11 and were taken f rom 
Reference 9. 
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TABLE 1. 
CHARACTERISTIC IONS FOR SEMIVOLATILE COMPOUNDS 

Retent i  on Primary Secondary ,-' - ,> 
Compound Time (min.) I on  I o n  (s) 

2-Pic01 i n e  
A n i l i n e  
Phenol 
B i  s(2-chl  o roe thy l  ) e the r  
2-Chl orophenol 
1,3-Di c h l  orobenzene 
1,4-Dichlorobenzene-d, ( I  .S.) 
1,4-Dichl orobenzene 
Benzyl a1 coho1 
1,2-Dichl orobenzene 
N-Nitrosomethyl e t h y l  amine 
B i  s (2 -ch l  o r o i  sopropy1 ) e the r  
E thy l  carbamate 
Thiophenol (Benzenethi 01 ) 
Methyl methanesul fonate  
N-Ni t rosodi  -n-propyl  amine 
Hexachl oroethane 
Ma1 e i c  anhydride 
Nitrobenzene 
Isophorone 
N-Ni t r o s o d i e t h y l  amine 
2-Ni trophenol 
2,4-Dimethyl phenol 
p-Benzoquinone 
B i  s (2-ch l  oroethoxy)methane 
Benzoic a c i d  
2,4-Dichl orophenol 
Tr imethyl  phosphate 
Ethy l  methanesul fonate  
1,2,4-Trichl  orobenzene 
Naphthalene-d, (I . S . )  
Naphtha1 ene 
Hexachlorobutadiene 
Tet rae t  h y l  pyrophosphate 
D ie thy l  su l  f a t e  
4-Chl oro-3-methyl phenol 
2-Methyl naphtha1 ene 
2-Met hy l  phenol 
Hexachl oropropene 
Hexachl orocycl  opentad i ene 
N - N i t r o s o p y r r o l i d i n e  
Acetophenone 
4-Methyl phenol 
2,4,6-Trichl  orophenol 
o-To1 u i d i n e  
3-Methyl phenol 
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TABLE 1. 
(Continued) 

Retenti on 
,I Compound Time (min.) 

- - 

2-Chloronaphthalene 13.30 
N-Nitrosopiperidine 13.55 
1,4-Phenylenediamine 13.62 
1 -Chl oronaphthal ene 13.65" 
2-Nitroanil ine 13.75 
5-Chloro-2-methyl anil ine 14.28 
Dimethyl phthalate 14.48 
Acenaphthyl ene 14.57 
2,6-Dinitrotoluene 14.62 
Phthal ic anhydride 14.62 
o-Anisidine 15.00 
3-Ni troanil ine 15.02 
Acenaphthene-d,, (I .S. ) 15.05 
Acenaphthene 15.13 
2,4-Dinitrophenol 15.35 
2,6-Dini trophenol 15.47 
4-Chloroanil ine 15.50 
Isosafrole 15.60 
Dibenzofuran 15.63 
2,4-Diaminotoluene 15.78 
2,4-Dini trot01 uene 15.80 

,* - 4-Ni trophenol 15.80 
2-Naphthyl amine 16.00" 

kw 1,4-Naphthoquinone 16.23 
p-Cresidine 16.45 
Di chl orovos 16.48 
Diethyl phthal ate 16.70 
Fl uorene 16.70 
2,4,5-Trimethylanil ine 16.70 
N-Ni trosodi butylamine 16.73 
4-Chlorophenyl phenyl ether 16.78 
Hydroqui none 16.93 
4,6-Dini tro-2-methylphenol 17.05 
Resorc i no1 17.13 
N-Ni trosodiphenyl amine 17.17 
Safrol e 17.23 
Hexamethyl phosphoramide 17.33 
3- (Chloromethyl )pyridine hydrochloridel7.50 
Di phenyl ami ne 17.54" 
1,2,4,5-Tetrachl orobenzene 17.97 
1-Naphthyl amine 18.20 
1-Acetyl-2-thiourea 18.22 
4-Bromophenyl phenyl ether 18.27 
To1 uene di isocyanate 18.42 
2,4,5-Trichlorophenol 18.47 
Hexachl orobenzene 18.65 

Primary Secondary 
I on Ion (s) 
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TABLE 1. 
(Continued) 

Retent ion Primarv Secondary " " 

Compound Time (min.) I on  I o n  ( s )  
~ - 

N i co t i ne  
Pentachl orophenol 
5 -N i t ro -o - to1  u i d i n e  
Thionazi ne 
4-Ni t r o a n i  1 i ne 
Phenanthrene-d,,(i . s. ) 
Phenanthrene 
Anthracene 
1,4-Dinitrobenzene 
Mevinphos 
Nal ed 
1,3-Dinitrobenzene 
D i a l  l a t e  ( c i s  o r  t rans )  
1,2-Dini  trobenzene 
D i a l l a t e  ( t r a n s  o r  c i s )  
Pent achl orobenzene 
5-Ni t r o - o - a n i  s i d i n e  
Pentachloronitrobenzene 
4-Ni t r o q u i n o l  ine-1-ox ide  
Di -n -bu ty l  ph tha l  a te  
2,3,4,6-Tetrachl orophenol 
Di  h y d r o s a f f r o l e  
Demeton-0 
F l  uoranthene 
1,3,5-Trini trobenzene 
Dicrotophos 
Benzid i  ne 
T r i  f l  u r a l  i n  
Bromoxyni 1 
Pyrene 
Monocrotophos 
Phorate 
Sul fa1  1 a te  
Demeton-S 
Phenacetin 
Dimethoate 
Phenobarbital  
Carbofuran 
Octamethyl pyrophosphoramide 
4-Arninobiphenyl 
Dioxath ion 
Terbuf os 
a,a-Dimethyl phenyl amine 
Pronamide 
Arni noazobenzene 
D ich l  one 
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TABLE 1. 
(Continued) 

Retent i  on Primary Secondary 
Compound Time (min.) Ion  Ion(s)  

D i  noseb 
Di su l  f o ton  
F luch lo ra l  i n  
Mexacarbate 
4,4'-Oxydianil i n e  
Buty l  benzyl phthal  a te  
4-Ni t r o b i  phenyl 
Phosphamidon 
2-Cycl ohexyl -4,6-Dini trophenol 
Methyl para th ion  
Carbaryl  
Dimethyl ami noazobenzene 
Propyl t h i o u r a c i l  
Benz(a)anthracene 
Chrysene-d,, (I. S. ) 
3,3'-Dichl orobenzidine 
Chrysene 
Malath ion 
Kepone 
Fenthion 
Parathion 

- +, 
Ani laz ine  

, \ B i  s (2-e thy l  hexyl ) phthal  a te  
b' 3,3'-Dimethyl benzidine 

Carbophenothi on 
5-Nitroacenaphthene 
Methapyri lene 
I s o d r i n  
Captan 
Chl orfenvinphos 
Crotoxyphos 
Phosmet 
E PN 
Tetrachl  o r v i  nphos 
Di  - n - o c t y l  phthal  a te  
2-Aminoanthraquinone 
Barban 
Arami t e  
Benzo (b) f 1 uorant hene 
N i  t r o f e n  
Benzo (k) f l  uoranthene 
Chlorobenzi 1 a te  
Fensul f o t h i o n  
Eth ion 
D ie thy l  s t i l  bes t ro l  
Famphur 
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TABLE 1. 
(Continued) 

Retention Primary Secondary 
Compound Time (min.) Ion Ion(s) 

Tri -p-tolyl phosphateb 
Benzo (a) pyrene 
Peryl ene-d,, (I .S. ) 
7,12-Dimethyl benz(a)anthracene 
5,5-Diphenyl hydantoin 
Captafol 
Di nocap 
Methoxychl or 
2-Acetyl ami nofl uorene 
4,4' -Methyl enebi s (2-chl oroani 1 i ne) 
3,3' -Dimethoxybenzidine 
3-Methyl chol anthrene 
Phosal one 
Azinphos-methyl 
Leptophos 
Mi rex 
Tri s(2,3-di bromopropyl ) phosphate 
Dibenz(a, j)acridine 
Mestranol 
Coumaphos 
Indeno(l,2, 3-cd)pyrene 
Di benz (a, h) anthracene 
Benzo(g,h, i)perylene 
1,2:4,5-Dibenzopyrene 
Strychnine 
Piperonyl sul foxide 
Hexachl orophene 
A1 dr-i n 
Arocl or-1016 
Arocl or-1221 
Arocl or- 1232 
Arocl or- 1242 
Arocl or- 1248 
Arocl or- 1254 
Arocl or- 1260 
a-BHC 
P-BHC 
6- BHC 
7-BHC (Lindane) 
4,4'-DDD 
4,4'-DDE 
4,4' -DDT 
Dieldrin 
1,2-Di phenyl hydrazi ne 
Endosulfan I 
Endosul fan I I 
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TABLE 1. 
(Continued) 

Retent ion Primary Secondary 
Compound Time (min.) Ion  Ion(s )  

Endosul fan  s u l f a t e  
Endri  n  
Endri n  a1 dehyde 
Endrin ketone 
2-Fl uorobi phenyl ( su r r .  ) 
2-Fl  uorophenol ( s u r r .  ) 
Heptachl o r  
Heptachl o r  epoxide 
Ni  trobenzene-d, ( s u r r .  ) 
N-Ni t rosodimethyl  amine 
Phenol -d, ( s u r r  . ) 
Terphenyl -d,, ( su r r .  ) 
2,4,6-Tri bromophenol ( s u r r  .) 
Toxaphene 

I. S. = i n t e r n a l  standard. 
sur r .  = surrogate. 
"Estimated r e t e n t i  on t imes. 
b Subs t i t u te  f o r  the  non-speci f i c  mixture, tri cresyl  phosphate. 
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TABLE 2. 
ESTIMATED QUANTITATION LIMITS (EQLs) FOR SEMIVOLATILE ORGANICS 

Estimated /- 

Q u a n t i t a t i o n  
L im i t s "  

Ground water Low soi l /sedimentb 
Semi vo l  a t  i 1 es M / L  PS/ kg 

Acenaphthene 10 660 
Acenaphthyl ene 10 660 
Acetophenone 10 ND 
2-Acetylaminof luorene 20 ND 
1-Acety l -2 - th iourea 1000 N D 
2-Ami noanthraqui none 2 0 N D 
Ami  noazobenzene 10 ND 
4-Aminobi phenyl 2 0 ND 
Ani 1 a z i  ne 100 N D 
o-An is id ine  10 N D 
Anthracene 10 660 
Arami t e  2 0 ND 
Azinphos-methyl 100 N D 
Barban 200 N D 
Benz(a)anthracene 10 660 
Benzo (b) fl uorant  hene 10 660 
Benzo(k) f l  uoranthene 10 660 
Benzoic ac id  5 0 3300 
Benzo (g , h , i ) p e r y l  ene 10 660 
Benzo(a) pyrene 10 660 
p-  Benzoqui none 10 ND 
Benzyl a1 coho1 2 0 1300 
Bis(2-ch1oroethoxy)methane 10 660 
Bi  s (2 -ch lo roe thy l  ) e the r  10 660 
B i  s (2 -ch lo ro i  sopropy1 ) e the r  10 660 
4- bromophenyl phenyl e ther  10 660 
Bromoxyn i 1 10 ND 
Bu ty l  benzyl ph tha l  a t e  10 660 
Captafo l  2 0 ND 
Captan 5 0 ND 
Carbaryl  10 ND 
Carbofuran 10 ND 
Carbophenothion 10 N D 
Chl o r f e n v i  nphos 2 0 ND 
4-Chl oroani  1 i ne 20 1300 
Chl orobenzi 1 a t e  10 N D 
5-Chloro-2-methyl a n i l  i n e  10 ND 
4-Chl oro-3-methyl phenol 2 0 1300 
3- (Chloromethyl ) p y r i d i n e  hydrochlor ide 100 ND 
2-Chl oronaphthal ene 10 660 
2-Chl orophenol 10 660 
4-Chl orophenyl phenyl e ther  10 660 
Chrysene 10 660 
Coumap hos 4 0 ND 
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TABLE 2. 
(Continued) 

Estimated 
Quantitation 

Semivol atiles 

p-Cresidine 
Crotoxyphos 
2-Cyclohexyl -4,6-dini trophenol 
Demeton-0 
Demeton-S 
Diallate (cis or trans) 
Diallate (trans or cis) 
2,4-Di aminotol uene 
Di benz(a, j)acridine 
Di benz(a, h) anthracene 
Dibenzofuran 
Di benzo(a, e)pyrene 
Di -n-butyl phthal ate 
Dichlone 
1,2-Dichlorobenzene 
1,3-Di chl orobenzene 
1,4-Dichlorobenzene 
3,3'-Dichlorobenzidine 
2,4-Di chl orophenol 

/ "'4 
2,6-Di chlorophenol 

I Di chl orovos 
, ' Dicrotophos 

Diethyl phthal ate 
Di ethyl sti 1 bestrol 
Diethyl sul fate 
Dimethoate 
3,3' -Dimethoxybenzidine 
Dimethyl aminoazobenzene 
7,12-Dimethyl benz(a)anthracene 
3,3'-Dimethyl benzidine 
a, a-Dimethylphenethyl amine 
2,4-Dimethyl phenol 
Dimethyl phthalate 
1,2-Dini trobenzene 
1,3-Dinitrobenzene 
1,4-Dini trobenzene 
4,6-Dini tro-2-methyl phenol 
2,4-Dini trophenol 
2,4-Dinitrotoluene 
2,6-Dini trot01 uene 
Di nocap 
Dinoseb 
5,5-Diphenyl hydantoin 
Di -n-octyl phthal ate 

Limits' 
Ground water Low Soil/Sedimentb 

Revision 2 
September 1994 



TABLE 2. 
(Continued) 

Estimated / \ 

Q u a n t i t a t i o n  
Limi t s a  

Ground water Low soi l /sedimentb 
Semi vol  a t  I 1  es ~ g /  L ~ g /  kg 

Di su l  f o t o n  10 ND 
E PN 10 N D 
Eth ion 
Ethyl  carbamate 
B is (2 -e thy l  hexyl ) phthal  a te  
Ethy l  methanesul fonate 
Fan~phur 
Fensul f o t h i o n  
Fent h i  on 
F l  uchl o r a l  i n  
F l  uoranthene 
F l  uorene 
Hexachl orobenzene 
Hexachl orobutadiene 
Hexachlorocyclopentadiene 
Hexachloroethane 
Hexachl orophene 
Hexachl oropropene 
Hexarnethylphosphoramide 
Hydroqui none 
Indeno(l,2,3-cd)pyrene 
I s o d r i n  
Isophorone 
I s o s a f r o l e  
Kepone 
Leptophos 
Ma1 a th ion  
Ma1 e i c  anhydride 
Mestranol 
Methapyri 1 ene 
Methoxychl o r  
3-Methyl chol anthrene 
4 , 4 '  -Methyl enebis(2-chloroani l  i ne )  
Methyl methanesul fonate 
2-Methylnaphthalene 
Methyl para th ion  
2-Methyl phenol 
3-Methyl phenol 
4-Met h y l  phenol 
Mevi nphos 
Mexacarbate 
M i  r ex  
Monocrotophos 
Nal ed 
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TABLE 2. 
(Continued) 

Estimated 
Quanti t a t i o n  

Limi t s a  
Ground water Low ~ o i  l/sedimentb 

Semi vo l  a t  i 1 es 

Naphtha1 ene 
1,4-Naphthoquinone 
1-Naphthylamine 
2-Naphthyl amine 
N ico t i ne  
5-Ni troacenaphthene 
2-Ni t r o a n i l  i n e  
3 - N i t r o a n i l  i n e  
4 - N i t r o a n i l  i n e  
5-Ni t r o - o - a n i  s i d i n e  
Ni trobenzene 
4-Ni t r o b i  phenyl 
N i t r o f e n  
2-Ni t rophenol  
4-Nitrophenol 
5-Ni t r o - o - t o 1  u i d i n e  
4-N i t roqu ino l ine-1-ox ide  
N-Ni t r o s o d i  b u t y l  amine 
N-Ni t rosod ie thy l  amine 

* "-. N-Nitrosodiphenylamine 
N-Ni t r o s o - d i  -n-propyl amine 
N-Ni t rosop ipe r id ine  
N-Ni t r o s o p y r r o l  i d i n e  
Octamethyl pyrophosphoramide 
4,4 ' -Oxydiani l ine 
Parath ion 
Pentachl orobenzene 
Pentachl o ron i  trobenzene 
Pentachl orophenol 
Phenacet i n 
Phenanthrene 
Phenobarbital 
Phenol 
1,4-Phenylenedi amine 
Phorate 
Phosal one 
Phosmet 
Phosphamidon 
Phthal i c  anhydride 
2-Pic01 i n e  
Piperonyl su l  f ox ide  
Pronami de 
Propyl t h i o u r a c i  1 
Pyrene 
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TABLE 2. 
(Continued) 

Estimated 
Ouan t i t a t i on  /' \ 

L im i t s "  
Ground water Low Soi l /sedimentb 

Semi vo l  a t i  1 es L ~ g /  kg 

Py r id ine  ND ND 
Resorci no1 100 N D 
Saf r o l  e 10 ND 
Strychnine 4 0 ND 
Sul f a1 1 a t e  10 ND 
Terbufos 2 0 ND 
1,2,4,5-Tetrachl orobenzene 10 ND 
2,3,4,6-Tetrachl orophenol 10 ND 
Tet rach l  o r v i  nphos 20 ND 
Te t rae thy l  pyrophosphate 40 ND 
Thionazine 20 N D 
Thiophenol (Benzenethiol ) 2 0 ND 
To1 uene d i  isocyanate 100 N D 
o-To1 u i d i n e  10 N D 
1,2,4-Trichlorobenzene 10 660 
2,4,5-Trichlorophenol 10 660 
2,4,6-Tr ich l  orophenol 10 660 
T r i  f 1 u r a l  i n  10 N D 
2 ,4 ,5-Tr imethy lan i l ine  10 ND 
Tr imethy l  phosphate 10 N D 
1,3,5-Trini trobenzene 10 ND 
Tr is(2,3-d ibromopropyl )  phosphate 200 N D 
T r i - p - t o l y l  phosphate(h) 10 ND 
O,O, 0 - T r i e t h y l  phosphorothioate NT ND 

a Sample EQLs are  h i g h l y  matrix-dependent. The EQLs 1 i s t e d  he re in  are  prov ided 
f o r  guidance and may not  always be achievable. 

b EQLs l i s t e d  f o r  so i l /sediment  are based on wet weight. Normal ly data are 
repor ted  on a d r y  weight basis ,  there fore ,  EQLs w i l l  be h igher  based on t h e  
% d r y  weight o f  each sample. These EQLs are based on a 30 g sample and gel  
permeat i o n  chromatography cleanup. 

ND = Not determined. 
NA = Not appl i cab1 e. 
NT = Not tes ted .  

Other Mat r ices  FactorC 

High-concentrat i on so i  1 and s l  udges by son ica tor  7.5 
Non-water m i  s c i  b l  e waste 7 5 

'EQL = (EQL f o r  Low Soil/Sediment g iven above i n  Table 2) X (Fac tor ) .  

Revis ion 2 
September 1994 



TABLE 3. 
DFTPP KEY IONS AND ION ABUNDANCE CRITERIA"~ 

Mass I o n  Abundance C r i t e r i a  

< 2% o f  mass 69 
< 2% o f  mass 69 

40-60% o f  mass 198 

< 1% o f  mass 198 
Base peak, 100% r e l a t i v e  abundance 
5-9% o f  mass 198 

10-30% o f  mass 198 

> 1% o f  mass 198 

Present bu t  l e s s  than mass 443 
> 40% o f  mass 198 
17-23% o f  mass 442 

" See Reference 3. 

A l t e r n a t e  t u n i n g  c r i t e r i a  may be used (e.g., CLP, Method 525, o r  
manufacturers '  i n s t r u c t i o n s ) ,  prov ided t h a t  method performance i s  n o t  
adverse ly  a f f e c t e d  . 

TABLE 4. 
CALIBRATION CHECK COMPOllNDS 

Base/Neutral F r a c t i o n  

Acenaphthene 
1,4-Dich l  orobenzene 
Hexachl o robu tad i  ene 
N-Nitrosodiphenylamine 
Di - n - o c t y l  ph tha l  a te  
F l  uoranthene 
Benzo(a)pyrene 

Ac id  F rac t i on  

4-Chloro-3-methyl  phenol 
2,4-Dichlorophenol 
2-Ni t rophenol  
Phenol 
Pentachl orophenol 
2,4,6-Trichlorophenol 
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TABLE 5. 
SEMIVOLATILE INTERNAL STANDARDS WITH CORRESPONDING ANALYTES 

ASSIGNED FOR QUANTITATION 

1,4-Dichl  orobenzene-d, Naphthalene-d, Acenaphthene-d,, 

A n i l i n e  
Benzyl a1 coho1 
B i s (2 -ch lo roe thy l )  e the r  
B i  s (2 -ch l  o r o i  sopropy1 ) 

e the r  
2-Chl orophenol 
1,3-Di ch l  orobenzene 
1,4-Dichlorobenzene 
l ,2 -D i  ch l  orobenzene 
Ethy l  methanesul fona te  
2-Fl  uorophenol ( s u r r .  ) 
Hexachl oroethane 
Methyl methanesul fona te  
2-Methyl phenol 
4-Methyl phenol 
N-Nitrosodimethylamine 
N-N i t roso -d i -n -p ropy l -  

ami ne 
Phenol 
Phenol -d, ( s u r r  . ) 
2-Pic01 i n e  

Acetophenone 
Benzoic ac id  
B i  s (2 -ch l  oroethoxy)methane 
4-Chl o r o a n i l  i n e  
4-Chl oro-3-methyl  phenol 
2,4-Dichl  orophenol 
2,6-Di ch l  orophenol 
a,a-Dimethyl-  

phenethyl amine 
2,4-Dimethyl phenol 
Hexachl orobutadi  ene 
Isophorone 
2-Methyl naphtha1 ene 
Naphtha1 ene 
Ni  trobenzene 
Ni  trobenzene-d, ( s u r r .  ) 
2-Ni t rophenol  
N-Ni t rosodibuty lamine 
N-Ni t r o s o p i p e r i d i n e  
1,2,4-Tr ich l  orobenzene 

Acenapht hene 
Acenaphthyl ene 
1-Chl oronaphthal ene 
2-Chl oronaphthal ene 
4-Chl orophenyl 

phenyl e t h e r  
D i  benzofuran 
D i e t h y l  ph tha l  a t e  
Dimethyl  ph tha l  a te  
2,4-Dini  t rophenol  
2,4-Di n i  t r o t o l  uene 
2,6-Din i  t r o t o l  uene 
F l  uorene 
2-Fl  uorobiphenyl 

( s u r r  . ) 
Hexachl o rocyc l  o- 

pentadiene 
1-Naphthyl a~n i  ne 
2-Naphthylamine 
2 - N i t r o a n i l i n e  
3 - N i t r o a n i l i n e  
4 - N i t r o a n i l i n e  
4-Ni t rophenol  
Pentachlorobenzene 
1,2,4,5-Tetra- 

c h l  orobenzene 
2,3,4,6-Tetra- 

c h l  orophenol 
2,4,6-Tribromo- 

phenol ( s u r r  . ) 
2,4,6-Tr ich loro-  

phenol 
2 ,4,5-Tr ich loro-  

phenol 

( s u r r . )  = sur rogate  
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TABLE 5 .  
(Cont i nued) 

Phenanthrene-d,, Chrysene-d,, Peryl  ene-d,, 
1 ' 

4-Ami nobi phenyl 
Anthracene 
4-Bromophenyl phenyl 

e ther  
Di -n -bu ty l  ph tha l  a te  
4,6-Din i t ro-2-methyl -  

phenol 
Diphenyl ami ne 
F l  uoranthene 
Hexachlorobenzene 
N-Ni t r o s o d i  phenyl ami ne 
Pentachl orophenol 
Pentachl o ron i  trobenzene 
Phenacet i n 
Phenant hrene 
Pronami de 

( su r r . )  = surrogate 

Benzidi  ne 
Benzo (a) anthracene 
Bi  s (2-e thy l  hexyl)  

phthal  a te  
Buty l  benzyl phthal  ate 
Chrysene 
3,3' -Dichlorobenzidine 
p-Dimethyl ami noazobenzene 
Pyrene 
Terphenyl -d,, (sur r .  ) 

Benzo(b) f l  uor-  
anthene 

Benzo ( k) f 1 uor-  
anthene 

Benzo(g, h , i ) -  
pe ry l  ene 

Benzo (a) pyrene 
D i  benz(a, j ) a c r i d i n e  
Dibenz(a, h ) -  

anthracene 
7,12-Dimethyl benz- 

(a) ant hracene 
Di -n -oc ty l  phthal  a te  
Indeno(l,2,3-cd) 

pyrene 
3-Methyl chol - 

anthrene 
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TABLE 6. 
QC ACCEPTANCE CRITERIAa 

Compound 

Test L i m i t  Rangg Range '.. 
conc. f o r  s f o r  x P, P, 
(c19/L) (c1g/L) (c19/L) (%I 

Acenaphthene 
Acenapht h y l  ene 
A1 dr'l n 
Anthracene 
Benz(a) anthracene 
Benzo(b) f l  uoranthene 
Benzo(k) f l  uoranthene 
Benzo(a) pyrene 
Benzo (gh i  ) pe ry l  ene 
Benzyl b u t y l  phthal  a t e  
6 - BHC 
s - BHC 
B is (2-ch l  o roe thy l  ) e ther  
B i  s(2-chl  oroethoxy)methane 
B i  s (2 -ch l  o r o i  sopropy1 ) e ther  
B i  s (2 -e thy l  hexyl ) phthal  a te  
4-Bromophenyl phenyl e ther  
2-Chl oronaphthal ene 
4-Chl orophenyl phenyl e the r  
Chrysene 
4,4'-DDD 
4,4'-DDE 
4,4'-DDT 
Di benzo (a, h) ant  hracene 
D i  -n -bu ty l  ph tha la te  
l ,2-Di  ch l  orobenzene 
1,3-Dichl orobenzene 
1,4-Dichl orobenzene 
3,3' -Dichl  orobenzid ine 
D i e l d r i n  
D ie thy l  phthal  a t e  
Dimethyl phthal  a te  
2 ,4-D in i t ro to luene 
2,6-Dini t r o t 0 1  uene 
Di -n -oc ty l  phthal  a te  
Endosul fan  sul  f a t e  
Endri  n a1 dehyde 
F l  uoranthene 
F1 uorene 
Heptachl o r  
Heptachlor epoxide 
Hexachl orobenzene 
Hexachl orobutadi  ene 
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TABLE 6. 
(Continued) 

Compound 

Test L i m i t  Range Range 
conc. f o r  s f o r  x P, P, 
(Pg/L) ( P S / L )  (%I 

Hexachl oroethane 
Indeno(l,2,3-cd)pyrene 
Isophorone 
Naphthalene 
N i  trobenzene 
N-Ni t r o s o d i  - n -p ropy l  amine 
PCB- 1260 
Phenant hrene 
Pyrene 
1,2,4-Trichlorobenzene 
4-Chloro-3-methylphenol 
2-Chlorophenol 
2,4-Chlorophenol 
2,4-Dimethylphenol 
2 ,4-Din i t rophenol  
2-Methyl  -4 ,6 -d in i  t ropheno l  
2-Ni t ropheno l  
4 -N i t ropheno l  
Pentachl  orophenol 
Phenol 
2,4,6-Tr ichlorophenol 

s - - Standard d e v i a t i o n  o f  f o u r  recovery measurements, i n  pg/L. 
- 
X - - Average recovery f o r  f o u r  recovery measurements, i n  pg/L. 

P, P, = Percent recovery measured. 

D - - Detected; r e s u l t  must be g r e a t e r  than zero. 

a C r i t e r i a  f rom 40 CFR P a r t  136 f o r  Method 625. These c r i t e r i a  are based 
d i r e c t l y  on t h e  method performance da ta  i n  Table 7. Where necessary, t he  
l i m i t s  f o r  recovery have been broadened t o  assure a p p l i c a b i l i t y  o f  t he  
1 i m i t s  t o  concen t ra t ions  below those used t o  develop Table 7. 
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TABLE 7. 
METHOD ACCURACY AND PRECIS ION AS FUNCTIONS OF CONCENTRAT IONa 

Compound 

1' 

Accuracy, as Sing1 e ana l ys t  Ove ra l l  
recovery, x '  p r e c i  s i on, s,' p r e c i  s i on, 

(I1g/L) (I1g/L) S' (I1g/L) 

Acenaphthene 
Acenaphthyl ene 
A1 d r i n  
Anthracene 
Benz (a)  anthracene 
Chl oroethane 
Benzo(b) f l  uoranthene 
Benzo(k) f l  uoranthene 
Benzo (a) pyrene 
Benzo (gh i  ) p e r y l  ene 
Benzyl b u t y l  ph tha l  a te  
/3-BHC 
6 - BHC 
B is (2 -ch lo roe thy l )  e the r  
B i  s (2 -ch l  oroethoxy)methane 
B i  s (2 -ch l  o r o i  sopropy1 ) 

e the r  
B i  s (2 -e thy l  hexyl  ) 

phthal  a te  
4- Bromophenyl phenyl 

e the r  
2-Chl oronaphthalene 
4-Chl orophenyl phenyl 

e t h e r  
Chrysene 
4,4'-DDD 
4,4'-DDE 
4,4'-DDT 
Dibenzo(a,h)anthracene 
Di  -n -bu ty l  ph tha l  a te  
1,2-Dichlorobenzene 
1,3-Dichl  orobenzene 
1,4-Dichl  orobenzene 
3,3 ' -Dich lorobenzid ine 
D i e l d r i n  
D i e t h y l  ph tha l  a te  
Dimethyl phthal  a t e  
2,4-Di n i  t r o t 0 1  uene 
2 ,6 -D in i t ro to luene 
Di  - n - o c t y l  ph tha l  a te  
Endosul f an  s u l f a t e  
Endr i  n aldehyde 
F l  uorant  hene 
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TABLE 7. 
(Continued) 

I " 
Accuracy, as Single analyst Overall 
recovery, xi precision, sr' precision, 

Compound (MIL) (P~/L) s' (M/L) 

F1 uorene 
Hept achl or 
Heptachlor epoxide 
Hexachl orobenzene 
Hexachl orobutadiene 
Hexachl oroethane 
Indeno(l,2,3-cd)pyrene 
I sophorone 
Napht ha1 ene 
Ni trobenzene 
N-Ni  trosodi -n-propyl amine 
PCB- 1260 
Phenanthrene 
Pyrene 
1,2,4-Trichlorobenzene 
4-Chloro-3-methyl phenol 
2-Chl orophenol 
2,4-Dichlorophenol 
2,4-Dimethyl phenol 

- X\ 
2,4-Dinitrophenol 
2-Methyl -4,6-dini trophenol 

b 2-Ni trophenol 
4-Ni trophenol 
Pentachlorophenol 
Phenol 
2,4,6-Trichlorophenol 

x - - Expected recovery for one or more measurements of a sample 
containing a concentration of C, in pg/L. 

sr ' - - Expected sing1 e analyst mndard deviation of measurements at an 
average concentration of x, in pg/L. 

S ' - - Expected interlaboratory standa~d deviation of measurements at an 
average concentration found of x, in pg/L. 

C - - True value for the concentration, in pg/L. 
- 
X = Average recovery found for ~neasurements of samples containing a 

concentration of C, in pg/L. 
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TABLE 8. 
SURROGATE SPIKE RECOVERY LIMITS FOR WATER AND SOIL/SEDIMENT SAMPLES 

Surrogate Compound 
Low/H i g h 

Water 

N i  trobenzene-d, 
2-Fl  uorobi  phenyl 
Terphenyl -d,, 
Phenol -d, 
2-Fl  uorophenol 
2,4,6-Tri bromophenol 

TABLE 9. 
EXTRACTION EFFICIENCY AND AQUEOUS STABILITY RESULTS 

-- 

COMPOUND 
PERCENT RECOVERY PERCENT RECOVERY 

ON DAY 0 ON DAY 7 
AVG . RSD AVG . RSD 

3-Ami no-9-e thy l  carbazol e 80 
4-Chl oro-1,2-phenyl enediamine 9 1 
4-Chloro-1,3-phenylenediamine 84 
1,2-Di bromo-3-chl oropropane 9 7 
2 -sec-Buty l -4 ,6 -d in i  t rophenol  99 
Ethy l  para th ion  100 
4,4'-Methylenebi s(N,N-dimethylani l  i n e )  108 
2 - M e t h y l - 5 - n i t r o a n i l i n e  9 9 
2-Methyl p y r i d i n e  8 0 
Te t rae thy l  d i  thiopyrophosphate 9 2 

Data from Reference 8. 
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TABLE 10. 
AVERAGE PERCENT RECOVERIES AND PERCENT RSDs FOR THE TARGET COMPOUNDS 

FROM SPIKED CLAY S O I L  AND TOPSOIL BY AUTOMATED SOXHLET EXTRACTION 
WITH HEXANE-ACETONE ( 1  : 1)" 

I &,*, 

Clay S o i l  Topsoi 1 

Compound name 

1,3-Dichlorobenzene 
l ,2-Di  c h l  orobenzene 
N i  t robenzene 
Benzal c h l  o r i d e  
Benzo t r i  c h l  o r i d e  
4 -Ch lo ro -2 -n i  t r o t o l u e n e  
Hexachl o rocyc l  opentadi  ene 
2,4-Dich loron i  trobenzene 
3,4-Dichloronitrobenzene 
Pentachl  orobenzene 
2,3,4,5-Tetrachloronitrobenzene 
Benef i n 
a1 pha-BHC 
Hexachl orobenzene 
d e l  ta-BHC 
Heptachl  o r  

F -., A l d r i n  

'&pi 
Isopropa l  i n  
Heptachlor  epoxide 
t rans-Ch l  ordane 
Endosul f a n  I 
D i e l d r i n  
2,5-Di c h l  orophenyl -  
4 - n i  t ropheny l  e the r  
Endr in  
Endosul f a n  I I 
p, p'-DDT 
2,3,6-Tr ich lorophenyl -  
4' - n i  t ropheny l  e t h e r  
2,3,4-Tri c h l  orophenyl -  
4' - n i  t ropheny l  e t h e r  
M i  r e x  

Average Average 
percent  Percent percent  Percent 
recovery RSD recovery RSD 

a The ope ra t i ng  cond i t i ons  f o r  t he  Soxtec apparatus were as fo l lows :  
immersion t ime  45 min; e x t r a c t i o n  t ime 45 min; t h e  sample s i z e  was 10 g; 
t h e  s p i k i n g  concent ra t ion  was 500 ng/g, except f o r  t he  surrogate compounds 
a t  1000 ng/g, compounds 23, 27, and 28 a t  1500 ng/g, compound 3 a t  2000 
ng/g, and compounds 1 and 2 a t  5000 ng/g. 
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TABLE 11. 
SINGLE LABORATORY ACCURACY AND PRECIS ION DATA FOR THE EXTRACTION 

OF SEMIVOLATILE ORGANICS FROM SPIKED CLAY BY 
METHOD 3541 (AUTOMATED SOXHLET)" _- 

Compound name 

Average 
percent  Percent 
recovery RSD 

Phenol 
B is (2 -ch lo roe thy1)e ther  
2-Chl orophenol 
Benzyl a1 coho1 
2-Methyl phenol 
B i  s (2 -ch l  o r o i  sopropyl )e the r  
4-Methyl phenol 
N-Ni t r o s o - d i  -n-propyl  amine 
Nitrobenzene 
Isophorone 
2-Ni t rophenol  
2,4-Dimethyl phenol 
Benzoic a c i d  
B i  s(2-chl  oroethoxy)methane 
2,4-Dichl orophenol 
1 ,2,4-Tr ich l  orobenzene 
Naphtha1 ene 
4-Chl oroani  1 i n e  
4-Chl oro-3-methyl  phenol 
2-Methyl naphtha1 ene 
Hexachl o rocyc l  opentadi ene 
2,4,6-Tr ichl  orophenol 
2 ,4,5-Tr ich l  orophenol 
2-Chloronaphthal ene 
2 - N i t r o a n i l i n e  
Dimethyl ph tha l  a t e  
Acenapht h y l  ene 
3 - N i t r o a n i l i n e  
Acenapht hene 
2,4-Din i t rophenol  
4-Ni t rophenol  
D i  benzofuran 
2,4-Dini  t r o t 0 1  uene 
2 ,6 -D in i t r o to luene  
D i e t h y l  ph tha l  a t e  
4-Chl orophenyl -pheny1 e the r  
F l  uorene 
4 - N i t r o a n i l  i n e  
4,6-Din i t ro-2-methy l  phenol 
N-Ni t r o s o d i  phenyl ami ne 
4-Bromophenyl -phenyl e the r  
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Tab1 e 11. (Continued) 

Compound name 

Average 
percent Percent 
recovery RSD 

Hexachl orobenzene 
Pentachl orophenol 
Phenanthrene 
Anthracene 
Di  -n -bu ty l  phthal  a te  
F l  uoranthene 
Pyrene 
Buty l  benzyl phthal  a t e  
3,3 ' -Dichlorobenzid ine 
Benzo(a)anthracene 
B is (2-e thy l  hexyl ) phthal  a te  
Chrysene 
D i -n -oc ty l  ph tha la te  
Benzo(b) f l  uoranthene 
Benzo( k)  f l  uoranthene 
Benzo(a) pyrene 
Indeno(l,2,3-cd)pyrene 
Di  benzo(a, h) anthracene 
Benzo(g , h, i ) pe ry l  ene 
1,2-Dichl orobenzene 
1,3-Di ch l  orobenzene 

< - -  1,4-Dichl orobenzene 
I 

Hexachl oroethane 
Hexachl orobutadi  ene 

a Number o f  determinat ions was th ree .  The operat ing cond i t ions  f o r  the 
Soxtec apparatus were as fo l lows:  immersion t ime 45 min; ex t rac t i on  t ime 
45 min; t he  sample s i ze  was 10 g c l a y  s o i l  ; the  spike concentrat ion was 
6 mg/kg per  compound. The sample was a1 lowed t o  equ i l  i bra te  1 hour a f t e r  
sp ik ing .  

Data taken from Reference 9. 
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FIGURE 1.  
GAS CHROMATOGRAM OF BASE/NEUTRAL AND AC I D  C A L I  BRAT ION STANDARD 
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METHOD 8 2 7 0 8  
SEMIVOLATILE ORGANIC COMPOUNDS BY GAS CHROMATOGRAPHY/MASS SPECTROMETRY 

(GC/MS) : CAP1 LLARY COLUMN TECHNIQUE 

Start =? 
/ \water SoillSediment 

7.1 Prepare eample 
ueing Method 3540,  

7.1 Type of 

3641, or 3660.  i v 
Waste 1 

7.1 Prepare sample 
using Method 3 5 1 0  

or 3620. 

7.1 Prepare sample 
uaing Method 3640, 

3641, 3550, or 3580 .  

b4 

I 
v 

I 
I 7.2 Cleanup 

extract. I 

7.3 Set GClMS 
operating conditione; 

perform initial 
calibration. 

7.4 Perform daily 
calibration with SPCCs 

and CCCa prior to 
analyeis of eampler. 
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METHOD 82708 
(Continued) 

7.5.1 Screen extract 
on GClFlD or GClPlD to 
eliminate earnplea that 
are too concentrated. 

7.5.3 Analyze extract 
by GCIMS, using 

appropriata fuaed-ailica 
capillary column. 

I 7.5.4 Dilute 
Extract. exceed initial \ 

calibration 
curve? 

7.6 .1  Identify 
anelyte b y  comparing 

the sample and standard 
rnaee spectra. 

7.8.2 Calculate 
concentration of each 

individual analyts; 
report reeulte. 
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METHOD 8280 

THE ANALYSIS OF POLYCHLORINATED DIBENZO-P-DIOXINS s 

1.0 SCOPE AND APPLICATION 

1.1 This method i s  appropriate f o r  the determination of te t ra- ,  penta-, 
hexa-, hepta-, and octachlorinated dibenzo-p-dioxins (PCDD1s) and dibenzo- 
furans (PCDF's) i n  chemical wastes including s t i  11 bottoms, fue l  o i  1 st  
sludges, f l y  ash, -, s o i l  and water. 

1.2 The s e n s i t i v i t y  o f  t h i s  method i s  dependent upon the leve l  of 
i nter ferents  w i t h i n  a given matrix. Proposed quant i f i ca t ion  1 eve1 s f o r  target  
analytes were 2 ppb i n  s o i l  samples, up t o  10 ppb i n  other s o l i d  wastes and 
10 ppt  i n  water. Actual .values have been shown t o  vary by homologous series 
and, t o  a lesser degree, by ind iv idua l  isomer. The t o t a l  detection. l i m i t  f o r  
each CDDICDF homo1ogou.s series i s  determined by mu1 t i p l y i  ng the detection 
l i m i t  of a given isomer w i t h i n  tha t  ser ies by the number o f  peaks which can be 
resolved under the gas chromatographic conditions. 

1.3 Certain 2,3,7,8-substi tu ted congeners are used t o  provide 
cal i bra t i on  and method recovery information. Proper col  umn select ion and 
access t o  reference isomer standards, may i n  cer ta in  cases, provide isomer 
spec i f i c  data. Special Ins t ruct ions are included which measure 2,3,7,8- 
subst i tu ted congeners. 

-Mr. 1.4 This method i s  recommended f o r  use only by analysts experienced w i t h  
residue analysis and s k l l  l e d  i n  mass spectral ana ly t ica l  techniques. 

mater ia ls known o r  bel ieved t o  contain PCDD's o r  PCDF's. Typical in fect ious 
waste inc inerators  are probably not  sat is factory  devices f o r  d l  sposal o f  
mater ia ls h igh ly  contaminated w i t h  PCDD's o r  PCDF's. A laboratory planning t o  
use these compounds should prepare a disposal plan. < 

I I  C r 
I "..J* 

~ d i ;  = i n s t r u ; E  
ou t l i ned  i n  Appendix B. 

2.0 SUMMARY OF THE METHOD 

2.1 This procedure uses a matrix-speci f i  c extraction, analyte-speci f i c 
cleanup, and high-resol u t i on  cap i l l a r y  column gas chromatography/low 
resol  u t i  on mass spectrometry (HRGCILRMS) techniques. 

2.2 I f  i n te r f e ren t s  are encountered, the method provides selected 
cleanup procedures t o  a i d  the analyst i n  t h e i r  el imination. The analysis f low 
chart i s  shown i n  Figure 1. 
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Compl ax 
Waste 

Sampl e 

(1) Add i g te rna l  Standards: 1 3 ~ 1 2 - ~ ~ ~ ~ ' s  
and C12-PCDF's. 

1 (2)  Perform mat r i x -spec i f i c  extract ion.  

I 
v 

I 

Sampl e 
Ext t a c t  

(1)  Wash w l t h  20% KOH 
(2) Wash w l t h  5% NaCl 

I 3) Hash wf t h  conc. H2SO4 
4) Wash w l th  5% NaCl 

(5) Dry ex t rac t  
(6) Sol vent exchange 
( 7 )  Alumlna column 

60% CH2C121hexane 
Fract f  on 

I 
(1) Concentrate eluate 
(2)  Perform carbon column c l e  up 
(3)  Add recovery s t a n d a r d ( ~ ) - ~ ~ C ~ ~ - 1 , 2 , 3 , 4 - T C D D  

Flgure 1. Method 8280 f l ow  char t  fo r  sample ex t rac t lon  and cleanup as 
used f o r  the analysfs o f  PCDD's and PCDF's I n  complex waste samples. 
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3.0 INTERFERENCES 

3.1 Sol vents, reagents, glassware, and other sample processing hardware 

1 1  
I may y i e l d  d isc re te  a r t i f a c t s  and/or elevated baselines which may cause 

mis in te rp re ta t ion  o f  chromatographic data. A1 1 o f  these mater ia ls must be 
demonstrated t o  be f r ee  from i n te r f e ren t s  under the condit ions o f  analysis by 
running 1 aboratory method b l  anks. 

3.2 The use o f  high p u r i t y  reagents and solvents helps t o  minimize 
In ter ference problems. P u r i f i c a t i o n  o f  solvents by d i s t i l  l a t i o n  i n  a1 1 glass 
systems may be required. 

3.3 I n te r f e ren t s  co-extracted from the sample w i  11 vary considerably 
from source t o  source, depending upon the i ndus t r i a l  process being sampled. 
PCDD' s and PCDF' s are often associated w i t h  other i n t e r f e r i n g  chlor inated 
compounds such as PCB's and polychlor inated diphenyl ethers which may be found 
a t  concentrat ions several orders o f  magnitude higher than t h a t  o f  the analytes 
o f  i n te res t .  Retention times o f  ta rge t  analytes must be v e r i f i e d  using 
reference standards. These values must correspond t o  the re tent ion time 
windows establ  i shed i n  Section 6-3. Whi 1 e ce r ta in  cleanup techniques are' 
provided as p a r t  o f  t h i s  method, unique samples may requ i re  addi t ional  cleanup 
techniques t o  achieve the method detect ion 1 i m i t  (Section 11.6) stated i n  
Table 8. 

3.4 High reso lu t ion  c a p i l l a r y  columns are used t o  resolve as many PCDD 
and PCDF isomers as possible; however, no s ing le  column i s  known t o  resolve 
a1 1 o f  the isomers. 

3.5 Aqueous samples cannot be a1 iquoted from sample containers. The 
e n t i r e  sample must be used and the sample container washedlrinsed out  w i th  the 
ex t rac t i ng  sol  vent. 

4.0 APPARATUS AND MATERIALS 

4.1 Sampl i n q  equipment' f o r  d iscre te  o r  composite sampl ing: 

4.1.1 Grab sample b o t t l  e--amber glass, 1-1 i t e r  o r  1-quart volume. 
French o r  Boston Round design i s  recommended. The container must be acid 
washed and solvent r insed before use t o  minimize interferences. 

4.1.2 B o t t l e  caps--threaded t o  screw onto the sample bo t t les .  Caps 
must be l i n e d  w i t h  Teflon. Solvent washed f o i l ,  used w i t h  the shiny side 
toward the sample, may be subst i tu ted f o r  Teflon i f  the sample i s  not  
corrosive. Apply tape around cap t o  completely seal cap t o  bottom. 

4.1.3 Composi ti ng equipment--automatic o r  manual composi t i n g  
system. No tygon o r  rubber tubing may be used, and the system must 
incorporate glass sample containers f o r  the co l l ec t i on  o f  a minimum of 
250 mL. Sample containers must be kept re f r ige ra ted  a f t e r  sampling. 

4.2 Water bath--heated, w i t h  concentr ic r i n g  cover, capable o f  
temperature cont ro l  (+Z°C). - The bath should be used i n  a hood. 
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4.3 Gas chromatographlmass spectrometer data system: 

4.3.1 Gas chromatograph: An analytical system with a temperature- 
programmable gas chromatograph and a1 1 requi red accessories i ncl uding 
syringes, analytical col umns, and gases. 

4.3.2 Fused s i l i c a  capillary columns are required. As shown in 
Table 1, three columns were evaluated using a column performance check 
mixture containing 1,2,3,4-TCDD, 2,3,7,8-TCDD, 1,2,3,4,7 PeCDD, 
1,2,3,4,7,8-HxCDD, 1,2,3,4,6,7,8-HpCDD, OCDD, and 2,3,7,8-TCDF. 

The columns include the following: (a) 50-m CP-Sil-88 programmed 60'- 
190' a t  20'/minute, then 190'-240' a t  5'1minute; (b) DB-5 (30-m x 0.25-mm 
I.D.; 0.25-um film thickness) programmed 170' fo r  10 minutes, then 170'- 
320' a t  8'/minute, hold a t  320'C for  20 minutes; (c) 30-m SP-2250 
programmed 70'-320' a t  10'Iminute. Col umnlcondi t ions (a) provide good 
separation of 2,3,7,8-TCDG from the other TCDD1s a t  the expense of 1 onger 
retention times fo r  higher homologs. Col umnlcondi t ions (b) and (c) can 
a1 so provide acceptable separation of 2,3,7,8-TCDD. Resol ution of 
2,3,7,8-TCDD from the other TCDD1s i s  be t te r  on column (c) , but column 
(b) i s  more rugged, and may provide be t te r  separation from certain 
classes of interferents.  Data presented in Figure 2 and Tables 1 t o  8 of 
t h i s  Method were obtained using a DB-5 column with temperature 
programming described in (b) above. However, any capi 1 1 ary col umn whi ch 
provides separation of 2,3,7,8-TCDD from a1 1 other TCDD i somers 
equivalent t o  tha t  specified in Section 6.3 may be used; t h i s  separation 
must be demonstrated and documented using the performance t e s t  mixture 
described in Paragraph 6.3. 

4.3.3 Mass spectrometer: A 1 ow resolution 'instrument i s  specified, 
u t i l iz ing  70 vol ts  (nominal) electron energy i n  the electron impact 
ionization mode. The system must be capable of selected ion monitoring 
(SIM) f o r  a t  leas t  11 ions simultaneously, with a cycle time of 1 sec o r  
less .  Minimum integration time fo r  SIM i s  50 ms per mlz. The use of 
systems not capable of monitoring 11 ions simultaneo~~sly will require the 
analyst t o  make mu1 t i p l e  injections. 

4.3.4 GCIMS interface: Any GC-to-MS interface tha t  gives an 
acceptable calibration response for  each analyte of in teres t  a t  the 
concentration required and achieves the required tuning performance 
c r i t e r i a  (see Paragraphs 6.1 .-6.3) may be used. GC-to-MS interfaces 
constructed of a1 1 glass or  gl ass-1 ined materi a1 s are requi red. Glass 
can be deactivated by silanizing with dichlorodimethylsilane. Inserting 
a fused s i l i c a  column di rec t ly  into the MS source i s  recommended; care 
must be taken not t o  expose the end of the column t o  the electron beam. 

4.3.5 Data system: A computer system must be interfaced t o  the 
mass spectrometer. The system must allow f o r  the continuous acquisition 
and storage on machine-readable media of a l l  data obtained throughout the 
duration of the chromatographic program. The computer must have software 
tha t  can search any GCIMS data f i l e  fo r  ions of a specif ic  mass and can 
plot  such ion abundances versus time o r  scan number. This type of plot 
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i s  defined as an Selected Ion Current P r o f i l e  (SICP) . Software must also 
be able t o  in tegra te  the abundance, I n  any SICP, between specified time 
o r  scan number 1 l m l  ts .  

4.4 Pipets-Disposable, Pasteur, 150-mn long x 5-mn I.D. (Fisher 
Sc ient i  f l c  Company, No. 13-678-6A, o r  equivalent). 

4.4.1 Pipet, disposable, serolo i c a l  10-mL (American Sc ien t i f i c  
Products No. P4644-10, o r  equivalent! f o r  preparation o f  the carbon 
column speci f i  ed i n  Paragraph 4.19. 

4.5 Amber glass b o t t l e  (500-mL, Teflon-1 ined screw-cap) . 
4.6 Reacti - v i  a1 2-mL, amber glass (Pierce Chemical Company). These 

should be s i lan ized p r i o r  t o  use. 

4.7 500-mL E r l  enmeyer f 1 ask (American Sci ent i f i  c Products Cat. No. f4295 
500f0) f i t t e d  w i t h  Teflon stoppers (ASP No. s9058-8, o r  equivalent). 

4.8 Wrist Action Shaker (VWR No. 57040-049, o r  equivalent) . 
4.9 125-mL and 2-L Separatory Funnels (Fisher S c i e n t i f i c  Company, 

No. 10-437-5b, o r  equivalent) . 
4.10 500-mL Kuderna-Danish f i t t e d  w i t h  a 10-mL conceptrator tube and 

3-bal l  Snyder column (Ace Glass No. 6707-02, 6707-12, 6575-02, o r  equivalent). 

4.11 Tef 1 on boi  1 i ng chips (Berghof /Amerl can Inc., Mai n St., Raymond, New 
Hampshi r e  03077, No. 15021-450, o r  equivalent) . Wash w i t h  hexane p r i o r  t o  

LJ use. 

4.12 300-mn x .l0.5-mn glass chromatographic column f i t t e d  w i th  Teflon 
stopcock. 

4.13 15-mL con1 ca l  concentrator tubes (Kontes No. K-288250, o r  
equi val  ent) . 

4.14 Adaptors f o r  concentrator tubes (14120 t o  19/22) (Ace Glass No. 
9092-20, o r  equivalent) . 

4.15 Nitrogen blowdown apparatus (N-Evap (reg. trademark) Analyt ical  
Evaporator Model 111, Organomation Associates Inc., Northborough, 
Massachusetts o r  equivalent). Teflon tubing connection t o  t r ap  and gas 
regul a t o r  i s requi  red. 

4.16 Microf lex  conf ca l  v i a l s  2.0-mL (Kontes K-749000, o r  equivalent). 

4.17 F i l t e r  paper (Whatman No. 54, o r  equivalent). Glass f i b e r  f i l t e r s  
o r  glass wool plugs are also recommended. 

4.18 Solvent reservoi r (125-mL) Kontes: (speci a1 order i tem) 12.5-cm 
diameter, compatible w i th  g rav i t y  carbon column. 
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4.19 Carbon col  umn (qravi t y  f 1 ow) : Prepare carbon/si 1 i ca gel packing 
material by mixing 5 percent (by weight) act ive carbon AX-21 (Anderson 
Development Co., Adrain, Michigan), pre-washed w i th  methanol and dr ied i n  
vacuo a t  l l O ' C  and 95 percent (by weight) S i l i c a  gel (Type 60, EM reagent 70 

I, \ 
t o  230 mesh, CMS No. 393-066) followed by ac t i va t ion  o f  the mixture a t  130. 
f o r  6 hr. Prepare a 10-mL disposable serological p ipe t  by c u t t i n g  o f f  each ', 

end t o  achieve a 4-in. column. F i re  po l i sh  both ends; f l a r e  i f  desired. 
I nse r t  a glass-wool plug a t  one end and pack w i th  1 g o f  the carbon/s i l ica gel  
mixture. Cap the packin w i th  a glass-wool plug. (Attach reservo i r  t o  column 
f o r  add1 t i o n  o f  sol vents ! . 

Option: Carbon column (HPLC) : A s i lan ized glass HPLC column (10 an x 7 
cm), o r  equivalent, which contains 1 g o f  a packing prepared by mixing 5 
percent (by weight) act ive carbon AX-21, (Anderson Development Co., Adrian, 
Michigan), washed w i th  methanol and dr ied  fi vacuo a t  l l O 0 C ,  and 95 percent 
(by weight) 10 um s i l i c a  (Spherisorb SlOW from Phase Separations, Inc., 
Norwal k, Connecticut). The mixture must then be s t i r r e d  and sieved through a 
38-um screen (U.S. Sieve Designation 400-mesh, Am r i c a n  S c i e n t i f i c  Products, 
No. S1212-400, o r  equivalent) t o  remove any clumps. I 

4.20 HPLC pump wi th  loop valve (1.0 mL) i n j e c t o r  t o  be used i n  the 
opt i onal carbon col  umn c l  eanup procedure. 

4.21 Dean-Stark trap, 5- o r  10-sL w i th  T jo in ts ,  (Fisher S c i e n t i f i c  
Company, No. 09-146-5, o r  equi val ent) condenser and 125-mL f 1 ask. 

4.22 Continuous 1 iquid-1 i q u i d  ext ractor  (Hershberg-Wol f e  type, Lab Glass 
No. LG-6915; o r  equival ent .) . 

4.23 Roto-evaporator, R-110. Buchi /Br i  nkman - American S c i e n t i f i c  N?. m, 
E5045-10; o r  equivalent. k~d 

5.0 REAGENTS 

5.1 Potassium hydroxide (ASC) : 20 percent (w/v) i n  d i s t i l  l e d  water. 

5.2 Su l fu r i c  acid (ACS) , concentrated. 

5.3 Methyl ene chloride, hexane, benzene, petroleum ether, methanol, 
tridecane, i sooctane, to1 uene, cyclohexane. Di s t i  11 ed i n g l  ass o r  highest 
avai 1 able p u r i t y  . 

5.4 Prepare stock standards i n  a glovebox from concentrates o r  neat 
materials. The stock solut ions (50 ppm) are stored i n  the dark a t  Q'C, and 
checked frequently f o r  signs o f  degradation o r  evaporation, especial l y  j u s t  
p r i o r  t o  the preparation o f  working standards. 

1 The carbon column preparation and use i s  adapted from W e  A. Korfmacher, 
L. G. Rushing, D. M. Nestorick, He C. Thompson, Jr., R e  K. Mitchum, and J. R. 
Kominsky, Journal o f  High Resolution Chromatography and Chromatography 
Communications, 8, 12-19 (1985). 
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5.5 A1 umi na, neutral , Super 1, Woelm, 801200 mesh. Store i n  a sealed 
container a t  room temperature i n  a desiccator over sel f-i ndi cat ing s i  1 i c a  gel. 

5.6 Prepuri f i ed nitrogen gas. 

5.7 Anhydrous sodi um su l fa te  (reagent grade) : Extracted by manual 
shaking w i th  several port ions o f  hexane and dr ied a t  100eC. 

5.8 Sodium chlor ide - (analyt ical  reagent), 5 percent (wlv) i n  d i s t i l l e d  
water. 

6.0 CALIBRATION 

6.1 Two types o f  ca l ib ra t ion  procedures are required. One type, i n i t i a l  
ca l ibrat ion,  i s  required before any samples are analyzed and i s  required 
i n te rm i t t en t l y  throughout sample analyses as dictated by resu l ts  o f  rout ine 
cal i bra t ion  procedures described below. The other type, rout ine cal ibrat ion, 
consists o f  analyzing the column performance check so lut ion and a 
concentration ca l i b ra t i on  so lut ion o f  500 ng/mL (Paragraph 6.2). No samples 
are t o  be analyzed u n t i l  acceptable ca l ib ra t ion  as described i n  Paragraphs 6.3 
and 6.6 i s  demonstrated and documented. 

I n i t i a l  cal  i bration: 

6.2.1 Prepare mu1 ti -1 eve1 cal  i b r a t i  on standards2 keep1 ng one o f  
the recovery standards and the in ternal  standard a t  f i xed  concentrations (500 

/ ' --  ng1mL) . Addi t iona l  in ternal  standards ( 1 3 ~  2-OCDD 1,000 nghL) a n  
recommended when quanti f i c a t i  on o f  the hepta- an octa-i somers i s  required. 

k.-/ 
a 

The use o f  separate in ternal  standards f o r  the PCDF8s i s  also recomnended. 
Each cal  i brat ion standard should contain the f o l  low1 ng compounds: 

2,3,7,8-TCDD, 
1,2,3,7,8-PeCDD o r  any avai lable 2,3,7,8,X-PeCDD isomer, 
1,2,3,4,7,8-HxCDD o r  any avai lable 2,3,7,8,X,Y-HxCDD isomer, 
1,2,3,4,6,7,8-HpCDD o r  any avai lable 2,3,7,8,X,Y,Z-HpCDD isomer, 

2,3,7,8-TCDF 
1,2,3,7,8,PeCDF o r  any avai lable 2,3,7,8,X-PeCDF isomer, 
1,2,3,4,7,8-HxCDF o r  any avai lable 2,3,7,8,X,Y,HxCDF isomer, 
1,2,3,4,6,7,8-HpCDF o r  any avai lable 2,3,7,8,X,Y,Z-HpCDF isomer, 

OCDD, OCDF, 13c12-2,3, 7,8-TCDD, 13C12-1 ,2, 3,4-TCDD and 13C12-OCDD. 

2 13c12-l abel ed analytes are avai l  able from Cambridge Isotope Laboratory, 
Woburn, Massachusetts. Proper quant i f icat ion requi res the use o f  a speci f ic  
labeled isomer f o r  each congener t o  be determined. When labeled PCDD's and 
PCDF's o f  each homolog are avai lab1 e, t h e i r  use w i  11 be required consistent 
w i th  the technique o f  isotopic  d i lu t ion .  
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Recommended concentration 1 eve1 s f o r  standard anal ytes are 200, 500, 1,000, 
2,000, and 5,000 ng/mL. These values may be adjusted i n  order t o  insure tha t  
the analyte concentration fa1 1s w i th in  the ca l ib ra t ion  range. Two uL 
I nject lons o f  cal i bra t ion  standards should be made. However, some GC/MS 
instruments may require the use o f  a 1-uL i n jec t i on  volume; i f  t h i s  i n jec t i on  /- \ 

volume i s  used then a1 1 in jec t ions  of standards, sample extracts and blank 
extracts must also be made a t  t h i s  i n jec t i on  volume. Calculation o f  r e l a t i v e  

\ 

response factors i s  described i n  Paragraph 11.1.2. Standards must be analyzed 
using the same solvent as used i n  the f i n a l  sample extract. A wider 
ca l ib ra t ion  range i s  useful f o r  higher leve l  samples provided i t  can be 
described w i th in  the l i n e a r  range o f  the method, and the i d e n t i f i c a t i o n  
c r i t e r i a  defined i n  Paragraph 10.4 are met. A l l  standards must be stored i n  
an iso lated re f r i ge ra to r  a t  4.C and protected f r o m  1 ight .  Cal i b ra t i on  
standard solut ions must be replaced rou t ine ly  a f t e r  s i x  months. 

6.3 Establ i sh operati ng parameters f o r  the GC/MS system; the instrument 
should be tuned t o  meet the isotopic  r a t i o  c r i t e r i a  l i s t e d  i n  Table 3 f o r  
PCDD's and PCDF's. Once tuning and mass ca l ib ra t ion  procedures have been 
completed, a col  umn performance check mixture3 containing the i somers 1 i sted 
below should be in jected i n t o  the GC/MS system: 

TCDD 1,3,6,8; 1,2,8,9; 2,3,7,8; 1,2,3,4; 1,2,3,7; 1,2,3,9 
PeCDD 1,2,4,6,8; 1,2,3,8,9 
HxCDD 1,2,3,4,6,9; 1,2,3,4,6,7 
HpCDD 1,2,3,4,6,7,8; 1,2,3,4,6,7,9 
OCDD 1,2,3,416,7,8,9 

TCDF 1,3,6,8; 1,2,8,9 
PeCDF 1,3,4,6,8; 1,2,3,8,9 
HxCDF 1,2,3,4,6,8; 1,2,3,4,8;9 
HpCDF 1,2,3,4,6,7,8; 1,2,3,4,7,8,9 
OCDF 1,2,3,4,6171819 

Because o f  the known overlap between the la te-e lut ing tetra-isomers and 
the ear l  y-el u t  i ng penta-i somers under cer ta in  column conditions, i t  may be 
necessary t o  perform two in jec t ions  t o  define the TCDD/TCDF and PeCDD/PeCDF 
e l  u t ion  windows, respectively. Use o f  t h i s  performance check mixture w i  11 
enable the fol lowing parameters t o  be checked: (a) the retent ion windows f o r  
each o f  the homologues, (b) the GC resolut ion o f  2,3,7,8-TCDD and 1,2,3,4- 
TCDD, and (c) the r e l a t i v e  ion  abundance c r i t e r i a  l i s t e d  f o r  PCDD's and PCDF's 
i n  Table 3. GC column performance should be checked d a i l y  f o r  resolut ion and 
peak shape using t h i s  check mixture. 

The chromatographi c peak separation between 2,3,7,8-TCDD and 1,2,3,4-TCDD 
must be resolved w i th  a va l ley o f  (25 percent, where 

X = 
y = the peak height o f  2,3,7,8-TCDD 

3 Performance check mixtures are avai lab le  f r o m  Brehm Laboratory, Wright 
State University, Dayton, Ohio. 
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It i s  the  respons ib i l i t y  o f  the laboratory t o  v e r i f y  the condit ions 
su i tab le  f o r  maximum reso lu t ion  o f  2,3,7,8-TCDD f r o m  a1 1  o ther  TCDD isomers. 
The peak representing 2,3,7,8-TCDD should be labeled and i d e n t i f i e d  as such on 
a1 1  chromatograms. 

6.4 Acceptable SIM s e n s i t i v i t y  i s  v e r i f i e d  by achieving a  minimum 
signal-to-noise r a t i o  o f  50:l f o r  the m/z 320 i o n  o f  2,3,7,8-TCDD obtained 
f r o m  i n j e c t i o n  o f  the  200 ng/mL ca l i b ra t i on  standard. 

6.5 From i n j ec t i ons  o f  the  5  ca l i b ra t i on  standards, ca lcu la te  the 
re1 a t1  ve response fac to rs  (RRFos) o f  analytes vs. the appropriate in te rna l  
standards, as described i n  Paragraph 11.1.2. Re1 a t i v e  response fac tors  f o r  
the  hepta- and octa-chlorinated CDD1s and CDFos are t o  be calculated using the 
corresponding 1 3 ~ ~ ~ - o c t a c h l  or1 nated standards. 

6.6 For each analyte ca lcu la te  the mean r e l a t i v e  response f ac to r  (RRF), 
the  standard deviat ion,  and the percent re1 a t i  ve standard dev ia t ion f r o m  
t r i p l i c a t e  determinations o f  r e l a t i v e  response fac tors  f o r  each ca l i b ra t i on  
standard so l  ut ion.  

6.7 The percent re1 a t i v e  standard deviat ions (based on t r i p 1  i ca te  
analysis) o f  the  r e l a t i v e  response fac to rs  f o r  each ca l i b ra t i on  standard 
so lu t i on  should not  exceed 15 percent. If t h i s  condi t ion i s  not  sa t i s f ied ,  
remedial ac t i on  should be taken. 

6.8 The Laboratory must no t  proceed w i t h  analysis o f  samples before 
determining and documenting acceptable cal  i bra t ion  w i th  the c r i t e r i a  speci f ied 
i n  Paragraphs 6.3 and 6.7. 

', 
\.- .J 6.9 Routine ca l ib ra t ion :  

6.9.1 I n j e c t  a  2-uL a l i quo t  o f  the column performance check 
mixture. Acquire a t  l e a s t  f i v e  data po in ts  f o r  each GC peak and use the 
same data acqu is i t i on  t ime f o r  each o f  the ions being monitored. 

NOTE: The same data acqu ls i t i on  parameters previously used t o  
analyze concentrat ion ca l i b ra t i on  so lu t ions dur ing i n i t i a l  
c a l i b r a t i o n  must be used f o r  the performance check solut ion. 
The co l  umn performance check so lu t ion  must be run a t  the 
beginning and end o f  a  12 h r  period. I f  the contractor  
1  aboratory operates d u r i  ng consecutive 12-hr periods 
( sh i f t s )  , analysis o f  the performance check so lu t ion  a t  the 
beginning o f  each 12-hr per iod and a t  the end o f  the f i n a l  
12-hr per iod i s  su f f i c i en t .  

Determi ne and , document acceptable co l  umn performance as described i n 
Paragraph 6.3. 

6.9.2 I n j e c t  a  2-uL a1 iquot  o f  the  ca l i b ra t i on  standard so lu t ion a t  
500 ng/mL a t  -the beginning o f  a  il2-hr period. Determine and document 
acceptable c a l i b r a t i o n  as spec i f ied I n  Paragraph 6.3, i .e., SIM 
s e n s i t i v i t y  and re1 a t i  ve i on  abundance c r i t e r i a .  The measured RRFos o f  
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a l l  analytes must be w i th in  +30 percent of the mean values established by 
i n i t i a l  analyses o f  the cal  i 6 r a t i o n  standard sol u t i  ons. 

fl' 
i ~ ~ @ d  

7.0 QUALITY CONTROL 

7.1 Before processing any samples, the analyst must demonstrate through 
the analysis o f  a method blank tha t  a l l  glassware and reagents are 
in te r fe ren t - f ree  a t  the method detect ion l i m i t  o f  the matr ix  o f  in terest .  
Each time a set o f  samples i s  extracted, o r  there i s  a change i n  reagents, a 
method blank must be processed as a safeguard against laboratory 
contamination. 

7.2 A laboratory  "method blank" must be run along w i th  each ana ly t i ca l  
batch (20 o r  fewer samples). A method blank i s  performed by executing a l l  o f  
the speci f ied ex t rac t ion  and cleanup steps, except f o r  the in t roduc t ion  o f  a 
sample. The method blank i s  also dosed w i th  the i n te rna l  standards. For 
water samples, one 1 i t e r  of deionized and/or d i s t i l l e d  water should be used as 
the method blank. Mineral o i  1 may be used as the method blank f o r  o ther  
matrices. 

7.3 The laboratory w i l l  be expected t o  analyze performance evaluat ion 
samples as provided by the EPA on a per iod ic  basis throughout the course o f  a 
given pro ject .  Addit ional sample analyses w i l l  not be permitted i f  the 
performance c r i t e r i a  are not achieved. Corrective ac t ion  must be taken and 
acceptabl e performance must be demonstrated before sampl e analyses can resume. 

7.4 Samples may be s p l i t  w i t h  other pa r t i c i pa t i ng  labs on a per iod ic  
basis t o  ensure in te r labora to ry  consistency. A t  l eas t  one sample per  set o f  

570s must be run i n  dupl i cate t o  determi ne i ntralaboratory prec i  sion. 0 
7.5 F i e l d  duplicates ( ind iv idual  samples taken from the  same loca t ion  a t  

the same time) should be analyzed per iod ica l l y  t o  determine the t o t a l  
prec is ion ( f i e l d  and lab). 

7.6 Where appropriate, " f i e l d  blanks" w i  11 be provided t o  monitor f o r  
possible cross-contamination o f  samples i n  the f i e 1  d. The typ ica l  " f i e l d  
blankM w i  11 consis t  o f  uncontaminated soi 1 (background , so i l  taken o f f - s i  te )  . 

7.7 GC column performance must be demonstrated i n i t i a l l y  and v e r i f i e d  
p r i o r  t o  analyzing any sample i n  a 12-hr period. The GC column performance 
check so lu t ion  must be analyzed under the same chromatographic and mass 
spectrometric condit ions used fo r  other samples and standards. 

7.8 Before using any cleanup procedure, the analyst must process a 
ser ies o f  cal  i bra t i on  standards (Paragraph 6.2) through the procedure t o  
va l ida te  e lu t i on  pat terns and the absence o f  in te r fe ren ts  from reagents. Both 
a1 umina co l  umn and carbon col  umn performance must be checked. Routinely check 
the 8 percent CH2C12/hexane e l  uate o f  envi ronmental ext racts  from the a1 umi na 
column f o r  presence o f  ta rge t  analytes. 

NOTE: 'This f r a c t i o n  i s  intended t o  contain a high leve l  o f  i n te r fe ren ts  
and analysis near the method detection l i m i t  may not be possible. 
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8.0 SAMPLE COLLECTION, PRESERVATION, AND HANDLING 

8.1 Grab and composite samples must be col lected i n  glass containers. 
Conventional sampling pract ices must be followed. The b o t t l e  must not be 
prewashed w i th  sample before col lect ion. Composite samples should be 
co l lected i n  glass containers. Sampling equipment must be f ree  o f  tygon, 
rubber tubing, other potent ia l  sources o f  contamination which may absorb the 
ta rge t  analytes. 

8.2 A1 1 samples must be stored a t  4.C, extracted w i th in  30 days and 
completely analyzed w i th in  45 days o f  col lect ion. 

9.0 EX'TRACTION AND CLEANUP PROCEDURES 

9.1 In te rna l  standard addition. Use a sample a1 iquot o f  1 g t o  1,000 mL 
( typ ica l  sample s ize requirements for  each type o f  matr ix are provided i n  
Paragraph 9.2) o f  the chemical waste o r  s o i l  t o  be analyzed. Transfer the 
sample t o  a tared f l ask  and determine the weight o f  the sample. Add an 
appropriate quant i ty  o f  13c12-2, 3.7 ,8-TCDD, and any other material whi ch i s  t o  
be used as an in te rna l  standard, (Paragraph 6.2). A l l  samples should be 
spi ked w i  t h  a t  leas t  one in te rna l  standard, f o r  example, 1 3 ~ ~ ~ - 2 , 3 , 7 , 8 - ~ ~ D D ,  
t o  g ive a concentration o f  500 ng/mL i n  the f i n a l  concentrated extract. As an 
example, a 10 g sample concentrated t o  a f i n a l  volume o f  100 uL requires the 
addl t i o n  of 50 ng o f  13c12-2, 3,7 ,8-TCDD, assuming 100% recovery. Adoption o f  
d i f f e r e n t  ca l  i bra t ion  so lut ion sets (as needed t o  achieve d i f f e ren t  
quant i f icat ion l i m i t s  f o r  d i f f e r e n t  congeners) w i l l  require a change i n  the 

-, f o r t i f i c a t i o n  level .  Ind iv idual  concentration leve ls  f o r  each homlogous 
ser ies must be specified. 

i d  

9.2 Extract ion 

9.2.1 S l  udge/fuel o i  1. Extract aqueous s l  udge samples by ref  1 uxi  ng 
a sample (e.g. 2 g) w i th  50 mL o f  toluene (benzene) i n  a 125-mL f lask  
f i t t e d  w i th  a Dean-Stark water separator. Continue re f1  ux i  ng the sample 
u n t i l  a1 1 the water has been removed. Cool the sample, f i l t e r  the 
toluene ext ract  through a f i b e r  f i l t e r ,  o r  equivalent, i n t o  a 100-mL 
round bottom f lask.  Rinse the f i l t e r  wi th  10 mL o f  toluene, combine the 
ext ract  and rinsate. Concentrate the combined solut ion t o  near dryness 
using a ro ta ry  evaporator a t  50'C. Use o f  an i n e r t  gas t o  concentrate 
the ext ract  i s  also permitted. Proceed w i th  Step 9.2.4. 

9.2.2 S t i  11 bottom. Extract s t i l l  bottom samples by mixing a 
sample (e.g., 1.0 g) w i th  10 mL o f  toluene (benzene) i n  a small beaker 
and f i l t e r i n g  the so lut ion through a glass f i b e r  f i l t e r  (or equivalent) 
i n t o  a 50-mL round bottom f lask.  Rinse the beaker and f i l t e r  w i th  10 mL 
o f  toluene. Concentrate the combined toluene so lut ion t o  near dryness 
using a ro ta ry  evaporator a t  50.C while connected t o  a water aspirator. 
Proceed w i th  Step 9.2.4. 
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9.2.3 F l y  ash. Extract f l y  ash samples by p lac ing a sample (e.g. 
10 g) and an equivalent amount of anhydrous sodium su l fa te  i n  a Soxhlet 
ext ract ion apparatus charged w i th  100 mL o f  toluene (benzene) and ext ract  
f o r  16 h r  using a three cycle/hour schedule. Cool and f i l t e r  the toluene 
ext ract  through a glass f i b e r  f i l t e r  paper i n t o  a 500-mL round bottom 
flask. Rinse the f i l t e r  w i th  5 mL o f  toluene. Concentrate the combined 
toluene solut ion t o  near dryness using a ro ta ry  evaporator a t  50'C. 
Proceed w i th  Step 9.2.4. 

9.2.4 Transfer the residue t o  a 125-mL separatory funnel using 
15 mL of hexane. Rinse the f l ask  w i th  two 5-mL a1 iquots of hexane and 
add the r inses t o  the funnel. Shake 2 min w i th  50 mL of 5% NaCl 
solution, discard the aqueous layer  and proceed w i th  Step 9.3. 

9.2.5 Soil. Extract s o i l  samples by placing the sample (e.g. 10 g) 
and an equivalent amount o f  anhydrous sodium su l fa te  i n  a 500-mL 
Erlenmeyer f l ask  f i t t e d  w i th  a Teflon stopper. Add 20 mL of methanol and 
80 mL of petroleum ether, i n  t ha t  order, t o  the f lask. Shake on a wr is t -  
act ion shaker f o r  two hr. The sol i d  por t ion  o f  sample should mix freely.  
I f  a smaller s o i l  a l iquot  i s  used, scale down the amount o f  methanol 
proport ional l y  . 

9.2.5.1 F i l t e r  the ext ract  from Paragraph 9.2.5 through a 
glass funnel f i t t e d  w i th  glass f iber  f i l t e r  and f i l l e d  w i th  
anhydrous sodi um sul f a t e  i n t o  a 500-mL Kuderna-Dani sh (lo) 
concentrator f i t t e d  wi th  a 10-mL concentrator tube. Add 50 mL o f  
petroleum ether t o  the Erlenmeyer f lask, restopper the f l ask  and 
sw i r l  the sample gently, remove the stopper c a r e f ~ l l l y  and decant the 
solvent through the funnel as above. Repeat t h i s  procedure w i th  two 
addit ional  50-mL a1 iquots o f  petroleum ether. Wash the sodi um 
sul fate i n  the funnel wi th  two addit ional  5-mL port ions o f  petroleum 
ether. 

9.2.5.2 Add a Teflon o r  PFTE bo i l i ng  ch ip and a three-ball  
Snyder column t o  the KD f lask. Concentrate i n  a 70'C water bath t o  
an apparent volume o f  10 mL. Remove the apparatus from the water 
bath and a1 low i t  t o  cool f o r  5 min. 

9.2.5.3 Add 50 mL o f  hexane and a new boi 1 i ng chi  p t o  the KD 
f lask. Concentrate i n  a water bath t o  an apparent volume o f  10 mL. 
Remove the apparatus f r o m  the water bath and al low t o  cool f o r  5 
min. 

9.2.5.4 Remove and inve r t  the Snyder column and r inse  i t  down 
i n t o  the KD w i th  two 1-mL port ions of hexane. Decant the contents 
o f  the KD and concentrator tube i n t o  a 125-mL separatory funnel. 
Rinse the KD w i th  two addit ional  5-aL port ions o f  hexane, combine. 
Proceed wi th  Step 9.3. 

9.2.6 Aqueous sanples: Mark the water meniscus on the side of the 
1-L sample b o t t l e  f o r  l a t e r  determination o f  the exact sample volume. 
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Pour the en t i r e  sample (approximately 1-L) i n t o  a 2-L separatory funnel. 
Proceed w i th  Step 9.2.6.1. 

NOTE: A continuous 1 iquid-1 i qu id  extractor may be used i n  place o f  
a separatory funnel when experience w i th  a sample f r o m  a 
given source indicates tha t  a serious emulsion problem w i l l  
r e s u l t  o r  an emulsion i s  encountered using a separatory 
funnel. Add 60 mL o f  methylene chlor ide t o  the sanple 
bo t t le ,  seal, and shake f o r  30 sec t o  r inse  the inner 
surface. Transfer the solvent t o  the extractor. Repeat the 
sample b o t t l e  r inse  w i th  an addit ional 50- t o  100-mL por t ion 
o f  methylene chlor ide and add the r inse t o  the extractor. 
Add 200 t o  500 mL o f  methylene chlor ide t o  the d i s t i l l i n g  
f lask; add s u f f i c i e n t  reagent water t o  ensure proper 
operation, and extract  f o r  24 hr. Allow t o  cool, then detach 
the d i s t i l l i n g  f lask. Dry and concentrate the extract  as 
described i n  Paragraphs 9.2.6.1 and 9.2.6.2. Proceed w i th  
Paragraph 9.2.6.3. 

9.2.6.1 Add 60 mL methylene chlor ide t o  the sample bot t le ,  
seal and shake 30 sec t o  r inse  the inner surface. Transfer the 
solvent t o  the separatory funnel and ext ract  the sample by shaking 
the funnel f o r  2 min w i th  per iodic venting. Allow the organic layer 
t o  separate f r o m  the water phase f o r  a minimum o f  10 min. I f  the 
emulsion in ter face between layers i s  more than one-third the volutae 
o f  the solvent layer, the analyst must employ mechanical techniques 
t o  complete the phase separation. Col l e c t  the methylene chloride 

t 3 x 60 mL) d i r e c t l y  i n t o  a 500-mL Kuderna-Danish concentrator 
mounted w i th  a 10-mL concentrator tube) by passing the sample 

extracts through a f i l t e r  funnel packed wi th  a glass wool plug and 
5 g o f  anhydrous sodium sulfate. A f te r  the t h i r d  extraction, r inse 
the sodium su l fa te  w i th  an addi t ional  30 mL o f  nethylene chlor ide t o  
ensure quant i ta t ive transfer. 

9.2.6.2 Attach a Snyder column and concentrate the extract  on 
a water .bath u n t i l  the apparent volume o f  the l i q u i d  reaches 5 A. 
Remove the K-D apparatus and al low i t t o  dra in  and cool f o r  a t  least  
10 m l  n. Remove the Snyder col  umn, add 50 mL hexane, re-attach the 
Snyder column and concentrate t o  approximately 5 mL. Add a new 
b o i l i n g  chip t o  the K-D apparatus before proceeding w i th  the second 
concentration step. 

Rinse the f lask and the lower j o i n t  w i th  2 x 5 mL hexane and combine 
r inses w i th  ext ract  t o  give a f i n a l  volume of about 15 mL. 

9.2.6.3 Determine the o r ig ina l  sample volume by r e f i l l i n g  the 
sample b o t t l e  t o  the mark and transferr ing the 1 i qu id  t o  a 1,000-mL 
graduated cyl inder. Record the sample volume t o  the nearest 5 mL. 
Proceed w i th  Paragraph 9.3. 

9.3 I n  a 250-mL Separatory funnel, p a r t i t i o n  the solvent (15 mL hexane) 
against 40 mL o f  20 percent (w/v) potassium hydroxide. Shake f o r  2 gin. 
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Remove and d i  scard the aqueous layer  (bottom). Repeat the base washing u n t i l  
no co lo r  i s  v i s i b l e  i n  the bottom layer  (perform base washings a maximum o f  
four  times). Strong base (KOH) i s  known t o  degrade ce r ta in  PCDD/PCDF8s, -\ 

contact t ime must be minimized. 

9.4 P a r t i t i o n  the solvent (15 mL hexane) against 40 mL o f  5 percent 
(w/v) sodium chloride. Shake f o r  2 min. Remove and discard aqueous layer  
(bottom). 

NOTE: Care should be taken due t o  the heat o f  neu t ra l i za t ion  and 
hydration. 

9.5 Pa r t i  t i o n  the solvent (15 mL hexane) against 40 mL o f  concentrated 
s ~ l l f u r i c  acid. Shake f o r  2 min. Remove and discard the aqueous l aye r  
(bottom). Repeat the ac id washings u n t i l  no co lo r  i s  v i s i b l e  i n  the acid 
layer. (Perform ac id  washings a maximum o f  four  times.) 

9.6 P a r t i t i o n  the ext ract  against 40 mL o f  5 percent (wlv) sodium 
chloride. Shake f o r  2 min. Remove and discard the aqueous layer  (bottom). 
Dry the organic layer  by pouring through a funnel containing anhydrous sodium 
su l fa te  i n t o  a 50-mL round bottom f lask,  wash the separatory funnel w i th  two 
15-mL port ions o f  hexane, pour through the funnel, and combine the hexane 
extracts. Concentrate the hexane so lut ion t o  near dryness w i t h  a ro ta ry  
evaporator (35.C water bath), making sure a l l  traces o f  toluene are removed. 
(Use of blowdown w i th  an i n e r t  gas t o  concentrate the ex t rac t  i s  a lso 
permitted) . 

9.7 Pack a g rav i t y  column (glass 300-m x 10.5-m), f i t t e d  w i t h  a Teflon 
stopcock, i n  the  fo l lowing manner: 

F*lsr, 
I n s e r t  a glass-wool plug i n t o  the bottom o f  the column. Add a 4-9 layer  W 

of sodium sul fate.  Add a 4-9 layer  o f  Woelm super 1 neutral  alumina. Tap the 
top o f  the  column gently. Woelm super 1 neutral  alumina need no t  be act ivated 
o r  cleaned p r i o r  t o  use but  should be stored i n  a sealed desiccator. Add a 4- 
g l aye r  o f  sodium sul fate t o  cover the a1 umi na. E lute w i th  10 mL o f  hexane 
and close the stopcock j u s t  p r i o r  t o  the exposure o f  the  sodium su l fa te  layer  
t o  a i r .  Discard the eluant. Check the column f o r  channeling. I f  channeling 
i s  present discard the  column. Do not  tap a wetted column. 

9.8 Dissolve the residue f r o m  Step 9.6 i n  2 mL o f  hexane and apply the 
hexane so lut ion t o  the top o f  the column. Elute w i th  enough hexane (3-4 mL) 
t o  complete the t rans fe r  o f  the sample cleanly t o  the surface o f  the  alumina. 
Di scard the eluant. 

9.8.1 Elute w i th  10 mL o f  8 percent (v lv)  methylene ch lor ide i n  
hexane. Check by GCIMS analysis t h a t  no PCDD8s o r  PCDF8s are eluted i n  
t h i  s f ract ion.  See Paragraph 9.9.1. 

9.8.2 Elute the PCDD8s and PCDF's f r o m  the column w i t h  15 mL o f  60 
percent (v lv)  methylene ch lor ide i n  hexane and c o l l e c t  t h i s  f r ac t i on  i n  a 
conical shaped (15-mL) concentrator tube. 
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9.9 Carbon column cleanup: 

Prepare a carbon column as described i n  Paragraph 4.18. 

9.9.1 Usi ng a careful 1 y regulated stream o f  n i  trogen (Paragraph 
4. IS), concentrate the 8 percent f rac t ion  from the alumi na column 
(Paragraph 9.8.1) t o  about 1 mL. Wash the sides o f  the tube with a small 
volume o f  hexane (1 t o  2 mL) and reconcentrate t o  about 1 mL. Save t h i s  
8 percent concentrate f o r  GCIMS analysis t o  check f o r  breakthrough o f  
PCDD' s and PCDFO s. Concentrate the 60 percent f rac t ion  (Paragraph 9.8.2) 
t o  about 2 t o  3 mL. Rinse the carbon w i  t h  5 mL cyclohexane/methylene 
chlor ide (50:50 vlv) i n  the forward d i rect ion o f  f low and then i n  the 
reverse d i rec t ion  o f  flow. While s t i l l  i n  the reverse d i rect ion o f  flow, 
t ransfer  the sample concentrate t o  the column and elute with 10 mL o f  
cyclohexane/methylene chloride (50:50 vlv) and 5 mL o f  methylene 
chl  or1 delmethanol /benzene (75:20 :5, v lv) . Save a1 1 above e l  uates and 
combine ( t h i s  f rac t ion  may be used as a check on column eff iciency). Now 
turn  the column over and i n  the d i rect ion o f  forward f low elute the 
PCDDIPCDF f rac t ion  wi th 20 mL to1 uene. 

NOTE: Be sure no carbon f ines are present i n the eluant. 

9.9.2 Alternate carbon column cleanup. Proceed as i n  Section 9.9.1 
t o  obtain the 60 percent f ract ion re-concentrated t o  400 uL which I s  
t ransferred t o  an HPLC in jec to r  loop (1 mL). The in jec tor  loop i s  
connected t o  the optional column described i n  Paragraph 4.18. Rinse the 
centri fuge tube w i th  500 uL o f  hexane and add t h i s  r insate t o  the 
i n j e c t o r  loop. Load the combined concentrate and r insate onto the 

* '% 
column. Elute the column a t  2 mLImin, ambient temperature, wi th 30 nL o f  
cyclohexanelmethylene chloride 1 : 1 (vlv) . Discard the eluant. Backflush 

u the column w i  t h  40 mL toluene t o  e lute and co l lec t  PCDDOs and PCDF's 
(ent i re  fract ion).  The column i s  then discarded and 30 mL o f  
cyclohexanelmethyl ene chloride 1:l (vlv) i s  pumped through a new column 
t o  prepare i t  f o r  the next sample. 

9.9.3 Evaporate the toluene f ract ion t o  about 1 mL on a rotary 
evaporator using a water bath a t  50'C. Transfer t o  a 2.0-mL Reacti-vial 
using a to1 uene r inse and concentrate t o  the desired volume using a 
stream o f  N2. The f i n a l  volume should be 100 uL f o r  s o i l  samples and 
500 uL f o r  sludge, s t i  11 bottom, and f l y  ash samples: t h i  s i s  provided 
f o r  guidance, the correct volume w l l l  depend on the re la t i ve  concentra- 
t i o n  o f  target analytes. Extracts which are determined t o  be outside the 
ca l ib ra t lon  range for individual analytes must be d i lu ted o r  a smaller 
por t ion o f  the sample must be re-extracted. Gently swir l  the solvent on 
the lower por t ion of the vessel t o  ensure complete dissolut ion o f  the 
PCDD's and PCDFOs. 

9.10 Approximately 1 h r  before HRGCILRMS analysis, t ransfer an a1 iquot 
o f  the extract t o  a micro-vial (Paragraph 4.16). Add t o  t h i s  suf f ic ient  
recovery standard ( 1 3 ~ ~ ~ 1 . 2 ~ 3 ,  4-TCDD) t o  give a concentrati on of 500 ng1mL. 
(Example: 36 uL a l iquot  o f  extract and 4 uL c f  recovery standard solution. 
Remember t o  adjust the f i n a l  resu l t  t o  correct f o r  t h i s  d i lu t ion.  In jec t  an 
approprlate a l iquot  (1 o r  2 uL) o f  the sample i n t o  the GCIMS instrument. 
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10.0 GCIMS ANALYSIS 

10.1 When to1 uene i s  employed as the f i n a l  solvent use of a bonded phase 
G-\. col  umn from Paragraph 4.3.2 i s recommended. Sol vent exchange i nto  tri decane 

i s  required f o r  other 1 i q u i d  phases o r  nonbonded col  umns (CP-Si 1-88). i 

NOTE: Chromatographic condit ions must be adjusted t o  account f o r  sol  vent 
b o i l  ing  points. 

10.2 a lcu la te  response fac to r  f o r  standards r e l a t i v e  t o  the in te rna l  
standards, f3C12-2.3 7.8-TCDD and f3~12-0CW (see Section 11). Add the 
retovery standard (lk12-1 , 2.3 ,4-TCDD) t o  the samples p r i o r  t o  i nject ion. The 
concentration of the recovery standard i n  the sample ex t rac t  must be the same 
as t h a t  i n  the ca l i b ra t i on  standards used t o  measure the response factors. 

10.3 Analyze samples w i th  selected i on  monitoring, using a l l  o f  the ions 
1 i sted i n  Tab1 e 2. It i s  recommended t h a t  the GCIMS run be div ided i n t o  f i v e  
selected i o n  monitoring sections, namely: 1) 243, 257,, 304, 306, 320, 322, 5 332, 334, 340, 356, 376 (TCDD1s, TCDF's, 1 C12-labeled in te rna l  and recovery 
standards, PeCDD's, PeCDF's, HxCDE); (2) 277, 293, 306, 332, 338, 340, 342, 
354, 356, 358, 410 (peCDD1s, PeCDF's, HpCDE); (3) 311, 327, 340, 356, 372, 
374, 376, 388, 390, 392, 446, (HxCDD's, HxCDF's, OCDE); (4) 345, 361, 374, 
390, 406, 408, 410, 422, 424, 426, 480 (HpCDD's, HpCDF's, NCDE) and (5) 379, 
395, 408, 424, 442, 444, 458, 460, 470, 472, 514 (OCDD, OCDF, 1% 
DCDE) . Cycle time no t  t o  exceed 1 secldescriptor. It i s  recommen A ~ - ~ ~ ~ ~  ed t h a i  
selected i on  monitoring section 1 should be applied during the GC run t o  
encompass the retent ion window (determined i n  Paragraph 6.3) o f  the f i r s t -  and 
1 ast-el u t i  ng te t ra-ch l  o r i  nated i somers. I f  a response i s  observed a t  mlz 340 
o r  356, then the GCIMS analysis must be repeated; selected i o n  monitoring 
sect ion 2 should then be applied t o  encompass the  re ten t ion  window o f  the 
f i r s t -  and 1 ast-el u t i ng  penta-chlorinated isomers. HxCDE, HpCDE, OCDE, NCDE, 
DCDE, are abbreviations f o r  hexa-, hepta-, octa-, nona-, and decachlorinated 

C 
diphenyl ether, respectively. 

10.4 I d e n t i f i c a t i o n  c r i t e r i a  f o r  PCDD's and PCDF's: 

10.4.1 A l l  o f  the charac te r is t i c  ions, i.e. quant i ta t ion  ion, 
confirmation ions, 1 i s ted  i n  Table 2 f o r  each class of PCDD and PCDF, 
must be present i n  the reconstructed ion  chromatogram. It i s  desirable 
t h a t  the M - COCl i on  be monitored as an addi t ional  requirement. 
Detection l i m i t s  w i l l  be based on quant i ta t ion ions w i th in  the molecules 
i n  c luster.  

10.4.2 The maximum in tens i t y  o f  each o f  the speci f ied charac- 
t e r i s t i c  ions must coincide w i th in  2 scans o r  2 sec. 

10.4.3 The r e l a t i v e  i n t e n s i t y  o f  the selected, i so top ic  ions w i t h i n  
the molecular i on  c lus te r  o f  a homologous series o f  PCDD's o f  PCDF's must 
l i e  w i th in  the range specif ied i n  Table 3. 

10.4.4 The GC peaks assigned t o  a given homologous ser ies must have 
re ten t ion  times w i th in  the window established f o r  t h a t  ser ies by the 
column performance solution. 
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10.5 Quantitate the PCDD and PCDF peaks f r o m  the response re la t i ve  t o  
the appropriate i nternal standard. Recovery o f  each in ternal  standard) vs. 
the recovery standard must be greater than 40 percent. It i s  recomnended that 

, samples wi th recoveries o f  less than 40 percent o r  greater than 120 percent be 
re-extracted and re-anal yzed. 

NOTE: These c r i t e r i a  are used t o  assess method performance: when 
properly appl i ed, i sotope d l  1 ut ion techniques are independent o f  
in ternal  standard recovery. 

I n  those circumstances where these procedures do not y i e l d  a de f in i t i ve  
conclusion, the use o f  high resolut ion mass spectrometry o r  HRGCIMSIHS i s  
suggested. 

11.0 CALCULATIONS 

NOTE: The re la t i ve  response factors o f  a given congener w i  t h i n  any 
homologous series are known t o  be d i f ferent .  However, f o r  
purposes o f  these calculations, i t w i  11 be assumed that  every 
congener wi th in a given series has the same r e l a t i v e  response 
factor. I n  order t o  minimize the e f fec t  of t h i s  assumption on 
r i s k  assessment, a 2,3,7,8-substituted isomer that  i s  
comnerci a1 1 y avai 1 abl e was chosen as representative of each 
series. A l l  r e la t i ve  response factor  calculations f o r  a given 
homologous series are based on tha t  compound. 

11.1 Determine the concentration of individual Isomers o f  tetra-, penta, 
and hexa-CDDICDF according t o  the equation: 

'-- -/ 

Q i s  *s Concentration, nglg = , , RRF 

where : 

Qis = ng o f  in ternal  standard 1 3 ~ ~ ~ - 2 , 3 , 7 , 8 - ~ ~ ~ ~ ,  added t o  the sample 
before extraction. 

G = g o f  sample extracted. 

As = area of quant i tat ion ion of the compound of Interest. 

A i s  = area o f  quant i tat ion ion (mlz 334) o f  the internal standard, 
13cl2-2,3, 7.8-TCDD. 

RRF = response factor of the quantitation ion o f  the compound o f  
in te res t  re1 a t i  ve t o  m/z 334 of 13c12-2, 3.7 ,8-TCDD. 

NOTE: Any d i l u t l o n  factor  introduced by fol lowing the procedure i n  
Paragraph 9.10 should be applied t o  t h i s  calculation. 
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11.1.1 Determine the concentration o f .  ind iv idual  isomers o f  hepta- 
CDDICDF and the concentration o f  OCDD and OCDF according t o  the equation: 

/" ' 

Q i s  As Concentration, nglg = RRF 

where : 

= ng o f  in te rna l  standard ~ ~ c ~ ~ - o c D D ,  added t o  the sample before 
'ls extraction. 

G = g o f  sample extracted. 

As = area o f  quant i ta t ion ion  o f  the compound o f  in terest .  

