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DISCLAIMER 

Mention of trade names or commercial products does not constitute 
endorsement or recommendat ion for use by the U. S. Environmental Protection 
Agency. 

SW-846 methods are designed to be used with equipment from any manufacturer 
that results in suitable method performance (as assessed by accuracy, precision, 
detection 1 imits and matrix compati bi1 ity) . In several SW-846 methods, equipment 
specifications and settings are given for tfie specific instrument used during 
method development, or subsequently approved for use in the method. These 
references are made to provide the best possible guidance to laboratories using 
this manual. Equipment not specified in the method may be used as long as the 
1 aboratory achieves equivalent or superior method performance. If a1 ternate 
equipment is used, the 1 aboratory must foll ow the manufacturer's instructions for 
their particular instrument. 

Since many types and sizes of glassware and supplies are commercially 
available, and since it is possible to prepare reagents and standards in many 
different ways, those specified in these methods may be replaced by any similar 
types as long as this substitution does not affect the overall qua1 ity of the 
analyses. 
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ABSTRACT 

Test Methods f o r  Evaluat ing So7 i d  Waste, Phyqica7/Chemica7 Methods (SW-846) 
provides t e s t  procedures and guidance which are recommended f o r  use i n  conducting 
the  evaluat ions and measurements needed t o  comply w i t h  the  Resource Conservation 
and Recovery Act (RCRA), Pub l ic  Law 94-580. These methods are approved by the 
U.S. Environmental Pro tec t ion  Agency f o r  ob ta in ing  data t o  sa t i s f y  the 
requirements o f  40 CFR Parts 122 through 270. Th is  manual presents the  state-of-  
t h e - a r t  i n  r o u t i n e  a n a l y t i c a l  t e s t i n g  adapted f o r  the  RCRA program. It contains 
procedures f o r  f i e l d  and labo ra to ry  qua1 i ty con t ro l ,  sampl ing, determining 
hazardous const i tuents  i n  wastes, determining the  hazardous cha rac te r i s t i cs  o f  
wastes ( t o x i c i t y ,  i g n i t a b i l  i t y ,  r e a c t i v i t y ,  and c o r r o s i v i  t y ) ,  and f o r  determining 
physical  p roper t i es  o f  wastes. It a l s o  conta ins guidance on how t o  se lec t  
appropr iate methods. 

Several o f  t he  hazardous waste regu la t i ons  under S u b t i t l e  C o f  RCRA requ i re  
t h a t  s p e c i f i c  t e s t i n g  methods described i n  SW-846 be employed f o r  c e r t a i n  
appl i c a t i o n s .  Refer t o  40 Code o f  Federa 7 Regulations (CFR) , Parts 260 through 
270, f o r  those s p e c i f i c  requirements. Any re1 i a b l e  a n a l y t i c a l  method may be used 
t o  meet o ther  requirements under S u b t i t l e  C o f  RCRA. 

- 
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APPENDIX - -  COMPANY REFERENCES 

NOTE: A s u f f i x  o f  "A" i n  t h e  method number i n d i c a t e s  r e v i s i o n  one 
( t h e  method has been r e v i s e d  once).  A s u f f i x  o f  "B" i n  t h e  method 
number i n d i c a t e s  r e v i s i c n  two ( t h e  method has been rev i sed  t w i c e ) .  
A s u f f i x  o f  "C" i n  t h e  method number i n d i c a t e s  r e v i s i o n  t h r e e  ( t h e  
method has been rev i sed  t h r e e  t i m e s ) .  I n  o rde r  t o  p r o p e r l y  document 
t h e  method used f o r  ana l ys i s ,  t h e  e n t i r e  method number i n c l u d i n q  t h e  
s u f f i x  l e t t e r  des iana t i on  (e.g., A ,  B, o r  C) must be i d e n t i f i e d  by t h e  
ana l ys t .  P method re fe rence  found w i t h i n  t h e  RCRA r e g u l a t i o n s  and t h e  
t e x t  o f  SW-846 methods and chap te rs  r e f e r s  t o  t h e  l a t e s t  promulgated 
r e v i s i o n  o f  t h e  method, even though t h e  method number does n o t  i nc l ude  
t h e  app rop r i a t e  l e t t e r  s u f f i x .  
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APPENDIX - -  COMPANY REFERENCES 

NOTE: A s u f f i x  o f  "A" i n  t h e  method number i n d i c a t e s  r e v i s i o n  one 
( t h e  method has been r e v i s e d  once).  A s u f f i x  o f  "B" i n  t h e  method 
number i n d i c a t e s  r e v i s i o n  two ( t h e  method has been rev i sed  t w i c e ) .  
A s u f f i x  o f  " C "  i n  t h e  method number i n d i c a t e s  r e v i s i o n  t h r e e  ( t h e  
method has been r e v i s e d  t h r e e  t imes ) .  I n  o rde r  t o  p r o p e r l y  document 
t h e  method used f o r  ana lys is ,  t h e  e n t i r e  method number i n c l u d i n q  t h e  
s u f f i x  l e t t e r  des iqna t ion  (e.g., A, B, o r  C) must be i d e n t i f i e d  by t h e  
ana l ys t .  A method re fe rence  found w i t h i n  t h e  RCRA r e g u l a t i o n s  and t h e  
t e x t  o f  SW-846 methods and chap te rs  r e f e r s  t o  t h e  l a t e s t  promulgated 
r e v i s i o n  o f  t h e  method, even though t h e  method nurnber does no t  i nc l ude  
t h e  app rop r i a t e  1 e t t e r  su f f i x .  
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PREFACE AND OVERVIEW 

PURPOSE OF THE MANUAL 

Test Methods f o r  Eva1 uat ing Sol i d  Waste (SW-846) i s  intended t o  provide a 
un i f ied,  up-to-date source o f  informat ion on sampling and analysis related t o  
compliance w i t h  RCRA regulations. It br ings together i n t o  one reference a l l  
sampl i ng and tes t i ng  methodology approved by the Of f i ce  'of Sol i d  Waste f o r  use 
i n  impl ementing the RCRA regulatory program. 'The manual provides methodology 
f o r  co l l ec t i ng  and tes t i ng  representative samples o f  waste and other materials 
t o  be monitored. Aspects o f  sampling and tes t i ng  covered i n  SW-846 include 
qual i t y  control ,  sampling p lan development and implementation, analysis o f  
inorganic and organic constituents, the  estimation o f  i n t r i n s i c  physical 
propert ies, and the appraisal o f  waste character ist ics.  

The procedures described i n  t h i s  manual are meant t o  be comprehensive and 
deta i  1 ed, coupled w i th  the r e a l i z a t i o n  t h a t  the problems encountered i n  
sampl i n g  and ana ly t i ca l  s i tua t ions  requi re  a cer ta in  amount of f l  ex i  b i  1 i ty. 
The so lu t ions t o  these problems w i l l  depend, i n  part ,  on the s k i l l ,  t ra in ing, 
and experience o f  the analyst. For some si tuat ions,  i t  i s  possible t o  use 
t h i s  manual i n  r o t e  fashion. I n  o ther  s i tuat ions,  i t  w i l l  require a 
combination o f  technical  abi 1 i t ies ,  using the  manual as guidance rather  than 
i n  a step-by-step, word-by-word fashion. Although t h i s  puts an ext ra  burden 
on the user, i t  i s  unavoidable because o f  the var ie ty  o f  sampling and 
ana ly t i ca l  condit ions found w i th  hazardous wastes. 

ORGANIZATION AND FORMAT 

This manual i s  div ided i n t o  two volumes. Volume I focuses on laboratory 
a c t i v i t i e s  and i s  div ided f o r  convenience i n t o  three sections. Volume I A  
deal s w i  t h  qual i t y  control ,  se lect ion of appropriate t e s t  methods, and 
analy t ica l  methods f o r  me ta l l i c  species. Volume I B  consists o f  methods f o r  
organic analytes. Volume I C  includes a var ie ty  o f  t e s t  methods f o r  
m i  scel 1 aneous analytes and proper t ies  f o r  use i n  eval uating the waste 
character1 s t1  cs. Volume I1 deals w i t h  sample acquis i t ion and includes qual i t y  
control ,  sampling p lan design and implementation, and f i e l d  sampling methods. 
Included f o r  the convenience o f  sampling personnel are discusssions o f  the 
ground water, 1 and treatment, and i n c i  nerat ion monitoring regulations. 

Volume I begins w i  t h  an overview o f  the qual i t y  control  precedures t o  be 
imposed upon the sampl ing  and ana ly t i ca l  methods. The qual i t y  control chapter 
(Chapter one) and the methods chapters are interdependent. The analyt ical  
procedures cannot be used without a thorough understanding o f  the qua l i t y  
cont ro l  requi  rements and the means t o  impl ement them. Thi s understanding can 
be achieved only  be reviewing Chapter One and the  analy t ica l  methods together. 
It i s  expected t h a t  ind iv idua l  laboratories, using SW-846 as the reference 
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-. ifl 
source, w i  11 select appropriate methods and develop a standard operating 
procedure (SOP) t o  be followed by the laboratory. The SOP should incorporate si 
the pert inent information from t h i s  manual adopted t o  the speci f ic  needs and 
circumstances o f  the individual laboratory as we1 1 as t o  the materials t o  be 1. 

t 
eval uated. m 

The method selection chapter (Chapter Two) presents a comprehensive iI& 
discussion o f  the application o f  these methods t o  various matrices i n  the 
determination o f  groups o f  analytes o r  speci f ic  analytes. It aids the chemist 
i n  constructing the correct analyt ical method from the array o f  procedures 
which may cover the matrix/analyte/concentration combination o f  interests. 
The section discusses the objective o f  the test ing program and i t s  
relat ionship t o  the choice o f  an analyt ical method. Flow charts are presented 
along wi th  tables t o  guide i n  the selection o f  the correct analyt ical 

1 irJ 

procedures t o  form the appropriate method. m 
The analytical methods are separated i n to  d i  s t i  nct procedures describing Id 

specif ic, independent analyt ical operations. These i ncl ude extraction, 
digestion, cleanup, and determination. This format a1 1 ows 1 inking o f  the 
various steps i n  the analysis according to: the type o f  sample (e.g., water, 
sol 1, s l  udge, s t i  1 1 bottom) : anal ytes (s) o f  interest; needed sensi t iv i ty ;  and 
avai 1 able' analyt ical instrumentation. The chapters describing M i  scel 1 aneous 
Test Methods and Properties, however, give complete methods which are not 
amenabl e t o  such segmentation t o  form d i  screte procedures. 

The introductory material a t  the beginning o f  each section containing 
analyt ical procedures presents information on esampl e hand1 i ng and 
preservation, safety, and sample preparation. 

e 
Part I1 o f  Volume I (Chapters Seven and Eight) describes the 

bbl" 
h i  

characteristics o f  a waste. Sections fol  lowing the regulatory descriptions 
contain the methods used t o  determine i f  the waste i s  hazardous because i t  
exhibi ts a par t icu lar  characteristic. rn L 

Volume I1 gives background information on s ta t i s t i ca l  and nonstati s t i ca l  
aspects o f  sampl i ng. It a1 so presents pract ical sampl i ng techniques 
appropriate f o r  si tuat ions presenting a variety o f  physical conditions. 

fl 
h 

A discussion o f  the regulatory requirements with respect t o  several 
monitoring categories i s  a1 so given i n  t h i s  volume. These include ground 
water monitoring, 1 and treatment, and incineration. The purpose o f  t h i s  
guidance i s  t o  or ient  the user t o  the objective o f  the analysis, and t o  assist 
i n  developing data qua1 i t y  objectives, sampl i ng plans, and laboratory SOP'S. F 

Cd 

Signif icant interferences, o r  other problems, may be encountered with 
certain samples. I n  these situations, the analyst i s  advised t o  contact the 
Chief, Methods Section (WH-562B) Technical Assessment Branch, Off ice o f  Sol i d  

Fel 
b 

Waste, US €PA, Washington, DC 20460 (202-382-4761) f o r  assistance. The 
manual i s  intended t o  serve a l l  those with a need t o  evaluate so l id  waste. 
Your comments, corrections, suggestlons, and questlons concerning any material ? 

i*a 
contalned in, o r  omitted from, t h i s  manual w i l l  be gra te fu l ly  appreciated. 
Please d i rec t  your comments t o  the above address. F"I 

- 
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CHAPTER ONE 
QUALITY CONTROL 

I 

1.0 INTRODUCTION 

It i s  t h e  goal  o f  t h e  U.S. Environmental P ro tec t i on  Agency's (EPA's) 
qual i t y  assurance (QA) program t o  ensure t h a t  a l l  da ta  be s c i e n t i f i c a l l y  v a l i d ,  
de fens ib le ,  and o f  known p r e c i s i o n  and accuracy. The data should be o f  
s u f f i c i e n t  known qual i ty  t o  w i ths tand s c i e n t i f i c  and l e g a l  chal lenge r e l a t i v e  t o  
t h e  use f o r  which t h e  da ta  a re  obtained. The QA program i s  management's t o o l  f o r  
ach iev ing  t h i s  goal .  

For RCRA analyses, t h e  recommended minimum requirements f o r  a QA program 
and t h e  assoc ia ted  q u a l i t y  c o n t r o l  (QC) procedures are  provided i n  t h i s  chapter. 

The da ta  acqui red from QC procedures a re  used t o  est imate the  q u a l i t y  o f  
a n a l y t i c a l  data, t o  determine t h e  need f o r  c o r r e c t i v e  ac t i on  i n  response t o  
i d e n t i f i e d  d e f i c i e n c i e s ,  and t o  i n t e r p r e t  r e s u l t s  a f t e r  c o r r e c t i v e  a c t i o n  
procedures are imp1 emented. Method-speci f i c  QC procedures are incorporated i n  
t he  i n d i v i d u a l  methods s ince  they  are  no t  appl i e d  un iversa l ' l y .  

A t o t a l  program t o  generate da ta  o f  acceptable q u a l i t y  should inc lude both 
a QA component, which encompasses t h e  management procedures and cont ro ls ,  as w e l l  
as an ope ra t i ona l  day-to-day QC component. Th i s  chapter  de f ines  fundamental 
elements o f  such a da ta  c o l l e c t i o n  program. Data c o l l e c t i o n  e f f o r t s  invo lve :  

1. design o f  a p r o j e c t  p lan  t o  achieve t h e  data q u a l i t y  ob jec t i ves  
(DQOs) ; 

2. implementat ion o f  t h e  p r o j e c t  plan; and 

3 .  assessment o f  t h e  da ta  t o  determine i f  the  DQOs are met. 

The p r o j e c t  p l a n  may be a sampling and ana l ys i s  p lan  o r  a waste ana lys is  p lan  i f  
i t  covers t h e  QA/QC goa ls  o f  t h e  Chapter, o r  i t  may be a Q u a l i t y  Assurance 
P r o j e c t  Plan as descr ibed l a t e r  i n  t h i s  chapter.  

Th i s  chapter  i d e n t i f i e s  t h e  minimal QC components t h a t  should be used i n  
t h e  performance o f  sampl i n g  and analyses, i n c l u d i n g  the  QC in fo rmat ion  which 
should be documented. Guidance i s  p rov ided t o  cons t ruc t  QA programs f o r  f i e l d  
and l a b o r a t o r y  work conducted i n  support  o f  t h e  RCRA program. 

2.0 QA PROJECT PLAN 

It i s  recommended t h a t  a1 1 p r o j e c t s  which generate environment-re1 ated data 
i n  suppor t  o f  RCRA have a QA P r o j e c t  Plan (QAPjP) o r  equiva lent .  I n  some 
instances,  a sampling and ana l ys i s  p lan  o r  a waste ana lys is  p lan may be 
equ i va len t  i f  i t  covers a l l  o f  t h e  QA/QC goals  o u t l i n e d  i n  t h i s  chapter. I n  
add i t i on ,  a separate QAPjP need n o t  be prepared f o r  r o u t i n e  analyses o r  
a c t i v i t i e s  where t h e  procedures t o  be fo l lowed are  descr ibed i n  a Standard 
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Operat ing Procedures manual o r  s i m i l a r  document and inc lude t h e  elements o f  a  
Q A P j  P. These documents should be avai  1  able and referenced i n  t h e  documentation 
and/or records f o r  t h e  ana lys i s  a c t i v i t i e s .  The term "QAPjP" i n  t h i s  chapter 
r e f e r s  t o  any o f  these QA/QC documents. 

The QAPjP should d e t a i l  t h e  QA/QC goals and p ro toco ls  f o r  a  s p e c i f i c  da ta  
c o l l e c t i o n  a c t i v i t y .  'Fhe QAPjP sets  f o r t h  a  p l a n  f o r  sampling and ana lys is  
a c t i v i t i e s  t h a t  w i l l  generate data  o f  a  qua1 i t y  commensurate w i t h  t h e i r  intended 
use. QAPjP elements should i n c l u d e  a  d e s c r i p t i o n  o f  t he  p r o j e c t  and i t s  
ob jec t ives ;  a  statement o f  t h e  DQOs o f  t h e  p r o j e c t ;  i d e n t i f i c a t i o n  o f  those i n -  
vo l  ved i n  t h e  data  c o l l e c t i o n  and t h e i r  responsi b i l  i t i e s  and a u t h o r i t i e s ;  
reference t o  ( o r  i n c l u s i o n  o f )  t h e  s p e c i f i c  sample c o l l e c t i o n  and ana lys is  
procedures t h a t  w i l l  be fo l lowed f o r  a l l  aspects o f  t h e  p r o j e c t ;  enumeration o f  
QC procedures t o  be f o l  lowed; and d e s c r i p t i o n s  o f  a1 1  p r o j e c t  documentation. 
Add i t i ona l  elements should be inc luded i n  t h e  QAPjP i f  needed t o  address a l l  
q u a l i t y  r e l a t e d  aspects o f  t h e  data  c o l l e c t i o n  p r o j e c t .  Elements should be 
omit ted on ly  when they  are i napprop r ia te  f o r  t h e  p r o j e c t  o r  when absence o f  those 
elements w - i l l  no t  a f f e c t  t h e  q u a l i t y  o f  da ta  obtained f o r  t h e  p r o j e c t  (see 
re ference 1).  

The r o l e  and importance o f  DQOs and p r o j e c t  documentation are discussed 
below i n  Sect ions 2.1 through 2.6. Management and o rgan iza t i on  p l a y  a  c r i t i c a l  
r o l e  i n  determining t h e  e f fec t i veness  o f  a  QA/QC program and ensuring t h a t  a l l  
r equ i red  procedures are  fo l lowed.  Sect ion 2.7 discusses t h e  elements o f  an 
organ iza t ion 's  QA program t h a t  have been found t o  ensure an e f f e c t i v e  program. 
F i e l d  operat ions and 1  aboratory operat  ions  (a1 ong w i t h  appl i cab1 e  QC procedures) 
are discussed i n  Sect ions 3 and 4, respec t i ve l y .  

2.1 DATA QUALITY OBJECTIVES 

Data q u a l i t y  ob jec t i ves  (DQOs) f o r  t h e  data  c o l l e c t i o n  a c t i v i t y  descr ibe  
t h e  o v e r a l l  l e v e l  o f  unce r ta in t y  t h a t  a  decision-maker i s  w i l l i n g  t o  accept i n  
r e s u l t s  de r i ved  f rom environmental data. Th is  unce r ta in ty  i s  used t o  s p e c i f y  t h e  
q u a l i t y  o f  t h e  measurement da ta  required,  u s u a l l y  i n  terms o f  ob jec t i ves  f o r  
p rec i s ion ,  b ias,  representat iveness,  comparab i l i t y  and completeness. The DQOs 
should be def ined p r i o r  t o  t h e  i n i t i a t i o n  of t h e  f i e l d  and labo ra to ry  work. The 
f i e l d  and l a b o r a t o r y  organ iza t ions  per forming t h e  work should be aware o f  t h e  
DQOs so t h a t  t h e i r  personnel may make informed dec is ions  dur ing  t h e  course o f  t h e  
p r o j e c t  t o  a t t a i n  those DQOs. More d e t a i l e d  i n fo rmat ion  on DQOs i s  a v a i l  ab le  
from t h e  U.S. EPA Q u a l i t y  Assurance Management Staf f  (QAMS) (see references 2  and 
4) 

2.2 PROJECT OBJECTIVES 

A statement o f  t h e  p r o j e c t  o b j e c t i v e s  and how t h e  ob jec t i ves  are t o  be 
a t ta ined  should be conc ise l y  s ta ted  and s u f f i c i e n t l y  de ta i  1  ed t o  permi t  c l e a r  
understanding by a l l  p a r t i e s  invo lved i n  t h e  data  c o l l e c t i o n  e f f o r t .  Th is  
inc ludes a  statement o f  what problem i s  t o  be solved and t h e  i n fo rmat ion  requ i red  

- 
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i n  t h e  process. It a l so  inc ludes appropr iate statements o f  t he  DQOs (i.e., the  
acceptable l e v e l  o f  unce r ta in t y  i n  the in fo rmat ion) .  

2.3 SAMPLE COLLECTION 

Sampl i ng procedures, 1 o c a t i  ons, equipment , and sample preserva t ion  and 
hand l ing  requirements should be s p e c i f i e d  i n  the QAPjP. Fur ther  d e t a i l s  on 
qual i t y  assurance procedures f o r  f i e l d  operat ions are described i n  Sect ion 3 o f  
t h i s  chapter.  The OSW i s  developing p o l i c i e s  and procedures f o r  sampling i n  a 
planned r e v i s i o n  o f  Chapter Nine o f  t h i s  manual. Spec i f i c  procedures f o r  
groundwater sampl i n g  are provided i n  Chapter Eleven o f  t h i s  manual . 

2.4 ANALYSIS AND TESTING 

Anal y t e s  and p rope r t i es  o f  concern, a n a l y t i c a l  and t e s t i n g  procedures t o  
be employed, requ i red  de tec t i on  1 i m i t s ,  and requirements f o r  p rec i s ion  and b ias  
should be spec i f i ed .  A1 1 appl i c a b l e  regu la to ry  requirements and the  p r o j e c t  DQOs 
should be considered when developing t h e  spec i f i ca t i ons .  Fur ther  d e t a i l s  on the  
procedures f o r  a n a l y t i c a l  operat ions are described i n .Sec t i  on 4 o f  t h i s  chapter.  

2.5 QUALITY CONTROL 

The q u a l i t y  assurance program should address both f i e l d  and l abo ra to ry  
a c t i v i t i e s .  Q u a l i t y  con t ro l  procedures should be spec i f i ed  f o r  es t imat ing  the  
p r e c i s i o n  and b i a s  o f  t he  data. Recommended minimum requirements f o r  QC samples 
have been es tab l ished by EPA and should be met i n  order  t o  s a t i s f y  recommended 
minimum c r i t e r i a  f o r  acceptable data qual i t y .  Fur ther  d e t a i l s  on procedures f o r  
f i e l d  and 1 aboratory operat ions are described i n  Sections 3 and 4, respect ive ly ,  
o f  t h i s  chapter.  

2.6 PROJECT DOCUMENTATION 

Documents should be prepared and maintained i n  conjunct ion w i t h  the  data 
c o l l e c t i o n  e f f o r t .  P ro jec t  documentation should be s u f f i c i e n t  t o  a l l ow  review 
o f  a l l  aspects o f  t he  work being performed. The QAPjP discussed i n  Sections 3 
and 4 i s  one important  document t h a t  should be maintained. 

The l e n g t h  o f  storage t ime fo r  p r o j e c t  records should comply w i t h  
regu l  a t o r y  requ i  rements, o rgan iza t iona l  pol i cy ,  o r  p r o j e c t  requirements, 
whichever i s  more s t r i n g e n t .  I t  i s  recommended t h a t  documentation be stored f o r  
t h ree  years from submission of t he  p r o j e c t  f i n a l  repo r t .  

Documentation should be secured i n  a f a c i l i t y  t h a t  adequately 
addresses/minimizes i t s  d e t e r i o r a t i o n  f o r  the  length  o f  t ime t h a t  i t  i s  t o  be 
r e t a i  ned. A system a1 1 owi ng f o r  the  expedient r e t r i e v a l  o f  in fo rmat ion  should 
e x i s t .  
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Access t o  archived in format ion  should be c o n t r o l l e d  t o  ma in ta in  t h e  
i n t e g r i t y  o f  t h e  data. Procedures should be developed t o  i d e n t i f y  those 
i n d i v i d u a l s  w i t h  access t o  t h e  data. 

2.7 ORGANIZATION PERFORMING FIELD OR LABORATORY OPERATIONS 

Proper design and s t r u c t u r e  o f  t h e  organ iza t ion  f a c i l  i t a t e s  e f f e c t i v e  and 
e f f i c i e n t  t r a n s f e r  o f  in fo rmat ion  and helps t o  prevent important  procedures from 
be i  ng over1 oo ked . 

The o rgan iza t i ona l  s t ruc tu re ,  f unc t i ona l  responsi b i 1  i t i e s ,  1  eve1 s  o f  
a u t h o r i t y ,  j o b  descr ip t ions ,  and 1 ines  o f  communication f o r  a1 1  p r o j e c t  
a c t i v i t i e s  should be es tab l  ished and documented. One person may cover more than 
one o rgan iza t i ona l  func t ion .  Each p r o j e c t  par t ic . ipant  should have a  c l e a r  
understanding o f  h i s  o r  her  d u t i e s  and responsi b i l  i t i e s  and t h e  re1  a t i o n s h i  p  o f  
those r e s p o n s i b i l i t i e s  t o  t h e  o v e r a l l  da ta  c o l l e c t i o n  e f f o r t .  

The management o f  each organ iza t ion  p a r t i c i p a t i n g  i n  a  p r o j e c t  i n v o l v i n g  
data  c o l l  e c t i o n  a c t i v i t i e s  should es tab l  i sh t h a t  o rgan iza t ion 's  opera t iona l  and 
QA po l  i c i e s .  Th is  i n fo rma t ion  should be documented i n  t h e  QAPjP. The management 
should ensure t h a t  (1) t h e  appropr ia te  method01 ogies are f o l l  owed as documented 
i n  the  QAPjPs; (2) personnel c l e a r l y  understand t h e i r  d u t i e s  and 
responsi b i l  i t i e s ;  (3) each s t a f f  member has access t o  appropr ia te  p r o j e c t  
documents; (4) any dev ia t i ons  from t h e  QAPjP are communicated t o  t h e  p r o j e c t  
management and documented; and (5)  communication occurs between t h e  f i e l d ,  
labora tory ,  and p r o j e c t  management, as s p e c i f i e d  i n  t h e  QAPjP. I n  add i t i on ,  each 
o rgan iza t i on  should ensure t h a t  t h e i r  a c t i v i t i e s  do no t  increase t h e  r i s k  t o  
humans o r  t h e  environment a t  o r  about t h e  p r o j e c t  l o c a t i o n .  Cer ta in  p r o j e c t s  may 
r e q u i r e  s p e c i f i c  p o l i c i e s  o r  a  Heal th and Safety Plan t o  provide t h i s  assurance. 

The management o f  t h e  p a r t i c i p a t i n g  f i e l d  o r  1  aboratory o rgan iza t i on  should 
e s t a b l i s h  personnel q u a l i f i c a t i o n s  and t r a i n i n g  requirements f o r  t h e  p r o j e c t .  
Each person p a r t i c i p a t i n g  i n  t h e  p r o j e c t  should have t h e  education, t r a i n i n g ,  
techn ica l  know1 edge, and experience, o r  a  combination thereof ,  t o  enable t h a t  
i n d i v i d u a l  t o  per form assigned func t ions .  T ra in ing  should be provided f o r  each 
s ta f f  member as necessary t o  perform t h e i r  func t ions  proper ly .  Personnel 
q u a l i f i c a t i o n s  should be documented i n  terms o f  education, experience, and 
t r a i n i n g ,  and p e r i o d i c a l l y  reviewed t o  ensure adequacy t o  c u r r e n t  
responsi b i l  i t i e s .  

Each p a r t i c i p a t i n g  f i e l d  organ iza t ion  o r  1  aboratory o rgan iza t i on  should 
have a  designated QA func t ion  ( i  .e., a  team o r  i n d i v i d u a l  t r a i n e d  i n  QA) t o  
moni to r  opera t ions  t o  ensure t h a t  t he  equipment, personnel, a c t i v i t i e s ,  
procedures, and documentation conform w i t h  t h e  QAPjP. To t h e  ex ten t  poss ib le ,  
t h e  QA moni to r ing  f u n c t i o n  should be e n t i r e l y  separate from, and independent o f ,  
personnel engaged i n  t h e  work being monitored. The QA f u n c t i o n  should be 
respons ib le  f o r  t h e  QA review. 
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2.7 .1  Performance Eva1 ua t  i o n  

Performance eva lua t i on  s tud ies  are  used t o  measure t h e  performance o f  t he  
1  aboratory on unknown samples. Performance eval ua t  i o n  samples are t y p i c a l l y  
submitted t o  t h e  l abo ra to ry  as b l i n d  samples by an independent ou ts ide  source. 
The r e s u l  t s  a re  compared t o  predetermined acceptance 1  i m i  t s  . Performance 
eva lua t i on  samples can a l so  be submitted t o  t h e  l abo ra to ry  as p a r t  o f  t he  QA 
f u n c t i o n  du r ing  i n t e r n a l  assessment o f  l abo ra to ry  performance. Records o f  a l l  
performance eva lua t i on  s tud ies  should be maintained by t h e  labora tory .  Problems 
i d e n t i f i e d  through p a r t i c i p a t i o n  i n  performance eval  ua t i on  s tud ies  should be 
immediately i nves t i ga ted  and corrected.  

2.7.2 I n t e r n a l  Assessment bv QA Funct ion 

Personnel perfo'rming f i e l d  and 1  aboratory a c t i v i t i e s  are responsib le f o r  
c o n t i n u a l l y  mon i to r ing  i n d i v i d u a l  compliance w i t h  t h e  QAPjP. The QA func t i on  
should rev iew procedures, r e s u l t s  and c a l c u l a t i o n s  t o  determine compl i ance w i t h  
t h e  QAPjP. The r e s u l t s  o f  t h i s  i n t e r n a l  assessment should be repor ted t o  
management w i t h  requirements f o r  a  p l a n  t o  c o r r e c t  observed de f i c i enc ies .  

2.7 .3  External  Assessment 

The f i e l d  and 1  aboratory a c t i v i t i e s  may be reviewed by personnel external  
t o  the  organ iza t ion .  Such an assessment i s  an extremely valuable method f o r  
i d e n t i f y i n g  overlooked problems. 'The r e s u l t s  o f  t h e  ex terna l  assessment should 
be submitted t o  management w i t h  requirements f o r  a  p lan  t o  c o r r e c t  observed 
de f i c i enc ies .  

2 .7 .4  On-Site Evaluat ion 

On-s i te  eva lua t ions  may be conducted as p a r t  o f  both i n t e r n a l  and external  
assessments. The focus o f  an o n - s i t e  eva lua t ion  i s  t o  evaluate the  degree o f  
conformance o f  p r o j e c t  a c t i v i t i e s  w i t h  t h e  appl i c a b l e  QAPjP. On-s i te  evaluat ions 
may inc lude,  bu t  are no t  l i m i t e d  t o ,  a  complete rev iew o f  f a c i l i t i e s ,  s t a f f ,  
t r a i n i n g ,  inst rumentat ion,  procedures, methods, sample c o l l e c t i o n ,  analyses, QA 
po l  i c i e s  and procedures re1  ated t o  the  generat ion o f  environmental data. Records 
o f  each eva lua t i on  should i nc lude  t h e  date o f  t h e  evaluat ion,  l oca t i on ,  t he  areas 
reviewed, t h e  person performing the  eval ua t  i on, f i n d i n g s  and problems, and 
ac t ions  recommended and taken t o  reso l ve  problems. Any problems i d e n t i f i e d  t h a t  
are l i k e l y  t o  a f f e c t  da ta  i n t e g r i t y  should be brought immediately t o  the  
a t t e n t i o n  o f  management. 

2 . 7 . 4 . 1  F i e l d  A c t i v i t i e s  

The rev iew o f  f i e l d  a c t i v i t i e s  should be conducted by one o r  more persons 
knowledgeable i n  t h e  a c t i v i t i e s  being reviewed and inc lude evaluat ing, a t  a  
minimum, t h e  f o l l o w i n g  subjects:  

Completeness o f  F i e l d  Reports - -  Th is  rev iew determines whether a l l  
requirements f o r  f i e l d  a c t i v i t i e s  i n  t h e  QAPjP have been f u l f i l l e d ,  t h a t  
complete records e x i s t  f o r  each f i e l d  a c t i v i t y ,  and t h a t  the  procedures 
- 
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s p e c i f i e d  i n  t h e  QAPjP have been implemented. Emphasis on f i e l d  
documentation w i l l  he lp  assure sample i n t e g r i t y  and s u f f i c i e n t  t echn ica l  
i n fo rma t ion  t o  rec rea te  each f i e l d  event.  The r e s u l t s  o f  t h i s  
completeness check should be documented, and environmental da ta  a f f e c t e d  
by incomplete records should be i d e n t i f i e d .  

I d e n t i f i c a t i o n  of Val i d  Samples - -  Th is  rev iew invo l ves  i n t e r p r e t a t i o n  and 
eval  u a t i  on o f  t h e  f i e l d  records  t o  d e t e c t  problems. a f f e c t i n g  t h e  repre-  
sentat iveness o f  environmental samples. Examples o f  i tems t h a t  might  
i n d i c a t e  p o t e n t i  a1 l y  i nval  i d  sampl es i n c l  ude improper we1 1  development, 
improper ly  screened we l ls ,  i n s t a b i l i t y  o f  pH o r  c o n d u c t i v i t y ,  and c o l l e c -  
t i on o f  v o l  a t i  1  es near i n t e r n a l  combustion engines. The f i e l d  records 
should be evaluated aga ins t  t h e  QAPjP and SOPS. The rev iewer should docu- 
ment t h e  sample v a l i d i t y  and i d e n t i f y  t h e  environmental da ta  associated 
w i t h  any poor o r  i n c o r r e c t  f i e l d  work. 

C o r r e l a t i o n  o f  F i e l d  Test  Data - -  Th is  rev iew invo l ves  comparing any 
a v a i l  ab le  r e s u l t s  o f  f i e l d  measurements obta ined by more than one method. 
For example, sur face geophysical methods should c o r r e l  a t e  w i t h  d i r e c t  
methods o f  s i t e  geo log ic  c h a r a c t e r i z a t i o n  such as 1  i t h o l o g i c  l ogs  
cons t ruc ted  du r ing  d r i  11 i ng opera t ions  . 
I d e n t i f i c a t i o n  o f  Anomalous F i e l d  Test  Data - -  Th is  rev iew i d e n t i f i e s  any 
anomalous f i e l d  t e s t  data. For example, a  water  temperature f o r  one w e l l  
t h a t  i s  5 degrees h igher  t han  any o the r  w e l l  temperature i n  t h e  same 
aqu i fe r  should be noted. The rev iewer should evaluate t h e  impact o f  
anomalous f i e 1  d  measurement r e s u l t s  on t h e  associated environmental data. 

V a l i d a t i o n  o f  F i e l d  Analvses - -  Th is  rev iew v a l i d a t e s  and documents a l l  
da ta  from f i e l d  ana lys i s  t h a t  a re  generated in s i t u  o r  from a  mobi le  
l a b o r a t o r y  as spec i f i ed  i n  Sect ion  2.7.4.2. The rev iewer should document 
whether t h e  QC checks meet t h e  acceptance c r i t e r i a ,  and whether c o r r e c t i v e  
ac t i ons  were taken f o r  any ana lys i s  performed when acceptance c r i t e r i a  
were exceeded. 

2.7.4.2 Laboratorv A c t i v i t i e s  

The rev iew o f  l a b o r a t o r y  da ta  should be conducted by one o r  more persons 
know1 edgeabl e  jn -1 aboratory a c t i v i t i e s  and i n c l  ude eval ua t ing ,  a t  a  mi nimum, the  
f o l l o w i n g  sub jec ts :  

Completeness o f  Laboratorv Records - -  Th i s  rev iew determines whether: (1) 
a l l  samples and analyses r e q u i r e d  by t h e  QAPjP have been processed, (2) 
complete records e x i s t  f o r  each ana lys i s  and t h e  associated QC samples, 
and t h a t  (3) t h e  procedures s p e c i f i e d  i n  t he  QAPjP have been implemented. 
The r e s u l t s  o f  t h e  completeness check should be documented, and 
environmental da ta  a f f e c t e d  by incomplete records should be i d e n t i f i e d .  

Eva lua t i on  o f  Data w i t h  Respect t o  De tec t i on  and Q u a n t i t a t i o n  L i m i t s  - -  
Th is  rev iew compares a n a l y t i c a l  r e s u l t s  t o  r e q u i r e d  q u a n t i t a t i o n  l i m i t s .  

- Reviewers should document instances where d e t e c t i o n  o r  quant i  t a t i o n  1  i m i t s  
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exceed r e g u l a t o r y  1  i m i  t s ,  a c t i o n  1  eve1 s, o r  t a r g e t  concentrat ions 
s p e c i f i e d  i n  t h e  QAPjP. 

Eva lua t ion  o f  Data w i t h  Respect t o  Control  L i m i t s  - -  This rev iew compares 
t h e  r e s u l t s  o f  QC and c a l i b r a t i o n  check samples t o  c o n t r o l  c r i t e r i a .  
Co r rec t i ve  a c t i o n  should be implemented fo r  data no t  w i t h i n  con t ro l  
l i m i t s .  The rev iewer should check t h a t  c o r r e c t i v e  ac t i on  repor ts ,  and t h e  
r e s u l t s  o f  reana lys is ,  are ava i lab le .  The review should determine 
whether samples associated w i t h  ou t -o f -cont ro l  QC data are i d e n t i f i e d  i n  
a  w r i t t e n  record  o f  t he  data review, and whether an assessment o f  t he  
u t i l i t y  o f  such a n a l y t i c a l  r e s u l t s  i s  recorded. 

Review o f  Hold ins Time Data - -  This rev iew compares sample ho ld ing  times 
t o  those requ i red  by the  QAPjP, and notes a l l  deviat ions.  

Review o f  Performance Evaluat ion (PE) Results - -  PE study r e s u l t s  can be 
h e l p f u l  i n  eva lua t ing  the  impact o f  ou t -o f - con t ro l  condi t ions.  This  review 
documents any r e c u r r i n g  t rends o r  problems evident  i n  PE s tud ies  and 
eval  uates t h e i r  e f f e c t  on environmental data. 

C o r r e l a t i o n  o f  Laboratory Data - -  This  review determines whether t he  
r e s u l t s  o f  da ta  obtained from r e l a t e d  1  aboratory tes ts ,  e.g., Purgeable 
Organic Hal ides (POX) and Vol a t i  1  e  Organics, are documented, and whether 
t h e  s i g n i f i c a n c e  o f  any d i f f e rences  i s  discussed i n  the  repor ts .  

2.7.5 QA Reports 

There should be p e r i o d i c  r e p o r t i n g  o f  p e r t i n e n t  QA/QC in fo rmat ion  t o  the  
p r o j e c t  management t o  a l l ow  assessment o f  t he  o v e r a l l  e f fec t iveness  o f  the  QA 
program. There are  th ree  major types o f  QA repo r t s  t o  p r o j e c t  management: 

Pe r iod i c  Report on Key QA A c t i v i t i e s  - -  Provides summary o f  key QA a c t i v i -  
t i e s  du r ing  t h e  per iod,  s t ress ing  measures t h a t  are being taken t o  improve 
da ta  q u a l i t y ;  describes s i g n i f i c a n t  q u a l i t y  problems observed and 
c o r r e c t i v e  ac t ions  taken; repo r t s  in fo rmat ion  regarding any changes i n  
c e r t i  f i ca t i on /acc red i  t a t i o n  status;  describes involvement i n  r e s o l u t i o n  o f  
q u a l i t y  i ssues  w i t h  c l i e n t s  o r  agencies; repo r t s  any QA organ iza t iona l  
changes; and prov ides n o t i c e  o f  t he  d i s t r i b u t i o n  o f  rev ised documents 
c o n t r o l  1  ed by the  QA organ iza t ion  ( i  .e., procedures). 

Report on Measurement Qua l i t y  I nd i ca to rs  - -  Includes the  assessment o f  QC 
data gathered over t h e  period, t h e  frequency o f  analyses repeated due t o  
unacceptable QC performance, and, i f  possible, t h e  reason f o r  t h e  unac- 
ceptab le  performance and c o r r e c t i v e  ac t i on  taken. 

Reports on QA Assessments - -  Includes the  r e s u l t s  o f  t he  assessments and 
t h e  p l a n  f o r  c o r r e c t i n g  i d e n t i f i e d  de f i c i enc ies ;  submitted immediately 
f o l l o w i n g  any i n t e r n a l  o r  ex terna l  o n - s i t e  eva lua t ion  o r  upon r e c e i p t  o f  
t h e  r e s u l t s  o f  any performance eva lua t ion  studies.  

- 
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3.0 FIELD OPERATIONS 

The f i e l d  operat ions should be conducted i n  such a way as t o  prov ide  
r e l i a b l e  i n fo rma t ion  t h a t  meets t h e  DQOs. To achieve t h i s ,  c e r t a i n  minimal 
pol  i c i e s  and procedures should be imp1 emented. The OSW i s  cons ider ing  r e v i s i o n s  
o f  Chapter Nine and Eleven o f  t h i s  manual. Supplemental i n fo rma t ion  and guidance 
i s  a v a i l a b l e  i n  t h e  RCRA Ground-Water Moni to r ing  Technical Enforcement Guidance 
Document ('TEGD) (Reference 3). 'The p r o j e c t  documentation should c o n t a i n  t h e  
i nformat i on s p e c i f i e d  be1 ow. 

3.1 FIELD LOGISTICS 

The QAPjP should descr ibe t h e  type(s) o f  f i e l d  operat ions t o  be performed 
and t h e  appropr ia te  area(s) .in which t o  perform t h e  work. The QAPjP should 
address v e n t i l a t i o n ,  p r o t e c t i o n  from extreme weather and temperatures, access t o  
s tab le  power, and p r o v i s i o n  f o r  water and gases o f  requ i red  p u r i t y .  

Whenever p r a c t i c a l ,  t h e  sampl i ng s i t e  f a c i l  i t i e s  should be examined p r i o r  
t o  t h e  s t a r t  o f  work t o  ensure t h a t  a1 1 requ i red  i tems are a v a i l  able. The ac tua l  
area o f  sampl i n g  should be examined t o  ensure t h a t  t rucks,  d r i l l  i n g  equipment, 
and personnel have adequate access t o  t h e  s i t e .  

The determinat ion  as t o  whether sample shipping i s  necessary should be made 
du r ing  p lann ing f o r  t h e  p r o j e c t .  'This need i s  es tab l ished by eva lua t ing  t h e  
analyses t o  be performed, sample ho ld ing  times, and l o c a t i o n  o f  t h e  s i t e  and t h e  
l abo ra to ry .  Shipping o r  t r a n s p o r t i n g  o f  samples t o  a l abo ra to ry  should be done 
w i t h i n  a t imeframe such t h a t  recommended ho ld ing  t imes are met. 

Sampl es should be packaged, 1 abel 1 ed, preserved (e . g . , preservat  i ve added, 
iced, e tc . ) ,  and documented i n  an area which i s  f r e e  o f  contaminat ion and 
provides f o r  secure storage. The l e v e l  o f  custody and whether sample storage i s  
needed should be addressed i n  t h e  QAPjP. 

Storage areas f o r  sol  vents, reagents, standards, and re ference mate r i  a1 s 
should be adequate t o  preserve t h e i r  i d e n t i t y ,  concentrat ion,  p u r i t y ,  and 
s t a b i l  i t y  p r i o r  t o  use. 

Decontamination of sampl i ng equipment may be performed a t  t h e  1 oca t ion  
where sampling occurs, p r i o r  t o  going t o  t h e  sampling s i t e ,  o r  i n  designated 
areas near t h e  sampling s i t e .  P ro jec t  documentation should spec i f y  where and how 
t h i s  work i s  accomplished. I f  decontamination i s  t o  be done a t  t h e  s i t e ,  water  
and so lvents  o f  appropr ia te  p u r i t y  should be ava i lab le .  The method o f  
accompl i sh i  ng decontamination, i n c l  ud i  ng t h e  requ i red  mater i  a1 s, so l  vents, and 
water p u r i t y  should be spec i f i ed .  

Dur ing t h e  sampl i n g  process and dur ing  o n - s i t e  o r  i n  s i t u  analyses, waste 
m a t e r i a l s  are sometimes generated. The method f o r  storage and d isposal  o f  these 
waste ma te r i  a1 s t h a t  compl i es w i t h  appl i cab1 e 1 ocal , s t a t e  and Federal 
regu l  a t i  ons should be spec i f i ed .  Adequate f a c i l  i t i e s  should be provided f o r  t h e  
c o l l e c t i o n  and storage of a l l  wastes, and these f a c i l i t i e s  should be operated so 
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as t o  minimize environmental contamination. Waste storage and disposal 
f a c i l  i t i e s  should comply w i t h  appl i c a b l e  federal,  s ta te ,  and l o c a l  regulat ions.  

'The l o c a t i o n  o f  long- term and shor t - te rm storage f o r  f i e l d  records, and the  
measures t o  ensure t h e  i n t e g r i t y  o f  t h e  da ta  should be spec i f ied .  

3 . 2  EQUIPMENT/ INSTRUMENTATION 

The equipment, inst rumentat ion,  and supp l ies  a t  t he  sampling s i t e  should 
be s p e c i f i e d  and should be appropr ia te  t o  accompl i s h  t h e  a c t i v i t i e s  planned. The 
equipment and ins t rumenta t ion  should meet t h e  requirements o f  spec i f i ca t ions ,  
methods, and procedures as s p e c i f i e d  i n  t h e  QAPjP. 

3 . 3  OPERATING PROCEDURES 

The QAPjP should descr ibe o r  make reference t o  a l l  f i e l d  a c t i v i t i e s  t h a t  
may a f f e c t  da ta  qua1 i t y .  For r o u t i n e l y  performed a c t i v i t i e s ,  standard operat iqg 
procedures (SOPS) are o f t e n  prepared t o  ensure consistency, and t o  save t ime and 
e f f o r t  i n  p repar ing  QAPjPs. Any d e v i a t i o n  from an es tab l ished procedure dur iqg 
a da ta  c o l l e c t i o n  a c t i v i t y  should be documented. The procedures should be 
a v a i l a b l e  f o r  t h e  i nd i ca ted  a c t i v i t i e s ,  and should inc lude,  a t  a minimum, the  
i n fo rma t ion  descr ibed below. 

3 . 3 . 1  Sampl e Manaqement 

The numbering and 1 abel i n g  system, chain-of -custody procedures, and how the  
samples are  t o  be t racked from c o l l e c t i o n  t o  shipment o r  r e c e i p t  by the 
1 aboratory should be spec i f ied .  Sample management procedures should a1 so spec i fy  
t h e  ho ld ing  t imes, volumes o f  sample requ i red  by t h e  labora tory ,  requi red 
preserva t ives ,  and shipping requirements. 

3 . 3 . 2  Reaqent/Standard Preparat ion 

The procedures descr ib ing  how t o  prepare standards and reagents should be 
spec i f i ed .  In fo rmat ion  concerning s p e c i f i c  grades o f  mater i  a1 s used i n  reagent 
and standard preparat ion,  appropr i  a te  g l  assware and conta iners f o r  preparat ion 
and storage, and l a b e l i n g  and record  keeping f o r  s tocks and d i l u t i o n s  should be 
i n c l  uded . 

3 . 3 . 3  Decontamination 

The procedures desc r ib ing  decontamination o f  f i e l d  equi pment before and 
dur ing  t h e  sampl e co l  1 e c t  i on process should be spec i f ied .  These procedures 
should i nc lude  c lean ing  ma te r ia l s  used, t h e  order  o f  washing and r i n s i n g  w i t h  the  
c lean ing  mater i  a1 s, requirements f o r  p r o t e c t i n g  o r  cover ing cleaned equi pment, 
and procedures f o r  d isposing o f  c lean ing  mater i  a1 s. 

- 

ONE - 9 Revision 1  
J u l y  1992 



3.3.4 S a m ~ l e  Collection 

The procedures describing how the sampling operations are actually 
performed in the field should be specified. A simple reference to standard 
methods is not sufficient, unless a procedure is performed exact1.y as described 
in the published method. Methods from source documents published by the EPA, 
American Society for Testing and Materials, U.S. Department of the Interior, 
National Water Well Association, American Petroleum Institute, or other 
recognized organizations with appropriate expertise should be used, if possible. 
The procedures for sample collection should include at least the following: 

Applicability of the procedure, 

Equipment required, 

Detailed description of procedures to be followed in collecting the 
samples, 

Common problems encountered and corrective actions to be followed, and 

Precautions to be taken. 

3.3.5 Field Measurements 

The procedures describing all methods used in the field to determine a 
chemical or physical parameter should be described in detail . The procedures 
should address criteria from Section 4, as appropriate. 

3.3.6 Equipment Calibration And Maintenance 

The procedures describing how to ensure that field equipment and 
instrumentation are in working order should be specified. These describe 
calibration procedures and schedules, maintenance procedures and schedules, 
maintenance logs, and service arrangements for equipment. Calibration and 
maintenance of field equi pment and instrumentation should be in accordance with 
manufacturers' specifications or appl icable test specifications and should be 
documented. 

3.3.7 Corrective Action 

The procedures describing how to identify and correct deficiencies in the 
sample col 1 ecti on process should be specified. These should incl ude specific 
steps to take in correcting deficiencies such as performing additional 
decontamination of equipment, resampl ing, or additional training of field 
personnel. The procedures should specify that each corrective action should be 
documented with a description of the deficiency and the corrective action taken, 
and should include the person (s) responsible for imp1 ementing the .corrective 

. . action. 
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3.3.8 Data Reduction and V a l i d a t i o n  

The procedures desc r i b ing  how t o  compute r e s u l t s  from f i e l d  measurements 
and t o  rev iew and v a l i d a t e  these data should be spec i f i ed .  They should inc lude 
a l l  formulas used t o  c a l c u l a t e  r e s u l t s  and procedures used t o  independent ly 
v e r i f y  t h a t  f i e l d  measurement r e s u l t s  a re  co r rec t .  

3.3.9 Repor t inq  

The procedures desc r i b ing  t h e  process f o r  r e p o r t i n g  t h e  r e s u l t s  o f  f i e l d  
a c t i v i t i e s  should be spec i f i ed .  

3.3.10 Records Manaqement 

The procedures desc r i b ing  the  means fo r  generat ing, c o n t r o l  1  ing, and 
a r c h i v i n g  p r o  j e c t - s p e c i  f i c  records and f i e l d  operat ions records should be 
s p e c i f i e d .  These procedures should de ta i  1  record  generat ion and c o n t r o l  and t h e  
requirements f o r  reco rd  r e t e n t i o n ,  i n c l u d i n g  type, time, secur i t y ,  and r e t r i e v a l  
and d isposa l  a u t h o r i t i e s .  

P ro jec t - spec i  f i c records re1  a te  t o  f i e l d  work performed f o r  a  p r o j e c t .  
These records  may i n c l  ude correspondence, chain-of-custody records, f i e l d  
notes, a1 1  r e p o r t s  issued as a  r e s u l t  o f  t he  work, and procedures used. 

F ie1 d  opera t ions  records document o v e r a l l  f i e l d  operat ions and may inc lude 
equi  pment performance and maintenance 1  ogs, personnel f i 1 es, general f i e l d  
procedures, and c o r r e c t i v e  ac t i on  repo r t s .  

3.3.11 Waste Disposal 

The procedures desc r i b ing  the  methods f o r  d isposal  o f  waste ma te r i a l s  
r e s u l  t i  ng f rom f i e l d  operat ions should be spec i f ied .  

3.4 FIELD QA AND QC REQUIREMENTS 

The QAPjP should descr ibe  how t h e  f o l l o w i n g  elements o f  t h e  f i e l d  QC 
program wi  11 be imp1 emented. 

3.4.1 Cont ro l  Samples 

Cont ro l  samples a re  QC samples t h a t  are in t roduced i n t o  a  process t o  
mon i to r  t h e  performance o f  t h e  system. Contro l  saniples, which may i nc lude  blanks 
(e .g . , t r i p ,  equi pment, and 1  aboratory) , dupl i ca tes ,  spikes, a n a l y t i c a l  
standards, and re fe rence ma te r i a l s ,  can be used i n  d i f f e r e n t  phases o f  t h e  data 
c o l  l e c t i o n  process beginning w i t h  sampl i n g  and cont inu ing  through t ranspo r ta t i on ,  
storage, and ana lys is .  

Each day o f  sampling, a t  l e a s t  one f i e l d  dup l i ca te  and one equipment 
r i n s a t e  should be c o l l e c t e d  f o r  each ma t r i x  sampled. I f  t h i s  frequency i s  no t  
app rop r i a te  f o r  t h e  sampl i ng equipment and method, then the  appropr ia te  changes 
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should be c l e a r l y  i d e n t i f i e d  i n  t h e  QAPjP. When samples are c o l l e c t e d  f o r  
v o l a t i l e  o rgan ic  ana lys is ,  a  t r i p  b lank  i s  a lso  recommended f o r  each day t h a t  
samples are  c o l l e c t e d .  I n  add i t ion ,  f o r  each sampling batch (20  samples o f  one 
m a t r i x  type) ,  enough volume should be c o l l e c t e d  f o r  a t  l e a s t  one sample so as t o  
a1 1  ow t h e  1 aboratory t o  prepare one m a t r i x  sp ike  and e i t h e r  one m a t r i x  dupl i c a t e  
o r  one m a t r i x  sp-ike d u p l i c a t e  f o r  each a n a l y t i c a l  method employed. T h i s  means 
t h a t  t h e  f o l l o w i n g  c o n t r o l  samples are recommended: 

* F i e l d  dupl i c a t e  (one per  day per  m a t r i x  type)  
*Equipment r i n s a t e  (one per  day per m a t r i x  type)  
- T r i p  b lank  (one per  day, v o l a t i l e  organics on ly )  
- M a t r i x  sp ike  (one per  batch [20 samples o f  each m a t r i x  type] )  
- M a t r i x  d u p l i c a t e  o r  m a t r i x  spike d u p l i c a t e  (one per  batch) 

Add i t i ona l  c o n t r o l  samples may be necessary i n  order  t o  assure data  q u a l i t y  t o  
meet t h e  p r o j e c t - s p e c i f i c  DQOs. 

3 . 4 . 2  Acceptance C r i t e r i a  

Procedures should be i n  p lace f o r  es tab l  i shing acceptance c r i t e r i a  f o r  
f i e l d  a c t i v i t i e s  descr ibed i n  t h e  QAPjP. Acceptance c r i t e r i a  may be qua1 i t a t i v e  
o r  q u a n t i t a t i v e .  F i e l d  events o r  data t h a t  f a l l  ou ts ide  o f  es tab l i shed  
acceptance c r i t e r i a  may i n d i c a t e  a  problem w i t h  the  sampling process t h a t  should 
be inves t iga ted .  

3 . 4 . 3  Devia t ions  

A l l  dev ia t i ons  f rom p l a n  should be documented as t o  t h e  e x t e n t  o f ,  and 
reason f o r ,  t h e  dev ia t i on .  Any a c t i v i t y  no t  performed i n  accordance w i t h  
procedures o r  QAPjPs i s  considered a  d e v i a t i o n  from plan.  Dev ia t ions  f rom p l a n  
may o r  may n o t  a f f e c t  data q u a l i t y .  

3 . 4 . 4  Cor rec t i ve  Ac t ion  

Er rors ,  d e f i c i e n c i e s ,  dev ia t ions ,  c e r t a i n  f i e l d  events, o r  da ta  t h a t  f a l l  
ou ts ide  es tab l  i shed acceptance c r i t e r i a  should be inves t iga ted.  I n  some i n -  
stances, c o r r e c t i v e  a c t i o n  may be needed t o  reso lve  the  problem and r e s t o r e  
proper f u n c t i o n i n g  t o  t h e  system. The i n v e s t i g a t i o n  o f  t h e  problem and any 
subsequent c o r r e c t i v e  a c t i o n  taken should be documented. 

3 . 4 . 5  Data Handl inq 

A l l  f i e l d  measurement data should be reduced according t o  p r o t o c o l s  
descr ibed o r  referenced i n  t h e  QAPjP. Computer programs used f o r  da ta  reduc t ion  
should be v a l  i da ted  before  use and v e r i f i e d  on a  r e g u l a r  basis.  A1 1 in fo rmat ion  
used i n  t h e  c a l c u l a t i o n s  should be recorded t o  enable recons t ruc t i on  o f  t h e  f i n a l  
r e s u l t  a t  a  1 a t e r  date. 

Data should be repor ted  i n  accordance w i t h  the  requirements o f  t h e  end-user 
as descr ibed i n  t h e  QAPjP. 
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3.5 QUALITY ASSURANCE REVIEW 

The QA Review cons i s t s  o f  i n t e r n a l  and ex te rna l  assessn~ents t o  ensure t h a t  
QA/QC procedures are i n  use and t o  ensure t h a t  f i e l d  s t a f f  conform t o  these 
procedures. QA rev iew should be conducted as deemed appropr ia te  and necessary. 

3.6 FIELD RECORDS 

Records prov ide  t h e  d i r e c t  evidence and support  f o r  t h e  necessary techn ica l  
i n t e r p r e t a t i o n s ,  judgments, and d iscussions concerning p r o j e c t  a c t i v i t i e s .  These 
records, p a r t i c u l a r l y  those t h a t  are a n t i c i p a t e d  t o  be used as e v i d e n t i a r y  data, 
should d i r e c t l y  support  c u r r e n t  o r  ongoing techn i ca l  s tud ies  and a c t i v i t i e s  and 
should p rov ide  t h e  h i s t o r i c a l  evidence needed f o r  1 a t e r  reviews and analyses. 
Records should be 1 eg i  b l  e, i d e n t i f i a b l e ,  and r e t r i e v a b l e  and pro tec ted  against  
damage, d e t e r i o r a t i o n ,  o r  1 oss. The d iscuss ion  i n  t h i s  sec t i on  (3.6) out1 ines 
recommended procedures f o r  record  keeping . Organizat ions which conduct f i e l d  
sampl i ng should develop appropr ia te  reco rd  keeping procedures which s a t i s f y  
re1  evant t echn i ca l  and 1 egal requ i  rements . 

F i e l d  records general l y  c o n s i s t  o f  bound f i e l d  notebooks w i t h  prenumbered 
pages, sample c o l l  e c t i  on forms, personnel qua1 i f  i c a t i o n  and t r a i n i n g  forms, 
sample l o c a t i o n  maps, equipment maintenance and c a l  i b r a t i o n  forms,. chain-of-  
custody forms, sample ana l ys i s  request  forms, and f i e 1  d change request  forms. 
A l l  records should be w r i t t e n  i n  i n d e l i b l e  i n k .  

Procedures f o r  rev iewing  , approving, and r e v i  s i ng  f i e l d  records should be 
c l e a r l y  def ined,  w i t h  t h e  l i n e s  o f  a u t h o r i t y  inc luded.  It i s  recommended t h a t  
a1 1 documentation e r r o r s  should be cor rec ted  by drawing a s i n g l e  1 i n e  through the  
e r r o r  so i t  remains l e g i b l e  and should be i n i t i a l e d  by the  responsib le 
i n d i v i d u a l ,  a long w i t h  t h e  da te  o f  change. The c o r r e c t i o n  s h o ~ ~ l d  be w r i t t e n  
adjacent t o  t h e  e r r o r .  

Records should inc lude (bu t  are n o t  1 in i i ted  t o )  t he  fo l l ow ing :  

Cal i b r a t i o n  Records & Traceabi 1 i t v  o f  Standards/Reaqents --  Cal i b r a t i o n  i s  
a rep roduc ib le  reference p o i n t  t o  which a l l  sample measurements can be 
c o r r e l  ated . A sound c a l  i b r a t i  on program should i n c l  ude prov is ions  fo r  
documentation o f  frequency, cond i t ions ,  standards, and records r e f l e c t i n g  
the  c a l i b r a t i o n  h i s t o r y  o f  a measurement system. The accuracy o f  t he  
c a l i b r a t i o n  standards i s  impor tant  because a l l  data w i l l  be i n  reference 
t o  t he  standards used. A program f o r  v e r i f y i n g  and documenting the  
accuracy o f  a1 1 working standards aga ins t  pr imary grade standards should 
be r o u t i n e l y  f o l l  owed. 

Sample C o l l e c t i o n  - -  To ensure niaximum u t i l i t y  o f  t he  sampling e f f o r t  and 
r e s u l t i n g  data, documentation o f  t h e  sampling pro toco l ,  as performed i n  
t h e  f i e l d ,  i s  essent i  a1 . It i s  recommended t h a t  sample c o l l  e c t i o n  records 
conta in,  a t  a minimum, the  names o f  persons conduct ing the  a c t i v i t y ,  
sample number, sample l o c a t i o n ,  equipment used, c l  i m a t i c  condi t ions,  
documentation o f  adherence t o  p ro toco l ,  and unusual observat ions. The 
- 
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actua l  sample c o l l e c t i o n  record  i s  u s u a l l y  one o f  t h e  fo l l ow ing :  a bound 
f i e l d  notebook w i t h  prenumbered pages, a p r e - p r i n t e d  form, o r  d i g i t i z e d  
in fo rmat ion  on a computer tape o r  d i s c .  

Chain-of-Custod.~ Records - -  The chain-of-custody i n v o l v i n g  t h e  possession 
o f  samples from t h e  t ime they  are  obta ined u n t i l  they  are  disposed o r  
shipped o f f - s i  t e  should be documented as s p e c i f i e d  i n  t h e  QAPjP and should 
i nc lude  t h e  f o l l o w i n g  in format ion :  (1) t h e  p r o j e c t  name; (2) s ignatures 
o f  samplers; (3) t h e  sample number, da te  and t ime o f  c o l l e c t i o n ,  and grab 
o r  composite sample designat ion;  (4) s ignatures  o f  i n d i v i d u a l  s invo lved i n  
sample t r a n s f e r ;  and (5) i f  app l icab le ,  t h e  a i r  b i l l  o r  o the r  shipping 
number. 

Maps and Drawinqs - -  P r o j e c t  p lann ing documents and r e p o r t s  o f t e n  con ta in  
maps. 'The maps are used t o  document t h e  l o c a t i o n  o f  sample c o l l e c t i o n  
p o i n t s  and moni to r ing  w e l l s  and as a means o f  p resent ing  environmental 
data. In format ion  used t o  prepare maps and drawings i s  normal ly  obtained 
through f i e l d  surveys, p roper t y  surveys, surveys o f  mon i to r i ng  we1 1 s, 
a e r i a l  photography o r  photogrammetric mapping. The f i n a l ,  approved maps 
and/or drawings should have a r e v i s i o n  number and date  and should be sub- 
j e c t  t o  t h e  same c o n t r o l s  as o the r  p r o j e c t  records. 

BC Samples - -  Documentation f o r  generat ion o f  QC samples, such as t r i p  and 
equipment r i n s a t e  blanks, dupl i c a t e  samples, and any f i e l d  spikes should 
be maintained. 

Dev ia t ions  - -  A l l  dev ia t i ons  from procedural documents and t h e  QAPjP 
should be recorded i n  t h e  s i t e  logbook. 

Reports - -  A copy o f  any r e p o r t  issued and any suppor t ing  documentation 
should be re ta ined.  

4.0 LABORATORY OPERATIONS 

The l a b o r a t o r y  should conduct i t s  operat ions i n  such a way as t o  prov ide  
r e l i a b l e  in format ion .  To achieve t h i s ,  c e r t a i n  minimal p o l i c i e s  and procedures 
s houl d be i mpl emented . 

4.1 FACILITIES 

The QAPjP should address a l l  f a c i l i t y - r e l a t e d  issues t h a t  may impact 
p r o j e c t  da ta  q u a l i t y .  Each l a b o r a t o r y  should be o f  s u i t a b l e  s i z e  and 
cons t ruc t i on  t o  f a c i l i t a t e  t h e  proper conduct o f  t h e  analyses. Adequate bench 
space o r  working area per ana lys t  should be provided. The space requirement per  
ana lys t  depends on t h e  equipment o r  apparatus t h a t  i s  being u t i l  ized, t h e  number 
o f  samples t h a t  t h e  ana lys t  i s  expected t o  hand1 e a t  any one t ime, and t h e  number 
o f  opera t ions  t h a t  are t o  be performed concur ren t l y  by a s i n g l e  ana lys t .  Other 
issues t o  be considered inc lude,  bu t  a re  no t  l i m i t e d  to,  v e n t i l a t i o n ,  l i g h t i n g ,  
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c o n t r o l  o f  dus t  and d r a f t s ,  p r o t e c t i o n  from extreme temperatures, and access t o  
a source o f  s t a b l e  power. 

Labora tor ies  should be designed so t h a t  t he re  i s  adequate separat ion o f  
f u n c t i o n s  t o  ensure t h a t  no l abo ra to ry  a c t i v i t y  has an adverse e f f e c t  on t h e  
analyses. The l a b o r a t o r y  may r e q u i r e  spec ia l i zed  f a c i l i t i e s  such as a p e r c h l o r i c  
a c i d  hood o r  glovebox. 

Separate space f o r  1 abora tory  operat ions and appropr ia te  anci  11 ary  support 
should be provided, as needed, f o r  t h e  performance o f  rou t i ne  and spec ia l i zed  
procedures. 

As necessary t o  ensure secure storage and prevent contaminat ion o r  
m i s i d e n t i f i c a t i o n ,  t he re  should be adequate f a c i l i t i e s  f o r  r e c e i p t  and storage 
o f  samples. The l e v e l  o f  custody requ i red  and any specia l  requirements f o r  
s torage such as r e f r i g e r a t i o n  should be descr ibed i n  p lanning documents. 

Storage areas f o r  reagents, so lvents,  standards, and reference ma te r i a l s  
should be adequate t o  preserve t h e i r  i d e n t i t y ,  concentrat ion,  p u r i t y ,  and 
s t a b i  1 i t y .  

Adequate f a c i l i t i e s  should be prov ided f o r  t h e  c o l l e c t i o n  and storage o f  
a l l  wastes, and these f a c i l i t i e s  should be operated so as t o  minimize envi ron-  
mental contaminat ion.  Waste s torage and d isposal  f a c i l i t i e s  should comply w i t h  
appl i c a b l  e f ede ra l ,  s ta te ,  and l o c a l  regu la t ions .  

The l o c a t i o n  of long- te rm and shor t - te rm storage o f  l abo ra to ry  records and 
t h e  measures t o  ensure t h e  i n t e g r i t y  o f  t h e  data should be spec i f i ed .  

Equipment and ins t rumenta t ion  should meet the  requirements and spec i f i ca -  
t i o n s  o f  t h e  s p e c i f i c  t e s t  methods and o ther  procedures as spec i f i ed  i n  the  
QAPjP. The 1 abora tory  should ma in ta in  an equipment/instrument d e s c r i p t i o n  1 i s t  
t h a t  i n c l  udes t h e  manufacturer, model number, year  o f  purchase, accessories, and 
any mod i f i ca t i ons ,  updates, o r  upgrades t h a t  have been made. 

4.3 OPERATING PROCEDURES 

The QAPjP should descr ibe  o r  make reference t o  a l l  l abo ra to ry  a c t i v i t i e s  
t h a t  may a f f e c t  da ta  qua1 i t y .  For r o u t i n e l y  performed a c t i v i t i e s ,  SOPS are o f t e n  
prepared t o  ensure consis tency and t o  save t ime and e f f o r t  i n  prepar ing QAPjPs. 
Any dev i  a t  i on f rom an es tab l  i shed procedure du r i ng  a data c o l l  ec t  i o n  a c t i v i t y  
should be documented. It i s  recommended t h a t  procedures be a v a i l  able f o r  the  
i n d i c a t e d  a c t i v i t i e s ,  and inc lude,  a t  a minimum, the  in fo rmat ion  descr ibed 
be1 ow. 
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4.3.1 S a m ~ l e  Manaqement 

The procedures desc r ib ing  t h e  r e c e i p t ,  handling, scheduling, and storage 
o f  samples should be spec i f i ed .  

Sample Receipt  and Handl inq - -  These procedures descr ibe t h e  precaut ions  
t o  be used i n  opening sample shipment conta iners and how t o  v e r i f y  t h a t  
cha in-o f -cus tody has been maintained, examine samples f o r  damage, check 
f o r  proper preservat ives  and temperature, and l o g  samples i n t o  t h e  
1  aboratory sample streams. 

Sample Schedul i n q  - - These procedures descr ibe t h e  sample schedul i ng i n  
t h e  l a b o r a t o r y  and inc ludes procedures used t o  ensure t h a t  ho ld ing  t i m e  
requirements are  met. 

Sample Storaqe - -  These procedures descr ibe t h e  storage cond i t i ons  f o r  a l l  
samples, v e r i f i c a t i o n  and documentation o f  d a i l y  s torage temperature, and 
how t o  ensure t h a t  custody o f  t h e  samples i s  maintained w h i l e  i n  t h e  
1  aboratory . 
4.3.2 Reaqent/Standard Preparat ion 

The procedures desc r ib ing  how t o  prepare standards and reagents should be 
spec i f i ed .  I n fo rmat ion  concerning s p e c i f i c  grades o f  ma te r ia l s  used i n  reagent 
and standard prepara t ion ,  appropr ia te  g l  assware and conta iners  f o r  p repara t i on  
and storage, and l a b e l i n g  and recordkeeping f o r  stocks and d i l u t i o n s  should be 
i n c l  uded. 

4.3.3 General Laboratory Techniques 

The procedures desc r ib ing  a1 1  essent i  a1 s  o f  1  aboratory operat ions t h a t  a re  
no t  addressed elsewhere should be spec i f i ed .  These techniques should inc lude,  
bu t  a re  n o t  l i m i t e d  to ,  glassware c lean ing procedures, opera t ion  o f  a n a l y t i c a l  
balances, p i p e t t i n g  techniques, and use o f  volumetr ic  glassware. 

4.3.4 Test  Methods 

Procedures f o r  t e s t  methods descr ib ing  how the  analyses are  a c t u a l l y  
performed i n  t h e  l a b o r a t o r y  should be spec i f ied .  A  simple reference t o  standard 
methods i s  no t  s u f f i c i e n t ,  unless t h e  ana lys is  i s  performed e x a c t l y  as descr ibed 
i n  t h e  pub l ished method. Whenever methods from SW-846 are no t  appropr iate,  
recognized methods from source documents publ ished by t h e  EPA, American P u b l i c  
Hea l th  Assoc ia t ion  (APHA) , American Society f o r  Test ing  and Mater i  a1 s  (ASTM) , t h e  
Nat iona l  I n s t i t u t e  f o r  Occupational Safety and Heal th (NIOSH) , o r  o the r  
recognized o rgan iza t i ons  w i t h  appropr ia te  exper t i se  should be used, i f  poss ib le .  
The documentation o f  t h e  actual  l abo ra to ry  procedures f o r  a n a l y t i c a l  methods 
should i n c l u d e  t h e  f o l l o w i n g :  

Sampl e  Prepara t ion  and Anal .ysi s  Procedures - - These i n c l  ude appl i cab1 e  
ho ld ing  t ime,  e x t r a c t i o n ,  d iges t ion ,  o r  p repara t ion  steps as appropr ia te  
t o  t h e  method; procedures f o r  determining t h e  appropr ia te  d i  1  u t i o n  t o  
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analyze; and any o t h e r '  in fo rmat ion  requ i red  t o  perform t h e  ana lys is  
accura te ly  and cons i s ten t l y .  

Instrument Standardizat ion - -  Thi  s  i n c l  udes concentrat ion(s)  and frequency 
o f  ana lys i s  o f  ca l i ' b ra t i on  standards, l i n e a r  range o f  t h e  method, and 
c a l i b r a t i o n  acceptance c r i t e r i a .  

Sample Data - -  Th is  inc ludes  record ing  requirements and documentation i n -  
c lud ing  sample i d e n t i f i c a t i o n  number, analyst ,  data v e r i f i c a t i o n ,  date o f  
ana lys i s  and v e r i f i c a t i o n ,  and computational method(s). 

P rec i s ion  and Bias - -  Th is  inc ludes  a l l  analy tes f o r  which the  method i s  
app l i cab le  and the  cond i t i ons  f o r  use o f  t h i s  in format ion.  

Detec t ion  and Report inq L i m i t s  -- Th is  inc ludes  a l l  analy tes i n  the  
method. 

Tes t -Spec i f i c  QC - -  This  descr ibes QC a c t i v i t i e s  app l icab le  t o  the  
speci f i c  t e s t  and references any appl i c a b l  e  QC procedures. 

4.3.5 Equipment C a l i b r a t i o n  and Maintenance 

The procedures desc r ib ing  how t o  ensure t h a t  l abo ra to ry  equipment and 
i nstrumentat i o n  are i n  working order  should be spec i f i ed .  These procedures 
i n c l  ude c a l  i b r a t  i on procedures and schedul es, maintenance procedures and 
schedules, maintenance 1  ogs, serv ice  arrangements f o r  a1 1  equipment, and spare 
p a r t s  avai 1  ab le  i n -  house. Cal i b r a t i  on and maintenance o f  1  aboratory equipment 
and ins t rumenta t ion  should be i n  accordance w i t h  manufacturers' s p e c i f i c a t i o n s  
o r  app l i cab le  t e s t  s p e c i f i c a t i o n s  and should be documented. 

The type, purpose, and frequency o f  QC samples t o  be analyzed i n  the  
1  aboratory and t h e  acceptance c r i t e r i a  should be spec i f i ed .  In format ion should 
-include t h e  a p p l i c a b i l i t y  o f  t he  QC sample t o  t h e  a n a l y t i c a l  process, the  
s t a t i s t i c a l  t reatment o f  t h e  data, and t h e  responsi b i l  i t y  o f  1  aboratory s t a f f  and 
management i n  generat ing and us ing t h e  data. Fur ther  d e t a i l s  on development o f  
p r o j e c t - s p e c i f i c  QC p ro toco l  s  are described i n  Sect ion 4.4. 

4.3.7 Cor rec t i ve  Ac t ion  

The procedures desc r ib ing  how t o  i d e n t i f y  and co r rec t  de f i c i enc ies  i n  the  
a n a l y t i c a l  process should be spec i f i ed .  These should inc lude s p e c i f i c  steps t o  
take i n  c o r r e c t i n g  the  d e f i c i e n c i e s  such as prepara t ion  o f  new standards and 
reagents, reca l  i b r a t i o n  and res tandard iza t ion  o f  equipment, reana lys is  o f  
samples, o r  a d d i t i o n a l  t r a i n i n g  o f  l abo ra to ry  personnel i n  methods and 
procedures. The procedures should spec i f y  t h a t  each c o r r e c t i v e  ac t i on  should be 
documented w i t h  a  d e s c r i p t i o n  o f  t he  de f i c i ency  and t h e  c o r r e c t i v e  ac t i on  taken, 
and should i n c l  ude t h e  person(s) respons ib le  f o r  imp1 ement i n g  t h e  c o r r e c t i v e  
ac t i on .  

- 
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4.3.8 Data Reduct ion and V a l i d a t i o n  

The procedures desc r i b ing  how t o  rev iew and v a l i d a t e  t h e  da ta  should be - 
s p e c i f i e d .  They should i n c l u d e  procedures f o r  computing and i n t e r p r e t i n g  t h e  
r e s u l t s  f rom QC samples, and independent procedures t o  v e r i f y  t h a t  t h e  a n a l y t i c a l  
r e s u l t s  a re  repo r ted  c o r r e c t l y .  I n  a d d i t i o n ,  r o u t i n e  procedures used t o  mon i to r  
p r e c i s i o n  and b ias ,  i n c l u d i n g  eva lua t i ons  o f  reagent,  equipment r i  nsate, and t r i p  
blanks, c a l i b r a t i o n  standards, c o n t r o l  samples, d u p l i c a t e  and m a t r i x  sp i ke  
samples, and sur rogate  recovery, should be d e t a i l e d  i n  t h e  procedures. More 
d e t a i l  ed v a l  i d a t i  on procedures should be performed when r e q u i r e d  i n  t h e  c o n t r a c t  
o r  QAPjP. 

4.3.9 Repor t inq  

The procedures d e s c r i b i n g  t h e  process f o r  r e p o r t i n g  t h e  a n a l y t i c a l  r e s u l t s  kid ' 
should be s p e c i f i e d .  

rn 
4.3.10 Records Manaqement 

i 
The procedures desc r i  b i  ng t h e  means f o r  genera t ing  , c o n t r o l  1  i ng, and 

a r c h i v i n g  1  abora tory  records  should be s p e c i f i e d .  The procedures should d e t a i l  PI 1 
r eco rd  genera t ion  and c o n t r o l ,  and t h e  requi rements f o r  r e c o r d  r e t e n t i o n ,  i n c l  ud- 41 
i n g  type,  t ime, s e c u r i t y ,  and r e t r i e v a l  and d isposa l  a u t h o r i t i e s .  

bee ! 

P ro jec t - suec i  f i c  records  may i n c l  ude correspondence, c h a i n - o f  -custody 
records,  reques t  f o r  ana lys is ,  c a l  i b r a t i  on d a t a  records,  raw and f i n i s h e d  
a n a l y t i c a l  and QC data, da ta  r e p o r t s ,  and procedures used. Ir"l 1 

1 I . Loli , 
Laboratory o u e r a t i  ons records  may i n c l u d e  1 abora tory  notebooks, ins t rument  
performance 1  ogs and maintenance 1  ogs i n  bound notebooks w i t h  prenumbered 
pages ; 1  abora tory  benchsheet s; so f tware  documentation; c o n t r o l  c h a r t s  ; 

I 
r e fe rence  mater i  a1 c e r t i f i c a t i o n ;  personnel f i 1 es; 1  abora tory  procedures; 
and c o r r e c t i v e  a c t i o n  r e p o r t s .  1 

Fea 
4.3.11 Waste Disposal bid 

The procedures d e s c r i b i n g  t h e  methods f o r  d i sposa l  o f  chemical s  i n c l u d i n g  
standard and reagent  so l  u t  i ons, process waste, and samples should be s p e c i f i e d .  

P 
1*I; 1 

4.4 LABORATORY QA AND QC PROCEDURES 

The QAPjP should descr ibe  how t h e  f o l l o w i n g  r e q u i r e d  elements o f  t h e  
l a b o r a t o r y  QC program are t o  be implemented. 

4.4.1 Method P r o f i c i e n c y  

Procedures shoul d  be i n  p l  ace f o r  demonstrat ing p r o f i c i e n c y  w i t h  each 
a n a l y t i c a l  method r o u t i n e l y  used i n  t h e  1  abora tory  . These should i n c l  ude 
procedures f o r  demonstrat ing t h e  p r e c i s i o n  and b i a s  o f  t h e  method as performed 
by t h e  l a b o r a t o r y  and procedures f o r  de termin ing  t h e  method d e t e c t i o n  1  i m i t  
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(MDL) . A1 1  terminology, procedures and frequency o f  determinat ions associated 
w i t h  t h e  l abo ra to ry ' s  es tab l  ishment o f  t h e  MDL and the  r e p o r t i n g  l i m i t  should be 
we1 l -def ined and we1 1  -documented. Documented prec is ion ,  bias, and MDL 
in fo rmat  i o n  should be maintained f o r  a1 1  methods performed i n  the  l aboratory. 

4.4.2 Contro l  L i m i t s  

Procedures should be i n  p lace  f o r  es tab l i sh ing  and updat ing con t ro l  l i m i t s  
f o r  ana lys is .  Contro l  1  i m i  t s  should be establ  i shed t o  evaluate l abo ra to ry  
p r e c i s i o n  and b i a s  based on t h e  ana lys is  o f  con t ro l  samples. Typ i ca l l y ,  con t ro l  
1  i m i t s  f o r  b i a s  are based on the  h i s t o r i c a l  mean recovery p lus  o r  minus th ree  
standard d e v i a t i o n  u n i t s ,  and con t ro l  l i m i t s  f o r  p rec i s ion  range from zero (no 
d i f f e r e n c e  between dupl i c a t e  c o n t r o l  samples) t o  t he  h i s t o r i c a l  mean re1  a t i v e  
percent d i f f e r e n c e  p l u s  th ree  standard dev ia t i on  u n i t s .  Procedures should be i n  
p lace f o r  mon i to r i ng  h i s t o r i c a l  performance and should inc lude graphical  (cont ro l  
char ts )  and/or tabu1 a r  p resenta t ions  o f  t he  data. 

4.4.3 Laboratory Contro l  Procedures 

Procedures should be i n  p lace  f o r  demonstrating t h a t  the  l abo ra to ry  i s  i n  
c o n t r o l  du r ing  each data  c o l  l e c t i o n  a c t i v i t y .  Ana ly t i ca l  data generated w i t h  
l a b o r a t o r y  c o n t r o l  samples t h a t  f a l l  w i t h i n  prescr ibed 1  i m i t s  are judged t o  be 
generated w h i l e  t h e  l a b o r a t o r y  was i n  con t ro l .  Data generated w i t h  labora tory  
c o n t r o l  samples t h a t  f a l l  ou ts ide  the  establ ished con t ro l  l i m i t s  are judged t o  
be generated du r ing  an " o u t - o f - c o n t r o l "  s i t u a t i o n .  These data are considered 
suspect and should be repeated o r  repor ted  w i t h  qua1 i f i e r s .  

Laboratory Contro l  Sampl es - - Laboratory con t ro l  sampl es should be 
analyzed f o r  each a n a l y t i c a l  method when appropr iate fo r  t h e  method. A 
l a b o r a t o r y  c o n t r o l  sample cons i s t s  o f  e i t h e r  a  cont ro l  ma t r i x  spiked w i t h  
ana ly tes  rep resen ta t i ve  o f  t he  t a r g e t  analytes o r  a  c e r t i f i e d  reference 
mater i  a1 . 
Laboratory c o n t r o l  saniple(s) should be analyzed w i t h  each batch o f  samples 
processed t o  v e r i f y  t h a t  t he  p r e c i s i o n  and b ias  o f  the  a n a l y t i c a l  process 
are w i t h i n  c o n t r o l  l i m i t s .  The r e s u l t s  o f  the  labora tory  con t ro l  
sample(s) are compared t o  con t ro l  1  i m i t s  establ ished f o r  both p rec i s ion  
and b i a s  t o  determine usab i l  i t y  o f  the  data. 

Method Blank - -  When appropr ia te  f o r  the  method, a  method blank should be 
analyzed w i t h  each batch o f  samples processed t o  assess contamination 
l e v e l s  i n  t h e  l abo ra to ry .  Guide1 ines  should be i n  place f o r  accepting o r  
r e j e c t i n g  da ta  based on t h e  l e v e l  o f  contamination i n  t he  blank. 

Procedures should be i n  p lace f o r  documenting the  e f f e c t  o f  t he  ma t r i x  on 
method performance. When appropr ia te  f o r  the  method, there  should be a t  l e a s t  
one m a t r i x  sp ike  and e i t h e r  one m a t r i x  dup l i ca te  o r  one mat r ix  sp ike dup l ica te  
per  a n a l y t i c a l  batch. Add i t i ona l  con t ro l  samples may be necessary t o  assure data 
q u a l i t y  t o  meet t h e  p r o j e c t - s p e c i f i c  DQOs. 
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M a t r i x - S p e c i f i c  B ias  - -  Procedures should be i n  p lace f o r  de termin ing  t h e  
b i a s  o f  t h e  method due t o  t h e  m a t r i x .  These procedures should i n c l u d e  
p repa ra t i on  and ana lys i s  o f  m a t r i x  spikes, s e l e c t i o n  and use o f  surrogates 
f o r  o rgan ic  methods, and t h e  method o f  standard add i t i ons  f o r  metal  and 
i no rgan ic  methods. When t h e  concen t ra t i on  o f  t h e  ana ly te  i n  t h e  sample i s  
g r e a t e r  than 0.1%, no sp ike  i s  necessary. 

Mat r ix -Spec i  f i c  P rec i s ion  - -  Procedures should be i n  p lace  f o r  de termin ing  
t h e  p r e c i s i o n  o f  t h e  method f o r  a  s p e c i f i c  ma t r i x .  These procedures 
should i n c l u d e  ana lys i s  o f  m a t r i x  dup l i ca tes  and/or m a t r i x  sp i ke  
dup l i ca tes .  The frequency o f  use o f  these techniques should be based on 
t h e  DQO f o r  t h e  da ta  c o l l e c t i o n  a c t i v i t y .  

M a t r i x - S ~ e c i f i c  De tec t i on  L i m i t .  - -  Procedures should be i n  p lace  f o r  
de termin ing  t h e  MDL f o r  a  s p e c i f i c  m a t r i x  type (e.g., wastewater t reatment  
sludge, contaminated s o i l ,  e t c ) .  

4.4.4 Dev ia t i ons  

Any a c t  i v i  t y  n o t  performed i n  accordance w i t h  1  aboratory procedures o r  
QAPjPs i s  considered a  d e v i a t i o n  f rom plan.  A l l  dev ia t i ons  f rom p l a n  should be 
documented as t o  t h e  e x t e n t  o f ,  and reason f o r ,  t h e  dev ia t i on .  

4.4.5 C o r r e c t i v e  A c t i o n  

Er rors ,  d e f i c i e n c i e s ,  dev ia t i ons ,  o r  l abo ra to ry  events o r  da ta  t h a t  f a l l  
ou ts ide  of es tab l i shed  acceptance c r i t e r i a  should be i nves t i ga ted .  I n  some 
instances, c o r r e c t i v e  a c t i o n  may be needed t o  reso l ve  t h e  problem and r e s t o r e  
proper  f unc t i on ing  t o  t h e  a n a l y t i c a l  system. The i n v e s t i g a t i o n  o f  t h e  p rob l  en1 
and any subsequent c o r r e c t i v e  a c t i o n  taken should be documented. 

4.4.6 Data Hand l inq  

Data r e s u l t i n g  from t h e  analyses o f  samples should be reduced according t o  
p ro toco l s  descr ibed i n  t h e  l a b o r a t o r y  procedures. Computer programs used f o r  
da ta  r e d u c t i o n  should b e . v a l i d a t e d  be fo re  use and v e r i f i e d  on a  r e g u l a r  basis .  
A l l  i n f o r m a t i o n  used i n  t h e  c a l c u l a t i o n s  (e.g., raw data, c a l i b r a t i o n  f i l e s ,  
t u n i n g  records,  r e s u l t s  o f  standard add i t ions ,  i n t e r f e r e n c e  check r e s u l t s ,  and 
b l  ank- o r  background-correct ion p ro toco l  s) should be recorded i n  o rder  t o  enable 
r e c o n s t r u c t i o n  o f  t h e  f i n a l  r e s u l t  a t  a  l a t e r  date. I n fo rma t ion  on t h e  
p repa ra t i on  o f  t h e  sample (e.g., weight  o r  volume o f  sample used, percent  d r y  
weight f o r  s o l i d s ,  e x t r a c t  volume, d i l u t i o n  f a c t o r  used) should a l s o  be 
mainta ined i n  o rde r  t o  enable r e c o n s t r u c t i o n  o f  t h e  f i n a l  r e s u l t  a t  a  1  a t e r  date. 

A l l  da ta  should be reviewed by a  second ana lys t  o r  superv isor  accord ing t o  
l a b o r a t o r y  procedures t o  ensure t h a t  c a l c u l a t i o n s  are  c o r r e c t  and t o  de tec t  
t r a n s c r i p t i o n  e r r o r s .  Spot checks should be perfornied on computer c a l c u l a t i o n s  
t o  v e r i f y  program v a l  i d i t y .  E r r o r s  detected i n  t h e  rev iew process should be 
r e f e r r e d  t o  t h e  ana lys t ( s )  f o r  c o r r e c t i v e  ac t ion .  Data should be repo r ted  i n  
accordance w i t h  t h e  requirements o f  t h e  end-user. It i s  recommended t h a t  t h e  
suppor t ing  documentation i n c l u d e  a t  a  minimum: 

- 
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Laboratory name and address. 

Sample i n fo rma t ion  ( i nc lud ing  unique sample i d e n t i f i c a t i o n ,  sample 
c o l l e c t i o n  date and time, date o f  sample r e c e i p t ,  and date(s)  o f  sample 
prepara t ion  and ana lys is )  . 
A n a l y t i c a l  r e s u l t s  repor ted  w i t h  an appropr iate number o f  s i g n i f i c a n t  
f i g u r e s  . 
Detec t ion  l i m i t s  t h a t  r e f l e c t  d i l u t i o n s ,  in te r fe rences,  o r  c o r r e c t i o n  f o r  
equ iva len t  d ry  weight. 

Method reference.  

Appropr iate QC r e s u l t s  ( c o r r e l a t i o n  w i t h  sample batch should be t raceab le  
and documented). 

Data qual i f i e r s  w i t h  appropr iate references and n a r r a t i v e  on t h e  qual i t y  
o f  t h e  r e s u l t s .  

4.5 QUALITY ASSURANCE REVIEW 

The QA review cons is ts  o f  i n t e r n a l  and ex terna l  assessments t o  ensure t h a t  
QA/QC procedl~res are i n  use and t o  ensure t h a t  l abo ra to ry  s t a f f  conform t o  these 
procedures. QA review should be conducted as deemed appropr iate and necessary. 

4.6 LABORATORY RECORDS 

Records prov ide the  d i r e c t  evidence and support f o r  t h e  necessary techn ica l  
i n t e r p r e t a t i o n s ,  judgements, and d iscussions concerning p r o j e c t  a c t i v i t i e s .  
These records, p a r t i c u l a r l y  those t h a t  are an t i c i pa ted  t o  be used as ev iden t i a ry  
data, should d i r e c t l y  support techn ica l  s tudies and a c t i v i t i e s ,  and prov ide t h e  
h i s t o r i c a l  evidence needed f o r  l a t e r  reviews and analyses. Records should be 
1 eg i  b l  e, i d e n t i f i a b l e ,  and r e t r i e v a b l e ,  and pro tec ted  against  damage, 
d e t e r i o r a t i o n ,  o r  l oss .  The d iscussion i n  t h i s  sec t i on  (4.6) out1 ines  
recommended procedures f o r  record keeping. Organizat ions which conduct f i e l d  
sampl i n g  should devel op appropr iate record keeping procedures which s a t i s f y  
re1  evant techn i  ca l  and 1  egal requ i  rements . 

Laboratory records general 1  y  cons i s t  o f  bound notebooks w i t h  prenunlbered 
pages, personnel qual i f i c a t i o n  and t r a i n i n g  forms, equipment maintenance and 
ca l  i b r a t i o n  forms, chain-of -custody forms, sample ana lys is  request forms, and 
a n a l y t i c a l  change request forms. A1 1  records should be w r i t t e n  i n  i n d e l i b l e  i n k .  

Procedures f o r  reviewing, approving, and r e v i s i n g  l abo ra to ry  records should 
be c l e a r l y  def ined, w i t h  the  l i n e s  o f  a u t h o r i t y  included. Any documentation 
e r r o r s  should be cor rec ted  by drawing a  s ing le  l i n e  through t h e  e r r o r  so t h a t  i t  
remains l e g i b l e  and should be i n i t i a l e d  by the  responsib le i n d i v i d u a l ,  along w i t h  
t h e  date o f  change. The c o r r e c t i o n  i s  w r i t t e n  adjacent t o  t he  e r r o r .  
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S t r i p - c h a r t  recorder  p r i n t o u t s  should be signed by t h e  person who performed 
t h e  ins t rumenta l  ana lys is .  I f  c o r r e c t i o n s  need t o  be made i n  computer ized data, 
a system p a r a l l e l  t o  t h e  c o r r e c t i o n s  f o r  handwr i t ten  da ta  should be i n  p lace.  

Records o f  sample management should be a v a i l  ab le  t o  pe rm i t  t h e  r e - c r e a t i o n  
o f  an a n a l y t i c a l  event f o r  rev iew i n  t h e  case o f  an a u d i t  o r  i n v e s t i g a t i o n  o f  a 
dubi ous r e s u l  t . 

Laboratory records  should inc lude,  a t  1 east, t h e  - f o l l  owing: 

Operat i ns Procedures - - Procedures should be avai  1 abl  e t o  those per fo rming  
t h e  t a s k  o u t l i n e d .  Any r e v i s i o n s  t o  l a b o r a t o r y  procedures should be 
w r i t t e n ,  dated, and d i s t r i b u t e d  t o  a l l  a f f e c t e d  i n d i v i d u a l s  t o  ensure 
i mpl ementat i on o f  changes. Areas covered by opera t  i ng procedures a re  
g i ven  i n  Sect ions 3 .3  and 4 .3 .  

Qua1 i t v  Assurance Plans - -  The QAPjP should be on f i l e .  

Equipment Maintenance Documentation - -  A h i s t o r y  o f  t h e  maintenance r e c o r d  
o f  each system serves as an i n d i c a t i o n  o f  t h e  adequacy o f  maintenance 
schedules and p a r t s  inventory .  As appropr ia te ,  t h e  maintenance guide1 i nes 
o f  t h e  equi pment manufacturer should be f o l l  owed. When maintenance i s 
necessary, i t  should be documented i n  e i t h e r  s tandard forms o r  i n  
1 ogbooks. Maintenance procedures should be c l e a r l y  d e f i n e d  and w r i t t e n  
f o r  each measurement system and requ i red  support  equipment. 

P r o f  i c i  encv - - P r o f i c i e n c y  i n f o r m a t i o n  on a1 1 compounds r e p o r t e d  should be 
mainta ined and should i n c l u d e  ( 1 )  prec i s i on ;  ( 2 )  b ias ;  (3) method detec-  
t i o n  l i m i t s ;  ( 4 )  sp ike  recovery, where app l i cab le ;  (5)  su r roga te  recovery,  
where appl i cable; (6) checks on reagent p u r i t y ,  where appl i cab l  e; and 
(7)  checks on g l  assware c l  eanl i ness, where appl i cab l  e. 

Cal i b r a t  i o n  Records & Traceabi 1 i t y  o f  StandarddReaqents - -  Cal i b r a t i o n  i s  
a rep roduc ib le  re fe rence p o i n t  t o  which a l l  sample measurements can be 
c o r r e l  ated. A sound c a l  i b r a t  i o n  program should i n c l  ude p r o v i  s i ons  f o r  
documenting frequency, cond i t ions ,  standards, and records  r e f l e c t i n g  t h e  
c a l i b r a t i o n  h i s t o r y  o f  a measurement system. The accuracy o f  t h e  
c a l  i b r a t  i o n  standards i s  impor tan t  because a1 1 da ta  w i  11 be i n  re fe rence  
t o  t h e  standards used. A program f o r  v e r i f y i n g  and documenting t h e  
accuracy and t raceab i  1 i t y  o f  a1 1 working standards aga ins t  app rop r i a te  
p r imary  grade standards o r  t h e  h ighes t  q u a l i t y  standards a v a i l a b l e  should 
be r o u t i n e l y  fo l lowed.  

Sampl e Manaqement - -  A1 1 r e q u i r e d  records p e r t a i n i n g  t o  sampl e management 
should be mainta ined and updated r e g u l a r l y .  These i n c l u d e  c h a i n - o f -  
custody forms, sample r e c e i p t  forms, and sample d i s p o s i t i o n  records .  

O r i q i n a l  Data - -  The raw da ta  and c a l c u l a t e d  r e s u l t s  f o r  a l l  samples 
should be mainta ined i n  l a b o r a t o r y  notebooks, logs ,  benchsheets, f i l e s  o r  
o t h e r  sample t r a c k i n g  o r  da ta  e n t r y  forms. Ins t rumenta l  ou tpu t  should be 
s to red  i n  a computer f i l e  o r  a hardcopy r e p o r t .  
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OC Data --  The raw data  and ca l cu la ted  r e s u l t s  f o r  a l l  QC and f i e l d  
samples and standards should be maintained i n  t h e  manner described i n  t he  
preceding paragraph. Documentation should a l l ow  c o r r e l a t i o n  o f  sample 
r e s u l t s  w i t h  associated QC data. Documentation should a1 so inc lude the  
source and l o t  numbers o f  standards f o r  t r a c e a b i l  i t y .  QC samples include, 
b u t  are no t  1 i m i t e d  to,  c o n t r o l  samples, method blanks, ma t r i x  spikes, and 
m a t r i x  sp ike  dupl i ca tes .  

Correspondence - - P ro jec t  correspondence can prov ide evidence support ing 
techn ica l  i n t e r p r e t a t i o n s .  Correspondence p e r t i n e n t  t o  t he  p r o j e c t  should 
be kept and placed i n  t h e  p r o j e c t  f i l e s .  

Dev ia t ions  - -  A1 1 dev ia t i ons  from procedural and p lanning documents should 
be recorded i n  1 aboratory notebooks. Devi a t  ions  from QAPjPs should be 
reviewed and approved by t h e  author ized personnel who performed the  
o r i g i n a l  t echn ica l  rev iew o r  by t h e i r  designees. 

F ina l  Report - -  A copy o f  any r e p o r t  issued and any support ing documenta- 
t i o n  should be re ta ined.  

5.0 DEFINITIONS 

The f o l l o w i n g  terms are de f ined fo r  use i n  t h i s  document: 

ACCURACY The closeness o f  agreement between an observed value and 
an accepted reference value. When appl ied t o  a se t  of 
observed values, accuracy w i l l  be a combination o f  a 
random component and o f  a common systematic e r r o r  (o r  
b ias)  component. 

BATCH : A group o f  samples which behave s i m i l a r l y  w i t h  respect t o  
t h e  sampl i n g  o r  t h e  t e s t i n g  procedures being employed and 
which are processed as a u n i t  (see Sect ion 3 . 4 . 1  f o r  f i e l d  
samples and Sect ion 4 . 4 . 3  f o r  l abo ra to ry  samples). For QC 
purposes, i f  the  number o f  samples i n  a group i s  g rea ter  
than 20, then each group o f  20 samples o r  l e s s  w i l l  a l l  be 
handled as a separate batch. 

BIAS: The d e v i a t i o n  due t o  ma t r i x  e f f e c t s  o f  the  measured value 
(x, - xu) from a known spiked amount. Bias can be assessed 
by comparing a measured value t o  an accepted reference 
value i n  a sample o f  known concentrat ion o r  by determining 
t h e  recovery o f  a known amount o f  contaminant spiked i n t o  
a sample (ma t r i x  sp ike)  . Thus, t he  b ias  (B) due t o  ma t r i x  
e f f e c t s  based on a m a t r i x  sp ike i s  ca lcu la ted  as: 

B =  (x, - x u )  - K 
where: 
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BLANK: 

CONTROL SAMPLE: 

DATA QUALITY 
OBJECTIVES (DQOs) : 

DATA VAL I DAT I ON : 

DUPLICATE: 

EQUIPMENT BLANK: 

EQUIPMENT RINSATE: 

ESTIMATED 
QUANTITATION 
LIMIT (EQL): 

x, = measured value f o r  spiked sample, ' 

xu = measured value f o r  unspiked sample, and 
K = known value o f  t h e  sp ike  i n  t h e  sample. 

Using t h e  f o l  1  owing equat ion y i e l d s  the  percent  recovery 
(%R) . 

see Equipment Rinsate, Method B l  ank, T r i p  B l  ank. 

A QC sample in t roduced i n t o  a process t o  mon i to r  t h e  
performance o f  t h e  system. 

A statement o f  t h e  o v e r a l l  l e v e l  o f  u n c e r t a i n t y  t h a t  a 
decision-maker i s  w i l l  i n g  t o  accept i n  r e s u l t s  der ived 
f rom environmental da ta  (see re ference 2, EPA/QAMS, J u l y  
16, 1986). Th i s  i s  q u a l i t a t i v e l y  d i s t i n c t  f rom q u a l i t y  
measurements such as p rec i s ion ,  b ias,  and d e t e c t i o n  l i m i t .  

The process o f  eva lua t i ng  t h e  a v a i l a b l e  data aga ins t  t h e  
p r o j e c t  DQOs t o  make sure t h a t  t h e  o b j e c t i v e s  are  met. 
Data v a l i d a t i o n  may be very  r igorous ,  o r  cursory,  
depending on p r o j e c t  DQOs. The a v a i l a b l e  da ta  reviewed 
w i l l  i nc lude  a n a l y t i c a l  r e s u l t s ,  f i e l d  QC da ta  and l a b  QC 
data, and may a l s o  i nc lude  f i e l d  records.  

see M a t r i x  Dupl i c a t e ,  F i e l d  Dupl i c a t e ,  M a t r i x  Spike 
Dupl i cate.  

see Equipment R i  nsate. 

A sample o f  a n a l y t e - f r e e  media which has been used t o  
r i n s e  t h e  sampling equipment. It i s  c o l l e c t e d  a f t e r  
complet ion of decontaminat ion and p r i o r  t o  sampl i ng . T h i s  
b lank  i s  use fu l  i n  documenting adequate decontaminat ion o f  
sampling equipment. 

The lowest  concen t ra t i on  t h a t  can be re1  i a b l y  achieved 
w i t h i n  s p e c i f i e d  1 i m i  t s  o f  p r e c i s i o n  and accuracy du r ing  
r o u t i n e  1 abora tory  ope ra t i ng  cond i t i ons .  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 
nomina l ly  chosen w i t h i n  these gu ide l i nes  t o  s i m p l i f y  data 
r e p o r t i n g .  For many analytes the  EQL ana ly te  
concen t ra t i on  i s  se lec ted  as t h e  lowest  non-zero standard 
i n  t h e  c a l i b r a t i o n  curve. Sample EQLs are h i g h l y  m a t r i x -  
dependent. The EQLs i n  SW-846 are prov ided f o r  guidance 
and may n o t  always be achievable. 
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FIELD DUPLICATES: Independent samples which are c o l l e c t e d  as c lose  as 
poss ib le  t o  t h e  same p o i n t  i n  space and t ime. They are 
two separate samples taken from the  same source, s tored i n  
separate conta iners,  and analyzed independently . These 
dup l ica tes  are usefu l  i n  documenting the  p rec i s ion  o f  the, 
sampl i n g  process. 

LABORATORY CONTROL A known m a t r i x  spiked w i t h  compound(s) representa t ive  o f  
SAMPLE : the  t a r g e t  analytes. This  i s  used t o  document l abo ra to ry  

performance. 

MATRIX: The component o r  substrate (e.g . , surface water, d r i n k i n g  
water) which conta ins the  analyte o f  i n t e r e s t .  

MATRIX DUPLICATE: An i n t r a l a b o r a t o r y  s p l i t  sample which i s  used t o  document 
t h e  p rec i s ion  o f  a  method i n  a  g iven sample mat r ix .  

MATRIX SPIKE: An a1 i quo t  o f  sample spiked w i t h  a  known concentrat ion o f  
t a r g e t  analyte(s) .  The sp i k ing  occurs p r i o r  t o  sample 
prepara t ion  and analys is .  A  m a t r i x  sp ike i s  used t o  
document t he  b ias  o f  a  method i n  a  g iven sample mat r ix .  