= area of quant i ta t ion i on  (mlz 472) o f  the in te rna l  standard, ' ~ ~ c ~ ~ - o c D D .  

RRF = response fac tor  o f  the quant i tat ion i on  o f  the compound o f  
i n te res t  re1 a t i  ve t o  mlz 472 o f  ~ ~ c ~ ~ - o c D D .  

NOTE: Any d l1  u t ion  fac tor  introduced by fo l lowing the procedure I n  
Paragraph 9.10 should be appl ied  t o  t h i s  calculation. 

11.1.2 Re1 a t i  ve response factors are cal  cul  ated using data obtained 
from the analysis o f  mul t i - level  ca l ib ra t ion  standards according t o  the 
equatl on : 

where : 

As = area o f  quant i ta t ion ion o f  the compound o f  in terest .  

Ads = area o f  quant i ta t ion ion  o f  the appropriate in te rna l  standard 
(mlz 334 f o r  13~12-2, 3,7, 8-TCDD: mlz 472 f o r  13c12-0cDD) . 

C i s  = concentration o f  the a ropr ia te  in ternal  standard, 
13c12-2, 3,7, 8-TCDD o r  P!cl2-OCDD) 

Cs = concentration o f  the compound o f  in terest .  

11.1.3 The concentrations o f  unknown i somers o f  TCDD sha l l  be 
ca l  cul  ated us1 ng .the mean RRF determi ned f o r  2,3,7,8-TCDD. 

The concentrations o f  unknown isomers o f  PeCDD shal l  be calculated 
using the mean RRF determined f o r  1,2,3,7,8-PeCDD o r  any avai lable 
2,3,7,8,X-PeCDD isomer. 
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The concentrations o f  unknown isomers o f  HxCDD shal l  be calculated 
using the mean RRF determined f o r  1,2,3,4,7,8-HxCDD o r  any available 
2,3,7,8,-X,Y-HXCDD isomer. 

The concentrations o f  unknown isomers o f  HpCDD shal l  be calculated 
using the mean RRF determined f o r  1,2,3,4,6,7,8-HpCDD o r  any available 
2,3,7,8,X, Y, Z-HpCDD isomer. 

The concentrations o f  unknown isomers o f  TCDF shal l  be calculated 
using the mean RRF determined f o r  2,3,7,8-TCDF, 

The concentrations o f  unknown isomers o f  PeCDF shal l  be calculated 
using the mean .RRF determined f o r  1,2,3,7,8-PeCDF o r  any available 
2,3,7,8,X-PeCDF isomer. 

The conceCrations o f  unknown isomers of HxCDF shal l  be calculated 
using the mean RRF determined f o r  1,2,4,7,8-HxCDF o r  any available 
2,3,7,8-X,Y-HxCDF isomer. 

The concentrations o f  unknown isomers o f  HpCDF shal l  be calculated 
using the mean RRF determi ned f o r  1,2,3,4,6,7,8-HpCDF o r  any avai lab1 e 
2,3,7,8, X, Y ,Z-HpCDF isomer, 

The concentration o f  the octa-CDD and octa-CDF shal l  be calculated 
using the mean RRF determined f o r  each. 

Mean r e l a t i v e  response factors f o r  selected PCDD's and PCDF's are 
given i n  Table 4. 

11.1.4 Calculate the percent recovery, R i s ,  f o r  each in ternal  
standard i n  the sample extract, using the equation: 

where: 

- Area o f  quant i ta t ion ion (m/z 334) o f  the recovery standard, Ars - 
1 3 ~ ~ ~ - 1 , 2 ,  3,4-TCDD. 

Qrs = ng o f  recovery standard, 1 3 ~ ~ ~ - 1 . 2 , 3 , 4 - ~ ~ ~ ~ ,  added t o  
extract. 

The response fac to r  f o r  determination o f  recovery i s  calculated using 
data obtained from the analysis o f  the mu1 t i - l e v e l  ca l ib ra t ion  standards 
according t o  the equation: 
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TABLE 1. REPRESENTATIVE GAS CHROMATOGRAPH RETENTION TIMES* OF ANALYTES 

50-III 30-III 3--m 
I 

Analyte CP-Sl 1 -88 DB-5 SP-2250 
I ( v  

2,3,7,8-TCDD 

1,2,3,4-TCDD 

1,2,3,4,7-PeCDD 

1,213,417,8-H~CDD 

1,2,3,4,6,7,8-HpCDD 

OCDD 
- - -- 

*Retention time In min, using temperature programs shown below. 

NM = not measured. 

Temperature Programs : 

DB-5 170e, 10 mln; then at 8./mln to 320°C, hold 
30 m x 0.25 mn at 320'C 20 mi n (unti 1 OCDD elutes). 
Thin fllm (0.25 um) 

Col umn Manufacturers 

Chrompack, Incorporated, Brldgewater, New Jersey 
J and W Scientl fic, Incorporated, Rancho Cordova, 
Cal ifornla 
Supel co , Incorporated, Be1 1 efonte, Pennsylvania 
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TABLE 2. IONS SPECIFIEDa FOR SELECTED I O N  MONITORING 
FOR PCDD'S AND PCDF'S 

Quanti t a t i o n  Conf i m a t  i on 
i o n  ions M-COCl 3 Luu~aJ 

PCDD ' s 

13c12-~etra 
Tetra 
Penta 
Hexa 
Hepta 
0 t a  
15C12-0cta 

PCDF ' s 

Tetra 
Penta 
Hexa 
Hepta 
Octa 

aIons a t  mlz 376 (HxCDE), 410 (HpCDE), 446 (OCDE), 480 (NCDE and 514 (DCDE) 
are also Included I n  the scan monitoring sections (1) t o  (5 , respectively. 
See Paragraph 10.3. 

I- 

TABLE 3. CRITERIA FOR ISOTOPIC RATIO MEASUREMENTS FOR PCDD'S AND PCDF'S 

Selected Ions (mlz) Re1 a t i  ve i ntensl t y  

PCDD ' s 

Tetra 
Penta 
Hexa 
Hepta 
Octa 

PCDF ' s 

Tetra 
Penta 
Hexa 
Hepta 
Octa 
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TABLE 4. MEAN RELATIVE RESPONSE FACTORS OF CALIBRATION STANDARDS 

RSDX Quant l ta t lon Ion 
R R F ~  (n = 5) (m/z) 

aThe RRF value i s  the mean o f  the f i v e  determinations made. Nominal weights 
in jec ted  were 0.2, 0.5, 1.0, 2.0 and 5.0 ng. 

~ R R F  values f o r  these analytes were determined r e l a t i v e  t o  l%12-~~~. A11 
other RRF1s were determined r e l a t i v e  t o  13C12-2,3,7,8-TC~D. 

Instrument ConditionsITune - GCIMS system was tuned as spec i f ied i n  
Paragraph 6.3. RRF data was acquired under 
S I M  control ,  as spec i f ied i n  paragraph 10.3. 

GC Proqram - The GC co? umn tern erature was programed as speci f ied i n  
Paragraph 4.3.2(b P . 
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TABLE 5. PRECISION DATA FOR REVISED METHOD 8280 

Analyte 1 eve1 (ng/g) /' -- 
Nat i  ve Percent i 

Compound Matrixa Nati ve + spike N RSD 

c l  ay 
sol  1 
s l  udge 
f l y  ash 
s t i l l  bottom 

c l  ay 
soi  1 
s l  udge 
f l y  ash 
s t i l l  bottom 

c l  ay 
soi 1 
s 1 udge 
f l y  ash 
s t i l l  bottom 

c l  ay 
soi  1 
s 1 udge 
f l y  ash 
s t i l l  bottom 

c l  ay 
soi  1 
s 1 udge 
f l y  ash 
s t i l l  bottom 

c l  ay 
soi 1 
s 1 udge 
f l y  ash 
s t i l l  bottom 

c l  ay 
soi 1 
sludge . 
f l y  ash 
s t i l l  bottom 
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TABLE 5 (Continued) 

Analyte level (ngjg) 
Nat I ve Percent 

Compound Matrixa Nat I ve + spike N RSD 

1,2,3,4,7-PeCDD cl ay 
sol 1 
s 1 udge 
fly ash 
still bottom 

1,2,3,7,8-PeCDD cl ay 
sot 1 
s 1 udge 
fly ash 
stlll bottom 

1,2,3,4,7,8-HxCDD clay 
soi 1 
s 1 udge 
fly ash 
still bottom 

1,2,3,4,6,7,8-HpCDD clay 
sof 1 
sl udgec 
fly ash 
still bottom 

cl ay 
sol 1 
sl udge 
fly ash 
stlll bottom 

1,2,3,7,8-PeCDF cl ay 
soi 1 
sludge 
fly ash 
st1 1 1 bottom3 

1,2,3,4,7,8-HxCDF clay 
sol 1 
s 1 udge 
fly ash 
still bottom 
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TABLE 5. (continued) 

- 

Anal yte level (nglg) ,I=--\, 
Nat i ve Percent i, 

Compound Mat ri xa Native + spike N RSD 

OCDF cl ay 
soi 1 
s l  udge 
f l y  ash 
s t i l l  bottom 

amat ri x types : 

clay: pottery clay. 

soi 1 : Times Beach, Missouri, sol 1 blended t o  form a homogeneous sample. 
This sample was analyzed as a performance evaluation sample for  the Contract 
Laboratory Program (CLP) i n  April 1983. The results  from EMSL-LV and 8 
contract laboratories using the CLP protocol were 305.8 ng/g 2,3,7,8-TCDD 
with a standard deviation of 81.0. 

f l y  ash: ash from a municipal incinerator: resource recovery ash No. 1. 

st1 11 bottom: d i s t i l  lation bottoms (tar)  from 2,4-dichlorophenol production. m 
sludge: sludge from cooling tower which received both creosote and w 
pentachl orophenol i c  wastewaters. 

Cleanup of clay, soi l  and f l y  ash samples was through alumina column only. 
(Carbon column not used.) 

~ N D  - not detected a t  concentration i njected (f i nal vol urn 0.1 mL or  greater). 

CEstimated concentration out of calibration range of standards. 

m 
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TABLE 6. RECOVERY DATA FOR REVISED METHOD 8280 

Spl kedc Mean 
Nat I veb level percent 

Compound Matrlxa (ng/g) (ng/g) recovery 

2,3,7,8-TCDD cl ay 
sol 1 
s 1 udge 
fly ash 
st111 bottom 

1,2,3,4-TCDD cl ay 
sol 1 
s 1 udge 
fly ash 
stlll bottom 

1,3,6,8-TCDD cl ay 
sol 1 
s 1 udge 
fly ash 
stlll bottom 

1,3,7,9-TCDD cl ay 
- - sol 1 

I 

Tw sludge 
fly ash 
stlll bottom 

1,3,7,8-TCDD clay 
sol 1 
sl udge 
fly ash 
stlll bottom 

1,2,7,8-TCDD cl ay 
sol 1 
s 1 udge 
fly ash 
stlll bottom 

1,2,8,9-TCDD cl ay 
sol 1 
sl udge 
fly ash 
stlll bottom 

Revlsion 0 
Date September 1986 



TABLE 6. (Conti nued) 

Spi kedc Mean 
~ a t i  veb 1 eve1 percent ,m'r) 

CLll I# 

Conipound Mat r i  xa (nglg) (ng/g) recovery 

1,2,3,4,7-PeCDD c l  ay 
so l  1 
s l  udge 
f l y  ash 
s t i l l  bottom 

1,2,3,7,8-PeCDD c l  ay 
so i  1 
s 1 udge 
f l y  ash 
s t i l l  bottom 

1,2,3,4,7,8-HxCDD c l ay  
so i  1 
s l  udge 
f l y  ash 
st11 1 bottom 

1,2,3,4,6,7,8-HpCDD c l a y  
so i  1 
s l  udged 
f l y  ash 
s t i l l  bottom 

2,3,7,8-TCDD c l  ay 
(C-13)  SO^ 1 

s l  udge 
f l y  ash 
s t i l l  bottom 

1,2,7,8-TCDF c l  ay 
so l  1 
s 1 udge 
f l y  ash 
s t i l l  bottom 

1,2,3,7,8-PeCDF c l  ay 
so i  1 
s 1 udge 
f l y  ash 
s t i l l  bottom 
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TABLE 6. (Conti nued) 

I ,  Spi kedc Mean 
I 

' I  I I /  ~ a t i  veb 1 eve1 percent 
Compound Matri xa (ng/9) (ng/g) recovery 

1,2,3,4,7,8-HxCDF clay 
soi 1 
s l  udge 
f l y  ash 
s t i l l  bottom 

OCDF c l  ay 
soi 1 
s l  udge 
f l y  ash 
s t i l l  bottom 

amatri x types : 

clay : pottery clay. 

s o i l  : Times Beach, Missouri s o i l  blended t o  form a hobgeneous sample. This 
sample was analyzed as a performance evaluation sample f o r  the Contract 
Laboratory Program (CLP) i n  Apri 1 1983. The resul ts  f r om EMSL-LV and 8 -. contract 1 aboratori es using the CLP protocol were 305.8 nglg 2,3,7,8-TCDD 

I 

%w' 
wi th a standard deviation o f  81.0. 

f l y  ash: ash from a municipal incinerator: resource recovery ash No. 1. 

st1 11 bottom: d i s t i  1 l a t i o n  bottoms (tar)  f r o m  2,4-dichlorophenol production. 

sludge: sludge from cooling tower which received both creosote and 
pentachlorophenol wastewaters. 

The clay, s o i l  and f l y  ash samples were subjected t o  alumina column cleanup, 
no carbon column was used. 

b ~ i n a l  volume o f  concentrate 0.1 mL o r  greater, ND means below quant i f icat ion 
l i m i t ,  2 o r  more samples analyzed. 

CAmount o f  analyte added t o  sample, 2 o r  more samples analyzed. 

d~st imated concentration out o f  c a l l  b r a t i  on range o f  standards. 
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TABLE 7. LINEAR RANGE AND VARIATLOIN OF RESPONSE FACTORS 

Anal y t e  Linear range tested (pg) n b Hean RF XRSD 

aResponse factors f o r  these analytes were calculated using 2,3,7,8-TCDF as the 
in te rna l  standard. The response factors f o r  2,3,7,8-fCDF were calculated vs. 
13c12-1, 2,3, 4-TCDD. 

b ~ a c h  value o f  n represents a d i f f e r e n t  concentration level .  
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TABLE 8. METHOD DETECTION LIMITS OF 3 ~ 1 2  
- LABELED PCDD'S and PCDF'S 

IN REAGENT WATER (PPT) AND ENVIRONMENTAL SAMPLES (PPB) 

mQ1t M b g m  Fl% IrdwtpI S U h d  n"d F i d  q/ 
watera SOU  AS^ sludge ~ottan OFL sawlust 

a 
Sample size 1,000 mL. 

b~ample sire 10 g. 
C Sample size 2 g. 
d ~ u p l e  size 1 g. 
Note: The final sample-extract volume,was 100 uL for all samples. 

Matrix types used in MDL Study: 

- Reagent water: distilled, deionized laboratory water. - Missouri soil: soil blended to form a homogeneous sample. - Fly-ash: alkaline ash recovered from the electrostatic precipitator of 
a coal-burning power plant. - Industrial sludge: sludge from cooling tower which received creosotic 
and pentachlorophenolic wastewaters. Sample was 70 percent water, 
mixed with oil and sludge. - Still-bottom: distillation bottoms (tar) from 2,4-dichlorophenol 
production. - Fuel oil: wood-preservative solution from the modified Thermal Process 
tanks. Sample was an oily liquid 0 9 0  percent oil) containing no 
water. - Fuel oil/Sawdust: sawdust was obtained as a very fine powder from the 
local lumber yard. Fuel oil (described above) was mixed at the 4 
percent (w/w) level. 

Procedure used for the Determination of Hethod Detection Limits was obtained 
from 'Methods for Organic Chemical Analyais of Municipal and Industrial 
Wastewater" Appendix A, EPA-600/4-82-057, July 1982. Using this procedure, 
the method detection limit is defined as the minimum concentration of a 
substance that can be measured and reported with 99 percent confidence that 
the value is above zero. 
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APPENDIX A 

SIGNAL-TO-NOISE DETERMINATION METHODS 

'L 
MANUAL DETERMINATION 

This method corresponds t o  a manual determination o f  the SIN f r o m  a GCIMS 
signal, based on the measurement o f  i t s  peak height re la t i ve  t o  the baseline 
noise. The procedure i s  composed of four steps as out1 lned below. (Refer t o  
Figure 1 f o r  the fol lowing discussion). 

1. Estimate the peak-to-peak noise (N) by tracing the two l i nes  (E and F, E2) def ining the noise envelope. The 1 ines should pass throug the 
estimated s t a t i s t i c a l  mean of the posi t ive and the negative peak 
excursions as shown i n  Figure 1. I n  addition, the signal o f fse t  (0) 
should be set high enough such that  negative-going noise (except f o r  
spur1 ous negat I ve spi kes) I s recorded. 

2. Draw the 1 ine  (C) corresponding t o  the mean noise between the 
segments def ining the noise envelope. 

3. Measure the height o f  the GCIMS signal (S) a t  the apex o f  the peak 
r e l a t i v e  t o  the mean noise C. For noisy G C / S  signals, the average 
peak height should be measured f r o m  the estimated mean apex signal D 
between E3 and Eq. 

4. Compute the SIN. 

This method of S I N  measurement i s  a convent1 onal , accepted method o f  
noise measurement i n  analyt ical  chemistry. 

INTERACTIVE COMPUTER GRAPHICAL METHOD 

This method c a l l s  f o r  the measurement o f  the GCIMS peak area using the 
computer data system and Eq. 1: 

S I N  = * Al 2 t  + A, 2 t  

where t i s  the e lu t ion  time window ( t ime interval ,  t2-t2, a t  the base o f  the 
peak used t o  measure the peak area A). (Refer t o  Figure 2, f o r  the fol lowing 
d l  scussion) . 

A 1  and A, correspond t o  the areas o f  the noise level  i n  a region t o  the 
l e f t  (A1) and t o  the r i g h t  (Ar) o f  the GC peak o f  interest. 
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The procedure t o  determine the SIN i s  as follows: 

1. Estimate the average negative peak excursions o f  the noise (i .e., 
the low segment-E2-of the noise envelope). Line E2 should pass 
through the estimated s t a t i  s t i  cal mean o f  the negative-goi ng noise 
excursions. As stated ear l ie r ,  i t  i s  important t o  have the signal 
o f f s e t  (0) set high enough such tha t  negative-going noise i s  
recorded. 

2. Using the cross-hairs o f  the video display terminal, measure the 
peak area (A) above a base1 ine  corresponding t o  the mean negative 
noise value (E2) and between the time t l  and t 2  where the GCIMS peak 
in tersects  the baseline, E2. Make note o f  the time width t= t2 - t i .  

3. Fol lowing a simi l a r  procedure as described above, measure the area 
o f  the noise i n  a region t o  the l e f t  (A1) and t o  the r i g h t  (Ar) o f  
the GCIMS signal using a time window twice the s ize o f  t, t h a t  i s ,  
2 x t. 

The analyst must sound judgement i n  regard t o  the proper select ion o f  
interference-free regions i n  the measurement o f  A 1  and Arb It i s  not 
recomnended t o  perform these noise measurements (A1 and Ar) i n  remote regions 
exceeding ten time widths ( l o t ) .  

4. Compute the SIN using Eq. 1. 

NOTE: I f  the noise does not occupy a t  leas t  10 percent o f  the ve r t i ca l  
axi  s (i .e., the noise envelope cannot be defined accurately), then 
i t  i s  necessary t o  amp1 i f y  the ve r t i ca l  ax is  so tha t  the noise 
occupies 20 percent o f  the terminal display (see Figure 3). 

Revi s ion 0 u 
Date September 1986 



FIGURE CAPTIONS 

Figure 1. Manual determination o f  SIN. 
The peak height (S) i s  measured between the mean noise (1 ines C and 
D). These mean signal values are obtained by t rac ing the l i n e  
between the baseline average noise extremes, E l  and E , and between F: the apex average noise extremes, E3 and E4, a t  t e apex o f  the 
signal. Note, i t  i s  imperative that  the instrument's interface 
ampl i f i e r  e lect ronic 's  zero o f fse t  be set high enough such that  
negat i ve-goi ng base1 i ne noi se i s recorded. 

Figure 2. In teract ive determination o f  SIN. 
The peak area (A) i s  measured above the base1 i ne average negative 
noise €2 and between times t i  and t2. The noise i s  obtained from 
the areas A 1  and Ar measured t o  the 1 e f t  and t o  the r i g h t  o f  the 
peak o f  in te res t  using time windows T i  and Tr (T1=Trs2t). 

Figure 3. In teract ive determination o f  SIN. 
A) Area measurements without ampl i f i c a t i  on o f  the ver t i ca l  axis. 
Note tha t  the noise cannot be determined accurately b visual 
means. 0) Area measurements a f t e r  ampl i f icat ion (10X J o f  the 
ve r t i ca l  axis so tha t  the noise level  occupies approximately 20 
percent o f  the display, thus enabl ing a be t te r  visual estimation of 
the baseline noise, El, E2, and C. 
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17 smc. 

Figure 2. Interact ive Detemlnatlon o f  SIN. 
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Figure 3. Interactive Determlnatlon o f  S/N. 
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APPENDIX B 

RECOMMENDED SAFETY AND HANDLING PROCEDURES FOR PCDD'S/PCDFIS 

1. The human toxicology o f  PCDD/PCDF i s  not we1 1 defined a t  present, 
a1 though the 2,3,7,8-TCDD i somer has been found t o  be acnegeni c, carcinogenic, 
and teratogenic i n  the course o f  1 aboratory animal studies. The 2,3,7,8-TCDD 
i s  a s o l i d  a t  room temperature, and has a r e l a t i v e l y  low vapor pressure. The 
s o l u b i l i t y  o f  t h i s  compound i n  water i s  only about 200 par ts -per - t r i l  l ion,  but 
the s o l u b i l i t y  i n  various organic solvents ranges from about 0.001 perent t o  
0.14 percent. The physical propert ies o f  the 135 other t e t ra -  through octa- 
chlor inated PCDD/PCDF have not been we1 l established, a1 though i t  i s  presumed 
tha t  the physical propert ies o f  these congeners are general ly s im i l a r  t o  those 
o f  the 2,3,7,8-TCDD isomer. On the basis o f  the avai lable toxicological  and 
physical property data f o r  TCDD, t h i s  compound, as we1 1 as the other PCDD and 
PCDF, should be handled only by h igh ly  t rained personnel who are thoroughly 
versed i n  the appropriate procedures, and who understand the associated ri s ks. 

2. PCDD/PCDF and samples containing these are handled using essential l y  
the same techniques as those employed i n  handling radioact ive o r  in fect ious 
materi a1 s. We1 1 -venti 1 ated, control  1 ed-access 1 aboratories are required, and 
1 aboratory personel enter1 ng these 1 aboratori es should wear appropriate safety 
c lothing, i ncl  udi ng d i  sposabl e coveral l  s, shoe covers, gloves, and face and 
head masks. During analy t ica l  operations which may give r i s e  t o  aerosols o r  
dusts, personnel should wear respirators equipped wi th  activated carbon 
f i  1 ters.  Eye protect ion equipment (preferably f u l l  face shields) must be worn 
a t  a1 1 times whi le working i n  the analy t ica l  laboratory wi th  PCDD/PCDF. 

,- Various types o f  gloves can be used by personnel, depending upon the 
analy t ica l  operation being accompl i shed. Latex gloves are general l y  u t i  1 i zed, 
and when hand1 i ng  samples thought t o  be pa r t i cu la r l y  hazardous, an addit ional 
set  o f  gloves are also worn beneath the la tex  gloves ( f o r  example, Playtex 
gloves suppl i ed by American S c i e n t i f i c  Products, Cat. No. 67216). Bench-tops 
and other work surfaces i n  the laboratory should be covered wi th  p las t i c -  
backed absorbent paper during a1 1 analy t ica l  processing. When f i ne l y  divided 
samples (dusts, so i ls ,  dry  chemicals) are processed, removal o f  these from 
sample contaners, as we1 1 as other operations, including weighing , 
t ransferr ing,  and mixing wi th  solvents, should a l l  be accomplished wl th in  a 
glove box. Glove boxes, hoods and the ef f luents  from mechanical vacuum pumps 
and gas chromatographs on the mass spectrometers should be vented t o  the 
atmosphere preferably only a f t e r  passing through HEPA par t i cu la te  f i  1 te rs  and 
vapor-sorbi ng charcoal . 

3. A l l  laboratory ware, safety clothing, and other items po ten t ia l l y  
contaminated wi th  PCDD/PCDF i n  the course o f  analyses must be care fu l l y  
secured and subjected t o  proper disposal . When feasible, 1 i qu id  wastes are 
concentrated, and the residues are placed i n  approved steel  hazardous waste 
drums f i t t e d  w i th  heavy gauge polyethylene 1 i ners. Glass and combustible 
items are compacted using a dedicated trash compactor used only f o r  hazardous 
waste mater ia ls and then placed i n  the same type of disposal drum. Disposal 
o f  accumulated wastes i s  per iod ica l l y  accomplished by high temperature 
inc inerat ion a t  EPA-aproved f a c i l i t i e s .  
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4. Surfaces o f  laboratory benches, apparatus and other appropriate areas 
should be per lod l  cal l y  subjected t o  surface wipe tes ts  us1 ng sol vent-wetted 
f i l t e r  paper whlch I s  then analyzed t o  check f o r  PCDDIPCDF contamination I n  
the laboratory. Typical l y ,  i f  the detectable leve l  o f  TCDD o r  TCDF from such 
a t e s t  i s  greater than 50 nglm2, t h i s  indicates the need f o r  decontamination 
o f  the laboratory. A typ ica l  act ion 1 i m i  i n  terms o f  surface contamination 
o f  the other PCDDIPCDF (sumned) i s  500 ng/ 4 . I n  the event o f  a spi 11 w i th in  
the laboratory, absorbent paper i s  used t o  wipe up the spi  1 l e d  mater ial  and 
t h i s  i s  then placed i n t o  a hazardous waste drum. The contaminated surface i s  
subsequently cleaned thoroughly by washing w i th  appropriate sol vents 
(methyl ene chlor ide f o l  lowed by methanol ) and 1 aboratory detergents. This i s  
repeated u n t i  1 wipe tes ts  ind icate tha t  the levels  o f  surface contamination 
are below the 1 i m i t s  cited. 

5. I n  the un l i ke l y  event t ha t  analy t ica l  personnel experience sk in 
contact w i th  PCDDIPCDF o r  samples containing these, the contaminated sk in 
area shoul d imnedi ate1 y be thoroughly scurbbed us i  ng m i  1 d soap and water. 
Personnel involved i n  any such accident should subsequently be taken t o  the 
nearest medical f a c i  1 i ty,  preferably a faci 1 i t y  whose s t a f f  i s  know1 edgeabl e 
i n  the toxicology o f  chl  or1 nated hydrocarbons. Again, disposal o f  
contaminated c lo th ing  i s accompl i shed by p l  aci ng it i n hazardous waste drums. 

6. It i s  desirable tha t  personnel working i n  laborator ies where 
PCDDIPCDF are hand1 ed be given per iodic physical exami nations (a t  leas t  
yearly). Such examinations should i ncl  ude speci a1 i zed tests, such as those 
f o r  ur inary porphyrins and f o r  cer ta in  blood parameters whlch, based upon 
pub1 i shed c l  i n i  cal observations, are appropriate f o r  persons who may be 
exposed t o  PCDDIPCDF. Periodic fac ia l  photographs t o  document the onset o f  
dermatol ogi c problems are a1 so advl sable. 
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DIOXIN SAMPLE DATA SUMMARY FORM 8280-1 

LAB NAME CONTRACT No. 

CASE NO. 

QUANTITY FOUND ( n g l g )  

SAMPLE NO. F I L E  NAME TCDD HpCDD OCDD 

DATA RELEASE ALITHORIZED BY 
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DIOXIN SAMPLE DATA SUMMARY FORM 8280-1 

LAB NAME 

CASE No. 

CONTRACT No. 

QUANTITY FOUND (nglg) 

SAMPLE NO. FILE NAME TCDF PeCDF HxCDF HpCDF OCDF 
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DIOXIN SAMPLE DATA SUMMARY FORM 8280-1-W 

CONTRACT No. LAB NAME 

CASE No. 

QUANTITY FOUND (ug/L) 

SAMPLE NO. F ILE  NAME TCDD PeCDD HxCDD HpCDD OCDD 

DATA RELEASE AUTHORIZED BY 
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DIOXIN SAMPLE DATA SUMMARY FORM 8280-1-W 

LAB NAME 

CASE No. 

CONTRACT No. 

QUANTITY FOUND (ug/L) 

SAMPLE NO. FILE NAME TCDF PeCDF HxCDF HpCDF OCDF 
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DIOXIN RAW SAMPLE DATA FORM 8280-2 

L 
b a d '  

LAB NAME ANALYST (s) CASE No. 

SAMPLE No. TYPE OF SAMPLE CONTRACT No. 

FINAL EXTRACT VOLUME SAMPLE S IZE  .% MOISTURE 

EXTRACTION METHOD ALIQUOT USED FOR ANALYSIS 

CLEAN UP OPTION 

CONCENTRATION FACTOR DILUTION FACTOR 

DATE EXTRACTED DATA ANALYZED 

VOLUME 13cl2-l, 2,3, 4-TCDD ADDED TO SAMPLE VOLUME 

-1 
VOLUME INJECTED W t  13C12-l, 2,3, CTCDD ADDED 

3w 

W t  13t12-2, 3,7,8-TCDD ADDED' 13~12-2, 3 7, 8-TCDD X RECOVERY 

W t  13Clt-2,3,7,8-OCDD ADDED 13~12-OCDD % RECOVERY 

13~12-2, 3,7,8-TCDD RRF ~ ~ C ~ ~ - O C D D  RRF 

13c12-2, 3,7 8-TCDD 

AREA 332  AREA 334 RATIO 332/334 

~ ~ C ~ ~ - O C D D  AREA 470 AREA 472 RATIO 470/472 

RT 2,3,7,8-TCDD (Standard)  RT 2,3,7,8-TCDD (Sampl e) 

13~12-2.3. 7.8-TCDD - 13~12-1,2, ~ . ~ - T C D D  P e r c e n t  Va l  l e y  
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DIOXIN INITIAL CALIBRATION STANDARD DATA SUMMARY 

FORM 8280-3 

CASE No. 

Lab Name Contract No. 

Date o f  In1 t i a l  Cal i bra t ion  Analyst (s) 

Re1 a t1  ve t o  13cI2-2, 3.7. 8-TCDD o r  13~12-1, 2.3 ,4-TCDD 

CALIBRATION 
STANDARD 

RRF 
1 

RRF RRF RRF RRF 
2 3 4 5 MEAN XRSD 

TCDD 

PeCDD 

HxCDD 

HpCDD 

OCDD 

TCDF 

PeCDF 

HxCDF 

HpCDF 

OCDF 

Rev1 s i  on 0 kw" 
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FORM 8280-3 (Cont i nued) 

CONCENTRATIONS IN  PGIUL 

1 2 3 4 5 

TCDD 

PeCDD 

HxCDD 

HpCDD 

OCDD 

TCDF 

PeCDF 
1 

i 

k/  
HxCDF 

HpCDF 

OCDF 
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DIOXIN CONTINUING CALIBRATION SUMMARY 

FORM 8280-4 

CASE No. 

Lab Name Contract No. 

Date o f  In1  ti a1 Cal i brat ion Analyst (s) 

COMPOUND RRF RRF XD 

HxCDD 

HpCDD 

OCDD 

TCDF 

PeCDF 

HxCDF 

HpCDF 

OCDF 
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1 DIOXIN RAW SAMPLE DATA FORM 8280-5-A 

,/-. 
---%& LAB NAME ANALYST (s) CASE No. 

CONTRACT No. SAMPLE No. 

TCDD REQUIRED 3201322 RATIO WINDOU I S  0.65 - 0.89 

QUANTITATED FROM 2,3,7,8-TCDD 1,2,3,4-TCDD RRF 

SCAN # RRT AREA AREA AREA 3201 CONFIRM 
322 320 257 322 AS TCDD 

YIN CONC . 

TOTAL TCDD 

TCDF REQUIRED 3041306 RATIO WINDOW I S  0.65 - 0.89 

QUANTITATED FROH 2,3,7,8-TCDD 1,2,3,4-TCDO RRF 

SCAN # RRT AREA AREA AREA 3041 CONFIRM 
306 304 243 306 AS TCDD 

YIN CONC . 

TOTAL TCDD 

8280 - B - 11 
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DIOXIN RAW SAMPLE DATA FORM 8280-5-8 

LAB NAME ANALYST (s) CASE NO. a 
CONTRACT No. SAMPLE No. 

PeCDD REQUIRED 3201322 RATIO WINDOW I S  0.55 - 0.75 

QUANTITATED FROM 2,3,7,8-TCDD 1,2,3,4-TCDD RRF 

SCAN # RRT AREA AREA AREA AREA 3 5 8 1  CONFIRM 
3 5 6  3 5 8  3 5 4  293 3 5 6  AS PeCDD 

TOTAL PeCDD m 
ki 

I 
I P ~ C D F  REQUIRED 3421340 RATIO WINDOW I S  0.55 - 0.75 

QUANTITATED FROM 2,3,7,8-TCDD 1,2,3,4-TCDD RRF 

SCAN # RRT AREA AREA AREA AREA 3 4 2 1  CONFIRM 
3 4 0  342  3 3 8  277 3 4 0  AS PeCDF 

Y I N  CONC . 

TOTAL PeCDF 

R e v i s i o n  0 
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DIOXIN RAW SAMPLE DATA FORM 8280-5-C 

LAB NAME ANALYST (s) CASE No. 

CONTRACT No. SAMPLE No. 

HxCDD REQUIRED 3921390 RATIO WINDOW I S  0.69 - 0.93 

QUANTITATED FROM 2,3,7,8-TCDD 1,2,3,4-TCDD RRF 

SCAN # RRT AREA AREA AREA AREA 3 9 2 1  CONFIRM 
3 9 0  3 9 2  3 8 8  327  3 9 0  AS HxCDD 

YIN . CONC. 

TOTAL HxCDD 

- 

HxCDF REQUIRED 3761374 RATIO WINDOW I S  0.69 - 0.93 

QUANTITATED FROM 2,3,7,8-TCDD 1,2,3,4-TCDD RRF 

SCAN # RRT AREA AREA AREA AREA 3 7 6 1  CONFIRM 
3 7 6  3 7 4  372  3 1 1  374  AS HxCDF 

TOTAL HxCDF 
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DIOXIN RAW SAMPLE DATA FORM 8280-5-0 

LAB NAME ANALYST (s) CASE No. kEd 

CONTRACT No. SAMPLE No. 

HpCDD REQUIRED 4261444 RATIO WINDOW I S  0.83 - 1.12 

QUANTITATED FROM 2,3,7,8-TCDD 1,2,3,4-TCDD RRF 

SCAN # RRT AREA AREA AREA AREA 4261  CONFIRM 
424  426 422 3 6 1  424  AS HpCDD 

YIN CONC . 

TOTAL HpCDD P"% 
u 

HpCDF REQUIRED 4101408 RATIO WINDOW I S  0.83 - 1.12 

QUANTITATED FROM 2,3,7,8-TCDD 1,2,3,4-TCDD RRF 

SCAN # RRT AREA AREA AREA AREA 4101 CONFIRM 
408  410 406 345 408- AS HpCDF 

YIN CONC . 

TOTAL HpCDF 
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DIOXIN RAW SAMPLE DATA FORM 8280-5-E 

LAB NAME ANALYST (s) CASE No. 

CONTRACT No. SAMPLE No. 

OCDD REQUIRED 458/460 RATIO WINDOW I S  0.75 - 1.01 

QUANTITATED FROM 2,3,7,8-TCDD 1,2,3,4-TCDD RRF 

SCAN # RRT AREA AREA AREA 458/ CONFIRM 
460  458 395 460  AS OCDD 

TOTAL OCDD 

- - -- ---- 

OCDF REQUIRED 442/444 RATIO WINDOW I S  0.75 - 1.01 

QUANTITATED FROM 2,3,7,8-TCDD 1,2,3,4-TCDD RRF 

SCAN # RRT AREA AREA AREA 442/ CONFIRM 
444 442 379 444 AS OCDF 

Y/N CONC . 

TOTAL OCDF 
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D I O X I N  SYSTEM PERFORMANCE CHECK ANALYSIS FORM 8280-6 

LAB NAME CASE No. 

BEGINNING DATE TIME CONTRACT No. 

ENDING DATE TIME ANALYST (s) 

PC SOLUTION IDENTIFIER 

RATIO AT RATIO AT 
IONS BEGINNING OF END OF 12 ACCEPTABLE 

PCDD ' s RATIOED 12 HOUR PERIOD HOUR PERIOD WINDOW 

Tetra 3201322 0.65-0.89 

Penta 3581356 0.55-0.75 

Hexa 3921390 0.69-0.93 

Hepta 4261424 0.83-1.12 

Octa 4581460 0.75-1.01 

PCDF' s 

Tetra 

Penta 342-340 0.55-0.75 

Hexa 376-374 0.69-0.93 

Hepta 4101408 0.83-1.12 

Octa 4421444 0.75-1 -01 

Ratios out o f  c r i t e r i a  

Begi nni ng End 

PCDD out o f  out o f  

PCDF out o f  out  o f  

NOTE: One form i s  required f o r  each 12 hour period samples are analyzed. 
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ERRATA FOR METHOD 8280 

I n  Sect ion 1.1, d e l e t e  the  f o l l o w i n g  t e x t :  

" reac tor  res idues"  w i t h  no rep1 acement. 

I n  Sect ion 1.5, rep lace the  f o l l o w i n g  t e x t :  

" t he  ana lys t  must take necessary precaut ions t o  prevent exposure t o  
h imsel f ,  o r  t o  others, o f "  

w i th :  

" the  ana lys t  must take necessary precaut ions t o  prevent human 
exposure from" and 

d e l e t e  t h e  f o l l o w i n g  t e x t :  

" t o  be reviewed and approved by EPA's D iox in  Task Force (Contact 
Conrad Kleveno, WH 548A, U.S. EPA, 401 M S t ree t  S.W., Washington, D.C. 
20450). " 

/I 

"%ad 
I n  Sect ion 6.3, rep lace the  f o l l o w i n g  t e x t :  

"x = measured as i n  F igure 2" 

w i th :  

"x = he igh t  o f  t he  v a l l e y  between 2,3,7,8-TCDD and 1,2,3,4-TCDD, 
us ing t h e  column performance check mixture."  

I n  Sect ion 6.9.2, rep lace "a 2-hr  per iod"  w i t h  "a 12 h r  per iod" .  

I n  Sect ion 7.4, rep lace "24" w i t h  "20". 
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METHOD 8290 

POLYCHLORINATED DIBENZODIOXINS ( PCDDs AND POLYCHLOR [NATED D l  BENZOFURANS 
, .  ( PCDFS ) BY HIGH-RESOLUTION GAS CHROMATOGRAPHY/HIGH-RESOLUTION 

I 

L s  
MASS SPECTROMETRY ( HRGC/HRMS 1 

1.0 SCOPE AND APPLICATION 

1.1 This method provides procedures f o r  the de tec t ion  and q u a n t i t a t i v e  
measurement o f  po lych lor ina ted  dibenzo-p-dioxins ( t e t r a -  through octachlor inated 
homol ogues; PCDDs) , and po lych lor ina ted  d i  benzofurans ( t e t r a -  through 
octachl  o r ina ted  homol ogues; PCDFs) i n  a v a r i e t y  o f  environmental matr ices and a t  
pa r t -pe r -  tri 11 i o n  (ppt)  t o  par t -per -quadr i  11 i o n  (ppq) concentrat ions. The 
f o l  lowing compounds can be determined by t h i s  method: 

Compound Name CAS Noa 

2,3,7,8-Tetrachlorodibenzo-p-dioxin (TCDD) 
1,2,3,7,8-Pentachlorodibenzo-p-dioxin (PeCDD) 
1,2,3,6,7,8-Hexachl orodi  benzo-p-dioxin (HxCDD) 
1,2,3,4,7,8-Hexachlorodi benzo-p-dioxin (HxCDD) 
1,2,3,7,8,9-Hexachlorodibenzo-p-dioxin (HxCDD) 
1,2,3,4,6,7,8-Heptachl orodibenzo-p-dioxin (HpCDD) 
1,2,3,4,6,7,8,9-Octachlorodi benzo-p-dioxin (OCDD) 

-- -7. 
2,3,7,8-Tetrachl o rod i  benzofuran (TCDF) 

I 1,2,3,7,8-Pentachlorodibenzofuran (PeCDF) 
k&d 2,3,4,7,8-Pentachl o rod i  benzofuran (PeCDF) 

1,2,3,6,7,8-Hexachl orodi  benzofuran (HxCDF) 
1,2,3,7,8,9-Hexachl orodi  benzofuran (HxCDF) 
1,2,3,4,7,8-Hexachl o rod i  benzofuran (HxCDF) 
2,3,4,6,7,8-Hexachl orodi  benzofuran (HxCDF) 
1,2,3,4,6,7,8-Heptachlorodi benzofuran (HpCDF) 
1,2,3,4,7,8,9-Heptachlorodibenzofuran (HpCDF) 
1,2,3,4,6,7,8,9-Octachlorodibenzofuran (OCDF) 

a Chemical Abstract  Service Reg is t ry  Number 

1.2 The a n a l y t i c a l  method c a l l s  f o r  the  use o f  h igh - reso lu t i on  gas 
chromatography and h igh- reso l  u t i o n  mass spectrometry (HRGC/HRMS) on p u r i f i e d  
sample ex t rac ts .  Table 1 l i s t s  the  various sample types covered by t h i s  
a n a l y t i c a l  p ro toco l ,  the  2,3,7,8-TCDD-based method ca l  i b r a t  i o n  1 i m i  t s  (MCLs) , and 
o ther  p e r t i n e n t  in format ion.  Samples conta in ing concentrat ions o f  s p e c i f i c  
congeneric analytes (PCDDs and PCDFs) considered w i t h i n  the scope o f  t h i s  method 
t h a t  are greater  than ten  times the  upper MCLs must be analyzed by a protocol  
designed f o r  such concentrat ion leve ls ,  e.g., Method 8280. An opt iona l  method 
f o r  r e p o r t i n g  the  a n a l y t i c a l  r e s u l t s  us ing a 2,3,7,8-TCDD t o x i c i t y  equivalency 
f a c t o r  (TEF) i s  described. 

Revision 0 
September 1994 



1.3 The s e n s i t i v i t y  o f  t h i s  method i s  dependent upon the  l e v e l  o f  i n t e r -  
ferences w i t h i n  a  g iven  ma t r i x .  The c a l i b r a t i o n  range o f  t h e  method f o r  a  1 L  
water sample i s  10 t o  2000 ppq f o r  TCDD/TCDF and PeCDD/PeCDF, and 1.0 t o  200 p p t  
f o r  a  10 g  s o i l ,  sediment, f l y  ash, o r  t i s s u e  sample f o r  t h e  same ana ly tes  
(Table 1 ) .  Ana lys is  o f  a  one- tenth a1 i q u o t  o f  t h e  sample permi ts  measurement o f  
concent ra t ions  up t o  10 t imes t h e  upper MCL. The ac tua l  1  i m i t s  o f  d e t e c t i o n  and 
q u a n t i t a t i o n  w i l l  d i f f e r  f rom the  lower MCL, depending on t h e  c o n ~ p l e x i t y  o f  t h e  

3 
mat r i x .  

1.4 Th i s  method i s  designed f o r  use by ana lys ts  who are  experienced w i t h  
res idue  ana l ys i s  and s k i l l e d  i n  HRGC/HRMS. 

1.5 Because o f  t h e  extreme t o x i c i t y  o f  many o f  these compounds, t h e  
ana l ys t  must t ake  t h e  necessary precaut ions t o  prevent  exposure t o  m a t e r i a l s  
known o r  be l i eved  t o  con ta in  PCDDs o r  PCDFs. It i s  t he  r e s p o n s i b i l i t y  o f  t h e  
1  aboratory personnel t o  ensure t h a t  safe hand1 i n g  procedures are  employed. Sec. 
11 o f  t h i s  method discusses s a f e t y  procedures. 

2.0 SUMMARY OF METHOD 

2.1 Th is  procedure uses m a t r i x  s p e c i f i c  e x t r a c t i o n ,  ana l y te  s p e c i f i c  
cleanup, and HRGC/HRMS ana lys i s  techniques. 

2.2 I f  in te r fe rences  are  encountered, t he  method prov ides  se lec ted  
cleanup procedures t o  a i d  t h e  ana lys t  i n  t h e i r  e l i m i n a t i o n .  A s i m p l i f i e d  
a n a l y s i s  f l o w  c h a r t  i s  presented a t  t h e  end o f  t h i s  method. 

2.3 A s p e c i f i e d  amount (see Table 1) o f  s o i l ,  sediment, f l y  ash, water, 
s ludge ( i n c l u d i n g  paper pu lp )  , s t i l l  bottom, f u e l  o i l ,  chemical r e a c t o r  res idue,  F4n 
f i s h  t i ssue ,  o r  human adipose t i s s u e  i s  spiked w i t h  a  s o l u t i o n  con ta in ing  
s p e c i f i e d  amounts o f  each o f  t h e  n ine  i s o t o p i c a l l y  (l3cl,) 1  abeled PCDDs/PCDFs 

Id 
l i s t e d  i n  Column 1 o f  Table 2. The sample i s  then ex t rac ted  accord ing t o  a  
m a t r i x  s p e c i f i c  e x t r a c t  i o n  procedure. Aqueous samples t h a t  a re  judged t o  con ta in  
1 percent  o r  more so l  ids ,  and sol  i d  samples t h a t  show an aqueous phase, a re  
f i l t e r e d ,  t he  so l  i d  phase ( i n c l u d i n g  t h e  f i l t e r )  and t h e  aqueous phase ex t rac ted  
separate ly ,  and t h e  e x t r a c t s  combined be fore  e x t r a c t  cleanup. The e x t r a c t i o n  
procedures are: 

a) To1 uene: Soxhlet ext ract . ion f o r  s o i l ,  sediment, f l y  ash, and paper 
pu l  p sampl es ; 

b) Methylene c h l o r i d e :  1  i q u i d - 1  i q u i d  e x t r a c t i o n  f o r  water samples; 

c )  Toluene: Dean-Stark e x t r a c t i o n  f o r  f u e l  o i l ,  and aqueous sludge 
samples; 

d) To1 uene e x t r a c t i o n  f o r  s t i l l  bottom samples; 

e) Hexane/methyl ene c h l o r i d e :  Soxhl e t  e x t r a c t  i o n  o r  methyl ene 
c h l o r i d e :  Soxhlet  e x t r a c t i o n  f o r  f i s h  t i s s u e  samples; and 

f )  Methyl ene c h l o r i d e  e x t r a c t i o n  f o r  human adipose t i s s u e  samples. 
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g)  As an op t i on ,  a l l  so l  i d  samples (wet o r  d r y )  may be e x t r a c t e d  w i t h  
t o l uene  us i ng  a  Soxhlet/bean S ta r k  e x t r a c t i o n  system. 

The d e c i s i o n  f o r  t h e  s e l e c t i o n  o f  an e x t r a c t i o n  procedure f o r  chemical 
r e a c t o r  r e s i d u e  samples i s  based on t h e  appearance (cons is tency,  v i s c o s i t y )  o f  

' l l n ~ i ~  t h e  samples. Genera l ly ,  t hey  can be handled accord ing t o  t h e  procedure used f o r  
s t i l l  bot tom ( o r  chemical s l  udge) samples. 

2.4 The e x t r a c t s  a re  submi t ted t o  an acid-base washing t rea tment  and 
d r i e d .  Fo l l ow ing  a  so l ven t  exchange step, t h e  e x t r a c t s  a re  c leaned up by column 
chromatography on a1 umi na, s i  1  i ca ge l ,  and a c t i v a t e d  carbon. 

2.4.1 The e x t r a c t s  f rom adipose t i s s u e  sarnples a re  t r e a t e d  w i t h  
s i l i c a  g e l  impregnated w i t h  s u l f u r i c  a c i d  be fo re  chromatography on a c i d i c  
s i  1  i c a  ge l ,  n e u t r a l  a1 umi na, and a c t i v a t e d  carbon. 

2.4.2 F i s h  t i s s u e  and paper p u l p  e x t r a c t s  a re  sub jected t o  an a c i d  
wash t rea tment  on ly ,  p r i o r  t o  chroniatography on alumina and a c t i v a t e d  
carbon. 

2.5 The p r e p a r a t i o n  o f  t h e  f i n a l  e x t r a c t  f o r  HRGC/HRMS ana l ys i s  i s  
accomplished by adding 10 t o  50 p L  (depending on t h e  m a t r i x )  o f  a  nonane 

13 s o l u t i o n  c o n t a i n i n g  50 pg/pL o f  t h e  recovery  standards C12-1,2,3,4-TCDD and 
13 Cl,-1, 2,3,7,8,9-HxCDD (Tab1 e  2) .  The former i s  used t o  determi ne t h e  percent  
r ecove r i es  o f  t e t r a -  and pen tach lo r i na ted  PCDD/PCDF congeners, whi 1  e  t h e  l a t t e r  
i s  used t o  de te rw ine  t h e  percent  recover ies  o f  t h e  hexa-, hepta- and 
oc tach l  o r i  nated PCDD/PCDF congeners. 

2.6 Two p L  o f  t h e  concent ra ted e x t r a c t  a re  i n j e c t e d  i n t o  an HRGC/HRMS @".* 
I system capable o f  pe r fo rming  se lec ted  i o n  mon i t o r i ng  a t  r e s o l v i n g  powers o f  a t  

1 

b l e a s t  10,000 (10 percen t  v a l l e y  d e f i n i t i o n ) .  

2.7 The i d e n t i f i c a t i o n  o f  OCDD and n i ne  o f  t h e  f i f t e e n  2,3,7,8- 
s u b s t i t u t e d  congeners (Table  3) ,  f o r  which a  13c- labe led standard i s  a v a i l a b l e  
i n  t h e  sample f o r t i f i c a t i o n  and recovery  standard s o l u t i o n s  (Table 2), i s  based 
on t h e i r  e l u t i o n  a t  t h e i r  exac t  r e t e n t i o n  t ime  ( w i t h i n  0.005 r e t e n t i o n  t ime  u n i t s  
measured i n  t h e  r o u t i n e  c a l i b r a t i o n )  and t h e  simultaneous d e t e c t i o n  o f  t h e  two 
most abundant i ons  i n  t h e  molecu lar  i o n  reg ion.  The remain ing s i x  2,3,7,8- 
s u b s t i t u t e d  congeners ( i  .e., 2,3,4,7,8-PeCDF; 1,2,3,4,7,8-HxCDD; 1,2,3,6,7,8- 
HxCDF; 1,2,3,7,8,9-HxCDF; 2,3,4,6,7,8-HxCDF, and 1,2,3,4,7,8,9-HpCDF) , f o r  which 
no carbon-1 abeled i n t e r n a l  standards a re  a v a i l  ab le  i n  t h e  sample f o r t i f i c a t i o n  
s o l  u t  i on, and a1 1  o t h e r  PCDD/PCDF congeners are i d e n t i f i e d  when t h e i r  re1  a t  i v e  
r e t e n t i o n  t imes f a 1  1  w i t h i n  t h e i r  r espec t i ve  PCDD/PCDF r e t e n t i o n  t ime  windows, 
as e s t a b l i s h e d  f rom t h e  r o u t i n e  c a l i b r a t i o n  data, and t h e  simultaneous d e t e c t i o n  
o f  t h e  two most abundant i ons  i n  t h e  mo lecu la r  i o n  r eg ion .  The i d e n t i f i c a t i o n  
o f  OCDF i s  based on i t s  r e t e n t i o n  t ime  r e l a t i v e  t o  1 3 ~ 1 2 - ~ ~ ~ ~  and t h e  simultaneous 
d e t e c t i o n  o f  t h e  two most abundant i ons  i n  t h e  mo lecu la r  i o n  reg ion.  
I d e n t i f i c a t i o n  a1 so i s  based on a  comparison o f  t h e  r a t i o s  o f  t h e  i n t e g r a t e d  i o n  
abundance o f  t h e  mol ecu l  a r  i o n  species t o  t h e i r  t h e o r e t i c a l  abundance r a t i o s .  

2.8 Q u a n t i t a t i o n  o f  t h e  i n d i v i d u a l  congeners, t o t a l  PCDDs and t o t a l  PCDFs 
i s  achieved i n  c o n j u n c t i o n  w i t h  t h e  estab l ishment  o f  a  m u l t i p o i n t  ( f i v e  p o i n t s )  
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c a l  i b r a t i o n  curve  f o r  each homologue, d u r i n g  which each c a l i b r a t i o n  s o l u t i o n  i s  
analyzed once. 

3.0 INTERFERENCES 

3 .1  Solvents ,  reagents,  g l  assware and o t h e r  sample p rocess ing  hardware 
may y i e l d  d i s c r e t e  a r t i f a c t s  o r  e leva ted  base1 i nes  t h a t  may cause m is - i n te r -  
p r e t a t i o n  o f  t h e  chromatographic da ta  (see re fe rences  1 and 2.) A l l  o f  these  
ma te r i  a1 s  must be demonstrated t o  be f r e e  from i n t e r f e r a n t s  under t h e  c o n d i t i o n s  
o f  a n a l y s i s  by per fo rming  1 abora to ry  method b lanks.  Ana lys ts  should avo id  us ing  
PVC g loves.  

3.2 The use o f  h i g h  p u r i t y  reagents  and so l ven t s  he lps  min im ize  
i n t e r f e r e n c e  problems. P u r i f i c a t i o n  o f  so l ven t s  by d i s t i l  1  a t i o n  i n  a1 1 -g l ass  
systems may be necessary. 

3.3 I n t e r f e r a n t s  coex t rac ted  f rom the  sample w i l l  va r y  cons ide rab l y  f rom 
m a t r i x  t o  m a t r i x .  PCDDs and PCDFs are. o f t e n  assoc ia ted  w i t h  o t h e r  i n t e r f e r i n g  
c h l o r i n a t e d  substances such as p o l y c h l o r i n a t e d  b ipheny ls  (PCBs), p o l y c h l o r i n a t e d  
d ipheny l  e the rs  (PCDPEs), p o l y c h l o r i n a t e d  naphthalenes, and p o l y c h l o r i n a t e d  
a ' lky ld ibenzofurans,  t h a t  may be found a t  concen t ra t i ons  severa l  o rde rs  o f  
magnitude h i g h e r  t han  t h e  ana l y tes  o f  i n t e r e s t .  Re ten t ion  t imes  o f  t a r g e t  
ana l y tes  must be v e r i f i e d  us ing  re fe rence  standards. These va lues must 
correspond t o  t h e  r e t e n t i o n  t ime  windows es tab l  ished i n  Sec. 8.1.1.3. Whi le  
c leanup techniques a re  p rov ided  as p a r t  o f  t h i s  method, unique samples may 
r e q u i r e  a d d i t i o n a l  c leanup s teps t o  achieve lower  d e t e c t i o n  l i m i t s .  

3.4 A h i g h - r e s o l u t i o n  c a p i l l a r y  column (60 m DB-5, J&W S c i e n t i f i c ,  o r  
e q u i v a l e n t )  i s  used i n  t h i s  method. However, no s i n g l e  column i s  known t o  
r e s o l v e  a1 1 isomers. The 60 m DB-5 GC column i s  capable o f  2,3,7,8-TCDD isomer t-4 

I I 

s p e c i f i c i t y  (Sec. 8.1 . I ) .  I n  o rde r  t o  determine t h e  c o n c e n t r a t i o n  of  t h e  
2,3,7,8-TCDF ( i f  de tec ted  on t h e  DB-5 column), t h e  sample e x t r a c t  must be 
reanalyzed on a column capable o f  2,3,7,8-TCDF isomer s p e c i f i c i t y  (e.g., DB-225, 
SP-2330, SP-2331, o r  e q u i v a l e n t ) .  

4.0 APPARATUS AND MATERIALS 

4.1 H i g h - R e s o l u t i o n  Gas Chromatograph/High-Resolution Mass 
Spectrometer/Data System (HRGC/HRMS/DS) - The GC must be equipped f o r  temperature 
programming, and a l l  r e q u i r e d  accessor ies must be a v a i l a b l e ,  such as sy r inges ,  
gases, and c a p i l l a r y  columns. 

4.1.1 GC I n j e c t i o n  P o r t  - The GC i n j e c t i o n  p o r t  must be designed f o r  
cap i  11 a r y  c o l  umns . The use o f  sp l  i tl ess i n j e c t i o n  techniques i s 
recommended. On column 1 p L  i n j e c t i o n s  can be used on t h e  60 m DB-5 
column. The use of a  moving needle i n j e c t i o n  p o r t  i s  a1 so acceptable.  
When us ing  t h e  method descr ibed  i n  t h i s  p ro toco l ,  a  2  p L  i n j e c t i o n  volume 
i s  used c o n s i s t e n t l y  ( i . . ,  t h e  i n j e c t i o n  volumes f o r  a l l  e x t r a c t s ,  
b lanks,  c a l  i b r a t i o n  s o l u t i o n s  and t h e  performance check samples a re  2 p L )  . 
One p L  ' i n j ec t i ons  a r e  al lowed; however, l a b o r a t o r i e s  must remain 
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cons is ten t  throughout t he  analyses by using the  same i n j e c t i o n  volume a t  
a l l  t imes. 

4.1.2 Gas Chromatograph/Mass Spectrometer (GC/MS) I n t e r f a c e  - The 
GC/MS i n t e r f a c e  components should withstand 350°C. The i n t e r f a c e  must be 
designed so t h a t  t he  separat ion o f  2,3,7,8-TCDD from the  o ther  TCDD 
isomers achieved i n  the  gas chromatographic column i s  no t  appreciably 
degraded. Cold spots o r  a c t i v e  surfaces (adsorpt ion s i t e s )  i n  t he  GC/MS 
i n t e r f a c e  can cause peak t a i l i n g  and peak broadening. It i s  recommended 
t h a t  t he  GC c o l ~ ~ m n  be f i t t e d  d i r e c t l y  i n t o  t h e  mass spectrometer i on  
source w i thout  being exposed t o  the  i o n i z i n g  e lec t ron  beam. Graphite 
f e r r u l e s  should be avoided i n  t he  i n j e c t i o n  p o r t  because they may adsorb 
t h e  PCDDs and PCDFs . ~ e s p e l  TM, o r  equivalent,  f e r r u l  es are recommended. 

4.1.3 Mass Spectrometer - The s t a t i c  reso l v ing  power o f  t he  
instrument must be maintained a t  a  minimum o f  10,000 (10 percent v a l l e y ) .  

4.1.4 Data System - A dedicated data system i s  employed t o  cont ro l  
t h e  r a p i d  m u l t i p l e - i o n  moni tor ing process and t o  acquire the  data. 
Q u a n t i t a t i o n  data (peak areas o r  peak heights)  and SIM t races (d isp lays  o f  
i n t e n s i t i e s  o f  each i o n  s ignal  being monitored inc lud ing  the  lock-mass ion  
as a  func t i on  o f  t ime) must be acquired dur ing  the  analyses and stored. 
Quan t i t a t i ons  may be repor ted based upon computer generated peak areas o r  
upon measured peak heights (char t  record ing) .  The data system must be 
capable o f  acqu i r ing  data a t  a  minimum o f  10 ions i n  a  s ing le  scan. It i s  
a l so  recommended t o  have a  data system capable o f  swi tch ing t o  d i f f e r e n t  
sets o f  ions (descr ip to rs )  a t  spec i f ied  t imes dur ing  an HRGC/HRMS 
acqu is i t i on .  The data system should be able t o  provide hard copies o f  
i n d i v i d u a l  i on  chromatograms f o r  selected gas chromatographic t ime 
i n t e r v a l s .  It should a lso be able t o  acquire mass spec t ra l  peak p r o f i l e s  
(Sec. 8.1.2.3) and prov ide hard copies o f  peak p r o f i l e s  t o  demonstrate the  
requ i red  reso l v ing  power. The data system should permi t  t he  measurement 
o f  noise on the  base 1  i ne. 

NOTE: The detec tor  ADC zero s e t t i n g  must a l low peak-to-peak measure- - 
ment o f  t he  noise on the  base l i n e  o f  every monitored channel 
and a l l ow  f o r  good est imat ion o f  the  instrument reso lv ing  
power. I n  Figure 2, the  e f f e c t  o f  d i f f e r e n t  zero se t t i ngs  on 
the  measured reso l  v i  ng power i s  shown. 

4.2 GC Columns 

4.2.1 I n  order  t o  have an isomer s p e c i f i c  determinat ion f o r  2,3,7,8- 
TCDD and t o  a l l ow  the  de tec t ion  of OCDD/OCDF w i t h i n  a  reasonable t ime 
i n t e r v a l  i n  one HRGC/HRMS analysis,  use o f  t he  60 m DB-5 fused s i l  i c a  
capi 11 ary co l  umn i s  recommended. Minimum acceptance c r i t e r i a  must be 
demonstrated and documented (Sec. 8.2.2). A t  the  beginning o f  each 12 
hour pe r iod  ( a f t e r  mass r e s o l u t i o n  and GC reso lu t i on  are demonstrated) 
du r ing  which sample ex t rac ts  o r  concentrat ion ca l  i b r a t i o n  so lu t ions  w i l l  
be analyzed, column operat ing condi t ions must be a t ta ined  f o r  the  requi red 
separat ion on the  column t o  be used f o r  samples. Operating cond i t ions  
known t o  produce acceptable r e s u l t s  w i t h  the  recommended column are shown 
i n  Sec. 7.6. 
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4.2.2 Isomer s p e c i f i c i t y  f o r  a l l  2,3,7,8-substi t u t e d  PCDDs/PCDFs 
cannot be achieved on t h e  60 m DB-5 GC column alone. I n  o rde r  t o  
determine t h e  proper  concen t ra t ions  o f  t h e  i n d i v i d u a l  2 ,3 ,7 ,8-subst i tu ted 
congeners, t h e  sample e x t r a c t  must be reanalyzed on another  GC column t h a t  
r e s o l  ves t h e  isomers . 

4.2.3 30 m DB-225 fused s i l  i c a  c a p i l l a r y  column, (J&W S c i e n t i f i c )  o r  
equ i va len t  . 
4.3 Misce l laneous Equipment and M a t e r i a l s  - The f o l l o w i n g  1 i s t  o f  i tems 

does n o t  n e c e s s a r i l y  c o n s t i t u t e  an exhaus t i ve  compendium o f  t h e  equipment needed 
f o r  t h i s  a n a l y t i c a l  method. 

4.3.1 N i t r ogen  evapora t ion  apparatus w i t h  v a r i a b l e  f l o w  r a t e .  

4.3.2 Ba1ant:es capable o f  accu ra te l y  weigh ing t o  0.01 g and 
0.0001 g. 

4.3.3 Cen t r i f uge .  

4.3.4 Water bath,  equipped w i t h  concen t r i c  r i n g  covers and capable 
of be ing  temperature c o n t r o l l e d  w i t h i n  + 2°C. 

4.3.5 S t a i n l e s s  s t e e l  o r  g l ass  con ta ine r  l a r g e  enough t o  h o l d  
con ten ts  o f  one p i n t  sample con ta iners .  

4.3.6 Glove box. 

4.3.7 D ry i ng  oven. 

4.3.8 S t a i n l e s s  s t e e l  spoons and spa tu las .  

4.3.9 Laboratory  hoods. 

4.3.10 P ipe ts ,  d isposable,  Pasteur, 150 mm l o n g  x  5 mm :ID. 

4.3.11 P ipe ts ,  d isposable,  s e r o l o g i c a l ,  10 mL, f o r  t h e  
p repa ra t i on  o f  t h e  carbon columns s p e c i f i e d  i n  Sec. 7.5.3. 

4.3.12 React ion v i a l ,  2  mL, s i l a n i z e d  amber g l ass  ( R e a c t i - v i a l  , 
o r  e q u i v a l e n t )  . 

4.3.13 S t a i n l e s s  s t e e l  meat g r i n d e r  w i t h  a  3  t o  5  mm ho le  s i z e  
i n n e r  p l  a te .  

4.3.14 Separatory  funnel  s, 125 mL and 2000 mL. 

4.3.15 Kuderna-Danish concent ra to r ,  500 mL, f i t t e d  w i t h  10 mL 
concen t ra to r  tube  and t h r e e  b a l l  Snyder column. 

4.3.16 ~ e f l o n ~ ~  o r  carborundum ( s i l  i c o n  ca rb ide )  b o i l  i n g  ch ips  
( o r  equ i va len t ) ,  washed w i t h  hexane be fo re  use. 
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NOTE: ~ e f l o n ~ ~  b o i l i n g  ch ips  may f l o a t  i n  methylene ch lo r i de ,  may - 
n o t  work i n  t h e  presence o f  any water phase, and may be 
penet ra ted  by nonpol a r  organic  compounds. 

4.3.17 Chromatographic columns, g lass,  300 mm x  10.5 mm, f i t t e d  
w i t h  T e f l  onTM stopcock. 

4.3.18 Adapters f o r  concen t ra to r  tubes. 

4.3.19 Glass f i b e r  f i l t e r s ,  0.70 pm, Whatman GFF, o r  
equ i va len t .  

4.3.20 Dean-Stark t r ap ,  5 o r  10 mL, w i t h  T - j o i n t s ,  condenser 
and 125 mL f l a s k .  

4.3.21 Continuous l i q u i d - l i q u i d  e x t r a c t o r .  

4.3.22 A1 1 g l ass  Soxhlet  apparatus, 500 mL f l a s k .  

4.3.23 Soxhl et/Dean S ta rk  e x t r a c t o r  ( o p t i o n a l  ) , a1 1 g lass,  500 
mL f l a s k .  

4.3.24 Glass funnels ,  s i zed  t o  h o l d  170 mL o f  l i q u i d .  

4.3.25 Des icca to r  . 
4.3.26 Solvent  r e s e r v o i r  (125 mL), Kontes; 12.35 cm diameter 

(spec i  a1 o rder  i tem) , compat ib le  w i t h  g r a v i t y  carbon column. 

4.3.27 Rotary evaporator w i t h  a  temperature c o n t r o l  1 ed water 
bath.  

4.3.28 High speed t i s s u e  homogenizer, equipped w i t h  an EN-8 
probe, o r  equ iva len t .  

4.3.29 Glass wool, ex t rac ted  w i t h  methyl ene ch lo r i de ,  d r i e d  and 
s to red  i n  a  c l ean  g lass  j a r .  

4.3.30 E x t r a c t i o n  j a r s ,  glass, 250 mL, w i t h  t e f l o n  1 ined  screw 
cap. 

4.3.31 Vol umet r i c  f l a s k s ,  Class A - 10 mL t o  1000 mL. 

4.3.32 Glass v i a l s ,  1  dram ( o r  m e t r i c  equ i va len t ) .  

NOTE: Reuse o f  glassware should be minimized t o  avo id  t h e  r i s k  o f  - 
contaminat ion.  A l l  glassware t h a t  i s  reused must be 
sc rupu lous ly  cleaned as soon-as poss ib l e  a f t e r  use, according 
t o  t h e  f o l l o w i n g  procedure: Rinse glassware w i t h  t h e  l a s t  
so l ven t  used i n  i t .  Wash w i t h  ho t  de te rgen t  water, then r i n s e  
w i t h  copious amounts o f  t a p  water and several  p o r t i o n s  o f  
o r g a n i c - f r e e  reagent  water. Rinse w i t h  h i gh  p u r i t y  acetone 
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and hexane and s t o r e  i t  i n v e r t e d  o r  capped w i t h  s o l  ven t  r i n s e d  
aluminum f o i l  i n  a  c lean  environment. 

5.0 REAGENTS AND STANDARD SOLUTIONS 

5.1 Organ i c - f r ee  reagent  water  - A l l  re fe rences  t o  wate r  i n  t h i s  method 
r e f e r  t o  o r g a n i c - f r e e  reagent  water,  as de f i ned  i n  Chapter One. 

5.2 Column Chromatography Reagents 

5.2.1 Alumina, n e u t r a l ,  80/200 mesh (Super 1, WoelmB, o r  
e q u i v a l e n t ) .  S to re  i n  a  sealed con ta ine r  a t  room temperature,  i n  a  
des i cca to r ,  over  se l  f - i n d i c a t i n g  s i  1  i c a  ge l .  

5.2.2 Alumina, a c i d i c  AG4, (B io  Rad Labo ra to r i es  c a t a l o g  #132-1240, 
o r  e q u i v a l e n t ) .  Soxhlet  e x t r a c t  w i t h  methylene c h l o r i d e  f o r  24 hours i f  
b lanks show contaminat ion,  and a c t i v a t e  by hea t i ng  i n  a  f o i l  covered g l a s s  
c o n t a i n e r  f o r  24 hours a t  190°C. S to re  i n  a  g l a s s  b o t t l e  sealed w i t h  a  
T e f l  onTM 1  i ned screw cap. 

5.2.3 S i l  i c a  g e l ,  h i g h  p u r i t y  grade, t ype  60, 70-230 mesh; Soxh le t  
e x t r a c t  w i t h  methylene c h l o r i d e  f o r  24 hours i f  b lanks  show contaminat ion,  
and a c t i v a t e  by hea t i ng  i n  a  f o i l  covered g l a s s  c o n t a i n e r  f o r  24 hours a t  
190°C. S to re  i n  a  g l ass  b o t t l e  sealed w i t h  a  ~ e f l o n ~ ~  1  i ned  screw cap. 

5.2.4 S i l i c a  g e l  impregnated w i t h  sodium hydrox ide.  Add one p a r t  
(by we igh t )  o f  1 M NaOH s o l u t i o n  t o  two p a r t s  (by  we igh t )  s i l i c a  g e l  
( e x t r a c t e d  and a c t i v a t e d )  i n  a  screw cap b o t t l e  and mix  w i t h  a  g i g s s  r o d  
u n t i l  f r e e  o f  lumps. S to re  i n  a  g l ass  b o t t l e  sealed w i t h  a  T e f l o n  1  i ned  
screw cap. 

5.2.5 S i l i c a  g e l  impregnated w i t h  40 percen t  (by we igh t )  s u l f u r i c  
ac id .  Add two p a r t s  (by  we igh t )  concentrated s u l f u r i c  a c i d  t o  t h r e e  p a r t s  
(by we igh t )  s i l i c a  ge l  ( e x t r a c t e d  and a c t i v a t e d ) ,  mix  w i t h  a  g l ass  r o d  
u n t i l  f r e e  o f  lumps, and s t o r e  i n  a  screw capped g lass  b o t t l e .  S to re  i n  
a  g l a s s  b o t t l e  sealed w i t h  a  ~ e f l o n ~ ~  1  i ned  screw cap. 

5.2.6 Cel i t e  545s (Supel co) , o r  equ i va len t  . 
5.2.7 A c t i v e  carbon AX-21 (Anderson Development Co., Adr ian,  MI ) ,  o r  

equ i va len t ,  prewashed w i t h  methanol and d r i e d  i n  vacuo a t  110°C. S to re  i n  
a  g l a s s  b o t t l e  sealed w i t h  a  ~ e f l o n ~ ~  l i n e d  screw cap. 

5.3 Reagents 

5.3.1 S u l f u r i c  ac id ,  H,SO,, concentrated,  ACS grade, s p e c i f i c  g r a v i t y  
1.84. 

5.3.2 Potassium hydroxide, KOH, ACS grade, 20 percen t  (w/v) i n  
o r g a n i c - f r e e  reagent  water .  
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5.3.3 Sodium ch lo r i de ,  NaC1, a n a l y t i c a l  reagent, 5  percent (w/v) i n  
o rgan i c - f r ee  reagent water. 

5.3.4 Potassium carbonate, K2C03, anhydrous, a n a l y t i c a l  reagent. 

5.4 Des icca t ing  agent 

5.4.1 Sodium s u l f a t e  (powder, anhydrous), Na2S0,. P u r i f y  by hea t ing  
a t  400°C f o r  4  hours i n  a  shal low t r a y ,  o r  by prec leaning t h e  sodium 
s u l f a t e  w i t h  methylene ch lo r i de .  I f  the  sodium s u l f a t e  i s  precleaned w i t h  
methylene ch lo r i de ,  a  method b lank must be analyzed, demonstrat ing t h a t  
t h e r e  i s  no i n t e r f e r e n c e  fro111 the  sodium s u l f a t e .  

5.5 Solvents 

5.5.1 Methylene ch lo r i de ,  CH2C12. High p u r i t y ,  d i s t i l  l e d  i n  g lass  
o r  h i ghes t  a v a i l a b l e  p u r i t y .  

5.5.2 Hexane, C,H,,. High p u r i t y ,  d i s t i l l e d  i n  g lass  o r  h ighes t  
a v a i l a b l e  p u r i t y .  

5.5.3 Methanol, CH,OH. High p u r i t y ,  d i s t i l l e d  i n  g lass  o r  h ighes t  
a v a i l a b l e  p u r i t y .  

5.5.4 Nonane, C,H2,. High p u r i t y ,  d i s t i l l e d  i n  g lass  o r  h ighest  
ava i  1  ab l  e  p u r i  t y  . 

5.5.5 Toluene, C6H,CH3. High p u r i t y ,  d i s t i l l e d  i n  g lass  o r  h ighest  
a v a i l a b l e  p u r i t y .  

5.5.6 Cyclohexane, C6H,,. High p u r i t y ,  d i s t i l l e d  i n  g lass  o r  h ighest  
avai  1 ab le  p u r i t y .  

5.5.7 Acetone, CH3COCH3. High p u r i t y ,  d i s t i l l e d  i n  g lass o r  h ighest  
avai  1 ab le  p u r i t y  . 
5.6 High-Resolut ion Concentrat ion C a l i  b r a t i o n  So lu t ions  (Table 5) - F ive  

nonane s o l u t i o n s  con ta in i ng  unlabeled ( t o t a l  i n g  17) and carbon-labeled ( t o t a l  i n g  
11) PCDDs and PCDFs a t  known concentrat ions are used t o  c a l i b r a t e  t he  instrument.  
The concent ra t ion  ranges a re  homo1 ogue dependent, w i t h  t he  1  owest va l  ues f o r  t he  
t e t r a c h l o r i n a t e d  d i o x i n  and fu ran  (1.0 pg/pL) and the  h ighes t  values f o r  t he  
oc tach lo r i na ted  congeners (1000 pg/pL). 

5.6.1 Depending on t he  a v a i l a b i l i t y  o f  mater ia ls ,  these h igh-  
r e s o l u t i o n  concent ra t ion  ca l  i b r a t i o n  so lu t i ons  may be obta ined from the  
Environmental Mon i to r ing  Systems Laboratory, U.S. EPA, C inc inna t i  , Ohio. 
However, a d d i t i o n a l  secondary standards must be obtained from commerci a1 
sources, and s o l u t i o n s  should be prepared i n  t he  ana l ys t ' s  l abo ra to ry .  I t  
i s  t he  r e s p o n s i b i l  i t y  o f  t he  l abo ra to ry  t o  asce r ta in  t h a t  t h e  c a l  i b r a t i o n  
s o l u t i o n s  received ( o r  prepared) are indeed a t  t he  appropr ia te  
concent ra t ions  be fo re  they  a re  used t o  analyze samples. 
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5.6.2 S tore  t h e  concent ra t ion  c a l i b r a t i o n  s o l u t i o n s  i n  1 mL 
m i n i v i a l s  a t  room temperature i n  t h e  dark. 

5.7 GC Column Performance Check So lu t i on  - Th is  s o l u t i o n  conta ins  t h e  
f i r s t  and l a s t  e l u t i n g  isomers f o r  each homologous se r i es  from t e t r a -  through m; 
heptachl o r i  nated congeners. The so l  u t i o n  a1 so conta ins  a  s e r i e s  o f  o the r  TCDD LCkS. 

isomers f o r  t h e  purpose o f  documenting the  chromatographic r e s o l u t i o n .  The 
13c,,-2,3, 7,8-TCDD i s  a1 so present.  The 1  aboratory i s  r e q u i r e d  t o  use nonane as 
t h e  so lven t  and ad jus t  t he  volu~ne so t h a t  t he  f i n a l  concent ra t ion  does n o t  exceed 
100 pg/pL per  congener. Tab1 e  7  summarizes t h e  qua1 i t a t i v e  composit ion (minimum 
requ i  rement) o f  t h i  s  performance eval ua t  i on so l  u t  i on. 

5.8 Sample F o r t i f i c a t i o n  S o l u t i o n  - Th is  nonane s o l u t i o n  conta ins  t h e  
n ine  i n t e r n a l  standards a t  t h e  nominal concent ra t ions  t h a t  a re  1  i s t e d  i n  Table 2. 
The s o l u t i o n  con ta ins  a t  l e a s t  one carbon-1 abeled standard f o r  each homologous 
se r i es ,  and i t  i s  used t o  measure t h e  concentrat ions o f  t h e  n a t i v e  substances. 
(Note t h a t  1 3 ~ 1 2 - ~ ~ ~ ~  i s  no t  present  i n  t h e  so lu t i on . )  

5.9 Recovery Standard So lu t i on  - Th is  nonane s o l u t i o n  con ta ins  two 
recovery standards, 1 3 ~ 1 2 - 1  ,2,3,4-TCDD and 13C12-1 ,2,3, 7,8,9-HXCDD, a t  a  nominal 
concent ra t ion  o f  50 pg/pL per  compound. 10 t o  50 p L  o f  t h i s  s o l u t i o n  w i l l  be 
sp iked i n t o  each sample e x t r a c t  be fore  the  f i n a l  concent ra t ion  s tep  and HRGC/HRMS 
ana lys is .  

5.10 M a t r i x  Spike F o r t i f i c a t i o n  So lu t i on  - S o l u t i o n  used t o  prepare t h e  
MS and MSD samples. It conta ins  a l l  un labeled analy tes l i s t e d  i n  Table 5  a t  con- 
c e n t r a t i o n s  corresponding t o  t h e  HRCC 3. 

6.0 SAMPLE COLLECTION, PRESERVATION, AND HANDLING 

6.1 See t h e  i n t r o d u c t o r y  ma te r i a l  t o  t h i s  chapter ,  Organic Analytes, 
Sec. 4.1. 

6.2 Sampl e  Col 1  e c t  i on 

6.2.1 Sample c o l l e c t i o n  personnel should, t o  t h e  ex ten t  poss ib le ,  
homogenize samples i n  t h e  f i e l d  before f i l l  i n g  the  sample conta iners .  
Th i s  s h o ~ ~ l d  minimize o r  e l  im ina te  the  necess i ty  f o r  sample homogenization 
i n  t h e  l abo ra to ry .  The ana lys t  should make a  judgment, based on t h e  
appearance o f  t h e  sample, regard ing  t h e  necess i ty  f o r  a d d i t i o n a l  m ix ing .  
I f  t h e  sample i s  c l e a r l y  n o t  homogeneous, t h e  e n t i r e  con ten ts  should be 
t rans fe r red  t o  a  g lass  o r  s t a i n l e s s  s t e e l  pan f o r  mix ing  w i t h  a  s t a i n l e s s  
s t e e l  spoon o r  spa tu la  be fore  removal o f  a  sample p o r t i o n  f o r  ana l ys i s .  

6.2.2 Grab and composite samples must be c o l l e c t e d  i n  g l a s s  
conta iners .  Conventional sampl i n g  p rac t i ces  must be f o l l  owed. The b o t t l e  
must n o t  be prewashed w i t h  sample before c o l l e c t i o n .  Sampling equipment 
must be f r e e  o f  p o t e n t i a l  sources o f  contaminat ion. 

6.3 Gr ind ing  o r  Blending o f  F i sh  Samples - I f  n o t  otherwise s p e c i f i e d  by 
t h e  U.S. EPA, t h e  whole f i s h  ( f rozen)  should be blended o r  ground t o  p rov ide  a  
homogeneous sample. The use o f  a  s t a i n l e s s  s tee l  meat g r i n d e r  w i t h  a  3  t o  5  mm 
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ho le  s i z e  i nne r  p l a t e  i s  recommended. I n  some circumstances, ana lys is  o f  f i l l e t  
o r  s p e c i f i c  organs o f  f i s h  may be requested by t he  U.S. EPA. I f  so requested, 
t h e  above whole f i s h  requirement i s  superseded. 

6.4 Storage and Hold ing Times - A l l  samples, except f i s h  and adipose 
1, 

t i s s u e  samples, must be s to red  a t  4°C i n  t h e  dark, ex t rac ted  w i t h i n  30 days and 
complete ly  analyzed w i t h i n  45 days o f  e x t r a c t i o n .  F ish  and adipose t i s s u e  
samples must be s to red  a t  -20°C i n  t h e  dark, ex t rac ted  w i t h i n  30 days and 
compl e t e l y  analyzed w i t h i n  45 days o f  c o l l  ec t i on .  Whenever sampl es are analyzed 
a f t e r  t h e  h o l d i n g  t ime e x p i r a t i o n  date, t h e  r e s u l t s  should be considered t o  be 
minimum concent ra t ions  and should be i d e n t i f i e d  as such. 

NOTE: The ho ld ing  t imes l i s t e d  i n  Sec. 6.4 are recommendations. PCDDs and - 
PCDFs are very  s t a b l e  i n  a  v a r i e t y  o f  matr ices,  and ho ld ing  t imes 
under t h e  cond i t i ons  1  i s t e d  i n  Sec. 6.4 may be as h igh  as a  year  f o r  
c e r t a i n  mat r i ces .  Sample ex t rac t s ,  however, should always be 
analyzed w i t h i n  45 days o f  ex t rac t i on .  

6.5 Phase Separat ion - Th is  i s  a  guide1 i n e  f o r  phase separat ion f o r  very 
wet (>25 percent  water)  so i  1, sediment and paper p u l p  samples. Place a  50 g  
p o r t i o n  i n  a  s u i t a b l e  c e n t r i f u g e  b o t t l e  and c e n t r i f u g e  f o r  30 minutes a t  
2,000 rpm. Remove t h e  b o t t l e  and mark t he  i n t e r f a c e  l e v e l  on t he  b o t t l e .  
Est imate t h e  r e l a t i v e  volume o f  each phase. With a d isposable p i p e t ,  t r a n s f e r  
t h e  l i q u i d  l a y e r  i n t o  a  c lean  b o t t l e .  Mix t he  s o l i d  w i t h  a  s t a i n l e s s  s tee l  
spa tu la  and remove a  p o r t i o n  t o  be weighed and analyzed (percent d r y  weight 
determinat ion,  e x t r a c t i o n ) .  Return t h e  remaining so l  i d  p o r t i o n  t o  t h e  o r i g i n a l  
sample b o t t l e  (empty) o r  t o  a  c lean  sample b o t t l e  t h a t  i s  p rope r l y  labeled, and 
s t o r e  i t  as appropr ia te .  Analyze t h e  s o l i d  phase by us ing  on l y  t he  s o i l ,  

"- N 
sediment and paper p u l p  method. Take note o f ,  and repo r t ,  t h e  est imated volume 

1 
I 

o f  l i q u i d  be fo re  d ispos ing  o f  t h e  l i q u i d  as a  l i q u i d  waste. 
"t.e+y- 

6.6 S o i l ,  Sediment, o r  Paper Sludge (Pulp) Percent Dry Weight 
Determinat ion - The percent  d r y  weight o f  s o i l ,  sediment o r  paper pu lp  samples 
showing de tec tab le  l e v e l  s  (see no te  below) o f  a t  l e a s t  one 2,3,7,8-subst i tuted 
PCDD/PCDF congener i s  deter~ i i ined according t o  t he  f o l l  owing procedure. Weigh a  
10 g  p o r t i o n  o f  t h e  s o i l  o r  sediment sample (2 0.5 g )  t o  t h ree  s i g n i f i c a n t  
f i g u r e s .  Dry i t  t o  constant  weight a t  110°C i n  an adequately v e n t i l a t e d  oven. 
A l low t h e  sample t o  cool  i n  a  des icca to r .  Weigh t h e  d r i e d  s o l i d  t o  th ree  
s i g n i f i c a n t  f i g u r e s .  Ca lcu la te  and r e p o r t  t he  percent d r y  weight.  Do no t  use 
t h i s  s o l i d  p o r t i o n  o f  t h e  sample f o r  ex t rac t i on ,  bu t  ins tead  dispose o f  i t  as 
hazardous waste. 

NOTE: U n t i l  d e t e c t i o n  l i m i t s  have been es tab l i shed (Sec. 1.3), t h e  lower 
MCLs (Table 1)  may be used t o  est imate t h e  minimum detec tab le  
1  eve1 s. 

% d r y  weight  = q o f  d r y  sample x  100 
g  o f  sample 

CAUTION: F i n e l y  d i v i d e d  s o i l s  and sediments contaminated w i t h  
PCDDs/PCDFs are hazardous because o f  t h e  p o t e n t i a l  f o r  
i n h a l a t i o n  o r  i nges t i on  o f  p a r t i c l e s  con ta in ing  PCDDs/PCDFs 
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( i n c l u d i n g  2,3,7,8-TCDD) . Such samples should be handled i n  
a conf ined environment ( i  .e., a c losed hood o r  a g love  box).  

6.7 L i p i d  Content Determinat ion f l ~ h ,  

I 

6.7.1 F ish  Tissue - To determine t h e  1 i p i d  content  o f  f i s h  t i ssue ,  W I 

concentrate 125 mL o f  t h e  f i s h  t i s s u e  e x t r a c t  (Sec. 7.2. 2), i n  a t a r e d  200 
mL round bottom f l a s k ,  on a r o t a r y  evaporator u n t i l  a constant  weight (W) 
i s  achieved. 

100 (W) 
Percent l i p i d  = 

10 

Dispose o f  t h e  1 i p i d  res idue as a hazardous waste i f  t h e  r e s u l t s  o f  
t h e  ana lys i s  i n d i c a t e  t h e  presence o f  PCDDs o r  PCDFs. 

6.7.2 Adipose Tissue - D e t a i l s  f o r  t he  de terminat ion  o f  t h e  adipose 
t i s s u e  l i p i d  content  are provided i n  Sec. 7.3.3. 

7.0 PROCEDURE 

7.1 I n t e r n a l  standard a d d i t i o n  

7.1.1 Use a p o r t i o n  o f  1 g t o  1000 g (+ 5 percent)  o f  t h e  sample t o  
be analyzed. Typ ica l  sample s i z e  requirements f o r  d i f f e r e n t  mat r ices  are 
g iven i n  Sec. 7.4 and i n  Table 1. Transfer  t h e  sample p o r t i o n  t o  a ta red  
f l a s k  and determine i t s  weight. 

7.1.2 Except f o r  adipose t i ssue,  add an appropr ia te  q u a n t i t y  o f  t he  
sample f o r t i f i c a t i o n  m ix tu re  (Sec. 5.8) t o  t he  sample. A l l  samples should 
be spiked w i t h  100 p L  o f  t h e  sample f o r t i f i c a t i o n  m ix tu re  t o  g i v e  i n t e r n a l  
standard concentrat ions as i nd i ca ted  i n  Table 1. As an example, f o r  13c12- 

2,3,7,8-TCDD, a 10 g s o i l  sample requ i res  the  a d d i t i o n  o f  1000 pg o f  13c,,- 

2,3,7,8-TCDD t o  g i v e  t h e  requ i red  100 ppt  f o r t i f i c a t i o n  l e v e l .  The f i s h  
t i s s u e  sample (20 g) must be spiked w i t h  200 p L  o f  t h e  i n t e r n a l  standard 
so lu t i on ,  because h a l f  o f  t h e  e x t r a c t  w i l l  be used t o  determine t h e  1 i p i d  
content  (Sec. 6.7.1). 

7.1.2.1 For t h e  f o r t i f i c a t i o n  o f  s o i l ,  sediment, f l y  ash, 
water, f i s h  t i ssue,  paper pu lp  and wet sludge samples, mix t h e  
sample f o r t i f i c a t i o n  s o l u t i o n  w i t h  1.0 mL acetone. 

7.1.2.2 Do no t  d i l u t e  t h e  nonane s o l u t i o n  f o r  t h e  o the r  
matr ices . 

7.1.2.3 The f o r t i f i c a t i o n  o f  adipose t i s s u e  i s  c a r r i e d  ou t  
a t  t h e  t ime o f  homogenization (Sec. 7.3.2.3). 

7.2 E x t r a c t i o n  and P u r i f i c a t i o n  o f  F ish  and Paper Pulp Samples 

7.2.1 Add 60 g anhydrous sodium s u l f a t e  t o  a 20 g p o r t i o n  o f  a 
homogeneous f i s h  sample (Sec. 6.3) and mix thoroughly w i t h  a s t a i n l e s s  
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s t e e l  spatu la .  A f t e r  break ing up any lumps, p lace t he  f ish/sodium s u l f a t e  
m i x t u r e  i n  t h e  Soxhlet apparatus on t o p  o f  a g lass wool p lug.  Add 250 mL 
methyl ene c h l o r i d e  o r  hexane/methyl ene c h l o r i d e  ( 1  : 1) t o  t h e  Soxhlet 
apparatus and r e f l u x  f o r  16 hours. The so lven t  must c y c l e  completely 
through the  system f i v e  t imes per  hour. Fol low the  same procedure f o r  t he  
p a r t i a l l y  dewatered paper pu lp  sample (us ing a 10 g sample, 30 g o f  
anhydrous sodi um s u l f a t e  and 200 mL o f  t o1  uene) . 

NOTE: As an opt ion,  a Soxhlet/Dean Stark  e x t r a c t o r  system may be 
used, w i t h  to luene as t he  so lven t .  No sodium s u l f a t e  i s  added 
when us ing  t h i s  op t ion .  

7.2.2 Trans fe r  t he  f i s h  e x t r a c t  from Sec. 7.2.1 t o  a 250 mL 
vo lume t r i c  f l a s k  and f i l l  t o  t he  mark w i t h  methylene c h l o r i d e .  Mix we l l ,  
then remove 125 mL f o r  t he  de te rmina t ion  o f  t h e  l i p i d  content  (Sec. 
6.7.1). T rans fe r  t he  remaining 125 mL o f  t he  e x t r a c t ,  p l u s  two 15 mL 
hexane/methylene c h l o r i d e  r i n s e s  o f  t he  vo lumet r i c  f l a s k ,  t o  a KD 
apparatus equipped w i t h  a Snyder column. Q u a n t i t a t i v e l y  t r a n s f e r  a1 1 o f  
t he  paper pu lp  e x t r a c t  t o  a KD apparatus equipped w i t h  a Snyder column. 

NOTE: As an op t ion ,  a r o t a r y  evaporator may be used i n  p lace o f  the  
KD apparatus f o r  t he  concent ra t ion  o f  t he  ex t rac t s .  

7.2.3 Add a ~ e f l o n ~ ~ ,  o r  equiva lent ,  b o i l i n g  ch ip.  Concentrate t he  
e x t r a c t  i n  a water ba th  t o  an apparent volume o f  10 mL. Remove the  
apparatus from the  water bath and a l low t o  cool f o r  5 minutes. 

7.2.4 Add 50 mL hexane and a new b o i l i n g  ch ip  t o  t he  KD f l a s k .  
Concentrate i n  a water bath t o  an apparent volume o f  5 mL. Remove the  
apparatus from the  water bath and a l l ow  t o  cool f o r  5 minutes. 

NOTE: The methyl ene ch l  o r i d e  must have been compl e t e l  y removed - 
before  proceeding w i t h  t h e  next  step. 

7.2.5 Remove and i n v e r t  t he  Snyder column and r i n s e  i t  i n t o  t he  KD 
apparatus w i t h  two 1 mL p o r t i o n s  o f  hexane. Decant t he  contents  o f  t he  KD 
apparatus and concent ra to r  tube i n t o  a 125 mL separatory funnel .  Rinse 
the  KD apparatus w i t h  two a d d i t i o n a l  5 mL po r t i ons  o f  hexane and add the  
r i n s e s  t o  t he  funnel .  Proceed w i t h  t he  cleanup according t o  t he  
i n s t r u c t i o n s  s t a r t i n g  i n  Sec. 7.5.1.1, bu t  omit  t he  procedures descr ibed 
i n  Secs. 7.5.1.2 and 7.5.1.3. 

7 . 3  E x t r a c t i o n  and P u r i f i c a t i o n  o f  Human Adipose Tissue 

7.3.1 Human adipose t i s s u e  samples must be s to red  a t  a temperature 
o f  -20°C o r  lower  from t h e  t ime o f  c o l l e c t i o n  u n t i l  t he  t ime o f  analys is .  
The use o f  c h l o r i n a t e d  ma te r i a l s  du r i ng  t he  c o l l e c t i o n  o f  t he  samples must 
be avoided. Samples are handled w i t h  s ta in1  ess s tee l  forceps, spatulas, 
o r  sc issors .  A l l  sample b o t t l e s  (g lass)  are cleaned as s p e c i f i e d  i n  t he  
no te  a t  t he  end o f  Sec. 4.3. ~ e f l o n ~ ~  l i n e d  caps should be used. 
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NOTE: The s p e c i f i e d  s to rage  temperature o f  -20°C i s  t h e  maximum - 
storage temperature p e r m i s s i b l e  f o r  adipose t i  ssue samples. 
Lower s to rage  temperatures a re  recommended. 

7.3.2 Adipose T issue E x t r a c t i o n  

7.3.2.1 Weigh, t o  t h e  neares t  0.01 g, a  10 g  p o r t i o n  o f  a 
f r ozen  adipose t i s s u e  sample i n t o  a  c u l t u r e  t ube  (2.2 x  15 cm). 

NOTE: The sample s i z e  may be sma l l e r ,  depending on - 
a v a i l a b i l i t y .  I n  such a  s i t u a t i o n ,  t h e  a n a l y s t  i s  
r e q u i r e d  t o  a d j u s t  t h e  volume o f  t h e  i n t e r n a l  s tandard  
s o l u t i o n  added t o  t h e  sample t o  meet t h e  f o r t i f i c a t i o n  
l e v e l  s t i p u l a t e d  i n  Table 1. 

7.3.2.2 A l l ow  t h e  adipose t i s s u e  specimen t o  reach room 
temperature (up t o  2  hours) .  

7.3.2.3 Add 10 mL methylene c h l o r i d e  and 100 p L  o f  t h e  
sample f o r t i f i c a t i o n  s o l u t i o n .  Homogenize t h e  m i x t u r e  f o r  
approx imate ly  1 minute w i t h  a  t i s s u e  homogenizer. 

7.3.2.4 A l l ow  t h e  m i x t u r e  t o  separate,  t hen  remove t h e  
methylene c h l o r i d e  e x t r a c t  f rom t h e  r e s i d u a l  so l  i d  m a t e r i a l  w i t h  a  
d isposab le  p i p e t .  Perco la te  t h e  methylene c h l o r i d e  th rough a  f i l t e r  
funne l  c o n t a i n i n g  a  c l e a n  g l a s s  wool p l ug  and 10 g  anhydrous sodium 
su l f a te .  C o l l e c t  t h e  d r i e d  e x t r a c t  .in a  graduated 100 mL v o l u m e t r i c  
f l a s k .  

7.3.2.5 Add a  second 10 mL p o r t i o n  o f  methylene c h l o r i d e  P-4 
t o  t h e  sample and homogenize f o r  1 minute.  Decant t h e  so l ven t ,  d r y  
i t ,  and t r a n s f e r  i t  t o  t h e  100 mL vo lume t r i c  f l a s k  (Sec. 7.3.2.4). 