MATRIX SPIKE 
DUPLICATES: 

METHOD BLANK: 

I n t r a l a b o r a t o r y  spl  i t  samples spiked w i t h  i d e n t i c a l  
concentrat ions o f  t a r g e t  ana ly te (s ) .  The sp i k ing  occurs 
p r i o r  t o  sample preparat ion and analys is .  They are used 
t o  document t he  p rec i s ion  and b ias  o f  a  method i n  a  g iven 
sample ma t r i x .  

An analyte- f ree ma t r i x  t o  which a l l  reagents are added i n  
the  same volumes o r  p ropor t ions  as used i n  sample 
processing. The method b lank should be c a r r i e d  through 
the  complete sample preparat ion and a n a l y t i c a l  procedure. 
The method b lank i s  used t o  document contamination 
resu l  t i n g  from the  a n a l y t i c a l  process. 

For a  method b lank t o  be acceptable f o r  use w i t h  the  
accompanying samples, t he  concentrat ion i n  t he  b lank o f  
any analyte o f  concern should no t  be h igher  than the  
h ighes t  o f  e i t h e r :  

(1)The method detec t ion  1  i n i i  t, o r  

(2)Five percent of t he  regu la to ry  1  i m i t  f o r  t h a t  analyte, 
o r  

(3)Five percent - o f  t he  measured concentrat ion i n  t he  
sampl e  . 

METHOD DETECTION The minimum concentrat ion o f  a  substance t h a t  can be 
LIMIT (MDL) : measured and repor ted  w i t h  99% confidence t h a t  t he  analyte 

concentrat ion i s  g rea ter  than zero and i s  determined from - 
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ana lys i s  o f  a  sample i n  a  g iven m a t r i x  type c o n t a i n i n g  
t h e  analyte.  

For opera t iona l  purposes, when i t  i s  necessary t o  
determine t h e  MDL i n  t h e  ma t r i x ,  t h e  MDL should be 
determined by mu1 t i p l y i n g  t h e  appropr ia te  one-sided 99% t- 
s t a t i s t i c  by t h e  standard d e v i a t i o n  ob ta ined '  f rom a  
minimum o f  t h r e e  analyses o f  a  m a t r i x  sp ike  c o n t a i n i n g  t h e  
ana ly te  o f  i n t e r e s t  a t  a  concent ra t ion  t h r e e  t o  f i v e  t imes 
t h e  est imated MDL, where t h e  t - s t a t i s t i c  i s  ob ta ined from 
standard re ferences o r  t h e  t a b l e  below. 

No. o f  samples: 
3 

t - s t a t i  s t i c  
6.96 
4.54 
3.75 
3.36 
3.14 
3.00 
2.90 
2.82 

Estimate t h e  MDL as fo l l ows :  
Obta in t h e  concent ra t ion  value t h a t  corresponds t o :  

a) an inst rument  s igna l /no ise  r a t i o  w i t h i n  t h e  range o f  
2.5 t o  5.0, o r  

b) t h e  reg ion  o f  t h e  standard curve where t h e r e  i s  a  
s i g n i f i c a n t  change i n  s e n s i t i v i t y  ( i .e . ,  a  break i n  t h e  
s lope o f  t h e  standard curve) .  

Determine the  var iance ( s 2 )  f o r  each ana ly te  as f o l l o w s :  

where xi = t h e  i t h  measurement o f  t h e  v a r i a b l e  x  
and x = t h e  average value o f  x; 
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7 
lrYi ' ORGANIC-FREE 

m 
REAGENT WATER: 

I 

CU 

re* 

PRECISION: 

Determine the  standard d e v i a t i o n  (s) f o r  each analyte as 
fo l l ows :  

s  = (~2) "2  

Determine t h e  MDL f o r  each analyte as fo l lows:  

where t(,4 = ., i s  t h e  one-sided t - s t a t i s t i c  appropr iate 
f o r  t h e  n u d e r  oP samples used t o  determine (s) , a t  the  99 
percent  1 eve1 . 
For v o l a t i l e s ,  a l l  references t o  water i n  t he  methods 
r e f e r  t o  water i n  which an i n t e r f e r a n t  i s  no t  observed a t  
t he  method de tec t i on  1 i m i t  o f  the  compounds o f  i n t e r e s t .  
Organ ic - f ree  reagent water can be generated by passing tap  
water through a carbon f i l t e r  bed conta in ing  about 1 pound 
o f  a c t i v a t e d  carbon. A water p u r i f i c a t i o n  system may be 
used t o  generate organ ic - f ree  deionized water. 
Organic- f ree reagent water may a lso  be prepared by b o i l i n g  
water f o r  15 minutes and, subsequently, wh i le  mainta in ing 
t h e  temperature a t  90°C, bubbl i n g  a contaminant-free i n e r t  
gas through t h e  water f o r  1 hour. 

For semi vo l  a t  i 1 es and nonvol a t i  1  es , a1 1 references t o  
water i n  t h e  methods r e f e r  t o  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 detec t ion  l i m i t  
o f  t h e  compounds o f  i n t e r e s t  . Organi c-free reagent water 
can be generated by passing tap  water through a carbon 
f i l t e r  bed conta in ing  about 1 pound of ac t iva ted  carbon. 
A water p u r i f i c a t i o n  system may be used t o  generate 
o rgan ic - f ree  deionized water. 

The agreement among a s e t  o f  r e p l i c a t e  measurements 
w i thou t  assumption o f  knowledge o f  t h e  t r u e  value. 
P rec i s ion  i s  est imated by means o f  dupl i ca te / rep l  i c a t e  
analyses. These samples should conta in concentrat ions o f  
ana ly te  above t h e  MDL, and may invo lve  the  use o f  ma t r i x  
spikes. The most commonly used estimates o f  p rec i s ion  are 
t h e  r e l a t i v e  standard d e v i a t i o n  (RSD) o r  t he  c o e f f i c i e n t  
o f  v a r i a t i o n  (CV) , 

RSD = C V  = 100 s/;, 
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PROJECT : 

where : 
x = t h e  a r i t h m e t i c  mean o f  t h e  xi measurements, and S = 

variance; and t h e  r e 1  a t  i ve percent  d i f f e r e n c e  (RPD) when 
on ly  two samples are  a v a i l  able. 

RPD = 100 [(x, - x,)/{(x, t x2)/2)]. 

S ing le  o r  m u l t i p l e  data c o l l e c t i o n  a c t i v i t i e s  t h a t  a re  
r e l a t e d  through t h e  same p lann ing sequence. 

QUALITY ASSURANCE An o r d e r l y  assemblage o f  d e t a i l e d  procedures designed t o  
PROJECT PLAN produce data  o f  s u f f i c i e n t  q u a l i t y  t o  meet t h e  data  
(QAPj P) : qua1 i t y  o b j e c t i v e s  f o r  a s p e c i f i c  data c o l l e c t i o n  

a c t i v i t y .  

RCRA: The Resource Conservation and Recovery Act.  

REAGENT BLANK: See Method Blank. 

REAGENT GRADE: A n a l y t i c a l  reagent (AR) grade, ACS reagent grade, and 
reagent grade are synonymous terms f o r  reagents which 
conform t o  t h e  c u r r e n t  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. 

REAGENT WATER: Water t h a t  has been generated by any method which would 
achieve t h e  performance s p e c i f i c a t i o n s  f o r  ASTM Type I I 
water. For organ ic  analyses, see t h e  d e f i n i t i o n  o f  
o rgan ic - f ree  reagent water. 

REFERENCE MATERIAL: A mater i  a1 con ta in ing  known q u a n t i t i e s  o f  t a r g e t  analytes 
i n  s o l u t i o n  o r  i n  a homogeneous mat r i x .  It i s  used t o  
document t h e  b i a s  o f  t h e  a n a l y t i c a l  process. 

SPLIT SAMPLES: A l i q u o t s  o f  sample taken from t h e  same conta iner  and 
analyzed independently.  I n  cases where a1 iquo ts  o f  
samples are impossib le t o  obta in,  f i e l d  dupl i cate  samples 
should be taken f o r  t h e  m a t r i x  d u p l i c a t e  analys is .  These 
are u s u a l l y  taken a f t e r  mix ing o r  compositing and are used 
t o  document i n t r a -  o r  i n t e r l a b o r a t o r y  prec is ion .  

STANDARD ADDITION: The p r a c t i c e  of adding a known amount o f  an ana ly te  t o  a 
sample immediately p r i o r  t o  ana lys is .  It i s  t y p i c a l l y  
used t o  eval  ua te  i n te r fe rences .  

STANDARD CURVE : A p l o t  o f  concent ra t ions  o f  known ana ly te  standards versus 
t h e  inst rument  response t o  t h e  analyte. C a l i b r a t i o n  
standards are  prepared by successively d i  1 u t i  ng a standard 
s o l u t i o n  t o  produce working standards which cover t h e  
working range o f  t h e  'Instrument. Standards should be 
prepared a t  t h e  frequency s p e c i f i e d  i n  t h e  appropr ia te  

ONE - 28 Revis ion 1 
J u l y  1992 



SURROGATE : 

TRIP BLANK: 

6.0 REFERENCES 

sec t ion .  The c a l  i b r a t i o n  standards should be prepared 
us ing  the  same type  o f  ac id  o r  so lven t  and a t  t h e  same 
concent ra t ion  as w i l l  r e s u l t  i n  t h e  samples f o l l o w i n g  
sample preparat ion.  Th is  i s  app l i cab le  t o  organic  and 
i no rgan i c  chemical analyses. 

An organic  compound which i s  s i m i l a r  t o  t he  t a r g e t  
ana ly te (s )  i n  chemical composit ion and behavior i n  t he  
a n a l y t i c a l  process, bu t  which i s  no t  normal ly  found i n  
environmental samples. 

A sample o f  ana l y te - f ree  media taken from the  l a b o r a t o r y  
t o  t h e  sampling s i t e  and re tu rned t o  t he  l abo ra to ry  
unopened. A t r i p  b lank i s  used t o  document contaminat ion 
a t t r i b u t a b l e  t o  sh ipping and f i e l d  hand1 i ng procedures. 
Th is  type  o f  b lank i s  use fu l  i n  documenting contaminat ion 
o f  vo l  a t  i 1 e organics samples. 

1. I n t e r i m  Guide1 ines  and Spec i f i ca t i ons  f o r  Preparing Qual i t y  Assurance 
P r o j e c t  Pl  ans, QAMS-005/80, December 29, 1980, O f f i c e  o f  Mon i to r ing  Systems 
and Q u a l i t y  Assurance, ORD, U.S. EPA, Washington, DC 20460. 

2. Development o f  Data Qual  i t y  Object ives, Desc r i p t i on  o f  Stages I and 11, J u l y  
16, 1986, Qual i t y  Assurance Management S t a f f ,  ORD, U.S. EPA, Washington, DC 
20460. 

3. RCRA Ground-Water Mon i to r ing  Technical Enforcement Guidance Document, 
September, 1986, O f f i c e  o f  Waste Programs Enforcement. OSWER, U.S. EPA, 
Washington, DC, 20460. 

4. DQO T r a i n i n g  Software, Version 6.5, December, 1988, Qual i t y  Assurance 
Management S t a f f ,  O.RD, U.S. EPA, Washington, DC 20460. 

5. Prepar ing  Pe r fec t  P r o j e c t  Plans, EPA/600/9-89/087, October 1989, Risk 
Reduct ion Engineering Laboratory (Guy Simes) , C inc inna t i  OH. 

6 .  ASTM Method D 1129-77, S p e c i f i c a t i o n  f o r  Reagent Water. 1991 Annual Book 
o f  ASTM Standards. Volume 11 .O1 Water and Environmental Techno1 ogy. 

7. Generat ion o f  Environmental Data Related t o  Waste Management A c t i v i t i e s  
( D r a f t ) .  February 1989. ASTM. 
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4.1 SAMPLING CONSIDERATIONS 

CHAPTER FOUR 
ORGANIC ANALYTES 

4.1.1 I n t r o d u c t i o n  

Fo l low ing  t h e  i n i t i a l  and c r i t i c a l  step o f  des ign ing a sampling p lan  
(Chapter Nine) i s  t h e  implementat ion o f  t h a t  p lan  such t h a t  a  representa t i ve  
sample o f  t h e  so l  i d  waste i s  co l l ec ted .  Once t h e  sample has been c o l l e c t e d  i t 
must be s to red  and preserved t o  ma in ta in  t h e  chemical and phys ica l  p rope r t i es  
t h a t  i t  possessed a t  t h e  t ime o f  c o l l e c t i o n .  The sample type, t ype  o f  conta iners 
and t h e i r  p repara t ion ,  poss ib le  forms o f  contaminat ion, and p reserva t ion  methods 
a re  a l l  i tems which must be thoroughly  examined i n  order  t o  ma in ta in  t h e  
i n t e g r i t y  o f  t h e  samples. Th is  sec t i on  h i g h l i g h t s  cons idera t ions  which must be 
addressed i n  o rder  t o  ma in ta in  a sample's i n t e g r i t y  and representat iveness. This  
s e c t i o n  i s, however, appl i c a b l e  o n l y  t o  t r a c e  analyses. 

Qua1 i t y  Contro l  (QC) requirements need n o t  be met f o r  a l l  compounds 
presented i n  t h e  Table o f  Analy tes f o r  t h e  method i n  use, r a the r ,  they must be 
met f o r  a l l  compounds repor ted.  A r e p o r t  o f  non-detect  i s  considered a 
q u a n t i t a t i v e  r e p o r t ,  and must meet a l l  app l i cab le  QC requirements f o r  t h a t  
compound and t h e  method used. 

4.1.2 Sample Hand1 i n q  and Preservat ion 

Th i s  s e c t i o n  dea ls  separa te ly  w i t h  v o l a t i l e  and semivol a t i l e  organics. 
Refer  t o  Chapter Two and Table 4-1 o f  t h i s  sec t i on  f o r  sample conta iners,  sample 
p reserva t ion ,  and sample ho ld ing  t ime information. 

V o l a t i l e  Orqanics 

Standard 40 mL g lass  screw-cap VOA v i a l s  w i t h  Te f l on  l i n e d  s i l i c o n e  septa 
may be used f o r  bo th  l i q u i d  and s o l i d  matr ices.  The v i a l s  and septa should be 
washed w i t h  soap and water  and r i n s e d  w i t h  d i s t i l l e d  deion ized water. A f t e r  
thorough ly  c l ean ing  t h e  v i a l s  and septa, they should be placed i n  an oven and 
d r i e d  a t  100°C f o r  approximately one hour. 

NOTE: Do no t  heat  t h e  septa f o r  extended per iods o f  t ime ( i . e . ,  more than one - 
hour, because the  s i l i c o n e  begins t o  s l ow ly  degrade a t  105°C). 

When c o l l e c t i n g  t he  samples, 1  i q u i d s  and so l  i d s  should be in t roduced i n t o  
.he v i a l s  g e n t l y  t o  reduce a g i t a t i o n  which might d r i v e  o f f  v o l a t i l e  compounds. 
n  genera l ,  1  i q u i d  samples should be poured i n t o  t h e  v i a l  w i t hou t  i n t roduc ing  any 
i r  bubbles w i t h i n  t h e  v i a l  as i t  i s  being f i l l e d .  Should bubbl ing occur as a 

r e s u l t  o f  v i o l e n t  pour ing,  t h e  sample must be poured ou t  and t h e  v i a l  r e f i l l e d .  
The v i a l s  should be complete ly  f i l l e d  a t  t h e  t ime o f  sampling, so t h a t  when the  
septum cap i s  f i t t e d  and sealed, and t h e  v i a l  inver ted ,  no headspace i s  v i s i b l e .  
The sample should be h e r m e t i c a l l y  sealed i n  t h e  v i a l  a t  t h e  t ime o f  sampling, and 
must n o t  be opened p r i o r  t o  ana l ys i s  t o  preserve t h e i r  i n t e g r i t y .  
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- due t o  d i f f e r i n g  s o l u b i l i t y  and d i f f u s i o n  p r o p e r t i e s  o f  gases i n  
LIQUID mat r i ces  a t  d i f f e r e n t  temperatures, i t  i s  p o s s i b l e  f o r  t h e  
sample t o  generate some headspace d u r i n g  s to rage .  T h i s  headspace 
w i l l  appear i n  t h e  form o f  m ic ro  bubbles, and should n o t  i n v a l i d a t e  
a sample f o r  v o l a t i l e s  ana l ys i s .  

- The presence o f  a  macro bubble i n  a  sample v i a l  g e n e r a l l y  i n d i c a t e s  
e i t h e r  improper sampl ing technique o r  a  source o f  gas e v o l u t i o n  
w i t h i n  t h e  sample. The l a t t e r  case i s  u s u a l l y  accompanied by a 
b u i l d u p  o f  pressure w i t h i n  t h e  v i a l ,  (e.g. ca rbonate -con ta in ing  
samples preserved w i t h  a c i d ) .  S tud ies  conducted by t h e  USEPA 
(EMSL-Ci , ~ ~ n p u b l  i shed  da ta )  i n d i c a t e  t h a t  "pea-s ized"  bubbles ( i  .e., 
bubbles n o t  exceeding 1/4 i n c h  o r  6 mm i n  d iameter )  d i d  n o t  
adverse ly  a f f e c t  v o l  a t i l e s  data.  These bubbles were g e n e r a l l y  
encountered i n  wastewater samples, which a re  more s u s c e p t i b l e  t o  
v a r i a t i o n s  i n  gas s o l u b i l i t y  t han  a re  groundwater samples. 

A t  t h e  t i m e  o f  ana l ys i s ,  t h e  a l i q u o t  t o  be analyzed should be taken  f rom t h e  
v i a l  w i t h  a  g a s - t i g h t  sy r i nge  i n s e r t e d  d i r e c t l y  th rough  t h e  septum o f  t h e  v i a l .  
Only one a n a l y t i c a l  sample can be taken f rom each v i a l .  I f  these  gu ide1 i nes  a re  
n o t  fo l lowed, t h e  v a l i d i t y  o f  t h e  da ta  generated f rom t h e  samples i s  suspect.  

VOA v i a l s  f o r  samples w i t h  s o l i d  o r  semi-sol  i d  ma t r i ces  (e.g., s ludges) 
should be comple te ly  f i l l e d  as best  as poss ib l e .  The v i a l s  should be tapped 
s l i g h t l y  as t hey  a re  f i l l e d  t o  t r y  and e l i m i n a t e  as much f r e e  a i r  space as 
poss ib l e .  Two v i a l s  should a l s o  be f i l l e d  per  sample l o c a t i o n .  

A t  l e a s t  two VOA v i a l s  should be f i l l e d  and l a b e l e d  immediate ly  a t  t h e  
p o i n t  a t  which t h e  sample i s  c o l l e c t e d .  They should NOT be f i l l e d  near  a  runn ing  
motor o r  any t ype  o f  exhaust system because d ischarged fumes and vapors may 
contaminate t h e  samples. The two v i a l s  f rom each sampl ing l o c a t i o n  should then  
be sealed i n  separate p l a s t i c  bags t o  p reven t  cross-contami  n a t i o n  between 
samples, p a r t i c u l a r l y  i f  t h e  sampled waste i s  suspected o f  c o n t a i n i n g  h i g h  l e v e l s  
o f  v o l a t i l e  o rgan ics .  (Ac t i va ted  carbon may a l s o  be i nc l uded  i n  t h e  bags t o  
p reven t  c ross-con tamina t ion  f rom h i g h l y  contaminated samples). VOA samples may 
a l s o  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  th rough t h e  septum d u r i n g  
s h i  pment and s torage.  To mon i t o r  p o s s i b l e  contaminat ion,  a  t r i p  b l ank  prepared 
f rom o r g a n i c - f r e e  reagent  water  (as de f i ned  i n  Chapter One) should be c a r r i e d  
throughout  t h e  sampling, storage, and sh ipp ing  process. 

Semivol a t i l e  Orqanics ( i n c l u d i n g  Pes t i c i des ,  PCBs and Herb ic ides .  ) 

Conta iners  used t o  c o l l e c t  samples f o r  t h e  de te rm ina t i on  o f  s e m i v o l a t i l e  
o rgan i c  compounds should be soap and water  washed f o l l o w e d  by methanol ( o r  
i sopropano l )  r i n s i n g  (see Sec. 4.1.4 f o r  s p e c i f i c  i n s t r u c t i o n s  on glassware 
c l e a n i n g ) .  The sample con ta ine rs  should be o f  g l a s s  o r  Te f lon ,  and have screw- 
caps w i t h  T e f l o n  l i n e d  septa.  I n  s i t u a t i o n s  where T e f l o n  i s  n o t  a v a i l a b l e ,  
s o l v e n t - r i n s e d  aluminum f o i l  may be used as a l i n e r .  However, a c i d i c  o r  b a s i c  
samples may r e a c t  w i t h  t h e  aluminum f o i l ,  caus ing eventual  con tamina t ion  o f  t h e  
sample. P l a s t i c  con ta ine rs  o r  1  i d s  may NOT be used f o r  t h e  s to rage  o f  samples 
due t o  t h e  p o s s i b i l i t y  o f  sample contaminat ion f rom t h e  p h t h a l a t e  e s t e r s  and 
o t h e r  hydrocarbons w i t h i n  t h e  p l a s t i c .  Sample con ta ine rs  should be f i  1 l e d  w i t h  
care  so as t o  p reven t  any p o r t i o n  o f  t h e  c o l l e c t e d  sample coming i n  con tac t  w i t h  
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t h e  sampl e r ' s  g loves ,  t h u s  caus ing con tamina t ion .  Samples shou ld  n o t  be 
c o l l e c t e d  o r  s t o r e d  i n  t h e  presence o f  ekhaust  fumes. I f  t h e  sample comes i n  
c o n t a c t  w i t h  t h e  sampler (e.g. i f  an au tomat i c  sampler i s  used), r u n  o r g a n i c - f r e e  
reagen t  w a t e r  t h r o u g h  t h e  sampler and use as a  f i e l d  b lank .  

4 . 1 . 3  S a f e t y  

S a f e t y  shou ld  always be t h e  p r i m a r y  c o n s i d e r a t i o n  i n  t h e  c o l l e c t i o n  o f  
samples. A tho rough  unders tand ing  o f  t h e  waste p r o d u c t i o n  process,  as w e l l  as 
a l l  o f  t h e  p o t e n t i a l  hazards making up t h e  waste, shou ld  be i n v e s t i g a t e d  whenever 
p o s s i b l e .  The s i t e  shou ld  be v i s u a l l y  eva lua ted  j u s t  p r i o r  t o  sampl ing t o  
de te rm ine  a d d i t i o n a l  s a f e t y  measures. Minimum p r o t e c t i o n  o f  g l o v e s  and s a f e t y  
g l a s s e s  shou ld  be worn t o  p r e v e n t  sample c o n t a c t  w i t h  t h e  s k i n  and eyes. A 
r e s p i r a t o r  s h o u l d  be worn even when work ing  outdoors  i f  o r g a n i c  vapors a r e  
p r e s e n t .  More hazardous sampl ing m iss ions  may r e q u i r e  t h e  use o f  s u p p l i e d  a i r  
and spec i  a1 c l o t h i n g .  

4 . 1 . 4  Clean inq  o f  Glassware 

I n  t h e  a n a l y s i s  o f  samples c o n t a i n i n g  components i n  t h e  p a r t s  p e r  b i l l i o n  
range, t h e  p r e p a r a t i o n  o f  s c r u p u l o u s l y  c l e a n  glassware i s  necessary.  Fa i  1  u r e  t o  
do so can l e a d  t o  a  m y r i a d  o f  problems i n  t h e  i n t e r p r e t a t i o n  o f  t h e  f i n a l  
chromatograms due t o  t h e  presence o f  extraneous peaks r e s u l t i n g  f rom 
con tamina t ion .  P a r t i c u l a r  c a r e  must be taken  w i t h  g lassware such as Soxh le t  
e x t r a c t o r s ,  Kuderna-Dani sh e v a p o r a t i v e  c o n c e n t r a t o r s ,  sampl i n g - t r a i n  components, 
o r  any o t h e r  g lassware coming i n  c o n t a c t  w i t h  an e x t r a c t  t h a t  w i l l  be evaporated 
t o  a  s m a l l e r  volume. The process o f  c o n c e n t r a t i n g  t h e  compounds o f  i n t e r e s t  i n  
t h i s  o p e r a t i o n  may s i m i l a r l y  c o n c e n t r a t e  t h e  con tamina t ing  substance(s) ,  wh ich 
may s e r i o u s l y  d i s t o r t  t h e  r e s u l t s .  

The b a s i c  c l e a n i n g  s teps  are :  

1 .  Removal o f  s u r f a c e  r e s i d u a l s  immedia te ly  a f t e r  use; 

2. Hot soak t o  l o o s e n  and f l o a t  most p a r t i c u l a t e  m a t e r i a l  ; 

3 .  Hot w a t e r  r i n s e  t o  f l u s h  away f l o a t e d  p a r t i c u l a t e s ;  

4 .  Soak w i t h  an o x i d i z i n g  agent t o  d e s t r o y  t r a c e s  o f  o r g a n i c  compounds; 

5 .  Hot wa te r  r i n s e  t o  f l u s h  away m a t e r i a l s  loosened b y  t h e  deep p e n e t r a n t  
soak; 

6. D i s t i l l e d  w a t e r  r i n s e  t o  remove meta l1  i c  d e p o s i t s  f rom t h e  t a p  water ;  

7. A lcoho l ,  e.g., i sop ropano l  o r  methanol, r i n s e  t o  f l u s h  o f f  any f i n a l  
t r a c e s  o f  o r g a n i c  m a t e r i a l s  and remove t h e  water ;  and 

8. F l u s h i n g  t h e  i t e m  immedia te ly  b e f o r e  use w i t h  some o f  t h e  same s o l v e n t  
t h a t  w i l l  be used i n  t h e  a n a l y s i s .  

Rev is ion  2 
September 1994 

FOUR - 3  



Each o f  these  e i g h t  fundamental s teps a re  d iscussed here i n  t h e  o r d e r  i n  
which t hey  appeared on t h e  preceeding page. 

1. As soon p o s s i b l e  a f t e r  glassware ( i  .e., beakers, p i p e t s ,  f l a s k s ,  o r  
b o t t l e s )  has come i n  con tac t  w i t h  sample o r  standards, t h e  glassware 
should be f l ushed  w i t h  a lcoho l  be fo re  i t  i s  p laced  i n  t h e  ho t  
de te rgen t  soak. I f  t h i s  i s  n o t  done, t h e  soak b a t h  may serve t o  
contaminate a1 1 o t h e r  glassware p laced t h e r e i n .  

2 .  The h o t  soak c o n s i s t s  o f  a  ba th  o f  a  s u i t a b l e  de te rgen t  i n  water  o f  
50°C o r  h i ghe r .  The de te rgen t ,  powder o r  l i q u i d ,  should be e n t i r e l y  
s y n t h e t i c  and n o t  a  f a t t y  a c i d  base. There a re  ve ry  few areas o f  t h e  
coun t r y  where t h e  water  hardness i s  s u f f i c i e n t l y  low t o  'avoid t h e  
f o rma t i on  o f  some hard-water  scum r e s u l t i n g  from t h e  r e a c t i o n  between 
ca l c i um and magnesium s a l t s  w i t h  a  f a t t y  a c i d  soap. T h i s  hard-water  
scum o r  curd  would have an a f f i n i t y  p a r t i c u l a r l y  f o r  many c h l o r i n a t e d  
compounds and, be ing  almost w h o l l y  wa te r - i nso lub le ,  would d e p o s i t  on 
a l l  g lassware i n  t h e  ba th  i n  a  t h i n  f i l m .  

There a re  many s u i t a b l e  de te rgen ts  on t h e  who1 esal  e  and r e t a i l  market.  
Most o f  t h e  common 1 i q u i d  dishwashing de te rgen ts  s o l d  a t  r e t a i l  are 
s a t i s f a c t o r y  b u t  a re  more expensive than  o t h e r  comparable p roduc ts  
s o l d  i n d u s t r i a l l y .  Alconox, i n  powder o r  t a b l e t  form, i s  manufactured 
by A1 conox, Inc. ,  New York, and i s  marketed by a number o f  1  abora to ry  
supply  f i r m s .  Sparkleen, another powdered product ,  i s  d i s t r i b u t e d  by 
F i s h e r  S c i e n t i f i c  Company. 

3. No comments requ i red .  

4. The most common and h i g h l y  e f f e c t i v e  o x i d i z i n g  agent f o r  removal o f  
t r a c e s  o f  o rgan i c  compounds i s  t h e  t r a d i t i o n a l  chromic a c i d  s o l u t i o n  
made up o f  concentrated s u l f u r i c  a c i d  and potassium o r  sodium 
dichromate. For  maximum e f f i c i e n c y ,  t h e  soak s o l u t i o n  should be h o t  
(40-50°C). Sa fe ty  p recau t ions  must be r i g i d l y  observed i n  t h e  
hand1 i n g  o f  t h i s  s o l u t i o n .  Prescr ibed  s a f e t y  gear  s h o ~ ~ l d  i n c l u d e  
s a f e t y  goggles, rubber  g loves,  and apron. The bench area where t h i s  
o p e r a t i o n  i s conducted should be covered w i t h  f l    lo roc arb on shee t ing  
because s p a t t e r i n g  w i l l  d i s i n t e g r a t e  any unpro tec ted  sur faces .  

'The p o t e n t i a l  hazards o f  us i ng  c h r o m i c - s u l f u r i c  a c i d  m i x t u r e  a re  g r e a t  
and have been w e l l  p u b l i c i z e d .  There a re  now commerc ia l ly  a v a i l a b l e  
s u b s t i t u t e s  t h a t  possess t h e  advantage o f  s a f e t y  i n  hand l ing .  These 
a re  b iodegradable concentrates w i t h  a  c la imed c l e a n i n g  s t r e n g t h  equal 
t o  t h e  chromic a c i d  s o l u t i o n .  They a r e  a1 k a l i n e ,  e q u i v a l e n t  t o  ca. 
0.1 N NaOH upon d i l u t i o n ,  and a re  c la imed t o  remove d r i e d  blood, 
s i l  i cone  greases, d i s t i l  1  a t i o n  res idues,  i n s o l u b l e  o rgan i c  res idues ,  
e t c .  They a re  f u r t h e r  c la imed t o  remove r a d i o a c t i v e  t r a c e s  and w i l l  
n o t  a t t a c k  g l ass  o r  e x e r t  a  c o r r o s i v e  e f f e c t  on s k i n  o r  c l o t h i n g .  One 
such p roduc t  i s  "Chem Solv  2157," manufactured by M a l l i n c k r o d t  and 
ava i  1  ab le  through 1 abora to ry  supply  f i r m s .  Another comparable p roduc t  
i s  "Detex, " a  p roduc t  o f  Borer-Chemi e, Sol o thurn ,  Swi t z e r l  and. 

FOUR - 4 Rev is ion  2 
September 1994 



5, 6, and 7. No comments requ i red .  

8. There i s  always a p o s s i b i l i t y  t h a t  between t h e  t ime o f  washing and the  
nex t  use, t h e  glassware could p i c k  up some contaminat ion from e i t h e r  
t h e  a i r  o r  d i r e c t  contact .  To ensure against  t h i s ,  i t  i s  good 
p r a c t i c e  t o  f l u s h  t h e  i t em immediately be fo re  use w i t h  some o f  t h e  
same so l ven t  t h a t  w i l l  be used i n  t h e  analys is .  

The d r y i n g  and s torage o f  t he  cleaned glassware i s  o f  c r i t i c a l  importance 
t o  p revent  t he  b e n e f i c i a l  e f f e c t s  o f  t he  scrupulous c lean ing  from being 
nu1 1 i f i e d .  Pegboard d r y i n g  i s  n o t  recommended. It i s  recommended t h a t  
l a b o r a t o r y  glassware and equipment be d r i e d  a t  100°C. Under no circumstances 
should such smal l  i tems be l e f t  i n  t he  open w i thou t  p r o t e c t i v e  coverinq. The 
dus t  c l oud  r a i s e d  by t h e  d a i l y  sweeping o f  t he  l a b o r a t o r y  f l o o r  can most 
e f f e c t i v e l y  recontaminate t h e  c lean  glassware. 

As an a l t e r n a t e  t o  so lven t  r i n s i n g ,  t h e  glassware can be heated t o  a 
~iiinimum o f  300°C t o  vapor ize any organics.  Do n o t  use t h i s  h i gh  temperature 
t rea tment  on vo lume t r i c  glassware, g l  assware w i t h  ground g lass  j o i n t s ,  o r  
s i  n te red  g l  assware. 

4.1.5 Hiqh Concentrat ion Samples 

Cross contaminat ion o f  t r a c e  concentrat  i o n  samples may occur when 
prepared i n  t h e  same 1 aboratory  w i t h  h igh  concent ra t ion  samples. I d e a l l y ,  
i f  bo th  type  samples are being handled, a  l abo ra to ry  and glassware 
dedicated s o l e l y  t o  t h e  p repara t ion  o f  h i gh  concent ra t ion  sar~iples would be 
a v a i l a b l e  f o r  t h i s  purpose. I f  t h i s  i s  n o t  f eas ib le ,  as a minimum when 
prepar ing  h i g h  concent ra t ion  samples, d isposable g l  assware should be used 
or ,  a t  l e a s t ,  glassware dedicated e n t i r e l y  t o  t he  h igh  concent ra t ion  
samples. Avoid c lean ing  glassware used f o r  bo th  t r a c e  and h igh  
concen t ra t i on  samples i n  t he  same area. 
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TABLE 4-1. 
SAMPLE CONTAINERS, PRESERVATION, TECHNIQUES, AND HOLDING TIMES 

Anal v t e  Class Container Preservative Holding Time 

V o l a t i l e  Orqanics I 

Concentrated Waste Samples 125 mL widemouth glass Cool, 4'C 
container w i t h  Teflon 
l i n e d  l i d  

14 days 

L i q u i d  Samples I 
No Residual Chlorine 2 X 40 mL v i a l s  w i t h  Cool, 4'c1 
Present Teflon l i n e d  septum caps 

Residual Chlorine Present 2 X 40 mL v i a l s  w i t h  Co l lec t  sample i n  a 125 mL 
Teflon l i n e d  septum caps container which has been pre- 

preserved w i th  4 drops o f  10% 
sodi um th iosu l  f a t e  so lu t ion.  
Gently sw i r l  t o  mix sample and 
t r ans fe r  t o  a 40 mL VOA v i  a1 .l 
Cool, 4'C 

Acro le in  and 
Acry l  oni tri 1 e 

2 X 40 mL v i a l s  w i t h  Adjust t o  pH 4-5; cool,  4'C 
Teflon l i n e d  septum caps 

Soi l/Sediments and Sludges 125 mL widemouth glass Cool, 4'C 
container sealed w i th  a 
septum 

Adjust pH t 2  w i t h  H,SO,, HC1 o r  sol i d  NaHSO,. 
FOUR - 6 
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TABLE 4-1, Continued 

Ana l y te  Class Conta iner  P rese rva t i ve  Ho ld ing  Time 

S e m i v o l a t i l e  Orqanics/Orqanochlor ine Pesticides/PCBs and Herb ic ides  

Concentrated Waste Samples 125 mL widemouth g lass  None 
w i t h  T e f l o n  l i n e d  l i d  

Water Samples 

No Residual  Ch lo r i ne  
Present  

1 -ga l .  o r  2  x  0.5-gal .  ,or Cool, 4°C 
4  x 1-L, amber g lass  
con ta ine r  w i t h  Te f l on  
l i n e d  l i d  

Samples must be 
e x t r a c t e d  w i t h i n  14 
days and e x t r a c t s  
analyzed w i t h i n  40 
days f o l l  owing 
e x t r a c t i o n .  

Samples must be 
e x t r a c t e d  w i t h i n  7 
days and e x t r a c t s  
analyzed w i t h i n  40 
days f o l l  owing 
e x t r a c t i o n .  

Residual  Ch lo r i ne  Present 1 -ga l  . o r  2  x  0.5-gal . ,  o r  Add 3 mL 10% sodium t h i o s u l f a t e  Samples must be 
4 x 1-L, amber g lass  s o l u t i o n  pe r  g a l 1 0 n . ~  Cool, 4°C e x t r a c t e d  w i t h i n  7 
con ta ine r  w i t h  T e f l o n  days 'and e x t r a c t s  
l i n e d  l i d  analyzed w i t h i n  40 

days f o l l o w i n g  
e x t r a c t i o n .  

Soi l /Sediments and Sludges 250 mL widemouth g lass  Cool, 4°C Samples must be 
con ta ine r  w i t h  T e f l o n  e x t r a c t e d  w i t h i n  14 
l i n e d  l i d  days and e x t r a c t s  

analyzed w i t h i n  40 
days f o l  1 owing 
e x t r a c t i o n .  

P re -p rese rva t i on  may be performed i n  t h e  l a b o r a t o r y  p r i o r  t o  f i e l d  use. 
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4.2 SAMPLE PREPARATION METHODS 

4.2.1 EXTRACTIONS AND PREPARATIONS 

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

Method 3500A: 
Method 35108: 
Method 35208: 
Method 35408: 
Method 3541: 
Method 3550A: 
Method 3580A: 
Method 5030A: 
Method 5040A: 

Method 5041: 

Organic E x t r a c t i o n  and Sampl e  Prepara t ion  
Separatory Funnel L i q u i d - L i q u i d  E x t r a c t i o n  
Continuous L i q u i d - L i q u i d  E x t r a c t i o n  
Soxhl e t  E x t r a c t i o n  
Automated Soxhl e t  E x t r a c t i o n  
U l t r a s o n i c  E x t r a c t i o n  
Waste D i l u t i o n  
Purge-and-Trap 
Ana lys is  o f  Sorbent Ca r t r i dges  f rom Vol a t  i 1  e  
Organic Sampl i rig T r a i n  (VOST) : Gas 
Chromatography/Mass Spectrometry Technique 
Protocol  f o r  Ana lys is  o f  Sorbent Ca r t r i dges  from 
Vol a t i  1 e  Organic Sampl i n g  T r a i n  (VOST) : Wide- 
bore Capi 11 ary  Column Technique 
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METHOD 3500A 

1.0 SCOPE AND APPLICATION 

1.1 The 3500 Methods are procedures f o r  q u a n t i t a t i v e l y  ex t rac t i ng  
nonvol a t  i 1 e and semi vo l  a t i  1  e organic compounds from var ious sample matr ices. 
Cleanup and/or ana lys is  o f  t he  r e s u l t a n t  ex t rac ts  are described i n  Chapter Two, 
Sect ions 2.3.2 and 2.3.1, respec t i ve l y .  

1.2 Method 3580 describes a solvent  d i l u t i o n  technique t h a t  may be used 
on non-aqueous n o n v o l a t i l e  and semi vo l  a t i  l e  organic samples p r i o r  t o  cleanup 
and/or anal y s i  s  . 

1.3 The 5000 Methods are procedures f o r  preparing samples conta in ing 
vo l  a t  i 1 e organic compounds f o r  q u a n t i t a t i v e  analys is .  

1.4 Refer t o  t he  s p e c i f i c  method of i n t e r e s t  for  f u r t h e r  d e t a i l s .  

2.0 SUMMARY OF METHOD 

2.1 3500 Methods: A sample o f  a known volume o r  weight i s  so lvent  
ex t rac ted .  The r e s u l t a n t  e x t r a c t  i s  d r i e d  and then concentrated i n  a Kuderna- 
Dani sh apparatus ( i f  necessary). Other concentrat ion devices o r  techniques may 
be used i n  p lace o f  the  Kuderna-Danish concentrator i f  the qual i t y  con t ro l  
requirements o f  the  determinat ive methods are met (Method 8000, Sect i o n  8.0). 

2.2 5000 Methods: Refer t o  the s p e c i f i c  method o f  i n t e r e s t .  

3.0 INTERFERENCES 

3.1 Samples r e q u i r i n g  analys is  f o r  v o l a t  i 1 e organic compounds, 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  chlorof luoro-carbons 
and methylene ch lo r i de )  through the sample conta iner  septum dur ing  shipment and 
storage. A f i e l d  b lank prepared from organ ic - f ree  reagent water and ca r r i ed  
through sampl irrg and subsequent storage and hand1 i n g  can serve as a check on such 
contaminat ion. 

3.2 Sol vents, reagents, glassware, and o ther  sample processing hardware 
may y i e l d  a r t i f a c t s  and/or in te r fe rences t o  sample analysis.  A l l  these mater ia ls  
must be demonstrated t o  be free from inter ferences under the  cond i t ions  o f  the  
ana lys is  by analyz ing method blanks. Spec i f i c  se lec t i on  o f  reagents and 
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.  
Refer t o  Chapter One f o r  s p e c i f i c  guidance on qual i t y  cont ro l  procedures. 

3.3 In te r fe rences coextracted from the  samples w i l l  vary considerably 
from source t o  source. I f  ana lys is  o f  an extracted sample i s  prevented due t o  
in te r fe rences,  f u r t h e r  cleanup o f  the  sample e x t r a c t  may be necessary. Refer t o  
Method 3600 f o r  guidance on cleanup procedures. 
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3.4 Phthal a t e  es ters  contaminate many types o f  products commonly found 
i n  t h e  1 aboratory. P las t i cs ,  i n  p a r t i c u l a r ,  must be avoided because phtha l  ates 
are commonly 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  
mater ia ls .  Serious phtha la te  contaminat ion may resh l  t a t  any t ime i f  cons is tent  
q u a l i t y  c o n t r o l  i s  no t  pract iced.  

3.5 Glassware contaminat ion r e s u l t i n g  i n  ana ly te  degradation: Soap 
res idue on g l  assware may cause degradation o f  c e r t a i n  analytes. S p e c i f i c a l l y ,  
a l d r i n ,  heptachlor,  and most organophosphorus pes t i c ides  w i l l  degrade i n  t h i s  
s i t u a t i o n .  Th is  problem i s  espec ia l l y  pronounced w i t h  glassware t h a t  may be 
d i f f i c u l t  t o  r i n s e  (e.g., 500 mL K-D f l a s k ) .  These i tems should be hand-r insed 
very c a r e f u l l y  t o  avoid t h i s  problem. 

4.0 APPARATUS AND MATERIALS 

4.1 Refer t o  t h e  s p e c i f i c  method o f  i n t e r e s t  f o r  a d e s c r i p t i o n  o f  t h e  
apparatus and mater i  a1 s needed. 

5.0 REAGENTS 

5.1 Refer t o  the  s p e c i f i c  method o f  i n t e r e s t  f o r  a d e s c r i p t i o n  o f  t he  
so l  vents needed. 

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 Stock standards: Stock so lu t i ons  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 .  

5.3.1 Purgeable s tock  standards: Prepare stock standards i n  
methanol us ing  assayed 1 i q u i d s  o r  gases, as appropr iate.  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 
m a t e r i a l s  should be prepared i n  a hood. 

5.3.1.1 Place about 9.8 mL o f  methanol i n  a 10-mL t a r e d  
ground-g1 ass-stoppered volumetr ic  f l a s k .  A1 1 ow t h e  f l  ask t o  stand, 
unstoppered, f o r  about 10 min o r  u n t i l  a l l  a lcohol-wet ted surfaces 
have d r ied .  Weigh the  f l a s k  t o  the  nearest 0.0001 g. 

5.3.1.2 Using a 100-pL syr inge, immediately add two o r  
more drops o f  assayed reference mater ia 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 lcohol  w i thou t  contac t ing  
t h e  neck o f  t h e  f l a s k .  

5.3.1.3 Reweigh, d i l u t e  t o  volume, stopper, then mix by 
i n v e r t i n g  t h e  f l a s k  several times. Ca lcu la te  t h e  concent ra t ion  i n  
m i l l i g rams  per 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  greater ,  t h e  weight may 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 he  s tock  
standard. Commercially prepared stock 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 
i ndependent source. 
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5.3.1.4 Transfer the stock standard so lu t i on  i n t o  a 
Teflon-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 ro tec t  from l i g h t .  

5.3.1.5 A1 1 standards must be replaced a f t e r  1 month, o r  
sooner i f  comparison w i t h  check standards ind ica tes  a problem. 

5.3.2 Semivol a t i l e  stock standards: Base/neutral and acid stock 
standards are prepared i n  methanol . Organochl o r i  ne pes t i c ide  standards 
are prepared i n  acetone. 

5.3.2.1 Stock standard so lu t ions  should be stored i n  
Te f l  on-seal ed containers a t  4OC. The so lu t ions  should be checked 
f requent ly  f o r  s t a b i l  i t y .  'These so lu t ions  must be rep1 aced a f t e r  
s i x  months, o r  sooner i f  comparison w i t h  q u a l i t y  con t ro l  check 
samples i n d i c a t e  a problem. 

5.4 Surrogate standards: A surrogate standard (i .e., a chemical ly i n e r t  
compound not  expected t o  occur i n  an environmental sample) should be added t o  
each sample, blank, and mat r i x  spike sample j u s t  p r i o r  t o  ex t rac t ion  o r  
processing. The recovery o f  the  surrogate standard i s  used t o  monitor f o r  
unusual ma t r i x  e f fec ts ,  gross sample processing errors,  e tc .  Surrogate recovery 
i s  evaluated f o r  acceptance by determining whether the  measured concentrat ion 
fa1 1s w i t h i n  t h e  acceptance 1 im i t s .  Recommended surrogates f o r  d i f f e r e n t  analyte 
groups fol low. However, these compounds, o r  others t h a t  b e t t e r  correspond t o  the 
analyte group, may be used f o r  other analyte groups as wel l .  Normally th ree o r  
more standards are added f o r  each analyte group. 

5.4.1 Base/neutral and ac id  surrogate sp ik ing solut ions:  The 
f o l  1 owing are recommended surrogate standards. 

2-Fl uorobiphenyl 
N i  trobenzene-d, 
Terphenyl -d,, 

Acid - 
2-Fl uorophenol 
2,4,6-Tri bromophenol 
Phenol -d, 

5.4.1.1 Prepare a surrogate standard sp ik ing so lu t i on  i n  
methanol t h a t  contains the base/neutral compounds a t  a concentrat ion 
o f  100 mg/L, and the ac id  compounds a t  200 mg/L for  water and 
sediment/soil samples (low- and medium-level ) . For waste samples, 
t h e  concentrat ion should be 500 mg/L f o r  base/neutrals and 1000 mg/L 
f o r  acids. 

5.4.2 Organochlorine pesticide/PCB surrogate sp ik ing so lu t ion :  The 
f o l l  owing are recommended surrogate standards f o r  organochlorine 
pest i cides/PCBs . 

Orqanochlorine pesticides/PCBs 

Di  bu ty l  chlorendate (DBC) (if avai 1 able) 
2,4,5,6-Tetrachloro-meta-xylene (TCMX) 
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5.4.2.1 Prepare a surrogate standard s p i k i n g  s o l u t i o n  a t  
a concentrat ion o f  1 mg/L i n  acetone f o r  water and sediment/soi l  
samples. For waste samples, t h e  concentrat ion should be 5 mg/L. 

5.4.3 Purgeabl e s,urrogate sp i k ing  sol  u t i o n :  The f o l l  owing are  
recommended surrogate standards f o r  v o l a t i l e  organics. 

Purqeabl e orqani cs 

p-Bromofl uorobenzene 
1,2-Di ch l  oroethane-d, 
To1 uene-d, 

5.4.3.1 Prepare a surrogate sp i  k ing  so l  u t i  on (as described 
i n  Sect ion 5.3.1 o r  through secondary d i l u t i o n  o f  t h e  stock 
standard) i n  methanol conta in ing  t h e  surrogate standards a t  a 
concent ra t ion  o f  25 mg/L. 

5.5 M a t r i x  spike standards: Select  f i v e  o r  more ana ly tes  from each 
ana ly te  group f o r  use i n  a sp i k ing  so lu t i on .  The f o l l o w i n g  are  recommended 
m a t r i x  spike standard mixtures f o r  a few ana ly te  groups. These compounds, o r  
others t h a t  b e t t e r  correspond t o  t h e  ana ly te  group, may be used f o r  o the r  ana ly te  
groups as we1 1 . 

5.5.1 Base/neutral and ac id  m a t r i x  sp i k ing  so lu t i on :  Prepare a 
sp i k ing  s o l u t i o n  i n  methanol t h a t  conta ins each o f  t h e  f o l l o w i n g  
base/neutral compounds a t  100 mg/L and t h e  a c i d  compounds a t  200 mg/L fo r  
water and sediment/soi l  samples. 'The concentrat ion o f  these compounds 
should be f i v e  t imes h igher f o r  waste samples. 

Base/neutral s Acids 

1,2,4-Trichl orobenzene Pentachl orophenol 
Acenaphthene Phenol 
2,4-Dini t r o t 0 1  uene 2-Chl orophenol 
Pyrene 4-Chl oro-3-methyl phenol 
N-Ni t r o s o - d i  -n-propyl amine 4-Ni trophenol 
1,4-Di c h l  orobenzene 

5.5.2 Organochlorine p e s t i c i d e  m a t r i x  sp i  k ing  so lu t i on :  Prepare a 
sp i k ing  s o l u t i o n  i n  acetone o r  methanol t h a t  conta ins t h e  f o l l o w i n g  
pes t i c ides  i n  t h e  concentrat ions speci f ied fo r  water and sediment/soi l .  
The concentrat ion should be f i v e  t imes h igher f o r  waste samples. 

Pes t i c ide  Concentrat ion (mq/L) 

L i  ndane 
Heptachl o r  
A l d r i n  
D i e l d r i n  
Endri  n 
4,4'-DDT 
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5.5.3 Purgeable ma t r i x  sp ik ing  solut ion:  Prepare a sp ik ing  so lu t i on  
i n  methanol t h a t  contains the  fol lo 'wing compounds a t  a concentrat ion o f  25 
mg/ L 

Purqeabl e orqani cs 

1 , l-Dichloroethene 
Tr ich loroethene 
Chl orobenzene 
To1 uene 
Benzene 

6.0 SAMPLE COLLECTION, PRESERVATION, AND HANDLING 

6.1 See the  i n t roduc to ry  mater ia l  t o  the  Organic Analyte Chapter, 
Sect ion 4.1. 

7.0 PROCEDURE 

7.1 Semivol a t i l  e organic sample ex t rac t ion :  Water, so i  l/sediment, 
sludge, and waste samples r e q u i r i n g  analys is  f o r  base/neutral and ac id  
ex t rac tab l  es and/or organochlor ine pest ic ides  must undergo solvent ex t rac t i on  
p r i o r  t o  analys is .  This manual contains fou r  methods t h a t  may be used f o r  t h i s  
purpose: Method 3510; Method 3520; Method 3540; and Method 3550. The method 
t h a t  should be used on a p a r t i c u l a r  sample, i s  h i g h l y  dependent upon the  physical  
c h a r a c t e r i s t i c s  o f  t h a t  sample. Therefore, review these fou r  methods p r i o r  t o  
choosing one i n  p a r t i c u l a r .  Appropriate surrogate standards and, i f  necessary, 
m a t r i x  sp i k ing  so lu t i ons  are added t o  the  sample p r i o r  t o  e x t r a c t i o n  f o r  a l l  f ou r  
met hods. 

7.1.1 Method 3510: Appl icable t o  the  e x t r a c t i o n  and concentrat ion 
o f  water- insol  ubl e and s l  i g h t l y  water-sol ubl e organics from aqueous 
samples. A measured volume o f  sample i s  solvent extracted using a 
separatory funnel.  The e x t r a c t  i s  dr ied,  concentrated and, i f  necessary, 
exchanged i n t o  a solvent  compatible w i t h  f u r t h e r  analysis. Method 3520 
should be used i f  an emulsion forms between the  solvent-sample phases, 
which can no t  be broken up by mechanical techniques. 