7.3.2.6 Rinse t h e  c u l t u r e  tube  w i t h  a t  l e a s t  two 
a d d i t i o n a l  p o r t i o n s  o f  methylene c h l o r i d e  (10 mL each), and t r a n s f e r  
t h e  e n t i r e  con ten t s  t o  t h e  f i l t e r  funne l  c o n t a i n i n g  t h e  anhydrous 
sodium s u l f a t e .  Rinse t h e  f i l t e r  funne l  and t h e  anhydrous sodium 
s u l f a t e  con ten t s  w i t h  a d d i t i o n a l  methylene c h l o r i d e  (20 t o  40 mL) 
i n t o  t h e  100 mL f l a s k .  D iscard  t h e  sodium s u l f a t e .  

7.3.2.7 Ad jus t  t h e  volume t o  t h e  100 mL mark w i t h  
methyl  ene c h l o r i d e .  

7.3.3 Adipose T issue L i p i d  Content De te rmina t ion  

7.3.3.1 Preweigh a  c l ean  1 dram ( o r  m e t r i c  e q u i v a l e n t )  
g l a s s  v i a l  t o  t h e  neares t  0.0001 g  on an a n a l y t i c a l  ba lance t a r e d  t o  
zero.  

7.3.3.2 Accu ra te l y  t r a n s f e r  1.0 mL o f  t h e  f i n a l  e x t r a c t  
(100 NIL) f rom Sec. 7.3.2.7 t o  t h e  v i a l .  Reduce t h e  volume o f  t h e  
e x t r a c t  on a  wate r  b a t h  (50-60°C) by a  g e n t l e  stream o f  p u r i f i e d  
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n i t r o g e n  u n t i l  an o i l y  res idue  remains. N i t rogen  blowdown i s  
cont inued u n t i l  a constant  weight i s  achieved. 

NOTE: When t h e  sample s i z e  o f  t he  adipose t i s s u e  i s  sma l le r  - 
than 10 g, then  t h e  ana lys t  may use a l a r g e r  p o r t i o n  (up 
t o  10 percent )  o f  t h e  e x t r a c t  de f i ned  i n  Sec. 7.3.2.7 
f o r  t h e  l i p i d  determinat ion,  

7.3.3.3 Accura te ly  weigh t h e  v i a l  w i t h  t h e  res idue  t o  t he  
nearest  0.0001 g and c a l c u l a t e  t h e  weight o f  t he  l i p i d  present  i n  
t h e  v i a l  based on t h e  d i f f e r e n c e  o f  t h e  weights.  

7.3.3.4 Ca l cu la te  t h e  percent  l i p i d  content  o f  t h e  
o r i g i n a l  sample t o  t h e  nearest  0.1 percent  as shown below: 

Wlr X Ve* 

L i p i d  content ,  LC (%) = x 100 
Mat X "at 

where: 

Wlr 
= weight  o f  t h e  l i p i d  res idue  t o  t h e  nearest  0.0001 

g c a l c u l a t e d  from Sec. 7.3.3.3, 

- 
"e, 

- t o t a l  volume (100 mL) o f  t he  e x t r a c t  i n  mL from 
Sec. 7.3.2.7, 

w at - - weight o f  t he  o r i g i n a l  adipose t i s s u e  sample t o  
t he  nearest  0.01 g from Sec. 7.3.2.1, and 

Val 
- - volume o f  t he  a1 i q u o t  o f  t h e  f i n a l  e x t r a c t  i n  mL 

used f o r  t h e  q u a n t i t a t i v e  measure o f  t h e  l i p i d  
res idue  (1 .0 mL) from Sec. 7.3.3.2. 

7.3.3.5 Record t h e  l i p i d  res idue  measured i n  Sec. 7.3.3.3 
and t h e  percent  l i p i d  con ten t  f rom Sec. 7.3.3.4. 

7.3.4 Adipose Tissue E x t r a c t  Concentrat ion 

7.3.4.1 Q u a n t i t a t i v e l y  t r a n s f e r  t he  remaining e x t r a c t  f rom 
Sec. 7.3.3.2 (99.0mL) t o  a 500 mL Erlenmeyer f l a s k .  Rinse t h e  
vo lume t r i c  f l a s k  w i t h  20 t o  30 mL o f  a d d i t i o n a l  methylene c h l o r i d e  
t o  ensure q u a n t i t a t i v e  t r a n s f e r .  

7.3.4.2 Concentrate the  e x t r a c t  on a r o t a r y  evaporator and 
a water ba th  a t  40°C u n t i l  an o i l y  res idue  remains. 

7.3.5 Adipose T issue E x t r a c t  Cleanup 

7.3.5.1 Add 200 mL hexane t o  t h e  1 i p i d  res idue  i n  the  500 
rr~L Erlenmeyer f l a s k  and s w i r l  t he  f l a s k  t o  d i s s o l v e  t h e  res idue.  
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7.3.5.2 Slowly add, w i t h  s t i r r i n g ,  100 g o f  40 percent  
(w/w) s u l f u r i c  acid-impregnated s i l i c a  g e l .  S t i r  w i t h  a magnetic 
s t i r r e r  f o r  two hours a t  room temperature. 

7.3.5.3 Al low t h e  so l  i d  phase t o  s e t t l e ,  and decant t h e  
l i q u i d  through a f i l t e r  funnel con ta in ing  10 g anhydrous sodium 
s u l f a t e  on a g lass  wool plug, i n t o  another 500 mL Erlenmeyer f l a s k .  

7.3.5.4 Rinse t h e  s o l i d  phase w i t h  two 50 mL p o r t i o n s  o f  
hexane. S t i r  each r i n s e  f o r  15 minutes, decant, and d r y  as 
descr ibed under Sec. 7.3.5.3. Combine t h e  hexane e x t r a c t s  from Sec. 
7.3.5.3 w i t h  t h e  r i nses .  

7.3.5.5 Rinse the  sodium s u l f a t e  i n  t h e  f i l t e r  funnel  w i t h  
an a d d i t i o n a l  25 mL hexane and combine t h i s  r i n s e  w i t h  t h e  hexane 
e x t r a c t s  from Sec. 7.3.5.4. 

7.3.5.6 Prepare an a c i d i c  s i l i c a  colun~n as f o l l o w s :  Pack 
a 2 cm x 10 cm chromatographic column w i t h  a g lass  wool plug, add 
approximately 20 mL hexane, add 1 g s i l i c a  ge l  and a l l o w  t o  s e t t l e ,  
then add 4 g o f  40 percent (w/w) s u l f u r i c  acid- impregnated s i l i c a  
ge l  and a l l ow  t o  s e t t l e .  E lu te  t he  excess hexane from t h e  column 
u n t i l  t he  so lven t  l e v e l  reaches t h e  top  of t he  chromatographic 
packing. V e r i f y  t h a t  t h e  column does n o t  have any a i r  bubbles and 
channel s. 

7.3.5.7 Q u a n t i t a t i v e l y  t r a n s f e r  t h e  hexane e x t r a c t  f rom 
the  Erlenmeyer f l a s k  (Secs. 7.3.5.3 through 7.3.5.5) t o  t h e  s i l i c a  
ge l  column r e s e r v o i r .  A1 low the  hexane e x t r a c t  t o  pe rco la te  through 
t h e  column and c o l l e c t  the  e lua te  i n  a 500 mL KD apparatus. ?"@% w 

7.3.5.8 Complete the  e l u t i o n  by p e r c o l a t i n g  50 mL hexane 
through t h e  column i n t o  t he  KD apparatus. Concentrate t he  e l u a t e  on 
a steam bath t o  approximately 5 mL. Use n i t r o g e n  blowdown t o  b r i n g  
t h e  f i n a l  volume t o  about 100 pL. 

NOTE: I f  the  s i l i c a  ge l  impregnated w i t h  40 percent  s u l f u r i c  
a c i d  i s  h i g h l y  d i sco lo red  throughout t h e  l e n g t h  o f  t he  
adsorbent bed, t h e  c lean ing  procedure must be repeated 
beginning w i t h  Sec. 7.3.5.1. 

7.3.5.9 The e x t r a c t  i s  ready f o r  t h e  column cleanups 
descr ibed i n  Secs. 7.5.2 through 7.5.3.6. 

7.4 E x t r a c t i o n  and P u r i f i c a t i o n  of Environmental and Waste Samples 

7.4.1 Sludge/Wet Fuel O i l  

7.4.1.1 Ex t rac t  aqueous sludge o r  wet f u e l  o i l  samples by 
r e f l u x i n g  a sample (e.g., 2 g) w i t h  50 mL to luene i n  a 125 mL f l a s k  
f i t t e d  w i t h  a Dean-Stark water separator.  Continue r e f 1  ux ing t h e  
sample u n t i l  a1 1 t he  water i s  removed. 
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NOTE: If the sludge o r  fue l  o i l  sample d i sso l ves  i n  to luene, - 
t r e a t  i t  accord ing t o  t he  i n s t r u c t i o n s  i n  Sec. 7 .4 .2  
below. I f  the  l abe led  sludge sample o r i g i n a t e s  from 
pu lp  (paper m i l l s ) ,  t r e a t  i t  accord ing t o  t he  
i n s t r u c t i o n s  s t a r t i n g  i n  Sec. 7 . 2 ,  bu t  w i t hou t  the  
a d d i t i o n  o f  sodium su l f a te .  

7 .4 .1 .2  Cool t h e  sample, f i l t e r  t h e  to luene  e x t r a c t  
through a g l a s s  f i b e r  f i l t e r ,  o r  equ iva len t ,  i n t o  a 100 mL round 
bot tom f l a s k .  

7 .4 .1 .3  Rinse t h e  f i l t e r  w i t h  10 mL to luene  and combine 
t he  e x t r a c t  w i t h  t he  r i n s e .  

7 .4 .1 .4  Concentrate t h e  combined so l  u t  ions  t o  near dryness 
on a r o t a r y  evaporator  a t  50°C. Use o f  an i n e r t  gas t o  concentrate 
t h e  e x t r a c t  i s  a l s o  permi t ted .  Proceed w i t h  Sec. 7 . 4 . 4 .  

7 . 4 . 2  S t i l l  Bottom/Oil 

7 . 4 . 2 . 1  E x t r a c t  s t i l l  bottom o r  o i l  samples by mix ing  a 
sarr~ple p o r t i o n  (e.g., 1 . 0  g) w i t h  10 mL to luene  i n  a smal l  beaker 
and f i l t e r i n g  t h e  s o l u t i o n  through a g l ass  f i b e r  f i l t e r  ( o r  
equ i va len t )  i n t o  a 50 mL round bottom f l a s k .  Rinse t he  beaker and 
f i l t e r  w i t h  10 mL to luene.  

7 . 4 . 2 . 2  Concentrate t h e  combined to luene  s o l u t i o n s  t o  near 
dryness on a r o t a r y  evaporator a t  5O0C. Proceed w i t h  Sec. 7 .4 .4 .  
7 . 4 . 3  F l y  Ash 

NOTE: Because o f  t he  tendency o f  f l y  ash t o  " f l y " ,  a l l  hand l ing  - 
steps should be performed i n  a hood i n  o rder  t o  minimize 
contaminat ion.  

7 .4 .3 .1  Weigh about 10 g f l y  ash t o  two decimal places and 
t r a n s f e r  t o  an e x t r a c t i o n  j a r .  Add 100 p L  sample f o r t i f i c a t i o n  
s o l u t i o n  (Sec. 5.8), d i l u t e d  t o  1  mL w i t h  acetone, t o  t he  sample. 
Add 150 mL o f  1  M HC1 t o  t he  f l y  ash sample. Seal t h e  j a r  w i t h  t he  
~ e f l  onTM 1 i ned screw cap and shake f o r  3  hours a t  room temperature. 

7 .4 .3 .2  Rinse a g l ass  f i b e r  f i l t e r  w i t h  to luene,  and 
f i l t e r  t h e  sample through t he  f i l t e r  paper, p laced i n  a Buchner 
funne l ,  i n t o  a 1  L f l a s k .  Wash t he  f l y  ash cake w i t h  approximately 
500 mL o r g a n i c - f r e e  reagent water and d r y  t he  f i  1 t e r  cake overn igh t  
a t  room temperature i n  a des icca to r .  

7 . 4 . 3 . 3  Add 10 g anhydrous powdered sodium s u l f a t e ,  mix 
thoroughly ,  l e t  s i t  i n  a c losed con ta iner  f o r  one hour, mix again, 
l e t  s i t  f o r  another hour, and mix again. 

7 . 4 . 3 . 4  Place t he  sample and t he  f i l t e r  paper i n t o  an 
e x t r a c t i o n  th imble,  and e x t r a c t  i n  a Soxhlet  e x t r a c t i o n  apparatus 
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charged w i t h  200 mL to luene f o r  16 hours us ing  a  f i v e  cycle/hour 
schedul e. 

NOTE: As an opt ion,  a  Soxhlet/Dean S ta rk  e x t r a c t o r  system may - 
be used, w i t h  to luene as t h e  so lven t .  No sodium s u l f a t e  ;- 

i s  added when us ing t h i s  op t ion .  

7 . 4 . 3 . 5  Cool and f i l t e r  t h e  to luene e x t r a c t  through a  
g lass  f i b e r  f i l t e r  i n t o  a  500 mL round bottom f l a s k .  Rinse the  
f i l t e r  w i t h  10 mL to luene.  Add t h e  r i n s e  t o  t h e  e x t r a c t  and 
concentrate t he  combined to luene s o l u t i o n s  t o  near dryness on a  
r o t a r y  evaporator a t  50°C. Proceed w i t h  Sec. 7.4 .4 .  

7 .4 .4  Transfer  t he  concentrate t o  a  125 mL separatory funnel  us ing  
15 mL hexane. Rinse t h e  f l a s k  w i t h  two 5  mL p o r t i o n s  o f  hexane and add 
t h e  r i n s e s  t o  t he  funne l .  Shake the  combined s o l u t i o n s  i n  t h e  separatory 
funnel  f o r  two minutes w i t h  50 mL o f  5  percent sodium c h l o r i d e  s o l u t i o n ,  
d i sca rd  the  aqueous 1  ayer, and proceed w i t h  Sec. 7 . 5 .  

7 . 4 . 5  Aqueous sampl es 

7 . 4 . 5 . 1  Al low the  sample t o  come t o  ambient temperature, 
then mark the  water meniscus on the  s i d e  o f  t he  1  L sample b o t t l e  
f o r  l a t e r  de termina t ion  o f  t h e  exact sample volume. Add t h e  
requ i red  acetone d i l u t e d  sample f o r t i f i c a t i o n  s o l u t i o n  (Sec. 5 . 8 ) .  

7 . 4 . 5 . 2  When the  sample i s  judged t o  con ta in  1  percent  o r  
more s o l i d s ,  t he  sample must be f i l t e r e d  through a  g lass  f i b e r  
f i l t e r  t h a t  has been r i n s e d  w i t h  to luene.  I f  t h e  suspended s o l i d s  
conten t  i s  t o o  g rea t  t o  f i l t e r  through t h e  0 . 4 5  p m  f i l t e r ,  
c e n t r i f u g e  the  sample, decant, and then f i l t e r  t h e  aqueous phase. 

NOTE: Paper m i l l  e f f l u e n t  samples normal ly  con ta in  0.02%-0.2% 
so l  i ds ,  and would no t  r e q u i r e  f i l t r a t i o n .  However, f o r  
optimum a n a l y t i c a l  r e s u l t s ,  a l l  paper m i l l  e f f l u e n t  
samples should be f i l t e r e d ,  t he  i s o l a t e d  s o l i d s  and 
f i  1  t r a t e  ex t rac ted  separate ly ,  and t h e  e x t r a c t s  
recombined. 

7 . 4 . 5 . 3  Combine t h e  so l  i d s  from t h e  c e n t r i f u g e  b o t t l e ( s )  
w i t h  t h e  p a r t i c u l a t e s  on the  f i l t e r  and w i t h  t h e  f i l t e r  i t s e l f  and 
proceed w i t h  t h e  Soxhlet e x t r a c t i o n  as s p e c i f i e d  i n  Secs. 7 . 4 . 6 . 1  
through 7 . 4 . 6 . 4 .  Remove and i n v e r t  t h e  Snyder column and r i n s e  i t  
down i n t o  t h e  KD apparatus w i t h  two 1 mL p o r t i o n s  o f  hexane. 

7 . 4 . 5 . 4  Pour t he  aqueous f i l t r a t e  i n t o  a  2  L separatory 
funne l .  Add 60 mL methylene c h l o r i d e  t o  t h e  sample b o t t l e ,  seal and 
shake f o r  30 seconds t o  r i n s e  the  i n n e r  sur face.  Trans fer  t h e  
so l ven t  t o  t h e  separatory funnel  and e x t r a c t  t h e  sample by shaking 
the  funnel  f o r  two minutes w i t h  p e r i o d i c  vent ing.  

7 . 4 . 5 . 5  A1 low the  organ ic  l a y e r  t o  separate f rom the  water 
phase f o r  a  minimum o f  10 minutes. I f  the  emulsion i n t e r f a c e  

Revis ion 0  f i  
September 1994 -I 



between l a y e r s  i s  more than one t h i r d  t h e  volume o f  t h e  so lven t  
1  ayer, t h e  ana l ys t  must employ mechanical techniques t o  complete t he  
phase separa t ion  (e.g., g lass  s t i r r i n g  rod ) .  

7.4.5.6 C o l l e c t  t h e  methylene c h l o r i d e  i n t o  a  KD apparatus 
(mounted w i t h  a  10 mL concent ra to r  tube)  by passing t h e  sample 
e x t r a c t s  through a  f i l t e r  funnel  packed w i t h  a  g lass  wool p l ug  and 
5 g  anhydrous sodium s u l f a t e .  

NOTE: As an opt ion,  a  r o t a r y  evaporator may be used i n  p lace  - 
o f  t h e  KD apparatus f o r  t h e  concent ra t ion  o f  t h e  
e x t r a c t s .  

7.4.5.7 Repeat t h e  e x t r a c t i o n  t w i c e  w i t h  f r e s h  60 mL 
p o r t i o n s  o f  methylene c h l o r i d e .  A f t e r  t h e  t h i r d  e x t r a c t i o n ,  r i n s e  
t h e  sodium s u l f a t e  w i t h  an a d d i t i o n a l  30 mL methylene c h l o r i d e  t o  
ensure q u a n t i t a t i v e  t r a n s f e r .  Combine a1 1  e x t r a c t s  and t h e  r i n s e  i n  
t h e  KD apparatus. 

NOTE: A cont inuous l i q u i d - l i q u i d  e x t r a c t o r  may be used i n  
p lace  o f  a  separatory  funnel  when exper ience w i t h  a  
sample from a  g iven  source i n d i c a t e s  t h a t  a  ser ious 
emulsion problem w i l l  r e s u l t  o r  an emulsion i s  
encountered when us ing  a  separatory  funne l .  Add 60 mL 
methylene c h l o r i d e  t o  t h e  sample b o t t l e ,  sea l ,  and shake 
f o r  30 seconds t o  r i n s e  t h e  i n n e r  sur face.  T rans fe r  t h e  
so l ven t  t o  t h e  e x t r a c t o r .  Repeat t h e  r i n s e  o f  t he  
sample b o t t l e  w i t h  an a d d i t i o n a l  50 t o  100 mL p o r t i o n  o f  
methylene c h l o r i d e  and add t h e  r i n s e  t o  t h e  e x t r a c t o r .  
Add 200 t o  500 mL methylene c h l o r i d e  t o  t h e  d i s t i l l i n g  
f l a s k ,  add s u f f i c i e n t  o rgan i c - f r ee  reagent water (Sec. 
5.1) t o  ensure proper  operat ion,  and e x t r a c t  f o r  
24 hours. A l low t o  cool ,  then detach t h e  d i s t i l l i n g  
f l a s k .  Dry and concentrate t h e  e x t r a c t  as descr ibed i n  
Secs. 7.4.5.6 and 7.4.5.8 through 7.4.5.10. Proceed 
w i t h  Sec. 7.4.5.11. 

7.4.5.8 A t tach  a  Snyder c o l ~ ~ m n  and concentrate t h e  e x t r a c t  
on a  water bath u n t i l  t h e  apparent volume o f  t h e  l i q u i d  i s  5 mL. 
Remove t h e  KD apparatus and a l l o w  i t  t o  d r a i n  and cool  f o r  a t  l e a s t  
10 minutes. 

7.4.5.9 Remove t he  Snyder column, add 50 mL hexane, add 
t h e  concent ra te  obta ined from the  Soxhlet  e x t r a c t i o n  o f  t he  
suspended s o l i d s  (Sec. 7.4.5.3), i f  app l i cab le ,  r e - a t t a c h  t h e  Snyder 
column, and concentrate t o  approximately 5 ~IIL. Add a  new b o i l i n g  
c h i p  t o  t h e  KD apparatus be fo re  proceeding w i t h  t h e  second 
concen t ra t i on  s tep.  

7.4.5.10 Rinse t h e  f l a s k  and t h e  lower  j o i n t  w i t h  two 5  mL 
p o r t i o n s  o f  hexane and combine t h e  r i n s e s  w i t h  t h e  e x t r a c t  t o  g i v e  
a  f i n a l  volume o f  about 15 mL. 

Revis ion 0  
September 1994 



7.4.5.11 Determine t h e  o r i g i n a l  sample volume by f i l l i n g  
t h e  sample b o t t l e  t o  t h e  mark w i t h  water  and t r a n s f e r r i n g  t h e  water  
t o  a  1000 mL graduated c y l i n d e r .  Record t h e  sample volume t o  t h e  
neares t  5  mL. Proceed w i t h  Sec. 7.5. !@% 

7.4.6.1 Add 10 g  anhydrous powdered sodium s u l f a t e  t o  t h e  
sample p o r t i o n  (e.g., 10 g )  and mix  thorough ly  w i t h  a  s t a i n l e s s  
s t e e l  spa tu la .  A f t e r  b reak ing  up any lumps, p l ace  t h e  so i l / sod ium 
s u l f a t e  m i x t u r e  i n  t h e  Soxh le t  apparatus on t o p  o f  a  g l a s s  wool p l u g  
( t h e  use o f  an e x t r a c t i o n  t h i m b l e  i s  o p t i o n a l ) .  

NOTE: As an op t ion ,  a  Soxhlet/Dean S t a r k  e x t r a c t o r  system may 
be used, w i t h  t o l uene  as t h e  so l ven t .  No sodium s u l f a t e  
i s  added when us ing  t h i s  o p t i o n .  

7.4.6.2 Add 200 t o  250 mL to l uene  t o  t h e  Soxh le t  apparatus 
and r e f l u x  f o r  16 hours.  The so l ven t  must c y c l e  comple te ly  th rough  
t h e  system f i v e  t imes per  hour.  

NOTE: I f  t h e  d r i e d  sample i s  n o t  o f  f r e e  f l o w i n g  cons is tency ,  
more sodiuni s u l f a t e  must be added. 

7.4.6.3 Cool and f i l t e r  t h e  e x t r a c t  th rough  a  g l a s s  f i b e r  
f i l t e r  i n t o  a  500 mL round bottom f l a s k  f o r  evapo ra t i on  o f  t h e  
to luene .  Rinse t h e  f i l t e r  w i t h  10 mL o f  to luene ,  and concent ra te  
t h e  combined f r a c t i o n s  t o  near  dryness on a  r o t a r y  evapora to r  a t  
50°C. Remove t h e  f l a s k  f rom t h e  water  ba th  and a l l o w  t o  coo l  f o r  
5  minutes. 

7.4.6.4 T rans fe r  t h e  res idue  t o  a  125 mL separa to ry  
funne l ,  us i ng  15 mL of hexane. Rinse t h e  f l a s k  w i t h  two a d d i t i o n a l  
p o r t i o n s  o f  hexane, and add t h e  r i n s e s  t o  t h e  f unne l .  Proceed w i t h  
Sec. 7.5. 

7.5 Cleanup 

7.5.1 P a r t i t i o n  

7.5.1.1 P a r t i t i o n  t h e  hexane e x t r a c t  aga ins t  40 mL of 
concen t ra ted  s u l f u r i c  ac id .  Shake f o r  two minutes.  Remove and 
d i s c a r d  t h e  s u l f u r i c  a c i d  l a y e r  (bottom). Repeat t h e  a c i d  washing 
u n t i l  no c o l o r  i s  v i s i b l e  i n  t h e  a c i d  l a y e r  (per fo rm a  maximuni o f  
f o u r  a c i d  washings). 

7.5.1.2 O m i t  t h i s  s tep  f o r  t h e  f i s h  sample e x t r a c t .  
P a r t i t i o n  t h e  e x t r a c t  aga ins t  40 nrL of 5  percen t  (w/v) aqueous 
sodium c h l o r i d e .  Shake f o r  two minutes. Remove and d i s c a r d  t h e  
aqueous 1  ayer  (bottom). 

7.5.1.3 O m i t  t h i s  s tep  f o r  t h e  f i s h  sample e x t r a c t .  
P a r t i t i o n  t h e  e x t r a c t  aga ins t  40 mL o f  20 percen t  (w/v) aqueous 
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potassium hydrox ide (KOH). Shake f o r  two minutes. Remove and 
d i sca rd  t h e  aqueous l a y e r  (bottom). Repeat t he  base washing u n t i l  
no c o l o r  i s  v i s i b l e  i n  t h e  bottom l a y e r  (per form a  maximum o f  f o u r  
base washings). Strong base (KOH) i s  known t o  degrade c e r t a i n  
PCDDs/PCDFs, so con tac t  t ime must be minimized. 

7.5.1.4 P a r t i t i o n  t h e  e x t r a c t  against  40 mL o f  5 percent 
(w/v) aqueous sodium ch lo r i de .  Shake f o r  two minutes. Remove and 
d i s c a r d  t he  aqueous l a y e r  (bottom). Dry t h e  e x t r a c t  by pour ing i t  
through a  f i l t e r  funnel con ta in ing  anhydrous sodium s u l f a t e  on a  
g lass  wool p lug,  and c o l l e c t  i t  i n  a  50 mL round bottom f l a s k .  
Rinse t h e  funnel  w i t h  t h e  sodium s u l f a t e  w i t h  two 15 mL po r t i ons  o f  
hexane, add t h e  r i n s e s  t o  t h e  50 mL f l a s k ,  and concentrate t h e  
hexane s o l u t i o n  t o  near dryness on a  r o t a r y  evaporator (35°C water 
bath) ,  making sure a l l  t races  o f  to luene (when appl i c a b l e )  are 
removed. (Use o f  blowdown w i t h  an i n e r t  gas t o  concentrate t he  
e x t r a c t  i s  a1 so permi t ted .  ) 

7.5.2 S i  1  i ca/Al umi na Col umn Cleanup 

7.5.2.1 Pack a  g r a v i t y  column (g lass,  30 cm x  10.5 mm), 
f i t t e d  w i t h  a  Tef lonTM stopcock, w i t h  s i l i c a  g e l  as fo l lows :  I n s e r t  
a  g lass  wool p l ug  i n t o  t he  bottom o f  t he  column. Place 1 g  s i l i c a  
g e l  i n  t h e  column and tap  t h e  column g e n t l y  t o  s e t t l e  t he  s i l i c a  
ge l .  Add 2  g  sodium hydroxide-impregnated s i l i c a  ge l ,  4  g  s u l f u r i c  
acid- impregnated s i l i c a  ge l ,  and 2  g  s i l i c a  ge l .  Tap t h e  column 
g e n t l y  a f t e r  each add i t ion .  A  small p o s i t i v e  pressure (5 p s i )  o f  
c lean n i t r o g e n  may be used i f  needed. E lu te  w i t h  10 mL hexane and 
c lose  t h e  stopcock j u s t  be fo re  exposure o f  t h e  t op  l a y e r  o f  s i l i c a  
ge l  t o  a i r .  D iscard t h e  e lua te .  Check t he  column f o r  channeling. 
I f  channel ing i s  observed, d i sca rd  t he  column. Do no t  t a p  t he  
wet ted c o l  unin. 

7.5.2.2 Pack a  g r a v i t y  column (g lass,  300 mm x  10.5 rnrn), 
f i t t e d  w i t h  a  Tef lonTM stopcock, w i t h  alumina as fo l lows:  I n s e r t  a  
g lass  wool p l ug  i n t o  t he  bottom o f  t he  column. Add a  4  g l a y e r  o f  
sodium s u l f a t e .  Add a  4 g  l a y e r  o f  Woelmm Super 1 neu t ra l  alumina. 
Tap t h e  t o p  o f  t h e  column gen t l y .  WoelmB Super 1 neu t ra l  alumina 
need n o t  be a c t i v a t e d  o r  cleaned before use, bu t  i t  should be s to red  
i n  a  sealed des icca to r .  Add a  4  g  l a y e r  o f  anhydrous sodium s u l f a t e  
t o  cover t he  a1 umina. E l u t e  w i t h  10 mL hexane and c lose  t h e  
stopcock j u s t  be fo re  exposure o f  t he  sodium s u l f a t e  l a y e r  t o  a i r .  
D iscard  t h e  e lua te .  Check t he  column f o r  channel ing. I f  channel ing 
i s  observed, d i sca rd  t he  column. Do no t  tap  a  wetted column. 

NOTE: Opt iona l l y ,  a c i d i c  alumina (Sec. 5.2.2) can be used i n  
p lace o f  neu t ra l  alumina. 

7.5.2.3 D isso lve  t he  res idue  from Sec. 7.5.1.4 i n  2  mL 
hexane and apply  t h e  hexane s o l u t i o n  t o  t he  t op  o f  t h e  s i l i c a  ge l  
column. Rinse the  f l a s k  w i t h  enough hexane (3-4 mL) t o  complete t he  
q u a n t i t a t i v e  t r a n s f e r  o f  t he  sarnple t o  t he  sur face o f  t he  s i l i c a  
ge l .  
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7.5.2.4 E l u t e  t h e  s i l i c a  ge l  column w i t h  90 mL o f  hexane, 
concentrate t h e  e lua te  on a r o t a r y  evaporator  (35°C water  ba th)  t o  
approximately 1 mL, and apply t he  concentrate t o  t h e  t o p  o f  t h e  
alumina column (Sec. 7.5.2.2). Rinse t h e  r o t a r y  evaporator  f l a s k  
tw i ce  w i t h  2 mL o f  hexane, and add t h e  r i n s e s  t o  t h e  t o p  o f  t h e  i 

a1 umi na c o l  umn . 
7.5.2.5 Add 20 mL hexane t o  t h e  a1 umina column and e l u t e  

u n t i l  t h e  hexane l e v e l  i s  j u s t  below the  t o p  o f  t h e  sodium s u l f a t e .  
Do n o t  d i sca rd  the  e l u t e d  hexane, b u t  c o l l e c t  i t  i n  a separate f l a s k  
and s t o r e  i t  f o r  l a t e r  use, as i t  may be use fu l  i n  de termin ing  where 
t h e  labe led  ana ly tes  a re  being l o s t  i f  recover ies  a re  n o t  
s a t i s f a c t o r y  . 

7.5.2.6 Add 15 mL o f  60 percent methylene c h l o r i d e  i n  
hexane (v/v) t o  t h e  alumina column and c o l l e c t  t h e  e l u a t e  i n  a 
con i ca l  shaped (15mL)  concent ra t ion  tube. With a c a r e f u l l y  
regu l  a ted stream o f  n i t rogen,  concentrate t h e  60 percent  methyl ene 
chlor ide/hexane f r a c t i o n  t o  about 2 mL. 

7.5.3 Carbon Col umn Cleanup 

7.5.3.1 Prepare an AX-21/Celite 545@ column as f o l l o w s :  
Thoroughly mix 5.40 g a c t i v e  carbon AX-21 and 62.0 g C e l i t e  545@ t o  
produce an 8 percent  (w/w) mix tu re .  A c t i v a t e  t h e  m i x t u r e  a t  130°C 
f o r  6 hours and s t o r e  i t  i n  a des icca tor .  

7.5.3.2 Cut of f  both ends o f  a  10 mL d isposable 
se ro log i ca l  p i p e t  t o  g i v e  a 10 cm long column. F i r e  p o l i s h  b o t h  
ends and f l a r e ,  i f  desi red.  I n s e r t  a  g lass  wool p l u g  a t  one end, 
then pack t h e  column w i t h  enough C e l i t e  545@ t o  form a 1 cm plug, 

m d 
add 1 g o f  t h e  AX-21/Cel i t e  545@ mix tu re ,  t o p  w i t h  a d d i t i o n a l  Cel i t e  
545@ (enough f o r  a 1 cm p lug) ,  and cap t h e  packing w i t h  another 
g l a s s  wool p lug.  

NOTE: Each new batch o f  AX-21/Celite 545@ must be checked as 
fo l l ows :  Add 50 p L  o f  the  con t i nu ing  c a l i b r a t i o n  
s o l u t i o n  t o  950 p L  hexane. Take t h i s  s o l u t i o n  through 
t h e  carbon column cleanup step, concent ra te  t o  50 p L  
and analyze. I f  the  recovery o f  any o f  t h e  ana ly tes  i s  
t 8 0  percent,  d i sca rd  t h i s  batch o f  AX-21/Cel i t e  545@. 

7.5.3.3 Rinse t h e  AX-21/Cel i t e  545@ column w i t h  5 mL o f  
to luene,  fo l lowed by 2 mL o f  75:20:5 (v/v) methylene ch lo r i de /  
methanol/ tol  uene, 1 mL o f  1  : 1 (v/v) cyclohexane/methylene c h l o r i d e ,  
and 5 mL hexane. The f l ow  r a t e  should be l e s s  than 0.5 mL/min. 
Discard t h e  r i nses .  While the  column i s  s t i l l  wet w i t h  hexane, add 
t h e  sample concentrate (Sec. 7.5.2.6) t o  t he  t o p  o f  t h e  colurnn. 
Rinse t h e  concent ra to r  tube (which contained the  sample concent ra te )  
t w i c e  w i t h  1 mL hexane, and add t h e  r i n s e s  t o  t h e  t o p  o f  t h e  column. 

7.5.3.4 E l u t e  t h e  column s e q u e n t i a l l y  w i t h  two 2 mL 
p o r t i o n s  o f  hexane, 2 mL cyc l  ohexane/methyl ene c h l o r i d e  (50: 50, 
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v/v) , and 2 mL methylene chloride/methanol/toluene (75:20:5, v/v) . 
Combine these e luates;  t h i s  combined f r a c t i o n  may be used as a check 
on c o l  umn e f f i c i e n c y  . 

7.5.3.5 Turn the  column upside down and e l u t e  the  
PCDD/PCDF f r a c t i o n  w i t h  20 mL toluene. V e r i f y  t h a t  no carbon f i n e s  
are  present  i n  t he  e lua te .  I f  carbon f i n e s  are  present i n  the  
e lua te ,  f i l t e r  the  e lua te  through a g lass f i b e r  f i l t e r  (0.45 pm) and 
r i n s e  the  f i l t e r  w i t h  2 mL toluene. Add the  r i n s e  t o  t h e  e lua te .  

7.5.3.6 Concentrate the  to luene f r a c t i o n  t o  about 1 mL on 
a r o t a r y  evaporator by us ing a water bath a t  50°C. C a r e f u l l y  
t r a n s f e r  t he  concentrate i n t o  a 1 mL m i n i v i a l  and, again a t  elevated 
temperature (50°C), reduce the  volume t o  about 100 pL  us ing a stream 
o f  n i t r ogen  and a sand bath. Rinse the  r o t a r y  evaporator f l a s k  
th ree  t imes w i t h  300 pL  o f  a  s o l u t i o n  o f  1 percent to luene i n  
methylene ch lo r i de ,  and add the  r i nses  t o  t h e  concentrate. Add 
10 p L  o f  t h e  nonane recovery standard s o l u t i o n  (Sec. 5.9) f o r  s o i l ,  
sediment, water, f i s h ,  paper pu lp  and adipose t i s s u e  samples, o r  50 
pL  o f  t h e  recovery standard s o l u t i o n  f o r  sludge, s t i l l  bottom and 
f l y  ash samples. Store the  sample a t  room temperature i n  the  dark. 

7.6 Chromatographic/Mass Spectrometr ic Condit ions and Data Acqu is i t i on  
Para~iieters 

7.6.1 Gas Chromatograph 

Col umn coat ing  : DB-5 
F i l m  th ickness:  0.25 pm 
Column dimension: 60 m x 0.32 mm 
I n j e c t o r  temperature: 270°C 
S p l i t l e s s  va lve  t ime: 45 s  
I n t e r f a c e  temperature: Funct ion o f  the  f i n a l  temperature 
Temperature program: 

Stage I n i t .  I n i t .  Temp. F ina l  F ina l  
Temp. Hold Time Ramp Temp. Hold 
("c (mi n) ("C/mi n) ("c) Time (min) 

To ta l  t ime: 60 min 

7.6.2 Mass Spectrometer 

7.6.2.1 The mass spectrometer must be operated i n  a 
se lected i o n  mon i to r ing  (SIM) mode w i t h  a t o t a l  c y c l e  t ime 
( i n c l u d i n g  the  vo l tage rese t  t ime)  o f  one second o r  l e s s  (Sec. 
7.6.3.1). At a  minimum, the  ions l i s t e d  i n  Table 6 f o r  each o f  t he  
f i v e  SIM desc r i p to rs  must be monitored. Note t h a t  w i t h  t h e  

Revis ion 0 
September 1994 



except ion o f  t h e  1  a s t  d e s c r i p t o r  (OCDD/OCDF) , a1 1  desc r i  p t o r s  
con ta in  10 ions.  The s e l e c t i o n  (Table 6)  o f  t h e  molecu la r  i ons  M 
and Mt2 f o r  ' 3 ~ - ~ x ~ ~ ~  and ' 3 ~ - ~ p ~ ~ ~  r a t h e r  than Mt2 and Mt4 ( f o r  
consis tency)  was made t o  e l  iminate,  even under h igh - reso l  u t i o n  mass 
spec t romet r ic  cond i t ions ,  in te r fe rences  occu r r i ng  i n  these two i o n  
channels f o r  samples con ta in ing  h igh  l e v e l s  o f  n a t i v e  HxCDDs and 
HpCDDs. It i s  important  t o  ma in ta in  t h e  same se t  o f  ions  f o r  bo th  
c a l  i b r a t i o n  and sample e x t r a c t  analyses. The s e l e c t  i o n  o f  t h e  1  ock- 
mass i o n  i s  l e f t  t o  t h e  per forming l abo ra to ry .  

NOTE: A t  t h e  o p t i o n  o f  t h e  ana lys t ,  t h e  t e t r a -  and 
pentachl o r i na ted  d i o x i n s  and fu rans  can be 
combined i n t o  a  s i n g l e  d e s c r i p t o r .  

7.6.2.2 The recommended mass spectrometer t u n i n g  
cond i t i ons  are based on t h e  groups o f  monitored ions  shown i n  Table 
6. By us ing  a  PFK molecular leak, tune t h e  ins t rument  t o  meet t h e  
minimum requ i red  r e s o l v i n g  power o f  10,000 (10 percent  v a l l e y )  a t  
m/z 304.9824 (PFK) o r  any o the r  re fe rence s i g n a l  c l ose  t o  m/z 
303.9016 ( f rom TCDF). By us ing  peak matching c o n d i t i o n s  and t h e  
aforementioned PFK re fe rence peak, v e r i f y  t h a t  t h e  exac t  mass o f  m/z 
380.9760 (PFK) i s  w i t h i n  5  ppm o f  t he  requ i red  value.  Note t h a t  t h e  
s e l e c t i o n  o f  t h e  low- and high-mass ions  must be such t h a t  t hey  
prov ide  t h e  l a r g e s t  vo l t age  jump performed i n  any o f  t h e  f i v e  mass 
d e s c r i p t o r s  (Tab1 e  6 ) .  

7.6.3 Data A c q u i s i t i o n  

7.6.3.1 The t o t a l  c y c l e  t ime f o r  da ta  a c q u i s i t i o n  must be 
< 1 second. The t o t a l  c y c l e  t ime inc ludes  t h e  sum o f  a1 1  t h e  dwe l l  - 
t imes and vo l tage r e s e t  t imes.  

7.6.3.2 Acqui re S I M  da ta  f o r  a l l  t h e  i o n s  l i s t e d  i n  t h e  
f i v e  d e s c r i p t o r s  o f  Table 6. 

7.7 C a l i b r a t i o n  

7.7.1 I n i t i a l  C a l i b r a t i o n  - I n i t i a l  c a l i b r a t i o n  i s  r e q u i r e d  be fo re  
any samples are analyzed f o r  PCDDs and PCDFs. I n i t i a l  c a l  i b r a t i o n  i s  a1 so 
requ i red  i f  any r o u t i n e  c a l i b r a t i o n  (Sec. 7.7.3) does n o t  meet t h e  
requ i red  c r i t e r i a  l i s t e d  i n  Sec. 7.7.2. 

7.7.1.1 A l l  f i v e  h i g h - r e s o l u t i o n c o n c e n t r a t i o n  c a l i b r a t i o n  
s o l u t i o n s  l i s t e d  i n  Table 5  must be used f o r  t h e  i n i t i a l  
c a l  i b r a t  i on. 

7.7.1.2 Tune t h e  inst rument  w i t h  PFK as descr ibed i n  
Sec. 7.6.2.2. 

7.7.1.3 I n j e c t  2  pL o f  t h e  GC column performance check 
s o l u t i o n  (Sec. 5.7) and acqu i re  S I M  mass spec t ra l  da ta  as descr ibed 
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e a r l i e r  i n  Sec. 7.6.2. The t o t a l  c y c l e  t ime  must be 5 1 second. The 
l a b o r a t o r y  must n o t  per fo rm any f u r t h e r  ana l ys i s  u n t i l  i t  i s  demon- 
s t r a t e d  and documented t h a t  t h e  c r i t e r i o n  l i s t e d  i n  Sec. 8.2.1 was 
met. 

7.7.1.4 By us i ng  t h e  same GC (Sec. 7.6.1) and MS 
(Sec. 7.6.2) c o n d i t i o n s  t h a t  produced acceptab le  r e s u l t s  w i t h  t h e  
column performance check s o l u t i o n ,  analyze a  2  pL p o r t i o n  o f  each 
o f  t h e  f i v e  concen t ra t i on  c a l i b r a t i o n  s o l u t i o n s  once w i t h  t h e  
f o l l  owing mass spectrometer ope ra t i ng  parameters. 

7.7.1.4.1 The r a t i o  o f  i n t e g r a t e d  i o n  c u r r e n t  f o r  t h e  
i ons  appear ing i n  Table 8  (homologous s e r i e s  quan t i  t a t i o n  
i ons )  must be w i t h i n  t h e  i n d i c a t e d  c o n t r o l  l i m i t s  ( s e t  f o r  
each homo1 ogous s e r i e s )  f o r  a1 1  un l  abel ed c a l  i b r a t i  on 
standards i n  Table 5. 

7.7.1.4.2 The r a t i o  o f  i n t e g r a t e d  i o n  c u r r e n t  f o r  t h e  
i ons  be1 onging t o  t h e  carbon-1 abeled i n t e r n a l  and recovery  
standards (Table  5) must be w i t h i n  t h e  c o n t r o l  l i m i t s  
s t i p u l a t e d  i n  Table 8. 

NOTE: Secs. 7.7.1.4.1 and 7.7.1.4.2 r e q u i r e  t h a t  17 i o n  
r a t i o s  f rom Sec. 7.7.1.4.1 and 11 i o n  r a t i o s  f rom 
Sec. 7.7.1.4.2 be w i t h i n  t h e  s p e c i f i e d  c o n t r o l  
l i m i t s  s imul taneous ly  i n  one run .  I t  i s  t h e  
1  abora to ry ' s  respons i  b i  1  i ty  t o  t ake  c o r r e c t i v e  
a c t i o n  i f  t h e  i o n  abundance r a t i o s  a re  ou t s i de  
t h e  l i m i t s .  

7.7.1.4.3 For each se lec ted  i o n  c u r r e n t  p r o f i l e  (SICP) 
and f o r  each GC s i gna l  cor responding t o  t h e  e l u t i o n  o f  a  
t a r g e t  ana l y t e  and o f  i t s  l abe led  standards,  t h e  s i gna l  - t o -  
no i se  r a t i o  (S/N) must be b e t t e r  than  o r  equal t o  2.5. 
Measurement o f  S/N i s  r e q u i r e d  f o r  any GC peak t h a t  has an 
apparent S/N o f  l e s s  than 5 : l .  The r e s u l t  o f  t h e  c a l c u l a t i o n  
must appear on t h e  SICP above t h e  GC peak i n  ques t ion .  

7.7.1.4.4 R e f e r r i n g  t o  Table 9, c a l c u l a t e  t h e  17 
re1  a t i v e  response f a c t o r s  (RF) f o r  un labeled t a r g e t  ana ly tes  
[RF(n); n  = 1 t o  171 r e l a t i v e  t o  t h e i r  app rop r i a t e  i n t e r n a l  
standards (Table  5) and t h e  n i n e  RFs f o r  t h e  l a b e l e d  13c,, 

i n t e r n a l  standards [RF(m); m = 18 t o  26) ]  r e l a t i v e  t o  t h e  two 
recovery  standards (Tab1 e  5) accord ing t o  t h e  f o l l  owing 
formul  ae: 
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A x  x Qie A, x Q, 
R F  n 

- - RFm - - 
Q x  x Ais Qis x A m  

where: 

A x  
- - sum o f  t he  i n teg ra ted  i o n  abundances o f  t he  

q u a n t i t a t i o n  i ons  (Tables 6 and 9) f o r  
un l  abel ed PCDDs/PCDFs, 

Aie 
= sum o f  t he  i n teg ra ted  i o n  abundances o f  t h e  

q u a n t i t a t i o n  ions  (Tables 6 and 9) f o r  t h e  
1  abel ed i n t e r n a l  standards, 

A, - - sum o f  t he  i n teg ra ted  i o n  abundances o f  t he  
q u a n t i t a t i o n  ions  (Tables 6 and 9) f o r  t he  
1  abel ed recovery standards, 

Qis 
- - q u a n t i t y  o f  t he  i n t e r n a l  standard i n j e c t e d  

(pg) , 

Q w  
- - q u a n t i t y  o f  t he  recovery standard i n j e c t e d  

(PSI ,  and 

Q x  
- - q u a n t i t y  o f  the  un l  abel ed PCDD/PCDF anal y t e  

i n j e c t e d  (pg). 

The RF, and RF, are dimensionless q u a n t i t i e s ;  t h e  u n i t s  
used t o  express Qis, Q, and Q x  must be the  same. - 

4 
7.7.1.4.5 Ca lcu la te  the  and t h e i r  respec t i ve  

percent r e l a t i v e  standard dev ia t i ons  (%RSD) f o r  t h e  f i v e  
c a l  i b r a t  i on so l  u t  i ons : 

5 
- 
RF, = 1/5 1 RFn,, 

j = l  

Where n  represents a  p a r t i  cu l  a r  PCDD/PCDF (2,3,7,8- 
subs t i t u ted )  congener (n = 1  t o  17; Table 9),  and j i s  t he  
i n j e c t i o n  number ( o r  c a l i b r a t i o n  s o l u t i o n  number; j = 1 t o  
5) .  

7.7.1.4.6 'The r e l a t i v e  response f a c t o r s  t o  be used f o r  
t h e  de terminat ion  o f  t he  concent ra t ion  o f  t o t a l  isomers i n  a  
homo1 ogous se r ies  (Table 9) a re  c a l c u l a t e d  as f o l l o w s :  
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7.7.1.4.6.1 For congeners t h a t  belong t o  a 
homologous se r i es  con ta in i ng  o n l y  one isomer (e .g., OCDD 
and OCDF) o r  o n l y  one 2,3,7,8-subst i tuted i s o m ~ r  
(Tabl e 4 ; TCDD, PeCDD, HpCDD, andTCDF) , t h e  mean RF 
used w i l l  be t h e  same as t h e  mean RF determined i n  Sec. 
7.7.1.4.5. 

NOTE: The c a l i b r a t i o n  s o l u t i o n s  do n o t  con ta in  - 
1 3 ~ 1 2 - ~ ~ ~ ~  as an i n t e r n a l  standard. Th is  i s  
because a minimum r e s o l v i n g  power o f  12,000 
i s  r equ i red  t o  r eso l ve  t h e  [Mt6]+ i o n  o f  
13c,,-0c~F from t h e  [M+2]+ i o n  o f  OCDD (and 
[Mt4]+ f rom 1 3 ~ l L ~ ~ ~ ~  w i t h  [MI' o f  OCDD) . 
Therefore,  t h e  RF f o r  OCDF i s  c a l c u l a t e d  
re1  a t i v e  t o  1 3 ~ 1 2 - ~ ~ ~ D .  

7.7.1.4.6.2 For congeners t h a t  belong t o  a 
homologous se r i es  con ta in i ng  more than one 
2,3,7,8-subst i tuted isomer (Table 4 ) ,  t h e  mean used 
f o r  those homologous se r i es  w i l l  be t h e  mean o f  t h e  RFs 
c a l c u l a t e d  f o r  a l l  i n d i v i d u a l  2,3,7,8-subst i tuted 
congeners us ing  t h e  equat ion be1 ow: 

1 t 
- 
RF, = - RF,, 

where : 

k = 27 t o  30 (Table 9 ) ,  w i t h  27 = PeCDF; 28 = 
HxCDF; 29 = HxCDD; and 30 = HpCDF, 

t = t o t a l  number of 2 ,3 ,7 ,8-subst i tu ted isomers 
present  i n  t h e  ca l  i b r a t  i on s o l u t i o n s  (Tabl e 
5) f o r  each homologous s e r i e s  (e.g., two 
f o r  PeCDF, f o u r  f o r  HxCDF, t h r e e  f o r  HxCDD, 
two f o r  HpCDF). 

NOTE: Presumably, t h e  HRGC/HRMS response f a c t o r s  
o f  d i f f e r e n t  isomers w i t h i n  a homologous 
se r i es  are d i f f e r e n t  . However, t h i s 
a n a l y t i c a l  p ro toco l  w i  11 make t h e  
assumption t h a t  t h e  HRGC/HRMS responses o f  
a1 1 isomers i n  a homologous s e r i e s  t h a t  do 
n o t  have t h e  2 ,3 ,7 ,8 -subs t i tu t ion  p a t t e r n  
are t h e  same as t h e  responses o f  one o r  
more o f  t h e  2,3,7,8-substi t u t e d  isomer(s)  
i n  t h a t  homologous se r i es .  
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7.7.1.4.7 R e l a t i v e  response f a c t o r s  [m,] t o  be used 
f o r  t h e  de te rm ina t i on  o f  t h e  percen t  r e c o v e r i e s  f o r  t h e  n i n e  
i n t e r n a l  standards a re  c a l c u l  a ted  as f o l l  ows : 

- 
5 

RF, = 1/5 RF,,, 
j = 1 

where: 

m - - 18 t o  26 (congener t ype )  and j = 1 t o  5 
( i n j e c t i o n  number), 

- Aism - sum o f  t h e  i n t e g r a t e d  i o n  abundances o f  t h e  
q u a n t i t a t i o n  i ons  (Tables 6 and 9) f o r  a 
g i v e n  i n t e r n a l  s tandard (m = 18 t o  26), 

A r s 
- - sum o f  t h e  i n t e g r a t e d  i o n  abundances o f  t h e  

q u a n t i t a t i o n  i ons  (Tables 6 and 9 )  f o r  t h e  
appropr i  a t e  recovery  s tandard  (see Tab1 e 5, 
f oo tno tes ) ,  

Qr,, Qism = q u a n t i t i e s  o f ,  r e s p e c t i v e l y ,  t h e  recove ry  
s tandard ( r s )  and a p a r t i c u l a r  i n t e r n a l  
s tandard ( i s  = m) i n j e c t e d  (pg) ,  

RF, = r e l a t i v e  response f a c t o r  o f  a p a r t i c u l a r  
i n t e r n a l  s tandard (m) r e l a t i v e  t o  an 
app rop r i a te  recove ry  s tandard,  as 
determined f rom one i n j e c t i o n ,  and 

- 
RF, = c a l  c u l  a ted  mean re1  a t i v e  response f a c t o r  o f  

a p a r t  i c u l  a r  i n t e r n a l  s tandard  (m) r e 1  a t  i ve 
t o  an app rop r i a te  recove ry  s tandard,  as 
determined f rom t h e  f i v e  i n i t i a l  c a l  i b r a -  
t i o n  i n j e c t i o n s  ( j ) .  

7.7.2 C r i t e r i a  f o r  Acceptable Cal i b r a t i  on - 'The c r i t e r i a  1 i s t e d  
below f o r  acceptable c a l i b r a t i o n  must be met b e f o r e  sarnple analyses a r e  
performed. 

7.7.2.1 The percen t  r e l a t i v e  s tandard  d e v i a t i o n s  f o r  t h e  
mean response f a c t o r s  [RF, and RF,] f rom t h e  17 un labe led  s tandards 
must n o t  exceed + 20 percent ,  and those  f o r  t h e  n i n e  l a b e l e d  
re fe rence  compounds must n o t  exceed + 30 percen t .  
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7.7.2.2 The S/N f o r  t h e  GC s i g n a l s  present  i n  every SICP 
( i n c l u d i n g  t h e  ones f o r  t h e  l abe led  standards) must be 2 10. 

7.7.2.3 'The i o n  abundance r a t i o s  (Table 8 )  must be w i t h i n  
t h e  s p e c i f i e d  c o n t r o l  l i m i t s .  

NOTE: - If  t h e  c r i t e r i o n  f o r  acceptable ca l  i b r a t i o n  
l i s t e d  i n  Sec. 7.7.2.1 i s  met, t h e  ana ly te -  
s p e c i f i c  RF can then be considered independent of 
t h e  ana ly te  q u a n t i t y  f o r  t h e  c a l i b r a t i o n  concen- 
t r a t i o n  range. The mean RFs w i l l  be used f o r  a1 1 
c a l c u l a t i o n s  u n t i l  t h e  r o u t i n e  c a l  i b r a t i o n  
c r i t e r i a  (Sec. 7.7.4) a re  no l onge r  met. A t  such 
t ime, new mean RFs w i l l  be c a l c u l a t e d  from a new 
se t  o f  i n j e c t i o n s  o f  t h e  c a l i b r a t i o n  so lu t i ons .  

7.7.3 Rout ine Cal i b r a t i o n  (Cont inu ing Cal i b r a t i o n  Check) - Rout ine 
c a l i b r a t i o n s  must be performed a t  t h e  beginn ing o f  a 12-hour p e r i o d  a f t e r  
successfu l  mass r e s o l  u t  i o n  and GC r eso l  u t  i o n  performance checks. A 
r o u t i n e  c a l i b r a t i o n  i s  a l s o  requ i red  a t  t h e  end o f  a 12-hour s h i f t .  

7.7.3.1 I n j e c t  2 pL o f  t h e  concen t ra t i on  c a l i b r a t i o n  
s o l u t i o n  HRCC-3 standard (Table 5) .  By us ing  t h e  same HRGC/HRMS 
c o n d i t i o n s  as used i n  Secs. 7.6.1 and 7.6.2, determine and document 
an acceptable c a l i b r a t i o n  as prov ided i n  Sec. 7.7.4. 

7.7.4 C r i t e r i a  f o r  Acceptable Rout ine C a l i  b r a t i o n  - The f o l l o w i n g  
c r i t e r i a  must be met be fo re  f u r t h e r  ana l ys i s  i s  performed. 

7.7.4.1 The measured RFs [RF, f o r  t h e  un labeled standards] 
ob ta ined  d u r i n g  t h e  r o u t i n e  c a l i b r a t i o n  runs must be w i t h i n  + 20 
percent  o f  t h e  mean values es tab l i shed  d u r i n g  t h e  i n i t i a l  
c a l i b r a t i o n  (Sec. 7.7.1.4.5). 

7.7.4.2 The measured RFs [RF, f o r  t h e  l abe led  standards] 
obta ined d u r i n g  t h e  r o u t i n e  c a l i b r a t i o n  runs must be w i t h i n  
t 30 percen t  o f  t h e  mean values es tab l i shed  d u r i n g  t h e  i n i t i a l  - 
c a l i b r a t i o n  (Sec. 7.7.1.4.7). 

7.7.4.3 The i o n  abundance r a t i o s  (Table 8)  must be w i t h i n  
t h e  a l lowed c o n t r o l  1 i m i t s .  

7.7.4.4 I f  e i t h e r  one o f  t h e  c r i t e r i a  i n  Secs. 7.7.4.1 and 
7.7.4.2 i s  n o t  s a t i s f i e d ,  repeat  one more t ime.  I f  these c r i t e r i a  
a re  s t i l l  n o t  s a t i s f i e d ,  t h e  e n t i r e  r o u t i n e  c a l i b r a t i o n  process 
(Sec. 7.7.1) must be reviewed. It i s  r e a l i z e d  t h a t  i t  may n o t  
always be p o s s i b l e  t o  achieve a l l  RF c r i t e r i a .  For example, i t  has 
occurred t h a t  t h e  RF c r i t e r i a  f o r  1 3 ~ , 2 - ~ p ~ ~ ~  and 1 3 ~ 1 2 - ~ ~ ~ ~  were n o t  
met, however, t h e  RF values f o r  t h e  corresponding un labeled 
compounds were r o u t i n e l y  w i t h i n  t h e  c r i t e r i a  es tab l i shed  i n  t h e  
method. I n  these cases, 24 o f  t h e  26 RF parameters have met t h e  QC 
c r i t e r i a ,  and t h e  da ta  q u a l i t y  f o r  t h e  un labeled HpCDD and OCDD 
values were n o t  compromised as a r e s u l t  o f  t h e  c a l i b r a t i o n  event.  
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I n  these s i t u a t i o n s ,  t h e  ana l ys t  must assess t h e  e f f e c t  on o v e r a l l  
da ta  q u a l i t y  as requ i red  f o r  t h e  da ta  q u a l i t y  o b j e c t i v e s  and decide 
on appropr ia te  ac t i on .  Co r rec t i ve  a c t i o n  would be i n  order ,  f o r  
example, i f  t h e  compo~~nds f o r  which t h e  RF c r i t e r i a  were n o t  met 
i n c l  uded both the  un l  abel ed and t h e  corresponding i n t e r n a l  standard 
compounds. I f  t h e  i o n  abundance r a t i o  c r i t e r i o n  (Sec. 7.7.4.3) i s  

I 

b y  

n o t  s a t i s f i e d ,  r e f e r  t o  t h e  note i n  Sec. 7.7.1.4.2 f o r  r e s o l u t i o n .  

NOTE: An i n i t i a l  c a l i b r a t i o n  must be c a r r i e d  ou t  
whenever t h e  HRCC-3, t h e  sample f o r t i f i c a t i o n ,  o r  
t h e  recovery standard s o l u t i o n  i s  rep laced by a  
new s o l u t i o n  from a  d i f f e r e n t  l o t .  

7.8 Ana lys is  

7.8.1 Remove t h e  sample o r  b lank e x t r a c t  ( f rom Sec. 7.5.3.6) f rom 
storage. With a  stream o f  dry,  p u r i f i e d  n i t r ogen ,  reduce t h e  e x t r a c t  
volume t o  10 pL t o  50 pL. 

NOTE: A f i n a l  volume o f  20 pL o r  more should be used whenever 
poss ib le .  A 10 pL f i n a l  volume i s  d i f f i c u l t  t o  handle, and 
i n j e c t i o n  o f  2  pL out  o f  10 pL leaves l i t t l e  sample f o r  
con f i rmat ions  and repeat  i n j e c t i o n s ,  and f o r  a r c h i v i n g .  

7.8.2 I n j e c t  a  2  pL a l i q u o t  o f  t he  e x t r a c t  i n t o  t h e  GC, operated 
under t h e  cond i t i ons  t h a t  have been es tab l i shed  t o  produce acceptable 
r e s u l t s  w i t h  t h e  performance check s o l u t i o n  (Secs. 7.6.1 and 7.6.2). 

7.8.3 Acquire SIM data  according t o  Secs. 7.6.2 and 7.6.3. Use t h e  
same a c q u i s i t i o n  and mass spectrometer ope ra t i ng  c o n d i t i o n s  p r e v i o u s l y  
used t o  determine t h e  r e l a t i v e  response f a c t o r s  (Secs. 7.7.1.4.4 through 
7.7.1.4.7). Ions c h a r a c t e r i s t i c  o f  p o l y c h l o r i n a t e d  d ipheny l  e the rs  a re  
inc luded i n  t he  d e s c r i p t o r s  l i s t e d  i n  Table 6. 

NOTE : The a c q u i s i t i o n  pe r i od  must a t  l e a s t  encompass t h e  PCDD/PCDF 
o v e r a l l  r e t e n t i o n  t ime window p r e v i o u s l y  determined (Sec. 
8.2.1.3).  Selected i o n  cu r ren t  p r o f i l e s  (SICP) f o r  t h e  l o c k -  
mass ions  (one per  mass d e s c r i p t o r )  must a1 so be recorded and 
inc luded i n  t he  da ta  package. These SICPs must be t r u e  
representa t ions  o f  t h e  e v o l u t i o n  o f  t h e  lock-mass i ons  
ampl i tudes du r i ng  t h e  HRGC/HRMS run  (see Sec. 8.2.2 f o r  t h e  
proper  l e v e l  o f  re fe rence compound t o  be metered i n t o  t h e  i o n  
chamber.) The ana l ys t  may be r e q u i r e d  t o  mon i to r  a  PFK ion ,  
n o t  as a  lock-mass, bu t  as a  r e g u l a r  ion ,  i n  o rde r  t o  meet 
t h i s  requirement.  It i s  recommended t o  examine the  lock-mass 
i o n  SICP f o r  obvious bas ic  s e n s i t i v i t y  and s t a b i l i t y  changes 
o f  t he  inst rument  du r i ng  t h e  GC/MS r u n  t h a t  cou ld  a f f e c t  t h e  
measurements [Tondeur e t  a l . ,  1984, 19871. Report any 
d iscrepancies i n  t h e  case n a r r a t i v e .  

R e v i ~ l o n O  9 
September 1994 1"?J 



7.8.4 I d e n t i f i c a t i o n  C r i t e r i a  - For a gas chromatographic peak t o  
be i d e n t i f i e d  as a PCDD o r  PCDF, i t  must meet a l l  o f  t h e  f o l l o w i n g  
c r i t e r i a :  

7.8.4.1 Reten t ion  Times 

7.8.4.1.1 For  2,3,7,8-subst i tuted congeners, which 
have an i so top i ca l  1 y 1 abel ed i n t e r n a l  o r  recovery standard 
p resen t  i n  t h e  sample e x t r a c t  ( t h i s  represents  a t o t a l  o f  10 
congeners i n c l u d i n g  OCDD; Tab1 es 2 and 3), t h e  r e t e n t i o n  t ime  
(RRT; a t  maximum peak he igh t )  o f  t h e  sample components ( i .e . ,  
t h e  two ions  used f o r  q u a n t i t a t i o n  purposes l i s t e d  i n  Table 
6) must be w i t h i n  -1 t o  t 3  seconds o f  t h e  i s o t o p i c a l l y  
1 abel ed standard. 

7.8.4.1.2 For 2,3,7,8-subst i tuted compounds t h a t  do 
n o t  have an i s o t o p i c a l l y  1 abeled i n t e r n a l  standard present  i n  
t h e  saniple e x t r a c t  ( t h i s  represents  a t o t a l  o f  s i x  congeners; 
Table 3),  t h e  r e t e n t i o n  t ime must f a l l  w i t h i n  0.005 r e t e n t i o n  
t ime u n i t s  o f  t h e  r e l a t i v e  r e t e n t i o n  t imes measured i n  t h e  
r o u t i n e  c a l i b r a t i o n .  I d e n t i f i c a t i o n  o f  OCDF i s  based on i t s  

13 r e t e n t i o n  t ime  r e l a t i v e  t o  C12-OCDD as determined from t h e  
d a i l y  r o u t i n e  c a l i b r a t i o n  r e s u l t s .  

7.8.4.1.3 For non-2,3,7,8-substituted compounds ( t e t r a  
through octa;  t o t a l  i ng 119 congeners), t h e  r e t e n t i o n  t ime 
must be w i t h i n  t h e  corresponding homologous r e t e n t i o n  t ime 
w i  ndows es tab l  i shed by analyz ing t h e  co l  umn perforniance check 
s o l u t i o n  (Sec. 8.1.3). 

7.8.4.1.4 The i o n  c u r r e n t  responses f o r  bo th  ions  used 
f o r  q u a n t i t a t i v e  purposes (e.g., f o r  TCDDs: m/z 319.8965 and 
321.8936) must reach maximum s imul taneously  (+ 2 seconds). 

7.8.4.1.5 The i o n  c u r r e n t  responses f o r  bo th  ions  used 
f o r  t h e  l abe led  standards (e.g., f o r  1 3 c 1 2 - ~ c ~ ~ :  m/z 331.9368 
and m/z 333.9339) must reach maximum s imul taneously  (+ 2 
seconds). 

NOTE: The ana l ys t  i s  r equ i red  t o  v e r i f y  t h e  presence o f  
1,2,8,9-TCDD and 1,3,4,6,8-PeCDF (Sec. 8.1.3) i n  
t h e  SICPs o f  t h e  d a i l y  performance checks. 
Should e i t h e r  one compound be missing, t h e  
ana l ys t  i s  r equ i red  t o  take  c o r r e c t i v e  a c t i o n  as 
i t  may i n d i c a t e  a p o t e n t i a l  problem w i t h  t h e  
a b i l  i t y  t o  de tec t  a l l  t h e  PCDDs/PCDFs. 

7.8.4.2 Ion  Abundance Rat ios  

7.8.4.2.1 The i n t e g r a t e d  i o n  c u r r e n t s  f o r  t h e  two ions  
used f o r  q u a n t i t a t i o n  purposes must have a r a t i o  between t h e  
lower  and upper l i m i t s  es tab l i shed  f o r  t h e  homologous se r i es  

Rev is ion  0 
September 1994 



t o  which t h e  peak i s  assigned. See Secs. 7.7.1.4.1 and 
7.7.1.4.2 and Table 8  f o r  d e t a i l s .  

7.8.4.3 S igna l - to -No ise  Ra t i o  ,e 
7.8.4.3.1 A l l  i o n  c u r r e n t  i n t e n s i t i e s  must be 2 2.5 

t imes noise l e v e l  f o r  p o s i t i v e  i d e n t i f i c a t i o n  o f  a  PCDD/PCDF 
compound o r  a  group o f  coel u t i n g  isomers. F igu re  6  descr ibes 
t h e  procedure t o  be fo l l owed  f o r  t h e  de termina t ion  o f  t h e  
S/N . 
7.8.4.4 Po l ych lo r i na ted  Diphenyl E ther  I n t e r f e r e n c e s  

7.8.4.4.1 I n  a d d i t i o n  t o  t h e  above c r i t e r i a ,  t h e  
i d e n t i f i c a t i o n  o f  a  GC peak as a  PCDF can o n l y  be made i f  no 
s igna l  having a  S/N 2 2.5 i s  detected a t  t h e  same r e t e n t i o n  
t ime  (+ 2  seconds) i n  t h e  corresponding p o l y c h l o r i n a t e d  
d iphenyl  e t h e r  (PCDPE, Table 6) channel. 

7.9 Ca lcu la t i ons  

7.9.1 For gas chromatographic peaks t h a t  have met t h e  c r i t e r i a  
o u t l i n e d  i n  Secs. 7.8.4.1.1 through 7.8.4.3.1, c a l c u l a t e  t h e  concen t ra t i on  
o f  t h e  PCDD o r  PCDF compounds us ing  t h e  formula: 

where: rn 
cx = concent ra t ion  o f  un l  abel ed PCDD/PCDF congeners ( o r  group 

o f  c o e l u t i n g  isomers w i t h i n  an homologous s e r i e s )  i n  
pg/g 9 

Ax = sum o f  t h e  i n tea ra ted  i o n  abundances o f  t h e  q u a n t i t a t i o n  
i ons  (Tab1 e  6) l o r  un l  abel ed PCDDs/PCDFs, 

Ais = sum o f  t h e  i n t e g r a t e d  i o n  abundances o f  t h e  q u a n t i t a t i o n  
ions  (Table 6) f o r  t h e  l a b e l e d  i n t e r n a l  standards, 

Q is = quan t i t y ,  i n  pg, o f  t h e  i n t e r n a l  standard added t o  t h e  
sampl e  be fore  e x t r a c t i o n ,  

W = weight,  i n  g, o f  t h e  sample ( so l  i d  o r  o rgan i c  1  i q u i d ) ,  
o r  volume i n  mL o f  an aqueous sample, and 

- 
RF, F c a l c u l a t e d  mean r e l a t i v e  response f a c t o r  f o r  t h e  ana l y te  

[m, w i t h  n  = 1 t o  17; Sec. 7.7.1.4.51. 

I f  t h e  ana l y te  i s  i d e n t i f i e d  as one o f  t he  2,3,7,8-subst i tu ted PCDDs 
o r  PCDFs, F, i s  t h e  va lue ca l cu la ted  us ing  t h e  equat ion  i n  Sec. 7.7.1.4.5. 
However, i f  i t  i s  a  non-2,3,7,8-subst i tuted congener, t h e  m ( k )  va lue i s  

Rev is ion  0 
September 1994 



t h e  one c a l c u l a t e d  us ing  t h e  equat ion  i n  Sec. 7.7.1.4.6.2. [RF, k  = 27 
t o  301. 

7.9.2 Ca l cu la te  t h e  percent  recovery o f  t h e  n i n e  i n t e r n a l  standards 
measured i n  t h e  sample e x t r a c t ,  us ing t h e  formula:  

Aib Qm 

I n t e r n a l  standard percent  recovery = x  100 
Q, x 4, x  Em 

where: 

Ais 
= sum of t h e  i n t e g r a t e d  i o n  abundances o f  t h e  q u a n t i t a t i o n  

ions  (Table 6) f o r  t h e  l abe led  i n t e r n a l  standard, 

A , s 
= sum o f  t h e  i n t e g r a t e d  i o n  abundances o f  t h e  q u a n t i t a t i o n  

ions  (Table 6) f o r  t h e  1  abeled recovery standard; t h e  
s e l e c t i o n  of t h e  recovery standard depends on t h e  t ype  
o f  congeners (see Table 5, foo tno tes ) ,  

Qis = quan t i t y ,  i n  pg, o f  t h e  i n t e r n a l  standard added t o  t h e  
sample be fo re  e x t r a c t i o n ,  

Qrs = quan t i t y ,  i n  pg, o f  t he  recovery standard added t o  t h e  
c l  eaned-up sampl e  res idue  be fo re  HRGC/HRMS ana l ys i  s, and 

- 
RF, = c a l  c u l  a ted  mean re1  a t  i v e  response f a c t o r  f o r  t h e  1  abel ed 

i n t e r n a l  standard re1  a t i v e  t o  t h e  app rop r i a te  (see Table 
5, foo tno tes )  recovery standard.- Th i s  represents  t he  
mean obta ined .in Sec. 7.7.1.4.7 [RF, w i t h  m = 18 t o  261. 

NOTE: For human adipose t i s sue ,  ad jus t  t h e  percent  recover ies  by 
adding 1 percent  t o  t h e  c a l c u l a t e d  va lue t o  compensate f o r  
t h e  1 percent  o f  t h e  e x t r a c t  d i v e r t e d  f o r  t h e  l i p i d  
de te rmina t ion .  

7.9.3 I f  t h e  concent ra t ion  i n  t h e  f i n a l  e x t r a c t  o f  any o f  t he  
f i f t e e n  2,3,7,8-subst i tuted PCDD/PCDF compounds (Table 3) exceeds t h e  
upper method c a l i b r a t i o n  l i m i t s  (MCL) l i s t e d  i n  Table 1 (e.g., 200 pg/pL 
f o r  TCDD i n  s o i l ) ,  t h e  l i n e a r  range o f  response versus concent ra t ion  may 
have been exceeded, and a  second ana l ys i s  o f  t h e  sample (us ing  a  one t e n t h  
a l i q u o t )  should be undertaken. The volumes o f  t h e  i n t e r n a l  and recovery 
s tandard s o l u t i o n s  should remain t h e  same as descr ibed  f o r  t h e  sample 
p repa ra t i on  (Secs. 7 .1  t o  7.9.3). For t h e  o the r  congeners ( i n c l u d i n g  
OCDD) , however, r e p o r t  t h e  measured concent ra t ion  and i n d i c a t e  t h a t  t he  
va lue exceeds t h e  MCL. 

7.9.3.1 If a smal le r  sample s i z e  would n o t  be 
r e p r e s e n t a t i v e  o f  t h e  e n t i r e  sample, one o f  t he  f o l l o w i n g  op t i ons  i s  
recommended : 

(1 )  Re-ex t rac t  an a d d i t i o n a l  a l i q u o t  o f  s u f f i c i e n t  s i z e  t o  i nsu re  
t h a t  i t  i s  r ep resen ta t i ve  o f  t h e  e n t i r e  sample. Spike i t  w i t h  a  
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h igher  concent ra t ion  o f  i n t e r n a l  standard. P r i o r  t o  GC/MS ana lys is ,  
d i l u t e  t h e  sample so t h a t  i t  has a  concen t ra t i on  o f  i n t e r n a l  
standard equ iva len t  t o  t h a t  present  i n  t h e  c a l  i b r a t i o n  standard. 
Then, analyze t h e  d i l u t e d  e x t r a c t .  

(2)  Re-ext ract  an a d d i t i o n a l  a l i q u o t  o f  s u f f i c i e n t  s i z e  t o  i n s u r e  r", 'qi-~tw 
t h a t  i t  i s  rep resen ta t i ve  o f  t h e  e n t i r e  sample. Spike i t  w i t h  a  
h igher  concent ra t ion  o f  i n t e r n a l  standard. Immediately f o l  1  owing 
e x t r a c t i o n ,  t r a n s f e r  t h e  sample t o  a  vo lume t r i c  f l a s k  and d i l u t e  t o  
known volume. Remove an appropr ia te  a l i q u o t  and proceed w i t h  
cleanup and ana lys is .  

(3)  Use t h e  o r i g - i na l  ana l ys i s  da ta  t o  q u a n t i t a t e  t h e  i n t e r n a l  
standard recover ies .  Respike t h e  o r i g i n a l  e x t r a c t  (no te  t h a t  no 
a d d i t i o n a l  cleanup i s  necessary) w i t h  100 t imes t h e  usual q u a n t i t y  
o f  i n t e r n a l  standards. D i l u t e  t h e  r e - s p i  ked e x t r a c t  by a  f a c t o r  o f  
100. Reanalyze t h e  d i l u t e d  sample us ing  t h e  i n t e r n a l  s tandard 
recover ies  c a l  c u l  a ted from the  i n i  t i  a1 a n a l y s i s  t o  c o r r e c t  t h e  
r e s u l  t s  f o r  1  osses du r i ng  i so l  a t i  on and cleanup. 

7.9.4 The t o t a l  concent ra t ion  f o r  each homologous s e r i e s  o f  PCDD and 
PCDF i s  c a l c u l a t e d  by summing up the  concent ra t ions  o f  a l l  p o s i t i v e l y  
i d e n t i f i e d  isomers o f  each homologous se r i es .  Therefore, t h e  t o t a l  should 
a l so  i nc lude  t h e  2,3,7,8-subst i tuted congeners. The t o t a l  number o f  GC 
s i gna l s  inc luded i n  t h e  homologous t o t a l  concen t ra t i on  va lue  must be 
s p e c i f i e d  i n  t h e  r e p o r t .  I f  an isomer i s  n o t  detected,  use zero (0)  i n  
t h i s  c a l c u l a t i o n .  

7.9.5 Sample S p e c i f i c  Est imated Detec t ion  L i m i t  - The sample 
s p e c i f i c  est imated d e t e c t i o n  l i m i t  (EDL) i s  t he  concen t ra t i on  o f  g i ven  

t imes t h e  background s igna l  l e v e l .  An EDL i s  c a l c u l a t e d  f o r  each 
m ana ly te  requ i red  t o  produce a  s igna l  w i t h  a  peak h e i g h t  o f  a t  l e a s t  2.5 \ 

2,3,7,8-subst i tuted congener t h a t  i s  no t  i d e n t i f i e d ,  rega rd less  o f  whether 
o r  n o t  o the r  non-2,3,7,8-subst i tuted isomers a re  present .  Two methods o f  
c a l c u l a t i o n  can be used, as fo l lows,  depending on t h e  type  o f  response 
produced du r i ng  the  ana l ys i s  o f  a  p a r t i c u l a r  sample. 

7.9.5.1 Samples g i v i n g  a  response f o r  bo th  q u a n t i t a t i o n  
ions  (Tables 6  and 9) t h a t  i s  l e s s  than 2.5 t imes t h e  background 
1  eve1 . 

7.9.5.1.1 Use t h e  express ion f o r  EDi ( s p e c i f i c  
2,3,7,8-substi t u t e d  PCDD/PCDF) below t o  c a l c u l a t e  an EDL f o r  
each absent 2,3,7,8-subst i tu ted PCDD/PCDF ( i . e . ,  S/N < 2.5) .  
The background l e v e l  i s  determined by measuring t h e  range o f  
t he  no ise  (peak t o  peak) f o r  t h e  two q u a n t i t a t i o n  i ons  (Table 
6)  o f  a  p a r t i c u l a r  2,3,7,8-subst i tuted isomer w i t h i n  an 
homologous se r i es ,  i n  t h e  reg ion  of t h e  SICP t r a c e  
corresponding t o  t h e  e l u t i o n  o f  t h e  i n t e r n a l  s tandard ( i f  t h e  
congener possesses an i n t e r n a l  standard) o r  i n  t h e  r e g i o n  o f  
t h e  SICP where t h e  congener i s  expected t o  e l u t e  by 
compari son w i t h  t h e  r o u t i n e  c a l  i b r a t i o n  da ta  ( f o r  those 
coqgeners t h a t  do no t  have a  '%- labe led  standard) ,  
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m u l t i p l y i n g  t h a t  no ise he igh t  by 2.5, and r e l a t i n g  the  
product t o  an est imated concentrat ion t h a t  would produce t h a t  
peak he igh t .  

Use the  formula: 

EDL ( s p e c i f i c  2,3,7,8-subst. PCDD/PCDF) = 
H, x  W x  m,, 

where : 

EDL = est imated de tec t i on  l i m i t  f o r  homologous 
2,3,7,8-substi t u t e d  PCDDs/PCDFs. 

H, = sum o f  t he  he igh t  of t h e  noise l e v e l  f o r  each 
q u a n t i t a t i o n  i o n  (Table 6) f o r  t he  unlabeled 
PCDDs/PCDFs, measured as shown i n  F igure  6. 

His = sum o f  t he  he igh t  o f  t he  noise l e v e l  f o r  each 
q u a n t i t a t i o n  i o n  (Table 6) f o r  t h e  labe led  
i n t e r n a l  standard, measured as shown i n  F igure 6. 

W, s,, and Q, r e t a i n  the  same meanings as de f ined  i n  
Sec. 7.9.1. 

7.9.5.2 Samples character ized by a  response above the 
background l e v e l  w i t h  a  S/N o f  a t  l e a s t  2.5 f o r  both q u a n t i t a t i o n  
ions  (Tables 6 and 9) .  

7.9.5.2.1 When the  response o f  a  s igna l  having the  
same r e t e n t i o n  t ime as a  2,3,7,8-substituted congener has a  
S/N i n  excess o f  2.5 and does no t  meet any o f  t he  o ther  
q u a l i t a t i v e  i d e n t i f i c a t i o n  c r i t e r i a  l i s t e d  i n  Sec. 7.8.4, 
c a l c u l  a te  t he  "Estimated Maximum Possib le Concentrat ion" 
(EMPC) according t o  the  expression shown i n  Sec. 7.9.1, 
except t h a t  A, i n  Sec. 7.9.1 should represent  the  sum o f  t he  
area under the  smal ler  peak and o f  t he  o the r  peak area 
ca l cu la ted  us ing the  t h e o r e t i c a l  c h l o r i n e  iso tope r a t i o .  

7.9.6 The re1  a t  i ve percent d i f f e rence  (RPD) o f  any dupl i c a t e  sample 
r e s u l t s  are ca l cu la ted  as fo l lows:  

I s1 - s 2  I 
RPD = x  100 

(S1 + s 2  / 2  

S, and S, represent  sarnple and dupl i c a t e  sample r e s u l t s .  

7.9.7 The 2,3,7,8-TCDD t o x i c i t y  equ iva len ts  (TE) o f  PCDDs and PCDFs 
present i n  t he  sample are ca lcu la ted ,  if requested by the  data user, 
according t o  t h e  method recommended by the  Chl o r i na ted  D iox ins  Workgroup 
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(CDWG) of t h e  EPA and t h e  Center f o r  Disease Cont ro l  (CDC). T h i s  method 
ass igns a 2,3,7,8-TCDD t o x i c i t y  equiva lency f a c t o r  (TEF) t o  each o f  t h e  
f i f t e e n  2,3,7,8-subst i tu ted PCDDs and PCDFs (Table 3 )  and t o  OCDD and 
OCDF, as shown i n  Table 10. The 2,3,7,8-TCDD e q u i v a l e n t  o f  t h e  PCDDs and 
PCDFs presen t  i n  t h e  sample i s  c a l c u l a t e d  by summing t h e  TEF t imes  t h e i r  
concen t ra t i on  f o r  each o f  t h e  compounds o r  groups o f  compounds l i s t e d  i n  'w" 
Table 10. The exc lus ion  o f  o t h e r  homologous s e r i e s  such as mono-, d i - ,  
and tri- c h l o r i n a t e d  d ibenzod iox ins  and d ibenzofurans does n o t  mean t h a t  
t hey  a re  non- tox ic .  However, t h e i r  t o x i c i t y ,  as known a t  t h i s  t ime,  i s  
much l owe r  than  t h e  t o x i c i t y  o f  t h e  compounds l i s t e d  i n  Tab le  10. The 
above procedure f o r  c a l c u l a t i n g  t h e  2,3,7,8-TCDD t o x i c i t y  e q u i v a l e n t s  i s  
n o t  c la imed by t h e  CDWG t o  be based on a t ho rough l y  e s t a b l i s h e d  s c i e n t i f i c  
foundat ion.  The procedure, r a t h e r ,  represen ts  a "consensus recommendation 
on sc ience p o l i c y " .  Since t h e  procedure may be changed i n  t h e  f u t u r e ,  
r e p o r t i n g  requi rements f o r  PCDD and PCDF da ta  would s t i l l  i n c l u d e  t h e  
r e p o r t i n g  o f  t h e  ana l y te  concen t ra t i ons  o f  t h e  PCDD/PCDF congener as 
c a l c u l a t e d  i n  Secs. 7.9.1 and 7.9.4. 

7.9.7.1 Two GC Column TEF Dete rmina t ion  

7.9.7.1.1 T h e c o n c e n t r a t i o n o f 2 , 3 , 7 , 8 - T C D D ( s e e n o t e  
below),  i s  c a l c u l a t e d  f rom t h e  a n a l y s i s  o f  t h e  sample e x t r a c t  
on t h e  60 m DB-5 fused  s i l i c a  c a p i l l a r y  column. The 
exper imenta l  c o n d i t i o n s  remai n t h e  same as t h e  c o n d i t i o n s  
descr ibed  p r e v i o u s l y  i n  Sec. 7.8, and t h e  c a l c u l a t i o n s  a re  
performed as o u t l i n e d  i n  Sec. 7.9. The chromatographic  
separa t ion  between t h e  2,3,7,8-TCDD and i t s  c l o s e  e l u t e r s  
(1,2,3,7/1,2,3,8-TCDD and 1,2,3,9-TCDD) must be equal o r  l e s s  
than  25 percen t  va l  1 ey. 

7.9.7.1.2 T h e c o n c e n t r a t i o n  o f  t h e  2,3,7,8-TCDF i s  r* 
obta ined  f rom t h e  a n a l y s i s  o f  t h e  sample e x t r a c t  on t h e  30 m 
DB-225 fused s i  1 i c a  cap i  11 a r y  column. However, t h e  GC/MS 
c o n d i t i o n s  must be a l t e r e d  so t h a t :  ( 1 )  o n l y  t h e  f i r s t  t h r e e  
d e s c r i p t o r s  ( i . . ,  t e t r a - ,  penta- ,  and hexach lo r i na ted  
congeners) o f  Table 6 a re  used; and (2 )  t h e  s w i t c h i n g  t i m e  
between d e s c r i p t o r  2 ( pen tach lo r i na ted  congeners) and 
d e s c r i p t o r  3 (hexachl  o r i n a t e d  congeners) t akes  p l  ace 
f o l l o w i n g  t h e  e l u t i o n  o f  l3 Cl,-1,2,3,7,8-PeCDD. The 
concen t ra t i on  c a l c u l a t i o n s  a re  performed as o u t l i n e d  i n  Sec. 
7.9. The chromatographic sepa ra t i on  between t h e  2,3,7,8-TCDF 
and i t s  c l o s e  e l u t e r s  (2,3,4,7-TCDF and 1,2,3,9-TCDF) must be 
equal o r  l e s s  than  25 percen t  v a l l e y .  

NOTE: The c o n f i r m a t i o n  and quant i t a t  i on o f  2,3,7,8-TCDD 
(Sec. 7.9.7.1.1) may be accompl ished on t h e  SP- 
2330 GC column i n s t e a d  o f  t h e  DB-5 column, 
p rov ided  t h e  c r i t e r i a  l i s t e d  i n  Sec. 8 .2 .1  a re  
met and t h e  requi rements desc r i bed  i n  Sec. 
8.3.2 a re  f o l l owed .  
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7.9.7.1.3 For a gas chromatographic peak t o  be 
i d e n t i f i e d  as a 2,3,7,8-subst i tuted PCDD/PCDF congener, i t  
must meet t he  i o n  abundance and s i gna l - t o -no i se  r a t i o  
c r i t e r i a  l i s t e d  i n  Secs. 7.8.4.2 and 7.8.4.3, r espec t i ve l y .  
I n  add i t i on ,  t h e  r e t e n t i o n  t ime i d e n t i f i c a t i o n  c r i t e r i o n  
descr ibed  i n  Sec. 7.8.4.1.1 appl i e s  here f o r  congeners f o r  
which a carbon- labeled analogue i s  a v a i l a b l e  i n  t h e  sample 
e x t r a c t .  However, t h e  r e l a t i v e  r e t e n t i o n  t ime  (RRT) o f  t h e  
2,3,7,8-substi t u t e d  congeners f o r  which no carbon-1 abeled 
analogues a re  a v a i l a b l e  must f a l l  w i t h i n  0.006 u n i t s  o f  t h e  
carbon- labeled standard RRT. Exper imenta l ly ,  t h i s  i s  
accomplished by us ing  t h e  a t t r i b u t i o n s  descr ibed i n  Table 11 
and t h e  r e s u l t s  f rom the  r o u t i n e  c a l i b r a t i o n  run  on t h e  
SP-2330 c o l  umn . 

8.0 QUALITY CONTROL 

8.1 Refer  t o  Chapter One f o r  s p e c i f i c  qua1 i t y  c o n t r o l  (QC) procedures. 
Qua1 i t y  c o n t r o l  t o  v a l i d a t e  sample e x t r a c t i o n  i s  covered i n  Method 3500. I f  
e x t r a c t  c leanup was performed, f o l l o w  t h e  QC i n  Method 3600 and i n  t h e  s p e c i f i c  
c leanup met hod. 

8.2 System Performance C r i t e r i a  - System performance c r i t e r i a  are 
presented below. The l a b o r a t o r y  may use t h e  recommended GC column descr ibed i n  
Sec. 4.2. It must be documented t h a t  a l l  app l i cab le  system performance c r i t e r i a  
( s p e c i f i e d  i n  Secs. 8.2.1 and 8.2.2) were met be fo re  ana l ys i s  o f  any sample i s  
performed. Sec. 7.6.1 p rov ides  recommended GC c o n d i t i o n s  t h a t  can be used t o  
s a t i s f y  t h e  r e q u i r e d  c r i t e r i a .  F igure  3 p rov ides  a t y p i c a l  12-hour ana l ys i s  

<re- sequence, whereby t h e  response f a c t o r s  and mass spectrometer r e s o l v i n g  power 
I 

hkd 
checks must be performed a t  t h e  beginn ing and t he  end o f  each 12-hour pe r i od  o f  
opera t ion .  A GC column performance check i s  on l y  r e q u i r e d  a t  t h e  beginn ing o f  
each 12-hour p e r i o d  d u r i n g  which samples are analyzed. An HRGC/HRMS method b lank  
run  i s  r e q u i r e d  between a c a l  i b r a t i o n  run  and t he  f i r s t  sample run.  The same 
method b lank  e x t r a c t  may thus  be analyzed more than once i f  t h e  number o f  samples 
w i t h i n  a ba tch  r e q u i r e s  more than 12 hours of analyses. 

8.2.1 GC Col umn Performance 

8.2.1.1 I n j e c t  2 p L  (Sec. 4.1.1) of t h e  c o l  umn performance 
check s o l u t i o n  (Sec. 5.7) and acqu i re  se lec ted  i o n  mon i t o r i ng  (SIM) 
da ta  as descr ibed  i n  Sec. 7.6.2 w i t h i n  a t o t a l  c y c l e  t ime  o f  1 
second (Sec. 7.6.3.1). 

8.2.1.2 The chromatographic separa t ion  between 2,3,7,8- 
TCDD and t h e  peaks represen t ing  any o the r  un labeled TCDD isomers 
must be reso l ved  w i t h  a v a l l e y  of 5 25 percent  (F igure  4), where: 

Val l e y  percent  = (x/y)  (100) 

x = measured as i n  F igu re  4 from t h e  2,3,7,8-closest TCDD 
e l u t i n g  isomer, and 

y = t h e  peak he igh t  o f  2,3,7,8-TCDD. 
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It i s  t h e  r e s p o n s i b i l i t y  o f  t h e  l a b o r a t o r y  t o  v e r i f y  t h e  
c o n d i t i o n s  s u i  tab1 e  f o r  t h e  app rop r i a te  r e s o l u t i o n  o f  2,3,7,8-TCDD 
fro111 a l l  o t h e r  TCDD isomers. The GC column performance check 
s o l u t i o n  a l s o  con ta ins  t h e  known f i r s t  and l a s t  PCDD/PCDF e l u t e r s  
under t h e  c o n d i t i o n s  s p e c i f i e d  i n  t h i s  p r o t o c o l .  T h e i r  r e t e n t i o n  
t imes a re  used t o  determine t h e  e i g h t  homologue r e t e n t i o n  t i m e  
windows t h a t  a re  used f o r  q u a l i t a t i v e  (SQC. 7.8.4.1) and 
q u a n t i t a t i v e  purposes. A1 1  peaks ( t h a t  i nc l udes  C,,-2,3,7,8-TCDD) 
should be 1  abeled and i d e n t i f i e d  on t h e  chromatograms. Furthermore, 
a l l  f i r s t  e l u t e r s  o f  a  homologous s e r i e s  should be l a b e l e d  w i t h  t h e  
l e t t e r  F, and a l l  l a s t  e l u t e r s  o f  a  homologous s e r i e s  shou ld  be 
l a b e l e d  w i t h  t he  l e t t e r  L (F igu re  4  shows an example o f  peak 
1  abel  i n g  f o r  TCDD isomers). Any i n d i v i d u a l  se lec ted  i o n  c u r r e n t  
p r o f i l e  (SICP) ( f o r  t h e  t e t r a s ,  t h i s  would be t h e  SICP f o r  m/z 322 
and m/z 304) o r  t h e  recons t ruc ted  homologue i o n  c u r r e n t  ( f o r  t h e  
t e t r a s ,  t h i s  would correspond t o  m/z 320 + m/z 322 + m/z 304 + m/z 
306) c o n s t i t u t e s  an acceptable form o f  da ta  p r e s e n t a t i o n .  An SICP 
f o r  t h e  1  abeled compounds (e.g., ni/z 334 f o r  1  abel  ed TCDD) i s  a1 so 
requ i red .  

8.2.1.3 The r e t e n t i o n  t imes  f o r  t h e  s w i t c h i n g  o f  S I M  i o n s  
c h a r a c t e r i s t i c  o f  one homologous s e r i e s  t o  t h e  nex t  h i g h e r  
homologous s e r i e s  must be i n d i c a t e d  i n  t h e  SICP. Accurate s w i t c h i n g  
a t  t h e  app rop r i a te  t imes i s  a b s o l u t e l y  necessary f o r  accura te  
m o n i t o r i n g  o f  these compounds. A l lowab le  t o1  erance on t h e  d a i l y  
v e r i f i c a t i o n  w i t h  t h e  GC performance check s o l u t i o n  should be b e t t e r  
than  10 seconds f o r  t h e  abso lu te  r e t e n t i o n  t imes  o f  a l l  t h e  
components o f  t h e  m ix tu re .  P a r t i c u l a r  c a u t i o n  should be exe rc i sed  
f o r  t h e  s w i t c h i n g  t ime  between t h e  1  a s t  t e t r a c h l  o r i n a t e d  congener 
( i  .e., 1,2,8,9-TCDD) and t h e  f i r s t  p e n t a c h l o r i n a t e d  congener ( i  .e., 
1,3,4,6,8-PeCDF), as these two compounds e l u t e  w i t h i n  15 seconds o f  rn 
each o t h e r  on t h e  60 m DB-5 column. A  l a b o r a t o r y  w i t h  a  GC/MS w 
system t h a t  i s  n o t  capable o f  d e t e c t i n g  bo th  congeners (1,2,8,9-TCDD 
and 1,3,4,6,8-PeCDF) w i t h i n  one a n a l y s i s  must t a k e  c o r r e c t i v e  
a c t i o n .  I f  t h e  reconimended column i s  n o t  used, t hen  t h e  f i r s t  and 
l a s t  e l u t i n g  isomer o f  each homologue must be determined 
expe r imen ta l l y  on t h e  colurr~n which i s  used, and t h e  a p p r o p r i a t e  
isomers must then  be used f o r  window d e f i n i t i o n  and s w i t c h i n g  t imes .  

8.2.2 Mass Spectrometer Performance 

8.2.2.1 The mass spectrometer must be opera ted  i n  t h e  
e l e c t r o n  i o n i z a t i o n  mode. A  s t a t i c  r e s o l v i n g  power o f  a t  l e a s t  
10,000 (10 percen t  v a l l e y  d e f i n i t i o n )  must be demonstrated a t  
app rop r i a te  masses be fo re  any a n a l y s i s  i s  performed (Sec. 7.8).  
S t a t i c  r e s o l v i n g  power checks must be performed a t  t h e  beg inn ing  and 
a t  t h e  end o f  each 12 hour p e r i o d  o f  ope ra t i on .  However, i t  i s  
recommended t h a t  a  check o f  t h e  s t a t i c  r e s o l u t i o n  be made and 
documented be fo re  and a f t e r  each a n a l y s i s .  C o r r e c t i v e  a c t i o n  must 
be implemented whenever t h e  r e s o l v i n g  power does n o t  meet t h e  
r e q u i  rement . 
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8.2.2.2 Chromatography t ime f o r  PCDDs and PCDFs exceeds 
the  long  term mass s t a b i l i t y  o f  the  mass spectrometer. Because the 
inst rument  i s  operated i n  t he  h igh - reso lu t i on  mode, mass d r i f t s  o f  
a  few ppm (e.g., 5 ppm i n  mass) can have ser ious adverse e f f e c t s  on 
inst rument  performance. Therefore, a  mass d r i f t  co r rec t  i o n  i s  
mandatory. To t h a t  e f fec t ,  i t  i s  recommended t o  s e l e c t  a  lock-mass 
i o n  from the  reference compound (PFK i s  recommended) used f o r  tun ing  
t h e  mass spectrometer. The se lec t i on  o f  t he  lock-mass i o n  i s  
dependent on the  masses o f  the  ions monitored w i t h i n  each 
desc r i p to r .  Table 6  o f f e r s  some suggestions f o r  t h e  lock-mass ions. 
However, an acceptable lock-mass i o n  a t  any mass between the  
l i g h t e s t  and heaviest  i o n  i n  each d e s c r i p t o r  can be used t o  moni tor  
and c o r r e c t  mass d r i f t s .  The l e v e l  of t he  reference compound (PFK) 
metered i n t o  t he  i o n  chamber dur ing  HRGC/HRMS analyses should be 
adjusted so t h a t  the amplitude o f  the  most in tense selected l ock -  
mass i o n  s igna l  ( regard less o f  the  d e s c r i p t o r  number) does no t  
exceed 10 percent of t he  f u l l  sca le d e f l e c t i o n  f o r  a  g iven s e t  o f  
de tec to r  parameters. Under those condi t ions,  s e n s i t i v i t y  changes 
t h a t  might  occur du r i ng  the  ana lys is  can be more e f f e c t i v e l y  
mon i tored .  

NOTE: Excessive PFK ( o r  any o ther  reference substance) may cause - 
noise problems and contaminat ion o f  t h e  i o n  source r e s u l t i n g  
i n  an increase i n  downtime f o r  source c leaning.  

8.2.2.3 Documentation o f  t he  inst rument  reso l v ing  power 
must then be accompl ished by record ing the  peak p r o f i l e  o f  t he  h igh-  
mass re fe rence s igna l  (m/z 380.9760) obta ined du r i ng  the  above peak 
matching experiment by us ing the  low-mass PFK i o n  a t  m/z 304.9824 as 
a  reference.  The minimum reso l v ing  power o f  10,000 must be 
demonstrated on the  high-mass i o n  wh i l e  i t  i s  t r ansmi t t ed  a t  a  lower 
acce le ra t i ng  vo l tage than the  low-mass reference ion, which i s  
t r ansmi t t ed  a t  f u l l  s e n s i t i v i t y .  The format o f  the  peak p r o f i l e  
representa t ion  (F igure  5)  must a1 1  ow manual determinat ion o f  t h e  
r e s o l u t i o n ,  i .e . ,  the  ho r i zon ta l  ax i s  must be a  c a l i b r a t e d  mass 
sca le  (amu o r  ppm per  d i v i s i o n ) .  The r e s u l t  o f  t he  peak w id th  
measurement (performed a t  5 percent o f  the  maximum, which 
corresponds t o  t he  10 percent v a l l e y  d e f i n i t i o n )  must appear on the  
hard copy and cannot exceed 100 ppm a t  m/z 380.9760 ( o r  0.038 amu a t  
t h a t  p a r t i c u l a r  mass). 

8.3 Qua1 i t y  Contro l  Sampl es 

8.3.1 Performance Eva1 ua t  i on Samples - I n c l  uded among the  sampl es 
i n  a l l  batches may be samples ( b l i n d  o r  double b l i n d )  con ta in ing  known 
amounts o f  un l  abel ed 2,3,7,8-substi t u t e d  PCDDs/PCDFs o r  o the r  PCDD/PCDF 
congeners. 

8.3.2 Performance Check So lu t ions  

8.3.2.1 A t  the  beginning o f  each 12-hour per iod  dur ing  
which samples are  t o  be analyzed, an a1 i q u o t  o f  t he  1) GC column 
performance check so l  u t i o n  and 2) h igh- reso l  u t  i o n  concent ra t ion  
c a l i b r a t i o n  s o l u t i o n  No. 3  (HRCC-3; see Table 5) s h a l l  be analyzed 
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t o  demonstrate adequate GC r e s o l u t i o n  and s e n s i t i v i t y ,  response 
f a c t o r  reproduci  b i l  i t y ,  and mass range c a l  i bra t i on ,  and t o  es tab l  i sh 
t h e  PCDD/PCDF r e t e n t i o n  t ime windows. A mass r e s o l u t i o n  check s h a l l  
a l so  be performed t o  demonstrate adequate mass r e s o l u t i o n  us ing  an 
app rop r i a te  re fe rence compound (PFK i s  recommended). I f  t h e  ? 
requ i red  c r i t e r i a  a re  no t  met, remedial  a c t i o n  must be taken before k w "  

any samples a re  analyzed. 

8.3.2.2 To v a l i d a t e  p o s i t i v e  sample data, t h e  r o u t i n e  o r  
con t i nu ing  c a l  i b r a t  i on (HRCC-3 ; Tab1 e  5) and the  mass r e s o l u t i o n  
check must be performed a l so  a t  t h e  end o f  each 12-hour p e r i o d  
du r i ng  which samples are analyzed. Furthermore, an HRGC/HRMS method 
b lank  run  must be recorded f o l  1  owing a  c a l  i b r a t  i o n  r u n  and t h e  f i r s t  
sample run. 

8.3.2.2.1 I f  t h e  l a b o r a t o r y  operates o n l y  d u r i n g  one 
pe r i od  ( s h i f t )  each day o f  12 hours o r  l ess ,  t h e  GC 
performance check so l  u t ior r  must be analyzed o n l y  once ( a t  t h e  
beg'lnning o f  t h e  pe r i od )  t o  va l  i d a t e  t h e  da ta  acqui red d u r i n g  
the  per iod .  However, t h e  mass r e s o l  u t  i o n  and c o n t i n u i n g  
ca l  i b r a t i o n  checks must be performed a t  t h e  beg inn ing  as we1 1  
as a t  t he  end o f  t he  per iod .  

8.3.2.2.2 I f  t h e  l a b o r a t o r y  operates d u r i n g  
consecut ive 12-hour per iods  ( s h i f t s ) ,  a n a l y s i s  o f  t h e  GC 
performance check s o l u t i o n  must be performed a t  t h e  beg inn ing  
o f  each 12-hour per iod .  The mass r e s o l u t i o n  and c o n t i n u i n g  
c a l i b r a t i o n  checks from t h e  prev ious  pe r i od  can be used f o r  
t he  beginning o f  t he  nex t  per iod .  

p% 
8.3.2.3 R e s u l t s o f a t l e a s t o n e a n a l y s i s o f t h e G C c o l u m n  W~ 

performance check s o l u t i o n  and o f  two mass r e s o l u t i o n  and c o n t i n u i n g  
c a l i b r a t i o n  checks must be repor ted  w i t h  t h e  sample da ta  c o l l e c t e d  
d u r i n g  a  12 hour per iod .  

8.3.2.4 Dev ia t ions  from c r i t e r i a  s p e c i f i e d  f o r  t h e  GC 
performance check o r  f o r  t h e  mass r e s o l u t i o n  check i n v a l i d a t e  a l l  
p o s i t i v e  sample da ta  c o l l e c t e d  between analyses o f  t h e  performance 
check so lu t i on ,  and t h e  e x t r a c t s  from those p o s i t i v e  samples s h a l l  
be reanalyzed. 

I f  t h e  r o u t i n e  c a l i b r a t i o n  r u n  f a i l s  a t  t h e  beg inn ing  o f  a  12 
hour s h i f t ,  t h e  i n s t r u c t i o n s  i n  Sec. 7.7.4.4 must be fo l l owed .  I f  
t h e  con t i nu ing  c a l i b r a t i o n  check performed a t  t h e  end o f  a  12 hour 
pe r i od  f a i l s  by no more than 25 percent  RPD f o r  t h e  17 un labe led  
compounds and 35 percent  RPD f o r  t h e  9  l abe led  re fe rence  compounds, 
use t h e  mean m s  from t h e  two d a i l y  r o u t i n e  c a l i b r a t i o n  runs t o  
compute t h e  ana ly te  concentrat ions,  i ns tead  o f  t he  RFs ob ta inxd  from 
t h e  i n i t i a l  c a l i b r a t i o n .  A new i n i t i a l  c a l i b r a t i o n  (new RFs) i s  
requ i red  immediately ( w i t h i n  two hours) f o l l o w i n g  the  a n a l y s i s  o f  
t h e  samples, whenever t h e  RPD f rom t h e  e n d - o f - s h i f t  r o u t i n e  
c a l  i b r a t i o n  exceeds 25 percent  o r  35 percent ,  r e s p e c t i v e l y .  Fai  1  u r e  
t o  per fo rm a  new i n i t i a l  c a l i b r a t i o n  immediately f o l l o w i n g  t h e  
a n a l y s i s  o f  t he  samples w i l l  au toma t i ca l l y  r e q u i r e  r e a n a l y s i s  o f  P I  1 
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p o s i t i v e  sample e x t r a c t s  analyzed be fo re  t h e  f a i l e d  e n d - o f - s h i f t  
c o n t i n u i n g  c a l i b r a t i o n  check. 

8.3.3 The GC column performance check mix ture,  h igh- reso l  u t i o n  
concen t ra t i on  c a l  i b r a t i o n  so l  u t ions ,  and t h e  sample f o r t i f i c a t i o n  
s o l u t i o n s  may be obta ined from t h e  EMSL-CIN. However, i f  no t  a v a i l a b l e  
from t h e  EMSL-CIN, standards can be obta ined from o t h e r  sources, and 
s o l u t i o n s  can be prepared i n  t h e  l abo ra to r y .  Concentrat ions o f  a l l  
s o l u t i o n s  c o n t a i n i n g  2,3,7,8-substi t u t e d  PCDDs/PCDFs, which are n o t  
ob ta ined  from t h e  EMSL-CIN, must be v e r i f i e d  by comparison w i t h  t h e  EPA 
standard s o l u t i o n s  t h a t  are a v a i l a b l e  f rom t h e  EMSL-CIN. 

8.3.4 F i e l d  Blanks - Each batch o f  samples u s u a l l y  con ta ins  a f i e l d  
b lank  sa~i ip le o f  uncontaminated s o i l ,  sediment o r  water t h a t  i s  t o  be 
f o r t i f i e d  be fo re  ana l ys i s  accord ing t o  Sec. 8.3.4.1. I n  a d d i t i o n  t o  t h i s  
f i e l d  b lank,  a ba tch  o f  samples may i nc l ude  a r i n s a t e ,  which i s  a p o r t i o n  
o f  t h e  so l ven t  ( u s u a l l y  t r i c h l o r o e t h y l e n e )  t h a t  was used t o  r i n s e  sampling 
equipment. The r i n s a t e  i s  analyzed t o  assure t h a t  t h e  samples were no t  
contaminated by t h e  sampl i n g  equipment. 

8.3.4.1 F o r t i f i e d  F i e l d  Blank 

8.3.4.1.1 Weigh a 10 g p o r t i o n  o r  use 1 L ( f o r  aqueous 
samples) o f  t h e  s p e c i f i e d  f i e l d  b lank  sample and add 100 p L  
o f  t h e  s o l u t i o n  con ta in i ng  t h e  n i ne  i n t e r n a l  standards 
(Table 2) d i l u t e d  w i t h  1.0 mL acetone (Sec. 7.1). 

8.3.4.1.2 E x t r a c t  by us ing  t h e  procedures beginning 
i n  Secs. 7.4.5 o r  7.4.6, as app l i cab le ,  add 10 p L  o f  t h e  
recovery  standard s o l u t i o n  (Sec. 7.5.3.6) and analyze a 2 p L  
a1 i q u o t  o f  t h e  concentrated e x t r a c t .  

8.3.4.1.3 C a l c u l a t e t h e c o n c e n t r a t i o n  (Sec. 7 . 9 . 1 ) o f  
2,3,7,8-substi t u t e d  PCDDs/PCDFs and t h e  percen t  recovery o f  
t h e  i n t e r n a l  standards (Sec. 7.9.2). 

8.3.4.1.4 E x t r a c t  and analyze a new s imulated 
f o r t i f i e d  f i e l d  b lank  whenever new l o t s  o f  so lven ts  o r  
reagents a re  used f o r  sample e x t r a c t i o n  o r  f o r  column 
chromatographic procedures. 

8.3.4.2 RinsateSample 

8.3.4.2.1 The r i n s a t e  sample must be f o r t i f i e d  l i k e  
a regu l  a r  sample. 

8.3.4.2.2 Take a 100 mL (+ 0.5 mL) p o r t i o n  o f  t h e  
sampl i ng equipment r i n s e  so l  vent  ( r i  nsa te  sample) , f i 1 t e r ,  i f  
necessary, and add 100 p L  o f  t h e  s o l u t i o n  con ta in i ng  t h e  n i n e  
i n t e r n a l  standards (Tab1 e 2) .  

8.3.4.2.3 Using a KD apparatus, concen t ra te  t o  
approx imate ly  5 mL. 
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NOTE: As an op t i on ,  a  r o t a r y  evapora to r  may be used i n  
p l ace  o f  t h e  KD apparatus f o r  t h e  concen t ra t i on  
o f  t h e  r i n s a t e .  

8.3.4.2.4 T rans fe r  t h e  5 mL concent ra te  f rom t h e  KD 
concen t ra to r  tube  i n  1 mL p o r t i o n s  t o  a  1 mL m i n i v i a l ,  
reduc ing  t h e  volume i n  t h e  m i n i v i a l  as necessary w i t h  a  

a 
g e n t l e  stream o f  d r y  n i t r ogen .  

8.3.4.2.5 Rinse t h e  KD concen t ra to r  t ube  w i t h  two 
0.5 mL p o r t i o n s  o f  hexane and t r a n s f e r  t h e  r i n s e s  t o  t h e  1 mL 
m i n i v i  a1 . Blow down w i t h  d r y  n i t r o g e n  as necessary.  

8.3.4.2.6 J u s t  b e f o r e  ana l ys i s ,  add 10 p L  recove ry  
s tandard s o l u t i o n  (Table 2)  and reduce t h e  volume t o  i t s  
f i n a l  volume, as necessary (Sec. 7.8.1). No column 
chromatography i s requ i red .  

8.3.4.2.7 Analyze an a l i q u o t  f o l l o w i n g  t h e  same 
procedures used t o  analyze samples. 

8.3.4.2.8 Report  percen t  r ecove ry  o f  t h e  i n t e r n a l  
s tandard and t h e  presence o f  any PCDD/PCDF compounds i n  pg/L 
o f  r i n s a t e  so l ven t .  

8.3.5 D u p l i c a t e  Analyses 

8.3.5.1 I n  each ba tch  o f  samples, l o c a t e  t h e  sample 
s p e c i f i e d  f o r  d u p l i c a t e  ana l ys i s ,  and analyze a second 10 g s o i l  o r  
sediment sample p o r t i o n  o r  1 L wate r  sample, o r  an a p p r o p r i a t e  
amount o f  t h e  t y p e  o f  m a t r i x  under cons ide ra t i on .  

8.3.5.1.1 The r e s u l t s  o f  t h e  l a b o r a t o r y  d u p l i c a t e s  
(percen t  recovery  and concen t ra t i ons  o f  2 ,3 ,7 ,8 -subs t i tu ted  
PCDD/PCDF compounds) should agree w i t  h i  n  25 pe rcen t  r e 1  a t  i ve 
d i f f e r e n c e  ( d i f f e r e n c e  expressed as percentage o f  t h e  mean). 
Report  a l l  r e s u l t s .  

8.3.5.1.2 Recommended a c t i o n s  t o  he1 p 1 oca te  problems : 

8.3.5.1.2.1 V e r i f y  s a t i s f a c t o r y  i ns t rumen t  
performance (Secs. 8.2 and 8.3) . 

8.3.5.1.2.2 I f  poss ib l e ,  v e r i f y  t h a t  no e r r o r  was 
made w h i l e  weigh ing t h e  sample p o r t i o n s .  

8.3.5.1.2.3 Review t h e  a n a l y t i c a l  procedures w i t h  
t h e  per fo rming  1 abo ra to r y  personnel . 

8.3.6 M a t r i x  Spike and M a t r i x  Spike D u p l i c a t e  

8.3.6.1 Locate t h e  sample f o r  t h e  MS and MSD analyses ( t h e  
sample may be 1 abel ed "double v o l  ume") . 
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8.3.6.2 Add an appropr ia te  volume o f  t h e  m a t r i x  sp ike 
f o r t i f i c a t i o n  s o l u t i o n  (Sec. 5.10) and o f  t h e  sample f o r t i f i c a t i o n  
s o l u t i o n  (Sec. 5.8), a d j u s t i n g  t he  f o r t i f i c a t i o n  l e v e l  as s p e c i f i e d  
i n  Table 1 under I S  Sp i k i ng  Levels .  

8.3.6.3 Analyze t h e  MS and MSD samples as descr ibed i n  
Sec. 7. 

8.3.6.4 T h e r e s u l t s o b t a i n e d f r o m t h e M S a n d M S D s a m p l e s  
(concen t ra t ions  o f  2,3,7,8-substi t u t e d  PCDDs/PCDFs) should agree 
w i t h i n  20 percent  re1  a t i v e  d i f f e rence .  

8.4 Percent Recovery of t h e  I n t e r n a l  Standards - For each sample, method 
b lank  and r i n s a t e ,  c a l c u l a t e  t h e  percent  recovery (Sec. 7.9.2). The percent  
recovery  should be between 40 percent  and 135 percent  f o r  a l l  2,3,7,8-subst i tuted 
i n t e r n a l  standards. 

NOTE : A low o r  h i g h  percent  recovery f o r  a b l ank  does n o t  r e q u i r e  
d i s c a r d i n g  t h e  a n a l y t i c a l  da ta  b u t  i t  may i n d i c a t e  a 
p o t e n t i a l  problem w i t h  f u t u r e  a n a l y t i c a l  data.  

8.5 I d e n t i f i c a t i o n  C r i t e r i a  

8.5.1 I f  e i t h e r  one o f  t h e  i d e n t i f i c a t i o n  c r i t e r i a  appearing i n  
Secs. 7.8.4.1.1 through 7.8.4.1.4 i s  no t  met f o r  an homologous ser ies ,  i t  
i s  r epo r ted  t h a t  t h e  sample does no t  con ta in  un labeled 2,3,7,8-subst i tuted 
PCDD/PCDF isomers f o r  t h a t  homologous s e r i e s  a t  t h e  c a l c u l a t e d  d e t e c t i o n  
l i m i t  (Sec. 7.9.5) 

8.5.2 I f  the  f i r s t  i n i t i a l  i d e n t i f i c a t i o n  c r i t e r i a  (Secs. 7.8.4.1.1 
through 7.8.4.1.4) a re  met, b u t  t he  c r i t e r i a  appearing i n  Secs. 7.8.4.1.5 
and 7.8.4.2.1 a re  n o t  met, t h a t  sample i s  presumed t o  c o n t a i n  i n t e r f e r i n g  
contaminants.  Th is  must be noted on t he  a n a l y t i c a l  r e p o r t  form, and t he  
sample should be r e r u n  o r  t h e  e x t r a c t  reanalyzed. 

8.6 Unused p o r t i o n s  o f  samples and sample e x t r a c t s  should be preserved 
f o r  s i x  months a f t e r  sample r e c e i p t  t o  a l l o w  f u r t h e r  analyses. 

8.7 Reuse o f  glassware i s  t o  be minimized t o  avo id  t h e  r i s k  o f  
contaminat ion.  

9.0 METHOD PERFORMANCE 

9.1 Data a re  c u r r e n t l y  n o t  a v a i l a b l e .  

10.0 REFERENCES 
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2,3,7,8-Tetrachlorodi  benzo-p-d iox in" .  D. G. Pat terson,  J.S. H o l l e r ,  D. F. 
Grote, L.R. Alexander, C.R.  Lapeza, R.C. O'Connor and J.A. L i dd le .  
Envi ron.  Toxic01 . Chem. 5, 355-360 (1986). 
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2. "Method 8290: A n a l y t i c a l  Procedures and Q u a l i t y  Assurance f o r  Mult imedia 
Analys is  of Po lych lor ina ted Dibenzo-p-Dioxins and D ibenzo fu ran~  ~y  High- 
Resolut ion Gas Chromatography/High-Resol u t i o n  Mass Spectrometry". Y .  
Tondeur and W. F. Beckert . U. S. Environmental P ro tec t i on  Agency, 
Environmental Mon i to r ing  Systems Laboratory, Las Vegas, NV. 

3. "Carcinogens - Working w i t h  Carcinogens", Department o f  Health, Education, 
and We1 fare,  Publ i c  Heal th Service, Center f o r  Disease Contro l  . Nat ional  
I n s t i t u t e  f o r  Occupational Safety and Health. Publ i c a t i o n  No. 77-206, 
August 1977. 

4. "OSHA Safe ty  and Heal th Standards, General Indust ry" ,  (29 CFR 1910), 
Occupational Safety and Heal th Administ rat ion,  OSHA 2206 ( r e v i  sed January 
1976). 

5. "Safety i n  Academic Chemistry Laborator ies" ,  American Chemical Society 
Publ i c a t i o n ,  Co~iimi t t e e  on Chemical Safety (3rd E d i t  ion,  1979. ) 

6. "Hybrid HRGC/MS/MS Method f o r  t h e  Charac ter iza t ion  o f  Te t rach lo r ina ted  
Dibenzo-p-dioxins i n  Environmental Samples." Y .  Tondeur, W.J. Niederhut,  
S.R. M iss ler ,  and J.E. Campana, Mass Spectrom. 14, 449-456 (1987). 

7. USEPA Nat ional  D iox in  Study - Phase I I, "Ana ly t i ca l  Procedures and Qua1 i t y  
Assurance Plan f o r  t h e  Determinat ion o f  PCDD/PCDF i n  F ish"  , EPA-Dul uth,  
October 26, 1987. 

11.0 SAFETY 

11.1 The f o l l o w i n g  safety p rac t i ces  are excerpts from EPA Method 613, 
Sec. 4  ( J u l y  1982 vers ion)  and amended f o r  use i n  con junc t ion  w i t h  t h i s  method. 0 
The 2,3,7,8-TCDD isomer has been found t o  be acnegenic, carc inogenic,  and 
te ra togen ic  i n  l abo ra to ry  animal s tudies.  Other PCDDs and PCDFs con ta in ing  
c h l o r i n e  atoms i n  p o s i t i o n s  2,3,7,8 are known t o  have t o x i c i t i e s  comparable t o  
t h a t  o f  2,3,7,8-TCDD. 'The ana lys t  should note  t h a t  f i n e l y  d i v i d e d  d ry  s o i l s  
contaminated w i t h  PCDDs and PCDFs are p a r t i c u l a r l y  hazardous because o f  t he  
p o t e n t i a l  f o r  i n h a l a t i o n  and ingest ion .  It i s  recommended t h a t  such samples be 
processed i n  a  conf ined environment, such as a  hood o r  a g love box. Laboratory 
personnel handl ing these types o f  samples should wear masks f i t t e d  w i t h  charcoal 
f i l t e r s  t o  prevent i n h a l a t i o n  o f  dust .  

11.2 The t o x i c i t y  o r  ca rc inogen ic i t y  of each reagent used i n  t h i s  method 
i s  no t  p r e c i s e l y  def ined; however, each chemical compound should be t r e a t e d  as 
a  p o t e n t i a l  hea l th  hazard. From t h i s  viewpoint,  exposure t o  these chemical s  must 
be kept t o  a  minimum. The labo ra to ry  i s  responsib le f o r  ma in ta in ing  a  c u r r e n t  
awareness f i l e  o f  OSHA regu la t i ons  regarding t h e  safe hand l ing  o f  t h e  chemicals 
s p e c i f i e d  i n  t h i s  method. A  reference f i l e  o f  mater ia l  sa fe ty  data  sheets should 
be made a v a i l a b l e  t o  a1 1  personnel invo lved i n  t h e  chemical ana lys i s  o f  samples 
suspected t o  con ta in  PCDDs and/or PCDFs. Add i t i ona l  references t o  l a b o r a t o r y  
safety are g iven i n  references 3, 4  and 5. 

11 - 3  Each 1  aboratory must develop a  s t r i c t  sa fe ty  program f o r  t h e  hand1 i n g  
of PCDDs and PCDFs. The labo ra to ry  p rac t i ces  l i s t e d  below are recommended. 
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11.3.1 Contaminat ion o f  t h e  l a b o r a t o r y  w i  11 be minimized by 
conduct ing most o f  t h e  manipu la t ions i n  a  hood. 

11.3.2 The e f f l u e n t s  o f  sample s p l i t t e r s  f o r  t h e  gas 
chromatograph and roughing pumps on t h e  HRGC/HRMS system should pass 
through e i t h e r  a  column o f  a c t i v a t e d  charcoal  o r  be bubbled through a  t r a p  
c o n t a i n i n g  o i l  o r  h i g h  b o i l i n g  a lcoho ls .  

11.3.3 L i q u i d  waste should be d i sso l ved  i n  methanol o r  ethanol 
and i r r a d i a t e d  w i t h  u l t r a v i o l e t  1  i g h t  a t  a wavelength l e s s  than  290 nm f o r  
severa l  days (use F  40 BL lamps, o r  equ iva len t ) .  Using t h i s  a n a l y t i c a l  
method, analyze t h e  i r r a d i a t e d  1  i q u i d  wastes and dispose o f  t h e  s o l u t i o n s  
when 2,3,7,8-TCDD and -TCDF congeners can no l onge r  be detected.  

11.4 The f o l l o w i n g  precaut ions were issued by Dow Chemical U.S.A. ( r ev i sed  
11/78) f o r  sa fe  hand l ing  o f  2,3,7,8-TCDD i n  t h e  l a b o r a t o r y  and amended f o r  use 
i n  con junc t i on  w i t h  t h i s  method. 

11.4.1 The f o l l  owing statements on sa fe  hand1 i n g  are as complete 
as p o s s i b l e  on t h e  bas is  o f  a v a i l a b l e  t o x i c o l o g i c a l  i n f o rma t i on .  The 
p recau t ions  f o r  sa fe  handl i n g  and use a re  necessa r i l y  general  i n  na tu re  
s i nce  d e t a i l e d ,  s p e c i f i c  recommendations can be made on l y  f o r  t h e  
p a r t i c u l a r  exposure and circumstances o f  each i n d i v i d u a l  use. Assistance 
i n  e v a l u a t i n g  t h e  h e a l t h  hazards o f  p a r t i c u l a r  p l a n t  cond i t i ons  may be 
ob ta ined  from c e r t a i n  c o n s u l t i n g  l a b o r a t o r i e s  and from S ta te  Departments 
o f  Hea l t h  o r  o f  Labor, many o f  which have an i n d u s t r i a l  h e a l t h  serv ice .  
The 2,3,7,8-TCDD isomer i s  ext remely  t o x i c  t o  c e r t a i n  k inds  o f  l a b o r a t o r y  
animals.  However, i t  has been handled f o r  years w i t h o u t  i n j u r y  i n  
a n a l y t i c a l  and b i o l o g i c a l  1  abora to r ies .  Many techniques used i n  handl i n g  
r a d i o a c t i v e  and i n f e c t i o u s  mater i  a1 s  are appl i c a b l  e  t o  2,3,7,8-TCDD. 

11.4.1.1 P r o t e c t i v e  Equipment: Throw away p l a s t i c  gloves, 
apron o r  l a b  coat,  s a f e t y  g lasses and 1  abora to ry  hood adequate f o r  
r a d i o a c t i v e  work. However, PVC gloves should n o t  be used. 

11.4.1.2 T ra in i ng :  Workersmust be t r a i n e d  i n  t h e  proper 
method o f  removing contaminated g loves and c l o t h i n g  w i t hou t  
c o n t a c t i n g  t h e  e x t e r i o r  sur faces.  

11.4.1.3 Personal Hygiene: Thorough washing of hands and 
forearms a f t e r  each man ipu la t ion  and be fo re  breaks (co f fee ,  lunch, 
and s h i f t ) .  

11.4.1.4 Confinement: I s o l a t e d  work area, posted w i t h  
s igns,  segregated g l  assware and t o o l  s, p l  a s t i c  backed absorbent 
paper on benchtops. 

11.4.1.5 Waste: Good technique i nc l udes  min im iz ing  
contaminated waste. P l a s t i c  bag l i n e r s  should be used i n  waste 
cans. 

11.4.1.6 Disposal  o f  Hazardous Wastes: Refer  t o  t h e  
November 7, 1986 i ssue  o f  t h e  Federal Reg i s te r  on Land Ban Ru l ings  
f o r  d e t a i l s  concerning t h e  hand l ing  o f  d i o x i n  c o n t a i n i n g  wastes. 
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11.4.1.7 Decontamination: Personnel - apply  a m i l d  soap 
w i t h  p l e n t y  o f  scrubbing ac t ion .  Glassware, t o o l s  and sur faces - 
Chlorothene NU Solvent  (Trademark o f  t h e  Dow Chemical Company) i s  
t h e  l e a s t  t o x i c  so lven t  shown t o  be e f f e c t i v e .  S a t i s f a c t o r y  
c lean ing  may be accompl i shed by r i n s i n g  w i t h  Chl orothene, then t-9 
washing w i t h  a ,detergent and water. Dish water  may be disposed t o  id 
t he  sewer a f t e r  p e r c o l a t i o n  through a charcoal bed f i l t e r .  It i s  
prudent t o  minimize so lven t  wastes because they  r e q u i r e  spec ia l  
d isposa l  through commerci a1 serv ices  t h a t  a re  expensive. 

11.4.1.8 Laundry: C lo th ing  known t o  be contaminated should 
be disposed w i t h  t h e  precaut ions descr ibed under "Disposal o f  
Hazardous Wastes". Laboratory coats o r  o t h e r  c l o t h i n g  worn i n  
2,3,7,8-TCDD work area may be laundered. C l o t h i n g  should be 
c o l l  ected i n  p l a s t i c  bags. Persons who convey t h e  bags and 1 aunder 
t he  c l o t h i n g  should be advised o f  t he  hazard and t r a i n e d  i n  p roper  
handl ing .  The c l o t h i n g  may be p u t  i n t o  a washer w i t h o u t  con tac t  i f  
t h e  launderer  knows t h e  problem. The washer should be r u n  through 
one f u l l  c y c l e  be fore  being used again f o r  o t h e r  c l o t h i n g .  

11.4.1.9 Wipe Tests: A use fu l  method f o r  de termin ing  
clean1 iness o f  work sur faces and t o o l s  i s  t o  wipe t h e  sur face  w i t h  
a p iece o f  f i l t e r  paper, e x t r a c t  t h e  f i l t e r  paper and analyze t h e  
e x t r a c t .  

NOTE: - A procedure f o r  t h e  c o l 1  e c t  i on, hand1 i ng , 
analys is ,  and r e p o r t i n g  requi rements o f  wipe 
t e s t s  performed w i t h i n  t h e  l a b o r a t o r y  i s  
descr ibed i n  Attachment A. The r e s u l t s  and 
dec i s ion  making processes are  based on t h e  
presence o f  2 ,3,7,8-subst i tu ted PCDDs/PCDFs. 

11.4.1.10 I n h a l a t i o n :  Any procedure t h a t  may generate 
a i rbo rne  contaminat ion must be c a r r i e d  ou t  w i t h  good v e n t i l  a t i o n .  
Gross losses t o  a v e n t i l a t i o n  system must n o t  be al lowed. Handl ing 
o f  t he  d i l u t e  s o l u t i o n s  normal ly  used i n  a n a l y t i c a l  and animal work 
presents no s i g n i f i c a n t  i n h a l a t i o n  hazards except i n  case o f  an 
acc ident .  

11.4.1.11 Accidents: Remove contaminated c l o t h i n g  
immediately, t a k i n g  precaut ions no t  t o  contaminate s k i n  o r  o t h e r  
a r t i c l e s .  Wash exposed s k i n  v igo rous l y  and repea ted l y  u n t i l  medical  
a t t e n t i o n  i s  obta ined.  
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Attachment A 

PROCEDURES FOR THE COLLECTION, HANDLING, ANALYSIS, AND 
REPORTING OF WIPE TESTS PERFORMED WITHIN THE LABORATORY 

This procedure i s  designed fo r  the  pe r iod i c  evaluat ion o f  po ten t i  a1 con- 
taminat ion by 2,3,7,8-substi t u ted  PCDD/PCDF congeners o f  t he  working areas i ns ide  
the  1 aboratory . 

A. 1 Perform the  wipe t e s t s  on surface areas o f  two inches by one f o o t  
w i t h  g lass f i b e r  paper saturated w i t h  d i s t i l l e d  i n  glass acetone ,using a p a i r  o f  
c lean s t a i n l e s s  s tee l  forceps. Use one wiper f o r  each o f  the  designated areas. 
Combine the  wipers t o  one composite sample i n  an e x t r a c t i o n  j a r  conta in ing  200 
mL d i s t i  1 l e d  i n  g lass acetone. Place an equal number o f  unused wipers i n  200 mL 
acetone and use t h i s  as a con t ro l .  Add 100 pL o f  t he  sample f o r t i f i c a t i o n  
s o l u t i o n  t o  each j a r  conta in ing  used o r  unused wipers (Sec. 5.8). 

A . l . l  Close the  j a r  conta in ing  the  wipers and the  acetone and 
e x t r a c t  f o r  20 minutes using a w r i s t  ac t i on  shaker. Transfer  the  e x t r a c t  
i n t o  a KD apparatus f i t t e d  w i t h  a concentrat ion tube and a th ree  b a l l  
Snyder column. Add two ~ e f l o n ~ ~  o r  carborundumTM b o i l  i n g  chips and 
concentrate the  e x t r a c t  t o  an apparent volume o f  1.0 mL on a steam bath. 
Rinse the  Snyder column and the  KD assembly w i t h  two 1 mL po r t i ons  o f  
hexane i n t o  the  concentrator  tube, and concentrate i t s  contents t o  near 
dryness w i t h  a gen t l e  stream o f  n i t rogen.  Add 1.0 mL hexane t o  the 
concentrator  tube and s w i r l  t he  solvent  on the  wa l l s .  

A.1.2 Prepare a neu t ra l  alumina column as described i n  Sec. 7.5.2.2 
and f o l l o w  the  steps o u t l i n e d  i n  Secs. 7.5.2.3 through 7.5.2.5. 

A.1.3 Add 10 p L  o f  the  recovery standard s o l u t i o n  as described i n  
Sec. 7.5.3.6. 

A.2 Concentrate the contents o f  the  v i a l  t o  a f i n a l  volume o f  10 p L  
( e i t h e r  i n  a m i n i v i a l  o r  i n  a c a p i l l a r y  tube).  I n j e c t  2 p L  o f  each e x t r a c t  
(wipe and c o n t r o l )  onto a c a p i l l  ary colurr~n and analyze f o r  2,3,7,8-substituted 
PCDDs/PCDFs as spec i f i ed  i n  the  a n a l y t i c a l  method i n  Sec. 7.8. Perform 
c a l c u l a t i o n s  according t o  Sec. 7.9. 

A.3 Report the  presence o f  2,3,7,8-substituted PCDDs and PCDFs as a 
q u a n t i t y  (pg o r  ng) per wipe t e s t  experiment (WTE). Under the  cond i t ions  ou t -  
1 ined i n  t h i s  a n a l y t i c a l  p ro toco l ,  a lower 1 i m i t  o f  ca l  i b r a t i o n  o f  10 pg/WTE i s  
expected f o r  2,3,7,8-TCDD. A p o s i t i v e  response f o r  the  b lank ( c o n t r o l )  i s  
def ined as a s igna l  i n  the  TCOD r e t e n t i o n  t ime window a t  any o f  the masses 
monitored which i s  equ iva len t  t o  o r  above 3 pg o f  2,3,7,8-TCDD per WTE. For 
o ther  congeners, use the  m u l t i p l i c a t i o n  fac to rs  1 i s t e d  i n  Table 1, foo tno te  (a )  
(e.g., f o r  OCDD, the  lower MCL i s  10 x 5 = 50 pg/WTE and the  p o s i t i v e  response 
f o r  the  b lank would be 3 x 5 = 15 pg).  Also, r e p o r t  t he  recover ies o f  the  
i n t e r n a l  standards dur ing  the  s i m p l i f i e d  cleanup procedure. 

A.4 A t  a minimum, wipe t e s t s  should be performed when there  i s  evidence 
o f  contaminat ion i n  the  method blanks. 
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A . 5  An upper l i m i t  o f  25 pg per  TCDD isomer and per  wipe t e s t  experiment 
i s  al lowed (use m u l t i p l i c a t i o n  f a c t o r s  1  i s t e d  i n  f oo tno te  (a) f rom Table 1 f o r  
o the r  congeners). Th i s  value corresponds t o  24 t imes t h e  lower c a l  i b r a t i o n  1 i m i t  
of t he  a n a l y t i c a l  method. Steps t o  c o r r e c t  t h e  contaminat ion must be taken 
whenever these l e v e l s  are exceeded. To t h a t  e f f e c t ,  f i r s t  vacuum t h e  working : 

places (hoods, benches, s ink)  us ing  a  vacuum c leaner  equipped w i t h  a  h igh  \' 

, e f f i c i e n c y  p a r t i c u l a t e  absorbent (HEPA) f i l t e r  and then wash w i t h  a  detergent .  
A new se t  o f  wipes should be analyzed before anyone i s  al lowed t o  work i n  t h e  
d i o x i n  area o f  t h e  l a b o r a t o r y  a f t e r  c o r r e c t i v e  ac t i on  has been taken. 
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Figure 1. 

Di benzodioxin 

Dibenzof uran 

General structures o f  d i  benzo-p-dioxi n and d i  benzofuran. 
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Figure 2. 

Peak profile displays demonstrating the effect of the detector zero on the 
measured resolving power. In this example, the true resolving power is 5,600. 

A) The zero was set too high; no effect is observed upon the 
measurement of the resolving power. 

0 )  The zero was adjusted properly. 

C )  The zero was set too low; this results in overestimating the actual 
resolving power because the peak-to-peak noise cannot be measured 
accurately. 
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Figure  3 .  

Analytical Procedure 

Typica l  12 hour a n a l y s i s  sequence o f  events .  

8290 - 51 

- 

Thaw Sample Extract 
i 

Concentrate to 10 pL 
I 
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Figure  4 .  

Time 

Selected i o n  c u r r e n t  p r o f i l e  f o r  m/z 322 (TCDDs) produced by MS a n a l y s i s  o f  
t h e  GC performance check s o l u t i o n  on a 60 m DB-5 fused s i l i c a  c a p i l l a r y  column 
under t h e  c o n d i t i o n s  l i s t e d  i n  Sec. 7.6. 
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F igure  5. 

Ref. mass 304.9824 Peak top 
Span. 200 ppm 

System file name YVES1 5 0  

Data file name A:85Z567 

Resolution 1 0 0 0 0  

Group number 1 

Ionization mode El+ 

Switching VOLTAGE 

Ref. masses 3 0 4 . 9 8 2 4  
3 8 0 . 9 2 6 0  

Channel B 380 .9260  Lock mass 
Span 200 ppm 

Peak p r o f i l e s  represent ing  two PFK re fe rence ions a t  m/z 305 and 381. The 
r e s o l u t i o n  o f  t h e  high-mass s igna l  i s  95 ppm a t  5 percent o f  t he  peak he igh t ;  

t h i s  corresponds t o  a r e s o l v i n g  power M / d M  of 10,500 (10 percent v a l l e y  
d e f i n i t i o n ) .  
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Figure 6. 

Manual determinat ion o f  S/N. 

The peak he ight  (S) i s  measured between the  mean no ise  (1 ines  C and D). 
These mean s igna l  values are obtained by t r a c i n g  the  l i n e  between the  
basel ine average noise extremes, E l  and €2, and between t h e  apex average 
noise extremes, E3 and E4, a t  the  apex o f  t h e  s igna l .  

NOTE: - I t  i s  imperat ive t h a t  the  instrument i n t e r f a c e  amp1 i f i e r  
e l e c t r o n i c  zero o f f s e t  be set  h igh  enough so t h a t  negat ive 
going base1 i n e  noise i s  recorded. 
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Table 1. 

Lower MCL" 

Types o f  Mat r i ces ,  Sample Sizes and 2,3,7,8-TCDD-Based 
Method Cal i b r a t i o n  L i m i t s  (Par ts  per  T r i l l  i on )  

Soi  1 Human 
Sediment F l y  F i sh  Adipose Sludges, S t i l l -  

Water Paper pulpb Ash Tissuec T issue Fuel O i l  Bo t t om 

Upper MCL" 

Weight (g)  1000 10 10 2 0 10 2 1 

I S  Spi k i n g  
Levels  ( pp t )  1 100 100 100 100 500 1000 

F i n a l  E x t r .  
Vol .  ( p ~ ) d  10-50 10-50 50 10-50 10-50 50 50 

a For o t h e r  congeners m u l t i p l y  t h e  values by 1 f o r  TCDF/PeCDD/PeCDF, by 2.5 
f o r  HxCDD/HxCDF/HpCDD/HpCDF, and by 5 f o r  OCDD/OCDF. 

/ +  - 
'~4 b Sample dewatered accord ing t o  Sec. 6.5. 

c One h a l f  o f  t h e  e x t r a c t  f rom t h e  20 g sample i s  used f o r  de te rmina t ion  o f  
l i p i d  con ten t  (Sec. 7.2.2). 

d See Sec. 7.8.1, Note. 

NOTE: Chemical r e a c t o r  res idues  a re  t r e a t e d  as s t i l l  bottoms i f  t h e i r  
appearances so suggest. 
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Table 2 .  

Composition o f  t h e  Sample F o r t i f i c a t i o n  
and Recovery Standard Sol u t  i onsa 

Anal y t e  

Sampl e Fo r t  i f i c a t i o n  Recovery Standard 
So lu t i on  Sol u t  i on 
Concentrat ion Concentrat ion 
(pg/pL; Sol vent:  (pg/pL; Sol vent  : 
Nonane) Nonane) 

(a) These s o l u t i o n s  s h o ~ ~ l d  be made f r e s h l y  every day because o f  t h e  p o s s i b i l i t y  
o f  adsorp t ive  losses t o  glassware. I f  these s o l u t i o n s  are t o  be kept  f o r  more 
than one day, then the  sample f o r t i f i c a t i o n  s o l u t i o n  concent ra t ions  should be 
increased ten  f o l d ,  and t h e  recovery standard sol  u t i o n  concent ra t ions  should be 
doubled. Corresponding adjustments o f  t h e  sp i  k i ng  vo l  umes must then be made. 
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PCDD 

Table 3. 

The F i f t e e n  2,3,7,8-Substi t u t e d  PCDD and PCDF Congeners 

PCDF 

,' 2-e. 

(*) The 13C-1 abeled analogue i s  used as an i n t e r n a l  standard. 

(t) The 13C-labeled analogue i s  used as a recovery standard. 
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Table 4 .  

Isomers o f  Chlorinated Dioxins and Furans as a  
Function o f  the  Number o f  Chlor ine Atoms 

Nurr~ber o f  Number o f  Number o f  Number o f  Number o f  
Chlorine Dioxin 2 , 3 , 7 , 8  Furan 2 , 3 , 7 , 8  
Atoms Isomers Isomers I somers Isomers 

Total  

r-, R e v i s i o n 0  ,d, 
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Table 5. 

High-Resol ution Concentration Cal i bration Solutions 
;?a 

I 

#.., Concentration ( p q / ~ L ,  in Nonane) 

Compound HRCC 5 4 3 2 1 

Unl abel ed Analytes 

2,3,7,8-TCDD 
2,3,7,8-TCDF 
1,2,3,7,8-PeCDD 
1,2,3,7,8-PeCDF 
2,3,4,7,8-PeCDF 
1,2,3,4,7,8-HxCDD 
1,2,3,6,7,8-HxCDD 
1,2,3,7,8,9-HxCDD 
1,2,3,4,7,8-HxCDF 
1,2,3,6,7,8-HxCDF 
1,2,3,7,8,9-HxCDF 
2,3,4,6,7,8-HxCDF 
1,2,3,4,6,7,8-HpCDD 
1,2,3,4,6,7,8-HpCDF 
1,2,3,4,7,8,9-HpCDF 
OCDD 

,* \ 
OCDF 

I 
'k -, Internal Standards 

Recovery Standards 

'"' Used for recovery determinations of TCDD, TCDF, PeCDD and PeCDF internal 
standards. 

'b' Used for recovery determinations of HxCDD, HxCDF, HpCDD, HpCDF and OCDD 
internal standards. 
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Table 6. 

Ions Monitored f o r  HRGC/HRMS Anal y s i  s o f  PCDDs/PCDFs 

Descr ip tor  ~ c c u r a t e ' "  Ion  E l  emental Anal y t e  
Mass ID Composition 

M  

M t 2  

M  

M t 2  

M  

M t 2  

M  

M t 2  

M t 2  

LOCK 

M t 2  

M t 4  

M t 2  

M t 4  

M t 2  

M t 4  

M t 2  

M t 4  

M t 2  

LOCK 

M t 2  

M t 4  

M  

M t 2  

M t 2  

M t 4  

M t 2  

M t 4  

M t 4  

LOCK 

TCDF 

TCDF 

TCDF (S) 

TCDF (S) 

TCDD 

TCDD 

TCDD (S) 

TCDD (S) 

HxCDPE 

PFK 

PeCDF 

PeCDF 

PeCDF (S) 

PeCDF (S) 

PeCDD 

PeCDD 

PeCDD (S) 

PeCDD (S) 

HpCDPE 

PFK 

HxCDF 

HxCDF 

HxCDF (S) 

HxCDF (S) 

HxCDD 

HxCDD 

HxCDD (S) 

HxCDD (S) 

OCDPE 

PFK 
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Table  6 .  
Continued 

' ~ 1  D e s c r i p t o r  ~ c c u r a t e ' " '  I o n  Elemental Ana ly te  
Mass I D  Composition 

M t 2  

M t 4  

M  

M t 2  

M t 2  

M t 4  

M t 2  

M t 4  

M t 4  

LOCK 

M t 2  

M t 4  

M t 2  

M t 4  

M t 2  

M+4 

M+4 

LOCK 

HpCDF 

HpCDF 

HpCDF (S) 

HpCDF 

HpCDD 

HpCDD 

HpCDD (S) 

HpCDD (S) 

NCDPE 

PFK 

OCDF 

OCDF 

OCDD 

OCDD 

OCDD (S) 

OCDD (S) 

DCDPE 

PFK 

" '  The f o l l o w i n g  n u c l i d i c  masses were used: 

S = i nterna l / recovery  standard 
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Table 7. 

PCDD and PCDF Congeners Present i n  t h e  GC Performance 
Eva lua t i on  S o l u t i o n  and Used f o r  D e f i n i n g  t h e  

Homo1 ogous GC Re ten t i on  Time Windows on a 
60 m DB-5 Column 

No. o f  PCDD P o s i t i o n a l  Isomer PCDF P o s i t i o n a l  Isomer 
Ch lo r i ne  F i r s t  Last  F i r s t  Las t  
A t  oms El  u t e r  E l  u t e r  E l  u t e r  E l  u t e r  

(a) I n  a d d i t i o n  t o  these two TCDD isomers, t h e  1,2,3,4-, 1,2,3,7-, 1,2,3,8-, 2,3,7,8-, 
l3c1,-2,3,7,8-, and 1,2,3,9-TCDD isomers must a l s o  be p resen t  as a check o f  column 
r e s o l  u t i o n .  bm~?'i 
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Table  8. 

T h e o r e t i c a l  I o n  Abundance Rat ios  and T h e i r  Control  L i m i t s  
f o r  PCDDs and PCDFs 

Number o f  
C h l o r i n e  I o n  T h e o r e t i c a l  Control  L i m i t s  

Atoms Type Rat i o  1  ower upper 

(a) Used o n l y  f o r  1 3 ~ - H x C ~ F  ( I S ) .  

(~J I  Used o n l y  f o r  13C-HpC~F ( I S ) .  

Revis ion 0 
September 1994 



T a b l e  9 .  

Re1 a t  i v e  Response F a c t o r  [RF (number)] A t t r i b u t i o n s  

Number S p e c i f i c  Congener Name 

2,3,7,8-TCDD (and t o t a l  TCDDs) 
2,3,7,8-TCDF (and t o t a l  TCDFs) 
1,2,3,7,8-PeCDD (and t o t a l  PeCDDs) 
1,2,3,7,8-PeCDF 
2,3,4,7,8-PeCDF 
1,2,3,4,7,8-HxCDD 
1,2,3,6,7,8-HxCDD 
1,2,3,7,8,9-HxCDD 
1,2,3,4,7,8-HxCDF 
1,2,3,6,7,8-HxCDF 
1,2,3,7,8,9-HxCDF 
2,3,4,6,7,8-HxCDF 
1,2,3,4,6,7,8-HpCDD (and t o t a l  HpCDDs) 
1,2,3,4,6,7,8-HpCDF 
1,2,3,4,7,8,9-HpCDF 
OCDD 
OCDF 
1 3 c 1 2 - 2 , 3 , 7 , 8 - ~ c ~ ~  
13 C12-2,3,7,8-TCDF 

l 3 ~ , , - 1 , 2 , 3 , 7 , 8 - ~ e ~ ~ ~  
13 C,,-1,2,3,7,8-PeCDF 

1 3 ~ 1 2 - 1 , 2 , 3 , 6 , 7 , 8 - ~ ~ ~ ~ ~  
1 3 ~ , , - 1 , 2 , 3 , 4 , 7 , 8 - ~ x ~ ~ ~  
13 C12-1,2,3,4,6,7,8-HpCDD 
13 C12-1,2,3,4,6,7,8-HpCDF 

1 3 ~ 1 2 - ~ ~ ~ ~  

T o t a l  PeCDFs 
T o t a l  HxCDFs 
T o t a l  HxCDDs 
T o t a l  HpCDFs 

R e v i s i o n  0 J- 
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Table 10. 

2,3,7,8-TCDD T o x i c i t y  Equivalency Factors (TEFs) f o r  the  
Po lych lor ina ted  Di benzodioxins and D i  benzofurans 

"%.d 

Number Compound (s) 'rEFa 

'x-, a Taken from " I n t e r i m  Procedures f o r  Est imat ing Risks Associated w i t h  Exposures 
t o  Mixtures o f  Ch lor ina ted  Dibenzo-p-Dioxin and -Dibenzofurans (CDDs and CDFs) 
and 1989 Update", (EPA/625/3-89/016, March 1989). 

Revision 0 
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Table 11. 

Analyte Re1 a t i v e  Retention Time Reference A t t r ibu t ions  

Analyte Anal y t e  RRT Reference'"' 

la' The re ten t ion  time o f  2,3,4,7,8-PeCDF on the DB-5 column i s  measured r e l a t i v e  
t o  1 3 ~ 1 2 - 1 , 2 , 3 , 7 , 8 - ~ e ~ ~ ~  and the  re ten t ion  t ime o f  1,2,3,4,7,8,9-HpCDF r e l a t i v e  
t o  13~l,-1,2,3,4,6,7,8-~p~~~. 

Revision 0 
September 1994 
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METHOD 8290 
cont i nued 

7.9.1 Calculate concentration of 
PCDD or PCDF compounds 

w l h u l a  

T + - 

1 

17.9.2 Calculate O/O recovery of nine 

I 7.8 Analysis I 
1 

7.8.1 Reduce eitrect or blank 
volume to 10 or 50 uL 

i 
7.8.2 Inject 2 ul aliquot of the 

sample into the QC 

t 
7.8.3 Acquire SIM data -ding 

to Section 7.6.2 and 7.6.3 

4 
Note: Acquisition period must at 
least encompass PCDDIPCDF 
overall retention time window 

I 

internal stds. using formula 
Note: Add 1 % recovery for h u m  

i 
7.8.4 GC Identification Criteria 

.1 Relative Retention Times .5 Ion current responses for labeled 
.1 2.3.7.8 sub: Sample components stds. must reach maximum whn 

relative retention time (RRT) whn 2 seconds 
-1 to 3 seconds of retention Note: Verify presence of 1.2,8,9-TCDD and 
time of labeled internal or 1,3,4.6,8-PeCDF in SlCPs 
recovery std. .2 Ion Abundance Ratios 

.2 2,3,7.8 sub: Sample RRTs .1 Ratio of integrated ion current for 
whn homologous retention two ions used for quantification 
time windows if wlo labeled wlin limits of homologous series 
internal std. .3 Signal-to-Noise Ratio 

.3 non 2.3,7,8 sub: Retention .1 All ion current intensities > ~ 2 . 5  
time whn homologous .4 Polychlorinated Diphenyl Ether 
retention time window Interferences 

.4 Ion current responses for .1 Corresponding PCDPE channel 
quantitation must reach maximum dear of signal > - SIN 2.5 al 
wlin 2 seconds same retention time 

7.9.3 Use smalh sample amt. if 
calculated c m t r a t i o n  

I 

7.9.4 Sum of isomer omcentration 
is total concentration for a 

homologous series 

- 

7.9.5 Sample-Specific-Estimated Detection 
Limit (EDL) 

EDL: Analyte concentration yielding 
peak ht. 2 . 5 ~  noise level. EDLs calculated 
for non-identified 2,3.7.8-sub congeners 
Two methods of calculation: 

.1 Samples wlresponse <2.5x noise for 
both quantification ions 
.1 Use EDL expression to 

calculate for absent 
2.3.7.8 substituted PCDDIPCDF 

.2 Samples wlresponse >2.5x n o w  for 
at least 1 quantification ion 
.1 Calculate 'Estimated Maximum Possible 

Concentration' (EMPC) when signal > 
2 . 5 ~  notse and retentton tlme the same 

7.9.6 Relative percent dinerence (RPD) formula 
I 

t 
1 7.9.7 Calculation of 2.3.7,8-TCDD toxicity I 

equivalent factors (TEF) of PCDDs and PCDFs 
.1 Two GC Column TEF Determination: 

Reanalyze sample extract on 60 meter 
SP-2330 column 
.1 Concentrations of specified congeners 

calculated from analysis done on DB-5 
column 

.2 Concentrations of specified congeners 
calculated from analysis done on 
SP-2330 column wldifferent GCIMS 
conditions 

Note: Confirmation and quantification of 2,3.7.8- 
TCDD done on either column as long as 
Section 8.1.2 aiterii met 
.3 GC peak must meet aiteria of Sections 

7.8.4.2, 7.8.4.3, andlor 7.8.4.1.1 RRTs 
of 2.3.7,8-sub congeners wino carbon- 
labeled analogues-referred to whn 0.006 
RRT units of carbon4abeled std. 

September 1994 



4.3 DETERMINATION OF ORGANIC ANALYTES . 
kL~'  4.3.3 HIGH PERFORMANCE LIQUID CHROMATOGRAPHIC METHODS 

The f o l l o w i n g  methods are inc luded  i n  t h i s  sec t ion :  

Method 8310: Polynucl  ea r  Aromatic Hydrocarbons 
Method 8315: Determinat ion o f  Carbonyl Compounds by High 

Performance L i q u i d  Chromatography (HPLC) 
Appendix A: R e c r y s t a l l  i z a t i o n  o f  2 , 4 -  

D i  n i  t ropheny l  hydraz i  ne (DNPH) 
Method 8316: Acry l  amide, Ac ry l on i  t r i l e  and Acro l  e i n  by High 

Performance L i  qu id  Chromatography (HPLC) 
Method 8318: N-Methylcarbamates by High Performance L i q u i d  

Chromatography (HPLC) 
Method 8321: Solvent  Ex t rac tab le  Non -Vo la t i l e  Compounds by 

H i g h  P e r f o r m a n c e  L i q u i d  
Chromatography/Thermospray/Mass Spectrometry  
(HPLC/TSP/MS) o r  U l t r a v i o l e t  (UV) Detect  i o n  

Method 8330: Ni  t roaromat ics  and Ni  t ramines by High Performance 
L i q u i d  Chro~natography (HPLC) 

Method 8331: Tetrazene by Reverse Phase High Performance 
L i q u i d  Chroniatography (HPLC) 

FOUR - 12 Rev is ion  2 
September 1994 



METHOD 8310 

,* '1 POLYNUCLEAR AROMATIC HYDROCARBONS 
L d  

1.0 SCOPE AND APPLICATION 

1.1 Method 8310 i s  used t o  determine the concentration o f  cer ta in  poly- 
nucl ear aromatic hydrocarbons (PAH) i n  ground water and wastes. Spec1 f i c a l  l y ,  
Method 8310 i s  used t o  detect the fol lowing substances: 

Acenaphthene 
Acenaphthyl ene 
Anthracene 
Benzo (a anthracene 
~ e n z o  (a 1 pyrene 
Benzo (b) f 1 uoranthene 
Benzo (ghi ) peryl  ene 
Benzo (k) f 1 uoranthene 

Chrysene 
D i  benzo(a, h) anthracene 
Fl  uorant hene 
Fl  uorene 
Indeno (l,2,3-cd) pyrene 
Naphtha1 ene 
Phenanthrene 
Pyrene 

1.2 Use o f  Method 8310 presupposes a high expectation of f ind ing the 
speci f ic  compounds o f  interest.  I f  the user i s  attempting t o  screen samples 
f o r  any o r  a1 1 o f  the compounds 1 i s ted  above, he must develop independent 
protocols f o r  the v e r i f i c a t i o n  o f  ident i ty .  

1.3 The method detection 1 im i t s  f o r  each compound i n  reagent water are 
l i s t e d  i n  Table 1. Table 2 l i s t s  the prac t ica l  quant i ta t ion l i m i t  (PQL) f o r  
other matrices. The s e n s i t i v i t y  o f  t h i s  method usually depends on the level  
o f  interferences rather  than instrumental 1 imitations. The 1 i m i  t s  o f  
detection l i s t e d  i n  Table 1 f o r  the l i q u i d  chromatographic approach represent 
s e n s i t i v i t i e s  tha t  can be achieved i n  the absence o f  interferences. When 
interferences are present, the level  o f  sens i t i v i t y  w i  11 be lower. 

1.4 This method i s  recommended fo r  use only by experienced residue 
analysts o r  under the close supervision o f  such qua1 i f i e d  persons. 

2.0 SUMMARY OF METHOD 

2.1 Method 8310 provides high performance 1 i qu id  chromatographic (HPLC) 
conditions f o r  the detection o f  ppb levels  o f  cer ta in  polynuclear aromatic 
hydrocarbons. P r io r  t o  use o f  t h i  s method, appropriate sample extract ion 
techniques must be used. A 5- t o  25-uL a l iquot  o f  the extract i s  in jected 
i n t o  an HPLC, and compounds i n  the ef f luent  are detected by u l t r a v i o l e t  (UV) 
and fluorescence detectors. 

2.2 I f  interferences prevent proper detection o f  the analytes o f  
in terest ,  the method may a1 so be performed on extracts tha t  have undergone 
cleanup using s i l i c a  gel column cleanup (Method 3630). 

Revi s i  on 0 
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TABLE 1. HIGH PERFORMANCE LIQUID CHROMATOGRAPHY OF PAHsa 

Col umn Method Detection 
Retentlon capacl t y  l i m i t  (uq1L) 

Compound time (mln) fac to r  (k' ) UV Fluorescence 

Napht ha1 ene 
Acenap h t  hyl  ene 
Acenapht hene 
Fl  uorene 
Phenanthrene 
Ant hracene 
Fl  uorant hrene 
Pyrene 
Benzo (a) anthracene 
Chrysene 
Benzo b f 1 uorant hene 
Benzo k f 1 uorant hene 
Benzo (a I pyrene 
D l  benzo(a, h) anthracene 
Benzo ( h l )  peryl  ene 
Indeno 9 1,2,3-cd) pyrene 

a HPLC conditions: Reverse phase HC-ODs SI1-X, 5 micron p a r t i c l e  size, 
I n  a 250-mn x 2.6-mn I.D. stainless steel  column. I soc ra t l c  e l u t l o n  f o r  5 mln 
uslng acetoni t r l l e l w a t e r  (4:6) (vlv) , then 1 lnear gradient e l  u t l on  t o  100% 
ace ton l t r l l e  over 25 mln a t  0.5 mL1mln f low rate. I f  columns having other  h, In ternal  diameters are used, the f low r a t e  should be adjusted t o  maintain a + 
1 I near vel oc l  t y  o f  2 mnlsec. 

TABLE 2. DETERMINATION OF PRACTICAL QUANTITATION LIMITS (PQL) FOR VARIOUS 
MATRICESa 

Matrl x   act orb 

Ground water 
Low-level sol1 by sonicatlon w l  t h  GPC cleanup 
Hlgh-1 eve1 sol  1 and s l  udges by soni cat1 on 
Non-water m l  sc l  b l  e waste 

asample PQLs are h lghly  matrlx-dependent. The PQLs l i s t e d  herein are 
provlded f o r  guidance and may not always be achievable. 

b~~~ = [Method Detectlon L l  m i  t (Tabl e 1) X [Factor (Tabl e 2)]. For non- 
aqueous samples, the fac to r  I s  on a wet-weight basis. 

\ 
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3.0 INTERFERENCES 

3.1 Sol vents, reagents, glassware, and other sampl e processing hardware 
, -, may y i e l d  d l  screte a r t1  facts  and/or elevated base? lnes, causing m i  s l  nterpreta- 
b t i o n  of the chromatograms. A l l  o f  these materials must be demonstrated t o  be 

free f r o m  interferences, under the conditions o f  the analysis, by running 
method blanks. Spec1 f l c  re1 ect lon o f  reagents and pur l  f l ca t i on  o f  sol vents by 
d i s t i l  l a t l o n  i n  a1 1-glass systems may be required. 

3.2 Interferences coextracted f r o m  the sampl es w i  11 vary considerably 
from source t o  source. A1 though a general cleanup technique i s  provided as 
pa r t  o f  t h i s  method, indiv idual samples may require addit ional cleanup 
approaches t o  achi eve the sensi ti v l  ti es stated i n  Tab1 e 1. 

3.3 The chromatograph1 c condi ti ons described a1 1 ow f o r  a unique 
resolut ion o f  the speci f ic  PAH compounds covered by t h i s  method. Other PAH 
compounds, i n add1 t i o n  t o  matrix a r t1  facts, may i nterfere. 

4.0 APPARATUS AND MATERIALS 

Kuderna-Dan1 sh (K-D) apparatus : 

4.1.1 Concentrator tube: 10-nL, graduated (Kontes K-570050-1025 or  
equivalent) . Ground-gl ass stopper i s used t o  prevent evaporation o f  
extracts. 

4.1.2 Evaporation f 1 ask: 500-mL (Kontes K-570001-500 o r  
equivalent) . Attach t o  concentrator tube wi th  springs. 

4.1.3 Snyder column: Three-bal 1 macro (Kontes K-503000-0121 o r  
equivalent) . 

4.1.4 Snyder column: Two-bal 1 m i  cro (Kontes K-569001-0219 o r  
equi val ent) . 
4.2 Bo i l i o  chi s: Solvent extracted, approximately 10140 mesh (s i l i con  

carbide o r  -+F equ va ent 

4.3 Water bath: Heated, wi th  concentric r i n g  cover, capable o f  
temperature control (+5'C). - The bath should be used i n  a hood. 

4.4 Syringe: 5-mL. 

4.5 High pressure syringes. 

4.6 HPLC apparatus: 

4.6.1 Gradient puaping system: Constant f 1 ow. 

4.6.2 Reverse phase c o l m :  HC-ODs S i l - X I  5-micron p a r t i c l e  size 
diameter, i n  a 250-mn x 2.6-mn I.D. stainless steel  column (Pe'rkin Elmer 
No. 089-0716 o r  equivalent) . 

Rev1 sion 0 
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4.6.3 Detectors: Fluorescence and/or UV detectors may be used. 

4.6.3.1 Fluorescence detector: For excitation a t  280-nm and 
emi ssion greater than 389-nm cutoff (Corning 3-75 o r  equi val ent) . 
Fl uorometers should have dispersive optics fo r  excitation and can 

rn w 
ut i l ize  ei ther  f i l t e r  or  dispersive optics a t  the emission detector. 

4.6.3.2 UV detector: 254-nm, coup1 ed t o  the f 1 uorescence 
detector. 

4.6.4 Strlp-chart recorder: compatible w i t h  detectors. A data 
system for  measuring peak areas and retention times is recomnended. 

4.7 Volumetric flasks: lo-, 50-, and 100-mL. 

5.0 REAGENTS 

5.1 Rea ent water: Reagent water is defined as water i n  which an 

interest  . ---e--6 interferent is  not o served a t  the method detection limit of the compounds of 

5.2 Acetonitrile: HPLC quality, d i s t i l l ed  i n  glass. 

5.3 Stock standard solutions: 

5.3.1 Prepare stock standard solutions a t  a concentration of 1 .OO 
ug/uL by dissolving 0.0100 g of assayed reference material i n  aceto- 
n i t r i l e  and diluting to  volume i n  a 10-mL volumetric flask. Larger 
volumes can be used a t  the convenience of the analyst. When compound 3 
purity is  assayed t o  be 96% o r  greater, the weight can be used without 
correction to  calculate the concentration of the stock standard. 
Commercially prepared stock standards can be used a t  any concentration i f  
they are cert if ied by the manufacturer o r  by an independent source. 

5.3.2 Transfer the stock standard solutions into Teflon-seal ed 
screw-cap bottles. Store a t  4'C and protect from l ight .  Stock standards 
should be checked frequently for  signs of degradation o r  evaporation, 
especi a1 ly just  prior to  preparing cal i bration standards from them. 

5.3.3 Stock standard solutions must be replaced a f t e r  one year, or  
sooner i f  comparison with check standards indicates a problem. 

5.4 Calibration standards: Calibration standards a t  a minimum of f ive  
concentration levels should be prepared through dilution of the stock 
standards with acetonitrile.  One of the concentration levels should be a t  a 
concentration near, but above, the method detection limit.  The remaining 
concentration level s should correspond to the expected range of concentrations 
found in real samples or  should define the working range of the HPLC. Cali- 
bration standards must be replaced a f t e r  six months, or  sooner i f  comparison 
w i t h  check standards indicates a problem. 
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5.5 In ternal  standards (If lnternal  standard ca l ib ra t ion  i s  used) : To 
use t h l s  approach, the analyst must select one o r  more ln ternal  standards tha t  

, are siml l a r  I n  analy t ica l  behavior t o  the conpounds o f  Interest. The analyst 
must fu r ther  demonstrate tha t  the measurement o f  the in ternal  standard i s  not 

k" affected by method o r  matr ix Interferences. Because o f  these 1 In1 tatlons, no 
in ternal  standard can be suggested tha t  I s  appl icable t o  a1 1 samples. 

5.5.1 Prepare ca l lb ra t lon  standards a t  a mlnlmum o f  f i v e  
concentration levels  f o r  each analyte as described I n  Paragraph 5.4. 

5.5.2 To each ca l lb ra t lon  standard, add a known constant amount o f  
one o r  more ln ternal  standards, and d i l u t e  t o  volume wl th acetonl t r i le .  

5.5.3 Analyze each c a l l  brat lon standard according t o  Sectlon 7.0. 

5.6 Surrogate standards: The analyst should inanitor the perfonaance o f  
the extraction, cleanup (If necessary), and analyt ical  system and the 
effectiveness o f  the method I n  dealing wi th  each sample matr ix by sp lk ln  each 
sample, standard, and ,reagent water blank w l  t h  one o r  two surrogates 'I e. 
decaf1 uoroblphenyl o r  other PAHs not expected t o  be present I n  the saq!;j 
recomnended t o  encompass the range o f  the temperature program used I n  t h l s  
method. Deuterated analogs of analytes should not be used as surrogates f o r  
HPLC analysis due t o  coelution problems. 

6.0 SAMPLE COLLECTION, PRESERVATION, AND HANDLING 

6.1 See the Introductory material t o  t h l s  chapter, Organic Analytes, 
Sectlon 4.1. Extracts must be stored under re f r igera t ion  and must be analyzed 

L+wj wl th ln  40 days of extractlon. 

7.0 PROCEDURE 

7.1 Extraction: 

7.1.1 Refer t o  Chapter Two for  guidance on chooslng the appropriate 
ext ract lon procedure. I n  general, water samples are extracted a t  a 
neutral pH wi th methylene chlorlde, using e i t he r  Method 3510 o r  3520. 
So l ld  samples are extracted uslng e l t he r  Method 3540 o r  3550. To achltve 
maxlmum s e n s l t l v l t y  wl th  t h l s  method, the extract must be concentrated t o  
1 mL. 

7.1.2 Pr io r  t o  HPLC analysis, the .ext ract ion solvent must be 
exchanged t o  acetonl t r l le .  The exchange I s  p e r f o m d  durlng the K-D 
procedures l l s t e d  I n  a l l  o f  the extract lon methods. The exchange I s  
performed as f o l  1 ows. 

7.1.2.1 Followlng K-D of the methylene chlor ide ext ract  t o  
1 mL us1 ng the macro-Snyder column, a1 low the apparatus t o  cool and 
dra ln f o r  a t  leas t  10 nln. 
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7.1.2.2 Increase the temperature of the hot water bath to  95- 
100.C. Momentarily remove the Snyder column, add 4 mL of 
acetonltrlle,  a new boiling chlp, and attach a two-ball micro-Snyder 
column. Concentrate the extract using 1 mL of acetoni t r i l e  to 
prewet the Snyder column. Place the K-D apparatus on the water bath 
so that  the concentrator tube I s  partlal ly imnersed i n  the hot 
water. Adjust the vertical posi tlon of the apparatus and the water 
temperature, as required, t o  complete concentration i n  15-20 mi n. 
A t  the proper rate of d i s t i l  lation the balls of the column will 
actively chatter, but the chambers will not flood. When the 
apparent volume of liquid reaches 0.5 mL, remove the K-D apparatus 
and a1 low i t  t o  drain and cool for  a t  least  10 m i  n. 

7.1.2.3 When the apparatus is cool, remove the micro-Snyder 
column and rinse its lower joint into the concentrator tube w i t h  
about 0.2 mL of acetoni tri le. A 5-mL syringe is reconmended for  
th i s  operation. Adjust the extract volume t o  1.0 mL. Stopper the 
concentrator tube and store refrigerated a t  4*C, i f  further 
processing wi 11 not be performed imnediately. If the extract wlll 
be stored longer than two days, i t  should be transferred to  a 
Tefl on-seal ed screw-cap v i  a1 . Proceed w i t h  HPLC anal ysi s i f further 
cleanup is not required. 

7.2 HPLC condi t i  ons (Recommended) : 

7.2.1 Using the column described i n  Para raph 4.6.2: Isocratic 
elution for  5 mi n using acetoni tri 1 elwater 't 4:6) (vlv) , then 1 inear 
gradient elution t o  100% acetoni tri l e  over 25 m i  n a t  0.5 mL/min flow 
rate. I f  columns having other internal diameters are used, the flow rate q 
should be adjusted to  maintain a linear velocity of 2 mnlsec. 'W 

7.3 Calibration: 

7.3.1 Refer t o  Method 8000 for  proper calibration procedures. The 
procedure of internal or  external standard calibratlon may be used. Use 
Table 1 and especially Table 2 for guidance on selecting the lowest point 
on the calibration curve. 

7.3.2 Assemble the necessary HPLC apparatus and establ i s h  operating 
parameters equi val ent to those i ndl cated i n  Section 7.2.1. By injecting 
cal i bration standards, establ i sh the sensi t l v i  t y  1 imi t of the detectors 
and the 1 i near range of the analytlcal systems for  each compound. 

7.3.3 Before using any cleanup procedure, the analyst should 
process a series of calibration standards through the procedure t o  
confirm elution patterns and the absence of interferences from the 
reagents. 

7.4 HPLC analysis: 

7.4.1 Table 1 summarizes the estimate retention times of PAHs 
determinable by this method. Figure 1 is an example of the separation 
achievable using the conditions given i n  Paragraph 7.2.1. 

P% 
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Column: HCQOS SIL-X 
W k  Phrrr: 40% to 100% Aatoniaib in Wiur 
Dmrcaor: Fluonrma 

RETENTlON TIME (MINUTES) 

Figure 1. Liquid drromatogmm of polynuclear aromatics. 
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7.4.2 I f  in te rna l  standard ca l ib ra t ion  i s  t o  be performed, add 
10 uL o f  in te rna l  standard t o  the sample p r i o r  t o  in ject ion.  I n j e c t  
2-5 uL o f  the sample extract wi th  a high-pressure syringe o r  sample 
i n jec t i on  loop. Record the volume in jected t o  the nearest 0.1 uL, and 
the resu l t i ng  peak size, i n  area un i t s  o r  peak heights. Re-equilibrate 
the HPLC column a t  the i n i t i a l  gradient condit ions f o r  a t  l eas t  10 min 
between inject ions. 

7.4.3 Using e i t he r  the in te rna l  o r  external cal  i brat ion  procedure 
(Method 8000), determine the i d e n t i t y  and quant i ty o f  each component peak 
i n  the sample chromatogram which corresponds t o  the compounds used f o r  
ca l ib ra t ion  purposes. See Section 7.8 o f  Method 8000 f o r  ca lcu lat ion 
equations. 

7.4.4 I f  the peak area exceeds the l i n e a r  range o f  the system, 
d i l u t e  the ext ract  and reanalyze. 

7.4.5 I f  the peak area measurement i s  prevented by the presence o f  
interferences, f u r the r  cleanup i s  required. 

7.5 Cleanup: 

7.5.1 Cleanup o f  the ace ton i t r i l e  ext ract  takes place using Method 
3630 ( S i l i c a  Gel Cleanup). Speci f ic ins t ruc t ions  f o r  cleanup o f  the 
ext ract  f o r  PAHs i s  given i n  Section 7.1 o f  Method 3630. 

7.5.2 Following cleanup, analyze the samples using HPLC as 
described i n  Section 7.4. 

1- 

8.0 QUALITY CONTROL 

8.1 Refer t o  Chapter One for  spec i f i c  qua l i t y  contro l  procedures. 
Qua1 i t y  contro l  t o  va l idate sample ext ract ion i s  covered i n  Method 3500 and i n  
the ext ract ion method used. I f  ext ract  cleanup was performed, fol low the QC 
i n  Method 3600 and i n  the spec i f i c  cleanup method. 

8.2 Mandatory qual i t y  control t o  val idate the HPLC system operation i s  
found i n  Method 8000, Section 8.6. 

8.2.1 The qual i t y  control  check sample concentrate (Method 8000, 
Section 8.6) should contain each analyte a t  the f o l  lowing concentrations 
i n  acetoni t r i l e :  naphthalene, 100 ug/mL; acenaphthylene, 100 ug/mL; 
acenaphthene, 100 ug/mL; f 1 uorene, 100 ug/mL; phenanthrene, 100 ug/mL; 
anthracene, 100 ug/mL; benzo (k) fl uoranthene, 5 ug/mL; and any other PAH 
a t  10 ug/mL. 

8.2.2 Table 3 indicates the ca l i b ra t i on  and QC acceptance c r i t e r i a  
f o r  t h i s  method. Table 4 gives method accuracy and prec is ion as 
functions o f  concentration f o r  the analytes o f  in te res t .  The contents o f  
both Tables should be used t o  evaluate a laboratory 's a b i l  i t y  t o  perform 
and generate acceptable data by t h i s  method. 

, 1 
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8.3 Calculate surrogate standard recovery on a1 1 samples, blanks, and 
splkes. Determlne I f  the recovery I s  w l th ln  l l m l t s  ( l lm l t s  establlshed by 

/ -  
perform1 ng QC procedures out1 lned I n  Method 8000, Sectlon 8.10). 

kk -.' 8.3.1 I f  recovery I s  not w l th ln  l l n l t s ,  the fol lowlng procedures 
are requi red. 

Check t o  be sure there are no errors I n  calculations, 
surrogate sol ut lons and Internal  standards. A1 so, check 
instrument performance. 

Recalculate the data andlor reanalyze the extract I f  any o f  
the above checks reveal a problem. 

Reextract and reanalyze the sample I f  none o f  the above are 
a problem o r  f l a g  the data as "estimated concentratlon.' 

9.0 METHOD PERFORMANCE 

9.1 The method was tested by 16 laboratorles using reagent water, 
d r l  nk i  ng water, surface water, and three Indus t r ia l  wastewaters spl  ked a t  s i x  
concentrations over the range 0.1 t o  425 uglL. S l  ngle operator precl  slon, 
overa l l  precision, and method accuracy were found t o  be d l r e c t l y  related t o  
the concentratlon o f  the analyte and essent la l ly  Independent o f  the sample 
matrl  x. L l  near equations t o  descrl be these re1 atlonshl ps are presented I n  
Table 4. 

,- -. 9.2 This method has been tested f o r  l i n e a r i t y  o f  spl  ke recovery from 
Ld reagent water and has been demonstrated t o  be applicable over the 

concentration range from 8 x MDL t o  800 x MDL w l  t h  the fol lowlng exception: 
benzo(gh1)perylene recovery a t  80 x and 800 x MDL were low (35% and 45%, 
respect1 vely) . 

9.3 The accuracy and precl slon obtained w i l l  be detennlned by the sample 
matrix, sampl e-preparation technique, and cal I brat lon procedures used. 
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TABLE 3. QC ACCEPTANCE ' CRITERIAa 
- 

l r y  Test Llml t Range Range 
conc . f o r  s 

Ih lbbd  

f o r  X 
Parameter (ug/L) ( W L )  (ug/L) 

Acenapht hene 
Acenapht hy 1 ene 
Anthracene 

Chrysene 
D l  benzo (a, h) ant hracene 
F l  uoranthene 
F l  uorene 
Indeno (l,2, 3-cd) pyrene 
Naphtha1 ene 
Phenant hrene 
Py rene 

s = Standard deviation o f  four  recovery measurements, I n  ug/L. 

X = Average recovery f o r  four recovery nnasuremnts, I n  ug/L. 

p, ps = Percent recovery measured. 

D = Detected; resu l t  must be greater than zero. 

a c r l t e r i a  f r o m  40 CFR Part 136 f o r  Method 610. These c r i t e r i a  are based 
d i r e c t l y  upon the method performance data I n  Table 3. Uhere necessary, the 
1 im i t s  f o r  recovery have been broadened t o  assure appl l c a b l l  l t y  o f  the l i m i t s  
t o  concentrations below those used t o  develop Table 3. 
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TABLE 4. METHOD ACCURACY AND PRECISION AS FUNCTIONS OF  CONCENTRATION^ 

Accuracy, as S i  ngle analyst Overall 
recovery, x '  precision, srl precision, F-% 

Parameter (us/L) (ug/L) S 1  (ug/L) d 

Acenapht hene 
Acenaphthyl ene 
Ant hracene 

Chrysene 
D l  benzo (a, h) ant hracene 
F l  uorant hene 
F l  uorene 
Indeno (l,2,3-cd) pyrene 
Naphthalene 
Phenant hrene 
Pyrene 

x'  = Expected recovery f o r  one or4  more measurements o f  a sample 
containing a concentration of C, i n  ug/L. 

sr1 = Expected single analyst standard deviation o f  measurements a t  an 
average concentration o f  X, I n  ug/L. w7 

S1 = Expected Inter laboratory standard deviat ion o f  measurements a t  an 
average concentration found of X, I n  ug/L. 

C = True value f o r  the concentration, i n  ug/L. 

X = Average recovery found f o r  measurements of samples containing a 
concentration o f  C, i n  ug/L. 
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DETERMINATION OF CARBONYL COMPOUNDS 
BY HIGH PERFORMANCE LIQUID CHROMATOGRAPHY (HPLC 1 

1.0 SCOPE AND APPLICATION 

1.1 This method provides procedures f o r  t h e  determinat ion o f  f r e e  
carbonyl compounds i n  var ious matr ices by d e r i v a t i z a t i o n  w i t h  
2,4-d in i  t rophenyl  hydrazine (DNPH) . The method u t i  1 i zes  h igh  performance 1 i q u i d  
chromatography (HPLC) w i t h  u l  t r a v i o l  e t / v i  s i  b l  e (UV/vi s) de tec t ion  t o  i d e n t i f y  and 
quan t i t a te  t h e  t a r g e t  analytes using two d i f f e r e n t  sets o f  condi t ions:  Option 1 
and Option 2. Option 1 has been shown t o  perform we l l  f o r  one set  o f  t a r g e t  
analytes f o r  aqueous samples, s o i l  o r  waste samples, and stack samples co l l ec ted  
by Method 0011. Option 2 has been shown t o  work we l l  f o r  another se t  o f  t a r g e t  
analytes i n  indoor a i r  samples co l l ec ted  by Method 0100. The two sets o f  t a r g e t  
analytes over1 ap f o r  some compounds. Refer t o  t h e  Analys is  Option 1 i s t e d  i n  the  
f o l l o w i n g  t a b l e  t o  determine which analytes may be analyzed by which opt ion.  The 
f o l l o w i n g  compounds may be determined by t h i s  method: 

Compound Name CAS No." Analys is  opt ionb 

Acetaldehyde 
Acetone 
Acro l  e i  n 
Benzal dehyde 
Butanal (bu ty ra l  dehyde) 
Crotonal dehyde 
Cycl ohexanone 
Decanal 
2,5-Dimethyl benzaldehyde 
Formaldehyde 
Heptanal 
Hexanal (hexal dehyde) 
Isova l  era1 dehyde 
Nonanal 
Octanal 
Pentanal ( v a l e r a l  dehyde) 
Propanal (propional  dehyde) 
m-To1 ualdehyde 
o-To1 ual  dehyde 
p-To1 ualdehyde 

a Chemical Abs t rac t  Services Reg is t ry  Number. 
b This  1 i s t  o f  t a r g e t  analytes contains an over lapping l i s t  o f  

compounds t h a t  have been evaluated us ing mod i f i ca t ions  o f  t he  
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ana lys is .  Refer t o  t h e  respec t i ve  o p t i o n  number when choosing the  
appropr ia te  ana lys is  technique f o r  a  p a r t i c u l a r  compound. 

1.2 'The Option 1 method de tec t i on  1  i m i  t s  (MDL) are  1  i s ted  i n  Tab1 es 1 and 
2. The s e n s i t i v i t y  da ta  f o r  sampling and ana lys is  us ing  Method 0100 (Option 2) (9 are  g iven i n  Table 3. The MDL f o r  a  s p e c i f i c  sample may d i f f e r  from t h a t  1  i s t e d ,  
depending upon t h e  na ture  o f  i n te r fe rences  i n  t h e  sample m a t r i x  and t h e  amount 
o f  sample used i n  t h e  procedure. 

1.3 'The e x t r a c t i o n  procedure f o r  s o l i d  samples i s  s i m i l a r  t o  t h a t  
s p e c i f i e d  i n  Method 1311. Thus, a  s i n g l e  sample may be ex t rac ted  t o  measure t h e  
analytes inc luded i n  t h e  scope o f  o the r  appropr ia te  methods. The ana lys t  i s  
a1 lowed the  f l  e x i  b i l  i t y  t o  s e l e c t  chromatographic cond i t i ons  app rop r ia te  f o r  t he  
simultaneous measurement o f  combinations o f  these analytes.  

1.4 When t h i s  method i s  used t o  analyze u n f a m i l i a r  sample matr ices,  
compound i d e n t i f i c a t i o n  should be supported by a t  l e a s t  one a d d i t i o n a l  
qual i t a t i v e  technique. A gas chromatograph/mass spectrometer (GC/MS) may be used 
f o r  t he  qual i t a t i v e  conf i rmat ion  o f  r e s u l t s  f o r  t h e  t a r g e t  analytes,  us ing  t h e  
e x t r a c t  produced by t h i s  method. 

1.5 Th is  method i s  r e s t r i c t e d  t o  use by, o r  under t h e  superv i s ion  o f ,  
ana lys ts  experienced i n  t h e  use o f  chromatography and i n  t h e  i n t e r p r e t a t i o n  o f  
chromatograms. Each ana lys t  must demonstrate t h e  abi  1  i t y  t o  generate acceptable 
r e s u l t s  w i t h  t h i s  method, us ing  t h e  procedure descr ibed i n  Sec. 7.0. 

2.0 SUMMARY OF METHOD 

2.1 L i q u i d  and S o l i d  Samples (Option 1) 

2.1.1 For wastes comprised o f  so l i ds ,  o r  f o r  aqueous wastes 
con ta in ing  s i g n i f i c a n t  amounts o f  so l  i d  ma te r i a l ,  t h e  aqueous phase, i f  
any, i s  separated from t h e  s o l i d  phase and s tored f o r  l a t e r  ana lys is .  I f  
necessary, t h e  p a r t i c l e  s i z e  o f  t he  s o l i d s  i n  t h e  waste i s  reduced. The 
s o l i d  phase i s  ex t rac ted  w i t h  an amount o f  e x t r a c t i o n  f l u i d  equal t o  20 
t imes t h e  weight o f  t h e  s o l i d  phase. The e x t r a c t i o n  f l u i d  employed i s  a  
f u n c t i o n  o f  t he  a1 ka l  i n i t y  o f  t he  so l  i d  phase o f  t he  waste. A spec ia l  
e x t r a c t o r  vessel i s  used when t e s t i n g  f o r  vo l  a t i  1  es. Fol 1  owing e x t r a c t  ion, 
t he  aqueous e x t r a c t  i s  separated from t h e  s o l i d  phase by f i l t r a t i o n  
employing 0.6 t o  0.8 p m  g lass  f i b e r  f i l t e r .  

2.1.2 I f  compatible ( i . . ,  m u l t i p l e  phases w i l l  n o t  form on 
combinat ion),  t he  i n i t i a l  aqueous phase of t he  waste i s  added t o  t h e  
aqueous e x t r a c t ,  and these l i q u i d s  are analyzed together .  I f  
incompati b l  e, t he  1  i q u i d s  are analyzed separa te ly  and t h e  r e s u l t s  a re  
mathemat ica l ly  combined t o  y i e l d  a  vol  ume-weighted average concent ra t ion .  

2.1.3 A measured volume of aqueous sample (approx. 100 mL) o r  an 
appropr ia te  amount of so l  i d s  e x t r a c t  (approx. 25 g),  i s  bu f fe red  t o  pH 3 
and d e r i v a t i z e d  w i t h  2,4-dinitrophenylhydrazine (DNPH), us ing  e i t h e r  t h e  
l i q u i d - s o l i d  o r  a  l i q u i d - l i q u i d  e x t r a c t i o n  op t i on .  I f  t h e  1  i q u i d - s o l i d  
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o p t i o n  i s  used, t h e  d e r i v a t i v e  i s  ex t rac ted  us ing  s o l i d  sorbent 
c a r t r i d g e s ,  fo l lowed by e l u t i o n  w i t h  e thanol .  I f  t h e  l i q u i d - l i q u i d  op t i on  
i s  used, t h e  d e r i v a t i v e  i s  ex t rac ted  from t h e  sample w i t h  t h r e e  (3 )  
p o r t i o n s  o f  methyl  ene c h l o r i d e .  The methyl ene c h l o r i d e  e x t r a c t s  are 
concentrated us ing  t h e  Kuderna-Dani sh (K-D) procedure and exchanged w i t h  
ace ton i  tril e  p r i o r  t o  HPLC ana lys is .  L i q u i d  chromatographic cond i t i ons  
a re  descr ibed  which pe rm i t  t h e  separa t ion  and measurement o f  va r ious  
carbonyl  corr~pounds i n  t h e  e x t r a c t  by absorbance d e t e c t i o n  a t  360 nm. 

2.1.4 I f  formaldehyde i s  t h e  o n l y  ana ly te  o f  i n t e r e s t ,  t h e  aqueous 
sample o r  s o l i d s  e x t r a c t  should be bu f f e red  t o  pH 5.0 t o  minimize a r t i f a c t  
formaldehyde format ion.  

2.2 Stack Gas Samples Co l l ec ted  by Method 0011 (Opt ion 1) - The e n t i r e  
sample re tu rned  t o  t h e  l a b o r a t o r y  i s  ex t rac ted  w i t h  methylene c h l o r i d e  and t h e  
methylene c h l o r i d e  e x t r a c t  i s  brought up t o  a  known volume. An a l i q u o t  o f  t he  
methylene c h l o r i d e  e x t r a c t  i s  so l ven t  exchanged and concentrated o r  d i l u t e d  as 
necessary. L i q u i d  chromatographic cond i t i ons  are descr ibed t h a t  permi t  t h e  
separa t ion  and measurement o f  va r ious  carbonyl  compounds i n  t h e  e x t r a c t  by 
absorbance d e t e c t i o n  a t  360 nm. 

2.3 Indoor  A i r  Samples by Method 0100 (Opt ion 2) - The sample c a r t r i d g e s  
a re  re tu rned  t o  t h e  l a b o r a t o r y  and backf lushed w i t h  a c e t o n i t r i l e  i n t o  a  5  mL 
vo lume t r i c  f l a s k .  The e l u a t e  i s  brought up t o  volume w i t h  more a c e t o n i t r i l e .  
Two (2 )  a l i q u o t s  o f  t h e  a c e t o n i t r i l e  e x t r a c t  a re  p i p e t t e d  i n t o  two (2 )  sample 
v i  a1 s  hav ing T e f l  on-1 i ned  septa. L i q u i d  chromatographic c o n d i t i o n s  a re  descr ibed 
t h a t  pe rm i t  t h e  separa t ion  and measurement o f  t h e  var ious  carbonyl  compounds i n  
t h e  e x t r a c t  by absorbance d e t e c t i o n  a t  360 nm. 

- -. 
~ ~ - 3 '  3.0 INTERFERENCES 

3 .1  Method i n t e r f e r e n c e s  may be caused by contaminants i n  so lven ts ,  
reagents,  glassware, and o t h e r  sample process ing hardware t h a t  l e a d  t o  d i s c r e t e  
a r t i f a c t s  and/or e l  evated base1 i nes i n  t h e  chromatograms. A1 1  o f  these mater i  a1 s  
must be r o u t i n e l y  demonstrated t o  be f r e e  from i n te r f e rences  under t h e  cond i t i ons  
o f  t h e  ana l ys i s  by ana lyz ing  l a b o r a t o r y  reagent blanks as descr ibed i n  Sec. 8.5. 

3.1.1 G l  assware must be sc rupu lous ly  cleaned. Clean a1 1  glassware 
as soon as poss ib l e  a f t e r  use by r i n s i n g  w i t h  t h e  l a s t  so l ven t  used. Th is  
should be f o l l owed  by de te rgen t  washing w i t h  h o t  water,  and r i n s e s  w i t h  
t a p  water  and o r g a n i c - f r e e  reagent water.  I t  should then  be dra ined,  
d r i e d ,  and heated i n  a  l a b o r a t o r y  oven a t  130°C f o r  severa l  hours be fo re  
use. Solvent  r i n s e s  w i t h  a c e t o n i t r i l e  may be s u b s t i t u t e d  f o r  t h e  oven 
hea t ing .  A f t e r  d r y i n g  and cool  ing, glassware should be s to red  i n  a  c lean  
environment t o  prevent  any accumulat ion o f  dust  o r  o t h e r  contaminants. 

NOTE: Do n o t  use acetone o r  methanol. These so lven ts  r e a c t  w i t h  
DNPH t o  form i n t e r f e r i n g  compounds. 
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3.1.2 The use o f  h igh  p u r i t y  reagents and so lvents  helps t o  minimize 
i n te r fe rence  problems. P u r i f i c a t i o n  o f  so lvents  by d i s t i l l a t i o n  i n  a l l  
g lass  systems may be requi red.  

3.1.3 Polyethylene gloves must be worn when hand1 i n g  t h e  s i l  i c a  ge l  F 
c a r t r i d g e s  t o  reduce the  possi b i  1 i t y  o f  contaminat ion. 

3.2 Formaldehyde contaminat ion o f  t he  DNPH reagent i s  a f requent ly  
encountered problem due t o  i t s  widespread occurrence i n  t h e  environment. The 
DNPH reagent i n  Option 2 must be p u r i f i e d  by m u l t i p l e  r e c r y s t a l  1 i z a t i o n s  i n  UV- 
grade acetoni tri 1 e. Recrystal  1 i z a t i o n  i s  accompl i shed, a t  40-60°C, by slow 
evaporat ion o f  t h e  so lvent  t o  maximize c r y s t a l  s ize .  The p u r i f i e d  DNPH c r y s t a l s  
are stored under UV-grade acetoni  tril e u n t i  1 use. Impur i t y  1 eve1 s o f  carbonyl 
compounds i n  t he  DNPH are determined p r i o r  t o  the  ana lys i s  o f  t h e  samples and 
should be l e s s  than 25 mg/L. Refer t o  Appendix A f o r  t h e  r e c r y s t a l l  i z a t i o n  
procedure. 

3.3 M a t r i x  i n te r fe rences  may be caused by contaminants t h a t  a re  
coextracted from the  sample. The ex ten t  o f  m a t r i x  i n te r fe rences  w i l l  va ry  
considerably from source t o  source, depending upon the  na ture  and d i v e r s i t y  o f  
t he  m a t r i x  being sampled. Although t h e  HPLC cond i t i ons  descr ibed a l l o w  f o r  a 
r e s o l u t i o n  o f  t h e  s p e c i f i c  compounds covered by t h i s  method, o t h e r  m a t r i x  
components may i n t e r f e r e .  I f  in te r fe rences  occur i n  subsequent samples, 
m o d i f i c a t i o n  o f  t he  mobi le phase o r  some add i t i ona l  cleanup may be necessary. 

3.4 I n  Option 1, acetaldehyde i s  generated du r ing  the  d e r i v a t i z a t i o n  step 
i f  ethanol i s  present i n  t he  sample. This  background w i l l  impa i r  t h e  measurement 
o f  acetaldehyde a t  l e v e l s  below 0.5 ppm (500 ppb). 

3.5 For Option 2, a t  t he  s ta ted  two column ana lys i s  cond i t i ons ,  t h e  
i d e n t i f i c a t i o n  and q u a n t i t a t i o n  o f  butyraldehyde may be d i f f i c u l t  due t o  
coel u t i o n  w i t h  i sobutyraldehyde and methyl e t h y l  ketone. Precaut ions should be 
taken and adjustment o f  t he  ana lys i s  cond i t i ons  should be done, i f  necessary, t o  

a 
avoid po tent  i a1 prob l  ems. 

4.0 APPARATUS AND MATERIALS 

4.1 High performance l i q u i d  chromatograph (modular) 

4.1.1 Pumping system - Gradient, w i t h  constant  f l o w  c o n t r o l  capable 
o f  1.50 mL/min. 

4.1.2 High pressure i n j e c t i o n  va lve  w i t h  20 p L  loop.  

4.1.3 Column - 250 mm x 4.6 mm ID, 5 p m  p a r t i c l e  s i ze ,  C18 (Zorbax 
o r  equ iva len t )  . 

4.1.4 Absorbance de tec to r  - 360 nm. 

4.1.5 S t r i p - c h a r t  recorder  compatible w i t h  d e t e c t o r  - Use o f  a da ta  
system f o r  measuring peak areas and r e t e n t i o n  t imes i s  recommended. 
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4.1.6 Helium - f o r  degassing mobi le  phase so lven ts .  (Opt ions 
1 and 2) 

4.1.7 Mobi le  Phase Reservoi rs  and Suct ion F i l t r a t i o n  Apparatus - For 
ho ld ing  and f i l t e r i n g  HPLC mobi le  phase. F i l t e r i n g  system should be a l l  
g l ass  and Te f l on  and use a  0.22 p m  po l yes te r  membrane f i l t e r .  (Opt ion 2) 

4.1.8 Syr inges - f o r  HPLC i n j e c t i o n  l oop  loading,  w i t h  capac i ty  a t  
l e a s t  f o u r  t imes t h e  l oop  volume. 

4.2 Apparatus and M a t e r i a l s  f o r  Opt ion 1 

4.2.1 React ion vessel - 250 mL Florence f l a s k .  

4.2.2 Separatory funnel  - 250 mL, w i t h  Te f l on  stopcock. 

4.2.3 Kuderna-Dani sh (K-D) apparatus. 

4.2.3.1 Concentrator tube - 10 mL graduated (Kontes 
K-570050-1025 o r  equ i va len t ) .  A  ground g lass  s topper  i s  used t o  
prevent  evaporat ion o f  ex t rac t s .  

4.2.3.2 Evaporat ion f l a s k  - 500 mL (Kontes K-570001-500 o r  
equ i va len t ) .  A t t ach  t o  concentrator  tube w i t h  spr ings,  clamps, o r  
equ iva len t .  

4.2.3.3 Snyder column - 'Three b a l l  macro (Kontes 
K-503000-0121 o r  equ i va len t ) .  

4.2.3.4 Snyder column - Two b a l l  micro (Kontes 
K-569001-0219 o r  equ i va len t ) .  

4.2.3.5 Springs - 1/2 i n c h  (Kontes K-662750 o r  
equ i va len t ) .  

4.2.4 B o i l  i n g  ch ips  - Solvent  ex t rac ted  w i t h  methylene ch lo r i de ,  
approx imate ly  10/40 mesh ( s i  1  i con  carb ide  o r  equ i va len t ) .  