7.1.2 Method 3520: Appl i cab le  t o  the  e x t r a c t i o n  and concentrat ion 
o f  water - inso lub le  and s l i g h t l y  water-soluble organics from aqueous 
samples. A measured volume o f  sample i s  extracted w i t h  an organic solvent 
i n  a continuous 1 i qu id -1  i q u i d  ex t rac to r .  The solvent must have a dens i ty  
g rea te r  than t h a t  o f  the  sample. The ex t rac t  i s  dr ied,  concentrated and, 
i f  necessary, exchanged i n t o  a solvent compatible w i t h  f u r t h e r  analysis. 
The 1 i m i t a t i o n s  o f  Method 3510 concerning sol vent-sample phase separat ion 
do no t  i n t e r f e r e  w i t h  t h i s  procedure. 

7.1.3 Method 3540: Th is  i s  a procedure f o r  ex t rac t i ng  nonvo la t i l e  
and semivol a t i l e  organic compounds from sol i d s  such as so i l s ,  sludges, and 
wastes. A s o l i d  sarr~ple i s  mixed w i t h  anhydrous sodium su l fa te ,  placed 
i n t o  an e x t r a c t i o n  th imble o r  between two plugs o f  g lass wool, and 
ex t rac ted using an appropriate solvent i n  a Soxhlet ex t rac to r .  The 
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e x t r a c t  i s  d r i ed ,  concentrated and, i f  necessary, exchanged i n t o  a  so l ven t  
compat ib le  w i t h  f u r t h e r  ana lys is .  

7.1.4 Method 3550: Th i s  method i s  app l i cab le  t o  t h e  e x t r a c t i o n  o f  
n o n v o l a t i l e  and semivol a t i  1  e  o rgan ic  compounds from s o l  i d s  such as s o i l s ,  
sludges, and wastes us ing t h e  technique o f  u l t r a s o n i c  e x t r a c t i o n .  Two 
procedures are  d e t a i l e d  depending upon t h e  expected concen t ra t i on  o f  
organics i n  t h e  sample; a  low concent ra t ion  and a  h i g h  concen t ra t i on  
method. I n  both, a  known weight o f  sample i s  mixed w i t h  anhydrous sodium 
s u l f a t e  and s o l  vent  ex t rac ted  us ing  u l t r a s o n i c  e x t r a c t i o n .  The e x t r a c t  i s  
d r i ed ,  concentrated and, if necessary, exchanged i n t o  a  so l  vent  compat ib le  
w i t h  f u r t h e r  ana lys is .  

7.1.5 Method 3580: Th is  method descr ibes t h e  technique o f  so lven t  
d i l u t i o n  o f  non-aqueous waste samples. It i s  designed f o r  wastes t h a t  may 
con ta in  o rgan ic  chemicals a t  a  l e v e l  g rea te r  than  20,000 mg/kg and t h a t  
a re  so lub le  i n  t h e  d i l u t i o n  so lven t .  When us ing  t h i s  method, t h e  ana l ys t  
must use cau t i on  i n  determin ing t h e  c o r r e c t  concen t ra t i on  o f  sp ike  and 
sur rogate  s o l u t i o n  t o  avo id  d i  1  u t i n g  ou t  these compounds when d i l u t i n g  the  
sample. The l o s s  o f  sur rogate  and sp i  ke da ta  should o n l y  occur  i n  samples 
con ta in ing  a  h igh  concent ra t ion  o f  analy tes which i s  unknown a t  t h e  t ime 
o f  e x t r a c t i o n  o r  where sample i n te r fe rences  cou ld  n o t  be e l  im ina ted  
f o l l o w i n g  t h e  bes t  at tempts a t  e x t r a c t  c1eanup .b~  t h e  l a b o r a t o r y .  

7.2 V o l a t i l e  o rgan ic  sample p repara t ion :  There are  t h r e e  methods f o r  
v o l a t i l e  sample p repara t ion :  Method 5030; Method 5040; and d i r e c t  i n j e c t i o n .  
Method 5030 i s  t h e  most w ide l y  app l i cab le  procedure f o r  a n a l y s i s  o f  v o l a t i l e  
organics, w h i l e  t h e  d i r e c t  i n j e c t i o n  technique may have 1  i m i t e d  appl i c a b i l  i t y  t o  
aqueous mat r i ces .  

7.2.1 Method 5030: Th i s  method descr ibes t h e  technique o f  purge- 
and- t rap f o r  t h e  i n t r o d u c t i o n  o f  purgeable o rgan ics  i n t o  a  gas 
chromatograph. Th i s  procedure i s appl i cab1 e  f o r  use w i t h  aqueous samples 
d i r e c t l y  and t o  so l  i ds ,  wastes, s o i l  s/sed.iments, and water -misc ib le  
1  i q u i d s  f o l  1  owing appropr ia te  p repara t ion .  An i n e r t  gas i s  bubbled 
through t h e  sample, which w i l l  e f f i c i e n t l y  t r a n s f e r  t h e  purgeable o rgan ics  
f rom t h e  aqueous phase t o  t h e  vapor phase. The vapor phase i s  swept 
through a  sorbent t r a p  where t h e  purgeables a re  trapped. A f t e r  purg ing  i s  
completed, t h e  t r a p  i s  heated and b a c k f l  ushed w i t h  t h e  i n e r t  gas t o  desorb 
t h e  purgeables on to  a  gas chroniatographic colurr~n. P r i o r  t o  a p p l i c a t i o n  o f  
t h e  purge-and- t rap procedure, a1 1  samples ( i n c l u d i n g  blanks, spikes, and 
dupl i cates)  should be s p i  ked w i t h  surrogate standards and, i f  requ i red ,  
w i t h  m a t r i x  s p i k i n g  compounds. 

7.2.2 Method 5040: Th i s  method i s  app l i cab le  t o  t h e  i n v e s t i g a t i o n  
o f  sorbent c a r t r i d g e s  from v o l a t i l e  organic  sampl i ng t r a i n  (VOST) . 

7.3 Sample ana l ys i s :  Fo l low ing  p repa ra t i on  o f  a  sample by one o f  t h e  
methods descr ibed above, t h e  sample i s  ready f o r  f u r t h e r  ana l ys i s .  For samples 
r e q u i r i n g  v o l  a t i  1  e  o rgan ic  ana lys is ,  appl i c a t i o n  o f  one o f  t h e  methods descr ibed 
above i s  f o l l owed  d i r e c t l y  by gas chromatographic ana l ys i s  (Methods 8010, 8011, 
8015, 8020, 8021, 8030, 8240 and 8260). Samples prepared f o r  semivol a t i l e  
ana l ys i s  may, i f  necessary, undergo cleanup (See Method 3600) p r i o r  t o  
a p p l i c a t i o n  o f  a  s p e c i f i c  de termina t ive  method. 
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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  guidance on q u a l i t y  cont ro l  
procedures. 

8.2 Before processing any samples, the  analyst  should demonstrate through 
the  ana lys is  o f  a reagent water blank t h a t  a l l  glassware and reagents are 
i n te r fe rence  f ree .  Each t ime a set  o f  samples i s  processed, a method blank(s) 
should be processed as a safeguard against chronic labora tory  contamination. 'The 
b lank samples should be c a r r i e d  through all stages o f  the  sample preparat ion and 
measurement. 

8.3 Surrogate standards should be added t o  a l l  samples when spec i f ied  i n  
the  appropr iate determinat ive method i n  Chapter Four, Sect ion 4.3 

8.4 A reagent blank, a ma t r i x  spike, and a dup l i ca te  o r  mat r ix  spike 
d u p l i c a t e  must be performed f o r  each ana ly t i ca l  batch (up t o  a maximum of 20 
samples) analyzed. 

8.5 For GC o r  GC/MS analysis, the  ana ly t i ca l  system performance must be 
v e r i f i e d  by analyzing qua1 i t y  cont ro l  (QC) check samples. Method 8000, Section 
8.0 discusses i n  d e t a i l  t he  process o f  v e r i f i c a t i o n ;  however, preparat ion o f  the  
QC check sample concentrate i s  dependent upon the  method being evaluated. 

8.5.1 V o l a t i l e  organic QC check samples: QC check sample 
concentrates conta in ing  each analyte o f  i n t e r e s t  are spiked i n t o  reagent 
water (def ined as the  QC check sample) and analyzed by purge-and-trap 
(Method 5030). The concentrat ion o f  each analyte i n  the  QC check sample 
i s  20 pg/L. The evaluat ion o f  system performance i s  discussed i n  d e t a i l  
i n  Method 8000, beginning w i t h  Paragraph 8.6 

8.5.2 Semivo la t i le  organic QC check samples: To evaluate the  
performance o f  t he  a n a l y t i c a l  method, the  QC check samples must be handled 
i n  exac t l y  the  same manner as actual samples. Therefore, 1.0 mL o f  the  QC 
check sample concentrate i s  spiked i n t o  each o f  f ou r  1-L a l i quo ts  o f  
reagent water (now c a l l e d  the QC check sample), extracted, and then 
analyzed by GC. The v a r i e t y  o f  semivo la t i le  analytes which may be 
analyzed by GC i s  such t h a t  the  concentrat ion o f  the  QC check sample 
concentrate i s  d i f f e r e n t  f o r  the  d i f f e r e n t  ana ly t i ca l  techniques presented 
i n  the  manual. Method 8000 discusses i n  d e t a i l  the  procedure o f  v e r i f y i n g  
the  de tec t i on  system once the  QC check sample has been prepared. The 
concentrat ions of the  QC check sample concentrate f o r  the  various methods 
are as fo l lows:  

8.5.2.1 Method 8040 - Phenols: The QC check sample 
concentrate should conta in  each analyte a t  a concentrat ion o f  100 
mg/L i n  2-propanol. 

8.5.2.2 Method 8060 - Phthalate esters:  The QC check 
sample concentrate should conta in the  fo l l ow ing  analytes a t  the  
f o l l  owing concentrat ions i n  acetone: bu ty l  benzyl phthalate, 10 
mg/L; b i s (2 -e thy l  hexyl ) phthal ate, 50 mg/L; d i  -n-octy l  phthal ate, 50 
mg/L; and any o ther  phthalate a t  25 mg/L. 
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8.5.2.3 Method 8070 - Nitrosamines: The QC check sample 
concentrate should contain each analyte a t  20 mg/L i n  methanol o r  
some other water m i  sc i  b l  e sol vent. 

8.5.2.4 Method 8080 - Orqanochl o r i  ne pest ic ides and PCBs: 
'The QC check sample concentrate should contain each sinale-com~onent 
analyte a t  the ' f o l l  owing concentrations i n  acetone & some' other 
water misc ib le  solvent: 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 other single-component pes t i c ide  a t  2 mg/L . I f  the 
method i s  of i ly  t o  be used t o  analyze PCBs, chlordane, o r  toxaphene, 
the QC check sample concentrate should contain the most 
representat ive mu1 ticomponent parameter a t  a concentrat ion o f  50 
mg/L i n  acetone. 

8.5.2.5 Method 8090 - Nitroaromatics and Cyc l i c  Ketones: 
The QC check sample concentrate should contain each analyte a t  the 
fo l lowing concentrations i n  acetone: each d i n i  t r o t01  uene a t  20 
mg/L; and i sophorone and n i  trobenzene a t  100 mg/L. 

8.5.2.6 Method 8100 - Polynuclear aromatic hydrocarbons: 
The QC check sample concentrate should contain each analyte a t  the 
fo l low ing  concentrations i n  ace ton i t r i l e :  naphthalene, 100 mg/L; 
acenapht hy l  ene, 100 mg/L; acenapht hene, 100 mg/L; f 1 uorene, 100 
mg/L; phenanthrene, 100 mg/L; anthracene, 100 mg/L; 
benzo(k)fluoranthene, 5 mg/L; and any other PAH a t  10 mg/L . 

8.3.2.7 Method 8110 - Haloethers: The QC check sample 
concentrate should contain each analyte a t  a concentrat ion o f  
20 mg/L i n  methanol o r  some other water m isc ib le  sol  vent. 

8.5.2.8 Method 8120 - Chlorinated hydrocarbons: The QC 
check sample concentrate should contain each analyte a t  the 
fo l low ing  concentrations i n  acetone: hexachloro-substi tu ted  
hydrocarbons, 10 mg/L; and any other ch lor inated hydrocarbon, 100 
mg/ L 

8.3.2.9 Method 8140/8141 - Orqanophos~horus compounds: 
The QC check sample concentrate should contain each analyte i n  
acetone a t  a concentrat ion 1,000 times more concentrated than the  
selected spike concentration. 

8.3.2.10 Method 8150 - Chlorinated herbicides: The QC 
check sample concentrate should contain each analyte i n  acetone a t  
a concentrat ion 1,000 times more concentrated than the selected 
sp i  ke concentration. 

8.3.2.11 Met hod 8250/8270 - Semi vol a t i  1 e orqani cs : The QC 
check sample concentrate should contain each analyte i n  acetone a t  
a concentrat ion o f  100 mg/L. 

8.3.2.12 Method 8310 - Polynuclear aromatic hydrocarbons: 
The QC check sample concentrate should contain each analyte a t  the 
fo l low ing  concentrations i n  acetoni tril e: naphthalene, 100 mg/L; 
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acenaphthyl ene, 100 mg/L; acenaphthene, 100 mg/L; fl uorene, 
100 mg/L; phenanthrene, fb0 n~g/L; anthracene, 100 mg/L; 
benzo(k)fluoranthene, 5 mg/L; and any other PAH at 10 mg/L. 

9.0 METHOD PERFORMANCE 

9.1 The recovery of surrogate standards is used to monitor unusual matrix 
effects, sample processing problems, etc. The recovery of matrix spiking 
compounds indicates the presence or absence of unusual matrix effects. 

9.2 The performance of this method will be dictated by the overall 
performance of the sample preparation in combination with the analytical 
determinative method. 

10.0 REFERENCES 

10.1 None required. 
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METHOD 3510B 

SEPARATORY FUNNEL LIQUID-LIQUID EXTRACTION 

1.0 SCOPE AND APPLICATION 

1.1 Th i s  method descr ibes  a. procedure f o r  i so l  a t i  ng organic  compounds 
f rom aqueous samples . The method a1 so . descr ibes concen t ra t i on  techniques 
s u i t a b l e  f o r  p repa r i ng  t h e  e x t r a c t  f o r  t h e  appropr ia te  de te rm ina t i ve  methods 
descr ibed  i n  Sec. 4.3 o f  Chapter Four. 

1.2 Th i s  ~i iethod i s  app l i cab le  t o  t h e  i s o l a t i o n  and concent ra t ion  o f  
w a t e r - i n s o l u b l e  and s l i g h t l y  wa te r - so lub le  o rgan ics  i n  p repa ra t i on  f o r  a  v a r i e t y  
o f  chromatographic procedures. 

2.0 SUMMARY OF METHOD 

2.1 A  measured volume o f  sample, u s u a l l y  1  1 i t e r ,  a t  a  s p e c i f i e d  pH (see 
Table l), i s  s e r i a l l y  e x t r a c t e d  w i t h  methylene c h l o r i d e  us ing  a  separatory  
f unne l .  The e x t r a c t  i s  d r i e d ,  concentrated ( i f  necessary), and, as necessary, 
exchanged i n t o  a  so l ven t  compat ib le  w i t h  t h e  cleanup o r  de te rmina t i ve  method t o  
be used (see Table 1  f o r  app rop r i a te  exchange so lven ts ) .  

3 .0  INTERFERENCES 

3 .1  Refer  t o  Method 3500. 

3.2 Under bas i c  e x t r a c t i o n  cond i t i ons  requ i red  t o  separate ana ly tes  f o r  
t h e  packed columns o f  Method 8250, t h e  decon~posi t ion o f  some ana ly tes  has been 
demonstrated. Organochlor ine p e s t i c i d e s  may dechl o r i na te ,  ph tha l  a t e  es te r s  may 
exchange, and phenols may r e a c t  t o  form tannates. These reac t i ons  increase w i t h  
i n c r e a s i n g  pH, and a re  decreased by t he  sho r te r  r e a c t i o n  t imes a v a i l a b l e  i n  
Method 3510. Methods 3520/8270, 3510/8270, and 3510/8250, r espec t i ve l y ,  are 
p r e f e r r e d  over  Method 3520/8250 f o r  t h e  ana l ys i s  o f  these c lasses o f  compounds. 

4.0 APPARATUS AND MATERIALS 

4.1 Separatory funnel  - 2  1  i t e r ,  w i t h  Te f l on  stopcock. 

4.2 D ry i ng  column - 20 mm ID  Pyrex chromatographic column w i t h  Pyrex 
g l ass  wool a t  bottom and a  T e f l o n  stopcock. 

NOTE: F r i t t e d  g l ass  d i s c s  a re  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 t hou t  
f r i t s  may be purchased. Use a  smal l  pad o f  Pyrex g lass  wool t o  
r e t a i n  t h e  adsorbent.  Prewash t h e  g l ass  wool pad w i t h  50 mL o f  
acetone f o l l owed  by 50 mL o f  e l u t i o n  so lven t  p r i o r  t o  packing t h e  
column w i t h  adsorbent.  
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4.3 Kuderna-Danish (K-D) apparatus. 

4.3.1 Concentrator tube - 10 mL, graduated (Kontes K-570050-1025 o r  
equ i va len t ) .  A ground-glass s topper  i s  used t o  p revent  evapora t ion  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 i va len t ) .  A t tach  t o  concent ra to r  tube w i t h  spr ings,  clamps, o r  
equi va l  en t  . 

4.3.3 Snyder column - Three b a l l  macro (Kontes K-503000-0121 o r  
equ i va len t ) .  

4.3.4 Snyder column - Two b a l l  m ic ro  (Kontes K-569001-0219 o r  
equ i va len t )  . 

4.3.5 Springs - 1/2 i nch  (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  - Solvent  ex t rac ted ,  approximately 10/40 mesh ( s i l  i c o n  
carb ide  o r  equ i va len t )  . 

4.5 Water ba th  - 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  (25°C). The ba th  should be used i n  a  hood. 

4.6 V i a l s  - 2  mL, g lass  w i t h  Te f l on  1 ined screw-caps o r  cr imp tops.  

4.7 pH i n d i c a t o r  paper - pH range i n c l u d i n g  t h e  des i red  e x t r a c t i o n  pH. 

4.8 Erlenmeyer f l a s k  - 250 mL. 

4.9 Syr inge - 5  mL. 

4.10 Graduated c y l  i nder - 1 1  i t e r .  

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 otherwise 
ind ica 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 Society ,  where 
such s p e c i f i c a t i o n s  a re  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 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  lessen ing  t h e  accuracy o f  t h e  determinat ion.  Reagents should be s to red  
i n  g lass  t o  prevent  t h e  leach ing  o f  contaminants from p l a s t i c  con ta iners .  

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 ined  i n  Chapter One. 

5.3 Sodium hydrox ide s o l u t i o n  (ION), NaOH. D isso lve  40 g  NaOH i n  
o rgan i c - f ree  reagent  water and d i l u t e  t o  100 mL. 

5.4 Sodium s u l f a t e  (g ranu la r ,  anhydrous), Na,SO,. P u r i f y  by hea t i ng  a t  
400°C f o r  4  hours i n  a  shal low t r a y ,  o r  by prec leaning the  sodium s u l f a t e  w i t h  
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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  f rom 
t h e  sodium s u l f a t e .  

5.5 S u l f u r i c  a c i d  s o l u t i o n  ( 1 : l  v/v), H,SO,. S low ly  add 50mL o f  H2S04 
(sp. g r .  1.84) t o  50 mL o f  o rgan i c - f r ee  reagent  water. 

5.6 E x t r a c t  ion/exchange s o l  vents  

5.6.1 Methyl ene c h l o r i d e ,  CH2C12 - Pes t i c i de  qual  i t y  o r  equ iva len t .  

5.6.2 Hexane, C,H,, - Pes t i c i de  qual i t y  o r  equ i va len t .  

5.6.3 2-Propanol, CH3CH(OH)CH3 - P e s t i c i d e  q u a l i t y  o r  equ iva len t .  

5.6.4 Cyclohexane, C,H,, - P e s t i c i d e  qual i t y  o r  equ iva len t .  

5.6.5 A c e t o n i t r i l e ,  CH3CN - P e s t i c i d e  q u a l i t y  o r  equ iva len t .  

6.0 SAMPLE COLLECT ION, 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 Using a 1 1 i t e r  graduated c y l  inder ,  measure 1 1 i t e r  (nominal)  o f  
sample and t r a n s f e r  i t  q u a n t i t a t i v e l y  t o  t h e  separatory  funne l .  I f  h igh  
concen t ra t i ons  a re  an t i c i pa ted ,  a smal ler  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  water t o  1 l i t e r .  Add 1.0 mL o f  t h e  surrogate 
standards t o  a l l  samples, spikes, and blanks (see Method 3500 and t h e  
de te rm ina t i ve  method t o  be used, f o r  d e t a i l s  on t h e  surrogate standard s o l u t i o n  
and t h e  m a t r i x  sp i ke  s o l u t i o n ) .  For t h e  sample i n  each a n a l y t i c a l  batch se lec ted  
f o r  sp i k i ng ,  add 1.0 mL o f  t h e  m a t r i x  s p i k i n g  standard. For base/neutral  - a c i d  
ana l ys i s ,  t h e  amount added o f  t h e  surrogates and m a t r i x  s p i k i n g  compounds 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 o f  each base/neutral  ana l y te  and 
200 ng/pL o f  each a c i d  ana l y te  i n  t he  e x t r a c t  t o  be analyzed (assuming a 1 p L  
i n j e c t i o n ) .  I f  Method 3640, Gel-Permeation Cleanup, i s  t o  be used, add t w i c e  t h e  
volume o f  surrogates and m a t r i x  s p i k i n g  compounds s ince  h a l f  t h e  e x t r a c t  i s  l o s t  
due t o  l o a d i n g  o f  t h e  GPC column. 

7.2 Check t h e  pH o f  t h e  sarnple w i t h  wide-range pH paper and, i f  
necessary, a d j u s t  t he  pH 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  s p e c i f i c  
de te rm ina t i ve  method t h a t  w i l l  be used t o  analyze t h e  e x t r a c t .  

7.3 Add 60 mL o f  methylene c h l o r i d e  t o  t h e  separatory  funne l .  

7.4 Seal and shake t h e  separatory  funnel  v i go rous l y  f o r  1-2 minutes w i t h  
p e r i o d i c  ven t i ng  t o  r e l ease  excess pressure. 
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NOTE: Methyl  ene c h l o r i d e  c rea tes  excess ive pressure very  r a p i d l y ;  
t h e r e f o r e ,  i n i t i a l  v e n t i n g  should be done immediate ly  a f t e r  t h e  
separa to ry  funne l  has been sealed and shaken once. Vent ing o f  t h e  
separa to ry  funne l  should be i n t o  a  hood t o  avo id  needless exposure 
o f  t h e  a n a l y s t  t o  so l ven t  vapors. 

7.5 A l l ow  t h e  o rgan i c  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 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 l ven 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 t e c h n i  que 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  emulsion th rough g lass  
wool, c e n t r i f u g a t i o n ,  o r  o t h e r  phys i ca l  methods. C o l l e c t  t h e  s o l  vent  e x t r a c t  i n  
an Erlenmeyer f l a s k .  I f  t h e  emulsion cannot be broken ( recovery  o f  < 80% o f  t h e  
methylene c h l o r i d e ,  co r rec ted  f o r  t h e  water  so l  u b i l  i t y  o f  methylene c h l o r i d e ) ,  
t r a n s f e r  t h e  sample, so lven t ,  and emulsion i n t o  t h e  e x t r a c t i o n  chamber o f  a  
c o n t i n u o ~ ~ s  e x t r a c t o r  and proceed as descr ibed  i n  Method 3520, Cont inuous L i q u i d -  
L i q u i d  E x t r a c t i o n .  

7.6 Repeat t h e  e x t r a c t i o n  two more t imes us ing  f r e s h  p o r t i o n s  o f  so l ven t  
(Secs. 7.3 th rough 7 .5 ) .  Combine t h e  t h r e e  so l ven t  e x t r a c t s .  

7.7 I f  f u r t h e r  pH adjustment and e x t r a c t i o n  i s  r equ i red ,  a d j u s t  t h e  pH 
of t h e  aqueous phase t o  t h e  des i r ed  pH i n d i c a t e d  i n  Table 1. S e r i a l l y  e x t r a c t  
t h r e e  t imes  w i t h  60 mL o f  methylene c h l o r i d e ,  as o u t l i n e d  i n  Secs. 7.3 
through 7.5. C o l l e c t  and combine t h e  e x t r a c t s  and 1  abel t h e  combined e x t r a c t  
a p p r o p r i a t e l y  . 

7.8 I f  per fo rming  GC/MS a n a l y s i s  (Method 8270), t h e  a c i d / n e u t r a l  and base 
e x t r a c t s  may be combined p r i o r  t o  concen t ra t i on .  However, i n  some s i t u a t i o n s ,  
separate concen t ra t i on  and a n a l y s i s  o f  t h e  ac id /neu t ra l  and base e x t r a c t s  may be 
p r e f e r a b l e  (e.g. i f  f o r  r e g u l a t o r y  purposes t h e  presence o r  absence o f  s p e c i f i c  
ac i d /neu t ra l  o r  base compounds a t  low concent ra t ions  must be determined, separate 
e x t r a c t  analyses may be warranted) .  

7.9 Perform t h e  concen t ra t i on  ( i f  necessary) us i ng  t h e  Kuderna-Danish 
(K-D) Technique (Secs. 7.10.1 through 7.10.4). 

7.10 K-D Technique 

7.10.1 Assemble a  Kuderna-Danish (K-D) concen t ra to r  by 
a t t a c h i n g  a  10 mL concen t ra to r  tube t o  a  500 mL evapo ra t i on  f l a s k .  Dry 
t h e  e x t r a c t  by pass ing i t  through a  d r y i n g  column c o n t a i n i n g  about 10 cm 
o f  anhydrous sodium s u l f a t e .  C o l l e c t  t h e  d r i e d  e x t r a c t  i n  a  K-D 
concen t ra to r .  Rinse t h e  Erlenmeyer f l a s k ,  which con ta ined  t h e  so l  ven t  
e x t r a c t ,  w i t h  20-30 mL o f  methylene c h l o r i d e  and add i t  t o  t h e  column 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 .  

7.10.2 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. Prewet t h e  Snyder column by adding 
about 1 mL o f  methylene c h l o r i d e  t o  t h e  t o p  o f  t h e  column. P lace t h e  K-D 
apparatus on a  h o t  water  ba th  (15-20°C above t h e  b o i l i n g  p o i n t  o f  t h e  
s o l v e n t )  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  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  h o t  
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vapor. Adjust  the  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 requ i red  t o  complete the concentrat ion i n  10-20 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  the  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  n o 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. 

7.10.3 I f  a  solvent  exchange i s  requ i red  (as i nd i ca ted  i n  Table 
I ) ,  momentari ly remove the  Snyder column, add 50 mL o f  the  exchange 
so lvent ,  a  new b o i l i n g  ch ip ,  and rea t tach  the  Snyder column. Concentrate 
the  e x t r a c t ,  as described i n  Sec. 7.11, r a i s i n g  the  temperature o f  the  
water bath, i f  necessary, t o  mainta in proper d i s t i l l  a t ion .  

7.10.4 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  methylene ch lo r i de  
o r  exchange solvent .  I f  s u l f u r  c r y s t a l s  are a  problem, proceed t o  
Method 3660 f o r  cleanup. The ex t rac t  may be f u r t h e r  concentrated by using 
the  technique o u t l i n e d  i n  Sec. 7.11 o r  adjusted t o  10.0 mL w i t h  the  
so lvent  l a s t  used. 

7.11 I f  f u r t h e r  concentrat ion i s  ind ica ted  i n  Table 1, e i t h e r  the  micro- 
Snyder column technique (7.11.1) o r  n i t rogen  blowdown technique (7.11.2) i s  used 
t o  ad jus t  the  e x t r a c t  t o  the f i n a l  volume requi red.  

7.11.1 Micro-Snyder Column Technique 

7.11.1.1 I f f u r t h e r c o n c e n t r a t i o n i s i n d i c a t e d i n T a b l e 1 ,  
add another c lean b o i l i n g  ch ip  t o  the  concentrator tube and a t tach  
a  two b a l l  micro-Snyder column. Prewet the  column by adding 0.5 mL 
o f  methylene c h l o r i d e  o r  exchange solvent  t o  the top o f  the column. 
Place the  K-D apparatus i n  a  hot  water bath so t h a t  t he  concentrator 
tube i s  p a r t i a l l y  immersed i n  the  hot  water. Adjust the  v e r t i c a l  
p o s i t i o n  of t he  apparatus and the  water temperature, as required, t o  
complete the  concentrat ion i n  5-10 minutes. A t  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  cha t te r ,  but  the  
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 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. 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  0.2 mL o f  e x t r a c t i o n  solvent .  Adjust t he  f i n a l  volume t o  1.0- 
2.0 mL, as i nd i ca ted  i n  Table 1, w i t h  solvent.  

7.11.2 Ni t rogen Bl owdown ~ e c h n i  gde 

7.11.2.1 Place the  concentrator tube i n  a  warm bath (35°C) 
and evaporate the  sol vent volume t o  0.5 mL 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: New p l a s t i c  tub ing  must no t  be used between the 
carbon t r a p  and the  sample, since i t  may 
int roduce in ter ferences.  
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7.11.2.2 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  methylene c h l o r i d e  o r  app rop r i a te  s o l  vent du r i ng  
t h e  opera t ion .  Dur ing evaporat ion, t h e  tube so l ven t  l e v e l  must be 
pos i t i oned  t o  avoid water condensation. Under normal procedures, 
t h e  e x t r a c t  must n o t  be al lowed t o  become d ry .  

CAUTION: When t h e  volume o f  so l  vent  i s  reduced be1 ow 1  m l  , 
semi vo l  a t  i 1  e  ana ly tes  may be 1  o s t  . 

7.12 
app rop r i a te  
ana l ys i s  o f  

The e x t r a c t  may now be analyzed f o r  t h e  t a r g e t  ana ly tes  us ing  t h e  
de te rm ina t i ve  technique(s)  (see Sec. 4.3 o f  t h i s  Chapter) .  I f  

t h e  e x t r a c t  w i l l  n o t  be performed immediately,  s topper  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 .  )if t h e  e x t r a c t  w i l l  be s to red  longer  
than 2  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  1  ined  screw-cap o r  
cr imp top,  and 1  abel ed app rop r i a te l y .  

8.0 QUALITY CONTROL 

8.1 Any reagent b lanks o r  m a t r i x  sp ike  samples should be subjected t o  
e x a c t l y  t h e  same a n a l y t i c a l  procedures as those used on ac tua l  samples. 

8.2 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 3500 f o r  e x t r a c t i o n  and sample p repa ra t i on  procedures. 

9.0 METHOD PERFORMANCE 

9.1 Refer  t o  t h e  de termina t ive  methods f o r  performance data.  

10.0 REFERENCES 

1. U.S. EPA 40 CFR Par t  136, "Guide1 i nes  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 t h e  Clean Water Act;  F i n a l  Rule and I n t e r i m  
F i n a l  Ru le  and Proposed Rule," October 26, 1984. 
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METHOD 35108 
SEPARATORY FUNNEL L I Q U I D - L I Q U I D  EXTRACTION 
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METHOD 3520B 

CONTINUOUS LIQUID-LIQUID EXTRACTION 

1.0 SCOPE AND APPLICATION 

1.1 Th is  method descr ibes a  procedure f o r  i s o l a t i n g  organic  compounds 
f rom aqueous samples. The method a1 so descr ibes concent ra t ion  techniques 
s u i  tab1 e  f o r  p repar ing  t h e  e x t r a c t  f o r  t he  appropr ia te  de te rmina t i ve  steps 
descr ibed i n  Sec. 4.3 o f  Chapter Four. 

1.2 Th is  method i s  app l i cab le  t o  t he  i s o l a t i o n  and concent ra t ion  o f  
water-  i nsol  ub l  e  and s l  i g h t l y  so lub le  organics i n  p repa ra t i on  f o r  a  v a r i e t y  of 
chromatographic procedures. 

1.3 Method 3520 i s  designed f o r  e x t r a c t i o n  so lven ts  w i t h  g rea te r  dens i t y  
than  t h e  sample. Continuous e x t r a c t i o n  devices are a v a i l  ab le f o r  e x t r a c t i o n  
so lven ts  t h a t  a re  l ess  dense than t h e  sample. The ana lys t  must demonstrate the  
e f f ec t i veness  o f  any such automatic e x t r a c t i o n  dev ice be fo re  employing i t  i n  
sample e x t r a c t i o n .  

2.0 SUMMARY OF 'METHOD 

2.1 A measured volume o f  sample, u s u a l l y  1 l i t e r ,  i s  placed i n t o  a  
cont inuous 1  i q u i d - 1  i q u i d  e x t r a c t o r ,  adjusted, i f  necessary, t o  a  s p e c i f i c  pH (see 
Table l ) ,  and ex t rac ted  w i t h  o rgan ic  so lven t  f o r  18-24 hours. The e x t r a c t  i s  
d r ied ,  concentrated ( i f  necessary), and, as necessary, exchanged i n t o  a  so lven t  
compat ib le  w i t h  t h e  cleanup o r  de te rmina t i ve  method being employed (see Table 1  
f o r  app rop r i a te  exchange so l  vents).  

3.0 INTERFERENCES 

3 .1  Refer t o  Method 3500. 

3.2 Under bas ic  e x t r a c t i o n  cond i t ions  requ i red  t o  separate analy tes f o r  
t h e  packed columns o f  Method 8250, t he  decomposit ion o f  some analy tes has been 
demonstrated. Organochlor ine pes t i c i des  niay dechl o r i na te ,  phthal  a te  es te rs  may 
exchange, and phenols may r e a c t  t o  form tannates. These reac t i ons  increase w i t h  
i nc reas ing  pH, and are  decreased by t h e  sho r te r  r e a c t i o n  t imes a v a i l a b l e  i n  
Method 3510. Methods 3520/8270, 3510/8270, and 3510/8250, respec t i ve l y ,  are 
p r e f e r r e d  over  Method 3520/8250 f o r  t h e  ana lys is  of these c lasses o f  compounds. 

4.0 APPARATUS AND MATERIALS 

4.1 Continuous l i q u i d - l i q u i d  e x t r a c t o r  - Equipped w i t h  Te f l on  o r  g lass 
connect ing j o i n t s  and stopcocks r e q u i r i n g  no 1  u b r i c a t  i o n  (Kontes 584200-0000, 
584500-0000, 583250-0000, o r  equi va l  en t  ) . 

4.2 Dry ing  column - 20 mm I D  Pyrex chromatographic column w i t h  Pyrex 
g lass  wool a t  bottom and a  Tef lon stopcock. 
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NOTE: F r i  t t e d  g l ass  d i s c s  a re  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 t h o u t  
f r i t s  may be purchased. Use a  smal l  pad o f  Pyrex g l a s s  wool t o  
r e t a i n  t h e  adsorbent. Prewash t h e  g l ass  wool pad w i t h  50 mL o f  
acetone f o l l owed  by 50 mL o f  e l u t i o n  so l ven t  p r i o r  t o  pack ing  t h e  
column w i t h  adsorbent.  

4.3 Kuderna-Dani sh (K-D) apparatus 

4.3.1 Concentrator  tube  - 10 nlL graduated (Kontes K-570050-1025 o r  
equ i va len 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  
e q u i v a l e n t ) .  A t t ach  t o  concen t ra to r  t ube  w i t h  spr ings ,  clamps, o r  
equi  va l  e n t  . 

4.3.3 Snyder column - Three b a l l  macro (Kontes K-503000-0121 o r  
equ i va len t )  . 

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  - 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 )  . 

4.5 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. 

4.6 V i a l s  - 2  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 .  

4.7 pH i n d i c a t o r  paper - pH range i n c l u d i n g  t h e  d e s i r e d  e x t r a c t i o n  pH. 

4.8 Heat ing  mant le  - Rheostat  c o n t r o l  1  ed. 

4.9 Syr inge  - 5  mL. 

5.0 REAGENTS 

5.1 Reagent grade chemical s  s h a l l  be used i n  a1 1  t e s t s .  U r ~ l  ess 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  pu r i . t y  t o  p e r m i t  i t s  use 
w i t h o u t  1  essening t h e  accuracy o f  t h e  de te rmina t ion .  Reagents should be s to red  
i n  g l a s s  t o  p reven t  t h e  l each ing  o f  contaminants f rom p l a s t i c  con ta ine rs .  

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 d e f i n e d  i n  Chapter One. 
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5.3 Sodium hydrox ide s o l u t i o n  (ION), NaOH. D isso lve  40 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  100 mL. 

5.4 Sodium su 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 prec leaning 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 he re  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 .  

5.5 S u l f u r i c  a c i d  s o l u t i o n  ( 1 : l  v/v), H2S04. S lowly  add 50 mL o f  H2S0, 
(sp. g r .  1.84) t o  50 mL o f  o rgan i c - f r ee  reagent water. 

5.6 E x t r a c t  ion/exchange so l  vents 

5.6.1 Methylene ch lo r i de ,  CH2C12 - Pes t i c i de  qual i t y  o r  equiva lent .  

5.6.2 Hexane, C,H14 - Pes t i c i de  q u a l i t y  o r  equ iva len t .  

5.6.3 2-Propanol , (CH,) ,CHOH - Pes t i c i de  qual i t y  o r  equ iva len t  . 

5.6.4 Cycl ohexane, C,Hl, - Pes t i c i de  qual i t y  o r  equ iva len t  . 

5.6.5 A c e t o n i t r i l e ,  CH,CN - Pes t i c i de  qual i t y  o r  equ iva len t .  

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 Using a  1 1  i t e r  graduated c y l  inder ,  measure ou t  1  1  i t e r  (nominal ) o f  
sample and t r a n s f e r  i t q u a n t i t a t i v e l y  t o  t h e  cont inuous e x t r a c t o r .  I f  h igh  
concent ra t ions  are an t i c i pa ted ,  a  smal ler  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 water t o  1 1  i t e r .  Check t h e  pH o f  t h e  sample w i t h  wide- 
range pH paper and ad jus t  t h e  pH, i f  necessary, t o  t h e  pH i nd i ca ted  i n  Table 1 
us ing  1 : l  (V/V) s u l f u r i c  a c i d  o r  10 N sodium hydroxide. P ipe t  1.0 mL o f  the  
sur roga te  standard s p i k i n g  s o l u t i o n  i n t o  each sample i n t o  t h e  e x t r a c t o r  and mix 
w e l l .  (See Method 3500 and t h e  de te rmina t i ve  method t o  be used, f o r  d e t a i l s  on 
t h e  sur roga te  standard s o l u t i o n  and t h e  m a t r i x  sp ike so lu t i on . )  For t h e  sample 
i n  each a n a l y t i c a l  batch se lec ted  f o r  sp ik ing ,  add 1.0 mL o f  t h e  ma t r i x  sp i k i ng  
standard. '  For base/neutra l -ac id  ana lys is ,  t h e  amount o f  t h e  surrogates and 
m a t r i x  s p i k i n g  compounds added t o  t h e  sample 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 o f  each base/neutral ana ly te  and 200 ng/pL o f  each 
a c i d  ana l y te  i n  t h e  e x t r a c t  t o  be analyzed (assuming a  1 p L  i n j e c t i o n ) .  I f  
Method 3640, Gel-Permeation Cleanup, i s  t o  be used, add tw i ce  t h e  volume o f  
surrogates and m a t r i x  s p i k i n g  compounds s ince  ha1 f t h e  e x t r a c t  i s  l o s t  due t o  
l oad ing  o f  t h e  GPC column. 

7.2 Add 300-500 mL o f  methylene c t ~ 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 
severa l  b o i l i n g  ch ips  t o  t h e  f l a s k .  
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7.3 Add s u f f i c i e n t  water  t o  t h e  e x t r a c t o r  t o  ensure p roper  o p e r a t i o n  and 
e x t r a c t  f o r  18-24 hours.  

7.4 A l l ow  t o  coo l ;  then  detach t h e  b o i l i n g  f l a s k .  I f  e x t r a c t i o n  a t  a  
secondary pH i s  n o t  r e q u i r e d  (see Table l ) ,  t h e  e x t r a c t  i s  d r i e d  and concent ra ted  
us ing  one o f  t h e  techniques r e f e r r e d  t o  i n  Sec. 7.7. 

7.5 C a r e f u l l y ,  w h i l e  s t i r r i n g ,  a d j u s t  t h e  pH o f  t h e  aqueous phase t o  t h e  
second pH i n d i c a t e d  i n  Table 1. A t t ach  a  c l ean  d i s t i l l i n g  f l a s k  c o n t a i n i n g  
500 mL o f  methylene c h l o r i d e  t o  t h e  cont inuous e x t r a c t o r .  E x t r a c t  f o r  18-24 
hours, a l l o w  t o  coo l ,  and detach t h e  d i s t i l l i n g  f l a s k .  

7.6 I f  per fo rming  GC/MS a n a l y s i s  (Method 8270), t h e  ac id /neu t ra l  and base 
e x t r a c t s  may be combined p r i o r  t o  concen t ra t i on .  However, i n  some s i t u a t i o n s ,  
separate c o n c e n t r a t i o n  and a n a l y s i s  o f  t h e  ac id /neu t ra l  and base e x t r a c t s  niay be 
p r e f e r a b l e  (e.g.  i f  f o r  r e g u l a t o r y  purposes t h e  presence o r  absence o f  s p e c i f i c  
ac i d /neu t ra l  and base compounds a t  low concen t ra t i ons  must be determined, 
separate e x t r a c t  analyses may be warranted) .  

7.7 Perform concen t ra t i on  ( i f  necessary) us i ng  t h e  Kuderna-Danish (K-D) 
Technique (Secs. 7.8.1 through 7.8.4).  

7.8 K-D Technique 

7.8.1 Assemble a  Kuderna-Danish (K-D) concen t ra to r  by a t t a c h i n g  a  10 
mL concen t ra to r  tube  t o  a  500 mL evapora t ion  f l a s k .  Dry t h e  e x t r a c t  by 
pass ing i t  th rough a  d r y i n g  column c o n t a i n i n g  about 10 cm o f  anhydrous 
sodium s u l f a t e .  C o l l e c t  t h e  d r i e d  e x t r a c t  i n  a  K-D concen t ra to r .  Rinse 
t h e  f l a s k  which con ta ined  t h e  so l ven t  e x t r a c t  w i t h  20-30 mL o f  methylene 
c h l o r i d e  and add i t  t o  t h e  column 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 .  

7.8.2 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  methylene c h l o r i d e  t o  t he  t o p  o f  t h e  column. P lace t h e  K-D apparatus 
on a  h o t  wa te r  ba th  (15-20°C above t h e  b o i l i n g  p o i n t  o f  t h e  s o l v e n t )  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 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  concen t ra t i on  i n  10-20 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  n o 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 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. 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  concen t ra to r  tube  w i t h  1 -2  
mL o f  e x t r a c t i o n  so l ven t .  

7.8.3 I f  a  so l ven t  exchange i s  r e q u i r e d  (as i n d i c a t e d  i n  Table l ) ,  
momentar i ly  remove t h e  Snyder column, add 50 mL o f  t h e  exchange so l ven t ,  
a  new b o i l i n g  ch ip ,  and r e a t t a c h  t h e  Snyder column. Concentrate t h e  
e x t r a c t ,  as descr ibed  i n  Sec. 7.9, r a i s i n g  t h e  temperature o f  t h e  water  
bath, i f  necessary, t o  ma in ta i n  proper  d i s t i l  1  a t i o n .  
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7.8.4 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  concen t ra to r  tube w i t h  1-2 mL o f  methylene c h l o r i d e  o r  
exchange so l ven t .  I f  s u l f u r  c r y s t a l s  a r e  a  problem, proceed t o  Method 
3660 f o r  c leanup. The e x t r a c t  may be f u r t h e r  concent ra ted by us i ng  t h e  
techniques o u t l i n e d  i n  Sec. 7.9 o r  ad jus ted  t o  10.0 mL w i t h  t he  so lven t  
l a s t  used. 

7.9 I f  f u r t h e r  concen t ra t i on  i s  i n d i c a t e d  i n  Table 1, e i t h e r  t h e  m ic ro -  
Snyder column techn ique  (7.9.1) o r  n i t r o g e n  blowdown techn ique  (7.9.2) i s  used 
t o  a d j u s t  t h e  e x t r a c t  t o  t he  f i n a l  volume requ i red .  

7.9.1 Micro-Snyder Col umn Technique 

7.9.1.1 Add another  one o r  two c lean  b o i l i n g  ch i ps  t o  t h e  
concen t ra to r  tube  and a t t a c h  a  two b a l l  micro-Snyder column. Prewet 
t h e  column by adding 0.5 mL o f  ~ l ~ e t h y l e n e  c h l o r i d e  o r  exchange 
so l ven t  t o  t h e  t o p  o f  t h e  column. Place t h e  K-D apparatus i n  a  ho t  
water  ba th  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  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 t h e  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  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 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.  Remove t h e  Snyder column, 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  concen t ra to r  t ube  w i t h  0.2 mL o f  methylene 
c h l o r i d e  o r  exchange so lven t ,  and a d j u s t  t h e  f i n a l  volume t o  1 .0  t o  
2.0 mL, as i n d i c a t e d  i n  Table 1, w i t h  so lven t .  

7.9.2 N i t r ogen  B l  owdown Technique 

7.9.2.1 Place t h e  concen t ra to r  tube  i n  a  warm bath (35°C) 
and evaporate t h e  so l ven t  volume t o  0.5 mL us ing  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  through a  column o f  a c t i v a t e d  carbon).  

CAUTION: New p l a s t i c  t ub i ng  must no t  be used between t h e  
carbon t r a p  and t h e  sample, s ince  i t  may 
i n t r oduce  i n t e r f e rences .  

7.9.2.2 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  methylene c h l o r i d e  o r  app rop r i a t e  so lven t  du r i ng  
t h e  opera t ion .  Dur ing evaporat ion,  t h e  tube so lven t  l e v e l  must be 
p o s i t i o n e d  t o  avo id  water  condensation. Under normal procedures, 
t h e  e x t r a c t  must n o t  be a l lowed t o  become dry .  

CAUTION: When t h e  vo l  ume o f  so l  vent i s  reduced below 1 m l  , 
semi vo l  a t i  1  e  ana ly tes  may be 1  o s t  . 

7.10 The e x t r a c t  may now be analyzed f o r  t h e  t a r g e t  ana ly tes  us ing  t h e  
a p p r o p r i a t e  de te rm ina t i ve  techn ique(s )  (see Sec. 4.3 o f  t h i  s  Chapter) .  I f  
a n a l y s i s  o f  t h e  e x t r a c t  w i l l  no t  be performed immediately,  stopper t he  
concen t ra to r  t ube  and s t o r e  r e f r i g e r a t e d .  I f  t h e  e x t r a c t  w i l l  be s t o red  longer  
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t han  2 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,  and l a b e l e d  a p p r o p r i a t e l y .  

8.0 QUALITY CONTROL 

8 .1  Any reagent  b lanks,  m a t r i x  sp ike,  o r  r e p l i c a t e  samples should be 
sub jec ted  t o  e x a c t l y  t h e  same a n a l y t i c a l  procedures as those  used on ac tua l  
samples. 

8.2 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 3500 f o r  e x t r a c t i o n  and sampl e -p repara t  i on procedures. 

9.0 METHOD PERFORMANCE 

9.1 Refe r  t o  t h e  de te rm ina t i ve  methods f o r  performance da ta .  

10.0 REFERENCES 

1. U.S. EPA 40 CFR Pa r t  136, "Guide1 i nes  E s t a b l i s h i n g  Tes t  Procedures f o r  t h e  
Ana l ys i s  o f  P o l l u t a n t s  Under t h e  Clean Water Act ;  F i n a l  Rule and I n t e r i m  
F i n a l  Rule and Proposed Rule," October 26, 1984. 
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TABLE 1. 
SPECIFIC EXTRACTION CONDITIONS FOR VARIOUS DETERMINATIVE METHODS 

Exchange Exchange Volume F i n a l  
s o l  ven t  s o l  ven t  o f  e x t r a c t  e x t r a c t  

I n i t i a l  Secondary r e q u i  r e d  
e t e r m i  n a t  i v e  e x t r a c t i o n  e x t r a c t i o n  f o r  
lethod PH PH anal  y s  i s 

requ  i r e d  
f o r  
c leanup 

r e q u i  r e d  v o l  ume 
f o r  f o r  
c leanup (mL) analysis (mL) 

;040 - < 2 none 2-propanol  hexane 1.0 1 .O, 10.0" 
1060 as r e c e i v e d  none hexane hexane 2.0 10.0 

as r e c e i v e d  
as r e c e i v e d  
5 - 9 
5 - 9 
5 - 9  
as r e c e i v e d  
as r ece i ved  
as r e c e i v e d  
as r e c e i v e d  
6 - 8  
as r e c e i v e d  
>11 
< 2 
as r e c e i v e d  
as r e c e i v e d  
as r e c e i v e d  

none 
none 
none 
none 
none 
none 
none 
none 
none 
none 
none 
< 2 
>11 
none 
none 
none 

hexane 
methanol 
hexane 
hexane 
hexane 
none 
hexane 
hexane 
hexane 
hexane 
hexane 
none 
none 
ace ton i  tri 1 e 
methanol 
methy l  ene c h l o r i d e  

hexane 
methy l  ene c h l o r i d e  
hexane 
hexane 
hexane 
c y c l  ohexane 
hexane 
hexane 
hexane 
hexane 
hexane 

- 

- 

methy l  ene c h l  o r i d e  

10.0 
10.0 
10.0 
10.0 
1 .o 
1.0 

10.0 
1 .o 
1.0 

10.0 
10.0 

1 .o 
1 .o 
1 .o 
1.0 
0.0 ( d r y )  

Phenols may be analyzed, by Method 8040, u s i n g  a 1.0 mL 2-propanol  e x t r a c t  by  GC/FID. Method 8040 a l s o  con ta i ns  an o p t i o n a l  
d e r i v a t i z a t i o n  procedure f o r  phenols  which r e s u l t s  i n  a 10 mL hexane e x t r a c t  t o  be analyzed by GC/ECD. 
The s p e c i f i c i t y  o f  GC/MS may make cleanup o f  t h e  e x t r a c t s  unnecessary. Re fe r  t o  Method 3600 f o r  gu idance on t h e  c leanup 
procedures ava i  1 ab l  e i f requ i r ed .  
Loss o f  p h t h a l a t e  e s t e r s ,  o rganoch lo r ine  p e s t i c i d e s  and phenols  can occur  under these  e x t r a c t i o n  c o n d i t i o n s  (see Sec. 3.2).  
I f  f u r t h e r  s e p a r a t i o n  o f  ma jo r  a c i d  and n e u t r a l  components i s  r e q u i r e d ,  Method 3650, Acid-Base P a r t i t i o n  Cleanup, i s  
recommended. Reversa l  o f  t h e  Method 8270 pH sequence i s  n o t  recommended as a n a l y t e  l o s s e s  a re  more severe under t h e  base f i r s t  
con t i nuous  e x t r a c t i o n  (see Sec. 3 .2 ) .  
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METHOD 3520B 
CONTINUOUS L I Q U I D - L I Q U I D  EXTRACTION 
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7.7 - 7.8 
Concentrate extract. 

7.1 Add appropriate 
surrogate and 
matr ix spiking 

solutions. 

7.2 Add methylene 
chloride to  

disti l l ing flask. 

7.3  Add reagent 
water to  extractor; 
extract for 18-24 

hours. 

7.5 Adjust pH of  
aqueous phase; 

extract for 18-24 
hours w i th  clean 

flask. 

A 

7.8.3 Add 
exchange solvent; 

concentration extract. 

7.9 Further 
concentrate extract 

i f  necessary; 
adjust final volume. 

4 
7.1 0 Analyze using 
organic techniques. 

b 

(Method 8270)  

7.6 Combine acid 
and baselneutral 
extracts prior t o  

8000 
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METHOD 35406 

SOXHLET EXTRACT I O N  

1.0 SCOPE AND APPLICATION 

1.1 Method 3540 i s  a procedure f o r  e x t r a c t i n g  n o n v o l a t i l e  and semi- 
v o l a t i l e  o rgan ic  compounds from so l  i d s  such as s o i l  s, sludges, and wastes. The 
Soxhlet  e x t r a c t i o n  process ensures i n t i n l a te  con tac t  o f  t h e  sample ma t r i x  w i t h  t h e  
e x t r a c t i o n  so l ven t .  

1.2 Th i s  method i s  app l i cab le  t o  t h e  i s o l a t i o n  and concent ra t ion  o f  water 
i n s o l u b l e  and s l i g h t l y  water so lub le  organics i n  p repara t ion  f o r  a v a r i e t y  o f  
chromatographic procedures. 

2.0 SUMMARY OF METHOD 

2.1 The s o l i d  sample i s  mixed w i t h  anhydrous sodium s u l f a t e ,  p laced i n  
an e x t r a c t i o n  t h imb le  o r  between two p lugs o f  g lass  wool, and ex t rac ted  us ing an 
app rop r i a te  so lven t  i n  a Soxhlet  e x t r a c t o r .  The e x t r a c t  i s  then d r i ed ,  
concentrated ( i f  necessary), and, as necessary, exchanged i n t o  a so lven t  
compat ib le  w i t h  t h e  cleanup o r  de te rmina t i ve  step being employed. 

3.0 INTERFERENCES 

3.1 Refer t o  Method 3500. 

4.0 APPARATUS AND MATERIALS 

4.1 Soxhlet  e x t r a c t o r  - 40 mm ID, w i t h  500 mL round bottom f l a s k .  

4.2 Dry ing  column - 20 mm ID  Pyrex chromatographic column w i t h  Pyrex 
g lass  wool a t  bottom. 

NOTE: F r i t t e d  g lass  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 s m a l l  pad o f  Pyrex g lass  wool t o  
r e t a i n  t h e  adsorbent. Prewash t h e  g lass  wool pad w i t h  50 mL o f  
acetone fo l l owed  by 50 mL o f  e l u t i o n  so lven t  p r i o r  t o  packing the  
column w i t h  adsorbent. 

4.3 Kuderna-Danish (K-D) apparatus 

4.3.1 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 .  

4.3.2 Evaporat ion f l a s k  - 500 mL (Kontes K-570001-500 o r  
equ i va len t )  . At tach  t o  concentrator  tube w i t h  spr ings,  clamps, o r  
equi va l  ent.  
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4.3.3 Snyder column - Three b a l l  macro (Kontes K-503000-0121 o r  
equ i va len t )  . 

4.3.4 Snyder column - Two b a l l  m ic ro  (Kontes K-569001-0219 o r  
equ i va len t ) .  

4.3.5 S p r i ~ g s  - 1/2 i nch  (Kontes K-662750 o r  equ i va len t ) .  

4.4 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  
carb ide  o r  equ i va len t ) .  

4.5 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. 

4.6 V i a l s  - Glass, 2 mL capac i ty ,  w i t h  Te f l on  1 ined  screw o r  cr imp top .  

4.7 Glass o r  paper t h imb le  o r  g lass  wool - Contaminant f r ee .  

4.8 Heat ing mantle - Rheostat c o n t r o l l e d .  

4.9 Disposable g lass  pasteur  p i p e t  and bulb.  

4.10 Apparatus f o r  determin ing percent  d r y  weight .  

4.10.1 Oven - Dry ing.  

4.10.2 Desiccator .  

4.10.3 Cruc ib les  - Porcel a i n  o r  d isposable a1 umi num. 

4.11 Apparatus f o r  g r i n d i n g  

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

5.0 REAGENTS 

5.1 Reagent grade i no rgan i c  chemical s s h a l l  be used i n  a1 1 t e s t s .  Unless 
otherwise 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  permi t  i t s  use w i thou t  lessen ing  t h e  accuracy o f  t h e  de termina t ion .  

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 rgan i c - f ree  reagent water, as de f i ned  i n  Chapter One. 

5.3 Sodium s u l f a t e  (granular ,  anhydrous), Na,SO,. P u r i f y  by hea t i ng  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 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 .  
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5.4 E x t r a c t i o n  so lven ts  

5.4.1 Soi l /sed iment  and aqueous sludge samples s h a l l  be ex t rac ted  
us ing  e i t h e r  o f  t h e  f o l l o w i n g  so lven t  systems: 

5.4.1.1 Acetone/Hexane ( 1  : 1) (v/v) , CH,COCH,/C,H,,. 
P e s t i c i d e  qual  i t y  o r  equ i va len t .  

NOTE: Th i s  so l ven t  system has lower  d isposa l  cos t  and lower - 
t o x i c i t y .  

5.4.1.2 Methy lene  c h l o r i d e / A c e t o n e  ( 1  : 1 v/v),  
CH2C1 $CH,COCH,. P e s t i c i d e  qual i t y  o r  equ i va len t .  

5.4.2 Other samples s h a l l  be ex t rac ted  us ing  t h e  f o l l o w i n g :  

5.4.2.1 Methylene ch lo r i de ,  CH2C12. P e s t i c i d e  q u a l i t y  o r  
equi  va l  en t  . 

5.4.2.2 To1 uene/Met hanol ( 10 : 1) (v/v)  , C,H,CH,/CH,OH. 
P e s t i c i d e  q u a l i t y  o r  equ iva len t .  

5.5 Exchange s o l  vents 

5.5.1 Hexane, C,H,,. Pes t i c i de  qual i t y  o r  equ iva len t .  

5.5.2 2-Propanol, (CH,),CHOH. Pes t i c i de  q u a l i t y  o r  equ i va len t .  

5.5.3 Cyclohexane, C,H,,. Pes t i c i de  q u a l i t y  o r  equ iva len t .  

5.5.4 A c e t o n i t r i l e ,  CH,CN. Pes t i c i de  q u a l i t y  o r  equ iva len t .  

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 Analys is ,  Sec. 
4.1. 

7.0 PROCEDURE 

7.1 Sample Handl ing 

7.1.1 Sediment/soi 1  samples - Decant and d i  scard any water l ayer on 
a  sediment sample. Mix sample thoroughly,  e s p e c i a l l y  composited samples. 
D iscard  any f o r e i g n  ob jec t s  such as s t i c k s ,  leaves, and rocks. 

7.1.2 Waste samples - Samples c o n s i s t i n g  o f  mult iphases must be 
prepared by t h e  phase separa t ion  method i n  Chapter Two be fo re  ex t rac t i on .  
Th i s  procedure i s  f o r  so l  i d s  on ly .  

7.1.3 Dry waste samples amenable t o  g r i n d i n g  - Gr ind o r  o therwise 
subd iv ide  t h e  waste so t h a t  i t  e i t h e r  passes through a  1 rnm s ieve  o r  can 
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be ex t ruded  through a  1  mm ho le .  I n t r oduce  s u f f i c i e n t  sample i n t o  t h e  
g r i n d i n g  apparatus t o  y i e l d  a t  l e a s t  10 g  a f t e r  g r i n d i n g .  

7.1.4 Gummy, f i b r o u s ,  o r  o i l y  m a t e r i a l s  n o t  amenable t o  g r i n d i n g  
should be cu t ,  shredded, o r  o therw ise  broken up t o  a l l o w  mix ing ,  and 
maximum exposure o f  t h e  sample sur faces  f o r  e x t r a c t i o n .  The p ro fess iona l  
judgment o f  t h e  ana l ys t  i s  r e q u i r e d  f o r  hand l i ng  these d i f f i c u l t  mat r i ces .  

7.2 Dete rmina t 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  a re  d e s i r e d  based on d r y  we igh t  bas i s .  When such d a t a  a re  des i red ,  a  
p o r t i o n  o f  sample f o r  t h i s  de te rm ina t i on  should be weighed ou 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 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. 

However, samples known o r  suspected t o  c o n t a i n  s i g n i f i c a n t  concen t ra t i ons  
o f  t o x i c ,  flammable, o r  exp los i ve  c o n s t i t u e n t s  should n o t  be oven d r i e d  because 
o f  concerns f o r  personal  s a f e t y .  Labora to ry  d i s c r e t i o n  i s  advised. It may be 
prudent  t o  de lay  oven d r y i n g  o f  t h e  weighed-out p o r t i o n  u n t i l  o t h e r  a n a l y t i c a l  
r e s u l t s  a re  ava i  1  ab le .  

7.2.1 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 r l g  ove rn igh 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  weigh ing:  

% d r y  we igh t  = q o f  d r y  sample x  100 
g  o f  sample 

7.3 Blend 10 g  o f  t h e  s o l i d  sample w i t h  10 g  o f  anhydrous sodium s u l f a t e  
and p lace  i n  an e x t r a c t i o n  t h imb le .  The e x t r a c t i o n  t h i m b l e  must d r a i n  f r e e l y  f o r  
t h e  d u r a t i o n  o f  t h e  e x t r a c t i o n  pe r i od .  A  g l ass  wool p l u g  above and below t h e  
sample i n  t h e  Soxh le t  e x t r a c t o r  i s  an acceptable a l t e r n a t i v e  f o r  t h e  t h imb le .  
Add 1.0 mL 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  on to  t h e  sample (see Method 
3500 f o r  d e t a i l s  on t h e  sur roga te  s tandard and m a t r i x  s p i k i n g  s o l u t i o n s ) .  For 
t h e  sample i n  each a n a l y t i c a l  ba tch  se lec ted  f o r  sp i k i ng ,  add 1.0 mL o f  t h e  
m a t r i x  s p i k i n g  s tandard.  For base/neut ra l  - a c i d  ana l ys i s ,  t h e  amount added o f  t h e  
sur roga tes  and m a t r i x  s p i k i n g  compounds 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 o f  each base/neut ra l  ana l y te  and 200 ng/pL o f  each a c i d  ana l y te  i n  
t h e  e x t r a c t  t o  be analyzed (assuming a  1  p L  i n j e c t i o n ) .  I f  Method 3640, Gel 
Permeation Chromatography Cleanup, i s  t o  be used, add t w i c e  t h e  volume o f  
su r roga tes  and m a t r i x  s p i k i n g  compounds s i nce  h a l f  t h e  e x t r a c t  i s  l o s t  due t o  
l o a d i n g  o f  t h e  GPC column. 

7.4 P lace approx imate ly  300 mL o f  t h e  e x t r a c t i o n  so l ven t  (Sec. 5.4) i n t o  
a  500 mL round bot tom f l a s k  c o n t a i n i n g  one o r  two c l ean  b o i l i n g  ch ips .  A t t ach  
t h e  f l a s k  t o  t h e  e x t r a c t o r  and e x t r a c t  t h e  sarr~ple f o r  16-24 hours a t  4 -6  
c y c l  es/hr  . 

7.5 A l l ow  t h e  e x t r a c t  t o  cool  a f t e r  t h e  e x t r a c t i o n  i s  complete. 
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7.6 Assemble a Kuderna-Danish (K-D) concen t ra to r  ( i f  necessary) by 
a t t a c h i n g  a 10 mL concent ra to r  tube t o  a  500 mL evaporat ion f l ask .  

7.7 Dry t h e  e x t r a c t  by passing i t  through a d r y i n g  column con ta in ing  
about 10 cm o f  anhydrous sodium s u l f a t e .  C o l l e c t  t h e  d r i e d  e x t r a c t  i n  a  K-D 
concen t ra to r .  Wash t h e  e x t r a c t o r  f l a s k  and sodium s u l f a t e  c o l ~ ~ m n  w i t h  100 t o  125 
mL o f  e x t r a c t i o n  so l ven t  t o  complete t h e  q u a n t i t a t i v e  t r ans fe r .  

7 .8  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 t a c h  a t h ree  
b a l l  Snyder column. Prewet t h e  Snyder column by adding about 1 mL o f  methylene 
c h l o r i d e  t o  t h e  t o p  o f  t h e  column. Place t h e  K-D apparatus on a ho t  water ba th  
(15-20°C above t h e  b o i l i n g  p o i n t  o f  t h e  so lven 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 h e  ho 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  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 he  
apparatus and t h e  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 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  no t  f l o o d .  When t h e  apparent volume 
o f  l i q u i d  reaches 1-2 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 coo l  f o r  a t  l e a s t  10 minutes. 

7.9 I f  a so lven t  exchange i s  r equ i red  (as i n d i c a t e d  i n  Table I ) ,  
momentar i ly  remove t h e  Snyder column, add approx imate ly  50 mL o f  t h e  exchange 
so l ven t  and a new b o i l i n g  ch ip ,  and r e a t t a c h  t h e  Snyder column. Concentrate t h e  
e x t r a c t  as descr ibed  i n  Sec. 7.8, r a i s i n g  t h e  temperature o f  t h e  water bath,  i f  
necessary, t o  ma in ta i n  proper  d i s t i l l a t i o n .  When t h e  apparent volume again 
reaches 1-2 mL, remove t h e  K-D apparatus from t h e  water  ba tch  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. 

7.10 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 o f  methylene c h l o r i d e  o r  exchange so lven t .  
I f  s u l f u r  c r y s t a l s  a re  a problem, proceed t o  Method 3660 f o r  cleanup. The 
e x t r a c t  may be f u r t h e r  concentrated by us ing  t h e  techniques descr ibed i n  Sec. 
7.11 o r  ad jus ted  t o  10.0 mL w i t h  t h e  so lven t  l a s t  used. 

7.11 I f  f u r t h e r  concen t ra t i on  i s  i n d i c a t e d  i n  Table 1, e i t h e r  micro Snyder 
column technique (Sec. 7.11.1) o r  n i t r o g e n  blowdown technique (Sec. 7.11.2) i s  
used t o  a d j u s t  t h e  e x t r a c t  t o  t he  f i n a l  volume requ i red .  

7.11.1 M ic ro  Snyder Col uliin Technique 

7.11.1.1 Add another one o r  two c lean  b o i l i n g  ch ips  t o  t he  
concen t ra to r  tube and a t t a c h  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  o r  exchange 
so l ven t  t o  t h e  t o p  o f  t h e  column, Place t h e  K-D apparatus i n  a  ho t  
wa te r  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  h o 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 t h e  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 he  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  no t  f l ood .  When 
t h e  apparent volume o f  l 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 cool  f o r  a t  
l e a s t  10 minutes. 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 s  w i t h  about 0.2 mL o f  so lven t  and add t o  t h e  
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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, as 
i n d i c a t e d  i n  Table 1, w i t h  so l ven t .  

7.11.2 N i t r ogen  B l  owdown Technique 

7.11.2.1 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  s o l v e n t  volume t o  t h e  
r e q u i r e d  l e v e l  us i ng  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 1 t e r e d  through a  c o l  umn 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. 

7.11.2.2 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  t h e  app rop r i a te  s o l v e n t  d u r i n g  t h e  ope ra t i on .  
Dur ing  evaporat ion,  t h e  s o l v e n t  l e v e l  i n  t h e  t ube  must be p o s i t i o n e d  
t o  p reven t  wa te r  f rom condensing i n t o  t h e  sample ( i  .e., t h e  so l ven t  
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 
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 ry .  

CAUTION: W h e n t h e v o l u m e o f s o l v e n t i s r e d u c e d b e l o w l m L ,  
semi vo l  a t i  1  e  ana ly tes  may be 1  o s t  . 

7.12 The e x t r a c t s  ob ta ined  may now be analyzed f o r  t h e  t a r g e t  ana l y tes  
us ing  t h e  app rop r i a te  o rgan ic  techn ique(s )  (see Sec. 4.3 o f  t h i s  Chapter) .  I f  
a n a l y s i s  o f  t h e  e x t r a c t  w i l l  n o t  be performed immediately,  s topper  t h e  
concen t ra to r  tube  and s t o r e  i n  a  r e f r i g e r a t o r .  I f  t h e  e x t r a c t  w i l l  be s to red  
l onge r  t han  2  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  1  i ned  screw 
cap o r  cr imp top ,  and l a b e l e d  a p p r o p r i a t e l y .  

8.0 QUALITY CONTROL 

8.1 Any reagent  b lanks  o r  m a t r i x  sp i ke  samples should be sub jec ted  t o  
e x a c t l y  t h e  same a n a l y t i c a l  procedures as those  used on ac tua l  samples. 

8.2 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 3500 f o r  e x t r a c t i o n  and sample p repa ra t i on  procedures. 

9.0 METHOD PERFORMANCE 

9.1 Refer  t o  t h e  de te rm ina t i ve  methods f o r  performance da ta .  

10.0 REFERENCES 

1. U.S. EPA 40 CFR P a r t  136, "Guide1 i nes  E s t a b l i s h i n g  Test  Procedures f o r  t h e  
Ana l ys i s  o f  P o l l u t a n t s  Under t h e  Clean Water Act ;  F i n a l  Rule and I n t e r i m  
F i n a l  Rule and Proposed Rule," October 26, 1984. 
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TABLE 1. 
SPECIFIC EXTRACTION CONDITIONS FOR VARIOUS DETERMINATIVE METHODS 

Exchange Exchange Vol ume F i n a l  
sol  vent so l  vent o f  e x t r a c t  e x t r a c t  
requ i  r e d  requ i  r e d  requ i r e d  volume 

Determinat ive  Ex t rac t i on  f o r  f o r  f o r  f o r  
method P H  ana lys is  cleanup cleanup (mL) ana lys i s  (mL) 

- - - -  

as received 
as received 
as received 
as received 
as received 
as received 
as received 
as received 
as received 
as received 
as received 
as received 
as received 
as rece ived 
as received 
as received 
as received 
as received 

- - - - - - - 

2-propanol hexane 
hexane hexane 
hexane hexane 
methanol methyl ene c h l o r i d e  
hexane hexane 
hexane hexane 
hexane hexane 
none cyc l  ohexane 
hexane hexane 
hexane hexane 
hexane hexane 
hexane hexane 
hexane hexane 
none - - 
none - - 
acetoni  tri 1  e  - - 
methanol - - 
methylene c h l o r i d e  methylene c h l o r i d e  

1.0, 10.ob 
10.0 
10.0 
10.0 
10.0 
10.0 
1 .o 
1.0 

10.0 
1 .o 
1 .o 

10.0 
10.0 
1 .o 
1 .o 
1 .o 
1 .o 
0.0 (d ry )  

" To o b t a i n  separate ac id  and base/neutral e x t r a c t s ,  Method 3650 should be performed f o l l o w i n g  concent ra t ion  
o f  t h e  e x t r a c t  t o  10.0 mL. 

Phenols may be analyzed by Method 8040 us ing  a  1.0 mL 2-propanol e x t r a c t  and ana lys i s  by GC/FID. Method 8040 
a l so  conta ins  an o p t i c a l  d e r i v a t i z a t i o n  procedure f o r  phenols which r e s u l t s  i n  a  10 mL hexane e x t r a c t  t o  be 
analyzed by GC/ECD. 

" The s p e c i f i c i t y  o f  GC/MS may make cleanup o f  t h e  e x t r a c t s  unnecessary. Refer  t o  Method 3600 f o r  guidance 
on t h e  c l  eanup procedures avai 1  abl e  if requ i red .  
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METHOD 3541 

AUTOMATED SOXHLET EXTRACTION 

1.0 SCOPE AND APPLICATION 

1.1 Method 3541 descr ibes t h e  e x t r a c t i o n  o f  organic  analy tes from s o i l ,  
sediment, sludges, and waste so l  i ds .  The method uses a  commercial ly ava i lab le ,  
unique, t h r e e  stage e x t r a c t i o n  system t o  achieve ana ly te  recovery comparable t o  
Method 3540, bu t  i n  a  much sho r te r  t ime. There are two d i f f e rences  between t h i s  
e x t r a c t i o n  method and Method 3540. I n  t h e  i n i t i a l  e x t r a c t i o n  stage o f  Method 
3541, t h e  sample-loaded e x t r a c t i o n  th imb le  i s  immersed i n t o  t h e  b o i l i n g  so lven t .  
Th is  ensures very r a p i d  i n t i m a t e  con tac t  between t h e  specimen and so lven t  and 
r a p i d  e x t r a c t i o n  o f  t h e  o rgan ic  analy tes.  I n  t h e  second stage t h e  t h imb le  i s  
e l eva ted  above t h e  so lven t ,  and i s  r i nse -ex t rac ted  as i n  Method 3540. I n  t h e  
t h i r d  stage, t he  so lven t  i s  evaporated, as would occur i n  t h e  Kuderna-Danish 
(K-D) concent ra t ion  s tep i n  Method 3540. The concentrated e x t r a c t  i s  then ready 
f o r  cleanup (Method 3600) fol lowed by measurement o f  t he  organic  analy tes.  

1.2 The method i s  app l i cab le  t o  t h e  e x t r a c t i o n  and concent ra t ion  o f  water 
i n s o l u b l e  o r  s l  i g h t l y  water so lub le  po l ych lo r i na ted  b iphenyls  (PCBs) i n  
p repa ra t i on  f o r  gas chromatographic de te rmina t ion  us ing e i t h e r  Method 8080 o r  
8081. Th is  method i s  app l i cab le  t o  s o i l s ,  c lays,  s o l i d  wastes and sediments 
con ta in i ng  from 1  t o  50 fig o f  PCBs (measured as Arochl o r s )  per  gram o f  sample. 
I t  has been s t a t i s t i c a l l y  evaluated a t  5  and 50 pg/g o f  Arochlors  1254 and 1260, 
and found t o  be equ i va len t  t o  Method 3540 (Soxhlet  Ex t rac t i on ) .  Higher 
concent ra t  ions  o f  PCBs are measured f o l l  owing vo lumet r i c  d i l  u t i o n  w i t h  hexane. 

1.3 The method i s  a l s o  app l i cab le  t h e  e x t r a c t i o n  and concent ra t ion  o f  
s e m i v o l a t i l e  organics i n  p repa ra t i on  f o r  GC/MS ana l ys i s  by Method 8270 o r  by 
ana l ys i s  us ing  s p e c i f i c  GC o r  HPLC methods. 

2.0 SUMMARY OF METHOD 

2.1 PCBs: Mo is t  s o l i d  samples (e.g., so i l /sediment  samples) may be a i r -  
d r i e d  and ground p r i o r  t o  e x t r a c t i o n  o r  chemical ly  d r i e d  w i t h  anhydrous sodium 
s u l f a t e .  The prepared sample i s  ex t rac ted  us ing 1: 1 (v /v)  acetone: hexane i n  t h e  
automated Soxhlet  f o l l  owing t h e  same procedure as out1 ined f o r  semivol a t i l e  
o rgan ics  i n  Sec. 2.1. The e x t r a c t  i s  then concentrated and exchanged i n t o  pure 
hexane p r i o r  t o  f i n a l  gas chromatographic PCB measurement. 

2.2 Other s e m i v o l a t i l e  organics: A 10-g so l  i d  sample ( t h e  sample i s  pre-  
mixed w i t h  anhydrous sodium s u l f a t e  f o r  c e r t a i n  matr ices)  i s  placed i n  an 
e x t r a c t i o n  t h imb le  and u s u a l l y  ex t rac ted  w i t h  50 mL o f  1: 1  (v/v) acetone/hexane 
f o r  60 minutes i n  t h e  b o i l i n g  e x t r a c t i o n  so lven t .  The th imb le  w i t h  sample i s  
then r a i s e d  i n t o  t he  r i n s e  p o s i t i o n  and ex t rac ted  f o r  an a d d i t i o n a l  60 minutes. 
Fo l l ow ing  t h e  e x t r a c t i o n  steps, t he  e x t r a c t i o n  so lven t  i s  concentrated t o  1  t o  
2  mL. 
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3.0 INTERFERENCES 

3 .1  Refer  t o  Method 3500. 

3.2 The e x t r a c t i o n  t h i m b l e  and t h e  o - r i n g s  used t o  sea l  t h e  e x t r a c t i o n  
cup a r e  bo th  a  source o f  i n t e r f e r e n c e .  Both should be checked by i n c l u d i n g  a  
method b lank  and f o l l  owing t h e  e x t r a c t i o n  procedure as w r i t t e n .  Sol  ven t  r i n s i n g  
o r  e x t r a c t i o n ,  p r i o r  t o  use, may be necessary t o  e l i m i n a t e  o r  reduce 
i n t e r f e r e n c e s .  V i t o n  sea ls  c o n t r i b u t e d  l e a s t  t o  t h e  i n t e r f e r e n c e  problem, 
however, even t hey  c o n t r i b u t e d  some i n t e r f e r e n c e  peaks when t h e  e x t r a c t i o n  
s o l v e n t  was analyzed by t h e  e l e c t r o n  cap tu re  de tec to r .  Use o f  b u t y l  o r  EPDM 
r i n g s  a re  n o t  recommended s ince  t hey  were found t o  c o n t r i b u t e  s i g n i f i c a n t  
background when t h e  e x t r a c t i o n  s o l v e n t  was 1: 1  v/v hexane/acetone o r  1: 1 v/v 
methylene c h l  or ide/acetone.  

4.0 APPARATUS AND MATERIALS 

4.1 Automated Soxh le t  E x t r a c t i o n  System - w i t h  tempera tu re -con t ro l  l e d  o i l  
ba th  (Soxtec, o r  e q u i v a l e n t ) .  Tecator  ba th  o i l  ( c a t a l o g  number 1000-1886) should 
be used w i t h  t h e  Soxtec. S i l i c o n e  o i l  must n o t  be used because i t  des t roys  t h e  
rubber  p a r t s .  See F igu re  1. The apparatus i s  used i n  a  hood. 

4.2 Accessor ies and consumabl es f o r  t h e  automated Soxhl e t  system. (The 
c a t a l o g  numbers a re  F i she r  S c i e n t i f i c  based on t h e  use o f  t h e  Soxtec HT-6, 
however, o t h e r  sources t h a t  a re  equ i va len t  a re  acceptable.  ) 

4.2.1 C e l l u l o s e  e x t r a c t i o n  t h imb les  - 26 mm I D  x  60 mm 
con tamina t ion  f r e e ,  ca ta l og  number 1522-0034, o r  equ i va len t .  

4.2.2 Glass e x t r a c t i o n  cups (80 mL) - ( s e t  o f  s i x  r e q u i r e d  f o r  t h e  
HT-6), c a t a l o g  number 1000-1820. 

4.2.3 Thimble adapters  - ( s e t  o f  s i x  r e q u i r e d  f o r  t h e  HT-6), 
c a t a l o g  number 1000-1466. 

4.2.4 V i t o n  sea ls  - c a t a l o g  number 1000-2516. 

4.3 Syr inges - 100 and 1000 p L  and 5  mL. 

4.4 Apparatus f o r  Determin ing Percent Dry Weight 

4.4.1 D ry i ng  Oven. 

4.4.2 Des icca to r .  

4.4.3 Cruc ib les ,  po rce l  a i  n. 

4.4.4 Balance, a n a l y t i c a l .  

4.5 Apparatus f o r  g r i n d i n g  - F i she r  Cycl o tec,  F i she r  S c i e n t i f i c  c a t a l o g  
number 1093, o r  equ i va len t .  
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4.6 Spatula 

4.7 Graduated cylinder - 100 mL. 

4.8 Aluminum weighing dish - VWR Scientific catalog number 25433-008 or 
equivalent . 

4.9 Graduated, conical -bottom glass tubes - 15 mL, Kimble catalog number 
45166 or equivalent, or 10 mL KD concentrator tube. 

5.0 REAGENTS 

5.1 Reagent grade chemicals shall be used in all tests. Unless otherwise 
indicated, it is intended that all reagents shall conform to the specifications 
of the Committee on Analytical Reagents of the American Chemical Society, where 
such specifications are available. Other grades may be used, provided it is first 
ascertained that the reagent is of sufficiently high purity to permit its use 
without 1 essening the accuracy of the determination. 

5.2 Organic-free reagent water. All references to water in this method 
refer to organic-free reagent water, as defined in Chapter One. 

5.3 Sodi um sul fate (granul ar, anhydrous), Na2S04. Purify by heating at 
400°C for 4 hours in a shallow tray, or by precleaning the sodium sulfate with 
methyl ene chloride. A method blank must be analyzed, demonstrating that there 
is no interference from the sodium sulfate. 

5.4 Extraction solvents: 

5.4.1 Organochlorine pesticides/PCB extraction: 

5.4.1.1 Acetone/hexane (1 : 1 v/v) , CH3COCH3/C6H,,. 
Pesticide qual i ty or equivalent. 

5.4.2 Semivolatile organics extraction: 

5.4.2.1 Acetone/hexane (1 : 1 v/v) , CH3COCH3/C6H,,. 
Pesticide qual i ty or equivalent. 

5.4.2.2 Acetone/methylene chloride (1: 1 v/v), 
CH3COCH3/CH2C12. Pesticide qual i ty or equivalent . 

5.5 Hexane, C,H,,. Pesticide qual i ty or equivalent . 

6.0 SAMPLE COLLECTION, PRESERVATION, AND HANDLING 

6.1 See the introductory material to this chapter, Organic Analytes, 
Sec. 4.1. 
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7.0 PROCEDURE 

7.1 Sample hand1 i n g  

7.1.1 Sediment /so i l  samples - Decant and d i s c a r d  any wate r  l a y e r  
on a  sediment sample. Mix sample thoroughly ,  e s p e c i a l l y  composited 
samples. D iscard  any f o r e i g n  o b j e c t s  such as s t i c k s ,  leaves,  and rocks.  

7.1.1.1 PCBs o r  h i g h - b o i l i n g  o rganoch lo r ine  p e s t i c i d e s  - 
A i r - d r y  t h e  sample a t  room temperature f o r  48 hours i n  a  g l a s s  t r a y  
o r  on hexane-cleaned aluminum f o i l ,  o r  d r y  t h e  sample by m ix i ng  w i t h  
anhydrous sodium s u l f a t e  u n t i l  a  f r e e - f l o w i n g  powder i s  ob ta ined  
(see Sec. 7 .2) .  

NOTE : Dry, f i n e l y  ground so i l / sed iment  a l l ows  t h e  bes t  
e x t r a c t i o n  e f f i c i e n c y  f o r  n o n - v o l a t i l e ,  non-po la r  
organics,  e.g., PCBs, 4,4'-DDT, e t c .  A i r - d r y i n g  
i s  n o t  app rop r i a te  f o r  t h e  a n a l y s i s  o f  t h e  more 
v o l a t i l e  o rganoch lo r ine  p e s t i c i d e s  (e.g. t h e  
BHCs) o r  t h e  more v o l a t i l e  o f  t h e  s e m i v o l a t i l e  
o rgan ics  because o f  1  osses d u r i n g  t h e  d r y i n g  
process. 

7.1.2 D r i e d  sediment /so i l  and d r y  waste samples amenable t o  
g r i n d i n g  - Gr ind  o r  o therw ise  subd iv ide  t h e  waste so t h a t  i t  e i t h e r  passes 
through a  1 mm s i eve  o r  can be ext ruded through a  1 mm ho le .  I n t r oduce  
s u f f i c i e n t  sample i n t o  t h e  g r i n d i n g  apparatus t o  y i e l d  a t  l e a s t  20 g  a f t e r  
g r i n d i n g .  D i  sassembl e  g r i n d e r  between samples, accord ing  t o  
manufac tu re r ' s  i n s t r u c t i o n s ,  and c l ean  w i t h  soap and water ,  f o l l o w e d  by 
acetone and hexane r i n s e s .  

NOTE : The same warning on 1  oss o f  vo l  a t i  1  e  ana l y tes  appl i e s  t o  t h e  - 
g r i n d i n g  process. G r i nd ing  should o n l y  be performed when 
ana lyz ing  f o r  n o n - v o l a t i l e  organics.  

7.1.3 Gummy, f i b r o u s ,  o r  o i l y  m a t e r i a l s  n o t  amenable t o  g r i n d i n g  
should be c u t ,  shredded, o r  o therw ise  broken up t o  a l l o w  mix ing ,  and 
maximum exposure o f  t h e  sample sur faces f o r  e x t r a c t i o n .  I f  g r i n d i n g  o f  
these m a t e r i a l s  i s  p re fe r red ,  t h e  a d d i t i o n  and m ix i ng  o f  anhydrous sodium 
s u l f a t e  w i t h  t h e  sample ( 1 : l )  may improve g r i n d i n g  e f f i c i e n c y .  The 
p r o f e s s i o n a l  judgment o f  t h e  ana l ys t  i s  r e q u i r e d  f o r  hand l i ng  such 
d i f f i c u l t  mat r i ces .  

7.1.4 Mu1 t i p l e  phase waste samples - Samples c o n s i s t i n g  o f  mu1 t i p l e  
phases must be prepared by t h e  phase sepa ra t i on  method i n  Chapter Two 
be fo re  e x t r a c t i o n .  Th i s  procedure i s  f o r  s o l i d s  on l y .  

7.2 For sediment /so i l  ( e s p e c i a l l y  gummy c l a y )  t h a t  i s  m o i s t  and cannot 
be a i r - d r i e d  because o f  l o s s  o f  v o l a t i l e  ana ly tes  - Mix 5 g  o f  sample w i t h  5 g  
o f  anhydrous sodium s u l f a t e  i n  a  s ~ i i a l l  beaker us ing  a  spa tu la .  Use t h i s  approach 
f o r  any s o l i d  sample t h a t  r e q u i r e s  d i s p e r s i o n  o f  t he  sample p a r t i c l e s  t o  ensure 
g r e a t e r  s o l v e n t  con tac t  throughout  t he  sample mass. 
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7.3 Dete rmina t ion  o f  sampl'e percent  d r y  weight - I n  c e r t a i n  cases, sample 
r e s u l t s  a re  des i r ed  based on d r y  weight bas is .  When such data are 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 ou t  a t  the  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 .  

WARN I NG : 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  l a b o r a t o r y  contaminat ion may r e s u l t  f rom t h e  
d r y i n g  o f  a  h e a v i l y  contaminated hazardous waste sample. 

7.3.1 Immediately a f t e r  weighing t he  sample f o r  e x t r a c t i o n ,  weigh 
5-10 g  o f  t he  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  ove rn igh t  a t  105°C. A l low t o  cool  i n  a  des i cca to r  
be fo re  weighing: 

% d r y  weight  = g o f  d r y  sample x  100 
g  o f  sample 

7.4 Check t h e  hea t i ng  o i l  l e v e l  i n  t h e  automated Soxhlet  u n i t  and add o i l  
i f  needed. See se rv i ce  manual f o r  d e t a i l s .  Set t h e  temperature on t he  se rv i ce  
u n i t  a t  140°C when us ing  hexane-acetone (1:1, v/v) as t he  e x t r a c t i o n  so lven t .  

7.5 Press t h e  "MAINS" but ton;  observe t h a t  t he  sw i t ch  lamp i s  now "ON". 

7.6 Open t h e  c o l d  water  t a p  f o r  the  r e f 1  ux condensers. Ad jus t  t h e  f l o w  
t o  2 L/min t o  prevent  so l ven t  l o s s  through t he  condensers. 

7.7 Weigh 10 g o f  sample i n t o  e x t r a c t i o n  th imb les .  For samples mixed 
w i t h  anhydrous sodium s u l f a t e ,  t r a n s f e r  t he  e n t i r e  contents  o f  t he  beaker (Sec. 
7.2) t o  t h e  th imb le .  Add sur roga te  spikes t o  each sample and t he  m a t r i x  
s p i  ke/matr ix  sp i ke  dupl  i c a t e  t o  t h e  se lec ted  sample. 

NOTE - : When sur roga te  sp ikes and/or m a t r i x  sp ikes con ta in  r e l a t i v e l y  
vo l  a t i  1  e  corr~pounds (e.g . , t r i c h l  orobenzenes, BHCs, e t c .  ) , steps 7.8, 
7.9, and 7.10 must be performed q u i c k l y  t o  avo id evaporat ion losses 
o f  these compounds. As t h e  sp ike  i s  added t o  t h e  sample i n  each 
th imb le ,  t he  t h imb le  should immediately be t r a n s f e r r e d  t o  t he  
condenser and 1  owered i n t o  t h e  e x t r a c t i o n  so lven t .  

7.8 Immediately t r a n s f e r  t he  th imb les  con ta in i ng  t he  weighed samples i n t o  
t h e  condensers. Raise t he  knob t o  t he  "BOILING" p o s i t i o n .  The magnet w i l l  now 
f a s t e n  t o  t h e  t h imb le .  Lower the  knob t o  the  "RINSING" p o s i t i o n .  The th imb le  
w i l l  now hang j u s t  below t h e  condenser va lve.  

7.9 I n s e r t  t he  e x t r a c t i o n  cups con ta in i ng  b o i l i n g  chips,  and l o a d  each 
w i t h  50 mL o f  e x t r a c t i o n  so l ven t  (norma l l y  1 : l  (v/v)  hexane:acetone, see Sec. 
5 .4 ) .  Using t h e  cup ho lder ,  lower  the  l o c k i n g  handle, ensur ing t h a t  t he  s a f e t y  
ca t ch  engages. The cups a re  now clamped i n t o  p o s i t i o n .  (The seals  must be p re -  
r i n s e d  o r  p re -ex t rac ted  w i t h  e x t r a c t i o n  so lven t  p r i o r  t o  i n i t i a l  use.) 

7.10 Move t h e  e x t r a c t i o n  knobs t o  t he  "BOILING" p o s i t i o n .  The th imb les  
a re  now immersed i n  so lven t .  Set t h e  t i m e r  f o r  60 minutes. The condenser va lves 
must be i n  t h e  "OPEN" p o s i t i o n .  Ex t rac t  f o r  t h e  p rese t  t ime. 
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7.11 Move the  e x t r a c t i o n  knobs t o  t h e  "RINSING" p o s i t i o n .  The th imb les  
w i l l  now hang above the  so lven t  surface. Set t i n i e r  f o r  60 minutes. Condenser 
va lves a re  s t i l l  open. Ex t rac t  f o r  t h e  prese t  t ime.  

7.12 A f t e r  r i n s e  t ime has elapsed, c l ose  t h e  condenser va lves  by t u r n i n g  
each a  qua r te r - t u rn ,  c lockwise.  

7.13 When a l l  bu t  2 t o  5 mL o f  so lven t  have been c o l l e c t e d ,  open t h e  
system and remove t h e  cups. 

7.14 Trans fer  t he  contents o f  t h e  cups t o  15 mL graduated, con ica l -bo t tom 
g lass  tubes. Rinse t h e  cups us ing  hexane (methylene c h l o r i d e  i f  1:l methylene 
ch lo r ide-ace tone was used f o r  e x t r a c t i o n  and ana l ys i s  i s  by GC/MS) and add t h e  
r i n s a t e s  t o  t h e  g lass  tubes. Concentrate t h e  e x t r a c t s  t o  1 t o  10 mL. 'The f i n a l  
volume i s  dependent on t h e  de termina t ive  method and t h e  q u a n t i t a t i o n  l i m i t  
requ i red .  Trans fer  a  p o r t i o n  t o  a  GC v i a l  and s t o r e  a t  4°C u n t i l  analyses are 
performed . 

NOTE: The recovery so lven t  volume can be ad jus ted  by adding 
so lven t  a t  t h e  t o p  o f  t he  condensers. For more d e t a i l s  
concerning use o f  t h e  e x t r a c t o r ,  see t h e  ope ra t i ng  manual 
f o r  t h e  automated e x t r a c t i o n  system. 

7.15 Shutdown 

7.15.1 Turn "OFF" main swi tch.  

7.15.2 Turn "OFF" c o l d  water tap .  

7.15.3 Ensure t h a t  a l l  condensers a re  f r e e  o f  so l ven t .  Empty 
t he  so lven t  t h a t  i s  recovered i n  t h e  evaporat ion s tep  i n t o  an app rop r i a te  
s torage con ta ine r .  

7.16 The e x t r a c t  i s  now ready f o r  cleanup o r  ana lys is ,  depending on t h e  
ex ten t  o f  i n t e r f e r i n g  co -ex t rac t i ves .  See Method 3600 f o r  guidance on cleanup 
methods and Method 8000 f o r g u i d a n c e  on de termina t ive  methods. Ce r ta in  cleanup 
and/or determi n a t i v e  methods may r e q u i r e  a  so lven t  exchange p r i o r  t o  cleanup 
and/or de termina t ion .  

8.0 QUALITY CONTROL 

8.1 Refer t o  Chapter One f o r  general q u a l i t y  c o n t r o l  procedures and t o  
Method 3500 f o r  s p e c i f i c  e x t r a c t i o n  and sample p repara t ion  QC procedures. 

8.2 Before processing any samples, t h e  ana lys t  should demonstrate through 
t h e  ana l ys i s  o f  an o rgan i c - f ree  s o l i d  m a t r i x  (e.g., reagent sand) method b lank 
t h a t  a l l  g lassware and reagents a re  i n te r fe rence - f ree .  Each t ime  a  s e t  o f  
samples i s  ex t rac ted ,  o r  when the re  i s  a  change i n  reagents, a  method b lank  
should be processed as a  safeguard against  chron ic  1  aboratory contaminat ion.  The 
b lank  samples should be c a r r i e d  through a l l  stages o f  t h e  sample p repa ra t i on  and 
measurement. Th is  i s  e s p e c i a l l y  impor tant  because o f  t h e  p o s s i b i l i t y  o f  
i n te r fe rences  being ex t rac ted  from t h e  e x t r a c t i o n  cup seal .  
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8.3 Standard qua1 i t y  assurance p r a c t i c e s  should be used w i t h  t h i s  method. 
F i e l d  d u p l i c a t e s  should be c o l l e c t e d  t o  v a l i d a t e  t h e  p r e c i s i o n  o f  t h e  sampling 
technique.  Each ana l ys i s  ba tch  o f  20 o r  l e s s  samples must con ta in :  a  method 
b lank,  e i t h e r  a  m a t r i x  sp ike /mat r i x  sp ike  d u p l i c a t e  o r  a  m a t r i x  sp ike  and 
dupl  i c a t e  sample ana lys is ,  and a  l a b o r a t o r y  c o n t r o l  sample, unless t h e  
de te rm ina t i ve  method p rov ides  o the r  guidance. A1 so, r o u t i n e l y  check t he  
i n t e g r i t y  o f  t h e  inst rument  sea ls .  

8.4 Surrogate standards must be added t o  a l l  samples when s p e c i f i e d  i n  
t h e  app rop r i a te  determinat  i v e  method. 

9.0 METHOD PERFORMANCE 

9.1 Mu1 t i  -1 aboratory  accuracy and p r e c i s i o n  da ta  were ob ta ined  f o r  PCBs 
i n  s o i l .  E i g h t  l a b o r a t o r i e s  sp iked Aroch lo rs  1254 and 1260 i n t o  t h r e e  p o r t i o n s  
o f  10 g  o f  F u l l e r ' s  Ea r th  on t h r e e  non-consecut ive days f o l l owed  by immediate 
e x t r a c t i o n  us ing  Method 3541. S i x  o f  t h e  l a b o r a t o r i e s  sp iked each Aroch 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 Aroch lo r  a t  50 and 500 mg/kg. 
A1 1  e x t r a c t s  were analyzed by Oak Ridge Nat iona l  Laboratory,  Oak Ridge, TN, us ing 
Method 8081. These da ta  are l i s t e d  i n  a  t a b l e  found i n  Method 8081, and were 
taken f rom Reference 1. 

9.2 S i n g l e - l a b o r a t o r y  accuracy da ta  were obta ined f o r  c h l o r i n a t e d  
hydrocarbons, n i  t roaromat ics ,  ha loe thers ,  and organochlor ine pes t i c i des  i n  a  c l a y  
s o i l .  The s p i k i n g  concent ra t ions  ranged from 500 t o  5000 pg/kg, depending on 
t h e  s e n s i t i v i t y  o f  t h e  ana l y te  t o  t h e  e l e c t r o n  capture de tec to r .  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 immediately t r a n s f e r r e d  
t o  t h e  e x t r a c t i o n  dev ice  and immersed i n  t h e  e x t r a c t i o n  so lven t .  The da ta  
represen ts  a  s i n g l e  de te rmina t ion .  Ana lys is  was by c a p i l l a r y  column gas 
chromatography/electron cap tu re  de tec to r  f o l l o w i n g  Methods 8081 f o r  t h e  
organochl o r i n e  pes t i c i des ,  8091 f o r  t he  n i  t roaromat ics ,  8111 f o r  t h e  
hydrocarbons, and 8121 f o r  t h e  c h l o r i n a t e d  hydrocarbons. These da ta  are 1  i sted 
i n  a  t a b l e  l o c a t e d  i n  t h e i r  r espec t i ve  methods and were taken from Reference 2. 

9.3 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  data were obta ined f o r  
s e m i v o l a t i l e  o rgan ics  i n  s o i l  by s p i k i n g  a t  a  concen t 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 h e  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  approximately 1 h r  p r i o r  t o  e x t r a c t i o n .  Three 
de te rmina t ions  were performed and each e x t r a c t  was analyzed by gas 
chrornatography/rnass spectrometry f o l l o w i n g  Method 8270. The low recovery o f  t h e  
more vo l  a t  i 1 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 da ta  are 1  i s t e d  i n  a  Table l oca ted  i n  Method 8270 and were 
taken f rom Reference 2.  

10.0 REFERENCES 

1. Stewart ,  J. " I n t r a -Labo ra to r y  Recovery Data f o r  t h e  PCB Ex t rac t i on  
Procedure"; Oak Ridge Nat iona l  Laboratory,  Oak Ridge, TN, 37831 -6138; 
October 1989. 
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2 .  Lopez -Av i la ,  V .  (Becker t ,  W . ,  P r o j e c t  O f f i c e r ) ,  "Development o f  a Soxtec 
E x t r a c t i o n  Procedure f o r  E x t r a c t i n g  Organic Compounds from Soi l s and 
Sediments", EPA 600/X-91/140, US EPA, Environmental M o n i t o r i n g  Systems 
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Figure  1 
Automated Soxhl e t  E x t r a c t i o n  System 

Condenser + 

Aluminum beaker (cup) 
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METHOD 3541 
AUTOMATED SOXHLET EXTRACT ION 
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METHOD 3550A 

ULTRASONIC EXTRACTION 

See DISCLAIMER-1 . See manufacturer 's  s p e c i f i c a t i o n s  f o r  opera t iona l  se t t i ngs .  

1.0 SCOPE AND APPLICATION 

1.1 Method 3550 i s  a  procedure f o r  e x t r a c t i n g  n o n v o l a t i l e  and semi- 
v o l a t i l e  o rgan ic  compounds from s o l i d s  such as s o i l s ,  sludges, and wastes. The 
u l t r a s o n i c  process ensures i n t i m a t e  con tac t  o f  t he  sample m a t r i x  w i t h  t he  
e x t r a c t i o n  so lven t .  

1.2 The method i s  d i v i d e d  i n t o  two sect ions,  based on the  expected 
concen t ra t i on  o f  organics i n  t h e  sample. The 1  ow concent ra t ion  method 
( i n d i v i d u a l  o rgan ic  components o f  2 20 mg/kg) uses a  l a r g e r  sample s i ze  and a  
more r i g o r o u s  e x t r a c t i o n  procedure (1 ower concentrat ions are more d i f f i c u l t  t o  
e x t r a c t ) .  The medium/high concent ra t ion  method ( i n d i v i d u a l  organic  components 
o f  > 20 mg/kg) i s  much s imp le r  and t h e r e f o r e  f a s t e r .  

1.3 It i s  h i g h l y  recommended t h a t  t he  e x t r a c t s  be cleaned up p r i o r  t o  
ana l ys i  s. See Chapter Four (Cleanup) , Sec. 4.2.2, f o r  appl i c a b l  e  methods. 

2.0 SUMMARY OF METHOD 

2.1 Low concent ra t ion  method - A  30 g  sample i s  mixed w i t h  anhydrous 
sodium s u l f a t e  t o  form a  f r e e - f l o w i n g  powder. Th is  i s  so lven t  ex t rac ted  t h ree  
t imes us ing  u l t r a s o n i c  e x t r a c t i o n .  The e x t r a c t  i s  separated from the  sample by 
vacuum f i  1  t r a t i o n  o r  c e n t r i f u g a t i o n .  The e x t r a c t  i s  ready f o r  cleanup and/or 
ana l ys i s  f o l l  owing concent ra t ion .  

2.2 Medium/high concent ra t ion  method - A  2  g  sample i s  mixed w i t h  
anhydrous sodium s u l f a t e  t o  form a  f r ee - f l ow ing  powder. Th is  i s  so lven t  
e x t r a c t e d  once us ing  u l t r a s o n i c  ex t rac t i on .  A p o r t i o n  o f  t he  e x t r a c t  i s  removed 
f o r  c leanup and/or ana l ys i s .  

3.0 INTERFERENCES 

3.1 Refer  t o  Method 3500. 

4.0 APPARATUS AND MATERIALS 

4.1 Apparatus f o r  g r i n d i n g  d r y  waste samples. 

4.2 U l t r a s o n i c  p repara t ion  - A  horn type  dev ice 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 iva len t  performance, s h a l l  be used. 
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4.2.1 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. Fo l  1  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 w i t h  
1  ow and medi um/high concen t ra t i on .  

Use, a  3/4" horn f o r  t h e  l ow  concen t ra t i on  method and a 1/8" tapered  
m i c r o t i p  a t tached  t o  a  1/2" horn f o r  t h e  medium/high c o n c e n t r a t i o n  method. 

4.3 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 a s o n i c s ,  Inc . ,  Model 432B o r  e q u i v a l e n t ) .  

4.4 Apparatus f o r  de te rmin ing  percen t  d r y  weight .  

4.4.1 Oven - Dry ing .  

4.4.2 Des icca to r .  

4.4.3 C r u c i b l e s  - Po rce la i n  o r  d isposab le  a1 uminum. 

4.5 Pasteur  g l a s s  p i p e t s  - 1 mL, d isposable.  

4.6 Beakers - 400 mL. 

4.7 Vacuum o r  pressure f i 1 t r a t  i on apparatus. 

4.7.1 Buchner funne l  . 
4.7.2 F i l t e r  paper - Whatman No. 41 o r  equ i va len t .  

4.8 Kuderna-Danish (K-D) apparatus. 

4.8.1 Concentrator  tube - 10 mL, graduated (Kontes K-570050-1025 o r  
e q u i v a l e n t ) .  A ground g l a s s  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 .  

4.8.2 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  
equi  v a l  e n t  . 

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

4.8.4 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 )  . 

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

4.9 B o i l i n g  c h i p s  - So lven t  ex t rac ted ,  approx imate ly  10/40 mesh ( s i l  i c o n  
ca rb ide  o r  e q u i v a l e n t ) .  
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4.10 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 tch  should be used i n  a hood. 

4.11 Balance - Top loading,  capable o f  accu ra te l y  weighing t o  the  nearest  
0.01 g. 

4.12 V i a l s  - 2 mL, f o r  GC autosampler, w i t h  Te f l on  l i n e d  screw caps o r  
c r imp tops.  

4.13 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  Te f l on  l i n e d  screw caps. 

4.14 Spatu la  - S t a i n l e s s  s t e e l  o r  Te f lon .  

4.15 Dry ing  column - 20 mm ID Pyrex chromatographic column w i t h  Pyrex 
g l a s s  wool a t  bottom. 

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 t h o u t  f r i t s  may be purchased. Use a smal l  pad o f  
Pyrex g l ass  wool t o  r e t a i n  t h e  adsorbent. Prewash t he  g l ass  
wool pad w i t h  50 mL o f  acetone f o l l owed  by 50 mL o f  e l u t i o n  
so l ven t  p r i o r  t o  packing t h e  column w i t h  adsorbent. 