4.2.5 pH meter - Capable o f  measuring t o  t h e  nearest  0.01 u n i t s .  

4.2.6 Glass f i b e r  f i l t e r  paper - 1.2 pm pore s i z e  (F isher  Grade 64 
o r  equ i va len t ) .  

4.2.7 Sol i d  sorbent c a r t r i d g e s  - Packed w i t h  2 g  C18 (Baker o r  
equ i va len t )  . 

4.2.8 Vacuum man i fo l d  - Capable o f  simultaneous e x t r a c t i o n  o f  up t o  
12 samples (Supel co o r  equ i va len t ) .  

4.2.9 Sample r e s e r v o i r s  - 60 mL capac i t y  (Supelco o r  equ i va len t ) .  
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4.2.10 P i p e t  - Capable o f  accu ra te l y  d e l i v e r i n g  0.10 mL 
s o l u t i o n  (Pipetman o r  e q u i v a l e n t ) .  

4.2.11 Water ba th  - Heated, w i t h  c o n c e n t r i c  r i n g  cover ,  capable 
o f  temperature c o n t r o l  (+ 2°C). The ba th  should be used under a  hood. 

4.2.12 Sample shaker - Con t ro l  1  ed temperature i n c u b a t o r  (2 2°C) 
w i t h  o r b i t a l  shak ing (Lab-Line O r b i t  Environ-Shaker Model 3527 o r  
equ i va len t )  . 

4.2.13 Syr inges - 5 mL, 500 pL, 100 pL,  (Luer-Lok o r  
equ i va len t )  . 

4.2.14 Syr inge  F i l t e r s  - 0.45 pm f i l t r a t i o n  d i s k s  (Gelman 
Acrodi  sc 4438 o r  equ i va len t )  . 
4.3 Apparatus and M a t e r i a l s  f o r  Opt ion  2 

4.3.1 Syr inges - 10 mL, w i t h  Luer-Lok t y p e  adapter ,  used t o  
b a c k f l  ush t h e  sample c a r t r i d g e s  by g r a v i t y  feed. 

4.3.2 Syr inge Rack - made o f  an aluminum p l a t e  w i t h  a d j u s t a b l e  l e g s  
on a l l  f o u r  corners.  C i r c u l a r  ho les  o f  a  d iameter  s l i g h t l y  l a r g e r  t han  
t h e  d iameter  o f  t h e  10 mL sy r i nges  are d r i l l e d  th rough t h e  p l a t e  t o  a l l o w  
ba tch  p rocess ing  of c a r t r i d g e s  f o r  c lean ing ,  coa t i ng ,  and sample e l u t i o n .  
A p l a t e  (0.16 x  36 x  53 cm) w i t h  45 ho les  i n  a  5x9 m a t r i x  i s  recommended. 
See F igu re  2 i n  Method 0100. 

4.4 Vo lumet r i c  F lasks  - 5  mL, 10 mL, and 250 o r  500 mL. 

4.5 V i a l s  - 10 o r  25 mL, g l ass  w i t h  T e f l o n - l i n e d  screw caps o r  c r imp  
tops.  

4.6 Balance - A n a l y t i c a l ,  capable o f  a c c u r a t e l y  weigh ing t o  0.0001 g. 

4.7 Glass Funnels 

4.8 Po lye thy lene  Gloves - used t o  handle s i l i c a  g e l  c a r t r i d g e s .  

5.0 REAGENTS 

5.1 Reagent grade i n o r g a n i c  chemicals s h a l l  be used i n  a l l  t e s t s .  Unless 
o therw ise  i nd i ca ted ,  i t  i s  in tended t h a t  a l l  reagents  s h a l l  conform t o  t h e  
s p e c i f i c a t i o n s  o f  t h e  Committee on A n a l y t i c a l  Reagents o f  t h e  American Chemical 
Soc ie ty ,  where such s p e c i f i c a t i o n s  a re  a v a i l a b l e .  Other  grades may be used, 
p rov ided  i t  i s  f i r s t  ascer ta ined  t h a t  t h e  reagent  i s  o f  s u f f i c i e n t l y  h i g h  p u r i t y  
t o  pe rm i t  i t s  use w i t h o u t  l essen ing  t h e  accuracy o f  t h e  de te rm ina t i on .  

5.2 Organ i c - f r ee  reagent  water  - Water i n  which an i n t e r f e r a n t  i s  n o t  
observed a t  t h e  method d e t e c t i o n  l i m i t  f o r  t h e  compounds o f  i n t e r e s t .  
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5.3 Formal i n  - So lu t i on  o f  formaldehyde (CH,O) i n  o rgan i c - f r ee  reagent 
water, nominal l y  37.6 percent  (w/w) . Exact concentrat ion w i  11 be determined f o r  
t h e  s tock  s o l u t i o n  i n  Sec. 5.7.1.1. 

5.4 Aldehydes and ketones - a n a l y t i c a l  grade, used f o r  p repara t ion  o f  
1, DNPH d e r i v a t i v e  standards o f  t a r g e t  analy tes o ther  than formaldehyde. Refer t o  

t he  t a r g e t  ana ly te  1 i s t .  

5.5 Opt ion 1 Reagents 

5.5.1 Methylene ch lo r i de ,  CH2C1, - HPLC grade o r  equ iva len t .  

5.5.2 A c e t o n i t r i l e ,  CH3CN - HPLC grade o r  equ iva len t .  

5.5.3 Sodium hydrox ide so lu t i ons ,  NaOH, 1.0 N  and 5  N. 

5.5.4 Sodi~lrn ch lo r i de ,  NaC1, saturated s o l u t i o n  - Prepare by 
d i s s o l v i n g  an excess o f  t h e  reagent grade s o l i d  i n  o rgan i c - f r ee  reagent 
water.  

5.5.5 Sodium s u l f i t e  so lu t i on ,  Na,S03, 0.1 M. 

5.5.6 Sodium s u l f a t e ,  Na2S0, - granular ,  anhydrous. 

5.5.7 C i t r i c  Acid, C,H,O,, 1.0 M s o l u t i o n .  

5.5.8 Sodium C i t r a t e ,  C,H,Na30,.2H20, 1.0 M t r i sod iun i  s a l t  d i hyd ra te  
s o l u t i o n .  

5.5.9 Ace t i c  a c i d  ( g l a c i a l ) ,  CH3C02H. 

5.5.10 Sodium acetate,  CH3C02Na. 

5.5.11 Hydroch lo r i c  Acid,  HC1, 0.1 N. 

5.5.12 C i  t r a t e  b u f f e r ,  1 M, pH 3  - Prepare by adding 80 mL o f  1 M 
c i t r i c  a c i d  s o l u t i o n  t o  20 mL o f  1  M sodium c i t r a t e  s o l u t i o n .  Mix 
thoroughly .  Ad jus t  pH w i t h  NaOH o r  HC1 as needed. 

5.5.13 pH 5.0 Acetate b u f f e r  (5M) - Formaldehyde ana l ys i s  on ly .  
Prepared by adding 40 mL 5M a c e t i c  ac id  s o l u t i o n  t o  60 mL 5M sodium 
ace ta te  s o l u t i o n .  Mix thoroughly .  Ad jus t  pH w i t h  NaOH o r  HC1 as needed. 

5.5.14 2,4-Dini  t rophenyl  hydrazine, 2,4-(O,N),C,H3]NHNH2, (DNPH) , 70% 
i n  o r g a n i c - f r e e  reagent water (w/w) . 

5.5.14.1 DNPH (3.00 mg/mL) - D isso lve  428.7 mg o f  70% (w/w) 
DNPH s o l u t i o n  i n  100 rr~L a c e t o n i t r i l e .  

5.5.15 E x t r a c t i o n  f l u i d  f o r  Opt ion 1 - D i l u t e  64.3 mL o f  1.0 N  NaOH 
and 5.7 mL g l a c i a l  a c e t i c  a c i d  t o  900 mL w i t h  o rgan i c - f r ee  reagent water.  
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D i l u t e  t o  1 l i t e r  w i t h  o rgan ic - f ree  reagent water. 'The pH should be 4.93 
+ 0.02. - 
5.6 Option 2  Reagents 

5.6.1 A c e t o n i t r i l e ,  CH,CN - UV grade. 

5.6.2 2,4-Dini t rophenyl  hydrazine, C6H6N404, (DNPH) - r e c r y s t a l  1  i z e  
a t  l e a s t  tw ice  w i t h  UV grade a c e t o n i t r i l e  us ing the  procedure i n  Appendix 
A. 

5.7 Stock Standard So lu t ions  f o r  Option 1  

5.7.1 Stock formaldehyde (approximately 1000 mg/L) - Prepare by 
d i l u t i n g  an appropr ia te  amount o f  t he  c e r t i f i e d  o r  s tandardized 
formaldehyde (approximately 265 pL)  t o  100 mL w i t h  o rgan ic - f ree  reagent 
water.  I f  a  c e r t i f i e d  formaldehyde s o l u t i o n  i s  n o t  a v a i l a b l e  o r  t he re  i s  
any quest ion regarding the  q u a l i t y  o f  a  c e r t i f i e d  so lu t i on ,  t he  s o l u t i o n  
may be standardized us ing the  procedure i n  Sec. 5.7.1.1. 

5.7.1.1 Standardizat ion o f  for~naldehyde s tock  s o l u t i o n  - 
Transfer  a  25 rr~L a1 i quot o f  a  0.1 M Na,SO, so l  u t  i on t o  a  beaker and 
record  the  pH. Add a  25.0 mL a l i q u o t  o f  t he  formaldehyde s tock  
s o l u t i o n  (Sec. 5.18.1) and record  the  pH. T i t r a t e  t h i s  m ix tu re  back 
t o  the  o r i g i n a l  pH us ing  0.1 N  HC1. The formaldehyde concent ra t ion  
i s  ca l  cu l  ated us ing the  f o l  1  owing equat ion : 

where: 

(30.03) (N HCl ) (mL HC1) 
Concentrat ion (n~g/L) = 

25.0 mL 

N  HC1 - - Normal i ty  o f  HC1 s o l u t i o n  used ( i n  m i l l i -  
equivalents/mL) ( 1  mmole o f  HC1 = 1  m i l l i -  
equ iva len t  o f  HC1) 

mL HC1 - - mL o f  standardized HC1 s o l u t i o n  used 
30.03 - - Molecular  o f  weight o f  formaldehyde ( i n  

rng/mmol e) 

5.7.2 Stock aldehyde(s) and ketone(s) - Prepare by adding an 
appropr ia te  amount o f  t he  pure ma te r ia l  t o  90 mL o f  a c e t o n i t r i l e  and 
d i l u t e  t o  100 mL, t o  g i v e  a  f i n a l  concent ra t ion  o f  1000 mg/L. 

5.8 Stock Standard So lu t ions  f o r  Opt ion 2 

5.8.1 Preparat ion o f  t he  DNPH Der i va t i ves  f o r  HPLC ana lys i s  

5.8.1.1 To a  p o r t i o n  o f  t h e  r e c r y s t a l l i z e d  DNPH, add 
s u f f i c i e n t  2N HC1 t o  ob ta in  an approximately sa tura ted  so l  u t i o n .  
Add t o  t h i s  s o l u t i o n  the  t a r g e t  ana ly te  i n  molar excess o f  t he  DNPH. 
F i l t e r  t h e  DNPH d e r i v a t i v e  p r e c i p i t a t e ,  wash i t  w i t h  2N HC1, wash i t  
again w i t h  water, and a l l ow  i t  t o  d r y  i n  a i r .  
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5.8.1.2 Check t h e  p u r i t y  o f  the  DNPH d e r i v a t i v e  by me1 t i n g  
p o i n t  determinat ion o r  HPLC analys is .  I f  the  impur i t y  l e v e l  i s  not  
acceptable, r e c r y s t a l  1  i z e  the  d e r i v a t i v e  i n  acetoni tri 1 e. Repeat 
t he  p u r i t y  check and r e c r y s t a l l  i z a t i o n  as necessary u n t i l  99% p u r i t y  
i s  achieved. 

5.8.2 Preparat ion o f  DNPH Der i va t i ve  Standards and Ca l i b ra t i on  
Standards f o r  HPLC ana lys is  

5.8.2.1 Stock Standard Solut ions - Prepare i n d i v i d u a l  
s tock standard so lu t i ons  f o r  each o f  t h e  t a r g e t  ana ly te  DNPH 
d e r i v a t i v e s  by d i s s o l v i n g  accurate ly  weighed amounts i n  
a c e t o n i t r i l e .  I n d i v i d u a l  s tock so lu t i ons  o f  approximately 100 mg/L 
may be prepared by d i s s o l v i n g  0.010 g o f  t h e  s o l i d  d e r i v a t i v e  i n  
100 mL o f  a c e t o n i t r i l e .  

5.8.2.2 Secondary Di 1 u t i  on Standard(s) - Using the  
i n d i v i d u a l  s tock  standard so lu t ions ,  prepare secondary d i l u t i o n  
standards i n  a c e t o n i t r i l e  conta in ing  the  DNPH d e r i v a t i v e s  from the  
t a r g e t  analytes mixed together .  Solut ions o f  100 pg/L may be 
prepared by p lac ing  100 p L  o f  a 100 mg/L s o l u t i o n  i n  a 100 mL 
volumetr ic  f l a s k  and d i l u t i n g  t o  the  mark w i t h  a c e t o n i t r i l e .  

5.8.2.3 Cal i b r a t i o n  Standards - Prepare a working 
c a l  i b r a t i  on standard mix from the  secondary d i  1  u t i  on standard, using 
t h e  mix ture  o f  DNPH d e r i v a t i v e s  a t  concentrat ions o f  0.5-2.0 pg/L 
(which spans the  concentrat ion o f  i n t e r e s t  f o r  most indoor  a i r  
work). The concentrat ion o f  t he  DNPH d e r i v a t i v e  i n  t he  standard mix 
so lu t i ons  may need t o  be adjusted t o  r e f l e c t  r e l a t i v e  concentrat ion 

Y d i s t r i b u t i o n  i n  a r e a l  sample. 

;t, 5.9 Standard Storage - Store a l l  standard s o l ~ l t i o n s  a t  4 O C  i n  a glass 
v i a l  w i t h  a Tef lon-1 ined cap, w i t h  minimum headspace, and i n  the  dark. They 
should be s t a b l e  f o r  about 6 weeks. A l l  standards should be checked f requen t l y  
f o r  s igns o f  degradat ion o r  evaporation, espec ia l l y  j u s t  p r i o r  t o  prepar ing 
c a l i b r a t i o n  standards from them. 

5.10 dal i b r a t  i o n  Standards 

5.10.1 Prepare c a l i b r a t i o n  so lu t i ons  a t  a minimum o f  5 
concentrat ions f o r  each analyte o f  i n t e r e s t  i n  o rgan ic - f ree  reagent water 
( o r  a c e t o n i t r i l e  f o r  Option 2) from the  stock standard so lu t i on .  The 
lowest concentrat ion o f  each analyte should be a t ,  o r  j u s t  above, the  MDLs 
1 i sted i n  Tab1 es 1 o r  2. The other  concentrat ions o f  t h e  c a l i b r a t i o n  
curve should correspond t o  the  expected range o f  concentrat ions found i n  
r e a l  samples. 
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6.0 SAMPLE COLLECTION, PRESERVATION, AND HANDLING 

6.1 See t h e  i n t r o d u c t o r y  m a t e r i a l  t o  t h i s  Chapter, Organic  Analy tes,  Sec. 
4.1. 

-, 

6.2 Samples must be r e f r i g e r a t e d  a t  4°C. Aqueous samples must be Law' 

d e r i v a t i z e d  and e x t r a c t e d  w i t h i n  3 days o f  sample c o l l e c t i o n .  The h o l d i n g  t imes  
o f  leacha tes  o f  s o l  i d  samples should be kep t  a t  a  minimum. A l l  d e r i v a t i z e d  
sample e x t r a c t s  should be analyzed w i t h i n  3 days a f t e r  p repa ra t i on .  

6.3 Samples c o l l e c t e d  by Methods 0011 o r  0100 must be r e f r i g e r a t e d  a t  
4°C. It i s  recommended t h a t  samples be e x t r a c t e d  and analyzed w i t h i n  30 days o f  
c o l l e c t i o n .  

7.0 PROCEDURE 

7.1 E x t r a c t i o n  o f  Sol i d  Samples (Opt ion 1) 

7.1.1 A l l  s o l i d  samples should be made as homogeneous as p o s s i b l e  
by s t i r r i n g  and removal o f  s t i c k s ,  rocks, and o t h e r  ext raneous m a t e r i a l .  
When t h e  sample i s  n o t  d ry ,  determine t h e  d r y  we igh t  o f  t h e  sample, u s i n g  
a  r e p r e s e n t a t i v e  a l i q u o t .  I f  p a r t i c l e  s i z e  r e d u c t i o n  i s  necessary,  
proceed as pe r  Method 1311. 

7.1.1.1 Determina t ion  o f  d r y  we igh t  - I n  c e r t a i n  cases, 
sample r e s u l t s  a r e  des i r ed  based on a  d r y  we igh t  b a s i s .  When such 
da ta  a re  d e s i r e d  o r  r equ i red ,  a  p o r t i o n  o f  sarnple f o r  d r y  we igh t  
de te rm ina t i on  should be weighed o u t  a t  t h e  same t i m e  as t h e  p o r t i o n  
used f o r  a n a l y t i c a l  de te rmina t ion .  

WARNING: The d r y i n g  oven should be con ta ined  i n  a  hood o r  
vented. S i g n i f i c a n t  1  abo ra to r y  contarn inat ion may 
r e s u l t  frorn d r y i n g  a  h e a v i l y  contaminated 
hazardous waste sample. 

7.1.1.2 Immediately a f t e r  weigh ing t h e  sample f o r  
e x t r a c t i o n ,  weigh 5-10 g  o f  t h e  sample i n t o  a  t a r e d  c r u c i b l e .  
Determine t h e  % d r y  we igh t  of t h e  sarnple by d r y i n g  o v e r n i g h t  a t  
105°C. A l l ow  t o  coo l  i n  a  d e s i c c a t o r  b e f o r e  weighing: 

g  of d r y  sample 
% d r y  weight  = x  100 

g  of sarnple 

7.1.2 Measure 25 g  o f  s o l i d  i n t o  a  500 mL b o t t l e  w i t h  a  T e f l o n  
1  i ned  screw cap o r  cr imp top ,  and add 500 mL o f  e x t r a c t i o n  f l u i d  (Sec. 
5.5.15). E x t r a c t  t h e  so l  i d  by r o t a t i n g  t h e  b o t t l e  a t  approx imate ly  30 rpm 
f o r  18 hours.  F i l t e r  t h e  e x t r a c t  th rough  g l a s s  f i b e r  f i l t e r  paper and 
s t o r e  i n  sealed b o t t l e s  a t  4°C. Each mL o f  e x t r a c t  r ep resen ts  0.050 g  
so l  i d .  Smal le r  q u a n t i t i e s  o f  s o l  i d  sample may be used w i t h  
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7.3.3 D e r i v a t i z a t i o n  and e x t r a c t i o n  o f  t h e  t a r g e t  ana ly tes  may be 
accomplished us ing  t h e  l i q u i d - s o l i d  (Sec. 7.3.4) o r  l i q u i d - l i q u i d  (Sec. 
7.3.5) procedures. 

7.3.4 L iqu id -So l  i d  D e r i v a t i z a t i o n  and E x t r a c t i o n  

7.3.4.1 For ana ly tes  o t h e r  than  formaldehyde, add 4 mL o f  
c i t r a t e  b u f f e r  and a d j u s t  t h e  pH t o  3.0 + 0.1 w i t h  6M HC1 o r  6M 
NaOH. Add 6 mL o f  DNPH reagent, seal  t h e  con ta iner ,  and p lace  i n  a 
heated (40°C), o r b i t a l  shaker (Sec. 4.2.12) f o r  1 hour. Ad jus t  t h e  
a g i t a t i o n  t o  produce a g e n t l e  s w i r l i n g  o f  t h e  r e a c t i o n  s o l u t i o n .  

7.3.4.2 I f  formaldehyde i s  t he  o n l y  ana l y te  o f  i n t e r e s t ,  
add 4 mL ace ta te  b u f f e r  and a d j u s t  pH t o  5.0 2 0.1 w i t h  6M HC1 o r  6M 
NaOH. Add 6 mL o f  DNPH reagent,  seal  t h e  con ta iner ,  and p lace  i n  a 
heated (40°C), o r b i t a l  shaker (Sec. 4.2.12) f o r  1 hour.  Ad jus t  t h e  
a g i t a t i o n  t o  produce a g e n t l e  s w i r l i n g  o f  t h e  r e a c t i o n  s o l u t i o n .  

co r respond ing ly  reduced volumes o f  e x t r a c t i o n  f l u i d  ma in ta i n i ng  t he  1:20 
mass t o  volume r a t i o .  

7.2 Cleanup and Separat ion (Opt ion 1) 

7.2.1 Cleanup procedures may n o t  be necessary f o r  a r e l a t i v e l y  
c l ean  sample m a t r i x .  The cleanup procedures recommended i n  t h i s  method 
have been used f o r  t h e  ana l ys i s  o f  va r ious  sample types.  I f  p a r t i c u l a r  
samples demand t h e  use o f  an a1 t e r n a t i v e  cleanup procedure, t h e  ana lys t  
must determine t h e  e l u t i o n  p r o f i l e  and demonstrate t h a t  t h e  recovery o f  
formaldehyde from a sp iked sample i s  g r e a t e r  than 85%. Recovery may be 
lower  f o r  samples which form emulsions. 

7.2.2 If thesamp le  i s  no t  c l ea r ,  o r t h e  complex i ty  i s  unknown, t h e  
e n t i r e  sample should be c e n t r i f u g e d  a t  2500 rpm f o r  10 minutes. Decant 
t h e  supernatant l i q u i d  f rom t h e  c e n t r i f u g e  b o t t l e ,  and f i l t e r  through 
g l a s s  f i b e r  f i l t e r  paper i n t o  a con ta ine r  which can be t i g h t l y  sealed. 

7.3 D e r i v a t i z a t i o n  (Opt ion 1) 

7.3.1 For  aqueous samples, measure an a l i q u o t  o f  sample which i s  
app rop r i a te  t o  t h e  a n t i c i p a t e d  ana l y te  concen t ra t ion  range (nomina l l y  
100 mL) . Q u a n t i t a t i v e l y  t r a n s f e r  t h e  sample a l i q u o t  t o  t h e  r e a c t i o n  
vessel  (Sec. 4.2). 

7.3.2 For  s o l i d  samples, 1 t o  10 mL o f  e x t r a c t  (Sec. 7.1) w i l l  
u s u a l l y  be requ i red .  The amount used f o r  a p a r t i c u l a r  sample m ~ l s t  be 
determined through p r e l  im inary  experiments. 

NOTE: I n  cases where t h e  se lec ted  sample o r  e x t r a c t  volume i s  1 ess - 
than 100 mL, t h e  t o t a l  volume o f  t h e  aq~leous l a y e r  should be 
ad jus ted  t o  100 mL w i t h  o rgan i c - f r ee  reagent  water.  Record 
o r i g i n a l  sample volume p r i o r  t o  d i l u t i o n .  
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7.3.4.3 Assemble t h e  vacuum m a n i f o l d  and connect t o  a  
wate r  a s p i r a t o r  o r  vacuum pump. A t t ach  a  2  g  sorbent  c a r t r i d g e  t o  
t h e  vacuum man i fo ld .  Cond i t i on  each c a r t r i d g e  by pass ing 10 mL 
d i l u t e  c i t r a t e  b u f f e r  (10 mL o f  1 M c i t r a t e  b u f f e r  d i s s o l v e d  i n  250 
mL o f  o r g a n i c - f r e e  reagent  water)  th rough  each sorben t  c a r t r i d g e .  

7.3.4.4 Remove t h e  r e a c t i o n  vessel  f rom t h e  shaker 
immediate ly  a t  t h e  end o f  t h e  one hour  r e a c t i o n  p e r i o d  and add 10 mL 
sa tu ra ted  NaCl s o l u t i o n  t o  t h e  vessel .  

7.3.4.5 Q u a n t i t a t i v e l y  t r a n s f e r  t h e  r e a c t i o n  s o l u t i o n  t o  
t h e  sorbent  c a r t r i d g e  and app ly  a  vacuum so t h a t  t h e  s o l u t i o n  i s  
drawn through t h e  c a r t r i d g e  a t  a  r a t e  o f  3  t o  5  mL/min. Cont inue 
app l y i ng  t h e  vacuum f o r  about 1 minute a f t e r  t h e  l i q u i d  sample has 
passed through t h e  c a r t r i d g e .  

7.3.4.6 Whi le m a i n t a i n i n g  t h e  vacuum c o n d i t i o n s  descr ibed  
i n  Sec. 7.3.4.4, e l u t e  each c a r t r i d g e  t r a i n  w i t h  approx imate ly  9  mL 
o f  a c e t o n i t r i l e  d i r e c t l y  i n t o  a  10 mL v o l u m e t r i c  f l a s k .  D i l u t e  t h e  
s o l u t i o n  t o  volume w i t h  a c e t o n i t r i l e ,  ni ix thorough ly ,  and p lace  i n  
a  t i g h t l y  sealed v i a l  u n t i l  analyzed. 

NOTE: Because t h i s  method uses an excess o f  DNPH, t h e  
c a r t r i d g e s  w i l l  remain a  y e l l o w  c o l o r  a f t e r  
comple t ion  o f  Sec. 7.3.4.5. The presence o f  t h i s  
c o l o r  i s  n o t  i n d i c a t i v e  o f  t h e  l o s s  o f  t h e  
ana l y te  d e r i v a t i v e s .  

7.3.5 L i q u i d - L i q u i d  D e r i v a t i z a t i o n  and E x t r a c t i o n  

7.3.5.1 For ana l y tes  o t h e r  than  formaldehyde, add 4  mL o f  
c i t r a t e  b u f f e r  and a d j u s t  t h e  pH t o  3.0 + 0.1 w i t h  6M HC1 o r  6M 
NaOH. Add 6 mL o f  DNPH reagent,  seal  t h e  con ta ine r ,  and p l a c e  i n  a  
heated (40°C), o r b i t a l  shaker f o r  1 hour.  A d j u s t  t h e  a g i t a t i o n  t o  
produce a  g e n t l e  s w i r l i n g  o f  t h e  r e a c t i o n  s o l u t i o n .  

7.3.5.2 I f  formaldehyde i s  t h e  o n l y  a n a l y t e  o f  i n t e r e s t ,  
add 4  mL ace ta te  b u f f e r  and a d j u s t  pH t o  5.0 + 0.1 w i t h  6M HC1 o r  6M 
NaOH. Add 6  mL o f  DNPH reagent,  sea l  t h e  con ta ine r ,  and p l  ace i n  a  
heated (40°C), o r b i t a l  shaker f o r  1 hour.  A d j u s t  t h e  a g i t a t i o n  t o  
produce a  g e n t l e  s w i r l i n g  of t h e  r e a c t i o n  s o l u t i o n .  

7.3.5.3 S e r i a l l y  e x t r a c t  t h e  s o l u t i o n  w i t h  t h r e e  20 mL 
p o r t i o n s  o f  methylene c h l o r i d e  us ing  a  250 mL sepa ra to r y  f u n n e l .  I f  
an emulsion forms upon e x t r a c t i o n ,  remove t h e  e n t i r e  emuls ion and 
c e n t r i f u g e  a t  2000 rpm f o r  10 minutes. Separate t h e  l a y e r s  and 
proceed w i t h  t h e  n e x t  e x t r a c t i o n .  Combine t h e  methylene c h l o r i d e  
l a y e r s  i n  a  125 mL Erlenmeyer f l a s k  c o n t a i n i n g  5.0 grams o f  
anhydrous sodi  um s u l  f a t e .  S w i r l  con ten ts  t o  complete t h e  e x t r a c t  
d r y i n g  process. 

R e v i s r m  0  
September 1994 



7 . 3 . 5 . 4  Assemble a Kuderna-Dani sh (K-D) concen t ra to r  by 
a t t a c h i n g  a 10 mL concent ra to r  tube t o  a 500 mL evaporator  f l a s k .  
Pour t h e  e x t r a c t  i n t o  t he  evaporator  f l a s k  be ing c a r e f u l  t o  minimize 
t r a n s f e r  o f  sodium s u l f a t e  granules. Wash t h e  Erlenmeyer f l a s k  w i t h  
30 mL o f  methylene c h l o r i d e  and add wash t o  t he  evaporator  f l a s k  t o  
complete q u a n t i t a t i v e  t r a n s f e r .  

7 .3 .5 .5  Add one t o  two c lean b o i l i n g  ch ips  t o  t he  
evapora t i ve  f l  ask and a t t ach  a t h ree  b a l l  Snyder column. Prewet t he  
Snyder column by adding about 1  mL methylene c h l o r i d e  t o  t h e  top .  
Place t h e  K-D apparatus on a h o t  water  ba th  (80-90°C) so t h a t  t h e  
concent ra to r  tube  i s  p a r t i a l l y  immersed i n  t he  h o t  water and t he  
e n t i r e  lower  rounded sur face  o f  t h e  f l a s k  i s  bathed w i t h  h o t  vapor. 
Ad jus t  t h e  v e r t i c a l  p o s i t i o n  o f  t h e  apparatus and t h e  water  
temperature, as requ i red ,  t o  complete t h e  concent ra t ion  i n  10- 15 
min. A t  t h e  proper  r a t e  o f  d i s t i l l a t i o n  t h e  b a l l s  o f  t h e  column 
w i l l  a c t i v e l y  cha t t e r ,  b u t  t he  chambers w i l l  n o t  f l o o d  w i t h  
condensed so lven t .  When t h e  apparent volume o f  l i q u i d  reaches 5  mL, 
remove t h e  K-D apparatus and a1 1 ow i t  t o  d r a i n  and cool  f o r  a t  l e a s t  
10 min. 

7 . 3 . 5 . 6  P r i o r  t o  1 i q u i d  chromatographic ana lys is ,  t he  
e x t r a c t  so l ven t  must be exchanged t o  a c e t o n i t r i l e .  The ana l ys t  must 
ensure q u a n t i t a t i v e  t r a n s f e r  o f  t h e  e x t r a c t  concentrate.  The 
exchange i s  performed as f o l l  ows: 

7 . 3 . 5 . 6 . 1  Remove the  t h r e e -  b a l l  Snyder c o l  umn and 
evaporator  f l a s k .  Add 5 mL o f  a c e t o n i t r i l e  , a new g lass  
bead o r  b o i  1 i ng ch ip ,  and a t t ach  t h e  micro-Snyder column t o  
t h e  concent ra to r  tube. Concentrate t h e  e x t r a c t  us ing  1  mL 
o f  a c e t o n i t r i l e  t o  prewet t h e  Snyder column. Place t h e  K-D 
apparatus on t he  water  ba th  so t h a t  t h e  concent ra to r  tube i s  
p a r t i a l l y  immersed i n  t h e  ho t  water.  Ad jus t  t he  v e r t i c a l  
p o s i t i o n  o f  t h e  apparatus and t h e  water  temperature, as 
requ i red ,  t o  complete concentrat ion.  A t  t h e  proper  r a t e  o f  
d i s t i l l a t i o n  t h e  b a l l s  o f  t he  column w i l l  a c t i v e l y  cha t t e r ,  
b u t  t h e  chambers w i l l  no t  f l ood .  When t h e  apparent volume 
o f  1 i q u i d  reaches l e s s  than 5  mL, remove t h e  K-D apparatus 
and a1 low i t  t o  d r a i n  and cool  f o r  a t  l e a s t  10 minutes. 

7 . 3 . 5 . 6 . 2  Remove the  Snyder column and r i n s e  t h e  f l a s k  
and i t s  lower  j o i n t  w i t h  1-2 mL o f  a c e t o n i t r i l e  and add t o  
concen t ra to r  tube.  Q u a n t i t a t i v e l y  t r a n s f e r  t h e  sample t o  a 
10 mL vo lume t r i c  f l a s k  us ing  a 5  mL sy r i nge  w i t h  an at tached 
Acrodisc 0 .45  pm f i  1 t e r  casse t te .  Ad jus t  t h e  e x t r a c t  volume 
t o  10 mL. Stopper t he  f l a s k  and s t o r e  r e f r i g e r a t e d  a t  4°C 
i f  f u r t h e r  process ing w i l l  no t  be performed immediately.  I f  
t h e  e x t r a c t  w i l l  be s to red  l onge r  than two (2 )  days, i t  
should be t r ans fe r red  t o  a v i a l  w i t h  a Te f l on  l i n e d  screw 
cap o r  cr imp t op .  Proceed w i t h  HPLC chromatographic 
ana l ys i s  i f  f u r t h e r  cleanup i s  n o t  requ i red .  
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7.4 E x t r a c t i o n  o f  Samples from Methods 0011 and 0100 (Opt ions 1 and 2) 

7.4.1 Stack gas samples c o l l e c t e d  by Method 0011 (Opt ion 1) 

7.4.1.1 Measure t h e  volume o f  t h e  aqueous phase o f  t h e  (Cg 
s a m ~ l e  ~ r i o r  t o  e x t r a c t i o n  ( f o r  mo is tu re  de termina t ion  i n  case t h e  
v o l  ume 'was n o t  measured i n '  t he  f i e l d )  . Pour t h e  sampl e  i n t o  a  
separatory funnel and d r a i n  t he  methylene c h l o r i d e  i n t o  a  vo lume t r i c  
f l a s k .  

7.4.1.2 E x t r a c t  t h e  aqueous s o l u t i o n  w i t h  two o r  t h r e e  
a1 i quots o f  methyl ene c h l o r i d e .  Add the  methyl ene c h l o r i d e  e x t r a c t s  
t o  t h e  vo lumet r ic  f l a s k .  

7.4.1.3 F i l l  t he  vo lumet r ic  f l a s k  t o  t h e  l i n e  w i t h  
methyl  ene c h l o r i d e .  Mix we1 1  and remove an a1 i quot . 

7.4.1.4 I f  h i g h  concent ra t ions  o f  formaldehyde are  
present,  t he  e x t r a c t  can be d i l u t e d  w i t h  mobi le  phase, o therw ise  t h e  
e x t r a c t  so lven t  must be exchanged as descr ibed i n  Sec. 7.3.5.5. I f  
low concentrat ions o f  formaldehyde are  present ,  t h e  sample should be 
concentrated du r i ng  the  so lven t  exchange procedure. 

7.4.1.5 Store t h e  sample a t  4°C. I f  t h e  e x t r a c t  w i l l  be 
s to red  1  onger than two days, i t  should be t r a n s f e r r e d  t o  a  v i  a1 w i t h  
a  T e f l o n - l i n e d  screw cap, o r  a  cr imp t o p  w i t h  a  T e f l o n - l i n e d  septum. 
Proceed w i t h  HPLC chromatographic ana l ys i s  i f  f u r t h e r  cleanup i s  n o t  
requ i red .  

7.4.2 Ambient a i r  samples c o l l e c t e d  by Method 0100 (Opt ion 2) 

7.4.2.1 The samples w i l l  be rece ived by t h e  l a b o r a t o r y  i n  
a  f r i c t i o n - t o p  can con ta in ing  2  t o  5  cm o f  g r a n u l a r  charcoal ,  and 
should be s to red  i n  t h i s  can, i n  a  r e f r i g e r a t o r ,  u n t i l  a n a l y s i s .  
A l t e r n a t i v e l y ,  t h e  samples may a l so  be s to red  a lone i n  t h e i r  
i n d i v i d u a l  g lass  conta iners .  The t ime  between sampl i n g  and a n a l y s i s  
should n o t  exceed 30 days. 

7.4.2.2 Remove t h e  sample c a r t r i d g e  f rom t h e  l a b e l e d  
c u l t u r e  tube. Connect t he  sample c a r t r i d g e  ( o u t l e t  o r  l o n g  end 
d u r i n g  sampling) t o  a  c lean syr inge.  

NOTE : The l i q u i d  f l o w  d u r i n g  deso rp t i on  should be i n  
the  oppos i te  d i r e c t i o n  f rom t h e  a i r  f l o w  d u r i n g  
sample c o l l e c t i o n  ( i  .e, b a c k f l  ush t h e  c a r t r i d g e ) .  

7.4.2.3 Place t h e  c a r t r i d g e l s y r i n g e  i n  t he  sy r i nge  rack .  

7.4.2.4 Backf lush t h e  c a r t r i d g e  ( g r a v i t y  feed)  by passing 
6 mL o f  a c e t o n i t r i l e  f rom t h e  sy r i nge  through t h e  c a r t r i d g e  t o  a  
graduated t e s t  tube, o r  t o  a  5  mL vo lumet r ic  f l a s k .  
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NOTE: - A d r y  c a r t r i d g e  has an a c e t o n i t r i l e  holdup volume 
s l i g h t l y  g rea te r  than 1 mL. The e lua te  f l ow  may 
stop be fo re  t he  a c e t o n i t r i l e  i n  t he  sy r inge  i s  
complete ly  d ra ined  i n t o  t he  c a r t r i d g e  because o f  
a i r  t rapped between the  c a r t r i d g e  f i l t e r  and t h e  
sy r inge  Luer-Lok t i p .  I f  t h i s  happens, d isp lace  
t h e  t rapped a i r  w i t h  t he  a c e t o n i t r i l e  i n  t he  
sy r inge  us ing a 1 o n g - t i p  d isposable Pasteur 
p i  pe t .  

7.4.2.5 D i l u t e  t o  t he  5 mL mark w i t h  a c e t o n i t r i l e .  Label 
t he  f l a s k  w i t h  sample i d e n t i f i c a t i o n .  P ipe t  two a l i q u o t s  i n t o  
sample v i a l s  hav ing Te f lon-1  ined  septa. 

7.4.2.6 S to re  t he  sample a t  4°C. Proceed w i t h  HPLC 
chromatographic ana l ys i s  o f  t he  f i r s t  a1 i q ~ ~ o t  i f  f u r t h e r  cleanup i s  
n o t  requ i red .  S to re  t he  second a l i q u o t  i n  t h e  r e f r i g e r a t o r  u n t i l  
t he  r e s u l t s  o f  t h e  ana l ys i s  o f  t h e  f i r s t  a l i q u o t  are complete and 
va l i da ted .  The second a l i q u o t  can be used f o r  con f i rmatory  
ana lys is ,  i f  necessary. 

7.5 Chromatographic Condi t ions (Recommended) : 

7.5.1 Opt ion 1 - For aqueous samples, s o i l  o r  waste samples, and 
s tack  gas samples c o l l e c t e d  by Method 0011. 

Column: C18, 4.6 mm x 250 mm ID, 5 pm p a r t i c l e  s i z e  
Mobi le  Phase Gradient:  70%/30% .acetoni  tri 1 e/water (v/v) , ho ld  f o r  

20 min. 
70%/30% acetoni  tri le /water  t o  100% 
a c e t o n i t r i l e  i n  15 min. 
100% a c e t o n i t r i l e  f o r  15 min. 

Flow Rate: 1.2 mL/min 
Detec to r :  U l t r a v i o l e t ,  operated a t  360 nm 
I n j e c t i o n  Volume: 20 p L  

7.5.2 Opt ion 2 - For ambient a i r  samples c o l l e c t e d  by Method 0100. 

Col umn: Two HPLC columns, 4.6 mm x 250 mm ID, 
(Zorbax ODs, o r  equ i va len t )  i n  s e r i e s  

Mobi le  Phase Gradient :  60%/40% CH3CN/H20, h o l d  f o r  0 min. 
60%/40% t o  75%/25% CH,CN/H20, 1 i n e a r l y  i n  30 
min. 
75%/25% t o  100%/0% CH,CN/H,O, 1 i n e a r l y  i n  20 
m i  n. 
100% CH,CN f o r  5 minutes. 
100%/0% t o  60%/40% CH3CN/H,0, 1 i n e a r l y  i n  1 
min. 
60%/40% CH,CN/H,O f o r  15 minutes . 

Detec to r :  U l t r a v i o l e t ,  operated a t  360 nm 
F l  ow Rate : 1.0 mL/min 
Sample I n j e c t i o n  volume:25 p L  (suggested) 
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NOTE: For Opt ions 1 and 2, ana l ys t s  a re  advised t o  a d j u s t  t h e i r  - 
HPLC systems t o  op t im ize  chromatographic c o n d i t i o n s  f o r  
t h e i r  p a r t  i c u l  a r  a n a l y t i c a l  needs. The separa t ion  o f  
ac ro l  e in ,  acetone, and propionaldehyde should be a  minimum 
c r i t e r i o n  of t h e  o p t i m i z a t i o n  i n  Opt ion 2. pN!b, 

LW,S~II 1tlU 

7.5.3 F i l t e r  and degas t h e  mobi le  phase t o  remove d i sso l ved  gasses, 
us ing  t h e  f o l l  owing procedure: 

7.5.3.1 F i  1  t e r  each so l  vent  (water  and ace ton i  tri 1  e) 
through a  0.22 p m  po l yes te r  membrane f i l t e r ,  i n  an a l l  g l a s s  and 
Te f l on  suc t i on  f i l t r a t i o n  apparatus. 

7.5.3.2 Degas each f i l t e r e d  s o l u t i o n  by purg ing  w i t h  
hel ium f o r  10-15 minutes (100 mL/min) o r  by hea t i ng  t o  60°C f o r  5-10 
minutes i n  an Erlenmeyer f l a s k  covered w i t h  a  watch g lass .  A  
constant  back pressure r e s t r i c t o r  (350 kPa) o r  15-30 cm o f  0.25 mm 
ID Te f l on  t u b i n g  should be placed a f t e r  t h e  d e t e c t o r  t o  e l i m i n a t e  
f u r t h e r  mobi 1  e  phase outgassing. 

7.5.3.3 Place t h e  mobi le  phase components i n  t h e i r  
r espec t i ve  HPLC so l ven t  rese rvo i r s ,  and program t h e  g r a d i e n t  system 
accord ing t o  t h e  cond i t i ons  l i s t e d  i n  Sec. 7.5.2. A l l ow  t h e  system 
t o  pump f o r  20-30 minutes a t  a  f l o w  r a t e  o f  1.0 mL/min w i t h  t h e  
i n i  t i a1 so l ven t  m ix tu re  r a t i o  (60%/40% CH,CN/H,O) . D isp lay  t h e  
d e t e c t o r  ou tpu t  on a  s t r i p  c h a r t  recorder  o r  s i m i l a r  ou tpu t  dev ice  
t o  es tab l  i sh a  s t a b l e  base1 ine .  

7.6 C a l i b r a t i o n  

7.6.1 Establ  i s h  1  i q u i d  chromatographic ope ra t i ng  c o n d i t i o n s  t o  3 
produce a  r e t e n t i o n  t ime s i m i l a r  t o  t h a t  i n d i c a t e d  i n  Table 1 f o r  t h e  
1  i q u i d - s o l  i d  d e r i v a t i z a t i o n  and e x t r a c t i o n  o r  i n  Table 2  f o r  l i q u i d - l i q u i d  
d e r i v a t i z a t i o n  and e x t r a c t i o n .  For de termina t ion  o f  r e t e n t i o n  t ime  
w i  ndows, see Sec. 7.5 o f  Method 8000. Suggested chromatographic 
cond i t i ons  are prov ided i n  Sec. 7.5. 

7.6.2 Process each c a l  i b r a t i o n  standard s o l u t i o n  th rough 
d e r i v a t i z a t i o n  and e x t r a c t i o n ,  us ing  t h e  same procedure employed f o r  
sample processing (Secs. 7.3.4 o r  7.3.5). 

7.6.3 Analyze a  so l ven t  b lank  t o  ensure t h a t  t h e  system i s  c l ean  
and i n t e r f e r e n c e  f r e e .  

NOTE: The samples and standards must be a1 lowed t o  come t o  ambient 
temperature be fore  ana l ys i s .  

7.6.4 Analyze each processed c a l  i b r a t i  on s tandard us ing  t h e  
chromatographic cond i t i ons  l i s t e d  i n  Sec. 7.5, and t a b u l a t e  peak area 
aga ins t  c a l i b r a t i o n  s o l u t i o n  concent ra t ion  i n  pg/L. 
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7.6.5 Tabu1 a te  t h e  peak area a1 ong w i t h  standard concent ra t ion  
i n j e c t e d  t o  determine t h e  response f a c t o r  (RF) f o r  t h e  ana ly te  a t  each 
concen t ra t i on  (see Sec. 7.8.1 f o r  equations) . The percent  re1 a t i  ve 
standard d e v i a t i o n  (%RSD) o f  t h e  mean RF o f  t he  c a l i b r a t i o n  standards 
should be no g r e a t e r  than + 20 percent o r  a system check w i l l  have t o  be 
performed. If a c a l  i b r a t i o n  check a f t e r  the  system check does no t  meet 
t h e  c r i t e r i a ,  a r e c a l i b r a t i o n  w i l l  have t o  be performed. I f  the  
r e c a l  i b r a t i o n  does n o t  meet t h e  es tab l  ished c r i t e r i a ,  new c a l i b r a t i o n  
standards must be made. 

7.6.6 The working c a l i b r a t i o n  curve must be v e r i f i e d  each day, 
be fo re  and a f t e r  analyses are performed, by analyz ing one o r  more 
ca l - i  b r a t i o n  standards. The response obta ined should fa1 1 w i t h i n  2 15 
percent  o f  t h e  i n i t i a l l y  es tab l i shed  response o r  a system check w i l l  have 
t o  be performed. I f  a c a l  i b r a t i o n  check a f t e r  t h e  system check does no t  
meet t h e  c r i t e r i a ,  t h e  system must be reca l  i b ra ted .  

7.6.7 A f t e r  10 sample runs, o r  l ess ,  one o f  t h e  c a l i b r a t i o n  
standards must be reanalyzed t o  ensure t h a t  t h e  DNPH d e r i v a t i v e  response 
f a c t o r s  remain w i t h i n  +15% o f  t h e  o r i g i n a l  c a l i b r a t i o n  response fac to rs .  

7.7 Sample Ana lys is  

7.7.1 Analyze samples by HPLC, us ing cond i t i ons  es tab l  ished i n  Sec. 
7.5. For ana ly tes  t o  be analyzed by Opt ion 1, Tables 1 and 2 l i s t  t he  
r e t e n t i o n  t imes and MDLs t h a t  were obta ined under these cond i t ions .  For 
Opt ion 2 analy tes,  r e f e r  t o  F igure 3 f o r  the  sample chromatogram. 

7.7.2 I f  t h e  peak area exceeds t h e  1 i nea r  range o f  t h e  ca l  i b r a t i o n  
curve, a smal l e r  sample i n j e c t i o n  volume should be used. A1 t e r n a t i v e l y ,  
t he  f i n a l  s o l u t i o n  may be d i l u t e d  w i t h  a c e t o n i t r i l e  and reanalyzed. 

7.7.3 A f t e r  e l u t i o n  o f  t he  t a r g e t  analytes, c a l c u l a t e  t he  
concent ra t ion  o f  ana ly tes  found i n  t h e  samples us ing t h e  equat ions found 
i n  Sec. 7.8 o r  t h e  s p e c i f i c  sampling method used. 

7.7.4 I f  t h e  peak area measurement i s  prevented by t h e  presence o f  
observed in te r fe rences ,  f u r t h e r  cleanup i s  requi red.  

7.8 Ca l cu la t i ons  

7.8.1 Ca l cu la te  each response fac to r ,  mean response fac to r ,  and 
percen t  r e1  a t i v e  standard d e v i a t i o n  as f o l  lows: 

Concentrat ion o f  standard i n j ec ted ,  pg/L 
R F, - - 

Area o f  s i gna l  
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- XRF, 
Mean RF = RF - - 

N 

where: 
- 
RF = Mean response f a c t o r  o r  mean o f  t h e  response f a c t o r s  

us ing t h e  5 c a l i b r a t i o n  concent ra t ions .  
RF, = Response f a c t o r  f o r  c a l i b r a t i o n  standard i ( i  = 1-5) .  
%RSD = Percent r e l a t i v e  standard d e v i a t i o n  o f  t h e  response 

fac to rs .  
N = Number o f  c a l i b r a t i o n  standards. 

7.8.2 Calcu l  a t e  t h e  ana l y te  concent ra t ions  i n  1 i q u i d  samples as 
f o l  1  ows: 

Concentrat ion o f  aldehydes i n  pg/L = (c) (Area of s i gna l  ) (100/V,) 

where: 
- 
RF = Mean response f a c t o r  f o r  a  p a r t i c u l a r  ana ly te .  
vs = Number o f  mL o f  sample (un i  t l  ess) . 
7.8.3 Ca lcu la te  t h e  ana ly te  concent ra t ion  i n  so l  i d  samples as ,- 

f o l l ows :  ~ 9 )  

Concentrat ion o f  aldehydes i n  pg/g = ( m ) ( ~ r e a  o f  s i gna l ) (20 /  Vex) 

where: 
- 
RF = Mean response f a c t o r  f o r  a  p a r t i c u l a r  analy te.  
Vex = Nurr~ber o f  mL e x t r a c t i o n  f l u i d  a l i q u o t  ( u n i t l e s s ) .  

7.8.4 Cal cu l  a t e  t h e  concent ra t ion  o f  formaldehyde i n  s tack  gas 
samples (Method 0011) as fo l lows:  (Opt ion 1) 
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7.8.4.1 Cal cu l  a t  i on o f  Total  Formaldehyde: To determine 
t h e  t o t a l  formaldehyde i n  mg, use the  fo l l ow ing  equation: 

[g/mol e formaldehyde] 
/- Tota l  mg formaldehyde = C, x V x DF x x 10‘~ n ~ g / ~ g  

[g/mol e DNPH d e r i v a t i v e ]  

where: 

Cd = measured concentrat ion o f  DNPH-formal dehyde 
de r i va t i ve ,  mg/L 

V = organic e x t r a c t  volume, mL - 

DF = d i l u t i o n  f a c t o r  

7.8.4.2 Formaldehyde concentrat ion i n  stack gas: Determine 
the  formaldehyde concentrat ion i n  t he  stack gas us ing t h e  fo l l ow ing  
equation: 

C, = K [ t o t a l  formaldehyde, mg] / V,,,,,, 

where: 

K - - 35.31 f t3 /m3,  i f  V,,,,,, i s  expressed i n  
Engl i s h  u n i t s  

- - 3 3 1.00 m /m , i f  V,,,,, i s  expressed i n  met r ic  
u n i t s  

- 
Vm,std~ 

- volume o f  gas sample as measured by d ry  gas 
meter, corrected t o  standard condit ions, 
dscm (dscf)  

7.8.5 Cal cu l  a t i  on o f  t he  Concentration o f  Formaldehyde and Other 
Carbonyl s from Indoor A i r  Sampl i ng  by Method 0100. (Option 2) 

7.8.5.1 The concentrat ion o f  t a r g e t  analyte "a" i n  a i r  a t  
standard cond i t ions  (25°C and 101.3 kPa), Cone,,, i n  ng/L, may be 
ca l cu la ted  us ing the  fo l low ing equation: 

(Area,) (W) (Val,) (MW,)(1000 ng/fig) 
Conc, = x DF 

(MW,I ( V,,,, ( 1000 mL/ L 

where: 

Area, - - - Area o f  the  sample peak f o r  analyte "a" 
RF - - Mean response f a c t o r  f o r  analyte "a" from 

the  c a l i b r a t i o n  i n  fig/L. (See Sec. 7.8.1) 
Vol , - - Tota l  volume o f  t he  sample ca r t r i dge  e lua te  

- - (mL 
M Wa Molecular weight o f  analyte "a" i n  g/mole 
M Wd 

- - Molecular weight o f  the  DNPH d e r i v a t i v e  o f  
analyte "a" i n  g/mole 
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- - Tota l  volume o f  a i r  sampled converted t o  
standard cond i t i ons  i n  l i t e r s  (L ) .  (To 
c a l c u l a t e  t h e  concent ra t ion  a t  sampl i ng 
cond i t i ons  use Vtot.)(See Sec. 9.1.3 o f  

- Method 0100) 
- D i l u t i o n  Factor  f o r  t h e  sample c a r t r i d g e  

e lua te ,  i f  any. I f  the re  i s  no d i l u t i o n ,  
DF = 1  

7.8.5.2 The t a r g e t  ana ly te  "a" concen t ra t i on  a t  standard 
cond i t i ons  may be converted t o  p a r t s  per  b i l l  i o n  by volume, Conc, i n  
ppbv, us ing  t h e  f o l l  owing equat ion: 

(Conc,) (22.4) 
Conc, i n  ppbv = 

(MW,) 

where: 

Conc, - - Concentrat ion o f  ana l y te  "a" i n  ng/L 
22.4 - - Idea l  gas law volume (22.4 nL o f  gas = 1 

nmole a t  standard cond i t i ons )  
M Wa 

- - Molecular  weight o f  ana l y te  "a"  i n  g/mole 
( o r  ng/nmol e) 

8.0 QUALITY CONTROL 

8.1 Refer  t o  Chapter One and Method 8000 f o r  s p e c i f i c  q u a l i t y  c o n t r o l  
procedures. Refer  t o  Table 4  f o r  QC acceptance l i m i t s  de r i ved  from t h e  
i n t e r l a b o r a t o r y  method v a l i d a t i o n  s tudy on Method 8315. 

m 
*' 

9.0 METHOD PERFORMANCE 

9.1 The MDLs f o r  Opt ion 1  l i s t e d  i n  Table 1  were obta ined us ing  organ ic -  
f r e e  reagent water and l i q u i d - s o l i d  e x t r a c t i o n .  The MDLs f o r  Opt ion 1  l i s t e d  i n  
Table 2  were obta ined us ing  o rgan i c - f ree  reagent water and methylene c h l o r i d e  
e x t r a c t i o n .  Resul ts  repor ted  i n  Tables 1  and 2  were achieved us ing  f o r t i f i e d  
reagent water volumes o f  100 mL. Lower de tec t i on  l i m i t s  may be obta ined us ing  
1  arger  sample v o l  umes. 

9.1.1 Opt ion 1  o f  t h i s  method has been tes ted  f o r  l i n e a r i t y  o f  
recovery from spiked o rgan i c - f ree  reagent water and has been demonstrated 
t o  be app l i cab le  over  t h e  range 50-1000 pg/L . 

9.1.2 To generate t he  MDL and p r e c i s i o n  and accuracy da ta  repo r ted  
i n  t h i s  sec t ion ,  analy tes were segregated i n t o  two s p i k i n g  groups, A and 
B. Representat ive chromatograms us ing 1  i q u i d - s o l  i d  and 1  i q u i d - 1  i qu id  
e x t r a c t i o n  are presented i n  F igures 1  (a  and b) and 2  ( a  and b),  
r e s p e c t i v e l y .  
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9.2 The S e n s i t i v i t y  o f  Opt ion 2 sampling (Method 0100) and ana lys is  i s  
l i s t e d  i n  Table 3. 

, -, 9.3 Method 8315, Opt ion 1, was tes ted  by 12 l a b o r a t o r i e s  us ing  reagent 
L,~. water and ground waters spiked a t  s i x  concent ra t ion  l e v e l s  over the  range 30-2200 

pg/L. Method accuracy and p r e c i s i o n  were found t o  be d i r e c t l y  r e l a t e d  t o  t he  
concent ra t ion  o f  t h e  ana ly te  and independent o f  t h e  sample mat r i x .  Mean recovery 
weighted 1 i nea r  regress ion  equations, ca l cu la ted  as a  f u n c t i o n  o f  sp ike 
concentrat ion,  as we1 1  as o v e r a l l  and s i ng le -ana l ys t  p r e c i s i o n  regress ion 
equat ions, c a l c u l a t e d  as f unc t i ons  o f  mean recovery, a re  presented i n  Table 5. 
These equat ions can be used t o  est imate mean recovery and p r e c i s i o n  a t  any 
concent ra t ion  va lue w i t h i n  t h e  range tested.  

10.0 REFERENCES 

1. "OSHA Safe ty  and Hea l th  Standards, General Indus t ry " ,  (29CRF1910). 
Occupat ional Safety and Heal th  Admin is t ra t ion,  OSHA 2206, (Revised, 
January 1976). 

11.0 SAFETY 

11.1 The t o x i c i t y  o r  ca rc inogen i c i t y  o f  each reagent used i n  t h i s  method 
has n o t  been p r e c i s e l y  def ined;  however, each chemical compound should be t r e a t e d  
as a  p o t e n t i a l  h e a l t h  hazard. From t h i s  v iewpoint,  exposure t o  these chemicals 
must be reduced t o  t h e  lowest  poss ib le  l e v e l  by whatever means ava i lab le .  The 
l a b o r a t o r y  i s  respons ib le  f o r  ma in ta in ing  a  cu r ren t  awareness f i l e  o f  OSHA 

, r e g u l a t i o n s  regard ing  the  safe handl ing o f  t h e  chemicals spec i f i ed  i n  t h i s  
method. A  re fe rence  f i l e  o f  ma te r i a l  safety data sheets should a lso  be made 

t,,. avai  1 ab le  t o  a1 1  personnel invo lved  i n  the  chemical analys is .  Add i t i ona l  
references t o  1  aboratory  sa fe t y  are a v a i l  able.  

11.2 Formaldehyde has been t e n t a t i v e l y  c l  a s s i f i e d  as a  known o r  suspected, 
human o r  mammalian carcinogen. 
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TABLE 1. 

OPTION 1 - METHOD DETECTION LIMITSa USING 
LIQUID-SOLID EXTRACTION 

Anal y t e  Reten t ion  Time 
(minutes) 

Formaldehyde 
Ace ta l  de hyde 
Propanal 
Crotonal  dehyde 
Butanal  
Cycl ohexanone 
Pentanal 
Hexanal 
Heptanal 
Octanal  
Nonanal 
Decanal 

a The method d e t e c t i o n  l i m i t  (MDL) i s  d e f i n e d  as t h e  minimum 
concen t ra t i on  t h a t  can be measured w i t h  99% con f idence  t h a t  t h e  
va lue  i s  above background l e v e l .  Wi th  t h e  excep t i on  of 
acetaldehyde, a l l  r epo r ted  MDLs a re  based upon analyses o f  6 t o  8 
r e p l i c a t e  b lanks sp iked a t  25 pg/L. The MDL was computed as 
f 01 1 ows : wi 

MDL = ~,N-I, 0.011 (Std.  Dev.) 

where : 

- 
t,~-l, 0.01, - The upper f i r s t  p e r c e n t i l e  p o i n t  o f  t h e  

t - d i s t r i b u t i o n  w i t h  n - 1  degrees o f  freedom. 
Std.  Dev. = Standard d e v i a t i o n ,  c a l c u l a t e d  us ing  n - 1  

degrees o f  freedom. 

The repo r ted  MDL i s  based upon analyses o f  3 rep1 i c a t e ,  f o r t i f i e d  
b lanks  a t  250 pg/L. 
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TABLE 2. 

OPTION 1 - METHOD DETECTION LIMITSa USING 
LIQUID-LIQUID EXTRACTION 

Analyte Retent ion Time 
(minutes) 

MDL 
(pg/L 1" 

Formal dehyde 
Acetal dehyde 
Propanal 
Crotonal dehyde 
Butanal 
Cycl ohexanone 
Pentanal 
Hexanal 
Heptanal 
Octanal 
Nonanal 
Decanal 

a The method detec t ion  l i m i t  (MDL) i s  def ined as the  minimum 
concentrat ion t h a t  can be measured w i t h  99% confidence t h a t  t he  value 
i s  above background l e v e l .  With the  exception o f  acetaldehyde, a1 1 
reported MDLs are based upon analyses o f  6 t o  8 r e p l i c a t e  blanks 
spiked a t  25 pg/L. The MDL was computed as fo l lows:  

MDL = ~,N-I, o.o,, (Std Dev. ) 

where: 

twl ,  0.011 = The upper f i r s t  pe rcen t i l e  p o i n t  o f  the  t- 
d i s t r i b u t i o n  w i t h  n-1 degrees o f  freedom. 

Std. Dev. = Standard deviat ion,  ca lcu la ted using n-1 degrees o f  
freedom. 

The repor ted  MDL i s  based upon analyses of 3 rep l i ca te ,  f o r t i f i e d  
blanks a t  250 pg/L. 
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TABLE 3. 

OPTION 2 - SENSITIVITY (ppb, v/v) OF SAMPLING AND ANALYSIS FOR 
CARBONYL COMPOUNDS I N  AMBIENT AIR USING AN ADSORBENT CARTRIDGE 

FOLLOWED BY GRADIENT HPLCa 

- p p  

Sample Volume ( L ) ~  

Compound 10 20 30 40 50 100 200 300 400 500 

Acetaldehyde 1.36 0.68 0.45 0.34 0.27 0.14 0.07 0.05 0.03 0.03 
Acetone 1.28 0.64 0.43 0.32 0.26 0.13 0.06 0.04 0.03 0.03 
Acro l  e i  n 1.29 0.65 0.43 0.32 0.26 0.13 0.06 0.04 0.03 0.03 
Benzal dehyde 1.07 0.53 0.36 0.27 0.21 0.11 0.05 0.04 0.03 0.02 
Bu ty ra l  dehyde 1.21 0.61 0.40 0.30 0.24 0.12 0.06 0.04 0.03 0.02 
Crotonaldehyde 1.22 0.61 0.41 0.31 0.24 0.12 0.06 0.04 0.03 0.02 
2,s-Dimethyl - 

benzaldehyde 0.97 0.49 0.32 0.24 0.19 0.10 0.05 0.03 0.02 0.02 
Formaldehyde 1.45 0.73 0.48 0.36 0.29 0.15 0.07 0.05 0.04 0.03 
Hexanal 1.09 0.55 0.36 0.27 0.22 0.11 0.05 0.04 0.03 0.02 
I sova le ra ldehyde 1.15 0.57 0.38 0.29 0.23 0.11 0.06 0.04 0.03 0.02 
Propionaldehyde 1.28 0.64 0.43 0.32 0.26 0.13 0.06 0.04 0.03 0.03 
m-Tolualdehyde 1.02 0.51 0.34 0.25 0.20 0.10 0.05 0.03 0.03 0.02 
o-Tolualdehyde 1.02 0.51 0.34 0.25 0.20 0.10 0.05 0.03 0.03 0.02 
p-Tolualdehyde 1.02 0.51 0.34 0.25 0.20 0.10 0.05 0.03 0.03 0.02 
Val era1 dehyde 1.15 0.57 0.38 0.29 0.23 0.11 0.06 0.04 0.03 0.02 

" The ppb va lues a re  measured a t  1 atm and 25°C. The sample c a r t r i d g e  i s  
e l u t e d  w i t h  5 mL a c e t o n i t r i l e  and 25 p L  i s  i n j e c t e d  i n t o  t h e  HPLC. The 
maximum sampling f l o w  through a UNPH-coated Sep-Pak i s  about 1.5 L/minute. 

A sample volume o f  1000 L was a l s o  analyzed. The r e s u l t s  show a 
s e n s i t i v i t y  o f  0.01 ppb f o r  a l l  t h e  t a r g e t  analy tes.  

Rev is ion  0 
Se~ tember  1994 m 



TABLE 4 .  

PERFORMANCE-BASED QC ACCEPTANCE LIMITS CALCULATED 
USING THE COLLABORATIVE STUDY DATA 

Spike Acceptance 
Analy te Concentrat  iona xb s," L im i t s ,  "/od 

Formal dehyde 

Propanal 

Crotonal  dehyde 

Butanal 

Cycl ohexanone 

Hexanal 

Octanal 

Decanal 

-= . a Spi ke concentrat ion,  pg/L. 
bed b Mean recovery ca l  cu l  ated us ing  t h e  reagent water, mean recovery, 1 i near 

reg ress ion  equation, pg/L. 
C Overa l l  standard d e v i a t i o n  ca l cu la ted  us ing t h e  reagent water, o v e r a l l  

d 
standard d e v i a t i o n  l i n e a r  regress ion  equation, pg/L. 
Acceptance 1 i m i t s  ca l cu la ted  as (X + 3s,) 100/spi ke concentrat ion.  
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TABLE 5. 

WEIGHTED LINEAR REGRESSION EQUATIONS FOR MEAN RECOVERY AND PRECISION (pg/L)  
,' , 

Ana ly te  Appl i cab1 e 
Conc. Range 

Reagent Water Ground Water 

Formaldehyde 

Propanal 

Crotonal  dehyde 

Butanal  

Cycl ohexanone 

Hexanal 

Oct anal 

Decanal 

a Var iance i s  n o t  cons tan t  over  concen t ra t i on  range. 
X Mean recovery,  pg/L, e x c l u s i v e  o f  o u t l i e r s .  
s, Ove ra l l  s tandard d e v i a t i o n ,  pg/L, exc lus i ve  o f  o u t l  i e r s .  
S, S i n g l e - a n a l y s t  s tandard dev ia t i on ,  pg/L, e x c l u s i v e  o f  ou t1  i e r s .  
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FIGURE l a .  

OPTION 2 - LIQUID-SOLID PROCEDURAL STANDARD OF GROUP A ANALYTES AT 625 pg/L 

Retention Time 
(minutes 1 

5.33 
11.68 
18.13 
27.93 
36.60 
42.99 

Analyte 
Derivative 

Formal dehyde 
Propanal 
Butanal 
Cycl ohexanone 
Heptanal 
Nonanal 
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FIGURE l b .  

OPTION 1 - LIQUID-SOLID PROCEDURAL STANDARD OF GROUP B ANALYTES AT 625 pg/L 
P-4 
'4 

Retention Time Anal y t e  
(minutes) Derivat ive 

7.50 Acetaldehyde 
16.68 Crotonal dehyde 
26.88 Pentanal 
32.53 Hexanal 
40.36 Octanal 
45.49 Decanal 
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FIGURE 2a. 

, \ 
OPTION 1 - LIQUID-LIQUID PROCEDURAL STANDARD OF GROUP A ANALYTES AT 625 pg/L 

LJ 

x id minuter 

Retention Time 
(minutes) 

5.82 

Anal y te  
Derivative 

Formal dehyde 
Propanal 
Butanal 
Cycl ohexanone 
Heptanal 
Nonanal 
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FIGURE 2b. 

OPTION 1 - LIQUID-LIQUID PROCEDURAL STANDARD OF GROUP B ANALYTES AT 625 pg/L 

Retention Time 
(minutes) 

7.79 

Analyte 
Der ivat ive  

Acetaldehyde 
Crotonal dehyde 
Pentanal 
Hexanal 
Octanal 
Decanal 
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OPTION 2 - CHROMATOGRAPHIC SEPARATION OF 'THE DNPH DERIVATIVES 
OF 15 CARBONYL COMPOUNDS 

DNPH 

-., 
I 

nut. min 

k a k  Iden t i f i ca t ion  

Number Compound Concentration(nq/ L l  

Formaldehyde 
Acetaldehyde 
Acrol e i  n 
Acetone 
Propanal 
Crotonal dehyde 
Butanal 
Benzal dehyde 
Isoval eraldehyde 
Pentanal 
o-To1 ual dehyde 
m-To1 ual dehyde 
p-To1 ualdehyde 
Hexanal 
2,4-Dimethyl benzaldehyde 
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METHOD 8315 

DETERMINATION OF CARBONY L COMPOUNDS 
BY HIGH PERFORMANCE L I Q U I D  CHROMATOGRAPHY (HPLC) 

1 
h 

7.1.2 E M  7.2.2 CentrlfuOe semple 

-for 18 No at250OrpnforlO 

h0um;fmecd mkrum6;decant 

stam exPpd and mm 

R e v i s i o n  0 
S e p t e m b e r  1 9 9 4  rn 

wi 

7.3.2 MeaWf9 1-10 7.3.1 Meacurre 

mL extract: wt Sdid M-- * oYquotdclample; 

miumew1oomL * sdjutvdunem 

winwrm ioomLwinwatm 

* 7.3.5.5 Exchange 
solvultbmemend 



METHOD 8315 
cont i riued 

7.4.1.4 Exchange 7.4.1.4 D i W  

adumtwithmethand e-wrilh- 

a8 in 7.3.5.5 phase 
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METHOD 8315 
continued 

mL with ecegnibile; 
hbelnrrk;pipet2 
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METHOD 8315 
continued 

tabulate peak areas L 
7.6.5 Detmmine resfmrw 

fa- at each axloentratkn 

7.6.5 Reayk.le 

Yes 

7.6.5 Plepare new e k  
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METHOD 8315 
continued 

7.6.6 - 7.6.7 Vdfy 
ca#kalion cwve every day; 

reanalyZe1aIHbmtbn 
standard am 10 

sPmplenurraless 

7.7.2 Injed a 6rnaller 
volume a dlkne sample 

I 
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APPENDIX A  

RECRYSTALLIZATION OF 2,4-DINITROPHENYLHYDRAZINE (DNPH) 

NOTE: Thi s  procedure should be performed under a  p roper ly  v e n t i  1  ated hood. - 
I n h a l a t i o n  of a c e t o n i t r i l e  can r e s u l t  i n  nose and t h r o a t  i r r i t a t i o n  ( b r i e f  
exposure a t  500 ppm) o r  more ser ious e f f e c t s  a t  h igher  concentrat ion 
and/or longer  exposures. 

A . l  Prepare a  saturated s o l u t i o n  o f  DNPH by b o i l i n g  excess DNPH i n  200 mL 
o f  acetoni t r i l e  f o r  approximately 1 hour. 

A.2 A f t e r  1 hour, remove and t r a n s f e r  t he  supernatant t o  a  covered beaker 
on a  h o t  p l a t e  and a l l ow  gradual coo l i ng  t o  40 t o  60°C. Ma in ta in  t h i s  
temperature range un t  i 1  95% o f  t h e  so l  vent has evaporated, 1  eaving c r y s t a l s .  

A.3 Decant t he  s o l u t i o n  t o w a s t e a n d  r i n s e t h e r e m a i n i n g c r y s t a l s  tw ice  
w i t h  t h ree  t imes t h e i r  apparent volume o f  a c e t o n i t r i l e .  

A.4 Transfer  t he  c r y s t a l s  t o  a  c lean beaker, add 200 mL o f  a c e t o n i t r i l e ,  
heat t o  b o i l i n g ,  and again l e t  t h e  c r y s t a l s  grow s lowly  a t  40 t o  60°C u n t i l  95% 
o f  t h e  so lven t  has evaporated. Repeat t h e  r i n s i n g  process as i n  Sec. A.3. 

A.5 Take an a l i q u o t  o f  t h e  second r i nse ,  d i l u t e  10 t imes w i t h  
a c e t o n i t r i l e ,  a c i d i f y  w i t h  1 mL o f  3.8 M p e r c h l o r i c  a c i d  per  100 mL o f  DNPH 
so lu t i on ,  and analyze w i t h  HPLC as i n  Sec. 7.0 f o r  Opt ion 2 .  An acceptable 
i m p u r i t y  l e v e l  i s  l e s s  than 0.025 ng/pL o f  formaldehyde i n  r e c r y s t a l l i z e d  DNPH 

' -\ 
reagent o r  below the  s e n s i t i v i t y  (ppb, v/v) l e v e l  i nd i ca ted  i n  Table 3  f o r  the  
a n t i c i p a t e d  sample volume. 

b.* ,, 
A.6 I f  t h e  impur i t y  l e v e l  i s  no t  sa t i s fac to ry ,  p i p e t  o f f  the  s o l u t i o n  t o  

waste, repeat  t h e  r e c r y s t a l l  i z a t i o n  as i n  Sec. A.4 bu t  r i n s e  w i t h  two 25 mL 
p o r t i o n s  o f  a c e t o n i t r i l e .  Prep and analyze the  second r i n s e  as i n  Sec. A.5. 

A.7 When the  i m p u r i t y  l e v e l  is sa t i s fac to ry ,  p lace the  c r y s t a l s  i n  an 
a1 1  -g lass  reagent b o t t l e ,  add another 25 mL of a c e t o n i t r i l e ,  stopper, and shake 
t h e  b o t t l e .  Use c lean p i p e t s  when removing t h e  saturated DNPH stock s o l u t i o n  t o  
reduce t h e  p o s s i b i l  i t y  o f  contaminat ion o f  t he  so lu t i on .  Ma in ta in  on l y  a  minimum 
volume o f  t h e  sa tura ted  s o l u t i o n  adequate f o r  day t o  day operat ion t o  minimize 
waste o f  t h e  p u r i f i e d  reagent. 
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METHOD 8316 

ACRY LAMIDE , ACRY LONITRI LE AND ACROLEIN BY HIGH PERFORMANCE 
LIQUID CHROMATOGRAPHY (HPLC) 

i 

1.0 SCOPE AND APPLICATION 

1.1 The fo l l ow ing  compounds can be determined by t h i s  method: 

Compound Name CAS No." 

Acry l  ami de 
A c r y l o n i t r i l e  
Acrol e i  n (Propenal ) 

a Chemical Abstract  Services Regist ry  Number. 

1.2 The method detec t ion  l i m i t s  (MDLs) f o r  t he  t a r g e t  analytes i n  
organ ic - f ree  reagent water are 1 i s t e d  i n  Table 1. The method may be appl icable 
t o  other  matr ices.  

1.3 This method i s  r e s t r i c t e d  t o  use by o r  under the  supervision o f  
analysts experienced i n  the  use o f  h igh  performance l i q u i d  chromatographs and 

,47% 

sk i1  l e d  i n  the  i n t e r p r e t a t i o n  o f  h igh  performance 1 i q u i d  chromatograms. Each 
analyst  must demonstrate the  a b i l i t y  t o  generate acceptable r e s u l t s  w i t h  t h i s  

L -- met hod. 

2.0 SUMMARY OF METHOD 

2.1 Water samples are analyzed by h igh performance 1 i q u i d  chromatography 
(HPLC) . A 200 p L  a1 i quot i s  i n jec ted  onto a C-  18 reverse-phase column, and 
compounds i n  the  e f f l u e n t  are detected w i t h  an u l t r a v i o l e t  (1IV) detector.  

3.1 Contamination by carryover can occur whenever high-concentrat ion and 
1 ow-concentrat i on samples are sequenti a1 l y  analyzed. To reduce carryover, the 
sample syr inge must be r i nsed  out  between samples w i t h  solvent.  Whenever an 
unusual ly concentrated sample i s  encountered, i t  should be fol lowed by the 
analys is  o f  so lvent  t o  check f o r  cross contamination. 
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4.0 APPARATUS AND MATERIALS 

4.1 HPLC system 

4.1.1 One h igh  pressure pump. 

4.1.2 Octadecyl S i  1  ane (ODs, C-  18) reverse phase HPLC c o l  un~n , 
25 cm x 4.6 mm, 10 pm, (Zorbax, o r  equ iva len t ) .  

4.1.3 Var iab le  wave1 ength UV detec tor .  

4.1.4 Data system. 

4.2 Other apparatus 

4.2.1 Water degassing u n i t  - 1 l i t e r  f i l t e r  f l a s k  w i t h  stopper and 
pressure tub ing .  

4.2.2 A n a l y t i c a l  balance - + 0.0001 g. 

4.2.3 Magnetic s t i r r e r  and magnetic s t i r r i n g  bar .  

4.2.4 Sample f i l t r a t i o n  u n i t  - syr inge f i l t e r  w i t h  0.45 p m  f i l t e r  
membrane, o r  equ iva len t  d isposable f i l t e r  u n i t .  

4.3 M a t e r i a l s  

4.3.1 Syringes - 10, 25, 50 and 250 p L  and 10 mL. 

4.3.2 Volumetr ic p ipe t tes ,  Class A, g lass  - 1, 5 and 10 mL. 

4.3.3 Volumetr ic  f l a s k s  - 5, 10, 50 and 100 mL. 

4.3.4 V i a l s  - 25 mL, g lass  w i t h  Te f l on  1 ined screw caps o r  cr imp 
tops. 

5.0 REAGENTS 

5.1 Reagent grade inorgan ic  chemicals s h a l l  be used i n  a l l  t e s t s .  Unless 
otherwise ind ica ted ,  i t  i s  intended t h a t  a l l  reagents s h a l l  conform t o  t h e  
s p e c i f i c a t i o n s  o f  t h e  Committee on A n a l y t i c a l  Reagents o f  t h e  American Chemical 
Society,  where such s p e c i f i c a t i o n s  are ava i l ab le .  Other grades may be used, 
provided i t  i s  f i r s t  ascer ta ined t h a t  t h e  reagent i s  o f  s u f f i c i e n t l y  h igh  p u r i t y  
t o  permi t  i t s  use w i thou t  lessening the  accuracy o f  t h e  determinat ion.  

5.2 Acry l  amide, CH,: CHCONH,, 99+% p u r i t y ,  e l  ect rophoresi  s  reagent grade. 

5.3 A c r y l o n i t r i l e ,  H,C:CHCN, 99+% p u r i t y .  

5.4 Acro le in ,  CH,:CHCHO, 99+% p u r i t y .  
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5.5 Organic-free reagent water. A l l  references t o  water i n  t h i s  method 
r e f e r  t o  organ ic - f ree  reagent water, as def ined i n  Chapter One. Sparge w i t h  He 
t o  e l im ina te  0, t o  prevent s i g n i f i c a n t  absorption in ter fe rence from 0, a t  the  195 

- nm wave1 ength . 
I 

UY .>/ 
5.6 Stock standard so lu t ions  - Can be prepared from pure standard 

mater ia ls  o r  can be purchased as c e r t i f i e d  solut ions.  Commercially prepared 
stock standards can be used i f  they are c e r t i f i e d  by the manufacturer and 
v e r i f i e d  against  a standard made from pure mater ia l .  

5.6.1 Acrylamide 

5.6.1.1 Weigh 0.0100 g o f  acrylamide neat standard i n t o  a 
100 mL volumetr ic  f l ask ,  and d i l u t e  t o  the  mark w i t h  organic- f ree 
reagent water. Calculate the  concentrat ion o f  the  standard so lu t i on  
from the actual weight used. When compound p u r i t y  i s  assayed t o  be 
96% o r  greater ,  t he  weight can be used wi thout  co r rec t i on  t o  
ca l  cu l  a te  the  concentrat ion o f  t he  stock standard. 

5.6.1.2 Transfer the  stock so lu t i on  i n t o  v i a l s  w i t h  Tef lon 
l i n e d  screw caps o r  crimp tops. Store a t  4"C, protected from l i g h t .  

5.6.1.3 Stock so lu t ions  must be replaced a f t e r  s i x  months, 
o r  sooner i f  comparison w i t h  the  check standards ind ica tes  a 
problem. 

5.6.2 A c r y l o n i t r i l e  and Acro le in  - Prepare separate stock so lu t ions  
f o r  a c r y l o n i t r i l e  and acro le in .  

5.6.2.1 Place about 9.8 mL o f  .organic- f ree reagent water 
i n t o  a 10 mL volumetr ic  f l a s k  before weighing the f l a s k  and stopper. 
Weigh the  f l a s k  and record the  weight t o  the  nearest 0.0001 g. Add 
two drops o f  neat standard, using a 50 p L  syringe, t o  the  f l ask .  
The l i q u i d  must f a l l  d i r e c t l y  i n t o  the water, without contact ing the  
i n s i d e  wa l l  o f  t he  f l a s k .  

CAUTION: A c r y l o n i t r i l e  and ac ro le in  are tox i c .  Standard 
preparat ion should be performed i n  an 1 aboratory 
fume hood. 

5.6.2.2 Stopper the  f l a s k  and then reweigh. D i l u t e  t o  
volume w i t h  organic- f ree reagent water. Calculate the  concentrat ion 
from the  ne t  ga in  i n  weight. When compound p u r i t y  i s  assayed t o  be 
96% o r  greater ,  t he  weight can 'be used wi thout  cor rec t ion  t o  
ca l cu la te  the concentrat i o n  o f  the stock standard. 

5.6.2.3 Stock so lu t ions  must be replaced a f t e r  s i x  months, 
o r  sooner if comparison w i t h  the  check standards ind ica tes  a 
problem. 
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5.7 Cal i b r a t i o n  standards 

5.7.1 Prepare c a l i b r a t i o n  standards a t  a minimum o f  f i v e  
concent ra t ions  by d i l u t i n g  t h e  s tock  s o l u t i o n s  w i t h  o r g a n i c - f r e e  reagent  
water.  

5.7.2 One c a l  i b r a t i o n  standard should be prepared a t  a concen t ra t i on  
near, b u t  above, t he  method d e t e c t i o n  l i m i t ;  t h e  remain ing standards should 
correspond t o  t h e  range o f  concent ra t ions  found i n  r e a l  samples, b u t  should n o t  
exceed t h e  work ing range of t h e  HPLC system ( 1  mg/L t o  10 mg/L). 

6.0 SAMPLE COLLECTION, PRESERVATION, AND HANDLING 

6 .1  See t h e  i n t r o d u c t o r y  m a t e r i a l  t o  t h i s  chapter ,  Organic Analy tes,  
Sec. 4.1. 

7.0 PROCEDURE 

7.1 HPLC Cond i t ions  

Mob i le  Phase: Degassed organi  c - f r e e  reagent  water  
I n j e c t i o n  Volume: 200 p L  
F l  ow Rate : 2.0 mL/min 
Pressure: 38 atm 
Temperature: 2 5°C 
De tec to r  UV wavelength: 195 nm 

7.2 C a l i b r a t i o n :  

7.2.1 Prepare standard s o l u t i o n s  o f  a c r y l  amide as descr ibed  i n  Sec. 
5.7.1. I n j e c t  200 p L  a l i q u o t s  o f  each s o l u t i o n  i n t o  t h e  chromatograph. 
See Method 8000 f o r  a d d i t i o n a l  guidance on c a l i b r a t i o n  by t h e  ex te rna l  
s tandard method. 

7.3 Chromatographic ana lys is :  

7.3.1 Analyze t h e  samples us ing  t he  same chromatographic c o n d i t i o n s  
used t o  prepare t h e  standard curve. Suggested chromatographic c o n d i t i o n s  
a re  g i ven  i n  Sec. 7.1. Table 1 prov ides t h e  r e t e n t i o n  t imes t h a t  were 
ob ta ined  under these cond i t i ons  du r i ng  method development. 

8.0 QUALITY CONTROL 

8.1 Refer  t o  Chapter One f o r  s p e c i f i c  q u a l i t y  c o n t r o l  procedures. 

8.2 Before  process iug any samples, t h e  ana l ys t  must demonstrate, th rough 
t h e  ana l ys i s  o f  a method blank, t h a t  a l l  glassware and reagents a re  i n t e r f e r e n c e  
f r ee .  
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9 .0  METHOD PERFORMANCE 

9 .1  Method performance data are not avai lable.  

; V. 

10.0 REFERENCES 

1. Hayes, Sam; "Acrylamide, Acry lon i t r i l e ,  and Acrolein Determination i n  
Water by High Pressure Liquid Chromatography," USEPA. 
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TABLE 1 
ANALYTE RETENTION TIMES AND METHOD DETECTION LIMITS 

Compound 
Retention MDL 
Time (min) (ILS/L) 

Acryl amide 
Acryloni tri 1 e 
Acrol e i  n (Propenal ) 
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METHOD 8316 
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LIOU ID CHROMATOGRAPHY (HPLC 1 
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METHOD 8318 

N-METHY LCARBAMATES BY HIGH PERFORMANCE LIQUID 
CHROMATOGRAPHY ( HPLC) 

1 

1.0 SCOPE AND APPLICATION 

1.1 Method 8318 i s  used t o  determine t h e  concent ra t ion  o f  
N-methylcarbamates i n  s o i l ,  water and waste matr ices.  'The f o l l o w i n g  com~pounds can 
be determined by t h i s  method: 

Compound Name CAS No. a 

A l d i c a r b  (Temi k) 
A l d i c a r b  Sul fone 
Carbary l  (Sevi n )  
Carbof uran (Furadan) 
D i  oxacarb 
3 -Hydroxycarbofuran 
Methiocarb (Mesurol ) 
Methomyl (Lannate) 
Promecarb 
Propoxur (Baygon) 

fl \ a Chemical Abs t rac t  Services Reg i s t r y  Number. 
I 

L-1 
1.2 The method d e t e c t i o n  1 i m i t s  (MDLs) o f  Method 8318 f o r  determin ing t he  

t a r g e t  ana ly tes  i n  o rgan i c - f r ee  reagent water and i n  s o i l  are l i s t e d  i n  Table 1. 

1.3 Th is  method i s  r e s t r i c t e d  t o  use by, o r  under t h e  superv is ion o f ,  
ana lys ts  experienced i n  t he  use o f  h i gh  performance 1 i qu id  chromatography (HPLC) 
and s k i 1  l e d  i n  t h e  i n t e r p r e t a t i o n  o f  chromatograms. Each ana lys t  must 
demonstrate t h e  a b i l i t y  t o  generate acceptable r e s u l t s  w i t h  t h i s  method. 

2.0 SUMMARY OF METHOD 

2.1 N-methyl carbamates are ex t rac ted  from aqueous samples w i t h  methyl ene 
ch lo r i de ,  and from s o i l s ,  o i l y  s o l i d  waste and o i l s  w i t h  a c e t o n i t r i l e .  The 
e x t r a c t  so lven t  i s  exchanged t o  methanol/ethylene g l y c o l ,  and then the  e x t r a c t  
i s  cleaned up on a C-18 c a r t r i d g e ,  f i l t e r e d ,  and e lu ted  on a C-18 a n a l y t i c a l  
column. A f t e r  separat ion, t h e  t a r g e t  analy tes are hydrolyzed and d e r i v a t i z e d  
pos t -co l  umn, then quan t i t a ted  f l  uorometr ica l  ly .  

2.2 Due t o  t h e  s p e c i f i c  nature o f  t h i s  analys is ,  con f i rmat ion  by a 
secondary method i s  n o t  essent i  a1 . However, f luorescence due t o  pos t -co l  umn 
d e r i v a t i z a t i o n  may be conf i rmed by s u b s t i t u t i n g  t h e  NaOH and o-phthalaldehyde 
s o l u t i o n s  w i t h  o rgan i c - f r ee  reagent water and reana lyz ing  t h e  sample. I f  
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f luorescence i s  s t i l l  detected, then a  p o s i t i v e  in te r fe rence i s  present  and care 
should be taken i n  t he  i n t e r p r e t a t i o n  o f  t h e  r e s u l t s .  

2.3 The s e n s i t i v i t y  o f  the  method u s u a l l y  depends on t h e  l e v e l  o f  
i n te r fe rences  present, r a t h e r  than on t h e  inst rumenta l  cond i t ions .  Waste samples ,m 
w i t h  a  h igh  l e v e l  o f  ex t rac tab le  f luorescent  compounds are expected t o  y i e l d  b ~ +  IIJ' 

s i g n i f i c a n t l y  h igher  de tec t i on  1 i m i t s .  

3.0 INTERFERENCES 

3.1 F l  uorescent compounds, p r i m a r i l y  a'l k y l  amines and compounds which 
y i e l d  pr imary a1 k y l  amines on base hydro lys is ,  are p o t e n t i a l  sources o f  
i n te r fe rences  . 

3.2 Coel u t i  ng compounds t h a t  are f l  uorescence quenchers may r e s u l t  i n  
negat ive in te r fe rences.  

3.3 I m p u r i t i e s  i n  so lvents  and reagents are a d d i t i o n a l  sources o f  
in te r fe rences.  Before processing any samples, t h e  ana lys t  must demonstrate 
d a i l y ,  through t h e  ana lys is  o f  so lvent  blanks, t h a t  t he  e n t i r e  a n a l y t i c a l  system 
i s in te r fe rence  f r e e .  

4.0 APPARATUS AND MATERIALS 

4.1 HPLC system 

4.1.1 An HPLC system capable o f  i n j e c t i n g  20 p L  a l i q u o t s  and 
per forming m u l t i l i n e a r  g rad ien ts  a t  a  constant f low.  The system must a l so  
be equipped w i t h  a  data system t o  measure t h e  peak areas. 9 

4.1.2 C-18 reverse phase HPLC c o l  umn, 25 cm x  4.6 rnm (5 pm) . 
4.1.3 Post Column Reactor w i t h  two solvent  de l  i v e r y  systems (Kratos 

PCRS 520 w i t h  two Kratos Spectro iow 400 Solvent Del i v e r y  Systems, o r  
equ iva len t )  . 

4.1.4 F l  uorescence de tec to r  (Kratos Spec t ro f l  ow 980, o r  equi va l  en t )  . 
4.2 Other apparatus 

4.2.1 Cent r i fuge.  

4.2.2 Ana ly t i ca l  balance - + 0.0001 g. 

4.2.3 Top load ing  balance - + 0.01 g. 

4.2.4 P la t fo rm shaker. 

4.2.5 Heating b l  ock, o r  equival  en t  apparatus, t h a t  can accommodate 
10 mL graduated v i a l s  (Sec. 4.3.11). 
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4.3 M a t e r i a l s  

4.3.1 HPLC i n j e c t i o n  sy r inge  - 50 pL.  

4.3.2 F i l t e r  paper, (Whatman #113 o r  #114, o r  equ iva len t ) .  

4.3.3 Volumetr ic  p i pe t t es ,  Class A, g lass,  assor ted s izes.  

R 4.3.4 Reverse phase car t r idges ,  (C-18 Sep-Pak [Waters Associates], 
o r  equ i va len t )  . 

4.3.5 Glass syr inges - 5 mL. 

4.3.6 Volumetr ic  f l asks ,  Class A - Sizes as appropr ia te.  

4.3.7 Erlenmeyer f l a s k s  w i t h  t e f l o n - 1  i ned  screw caps, 250 mL. 

4.3.8 Assorted g lass  funnels.  

4.3.9 Separatory funnels,  w i t h  ground g lass  stoppers and t e f l o n  
stopcocks - 250 mL. 

4.3.10 Graduated c y l  inders  - 100 mL. 

4.3.11 Graduated g lass  v i a l s  - 10 mL, 20 mL. 

4.3.12 Cent r i fuge  tubes - 250 mL. 

4.3.13 V i a l s  - 25 mL, g lass  w i t h  Te f l on  1 ined screw caps o r  
cr imp tops. 

4.3.14 P o s i t i v e  displacement m ic ro -p ipe t t o r ,  3  t o  25 pL  
displacement, (G i l son  Microman [Rain in  #M-251 w i t h  t i p s ,  [Ra in in  #CP-251, 
o r  equ i va len t ) .  

4.3.15 Nylon f i l t e r  u n i t ,  25 mm diameter, 0.45 pm pore size, 
d isposab le  (A1 1 tech  Associates, #2047, o r  equ iva len t )  . 

5.0 REAGENTS 

5.1 HPLC grade chemicals s h a l l  be used i n  a l l  t es t s .  It i s  intended t h a t  
a l l  reagents s h a l l  conform t o  t h e  s p e c i f i c a t i o n s  o f  t h e  Committee on A n a l y t i c a l  
Reagents o f  t h e  American Chemical Society,  where such s p e c i f i c a t i o n s  are 
ava i l ab le .  Other grades may be used, prov ided i t  i s  f i r s t  ascer ta ined t h a t  t h e  
reagent i s  o f  s u f f i c i e n t l y  h igh  p u r i t y  t o  permi t  i t s  use w i thou t  lower ing  t h e  
accuracy o f  t he  de te rmina t ion .  

5.2 General 

5.2.1 A c e t o n i t r i l e ,  CH3CN - HPLC grade - minimum UV c u t o f f  a t  203 nm 
(EM Omnisolv #AX0142-1, o r  equ iva len t ) .  
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5.2.2 Methanol, CH30H - HPLC grade - minimum UV c u t o f f  a t  230 nm (EM 
Omnisolv #MX0488-1, o r  e q u i v a l e n t ) .  

5.2.3 Methylene c h l o r i d e ,  CH C1 - HPLC grade - minimum UV c u t o f f  a t  
230 nm (EM Omni s o l  v  IDX0831-1, o r  ?eqKva1 e n t )  . F', 

'._ 
5.2.4 Hexane, C6H14 - p e s t i c i d e  grade - (EM Omnisolv #HX0298-1, o r  

equ i va len t )  . 
5.2.5 E thy lene  g l y c o l ,  HOCH2CH20H - Reagent grade - (EM Science, o r  

e q u i v a l e n t )  . 
5.2.6 Organ i c - f r ee  reagent  water  - A l l  re fe rences  t o  wate r  i n  t h i s  

method r e f e r  t o  o r g a n i c - f r e e  reagent  water, as d e f i n e d  i n  Chapter One. 

5.2.7 Sodium hydrox ide,  NaOH - reagent  grade - 0.05N NaOH s o l u t i o n .  

5.2.8 Phosphoric ac id ,  H3P04 - reagent  grade. 

5.2.9 pH 10 bo ra te  b u f f e r  (J.T. Baker #5609-1, o r  e q u i v a l e n t ) .  

5.2.10 o-  Phthal  aldehyde, o - C ~ H ~ ( C H O ) ~  - reagent  grade ( F i  sher 
#0-4241, o r  e q u i v a l e n t ) .  

5.2.11 2-Mercaptoethanol, HSCH2CH20H - reagent  grade (F i she r  
#0-3446, o r  e q u i v a l e n t ) .  

5.2.12 N-methylcarbamate nea t  s tandards (equiva lence t o  EPA 
standards must be demonstrated f o r  purchased s o l u t i o n s ) .  

5.2.13 Chl o r o a c e t i c  ac id ,  C1 CH2COOH, 0.1 N. 

5.3 Reac t ion  s o l u t i o n  

5.3.1 D i  sso l  ve 0.500 g  o f  o -ph tha l  aldehyde i n  10 mL o f  methanol, i n  
a  1 L  vo lume t r i c  f l a s k .  To t h i s  so lu t i on ,  add 900 mL o f  o r g a n i c - f r e e  
reagent  water, f o l l o w e d  by 50 mL o f  t h e  bo ra te  b u f f e r  (pH 10).  A f t e r  
m i x i n g  we1 1, add 1 mL o f  2-mercaptoethanol , and d i l  Ute t o  t h e  mark w i t h  
o r g a n i c - f r e e  reagent  water.  M ix  t h e  s o l u t i o n  thorough ly .  Prepare f r e s h  
s o l u t i o n s  on a  weekly bas is ,  as needed. P r o t e c t  f rom 1  i g h t  and s t o r e  
under r e f r i g e r a t i o n .  

5.4 Standard s o l u t i o n s  

5.4..1 Stock standard s o l u t i o n s :  prepare i n d i v i d u a l  1000 mg/L 
s o l u t i o n s  by adding 0.025 g  o f  carbamate t o  a  25 mL v o l u m e t r i c  f l a s k ,  and 
d i l u t i n g  t o  t h e  mark w i t h  methanol. S to re  s o l u t i o n s ,  under r e f r i g e r a t i o n ,  
i n  g l a s s  v i a l s  w i t h  T e f l o n  1  i n e d  screw caps o r  cr imp tops.  Rep1 ace every  
s i x  months. 

5.4.2 I n te rmed ia te  s tandard s o l u t i o n :  prepare a  mixed 50.0 mg/L 
s o l u t i o n  by adding 2.5 mL o f  each s tock  s o l u t i o n  t o  a  50 mL vo lume t r i c  
f l a s k ,  and d i l u t i n g  t o  t h e  mark w i t h  methanol. S to re  s o l u t i o n s ,  under 
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r e f r i g e r a t i o n ,  i n  g l ass  v i a l s  w i t h  Te f l on  1  ined screw caps o r  cr imp tops. 
Repl ace every t h ree  months. 

5.4.3 Working standard so lu t ions :  prepare 0.5, 1.0, 2.0, 3.0 and 5.0 
mg/L s o l u t i o n s  by adding 0.25, 0.5, 1.0, 1.5 and 2.5 mL o f  t h e  
in te rmed ia te  mixed standard t o  respec t i ve  25 mL vo l  umetr ic  f l  asks, and 
d i l u t i n g  each t o  t h e  mark w i t h  methanol. Store so lu t i ons ,  under 
r e f r i g e r a t i o n ,  i n  g l ass  v i a l s  w i t h  Te f l on  1  ined screw caps o r  cr imp tops. 
Repl ace every two months, o r  sooner i f  necessary. 