4.16 Syr inge - 5 mL. 

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  s p e c i f i e d ,  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  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 he  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  lessen ing  t he  accuracy o f  t h e  determinat 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 Sodium s u l f a t e  (g ranu la r ,  anhydrous), Na,SO,. P u r i f y  by hea t ing  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 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 E x t r a c t i o n  so lven ts .  

5.4.1 Low concen t ra t i on  so i  l /sediment and aqueous s l  udge sampl es 
s h a l l  be e x t r a c t e d  us ing  a so lven t  system t h a t  g i ves  optimum, rep roduc ib l e  
recovery  f o r  t h e  matr ix /anal  y t e  combinat ion t o  be measured. Sui tab1 e 
so l ven t  choices a re  g iven  i n  Table 1. 
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5.4.2 Methyl  ene c h l  o r i  de:Acetone, CH2C1 ,: CH3COCH3 1 : 1 v: v)  . 
P e s t i c i d e  q u a l i t y  o r  equ i va len t .  

5.4.3 Methylene c h l o r i d e ,  CH2C1,. P e s t i c i d e  qual  i t y  o r  equ i va len t .  

5.4.4 Hexane, C6H14. P e s t i c i d e  qual  i t y  o r  equ i va len t .  

5.5 Exchange so l ven t s .  

5.5.1 Hexane, C,H14. 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 .  

5.5.2 2-Propanol , (CH,),CHOH. 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  . 
5.5.3 Cycl  ohexane, C6HI2. 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 .  

5.5.4 Aceton i  t r i l e ,  CH,CN. 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 .  

5.5.5 Methanol, CH,OH. P e s t i c i d e  qual  i t y  o r  equ i va len t .  

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 hand1 i n g  

7.1.1 Sediment/soi l  samples - Decant and d i s c a r d  any water  1 ayer  on 
a  sediment sample. Mix  sample thoroughly ,  especi  a1 l y  composi t e d  sampl es. 
D iscard  any f o r e i g n  o b j e c t s  such as s t i c k s ,  leaves, and rocks .  

7.1.1.2 Determine t h e  d r y  weight  o f  t h e  sample (Sec. 7.2) 
remain ing a f t e r  decant ing.  Measurement o f  s o i l  pH may be requ i red .  

7.1.2 Waste samples - Samples c o n s i s t i n g  o f  mu1 t i phases must be 
prepared by t h e  phase separa t ion  method i n  Chapter Two be fo re  e x t r a c t i o n .  
Th i s  procedure i s  f o r  s o l i d s  o n l y .  

7.1.3 Dry waste samples amenable t o  g r i n d i n g  - Gr ind  o r  o therw ise  
subd iv ide  t h e  waste so t h a t  i t  e i t h e r  passes through a  1 mm s i eve  o r  can 
be ex t ruded  th rough a  1 mm ho le .  I n t r oduce  s u f f i c i e n t  sample i n t o  t h e  
g r i n d e r  t o  y i e l d  a t  l e a s t  100 g  a f t e r  g r i n d i n g .  

7.1.4 Gummy, f i b r o u s  o r  o i l y  m a t e r i a l s  n o t  amenable t o  g r i n d i n g  
should be cu t ,  shredded, o r  o therw ise  broken up t o  a l l o w  mix ing ,  and 
maximum exposure o f  t h e  sample sur faces  f o r  e x t r a c t i o n .  The p r o f e s s i o n a l  
judgment o f  t h e  ana l ys t  i s  r e q u i r e d  f o r  hand l ing  o f  these d i f f i c u l t  
ma t r i ces .  
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7.2 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  a n a l y t i c a 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  labora tory  contamination may r e s u l t  from dry ing  a 
heav i l y  contaminated hazardous waste sample. 

However, samples known o r  suspected t o  conta in s i g n i f i c a n t  concentrat ions 
o f  t o x i c ,  flammable, o r  explos ive const i tuents  should not  be overdr ied because 
o f  concerns f o r  personal sa fe ty .  Laboratory d i s c r e t i o n  i s  advised. I t  may be 
prudent t o  delay overdry ing o f  the  weighed-out po r t i on  u n t i l  o ther  ana ly t i ca l  
r e s u l t s  are ava i lab le .  

7.2.1 Immediately a f t e r  weighing the  sample f o r  ex t rac t ion ,  weigh 5- 
10 g o f  the  sample i n t o  a tared c ruc ib le .  Determine the  % d r y  weight o f  
the  sample by d ry ing  overnight  a t  105°C. Al low t o  cool i n  a desiccator  
before weighing: 

% d r y  weight = g o f  d r v  sample x 100 
g o f  sample 

7.3 Ex t rac t i on  method f o r  samples expected t o  conta in low concentrat ions 
o f  organics and pest ic ides  (5  20 mg/kg): 

7.3.1 The f o l l o w i n g  step should be performed r a p i d l y  t o  avoid loss  
o f  the more v o l a t i l e  extractables.  Weigh approximately 30 g o f  sample 
i n t o  a 400 mL beaker. Record the weigh t o  the  nearest 0.1 g. Nonporous 
o r  wet samples (gummy o r  c l a y  type) t h a t  do not  have a f ree - f l ow ing  sandy 
tex tu re  must be mixed w i th  60 g o f  anhydrous sodium su l fa te ,  using a 
spatula. I f  required, more sodium s u l f a t e  may be added. A f t e r  add i t i on  
o f  sodium su l fa te ,  the sample should be f r e e  f lowing. Add 1 mL o f  
surrogate standards t o  a1 1 samples, spikes, standards, and blanks (see 
Method 3500 f o r  d e t a i l s  on the surrogate standard s o l u t i o n  and the  mat r ix  
spike s o l u t i o n ) .  For the sample i n  each ana ly t i ca l  batch selected f o r  
spik ing,  add 1.0 mL o f  the  mat r ix  sp ik ing  standard. For base/neutral -ac id  
analys is ,  the  amount added of the  surrogates and mat r i x  sp ik ing  compounds 
should r e s u l t  i n  a f i n a l  concentrat ion o f  100 ng/pL o f  each base/neutral 
ana ly te  and 200 ng/pL o f  each ac id  analyte i n  the  ex t rac t  t o  be analyzed 
(assuming a 1 p L  i n j e c t i o n ) .  I f  Method 3640, Gel-Permeation Cleanup, i s  
t o  be used, add tw ice  the volume o f  surrogates and mat r ix  sp ik ing  
compounds since h a l f  o f  the ex t rac t  i s  l o s t  due t o  loading o f  the  GPC 
column. Immediately add 100 mL o f  1:1 methylene ch1oride:acetone. 

7.3.2 Place the  bottom surface o f  the t i p  o f  the  #207 3/4 i n .  
d i s r u p t e r  horn about 1/2 i n .  below the surface o f  the  solvent,  but above 
the  sediment l a y e r .  

7.3.3 Ext rac t  u l t r a s o n i c a l l y  f o r  3 minutes, w i t h  output cont ro l  knob 
set  a t  10 ( f u l l  power) and w i t h  mode switch on Pulse (pu ls ing  energy 
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r a t h e r  t h a n  con t inuous  energy) and p e r c e n t - d u t y  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 i m e ) .  Do n o t  use m i c r o t i p  probe. 

7.3.4 Decant t h e  e x t r a c t  and f i l t e r  i t  th rough  Whatman No. 41 f i l t e r  
paper ( o r  e q u i v a l e n t )  i n  a  Buchner funne l  t h a t  i s  a t t a c h e d  t o  a  c l e a n  500 
mL f i l t r a t i o n  f l a s k .  A1 t e r n a t i v e l y ,  decant  t h e  e x t r a c t  i n t o  a  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  a t  l o w  speed t o  remove p a r t i c l e s .  

7.3.5 Repeat t h e  e x t r a c t i o n  two o r  more t i m e s  w i t h  two a d d i t i o n a l  
100 mL p o r t i o n s  o f  s o l v e n t .  Decant o f f  t h e  s o l v e n t  a f t e r  each u l t r a s o n i c  
e x t r a c t i o n .  On t h e  f i n a l  u l t r a s o n i c  e x t r a c t i o n ,  pour  t h e  e n t i r e  sample 
i n t o  t h e  Buchner f u n n e l  and r i n s e  w i t h  e x t r a c t i o n  s o l v e n t .  App ly  a  vacuum 
t o  t h e  f i l t r a t i o n  f l a s k ,  and c o l l e c t  t h e  s o l v e n t  e x t r a c t .  Cont inue 
f i l t r a t i o n  u n t i l  a l l  v i s i b l e  s o l v e n t  i s  removed f r o m  t h e  f u n n e l ,  b u t  do 
n o t  a t tempt  t o  comp le te ly  d r y  t h e  sample, as t h e  c o n t i n u e d  a p p l i c a t i o n  o f  
a  vacuum may r e s u l t  i n  t h e  l o s s  o f  some a n a l y t e s .  A l t e r n a t i v e l y ,  i f  
c e n t r i f u g a t i o n  i s  used i n  Sec. 7.3.4, t r a n s f e r  t h e  e n t i r e  sarnple t o  t h e  
c e n t r i f u g e  b o t t l e .  C e n t r i f u g e  a t  l o w  speed, and t h e n  decant  t h e  s o l v e n t  
f rom t h e  b o t t l e .  

7.3.6 Assemble a  Kuderna-Danish (K-D) c o n c e n t r a t o r  ( i f  necessary)  by  
a t t a c h i n g  a  10 mL c o n c e n t r a t o r  t u b e  t o  a  500 mL e v a p o r a t o r  f l a s k .  
T r a n s f e r  f i l t e r e d  e x t r a c t  t o  a  500 mL e v a p o r a t o r  f l a s k  and proceed t o  t h e  
n e x t  s e c t i o n .  

7.3.7 Add one t o  two c l e a n  b o i l i n g  c h i p s  t o  t h e  e v a p o r a t i o n  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 add ing 
about  1 mL methy lene c h l o r i d e  t o  t h e  t o p .  P lace  t h e  K-D apparatus on a  
h o t  w a t e r  b a t h  (80-90 "C) so t h a t  t h e  c o n c e n t r a t o r  t u b e  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  l o w e r  rounded s u r f a c e  o f  t h e  
f l a s k  i s  bathed w i t h  h o t  vapor.  A d j u s 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  w a t e r  temperature ,  as r e q u i r e d ,  t o  complete  t h e  
c o n c e n t r a t i o n  i n  10-15 min. 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  n o t  f l o o d  w i t h  
condensed s o l v e n t .  When t h e  apparent  volume o f  l 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 
min.  

7.3.8 I f  a  s o l v e n t  exchange i s  r e q u i r e d  (as i n d i c a t e d  i n  Tab le  l), 
momenta r i l y  remove t h e  Snyder column, add 50 mL o f  t h e  exchange s o l v e n t  
and a  new b o i l i n g  c h i p ,  and r e - a t t a c h  t h e  Snyder column. Concen t ra te  t h e  
e x t r a c t  as d e s c r i b e d  i n  Sec. 7.3.10, r a i s i n g  t h e  tempera tu re  o f  t h e  wa te r  
ba th ,  i f  necessary,  t o  m a i n t a i n  p r o p e r  d i s t i l  1  a t i o n .  When t h e  apparent  
volume aga in  reaches 1 - 2  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.  

7.3.9 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 o w e r  
j o i n t s  i n t o  t h e  c o n c e n t r a t o r  t u b e  w i t h  1 - 2  mL o f  methy lene c h l o r i d e  o r  
exchange s o l v e n t .  I f  s u l f u r  c r y s t a l s  a r e  a  problem, proceed t o  Method 
3660 f o r  c leanup.  The e x t r a c t  may be f u r t h e r  c o n c e n t r a t e d  by u s i n g  t h e  
t e c h n i q u e  o u t 1  i n e d  i n  Sec. 7.3.10 o r  a d j u s t e d  t o  10.0 mL w i t h  t h e  s o l v e n t  
l a s t  used. 
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7.3.10 I f  f u r t h e r  concentrat ion i s  ind ica ted i n  Table 1, e i t h e r  
micro Snyder column technique (Sec. 7.3.10.1) o r  n i t rogen blow down 
technique (Sec. 7.3.10.2) i s  used t o  ad jus t  the ex t rac t  t o  the  f i n a l  
volume required.  

7.3.10.1 MicroSnyderColumnTechnique 

7.3.10.1.1 Add a clean b o i l i n g  ch ip  and at tach a 
two b a l l  micro Snyder column t o  the concentrator tube. Prewet 
the  column by adding approximately 0.5 mL o f  methylene 
ch lo r ide  o r  exchange solvent  through the  top. Place the 
apparatus i n  the hot  water bath. Adjust  the  v e r t i c a l  p o s i t i o n  
and the  water temperature, as required, t o  complete the  
concentrat ion i n  5-10 minutes. A t  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 te r ,  
bu t  the  chambers w i l l  no t  f lood.  When the  l i q u i d  reaches an 
apparent volume o f  approximately 0.5 mL, remove the  apparatus 
from the water bath and a l low t o  d r a i n  and cool f o r  a t  l e a s t  
10 minutes. Remove the micro Snyder column and r i n s e  i t s  
lower j o i n t  w i t h  approximately 0.2 mL of appropriate solvent 
and add t o  the  concentrator tube. Adjust the  f i n a l  volume t o  
the  volume requ i red  f o r  cleanup o r  f o r  the determinat ive 
method (see Table 1) .  

7.3.10.2 NitrogenBlowdownTechnique 

7.3.10.2.1 Place the  concentrator tube i n  a warm 
water bath (approximately 35 "C) and evaporate the solvent 
volume t o  the required leve 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 not  use p l a s t i c i z e d  tubing between the 
carbon t rap  and the sample. 

7.3.10.2.2 The i n t e r n a l  wa l l  o f  the  tube must be 
r insed down several t imes w i t h  the  appropriate sol  vent 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., t he  solvent l e v e l  should be below the l e v e l  
o f  the  water bath). Under normal operat ing condit ions, the 
e x t r a c t  should not  be allowed t o  become dry.  

CAUTION: When the volume o f  solvent i s  reduced below 
1 mL, semivo la t i le  analytes may be l o s t .  

7.4 I f  ana lys is  o f  t he  ex t rac t  w i l l  no t  be performed immediately, stopper 
the  concentrator  tube and s tore  re f r i ge ra ted .  I f  the ex t rac t  w i l l  be stored 
longer than 2 days, i t  should be t rans fer red t o  a v i a l  w i t h  a Tef lon l i n e d  cap 
and l abel ed appropr ia te ly .  
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7.5 E x t r a c t i o n  method f o r  samples expected t o  c o n t a i n  h i g h  concen t ra t i ons  
o f  o rgan ics  ( >  20 mg/kg): 

7.5.1 T rans fe r  approx imate ly  2  g  ( r e c o r d  we igh t  t o  t h e  neares t  0.1 
g )  o f  sample t o  a  20 mL v i a l .  Wipe t h e  mouth o f  t h e  v i a l  w i t h  a  t i s s u e  t o  
remove any sample m a t e r i a l .  Record t h e  exact  we igh t  o f  sample taken.  Cap 
t h e  v i a l  be fo re  proceeding w i t h  t h e  nex t  sample t o  avo id  any c ross  
con tamina t ion .  

7.5.2 Add 2  g  o f  anhydrous sodium s u l f a t e  t o  sample i n  t h e  20 mL 
v i a l  and mix  w e l l .  

7.5.3 Surrogate standards a re  added t o  a l l  samples, sp ikes,  and 
b lanks  (see Method 3500 f o r  d e t a i l s  on t h e  su r roga te  s tandard  s o l u t i o n  and 
on t h e  m a t r i x  sp i ke  s o l u t i o n ) .  Add 1.0 mL o f  su r roga te  s p i k i n g  s o l u t i o n  
t o  sample m ix tu re .  For t h e  sample i n  each a n a l y t i c a l  ba tch  se lec ted  f o r  
sp i k i ng ,  add 1.0 nlL o f  t h e  m a t r i x  s p i k i n g  standard. For base /neu t ra l - ac i d  
ana l ys i s ,  t h e  amount added o f  t h e  sur roga tes  and m a t r i x  s p i k i n g  compounds 
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 o f  each base/neut ra l  
a n a l y t e  and 200 ng/pL o f  each a c i d  ana l y te  i n  t h e  e x t r a c t  t o  be analyzed 
(assuming a  1 p L  i n j e c t i o n ) .  I f  Method 3640, Gel-Permeat ion Cleanup, i s  
t o  be used, add t w i c e  t h e  volume o f  su r roga tes  and m a t r i x  s p i k i n g  
compounds s i nce  h a l f  t h e  e x t r a c t  i s  l o s t  due t o  l o a d i n g  o f  t h e  GPC column. 

7.5.4 Immediate ly  add whatever volume o f  s o l v e n t  i s  necessary t o  
b r i n g  t h e  f i n a l  volume t o  10.0 mL cons ide r i ng  t h e  added volunie o f  
su r roga tes  and m a t r i x  sp ikes.  D i s r u p t  t h e  sample w i t h  t h e  1/8 i n .  tapered  
m i c r o t i p  u l t r a s o n i c  probe f o r  2  minutes a t  ou tpu t  c o n t r o l  s e t t i n g  5  and 
w i t h  mode s w i t c h  on pu lse  and percen t  d u t y  c y c l e  a t  50%. E x t r a c t i o n  
so l ven t s  are:  

1. For nonpolar  compounds ( i  .e., o rganoch lo r ine  p e s t i c i d e s  and 
PCBs), use hexane o r  app rop r i a te  s o l  vent .  

2. For e x t r a c t a b l e  p r i o r i t y  p o l l u t a n t s ,  use methylene c h l o r i d e .  

7.5.5 Loosely  pack d isposab le  Pasteur p i p e t s  w i t h  2  t o  3  cm Pyrex 
g l a s s  wool p lugs .  F i l t e r  t h e  e x t r a c t  through t h e  g l a s s  wool and c o l l e c t  
5.0 mL i n  a  concen t ra to r  tube  i f  f u r t h e r  concen t ra t i on  i s  r equ i red .  
Fo l low Sec. 7.3.10 f o r  d e t a i l s  on concen t ra t i on .  Normal ly,  t h e  5.0 mL 
e x t r a c t  i s  concen t ra ted  t o  approx imate ly  1.0 mL o r  l e s s .  

7.5.6 The e x t r a c t  i s  ready f o r  c leanup o r  ana l ys i s ,  depending on t h e  
e x t e n t  o f  i n t e r f e r i n g  c o - e x t r a c t i v e s .  

8.0 QUALITY CONTROL 

8 .1  Any reagent  b lanks  o r  m a t r i x  sp i ke  samples should be sub jec ted  t o  
e x a c t l y  t h e  same a n a l y t i c a l  procedures as those used on ac tua l  samples. 

Rev i s i on  1 
September 1994 



8.2 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 and 
Method 3500 f o r  e x t r a c t i o n  and sample p repa ra t i on  procedures. 

9.0 METHOD PERFORMANCE 

9.1 Re fe r  t o  t h e  de te rm ina t i ve  method f o r  performance data.  

10.0 REFERENCES 

1. U.S. EPA 40 CFR P a r t  136, "Gu ide l ines  E s t a b l i s h i n g  Tes t  Procedures f o r  t h e  
Ana l ys i s  o f  P o l l u t a n t s  Under t h e  Clean Water Act;  F i n a 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, I n t e r 1  abora to ry  Comparison Study: Methods f o r  V o l a t i l e  and 
Semi - V o l a t i l e  Compounds, Environmental Mon i t o r i ng  Systems Laboratory,  
O f f i c e  o f  Research and Development, Las Vegas, NV, EPA 600/4-84-027, 1984. 

3. Ch r i s t ophe r  S. Hein,  Paul J. Marsden, A r t h u r  S. S h u r t l e f f ,  "Eva lua t ion  o f  
Methods 3540 (Soxh le t )  and 3550 (Son ica t ion )  f o r  Eva lua t i on  o f  Appendix I X  
Ana ly tes  form Sol i d  Samples" , S-CUBED, Report f o r  EPA Cont rac t  68-03-33- 
75, Work Assignment No. 03, Document No. SSS-R-88-9436, October 1988. 
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TABLE 1. 
EFFICIENCY OF EXTRACTION SOLVENT SYSTEMSa 

Sol vent Systemd 

Compound CAS  NO.^ 

4-Bromophenyl phenyl e t h e r  
4-Chl oro-3-methy l  phenol 
bis(2-Ch1oroethoxy)methane 
b i s ( 2 - C h l o r o e t h y l )  e t h e r  
2-Chl oronaphthal ene 
4-Chl orophenyl phenyl e t h e r  
1,2-Dichlorobenzene 
1,3-Dichl  orobenzene 
D i e t h y l  ph tha l  a t e  
4 ,6 -D in i t r o -o -c reso l  
2,4-Di n i  t r o t o l  uene 
2,6-Di n i  t r o t o l  uene 
Heptachl o r  epoxide 
Hexachl orobenzene 
Hexachl orobutadiene 
Hexachlorocyclopentadiene 
Hexachloroethane 
5-Ni t r o - o - t o l u i d i n e  
Nitrobenzene 
Phenol 
1 ,2,4-Tr ich l  orobenzene 

" Percent recovery  o f  analy tes spiked a t  200 mg/kg i n t o  NIST sediment SRM 1645 
Chemical Abs t rac t s  Serv ice Regi s t r y  Number 

" Compound Type: A = Acid, B = Base, N = neu t ra l  
d A = Methylene c h l o r i d e  

B = Methyl ene c h l  or ide/Acetone (1/1) 
C = Hexane/Acetone (1/1) 
D = Methyl t - b u t y l  e t h e r  
E = Methyl t - b u t y l  ether/Methanol (2/1) 
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METHOD 3550A 
ULTRASONIC EXTRACT ION 

7.1 Prepare rempler 
ur ing appropriate method 

for the waete matrix 

7.2 Determine the 
percent dry weight 

of the rample 

7.5.4 Adjuet 
volume; disrupt 

sample w i th  tapered 
rnicrotip ultreeonic 

probe 

7.5.2 Add anhydrour concentretion 
rodiurn rul fate to  expected t o  be 

rampla 

7.3.7 Dry and 
collect extract in  
K-D concentrator 

7.3.1 Add rurrogete 
rtandarde to  ell 
ramplee, *piker, 

end blenkr 

7.5.5 1. 
further 7.5.5 Filtor 

concentration through glare wool 
required? 

7.3.8 Concentrate 
extract end col l rct  
in  K-D concentrator 

7.5.3 Add rurrogete 
rtandardr to  all 
rernpler, rpikee, 

and blanke 
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METHOD 3550A 
continued 

7.3.9 Add exchange Yes 
solvent; 4 

concentrate extract 

I 

7.3.10 Use Method 
3660 for cleanup sulfur crystale 

7.3.1 1 Furthar 
concentrate andlor 

adjust volume 

Cleanup or A 
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METHOD 3580A 

WASTE DILUTION 

1.0 SCOPE AND APPLICATION 

1.1 Th is  method describes a so lvent  d i l u t i o n  o f  a non-aqueous waste 
sample p r i o r  t o  cleanup and/or analys is .  It i s  designed f o r  wastes t h a t  may 
con ta in  organic chemicals a t  a concentrat ion greater  than 20,000 mg/kg and t h a t  
are so lub le  i n  t he  d i l u t i o n  solvent .  

1.2 It i s  recommended t h a t  an a1 i quo t  o f  t he  d i l u t e d  sample be cleaned 
up. See t h i s  chapter, Organic Analytes, Sect ion 4.2.2 (Cleanup) . 

2.0 SUMMARY OF METHOD 

2.1 One gram o f  sample i s  weighed i n t o  a capped tube, and the  sample i s  
d i l u t e d  t o  10.0 mL w i t h  an appropr iate solvent.  

3.1 Refer t o  Method 3500. 

4.0 APPARATUS AND MATERIALS 

4.1 Glass s c i n t i l l a t i o n v i a l s :  A t  l e a s t 2 0 m L ,  w i t h T e f l o n o r a l u m i n u m  
f o i l  l i n e d  screw-cap, o r  equivalent .  

4.2 Spatula: S ta in less  s tee l  o r  Tef lon. 

4.3 Balance: Capable o f  weighing 100 g t o  t h e  nearest 0.01 g. 

4.4 V i a l s  and caps: 2 mL fo r  GC autosampler. 

4.5 Disposable p ipe ts :  Pasteur. 

4.6 Test tube rack. 

4.7 Pyrex g lass  wool . 
4.8 Volumetr ic f l asks ,  Class A: 10mL (op t iona l ) .  

5.0 REAGENTS 

5.1 Sodium s u l f a t e  (granular ,  anhydrous), Na,SO,. Pur i fy  by heat ing a t  
400°C f o r  4 hours i n  a shal low t r a y ,  o r  by precleaning the  sodium s u l f a t e  w i t h  
methylene ch lo r i de .  I f  t h e  sodium s u l f a t e  i s  precleaned w i t h  methylene ch lo r ide ,  
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a method b lank must be analyzed, demonstrating t h a t  t he re  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 .  

5.2 Methylene ch lor ide ,  CH,Cl, - Pes t i c ide  qual i t y  o r  equ iva lent .  

5.3 Hexane, C,H,, - Pest ic ide  qual i t y  o r  equivalent .  

6.0 SAMPLE COLLECTION, PRESERVATION, AND HANDLING 

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

7.0 PROCEDURE 

7.1 Samples cons is t i ng  o f  mult iphases must be prepared by the  phase 
separat ion method (Chapter Two) before ex t rac t i on .  

7.2 The sample d i l u t i o n  may be performed i n  a 10 mL vo lumet r ic  f l a s k .  
I f  disposable glassware i s  preferred,  t h e  20 mL s c i n t i l l a t i o n  v i a l  may be 
c a l i b r a t e d  f o r  use. P ipet  10.0 mL o f  e x t r a c t i o n  so lvent  i n t o  t h e  s c i n t i l l a t i o n  
v i a l  and mark t h e  bottom o f  t h e  meniscus. Discard t h i s  so lvent .  

7.3 Transfer  approximately 1 g o f  each phase o f  t h e  sample t o  separate 
20 mL v i a l s  o r  10 mL volumetr ic  f l a s k s  ( record weight t o  t h e  nearest  0.1 g) .  
Wipe t h e  mouth o f  t h e  v i a l  w i t h  a t i s s u e  t o  remove any sample ma te r ia l .  Cap the  
v i a l  before proceeding w i t h  the  next  sample t o  avoid any cross-contaminat ion. 

7.4 Add 2.0 mL surrogate sp i k ing  s o l u t i o n  t o  a1 1 samples and blanks. For 
t h e  sample i n  each a n a l y t i c a l  batch selected f o r  spik ing,  add 2.0 mL o f  t he  
m a t r i x  sp i  k ing  standard. For base/neutral -ac id  analys is ,  t h e  amount added o f  t h e  
surrogates and m a t r i x  sp i k ing  compounds should r e s u l t  i n  a f i n a l  concent ra t ion  
o f  200 ng/pL o f  each base/neutral ana ly te  and 400 ng/pL o f  each a c i d  ana ly te  i n  
t h e  e x t r a c t  t o  be analyzed (assuming a 1 p L  i n j e c t i o n ) .  I f  Method 3640, Gel- 
permeation cleanup, i s  t o  be used, add tw ice  t h e  volume o f  surrogates and m a t r i x  
sp i k ing  compounds s ince h a l f  t he  e x t r a c t  i s  l o s t  due t o  l oad ing  o f  t h e  GPC 
column. See Method 3500 and t h e  determinat ive method t o  be used f o r  d e t a i l s  on 
t h e  surrogate standard and mat r i x  sp i k ing  so lu t ions .  

7.5 Immediately d i l u t e  t o  10 mL w i t h  the  appropr ia te  so lvent .  For 
compounds t o  be analyzed by GC/ECD, e .g., organochlor ine pes t i c ides  and PCBs, t h e  
d i  1 u t i  on so l  vent  should be hexane. For base/neutral and a c i d  semi v o l  a t i  1 e 
p r i o r i t y  po l l u tan ts ,  use methylene ch lo r ide .  I f  the  d i l u t i o n  i s  t o  be cleaned 
up by ge l  permeation chromatography (Method 3640), use methylene c h l o r i d e  as t h e  
d i  1 u t i o n  so lvent  f o r  a1 1 compounds. 

7.6 Add 2.0 g o f  anhydrous sodium s u l f a t e  t o  t h e  sample. 

7-.7 Cap and shake t h e  sample f o r  2 min. 
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7.8 Loosely pack disposable Pasteur p ipe ts  w i t h  2-3 cm glass wool plugs. 
F i l t e r  t he  e x t r a c t  through t h e  g lass wool and c o l l e c t  5 mL o f  the  e x t r a c t  i n  a 
tube o r  v i a l .  

7.9 The e x t r a c t  i s  ready f o r  cleanup o r  analysis, depending on the  extent  
o f  i n t e r f e r i n g  c o - e x t r a c t i  ves. 

8.0 QUALITY CONTROL 

8.1 Any reagent blanks and mat r i x  spike samples should be subjected t o  
exac t l y  t h e  same a n a l y t i c a l  procedures as those used on actual  samples. 

8.2 Refer t o  Chapter One f o r  s p e c i f i c  q u a l i t y  con t ro l  procedures and 
Met hod 3500 f o r  e x t r a c t i o n  and sample preparat ion procedures. 

9.0 METHOD PERFORMANCE 

9.1 Refer t o  t h e  determinat ive methods f o r  performance data. 

10.0 REFERENCES 

10.1 None appl i cab1 e. 
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METHOD 5030A 

PURGE-AND-TRAP 

1.0 SCOPE AND APPLICATION 

1.1 This method describes sample preparat ion and ex t rac t i on  f o r  the  
ana lys is  o f  v o l a t i l e  organics by a purge-and-trap procedure. The gas 
chromatographic determinat ive steps are found i n  Methods 8010, 8015, 8020, 8021 
and 8030. A1 though appl i cab le  t o  Methods 8240 and 8260, the  purge-and-trap 
procedure i s  a1 ready incorporated i n t o  Methods 8240 and 8260. 

1.2 Method 5030 can be used f o r  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 are inso lub le  o r  s l i g h t l y  soluble i n  water. 
V o l a t i l e  water-soluble compounds can be included i n  t h i s  a n a l y t i c a l  technique; 
however, q u a n t i t a t i o n  l i m i t s  (by GC o r  GC/MS) are approximately ten  times higher 
because o f  poor purging e f f i c i e n c y .  The method i s  a1 so 1 imi ted  t o  compounds t h a t  
e l u t e  as sharp peaks from a GC column packed w i t h  graph i t i zed carbon l i g h t l y  
coated w i t h  a carbowax o r  a coated capi 11 ary co l  umn. Such compounds inc lude low 
molecular weight ha1 ogenated hydrocarbons, aromatics, ketones, n i t r i  les,  
acetates, ac ry l  ates, ethers, and su l f i des .  

1.3 Water samples can be analyzed d i r e c t l y  f o r  v o l a t i l e  organic compounds 
by purge-and-trap e x t r a c t i o n  and gas chromatography. Higher concentrat ions o f  
these analytes i n  water can be determined by d i r e c t  i n j e c t i o n  o f  the  sample i n t o  
the  chromatographic system. 

1.4 Th is  method a1 so describes the  preparat ion o f  water-misci b l e  1 iquids,  
non-water-misc ib le l i q u i d s ,  so l ids ,  wastes, and soils/sediments f o r  analys is  by 
the  purge-and- t r a p  procedure. 

2.0 SUMMARY OF METHOD 

2.1 The purge-and-trap process: An i n e r t  gas i s  bubbled through the  
sol  u t i o n  a t  ambient temperature, and the  v o l a t i l e  components are e f f i c i e n t l y  
t rans fe r red  from the aqueous phase t o  the  vapor phase. The vapor i s  swept 
through a sorbent column where the  v o l a t i l e  components are adsorbed. A f t e r  
purging i s  completed, the  sorbent column i s  heated and backflushed w i th  i n e r t  gas 
t o  desorb the  components onto a gas chromatographic column. 

2.2 I f  the sample i n t roduc t ion  technique i n  Sect ion 2.1 i s  no t  
appl icable,  a p o r t i o n  o f  the  sample i s  dispersed i n  methanol t o  d isso lve  the  
v o l a t i l e  organic const i tuents .  A p o r t i o n  o f  the  methanol i c  s o l u t i o n  i s  combined 
w i t h  water i n  a s p e c i a l l y  designed purging chamber. It i s  then analyzed by 
purge-and-trap GC fo l l ow ing  the  normal water method. 

3.0 INTERFERENCES 

3.1 Impur i t i es  i n  the  purge gas, and from organic compounds out-gassing 
from the  plumbing ahead o f  t he  t rap ,  account f o r  the  m a j o r i t y  o f  contamination 
problems. The a n a l y t i c a l  system must be demonstrated t o  be f r e e  from 
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contaminat ion under t h e  cond i t ions  o f  t h e  ana lys is  by running l a b o r a t o r y  reagent 
blanks. The use o f  non-TFE p l a s t i c  coat ing,  non-TFE thread 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  purging device should be avoided. 

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 l  uorocarbons) through t h e  septum seal o f  
t h e  sample v i a l  dur ing  shipment and storage. A t r i p  b lank  prepared from 
organ ic - f ree  reagent water and c a r r i e d  through sampl i ng and hand1 i n g  p ro toco l  s 
serves as a check on such contamination. 

3.3 Contamination by carryover can occur whenever h i  gh-concentrat i on and 
1 ow-concentrat ion samples are analyzed sequent ia l l y .  Whenever an unusual l y  
concentrated sample i s  analyzed, i t  should be fo l lowed by an ana lys i s  o f  
o rgan ic - f ree  reagent water t o  check f o r  cross-contaminat ion. The t r a p  and o the r  
p a r t s  o f  t h e  system are  subject  t o  contamination. Therefore, f requent  bake-out 
and purging o f  t h e  e n t i r e  system may be required.  

3.4 The labo ra to ry  where v o l a t i l e  ana lys is  i s  performed should be 
completely f r e e  o f  so l  vents. 

4.0 APPARATUS AND MATERIALS 

4.1 Microsyringes - 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 e n g t h  s u f f i c i e n t  t o  extend from t h e  sample i n l e t  t o  w i t h i n  1 cm o f  t h e  g lass  
frit i n  t h e  purging device. The needle l eng th  w i l l  depend upon t h e  dimensions 
o f  t h e  purging device employed. 

4.2 Syr inge va lve  - Two-way, w i t h  Luer ends ( th ree  each), i f  app l i cab le  
t o  the  purging device. 

4.3 Syringe - 5 mL, g a s - t i g h t  w i t h  s h u t o f f  valve. 

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

4.5 Top-loading balance - 0.1 g. 

4.6 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 lass  c u l t u r e  tubes w i t h  screw-caps and Tef lon  1 i ne rs .  

4.7 Volumetr ic f lasks ,  Class A - 10 mL and 100 mL, w i t h  ground-glass 
stoppers. 

4.8 V i a l s  - 2 mL, f o r  GC autosampler. 

4.9 Spatula - Sta in less  s t e e l .  

4.10 Disposable p ipe ts  - Pasteur. 

4.11 Purge-and-trap device: The purge-and-trap device cons is t s  o f  th ree 
separate pieces o f  equipment: t he  sample purger, t he  t rap ,  and t h e  desorber. 
Several compl e t e  devi  ces are commerci a1 1 y avai 1 abl e. 
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4.11.1 The recommended purging chamber is designed to accept 5 
mL samples with a water column at least 3 cm deep. The gaseous headspace 
between the water column and the trap must have a total volume of less 
than 15 mL. The purge gas must pass through the water column as finely 
divided bubbles with a diameter of less than 3 mm at the origin. The 
purge gas must be introduced no more than 5 mm from the base of the water 
column. The sample purger, illustrated in Figure 1, meets these design 
criteria. A1 ternate sample purge devices may be used, provided equivalent 
performance i s demonstrated. 

4.11.2 The trap must be at least 25 cm long and have an inside 
diameter of at least 0.105 in. Starting from the inlet, the trap must 
contain the following amounts of adsorbents: 1/3 of 2,6-diphenylene oxide 
polymer, 1/3 of silica gel, and 1/3 of coconut charcoal. It is 
recommended that 1.0 cm of methyl sil icone-coated packing be inserted at 
the inlet to extend the life of the trap (see Figures 2 and 3). If it is 
not necessary to analyze for dichlorodifluoromethane or other fluoro- 
carbons of similar volatility, the charcoal can be eliminated and the 
polymer increased to fill 2/3 of the trap. If only compounds boiling 
above 35OC are to be analyzed, both the silica gel and charcoal can be 
eliminated and the polymer increased to fill the entire trap. Before 
initial use, the trap should be conditioned overnight at 180°C by 
backflushing with an inert gas flow of at least 20 mL/min. Vent the trap 
effluent to the hood, not to the analytical column. Prior to daily use, 
the trap should be conditioned for 10 min at 180°C with backflushing. The 
trap may be vented to the analytical column during daily conditioning; 
however, the column must be run through the temperature program prior to 
analysis of samples. 

4.11.3 The desorber should be capable of rapidly heating the 
trap to 180°C for desorption. The polymer section of the trap should not 
be heated higher than 180°C, and the remaining sections should not exceed 
220'~ during bake-out mode. The desorber design illustrated in Figures 2 
and 3 meet these criteria. 

4.11.4 The purge-and- trap device may be assembled as a separate 
unit or may be coupled to a gas chromatograph, as shown in Figures 4 
and 5. 

4.11.5 Trap Packing Material s 

4.11.5.1 2,6-Diphenylene oxide polynier - 60/80 mesh, 
chromatographic grade (Tenax GC or equivalent). 

4.11.5.2 Methyl silicone packing - OV-1 (3%) on 
Chromosorb- W, 60/80 mesh or equi val ent . 

4.11.5.3 Silica gel - 35/60 mesh, Davison, grade 15 or 
equivalent . 

4.11.5.4 Coconut charcoal - Prepare from Barnebey Cheney, 
CA-580-26 lot #M-2649, or equivalent, by crushing through 26 mesh 
screen. 
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4.12 Heater o r  heated o i l  bath - capable o f  main ta in ing  t h e  purging 
chamber t o  w i t h i n  1°C, over a temperature range from ambient t o  100°C. 

5.0 REAGENTS 

5.1 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  organic- f ree reagent water, as def ined i n  Chapter One. 

5.2 Methanol, CH,OH - Pes t i c ide  qua1 i t y  o r  equivalent .  Store away from 
other  so l  vents. 

5.3 Reagent Tetraglyme - Reagent tetraglynie i s  de f i ned  as tet raglyme i n  
which i n te r fe rence  i s  n o t  observed a t  t h e  method de tec t i on  l i m i t  o f  t h e  compounds 
o f  i n t e r e s t .  

5.3.1 Tetraglyme ( te t rae thy lene  g l y c o l  dimethyl ether ,  A l d r i c h  #17, 
240-5 o r  equ iva lent )  , C H,,O . P u r i f y  by treatment a t  reduced pressure i n  
a r o t a r y  evapoyator. !he %etraglyne should have a peroxide content  o f  
l e s s  than 5 ppm as ind i ca ted  by EM Quant Test S t r i p s  ( a v a i l a b l e  from 
S c i e n t i f i c  Products Co., Catalog No. P1126-8 o r  equ iva lent ) .  

CAUTION: Glycol ethers are suspected carcinogens. A1 1 so l  vent 
hand1 i n g  should be done i n  a hood w h i l e  us ing 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  tet raglyme through a column 
o f  a c t i v a t e d  alumina. The tet raglyme i s  placed i n  a round bottom f l a s k  
equipped w i t h  a standard taper  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  irr~mersed 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 lass  t rap ,  
which i s  maintained i n  a d ry  ice/methanol bath. Cool t h e  tet raglyme t o  
ambient temperature and add 100 mg/L o f  2,6-di - t e r t  - buty l -4-methyl  -phenol 
t o  prevent peroxide formation. Store t h e  tet raglyme 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  no t  contaminated by so lvent  vapors. 

5.3.2 I n  order  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 the  t e t r a g l  yme, an organi c - f r e e  reagent water/ tetraglynie 
b l  ank must be analyzed. 

5.4 Polyethylene g l yco l  , H(OCH2CH2),0H. Free o f  i n te r fe rences  a t  t h e  
de tec t i on  l i m i t  o f  the  analytes. 

6.0 SAMPLE COLLECTION, PRESERVATION, AND HANDLING 

6.1 Refer t o  the  i n t roduc to ry  mater ia l  t o  t h i s  chapter, Organic Analytes, 
Sect ion 4.1. Samples should be s tored i n  capped b o t t l e s ,  w i t h  minimum headspace, 
a t  4OC o r  l ess .  
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Cold spots and/or a c t i v e  s i t e s  i n  t h e  t r a n s f e r  l i n e s  ,may adversely 
a f f e c t  response. 

7.1.6.3 Tetrachl  oroethane and 1 , 1 - d i c h l  o roe t  hane: 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 rapp ing  mater ia ls .  

7.2 On-going c a l i b r a t i o n :  Refer t o  Method 8000 f o r  d e t a i l s  on con t inu ing  
c a l  i bra t ion .  

7.3 Sampl e prepara t ion  

7.3.1 Water sampl es 

7.3.1.1 Screening o f  t he  sample p r i o r  t o  purge-and-trap 
ana lys i s  w i l l  prov 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-trap 
system. Two screening techniques t h a t  can be u t i l i z e d  are: t h e  use 
o f  an automated headspace san~pl e r  (modif ied Method 3810), i n t e r f a c e d  
t o  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  ser ies  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 (Method 3820) 
and ana lys is  o f  t h e  e x t r a c t  on a GC w i t h  a FID and/or an ECD. 

7.3.1.2 A1 1 samples and standard so l  u t i  ons must be a1 1 owed 
t o  warm t o  ambient temperature before ana lys i  s. 

7.3.1.3 Assemble t h e  purge-and-trap device. The opera t ing  
cond i t i ons  f o r  t h e  GC are g iven i n  Sect ion 7.0 o f  t h e  s p e c i f i c  
de terminat ive  method t o  be employed. 

7.3.1.4 D a i l y  GC c a l i b r a t i o n  c r i t e r i a  must be met (Method 
8000) before analyzing samples. 

7.3.1.5 Adjust  t h e  purge gas f l o w  r a t e  (n i t rogen  o r  
helium) t o  t h a t  shown i n  Table 1, on t h e  purge-and-trap device. 
Optimize t h e  f l o w  r a t e  t o  provide t h e  best  response f o r  
chloromethane and bromoform, i f  these compounds are analytes. 
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 bromoform response. 

7.3.1.6 Remove t h e  plunger from a 5 mL syr inge and a t tach  
a c losed syr 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  ambient temperature, and c a r e f u l l y  pour 
t h e  sample i n t o  t h e  syr inge ba r re l  t o  j u s t  sho r t  o f  over f lowing.  
Replace t h e  syr inge 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. This process o f  t ak ing  an a l i q u o t  destroys t h e  
v a l i d i t y  o f  t he  l i q u i d  sample f o r  f u t u r e  analys is ;  there fore ,  i f  
the re  i s  o n l y  one VOA v i a l ,  t h e  ana lys t  should f i l l  a second syr 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 is  second sample i s  maintained on ly  u n t i l  such t ime when t h e  
ana lys t  has determined t h a t  the  f i r s t  sample has been analyzed 
proper ly .  F i l l i n g  one 20 mL syr inge would a l l ow  t h e  use o f  o n l y  one 
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syringe. I f  a second analysis i s  needed from a syringe, it must be 
analyzed w i th in  24 hr. Care must be taken t o  prevent a i r  from 
leaking i n t o  the syringe. 

7.3.1.7 The fol lowing procedure i s  appropriate f o r  
d i  1 u t ing  purgeable samples. A1 1 steps must be performed without 
delays u n t i l  the d i lu ted  sample i s  i n  a gas-t ight  syringe. 

7.3.1.7.1 Di lu t ions may be made i n  volumetric f lasks 
(10 mL t o  100 mL). Select the volumetric f l a s k  t ha t  w i l l  
al low f o r  the necessary d i l u t i on .  Intermediate d i l u t i ons  may 
be necessary f o r  extremely large d i lu t ions .  

7.3.1.7.2 Calculate the approximate volume o f  
organic-free reagent water t o  be added t o  the volumetric f lask  
selected and add s l i g h t l y  less than t h i s  quant i ty o f  organic- 
f ree reagent water t o  the f lask.  

7.3.1.7.3 I n j ec t  the proper a l iquo t  o f  samples from 
the syringe prepared i n  Section 7.3.1.5 i n t o  the f lask. 
Al iquots o f  less than 1 mL are not recommended. D i l u te  the 
sample t o  the mark wi th  organic-free reagent water. Cap the 
f lask,  invert ,  and shake three times. Repeat the above 
procedure f o r  addit ional d i l  utions. 

7.3.1.7.4 F i l l  a 5 mL syringe wi th  the d i l u ted  sample 
as i n  Section 7.3.1.5. 

7.3.1.8 Add 10.0 pL o f  surrogate spiking solut ion (found 
i n  each determinative method, Section 5.0) and, i f  appl icable, 10 pL 
o f  in terna l  standard spiking so lu t ion through the valve bore o f  the 
syringe; then close the valve. The surrogate and in terna l  standards 
may be mixed and added as a single spiking solut ion. Matrix spiking 
solutions, i f  indicated, should be added (10 pL) t o  the sample a t  
t h i s  time. 

7.3.1.9 Attach the syringe-syringe valve assembly t o  the 
syringe valve on the purging device. Open the syringe valves and 
i n j e c t  the sample i n t o  the purging chamber. 

7.3.1.10 Close both valves and purge the -sample f o r  the 
time and a t  the temperature specif ied i n  Table 1. 

7.3.1.11 A t  the conclusion o f  the purge time, attach the 
t rap  t o  the chromatograph, adjust the device t o  the desorb mode, and 
begin the gas chromatographic temperature program and GC data 
acqui s i t  ion. Concurrently, introduce the trapped material s t o  the 
gas chromatographic column by rap id ly  heating the t rap  t o  180°C 
whi le backflushing the t rap with i n e r t  gas between 20 and 60 mL/min 
f o r  the time speci f ied i n  Table 1. 

7.3.1.12 While the t rap i s  being desorbed i n t o  the gas 
chromatograph, empty the purging chamber. Wash the chamber wi th  a 
minimum o f  two 5 mL flushes o f  organic-free reagent water (or  
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methanol f o l l  owed by organ ic - f ree reagent water) t o  avoid carryover 
o f  po l  1 u tan t  compounds i n t o  subsequent analyses. 

7.3.1.13 A f t e r d e s o r b i n g  the  sample, recond i t i on  the  t r a p  
by re tu rn ing  the  purge-and-trap device t o  the  purge mode. Wait 15 
sec; then c lose t h e  syr inge va lve  on t h e  purging device t o  begin gas 
f l o w  through t h e  t rap.  The t r a p  temperature should be maintained a t  
180°C f o r  Methods 8010, 8020, 8021, 8240 and 8260 and 210°C f o r  
Methods 8015 and 8030. Trap temperatures up t o  220°C may be 
employed. However, t h e  h igher temperatures w i l l  shorten t h e  useful  
l i f e  o f  t h e  t rap.  A f t e r  approximately 7 min, t u r n  o f f  t h e  t r a p  
heater and open the syr inge valve t o  stop the  gas f l o w  through the  
t rap .  When cool, t h e  t r a p  i s  ready fo r  t h e  next  sample. 

7.3.1.14 If the  i n i t i a l  analys is o f  a sample o r  a d i l u t i o n  
o f  the  sample has a concentrat ion o f  analytes t h a t  exceeds the  
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 igher 
d i  1 u t  ion.  When a sar~p l  e i s  analyzed t h a t  has saturated response 
from a compound, t h i s  ana lys is  must be fo l lowed by a b lank organic-  
f r e e  reagent water analys is.  I f  t h e  blank ana lys is  i s  not  f r e e  o f  
in ter ferences,  the  system must be decontaminated. Sample ana lys is  
may no 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  
in ter ferences.  

7.3.1.15 A l l  d i l u t i o n s  should keep t h e  response o f  the  
major const i tuents  (prev ious ly  saturated 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  Method 8000 and t h e  
s p e c i f i c  determinat ive method f o r  d e t a i l  s  on c a l c u l a t i n g  analyte 
response. 

7.3.2 Water-miscible 1 iquids:  

7.3.2.1 Water-mi s c i  b l  e 1 i qu ids  are 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 - fo ld  w i t h  organ ic - f ree 
reagent water. 

7.3.2.2 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  the  sample i n t o  a 100 mL volumetr ic  f l a s k  and 
d i l u t i n g  t o  volume w i t h  organ ic - f ree reagent water. Transfer  
immediately t o  a 5 mL g a s - t i g h t  syr inge. 

7.3.2.3 A l te rna t i ve 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 syr inge f i l l e d  w i t h  organ ic - f ree reagent water by adding a t  l e a s t  
20 pL, bu t  not  more than 100 p L  o f  l i q u i d  sample. The sample i s  
ready f o r  add i t i on  o f  surrogate and, i f  appl icable,  i n t e r n a l  and 
mat r i x  sp i  k i  ng standards. 

7.3.3 Sediment/soil and waste samples: It i s  h i g h l y  reconlmended 
t h a t  a l l  samples o f  t h i s  type be screened p r i o r  t o  the  purge-and-trap GC 
analys is.  These samples may contain percent q u a n t i t i e s  o f  purgeable 
organics t h a t  w i l l  contaminate the  purge-and-trap system, and requ i re  
extensive cleanup and instrument downtime. See Sect ion 7.3.1.1 f o r  
recommended screening techniques. Use t h e  screening data t o  determine 
whether t o  use t h e  low-concentrat ion method (0.005-1 mg/kg) o r  the  h igh-  
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concentration method (>1 mg/kg) . 
7.3.3.1 Low-concentration method: This is designed for 

samples containing individual purgeable compounds of tl mg/kg . It 
is limited to sediwent/soil samples and waste that is of a similar 
consistency (granular and porous). The low-concentration method is 
based on purging a heated sediment/soil sample mixed with 
organic-free reagent water containing the surrogate and, if 
appl icable, internal and matrix spiking standards. Analyze all 
reagent blanks and standards under the same conditions as the 
sampl es . 

7.3.3.1.1 Use a 5 g sample if the expected 
concentration is t0.1 mg/kg or a 1 g sample for expected 
concentrations between 0.1 and 1 mg/kg . 

7.3.3.1.2 The GC system should be set up as in 
Section 7.0 of the specific determinative method. This should 
be done prior to the preparation of the sample to avoid loss 
of volatiles from standards and samples. A heated purge 
calibration curve must be prepared and used for the 
quantitation of all samples analyzed with the low- 
concentration method. Follow the initial and daily 
calibration instructions, except for the addition of a 40°C 
purge temperature for Methods 8010, 8020, and 8021. 

7.3.3.1.3 Removetheplungerf roma5mLLuer locktype 
syringe equipped with a syringe valve and fill until 
overflowing with organic-free reagent water. Rep1 ace the 
plunger and compress the reagent water to vent trapped air. 
Adjust the volume to 5.0 mL. Add 10 pL each of surrogate 
spiking solution and internal standard solution to the syringe 
through the valve. (Surrogate spiking solution and internal 
standard solution may be mixed together. ) Matrix spiking 
solutions, if indicated, should be added (10 pL) to the sample 
at this time. 