5.4.4 Mixed QC standard so lu t i on :  prepare a  40.0 mg/L s o l u t i o n  from 
another s e t  o f  s tock  standard so lu t ions ,  prepared s i m i l a r l y  t o  those 
descr ibed i n  Sec. 5.4.1. Add 2.0 mL o f  each s tock  s o l u t i o n  t o  a  50 mL 
vo lumet r i c  f l a s k  and d i l u t e  t o  t h e  mark w i t h  methanol. Store t h e  
s o l u t i o n ,  under r e f r i g e r a t i o n ,  i n  a  g lass  v i a l  w i t h  a  Te f l on  l i n e d  screw 
cap o r  cr imp top.  Replace every t h ree  months. 

6.0 SAMPLE COLLECTION, PRESERVATION, AND HANDLING 

6.1 Due t o  t h e  extreme i n s t a b i  1  i t y  o f  N-methyl carbamates i n  a'l ka l  i ne 
media, water, waste water and leachates should be preserved immediately a f t e r  
c o l l e c t i o n  by a c i d i f y i n g  t o  pH 4-5 w i t h  0.1 N  ch lo roace t i c  ac id .  

6.2 Store samples a t  4°C and ou t  o f  d i r e c t  sun l i gh t ,  f rom t h e  t ime o f  
c o l l e c t i o n  through ana lys is .  N-methylcarbamates are s e n s i t i v e  t o  a1 k a l  i n e  
h y d r o l y s i s  and heat .  

6.3 A l l  samples must be ex t rac ted  w i t h i n  seven days o f  c o l l e c t i o n ,  and 
,/ - analyzed w i t h i n  40 days o f  e x t r a c t i o n .  
k 

7.0 PROCEDURE 

7.1 E x t r a c t i o n  

7.1.1 Water, domestic wastewater, aqueous i n d u s t r i a l  wastes, and 
leachates 

7.1.1.1 Measure 100 mL o f  sample i n t o  a  250 mL separatory 
funnel  and e x t r a c t  by shaking v igorous ly  f o r  about 2 minutes w i t h  30 
mL o f  methylene ch lo r i de .  Repeat t h e  e x t r a c t i o n  two more t imes. 
Combine a l l  t h ree  e x t r a c t s  i n  a  100 mL vo lumet r i c  f l a s k  and d i l u t e  
t o  volume w i t h  methylene ch lo r i de .  I f  cleanup i s  requi red,  go t o  
Sec. 7.2. I f  cleanup i s  no t  requi red,  proceed d i r e c t l y  t o  Sec. 
7.3.1. 

7.1.2 So i 1  s, so l  ids,  s l  udges, and heavy aqueous suspensions 

7.1.2.1 Determinat ion o f  sample % d r y  weight - I n  c e r t a i n  
cases, sample r e s u l t s  are des i red  based on dry-weight  bas is .  When 
such da ta  i s  des i red,  a  p o r t i o n  o f  sample f o r  t h i s  determinat ion 
should be weighed ou t  a t  t he  same t ime as t h e  p o r t i o n  used f o r  
a n a l y t i c a l  determinat ion.  
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WARNING: The d r y i n g  oven should be con ta ined  i n  a hood o r  
vented. S i g n i f i c a n t  1 abora to ry  con tamina t ion  may 
r e s u l t  f rom a h e a v i l y  contaminated hazardous 
waste sample. 

7.1.2.1.1 Immediately a f t e r  weigh ing t h e  sample f o r  
e x t r a c t i o n ,  weigh 5-10 g o f  t h e  sample i n t o  a t a r e d  c r u c i b l e .  
Determine t h e  % d r y  weight  o f  t h e  sample by d r y i n g  o v e r n i g h t  
a t  105°C. A l l ow  t o  coo l  i n  a d e s i c c a t o r  be fo re  weighing: 

% d r y  weight  = g o f  d r y  sample x 100 
g o f  sample 

7.1.2.2 E x t r a c t i o n  - Weigh ou t  20 + 0.1 g o f  sample i n t o  
a 250 mL Erlenmeyer f l a s k  w i t h  a Te f l on -1  i ned  screw cap. Add 50 mL 
o f  a c e t o n i t r i l e  and shake f o r  2 hours on a p l a t f o r m  shaker. A l l ow  
t h e  m i x t u r e  t o  s e t t l e  (5-10 min),  then  decant t h e  e x t r a c t  i n t o  a 250 
mL c e n t r i f u g e  tube. Repeat t h e  e x t r a c t i o n  two more t imes  w i t h  20 mL 
o f  a c e t o n i t r i l e  and 1 hour shaking each t ime .  Decant and combine 
a l l  t h r e e  e x t r a c t s .  Cen t r i f uge  t h e  combined e x t r a c t  a t  200 rpm f o r  
10 min. C a r e f u l l y  decant t h e  supernatant  i n t o  a 100 mL v o l u m e t r i c  
f l a s k  and d i l u t e  t o  volume w i t h  a c e t o n i t r i l e .  ( D i l u t i o n  f a c t o r  = 5) 
Proceed t o  Sec. 7.3.2. 

7.1.3 S o i l s  h e a v i l y  contaminated w i t h  non-aqueous substances, such 
as o i l s  

7.1.3.1 Dete rmina t ion  o f  sample % d r y  we igh t  - Fo l l ow  
Secs. 7.1.2.1 through 7.1.2.1.1. 

7.1.3.2 E x t r a c t i o n  - Weigh o u t  20 + 0 .1  g o f  sample i n t o  
a 250 mL Erlenmeyer f l a s k  w i t h  a T e f l o n - l i n e d  screw cap. Add 60 mL 
o f  hexane and shake f o r  1 hour on a p l a t f o r m  shaker. Add 50 mL o f  
a c e t o n i t r i l e  and shake f o r  an a d d i t i o n a l  3 hours.  A l l ow  t h e  m i x t u r e  
t o  s e t t l e  (5-10 min), then  decant t h e  so l ven t  l a y e r s  i n t o  a 250 rnL 
separa to ry  funne l  . D r a i n  t h e  ace ton i  t r i l e  (bot tom 1 ayer )  th rough  
f i l t e r  paper i n t o  a 100 mL vo lume t r i c  f l a s k .  Add 60 mL o f  hexane and 
50 mL o f  a c e t o n i t r i l e  t o  t h e  sample e x t r a c t i o n  f l a s k  and shake f o r  
1 hour.  A l l ow  t h e  m i x t u r e  t o  s e t t l e ,  then  decant t h e  m i x t u r e  i n t o  
t h e  separa to ry  funne l  c o n t a i n i n g  t h e  hexane f rom t h e  f i r s t  
e x t r a c t i o n .  Shake t h e  separatory  funne l  f o r  2 minutes, a l l o w  t h e  
phases t o  separate, d r a i n  t h e  a c e t o n i t r i l e  l a y e r  th rough  f i l t e r  
paper i n t o  t h e  vo lume t r i c  f l a s k ,  and d i l u t e  t o  volume w i t h  
a c e t o n i t r i l e .  ( D i l u t i o n  f a c t o r  = 5) Proceed t o  Sec. 7.3.2. 

7.1.4 Non-aqueous 1 i q u i d s  such as o i l s  

7.1.4.1 E x t r a c t i o n  - Weigh o u t  20 + 0.1 g o f  sample i n t o  
a 125 mL separa to ry  funne l .  Add 40 mL o f  hexane and 25 mL o f  
a c e t o n i t r i l e  and v i g o r o u s l y  shake t h e  sample m i x t u r e  f o r  2 minutes.  
A l l ow  t h e  phases t o  separate,  then  d r a i n  t h e  a c e t o n i t r i l e  (bot tom 
l a y e r )  i n t o  a 100 mL vo lume t r i c  f l a s k .  Add 25 mL o f  a c e t o n i t r i l e  t o  
t h e  sample funne l ,  shake f o r  2 minutes, a l l o w  t h e  phases t o  
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Repeat t h e  e x t r a c t i o n  w i t h  another 25 mL p o r t i o n  o f  a c e t o n i t r i l e ,  
combining t h e  e x t r a c t s .  D i l u t e  t o  volume w i t h  a c e t o n i t r i l e .  
( D i l u t i o n  f a c t o r  = 5 ) .  Proceed t o  Sec. 7.3.2. 

7.2 Cleanup - P ipe t  20.0 mL o f  t he  e x t r a c t  i n t o  a  20 mL g l ass  v i a l  
c o s t a i n i n g  100 p L  o f  e thy lene  g l y c o l .  Place t h e  v i a l  i n  a  hea t i ng  b l ock  se t  a t  
50 C, and g e n t l y  evaporate  t h e  e x t r a c t  under a  stream o f  n i t r o g e n  ( i n  a  fume 
hood) u n t i l  o n l y  t h e  e thy lene  g l y c o l  keeper remains. D i sso l ve  t h e  e thy lene  
g l y c o l  r e s i d u e  i n  2  mL o f  methanol, pass t h e  e x t r a c t  through a  pre-washed C-18 
reverse  phase c a r t r i d g e ,  and c o l l e c t  t h e  e l u a t e  i n  a  5  mL vo lume t r i c  f l a s k .  
E l u t e  t h e  c a r t r i d g e  w i t h  methanol, and c o l l e c t  t h e  e l u a t e  u n t i l  t h e  f i n a l  volume 
o f  5.0 mL i s  obta ined.  ( D i l u t i o n  f a c t o r  = 0.25) Using a  d isposab le  0.45 p m  
f i l t e r ,  f i l t e r  an a l i q u o t  o f  t h e  c lean  e x t r a c t  d i r e c t l y  i n t o  a  p rope r l y  l a b e l l e d  
autosampler v i a l .  The e x t r a c t  i s  now ready f o r  ana l ys i s .  Proceed t o  Sec. 7.4. 

7.3 Sol  vent  Exchange 

7.3.1 Water, domest ic wastewater, aqueous i n d u s t r i a l  wastes, and 
1  eachates: 

P i p e t  10.0 mL o f  t h e  e x t r a c t  i n t o  a  10 mL graduated g l ass  v i a l  
c o n t a i n i n 3  100 p L  o f  e thy lene  g l y c o l .  Place t h e  v i a l  i n  a  hea t i ng  b l ock  
s e t  a t  50 C, and g e n t l y  evaporate t h e  e x t r a c t  under a  stream o f  n i t r o g e n  
( i n  a  fume hood) u n t i l  o n l y  t h e  e thy lene  g l y c o l  keeper remains. Add 
methanol t o  t h e  e thy l ene  g l y c o l  res idue,  dropwise, u n t i l  t h e  t o t a l  volume 
i s  1.0 mL. ( D i l u t i o n  f a c t o r  = 0.3). Using a  d isposable  0.45 p m  f i l t e r ,  
f i l t e r  t h i s  e x t r a c t  d i r e c t l y  i n t o  a  p rope r l y  l a b e l l e d  autosampler v i a l .  
The e x t r a c t  i s  now ready f o r  ana l ys i s .  Proceed t o  Sec. 7.4. 

,- z-%-, 7.3.2 Soi 1  s, so l  i d s ,  s l  udges, heavy aqueous suspensions, and non- 
-U aqueous l i q u i d s :  

E l u t e  15 mL o f  t h e  a c e t o n i t r i l e  e x t r a c t  through a  C-18 reverse  phase 
c a r t r i d g e ,  prewashed w i t h  5  mL o f  a c e t o n i t r i l e .  D iscard  t h e  f i r s t  2 mL o f  
e l u a t e  and c o l l e c t  t h e  remainder. P i pe t  10.0 mL o f  t h e  c l ean  e x t r a c t  i n t o  
a  10 mL graduated g l a s s  v i  a1 containiong 100 p L  o f  e thy lene  g l y c o l  . Place 
t h e  v i a l  i n  a  h e a t i n g  b l o c k  s e t  a t  50 C, and g e n t l y  evaporate t h e  e x t r a c t  
under a  stream o f  n i t r o g e n  ( i n  a  fume hood) u n t i l  o n l y  t he  e thy lene  g l y c o l  
keeper remains. Add methanol t o  t h e  e thy lene  g l y c o l  res idue,  dropwi se, 
u n t i l  t h e  t o t a l  volume i s  1.0 mL. (Add i t i ona l  d i l u t i o n  f a c t o r  = 0.1; 
o v e r a l l  d i l u t i o n  f a c t o r  = 0.5). Using a  d isposable  0.45 pm f i l t e r ,  f i l t e r  
t h i s  e x t r a c t  d i r e c t l y  i n t o  a  p r o p e r l y  l a b e l l e d  autosampler v i a l .  The 
e x t r a c t  i s  now ready f o r  ana l ys i s .  Proceed t o  Sec. 7.4. 

7.4 Sample Ana l ys i s  

7.4.1 Analyze t h e  samples us ing  t h e  chromatographic cond i t i ons ,  
pos t  - c o l  umn r e a c t  i o n  parameters and ins t rument  parameters g i ven  i n  Secs. 
7.4.1.1, 7.4.1.2, 7.4.1.3 and7.4.1.4.  T a b l e 2 p r o v i d e s  t h e r e t e n t i o n  
t imes  t h a t  were ob ta ined  under these cond i t i ons  d u r i n g  method development. 
A  chromatogram o f  t h e  separa t ion  i s  shown i n  F i gu re  1. 
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7.4.1.1 Chromatographic Cond i t ions  (Recommended) 

Time 
( m i  n l  
0.00 
0.00 
0.02 

20.02 
25.02 
30.02 
33.02 
36.02 

Solvent  A: Organ ic - f ree  reagent water, a c i d i f i e d  w i t h  
0.4 mL o f  phosphoric a c i d  per  l i t e r  o f  
water rn 

Solvent  B: Methano l /ace ton i t r i  l e  (1: 1, v/v) @ 
F l  ow r a t e :  1.0 mL/mi n 
I n j e c t i o n  Volume: 20 p L  
Sol vent de l  i very  system program: 

Funct i on 
F R 
B% 
B% 
B% 
B% 
B% 
B% 

ALARM 

Value 
1.0 

10% 
80% 

100% 
100% 
1 0% 
10% 

Dura t ion  
(min) 

7.4.1.2 Post-column Hyd ro l ys i s  Parameters (Recommended) 

So lu t ion :  0.05 N aqueous sodium hydrox ide 
Flow Rate: 0.g mL/min 
Temperature: 95 C 
Residence Time: 35 seconds ( 1  mL r e a c t i o n  c o i l )  

7.4.1.3 P o s t - c o l u m n  D e r i v a t i z a t i o n  P a r a m e t e r s  
(Recommended) m 

Solu t ion :  o-phthalaldehyde/2-mercaptoethanol (Sec. 
u 

5.3.1) 
Flow Rate: 0.g mL/min 
Temperature: 40 C 
Residence t ime: 25 seconds ( 1  mL r e a c t i o n  c o i l )  

7.4.1.4 F l  uorometer Parameters (Recommended) 

C e l l  : 10 p L  
E x c i t a t i o n  wavelength: 340 nm 
Emission wavelength: 4.18 nm c u t o f f  f i l t e r  
S e n s i t i v i t y  wavelength: 0.5 pA 
PMT vo l tage:  -800 V 
Time constant:  2 sec 

7.4.2 I f  t h e  peak areas o f  t h e  sample s i g n a l s  exceed t h e  c a l i b r a t i o n  
range o f  t h e  system, d i l u t e  t h e  e x t r a c t  as necessary and reanalyze t h e  
d i l u t e d  e x t r a c t .  

Rev is ion  0 
September 1994 



7.5 Ca l i b ra t i on :  

7.5.1 Analyze a solvent  blank (20 pL o f  methanol) t o  ensure t h a t  the  
f- .-, system i s  clean. Analyze the  ca l  i b r a t i o n  standards (Sec. 5.4.3), s t a r t i n g  
k z w s  

w i t h  the  0.5 mg/L standards and ending w i t h  the  5.0 mg/L standard. I f  the  
percent re1 a t i v e  standard dev ia t i on  (%RSD) o f  the  mean response f a c t o r  
(RF) f o r  each analyte does n o t  exceed 20%, the  system i s  c a l i b r a t e d  and 
the  ana lys is  o f  samples may proceed. If the %RSD f o r  any analyte exceeds 
20%, recheck the  system and/or r e c a l i b r a t e  w i t h  f r e s h l y  prepared 
ca l  i b r a t i o n  so lu t ions .  

7.5.2 Using the  establ  i shed ca l  i b r a t  i on  mean response factors,  check 
the  c a l i b r a t i o n  o f  t he  instrument a t  t he  beginning o f  each day by 
analyz ing the  2.0 mg/L mixed standard. I f  the  concentrat ion o f  each 
ana ly te  f a l l s  w i t h i n  the  range o f  1.70 t o  2.30 mg/L ( i  .e., w i t h i n  2 15% o f  
the  t r u e  value),  the  instrument i s  considered t o  be c a l i b r a t e d  and the  
ana lys is  o f  samples may proceed. I f  the  observed value o f  any analyte 
exceeds i t s  t r u e  value by more than + 15%, the  instrument must be 
r e c a l i b r a t e d  (Sec. 7.5.1). 

7.5.3 A f t e r  10 sample runs, o r  less,  the  2.0 qg/L standards must be 
analyzed t o  ensure t h a t  t he  r e t e n t i o n  t imes and response fac to rs  are s t i l l  
w i t h i n  acceptable l i m i t s .  S i g n i f i c a n t  - v a r i a t i o n s  ( i  e . ,  observed 
concentrat ions exceeding the  t r u e  concentrat ions by more than + 15%) may 
r e q u i r e  a re -ana lys i s  o f  the  samples. 

7.6 Ca lcu la t ions  

7.6.1 Calculate each response f a c t o r  as fo l l ows  (mean value based on 
5 po in t s ) :  

concentrat ion o f  standard 
RF = 

area o f  the  s igna l  

mean RF = RF = 
5 

7.6.2 Calculate the  concentrat ion o f  each N-methylcarbamate as 
f o l l  ows: 

pg/g o r  mg/L = ( w )  (area o f  s igna l )  ( d i l u t i o n  f a c t o r )  
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8.0 QUALITY CONTROL 

8.1 Before processing any samples, t he  ana l ys t  must demonstrate, through 
t h e  ana l ys i s  o f  a method b lank  f o r  each m a t r i x  type, t h a t  a l l  g lassware and 
reagents a re  i n t e r f e r e n c e  f ree .  Each t ime the re  i s  a change o f  reagents, a rn 
method b l  ank must be processed as a safeguard against  1 abora tory  contaminat ion.  '4 

8.2 A QC check s o l u t i o n  must be prepared and analyzed w i t h  each sample 
batch t h a t  i s  processed. Prepare t h i s  so lu t i on ,  a t  a concent ra t ion  o f  2.0 mg/L 
o f  each analy te,  f rom t h e  40.0 mg/L mixed QC standard s o l u t i o n  (Sec. 5.4.4). The 
acceptable response range i s  1.7 t o  2.3 mg/L f o r  each analy te.  

8.3 Negat ive i n t e r f e r e n c e  due t o  quenching may be examined by s p i k i n g  the  
e x t r a c t  w i t h  t h e  appropr ia te  standard, a t  an appropr ia te  concent ra t ion ,  and 
examining t h e  observed response against  t he  expected response. 

8.4 Conf irm any detected ana ly tes  by s u b s t i t u t i n g  t h e  NaOH and OPA 
reagents i n  t he  pos t  c o l  u~iln r e a c t i o n  system w i t h  de ion ized  water, and reanalyze 
the  suspected e x t r a c t .  Continued f l  uorescence response w i l l  i n d i c a t e  t h a t  a 
p o s i t i v e  i n t e r f e r e n c e  i s  present  ( s i nce  t h e  f luorescence response i s  n o t  due t o  
t he  pos t  column d e r i v a t i z a t i o n ) .  Exerc ise cau t i on  i n  t he  i n t e r p r e t a t i o n  o f  t h e  
chromatogram. 

9.0 METHOD PERFORMANCE 

9.1 Table 1 l i s t s  t he  s i n g l e  operator  method d e t e c t i o n  l i m i t  (MDL) f o r  
each compound i n  o rgan i c - f ree  reagent water and s o i l .  Seven/ten r e p l i c a t e  
samples were analyzed, as i nd i ca ted  i n  t h e  t a b l e .  See re fe rence 7 f o r  more 
d e t a i l s .  e 

I'd 

9.2 Tables 2, 3 and 4 l i s t  t he  s i n g l e  opera tor  average recove r ies  and 
standard d e v i a t i o n s  f o r  o rgan i c - f ree  reagent water, wastewater and s o i l  . Ten 
r e p l i c a t e  samples were analyzed a t  each i n d i c a t e d  sp ike  concent ra t ion  f o r  each 
m a t r i x  type.  

9.3 The method d e t e c t i o n  1 i m i t ,  accuracy and p r e c i s i o n  ob ta ined w i l l  be 
determined by the  sample ma t r i x .  
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TABLE 1 
ELUTION ORDER, RETENTION  TIMES^ AND 

SINGLE OPERATOR METHOD DETECTION LIMITS 

Compound Reten t ion  
Time 
(mi n) 

Method De tec t i on  L i m i t s  b 

Orqani c - f r e e  
~ e i ~ e n t  Water Soi 1 

( P ~ / L )  ( Ps/ kg 

A l d i c a r b  Sul fone 
Methomyl (Lannate) 
3-Hydroxycarbof uran 
Di  oxacarb 
A1 d i carb  (Temi k)  
Propoxur (Baygon) 
Carbofuran (Furadan) 
Carbaryl  (aev i  n) 
a-Naphthol 
Methiocarb (Mesurol) 
Promecarb 

a See Sec. 7 . 4  f o r  chromatographic cond i t i ons  

MDL f o r  o rgan i c - f ree  reagent water, sand, s o i l  were determined by 
ana lyz ing  10 low concent ra t ion  sp ike r e p l i c a t e  f o r  each m a t r i x  t ype  
(except where noted) .  See re fe rence 7 f o r  more d e t a i l s .  m, 

C k& 
MDL determined by analyz ing 7 spiked r e p l i c a t e s .  

Breakdown product  o f  Carbary l .  
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TABLE 2 
SINGLE OPlRATOR AVERAGE RECOVERY AND 

PRECIS ION DATA FOR ORGANIC- FREE REAGENT WATER 

Compound Recovered % Recovery SD %RSD 

A ld i ca rb  Sulfone 
Methomyl (Lannate) 
3-Hydroxycarbofuran 
D i  oxacarb 
A1 d i ca rb  (Temi k) 
Propoxur (Baygon) 
Carbofuran (Furadan) 
Carbaryl (Sevi n )  
Methiocarb (Mesurol ) 
Promecar b 

a Spike Concentration = 300 kg/L o f  each compound, n = 10 
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TABLE 3 
SINGLE OPERATOR jVERAGE RECOVERY AND 

PRECISION DATA FOR WASTEWATER 

Compound Recovered % Recovery SD %RSD 

Ald icarb  Sulfone 
Methomyl (Lannate) 
3 -Hydroxycarbof uran 
Di oxacarb 
A1 d i  carb (Temi k)  
Propoxur (Baygon) 
Carbofuran (Furadan) 
Carbaryl (Sevi n) 
Methi ocarb (Mesurol ) 
Promecarb 

a Spike Concentrat ion = 300 pg/L o f  each compound, n = 10 

No recovery 
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TABLE 4 
SINGLE OPERATOR AVERAGE RECOVERY AND 

PRECISION  DATA^ FOR SOIL 

- - - - - - - - - -- - - 

Compound Recovered % Recovery SD %RSD 

A1 d i  carb Sul fone 
Methomyl (Lannate) 
3-Hydroxycarbofuran 
D i  oxacarb 
A1 d i  carb  (Temi k) 
Propoxur (Baygon) 
Carbofuran (Furadan) 
Carbaryl  (Sevi  n)  
Methiocarb (Mesurol ) 
Promecarb 

a Spike Concentrat ion = 2 .00  mg/kg o f  each compound, n = 10 
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FIGURE 1 

1.00 pg/mL EACH OF: 

1. ALDICARB SULFONE 6.  PROPOXUR 

2 .  METHOMYL 7 .  CARBOFURAN 

3 .  3-HYDROXYCARBOFURAN 8. CARBARY L 

4 .  DIOXACARB 

5 .  ALDICARB 

9 .  METH IOCARB 

10. PROMECARB 

R e v i s i o n  0 
S e p t e m b e r  1 9 9 4  
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METHOD 8318 
N-METHYLCARBAMATES BY HIGH PERFORMANCE LIQUID CHROMATOGRAPHY (HPLC) 

Start Q 
7.1 Exhaction & 

1 

7.1 1 Water. danesk 
wastewater, aquews 
indushial wastes and 
leachalss. 

1 Exhact 100 mL sample 
w130 mL MeCl3x in sep. 

funnel: combine extrack in 
100 mL vol flask and dilute 

1 
7 1.2 Soils. solids. sludaes. and heavy . - 

aqueous suspensions 
. I  Delermine %dry wl.: 

.1 Weigh 5.10 gr sample into uucible; 
oven dry overnight at 105 C: cod in 
dessicabr; reweigh 

.2 Eaactlon: 
Welgh 20 g sample inb 250 mL 
Erlenmeyer; add 50 mL acetonihile. 
shake (or 2 hrs.; decant extract lnto 
cenhituge tube; repeat extraclon 2x 
w120 mL acetonihile. shake 1 hr.; 
comblne eaacb  and canhiluge 
10 mins. at 200 rpm; decant supernatanl 
b 100 mL vol flask and dilute to mark 

7.1.3 Soils heavily contaminated with 
non.aqueous substances. such as oils 

.I Determ.ine % dry wl.: Follow Section 7.1 2 1 

.2 Extraction: Weigh 20 gr sample into 250 mL 
Erlenmeyer: add 60 mL hexane, shake 
1 hr.; add 50 mL acsntonitrile. shake 
3 hrs ; let seme, decant eaact layers 
to 250 mL sep, funnel; filtnr botlom 
acetonitrile layer lnto 100 mL vol flask; 
repeat sample flask extraction wlsame 
volumes; decant extract layers on top of 
first hexane layer; shake hnnel: filter bottom 
layer lnto vol. flask: dilute to mark 

7 1 4 Non aqueous liquids such as oik 

1 Extraction Weigh 20 gr sample into 
125 mL sep funnel. add 40 mL 
hexane and 25 mL acetonilrile, shake. 
setlle and drain bottom acetonitrile 
layer into 100 mL vol flask, repeat 
extraction 2x by adding 25 mL 
acetonitrile to initial flask mix. 
combine acetonitrile layers into vol 
flask. dilub to mark 

I 

and 100 uL ethylene glycol 
in a dass vial: blowdown 
mi&re wM2 in healng 
block set at 50 C; dissolve 
residue in 2 mL MeOH. 
pass soln, through pre- 
washed C18 carbldge; collect 
elute In 5 mL vol. flask; elute 
clrbldge wlMeOH into vol. flask 
up to mark; filter MeOH sdn. 
through 0 45 um filter into 
autosample vial 

I 

7.3 Solvent Exchange 

7.3.1 Water, domestic, wastewater. 
aqueous indushial wastes. 
and leachates: Combine 
10 mL extract and 100 uL 
ethylene glycol In a glass 
vial: blowdown mixture wlN2 
In healng block at 50 C: add 
MeOH to residue to total 
volume of 1 mL: filter 
MeOH soln through 0 45 um 
filler inb autosampler vial 

7.3 Solvent Exchange 
7 3.2 Soik. solids. sludges. heavy 

aqueous suspemions, and mn-  
aqueous liquids. Elute, 15 mL extract 
through awbnihile prewashed C18 
carbldge, wlect latler 13 mL; combine 
10 mL deaned extract and 100 UL 
ethylene glycol in glass vial; blowdown 
mixture wlN2 In heallng block at 
50 C; add MeOH to rnsldue lo 

tohl vdvme of 1 mL; filter M d H  
soln through 0.45 um filter into 
autosampler vial 
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METHOD 8318 
(cont inued) 

1 Set chromatogaphic paramters 
.2 Set Pos t -du rn  Hydrolysis parameters 
.3 Set Post-column Deriualzation parameters 
.4 Set fluorometer parameters 

- 

7 4.2 Oil* sample emad  and reanalyze if 
calibration range k exceeded 

7.5.1 Analyze a sotvent blank hen  he calibration 
stds. of Section 5.4.3: ensure (hat XRSD of 
each anatyb response f a W  (RF) is <20Y.: 
re&& sysbm and recalibrate whesh 
dns.  if %RSD > 20% 

7.5.2 Check calibration daily w/2 ug/mL sM ; I ensure hat indiiicbal anabte -. fa" I 
I w/ln + I  15% ol lrue value;recalibrale 

if observed dihence > 15% 

7.5.3 Chedc calibration every 10 samples or less 
w/2 ughnL sM.; varialions > 15% may 
r w i r e  re-analysis of samples I 

7.6.1 Calcuhle response factors and % RSD 
according to equation 

4 
7 6 2 Calculate sample analyte wncs according 

to equation 
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METHOD 8321 

SOLVENT EXTRACTABLE NON- VOLATZ LE COMPOUNDS BY 
HIGH PERFORMANCE LIQUID CHROMATOGRAPHY/THERMOSPRAY/MASS SPECTROMETRY 

/ HPLC/TSP/MS) OR ULTRAVIOLET (UV) DETECTION 

1.0 ' SCOPE AND APPLICATION 

1.1 Th is  method covers t h e  use o f  h igh  performance l i q u i d  chromatography 
(HPLC) , coupled w i t h  e i t h e r  thermospray-mass spectrometry (TSP-MS) , and/or 
u l t r a v i o l e t  (UV), f o r  t h e  de te rmina t ion  o f  d isperse azo dyes, organophosphorus 
compounds, and T r i s -  (2,3-di  bromopropyl )phosphate i n  wastewater, ground water, 
sludge, and s o i  l /sediment matr ices,  and ch lo r i na ted  phenoxyacid compounds and 
t h e i r  e s t e r s  i n  wastewater, ground water, and so i l /sediment  matr ices.  Data a re  
a l so  p rov ided  f o r  chlorophenoxy a c i d  herb ic ides  i n  f l y  ash (Table 15), however, 
recover ies  f o r  most conipounds are very poor i n d i c a t i n g  poor e x t r a c t  i o n  e f f i c i e n c y  
f o r  these ana ly tes  us ing t h e  e x t r a c t i o n  procedure inc luded i n  t h i s  method. 
A d d i t i o n a l l y ,  t h i s  method may apply  t o  o the r  non-vol  a t i l e  compounds t h a t  are 
so lven t  ex t rac tab le ,  are amenable t o  HPLC, and are i o n i z a b l e  under thermospray 
i n t r o d u c t i o n  f o r  mass spec t romet r i c  de tec t ion .  The f o l  lowing conipounds can be 
determined by t h i s  method: 

Compound Name CAS No ." 

Azo Dyes 
Disperse Red 1 
Disperse Red 5 
Disperse Red 13 
Disperse Yellow 5 
Disperse Orange 3 
Disperse Orange 30 
Disperse Brown 1 
so l ven t  Red 3 
Solvent  Red 23 

Anthraoui none Dyes 
Disperse Blue 3 
Disperse Blue 14 
Disperse Red 60 
Coumari n Dyes 

1 F l  uorescent Br iqh teners )  
F l  uorescent B r i gh tene r  61 
F luorescent  B r i gh tene r  236 

A1 k a l o i d s  
Ca f fe i ne  
Strychnine 
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Compound Name CAS No." 

Orqanophosphorus Compounds 
Met homyl 
Th i  ofanox 
Famphur 
Asul am 
D i  c h l  orvos 
Diniethoate 
D i  s u l  f o t o n  
Fensul f o t h i o n  
Merphos 
Methyl  p a r a t h i o n  
Monocrotophos 
Nal ed 
Phorate 
T r i c h l  o r f o n  
T r i s -  (2,3-Di bromopropyl) phosphate, (Tr is -BP) 

C h l o r i n a t e d  Phenoxvacid Compounds 
Dal aDon 
~i cainba 
2,4-D 
MC PA 
MCPP 
D i c h l o r p r o p  
2,4,5-T 
S i  l v e x  (2,4,5-TP) 
D i  noseb 
2,4-DB 
2,4-D, butoxyethanol  e s t e r  
2,4-D, e t h y l h e x y l  e s t e r  
2,4,5-T, b u t y l  e s t e r  
2,4,5-T, butoxyethanol  e s t e r  

" Chenii c a l  Abs t rac t  Serv ices R e g i s t r y  Number. 

1.2 Th i sme thodmay  b e a p p l i c a b l e  t o t h e a n a l y s i s o f  o t h e r n o n - v o l a t i l e  
o r  semi vo l  a t  i 1 e compounds. 

1.3 T r i s -BP has been c l a s s i f i e d  as a carcinogen. P u r i f i e d  s tandard  
m a t e r i a l  and s t o c k  s tandard s o l u t i o n s  should be handled i n  a hood. 

1.4 Method 8321 i s  designed t o  d e t e c t  t h e  c h l o r i n a t e d  phenoxyacid 
compounds ( f r e e  a c i d  form) and t h e i r  e s t e r s  w i t h o u t  t h e  use o f  h y d r o l y s i s  and 
e s t e r i f i c a t i o n  i n  t h e  e x t r a c t i o n  procedure. 
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1.5 The compounds were chosen f o r  ana lys is  by HPLC/MS because they have 
been des ignated as problem compounds t h a t  are hard t o  analyze by t r a d i t i o n a l  
chromatographic methods (e.g. gas chromatography). The s e n s i t i v i t y  o f  t h i s  -. method i s  dependent upon t h e  l e v e l  o f  i n t e r f e r a n t s  w i t h i n  a  g iven  mat r i x ,  and 

"L,J v a r i e s  w i t h  compo~~nd c l a s s  and even w i t h  compounds w i t h i n  t h a t  c lass .  
A d d i t i o n a l l y ,  t h e  l i m i t  o f  d e t e c t i o n  (LOD) i s  dependent upon t he  mode o f  
ope ra t i on  o f  t h e  mass spectrometer.  For example, t h e  LOD f o r  c a f f e i n e  i n  t h e  
se lec ted  r e a c t i o n  mon i t o r i ng  (SRM) mode i s  45 pg o f  standard i n j e c t e d  (10 p L  
i n j e c t i o n ) ,  w h i l e  f o r  Disperse Red 1 t h e  LOD i s  180 pg. The LOD f o r  c a f f e i n e  
under s i n g l e  quadrupole scanning i s  84 pg and i s  600 pg f o r  Disperse Red 1 under 
s i m i l a r  scanning cond i t i ons .  

1.6 The exper imenta l l y  determined l i m i t s  o f  d e t e c t i o n  (LOD) f o r  t he  
t a r g e t  ana l y tes  a re  presented i n  Tables 3, 10, 13, and 14. For f u r t h e r  compound 
i d e n t i f i c a t i o n ,  MS/MS (CAD - c o l l i s i o n  a c t i v a t e d  d i s s o c i a t i o n )  can be used as an 
o p t i o n a l  ex tens ion  o f  t h i s  method. 

1.7 Th is  method i s  r e s t r i c t e d  t o  use by o r  under the  superv is ion  o f  
ana l ys t s  exper ienced i n  t h e  use o f  h i g h  performance l i q u i d  chromatographs/mass 
spectrometers and s k i  11 ed i n  t h e  i n t e r p r e t a t i o n  o f  1  i q u i d  chromatograms and mass 
spect ra .  Each ana l ys t  must demonstrate t h e  a b i l i t y  t o  generate acceptable 
r e s u l t s  w i t h  t h i s  method. 

2.0 SUMMARY OF METHOD 

2.1 Th is  method prov ides reverse  phase h i g h  performance 1  i q u i d  
chromatographic (RP/HPLC) and thermospray (TSP) mass spec t romet r i c  (MS) 

, -\ 
c o n d i t i o n s  f o r  t he  d e t e c t i o n  o f  t h e  t a r g e t  analy tes.  Q u a n t i t a t i v e  ana lys is  i s  
performed by TSP/MS, us ing  an ex te rna l  standard approach. Sample e x t r a c t s  can 

\ ' 4 ~ /  be analyzed by d i r e c t  i n j e c t i o n  i n t o  t he  thermospray o r  onto a  l i q u i d  
chromatographic-thermospray i n t e r f a c e .  A  g rad ien t  e l u t i o n  program i s  used on t he  
chromatograph t o  separate t h e  compounds. De tec t ion  i s  achieved bo th  by negat ive 
i o n i z a t i o n  (d ischarge  e lec t rode )  and p o s i t i v e  i o n i z a t i o n ,  w i t h  a  s i n g l e  
quadrupole mass spectrometer.  Since t h i s  ~i iethod i s  based on an HPLC technique, 
t h e  use o f  u l t r a v i o l e t  (UV) d e t e c t i o n  i s  op t i ona l  on r o u t i n e  samples. 

2.2 P r i o r  t o  t h e  use o f  t h i s  method, appropr ia te  sample p repara t ion  
techniques must be used. 

2.2.1 Samples f o r  ana l ys i s  o f  c h l o r i n a t e d  phenoxyacid compounds are 
prepared by a  m o d i f i c a t i o n  o f  Method 8151 (see Sec. 7.1.2). I n  general ,  
one l i t e r  o f  aqueous sample o r  f i f t y  grams o f  s o l i d  sample a re  pH 
adjusted,  e x t r a c t e d  w i t h  d i e t h y l  e ther ,  concentrated and so lven t  exchanged 
t o  a c e t o n i t r i l e .  

2 .2 .2  Samples f o r  ana l ys i s  o f  t he  o ther  t a r g e t  analy tes are prepared 
by es tab l i shed  e x t r a c t i o n  techniques. I n  genera l ,  water samples a re  
e x t r a c t e d  a t  a  n e u t r a l  pH w i t h  methylene c h l o r i d e ,  us ing a  separatory  
funne l  (Method 3510) o r  a  cont inuous 1  i q u i d - 1  i q u i d  e x t r a c t o r  (Method 
3520). Soxh le t  (Methods 3540/3541) o r  u l t r a s o n i c  (Method 3550) e x t r a c t i o n  
us ing  methylene ch lor ide/acetone ( 1 : l )  i s  used f o r  s o l i d  samples. A 
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m i c r o - e x t r a c t i o n  technique i s  i nc l uded  f o r  t h e  e x t r a c t i o n  o f  T r i s -BP  f rom 
aqueous and non-aqueous ma t r i ces .  

2.3 An o p t i o n a l  thermospray-mass spectrometry/mass spect rometry  
(TS-MS/MS) c o n f i r m a t o r y  method i s  prov ided.  Conf i rmat ion  i s  ob ta ined  by us ing  
MS/MS c o l l i s i o n  a c t i v a t e d  d i s s o c i a t i o n  (CAD) o r  w i r e - r e p e l l e r  CAD. 

m 
b&d 

3.0 INTERFERENCES 

3.1 Refe r  t o  Methods 3500, 3600, 8000 and 8150/8151. 

3.2 The use o f  F l o r i s i l  Column Cleanup (Method 3620) has been 
demonstrated t o  y i e l d  r ecove r i es  l e s s  than  85% f o r  some o f  t h e  compounds i n  t h i s  
method, and i s  t h e r e f o r e  n o t  recommended f o r  a l l  compounds. Re fe r  t o  Table 2  o f  
Method 3620 f o r  r ecove r i es  o f  organophosphorus compounds as a  f u n c t i o n  o f  
F l o r i s i l  f r a c t i o n s .  

3.3 Compounds w i t h  h i g h  p ro ton  a f f i n i t y  may mask some o f  t h e  t a r g e t  
ana ly tes .  Therefore,  an HPLC must be used as a  chromatographic separator ,  f o r  
q u a n t i t a t i v e  ana l ys i s .  

3.4 A n a l y t i c a l  d i f f i c u l t i e s  encountered w i t h  s p e c i f i c  organophosphorus 
compounds, as a p p l i e d  i n  t h i s  method, may i n c l u d e  (bu t  a re  n o t  l i m i t e d  t o )  t h e  
f o l l o w i n g :  

3.4.1 Methyl  pa ra th i on  shows some minor  degrada t ion  upon a n a l y s i s .  

3.4.2 Nal ed can undergo debromi n a t  i on t o  form d i  c h l  orvos . 
0 

3.4.3 Merphos o f t e n  con ta ins  contaminat ion f rom merphos ox ide .  
m 

O x i d a t i o n  o f  merphos can occur  d u r i n g  storage, and p o s s i b l y  upon 
Iw 

i n t r o d u c t i o n  i n t o  t h e  mass spectrometer.  

Re fe r  t o  Method 8141 f o r  o t h e r  compound problems as r e l a t e d  t o  t h e  
v a r i o u s  e x t r a c t i o n  methods. 

3.5 The c h l o r i n a t e d  phenoxy a c i d  compounds, be ing  s t r o o g  o rgan i c  ac ids,  
r e a c t  r e a d i l y  w i t h  a l k a l i n e  substances and may be l o s t  d u r i n g  ana l ys i s .  
Therefore,  glassware and g l a s s  wool must be ac id - r i nsed ,  and sodium s u l f a t e  must 
be a c i d i f i e d  w i t h  s u l f u r i c  a c i d  p r i o r  t o  use t o  avo id t h i s  p o s s i b i l i t y .  

3.6 Due t o  t h e  r e a c t i v i t y  o f  t h e  c h l o r i n a t e d  he rb i c i des ,  t h e  s tandards 
must be prepared i n  a c e t o n i t r i l e .  Me thy la t i on  w i l l  occur i f  prepared i n  
methanol . 

3.7 Sol vents ,  reagents,  glassware, and o t h e r  sample p rocess ing  hardware 
may y i e l d  d i s c r e t e  a r t i f a c t s  o r  e leva ted  base l ines ,  o r  both,  caus ing 
m i s i n t e r p r e t a t i o n  o f  chromatograms o r  spect ra .  A l l  o f  these  m a t e r i a l s  must be 
demonstrated t o  be f r e e  f rom i n t e r f e r e n c e s  under t h e  c o n d i t i o n s  o f  t h e  a n a l y s i s  
by runn ing  reagent  b l  anks. S p e c i f i c  s e l e c t i o n  o f  reagents  and p u r i f i c a t i o n  o f  
so l ven t s  by d i s t i l  1  a t i o n  i n  a1 1  -g l ass  systems may be requ i red .  
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3.8 I n t e r f e r a n t s  co -ex t rac ted  from t h e  sample w i l l  va ry  cons iderably  
f rom source t o  source. Re ten t ion  t imes o f  t a r g e t  ana ly tes  must be v e r i f i e d  by 
us ing  re fe rence  standards. 

fC" 

L 3.9 The op t i ona l  use o f  HPLC/MS/MS methods a ids  i n  t h e  con f i rma t i on  o f  
s p e c i f i c  ana ly tes .  These methods a re  l e s s  sub jec t  t o  chemical no ise  than o the r  
mass spec t romet r i c  methods. 

4.0 APPARATUS AND MATERIALS 

4.1.1 High Performance L i q u i d  Chromatograph (HPLC) - An a n a l y t i c a l  
system w i t h  programmable so l  vent  d e l  i very system and a1 1 requ i red  
accessor ies i n c l u d i n g  10 p L  i n j e c t i o n  loop, a n a l y t i c a l  columns, purg ing 
gases, e t c .  The so lven t  d e l i v e r y  system must be capable, a t  a  minimum, o f  
a  b i n a r y  so l ven t  system. The chromatographic system must be capable o f  
i n t e r f a c i n g  w i t h  a  Mass Spectrometer (MS). 

4.1.1.1 HPLC Post-Column A d d i t i o n  Pump - A pump f o r  pos t -  
column a d d i t i o n  should be used. I d e a l l y ,  t h i s  pump should be a 
sy r i nge  pump, and does n o t  have t o  be capable o f  so lven t  
programming . 

4.1.1.2 Recommended HPLC Columns - A guard column and an 
a n a l y t i c a l  c o l  ~ ~ m n  are requ i red .  

4.1.1.2.1 Guard Column - C,, reverse  phase guard 
column, 10 mm x 2.6 mm ID, 0.5 pm frit, o r  equ iva len t .  

4.1.1.2.2 A n a l y t i c a l  Column - C,, reverse phase 
column, 100 mm x  2  mm ID, 5  p m  p a r t i c l e  s i z e  o f  ODs-Hypersil; 
o r  C, reversed phase column, 100 mm x 2 mm ID, 3  pm p a r t i c l e  
s i z e  o f  MOS2-Hypersil , o r  equ iva len t .  

4.1.2.1 Micromixer - 10 pL, i n t e r f a c e s  HPLC column system 
w i t h  HPLC post-column a d d i t i o n  so l  vent system. 

4.1.2.2 I n t e r f a c e  - Thermospray i o n i z a t i o n  i n t e r f a c e  and 
source t h a t  wi  11 g i v e  acceptable ca l  i b r a t  i o n  response f o r  each 
ana l y te  o f  i n t e r e s t  a t  t h e  concent ra t ion  requ i red .  The source must 
be capable o f  genera t ing  bo th  p o s i t i v e  and negat i ve  ions, and have 
a d i  scharge e lec t rode  o r  fi 1 ament . 
4.1.3 Mass spec t ron~ete r  system - A s i n g l e  quadrupole mass 

spectrometer capable o f  scanning from 1 t o  1000 amu. The spectrometer 
must a1 so be capable of scanning from 150 t o  450 amu i n  1.5 sec o r  l ess ,  
us ing  70 v o l t s  (nominal) e l e c t r o n  energy i n  t h e  p o s i t i v e  o r  nega t i ve  
e l e c t r o n  impact modes. I n  add i t i on ,  t h e  mass spectrometer must be capable 
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o f  p roduc ing  a c a l i b r a t e d  mass spectrum f o r  PEG 400, 600, o r  800 (see Sec. 
5.14).  

4.1.3.1 Opt iona l  t r i p l e  quadrupol e mass spect rometer  - 
capable o f  gene ra t i ng  daughter i o n  spec t ra  w i t h  a c o l l i s i o n  gas i n  F"t 
t h e  second quadrupole and ope ra t i on  i n  t h e  s i n g l e  quadrupole mode. 4 

4.1.4 Data System - A computer system t h a t  a l l ows  t h e  con t inuous  
a c q u i s i t i o n  and s to rage  on machine-readable media o f  a1 1 mass spec t ra  
ob ta ined  throughout  t h e  d u r a t i o n  o f  t h e  chromatographic program must be 
i n t e r f a c e d  t o  t h e  mass spectrometer.  The computer must have so f tware  t h a t  
a l l ows  any MS da ta  f i l e  t o  be searched f o r  i o n s  o f  a s p e c i f i e d  mass, and 
such i o n  abundances t o  be p l o t t e d  versus t ime  o r  scan number. T h i s  t y p e  
o f  p l o t  i s  de f i ned  as an Ex t rac ted  I o n  Cur ren t  P r o f i l e  (EICP) . Sof tware 
must a1 so be a v a i l a b l e  t h a t  a l l ows  i n t e g r a t i o n  o f  t h e  abundances i n  any 
EICP between s p e c i f i e d  t i m e  o r  scan-number 1 i m i  t s .  There must be computer 
so f tware  a v a i l a b l e  t o  opera te  t h e  s p e c i f i c  modes o f  t h e  mass spect rometer .  

4.2 HPLC w i t h  UV d e t e c t o r  - An a n a l y t i c a l  system w i t h  so l ven t  
programmable pumping system f o r  a t  l e a s t  a b i n a r y  so l ven t  system, and a l l  
r equ i red  accessor ies i n c l u d i n g  sy r inges ,  10 p L  i n j e c t i o n  1 oop, a n a l y t i c a l  
columns, purg ing  gases, e t c .  An automat ic  i n j e c t o r  i s  o p t i o n a l ,  b u t  i s  use fu l  
f o r  m u l t i p l e  samples. The colunlns s p e c i f i e d  i n  Sec. 4.1.1.2 a re  a l s o  used w i t h  
t h i s  system. 

4.2.1 I f  t h e  UV d e t e c t o r  i s  t o  be used -in tandem w i t h  t h e  
thermospray i n t e r f a c e ,  then  t h e  d e t e c t o r  c e l l  must be capable o f  
w i t h s t a n d i n g  h i g h  pressures (up t o  6000 p s i ) .  However, t h e  UV d e t e c t o r  
may be a t tached t o  an HPLC independent o f  t h e  HPLC/TS/MS and, i n  t h a t  
case, s tandard  HPLC pressures a re  acceptable.  rn 
4.3 P u r i f i c a t i o n  Equipment f o r  Azo Dye Standards 

4.3.1 Soxh le t  e x t r a c t i o n  apparatus. 

4.3.2 E x t r a c t i o n  th imb les ,  s i n g l e  th ickness ,  43 x 123 mm. 

4.3.3 F i l t e r  paper, 9.0 cm (Whatman qua1 i t a t i v e  No. 1 o r  
e q u i v a l e n t )  . 

4.3.4 S i l i c a - g e l  column - 3 i n .  x 8 i n . ,  packed w i t h  S i l i c a  g e l  
(Type 60, EM reagent  70/230 mesh). 

4.4 E x t r a c t  i o n  equipment f o r  Ch lo r i na ted  Phenoxyacid Compounds 

4.4.1 Erlenmeyer f l a s k s  - 500-mL wide-mouth Pyrex, 500-mL Pyrex, 
w i t h  24/40 ground g lass  j o i n t ,  1000-mL Pyrex. 

4.4.2 Separatory funnel  - 2000 mL. 

4.4.3 Graduated c y l i n d e r  - 1000 mL. 

4.4.4 Funnel - 75 mm d iameter .  
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4.4.5 Wr is t  shaker - B u r r e l l  Model 75 o r  equ iva len t .  

4.4.6 pH meter. 

4.5 Kuderna-Dani sh (K-D) apparatus (op t i ona l  ) . 
4.5.1 Concentrator tube - 10 mL graduated (Kontes K-570050-1025 o r  

equ i va len t ) .  A ground g lass  s topper  i s  used t o  prevent evaporat ion o f  
e x t r a c t s .  

4.5.2 Evaporat ion f l a s k  - 500 mL (Kontes K-570001-500 o r  
equ i va len t ) .  A t tach  t o  concent ra to r  tube w i t h .  spr ings, clamps, o r  
equ i va len t .  

4.5.3 Snyder column - Two b a l l  micro (Kontes K-569001-0219 o r  
equ i va len t ) .  

4.5.4 Springs - 1/2 i n .  (Kontes K-662750 o r  equ iva len t ) .  

4.6 Disposable se ro log i ca l  p i p e t s  - 5  mL x 1/10, 5.5 mm ID. 

4.7 C o l l e c t i o n  tube - 15 mL con ica l ,  graduated (Kimble No. 45165 o r  
equi va l  en t )  . 

4.8 V i a l s  - 5 mL con i ca l ,  g lass,  w i t h  Te f l on  l i n e d  screw-caps o r  cr imp 
tops.  

4.9 Glass wool - Supelco No. 2-0411 o r  equ iva len t .  

f Z  \ 4.10 Microsyr inges - 100 pL, 50 pL, 10 pL  (Hamil t on  701 N o r  equiva lent ) ,  
' L d  and 50 p L  (Blunted, Hamil ton 705SNR o r  equ iva len t ) .  

4.11 Rotary evaporator  - Equipped w i t h  1000 rr~L rece i v i ng  f l a s k .  

4.12 Balances - A n a l y t i c a l ,  0.0001 g, Top-loading, 0.01 g. 

4.13 Volumetr ic  f l a s k s ,  Class A  - 10 mL t o  1000 mL. 

4.14 Graduated c y l i n d e r  - 100 mL. 

4.15 Separatory funnel  - 250 mL. 

5.0 REAGENTS 

5.1 Reagent grade inorgan ic  chemicals s h a l l  be used i n  a l l  t e s t s .  
Unless otherwise ind ica ted ,  i t  i s  intended t h a t  a l l  reagents s h a l l  conform t o  t h e  
s p e c i f i c a t i o n s  o f  t h e  Committee on A n a l y t i c a l  Reagents o f  t h e  American Chemical 
Society ,  where such s p e c i f i c a t i o n s  are ava i lab le .  Other grades may be used, 
p rov ided  i t  i s  f i r s t  ascer ta ined t h a t  t h e  reagent i s  o f  s u f f i c i e n t l y  h igh  p u r i t y  
t o  pe rm i t  i t s  use w i t hou t  lessening t he  accuracy o f  t he  determinat ion.  
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5.2 Organic f r e e  reagent  water .  A l l  re fe rences  t o  water  i n  t h i s  method 
r e f e r  t o  o r g a n i c - f r e e  reagent  water,  as d e f i n e d  i n  Chapter One. 

5.3 Sodi um s u l f a t e  (g ranu la r ,  anhydrous), Na2S04. P u r i f y  by hea t i ng  a t  
400°C f o r  4  hours i n  a  sha l low t r a y ,  o r  by p rec lean ing  t h e  sodium s u l f a t e  w i t h  0 
methyl  ene c h l o r i d e .  

5.4 Arr~monium acetate,  NH400CCH3, s o l u t i o n  (0.1 M). F i l t e r  th rough  a  0.45 
micron membrane f i l t e r  ( M i l l i p o r e  HA o r  e q u i v a l e n t ) .  

5.5 A c e t i c  ac id ,  CH3C02H 

5.6 S u l f u r i c  a c i d  s o l u t i o n  

5.6.1 ( ( 1 : l )  ( v / v ) )  - S low ly  add 50 mL H2S04 (sp .  g r .  1.84) t o  50 
mL o f  water.  

5.6.2 ((1:3) (v /v ) )  - s l o w l y  add 25 mL H2S04 (sp. g r .  1.84) t o  75 
mL o f  water .  

5.7 Argon gas, 99+% pure. 

5.8 So lven ts  

5.8.1 Methylene c h l o r i d e ,  CH2C12 - P e s t i c i d e  qual  i t y  o r  equ i va len t .  

5.8.2 Toluene, C,H5CH3 - P e s t i c i d e  q u a l i t y  o r  equ i va len t .  

5.8.3 Acetone, CH,COCH3 - P e s t i c i d e  qual  i t y  o r  equ i va len t  . kd41 
5.8.4 D i e t h y l  Ether ,  C2H50C2H5 - P e s t i c i d e  qual  i t y  o r  equ i va len t .  

Must be f r e e  o f  perox ides as i n d i c a t e d  by t e s t  s t r i p s  (EM Quant,  o r  
e q u i v a l e n t ) .  Procedures f o r  removal o f  perox ides a re  p rov ided  w i t h  t h e  
t e s t  s t r i p s .  A f t e r  cleanup, 20 mL o f  e t h y l  a lcoho l  p r e s e r v a t i v e  must be 
added t o  each 1  i t e r  o f  e t h e r .  

5.8.5 Methanol, CH,OH - HPLC q u a l i t y  o r  equ i va len t .  

5.8.6 A c e t o n i t r i l e ,  CH3CN - HPLC qual i t y  o r  equ i va len t .  

5.8.7 E t h y l  ace ta te  CH,C02C2H5 - P e s t i c i d e  qual  i t y  o r  equ i va len t .  

5.9 Standard M a t e r i a l s  - pure s tandard m a t e r i a l s  o r  c e r t i f i e d  s o l u t i o n s  
o f  each a n a l y t e  t a r g e t e d  f o r  ana l ys i s .  D isperse azo dyes must be p u r i f i e d  be fo re  
use accord ing  t o  Sec. 5.10. 

5.10 Disperse Azo Dye Pu r i  f i c a t  i on 

5.10.1 Two procedures a re  i nvo l ved .  The f i r s t  s t ep  i s  t h e  
Soxh le t  e x t r a c t i o n  o f  t h e  dye f o r  24 hours w i t h  to luene  and evapora t ion  o f  
t h e  l i q u i d  e x t r a c t  t o  dryness, us i ng  a  r o t a r y  evaporator .  The s o l i d  i s  
then  r e c r y s t a l l i z e d  f rom to luene,  and d r i e d  i n  an oven a t  approx imate ly  
100°C. I f  t h i s  s tep  does n o t  g i v e  t h e  r e q u i r e d  p u r i t y ,  column 
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chromatography should be employed. Load t he  s o l i d  onto a 3 x 8 i nch  
s i l i c a  ge l  column (Sec. 4.3.4), and e l u t e  w i t h  d i e t h y l  e ther .  Separate 
i m p u r i t i e s  chromatographica l ly ,  and c o l l e c t  t h e  major dye f r a c t i o n .  

-. 
14,,* 

5.11 Stock standard s o l u t i o n s  - Can be prepared from pure standard 
m a t e r i a l s  o r  can be purchased as c e r t i f i e d  so lu t i ons .  

5.11.1 Prepare s tock  standard s o l u t i o n s  by accura te ly  weighing 
0.0100 g o f  pure m a t e r i a l .  D isso lve  t h e  ma te r i a l  i n  methanol o r  o the r  
s u i t a b l e  so l ven t  (e.g. prepare Tr is-BP i n  e t h y l  acetate) ,  and d i l u t e  t o  
known volume i n  a vo lumet r i c  f l a s k .  

NOTE: Due t o  t h e  r e a c t i v i t y  o f  the  c h l o r i n a t e d  herb ic ides ,  t h e  - 
standards must be prepared i n  a c e t o n i t r i l e .  Me thy la t i on  w i l l  
occur i f  prepared i n  methanol . 

If compound p u r i t y  i s  c e r t i f i e d  a t  96% o r  g rea te r ,  t h e  weight  can 
be used w i t hou t  c o r r e c t i o n  t o  c a l c u l a t e  t h e  concent ra t ion  o f  t h e  s tock  
standard. Commercial ly prepared s tock  standards can be used a t  any 
concen t ra t i on  i f  they  are c e r t i f i e d  by t h e  manufacturer o r  by an 
independent source. 

5.11.2 Trans fe r  t h e  s tock  standard s o l u t i o n s  i n t o  g lass  v i a l s  
w i t h  T e f l o n  l i n e d  screw-caps o r  cr imp-tops. S to re  a t  4°C and p r o t e c t  from 
l i g h t .  Stock standard s o l u t i o n s  should be checked f r e q u e n t l y  f o r  s igns of 
degrada t ion  o r  evaporat ion, e s p e c i a l l y  j u s t  p r i o r  t o  p repar ing  ca l  i b r a t i o n  
standards. 

8 -  ---\ 

5.12 C a l i b r a t i o n  standards - A minimum o f  f i v e  concentrat ions f o r  each 
parameter o f  i n t e r e s t  should be prepared through d i l u t i o n  o f  t h e  s tock  standards 

'-* w i t h  methanol ( o r  o t h e r  s u i t a b l e  so lven t ) .  One o f  these concentrat ions should 
be near, b u t  above, t h e  MDL. The remaining concent ra t ions  should correspond t o  
t h e  expected range o f  concen t ra t ions  found i n  r e a l  samples, o r  should d e f i n e  the  
working range o f  t h e  HPLC-UV/VIS o r  HPLC-TSP/MS. C a l i b r a t i o n  standards must be 
rep1 aced a f t e r  one o r  two months, o r  sooner i f  comparison w i t h  check standards 
i n d i c a t e s  a problem. 

5.13 Surrogate standards - The ana lys t  should mon i to r  t h e  performance o f  
t h e  e x t r a c t i o n ,  cleanup (when used), and a n a l y t i c a l  system, a long w i t h  t he  
e f f e c t i v e n e s s  o f  t h e  method i n  dea l i ng  w i t h  each sample ma t r i x ,  by s p i k i n g  each 
sampl e, standard, and b lank  w i t h  one o r  two surrogates (e.g . , organophosphorus 
o r  c h l o r i n a t e d  phenoxyacid compounds no t  expected t o  be present  i n  t h e  sample). 

5.14 HPLC/MS t u n i n g  standard - Polyethy lene g l y c o l  400 (PEG-400), PEG-600 
o r  PEG-800. D i l u t e  t o  10 percent  (v/v) i n  methanol. Dependent upon ana ly te  
molecular  weight  range: m.w. < 500 amu, use PEG-400; m.w. > 500 amu, use PEG-600, 
o r  PEG-800. 

6.0 SAMPLE COLLECTION, PRESERVATION, AND HANDLING 

6 . 1  See the  i n t r o d u c t o r y  ma te r i a l  t o  t h i s  Chapter, Organic Analytes,  
Sec. 4.1. 
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7.0 PROCEDURE 

7.1 Sample p r e p a r a t i o n  - Samples f o r  a n a l y s i s  o f  d i spe rse  azo dyes and 
organophosphorus compounds must be prepared by one o f  t h e  f o l l o w i n g  methods p r i o r  
t o  HPLC/MS a n a l y s i s :  fi 

M a t r i x  

Water 
Soi  l /sed iment  
Waste 

Methods 

Samples f o r t h e  a n a l y s i s  of Tris-(2,3-dibromopropy1)phosphate i n  wastewater 
must be prepared accord ing  t o  Sec. 7.1.1 p r i o r  t o  HPLC/MS ana l ys i s .  Samples f o r  
t h e  a n a l y s i s  o f  c h l o r i n a t e d  phenoxyacid compounds and t h e i r  e s t e r s  should be 
prepared accord ing t o  Sec. 7.1.2 p r i o r  t o  HPLC/MS ana l ys i s .  

7.1.1 M i c r o e x t r a c t i o n  f o r  Tr is -BP:  

7.1.1.1 Sol i d  Sampl es 

7.1.1.1.1 Weigh a  1  gram p o r t i o n  o f  t h e  sample i n t o  
a  t a r e d  beaker. I f  t h e  sample appears mo is t ,  add an 
equ i va len t  amount o f  anhydrous sodium s u l f a t e  and mix we1 1. 
Add 100 p L  o f  T r i s -BP (approximate concen t ra t i on  1000 mg/L) 
t o  t h e  sample se lec ted  f o r  s p i k i n g ;  t h e  amount added should 
r e s u l t  i n  a  f i n a l  concen t ra t i on  o f  100 ng/pL i n  t h e  1  mL 
e x t r a c t .  

7.1.1.1.2 Remove t h e  g l  ass wool p l u g  f rom a  d i sposab le  
s e r o l o g i c a l  p i p e t .  I n s e r t  a  1 cm p l u g  o f  c l e a n  s i l a n e  

P% 
d 

t r e a t e d  g l ass  wool t o  t h e  bottom (narrow end) o f  t h e  p i p e t .  
Pack 2  cm o f  anhydrous sodium s u l f a t e  on to  t h e  t o p  o f  t h e  
g l a s s  wool. Wash p i p e t  and con ten ts  w i t h  3 - 5  mL o f  
methanol. 

7.1.1.1.3 Pack t h e  sample i n t o  t h e  p i p e t  prepared 
accord ing  t o  Sec. 7.1.1.1.2. I f  pack ing m a t e r i a l  has d r i e d ,  
wet w i t h  a  few mL o f  methanol f i r s t ,  then  pack sample i n t o  
t h e  p i p e t .  

7.1.1.1.4 E x t r a c t  t h e  sample w i t h  3 mL o f  methanol 
f o l l owed  by 4  mL o f  50% (v /v)  methanol/niethylene c h l o r i d e  
( r i n s e  t h e  sample beaker w i t h  each volume o f  e x t r a c t i o n  
s o l v e n t  p r i o r  t o  adding i t  t o  t h e  p i p e t  c o n t a i n i n g  t h e  
sample). C o l l e c t  t h e  e x t r a c t  i n  a  15 mL graduated g l a s s  
tube. 

7.1.1.1.5 Evaporate t h e  e x t r a c t  t o  1  mL us ing  t h e  
n i t r o g e n  blowdown technique (Sec. 7.1.1.1.6). Record t h e  
volume. It liiay n o t  be p o s s i b l e  t o  evaporate some s ludge 
samples t o  a  reasonable concen t ra t ion .  
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7.1.1.1.6 Ni t rogen Bl owdown Technique 

7.1.1.1.6.1 Place the  concentrator tube i n  
a warm water bath (approximately 35°C) and evaporate the  
so lvent  volume t o  the  requ i red  l e v e l  using a gent le  
stream o f  clean, d ry  n i t rogen  ( f i l t e r e d  through a 
column o f  ac t iva ted  carbon). 

CAUTION : Do no t  use p l a s t i c i z e d  tub ing  
between the  carbon t r a p  and the  
sampl e. 

7.1.1.1.6.2 The i n t e r n a l  wa l l  o f  t he  tube 
must be r i nsed  down several t imes w i t h  methylene 
ch l  o r i de  dur ing  the  operat ion. During evaporation, the  
solvent  l e v e l  i n  the  tube must be pos i t ioned t o  prevent 
water from condensing i n t o  the  sample ( i  e . ,  the  
solvent  l e v e l  should be below the  l e v e l  o f  the  water 
bath) .  Under normal operat ing condi t ions,  the  
e x t r a c t  should no t  be allowed t o  become dry.  Proceed 
t o  Sec. 7.1.1.1.7. 

7 .l. 1.1.7 Transfer  t he  e x t r a c t  t o  a g l  ass v i a l  w i t h  
a Tef lon  l i n e d  screw-cap o r  cr imp-top and s tore  r e f r i g e r a t e d  
a t  4°C. Proceed w i t h  HPLC ana lys is .  

7.1.1.1.8 Determinat ion o f  percent d ry  weight - I n  
c e r t a i n  cases, sample r e s u l t s  are desi red based on a d ry  
weight basis .  When such data are desired, o r  required, a 
p o r t i o n  o f  sample f o r  t h i s  determinat ion should be weighed 
out  a t  the  same t ime as the  p o r t i o n  used f o r  ana ly t i ca l  
determinat ion. 

WARNING: The dry ing  oven should be contained i n  a 
hood o r  vented. S i g n i f i c a n t  1 aboratory 
contamination may r e s u l t  from dry ing  a 
heav i l y  contaminated hazardous waste 
sampl e. 

7.1.1.1.9 Immediately a f t e r  weighing the  sample f o r  
ex t rac t i on ,  weigh 5-10 g o f  the  sample i n t o  a ta red  c ruc ib le .  
Determine the  % d ry  weight o f  t he  sample by dry ing  overn ight  
a t  105°C. Al low t o  cool i n  a des icca tor  before weighing: 

% d r y  weight = g o f  d rv  sample x 100 
g o f  salrlple 
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7.1.1.2 Aqueous Samples 

7.1.1.2.1 Using a  100 mL graduated c y l  i nder, measure 
100 rr~L o f  sample and t r a n s f e r  i t  t o  a  250 mL separatory 
funne l .  Add 200 p L  o f  Tr is-BP (approximate concen t ra t i on  a 
1000 mg/L) t o  t h e  sample se lec ted  f o r  sp i k i ng ;  t h e  amount \d 

added should r e s u l t  i n  a  f i n a l  concent ra t ion  o f  200 ng/pL i n  
t h e  1 mL e x t r a c t .  

7.1.1.2.2 Add 10 mL o f  methylene c h l o r i d e  t o  t h e  
separatory funne l .  Seal and shake t h e  separatory funnel  
t h ree  t imes, approximately 30 seconds each t ime,  w i t h  
p e r i o d i c  ven t i ng  t o  re lease excess pressure. NOTE: Methylene 
c h l  o r i d e  c rea tes  excessive pressure r a p i d l y ;  t he re fo re ,  
i n i t i a l  ven t ing  should be done immediately a f t e r  t h e  
separatory funnel has been sealed and shaken once. Methyl ene 
c h l o r i d e  i s  a  suspected carcinogen, use necessary s a f e t y  
precaut ions.  

7.1.1.2.3 A1 low t h e  organic  1  ayer t o  separate f rom t h e  
water phase f o r  a  ni.inimum o f  10 minutes. I f  t h e  emulsion 
i n t e r f a c e  between l a y e r s  i s  more than o n e - t h i r d  t h e  s i z e  o f  
t h e  so lven t  l a y e r ,  t h e  ana lys t  must employ mechanical 
techniques t o  complete phase separat ion.  See Sec. 7.5, 
Method 3510. 

7.1.1.2.4 C o l l e c t  t h e  e x t r a c t  i n  a  15 mL graduated 
g lass  tube. Proceed as i n  Sec. 7.1.1.1.5. 

7.1.2 E x t r a c t i o n  f o r  c h l o r i n a t e d  phenoxyacid compounds - Prepara t ion  
o f  s o i l ,  sediment, and o the r  so l  i d  san~ples must f o l l o w  Method 8151, w i t h  '"i \.** 
t h e  except ion o f  no h y d r o l y s i s  o r  e s t e r i f i c a t i o n .  Sec. 7.1.2.1 presents 
an o u t l i n e  o f  t h e  procedure w i t h  t h e  appropr ia te  changes necessary f o r  
de termina t ion  by Method 8321. Sec. 7.1.2.2 descr ibes t h e  e x t r a c t i o n  
procedure f o r  aqueous samples. 

7.1.2.1 E x t r a c t i o n  o f  so l  i d  sampl es 

7.1.2.1.1 Add 50 g  o f  so i l /sediment  sample t o  a  500 
mL, wide mouth Erlenmeyer. Add s p i k i n g  s o l u t i o n s  i f  
requi red,  mix we l l  and a l l ow  t o  stand f o r  15 minutes. Add 50 
mL o f  o r g a n i c - f r e e  reagent water and s t i r  f o r  30 minutes. 
Determine the  pH o f  the  sample w i t h  a  g lass  e lec t rode  and pH 
meter, wh i l e  s t i r r i n g .  Ad jus t  t h e  pH t o  2  w i t h  c o l d  H2S04 
( 1 : l )  and moni tor  t h e  pH f o r  15 minutes, w i t h  s t i r r i n g .  I f  
necessary, add a d d i t i o n a l  H2S04 u n t i l  t h e  pH remains a t  2. 

7.1.2.1.2 Add 2 0 m L o f  acetone t o  t h e  f l a s k ,  a n d m i x  
t h e  contents w i t h  t h e  w r i s t  shaker f o r  20 minutes. Add 80 mL 
o f  d i e t h y l  e the r  t o  t he  same f l a s k ,  and shake again f o r  20 
minutes. Decant t h e  e x t r a c t  and measure t h e  volume o f  
so l  vent  recovered. 
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7.1.2.1.3 E x t r a c t  t he  sample tw i ce  more us ing  20 mL 
o f  acetone f o l l owed  by 80 mL o f  d i e t h y l  e ther .  A f t e r  
a d d i t i o n  o f  each so lvent ,  t h e  m i x t u r e  should be shaken w i t h  
t h e  w r i s t  shaker f o r  10 minutes and t h e  acetone-ether e x t r a c t  
decanted. 

7.1.2.1.4 A f t e r  t h e  t h i r d  ex t rac t i on ,  t h e  volume o f  
e x t r a c t  recovered should be a t  l e a s t  75% o f  t h e  volume o f  
added so lven t .  I f  t h i s  i s  n o t  t h e  case, a d d i t i o n a l  
e x t r a c t i o n s  may be necessary. Combine t h e  e x t r a c t s  i n  a  2000 
mL separatory  funnel  con ta in i ng  250 mL o f  reagent water.  I f  
an emulsion forms, s l ow l y  add 5 g o f  a c i d i f i e d  sodium s u l f a t e  
(anhydrous) u n t i l  t h e  so lvent -water  m i x tu re  separates. A 
q u a n t i t y  o f  a c i d i f i e d  sodium s u l f a t e  equal t o  t h e  weight o f  
t h e  sample may be added, i f  necessary. 

7.1.2.1.5 Check t h e  pH o f  t h e e x t r a c t .  I f  i t  i s  n o t  
a t  o r  below pH 2, add more concentrated HC1 u n t i l  t h e  e x t r a c t  
i s  s t a b i l  i z e d  a t  t h e  des i r ed  'pH. Gent ly  mix t h e  contents  o f  
t h e  separatory  funnel  f o r  1 minute and a l l ow  t h e  l a y e r s  t o  
separate. C o l l e c t  t h e  aqueous phase i n  a  c lean beaker, and 
t h e  e x t r a c t  phase ( t op  l a y e r )  i n  a  500 mL ground-glass 
Erlenmeyer f l a s k .  Place t h e  aqueous phase back i n t o  t h e  
separatory  funnel  and r e - e x t r a c t  us ing  25 mL o f  d i e t h y l  
e ther .  A1 low t h e  l a y e r s  t o  separate and d i sca rd  t h e  aqueous 
l a y e r .  Combine t h e  e the r  e x t r a c t s  i n  t h e  500 mL Erlenmeyer 
f l a s k .  

7.1.2.1.6 Add 45 - 50 g a c i d i f i e d  anhydrous sodium 
s u l f a t e  t o  t h e  combined e the r  e x t r a c t s .  A l low t h e  e x t r a c t  t o  
remain i n  con tac t  w i t h  t h e  sodium s u l f a t e  f o r  approximately 
2  hours.  

NOTE: The d r y i n g  s tep  i s  ve ry  c r i t i c a l .  Any mois ture - 
remaining i n  t he  e t h e r  w i l l  r e s u l t  i n  low 
recover ies .  The amount o f  sodium s u l f a t e  used i s  
adequate i f  some f r e e  f l o w i n g  c r y s t a l s  are 
v i s i b l e  when s w i r l i n g  t h e  f l a s k .  I f  a l l  o f  t h e  
sodium s u l f a t e  s o l i d i f i e s  i n  a  cake, add a few 
a d d i t i o n a l  grams o f  a c i d i f i e d  sodium s u l f a t e  and 
again t e s t  by s w i r l i n g .  The 2 hour d r y i n g  t ime i s  
a  minimum; however, t h e  e x t r a c t s  may be h e l d  
ove rn igh t  i n  con tac t  w i t h  t h e  sodium s u l f a t e .  

7.1.2.1.7 Trans fe r  t h e  e the r  e x t r a c t ,  through a funnel  
plugged w i t h  acid-washed g lass  wool, i n t o  a  500 mL K-D f l a s k  
equipped w i t h  a  10 rr~L concentrator  tube. Use a g lass  r o d  t o  
crush caked sodium s u l f a t e  du r i ng  t h e  t r a n s f e r .  Rinse t h e  
Erlenmeyer f l a s k  and column w i t h  20-30 mL o f  d i e t h y l  e t h e r  t o  
complete t h e  q u a n t i t a t i v e  t r a n s f e r .  Reduce t h e  volume o f  t h e  
e x t r a c t  us ing  t h e  macro K-D  technique (Sec. 7.1.2.1.8). 

7.1.2.1.8 Add one o r  two c lean  b o i l i n g  ch ips t o  t h e  
f l a s k  and a t t ach  a t h ree  b a l l  macro-Snyder column. Prewet 
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t h e  Snyder column by adding about 1 mL o f  d i e t h y l  e t h e r  t o  
t h e  top .  P lace t h e  apparatus on a  h o t  water  b a t h  (60"-65°C) 
so t h a t  t h e  concen t ra to r  tube  i s  p a r t i a l l y  immersed i n  t h e  
h o t  wa te r  and t h e  e n t i r e  lower  rounded su r f ace  o f  t h e  f l a s k  
i s  bathed i n  vapor. Ad jus t  t h e  v e r t i c a l  p o s i t i o n  o f  t h e  rn 

1 
apparatus and t h e  water  temperature,  as requ i red ,  t o  complete we 
t h e  concen t ra t i on  i n  15-20 minutes. A t  t h e  p roper  r a t e  o f  
d i s t i l l a t i o n  t h e  b a l l s  o f  t h e  column w i l l  a c t i v e l y  c h a t t e r ,  
b u t  t h e  chambers w i l l  no t  f l o o d .  When t h e  apparent volume o f  
l i q u i d  reaches 5  mL, remove t h e  K-D apparatus f rom t h e  wate r  
ba th  and a l l o w  it t o  d r a i n  and coo l  f o r  a t  l e a s t  10 minutes.  

7.1.2.1.9 Exchange t h e  so l ven t  o f  t h e  e x t r a c t  t o  
a c e t o n i t r i l e  by q u a n t i t a t i v e l y  t r a n s f e r r i n g  t h e  e x t r a c t  w i t h  
a c e t o n i t r i l e  t o  a  blow-down apparatus. Add a  t o t a l  o f  5  mL 
ace ton i  tri 1  e  . Reduce t h e  e x t r a c t  vo l  ume accord i  ng t o  Sec . 
7.1.1.1.6, and a d j u s t  t h e  t i n a l  volume t o  1 mL. 

7.1.2.2 Prepara t ion  o f  aqueous samples 

7.1.2.2.1 Using a  1000 mL graduated c y l  i nde r ,  measure 
1 1  i t e r  (nominal)  o f  sample, r eco rd  t h e  sample volume t o  t h e  
neares t  5  mL, and t r a n s f e r  i t  t o  a  separa to ry  f unne l .  I f  
h i g h  concent ra t ions  a re  a n t i c i p a t e d ,  a  sma l l e r  volume may be 
used and then  d i l u t e d  w i t h  o r g a n i c - f r e e  reagent  wa te r  t o  1 
l i t e r .  Ad jus t  t h e  pH t o  l e s s  than  2  w i t h  s u l f u r i c  a c i d  ( 1 : l ) .  

7.1.2.2.2 Add 150 mL o f  d i e t h y l  e t h e r  t o  t h e  sample 
b o t t l e ,  sea l ,  and shake f o r  30 seconds t o  r i n s e  t h e  w a l l s .  
T rans fe r  t h e  so l ven t  wash t o  t h e  separa to ry  funne l  and 
e x t r a c t  t h e  sample by shaking t h e  funne l  f o r  2  minutes w i t h  

pnrnh 

p e r i o d i c  ven t i ng  t o  r e l ease  excess pressure.  A l l ow  t h e  
LSJ 

organ i c  l a y e r  t o  separate from t h e  wate r  l a y e r  f o r  a  minimum 
o f  10 minutes. I f  t h e  emulsion i n t e r f a c e  between l a y e r s  i s  
more than  o n e - t h i r d  t h e  s i z e  o f  t h e  s o l v e n t  l a y e r ,  t h e  
ana l ys t  must employ mechanical techniques t o  complete t h e  
phase separa t ion .  The optimum technique depends upon t h e  
sample, and may i n c l u d e  s t i r r i n g ,  f i l t r a t i o n  o f  t h e  emuls ion 
through g l a s s  wool, c e n t r i f u g a t i o n ,  o r  o t h e r  p h y s i c a l  
methods. D r a i n  t h e  aqueous phase i n t o  a  1000 mL Erlenmeyer 
f l a s k .  

7.1.2.2.3 Repeat t h e  e x t r a c t i o n  two more t imes  u s i n g  
100 mL o f  d i e t h y l  e t h e r  each t ime .  Combine t h e  e x t r a c t s  i n  
a  500 mL Erlenmeyer f l a s k .  (Rinse t h e  1000 mL f l a s k  w i t h  
each a d d i t i o n a l  a l i q u o t  o f  e x t r a c t i n g  s o l v e n t  t o  make a  
q u a n t i t a t i v e  t r a n s f e r . )  

7.1.2.2.4 Proceed t o  Sec. 7.1.2.1.6 (d r y i ng ,  K-D 
concent ra t ion ,  so l ven t  exchange, and f i n a l  volume 
adjustment) .  
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7.2 P r i o r  t o  HPLC ana l ys i s ,  t h e  e x t r a c t i o n  so l ven t  must be exchanged t o  
methanol o r  a c e t o n i t r i l e  (Sec. 7.1.2.1.9). The exchange i s  performed us ing  t h e  
K-D procedures l i s t e d  i n  a l l  o f  t h e  e x t r a c t i o n  methods. 

, -7. 
I 

k u 
7.3 HPLC Chromatographic Cond i t ions :  

7.3.1 Ana l y t e - spec i f  i c  chromatographic c o n d i t i o n s  a re  shown i n  
Tab1 e 1. Chromatographic c o n d i t i o n s  which a re  no t  ana ly te -spec i  f i c  a re  as 
f o l l  ows: 

F l  ow r a t e :  0.4 mL/min 
Post-column mob i le  phase: 0.1 M ammonium. ace ta te  (1% methanol ) 

(0.1 M ammonium ace ta te  f o r  
phenoxyaci d compounds) 

Post-column f l o w  r a t e :  0.8 mL/min 

7.3.2 I f  t h e r e  i s  a chromatographic problem from compound r e t e n t i o n  
when ana l yz i ng  f o r  d i spe rse  azo dyes, organophosphorus compounds, o r  
Tris-(2,3-dibromopropyl)phosphate, a 2% cons tan t  f l o w  o f  methylene 
c h l o r i d e  may be appl i e d  as needed. Methylene chlor ide/aqueous methanol 
s o l u t i o n s  must be used w i t h  cau t i on  as HPLC e luan ts .  A c e t i c  a c i d  ( I%) ,  
another  mob i le  phase m o d i f i e r ,  can be used w i t h  compounds w i t h  a c i d  
f u n c t i o n a l  groups. 

7.3.3 A t o t a l  f l o w  r a t e  o f  1.0 t o  1.5 mL/min i s  necessary t o  
m a i n t a i n  thermospray i o n i z a t i o n .  

7.3.4 Re ten t ion  t imes  f o r  organophosphorus compounds on t h e  
s p e c i f i e d  a n a l y t i c a l  column a re  presented i n  Table 9. 

7.4 Recor~imended HPLC/Thermospray/MS ope ra t i ng  cond i t i ons :  

7.4.1 P o s i t i v e  I o n i z a t i o n  mode 

Repe l l e r  ( w i r e  o r  p l a t e ,  o p t i o n a l ) :  170 t o  250 v ( s e n s i t i v i t y  
op t im i zed ) .  See F igu re  2 f o r  schematic o f  source w i t h  w i r e  r e p e l l e r .  

Mass range: 150 t o  450 amu (compound dependent, expect 1 t o  18 amu 
h i ghe r  than  molecu lar  weight  o f  t h e  compound). 

Scan t ime:  1.50 sec/scan. 

7.4.2 Negat ive I o n i z a t i o n  mode 

D i  scharge e l ec t r ode :  on 
F i lament :  o f f  
Mass Range: 135 t o  450 amu 
Scan t ime:  1.50 sec/scan. 

7.4.3 Thermospray temperatures : 

Vapor i ze r  c o n t r o l  110°C t o  130°C. 
Vapor i ze r  t i p  200°C t o  215°C. 
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J e t  210°C t o  220°C. 
Source b lock  230°C t o  265°C. (Some compounds may degrade i n  

t he  source b lock  a t  h ighe r  temperatures, t h e  
opera tor  should use knowledge o f  chemical 
p r o p e r t i e s  t o  es t imate  proper  source F$r, 
temperature).  4 

7.4.4 Sample i n j e c t i o n  volume: 20 p L  i s  necessary i n  o rder  t o  
o v e r f i l l  t he  10 p L  i n j e c t i o n  loop.  I f  s o l i d s  are present  i n  t h e  e x t r a c t ,  
a l l ow  them t o  s e t t l e  o r  c e n t r i f u g e  the  e x t r a c t  and withdraw t h e  i n j e c t i o n  
volume from t h e  c l e a r  1 ayer. 

7.5 C a l i b r a t i o n :  

7.5.1 Thermospray/MS system - Must be hardware-tuned on quadrupole 
1 (and quadrupole 3 f o r  t r i p l e  quadrupoles) f o r  accurate mass assignment, 
s e n s i t i v i t y ,  and r e s o l u t i o n .  Th i s  i s  accomplished us ing  po lye thy lene 
g l y c o l  (PEG) 400, 600, o r  800 (see Sec. 5.14) which have average molecular  
weights o f  400, 600, and 800, r e s p e c t i v e l y .  A m ix tu re  o f  these PEGS can 
be made such t h a t  i t  w i l l  approximate the  expected work ing mass range f o r  
t h e  analyses. Use PEG 400 f o r  ana l ys i s  o f  c h l o r i n a t e d  phenoxyacid 
compounds. The PEG i s  in t roduced v i a  t he  thermospray i n t e r f a c e ,  
c i rcumvent ing t h e  HPLC. 

7.5.1.1 The mass c a l  i b r a t  i on parameters a re  as f o l l  ows: 

f o r  PEG 400 and 600 f o r  PEG 800 
Mass range: 15 t o  765 amu Mass range: 15 t o  900 amu 
Scan t ime: 5.00 sec/scan Scan t ime: 5.00 sec/scan 

Approximately 100 scans should be acquired, w i t h  2 t o  3 m 
i n j e c t i o n s  made. The scan w i t h  t h e  bes t  f i t  t o  t he  accurate mass 

d 

t a b l e  (see Tables 7 and 8)  should be used as the  c a l  i b r a t i o n  t a b l e .  

7.5.1.2 The low mass range from 15 t o  100 amu i s  covered 
by t h e  i ons  from the  ammonium acetate b u f f e r  used i n  t he  thermospray 
process: NH,+ (18 amu) , NH4+'H20 (36), CH30H.NH4+ (50) (methanol ) , 
o r  CH3CN.NH4+ (59) (acetoni  tri 1 e) , and CH,COOH'NH,+ (78) ( a c e t i c  
a c i d ) .  The appearance o f  t h e  m/z 50 o r  59 i o n  depends upon t h e  use 
o f  methanol o r  a c e t o n i t r i l e  as t h e  organ ic  m o d i f i e r .  The h ighe r  
mass range i s  covered by the  ammonium i o n  adducts o f  t h e  va r i ous  
e thy lene g l y c o l  s (e.g. H(OCH,CH2)nOH where n=4, g i v e s  t h e  
H(OCH,CH,),OH'NH,+ i o n  a t  m/z 212). 

7.5.2 L i q u i d  Chromatograph 

7.5.2.1 Prepare c a l  i b r a t  i on standards as out1 i ned i n  Sec. 
5.12. 

7.5.2.2 Choose the  proper  i o n i z a t i o n  cond i t i ons ,  as 
o u t l i n e d  i n  Sec. 7.4. I n j e c t  each c a l i b r a t i o n  standard on to  t h e  
HPLC, us ing  t h e  chromatographic cond i t i ons  o u t l  i ned  i n  Tab1 e 1. 
Ca lcu la te  t he  area under t he  curve f o r  t he  mass chromatogram o f  each 
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q u a n t i t a t i o n  ion.  For example, Table 9 l i s t s  the r e t e n t i o n  times 
and the major ions (>5%) present i n  the  p o s i t i v e  i o n i z a t i o n  
thermospray s ing le  quadrupole spectra o f  the organophosphorus 
compounds. I n  most cases the  (M+H)+ and (M'NH,)' adduct ions are 
the  on ly  ions o f  s i g n i f i c a n t  abundance. P l o t  these ions as area 
response versus the amount in jec ted.  The po in ts  should f a l l  on a 
s t r a i g h t  l i n e ,  w i t h  a c o r r e l a t i o n  c o e f f i c i e n t  o f  a t  l e a s t  0.99 (0.97 
f o r  ch lo r ina ted  phenoxyacid analytes) . 

7.5.2.3 I f  HPLC-UV detec t ion  i s  a lso being used, 
ca l  i bra te  the  instrument by preparing ca l  i b r a t i o n  standards as 
out1 ined i n  Sec. 5.12, and i n j e c t i n g  each c a l i b r a t i o n  standard onto 
the  HPLC using the  chromatographic condi t ions ou t l i ned  i n  Table 1. 
In teg ra te  the  area under the  f u l l  chromatographic peak f o r  each 
concentrat ion. Q u a n t i t a t i o n  by HPLC-UV may be pre fer red i f  i t  i s  
known t h a t  sample i n te r fe rence  and/or analyte coe lu t ion  are no t  a 
problem. 

7.5.2.4 For the methods spec i f ied  i n  Sec. 7.5.2.2 and 
7.5.2.3, the r e t e n t i o n  time o f  the chromatographic peak i s  an 
important va r iab le  i n  analyte i d e n t i f i c a t i o n .  Therefore, the  r a t i o  
o f  the  r e t e n t i o n  t ime o f  the  sample analyte t o  the standard analyte 
should be 1.0 - 0.1. 

7.5.2.5 The concentrat ion o f  the sample analyte w i l l  be 
determi ned by using the  ca l  i b r a t  i on curves determined i n  Secs. 
7.5.2.2 and 7.5.2.3. These c a l i b r a t i o n  curves must be generated on 
the  same day as each sample i s  analyzed. A t  l e a s t  dup l ica te  
determinat ions should be made f o r  each sarr~pl e ex t rac t .  Samples 
whose concentrat ions exceed the standard cal  i bra t ion  range should 
be d i l u t e d  t o  f a l l  w i t h i n  the range. 

7.5.2.6 Refer t o  Method 8000 f o r  f u r t h e r  in format ion on 
c a l  c u l  a t  i ons . 

7.5.2.7 Precis ion can a lso be ca lcu la ted from the r a t i o  
o f  response (area) t o  the  amount in jec ted;  t h i s  i s  def ined as the 
c a l i b r a t i o n  f a c t o r  (CF) f o r  each standard concentrat ion. I f  the 
percent r e l a t i v e  standard dev ia t ion  (%RSD) o f  the  CF i s  l ess  than 
20 percent over the  working range, l i n e a r i t y  through the o r i g i n  can 
be assumed, and the  average ca l  i bra t ion  f a c t o r  can be used i n  place 
o f  a c a l i b r a t i o n  curve. The CF and %RSD can be calculated as 
f o l  1 ows : 

CF = Tota l  Area o f  Peak/Mass i n j e c t e d  (ng) 

where: 

SD = Standard dev ia t i on  between CFs 
- 
CF = Average CF 
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7.6 Sample Ana l ys i s  

7.6.1 Once t h e  LC/MS system has been c a l  i bra ted  as ou t1  i ned i n  Sec. 
7.5, i t  i s  ready f o r  sample ana l ys i s .  I t i s  recommended t h a t  t h e  samples 
i n i t i a l l y  be analyzed i n  t h e  nega t i ve  i o n i z a t i o n  mode. I f  l ow  l e v e l s  o f  
compounds a re  suspected, then  t h e  samples should a l s o  be screened i n  t h e  
p o s i t i v e  i o n i z a t i o n  mode. 

7.6.1.1 A b lank  20 p L  i n j e c t i o n  (methanol) must be 
analyzed a f t e r  t h e  s tandard(s)  analyses, i n  o rde r  t o  determine any 
r e s i d u a l  con tamina t ion  o f  t h e  Thermospray/HPLC/MS system. 

7.6.1.2 Take a 20 p L  a l i q u o t  o f  t h e  sample e x t r a c t  f rom 
Sec. 7.4.4. S t a r t  t h e  HPLC g r a d i e n t  e l u t i o n ,  l o a d  and i n j e c t  t h e  
sample a1 i quo t ,  and s t a r t  t h e  mass spect rometer  da ta  system 
a n a l y s i s .  

7.7 C a l c u l a t i o n s  

7.7.1 Using t h e  ex te rna l  s tandard c a l i b r a t i o n  procedure (Method 
8000), determine t h e  i d e n t i t y  and q u a n t i t y  o f  each component peak i n  t h e  
sample recons t ruc ted  i o n  chromatogram which corresponds t o  t h e  compounds 
used f o r  c a l i b r a t i o n  processes. See Method 8000 f o r  c a l c u l a t i o n  
equat ions.  

7.7.2 The r e t e n t i o n  t ime  o f t h e  chromatographic peak i s  an impo r tan t  
parameter f o r  t h e  i d e n t i t y  o f  t h e  ana l y te .  However, because m a t r i x  
i n t e r f e r e n c e s  can change chromatographic c o l  ul.l.ln cond i t i ons ,  t h e  r e t e n t i o n  
t imes  a re  n o t  as s i g n i f i c a n t ,  and t h e  mass spec t ra  c o n f i r m a t i o n s  a r e  
i ~ ~ ~ p o r t a n t  c r i t e r i a  f o r  ana l y te  i d e n t i f i c a t i o n .  ma 

w, 
8.0 QUALITY CONTROL 

8.1 Refe r  t o  Chapter One and Method 8000 f o r  s p e c i f i c  q u a l i t y  c o n t r o l  
procedures. 

8.2 T a b l e s 4 ,  5, 6, 11, 12, and 15 i n d i c a t e  t h e  s i n g l e o p e r a t o r  accuracy 
and p r e c i s i o n  f o r  t h i s  method. Compare t h e  r e s u l t s  ob ta ined  w i t h  t h e  r e s u l t s  i n  
t h e  t a b l e s  t o  determine i f  t h e  da ta  qua1 i t y  i s  acceptable.  Tables 4, 5, and 6 
p rov ide  s i n g l e  l a b  da ta  f o r  Disperse Red 1, Table 11 w i t h  organophoshorus 
p e s t i c i d e s ,  Table 12 w i t h  T r i s -BP and Table 15 w i t h  ch lorophenoxyac id he rb i c i des .  

8.2.1 I f  recovery i s  n o t  acceptable,  check t h e  f o l l o w i n g :  

8.2.1.1 Check t o  be sure t h a t  t h e r e  a r e  no e r r o r s  i n  t h e  
c a l c u l a t i o n s ,  su r roga te  s o l u t i o n s  o r  i n t e r n a l  s tandards.  I f  e r r o r s  
a re  found, r e c a l c u l a t e  t h e  da ta  acco rd ing l y .  

8.2.1.2 Check i nst ru~ i ien t  performance. I f  an i ns t rumen t  
performance problem i s  i d e n t i f i e d ,  c o r r e c t  t h e  problem and 
re -ana lyze  t h e  e x t r a c t .  
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8.2.1.3 I f  no problem i s  found, r e - e x t r a c t  and re-analyze 
t h e  sample. 

8.2.1.4 I f ,  upon re -ana lys is ,  t he  recovery i s  again no t  
w i t h i n  l i m i t s ,  f l a g  t h e  da ta  as "est imated concentrat ion" .  

8.3 Inst rument  performance - Check t he  performance o f  t he  e n t i r e  
a n a l y t i c a l  system d a i l y  us ing  data gathered from analyses o f  b l  anks, standards, 
and r e p l  i ca te  samples. 

8.3.1 See Sec. 7.5.2.7 f o r  r equ i red  HPLC/MS parameters f o r  standard 
c a l  i b r a t  i on curve %RSD 1 i m i  t s  . 

8.3.2 See Sec. 7.5.2.4 regard ing  r e t e n t i o n  t ime window QC l i m i t s .  

8.3.3 I f  any of t he  chromatographic QC l i m i t s  are no t  met, t he  
ana l ys t  should examine t h e  LC system f o r :  

Leaks, 
Proper pressure d e l i v e r y ,  
A d i r t y  guard column; may need rep1 ac ing o r  repacking, and 
Poss ib le  p a r t i  a1 thermospray p l  uggi ng . 

Any o f  t he  above i tems w i l l  necess i ta te  s h u t t i n g  down the  HPLC/TSP 
system, making r e p a i r s  and/or r e p l  acements, and then r e s t a r t i n g  the  
analyses. The c a l  i b r a t  i o n  standard should be reanalyzed be fo re  any sample 
analyses, as descr ibed i n  Sec. 7.5. 

8.3.4 The experience o f  t h e  ana lys t  performing l i q u i d  
chromatography i s  i nva luab le  t o  t he  success o f  t h e  method. Each day t h a t  
ana l ys i s  i s  performed, t he  d a i l y  c a l  i b r a t i o n  standard should be evaluated 
t o  determine i f  the  chromatographic system i s  opera t ing  p roper ly .  I f  any 
changes a r e  made t o  t h e  system (e.g. column change), t h e  system must be 
r e c a l  i brated.  

8.4 Opt ional  Thermospray HPLC/MS/MS conf i rmat ion  

8.4.1 With respec t  t o  t h i s  method, MS/MS s h a l l  be de f ined  as t he  
daughter i o n  c o l l  i s i o n  ac t i va ted  d i s s o c i a t i o n  a c q u i s i t i o n  w i t h  quadrupole 
one s e t  on one mass (parent  ion) ,  quadrupole two pressur ized w i t h  argon 
and w i t h  a h igher  o f f s e t  vo l tage  than normal, and quadrupole t h ree  se t  t o  
scan des i red  mass range. 

8.4.2 Since the  thermospray process o f t e n  generates on l y  one o r  two 
ions  p e r  compound, t he  use o f  MS/MS i s  a more s p e c i f i c  mode o f  operat ion,  
y i e l d i n g  molecular  s t r u c t u r a l  in format ion.  I n  t h i s  mode, f a s t  screening 
o f  samples can be accomplished through d i r e c t  i n j e c t i o n  o f  t he  sample i n t o  
t h e  t hermospray . 

8.4.3 For MS/MS experiments, t he  f i r s t  quadrupole should be se t  t o  
t he  protonated molecule o r  ammoniated adduct o f  t he  ana ly te  o f  i n t e r e s t .  
The t h i r d  quadrupole should be se t  t o  scan from 30 amu t o  j u s t  above the  
mass r e g i o n  o f  t h e  protonated molecule. 
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8.4.4 The c o l l i s i o n  gas pressure (Ar )  should be s e t  a t  about 1.0 
mTorr and t h e  c o l l i s i o n  energy a t  20 eV. I f  these parameters f a i l  t o  g i v e  
cons iderab le  f ragmentat ion,  t hey  may be r a i s e d  above these  s e t t i n g s  t o  
c rea te  more and s t ronge r  c o l l  i s i  ons . 

m 
8.4.5 For  a n a l y t i c a l  de te rmina t ions ,  t h e  base peak o f  t h e  c o l l  i s i o n  '-1 

spectrum s h a l l  be taken as t h e  q u a n t i f i c a t i o n  ion .  For e x t r a  s p e c i f i c i t y ,  
a  second i o n  should be chosen as a backup q u a n t i f i c a t i o n  i o n .  

8.4.6 Generate a c a l i b r a t i o n  curve as o u t l i n e d  i n  Sec. 7.5.2. 

8.4.7 For  a n a l y t i c a l  de te rmina t ions ,  c a l  i b r a t i o n  b lanks  must be r u n  
i n  t h e  MS/MS mode t o  determine s p e c i f i c  i o n  i n t e r f e r e n c e s .  I f  no 
c a l  i b r a t i o n  b lanks  are a v a i l  able,  chromatographic sepa ra t i on  must be 
performed t o  assure no i n t e r f e r e n c e s  a t  s p e c i f i c  masses. For  f a s t  
screening,  t h e  MS/MS spec t ra  o f  t h e  standard and t h e  a n a l y t e  cou ld  be 
compared and t h e  r a t i o s  o f  t h e  t h r e e  major  (most i n t ense )  i o n s  examined. 
These r a t i o s  should be approx imate ly  t h e  same, un less  t h e r e  i s  an 
i n t e r f e r e n c e  . I f  an i n t e r f e r e n c e  appears, chromatography must be 
u t i l i z e d .  

8.4.8 For  unknown concent ra t ions ,  t h e  t o t a l  area o f  t h e  quan t i  t a t i o n  
i o n ( s )  i s  c a l c u l a t e d  and t h e  c a l i b r a t i o n  curves generated as i n  Sec. 7.5 
a re  used t o  a t t a i n  an i n j e c t e d  weight  number. 

8.4.9 MS/MS techniques can a l s o  be used t o  per fo rm s t r u c t u r a l  
a n a l y s i s  on ions  represented by unassigned m/z r a t i o s .  The procedure f o r  
compounds o f  unknown s t r u c t u r e s  i s  t o  s e t  up a CAD experiment on t h e  i o n  
of i n t e r e s t .  The spectrum generated f rom t h i s  exper iment w i l l  r e f l e c t  t h e  
s t r u c t u r e  o f  t h e  compound by i t s  f ragmenta t ion  p a t t e r n .  A t r a i n e d  mass 
spec t roscop i s t  and some h i s t o r y  o f  t h e  sample a re  u s u a l l y  needed t o  rn 
i n t e r p r e t  t h e  spectrum. (CAD experiments on ac tua l  s tandards o f  t h e  ..i 
expected compound a re  necessary f o r  c o n f i r m a t i o n  o r  d e n i a l  o f  t h a t  
substance.) 

8.5 Opt iona l  w i  r e - r e p e l  l e r  CAD c o n f i r m a t i o n  

8.5.1 See F igure  3 f o r  t h e  c o r r e c t  p o s i t i o n  o f  t h e  w i r e - r e p e l l e r  i n  
t h e  thermospray source b l ock .  

8.5.2 Once t h e  w i r e - r e p e l l e r  i s  i n s e r t e d  i n t o  t h e  thermospray f l ow ,  
t h e  v o l t a g e  can be increased t o  approx imate ly  500 - 700 v. Enough v o l t a g e  
i s  necessary t o  c rea te  fragment ions ,  bu t  n o t  so much t h a t  s h o r t i n g  
occurs.  

8.5.3 Cont inue as o u t l i n e d  i n  Sec. 7.6. 

9.0 METHOD PERFORMANCE 

9.1 S i n g l e  ope ra to r  accuracy and p r e c i s i o n  s tud ies  have been conducted 
us ing  sp iked  sediment, wastewater, sludge, and water  samples. The r e s u l t s  a re  
presented i n  Tables 4, 5, 6, 11, 12, and 15. Tables 4, 5, and 6 p rov ide  s i n g l e  
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l a b  da ta  f o r  Disperse Red 1, Table 11 f o r  organophoshorus pes t i c i des ,  Table 12 
f o r  T r i  s-BP and Table 15 w i t h  chlorophenoxyacid herb ic ides .  

, - -. 
( 9.2 LODs should be c a l c u l a t e d  f o r  t h e  known analy tes,  on each inst rument  
b t o  be used. Tables 3, 10, and 13 l i s t  l i m i t s  o f  de tec t i on  (LOD) and/or est imated 

q u a n t i t a t i o n  l i m i t s  (EQL) t h a t  a re  t y p i c a l  w i t h  t h i s  method. 

9.2.1 The LODs presented i n  t h i s  method were c a l c u l a t e d  by analyz ing 
t h r e e  r e p l i c a t e s  o f  f o u r  standard concentrat ions,  w i t h  the  lowest  
concen t ra t i on  be ing near t he  inst rument  d e t e c t i o n  l i m i t .  A l i n e a r  
regress ion  was performed on t he  da ta  s e t  t o  c a l c u l a t e  t he  s lope and 
i n t e r c e p t .  Three t imes t h e  standard d e v i a t i o n  (30) o f  t h e  lowest  standard 
amount, a long w i t h  t he  c a l c u l a t e d  s lope and i n t e r c e p t ,  were used t o  f i n d  
t h e  LOD. The LOD was n o t  ca l cu la ted  us ing  t he  s p e c i f i c a t i o n s  i n  Chapter 
One, b u t  accord ing t o  t he  ACS guide1 ines  s p e c i f i e d  i n  Reference 4. 

9.2.2 Table 17 presents  a corr~parison o f  t h e  LODs from Method 8151 
and Method 8321 f o r  t he  c h l o r i n a t e d  phenoxyacid compounds. 

9.3 Table 16 presents  mu1 t i l a b o r a t o r y  accuracy and p r e c i s i o n  data f o r  
t he  c h l o r i n a t e d  phenoxyacid herb ic ides .  The da ta  summary i s  based on da ta  from 
t h r e e  1 abo ra to r i es  t h a t  analyzed dupl  i c a t e  s o l  vent s o l u t i o n s  a t  each 
concen t ra t i on  s p e c i f i e d  i n  t he  Tab1 e. 
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TABLE 1. 
RECOMMENDED HPLC CHROMATOGRAPHIC CONDITIONS 

Anal y t e s  

I n i t i a l  F i n a l  
Mobi 1 e I n i t i a l  Grad ien t  Mobi 1 e F i n a l  
Phase Time (1 i n e a r )  Phase Time 
(%I (mi n)  (mi n )  (%I (mi n )  

Organophosphorus 50/ 50 0 10 
Compounds (water/  

methanol ) 

Azo Dyes (e.g. 50/50 0 5 
D isperse  Red 1) (water/CH3CN) 

C h l o r i n a t e d  
phenoxyacid 
compounds 

75/25 2 15 
(A/met hanol ) 

* Where A = 0.01 M ammonium a c e t a t e  (1% a c e t i c  ac i d )  

100 5 
(methanol ) 

100 5 
(methanol ) 
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TABLE 2. 
COMPOUNDS AMENABLE TO THERMOSPRAY MASS SPECTROMETRY 

Disperse Azo Dyes A1 ka l  o ids  
Methine Dyes Aromatic ureas 
A ry l  methane Dyes Ami des 
Coumar i n Dyes Ami nes 
Anthraqui none Dyes Amino ac ids  
Xanthene Dyes Organophosphorus Compounds 
F l  ame r e t a r d a n t s  Ch lor ina ted  Phenoxyacid Compounds 

TABLE 3. 
LIMITS OF DETECTION (LOD) AND METHOD SENSITIVITIES 

FOR DISPERSE RED 1 AND CAFFEINE 

Compound Mode LOD EQL(7s) EQL(1Os) 
(pg (pg (pg) 

Disperse Red 1 SRM 180 420 600 
S ing le  Quad 600 1400 2000 

CAD 2,000 4700 6700 

Caf fe ine  SRM 45 115 150 
S ing le  Quad 84 200 280 

CAD 240 560 800 

EQL = Est imated Q u a n t i t a t i o n  L i m i t  

Data from Reference 16. 
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TABLE 4. 
PRECISION AND ACCURACY COMPARISONS OF MS AND MS/MS WITH 

HPLC/UV FOR ORGANIC-FREE REAGENT WATER SPlKED WITH DISPERSE RED 1 

S a m p l e  
P e r c e n t  R e c o v e r v  

HPLC/UV MS CAD SRM 

S p i k e  1 82.2 + 0.2 92.5 + 3.7 87.6 + 4.6 95.5 + 17.1 
S p i k e  2 87.4 + 0.6 90.2 + 4.7 90.4 + 9.9 90.0 + 5.9 
RPD 6.1% 2.5% 3.2% 5.9% 

-- - - - - - - - -  

D a t a  f r o m  R e f e r e n c e  16. 

TABLE 5. 
PRECISION AND ACCURACY COMPARISONS OF MS AND MS/MS WITH 

HPLC/UV FOR MUNICIPAL WASTEWATER SPIKED WITH DISPERSE RED 1 

S a m p l e  
P e r c e n t  R e c o v e r v  

HPLC/UV MS CAD 

S p i k e  1 93.4 + 0.3 102.0 + 31 82.7 + 13 
S p i k e  2 96.2 + 0.1 79.7 + 15 83.7 + 5.2 
RPD 3.0% 2 5% 1.2% 

D a t a  f r o m  R e f e r e n c e  16. 
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TABLE 6. 
RESULTS FROM ANALYSES OF ACTIVATED SLUDGE PROCESS WASTEWATER 

Recovery o f  D isperse Red 1 (mq/L) 

Sampl e HPLC/UV MS CAD 

5 mg/L S p i k i n g  
Concen t ra t ion  

1 0.721 + 0.003 

3 0.482 + 0.001 

RPD 1.3% 

Unspi ked 
Sample 

1 

RPD - - 

Data f rom Reference 16. 
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TABLE 7. 
CALIBRATION MASSES AND % RELATIVE ABUNDANCES 

OF PEG 400 

Mass 
% R e l a t i v e  
Abundancesa 

- - 

" I n t e n s i t y  i s  no rma l i zed  t o  mass 432. 
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TABLE 8.  
CALIBRATION MASSES AND % RELATIVE ABllNDANCES 

OF PEG 600 

Mass 
% R e l a t i v e  
Abundancesa 

a I n t e n s i t y  i s  normalized t o  mass 564. 
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TABLE 9. 
RETENTION TIMES AND THERMOSPRAY MASS SPECTRA 

OF ORGANOPHOSPHORUS COMPOUNDS 

Compound 
Reten t ion  Time Mass Spect ra  

(minutes) (% Re1 a t  i ve Abundance)" 

Monocrotophos 

T r i  c h l  o r f o n  

Dimethoate 

D i c h l  orvos 

Nal ed 

Fensul f o t h i o n  

Methyl pa ra th i on  

Phorate 

(=+'- D i  s u l  f o t o n  
t J  

ksle~u. Merphos 

" For molecules con ta in i ng  C1, Br  and S, o n l y  t h e  base peak o f  the  i s o t o p i c  
c l u s t e r  i s  1 i sted.  

Data from Reference 17. 
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TABLE 10. 
PRECISION AND METHOD DETECTION LIMITS (MDLs) FOR 

ORGANOPHOSPHORUS COMPOUND STANDARDS 

.*4&P d 
Standard 
Q u a n t i t a t i o n  
Concentration 

Compound Ion ( n g / ~ L  XRSD MDL (ng) 

D ich l  orvos 238 

Dimethoate 23 0 

Phorate 261 

D i  sul fo ton  275 

Fensul fothion 309 

Nal ed ,398  

Merphos 

Methyl 
p a r a t h i  on 

Data from Reference 17. 
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TABLE 11. 
SINGLE OPERATOR ACCURACY AND PRECIS ION FOR LOW CONCENTRATION DRINKING 
WATER (A), LOW CONCENTRATION SOIL (0)  , MEDIUM CONCENTRATION DRlNKING 

F -% WATER (C) , MEDIUM CONCENTRATION SEDIMENT (D) 
+ a. ...* 

I Average 
Recovery 

Compound (%I 

Range o f  Number 
Recovery o f  

(%I Analyses 
Standard Sp ike  
D e v i a t i o n  Amount 

H 
Dimethoate 

I D i  c h l  o rvos  4 0 

! Nal ed 0.5 
Fensul f o t h i o n  112 
Methy l  p a r a t h i o n  5 0 
Phorate  16 
D i  s u l  f o t o n  3.5 

i Merphos 237 

B 
Dimethoate 
D i  c h l  o rvos  
Nal ed 
F e n s u l f o t h i o n  
Methy l  p a r a t h i o n  
Phorate  

/-- -, D i  s u l  f o t o n  

(. 

Merphos 
.m*' 

C 
Dimethoate 
D i  c h l  o rvos  
Nal ed 
Fensul  f o t h i o n  
Methy l  p a r a t h i o n  
Phorate  
D i  s u l  f o t o n  
Merphos 

D 
Dimethoate 
D i  c h l  o rvos  166 
Nal ed ND 
Fensul  f o t h i o n  72 
Methy l  p a r a t h i o n  84 
Phorate  58 
D i  s u l  f o t o n  5 6 
Merphos 78 

Data  f rom Reference 17. 
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TABLE 12 
SINGLE OPERATOR ACCURACY AND PRECISION FOR MUNICIPAL WASTE 

WATER (A) ,  DRINKING WATER (B) ,  CHEMICAL SLUDGE WASTE (C)  

Average Spike Range 
Recovery Standard Amount o f  % Number o f  

Compound (% D e v i a t i o n  (ng/pL) Recovery Analyses 

Tr is -BP (A) 2 5 8 .0  2 4 1  - 9 .0  15 

(B) 4 0 5.0 2 50 - 30 12 

( C  6 3 11 100 84 - 42 8 

Data  f rom Reference 18. 
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TABLE 13. 
SINGLE OPERATOR ESTIMATED QUANTITATION LIMIT (EQL) TABLE FOR TRIS-BP 

Concentrat ion Average Standard 3*Std 7*Std 10fStd Lower Upper 
( n g / ~ L )  Area Devi a t  i on Dev. Dev. Dev. LOD EQL EQL 

(ng/pL) (ng/pL) (ng/pL) 

Data from Reference 18. 
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TABLE 14 
LIMITS OF DETECTION (LOD) I N  THE POSITIVE AND NEGATIVE ION MODES 

FOR THE CHLORINATED PHENOXYACID HERBIClDES AND FOUR ESTERS 

Compound 

P o s i t i v e  Mode Negat ive Mode '4 
Q u a n t i t a t i o n  Q u a n t i t a t i o n  

LOD LOD 
I on (ng) I on (ng 

Dal apon 
D i  camba 
2,4-D 
MC PA 
D i  c h l  o rp rop  
MCPP 
2,4,5-T 
2,4,5-TP (S i  1 vex) 
Dinoseb 
2,4-DB 
2,4-D,Butoxy 
ethanol  e s t e r  

2,4,5-T,Butoxy 
ethanol  e s t e r  

2,4,5-T,Butyl 
e s t e r  

2,4-D,ethyl-  
hexy l  e s t e r  

Not de tec ted  
238 (M+NH4)+ 13 
238 (M+NH4)+ 2.9 
218 (M+NH4)+ 120 
252 (M+NH4)+ 2.7 
232 (M+NH4)+ 5.0 
272 (M+NH4) + 170 
286 (M+NH4)+ 160 
228 (M+NH4-NO)+ 24 
266 (M+NH4)+ 3.4 
321 (M+H)+ 1.4 

Data f rom Reference 19. 
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TABLE 15 
SINGLE LABORATORY OPERATOR ACCURACY AND PRECIS ION 

FOR THE CHLORINATED PHENOXYACID HERBICIDES 
i -  

i .:rri 
(a) Range o f  Number 

Average Standard Spi ke Recovery o f  
Compound Recovery (%) Devi a t  i on Amount (%I Analyses 

D i  camba 
2,4-D 
MC PA 
MCPP 
Di  c h l  orprop 
2,4,5-T 
S i  1 vex 
2,4-DB 
Di  noseb 
Dal apon 
2,4-D,ester 

Di  camba 
2,4-D 

- z  
MC PA 
MCPP 

<-%- Di c h l  orprop 
2,4,5-T 
S i  1 vex 
2,4-DB 
Di noseb 
Dal apon 
2,4-D,ester 

D i  camba 
2,4-D 
MC PA 
MC PP 
Di  ch lo rp rop  
2,4,5-T 
S i  1 vex 
2,4-DB 
Dinoseb 
Dal apon 
2,4-D, e s t e r  

LOW LEVEL DRINKING WATER 

HIGH LEVEL DRINKING WATER 

LOW LEVEL SAND 

.-, ' " '~11 recover ies  a re  i n  negat ive  i o n i z a t i o n  mode, except f o r  2,4-D,ester. 
a- ND = Not Detected. 
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TABLE 15 (cont . )  
SINGLE LABORATORY OPERATOR ACCURACY' AND PRECISION 

FOR THE CHLORINATED PHENOXYACID HERBICIDES 

(a) Range o f  Number 0 
Average Standard Spike o f  w:J Recovery 

Compound Recovery(%) D e v i a t i o n  Amount (%I Analyses 

D i  camba 
2,4-D 
MC PA 
MCPP 
D i  c h l  o rp rop  
2,4,5-T 
S i  1 vex 
2,4-DB 
D i  noseb 
Dal apon 
2,4-D,ester 

D i  camba 
2,4-D 
MC PA 
MCPP 
D i  c h l  o rp rop  
2,4,5-T 
S i  1 vex 
2,4-DB 
D i  noseb 
Dal apon 
2,4-D,ester 

D i  camba 
2,4-D 
MC PA 
MCPP 
Dick11 o rp rop  
2,4,5-T 
S i  1 vex 
2,4-DB 
D i  noseb 
Dal apon 
2,4-D,ester 

HIGH LEVEL SAND PS/S 

LOW LEVEL MUNICIPAL ASH PS/S 

HIGH LEVEL MUNICIPAL ASH pg/g 

' " '~11 recove r i es  a r e  i n  nega t i ve  i o n i z a t i o n  mode, except f o r  2,4-D,ester. 
ND = Not Detected. 
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TABLE 16 
MULTILABORATORY ACCURACY AND PRECIS ION DATA 
FOR THE CHLORINATED PHENOXYAC I D  HERBICIDES 

i 
L S p i k i n g  Mean % R e l a t i v e  

Compounds C o n c e n t r a t i o n  ( X  Recovery)" Standard ~ e v i a t  ionb 

2;4-DB 
Dal apon 
D i  camba 
D i  c h l o r p r o p  
D i  noseb 
MC PA 
MCPP 
S i  1 vex 

2,4,5-T 
2,4,5-T,butoxy 
2,4-D 
2,4-DB 
Dal apon 

,"-- Dicamba 
D i c h l o r p r o p  
D i  noseb 
MCPA 
MCPP 
S i  1 vex 

2,4,5-T 
2,4,5-T,butoxy 
2,4-D 
2,4-DB 
Dal  apon 
Dicamba 
D i  c h l  o r p r o p  
Dinoseb 
MCPA 
MCPP 
S i  1 vex 

Data  f rom Reference 20. " Mean o f  dup l  i c a t e  d a t a  f rom 3 1 a b o r a t o r i e s .  
% RSD o f  dup l  i c a t e  d a t a  f r o m  3 l a b o r a t o r i e s .  
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TABLE 17 
COMPARISON OF LODs: METHOD 8151 vs. METHOD 8321 

Method 8151 Method 8321 I o n i z a t i o n  
Compound LoD ( PS/ L ) LOD (P!~/L) Mode 

Dal apon 
D i  camba 
2,4-D 
MC PA 
D i  ch l  oroprop 
MC PP 
2 ,4 ,5 -T  
2,4,5-TP ( S i l v e x )  
2,4-DB 
Dinoseb 
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FIGURE 1. 
SCHEMATIC OF THE THERMOSPRAY PROBE AND I O N  SOURCE 

Ion Sampling 

To 
Trap 

& -  
Mechanical 

Pump 

Tempe rr turo 

T5 
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FIGURE 2 .  
THERMOSPRAY SOURCE WITH WIRE-REPELLER 

(High s e n s i t i v i t y  conf igura t ion)  

lit C E R A M I C  INSULATOR 

1- WIRE REPELLER 
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FIGURE 3 .  
THERMOSPRAY SOURCE WITH WIRE-REPELLER 

(CAD configuration) 

4- WIRE REPELLER 
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METHOD 8321 
SOLVENT EXTRACTABLE NON-VOLATILE COMPOUNDS BY 

HIGH PERFORMANCE L I Q U I D  CHROMATOGRAPHY/THERMOSPRAY/MASS SPECTROMETRY 
(HPLC/TSP/MS) OR ULTRAVIOLET (UV) DETECTION 
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METHOD 8330 

NI'TROAROMATICS AND NITRAMINES BY HIGH 
PERFORMANCE LIOU ID CHROMATOGRAPHY (HPLC 

, 
+."d 

1.0 SCOPE AND APPLICATION 

1.1 Method 8330 i s  in tended f o r  t h e  t r a c e  ana l ys i s  o f  explos ives res idues 
by h i g h  performance l i q u i d  chromatography us ing  a UV de tec to r .  Th is  method i s  
used t o  determine t h e  concent ra t ion  o f  t h e  f o l l o w i n g  compounds i n  a water, s o i l ,  
o r  sediment m a t r i x :  

Compound Abbrev ia t ion  CAS Noa 

Octahydro-1,3,5,7-tetranitro-1 ,3,5,7-tetrazocine HMX 2691-41-0 
Hexahydro-1,3,5-trinitro-1,3,5-triazine RDX 121-82-4 
1,3,5-Trinitrobenzene 1,3,5-TNB 99-35-4 
1,3-Dini t robenzene 1 $3-DNB 99-65-0 
Methyl -2,4,6-trinitrophenylnitramine T e t r y l  479-45-8 
Nitrobenzene N B 98-95-3 
2,4,6-Tr ini  t r o t 0 1  uene 2,4,6-TNT 118-96-7 
4-Amino-2,6-dini t r o t 0 1  uene 4-Am-DNT 1946-51-0 
2-Amino-4, 6 - d i n i  t r o t 0 1  uene 2-Am-DNT 355-72-78-2 
2 , 4 - D i n i t r o t o l  uene 2,4-DNT 121-14-2 
2 ,6 -D in i t ro to luene 2,6-DNT 606-20-2 

<c --, 
2-Ni t r o t 0 1  uene 2-NT 88-72-2 
3-Ni t r o t 0 1  uene 3-NT 99-08-1 

\ 
%-.,' 4-Ni t r o t 0 1  uene 4-NT 99-99-0 - 

a Chemical Abs t rac ts  Serv ice Reg i s t r y  number 

1.2 Method 8330 prov ides a s a l t i n g - o u t  e x t r a c t i o n  procedure f o r  low 
concent ra t ion  ( p a r t s  per  t r i  11 ion, o r  nanograms per  1 i t e r )  o f  explos ives residues 
i n  sur face o r  ground water.  D i r e c t  i n j e c t i o n  o f  d i l u t e d  and f i l t e r e d  water 
samples can be used f o r  water samples o f  h igher  concent ra t ion  (See Table 1). 

1.3 A l l  of these compounds are e i t h e r  used i n  t h e  manufacture o f  
exp los ives  , o r  a re  t h e  degradat ion products  o f  compounds used f o r  t h a t  purpose. 
When making s tock  so l  u t i o n s  f o r  ca l  i bra t i on ,  t r e a t  each exp los ive  compound w i t h  
cau t ion .  See NOTE i n  Sec. 5.3.1 and Sec. 11 on Safety.  

1.4 The est imated quant i  t a t i o n  1 i m i t s  (EQLs) o f  t a r g e t  analy tes 
determined by Method 8330 i n  water and so i  1 are presented i n  Table 1. 

1.5 Th is  method i s  r e s t r i c t e d  t o  use by o r  under t h e  superv is ion o f  
ana lys ts  experienced i n  t h e  use o f  HPLC, s k i l l e d  i n  t h e  i n t e r p r e t a t i o n  o f  
chromatograms, and experienced i n  hand1 i ng expl os i  ve mater i  a1 s. (See Sec. 11.0 
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on SAFETY. ) Each ana l ys t  must demonstrate t h e  ab i  1 i t y  t o  generate acceptable 
r e s u l t s  w i t h  t h i s  method. 

2.0 SUMMARY OF METHOD 

2.1 Method 8330 prov ides h igh  performance 1 i q u i d  chromatographic (HPLC) 
cond i t i ons  f o r  t h e  d e t e c t i o n  o f  ppb l e v e l s  o f  c e r t a i n  exp los ives  res idues  i n  
water, s o i l  and sediment ma t r i x .  P r i o r  t o  use o f  t h i s  method, appropr ia te  sample 
p repa ra t i on  techniques must be used. 

2.2 Low-Level Sal t i n g - o u t  Method With No Evaporat ion: Aqueous sarr~ples 
o f  low concen t ra t i on  a re  ex t rac ted  by a s a l t i n g - o u t  e x t r a c t i o n  procedure w i t h  
acetoni  tri 1 e and sodi  um ch lo r i de .  The smal l  volume o f  ace ton i  tri 1 e t h a t  remains 
undissolved above t h e  s a l t  water i s  drawn o f f  and t r a n s f e r r e d  t o  a smal le r  
vo lumet r ic  f l a s k .  It i s  back-ext racted by v igorous s t i r r i n g  w i t h  a s p e c i f i c  
volume o f  s a l t  water.  A f t e r  e q u i l i b r a t i o n ,  t he  phases a re  a l lowed t o  separate 
and t h e  smal l  volume o f  a c e t o n i t r i l e  r e s i d i n g  i n  t he  narrow neck o f  t h e  
vo lumet r ic  f l a s k  i s  removed us ing  a Pasteur p i p e t .  The concentrated e x t r a c t  i s  
d i l u t e d  1: 1 w i t h  reagent grade water.  An a1 i q u o t  i s  separated on a C-18 reverse  
phase column, determined a t  254 nm, and conf irmed on a CN reverse  phase column. 

2.3 H igh - l eve l  D i r e c t  I n j e c t i o n  Method: Aqueous samples o f  h ighe r  
concent ra t ion  can be d i l u t e d  1/1 (v/v) w i t h  methanol o r  a c e t o n i t r i l e ,  f i l t e r e d ,  
separated on a C-18 reverse phase column, determine a t  254 nm, and conf i rmed on 
a CN reverse phase column. I f  HMX i s  an important  t a r g e t  analy te,  methanol i s  
p re fe r red .  

2.4 S o i l  and sediment samples are ex t rac ted  us ing a c e t o n i t r i l e  i n  an 
u l t r a s o n i c  bath, f i l t e r e d  and chromatographed as i n  Sec. 2.3. 

3.0 INTERFERENCES 

3.1 Sol vents, reagents, glassware and o the r  sample processing hardware 
may y i e l d  d i s c r e t e  a r t i f a c t s  and/ore leva ted  basel ines,  causing m i s i n t e r p r e t a t i o n  
o f  t h e  chromatograms. A l l  o f  these m a t e r i a l s  must be demonstrated t o  be f r e e  
f rom i n t e r f e r e n c e s .  

3.2 2,4-DNT and 2,6-DNT e l u t e  a t  s i m i l a r  r e t e n t i o n  t imes ( r e t e n t i o n  t ime 
d i f fe rence of 0.2 minutes) .  A l a r g e  concent ra t ion  o f  one isomer may mask t h e  
response o f  t h e  o the r  isomer. I f  i t  i s  no t  apparent t h a t  bo th  isomers a re  
present  ( o r  a re  n o t  detected) ,  an isomer ic  mix tu re  should be repor ted .  

3.3 T e t r y l  decomposes r a p i d l y  i n  methanol/water so lu t i ons ,  as w e l l  as 
w i t h  heat.  A1 1 aqueous samples expected t o  con ta in  t e t r y l  should be d i l u t e d  w i t h  
a c e t o n i t r i l e  p r i o r  t o  f i l t r a t i o n  and a c i d i f i e d  t o  pH (3. A l l  samples expected 
t o  con ta in  t e t r y l  should n o t  be exposed t o  temperatures above room temperature. 

3.4 Degradat ion products of t e t r y l  appear as a shoulder on the  2,4,6-TNT 
peak. Peak he igh ts  r a t h e r  than peak areas should be used when t e t r y l  i s  present  
i n  concent ra t ions  t h a t  are s i g n i f i c a n t  re1  a t i v e  t o  t he  concen t ra t i on  o f  
2,4,6-TNT. 
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4.0  APPARATUS AND MATERIALS 

4.1 HPLC system 
/ *=-. 
i 

b 4 . 1 . 1  HPLC - equipped w i t h  a pump capable o f  achieving 4000 psi ,  a 
100 1.11 loop i n j e c t o r  and a 254 nm UV detector  (Perkin Elmer Series 3, o r  
equivalent) .  For the  low concentrat ion option, the  detector  must be 
capable of a s tab le  base1 i n e  a t  0.001 absorbance u n i t s  f u l l  scale. 

4.1.2  Recommended Col umns : 

4 .1 .2 .1  Primary column: C-18 Reverse phase HPLC column, 
25 cm x 4 .6  mm (5 pm), (Supelco LC-18, o r  equivalent) .  

4 .1 .2 .2  Secondary column: CN Reverse phase HPLC column, 
25 cm x 4 .6  mm (5 fim), (Supelco LC-CN, o r  equivalent) .  

4.1.3  S t r i p  cha r t  recorder. 

4,.1.4 D i g i t a l  i n t e g r a t o r  (op t iona l ) .  

4.1 .5  Autosampl e r  (opt ional  ) . 
4 .2  Other Equipment 

4 . 2 . 1  Temperature cont ro l  l e d  u l t rason ic  bath. 

4.2.2 Vortex mixer. 

4.2 .3  Balance, + 0.0001 g. 

4.2 .4  Magnetic s t i r r e r  w i t h  s t i r r i n g  p e l l e t s .  

4.2.5  Water bath - Heated, w i t h  concentr ic  r i n g  cover, capable of 
temperature con t ro l  (f 5°C). The bath should be used i n  a hood. 

4.2.6 Oven - Forced a i r ,  wi thout  heating. 

4.3 Mater ia ls  

4.3 .1  High pressure i n j e c t i o n  syr inge - 500 fiL, (Hamilton l i q u i d  
syr inge o r  equivalent) .  

4.3 .2  Disposable ca r t r i dge  f i l t e r s  - 0.45 p m  Tef lon f i l t e r .  

4.3.3  Pipets - Class A, glass, Appropriate sizes. 

4.3.4  Pasteur p ipe ts .  

4.3.5  S c i n t i l l a t i o n  V i a l s  - 20 mL, glass. 

4.3.6  V i a l s  - 15 mL, glass, Tef lon- l ined cap. 
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4.3.7 V i a l s -  40 mL, g lass ,  T e f l o n - l i n e d  cap. 

4.3.8 Disposable sy r inges  - P las t i pak ,  3  mL and 10 mL o r  equ i va len t .  

4.3.9 Vo lumet r i c  f l a s k s  - Appropr ia te  s i z e s  w i t h  ground g l a s s  m 
stoppers,  Class A. k" 

NOTE: 'The 100 mL and 1 L  vo lume t r i c  f l a s k s  used f o r  magnet ic s t i r r e r  
e x t r a c t i o n  must be round. 

4.3.10 Vacuum d e s i c c a t o r  - Glass. 

4.3.11 Mor ta r  and p e s t l e  - S tee l .  

4.3.12 Sieve - 30 mesh. 

4.3.13 Graduated c y l i n d e r s  - Appropr ia te  s izes .  

4.4 P repa ra t i on  o f  Ma te r i  a1 s  

4.4.1 Prepare a l l  m a t e r i a l s  t o  be used as descr ibed  i n  Chapter 4  f o r  
semi v o l  a t i  1  e  o rgan ics  . 

5.0 REAGENTS 

5.1 Reagent grade i n o r g a n i c  chemicals s h a l l  be used i n  a1 1  t e s t s .  Unless 
o therw ise  i n d i c a t e d ,  i t  i s  in tended t h a t  a l l  reagents  s h a l l  conform t o  t h e  
s p e c i f i c a t i o n s  o f  t h e  Committee on A n a l y t i c a l  Reagents o f  t h e  American Chemical 
Soc ie ty ,  where such s p e c i f i c a t i o n s  a re  a v a i l a b l e .  Other  grades may be used, F]aa, 
p rov ided  i t  i s  f i r s t  ascer ta ined  t h a t  t h e  reagent  i s  o f  s u f f i c i e n t l y  h i g h  p u r i t y  
t o  p e r m i t  i t s  use w i t h o u t  l owe r i ng  t h e  accuracy o f  t h e  de te rmina t ion .  

5.1.1 A c e t o n i t r i l e ,  CH,CN - HPLC grade. 

5.1.2 Methanol , CH,OH - HPLC grade. 

5.1.3 Calcium c h l o r i d e ,  CaC1, - Reagent grade. Prepare an aqueous 
s o l u t i o n  o f  5  g/L. 

5.1.4 Sodium c h l o r i d e ,  NaC1, shipped i n  g l a s s  b o t t l e s  - reagent  
grade. 

5.2 Organ i c - f r ee  reagent  water  - A l l  re fe rences  t o  water  i n  t h i s  method 
r e f e r  t o  o r g a n i c - f r e e  reagent  water,  as de f i ned  i n  Chapter One. 

5.3 Stock Standard S o l u t i o n s  

5.3.1 Dry  each so l  i d  ana l y te  s tandard t o  cons tan t  we igh t  i n  a  vacuum 
d e s i c c a t o r  i n  t h e  dark.  P lace about 0.100 g  (weighed t o  0.0001 g) o f  a  
s i n g l e  a n a l y t e  i n t o  a  100 mL vo lume t r i c  f l a s k  and d i l u t e  t o  volume w i t h  
ace ton i  tri 1  e. I n v e r t  f l a s k  severa l  t imes  u n t i l  d i sso l ved .  S to re  i n  
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r e f r i g e r a t o r  a t  4°C i n  t h e  dark .  Ca lcu la te  t h e  concent ra t ion  o f  t h e  s tock 
s o l u t i o n  f rom t h e  ac tua l  weight  used (nominal concen t ra t ion  = 1,000 mg/L). 
Stock s o l u t i o n s  may be used f o r  up t o  one year .  

NOTE: The HMX, RDX, T e t r y l ,  and 2,4,6-TNT are  exp.losives and t he  - 
neat m a t e r i a l  should be handled c a r e f u l l y .  See SAFETY i n  Sec. 
11 f o r  guidance. HMX, RDX, and T e t r y l  re ference ma te r i a l s  
a re  shipped under water.  Dry ing  a t  ambient temperature 
requ i res  severa l  days. DO NOT DRY AT HEATED TEMPERATLIRES! 

5.4 In te rmed ia te  Standards So lu t i ons  

5.4.1 I f  bo th  2,4-DNT and 2,6-DNT are t o  be determined, prepare two 
separate i n te rmed ia te  s tock  s o l u t i o n s  con ta in i ng  (1) HMX, RDX, 1,3,5-TNB, 
1,3-DNB, NB, 2,4,6-TNT, and 2,4-DNT and (2) T e t r y l ,  2,6-DNT, 2-NT, 3-NT, 
and 4-NT. In te rmed ia te  s tock  standard s o l u t i o n s  should be prepared a t  
1,000 pg/L, i n  a c e t o n i t r i l e  when analyz ing s o i l  samples, and i n  methanol 
when ana lyz ing  aqueous sampl es . 

5.4.2 Di  1 u t e  t h e  two concentrated in te rmed ia te  s tock so lu t i ons ,  w i t h  
t h e  app rop r i a te  so lven t ,  t o  prepare in te rmed ia te  standard s o l u t i o n s  t h a t  
cover t h e  range o f  2.5 - 1,000 pg/L. These so lu t i ons  should be 
r e f r i g e r a t e d  on p repara t ion ,  and may be used f o r  30 days. 

5.4.3 For t h e  l ow- l eve l  method, t h e  ana l ys t  must conduct a d e t e c t i o n  
l i m i t  s tudy and dev ise  d i l u t i o n  se r i es  appropr ia te  t o  t he  des i r ed  range. 
Standards f o r  t h e  low l e v e l  method must be prepared immediately p r i o r  t o  
use. 

5.5 Working standards 

5.5.1 C a l i b r a t i o n  standards a t  a minimum o f  f i v e  concen t ra t ion  
l e v e l s  should be prepared through d i l u t i o n  o f  t h e  in te rmed ia te  standards 
s o l u t i o n s  by 50% (v/v) w i t h  5 g/L c a l c i  um c h l o r i d e  s o l u t i o n  (Sec. 5.1.3). 
These s o l u t i o n s  must be r e f r i g e r a t e d  and s to red  i n  t h e  dark, and prepared 
f r e s h  on t h e  day o f  c a l i b r a t i o n .  

5.6 Surrogate Spi k i n g  Sol u t i  on 

5.6.1 The ana l ys t  should moni tor  t h e  performance o f  t he  e x t r a c t i o n  
and a n a l y t i c a l  system as w e l l  ,as t h e  e f f ec t i veness  o f  t h e  method i n  
d e a l i n g  w i t h  each sample m a t r i x  by sp i k i ng  each sample, standard and 
reagent  water b lank  w i t h  one o r  two surrogates (e.g., analy tes n o t  
expected t o  be present  i n  t h e  sample). 

5.7 M a t r i x  Sp i k i ng  So lu t i ons  

5.7.1 Prepare m a t r i x  s p i k i n g  s o l u t i o n s  i n  methanol such t h a t  t h e  
concen t ra t i on  i n  t h e  sampl'e i s  f i v e  t imes t he  Estimated Q u a n t i t a t i o n  L i m i t  
(Tab1 e 1 ) .  A1 1 t a r g e t  ana ly tes  should be inc luded.  
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5.8 HPLC Mobi le  Phase 

5.8.1 To prepare 1 1 i t e r  o f  mobi le  phase, add 500 mL o f  methanol t o  
500 mL o f  o rgan i c - f ree  reagent water. 

'?'-9 
w 

6.0 SAMPLE COLLECTION, PRESERVATION, AND HANDLING 

6.1 F o l l  ow convent ional  sampl i ng and sample hand1 i ng procedures as 
s p e c i f i e d  f o r  semivol a t i l e  organics i n  Chapter Four. 

6.2 Samples and sample e x t r a c t s  must be s to red  -in t h e  da rk  a t  4°C. 
Hold ing t imes are  t h e  same as f o r  s e m i v o l a t i l e  organics.  

7.0 PROCEDURE 

7.1 Sampl e Preparat ion 

7.1.1 Aqueous Sarnples: It i s  h i g h l y  recommended t h a t  process waste 
samples be screened w i t h  t h e  h i g h - l e v e l  method t o  determine i f  t h e  low 
l e v e l  method (1-50 pg/L) i s  requ i red .  Most groundwater samples w i l l  f a l l  
i n t o  t h e  low l e v e l  method. 

7.1.1.1 Low-Level Method ( s a l t i n g - o u t  e x t r a c t i o n )  

7.1.1.1.1 Add 251.3 g o f  sodium c h l o r i d e  t o  a 1 L 
vo lumet r ic  f l a s k  (round).  Measure ou t  770 mL o f  a water 
sample (us ing  a 1 L graduated c y l  i nde r )  and t r a n s f e r  i t  t o  t h e  
vo lumet r ic  f l a s k  con ta in ing  t h e  s a l t .  Add a s t i r  bar  and mix i -% 
t h e  contents a t  maximum speed on a magnetic s t i r r e r  u n t i  1 t he  
s a l t  i s  completely d issolved.  

7.1.1.1.2 Add 164 mL o f  a c e t o n i t r i l e  (measured w i t h  a 
250 mL graduated c y l i n d e r )  wh i l e  t h e  s o l u t i o n  i s  being s t i r r e d  
and s t i r  f o r  an a d d i t i o n a l  15 minutes. Turn o f f  t h e  s t i r r e r  
and a l l ow  t h e  phases t o  separate f o r  10 minutes. 

7.1.1.1.3 Remove t h e  a c e t o n i t r i l e  (upper) l a y e r  (about 
8 mL) w i t h  a Pasteur p i p e t  and t r a n s f e r  i t  t o  a 100 mL 
vo lumet r ic  f l a s k  (round).  Add 10 mL o f  f r e s h  a c e t o n i t r i l e  t o  
t h e  water sample i n  t h e  1 L f l a s k .  Again s t i r  t h e  conten ts  o f  
t h e  f l a s k  f o r  15 minutes fo l lowed by 10 minutes f o r  phase 
separat ion.  Combine t h e  second a c e t o n i t r i l e  p o r t i o n  w i t h  t h e  
i n i t i a l  e x t r a c t .  The i n c l u s i o n  o f  a few drops o f  s a l t  water 
a t  t h i s  p o i n t  i s  unimportant.  

7.1.1.1.4 Add 84 mL of s a l t  water  (325 g NaCl per  1000 
mL o f  reagent water)  t o  t h e  a c e t o n i t r i l e  e x t r a c t  i n  t h e  100 mL 
vo lumet r ic  f l a s k .  Add a s t i r  bar  and s t i r  t h e  contents on a 
magnetic s t i r r e r  f o r  15 minutes, fo l lowed by 10 minutes f o r  
phase separat ion.  C a r e f u l l y  t r a n s f e r  t h e  acetoni  tri 1 e phase 
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t o  a 10 mL graduated c y l i n d e r  using a Pasteur p ipe t .  A t  t h i s  
stage, the  amount o f  water t rans fe r red  w i t h  the  a c e t o n i t r i l e  
must be minimized. The water contains a h igh  concentrat ion o f  
NaCl t h a t  produces a l a r g e  peak a t  the  beginning o f  the  
chromatogram, where i t  could i n t e r f e r e  w i t h  the  HMX 
determinat ion. 

7.1.1.1.5 Add an add i t iona l  1.0 mL o f  a c e t o n i t r i l e  t o  
t he  100 mL volumetr ic  f l ask .  Again s t i r  t he  contents o f  the  
f l a s k  f o r  15 minutes, fo l lowed by 10 minutes f o r  phase 
separat ion. Combine the  second acetoni tri 1 e p o r t i o n  w i t h  the  
i n i t i a l  e x t r a c t  i n  the 10 mL graduated . cy l i nde r  ( t r a n s f e r  t o  
a 25 mL graduated c y l i n d e r  i f  the  volume exceeds 5 mL). 
Record the  t o t a l  volume o f  a c e t o n i t r i l e  e x t r a c t  t o  t he  nearest 
0.1 mL. (Use t h i s  as the  volume o f  t o t a l  e x t r a c t  [V,] i n  the  
ca l  c u l  a t  i o n  o f  concentrat i o n  a f t e r  conver t ing t o  pL) .- The 
r e s u l t i n g  ex t rac t ,  about 5 - 6 mL, i s  then d i l u t e d  1:l w i t h  
o rgan ic - f ree  reagent water (w i th  pH t 3  i f  t e t r y l  i s  a 
suspected analyte)  p r i o r  t o  analys is .  

7.1.1.1.6 If t h e  d i l u t e d  e x t r a c t  i s  t u rb id ,  f i l t e r  i t  
through a 0.45 - pm Tef lon f i l t e r  using a disposable syr inge. 
Discard the  f i r s t  0.5 mL o f  f i l t r a t e ,  and r e t a i n  the  remainder 
i n  a Teflon-capped v i a l  f o r  RP-HPLC analys is  as i n  Sec. 7.4. 

7.1.1.2 High-Level Method 

7.1.1.2.1 S a m p l e f i l t r a t i o n :  P l a c e a 5 m L a l i q u o t o f  
each water sample i n  a s c i n t i l l a t i o n  v i a l ,  add 5 mL o f  
acetoni tri 1 e, shake thoroughly, and f i  1 t e r  through a 0.45-pm 
Tef lon  f i l t e r  using a disposable syr inge. Discard the  f i r s t  
3 mL o f  f i l t r a t e ,  and r e t a i n  the  remainder i n  a Teflon-capped 
v i a l  f o r  RP-HPLC analys is  as i n  Sec. 7.4. HMX quan t i t a t i on  
can be improved w i t h  the  use o f  methanol r a t h e r  than 
a c e t o n i t r i l e  f o r  d i l u t i o n  before f i l t r a t i o n .  

7.1.2 S o i l  and Sediment Samples 

7.1.2.1 Sample homogenization: Dry s o i l  samples i n  a i r  a t  
room temperature o r  co lder  t o  a constant weight, being care fu l  no t  
t o  expose the  samples t o  d i r e c t  sun1 i g h t .  Grind and homogenize the 
d r i e d  sample thoroughly i n  an a c e t o n i t r i l e - r i n s e d  mortar t o  pass a 
30 mesh sieve. 

NOTE: So i l  samples should be screened by Method 8515 p r i o r  t o  
g r i nd ing  i n  a mortar and pes t l e  (See Safety Sec. 11.2). 

7.1.2.2 Sample ex t rac t i on  

7.1.2.2.1 Place a 2.0 g subsample o f  each s o i l  sample 
i n  a 15 mL g lass  v i a l .  Add 10.0 mL o f  a c e t o n i t r i l e ,  cap w i t h  
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Tef lon-1  ined  cap, vo r tex  s w i r l  f o r  one minute, and p lace  i n  a 
cooled u l t r a s o n i c  bath f o r  18 hours. 

7.1.2.2.2 A f t e r  son ica t ion ,  a l l o w  sample t o  s e t t l e  f o r  
30 minutes. Remove 5.0 mL o f  supernatant,  and combine w i t h  > + 

5.0 mL o f  ca lc ium c h l o r i d e  s o l u t i o n  (Sec. 5.1.3) i n  a 20 mL 
v i  a1 . Shake, and 1 e t  stand f o r  15 minutes. 

7.1.2.2.3 Place supernatant i n  a d isposab le  sy r i nge  
and f i l t e r  through a 0.45-pm Te f l on  f i l t e r .  D iscard  f i r s t  3 
mL and r e t a i n  remainder i n  a Teflon-capped v i a l  f o r  RP-HPLC 
ana lys i s  as i n  Sec. 7.4. 

7.2 Chromatographic Condi t ions (Recommended) 

Primary Column: C-18 reverse  phase HPLC column, 25-cm 
x 4.6-mm, 5 pm, (Supelco LC-18 o r  equ i va len t ) .  

Secondary Column: CN reverse  phase HPLC column, 25-cm x 
4.6-mm, 5 pm, (Supelco LC-CN o r  
equ iva len t )  . 

Mobi 1 e Phase: 50/50 (v/v) methanol/organi c - f r e e  
reagent water. 

F l  ow Rate : 1 :5 mL/mi n 

I n j e c t i o n  volume: 100-pL 

UV Detec tor :  . 254 nm 

7.3 Cal i b r a t  i o n  o f  HPLC 

7.3.1 A1 1 e l e c t r o n i c  equipment i s  a1 1 owed t o  warm up f o r  30 minutes. 
Dur ing t h i s  per iod ,  a t  l e a s t  15 v o i d  volumes o f  mobi le  phase a re  passed 
through t h e  column (approx imate ly  20 min a t  1.5 mL/min) and cont inued 
u n t i l  t h e  base l ine  i s  l e v e l  a t  t h e  UV de tec to r ' s  g r e a t e s t  s e n s i t i v i t y .  

7.3.2 I n i t i a l  C a l i b r a t i o n .  I n j e c t i o n s  o f  each c a l i b r a t i o n  standard 
over t h e  concent ra t ion  range o f  i n t e r e s t  a re  made s e q u e n t i a l l y  i n t o  t h e  
HPLC i n  random order .  Peak he igh ts  o r  peak areas are ob ta ined f o r  each 
ana ly te .  Experience i n d i c a t e s  t h a t  a 1 i n e a r  c a l  i b r a t  i o n  curve w i t h  zero 
i n t e r c e p t  i s  appropr ia te  f o r  each analy te.  Therefore, a response f a c t o r  
f o r  each ana l y te  can be taken as t h e  s lope o f  t h e  b e s t - f i t  r eg ress ion  
1 ine .  

7.3.3 D a i l y  Cal i b r a t i o n .  Analyze midpo in t  c a l  i b r a t i o n  standards, a t  
a minimum, a t  t h e  beginning o f  t h e  day, s i n g l y  a t  t h e  midpo in t  o f  t h e  run,  
and s i n g l y  a f t e r  t h e  l a s t  sample o f  t h e  day (assuming a sample group o f  10 
samples o r  l e s s ) .  Obta in t he  response f a c t o r  f o r  each ana l y te  f rom t h e  
mean peak he igh ts  o r  peak areas and compare i t  w i t h  t h e  response f a c t o r  
ob ta ined f o r  t h e  i n i t i a l  c a l i b r a t i o n .  The mean response f a c t o r  f o r  t h e  
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d a i l y  c a l i b r a t i o n  must agree w i t h i n  215% o f  t he  response f a c t o r  o f  t he  
i n i t i a l  c a l  i b r a t i o n .  The same c r i t e r i a  i s  r equ i red  f o r  subsequent 
standard responses compared t o  t he  mean response o f  t he  t r i p l i c a t e  
standards beginning t h e  day. I f  t h i s  c r i t e r i o n  i s  no t  met, a  new i n i t i a l  
c a l  i b r a t i o n  must be obtained. 

7.4 HPLC Analys is  

7.4.1 Analyze t h e  samples us ing t he  chromatographic cond i t i ons  g iven  
i n  Sec. 7.2. A l l  p o s i t i v e  measurements observed on the  C-18 column must 
be conf i rmed by i n j e c t i o n  onto t he  CN column. 

7.4.2 Fol low Sec. 7.0 i n  Method 8000 f o r -  i n s t r u c t i o n s  on t he  
ana l ys i s  sequence, appropr ia te  d i l u t i o n s ,  es tab l  i s h i n g  d a i l y  r e t e n t i o n  
t ime  windows, and i d e n t i f i c a t i o n  c r i t e r i a .  Inc lude  a  mid- leve l  standard 
a f t e r  each group o f  10 samples i n  t he  ana lys is  sequence. I f  column 
temperature c o n t r o l  i s  no t  employed, spec ia l  care must be taken t o  ensure 
t h a t  temperature s h i f t s  do no t  cause peak m i s i d e n t i f i c a t i o n .  

7.4.3 Table 2 summarizes t he  est imated r e t e n t i o n  t imes on both C-18 
and CN columns f o r  a  number o f  analy tes analyzable us ing t h i s  method. An 
example o f  t h e  separat ion achieved by Column 1 i s  shown i n  F igure 1. 

7.4.4 Record t h e  r e s u l t i n g  peak s izes  i n  peak he igh ts  o r  area u n i t s .  
The use o f  peak he igh ts  i s  recommended t o  improve r e p r o d u c i b i l i t y  o f  low 
l e v e l  samples. 

7.4.5 Ca l cu la t i on  o f  concent ra t ion  i s  covered i n  Sec. 7.0 o f  Method 
8000. 
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8.0 QUALITY CONTROL 

8.1 Refer t o  Chapter One f o r  s p e c i f i c  q u a l i t y  c o n t r o l  procedures. 
Q u a l i t y  c o n t r o l  t o  va l  i d a t e  sample e x t r a c t i o n  i s  covered i n  Method 3500. 

8.2 Q u a l i t y  c o n t r o l  requ i red  t o  v a l i d a t e  t he  HPLC system operat ion i s  
found i n  Method 8000, Sec. 8.0. 

8.3 P r i o r  t o  p repa ra t i on  o f  s tock  so lu t ions ,  a c e t o n i t r i l e ,  methanol, and 
water b lanks should be r u n  t o  determine poss ib le  i n te r f e rences  w i t h  analy te 
peaks. I f  the  a c e t o n i t r i l e ,  methanol, o r  water blanks show contamination, a  
d i f f e r e n t  batch should be used. 

9.0 METHOD PERFORMANCE 

9.1 Table 3 presents t he  s i n g l e  l abo ra to ry  p r e c i s i o n  based on da ta  from 
the  ana l ys i s  o f  b l i n d  dup l i ca tes  o f  f o u r  spiked s o i l  samples and f o u r  f i e l d  
contaminated samples analyzed by seven 1  aborator ies.  
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9.2 Table 4 p resen ts  t h e  m u l t i l a b o r a t o r y  e r r o r  based on da ta  f rom t h e  
a n a l y s i s  o f  b l i n d  d u p l i c a t e s  o f  f o u r  sp iked s o i l  samples and f o u r  f i e l d  
contaminated samples analyzed by seven 1 abo ra to r i es .  

9.3 Table 5 presents  t h e  m u l t i l a b o r a t o r y  var iance  o f  t h e  h i g h  
concen t ra t i on  method f o r  water  based on da ta  f rom n i n e  l a b o r a t o r i e s .  

9.4 Table 6 p resen ts  mu1 t i l a b o r a t o r y  recovery da ta  f rom t h e  a n a l y s i s  o f  
sp iked s o i  1 samples by seven 1 a b o r a t o r i  es. 

9.5 Table 7 presents  a comparison o f  method accuracy f o r  s o i l  and aqueous 
samples (h i gh  concen t ra t i on  method). 

9.6 Table 8 con ta ins  p r e c i s i o n  and accuracy d a t a  f o r  t h e  s a l t i n g - o u t  
e x t r a c t i o n  method. 
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11.0 SAFETY 

11.1 Standard precaut ionary measures used f o r  handl ing o ther  organic 
compounds should be s u f f i c i e n t  f o r  the  safe handl i n g  o f  the  analytes targeted by 
Method 8330. The on l y  e x t r a  caut ion  t h a t  should be taken i s  when handl i n g  the  
a n a l y t i c a l  standard neat ma te r i a l  f o r  the  explosives themselves and i n  r a r e  cases 
where s o i l  o r  waste samples are h i g h l y  contaminated w i t h  the explosives. Fol low 
the  note f o r  d ry ing  the  neat ma te r i a l s  a t  ambient temperatures. 

11.2 It i s  advisable t o  screen s o i l  o r  waste samples using Method 8515 t o  
determine whether h igh  concentrat ions o f  explosives are present. S o i l  samples 
as h igh  as 2% 2,4,6-TNT have been sa fe l y  ground. Samples conta in ing  h igher  
concentrat ions should no t  be ground i n  the  mortar and pest1 e. Method 8515 i s  f o r  
2,4,6-TNT, however, t he  o ther  n i t roaromat ics  w i l l  a lso  cause a c o l o r  t o  be 
developed and prov ide a rough es t imat ion  o f  t h e i r  concentrat ions. 2,4,6-TNT i s  
the  ana ly te  most o f t e n  detected i n  h igh concentrat ions i n  s o i l  samples. Visual 
observat ion o f  a s o i l  sample i s  a lso  important when the sample i s  taken from a 
s i t e  expected t o  conta in  explosives. Lumps o f  mater ia l  t h a t  have a chemical 
appearance should be suspect and no t  ground. Explosives are genera l l y  a very 

- -., f i n e l y  ground g ray i  sh-whi t e  mater i  a1 . 
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TABLE 1 
ESTIMATED QUANTITATION LIMITS 

Water (uq/L) S o i l  (mg/kg) 
m 

Compounds Low- Level High-Level  u 
HMX 

RDX 

1,3,5-TNB 

1,3-DNB 

T e t  r y l  

NB 

2,4,6-TNT 

4-Am-DNT 

2-Am-DNT 

2,6-DNT 

2,4-DNT 

2 - NT 

4-NT 

3-NT 
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TABLE 2 
RETENTION TIMES AND CAPACITY FACTORS ON LC-18 AND LC-CN COLUMNS 

--, 
i R e t e n t i o n  t i m e  Capac i t y  f a c t o r  
-d (mi n)  ( k ) *  

Compound 

HMX 

RDX 

1,3,5-TNB 

1,3-DNB 

Te t r y l  

N B 

2,4,6-TNT 

4-Am-DNT 

2-Am-DNT 

2,6-DNT 

2,4-DNT 

2-NT 

4 - NT 

3-NT 

LC- 18 LC-CN LC-18 LC-CN 

2.44 8.35 0.49 2.52 

* C a p a c i t y  f a c t o r s  a r e  based on an u n r e t a i n e d  peak f o r  n i t r a t e  a t  1.71 min  on 
LC-18 and a t  2.00 min  on LC-CN. 
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TABLE 3 
SINGLE LABORATORY PRECISION OF METHOD FOR SOIL SAMPLES 

S D ~  ked Soi 1 s Field-Contaminated Soi l  s 
Mean Conc. 

m' 
Mean Conc. 4 

(mg/kg) S D %RSD (mg/kg) S D %RSD 

HMX 4 6 1 .7  3 . 7  

RDX 60 1 .4  2.3 

Tet ry l  17 3 . 1  17.9  
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TABLE 4 
MULTILABORATORY ERROR OF METHOD FOR SOIL SAMPLES 

dP'% 

tl'bri Spiked S o i l s  F ie ld-Contaminated S o i l s  
Mean Conc. Mean Conc. 

( mg/ kg 1 S D %RSD (mg/kg) S D XRSD 

HMX 4 6 2.6 5.7 

RDX 6 0 2.6 4.4 

1,3,5-TNB 8.6  0.61 7 .1  
4 6 2.97 6.5 

1,3-DNB 3.5 0.24 6.9 

T e t r y l  17 5.22 30.7 

2,4,6-TNT 4 0 1.88 4.7 

TABLE 5 
MULTILABORATORY VARIANCE OF METHOD FOR WATER SAMPLES" 

Compounds 
Mean Conc. 
( P ~ / L  1 SD %RSD 

HMX 

RDX 

2,4-DNT 

2,4,6-TNT 

" N ine  L a b o r a t o r i e s  
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TABLE 6 
MULTILABORATORY RECOVERY DATA FOR SPIKED SOIL SAMPLES 

Concentrat  i o n  ( p g / g )  n 
'e 

1,3,5- 1,3- 2,4,6- 2,4- 
Laboratory  HMX RDX TNB DNB T e t r y l  TNT DNT 

1 

3 

4 

5 

6 

7 

8 

True Conc 

Me an 

Std Dev 

% RSD 

% D i f f *  

Mean % 
Recovery 

* Between t r u e  v a l u e  and mean determined va lue .  
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TABLE 7 
COMPARISON OF METHOD ACCURACY FOR SOIL AND AQUEOUS SAMPLES 

(HIGH CONCENTRATION METHOD) 

. , 

Analy te  
Recovery (%) 

Soi 1 Method* Aqueous Method** 

2,4-DNT 

2,4,6-TNT 

RDX 

HMX 

* Taken from Bauer e t  a1 . (1989),  Reference 1. 
** Taken from Jenkins e t  a l .  (1984), Reference 3 .  
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TABLE 8 
PRECISION AND ACCURACY DATA FOR THE SALTING-OUT EXTRACTION METHOD 

Prec is ion  Ave. Recovery Conc. Range 
Analyte  No. o f  samples1 (% RSD) ( P ~ / L )  

HMX 

RDX 

1,3,5-TNB 

1,3-DNB 

T e t  r y l  

2,4,6-TNT 

2-Am-DNT 

2,4-DNT 

1,2-NT 

1,4-NT 

1,3-NT 

' ~ e a g e n t  water  
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WLOSIVES ON A 
Cl8 COLUMN 

EXPLOSIVES ON A 
CN COLUMN 

FIGURE 1 
CHROMATOGRAMS FOR COLUMNS DESCRIBED I N  S e c .  4.1.2.  

COURTESY OF U . S .  ARMY CORPS OF ENGINEERS, OMAHA, NE. 

R e v i s i o n  0 
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METHOD 8330 
NITROAROMATICS AND NITRAMINES BY H I G H  

PERFORMANCE L I Q U I D  CHROMATOGRAPHY (HPLC) 

Aqueous Sample an aoueous or 

711.11 Add251.3gofrdl 
and 1 L of water sample to a 
1 L vol. flask. Mix the mtents. 

7 1.1.1.2Add t64mLof 
acecmnnle (ACN) and stir 

lor 15 mins. 

7.1 1.1.3 Transfer ACN layer 
to 100 mL vd. flsk. Add 10 mL 

ol fish ACN to 1 L flask and 
sta. Transfer 2nd ponlm and 

combine wnh 1 n In 100 mL flask. 

7 11.1.4AddBrlmLotsall 
w a r  to the ACN enran and sta. 
Transkr ACN enran to 10 mL 

grad cylinder. 

7 1 1  15Add 1 mLofACNto 
100 mL vol. flask. Stir and 
transfer to the 10 mL grad. 
cyltndr Record volwne. 

Dilute 1 1 wnh reagent water. 

P 

7 1 1 . I  6 Fiker 11 tufb~d. 
Transfer to a vlal for 
RP-HPLC analysts. 

* 
7.1.1.1 FilraIlm: 

Place 5 mL sampbn in 
wntdldion vial. Add 5 mL 

mechnol: shake: t i l r  
thmugh 0.5 urn filler. Discard 
Im 3 mL Retmn rernmnder 
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METHOD 8330 
(continued) 

Air dry sample at room Temp 
or below Avo~d exposure to 
dlrect sunl~ght. Gnnd sample 
In an acetonltrlle nnsed mortar. 

7 1.2.2 Sample Extraction + 
7 1 2.2.1 
Place 2 g soil suhsample. 
I 0  mLs amtonitnle in 15 mL 
glass v~a l  Cap. vortex swlrl. 
place in room Temp. or below 
ultrasonlc bath tor 18 hrs. 

7.1 2.2.2 
Let sdn, setUe. Add 5 mL 
supematant to 5 mL calcrum 
chloride soln. in 20 mL vlal. 
Shake. let stand 15 mins. 

1 
- 

7 1.2.2.3 
Filter supernatant through 
0.5 um filter. Discard ininal 
3 mL, remn remsnder 
for analysis. 

7 2 Set Chromatcgraph~c Conddons 

7 3 Calibration of HPLC * 
7.3.2 
Run working stds, in tnplicab. 
Plot ng. vs. peak area or hL 
Curve should be linear mth 
zero ~ntermpt. i 

7 3.3 
Analyze midrange calibration 
std. at beginning, mrddle. 
and end of sample analyses. 
Redo Section 7 3.1 11 peak 
areas or he. do not agree 
to w/in +/- 20% of initial 
calibrabon values. 

r 7 4 Sample Analyse 
I 

7 4.1 
Anaiyze samples. Confirm 
measurment wlinjmon onto 
CN column. 

Refer to Table 2 for typrcal 
analyte retennon nmes. 
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METHOD 8331 

TETRAZENE BY REVERSE PHASE 
HIGH PERFORMANCE LIQUID CHROMATOGRAPHY (HPLC) 

1.0 SCOPE AND APPLICATION 

1.1 Th i s  method i s  in tended f o r  t h e  ana l ys i s  o f  te t razene,  an exp los i ve  
res idue ,  i n  s o i l  and water .  Th i s  method i s  l i m i t e d  t o  use by ana l ys t s  
exper ienced i n  handl i n g  and ana lyz ing  exp los i ve  m a t e r i a l s .  The f o l  l ow ing  
compounds can be de te r~ l l i ned  by t h i s  method: 

Compound CAS Noa 

Tet  razene 31330-63-9 

" Chemical Abs t rac t s  Serv ice  R e g i s t r y  number . 

1 .2  Tetrazene degrades r a p i d l y  i n  water and methanol a t  room temperature.  
Spec ia l  ca re  must be taken t o  r e f r i g e r a t e  o r  coo l  a l l  s o l u t i o n s  throughout t h e  
a n a l y t i c a l  process. 

1.3 Tetrazene, i n  i t s  d r y  form, i s  ext remely  exp los ive .  Caut ion must be 
taken  d u r i n g  p repa ra t i on  o f  standards.  

/--- 

'%&/ 1.4 The est imated quan t i  t a t i o n  1  i m i t  (EQL) o f  Method 8331 f o r  de te rmin ing  
t h e  concen t ra t i on  o f  t e t r azene  i s  approx imate ly  7 pg/L i n  water and 
approx imate ly  1 mg/kg i n  s o i l .  

1.5 Th i s  method i s  r e s t r i c t e d  t o  use by o r  under t h e  superv is ion  of 
ana l ys t s  exper ienced i n  t h e  use o f  HPLC, s k i l l e d  i n  t h e  i n t e r p r e t a t i o n  o f  
chromatograms, and exper ienced i n  handl i n g  exp los i ve  ma te r i a l s .  Each ana lys t  
must demonstrate t h e  ab i  1  i t y  t o  generate acceptable r e s u l  t s  w i t h  t h i  s  method. 

2.0 SUMMARY OF METHOD 

2.1 A 10 mL water  sample i s  f i l t e r e d ,  e l u t e d  on a C-18 column us i ng  i o n  
p a i r i n g  r eve rse  phase HPLC, and q u a n t i t a t e d  a t  280 nm. 

2.2 2 g  o f  s o i l  a re  ex t r ac ted  w i t h  55:45 v/v methanol-water and 
1 -decanesu l fon ic  a c i d  on a p l a t f o r m  shaker, f i l t e r e d ,  and e l u t e d  on a C-18 column 
us i ng  i o n  p a i r i n g  reverse  phase HPLC, and q u a n t i t a t e d  a t  280 nm. 
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3.0 INTERFERENCES 

3.1 No i n t e r f e r e n c e s  are known. Tetrazene e l u t e s  e a r l y ,  however, and i f  
a  computing i n t e g r a t o r  i s  used f o r  peak q u a n t i f i c a t i o n ,  t h e  base1 i n e  s e t t i n g  may 
have t o  be s e t  t o  exc lude base1 i n e  abe r ra t i ons .  Base1 i n e  s e t t i n g  i s  p a r t i c u l a r l y  
impor tan t  a t  l ow  concen t ra t i ons  o f  ana ly te .  

m 

4.0 APPARATUS AND MATERIALS 

4.1 HPLC system 

4.1.1 HPLC - Pump capable o f  ach iev ing  4000 p s i .  

4.1.2 1 0 0 p L  l o o p i n j e c t o r .  

4.1.3 Va r i ab le  o r  f i x e d  wave1 ength d e t e c t o r  capabl e  o f  r ead ing  
280 nni. 

4.1.4 C-18 reve rse  phase HPLC column, 25 cm x  4.6 rnrn (5  prn) 
(Supel co LC- 18, o r  equ i va len t )  . 

4.1.5 D i g i t a l  i n t e g r a t o r  - HP 3390A ( o r  e q u i v a l e n t )  

4.1.6 S t r i p  c h a r t  r eco rde r .  

4.2 Other  apparatus 

4.2.1 P l a t f o r m  o r b i t a l  shaker. 

4.2.2 A n a l y t i c a l  balance - + 0.0001 g. 

4.2.3 Des icca to r .  

4.3 M a t e r i  a1 s  

4.3.1 I n j e c t i o n  sy r i nge  - 500 p L .  

4.3.2 F.i1 t e r s  - 0.5 p m  Mi l lex -SR and 0.5 pm M i l  lex-HV, d isposable,  
o r  e q u i v a l e n t  . 

4.3.3 P ipe t s  - vo lume t r i c ,  g lass ,  Class A. 

4.3.4 S c i n t i l l a t i o n  v i a l s  - 20 rnL, g l ass .  

4.3.5 Syr inges - 10 mL. 

4.3.6 Volumetr ic  f l asks ,  Class A - 100 mL, 200 rnL. 

4.3.7 Erlenmeyer f l asks  w i t h  ground g lass  s toppers - 125 mL. 
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4.4 P repa ra t i on  

4.4.1 Prepare a l l  m a t e r i a l s  as descr ibed i n  Chapter 4 f o r  v o l a t i l e  
o rgan ics  . 

5.0 REAGENTS 

5.1 HPLC grade chemicals s h a l l  be used i n  a l l  t e s t s .  It i s  in tended t h a t  
a l l  reagents  s h a l l  conform t o  t h e  s p e c i f i c a t i o n s  o f  t h e  Committee on A n a l y t i c a l  
Reagents o f  t h e  American Chemical Soc ie ty ,  where such s p e c i f i c a t i o n s  are 
a v a i l a b l e .  Other  grades may be used, p rov ided  i t  i s  f i r s t  ascer ta ined  t h a t  t h e  
reagent i s  o f  s u f f i c i e n t l y  h i g h  p u r i t y  t o  permi t  i t s  use w i t hou t  l owe r i ng  t h e  
accuracy o f  t h e  de te rmina t ion .  

5.2 General 

5.2.1 Methanol, CH30H - HPLC grade. 

5.2.2 O rgan i c - f r ee  reagent water  - A1 1 re ferences t o  water i n  t h i s  
method r e f e r  t o  o r g a n i c - f r e e  reagent water,  as de f i ned  i n  Chapter One. 

5.2.3 1-Decanesul fon ic  ac id ,  sodium s a l t ,  Cl,H,lS03Na - HPLC grade. 

5.2.4 A c e t i c  a c i d  ( g l a c i a l ) ,  CH,COOH - reagent grade. 

5.3 Standard Sol u t  i ons 

5.3.1 Tetrazene - Standard A n a l y t i c a l  Reference M a t e r i a l .  

5.3.2 Stock s tandard s o l u t i o n  - Dry te t razene  t o  constant  weight 
i n  a vacuum d e s i c c a t o r  i n  t h e  dark .  (Tetrazene i s  ext remely  exp los i ve  i n  
t h e  d r y  s t a t e .  Do n o t  d r y  more reagent than  i s  necessary t o  prepare s tock  
s o l u t i o n s . )  Place about 0.0010 g (weighed t o  0.0001 g) i n t o  a 100-ml 
vo l ume t r i c  f l a s k  and d i l u t e  t o  volume w i t h  methanol. I n v e r t  f l a s k  severa l  
t imes  u n t i l  t e t r azene  i s  d isso lved .  S to re  i n  f r eeze r  a t  -10°C. Stock 
s o l u t i o n  i s  about 100 mg/L. Rep1 ace s tock  standard s o l u t i o n  every week. 

5.3.3 In te rmed ia te  standard s o l ~ ~ t i o n s  

5.3.3.1 Prepare a 4 mg/L s tandard by d i l u t i n g  t he  s tock  
s o l u t i o n  1/25 v/v w i t h  methanol. 

5.3.3.2 P ipe t  0.5, 1.0, 2.0, 5.0, 10.0, and 20.0 mL o f  t h e  
4 mg/L s tandard s o l u t i o n  i n t o  6 separate 100 mL vo lume t r i c  f l a s k s ,  
and make up t o  volume w i t h  methanol. P i pe t  25.0 mL o f  t h e  4 mg/L 
s tandard  s o l u t i o n  i n t o  a 50 mL vo lumet r i c  f l a s k ,  and make up t o  
volume w i t h  methanol . Th i s  r e s u l t s  i n  in te rmed ia te  standards o f  
about 0.02, 0.04, 0.08, 0.2, 0.4, 0.8, 2 and 4 mg/L. 

5.3.3.3 Cool immediately on p repa ra t i on  i n  r e f r i g e r a t o r  o r  
i c e  ba th .  
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5.3.4 Working s tandard s o l u t i o n s  

5.3.4.1 I n j e c t  4  mL o f  each o f  t h e  i n te rmed ia te  s tandard 
s o l u t i o n s  i n t o  6.0 mL o f  water.  T h i s  r e s u l t s  i n  concen t ra t i ons  o f  
about 0.008, 0.016, 0.032, 0.08, 0.16, 0.3, 0.8 and 1.6 mg/L. ?"-+ 'u 

5.3.4.2 Cool immediate ly  on p r e p a r a t i o n  i n  r e f r i g e r a t o r  o r  
i c e  bath.  

5.5 QC sp i ke  concent ra te  s o l u t i o n  

5.5.1 Dry t e t r azene  t o  cons tan t  we igh t  in .  a  vacuum d e s i c c a t o r  i n  
t h e  dark .  (Tetrazene i s  ext remely  exp los i ve  i n  t h e  d r y  s t a t e .  Do n o t  d r y  
any more than  necessary t o  prepare standards.)  P lace about 0.0011 g 
(weighed t o  0.0001 g )  i n t o  a  200-ml vo lume t r i c  f l a s k  and d i l u t e  t o  volume 
w i t h  methanol. I n v e r t  f l a s k  severa l  t imes  u n t i l  t e t r azene  i s  d i sso l ved .  
S to re  i n  f r e e z e r  a t  -10°C. QC sp i ke  concent ra te  s o l u t i o n  i s  about 55 
mg/L. Rep1 ace s tock  s tandard s o l u t i o n  every week. 

5.5.2 Prepare spl' k i  ng so l  u t  i ons, a t  concen t ra t i ons  app rop r i a te  t o  
t h e  concen t ra t i on  range o f  t h e  samples be ing  analyzed, by d i l u t i r l g  t h e  QC 
sp i ke  concent ra te  s o l u t i o n  w i t h  methanol. Cool on p r e p a r a t i o n  i n  
r e f r i g e r a t o r  o r  i c e  bath.  

5.6 E luen t  

5.6.1 To make about 1  1  i t e r  o f  e l uen t ,  add 2.44 g o f  
1  -decanesul f o n i  c  ac id ,  sodi  um s a l t  t o  400/600 v/v methanol/water,  and add 
2.0 mL o f  g l a c i a l  a c e t i c  ac id .  * 

6.0 SAMPLE COLLECTION, PRESERVATION, AND HANDLING 

6.1 See t h e  i n t r o d u c t o r y  m a t e r i a l  t o  t h i s  Chapter, Organic Analy tes,  
Sec t i on  4.1. 

6.2 Samples must be c o l l e c t e d  and s to red  i n  g l a s s  con ta ine rs .  Fo l low 
convent iona l  sarnpl i ng procedures. 

6.3 Sarr~ples must be kep t  below 4°C f rom t h e  t ime  o f  c o l l e c t i o n  th rough 
ana l ys i s .  

7.0 PROCEDURE 

7.1 Sampl e  P repa ra t i on  

7.1.1 F i l t r a t i o n  o f  Water Samples 

7.1.1.1 Place a 10 mL p o r t i o n  o f  each water  sample i n  a  
s y r i n g e  and f i l t e r  through a 0.5 pm Mi l lex -HV f i l t e r  u n i t .  D i sca rd  
f i r s t  5  mL o f  f i l t r a t e ,  and r e t a i n  5  mL f o r  ana l ys i s .  
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7.1.2 E x t r a c t i o n  and F i l t r a t i o n  o f  S o i l  Samples 

7.1.2.1 Determinat ion o f  sample % d r y  weight - I n  c e r t a i n  
cases, sample r e s u l t s  are des i r ed  based on d ry -we igh t  bas is .  When 
such da ta  i s  des i red,  a  p o r t i o n  o f  sample f o r  t h i s  de te rmina t ion  
should be weighed o u t  a t  t h e  same t ime as t h e  p o r t i o n  used f o r  
a n a l y t i c a l  de te rmina t ion .  

WARNING: The d r y i n g  oven should be contained i n  a  hood o r  
vented. S i g n i f i c a n t  1  aboratory  contaminat ion may 
r e s u l  t from a heavi  1 y contaminated hazardous 
waste sample. 

7.1.2.1.1 Immediately a f t e r  weighing t h e  sample f o r  
e x t r a c t i o n ,  weigh 5-10 g o f  t h e  sample i n t o  a  t a red  
c r u c i b l e .  Determine t h e  % d r y  weight o f  t h e  sample by 
d r y i n g  ove rn igh t  a t  105°C. A l l ow  t o  cool  i n  a  des i cca to r  
be fo re  weighing: 

% d r y  weight = q o f  d r y  sample x  100 
g o f  sample 

7.1.2.2 Weigh 2 g s o i l  subsamples i n t o  125 mL Erlenmeyer 
f l a s k s  w i t h  ground g lass  stoppers.  

7.1.2.3 Add 50 mL o f  55/45 v/v methanol -water w i t h  
1-decanesul fon ic  ac id ,  sodium s a l t  added t o  make a 0.1 M s o l u t i o n .  

7.1.2.4 Vortex f o r  15 seconds. 

7.1.2.5 Shake f o r  5  h r  a t  2000 rpm on p l a t f o r m  shaker. 

7.1.2.6 Place a 10 mL p o r t i o n  o f  each s o i l  sample e x t r a c t  
i n  a  sy r i nge  and f i l t e r  through a 0.5 p m  Mi l lex-SR f i l t e r  u n i t .  
D iscard  f i r s t  5 mL o f  f i l t r a t e ,  and r e t a i n  5  mL f o r  ana lys is .  

7.2 Sample Ana lys is  

7.2.1 Analyze t h e  samples us ing t h e  chromatographic cond i t i ons  
g i ven  i n  Sec t ion  7.2.1.1. Under these cond i t ions ,  t h e  r e t e n t i o n  t ime  o f  
t e t r azene  i s  2.8 min. A sample chromatogram, i n c l u d i n g  o t h e r  compounds 
l i k e l y  t o  be p resen t  i n  samples con ta in ing  te t razene,  i s  shown i n  
F igure  1. 

7.2.1.1 Chromatographic Condi t ions 

Sol vent:  0.01 M 1-decanesul fon ic  acid,  i n  
a c i d i c  methanol/water (Sect ion 5.5) 

Flow r a t e :  1.5 mL/min 
I n j e c t i o n  volume: 100 p L  
UV Detector :  280 nm 
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7.3 C a l i b r a t i o n  o f  HPLC 

7.3.1 I n i t i a l  C a l i b r a t i o n  - Analyze t h e  work ing standards 
(Sec t i on  5.3.4), s t a r t i n g  w i t h  t h e  0.008 mg/L s tandards and ending w i t h  
t h e  0.30 mg/L standard. If t h e  percen t  r e l a t i v e  s tandard d e v i a t i o n  (%RSD) 
o f  t h e  mean response f a c t o r  (RF) f o r  each ana l y te  does n o t  exceed 20%, t h e  
system i s  c a l  i bra ted  and t h e  a n a l y s i s  o f  samples may proceed. I f  t h e  %RSD 
f o r  any a n a l y t e  exceeds 20%, recheck t h e  system and/or r e c a l  i b r a t e  w i t h  
f r e s h l y  prepared c a l  i b r a t i o n  s o l u t i o n s .  

7.3.2 C o n t i n u i n g c a l i b r a t i o n - O n a d a i l y b a s i s ,  i n j e c t 2 5 0 p L o f  
s tock  s tandard i n t o  20 mL water.  Keep s o l u t i o n  i n  r e f r i g e r a t o r  u n t i l  
ana l ys i s .  Analyze i n  t r i p 1  i c a t e  (by o v e r f i l l i n g  l oop )  a t  t h e  beg inn ing  o f  
t h e  day, s i n g l y  a f t e r  each f i v e  samples, and s i n g l y  a f t e r  t h e  l a s t  sample 
o f  t h e  day. Compare response f a c t o r s  f rom t h e  mean peak area o r  peak 
h e i g h t  ob ta ined  over  t h e  day w i t h  t h e  response f a c t o r  a t  i n i t i a l  
c a l i b r a t i o n .  I f  these values do n o t  agree w i t h i n  lo%, r e c a l  i b r a t e .  

8.0 QUALITY CONTROL 

8.1 Refe r  t o  Chapter One f o r  s p e c i f i c  qua1 i t y  c o n t r o l  procedures. 

8.2 P r i o r  t o  p r e p a r a t i o n  o f  s t ock  s o l u t i o n s ,  methanol should be analyzed 
t o  determine p o s s i b l e  i n t e r f e r e n c e s  w i t h  t h e  t e t r azene  peak. I f  t h e  methanol 
shows contaminat ion,  a d i f f e r e n t  ba tch  o f  methanol should be used. 

8.3 Method Blanks 

8.3.1 Method b lanks f o r  t h e  a n a l y s i s  o f  wa te r  samples should be 
o r g a n i c - f r e e  reagent  water  c a r r i e d  through a l l  sample s to rage  and hand1 i n g  fl 
procedures. 

w 

8.3.2 Method b lanks  f o r  t h e  ana l ys i s  o f  s o i l  samples should be 
uncontaminated s o i l  c a r r i e d  through a1 1 sample s torage,  e x t r a c t i o n ,  and 
hand l i ng  procedures. 

9.0 METHOD PERFORMANCE 

9.1 Method 8331 was t e s t e d  i n  a l a b o r a t o r y  over  a p e r i o d  o f  f o u r  days. 
Spiked o r g a n i c - f r e e  reagent  water  and standard s o i l  were analyzed i n  d u p l i c a t e  
each day f o r  f o u r  days. The HPLC was c a l i b r a t e d  d a i l y  accord ing  t o  t h e  
procedures g i ven  i n  Sec t ion  7.1. Method performance da ta  a re  presented i n  Tables 
1 and 2. 
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11.0 SAFETY 

11.1 Standard precautionary measures used for handling other organic 
compounds should be sufficient for safe handling of the analytes targeted by 
Method 8331. 
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TABLE 1. 
METHOD PERFORMANCE, WATER MATRIX 

/ &=- 

b@' 
Sp ike  Avq % Recovery 
Conc . Average 
(pg/L)  Rep1 i c a t e  Day 1 Day 2 Day 3 Day 4 % Recovery 

OVERALL 

Repl i c a t e  1 
% Recovery 
Repl i c a t e  2 
% Recovery 

Repl i c a t e  1 
% Recovery 
Repl i c a t e  2 
% Recovery 

Repl i c a t e  1 
% Recovery 
Repl i c a t e  2 
% Recovery 

Repl i c a t e  1 
% Recovery 
Repl i c a t e  2 
% Recovery 

Repl i c a t e  1 
% Recovery 
R e p l i c a t e  2 
% Recovery 

R e p l i c a t e  1 
% Recovery 
Repl i c a t e  2 
% Recovery 

Repl i c a t e  1 
% Recovery 
Repl i c a t e  2 
% Recovery 

Repl i c a t e  1 
% Recovery 
Repl i c a t e  2 
% Recovery 
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TABLE 2 
METHOD PERFORMANCE, SOIL MATRIX 

Spike Avq % Recovery 
Conc. Average 
(pg/L) Rep1 i c a t e  Day 1 Day 2 Day 3 Day 4 % Recovery 

0.00 Repl i c a t e  1 
% Recovery 
Repl i c a t e  2 
% Recovery 

1.28 Rep1 i c a t e  1 
% Recovery 
Repl i c a t e  2 
% Recovery 

2.56 Rep1 i c a t e  1 
% Recovery 
Repl i c a t e  2 
% Recovery 

5.12 Rep1 i c a t e  1 
% Recovery 
Repl i c a t e  2 
% Recovery 

12.8 Rep1 i c a t e  1 
% Recovery 
Repl i c a t e  2 
% Recovery 

25.6 Rep1 i c a t e  1 
% Recovery 
Repl i c a t e  2 
% Recovery 

OVERALL 
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METHOD 8331 
TETRAZENE BY REVERSE PHASE 

H IGH PERFORMANCE L I Q U I D  CHROMATOGRAPHY (HPLC) 

Start '-i 
7 .1 .1  Filter 1 0  mL 

water sample: discard 
first 5 mL; analyze lest 5.  

7 .1 .2 .1  Determine 
% dry weight. 

7 . 1 . 2 . 2  - 7 .1 .2 .5  
Extract 2 g soil 

with 5 0  mL solvent. 

7 . 1 . 2 . 6  Filter 1 0  mL 
extract; discard 5 mL; 

analyze last 5 mL. t 

7 . 2  Analyze samples 
using chromatographic 

conditions in 
Section 7 .2 .1  .l. 

7 .3 .1  Initial calibration: 
Analyze working 

standards 
[Sec t~on  5 . 3 . 3 ) .  

7 .3 .1  Recheck system1 
recalibrate with new 
calibration solut~on. 

7 .3 .2  
Continuing 
Calibration. 
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4 .3  DETERMINATION OF ORGANIC ANALYTES 

4 . 3 . 4  FOURIER TRANSFORM INFRARED METHODS 

The f o l l o w i n g  method i s  included i n  t h i s  sect ion:  

Method 8410: Gas Chromatography/Fourier Transform I n f r a r e d  
(GC/FT- IR )  Spectrometry f o r  Semi vol a t  i 1 e 
Organics: Capi 1 l a r y  Column 
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METHOD 8410 

GAS CHROMATOGRAPHY/FOURIER TRANSFORM INFRARED 
JGC/FT-IR) SPECTROMETRY FOR SEMIVOLATILE ORGANICS: 

CAPILLARY COLUMN 

1.0 SCOPE AND APPLICATION 

1.1 Th i s  method covers t he  automated i d e n t i f i c a t i o n ,  o r  compound c l a s s  
assignment o f  u n i d e n t i f i a b l e  compounds, o f  so l  vent  e x t r a c t a b l e  semivol a t  i l e  
o rgan ic  compounds which a re  amenable t o  gas chromatography, by GC/FT-IR. 
GC/FT-IR can be a usefu l  complement t o  GC/MS a n a l y s i s  (Method 8270). It i s  
p a r t i c u l a r l y  w e l l  s u i t e d  f o r  t he  i d e n t i f i c a t i o n  o f  s p e c i f i c  isomers t h a t  a re  no t  
d i f f e r e n t i a t e d  us ing  GC/MS. Compound c l  ass assignments are made us ing  i n f r a r e d  
group abso rp t i on  f requenc ies .  The presence o f  an i n f r a r e d  band i n  t he  
a p p r o p r i a t e  group frequency r e g i o n  may be taken as evidence o f  t h e  poss ib l e  
presence o f  a p a r t i c u l a r  compound c l ass ,  w h i l e  i t s  absence may be const rued as 
evidence t h a t  t h e  compound c l a s s  i n  ques t ion  i s  n o t  present .  Th i s  evidence w i l l  
be f u r t h e r  s t rengthened by t h e  presence o f  con f i rma to r y  group frequency bands. 
I d e n t i f i c a t i o n  l i m i t s  o f  t h e  f o l l o w i n g  compounds have been demonstrated by t h i s  
method. 

Compound Name 

- 

CAS No." 

Acenapht hene 
Acenaphthyl ene 
Anthracene 
Benzo(a)anthracene 
Benzo (a )  pyrene 
Benzoic a c i d  
Bis(2-ch1oroethoxy)methane 
B i  s ( 2 - c h l o r o e t h y l )  e t h e r  
B i  s ( 2 - c h l o r o i  sopropy1 ) e t h e r  
B i  s ( 2 - e t h y l  hexy l  ) ph tha l  a t e  
4-Bromophenyl phenyl e t h e r  
B u t y l  benzyl  ph tha l  a t e  
4-Chl o r o a n i l  i n e  
4-Chl oro-3-methyl phenol 
2-Chl oronaphtha l  ene 
2-Chl orophenol  
4-Chlorophenol  
4-Chl orophenyl  phenyl e t h e r  
Chrysene 
D i  benzofuran 
D i  - n -  b u t y l  ph tha l  a te  
1,2-Di chlorobenzene 
1,3-Dich l  orobenzene 
1,4-Di c h l  orobenzene 
2,4-Dichlorophenol  
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Compound Name CAS No." 

D imethy l  p h t h a l a t e  
D i e t h y l  p h t h a l  a t e  
4 ,6 -D in i  tro-2-methyl phenol 
2 ,4 -D in i  t r o p h e n o l  
2 , 4 - D i n i t r o t o l u e n e  
2 ,6 -D in i  t r o t 0 1  uene 
D i  - n - o c t y l  p h t h a l  a t e  
D i  - n - p r o p y l  p h t h a l a t e  
F l  uoranthene 
F l  uorene 
Hexachl orobenzene 
1,3-Hexachlorobutad iene 
Hexachl o r o c y c l  open tad i  ene 
Hexachl o roe thane  
Isophorone 
2-Methy l  naphtha lene 
2-Methyl  phenol  
4-Methyl  phenol  
Naphtha1 ene 
2 - N i t r o a n i l i n e  
3 - N i t r o a n i l  i n e  
4 - N i t r o a n i l i n e  
N i t robenzene  
2 - N i t r o p h e n o l  
4 - N i  t r o p h e n o l  
N-Ni t r o s o d i m e t h y l  amine . 
N -N i t rosod ipheny lamine  
N-Ni t roso-di -n-propylamine 
Pentach l  orophenol  
Phenanthrene 
Phenol 
Pyrene 
1,2 ,4-Tr i  c h l  orobenzene 
2 ,4 ,5 -T r i ch l  orophenol  
2 , 4 , 6 - T r i c h l  orophenol  

" Chemical A b s t r a c t  S e r v i c e s  R e g i s t r y  Number. 

1.2 T h i s  method i s  a p p l i c a b l e  t o  t h e  d e t e r m i n a t i o n  o f  most e x t r a c t a b l e ,  
semivol  a t  i 1 e - o r g a n i c  compounds i n  wastewater,  s o i l  s and sediments,  and s o l  i d  
wastes.  B e n z i d i n e  can be s u b j e c t  t o  l o s s e s  d u r i n g  s o l v e n t  c o n c e n t r a t i o n  and GC 
a n a l y s i s ;  a-BHC, P-BHC, Endosul fan I and 11, and E n d r i n  a r e  s u b j e c t  t o  
decompos i t i on  under  t h e  a l k a l i n e  c o n d i t i o n s  o f  t h e  e x t r a c t i o n  s tep ;  E n d r i n  i s  
s u b j e c t  t o  decompos i t i on  d u r i n g  GC a n a l y s i s ;  and Hexachlorocyc lopentadiene and 
N-Ni t r o s o d i p h e n y l  amine may decompose d u r i n g  e x t r a c t i o n  and GC a n a l y s i s .  O t h e r  
e x t r a c t i o n  and/or i n s t r u m e n t a t i o n  procedures shou ld  be cons ide red  f o r  u n s t a b l e  
anal  y t e s .  
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1 .3  The i d e n t i f i c a t i o n l i m i t o f t h i s m e t h o d m a y d e p e n d s t r o n g l y u p o n t h e  
l e v e l  and t y p e  o f  gas chromatographable ( G C )  semivol  a t i  l e  e x t r a c t a n t s .  The 
va lues  1 i s t e d  i n  Tab les  1 and 2 r e p r e s e n t  t h e  minimum q u a n t i t i e s  o f  s e m i v o l a t i l e  
o r g a n i c  compounds which have been i d e n t i f i e d  by t h e  s p e c i f i e d  GC/FT-IR system, 
u s i n g  t h i s  method and under r o u t i n e  env i ronmenta l  a n a l y s i s  c o n d i t i o n s .  Capi 11 a r y  
GC/FT-IR wastewater  i d e n t i f i c a t i o n  l i m i t s  o f  25 pg/L  may be achieved f o r  weak 
i n f r a r e d  absorbers  w i t h  t h i s  method, w h i l e  t h e  cor responding i d e n t i f i c a t i o n  
l i m i t s  f o r  s t r o n g  i n f r a r e d  absorbers  i s  2 pg/L.  I d e n t i f i c a t i o n  l i m i t s  f o r  o t h e r  
sample m a t r i c e s  can be c a l c u l a t e d  f rom t h e  wastewater va lues  a f t e r  c h o i c e  o f  t h e  
p r o p e r  sample workup procedure (see Sec. 7.1) .  

2.0 SUMMARY OF METHOD 

2.1 P r i o r  t o  u s i n g  t h i s  method, t h e  samples shou ld  be prepared f o r  
chromatography u s i n g  t h e  a p p r o p r i a t e  sample p r e p a r a t i o n  and c leanup methods. 
'This method d e s c r i b e s  chromatograph ic  c o n d i t i o n s  t h a t  w i l l  a l l o w  f o r  t h e  
s e p a r a t i o n  o f  t h e  compounds i n  t h e  e x t r a c t  and uses FT-IR f o r  d e t e c t i o n  and 
q u a n t i t a t i o n  o f  t h e  t a r g e t  a n a l y t e s .  

3.0 INTERFERENCES 

3 .1  G l  assware and o t h e r  sample p rocess ing  hardware must be t h o r o u g h l y  
c leaned t o  p r e v e n t  c o n t a m i n a t i o n  and m i s i n t e r p r e t a t i o n .  A1 1 o f  these  m a t e r i a l s  
must be demonst ra ted t o  be f r e e  f rom i n t e r f e r e n c e s  under t h e  c o n d i t i o n s  o f  t h e  
a n a l y s i s  by r u n n i n g  method b lanks .  S p e c i f i c  s e l e c t i o n  o f  reagen ts  o r  
p u r i f i c a t i o n  of s o l  ven ts  by d i s t i l  1 a t i o n  i n  a1 1 - g l a s s  systems may be r e q u i r e d .  

,- 3.2 M a t r i x  i n t e r f e r e n c e  w i l l  v a r y  c o n s i d e r a b l y  f rom source t o  source, 
depending upon t h e  d i v e r s i t y  o f  t h e  r e s i d u a l  waste be ing  sampled. Whi le  genera l  

' c leanup t e c h n i q u e s  a r e  p r o v i d e d  as p a r t  o f  t h i s  method, un ique samples may 
r e q u i r e  a d d i t i o n a l  c leanup t o  i s o l a t e  t h e  a n a l y t e s  o f  i n t e r e s t  f rom i n t e r f e r e n c e s  
i n  o r d e r  t o  ach ieve  maximum s e n s i t i v i t y .  

3 . 3  4-Chl  orophenol  and 2 - n i  t ropheno l  a r e  s u b j e c t  t o  i n t e r f e r e n c e  f rom co-  
e l  u t i n g  compounds. 

3.4 C1,ean a l l  g lassware as soon as p o s s i b l e  a f t e r  use by r i n s i n g  w i t h  t h e  
l a s t  s o l v e n t  used. Glassware shou ld  be sea led /s to red  i n  a c l e a n  environment 
immed ia te l y  a f t e r  d r y i n g  t o  p reven t  any accumula t ion o f  d u s t  o r  o t h e r  
contaminants .  

4.0 APPARATUS AND MATERIALS 

4 .1  Gas Chromatograph ic /Four ier  Transform I n f r a r e d  Spec t romet r i c  
Equipment 

4.1.1 F o u r i e r  T r a n s f o r m - I n f r a r e d  Spect,rometer - A 5pectrometer 
capab le  o f  c o l l e c t i n g  a t  l e a s t  one scan s e t  p e r  second a t  8 cm- r e s o l u t i o n  
i s  r e q u i r e d .  I n  genera l ,  a spect rometer  purchased a f t e r  1985, o r  
r e t r o f i t t e d  t o  meet post -1985 FT-IR improvements, w i l l  be necessary t o  
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meet t h e  d e t e c t i o n  l i m i t s  o f  t h i s  p r o t o c o l .  A s t a t e - o f - t h e - a r t  A/D 
conve r te r  i s  r equ i red ,  s i nce  i t  has been shown t h a t  t h e  s i g n a l - t o -  
n o i s e  r a t i o  o f  s i n g l e  beam GC/FT-IR systems i s  A/D conve r te r  
1  i m i  t ed .  