7.3.3.1.4 Thesample (forvolatileorganics) 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 Section 7.3.3.1.1 into a tared purge 
device. Note and record the actual weight to the nearest 0.1 
9 

7.3.3.1.5 Determination of sample % d r y  weight - In 
certain cases, sample results are desired based on dry weight 
basis. When such data is desired, a portion of sample for 
this determination should be weighed out at the same time as 
the port ion used for analytical determination. 

WARNING: The drying oven should be contained in a 
hood or vented. Significant laboratory 
contamination may result from a heavily 
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contaminated hazardous waste sample. 

7.3.3.1.5.1 Immediately a f t e r  weighing the  sample 
f o r  ex t rac t ion ,  weigh 5-10 g o f  the  sample i n t o  a ta red 
c ruc ib le .  Determine the  % d r y  weight o f  t h e  sample by 
d ry ing  overnight  a t  105OC. Al low t o  cool  i n  a 
des iccator  before weighing : 

% d r y  weight = g o f  d r y  s a m ~ l e  x 100 
g o f  sample 

7.3.3.1.6 Add t h e  spiked organ ic - f ree reagent water t o  
t h e  purge device, which contains the  weighed amount o f  sample, 
and connect the  device t o  the  purge-and-trap system. 

NOTE: P r i o r  t o  the  attachment o f  t h e  purge device, - 
Sections 7.3.3.1.4 and 7.3.3.1.6 must be 
performed r a p i d l y  and wi thout  i n t e r r u p t i o n  t o  
avoid l oss  o f  v o l a t i l e  organics. These steps 
must be performed i n  a l abora to ry  f r e e  o f  so lvent  
fumes . 

7.3.3.1.7 Heat t h e  sample t o  40°C 2 1°C (Methods 8010, 
8020 and 8021) o r  t o  85OC + 2 C (Methods 8015 and 8030) and 
purge t h e  sample f o r  the  t ime shown i n  Table 1. 

7.3.3.1.8 Proceed w i t h  the  ana lys is  as o u t l i n e d  i n  
Sections 7.3.1.11-7.3.1.15. Use 5 mL o f  t h e  same organ ic - f ree 
reagent water as i n  t h e  reagent blank. I f  saturated peaks 
occurred o r  would occur i f  a 1 g sample were analyzed, t h e  
h igh-concentrat ion method must be f o l l  owed. 

7.3.3.1.9 F o r  m a t r i x  s p i k e  a n a l y s i s  o f  
1 ow-concentration sedinlent/soil s, add 10 pL o f  the  mat r i x  
spike s o l u t i o n  t o  5 mL o f  organ ic - f ree reagent water (Sect ion 
7.3.3.1.3 ).  The concentrat ion f o r  a 5 g sample would be 
equivalent  t o  50 pg/kg o f  each mat r i x  spike standard. 

7.3.3.2 High-concentrat ion method: The method i s  based on 
e x t r a c t i n g  the  sediment/soil 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 ted ,  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 
inso lub le  i n  methanol are d i l u t e d  w i t h  reagent tet raglyme o r  
po l  ye thy l  ene g l yco l  (PEG). An a1 iquo t  o f  t h e  e x t r a c t  i s added t o  
organ ic - f ree reagent water contain ing surrogate and, i f  appl icab le ,  
i n t e r n a l  and mat r i x  sp ik ing  standards. Th is  i s  purged a t  t h e  
temperatures ind ica ted i n  Table 1. A l l  samples w i t h  an expected 
concentrat ion o f  >1.0 mg/kg should be analyzed by t h i s  method. 

7.3.3.2.1 The sample ( f o r  v o l a t i l e  organics) cons is ts  
o f  t h e  e n t i r e  contents o f  t h e  sample container .  Do not  
d iscard  any supernatant l i q u i d s .  Mix t h e  contents o f  t h e  
sample container  w i t h  a narrow metal spatula. For 
sediment/soil and waste t h a t  are inso lub le  i n  methanol, weigh 
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4 g (wet weight) o f  sample. i n t o  a ta red  20 mL v i a l .  Use a 
top- load ing balance. Note and record t h e  actual  weight t o  0.1 
gram and determine the  percent d ry  weight o f  t h e  sample using 
t h e  procedure i n  Sect ion 7.3.3.1.5. For waste t h a t  i s  so lub le  
i n  methanol, tetraglyme, o r  PEG, weigh 1 g (wet weight) i n t o  
a ta red  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 
volumetr ic  f l a s k .  (If a v i a l  o r  tube 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 ipet  10.0 mL o f  methanol i n t o  the  
v i a l  and mark the  bottom o f  the  meniscus. Discard t h i s  
so l  vent. ) 

7.3.3.2.2 For sediment/soil o r  so l  i d  waste, qu i ck l y  
add 9.0 mL of appropr iate solvent; then add 1.0 mL o f  t he  
surrogate sp i k ing  s o l u t i o n  t o  the  v i a l .  For a solvent  
m isc ib le  sample, d i l u t e  the  sample t o  10 mL w i t h  t h e  
appropr iate solvent  . a f t e r  adding 1.0 mL o f  t he  surrogate 
sp ik ing  so lu t ion .  Cap and shake f o r  2 min. 

NOTE: Sections. 7.3.3.2.1 and 7.3.3.2.2 must be - 
performed r a p i d l y  and wi thout  i n t e r r u p t i o n  t o  
avoid loss  o f  v o l a t i l e  organics. These steps 
must be performed i n  a labora tory  f r e e  from 
so l  vent fumes. 

7.3.3.2.3 P ipet  approximately 1 mL o f  the  ex t rac t  i n t o  
a GC v i a l  f o r  storage, using a disposable p ipe t .  The 
remainder may be discarded. Transfer approximately 1 mL of 
reagent methanol t o  a separate GC v i a l  f o r  use as the  method 
blank f o r  each se t  o f  samples. These ex t rac ts  may be stored 
a t  4OC i n  the  dark, p r i o r  t o  analysis. 

7.3.3.2.4 The GC system should be set  up as i n  
Sect ion 7.0 o f  the  spec i f i c  determinat ive method. This should 
be done p r i o r  t o  the  add i t i on  o f  t he  methanol ex t rac t  t o  
organ ic - f ree  reagent water. 

7.3.3.2.5 T a b l e 2 c a n  b e u s e d t o d e t e r m i n e  thevolume 
o f  methanol e x t r a c t  t o  add t o  t h e  5 mL o f  organic- f ree reagent 
water f o r  analys is .  I f  a screening procedure was followed, 
use t h e  estimated concentrat ion t o  determine t h e  appropriate 
volume. Otherwise, est imate the  concentrat ion range o f  the  
sample from t h e  low-concentrat ion analys is  t o  determine the 
appropr iate volume. If the sample was submitted as a h igh-  
concentrat ion 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  the  major const i tuents  (previously 
saturated peaks) i n  the  upper ha l f  of the l i n e a r  range of the  
curve. 

7.3.3.2.6 Remove t h e  plunger from a 5.0 mL Luerlock 
type syr inge equipped w i t h  a syr inge valve and f i l l  u n t i l  
over f lowing w i t h  organ ic - f ree  reagent water. Rep1 ace the  
plunger and compress the  water t o  vent trapped a i r .  Adjust 
t he  volume t o  4.9 mL. P u l l  the  plunger back t o  5.0 mL t o  
a l l ow  volume f o r  t h e  add i t i on  o f  t he  sample ex t rac t  and o f  
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standards. Add 10 p L  o f  i n t e r n a l  standard so lu t i on .  Also add 
t h e  volume o f  methanol e x t r a c t  determined i n  Sect ion 7.3.3.2.5 
and a volume o f  methanol solvent  t o  t o t a l  100 p L  (excluding 
methanol i n  standards). 

7 -3.3.2.7 Attach t h e  syr inge-syr inge va lve  assembly t o  
the  syr inge valve on the  purging device. Open t h e  syr inge 
valve and i n j e c t  the  water/methanol sample i n t o  t h e  purging 
chamber. 

7.3.3.2.8 Proceed w i t h  the  ana lys is  as o u t l i n e d  'In t h e  
s p e c i f i c  determinat ive method. Analyze a1 1 reagent blanks on 
the  same instrument as t h a t  used f o r  t h e  samples. 'The 
standards and blanks should a l so  conta in  100 p L  o f  methanol 
t o  s imulate t h e  sample condi t ions.  

7.3.3.2.9 For a mat r i x  spike i n  the  h igh-concentrat ion 
sediment/soil samples, add 8.0 mL o f  methanol, 1.0 mL o f  
surrogate spike s o l ~ ~ t i o n  and 1.0 mL o f  m a t r i x  sp ike  so lu t i on .  
Add a 100 pL a l i q u o t  o f  t h i s  e x t r a c t  t o  5 mL o f  water f o r  
purging (as per Sect ion 7.3.3.2.6). 

7.4 Sample analysis: 

7.4.1 'The samples prepared by t h i s  method may be analyzed by Methods 
8010, 8015, 8020, 8021, 8030, 8240, and 8260. Refer t o  these methods f o r  
appropr iate ana lys is  condi t ions.  

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 and 
Method 3500 f o r  sampl e preparat ion procedures. 

8.2 Before processing any samples, the  analyst  should demonstrate through 
t h e  ana lys is  o f  a c a l i b r a t i o n  b lank t h a t  a l l  glassware and reagents are 
in te r fe rence  f ree .  Each t ime a set  o f  samples i s  extracted, o r  the re  i s  a change 
i n  reagents, a method blank should be processed as a safeguard against  chronic 
1 aboratory contamination. The b l  anks should be c a r r i e d  through a1 1 stages o f  
t h e  sampl e preparat  i on and measurement. 

8.3 Standard qual i t y  assurance prac t ices  should be used w i t h  t h i s  method. 
F i e l d  dup l ica tes  should be c o l l e c t e d  t o  v a l i d a t e  the  p rec is ion  o f  t h e  sampling 
technique. Laboratory rep1 i c a t e s  should be analyzed t o  va l  i d a t e  the  p r e c i s i o n  
o f  t h e  analys is.  Spiked samples should be c a r r i e d  through a l l  stages o f  sample 
prepara t ion  and measurement; they should be analyzed t o  va l  i d a t e  t h e  s e n s i t i v i t y  
and accuracy o f  t h e  analys is.  I f  t h e  spiked samples do no t  i n d i c a t e  s u f f i c i e n t  
s e n s i t i v i t y  t o  detec t  < 1 pg/g o f  the  analytes i n  the  sample, then the  
s e n s i t i v i t y  of t h e  instrument should be increased, o r  t h e  sample s h o ~ ~ l d  be 
subjected t o  a d d i t i o n a l  cleanup. 
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_ J 9.0 METHOD PERFORMANCE 
- 1 

I 9.1 Refer t o  the determinative methods f o r  performance data. 
i 

r 1 10.0 REFERENCES 

wi 
1. U.S. EPA 40 CFR Part 136, "Guide1 ines Establ ishing Test Procedures f o r  the 

qGl"l Analysis o f  Pol lutants Under the Clean Water Act; Final Rule and In ter im 
Final  Rule and Proposed Rule," October 26, 1984. 

dd 
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TABLE 1 
PURGE-AND-TRAP OPERATING PARAMETERS 

Analysis Method 

Purge gas Nitrogen o r  Nitrogen o r  Nitrogen o r  
He1 i um He1 i um He1 i um 

Purge gas f low r a t e  
(mL/mi n) 40 2 0 4 0 

Purge t ime (min) 11.0 2 0.1 15.0 + 0.1 11.0 2 0.1 

Purge temperature (OC) Ambient 85 + 2 Ambient 

Desorb temperature (OC)  180 180 180 

Backflush i n e r t  gas f low 
(mL/mi n) 20-60 20-60 20-60 

Desorb t ime (min) 4 1.5 4 

Nitrogen o r  
He1 i um 
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TABLE 2 
QUANTITY OF METHANOL EXTRACT REQUIRED FOR ANALYSIS OF 

HIGH-CONCENTRATION SOILS/SEDIMENTS 

Approxi mate 
Concentrat ion Range 

Volume o f  
Methanol Extracta 

100 pL 
50 pL 
10 pL 

100 pL o f  1/50 d i l u t i o n  

Calculate appropriate d i  1 u t ion  fac to r  f o r  concentrat ions exceeding t h i s  table. 

'The volume o f  methanol added t o  5 mL o f  water being purged should be kept 
constant. Therefore, add t o  the 5 mL syringe whatever volume o f  methanol i s  
necessary t o  maintain a volume o f  100 pL added t o  the syringe. 

b i l u t e  an a1 iquot o f  the methanol extract  and then take 100 pL f o r  analysis. 
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Figure 1 
Purg i ng Chamber 

1 1  
I I 

2-wrv krrcgr Vdw 
17 em, 20 CIuOI k r l w  M @ d w  

Y lrWh 0.0. Cri t  6 mm 0. 0. R u W r  &@turn 

1118 lmh 0.0.  

10 mm Olra Crit 
Mmdhm- 

Revis ion 1 
July 1992 



Figure 2 
Trap Packing and Construction f o r  Method 8010 
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Figure 3 
Trap Packing and Construction for Methods 8020 and 8030 
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Figure 4 
Purge-and-Trap System 

Purge-Sorb Mode 
For Method 8010, 8020, and 8030 
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Figure 5 
Purge-and-Trap System 

Desorb Mode . 
For Method 8010, 8020, and 8030 
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METHOD 5040A 

ANALYSIS OF SORBENT CARTRIDGES FROM VOLATILE ORGANIC SAMPLING TRAIN (VOST): 
GAS CHROMATOGRAPHY/MASS SPECTROMETRY TECHNIQUE 

1.0 SCOPE AND APPLICATION 

1.1 Method 5040 was f o r m e r l y  Method 3720 i n  t h e  Second E d i t i o n  o f  t h i s  
manual. 

1.2 T h i s  method covers  t h e  d e t e r m i n a t i o n  o f  v o l a t i l e  p r i n c i p a l  o r g a n i c  
hazardous c o n s t i t u e n t s  (POHCs) , c o l l  ec ted  on Tenax and Tenax/charcoal sorbent  
c a r t r i d g e s  u s i n g  a  v o l a t i l e  o r g a n i c  sampl ing t r a i n ,  VOST (1 ) .  Much o f  t h e  
d e s c r i p t i o n  f o r  pu rge -and- t rap  GC/MS a n a l y s i s  i s  d e s c r i b e d  i n  Method 8240 o f  t h i s  
c h a p t e r .  Because t h e  m a j o r i t y  o f  gas streams sarr~pled u s i n g  VOST w i l l  c o n t a i n  a  
h i g h  c o n c e n t r a t i o n  o f  water ,  t h e  a n a l y t i c a l  method i s  based on t h e  q u a n t i t a t i v e  
the rma l  d e s o r p t i o n  o f  v o l a t i l e  POHCs f rom t h e  Tenax and Tenax/charcoal t r a p s  and 
a n a l y s i s  by  p u r g e - a n d - t r a p  GC/MS. For  t h e  purposes o f  d e f i n i t i o n ,  v o l a t i l e  POHCs 
a r e  t h o s e  POHCs w i t h  b o i l i n g  p o i n t s  l e s s  t h a n  100°C. 

1.3 T h i s  method i s  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  Tenax and Tenax/ 
c h a r c o a l  c a r t r i d g e s  used t o  c o l l e c t  v o l a t i l e  POHCs f rom wet s t a c k  gas e f f l u e n t s  
f rom hazardous waste i n c i n e r a t o r s .  

1.4 The s e n s i t i v i t y  o f  t h e  a n a l y t i c a l  method f o r  a  p a r t i c u l a r  v o l a t i l e  
POHC 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  and t h e  presence o f  d e t e c t a b l e  l e v e l s  
o f  v o l a t i l e  POHCs i n  b l a n k s .  The d e s i r e d  t a r g e t  d e t e c t i o n  1  i m i t  o f  t h e  
a n a l y t i c a l  method i s  0 .1  ng/L (20 ng on a  s i n g l e  p a i r  o f  t r a p s )  f o r  a  p a r t i c u l a r  
v o l a t i l e  POHC desorbed f rom e i t h e r  a  s i n g l e  p a i r  o f  Tenax and Tenax/charcoal 
c a r t r i d g e s  o r  by  thermal  d e s o r p t i o n  o f  up t o  s i x  p a i r s  o f  t r a p s  o n t o  a  s i n g l e  
p a i r  o f  Tenax and Tenax/charcoal  t r a p s .  The r e s u l t i n g  s i n g l e  p a i r  o f  t r a p s  i s  
t h e n  the rma l  1  y  desorbed and analyzed by purge-and- t r a p  GC/MS. 

1 .5  T h i s  method i s  recommended f o r  use o n l y  by  exper ienced mass 
s p e c t r o s c o p i s t s  o r  under t h e  c l o s e  s u p e r v i s i o n  o f  such q u a l i f i e d  persons.  

2.0 SUMMARY OF METHOD 

2.1 A  schemat ic d iagram o f  t h e  a n a l y t i c a l  system i s  shown i n  F i g u r e  1. 
The c o n t e n t s  o f  t h e  so rben t  c a r t r i d g e s  a r e  sp iked  w i t h  an i n t e r n a l  s tandard and 
t h e r m a l l y  desorbed f o r  10 m in  a t  180°C w i t h  o r g a n i c - f r e e  n i t r o g e n  o r  he l i um gas 
( a t  a  f l o w  r a t e  o f  40 mL/min), bubb led th rough  5 mL of o r g a n i c - f r e e  reagent  
water ,  and t r a p p e d  on an a n a l y t i c a l  adsorbent t r a p .  A f t e r  t h e  10 min. 
d e s o r p t i o n ,  t h e  a n a l y t i c a l  adsorbent t r a p  i s  r a p i d l y  heated t o  180°C, w i t h  t h e  
c a r r i e r  gas f l o w  r e v e r s e d  so t h a t  t h e  e f f l u e n t  f l ow  f rom t h e  a n a l y t i c a l  t r a p  i s  
d i r e c t e d  i n t o  t h e  GC/MS. The v o l a t i l e  POHCs a r e  separated by temperature  
programmed gas chromatography and d e t e c t e d  by l o w - r e s o l u t i o n  mass spect rometry .  
The c o n c e n t r a t  i o n s  o f  v o l  a t  i 1  e  POHCs a r e  c a l  c u l  a ted  u s i n g  t h e  i n t e r n a l  s tandard 
techn ique .  
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3.0 INTERFERENCES 

3.1 Refe r  t o  Methods 3500 and 8240. 

4.0 APPARATUS AND MATERIALS 

4.1 Thermal deso rp t i on  u n i t :  

4.1.1 The thermal  deso rp t i on  u n i t  ( f o r  I n s i d e / I n s i d e  VOST 
c a r t r i d g e s ,  use Supel co " c l  amshell " hea te r ;  f o r  Ins ide /Outs ide  VOST 
c a r t r i d g e s ,  u s e r - f a b r i c a t e d  u n i t  i s  r equ i red )  should be capable o f  
t h e r m a l l y  desorb ing t h e  so,rbent r e s i n  tubes. It should a l s o  be capable o f  
hea t i ng  t h e  tubes t o  180 + 10°C w i t h  f l o w  o f  o r g a n i c - f r e e  n i t r o g e n  o r  
he l i um th rough t h e  tubes. 

4.2 Purge-and- t rap u n i t :  

4.2.1 The purge-and- t rap u n i t  c o n s i s t s  of t h r e e  separate p ieces  o f  
equipment: t h e  sample purger,  t r a p ,  and t h e  desorber .  It should be 
capable o f  meet ing a l l  requi rements o f  Method 5030 f o r  a n a l y s i s  o f  
purgeabl e o rgan i c  compounds from water .  

4.3 GC/MS system: As descr ibed  i n  Method 8240. 

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  grade, o r  equ i va len t .  

5.3 A n a l y t i c a l  t r a p  reagents :  

5.3.1 2,6-Diphenylene ox ide  polymer: Tenax (60/80 mesh), chromato- 
g raph i c  grade o r  equ i va len t .  

5.3.2 Methyl  s i l  i cone  packing: 3% OV-1 on Chromosorb W (60/80 mesh) 
o r  equ i  va l  e n t  . 

5.3.3 S i l i c a  g e l  : Davison Chemical (35/00 mesh), Grade 15, o r  
e q u i v a l e n t  . 

5.3.4 Charcoal : P e t r o l  eum-based (SKC L o t  104 o r  e q u i v a l e n t )  . 
5.4 Stock s tandard s o l u t i o n :  

5.4.1 Stock s tandard s o l u t i o n s  w i l l  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 .  The s tock  standards should 
be prepared 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  ma te r i  a1 s should be prepared i n  a hood. A NIOSH/MESA approved t o x i c  
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gas r e s p i r a t o r  should be used when t he  ana l ys t  handles h i g h  concent ra t ions  
o f  such m a t e r i a l s .  

5.4.2 Fresh s tock  standards should be prepared weekly f o r  v o l a t i l e  
POHCs w i t h  b o i l i n g  p o i n t s  o f  t35"C. A l l  o the r  standards must be rep laced 
monthly,  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 Secondary d i l u t i o n  standards: 

5.5.1 Using s tock  standard so lu t i ons ,  prepare, i n  methanol, 
secondary d i l u t i o n  standards t h a t  con ta in  t he  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  standards should 
be prepared a t  concen t ra t ions  such t h a t  t h e  desorbed c a l i b r a t i o n  standards 
w i l l  b racke t  t h e  working range o f  t h e  a n a l y t i c a l  system. 

5.6 4-Bromofluorobenzene (BFB) standard: 

5.6.1 Prepare a 25 ng/pL s o l u t i o n  o f  BFB i n  methanol. 

5.7 Deuterated benzene: 

5.7.1 Prepare a 25 ng/pL s o l u t i o n  o f  benzene-d, i n  methanol . 

6.0 SAMPLE COLLECTION, PRESERVATION, AND HANDLING 

6.1 Refer  t o  Method 0030, Chapter Ten. 

6.2 Sample t r a i n s  obta ined from the  VOST should be analyzed w i t h i n  2 -6  
weeks o f  sampl e co l  1 e c t  i on. 

7 .0  PROCEDURE 

7.1 Assembly o f  PTD dev ice:  

7.1.1 Assemble a purge-and- t rap desorp t ion  dev ice (PTD) t h a t  meets 
a l l  t h e  requirements o f  Method 5030 ( r e f e r  t o  F igure  1 ) .  

7.1.2 Connect t h e  thermal desorp t ion  dev ice t o  t h e  PTD device. 
C a l i b r a t e  t h e  PTD-GC/MS system us ing  t h e  i n t e r n a l  standard technique. 

7.2 I n t e r n a l  standard ca l  i b r a t i o n  procedure: 

7 .2 .1  Th is  approach r e q u i r e s  t he  use o f  deuterated benzene as t h e  
i n t e r n a l  standard f o r  these analyses. Other i n t e r n a l  standards may be 
proposed f o r  use i n  c e r t a i n  s i t u a t i o n s .  The impor tant  c r i t e r i a  f o r  
choosing a p a r t i c u l a r  compound as an i n t e r n a l  standard are t h a t  i t  be 
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  and t h a t  i t  
can be demonstrated t h a t  t h e  measurement o f  t he  i n t e r n a l  standard be 
una f f ec ted  by method o r  m a t r i x  i n t e r f e rences .  Other i n t e r n a l  standards 
t h a t  have been used a re  e t h y l  benzene-d,, and, 1 - 2 - d i c h l  oroethane-d,. One 
adds 50 ng o f  BFB t o  a l l  sorbent c a r t r i d g e s  ( i n  a d d i t i o n  t o  one o r  more 
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i n t e r n a l  s tandards)  t o  p rov ide  cont inuous m o n i t o r i n g  o f  t h e  GC/MS 
performance r e l a t i v e  t o  BFB. 

7.2.2 Prepare c a l i b r a t i o n  standards a t  a minimum o f  t h r e e  
concen t ra t i on  l e v e l s  f o r  each ana l y te  o f  i n t e r e s t .  

7.2.3 The c a l i b r a t i o n  standards a re  prepared by s p i k i n g  a b l ank  
Tenax o r  Tenax/charcoal t r a p  w i t h  a methanol i c  s o l u t i o n  o f  t h e  c a l i b r a t i o n  
s tandards ( i n c l u d i n g  50 ng o f  t h e  i n t e r n a l  standard, such as deu te ra ted  
benzene), u s i n g  t h e  f l a s h  evapora t ion  technique.  The f l  ash evapora t ion  
techn ique  r e q u i r e s  f i l l i n g  t h e  needle o f  a 5.0 p L  s y r i n g e  w i t h  c l ean  
methanol and drawing a i r  i n t o  t h e  sy r i nge  t o  t h e  1.0 p L  mark. Th i s  i s  
f o l l o w e d  by drawing a methanol i c  s o l u t i o n  o f  t h e  c a l  i b r a t  i o n  standards 
( c o n t a i n i n g  25 pg/pL o f  t h e  i n t e r n a l  s tandard)  t o  t h e  2.0 p L  mark. The 
g l a s s  t r a p s  should be a t tached t o  t h e  i n j e c t i o n  p o r t  o f  a gas 
chromatograph w h i l e  ma in ta i n i ng  t h e  i n j e c t o r  temperature a t  160°C. The 
c a r r i e r  gas f l o w  through t h e  t r a p s  should be ma in ta ined  a t  about 50 
nrL/mi n . 

7.2.4 A f t e r  d i r e c t i n g  t h e  gas f l o w  through t h e  t r a p ,  t h e  con ten ts  o f  
t h e  sy r i nge  should be s l ow l y  expe l l ed  through t h e  gas chromatograph 
i n j e c t i o n  p o r t  over  about 15 sec. A f t e r  25 sec have elapsed, t h e  gas f l o w  
through t h e  t r a p  should be shut o f f ,  t h e  sy r i nge  removed, and t h e  t r a p  
analyzed by t h e  PTD-GC/MS procedure ou t1  i ned  i n  Method 8240. The t o t a l  
f l o w  o f  gas th rough t h e  t r a p s  d u r i n g  a d d i t i o n  o f  c a l i b r a t i o n  s tandards t o  
b l ank  c a r t r i d g e s ,  o r  i n t e r n a l  standards t o  sample c a r t r i d g e s ,  should be 25 
mL o r  l e s s .  

7.2.5 Analyze each ca l  i b r a t i o n  s tandard f o r  bo th  Tenax and Tenax/ 
charcoa l  c a r t r i d g e s  accord ing t o  Sec t ion  7.3. Tabu la te  t h e  area response 
o f  t h e  c h a r a c t e r i s t i c  i ons  o f  each ana l y te  aga ins t  t h e  c o n c e n t r a t i o n  o f  
t h e  i n t e r n a l  s tandard and c a l c u l a t e  t h e  response f a c t o r  (RF) f o r  each 
compound, u s i n g  Equat ion 1. 

where : 

A, = 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  a n a l y t e  t o  be 
measured. 

Ais = 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  i n t e r n a l  
s tandard.  

Cis = Amount (ng)  o f  t h e  i n t e r n a l  s tandard.  

C, = Amount (ng) o f  t h e  v o l a t i l e  POHC i n  c a l i b r a t i o n  
standard. 

I f  t h e  RF va lue  over  t h e  work ing range i s  a cons tan t  (< l o% RSD) , t h e  
RF can be assu~iied t o  be i n v a r i a n t ,  and t h e  average RF can be used f o r  
c a l c u l a t i o n s .  A l t e r n a t i v e l y ,  t h e  r e s u l t s  can be used t o  p l o t  a 
c a l  .i b r a t  i on curve  o f  response r a t i o s ,  As/Ai, versus RF. 
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7.2.6 The work ing  c a l i b r a t i o n  cu rve  o r  RF must be v e r i f i e d  on each 
work ing  day by  t h e  measurement o f  one o r  more o f  t h e  c a l i b r a t i o n  
s tandards.  I f  t h e  response v a r i e s  by more t h a n  225% f o r  any ana ly te ,  a  
new c a l  i b r a t i o n  s tandard  must be prepared and analyzed f o r  t h a t  ana ly te .  

7.3 The schemat ic o f  t h e  PTD-GC/MS system i s  shown i n  F i g u r e  1. The 
sample c a r t r i d g e  i s  p l a c e d  i n  t h e  thermal  d e s o r p t i o n  apparatus ( f o r  I n s i d e /  
I n s i d e  VOST c a r t r i d g e s ,  use Supelco " c l a m s h e l l "  hea te r ;  f o r  Ins ide /Ou ts ide  VOST 
c a r t r i d g e s ,  u s e r  f a b r i c a t e d  u n i t  i s  r e q u i r e d )  and desorbed i n  t h e  pu rge-and- t rap  
system by  h e a t i n g  t o  180°C f o r  10 m in  a t  a  f l o w  r a t e  o f  40 mL/min. The desorbed 
components pass i n t o  t h e  bo t tom o f  t h e  wa te r  column, a r e  purged f rom t h e  water,  
and c o l l e c t e d  on t h e  a n a l y t i c a l  adsorbent  t r a p .  A f t e r  . t h e  10 min  d e s o r p t i o n  
p e r i o d ,  t h e  compounds a r e  desorbed f rom t h e  a n a l y t i c a l  adsorbent  t r a p  i n t o  t h e  
GC/MS system accord ing  t o  t h e  procedures d e s c r i b e d  i n  Method 8240. 

7.4 Q u a l i t a t i v e  a n a l y s i s  

7.4.1 The 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 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 i o n ,  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  
r e f e r e n c e  mass spectrum. The r e f e r e n c e  mass spectrum must be generated by 
t h e  1  a b o r a t o r y  u s i n g  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 a r e  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  o v e r  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 h a n  t h r e e  such i o n s  occur  i n  t h e  r e f e r e n c e  spectrum. Compounds 
shou ld  be i d e n t i f i e d  as p r e s e n t  when t h e  c r i t e r i a  below a r e  met. 

7 .4 .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  
compound maximize i n  t h e  same scan o r  w i t h i n  one scan o f  each o t h e r .  
S e l e c t i o n  o f  a  peak b y  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  
chromatograph ic  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-speci f i c  r e t e n t i o n  t ime,  w i l l  be accepted as 
mee t ing  t h i s  c r i t e r i o n .  

7.4.1.2 The RRT o f  t h e  sample component i s  w i t h i n  
r 0.06 RRT u n i t s  o f  t h e  RRT o f  t h e  s tandard  component. 

7.4.1.3 The r e 1  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 o n s  i n  
t h e  r e f e r e n c e  spectrum. (Example: Fo r  an i o n  w i t h  an abundance o f  
50% i n  t h e  r e f e r e n c e  spectrum, t h e  co r respond ing  abundance i n  a  
sample spectrum can range between 20% and 80%.) 

7.4.1.4 S t r u c t u r a l  isomers t h a t  produce v e r y  s i m i l a r  mass 
s p e c t r a  shou ld  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  t h e y  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  ach ieved 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 h a n  25% o f  t h e  sum o f  t h e  two peak h e i g h t s .  Otherwise,  
s t r u c t u r a l  isomers a r e  i d e n t i f i e d  as i somer i c  p a i r s .  

7.4.1.5 I d e n t i f i c a t i o n  i s  hampered when sample components 
a r e  n o t  r e s o l v e d  c h r o m a t o g r a p h i c a l l y  and produce mass s p e c t r a  
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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 than  one ana l y t e .  When gas 
chromatographic peaks obv ious l y  r ep resen t  more t han  one sampleb 
component ( i . . ,  a  broadened peak w i t h  shou lde r ( s )  o r  a  v a l l e y  
between two o r  more maxima), a p p r o p r i a t e  s e l e c t i o n  o f  a n a l y t e  
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  a p p r o p r i a t e  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  qual  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 t es  coe l  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 
a n a l y t e  spectrum w i l l  c o n t a i n  extraneous i ons  c o n t r i b u t e d  by t h e  
coe l  u t i  ng compound. 

7.4.2 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  l i b r a r y  search may be made f o r  t h e  purpose of 
t e n t a t i v e  i d e n t i f i c a t i o n .  The n e c e s s 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  ana lyses be ing  conducted. 
Gu ide l 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  are:  

(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  r e fe rence  spectrum 
( i o n s  > 10% o f  t h e  most abundant i on )  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  major  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  cor responding sample i o n  abundance must be between 30 and 
70%). 

(3 )  Mo lecu la r  i ons  p resen t  i n  t h e  r e fe rence  spectrum should  be 
p resen t  i n  t h e  sample 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 rev iewed f o r  p o s s i b l e  background con tamina t ion  o r  
presence o f  coe l  u t  i ng compounds. 

(5 )  Ions  p resen t  i n  t h e  r e fe rence  spectrum b u t  n o t  i n  t h e  sample 
spectrum should  be rev iewed f o r  p o s s i b l e  s u b t r a c t i o n  f r om  t h e  sample 
spectrum because o f  background con tamina t ion  o r  coe l  u t i n g  peaks. Data 
system l 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 i  screpanc i  es. 

Computer generated 1  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 on r o u t i n e s  t h a t  would m is represen t  t h e  1  i b r a r y  o r  unknown 
spec t ra  when compared t o  each o t h e r .  Only a f t e r  v i s u a l  comparison o f  t h e  
sample 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  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 .  

7.5 Q u a n t i t a t i v e  a n a l y s i s  

7.5.1 When an a n a l y t e  has been qual  i t a t i v e l y  i d e n t i f i e d ,  
q u a n t i t a t i o n  should  be based on t h e  i n t e g r a t e d  abundance from t h e  EICP 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  chosen f o r  t h a t  ana l y t e .  I f  t h e  sample 
produces an i n t e r f e r e n c e  f o r  t h e  p r imary  c h a r a c t e r i s t i c  ion ,  a  secondary 
c h a r a c t e r i s t i c  i o n  should  be used. 
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7.5.1.1 Using t he  i n t e r n a l  standard c a l  i b r a t i o n  procedure, 
t h e  amount o f  ana l y te  i n  t h e  sample c a r t r i d g e  i s  c a l c u l a t e d  us ing  
t h e  response f a c t o r  (RF) determined i n  Sec t ion  7.2.5 and Equation 2. 

Amount o f  POHC = AsC,/Ai,RF (2 

where: 

A, = 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  ana ly te  t o  be 
measured. 

A,= Area f o r  t h e  c h a r a c t e r i s t i c  i o n  o f  t h e  i n t e r n a l  
standard. 

Cis = Amount (ng) o f  i n t e r n a l  standard. 

7.5.1.2 The choice o f  methods f o r  eva lua t i ng  da ta  
c o l l e c t e d  us ing  VOST f o r  i n c i n e r a t o r  t r i a l  burns i s  a  r e g u l a t o r y  
dec is ion .  The procedures used ex tens i ve l y  by one user  a re  out1 ined 
below. 

7.5.1.3 The t o t a l  amount o f  t h e  POHCs o f  i n t e r e s t  
c o l l e c t e d  on a  p a i r  o f  t r aps  should be summed. 

7.5.1.4 The observa t ion  o f  h i gh  concent ra t ions  o f  POHCs o f  
i n t e r e s t  i n  b lank  c a r t r i d g e s  i n d i c a t e s  poss ib l e  r es i dua l  
contaminat ion o f  t h e  sorbent c a r t r i d g e s  p r i o r  t o  shipment t o  and use 
a t  t h e  s i t e .  Data t h a t  f a l l  i n  t h i s  category ( e s p e c i a l l y  data 
i n d i c a t i n g  h i g h  concentrat  ions  of POHCs i n  b lank  sorbent ca r t r i dges )  
should be q u a l i f i e d  w i t h  regard t o  v a l i d i t y ,  and b lank  data should 
be repo r ted  separate ly .  The a p p l i c a b i l i t y  o f  data o f  t h i s  t ype  t o  
t h e  de te rmina t ion  o f  DRE i s  a  r e g u l a t o r y  dec is ion .  Continued 
observa t ion  o f  h i g h  concent ra t ions  o f  POHCs i n  b lank  sorbent 
c a r t r i d g e s  i n d i c a t e s  t h a t  procedures f o r  cleanup, moni tor ing,  
shipment, and s torage o f  sorbent c a r t r i d g e s  by a  p a r t i c u l a r  user be 
i n v e s t i g a t e d  t o  e l  im ina te  t h i s  problem. 

7.5.1.5 I f  any i n t e r n a l  standard recover ies  fa1  1  ou ts ide  
t h e  c o n t r o l  l i m i t s  es tab l i shed  i n  Sec t ion  8.4, data f o r  a l l  analy tes 
determined f o r  t h a t  c a r t r i d g e ( s )  must be q u a l i f i e d  w i t h  t he  
observa t ion .  

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 0030 f o r  sample p repa ra t i on  procedures. 

8.2 Each l a b o r a t o r y  t h a t  uses t h i s  method i s  r equ i red  t o  operate a  formal 
qual  i ty  c o n t r o l  program. The minimum requirements 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  1  aboratory  capabi l  i t y  and t h e  ana lys is  o f  b lank  Tenax 
and Tenax/charcoal c a r t r i d g e s  spiked w i t h  t h e  analy tes o f  i n t e r e s t .  The 
l a b o r a t o r y  i s  r e q u i r e d  t o  ma in ta i n  performance records t o  de f i ne  t h e  q u a l i t y  o f  
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data t h a t  are generated. Ongoing performance checks must be compared w i t h  
es tab l  i shed performance c r i t e r i a  t o  determine i f  r e s u l t s  are w i t h i n  t h e  expected 
p r e c i s i o n  and accuracy l i m i t s  o f  t he  method. 

8.2.1 Before per forming any analyses, t h e  ana lys t  must demonstrate 
the  a b i l i t y  t o  generate acceptable p r e c i s i o n  and accuracy w i t h  t h i s  
method. This  a b i l i t y  i s  es tab l ished as described i n  Sect ion 7.2. 

8.2.2 The l abo ra to ry  must sp ike  a l l  Tenax and Tenax/charcoal 
c a r t r i d g e s  w i t h  t h e  i n t e r n a l  standard(s) t o  moni tor  con t i nu ing  1 aboratory 
performance. Th is  procedure i s  described i n  Sect ion 7.2. 

8.3 To e s t a b l i s h  the  a b i l i t y  t o  generate acceptable accuracy and 
p rec i  s ion, t h e  ana lys t  ~ i ius t  sp i  ke b l  ank Tenax and Tenax/charcoal c a r t r i d g e s  w i t h  
the  analytes o f  i n t e r e s t  a t  two concentrat ions i n  t he  working range. 

8.3.1 The average response f a c t o r  (m) and the  standard d e v i a t i o n  
( s )  f o r  each must be ca lcu la ted .  

8.3.2 The average recovery and standard d e v i a t i o n  must fa1  1 w i t h i n  
t h e  expected range f o r  determinat ion o f  v o l a t i l e  POHCs us ing  t h i s  method. 
The expected range f o r  recovery o f  v o l a t i l e  POHCs using t h i s  method i s  50- 
150%. 

8.4 The ana lys t  must c a l c u l a t e  method performance c r i t e r i a  f o r  t h e  
i n t e r n a l  standard ( s )  . 

8.4.1 Ca lcu la te  upper and lower c o n t r o l  l i m i t s  f o r  method 
performances us ing the  average area response (A) and standard 
d e v i a t i o n ( s )  f o r  i n t e r n a l  standard: 

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

The UCL and LCL can be used t o  cons t ruc t  c o n t r o l  cha r t s  t h a t  are 
usefu l  i n  observing t rends i n  performance. The c o n t r o l  l i m i t s  must be 
replaced by method performance c r i t e r i a  as they become a v a i l a b l e  from the  
U.S. EPA. 

8.5 The l abo ra to ry  i s  requ i red  t o  sp ike  a l l  sample c a r t r i d g e s  (Tenax and 
Tenax/charcoal ) w i t h  i n t e r n a l  standard. 

8.6 Each day, t h e  ana lys t  must demonstrate through ana lys i s  o f  b lank 
Tenax and Tenax/charcoal ca r t r i dges  and o rgan ic - f ree  reagent water t h a t  
i n te r fe rences  f rom t h e  a n a l y t i c a l  system are under c o n t r o l .  

8.7 The d a i l y  GC/MS performance t e s t s  requ i red  f o r  t h i s  method are 
described i n  Method 8240. 

9.0 METHOD PERFORMANCE 

9.1 Refer t o  t he  de terminat ive  methods f o r  performance data.  
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METHOD 5 0 4 0 A  
ANALYSIS OF SORBENT CARTRIDGES FROM VOLATILE ORGANIC SAMPLING TRAIN  (VOST) : 

GAS CHROMATOGRAPHY/MASS SPECTROMETRY TECHNIQUE 

Start Y 
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purge and trap 

desorption 
device. 

7.1.2 Connect 
thermal 

desorption 
device; 

calib. ryrtem. f 
7.2.1 Select 

internal 
rtandard. 

7.2.3 Prepare 
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rtandards uring 
flash evaporat. 

technique. 

7 

7.2.4 Direct 
gar flow 

through trapr. 17 

content# of 
ryringa through 

GC injection 
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GClMS 
procedure. 
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both cartridge8 

(roe 7.3). I 
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7.2.6 Varlfy 
rerponre 
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day. t 

7.5.1.3 Sum 
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demorb in P-T. 

7.3 Demorb 
into GClMS 

mymtem. 

7.4.1 
Quantrtlvaly 
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volatila POHCr. 

7.6.1.1 
Calculate 

amount of analyte 
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7.5.1.4 Examine 
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rignr o f  raridual 
contamlnatlon. 

7.6.1.6 Compare 
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Section 8.4 
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METHOD 5041 

PROTOCOL FOR ANALYSIS OF SORBENT CARTRlDGES FROM VOLATILE ORGANIC 
SAMPLING TRAIN (VOST) : WIDE-BORE CAPILLARY COLUMN TECHNIQUE 

1.0 SCOPE AND APPLICATION 

1.1 This method describes the analys is  o f  v o l a t i l e  p r i n c i p a l  organic 
hazardous const i tuents  (POHCs) co l l ec ted  from the stack gas e f f l u e n t s  o f  
hazardous waste i nc ine ra to rs  us ing the  VOST method01 ogy (1) .  For a comprehensive 
desc r ip t i on  o f  the  VOST sampling methodology see Method 0030. The fo l lowing 
compounds may be determined by t h i s  method: 

Conipound Name CAS No." 

ya*l 

'dm 

Acetone 
A c r y l o n i t r i l e  
Benzene 
Bromodichl oromethane 
~ r o m o f  ormb 
Bromomet hanec 
Carbon d i s u l  f i d e  
Carbon t e t r a c h l o r i d e  
Chlorobenzene 
Chl o rod i  bromomethane 
Chl oroethanec 
Chloroform 
Chl oromethanec 
Di bromomethane 
1, l -Dichloroethane 
1,2-Dichl oroethane 
1 , l -D ich l  oroethene 
trans-1,2-Dichloroethene 
1,2-Di ch l  oropropane 
cis-1,3-Dichloropropene 
trans-1,3-Dichloropropene 
Ethy l  benzeneb 
Iodomet hane 
Methyl ene ch lo r ide  
styreneb 
1,1,2, 2-Tetrachloroethaneb 
Tetrachl  oroethene 
To1 uene 

(continued) 
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Compound Name CAS No." 

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 l  uoroniethane 
1,2,3-Tr i  chloropropaneb 
V i n y l  c h l o r i d e c  
Xyl enesb 

" Chemical A b s t r a c t  Serv ices Reg i s t r y  Number. 

B o i l i v g  p o i n t  o f  t h i s  compound i s  above 132°C. Method 0030 i s  n o t  
app rop r i a te  f o r  q u a n t i t a t i v e  sampling o f  t h i s  ana ly te .  

" B o i l i n g  p o i n t  o f  t h i s  compound i s  below 30°C. Spec ia l  p recau t i ons  must 
be taken  when sampl ing f o r  t h i s  ana l y te  by Method 0030. Re fe r  t o  Sec. 1.3 f o r  
d i scuss ion .  

1.2 T h i s  method i s  most s u c c e s s f u l l y  app l i ed  t o  t h e  a n a l y s i s  o f  non-po la r  
o rgan i c  compounds w i t h  b o i l i n g  p o i n t s  between 30°C and 100°C. Data a r e  a p p l i e d  
t o  t h e  c a l c u l a t i o n  o f  d e s t r u c t i o n  and removal e f f i c i e n c y  (DRE) , w i t h  1  i m i t a t i o n s  
d iscussed below. 

1.3 Th i s  method may be app l i ed  t o  a n a l y s i s  o f  many compounds which b o i l  
above 100°C, b u t  Method 0030 i s  always i n a p p r o p r i a t e  f o r  c o l l  e c t i o n  o f  compounds 
w i t h  b o i l  i n g  p o i n t s  above 132°C. A l l  t a r g e t  ana ly tes  w i t h  b o i l  i n g  p o i n t s  g r e a t e r  F, 

than  132°C are  so noted i n  t h e  t a r g e t  ana l y te  l i s t  presented i n  Sec. 1.1. Use 
o f  Method 0030 f o r  c o l l e c t i o n  o f  compounds b o i l  i n g  between 100°C and 132°C i s  
o f t e n  poss ib l e ,  and must be decided based on case by case i n s p e c t i o n  o f  
i n f o r m a t i o n  such as sampling method c o l l e c t i o n  e f f i c i e n c y ,  tube  deso rp t i on  
e f f i c i e n c y ,  and a n a l y t i c a l  method p r e c i s i o n  and b ias .  An o rgan i c  compound w i t h  
a  b o i l i n g  p o i n t  below 30°C may break through t h e  sorbent  under t h e  c o n d i t i o n s  
used f o r  sample c o l l e c t i o n .  Q u a n t i t a t i v e  va lues ob ta ined  f o r  compounds w i t h  
b o i l i n g  p o i n t s  below 30°C must be q u a l i f i e d ,  s i nce  t h e  va lue  ob ta ined  represen ts  
a  minimum va lue  f o r  t h e  compound i f  breakthrough has occurred.  I n  c e r t a i n  cases, 
a d d i t i o n a l  QC measures may have been taken d u r i n g  sampling very  1  ow b o i l e r s  w i t h  
Method 0030. T h i s  i n f o r m a t i o n  should be cons idered d u r i n g  t h e  d a t a  
i n t e r p r e t a t i o n  s tage.  

When Method 5041 i s  used f o r  survey analyses, va lues f o r  compounds b o i l i n g  
above 132°C may be repo r ted  and q u a l i f i e d  s i nce  t h e  q u a n t i t y  ob ta ined  represen ts  
a  minimum va lue  f o r  t h e  compound. These minimum values should n o t  be used f o r  
t r i a l  burn DRE c a l c u l a t i o n s  o r  t o  prove i n s i g n i f i c a n t  r i s k .  

1.4 The VOST a n a l y t i c a l  methodology can be used t o  q u a n t i t a t e  v o l a t i l e  
o rgan i c  compounds 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 .  When 
v o l  a t i  1  e, water  so l  ub l  e  corr~pounds a re  i nc l uded  i n  t h e  VOST o rgan i c  compound 
ana l y te  l i s t ,  q u a n t i t a t i o n  l i m i t s  can be expected t o  be approx imate ly  t e n  t imes  
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h ighe r  than  q u a n t i t a t i o n  l i m i t s  f o r  water i nso lub le  compounds ( i f  t h e  compounds 
can be recovered a t  a l l )  because t h e  purg ing e f f i c i e n c y  from water (and poss ib l y  
f rom Tenax-GC@) i s  poor. 

1.5 Ove ra l l  s e n s i t i v i t y  o f  t h e  method i s  dependent upon t h e  l e v e l  o f  
i n te r f e rences  encountered i n  t h e  sample and the  presence o f  de tec tab le  
concent ra t ions  o f  v o l a t i l e  POHCs i n  blanks. The t a r g e t  de tec t i on  l i m i t  o f  t h i s  
method i s  0 .1 pg/m3 (ng/L) o f  f l u e  gas, t o  permi t  c a l c u l a t i o n  o f  a DRE equal t o  
o r  g rea te r  than  99.99% f o r  v o l a t i l e  POHCs which may be present  i n  t h e  waste 
stream a t  100 ppm. The upper end o f  t h e  range o f  appl i c a b i  1 i t y  o f  t h i s  method 
i s  l i m i t e d  by t h e  dynamic range o f  t h e  a n a l y t i c a l  inst rumentat ion,  t h e  o v e r a l l  
l oad ing  o f  o rgan ic  compounds on t he  exposed tubes, and breakthrough o f  t h e  
v o l a t i l e  POHCs on the  sorbent t r a p s  used t o  c o l l e c t  t h e  sample. Table 1 presents 
r e t e n t i o n  t imes and c h a r a c t e r i s t i c  ions f o r  v o l a t i l e  compounds which can be 
determined by t h i s  method. Table 2 presents method d e t e c t i o n  1 i m i t s  f o r  a range 
o f  vo l  a t  i 1 e compounds analyzed by t h e  wide- bore VOST method01 ogy. 

1.6 The wide-bore VOST a n a l y t i c a l  methodology 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  sorbent media, 
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  of mass spect 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 .  

2.0 SUMMARY OF METHOD 

2.1 The sorbent tubes are t he rma l l y  desorbed by hea t ing  and purg ing w i t h  
o r g a n i c - f r e e  helium. The gaseous e f f l u e n t  from t h e  tubes i s  bubbled through 
pre-purged o r g a n i c - f r e e  reagent water and trapped on an a n a l y t i c a l  sorbent t r a p  
i n  a purge-and- t rap u n i t  (F igure  2 ) .  A f t e r  desorpt ion, t h e  a n a l y t i c a l  sorbent 
t r a p  i s  heated r a p i d l y  and t h e  gas f l o w  from t h e  a n a l y t i c a l  t r a p  i s  d i r e c t e d  t o  
t h e  head o f  a wide-bore column under subambient cond i t ions .  The v o l a t i l e  organic 
con~pounds desorbed from t h e  a n a l y t i c a l  t r a p  are separated by temperature 
programmed h i g h  r e s o l u t i o n  gas chromatography and detected by cont inuously  
scanning 1 ow r e s o l  u t i  on mass spectrometry (F igure  3 ) .  Concentrat ions o f  v o l a t i l e  
o rgan ic  compounds are c a l  cu l  ated from a mu1 t i  - p o i n t  ca l  i b r a t i o n  curve, us ing t he  
method o f  response fac to rs .  

3.0 INTERFERENCES 

3 . 1  Sorbent tubes which are t o  be analyzed f o r  v o l a t i l e  organic  compounds 
can be contaminated by d i f f u s i o n  o f  v o l a t i l e  organic  compounds ( p a r t i c u l a r l y  
Freon@ r e f r i g e r a n t s  and common organic  so lven ts )  through the  ex te rna l  con ta iner  
(even through a Te f lon@ 1 ined  screw cap on a g lass  con ta iner )  and the  Swageloka 
sorbent tube caps du r i ng  shipment and storage. The sorbent tubes can a lso  be 
contaminated i f  organ ic  so lven ts  are present i n  t h e  a n a l y t i c a l  labora to ry .  The 
use o f  b lanks i s  essen t i a l  t o  assess t he  ex ten t  o f  any contaminat ion. F i e l d  
blanks must be prepared and taken t o  t h e  f i e l d .  The end caps o f  t he  tubes are 
removed f o r  t h e  pe r i od  o f  t ime requ i red  t o  exchange two p a i r s  o f  t r aps  on t h e  
VOST sarr~pl i n g  apparatus. The tubes are recapped and shipped and handled exac t l y  
as t h e  ac tua l  f i e l d  samples are shipped and handled. A t  l e a s t  one p a i r  o f  f i e l d  
blanks i s  inc luded w i t h  each s i x  p a i r s  o f  sample ca r t r i dges  co l l ec ted .  
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3.2 A t  l e a s t  one p a i r  o f  b l ank  c a r t r i d g e s  (one Tenax-GC@, one 
Tenax-GC@/charcoal) s h a l l  be i nc l uded  w i t h  shipment o f  c a r t r i d g e s  t o  a  hazardous 
waste i n c i n e r a t o r  s i t e  as t r i p  b lanks.  These t r i p  b lanks w i l l  be t r e a t e d  l i k e  
f i e l d  b lanks  except  t h a t  t h e  end caps w i l l  n o t  be removed d u r i n g  s to rage  a t  t h e  
s i t e .  Th i s  p a i r  o f  t r a p s  w i l l  be analyzed t o  mon i to r  p o t e n t i a l  con tamina t ion  
which may occur  d u r i n g  s torage and shipment. 