4.1.2 GC/FT-:[R I n t e r f a c e  - The i n t e r f a c e  should be 1  i g h t p i p e  volume- 
m 
by 

opt imized  f o r  t h e  se lec ted  chromatographic c o n d i t i o n s  (1 i g h t p i  pe v o l   me o f  
100-200 p L  f o r  c a p i l l  a r y  c o l  umns) . The s h o r t e s t  p o s s i b l e  i n e r t  t r a n s f e r  
l i n e  ( p r e f e r a b l y  fused s i l i c a )  should be used t o  i n t e r f a c e  t h e  end o f  t h e  
chromatographic column t o  t h e  l i g h t p i p e .  I f  fused s i l i c a  c a p i l l a r y  
columns a re  employed, t h e  end o f  t h e  GC column can serve as t h e  t r a n s f e r  
l i n e  i f  i t  i s  adequately heated. It has been demonstrated t h a t  t h e  
optimum l i g h t p i p e  volume i s  equal t o  t h e  f u l l  w i d t h  a t  h a l f  h e i g h t  o f  t h e  
GC e l u a t e  peak. 

4.1.3 C a p i l l a r y  Column - A  fused s i l i c a  DB-5 30 m x 0.32 rnm 
c a p i l l a r y  column w i t h  1.0 p m  f i l m  t h i ckness  ( o r  e q u i v a l e n t ) .  

4.1.4 Data A c q u i s i t i o n  - A  computer system ded ica ted  t o  t h e  GC/FT-IR 
system t o  a l l o w  t h e  cont inuous a c q u i s i t i o n  o f  scan s e t s  f o r  a  f u l l  
chromatographic run.  Per iphera l  da ta  s to rage  systems should be a v a i l a b l e  
(magnet ic t ape  and/or d i s k )  f o r  t h e  s to rage  o f  a l l  acqu i red  data.  
Sof tware should be a v a i l a b l e  t o  a1 low t h e  a c q u i s i t i o n  and s to rage  o f  every  
scan s e t  t o  l o c a t e  t h e  f i l e  numbers and t r ans fo rm  h i g h  S/N scan se ts ,  and 
t o  p r o v i d e  a  r e a l  t ime  recons t ruc ted  chromatogram. 

4.1.5 De tec to r  - A  cryoscopic ,  medium-band HgCdTe (MCT) d e t e c t o r  
w i t h  t h e  smal l  e s t  p r a c t i c a l  l foca l  area. Typ ica l  narrow-band MCT d e t e c t o r s  
operatel f rom 3800-a00 cm- , b u t  medium-band MCT d e t e c t o r s  can reach 
650 cm- . A  750 cm- c u t o f f  ( o r  l owe r )  i s  d e s i r a b l e  s i nce  i t  a l l ows  t h e  
d e t e c t i o n  o f  t y p i c a l  carbon-ch l  o r i n e  s t r e t c h  and aromat ic  o u t - o f  - p l  ane 
carbon- hydrogen v i b r a t i o n s  o f  environmental  1  y  impo r tan t  organo-ch l  o r i  ne 

r! 
trvav 

and po l ynuc l  ear  aromat ic  compounds. The MCT d e t e c t o r  s e n s i t i v i t y  (D) ' 
should be 2 1 x 10'' cm. 

4.1.6 L i g h t p i p e  - Const ructed o f  i n e r t  m a t e r i a l s ,  g o l d  coated, and 
vo lume-opt imized f o r  t h e  des i r ed  chromatographic c o n d i t i o n s  (see Sec. 
7.3). 

4.1.7 Gas Chromatograph - The FT-IR spect rometer  should be 
i n t e r f a c e d  t o  a  temperature programmable gas chromatograph equipped w i t h  
a  Grob-type ( o r  e q u i v a l e n t )  purged sp l  i t l e s s  i n j e c t i o n  system s u i  tab1 e  f o r  
c a p i l l a r y  g l ass  columns o r  an on-column i n j e c t o r  system. 

A  sho r t ,  i n e r t  t r a n s f e r  l i n e  should i n t e r f a c e  t h e  gas chromatograph 
t o  t h e  FT-IR l i g h t p i p e  and, i f  app l i cab le ,  t o  t he  GC d e t e c t o r .  Fused 
s i l i c a  GC columns may be d i r e c t l y  i n t e r f a c e d  t o  t he  l i g h t p i p e  i n l e t  and 
ou t1  e t  , 

4.2 Dry Purge Gas - I f  t h e  spectrometer i s  t h e  purge- type,  p r o v i s i o n s  
should be made t o  p rov ide  a  s u i t a b l e  cont inuous source o f  d r y  purge-gas t o  t h e  
FT-IR spect rometer .  
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4.3 Dry  C a r r i e r  Gas - The c a r r i e r  gas should be passed through an 
e f f i c i e n t  c a r t r i d g e - t y p e  d r i e r .  

4.4 Syr inges - 1-pL, 10-pL. 
I 

5.0 REAGENTS 

5.1 Reagent grade i no rgan i c  chemicals s h a l l  be used i n  a l l  t e s t s .  Unless 
o therw ise  i nd i ca ted ,  i t  i s  in tended t h a t  a l l  reagents  s h a l l  conform t o  t h e  
s p e c i f i c a t i o n s  o f  t h e  Committee on A n a l y t i c a l  Reagents o f  t h e  American Chemical 
Soc ie ty ,  where such s p e c i f i c a t i o n s  a re  a v a i l a b l e .  Other grades may be used, 
p rov ided  i t  i s  f i r s t  ascer ta ined  t h a t  t h e  reagent i s  o f  s u f f i c i e n t l y  h i g h  p u r i t y  
t o  pe rm i t  i t s  use w i t h o u t  l essen ing  t h e  accuracy o f  t h e  de te rmina t ion .  

5.2 O rgan i c - f r ee  reagent  water .  A l l  re ferences t o  water i n  t h i s  method 
r e f e r  t o  o r g a n i c - f r e e  reagent  water,  as de f i ned  i n  Chapter One. 

5.3 So lven ts  

5.3.1 Acetone, CH3COCH3 - P e s t i c i d e  qual i t y ,  o r  equ i va l en t  . 
5.3.2 Methylene c h l o r i d e ,  CH2C12 - P e s t i c i d e  qual  i t y ,  o r  equ i va l en t .  

5.4 Stock Standard So lu t i ons  (1000 mg/L) - Standard s o l u t i o n s  can be 
prepared f rom pure s tandard mate r i  a1 s  o r  purchased as a  c e r t i f i e d  s o l u t i o n .  

5.4.1 Prepare s tock  s tandard s o l u t i o n s  by accu ra te l y  weighing 0.1000 
t 0.0010 g  o f  pure m a t e r i a l .  D i sso l ve  t h e  m a t e r i a l  i n  p e s t i c i d e  q u a l i t y  - 
acetone o r  o t h e r  s u i t a b l e  so lven t  and d i l u t e  t o  volume i n  a  100 mL 
v o l u m e t r i c  f l a s k .  Larger  volumes can be used a t  t h e  convenience o f  t h e  
a n a l y s t .  When compound p u r i t y  i s  assayed t o  be 96 percent  o r  g rea te r ,  t h e  
we igh t  may be used w i t h o u t  c o r r e c t i o n  t o  c a l c u l a t e  t h e  concen t ra t i on  o f  
t h e  s t ock  standard.  Commercial ly prepared s tock  standards may be used a t  
any concen t ra t i on  i f  they  a re  c e r t i f i e d  by t h e  man l~ fac tu re r  o r  by an 
independent source. 

5.4.2 T rans fe r  t h e  s tock  standard s o l u t i o n s  i n t o  b o t t l e s  w i t h  Te f l on  
l i n e d  screw-caps. S to re  a t  4°C and p r o t e c t  f rom l i g h t .  Stock standard 
s o l u t i o n s  should  be checked f r e q u e n t l y  f o r  s igns  o f  degradat ion o r  
evapora t ion ,  especi  a1 l y  j u s t  p r i o r  t o  p repar ing  ca l  i b r a t i o n  standards f rom 
them. 

5.4.3 Stock standard s o l u t i o n s  must be rep laced  a f t e r  6 months o r  
sooner i f  conlparison w i t h  qual i t y  c o n t r o l  r e f e rence  samples i n d i c a t e s  a  
p r o b l  em. 

5.5 C a l i b r a t i o n  Standards and I n t e r n a l  Standards - For use i n  s i t u a t i o n s  
where GC/FT-IR w i l l  be used f o r  pr imary q u a n t i t a t i o n  o f  ana ly tes  r a t h e r  than 
c o n f i r m a t i o n  o f  GC/MS i d e n t i f i c a t i o n .  

5.5.1 Prepare c a l i b r a t i o n  standards t h a t  con ta i n  t h e  compounds o f  
i n t e r e s t ,  e i t h e r  s i n g l y  o r  mixed toge ther .  The standards should be 
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prepared a t  concen t ra t ions  t h a t  w i l l  comp le te ly  b racke t  t h e  work ing range 
o f  t h e  chromatographic system ( a t  l e a s t  one o rde r  o f  magnitude i s  
suggested). 

5.5.2 Prepare i n t e r n a l  s tandard s o l u t i o n s  . Suggested i n t e r n a l  
standards a re  1 -F l  uoronaphthalene, Terphenyl , 2-Chl orophenol , Phenol, 
Bis(2-chloroethoxy)methane, 2,4-Dichlorophenol,  Phenanthrene, Anthracene, 
and B u t y l  benzyl  ph tha la te .  Determine t h e  i n t e r n a l  s tandard concen t ra t i on  
l e v e l s  f rom t h e  minimum i d e n t i f i a b l e  q u a n t i t i e s .  See Tables 1 and 2. 

6.0 SAMPLE COLLECTION, PRESERVATION, AND HANDLING 

6.1 See t h e  i n t r o d u c t o r y  m a t e r i a l  t o  t h i s  chapter ,  Organic  Ana ly tes ,  Sec. 
4.1. 

7.0 PROCEDURE 

7.1 Sampl e Prepara t ion  - Samples must be prepared by one o f  t h e  f o l  1 owing 
methods p r i o r  t o  GC/FT-IR ana l ys i s .  

M a t r i x  Met hods 

Water 
So i l / sed iment  
Waste 

7.2 E x t r a c t s  may be cleaned up by Method 3640, Gel -Permeat ion Cleanup. 

7.3 I n i t i a l  C a l i b r a t i o n  - Recommended GC/FT-IR c o n d i t i o n s :  

Scan t ime:  
I n i  t i  a1 c o l  umn temperature and 
Column temperature program: 
F i n a l  column temperature ho ld :  
I n j e c t o r  temperature:  
T r a n s f e r  l i n e  temperature:  
L i g h t p i p e :  
I n j e c t o r  : 

Sampl e v o l  ume : 
C a r r i e r  gas: 

A t  l e a s t  2 scan/sec. 
h o l d  t ime:  40°C f o r  1 minute.  

40-280°C a t  10°C/mi n . 
280°C. 
280-300°C. 
270°C. 
280°C. 
Grob-type, sp l  i t l e s s  o r  on- 
co l  umn. 
2-3 pL .  
Dry he l ium a t  about 1 mL/min. 

7.4 Wi th  an o s c i l  loscope, check t h e  d e t e c t o r  c e n t e r b u r s t  i n t e n s i t y  versus 
t h e  manufac tu re r ' s  s p e c i f i c a t i o n s .  Increase t h e  source vo l tage ,  i f  necessary,  
t o  meet these  s p e c i f i c a t i o n s .  For re fe rence  purposes, l a b o r a t o r i e s  should 
prepare a p l o t  o f  t i m e  versus d e t e c t o r  vo l t age  over  a t  l e a s t  a 5 day pe r i od .  

7.5 C a p i l l a r y  Column I n t e r f a c e  S e n s i t i v i t y  Test  - I n s t a l l  a 30 m x 
0.32 mm fused s i l i c a  c a p i l l a r y  column coated w i t h  1.0 pm o f  DB-5 ( o r  
equ i va l ' en t ) .  Set  t h e  1 i g h t p i p e  and t r a n s f e r  l i n e s  a t  280°C, t h e  i n j e c t o r  a t  
225°C and t h e  GC d e t e c t o r  a t  280°C ( i f  used). Under sp l  i t l e s s  Grob- type o r  on- 
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column i n j e c t i o n  cond i t ions ,  i n j e c t  25 ng o f  nitrobenzene, d isso lved  i n  1 pL o f  
methylene c h l o r i d e .  The ni t robenzene should be i d e n t i f i e d  by t he  o n - l i n e  l i b r a r y  
sof tware search w i t h i n  t he  f i r s t  f i v e  h i t s  (ni t robenzene should be contained 

,- -, w i t h i n  t he  search 1.1 b ra ry )  . 
( 

'bd--‘ 7.6 I n te r f e rome te r  - I f  the  i n te r f e rome te r  i s  a i r - d r i v e n ,  ad jus t  t he  
i n te r f e rome te r  d r i v e  a i r  pressure t o  manufacturer 's s p e c i f i c a t i o n s .  

7.7 MCT Detec to r  Check - I f  the  cen te rburs t  i n t e n s i t y  i s  75 percent o r  
l e s s  o f  t h e  mean i n t e n s i t y  o f  t h e  p l o t  maximum obta ined by t he  procedure o f  Sec. 
7.4, i n s t a l l  a new source and check t he  MCT centerburs t  w i t h  an osc i l l oscope  
versus t h e  manufacturer 's s p e c i f i c a t i o n s  ( i f  ava i l ab le ) .  A1 low a t  l e a s t  f i v e  
hours o f  new source opera t ion  be fo re  data acqu i s i t i on .  

7.8 Frequency C a l i b r a t i o n  - A t  t h e  present t ime, no consensus e x i s t s  
w i t h i n  t h e  spect roscopic  corr~munity on a s u i t a b l e  frequency reference standard f o r  
vapor-phase FT- I R .  One rev iewer  has suggested t he  use o f  indene as an o n - t h e - f l y  
standard. 

7.9 Minimum I d e n t i f i a b l e  Q u a n t i t i e s  - Using t he  GC/FT-IR operat ing 
parameters s p e c i f i e d  i n  Sec. 7.3, determine the  minimum i d e n t i f i a b l e  q u a n t i t i e s  
f o r  t h e  compounds o f  i n t e r e s t .  

7.9.1 Prepare a p l o t  o f  1 i g h t p i  pe temperature versus MCT centerburs t  
i n t e n s i t y  ( i n  v o l t s  o r  o ther  v e r t i c a l  he igh t  u n i t s ) .  Th is  p l o t  should 
span t h e  temperature range between arnbient and the  1 i gh tp ipe  thermal 1 i m i t  
i n  increments o f  about 20°C. Use t h i s  p l o t  f o r  d a i l y  QA/QC (see Sec. 8.4). 
Note t h a t  modern GC/FT-IR i n t e r f a c e s  (1985 and l a t e r )  may have e l im ina ted  
most o f  t h i s  temperature e f f e c t .  

7.10 GC/FT-IR Ex t rac t  Analys is  

7.10.1 Analys is  - Analyze t he  d r i e d  methyl ene c h l o r i d e  e x t r a c t  
us ing  t h e  chromatographic cond i t i ons  s p e c i f i e d  i n  Sec. 7.3 f o r  c a p i l l a r y  
column i n t e r f a c e s .  

7.10.2 GC/FT-IR I d e n t i f i c a t i o n  - V isual  l y  compare t he  ana ly te  
i n f r a r e d  ( IR)  spectrum versus t he  search l i b r a r y  spectrum o f  t he  most 
promis ing o n - l i n e  l i b r a r y  search h i t s .  Report, as i d e n t i f i e d ,  those 
ana ly tes  w i t h  I R  f requencies f o r  t h e  f i v e  (paximum number) most in tense  1R 
bands (S/N r 5) which are w i t h i n  + 5.0 cm- o f  t he  corresponding bands i n  
t h e  l i b r a r y  spectrum. Choose I R  bands which are sharp and we l l  resolved. 
The software used t o  l o c a t e  spec t ra l  peaks should employ t h e  peak "center  
o f  g r a v i t y "  technique. I n  add i t ion ,  t he  I R  frequencies o f  t he  ana ly te  and 
1 i b r a r y  spec t ra  should be determined w i t h  t he  same computer software. 

7.10.3 Reten t ion  Time Conf i rmat ion - A f t e r  v i sua l  comparison of 
t h e  ana l y te  and l i b r a r y  spectrum as descr ibed i n  Sec. 7.10.2, compare t he  
r e l a t i v e  r e t e n t i o n  t imes (RRT) o f  t he  ana ly te  and an au thent ic  standard o f  
t h e  most promis ing l i b r a r y  search h i t .  The standard and analy te RRT 
should agree w i t h i n  + 0.01 RRT u n i t s  when both are determined a t  t h e  same 
chromatographic cond i t ions .  
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7.10.4 Compound Class o r  F u n c t i o n a l i t y  Assignment - I f  t h e  
a n a l y t e  cannot be unequ ivoca l l y  i d e n t i f i e d ,  r e p o r t  i t s  compound c l a s s  o r  
f u n c t i o n a l i t y .  See Table 3  f o r  gas-phase group f requenc ies  t o  be used as 
an a i d  f o r  compound c l a s s  assignment. It shoul f  be no ted  t h a t  FT-IR gas- 
phase group s t r e t c h i n g  f requenc ies  are 0-30 cm- h i g h e r  i n  f requency than 
those o f  t h e  condensed phase. 

7.10.5 Q u a n t i t a t i o n  - T h i s  p r o t o c o l  can be used t o  c o n f i r m  GC/MS 
i d e n t i f i c a t i o n s ,  w i t h  subsequent q u a n t i t a t i o n .  Two FT-IR q u a n t i t a t i o n  and 
a  supplemental GC d e t e c t o r  technique a re  a l s o  prov ided.  

7.10.5.1 I n t e g r a t e d  Absorbance Technique - A f t e r  a n a l y t e  
i d e n t i f i c a t i o n ,  c o n s t r u c t  a  s tandard c a l  i b r a t i o n  curve  o f  
concen t ra t i on  versus i n t e g r a t e d  i n f r a r e d  absorbance. For t h i s  
purpose, choose f o r  i n t e g r a t i o n  o n l y  those FT-IR scans which a re  a t  
o r  above t h e  peak h a l f - h e i g h t .  The c a l i b r a t i o n  curve  should span a t  
l e a s t  one o rde r  o f  magnitude and t h e  work ing range should b racke t  
t h e  a n a l y t e  concen t ra t ion .  

7.10.5.2 Maximum Absorbance I n f r a r e d  Band Technique - 
Fo l l ow ing  ana l y te  i d e n t i f i c a t i o n ,  c o n s t r u c t  a  s tandard c a l i b r a t i o n  
curve  o f  concen t ra t i on  versus maximum i n f r a r e d  band i n t e n s i t y .  For 
t h i s  purpose, choose an in tense ,  symmetr ical  and w e l l  r eso l ved  I R  
absorbance band. 

(Note t h a t  I R  t r ansm iss ion  i s  no t  p r o p o r t i o n a l  t o  concentra-  
t i o n ) .  Se lec t  t h e  FT-IR scan w i t h  t h e  h i g h e s t  absorbance t o  p l o t  
aga ins t  concen t ra t ion .  The c a l i b r a t i o n  curve  should span a t  l e a s t  
one o r d e r  o f  magnitude and t h e  work ing range should b racke t  t h e  
a n a l y t e  concen t ra t ion .  Th i s  method i s  most p r a c t i c a l  f o r  
r e p e t i t i v e ,  t a r g e t  compound analyses. I t  i s  more s e n s i t i v e  than  t h e  rn 
i n t e g r a t e d  absorbance technique.  b 

7.10.5.3 Supplemental GC De tec to r  Technique - I f  a  GC 
d e t e c t o r  i s  used i n  tandem w i t h  t h e  FT-IR de tec to r ,  t h e  f o l l o w i n g  
techn ique  may be used: f o l l o w i n g  a n a l y t e  i d e n t i f i c a t i o n ,  c o n s t r u c t  
a  s tandard c a l  i b r a t i o n  curve o f  concen t ra t i on  versus i n t e g r a t e d  peak 
area. The c a l i b r a t i o n  curve should span a t  l e a s t  one o rde r  o f  
magnitude and t h e  work ing range should b racke t  t h e  a n a l y t e  
concen t ra t i on .  Th i s  method i s  most p r a c t i c a l  f o r  r e p e t i t i v e ,  t a r g e t  
compound analyses. 

8.0 QUALITY CONTROL 

8.1 Refer  t o  Chapter One f o r  s p e c i f i c  q u a l i t y  c o n t r o l  procedures. 
Q u a l i t y  c o n t r o l  t o  v a l i d a t e  sample e x t r a c t i o n  i s  covered i n  Method 3500 and i n  
t h e  e x t r a c t i o n  method u t i l i z e d .  If e x t r a c t  c leanup was performed, f o l l o w  t h e  QC 
i n  Method 3600 and i n  t h e  s p e c i f i c  c leanup method. 

8.2 One Hundred Percent L i n e  Test  - Set t h e  GC/FT-IR o p e r a t i n g  c o n d i t i o n s  
t o  those employed f o r  t h e  S e n s i t i v i t y  Test  (see Sec. 7.5).  C o l l e c t  16 scans over  
t h e  e n t i r e  d e t e c t o r  s p e c t r a l  range. P l o t  t h e  t e s t  and measure t h e  peak- to-peak 
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n o i s e  between 1800 and 2000 cm-'. T h i s  n o i s e  shou ld  be 5 0.15%. S t o r e  t h i s  p l o t  
f o r  f u t u r e  r e f e r e n c e .  

z -, 8.3 S i n g l e  Beam Tes t  - W i t h  t h e  GC/FT-IR a t  a n a l y s i s  c o n d i t i o n s ,  c o l l e c t  
1 
(L 

16 scans i n  t h e  s i n g l e  beam mode. P l o t  t h e  co-added f i l e  and compare w i t h  a  
-/ subsequent f i l e  a c q u i r e d  i n  t h e  same f a s h i o n  seve ra l  minutes  l a t e r .  Note i f  t h e  

spec t romete r  i s  a t  purge e q u i l i b r i u m .  A l s o  check t h e  p l o t  f o r  s i g n s  o f  
d e t e r i o r a t i o n  o f  t h e  l i g h t p i p e  aotass ium bromide windows. S t o r e  t h i s  p l o t  f o r  
f u t u r e  r e f e r e n c e .  

8.4 A l i g n  Tes t  - Wi th  t h e  l i g h t p i p e  and MCT d e t e c t o r  a t  t he rma l  
e q u i l i b r i u m ,  check t h e  i n t e n s i t y  o f  t h e  c e n t e r b u r s t  ve rsus  t h e  s i g n a l  t empera tu re  
c a l  i b r a t i o n  cu rve .  S i g n a l  i n t e n s i t y  d e v i a t i o n  f rom t h e  p r e d i c t e d  i n t e n s i t y  may 
mean t h e r ~ i i a l  e q u i l i b r i u m  has n o t  y e t  been achieved,  l o s s  o f  d e t e c t o r  c o o l a n t ,  
decrease i n  sou rce  o u t p u t ,  o r  a  l o s s  i n  s i g n a l  t h roughpu t  r e s u l t i n g  f rom 
l i g h t p i p e  d e t e r i o r a t i o n .  

8 . 5  M i r r o r  A l ignment  - A d j u s t  t h e  i n t e r f e r o m e t e r  m i r r o r s  t o  a t t a i n  t h e  
most i n t e n s e  s i g n a l .  Data  c o l l e c t i o n  shou ld  n o t  be i n i t i a t e d  u n t i l  t h e  
i n t e r f e r o g r a m  i s  s t a b l e .  I f  necessary,  a l i g n  t h e  m i r r o r s  p r i o r  t o  each GC/FT-IR 
r u n .  

8.6 L i g h t p i p e  - The l i g h t p i p e  and l i g h t p i p e  windows shou ld  be p r o t e c t e d  
f r o m  m o i s t u r e  and o t h e r  c o r r o s i v e  substances a t  a l l  t imes .  Fo r  t h i s  purpose, 
m a i n t a i n  t h e  1  i g h t p i  pe tempera tu re  above t h e  maximum GC program tempera tu re  b u t  
be low i t s  t he rma l  d e g r a d a t i o n  l i m i t .  When n o t  i n  use, m a i n t a i n  t h e  l i g h t p i p e  
t e m p e r a t u r e  s l i g h t l y  above ambient .  A t  a l l  t imes ,  m a i n t a i n  a  f l o w  o f  d ry ,  i n e r t ,  
c a r r i e r  gas t h r o u g h  t h e  l i g h t p i p e .  

, " *\ 
I 8 .7  B e a m s p l i t t e r  - I f  t h e  spect rometer  i s  thermosta ted,  m a i n t a i n  t h e  
\-eWb.' b e a m s p l i t t e r  a t  a  tempera tu re  s l i g h t l y  above ambient  a t  a l l  t imes .  I f  t h e  

spec t romete r  i s  n o t  t he rmos ta ted ,  m in im ize  exposure o f  t h e  beamspl i t t e r  t o  
a tmospher i c  w a t e r  vapor.  

9 .0  METHOD PERFORMANCE 

9 .1  Method 8410 has been i n  use a t  t h e  U.S. Environmental  P r o t e c t i o n  
Agency Env i  r o n ~ i i e n t a l  M o n i t o r i n g  Systems l a b o r a t o r y  f o r  more than  two yea rs .  
P o r t i o n s  o f  i t  have been rev iewed by  key  mernbers o f  t h e  FT-IR spec t roscop ic  
community ( 9 ) .  S i d e - b y - s i d e  comparisons w i t h  GC/MS sample ana lyses i n d i c a t e  
s i m i l a r  demands upon a n a l y t i c a l  personne l  f o r  t h e  two techn iques .  E x t r a c t s  
p r e v i o u s l y  s u b j e c t e d  t o  GC/MS a n a l y s i s  a r e  g e n e r a l l y  compa t ib le  w i t h  GC/FT-IR. 
However, i t  shou ld  be k e p t  i n  mind t h a t  l i g h t p i p e  windows a r e  t y p i c a l l y  wa te r  
s o l u b l e .  Thus, e x t r a c t s  must be v i g o r o u s l y  d r i e d  p r i o r  t o  a n a l y s i s .  

9.2 T a b l e  4  p r o v i d e s  performance d a t a  f o r  t h i s  method. 
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TABLE 1. 
FUSED SILICA CAPILLARY COLllMN GAS CHROMATOGRAPHIC/FOURIER TRANSFORM 

INFRARED IDENTIFICATION LIMITS FOR BASE/NEUTRAL EXTRACTABLES 
. I ,  

I d e n t i f i c a t i o n  L i m i t  
blls,, L/ Compound ng i n j e c t e d a  m / L b  vmax, cm-'" 

Acenaphthene 
Acenaphthyl ene 
Anthracene 
Benzo(a) anthracene 
Benzo (a) pyrene 
B i s  (2-chloroethyl ) e t h e r  
B i  s ( 2 - ch l  oroethoxy)methane 
B i s ( 2 - c h l  o r o i  sopropy l )  e t h e r  
Bu t y l  benzyl  p h t h a l a t e  
4-Bromophenyl phenyl e t h e r  
2-Chl oronaphthal  ene 
4 -Ch lo roan i l  i n e  
4-Chl orophenyl  phenyl e t h e r  
Chrysene 
Di  -n-  b u t y l  ph tha l  a t e  
Di  benzofuran 
D i e t h y l  ph tha l  a t e  
Dimethyl  ph tha l  a t e  
Di  - n - o c t y l  ph tha l  a t e  
Di  -n -p ropy l  ph tha l  a t e  
1,2-Dichlorobenzene 

i" 1,3-Dichl  orobenzene 
bj 1,4-Dichl orobenzene 

2,4-Din i  t r o t o l  uene 
2,6-Din i  t r o t o l  uene 
B i s - ( 2 - e t h y l h e x y l )  ph tha la te  
F l  uoranthene 
F l  uorene 
Hexachl orobenzene 
Hexachl o rocyc l  opentad i  ene 
Hexachl oroethane 
1,3-Hexachlorobutadiene 
Isophorone 
2-Methyl naphtha1 ene 
Naphtha1 ene 
Nitrobenzene 
N-Ni t r osod ime thy l  amine 
N-Ni t r o s o d i  -n -p ropy l  amine 
N-Ni t r osod ipheny l  amined 
2 - N i t r o a n i l i n e  
3 - N i t r o a n i l i n e  
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TABLE 1. 
(Cont inued)  

I d e n t i f i c a t i o n  L i m i t  
Compound ng i n j e c t e d a  PSIL~ vmax, cm-lC 

4 - N i t r o a n i l  i n e  40 2 0 1362 
Phenanthrene 50 (50)  25(25) 729 
Pyrene lOO(50) 50(25) 820 
1 ,2 ,4 -Tr i ch l  orobenzene 50 (25)  25(12.5) 750 

" Determined u s i n g  on-co l  umn i n j e c t i o n  and t h e  c o n d i t i o n s  o f  Sec. 7.3. A medi um 
band H CdTe d e t e c t o r  [3800-700 cm-';  v value (Apeak 1000 Hz, 1 )  4.5 x 10" cm P HZ ' /~W-  ] t y p e  w i t h  a 0.25 mm2 f o c a l  c h i p  was used. The GC/FT-IR system i s  a 
1976 r e t r o f i t t e d  model. Values i n  parentheses were determined w i t h  a new 
(1986) GC/FT- :[R system. A narrow band HgCdTe d e t e c t o r  [3800-750cm-' ; ~ ' v a l  ue 

112 - 1  (Apeak 1000 Hz, 1 )  4 x 10" cm Hz W ] was used. Chromatographic c o n d i t i o n s  
a re  those  o f  Sec. 7.3. 

b Based on a 2 p L  i n j e c t i o n  o f  a one l i t e r  sample t h a t  has been e x t r a c t e d  and 
concen t ra ted  t o  a volume o f  1.0 mL. Values i n  parentheses were determined 
y i  t h  a new (1986) GC/FT-IR system. A narrow band HgCdTe d e t e c t o r  [3800-750cm- 

112 - 1  ;  v value (Apeak 1000 Hz, 1 )  4 x 10" cm Hz W ] was used. Chromatographic 
c o n d i t i o n s  a re  those  o f  Sec. 7.3. m 
Most i n t e n s e  I R  peak and suggested q u a n t i t a t i o n  peak. $4 

d Detected as d i  phenyl amine. 
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TABLE 2. 
FUSED S I  LICA CAP1 LLARY COLUMN GAS CHROMATOGRAPHIC/FOURI ER TRANSFORM 

INFRARED ON-LINE AUTOMATED IDENTIFICATION LIMITS FOR ACIDIC EXTRACTABLES 

I d e n t i f i c a t i o n  L i m i t  

Compound ng i n jec teda  pg/Lb vmax, cm"" 

Benzoic ac id  
2-Chl orophenol 
4-Chl orophenold 
4-Chl oro-3-methyl  phenol 
2-Methyl phenol 
4-Methyl phenol 
2,4-Dichlorophenol 
2,4-Dini t rophenol 
4,6-Dini  tro-2-methyl phenol 
2 - ~ i  t rophenold 
4-Ni t rophenol 
Pentachl orophenol 
Phenol 
2,4,6-Trichlorophenol 
2,4,5-Tr ichl  orophenol 

" Operat ing cond i t i ons  are the same as those c i t e d  i n  Sec. 7.3. 

Based on a 2 p L  i n j e c t i o n  o f  a one l i t e r  sample t h a t  has been ex t rac ted  and 
concentrated t o  a volume o f  1.0 mL. 

" Most in tense I R  peak and suggested q u a n t i t a t i o n  peak. 

d Subject t o  i n te r fe rence  from co-e l  u t i n g  compounds. 
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TABLE 3. 
GAS-PHASE GROUP FREQUENCIES 

Number o f  Frequency 
Func t iona l  i t y  Class Compounds Range, vcm-' 

E ther  A r y l ,  A1 k y l  
Benzyl , A1 k y l  
D i  a r y l  
D i  a1 k y l  
A1 k y l  , V i  n y l  

E s t e r  

N i t r o  

Unsubs t i t u ted  A1 i p h a t i c  
Aromat i c 
Monosubsti t u t e d  Ace ta te  

A1 -i phat  i c 

Aromatic 

N i t r i l e  A1 i p h a t i c  
Aromatic 

Ketone A1 i p h a t i c  (acyc l  i c )  
(a, P unsaturated)  
Aromatic 

Amide 

A1 kyne 

Ac id  

S u b s t i t u t e d  Acetamides 

A1 i p h a t i c  

A1 i p h a t i c  

Dimerized-A1 i p h a t i c  
Aromat i c 

Phenol 1,4-Di s u b s t i t u t e d  

1,3-Di s u b s t i  t u t e d  

1,2-Disubst i  t u t e d  

(con t inued)  
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TABLE 3. 
(Cont inued) 

L F u n c t i o n a l  i t y  Class 
Number o f  Frequency 
Compo~~nds Range, vcm-' 

A1 coho1 Pr imary  A1 i p h a t i c  20 
11 
16 

Secondary A1 i p h a t i c  17 
10 

T e r t i a r y  A1 i p h a t i c  10 
6 

Ami ne 

A1 kane 

Pr imary  Aromat ic  15 
Secondary Aromat ic  5 
A1 i phat  i c 10 

A1 dehyde Aromat i c 

A1 i p h a t i c  

Benzene Monosubst i t u t e d  
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TABLE 4. FUSED SILICA CAPILLARY COLUMN GC/FT-IR QUANTITATION RESULTS 

Compound 

Concentrat ion Maxi mum In teg ra ted  
Range, and ~ b s o r b a n c e ~  Absorbancec 

Ident  i f i c a t  i on Corre l  a t  i on Corre l  a t  i on 
L i m i t ,  nga c o e f f i c i e n t d  c o e f f i c i e n t d  

Acenaphthene 
Acenaphthyl ene 
Anthracene 
Benzo(a) anthracene 
Benzoic ac id  
Benzo(a) pyrene 
Bi  s (2-chl  oroethoxy)methane 
B i  s(2-chloroethyl ) e ther  
Bi  s(2-chl o r o i  sopropyl ) e ther  
4-Bromophenyl phenyl e the r  
Buty l  benzyl ph tha l  a te  
4-Chl oroani 1 i ne 
4-Chloro-3-methyl phenol 
2-Chl oronaphthal ene 
2-Chl orophenol 
4-Chl orophenole 
4-Ctilorophenyl phenyl e ther  
Chrysene 
Di benzofuran 
Di -n -bu ty l  ph tha la te  
1,2-Dichlorobenzene 
1,3-Dichl orobenzene 
1,4-Di c h l  orobenzene 
2,4-Dichl orophenol 
Dimethyl phthal  a te  
Dimethyl phthal  a te  
Di n i  t ro-2-methyl  phenol 
2,4-Dini  t rophenol 
2,4-Dini t r o t 0 1  uene 
2,6-Dini t r o t o l u e n e  
Di -n -oc ty l  ph tha la te  
Bi  s (2-e thy l  hexyl ) ph tha la te  
F l  uorant  hene 
F l  uorene 
Hexachlorobenzene 
1,3-Hexachl orobutadiene 
Hexachlorocyclopentadiene 
Hexachl o roe t  hane 
Isophorone 
2-Methyl naphtha1 ene 

(cont inued) 
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TABLE 4. (Continued) 

Concentrat ion Maxi mum In tegra ted  
Range, and ~ b s o r b a n c e ~  Absorbancec 

I d e n t i f i c a t i o n  Corre l  a t i o n  Corre l  a t  i on 
L im i t ,  nga ~ o e f f  i c i  entd ~ o e f f  i c ien td  

?-Methyl phenol 
4-Methyl phenol 
Naphtha1 ene 
2 - N i t r o a n i l i n e  
3 - N i t r o a n i l i n e  
4 - N i t r o a n i l  i n e  
Nitrobenzene 
2-Ni t rophenole 
4-Ni t rophenol 
N-Ni t rosodimethy l  amine 
N-Ni t r osod i  phenyl amine 
N-N i t rosod i -n -p ropy lamine  
Pent achl orophenol 
Phenant hrene 
Phenol 
Pyrene 
1,2,4-Tr ichl  orobenzene 
2,4,5-Trichlorophenol 
2,4,6-Tr ichl  orophenol 

(*-/ a Lower end o f  range i s  a t  o r  near t he  i d e n t i f i c a t i o n  1  i m i t .  

b FT- I R  scan w i t h  h ighest  absorbance p l o t t e d  against concentrat ion. 

" I n teg ra ted  absorbance o f  combined FT-IR scans which occur a t  o r  above the  
chromatogram peak h a l f - h e i g h t .  

d Regression ana lys is  c a r r i e d  out  a t  f o u r  concentrat ion l e v e l s .  Each l e v e l  
analyzed i n  dupl i c a t e .  Chromatographic cond i t ions  are s ta ted  i n  Sec. 7.3. 

" Subject t o  i n te r fe rence  from co-e l  u t i n g  compounds. 
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4.4 MISCELLANEOUS SCREENING METHODS 
b 

The f o l l o w i n g  methods a re  inc luded  i n  t h i s  sect ion:  

Method 3810: Headspace 
Method 3820: Hexadecane E x t r a c t i o n  and Screening o f  Purgeable 

Organics 
Method 4010: Screening f o r  Pentachl orophenol by Immunoassay 
Method 8275: Thermal Chromatography/Mass Spectrometry (TC/MS) 

f o r  Screening Semivol a t  i 1 e Organic Compounds 
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METHOD 3810 

HEADS PACE 
1 

1.0 SCOPE AND APPLICATION 

1.1 Method 3810 was formerly Method 5020 i n  the second ed i t i on  o f  t h i s  
manual. 

1.2 Method 3810 i s  a s t a t i c  headspace technique f o r  ex t rac t ing v o l a t i l e  
organic compounds from samples. It i s  a simple method t ha t  allows large 
numbers of samples t o  be screened i n  a r e l a t i v e l y  short  per iod o f  time. It i s  
idea l  f o r  screening samples p r i o r  t o  using the purge-and-trap method. 
Detection l i m i t s  f o r  t h i s  method may vary widely among samples because o f  the 
large v a r i a b i l i t y  and complicated matrices o f  waste samples. The method works 
best f o r  compounds w i t h  b o i l i n g  po in ts  o f  less  than 125'C. The s e n s i t i v i t y  o f  
t h i s  method w i  11 depend on the  equi 1 i b r i a  o f  the various compounds between the 
vapor and d i  ssol ved phases. 

1.3 Due t o  the  v a r i a b i l i t y  o f  t h i s  method, t h i s  procedure i s  recomnended 
f o r  use on ly  as a screening procedure f o r  other, more accurate determinative 
methods (Methods 8010, 8015, 8020, 8030, and 8240). 

2.0 SUMMARY OF METHOD 

<*G \ 
2.1 The sample i s  co l lec ted  i n  sealed glass containers and a1 lowed t o  

equi 1 i bra te  a t  90'C. A sample o f  the headspace gas i s  withdrawn w i th  a gas- 
t i g h t  syr inge f o r  screening analysis using the  condit ions spec i f ied i n  one o f  
the GC o r  GCIMS determinative methods (8010, 8015, 8020, 8030, o r  8240). 

3.0 INTERFERENCES 

3.1 Samples can be contaminated by d i f f us i on  o f  vol a t i  1 e organics 
( p a r t i c u l a r l y  chlorofluorocarbons and methyl ene chloride) through the sample 
container septum dur ing shipment and storage. A f i e l d  sample blank prepared 
from reagent water and ca r r i ed  through sampling and subsequent storage and 
hand1 i n g  can serve as a check on such contamination. 

3.2 Contamination by carryover can occur whenever high-1 evel and low- 
1 evel sampl es are sequenti a1 l y  analyzed. To reduce carryover, the sample 
syringe must be r insed ou t  between samples w i t h  reagent water. Whenever an 
unusually concentrated sample i s  encountered, it should be followed by an 
analysis o f  reagent wiiter. It may be necessary t o  wash out  the syringe w i th  
detergent, r i n s e  w i t h  d i s t i  1 l e d  water, and dry  i n  a 105'C oven between 
analyses. 

3.3 Before processing any samples, the analyst should demonstrate d a i l y  
through the analysis o f  an organic-free water o r  solvent blank tha t  the e n t i r e  
ana ly t i ca l  system i s  interference-free. 
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4.0 APPARATUS AND MATERIALS 

4.1 Refer t o  the spec i f i c  determinative method f o r  appropriate apparatus 
and materi a1 s. 

4.2 Vials: 125-mL Hypo-Vials (Pierce Chemical Co., #12995, o r  
a 

equi val e n t m u r  each. 

4.3 Septa: Tuf -Bond (Pierce 812720 o r  equi val ent) . 
4.4 Seals: A1 umi num (Pierce 1132141 o r  equi val ent) . 
4.5 Crimper: Hand (Pierce #I3212 o r  equivalent). 

4.6 Syringe: 5-mL, gas-t ight wi th  shutoff  valve and chromatographic 
need1 es. 

4.7 Microsyringe: 250- o r  500-uL. 

4.8 Water bath: Heated, w i th  concentric r i n g  cover, capable o f  
temperature control  (25.C) . The bath should be used i n  a hood. 

5.0 REAGENTS 

5.1 Refer t o  the spec i f i c  determinative method and Method 8000 f o r  
preparation o f  cal  i bra t  i on standards. 

6.0 SAMPLE COLLECTION, PRESERVATION, AND HANDLING 

6.1 Refer t o  the introductory material t o  t h i s  chapter, Organic 
Analytes, Section 4.1. 

7.0 PROCEDURE 

- 7.1 Gas chromatographic conditions and Cali bration: Refer t o  the 
spec i f i c  determinative method f o r  GC operating condit ions and t o  Method 8000, 
Section 7.4, f o r  cal I brat ion procedures. 

7.2 Sampl e preparat i on : 

7.2.1 Place 10.0 g o f  a well-mixed waste sample i n t o  each o f  two 
separate 125-mL septum-seal v i  a1 s. 

7.2.2 Dose one sample v i a l  througk the septum wi th 200 uL o f  a 
50 ng/uL cal  i b r a t i  on standard containing the compounds o f  in terest .  
Label t h i s  "1-ppm spi ke." 
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7.2.3 Dose a separate (empty) 125-mL septum seal v i a l  w i th  200 uL 
of the same 50 ng/uL ca l i b ra t i on  standard. Label t h i s  "1-ppm standard." 

z i  "i", 
I 7.2.4 Place the sample, 1-ppm-spi ke, and 1-ppm-standard v i a l s  i n t o  

a 90°C water bath f o r  1 hr. Store the remaining sample v i a l  a t  4.0°C f o r  
possib le f u tu re  analysis. 

7.3 Sample analysis: 

7.3.1 While maintaining the v i a l s  a t  . 90°C, withdraw 2 mL o f  the 
headspace gas w i t h  a gas-t ight  syringe and analyze by d i r e c t  i n j ec t i on  
i n t o  a GC. The GC should be operated using the same GC condit ions 1 i s t e d  
i n  the  method being screened (8010, 8015, 8020, 8030, o r  8240). 

7.3.2 Analyze the 1-ppm standard and adjust  instrument sensi t i  vf t y  
t o  g ive a minimum response o f  a t  l eas t  2 times the background. Record 
re ten t i on  times (RT) and peak areas o f  compounds o f  in terest .  

7.3.3 Analyze the 1-ppm spiked sample i n  the same manner. Record 
RTs and peak areas. 

7.3.4 Analyze the undosed sample as i n  Paragraph 7.3.3. 

7.3.5 Use the resu l t s  obtained t o  determine i f  the sample requires 
d i  1 u t i o n  o r  methanol i c  ex t rac t ion  as indicated i n  Method 5030. 

8.0 QUALITY CONTROL 
i""? 

Y~ 8.1 Before processing any samples, the analyst  should demonstrate 
through the  analysis o f  a d i s t i l l e d  water method blank t ha t  a l l  glassware and 
reagents are  inter ference-free.  Each time a set  o f  samples i s  extracted o r  
there i s  a change i n  reagents, a method blank should be processed as a 
safeguard against chronic 1 aboratory contamination. The blank samples should 
be ca r r i ed  through a l l  stages o f  the sample preparation and measurement. 

8.2 Standard q u a l i t y  assurance pract ices should be used w i th  t h i s  
method. F o r t i f i e d  samples should be car r ied  through a l l  stages o f  sample 
preparat ion and measurement; they should be analyzed t o  va l idate  the 
s e n s i t i v i t y  and accuracy o f  the analysis. I f  the f o r t i f i e d  waste samples do 
not  i nd i ca te  su f f i c ien t  s e n s f t i v i t y  t o  detect less  than o r  equal t o  1 ug/g o f  
sample, then the s e n s i t i v i t y  o f  the instrument should be increased. 

9.0 METHOD PERFORMANCE 

9.1 No data provided. 
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METHOD 3820 

HEXADECANE EXTRACTION AND SCREENING OF PURGEABLE ORGANICS 

, 1.0 SCOPE AND APPLICATION 

1.1 This method i s  a screening procedure f o r  use wi th  purge-and-trap GC 
o r  GC/MS. The resu l ts  o f  t h i s  analysis are purely qua11 ta t i ve  and should not 
be used as an a l ternat ive t o  more detai led and accurate quant i tat ion methods. 

2.0 SUMMARY OF METHOD 

2.1 An a1 lquot o f  sample i s  extracted w i  t h  hexadecane and then analyzed 
by GC/FID. The resu l ts  o f  t h i s  analysl s w i  11 indlcate whether the sample 
requi res d l  1 u t ion  o r  methanol 1 c extract ion p r i o r  t o  purge-and-trap GC o r  GC/MS 
analysi s. 

3.0 INTERFERENCES 

3.1 Method interferences may be caused by contaminants i n  solvents, 
reagents, and glassware. A1 1 these materials must be rout ine ly  demonstrated 
t o  be f ree  f r o m  contaminants by running laboratory reagent blanks. Matrix 
interferences may be caused by contaminants tha t  are coextracted f r o m  the 
sample. The extent o f  matrix Interferences w i l l  vary considerably f r o m  sample 
t o  sample depending upon the nature and d ivers i ty  o f  the water being sampled. 

3.2 The flame ion1 zation detector varies considerably i n  sens i t i v i t y  
when comparing aromatics and halogenated nthanes and ethanes. Halomethanes 
are approximately 20x less sensi ti ve than aromatics and haloethanes 
approximately l o x  less sensi t ive.  Low-mol ecul ar-weight, water-sol ubl e 
solvents (e.g., alcohols and ketones) w i l l  not extract f r o m  the water, and 
therefore w i l l  not  be detected by GCIFID. 

4.0 APPARATUS AND MATERIALS 

4.1 Balance: Analytical , capable o f  accurately weighing 0.0001 gm. 

4.2 Gas Chromatoqraph: An analyt ical  system complete with gas 
chromatograph sui table f o r  on-col urn i nject ion and a1 1 requi red accessori es 
including syringes, analy t ica l  columns, gases, detector, and str ip-chart  
recorder (or equivalent) . A data system I s  recommended f o r  measuri ng peak 
heights andlor peak areas. 

4.2.1 Detector: Flame ionization (FID). 

4.2.2 6C column: 3-m x 2-mm I.D. glass column packed with 
10% OV-101 on 100/120 mesh Chromosorb W-HP (or equivalent). The 
column temperature should be programed f r o m  80'C t o  280'C a t  16'C/min 
and held a t  280'C f o r  10 min. 
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4.3 Centrl f uge: Capable o f  accomnodatl ng 50-mL glass tubes. 

4.4 V l  a ls  and caps: 2-mL f o r  GC autosampler. 

4.5 Volumetrlc flasks: 10- and 50-mL wl th ground-glass stopper o r  fl -i 
Teflon-llned screw-cap. 

4.6 Centrl fuge tubes: 50-mL w l  t h  ground-glass stopper o r  Teflon-1 1 ned 
screw-cap. 

4.7 Pasteur plpets: Dlsposable. 

4.8 Bottles: Teflon-sealed screw-cap. 

5.0 REAGENTS 

5.1 Hexadecane and methanol : Pest1 clde qua1 I t y  o r  equl val ent. 

5.2 Rea ent water: Reagent water I s  deflned as water I n  whlch an 
Interference -!-T s not o served a t  the method detectlon l l m l t  o f  each parameter 
o f  In terest  . 

5.3 Stock standard solutions (1.00 ug/uL): Stock standard solutlons can 
be purchased as c e r t l  f led sol utlons o r  can be prepared f rom pure standard 
materl a1 s. 

5.3.1 Prepare stock standard sol utlons by accurately weigh1 ng about 
0.0100 grams of pure materlal . Dl ssolve the materlal I n  methanol I n  a 
10-mL vol umetrlc f lask  and d l  l u t e  t o  volume (larger volumes nay be used 
a t  the convenlence o f  the analyst). I f  compound pu r l t y  I s  c e r t l f l e d  a t  0 96% o r  greater, the welght can be used without correct ion t o  calculate 
the concentratlon o f  the stock standard. Comnercl a1 l y  aval 1 abl e stock 
standards may be used I f  they are ce r t i f i ed  by the manufacturer. 

5.3 .2 Transfer the stock standard so1 ut lons I n t o  Tef Ion-seal ed 
screw-cap bott les. Store a t  4.C and protect f r o m  l l gh t .  These standards 
should be checked frequently f o r  signs o f  degradatlon o r  evaporation. 

5.4 Standard mlxture #I: Standard mlxture # l  should contaln benzene, 
to1 uene, ethy l  benzene, and xylene. Prepare a stock sol u t lon  contalnlng these 
compounds as descrlbed I n  Paragraph 5.3 and then prepare a working standard 
(through d l l u t l on )  I n  whlch the concentratlon o f  each compound I n  the standard 
I s  100 ng/uL I n  methanol. 

5.5 Standard mlxture 12: Standard mlxture #2 .should contaln n-nonane 
and n-dodecane . Prepare a stock solut lon containing these compounds as 
descrlbed I n  Paragraph 5.3. D l lu te  the stock standard w l th  methanol so tha t  
the concentratlon o f  each compound I s  100 ng/uL. 
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6.0 SAMPLE COLLECTION, PRESERVATION, AND HANDLING 

6.1 See the introductory material t o  t h i s  chapter, Organlc Analytes, 
Section 4.1. 

7.0 PROCEDURE 

7.1 Sampl e preparati on : 

7.1.1 Water: 

7.1.1.1 Allow the contents o f  the 40-mL sample v l a l  t o  come t o  
room temperature. Quickly t ransfer  the contents o f  the 40-mL v l a l  
t o  a 50-mL volumetric flask. Imnediately add 2.0 mL o f  hexadecane, 
cap the f lask, and shake the contents vigorously for 1 min. Let 
phases separate. Open the f lask  and add su f f i c i en t  reagent water t o  
br ing the hexadecane layer  i n t o  the neck o f  the flask. 

7.1.1.2 Transfer approximately 1 mL o f  the hexadecane layer  t o  
a 2.0-mL GC v la l .  I f  an emulsfon i s  present a f t e r  shaking the 
sample, break i t  by: 

1. p u l l i n g  the emulsion through a small plug o f  Pyrex 
glass wool packed I n  a pipet, o r  

2. t ransferr ing the emulsion t o  a centri fuge tube and 
cent r i  fuging f o r  several min. 

7.1.2 Standards: 

7.1.2.1 Add 200 uL o f  the working standard mixtures #l and 12 
t o  separate 40-mL port ions of reagent water. Follow the 
inst ruct ions i n  Sections 7.1.1.1 and 7.1.1.2 w i th  the i m d i a t e  
add1 t i o n  o f  2.0 mL o f  hexadecane. 

7.1.3.1 Add approximately 10 g o f  sample (wet weight) t o  40 mL 
o f  reagent water i n  a 50-mL centri fuge tube. Cap and shake 
vigorously f o r  1 mfn. Centri fuge the sample b r i e f l y .  Quickly 
transfer the supernatant water t o  a 50-mL volumetric flask. 

7.1.3.2 Follow the Instruct ions given i n  Sections 7.1.1.1 and 
7.1.1.2, s ta r t i ng  w i th  the addit ion o f  2.0 mL o f  hexadecane. 

7.2 Analysis: 

7.2.1.1 External standard cal I bratlon: The GC/FID m s t  be 
ca l  ibrated each 12-hour s h i f t  f o r  h a l f  o f  fu l l -scale response when 
in jec t i ng  1-5 uL o f  each extracted standard mixture #l and 12 
(Paragraphs 5.4 and 5.5). 
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7.2.2 GC/FID analysis: I n j e c t  the same volume o f  hexadecane 
extract f o r  the sample under invest igat ion as was used t o  perform the 
external standard cal  ibrat ion. The GC conditions used f o r  the standards 
analysis must a1 so be the same as those used t o  analyze the samples. 

7.2.3 Interpretation o f  the GC/FID chmmatograms: There are two 
options f o r  in te rpre ta t ion  o f  the GC/FID results. 

7.2.3.1 0 t i o n  A: The standard mixture #1 i s  used t o  
calculate an ---T approx mate concentration o f  the aromatics i n  the 
sample. Use t h i s  information t o  determine the proper d i l u t i o n  f o r  
purge-and-trap i f  the sample i s  a water. I f  the sample i s  a 
sediment/soil , use t h i s  information t o  determine which GC/MS purge- 
and-trap method (low- o r  high-level) should be used. I f  aromatics 
are absent from the sample o r  obscured by higher concentrations o f  
other purgeables, use Option B. 

7.2.3.2 0 t i o n  B: The response o f  standard mixture #2 i s  used 
t o  determine -kr w c purge-and-trap method should be used f o r  
analyzing a sample. A l l  purgeables o f  in te res t  have retent ion times 
less than the n-dodecane retent ion time. A d i l u t i o n  factor  
(Paragraph 7.2.4.1.3) may be calculated f o r  water samples, and an X 
fac tor  (Paragraph 7.2.4.2.3) fo r  soi  l /sediment samples, t o  determine 
whether the 1 ow- o r  high-1 eve1 . purge-and-trap procedure should be 
used. 

7.2.4 Analyt ical  decision point: 

7.2.4.1 Water Sam 1 es: Compare the hexadecane sample ext ract  
chromatograms 7-- aga nst  an extracted standard c hromatogram. 

7.2.4.1.1 I f  no peaks are noted, analyze a 5-mL water 
sample by the purge-and-trap method. 

7.2.4.1.2 I f  peaks are present p r i o r  t o  the n-dodecane 
peak and aromatics are distinguishable, fo l low Option A 
(Paragraph 7 .2.3.1). 

7.2.4.1.3 I f  peaks ape present p r i o r  t o  the n-dodecane 
but  the aromatics are absent o r  indistinguishable, Option B 
should be used as follows: I f  a1 1 peaks (p r io r  t o  n-dodecane) 
are <3% o f  the n-nonane, analyze 5 mL o f  water sample by the 
purge-and-trap method. I f  any peak i s  >3% o f  the n-nonane, 
measure the area o f  the major peak and calculate the necessary 
d i  1 u t i  on fac tor  as f o l l  ows: 

d i l u t i o n  fac tor  = 50 x area o f  major peak i n  sample 
peak area o f  n-nonane 

The water sample should be d i l u ted  using the calculated factor  
j u s t  p r i o r  t o  purge-and-trap GC o r  GC/MS analysis. 
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7.2.4.2 Sol 1 /sediment s-1 es: Compare the hexadecane sampl e 
ex t rac t  chromatograms agai nst  ah extracted standard chromatogram. 

7.2.4.2.1 I f  no peaks are noted, analyze a 5-g sample by 
the 1 ow-1 eve1 purge-and-trap procedure. 

7.2.4.2.2 I f  peaks are present p r i o r  t o  the n-dodecane 
and aromatics are dist inguishable, fo l low Option A using the 
concentrat ion f nformation given i n  Table 1 t o  determine whether 
t o  analyze the sample by a low- o r  high-level purge-and-trap 
technique. 

7.2.4.2.3 I f  peaks are present p r i o r  t o  n-dodecane but 
aromatics are absent o r  indist inguishable, use Option B. 
Calculate an X fac to r  f o r  the sample using the fo l lowing 
equation : 

X f ac to r  = area o f  major peak i n  sample 
area o f  n-nonatie 

Use the informat ion provided i n  Table 1 t o  determine how the 
sample should be handled f o r  GC/MS analysis. 

7.2.4.2.4 I f  a high-level method i s  indicated, the 
informat ion provided i n  Table 2 can be used t o  determine the 
volume o f  methanol ex t rac t  t o  add t o  5 mL o f  reagent water f o r  
analysis (see Methods 5030 and 8240 f o r  methanol i c  ext ract ion 

. procedure). 

8.0 QUALITY CONTROL 

8.1 I t  i s  recommended tha t  a reagent blank be analyzed by t h i s  screening 
procedure t o  ensure t h a t  no laboratory contamination exists. A blank should 
be performed fo r  each set  of samples undergoing ext ract ion and screening. 

9.0 METHOD PERFORMANCE 

9.1 No data avai lable.  

10.0 REFERENCES 

1. U.S. EPA Contract Laboratory Program, Statement o f  Work f o r  Organic 
Analysis, Ju ly  1985, Revision. 
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TABLE 1. DETERMINATION OF GCIMS PURGE-AND-TRAP METHOD 

Approxl mate 
X Factor Concentration Range a Analyze by 

rci""1, 

0-1.0 0-1,000 ug/kg Low-1 eve1 method 
>l -0 >I, 000 ug/kg High-1 eve1 method 

a Thl s concentratlon range I s  based upon the response o f  aromatics t o  
GC/FID. The concentratlon f o r  halomethanes I s  20x hlgher, and haloethanes 
lox hlgher, when comparing GCIFID responses. 

TABLE 2. QUANTITY OF METHANOL EXTRACT REQUIRED FOR ANALYSIS OF HIGH-LEVEL 
SOIL/SEDIMENTS f-7 w 

Approxi mate Volume o f  
X Factor Concentratlon Range a Methanol Extract b 

100 u l  
50 b1 
10 u l  

100 uL o f  
1/50 d l1  u t lon  

a Actual concentratlon ranges could be 10 t o  20 times hlgher than t h l  s 
I f  the compounds are halogenated and the estlmates are from GCIFID. 

b The volume o f  methanol added t o  5 mL o f  water belng purged should be 
100 uL. Therefore I f  the amount o f  methanol ext ract  required I s  less than 100 
uL, addit ional methanol should be added t o  m l n t a l n  the constant 100-uL 
vol ume. 

D i l u te  an a l iquot  o f  the methanol extract and then take 100 uL f o r  
analysl s. 
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HIEXAOCCANE EXTRACTION &NO SCREENING OF PURGEABLE ORGANICS 
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uETnoD 3820 

WXAOECANE CXTRACTION AND SCREENING OF PURGEABLE ORGANICS 
(Continued) 
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METHOD 4010 

1.0 SCOPE AND APPLICATION 

1.1 Method 4010 is a procedure for screening sol ids such as soils, 
sludges, and aqueous media such as waste water and leachates for 
pentachl orophenol (PCP) (CAS Registry 87-86-5). 

1.2 Method 4010 is recommended for screening samples to determine whether 
PCP is likely to be present at concentrations above 0.5 mg/Kg for solids or 
0.005 mg/L for aqueous samples. Method 4010 provides an estimate for the 
concentration of PCP by comparison with a standard. 

1.3 Using the test kits from which this method was developed, 95 % of 
aqueous samples containing 2 ppb or less of PCPs will produce a negative result 
in the 5 ppb test configuration. Also, 95 % of soil samples containing 125 ppb 
or less of PCBs will produce a negative result in the 500 ppb test configuration. 

1.4 In cases where the exact concentration of PCP is required, additional 
techniques (i.e., gas chromatography (Method 8040) or gas chromatography/mass 
spectrometry (Method 8270)) should be used. 

2.0 SUMMARY OF METHOD 

2.1 Test kits are commercially available for this method. The C' manufacturer's directions should be followed. In general, the method is 
performed using a water sample or an extract of a soil sample. Sample and an 
enzyme conjugate reagent are added to immobilized antibody. The enzyme conjugate 
"competes" with PCP present in the sample for binding to immobilized anti-PCP 
anti body. The test is interpreted by comparing the response produced by testing 
a sample to the response produced by testing standard (s) simultaneously . 

3.0 INTERFERENCES 

3.1 Compounds that are chemically similar may cause a positive test (false 
positive) for PCP. The test kit used in preparation of this method was evaluated 
for interferences. Table 1 provides the concentration of compounds found to give 
a false positive test at the indicated concentration. 

3.2 Other compounds have been tested for cross reactivity with PCP, and 
have been demonstrated to not interfere with the specific kit tested. Consult 
the information provided by the manufacturer of the kit used for additional 
information regarding cross reactivity with other compounds. 

3.3 Storage and use temperatures may modify the method performance. Follow 
the manufacturer's directions for storage and use. 
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4.0 APPARATUS AND MATERIALS 

4.1  PENTA RISc Test K i t s  (EnSys, Inc.  ) , o r  equivalent .  Each commercial l y  
ava i l ab le  t e s t  k i t  w i  11 supply o r  spec i fy  the  apparatus and mate r ia l s  necessary 
f o r  successful completion o f  the  t e s t .  m?, 

'% 

5.0 REAGENTS 

5.1 Each commercially ava i l ab le  t e s t  k i t  w i l l  supply o r  spec i f y  the  
reagents necessary f o r  successful completion o f  the  t e s t .  

6.0 SAMPLE COLLECTION, PRESERVATION, AND HANDLING 

6.1 See the in t roduc to ry  mater ia l  t o  t h i s  chapter, Organic Analytes, 
Sect ion 4.1. 

7.0 PROCEDURE 

7.1 Fol low t h e  manufacturer's i n s t r u c t i o n s  f o r  the  t e s t  k i t  being used. 
Those t e s t  k i t s  used must meet o r  exceed the performance ind ica ted i n  Tables 2-3. 

8.0 QUALITY CONTROL 

8.1 Follow the manufacturer's i n s t r u c t i o n s  f o r  the  t e s t  k i t  being used f o r  
qua1 i t y  c o n t r o l  procedures s p e c i f i c  t o  the t e s t  k i t  used. Add i t i ona l l y ,  guidance 
provided i n  Chapter One should be fol lowed. rn 

8.2 Use o f  rep1 i c a t e  analyses, p a r t i c u l a r l y  when r e s u l t s  i n d i c a t e  
d 

concentrat ions near the  ac t ion  1 eve1 , i s '  recommended t o  r e f i n e  in format ion 
gathered w i t h  t h e  k i t .  

8.3 Do n o t  use t e s t  k i t s  past t h e i r  exp i ra t i on  date. 

8.4 Do no t  use tubes o r  reagents designated f o r  use w i t h  o ther  k i t s .  

8.5 Use the t e s t  k i t s  w i t h i n  t h e i r  spec i f i ed  storage temperature and 
operat ing temperature l i m i t s .  

8.6 Method 4010 i s  intended f o r  f i e l d  o r  labora tory  use. The appropr iate 
l e v e l  o f  q u a l i t y  assurance should accompany the  app l i ca t ion  o f  t h i s  method t o  
document data q u a l i t y .  . 

9.0 METHOD PERFORMANCE 

9.1 This method has been appl ied t o  a ser ies  o f  groundwater, process 
water, and wastewater samples from indus t r i es  which use PCP, and the r e s u l t s  
compared w i t h  GC/MS determination o f  PCP (Method 8270). These r e s u l t s  are 
provided i n  Table 2 .  These r e s u l t s  represent determinations by two labora to r ies .  
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9.2 This method has been applied to a series of soils from industries 
which use PCP and the results compared with GC/MS determination of PCP via Method 
8270. These results are provided in Table 3. These results represent 
determinations by two 1 aboratori es. 

I P  
IJ * 

10.0 REFERENCES 

1. J.P. Mapes, K.D. McKenzie, L.R. McClelland, S. Movassaghi, R.A. Reddy, R.L. 
Allen, and S.B. Friedman, "Rapid, On-Site Screening Test for 
Pentachlorophenol in Soi 1 and Water - PENTA-RISC~'", Ensys Inc., Research 
Triangle Park, NC 27709 

2.  J.P. Mapes, K.D. McKenzie, L.R. M c Clella~~, S. Movassaghi, R.A. Reddy, R.L. 
Allen, and S.B. Friedman, "PENTA-RISc - An On-Site Immunoassay for 
Pentachlorophenol in Soi 1 ", Bull . Environ. Contam. Toxic01 . , 49:334-341, 
1992. 

3 .  PENTA-RISC~' Instruct ions for Use, Ensys Inc. 
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a f o r  PENTA RISc Test K i t  (EnSys, I n c . )  
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Table 2 
Comparison of Immunoarsa~ WUI OCMS 

Screening Results (ppm) Concentmuon measured I DDt6 nu- tesl agTee Wlth 

Sampk Type 

groundwater > > < 3.5 m 

> < 0.35 Ye= 

> < e0.1 Ye= 

> < 8.2 Yes 

- screening test lndkstes that the sample concentralton Is greater tlum the teQ concentration 

< - screening test Indicates that the sample concentration Is kss tlmn the test concenbcltlon 

'for PENTA RlScTest Kn (EnSys. Inc.) 
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Comparlson of Immunoassay' vvfth GC/MS 
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> - screenlng test Indicates that the sample concentratlon Is greater Man the test concentration 

- screenlng test Indicates that the sample concentration Is less than the test concentraUon 

f o r  PENTA RlScTest Klt (EnSys. Inc.) 
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METHOD 8275 

THERMAL CHROMATOGRAPHY/MASS SPECTROMETRY (TC/MS) FOR 
SCREENING SEMIVOLATZ LE ORGANIC COMPOUNDS 

1.0 SCOPE AND APPLICATION 

1.1 Method 8275 i s  a screening technique t h a t  may be used f o r  t he  
qua1 i t a t i v e  i d e n t i f i c a t i o n  o f  semivo la t i  l e  organic  compounds i n  e x t r a c t s  prepared 
from nonaqueous s o l i d  wastes and s o i l s .  It i s  no t  intended f o r  use as a r i go rous  
q u a n t i t a t i v e  method. D i r e c t  i n j e c t i o n  o f  a sample may be used i n  l i m i t e d  
appl i c a t i o n s .  The f o l l o w i n g  ana ly tes  can be qua1 i t a t i v e l y  determined by t h i s  
method: 

Compound Name CAS No." 

2-Chlorophenol 
4-Methyl phenol 
2,4-Di ch l  orophenol 
Naphtha1 ene 
4-Chl oro-3-methyl phenol 
1-Chl oronaphthalene 
2,4-Di n i  t r o t 0 1  uene 
F l  uorene 
D i  phenyl ami ne 
Hexachl orobenzene 
D i  benzothiophene 
Phenanthrene 
Carbazol e 
A l d r i n  
Pyrene 
Benzo(k) f l  uoranthene 
Benzo (a) pyrene 

" Chemical Abs t rac t  Services Reg is t ry  Number. 

1.2 Method 8275 can be used t o  q u a l i t a t i v e l y  i d e n t i f y  most neu t ra l ,  
a c i d i c ,  and bas ic  o rgan ic  compounds t h a t  can be t he rma l l y  desorbed from a sample, 
and a re  capable o f  be ing e l u t e d  w i thou t  d e r i v a t i z a t i o n  as sharp peaks from a gas 
chromatographic f u s e d - s i l  i c a  c a p i l l a r y  column coated w i t h  a s l i g h t l y  p o l a r  
s i l i c o n e .  

1.3 Th is  method i s  r e s t r i c t e d  t o  use by or under t he  superv is ion  o f  
ana l ys t s  experienced i n  t h e  use o f  gas chromatograph/mass spectrometers and 
s k i l l e d  i n  t h e  i n t e r p r e t a t i o n  o f  mass spectra.  Each ana lys t  must demonstrate the  
a b i l i t y  t o  generate acceptable r e s u l t s  w i t h  t h i s  method. 
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2.0 SUMMARY OF METHOD 

2.1 A p o r t i o n  o f  t h e  sample (0.010-0.100 g) i s  weighed i n t o  a sample 
c r u c i b l e .  The c r u c i b l e  i s  placed i n  a py roce l l  and heated. The compounds 
desorbed from the  sample are detected us ing a flame i o n i z a t i o n  d e t e c t o r  (F.[D) . \ 
The FID response i s  used t o  c a l c u l a t e  the  opt imal  amount o f  sample needed f o r  
mass spectrometry. A second sample i s  desorbed and t h e  compounds are condensed 
on the  head o f  a fused s i l i c a  c a p i l l a r y  column. The column i s  heated us ing  a 
temperature program, and t h e  e f f l u e n t  from t h e  column i s  in t roduced i n t o  t h e  mass 
spectrometer. 

3.0 INTERFERENCES 

3.1 Contamination by carryover  can occur whenever 1 ow-level samples are 
analyzed a f t e r  h igh - leve l  samples. Whenever an unusual ly  concentrated sample i s  
encountered, i t  should be fo l lowed by the  ana lys is  o f  an empty (c lean)  c r u c i b l e  
t o  check f o r  cross contaminat ion. 

4.0 APPARATUS AND MATERIALS 

4.1 Thermal Chromatograph (TC) System 

4.1.1 Thermal chromatographTM, Ruska Laborator ies,  o r  equ iva len t .  

4.1.2 Column - 30 m x 0.25 mm I D  ( o r  0.32 mm ID) ,  1 pm f i l m  
th ickness,  s i l  icone-coated, f u s e d - s i l  i c a  c a p i l l  ary column (J&W S c i e n t i f i c  
DB-5 o r  equ iva len t ) .  

4.1.3 Flame I o n i z a t i o n  de tec to r  (FID). -; , , 

4.2 Mass Spectrometer (MS) system 

4.2.1 Mass Spectrometer - Capable o f  scanning from 35 t o  500 amu 
every one second o r  less ,  us ing 70 v o l t s  (nominal) e l e c t r o n  energy i n  t he  
e l e c t r o n  impact i o n i z a t i o n  mode. 

4.2.2 TC/MS i n t e r f a c e  - Any GC-to-MS i n t e r f a c e  producing acceptable 
c a l i b r a t i o n  da ta  i n  t h e  concentrat ion range o f  i n t e r e s t  may be used. 

4.2.3 Data System - A computer must be i n t e r f a c e d  t o  t h e  mass 
spectrometer. The data  system must a l l ow  t h e  cont inuous a c q u i s i t i o n  and 
storage on machine-readable media o f  a l l  mass spectra obta ined throughout 
t he  du ra t i on  o f  the  chromatographic program. The computer must have 
sof tware t h a t  can search any GC/MS data f i l e  f o r  ions  o f  a s p e c i f i c  mass 
( o r  group o f  masses) and t h a t  can p l o t  such i o n  abundances versus t ime o r  
scan number. This  type o f  p l o t  i s  de f ined as an ex t rac ted  i o n  
chromatogram (EIC). Software must a lso  be a v a i l a b l e  t h a t  a l lows f o r  
i n t e g r a t i o n  o f  t he  abundances i n ,  and EIC between, s p e c i f i e d  t ime o r  scan- 
number 1 i m i  t s .  
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4.3 Too ls  and equipment 

4.3.1 Fused q u a r t z  spa tu la .  

4.3.2 Fused q u a r t z  i n c i n e r a t o r  1  ad le .  

4.3.3 Meta l  f o r c e p s  f o r  sample c r u c i b l e .  

4.3.4 Sample c r u c i b l e  s to rage  d ishes.  

4.3.5 Porous fused  q u a r t z  sample c r u c i b l e s  w i t h  l i d s .  

4.3.6 Sample c r u c i b l e  c l e a n i n g  i n c i n e r a t o r .  

4.3.7 C o o l i n g  rack .  

4.3.8 Microba lance,  1 g  c a p a c i t y ,  0.000001 g s e n s i t i v i t y ,  M e t t l e r  
Model M-3 o r  e q u i v a l e n t .  

4.4 V i a l s  - 10 mL, g l a s s  w i t h  T e f l o n  1 i n e d  screw-caps o r  c r imp  tops .  

4.5 V o l u m e t r i c  f l a s k s ,  C lass  A - 10 mL t o  1000 mL. 

5.0 REAGENTS 

5 .1  Reagent grade i n o r g a n i c  chemica ls  s h a l l  be used i n  a l l  t e s t s .  Un less 
o t h e r w i s e  i n d i c a t e d ,  i t  i s  i n tended  t h a t  a l l  reagen ts  s h a l l  conform t o  t h e  
s p e c i f i c a t i o n s  o f  t h e  Committee on A n a l y t i c a l  Reagents o f  t h e  American Chemical 

fU-, S o c i e t y ,  where such s p e c i f i c a t i o n s  a r e  a v a i l a b l e .  

5.2 S o l v e n t s  

5.2.1 Methanol ,  CH30H - P e s t i c i d e  grade o r  e q u i v a l e n t .  

5.2.2 Acetone, CH3COCH3 - P e s t i c i d e  grade o r  e q u i v a l e n t .  

5.2 - 3  To1 uene, C,H,CH, - P e s t i c i d e  grade o r  e q u i v a l e n t .  

5.2.4 Methy lene c h l o r i d e ,  CH2C1, - P e s t i c i d e  grade o r  e q u i v a l e n t .  

5.2.5 Carbon d i s u l f i d e ,  CS, - P e s t i c i d e  grade o r  e q u i v a l e n t .  

5.2.6 Hexane, C,H,, - P e s t i c i d e  grade o r  e q u i v a l e n t .  

5.2.7 Other  s u i  t ab1  e  s o l  ven ts  - P e s t i c i d e  grade o r  e q u i v a l e n t .  

5.3 S t o c k  Standard s o l u t i o n s  - Standard s o l u t i o n s  may be prepared f rom 
pure  s t a n d a r d  m a t e r i a l s  o r  purchased as c e r t i f i e d  s o l u t i o n s .  

5.3.1 Prepare s t o c k  s tandard  s o l u t i o n s  b y  we igh ing  about 0.01 g o f  
p u r e  m a t e r i  a1 . D i s s o l v e  t h e  m a t e r i a l  i n  p e s t i c i d e  qua1 i ty  acetone, o r  
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o the r  s u i t a b l e  solvent ,  and d i l u t e  t o  10 mL i n  a  vo lumet r ic  f l a s k .  Larger 
volumes may be used a t  t h e  convenience o f  t h e  analyst .  

5.3.2 Transfer  t h e  s tock  standard so lu t i ons  i n t o  g lass  v i a l s  w i t h  
Te f l on  l i n e d  screw-caps o r  cr imp tops. Store a t  -lO°C t o  -20°C o r  l e s s  
and p r o t e c t  from l i g h t .  Stock standard s o l u t i o n s  should be checked 

Irn, 
'111 I 

f r e q u e n t l y  f o r  s igns o f  degradat ion o r  evaporat ion, especia l  l y  p r i o r  t o  
use i n  p repa ra t i on  o f  c a l  i b r a t  i on standards. 

5.3.3 Stock standard s o l u t i o n s  must be rep1 aced a f t e r  1 year,  o r  
sooner i f  comparison w i t h  q u a l i t y  c o n t r o l  check s.amples i n d i c a t e s  a  
prob l  em. 

5.4 I n t e r n a l  Standard so l  u t i  ons - The i n t e r n a l  standards recommended are 
1,4-dichlorobenzene-d,, naphthalene-d,, acenaphthene-d,,, phenanthrene-d,,, 
chrysene-d,,, and perylene-dl,. Other compounds may be used as i n t e r n a l  standards 
as l ong  as t h e  requirements g iven i n  Sec. 7  are met. D isso lve  about 0.200 g o f  
each compound w i t h  a  small volume o f  carbon d i s u l f i d e .  Trans fer  t o  a  50 mL 
volumetr ic  f l a s k  and d i l u t e  t o  volume w i t h  methylene ch lo r i de ,  so t h a t  t h e  f i n a l  
so l  vent i s  approximately 20/80 (V/V) carbon d i  su l  f ide/methylene ch lo r i de .  Most 
o f  t h e  compounds are a l so  so lub le  i n  small volumes o f  methanol, acetone, o r  
toluene, except f o r  perylene-dl,. P r i o r  t o  each analys is ,  depos i t  about 10 p L  
of t h e  i n t e r n a l  standard onto t h e  sample i n  t h e  c r u c i b l e .  Store i n t e r n a l  
standard s o l u t i o n s  a t  4°C o r  l e s s  before, and between, use. 

5.5 Cal i b r a t i o n  standards - Prepare c a l  i b r a t i o n  standards w i t h i n  t h e  
working range o f  t h e  TC/MS system. Each standard should con ta in  each ana ly te  o r  
i n t e r e s t  (e.g. some o r  a l l  o f  t h e  compounds 1  i s t e d  i n  Sec. 1.1 may be inc luded) .  
Each a l i q u o t  o f  c a l i b r a t i o n  standard should be spiked w i t h  i n t e r n a l  standards 
p r i o r  t o  ana lys is .  Stock so lu t i ons  should be stored a t  -10°C t o  -20°C and should 
be f r e s h l y  prepared once a  year, o r  sooner i f  check standards i n d i c a t e  a  problem. 
The d a i l y  c a l i b r a t i o n  standard should be prepared weekly, and s to red  a t  4°C. 

6.0 SAMPLE COLLECTION, PRESERVATION, AND HANDLING 

6.1 See t h e  i n t r o d u c t o r y  ma te r i a l  t o  t h i s  Chapter, Organic Analytes, 
Sec. 4.1. 

7.0 PROCEDURE 

7.1 Cruc ib le  Preparat ion 

7.1.1 Turn on t h e  i n c i n e r a t o r  and l e t  i t  heat f o r  a t  1  east  10 
minutes. The bore o f  t h e  i n c i n e r a t o r  should be g lowing red.  

7.1.2 Load t h e  sample c r u c i b l e  and l i d  i n t o  t h e  i n c i n e r a t o r  l a d l e  
and i n s e r t  i n t o  t h e  i n c i n e r a t o r  bore. Leave i n  t h e  i n c i n e r a t o r  f o r  5  
minutes, then remove and p lace on t h e  coo l i ng  rack. 

7.1.3 Al low t h e  c ruc ib les  and l i d s  t o  cool f o r  f i v e  minutes before 
p lac ing  them i n  the  storage dishes. 
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CAUTION: Do not  touch the  c ruc ib les  w i t h  your f ingers .  This can 
r e s u l t  i n  a serious burn, as we l l  as contamination of 
the c ruc ib le .  Always handle the sample c ruc ib les  and 
l i d s  w i t h  forceps and t o o l s  spec i f ied .  

7.1.4 A l l  sample c ruc ib les  and l i d s  required f o r  the  number o f  
analyses planned should be cleaned and placed i n  the  storage dishes ready 
f o r  use. 

7.2 Sample Preparat ion and Loading 

7.2.1 The analyst  should take care i n  se lec t ing  a sample f o r  
analys is ,  s ince the  sample s ize  i s  general ly  l i m i t e d  t o  0.100 g o r  less.  
This imp l ies  t h a t  the sample should be mixed as thoroughly as possib le 
before tak ing  an a l i quo t .  Because the  sample s i z e  i s  l i m i t e d ,  the  analyst  
may wish t o  analyze several a1 iquots  f o r  determinat ion. 

7.2.2 The sample should be mixed o r  ground such t h a t  a 0.010 t o  
0.100 g a1 iquot  can be removed. Remove one sample c r u c i b l e  from the 
storage d i s h  and p lace i t on the  microbalance. Es tab l ish  the  t a r e  weight. 
Remove the  sample c r u c i b l e  from the  balance w i t h  the  forceps and place i t  
on a clean surface. 

7.2.3 Load an amount o f  sample i n t o  the  sample c ruc ib le  using the 
fused quartz spatula. Place the  assembly on the  microbalance and 
determine the  weight o f  the sample. For severely contaminated samples, 
l ess  than 0.010 g w i l l  su f f i ce ,  wh i le  0.050-0.100 g i s  needed f o r  low 
concentrat ions o f  contaminants. Place the  c ruc ib le  1 i d  on the c ruc ib le ;  
t h e  sample i s  now ready f o r  analysis. 

7.3 F I D  Analysis 

7.3.1 Load the  sample i n t o  the  TC. Hold the sample a t  30°C fo r  2 
m i  nutes f o l l  owed by 1 i near temperature programmed heating t o  260°C a t  
3O0C/mi nute. F o l l  ow the  temperature program w i t h  an isothermal heat ing 
per iod  o f  10 minutes a t  260°C, fol lowed by cool i ng  back t o  30°C. The t o t a l  
ana lys is  cyc le  t ime i s  24.2 minutes 

7.3.2 Monitor the  FID response i n  r e a l  t ime dur ing analysis, and 
note the  h ighest  response i n  m i l l i v o l t s  (mV). Use t h i s  in format ion t o  
determine the proper weight of sample needed f o r  combined thermal 
extract ion/gas chromatography/mass spectrometry. 

7.4 Thermal Ex t rac t  ion/GC/MS 

7.4.1 Prepare a c a l i b r a t i o n  curve using a clean c r u c i b l e  and 1 i d  by 
sp i k ing  the  compounds o f  i n t e r e s t  a t  f i v e  concentrat ions i n t o  the  c ruc ib le  
and apply ing the  i n t e r n a l  standards t o  the  c r u c i b l e  1 i d .  Analyze these 
standards and es tab l  i s h  response fac to rs  a t  d i f f e r e n t  concentrations. 

7.4.2 Weigh out  the  amount o f  fresh sample t h a t  w i l l  provide 
approximately 1000 t o  3000 mv response. For example, if 0.010 g o f  sample 
g ives an F I D  response o f  500 mv, then 0.020 t o  0.060 g (0.040 g f 50 %) 
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should be used. I f  0.100 g  g ives  8000 mv, then 0.025 g  + 50 % should be 
used. 

7.4.3 A f t e r  weighing out  t he  sample i n t o  the  c r u c i b l e ,  depos i t  t he  
i n t e r n a l  standards (10 pL )  onto the  sample. Load t h e  c r u c i b l e  i n t o  t h e  
p y r o c e l l ,  us ing t h e  same temperature program i n  Sec. 7.3.1. Hold t h e  flp) \. 

c a p i l l a r y  a t  5°C du r ing  t h i s  t ime t o  f o c l ~ s  t h e  released semivo la t i l es  ( t h e  
in te rmed ia te  t r a p  i s  he ld  a t  330°C t o  pass a l l  compounds onto t h e  column). 
Ma in ta in  t h e  s p l i t t e r  zone a t  310°C, and the  GC/MS t r a n s f e r  l i n e  a t  285°C. 
A f t e r  t h e  isothermal  heat ing per iod  i s  complete, temperature program t h e  
column from 5°C t o  285°C a t  10°C/minute and ho ld  a t  285°C f o r  5  minutes. 
Acquire da ta  du r ing  the  e n t i r e  run  t ime. 

7.4.4 I f  t h e  response f o r  any q u a n t i t a t i o n  i o n  exceeds t h e  i n i t i a l  
c a l i b r a t i o n  curve range o f  t h e  TC/MS system, a  smal le r  sample should be 
analyzed. 

7.5 Data I n t e r p r e t a t i o n  

7.5.1 Q u a l i t a t i v e  Analys is  

7.5.1.1 The qua1 i t a t i  ve i d e n t i f i c a t i o n  o f  compounds 
determined by t h i s  method i s  based on r e t e n t i o n  t ime, and on 
compari son o f  t h e  sample mass spectrum, a f t e r  background co r rec t i on ,  
w i t h  c h a r a c t e r i s t i c  ions  i n  a  reference mass spectrum. The 
re ference mass spectrum must be generated by the  l a b o r a t o r y  using 
t h e  cond i t i ons  o f  t h i s  method. The c h a r a c t e r i s t i c  i ons  from the  
reference mass spectrum are de f ined t o  be t h e  t h r e e  ions  o f  g rea tes t  
r e l a t i v e  i n t e n s i t y ,  o r  any ions  over 30% r e l a t i v e  i n t e n s i t y  i f  l e s s  
than th ree  such ions occur i n  t he  reference spectrum. Compounds 
should be i d e n t i f i e d  as present when t h e  c r i t e r i a  below are met. h LWJ 

7.5.1.1.1 The i n t e n s i t i e s  o f  t h e  c h a r a c t e r i s t i c  i ons  
o f  a  compound maximize i n  t h e  same scan o r  w i t h i n  one scan o f  
each o ther .  Se lec t ion  o f  a  peak by a  data system t a r g e t  
compound search r o u t i n e  where t h e  search i s  based on t h e  
presence o f  a  t a r g e t  chromatographic peak con ta in ing  ions  
s p e c i f i c  f o r  t he  t a r g e t  compound a t  a  compound-specif ic 
r e t e n t i o n  t ime w i l l  be accepted as meeting t h i s  c r i t e r i o n .  

7.5.1.1.2 The RRT o f  t he  sample component i s  w i t h i n  
+ 0.06 RRT u n i t s  o f  t he  RRT o f  t h e  standard component. 

7.5.1.1.3 The r e l a t i v e  i n t e n s i t i e s  o f  t he  
c h a r a c t e r i s t i c  ions  agree w i t h i n  30% o f  t he  r e l a t i v e  
i n t e n s i t i e s  o f  these ions  i n  t h e  re ference spectrum. 
(Example: For an i o n  w i t h  an abundance o f  50% i n  the  
re ference spectrum, the  corresponding abundance i n  a  sample 
spectrum can range between 20% and 80%.) 

7.5.1.1.4 S t r u c t u r a l  isomers t h a t  produce very s i m i l a r  
mass spectra should be i d e n t i f i e d  as i n d i v i d u a l  isomers i f  
they  have s u f f i c i e n t l y  d i f f e r e n t  GC r e t e n t i o n  t imes.  

Revis ion 0  
September 1994 'w, 



S u f f i c i e n t  GC r e s o l u t i o n  i s  achieved i f  t h e  he igh t  o f  t he  
v a l l e y  between two isomer peaks i s  l e s s  than 25% o f  t he  sum o f  
t h e  two peak heights .  Otherwise, s t r u c t u r a l  isomers are 
i d e n t i f i e d  as isomer ic  p a i r s .  

7.5.1.1.5 I d e n t i f i c a t i o n  i s  hampered when sample 
components a re  no t  resolved chromatographica l ly  and produce 
mass spec t ra  con ta in i ng  ions  c o n t r i b u t i n g  by more than one 
analy te.  When gas chromatograph.ic peaks obv ious ly  represent  
more than one sample component ( i  .e., a  broadened peak w i t h  
shoulder(s) o r  a  v a l l e y  between two o r  more maxima), 
appropr ia te  s e l e c t i o n  o f  ana ly te  spect ra and background 
spec t ra  i s  impor tant .  Examination o f  ex t rac ted  i o n  cu r ren t  
p r o f i l e s  o f  appropr ia te  ions  can a i d  i n  t he  s e l e c t i o n  o f  
spectra, and i n  q u a l i t a t i v e  i d e n t i f i c a t i o n  o f  compounds. When 
analy tes coel u t e  ( i  e . ,  o n l y  one chromatographic peak i s  
apparent), t h e  i d e n t i f i c a t i o n  c r i t e r i a  can be met, bu t  each 
ana ly te  spectrum w i  11 con ta in  extraneous ions  con t r i bu ted  by 
t h e  coel u t  i ng compound. 

7.5.1.2 For samples con ta in ing  components no t  associated 
w i t h  t h e  c a l  i b r a t i o n  standards, a  1 i bra ry  search may be made f o r  t he  
purpose o f  t e n t a t i v e  i d e n t i f i c a t i o n .  The necess i ty  t o  perform t h i s  
type  o f  i d e n t i f i c a t i o n  w i l l  be determined by t he  purpose o f  t he  
analyses being conducted. Computer generated 1 i bra ry  search 
r o u t i n e s  should n o t  use normal i z a t i o n  rou t i nes  t h a t  would 
misrepresent  t he  l i b r a r y  o r  unknown spect ra when compared t o  each 
o ther .  For example, t he  RCRA permi t  o r  waste del  i s t i n g  requirements 
may r e q u i r e  t he  r e p o r t i n g  o f  non- target  analytes. Only a f t e r  v i sua l  
comparison o f  sample spect ra w i t h  t he  nearest 1  i bra ry  searches w i  11 
t h e  mass spec t ra l  i n t e r p r e t a t i o n  s p e c i a l i s t  assign a t e n t a t i v e  
i d e n t i f i c a t i o n .  Guide1 ines  f o r  making t e n t a t i v e  i d e n t i f i c a t i o n  are: 

(1)  Re la t i ve  i n t e n s i t i e s  o f  major ions  i n  t he  reference 
spectrum ( i ons  > 10% o f  t h e  most abundant i on )  should be present i n  
t h e  sample spectrum. 

(2)  The r e l a t i v e  i n t e n s i t i e s  o f  t he  major ions should agree 
w i t h i n  + 20%. (Example: For an i o n  w i t h  an abundance o f  50% i n  t he  
standard spectrum, t h e  corresponding sampl e  i o n  abundance must be 
w i t h i n  30 and 70%). 

(3 )  Molecular  ions  present i n  t he  reference spectrum should 
be present  i n  t h e  sample spectrum. 

(4 )  Ions present i n  t he  sample spectrum b u t  no t  i n  t he  
re fe rence  spectrum should be reviewed f o r  poss-ible background 
contaminat ion o r  presence o f  coel  u t  i n g  compounds. 

(5) Ions present i n  t he  reference spectrum bu t  n o t  i n  t he  
sample spectrum should be reviewed f o r  poss ib le  sub t rac t i on  from the  
sample spectrum because o f  background contaminat ion o r  coe lu t i ng  . 
Data system 1 i bra ry  reduc t i on  programs can sometimes c rea te  these 
d i  screpanci  es. 

Revis ion 0 
September 1994 



8.0 QUALITY CONTROL 

8.1 Refer t o  Chapter One and Method 8000 f o r  s p e c i f i c  qua1 i t y  c o n t r o l  
procedures. 

9.0 METHOD PERFORMANCE 

9.1 Table 1 presents method performance data, generated us ing  spiked s o i l  
samples. Method performance data  i n  an aqueous m a t r i x  are n o t  ava i l ab le .  

10.0 REFERENCES 

1. Zumberge, J.E., C. Sutton, R.D. Worden, T. Junk, T.R. I r v i n ,  C.B. Henry, 
V. Sh i r l ey ,  and E.B. Overton, "Determinat ion o f  S e m i - v o l a t i l e  Organic 
Pol 1 u tan ts  i n  S o i l  s by Thermal Chromatography-Mass Spectrometry (TC/MS) : 
an Assessment f o r  F i e l d  Analys i  s, " i n  preparat ion.  
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TABLE 1 
METHOD PERFORMANCE, SOIL MATRIX 

Analy te 
Averaqe % Recover.ya Mean 

C l  ay S i l t  Subsoi 1 Recovery 

2-Chl orophenol 
4-Methyl phenol 
2,4-Dichlorophenol 
Naphthalene 
4-Chloro-3-methyl  -phenol 
1 -Chl oronaphthalene 
2 ,4 -D in i t ro to luene 
F l  uorene 
Di  phenyl ami ne 
Hexachl orobenzene 
Di  benzoth i  ophene 
Phenant hrene 
Carbazol e 
A l d r i n  
Pyrene 
Benzo ( k)  f 1 uorant  hene 
Benzo(a)pyrene 

,4i-, 
" Percent t h e o r e t i  ca l  recovery based upon 1 i near i  t y  o f  i n j e c t i o n s  deposi ted on 

t h e  c r u c i b l e  l i d  (s lope  and y - i n t e r c e p t ) .  Average o f  9 r e p l i c a t e s  (-10 mg 
s o i l  sp iked w i t h  50 ppm o f  analy te) ;  3 d i f f e r e n t  instruments a t  3 d i f f e r e n t  
1 abora to r ies .  
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TABLE 2 
CHARACTERISTIC IONS FOR SEMIVOLATI LE COMPOUNDS 

Primary Secondary 
Compound I on Ion  (s)  

pd*h, , 1 

&>' 

2-Chl orophenol 
4-Methyl phenol 
2,4-Dichl orophenol 
Naphtha1 ene 
4-Chl oro-3-methyl  -phenol 
1-Chloronaphthal ene 
2,4-Dini  t r o t 0 1  uene 
F1 uorene 
D i  phenyl ami ne 
Hexachl orobenzene 
Phenant hrene 
A l d r i n  
Pyrene 
Benzo( k)  f l  uoranthene 
Benzo (a) pyrene 
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METHOD 8275 
THERMAL CHROMATOGRAPHY/MASS SPECTROMETRY (TC/MS) FOR 

SCREENING SEMIVOLAT ILE  ORGANIC COMPOUNDS 
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APPENDIX 

COMPANY REFERENCES 

The following l i s t i n g  o f  frequently-used addresses i s  provided f o r  the 
convenience o f  users o f  t h i s  manual . No endorsement i s  intended o r  imp1 fed. 

Ace Glass Company 
1342 Newe Boulevard 
P.O. Box 688 
Vineland, NJ 08360 
(609) 692-3333 

Aldr ich Chemical Company 
Department T 
P.O. Box 355 
Milwaukee, W I  53201 

A1 pha Products 
5570 - T W e  70th Place 
Chicago, I L  60638 
(3 12) 586-981 0 

Barneby and Cheney Company 
E. 8 th Avenue and N. Cassidy Street 

p P.O. Box2526 
Columbus, OH 43219 
(614) 258-9501 

Bio - Rad Laboratories 
2200 Wright Avenue 
Richmond, CA 94804 
(415) 234-4130 

Burdick & Jackson Lab Inc. 
1953 S. Harvey Street 
Muskegon, MO 49442 

Cal gon Corporation . 

P.O. Box 717 
Pittsburgh, PA 15230 
(412) 777-8000 

Conostan D l  v i  s i  on 
Conoco Specl a1 1 t y  Products, Inc. 
P.O. Box 1267 
Ponca City,  OK 74601 
(405) 767-3456 
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Corning Glass Works 
Houghton Park , 
Corning, NY 14830 
(315) 974-9000 

Dohrmann, Dl  v i  s ion o f  Xertex Corporation 
3240 - T Sco t t  Boulevard 
Santa Clara, CA 95050 
(408) 727-6000 
(800) 538-7708 

E. M. Laboratories, Inc.  
500 Executi  ve Boulevard 
Elmsford, NY 10523 

Fisher  S c i e n t i f i c  Co. 
203 Fisher Bu i ld ing  
Pi t tsburgh,  PA 15219 
(4.12) 562-8300 

General E l e c t r i  c Corporation 
3135 Easton Turnpi ke 
F a i r f i e l d ,  CT 06431 
(203) 373-2211 

Graham Manufactory Co., Inc. 
20 Florence Avenue 
Batavia, NY 14020 
(716) 343-2216 

Hami 1 ton I ndus t r i es  
1316 18th S t ree t  
Two Rivers, W I  54241 
(414) 793-1121 

ICN L i f e  Sciences Group 
3300 Hyland Avenue 
Costa Mesa, CA 92626 

Johns - Manvi l le  Corporation 
P.O. Box 5108 
Denver, CO 80217 

Kontes Glass Company 
8000 Spruce S t ree t  
V i  neland, NJ 08360 

Mi 1 1 I pore Corporat i  on 
80 Ashby Road 
Bedford, HA 01730 
(617) 275-9200 
(800) 225-1380 
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National Bureau o f  Standards 
U.S. Department of Commerce 

,- Washlngton, DC 20234 
(202) 921-1000 

Pi erce Chemical Company 
Box 117 
Rockford, I L  61105 
(815) 968-0747 

S c l e n t l f i c  Glass and Instrument, Inc. 
7246 - T Wynnwood 
P.O. Box 6 
Houston, TX 77001 
(713) 868-1481 

Scientific Products Company 
1430 Waukegon Road 
McGaw Park, I L  60085 
(312) 689-8410 

Spex Indus t r ies  
3880 - T and Park Avenue 
Edison, NJ 08820 

Waters Associates 
34 - T Maple S t ree t  

+- M i l fo rd ,  MA 01757 
(617) 478-2000 
(800) 252-4752 

Whatman Laboratory Products, Inc. 
C l i f t on ,  NJ 07015 
(201) 773-5800 
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