3.3 A n a l y t i c a l  system b lanks a re  r e q u i r e d  t o  demonstrate t h a t  
con tamina t ion  o f  t h e  purge-and- t rap u n i t  and t h e  gas chromatograph/~iiass 
spectrometer has n o t  occur red  o r  t h a t ,  i n  t h e  event  o f  a n a l y s i s  of so rben t  tubes 
w i t h  very  h i g h  concen t ra t i ons  o f  o rgan i c  compounds, no compound c a r r y o v e r  i s  
occu r r i ng .  Tenax@ f rom t h e  same p repa ra t i on  ba tch  as t h e  Tenax@ used f o r  f i e l d  
sampl ing should be used i n  t h e  p repa ra t i on  of t h e  method ( l a b o r a t o r y )  b lanks.  
A s u f f i c i e n t  number o f  c leaned Tenax@ tubes f rom t h e  same ba tch  as t h e  f i e l d  
samples should be reserved i n  t h e  l a b o r a t o r y  f o r  use as b lanks .  

3.4 Cross contanii  na t  i on can occur  whenever 1  ow-concentrat  i on samples a re  
analyzed a f t e r  h i gh -concen t ra t i on  samples, o r  when severa l  h i gh -concen t ra t i on  
samples a re  analyzed s e q u e n t i a l l y .  When an unusua l l y  concen t ra ted  sample i s  
analyzed, t h i s  a n a l y s i s  should be f o l l owed  by a method b lank  t o  e s t a b l i s h  t h a t  
t h e  a n a l y t i c a l  system i s  f r e e  o f  contaminat ion.  I f  a n a l y s i s  o f  a  b l ank  
demonstrates t h a t  t h e  system i s  contaminated, an a d d i t i o n a l  bake c y c l e  should be 
used. I f  t h e  a n a l y t i c a l  system i s  s t i l l  contaminated a f t e r  a d d i t i o n a l  baking, 
r o u t i n e  system maintenance should be performed: t h e  a n a l y t i c a l  t r a p  should be 
changed and cond i t i oned ,  r o u t i n e  c o l  umn maintenance should be performed ( o r  
replacement o f  t h e  column and c o n d i t i o n i n g  of t h e  new column, i f  necessary) ,  and 
bakeout o f  t h e  i o n  source ( o r  c l ean ing  of t h e  i o n  source and rods,  i f  r e q u i r e d ) .  
A f t e r  system maintenance has been performed, ana l ys i s  o f  a  b l a n k  i s  r e q u i r e d  t o  
demonstrate t h a t  t h e  c l e a n l i n e s s  o f  t h e  system i s  acceptable.  

3 . 5  I m p u r i t i e s  i n  t h e  purge gas and f rom organ ic  compounds ou t -gass ing  
i n  t u b i n g  account f o r  t h e  m a j o r i t y  o f  contami i ia t ion problems. The a n a l y t i c a l  
system must be demonstrated t o  be f r e e  f rom con tamina t ion  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  two se t s  o f  c lean,  b lank  sorbent  tubes w i t h  o rgan i c -  
f r e e  reagent  purge water  as system b lanks.  The a n a l y t i c a l  system i s  accep tab ly  
c l ean  when these two se t s  o f  b lank  tubes show va lues f o r  t h e  ana l y tes  which a re  
w i t h i n  one s tandard d e v i a t i o n  o f  t h e  normal system b lank.  Use o f  p l a s t i c  
coa t ings ,  non-Te f l  on@ th read  seal  ants,  o r  f l o w  c o n t r o l l e r s  w i t h  r ~ ~ b b e r  
components should be avoided. 

3.6 VOST tubes a re  handled i n  t h e  l a b o r a t o r y  t o  sp i ke  s tandards and t o  
p o s i t i o n  t h e  tubes w i t h i n  t h e  deso rp t i on  apparatus. When sorben t  media a re  
handled i n  t h e  1 abora to ry  atmosphere, con tamina t ion  i s  p o s s i b l e  i f  t h e r e  a re  
o rgan i c  so l ven t s  i n  use anywhere i n  t h e  l a b o r a t o r y .  It i s  t h e r e f o r e  necessary 
t o  make d a i l y  use o f  system b lanks  t o  mon i t o r  t h e  c l e a n l i n e s s  o f  t h e  sorbents  and 
t h e  absence o f  con tamina t ion  f rom t h e  a n a l y t i c a l  system. A s i n g l e  s e t  of system 
b lank  tubes s h a l l  be exposed t o  normal l a b o r a t o r y  hand l i ng  procedures and 
analyzed as a sample. Th i s  sample should be w i t h i n  one s tandard d e v i a t i o n  of 
normal VOST tube  b lanks  t o  demonstrate l a c k  o f  con tamina t ion  o f  t h e  sorben t  
medi a. 

3.7 I f  t h e  emiss ion source has a h i g h  co"nen t ra t ion  o f  non - ta rge t  o rgan i c  
compounds ( f o r  example, hydrocarbons a t  concen t ra t ions  o f  hundreds o f  ppm), t h e  
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presence o f  these  n o n - t a r g e t  compounds w i l l  i n t e r f e r e  w i t h  t h e  performance of t h e  
VOST a n a l y t i c a l  methodology.  I f  one or more o f  t h e  compounds o f  i n t e r e s t  
s a t u r a t e s  t h e  chromatograph ic  and mass s p e c t r o m e t r i c  i n s t r u m e n t a t i o n ,  no 
q u a n t i t a t i v e  c a l c u l a t i o n s  can be made and t h e  tubes which have been sampled under 
t h e  same c o n d i t i o n s  w i l l  y i e l d  no v a l i d  d a t a  f o r  any o f  t h e  s a t u r a t e d  compounds. 
I n  t h e  presence o f  a  v e r y  h i g h  o r g a n i c  l o a d i n g ,  even i f  t h e  compounds o f  i n t e r e s t  
a r e  n o t  s a t u r a t e d ,  t h e  i n s t r u m e n t a t i o n  i s  so s a t u r a t e d  t h a t  t h e  1  i n e a r  range has 
been surpassed. When i n s t r u m e n t  s a t u r a t i o n  occurs,  i t  i s  p o s s i b l e  t h a t  compounds 
o f  i n t e r e s t  cannot  even be i d e n t i f i e d  c o r r e c t l y  because a  s a t u r a t e d  mass 
spec t romete r  may m i s - a s s i g n  masses. Even i f  compounds o f  i n t e r e s t  can be 
i d e n t i f i e d ,  a c c u r a t e  q u a n t i t a t i v e  c a l c u l a t i o n s  a r e  i m p o s s i b l e  a t  d e t e c t o r  
s a t u r a t i o n .  No d e t e r m i n a t i o n  can be made a t  d e t e c t o r  s a t u r a t i o n ,  even i f  t h e  
t a r g e t  compound i t s e l f  i s  n o t  s a t u r a t e d .  A t  d e t e c t o r  s a t u r a t i o n ,  a  n e g a t i v e  b i a s  
wi  11 be encountered i n  a n a l y t i c a l  measurements and no accura te  c a l c u l a t i o n  can 
be made f o r  t h e  D e s t r u c t i o n  and Removal E f f i c i e n c y  i f  a n a l y t i c a l  va lues  may be 
b i a s e d  n e g a t i v e l y .  

3 . 8  The r e c o v e r i e s  o f  t h e  s u r r o g a t e  compounds, which a r e  s p i k e d  on t h e  
VOST tubes  immed ia te l y  b e f o r e  a n a l y s i s ,  shou ld  be mon i to red  c a r e f u l l y  as an 
o v e r a l l  i n d i c a t o r  o f  t h e  performance o f  t h e  methodology. S ince t h e  m a t r i x  of 
s t a c k  emiss ions  i s  so v a r i a b l e ,  o n l y  a  genera l  g u i d e l i n e  f o r  recovery  o f  50-150% 
can be used f o r  s u r r o g a t e s .  The a n a l y s t  cannot use t h e  s u r r o g a t e  r e c o v e r i e s  as 
a  g u i d e  f o r  c o r r e c t i o n  o f  compound r e c o v e r i e s .  The su r roga tes  a re  v a l u a b l e  o n l y  
as a  genera l  i n d i c a t o r  o f  c o r r e c t  o p e r a t i o n  o f  t h e  methodology. I f  su r roga tes  
a r e  n o t  observed o r  i f  r e c o v e r y  o f  one o r  more o f  t h e  s ~ ~ r r o g a t e s  i s  o u t s i d e  t h e  
50-150% range, t h e  VOST methodology i s  n o t  o p e r a t i n g  c o r r e c t l y .  The cause of t h e  
f a i l u r e  i n  t h e  methodology i s  n o t  obv ious.  The m a t r i x  o f  s t a c k  emissions 
c o n t a i n s  l a r g e  amounts o f  water ,  may be h i g h l y  a c i d i c ,  and may c o n t a i n  l a r g e  
amounts o f  t a r g e t  and n o n - t a r g e t  o r g a n i c  compounds. Chemical and s u r f a c e  
i n t e r a c t i o n s  may be o c c u r r i n g  on t h e  tubes.  I f  r e c o v e r i e s  o f  s u r r o g a t e  compounds 
a r e  e x t r e m e l y  l o w  o r  s u r r o g a t e  compounds cannot even be i d e n t i f i e d  i n  t h e  
a n a l y t i c a l  p rocess,  t h e n  f a i l u r e  t o  observe an a n a l y t e  may o r  may n o t  i m p l y  t h a t  
t h e  compound o f  i n t e r e s t  has been removed f rom t h e  emissions w i t h  a  h i g h  degree 
o f  e f f i c i e n c y  ( t h a t  i s ,  t h e  D e s t r u c t i o n  and Removal E f f i c i e n c y  f o r  t h a t  a n a l y t e  
i s  h i g h ) .  

4.0 APPARATUS AND MATERIALS 

4.1 Tube d e s o r p t i o n  apparatus:  Acceptab le  performance o f t h e m e t h o d o l o g y  
r e q u i r e s :  1) tempera tu re  r e g u l  a t  i on t o  ensure t h a t  t u b e  temperature  d u r i n g  
d e s o r p t i o n  i s  r e g u l a t e d  t o  180°C + 10"; 2)  good c o n t a c t  between tubes and t h e  
h e a t i n g  apparatus  t o  ensure t h a t  t h e  sorbent  bed i s  t h o r o u g h l y  and u n i f o r m l y  
heated t o  f a c i l  i t a t e  d e s o r p t i o n  o f  o r g a n i c  compounds; and 3) g a s - t i g h t  
connec t ions  t o  t h e  ends o f  t h e  tubes t o  ensure f l o w  o f  d e s o r p t i o n  gas th rough  t h e  
tubes  w i t h o u t  leakage d u r i n g  t h e  hea t ing /desorp t ion  process.  A  s imp le  c l a m s h e l l  
h e a t e r  wh ich w i l l  h o l d  tubes  which a r e  3/4" i n  o u t e r  d iamete r  w i l l  pe r fo rm 
a c c e p t a b l y  as a  d e s o r p t i o n  apparatus .  

4.2 Purge-and- t rap dev ice :  The pu rge-and- t rap  d e v i c e  c o n s i s t s  o f  t h r e e  
separa te  p i e c e s  o f  equipment:  a  sample purge vesse l ,  an a n a l y t i c a l  t r a p ,  and a  
desorber .  Complete dev ices  a r e  commerc ia l l y  a v a i l a b l e  f rom a  v a r i e t y  o f  sources, 
o r  t h e  separa te  components may be assembled. The c a r t r i d g e  thermal d e s o r p t i o n  
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apparatus i s  connected t o  t h e  sample purge vessel  by 1/8" Te f l on@ t u b i n g  
(unheated t r a n s f e r  1 i n e )  . The t u b i n g  which connects t h e  deso rp t i on  chamber t o  
t h e  sample purge vessel  should be as s h o r t  as i s  p r a c t i c a l .  

4.2.1 The sample purge vessel  i s  r e q u i r e d  t o  h o l d  5 mL o f  o rgan i c -  
f r e e  reagent  water,  through which t h e  gaseous e f f l u e n t  f rom t h e  VOST tubes 
i s  rou ted .  The water  column should be a t  l e a s t  3 cm deep. The gaseous 
headspace between t h e  water  column and t h e  a n a l y t i c a l  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 th rough t h e  
water  column as f i n e l y  d i v i d e d  bubbles w i t h  a d iameter  o f  l e s s  t han  3 mm 
a t  t h e  o r i g i n .  The sample purger  shown i n  F igu re  4 meets these 
requi rements.  A1 t e r n a t e  sample pu rg ing  vessel  s may be used i f equi  v a l  e n t  
performance i s demonstrated. 

4.2.2 The a n a l y t i c a l  t r a p  must be a t  l e a s t  25 cm and have an 
i n t e r n a l  d iameter  o f  a t  l e a s t  0.105 i n .  'The a n a l y t i c a l  t r a p  must c o n t a i n  
t h e  f o l l o w i n g  components: 

2,6-di  phenylene ox ide  polymer: 60/80 mesh, chromatograph grade 
(Tenax-GC@, o r  e q u i v a l e n t )  

methyl  s i l  i cone  packing: OV-1 (3%) on Chromosorb-W 60/80 
mesh, o r  e q u i v a l e n t  

s i l i c a  g e l :  

coconut charcoal  : 

35/60 mesh, Davi son grade 15 o r  
equ i va len t  

prepare f rom Barneby Cheney, 
CA-580-26, o r  equ i va len t ,  by 
c rush ing  through 26 mesh 
screen. 

The p r o p o r t i o n s  are:  1/3 Tenax-GC@, 1/3 s i l i c a  g e l ,  and 1/3 
charcoa l ,  w i t h  approx imate ly  1.0 cm o f  methyl  s i l i c o n e  pack ing.  The 
a n a l y t i c a l  t r a p  should be cond i t i oned  f o r  f o u r  hours a t  180°C w i t h  gas f l o w  
(10 mL/min) p r i o r  t o  use i n  sample ana l ys i s .  Dur ing  c o n d i t i o n i n g ,  t h e  
e f f l u e n t  o f  t h e  t r a p  should n o t  be vented t o  t h e  a n a l y t i c a l  column. The 
thermal  deso rp t i on  apparatus i s  connected t o  t h e  i n j e c t i o n  system o f  t h e  
mass spect rometer  by a t r a n s f e r  1 i n e  which i s  heated t o  100°C. 

4.2.3 The desorber must be capable o f  r a p i d l y  h e a t i n g  t h e  a n a l y t i c a l  
t r a p  t o  180°C f o r  desorp t ion .  The polymer s e c t i o n  o f  t h e  t r a p  should n o t  
exceed 180°C, and t h e  remain ing sec t ions  should n o t  exceed 220°C, d u r i n g  
bake-out mode. 

4.3 Gas chromatograph/mass spectrometer/data system: 

4.3.1 Gas chromatograph: An a n a l y t i c a l  system complete w i t h  a 
temperature programmable oven w i t h  sub-ambient temperature c a p a b i l i t i e s  
and a1 1 r e q u i r e d  accessor ies,  i n c l  ud ing  syr inges,  a n a l y t i c a l  c o l  umns, and 
gases. 
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4.3.2 Chromatographic column: 30 m x 0.53 mm I D  wide-bore fused 
s i l i c a  c a p i l l a r y  column, 3 p m  f i l m  th ickness,  DB-624 o r  equ iva len t .  

4.3.3 Mass spectrometer.: capable o f  scanning from 35-260 amu every 
second o r  l ess ,  us i ng  70 eV (nominal)  e l e c t r o n  energy i n  t h e  e l e c t r o n  
i o n i z a t i o n  mode and producing a mass spectrum t h a t  meets a l l  o f  t he  
c r i t e r i a  i n  Table 3 when 50 ng o f  4-bromofluorobenzene (BFB) i s  i n j e c t e d  
i n t o  t h e  water i n  t h e  purge vessel .  

4.3.4 Gas chromatograph/mass spectrometer i n t e r f ace :  Any gas 
chromatograph t o  mass spectrometer i n t e r f a c e  t h a t  g i ves  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  pe r  i n j e c t i o n  o f  each o f  t h e  analy tes,  
and achieves t he  performance c r i t e r i a  f o r  4-bromofl uorobenzene shown i n  
Table 3, may be used. I f  a g l ass  j e t  separator  i s  used w i t h  t he  wide-bore 
column, a he1 ium make-up f l o w  o f  approximately 15 mL, in t roduced a f t e r  the  
end o f  t h e  column and p r i o r  t o  t h e  entrance o f  t he  e f f l u e n t  t o  t h e  
separator ,  w i l l  be requ i red  f o r  optimum performance. 

4.3.5 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 s torage on machine readable media o f  a l l  mass spect 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 sof tware t h a t  
a l lows  search ing any gas chromatographic/mass spect rometr ic  data f i l e  f o r  
ions  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 number. Th is  t ype  o f  p l o t  i s  de f ined  as an Ex t rac ted  I o n  Current 
P r o f i l e  (EICP). Software must a lso  be a v a i l a b l e  t h a t  a l lows  t he  
i n t e g r a t i o n  o f  t h e  i o n  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 recen t  ve rs ion  o f  t h e  EPA/NIST Mass Spect ra l  
L i b r a r y  should a l s o  be a v a i l  able.  

4.4 Wrenches: 9/16", 1/2", 7/16", and 5/16". 

4.5 Te f lon@ tub ing :  1/8" diameter.  

4.6 Syr inges:  25 p L  sy r inges  (2), 10 p L  syr inges ( 2 ) .  

4.7 F i t t i n g s :  1/4" nuts,  1/8" nuts ,  1/16" nuts ,  1/4" t o  1/8" union, 1/4" 
t o  1/4" union, 1/4" t o  1/16" union. 

4.8 Ad jus tab le  stand t o  r a i s e  t h e  l e v e l  o f  t h e  desorp t ion  u n i t ,  i f  
requ i red .  

4 . 9  Volumetr ic  f l a s k s :  5 mL, c l ass  A w i t h  ground g lass  stopper.  

4.10 I n j e c t o r  p o r t  o r  equ iva len t ,  heated t o  180°C f o r  l oad ing  standards 
on to  VOST tubes p r i o r  t o  ana l ys i s .  

4.11 V i a l s :  2 mL, w i t h  Te f lon@ l i n e d  screw caps o r  cr imp tops .  

4.12 Syr inge: 5 mL, g a s - t i g h t  w i t h  s h u t o f f  va lve.  
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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  
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  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 ic - f ree  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. 

5.2.1 It i s  adv isab le  t o  ma in ta i n  t h e  s tock  o f  o r g a n i c - f r e e  reagent  
water  generated f o r  use i n  t h e  purge-and- t rap apparatus w i t h  a  cont inuous 
stream o f  i n e r t  gas bubbled through t h e  water .  Continuous bubb l i ng  o f  t h e  
i n e r t  gas ma in ta ins  a  p o s i t i v e  pressure o f  i n e r t  gas above t h e  water  as a  
safeguard aga ins t  contaminat ion.  

5.3 Methanol, CH,OH. P e s t i c i d e  qua1 i t y  o r  equ i va len t .  To avo id  
con tamina t ion  w i t h  o t h e r  l a b o r a t o r y  so lven ts ,  i t  i s  adv i sab le  t o  ma in ta i n  a  
separate s tock  o f  methanol f o r  t h e  p repa ra t i on  o f  standards f o r  VOST a n a l y s i s  and 
t o  r e g u l a t e  t h e  use o f  t h i s  methanol ve ry  c a r e f u l l y .  

5.4 Stock s tandard 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  can be purchased as c e r t i f i e d  s o l u t i o n s .  Stock s tandard s o l u t i o n s  
must be prepared i n  h i g h  p u r i t y  methanol. A l l  p repa ra t i on  o f  s tandards should 
t ake  p l ace  i n  a  hood, bo th  t o  avo id  con tamina t ion  and t o  ensure sa fe ty  o f  t h e  
ana l ys t  p repa r i ng  t h e  standards. 

5.4.1 Place about 4  mL o f  h i g h  p u r i t y  methanol i n  a  5  mL v o l u m e t r i c  
f l a s k .  A l l o w  t h e  f l a s k  t o  stand, unstoppered, f o r  about 10 min, o r  u n t i l  
a1 1  a l coho l  wet ted sur faces  have d r i e d .  

5.4.1.1 Add app rop r i a te  vo l  umes o f  nea t  1  i q u i d  chemicals 
o r  c e r t i f i e d  s o l u t i o n s ,  us i ng  a  sy r i nge  o f  t h e  a p p r o p r i a t e  volume. 
L i q u i d  which i s  added t o  t h e  vo lume t r i c  f l a s k  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 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 .  Gaseous 
standards can be purchased as methanol s o l u t i o n s  f rom severa l  
commerci a1 vendors. 

5 .4 .1 .2 D i l u t e  t o  volume w i t h  h i g h  p u r i t y  methanol, 
s topper ,  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 .  Calcu- 
l a t e  concen t ra t i on  by t h e  d i l u t i o n  o f  c e r t i f i e d  s o l u t i o n s  o r  neat  
chemical s  . 
5.4.2 T rans fe r  t h e  s tock  standard s o l u t i o n  i n t o  a  Te f l on@ sealed 

screw cap b o t t l e .  An amber b o t t l e  may be used. S to re ,  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 .  

5.4.3 Prepare f r e s h  standards every two months f o r  gases. Reac t i ve  
conipounds such as 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  s tandards 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 i n d i c a t e s  a  problem. 
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5.5 Secondary d i l u t i o n  standards: Using s tock  standard so lu t i ons ,  
prepare, i n  h i g h  p u r i t y  methanol, secondary d i  l u t i o n  standards con ta in i ng  the  
cornpounds o f  i n t e r e s t ,  e i t h e r  s- ing ly  o r  mixed toge ther .  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 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  prepar ing 
c a l i b r a t i o n  standards from them. 

5.6 Surrogate standards: The recommended surrogates are t o1  uene-d,, 
4-bromofl  uorobenzene, and 1,2-dichloroethane-d,. Other compounds may be used as 
su r roga te  compounds, depending upon t h e  requirements o f  t h e  ana l ys i s .  Surrogate 
compounds a re  se lec ted  t o  span t h e  e l u t i o n  range o f  t h e  compounds o f  i n t e r e s t .  
I s o t o p i c a l  l y  l abel ed compounds are se lec ted  t o  prec lude t h e  observa t ion  o f  t he  
same compounds i n  t he  s tack  emissions. More than  one sur roga te  i s  used so t h a t  
su r roga te  measurements can s t i l l  be made even i f  a n a l y t i c a l  i n t e r f e rences  w i t h  
one o r  more o f  t h e  sur roga te  compounds are encountered. However, a t  l e a s t  t h ree  
su r roga te  compounds should be used t o  mon i to r  the  performance o f  t h e  methodology. 
A s tock  sur roga te  compound s o l u t i o n  i n  h i g h  p u r i t y  methanol should be prepared 
as descr ibed  i n  Sec. 5.4, and a surrogate standard s p i k i n g  s o l u t i o n  should be 
prepared f rom t h e  s tock  a t  a concen t ra t ion  o f  250 pg/10 mL i n  h i g h  p u r i t y  
methanol. Each p a i r  o f  VOST tubes ( o r  each i n d i v i d u a l  VOST tube, i f  t h e  tubes 
a re  analyzed separa te ly )  must be sp iked w i t h  10 p L  o f  t h e  surrogate sp i k i ng  
s o l u t i o n  p r i o r  t o  GC/MS ana l ys i s .  

5.7 I n t e r n a l  standards : The recommended i n t e r n a l  standards a re  
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 l o n g  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 be ing analyzed by GC/MS. The i n t e r n a l  standards should be 
d i s t r i b u t e d  through t he  chromatographic e l u t i o n  range. 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  h i g h  p u r i t y  methanol us ing  t he  
procedures descr ibed i n  Secs. 5.2 and 5.3. The secondary d i l u t i o n  standard 
should be prepared a t  a concen t ra t ion  o f  25 mg/L o f  each o f  t he  i n t e r n a l  standard 
compounds. A d d i t i o n  of 10 p L  o f  t h i s  i n t e r n a l  standard s o l u t i o n  t o  each p a i r  
o f  VOST tubes ( o r  t o  each VOST tube, i f  t he  tubes are analyzed i n d i v i d u a l l y )  i s  
t he  equ i va len t  o f  250 ng t o t a l .  

5.8 4-Bromofl uorobenzene (BFB) standard: A standard s o l u t i o n  con ta in i ng  
25 ng/pL o f  BFB i n  h igh  p u r i t y  methanol should be prepared f o r  use as a t un ing  
s tandard.  

5.9 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  
concen t ra t i ons  w i l l  be r e q u i r e d  from the  secondary d i l u t i o n  o f  s tock  standards 
(see Secs. 5.2 and 5.3) .  A range o f  concen t ra t ions  f o r  c a l i b r a t i o n  can be 
ob ta ined  by use o f  d i f f e r e n t  volumes o f  a 50 mg/L methanol s o l u t i o n  o f  the 
c a l i b r a t i o n  standards. One o f  t he  concent ra t ions  used should be 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 .  The remaining 
concent r a t i o n s  should correspond t o  t he  expected range o f  concen t ra t ions  found 
i n  f i e l d  samples b u t  should n o t  exceed t he  1 i nea r  range o f  t he  GC/MS a n a l y t i c a l  
system (a t y p i c a l  range f o r  a c a l i b r a t i o n  would be 10, 50, 100, 350, and 500 ng, 
f o r  example). Each c a l  i b r a t i o n  standard should con ta in  each ana ly te  f o r  
d e t e c t i o n  by t h i s  method. S to re  c a l i b r a t i o n  standards f o r  one week o n l y  i n  a 
v i a l  w i t h  no headspace. 
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5.10 Great ca re  must be taken t o  ma in ta i n  t h e  i n t e g r i t y  o f  a l l  s tandard 
s o l u t i o n s .  A l l  standards of v o l a t i l e  co~iipounds i n  methanol must be s to red  a t  
-10" t o  -20°C i n  amber b o t t l e s  w i t h  Te f lon@ l i n e d  screw caps o r  c r imp  tops .  I n  
a d d i t i o n ,  c a r e f u l  a t t e n t i o n  must be p a i d  t o  t h e  use o f  sy r inges  des ignated f o r  
a s p e c i f i c  purpose o r  f o r  use w i t h  o n l y  a s i n g l e  s tandard s o l u t i o n  s i nce  c ross  
con tamina t ion  o f  v o l a t i l e  o rgan ic  standards can occurs very  r e a d i l y .  

6.0 SAMPLE COLLECTION, PRESERVATION, AND HANDLING 

6.1 See Method 0030 f o r  t h e  VOST Sampling Methodology. 

6.2 VOST samples a re  c o l l e c t e d  on p a i r e d  c a r t r i d g e s .  The f i r s t  o f  t h e  
p a i r  o f  sorbent  c a r t r i d g e s  i s  packed w i t h  approx imate ly  1.6 g o f  Tenax-GC@ 
r e s i n .  The second c a r t r i d g e  o f  t h e  p a i r  i s  packed w i t h  Tenax-GC@ and pet ro leum 
based charcoal  ( 3 : l  by volume; approx imate ly  1 g o f  each).  I n  sampling, t h e  
emissions gas stream passes through t h e  Tenax-GC@ l a y e r  f i r s t  and then  through 
t h e  charcoal  l a y e r .  The Tenax-GC@ i s  c leaned and reused; charcoal  i s  n o t  reused 
when tubes a re  prepared. Sorbent i s  c leaned and t h e  tubes a r e  packed. The tubes 
a re  desorbed and sub jec ted  t o  a b lank  check p r i o r  t o  be ing  sent  t o  t h e  f i e l d .  
When t h e  tubes a re  used f o r  sampling (see F igure  5 f o r  a schematic diagram o f  t h e  
V o l a t i l e  Organic Sampling T r a i n  (VOST)), c o o l i n g  water  i s  c i r c u l a t e d  t o  t h e  
condensers and t h e  temperature o f  t h e  c o o l i n g  water  i s  ma in ta ined  near  0°C. The 
end caps o f  t h e  sorbent  c a r t r i d g e s  a re  p laced i n  a c lean,  screw capped g lass  
con ta ine r  d u r i n g  sample c o l  1 e c t  i on. 

6.3 A f t e r  t h e  apparatus i s  l e a k  checked, sample c o l l e c t i o n  i s  
accomplished by opening t h e  va l ve  t o  t h e  f i r s t  condenser, t u r n i n g  on t h e  pump, 
and sampl i n g  a t  a r a t e  o f  1 1 i ter /m in  f o r  20 minutes. The volume o f  sample f o r  
any p a i r  o f  t r a p s  should n o t  exceed 20 1 i t e r s .  An a1 t e r n a t i v e  s e t  o f  c o n d i t i o n s  
f o r  sample c o l l e c t i o n  r e q u i r e s  sampl i n g  a t  a reduced f l o w  r a t e ,  where t h e  o v e r a l l  
volume o f  sample c o l l e c t e d  i s  5 1 i t e r s  a t  a r a t e  o f  0.25 L/niin f o r  20 minutes.  
The 20 minu te  p e r i o d  i s  r e q u i r e d  f o r  c o l l e c t i n g  an i n t e g r a t e d  sample. 

6.4 Fo l l ow ing  c o l l e c t i o n  o f  20 l i t e r s  o f  sample, t h e  t r a i n  i s  l e a k  
checked a second t i m e  a t  t h e  h i ghes t  pressure drop encountered d u r i n g  t h e  r u n  t o  
m in im ize  t h e  chance o f  vacuum deso rp t i on  o f  o rgan ics  f rom t h e  Tenax@. 

6.5 The t r a i n  i s  r e tu rned  t o  atmospheric p ressure  and t h e  two sorbent  
c a r t r i d g e s  a r e  removed. The end caps a re  rep laced  and t h e  c a r t r i d g e s  a r e  p laced 
i n  a s u i t a b l e  environment f o r  s to rage  and t r a n s p o r t  u n t i l  a n a l y s i s .  The sample 
i s  cons idered i n v a l i d  i f  t h e  l e a k  t e s t  does n o t  meet s p e c i f i c a t i o n s .  

6.6 A new p a i r  o f  c a r t r i d g e s  i s  p laced i n  t h e  VOST, t h e  VOST i s  l e a k  
checked, and t h e  sample c o l l e c t i o n  process i s  repeated u n t i l  s i x  p a i r s  o f  t r a p s  
have been exposed. 

6.7 A l l  sample c a r t r i d g e s  a re  kept  i n  coo le r s  on c o l d  packs a f t e r  
exposure and d u r i n g  shipment. Upon r e c e i p t  a t  t h e  1 aboratory ,  t h e  c a r t r i d g e s  a re  
s to red  i n  a r e f r i g e r a t o r  a t  4°C u n t i l  a n a l y s i s .  
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7.0 PROCEDURE 

7.1 Recommended opera t ing  cond i t i ons  f o r  c a r t r i d g e  desorber, 
purge-and- t rap u n i t ,  and gas chromatograph/mass spectrometer us ing t he  wide-bore 
column are: 

Ca r t r i dqe  Desorpt ion Oven 
Desorb Temperature 
Desorb Time 
Desorpt ion Gas Flow 
Desorp t ion /Car r ie r  Gas 

11 minutes 
40 mL/min 
He1 i um, Grade 5.0 

Purqe-and-Trap Concentrator 
A n a l y t i c a l  Trap Desorpt i on F l  ow 2.5 mL/mi n he1 i um 
purge ~ e m ~ e r a t u r e  ~ m b i  en t  
Purge Time 11 minutes 
A n a l y t i c a l  Trap Desorb Temperature 180°C 
A n a l y t i c a l  Trap Desorb Time 5 minutes 

Gas Chromatoqraph 
Col umn DB-624, 0.53 mm I D  x 30 m t h i c k  

f i l m  ( 3  ,urn) fused s i l i c a  c a p i l l a r y ,  
o r  equi va l  en t  
15 mL/min 
15 mL/mi n 
200°C 
240°C 
5°C 
2 minutes 
6"C/mi n 
240°C 
1 minute, o r  u n t i l  e l u t i o n  ceases 

C a r r i e r  Gas Flow 
Makeup Gas Flow 
I n j e c t o r  Ten~perature 
Transfer Oven Temperature 
I n i  t i a1 Temperature 
I n i t i a l  Hold Time 
Program Rate 
F i n a l  Temperature 
F i n a l  Hold Time 

Mass Spectrometer 
Mani f o l d  Temperature 
Scan Rate 
Mass Range 
E lec t ron  Energy 
Source Temperature 

1 sec/cycle 
35-260 amu 
70 eV (nominal ) 
Acco rd ing  t o  manu fac tu re r ' s  
speci f i c a t i  ons 

7.2 Each GC/MS system must be hardware tuned t o  meet t he  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  4-bromofl uorobenzene (2 ,uL i n j e c t i o n  o f  t he  BFB 
standard s o l u t i o n  i n t o  t h e  water o f  t he  purge vessel ) .  No analyses may be 
i n i t i a t e d  u n t i l  t h e  c r i t e r i a  presented i n  Table 3 are met. 

7.3 Assembl e a purge-and- t rap dev ice t h a t  meets t he  s p e c i f i c a t i o n s  i n  
Method 5030. Cond i t ion  t h e  a n a l y t i c a l  t r a p  overn ight  a t  180°C i n  t he  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 each day, cond i t i on  
t h e  t r a p  f o r  10 minutes by back f lush ing  a t  180°C, w i t h  t he  column a t  220°C. 

7.4 Connect t h e  purge-and-trap dev ice t o  a gas chromatograph. 
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7.5 Assemble a VOST tube deso rp t i on  apparatus which meets t h e  
requi rements o f  Sec. 4.1. 

7.6 Connect t h e  VOST tube  deso rp t i on  apparatus t o  t h e  purge-and- t rap  
u n i t  . 

7.7 C a l i b r a t e  t h e  ins t rument  us ing  t h e  i n t e r n a l  s tandard procedure, w i t h  
standards and c a l i b r a t i o n  compounds sp iked on to  cleaned VOST tubes f o r  
c a l  i b r a t  i on. 

7.7.1 Compounds i n  methanol i c  s o l u t i o n  a re  sp iked  on to  VOST tubes 
us ing  t h e  f l a s h  evapora t ion  technique.  To per fo rm f l a s h  evapora t ion ,  t h e  
i n j e c t o r  o f  a  gas chromatograph o r  an equ i va len t  p i ece  o f  equipment i s  
r equ i red .  

7.7.1.1 Prepare a sy r i nge  w i t h  t h e  a p p r o p r i a t e  volume o f  
methano l i c  s tandard s o l u t i o n  ( e i t h e r  surrogates,  i n t e r n a l  standards, 
o r  c a l  i b r a t  i on compounds). 

7.7.1.2 Wi th  t h e  i n j e c t o r  p o r t  heated t o  180°C, and w i t h  
an i n e r t  gas f l o w  o f  10 mL/min through t h e  i n j e c t o r  p o r t ,  connect 
t h e  p a i r e d  VOST tubes (connected as i n  F igu re  1, w i t h  gas f l o w  i n  
t h e  same d i r e c t i o n  as t h e  sarr~pl.ing gas f l o w )  t o  t h e  i n j e c t o r  p o r t ;  
t i g h t e n  w i t h  a  wrench so t h a t  t h e r e  i s  no leakage o f  gas. I f  
separate tubes a re  be ing analyzed, an i n d i v i d u a l  Tenax@ o r  
Tenax@/charcoal tube  i s  connected t o  t h e  i n j e c t o r .  

7.7.1.3 A f t e r  d i r e c t i n g  t h e  gas f l o w  th rough t h e  VOST 
tubes, s l o w l y  i n j e c t  t h e  f i r s t  s tandard s o l u t i o n  over  a  p e r i o d  o f  25 
seconds. Wait f o r  5  sec be fo re  wi thdrawing t h e  s y r i n g e  f rom t h e  
i n j e c t o r  p o r t .  

7.7.1.4 I n j e c t  a  second s tandard ( i f  r e q u i r e d )  over  a  
p e r i o d  o f  25 seconds and w a i t  f o r  5  sec be fo re  w i thdrawing  t h e  
s y r i n g e  f rom t h e  i n j e c t o r  p o r t .  

7.7.1.5 Repeat t h e  sequence above as r e q u i r e d  u n t i l  a l l  o f  
t h e  necessary compounds a re  sp iked  onto t h e  VOST tubes.  

7.7.1.6 Wait f o r  30 seconds, w i t h  gas f l ow ,  a f t e r  t h e  1 a s t  
sp i ke  be fo re  d isconnec t ing  t h e  tubes. The t o t a l  t i m e  t h e  tubes a re  
connected t o  t h e  i n j e c t o r  p o r t  w i t h  gas f l o w  should n o t  exceed 2.5 
minutes.  To ta l  gas f l o w  through t h e  tubes d u r i n g  t h e  s p i k i n g  
process should n o t  exceed 25 mL t o  prevent  break th rough o f  adsorbed 
compounds d u r i n g  t h e  s p i k i n g  process. To a l l o w  more t i m e  f o r  
connec t ing  and d isconnec t ing  tubes, an o n / o f f  va l ve  may be i n s t a l l e d  
i n  t h e  gas l i n e  t o  t h e  i n j e c t o r  p o r t  so t h a t  gas i s  n o t  f l o w i n g  
th rough t h e  tubes d u r i n g  t h e  connection/disconnection process. 

7.8 Prepare t h e  purge-and- t rap u n i t  w i t h  5  mL o f  o r g a n i c - f r e e  reagent  
water  i n  t h e  purge vessel .  
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7.9 Connect t he  p a i r e d  VOST tubes t o  t he  gas l i n e s  i n  t he  tube desorp t ion  
u n i t .  The tubes must be connected so t h a t  t he  gas f l o w  d u r i n g  desorp t ion  w i l l  
be oppos i te  t o  t h e  f l o w  o f  gas du r i ng  sampling: i .e., t he  tube desorp t ion  gas 
passes through t h e  charcoal  p o r t i o n  o f  t h e  tube f i r s t .  An on /o f f  va lve  may be 
i n s t a l l e d  i n  t h e  gas 1  i n e  l e a d i n g  t o  t h e  tube desorp t ion  u n i t  i n  o rder  t o  prevent  
f l o w  o f  gas th roygh  t h e  tubes du r i ng  t h e  connect ion process. 

7.10 I n i t i a t e  tube desorpt ion/purge and hea t ing  o f  t h e  VOST tubes i n  t he  
deso rp t i on  apparatus. 

7.11 Set t h e  oven o f  t h e  gas chromatograph t o  subambient temperatures by 
c o o l i n g  w i t h  l i q u i d  n i t r ogen .  

7.12 Prepare t h e  GC/MS system f o r  da ta  a c q u i s i t i o n .  

7.13 A t  t h e  conc lus ion  o f  t h e  tube/water purge t ime,  a t t ach  t h e  a n a l y t i c a l  
t r a p  t o  t h e  gas chromatograph, a d j u s t  t h e  purge-and-trap dev ice t o  t h e  desorb 
mode, and i n i t i a t e  t h e  gas chromatographic program and t h e  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  trapped 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 ing  t he  a n a l y t i c a l  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 a t  2.5 mL/min f o r  5 min. I n i t i a t e  t he  
program f o r  t h e  gas chromatograph and s imul taneously  i n i t i a t e  da ta  a c q u i s i t i o n  
on t h e  GC/MS system. 

7.14 While t he  a n a l y t i c a l  t r a p  i s  be ing desorbed i n t o  t h e  gas 
chromatograph, empty t h e  purg ing  vessel .  Wash t h e  purg ing  vessel 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 fo l lowed by 
o rgan i  c - f r e e  reagent water)  t o  avo id  car ryover  o f  ana ly tes  i n t o  subsequent 
analyses . 

7.15 A f t e r  t h e  sample has been desorbed, r e c o n d i t i o n  t h e  a n a l y t i c a l  t r a p  
by employing a  bake c y c l e  on t h e  purge-and- t rap u n i t .  The a n a l y t i c a l  t r a p  may 
be baked a t  temperatures up t o  220°C. However, ex tens ive  use of h igh  
temperatures t o  r e c o n d i t i o n  t h e  t r a p  w i l l  shorten t he  use fu l  l i f e  o f  t he  
a n a l y t i c a l  t r a p .  A f t e r  approximately 11 minutes, te rmina te  t h e  t r a p  bake and 
cool  t h e  t r a p  t o  ambient temperatures i n  p repara t ion  f o r  t h e  next  sample. Th is  
procedure i s  a  convent ion f o r  reasonable samples and should be adequate i f  the  
concen t ra t i on  o f  contaminat ion does n o t  sa tu ra te  t he  a n a l y t i c a l  system. I f  t h e  
o rgan ic  compound concen t ra t i on  i s  so h i gh  t h a t  t h e  a n a l y t i c a l  system i s  sa tu ra ted  
beyond t h e  p o i n t  where even extended system bakeout i s  n o t  s u f f i c i e n t  t o  c lean 
t h e  system, a  more ex tens ive  system maintenance must be performed. To perform 
ex tens i ve  system maintenance, t h e  a n a l y t i c a l  t r a p  i s  rep laced and t he  new t r a p  
i s  cond i t i oned .  Maintenance i s  performed on t he  GC column by removing a t  l e a s t  
one f o o t  f rom the  f r o n t  end o f  the  column. I f  the  chromatography does no t  
recover  a f t e r  column maintenance, the  chromatographic column must be replaced. 
The i o n  source should be baked ou t  and, i f  t he  bakeout i s  no t  s u f f i c i e n t  t o  
r e s t o r e  mass spec t romet r i c  peak shape and s e n s i t i v i t y ,  t h e  i o n  source and t h e  
quadrupol e  rods must be cleaned. 

7.16 I n i t i a l  c a l i b r a t i o n  f o r  t h e  ana l ys i s  of VOST tubes: It i s  essen t i a l  
t h a t  c a l  i b r a t i o n  be perforrned i n  t h e  mode i n  which ana l ys i s  w i l l  be performed. 
I f  tubes a re  be ing  analyzed as p a i r s ,  c a l i b r a t i o n  standards should be prepared 
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on p a i r e d  tubes. I f  tubes a re  be ing  analyzed i n d i v i d u a l l y ,  a c a l i b r a t i o n  should 
be performed on i n d i v i d u a l  Tenax@ o n l y  tubes and Tenax@/charcoal tubes.  

7.16.1 Prepare t h e  c a l  i b r a t  i o n  standards by s p i  k i n g  VOST tubes 
us ing  t h e  procedure descr ibed  i n  Sec. 7.7.1. Sp ike  each p a i r  o f  VOST 
tubes ( o r  each o f  t h e  i n d i v i d u a l  tubes)  immediate ly  b e f o r e  ana l ys i s .  
Perform t h e  c a l i b r a t i o n  analyses i n  o rde r  from l ow  c o n c e n t r a t i o n  t o  h i g h  
t o  min imize t h e  compound car ryover .  Add 5.0 mL o f  o r g a n i c - f r e e  reagent  
wa te r  t o  t h e  purg ing  vessel .  I n i t i a t e  tube  desorb/purge accord ing  t o  t h e  
procedure descr ibed  above. 

7.16.2 Tabulate t h e  area response o f  t h e  c h a r a c t e r i s t i c  p r imary  
i ons  (Table 1) aga ins t  concen t ra t i on  f o r  each t a r g e t  compound, each 
su r roga te  compound, and each i n t e r n a l  standard. The f i r s t  c r i t e r i o n  f o r  
q u a n t i t a t i v e  a n a l y s i s  i s  c o r r e c t  i d e n t i f i c a t i o n  o f  compounds. The 
compounds must e l u t e  w i t h i n  2 0.06 r e t e n t i o n  t ime  u n i t s  o f  t h e  e l u t i o n  
t i m e  o f  t h e  s tandard analyzed on t h e  same a n a l y t i c a l  system on t h e  day o f  
t h e  a n a l y s i s .  The ana l y tes  should be q u a n t i t a t e d  r e l a t i v e  t o  t h e  c l o s e s t  
e l u t i n g  i n t e r n a l  standard, accord ing  t o  t h e  scheme shown i n  Table 4. 
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  ve t o  t h e  i n t e r n a l  
s tandard shown i n  Table 4. The i n t e r n a l  s tandard se lec ted  f o r  t h e  
c a l c u l a t i o n  o f  RF i s  t h e  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 be ing  measured. 'The RF i s  c a l c u l a t e d  as f o l l o w s :  

where : 

A, = 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 be ing  
measured. 

A, = 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 = concen t ra t i on  o f  t h e  s p e c i f i c  i n t e r n a l  s tandard.  

C, = concen t ra t i on  o f  t h e  compound be ing  measured. 

7.16.3 The average RF must be c a l c u l a t e d  f o r  each compound. A 
system performance check should be made before t h e  c a l i b r a t i o n  curve  i s  
used. F i v e  compounds ( t h e  System Performance Check Compounds, o r  SPCCs) 
a re  checked f o r  a minimum average response f a c t o r .  These compounds a re  
chloromethane, 1 , l -d ich lo roe thane,  bromoform, 1,1,2,2-tetrachloroethane, 
and c h l  orobenzene. The minimum acceptable average RF f o r  these  compounds 
should be 0.300 (0.250 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 compound i n s t a b i l i t y  and check f o r  
degrada t 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 h e  system. 
Exa~iipl es o f  these occurrences are:  

7.16.3.1 Chloromethane: Th i s  compound i s  t h e  most l i k e l y  
compound t o  be l o s t  i f  t h e  purge f l o w  i s  t o o  f a s t .  
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7.16.3.2 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 oo  slow. 
Cold spots  and/or a c t i v e  s i t e s  i n  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 h e  pr imary 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 he  t u n i n g  f o r  4-bromofluorobenzene a t  t he  
i ons  o f  masses 174 and 176. Inc reas ing  t he  r a t i o  o f  ions  174 and 176 
t o  mass 95 ( t h e  base peak o f  t h e  mass spectrum of 
bromof l  uorobenzene) may iniprove bromoform response. 

7.16.3.3 l,1,2,2-Tetrachloroethane and1, l -d ich loroethane:  
These compounds a re  degraded by contaminated t r a n s f e r  l i n e s  i n  
purge-and- t rap systems and/or a c t i v e  s i t e s  i n  t r a p p i n g  ma te r i a l s .  

7.16.4 Using t h e  response f a c t o r s  f rom the  i n i  t i  a1 c a l  i bra t i on ,  
c a l c u l a t e  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  t he  
Cal i b r a t  i on Check Compounds (CCCs) . 

where: 

%RSD - - percent  re1  a t i v e  standard d e v i a t i o n  

RF, - - i n d i v i d u a l  RF measurement 
- 
R F - - mean o f  5 i n i t i a l  RFs f o r  a compound ( t h e  5 p o i n t s  

over  t h e  c a l  i b r a t  i o n  range) 

SD - - standard d e v i a t i o n  o f  average RFs f o r  a compound, 
where SD i s  ca lcu la ted :  

The %RSD f o r  each i n d i v i d u a l  CCC should be l e s s  than 30 percent.  
Th i s  c r i t e r i o n  must be met i n  o rder  f o r  t he  i n d i v i d u a l  c a l i b r a t i o n  t o  be 
v a l  i d .  The CCCs are: 1 , l - d i c h l  oroethene, chloroform, 1,2-dichloropropane, 
t o 1  uene, e t h y l  benzene, and v i n y l  ch lo r i de .  

7.17 D a i l y  GC/MS C a l i b r a t i o n  

7.17.1 P r i o r  t o  t he  ana l ys i s  of samples, purge 50 ng o f  t he  
4-bromofluorobenzene standard. The r e s u l t a n t  mass spectrum f o r  t he  BFB 
must meet a l l  o f  t h e  c r i t e r i a  g iven i n  Table 3 be fo re  sample ana lys is  
begins.  These c r i t e r i a  must be demonstrated every twelve hours o f  
opera t ion .  

7.17.2 The i n i t i a l  c a l  i b r a t i o n  curve (Sec. 7.16) 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 twelve hours o f  
ana l ys i s  t ime.  Th i s  v e r i f i c a t i o n  i s  accomplished by analyz ing a 
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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  m idpo 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. 7.16.3) and CCC (Sec. 7.16.4). 

7.17.3 System Performance Check Compounds (SPCCs): A system 
performance check must be made each twe l ve  hours o f  a n a l y s i s .  I f  t h e  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. T h 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 r e  n o t  achieved, 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  b e f o r e  a n a l y s i s  i s  
a1 lowed t o  begin.  The minimum response f a c t o r  f o r  vo l  a t i  1 e SPCCs i s  0.300 
(0.250 f o r  bromoform). I f  these minimum response f a c t o r s  a re  n o t  
achieved, some p o s s i b l e  problems may be degrada t ion  o f  t h e  s tandard 
mix tu re ,  con tamina t ion  o f  t h e  i n j e c t o r  p o r t ,  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, and a c t i v e  s i t e s  i n  t h e  column o r  
chromatographic system. I f  t h e  problem i s  a c t i v e  s i t e s  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  c o l  urr~n, c o l  urr~n maintenance (removal o f  approx imate ly  1 
f o o t  f rom t h e  f r o n t  end o f  t h e  column) may remedy t h e  problem. 

7.17.4 C a l i b r a t i o n  Check Compounds: A f t e r  t h e  system performance 
check has been met, CCCs l i s t e d  i n  Sec. 7.16.4 a r e  used t o  check t h e  
va 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  percen t  d i f f e r e n c e  
us ing  t h e  f o l l o w i n g  equat ion:  

(RF, - RF,) x 100 
% D i f f e r e n c e  = 

RF, 

where: 

RF, = average response f a c t o r  f rom i n i t i a l  c a l i b r a t i o n  

RF, = response f a c t o r  f rom c u r r e n t  c a l i b r a t i o n  check s tandard.  

I f  t h e  percen t  d i f f e r e n c e  f o r  any compound i s  g r e a t e r  than  20, t h e  
1 abo ra to r y  should cons ider  t h i s  a warning 1 i m i  t . Benzene, t o 1  uene, and 
s t y rene  w i l l  have problems w i t h  response f a c t o r s  i f  Tenax@ decomposi t ion 
occurs ( e i t h e r  as a r e s u l t  o f  sampling exposure o r  temperature 
degrada t ion) ,  s i nce  these compounds a re  decomposit ion p roduc ts  o f  Tenax@. 
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  25%, 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  o f  percen t  
d i f f e r e n c e  l e s s  than  25% i s  n o t  met 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  a source o f  t h e  problem cannot be determined a f t e r  
c o r r e c t i v e  a c t i o n  i s  taken, a new f i v e - p o i n t  c a l  i b r a t i o n  curve  MUST be 
generated. The c r i t e r i a  f o r  t h e  CCCs MUST be met be fo re  q u a n t i t a t i v e  
a n a l y s i s  can begin.  

7.17.5 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  
check c a l i b r a t i o n  standard 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  check c a l i b r a t i o n  (12 h r ) ,  t h e  
chromatographic system must be inspected f o r  ma l f unc t i ons  and c o r r e c t i o n s  

Rev i s i on  0 
September 1994 



must be made, as requ i red .  A f a c t o r  which may i n f l u e n c e  t h e  r e t e n t i o n  
t imes  o f  t h e  i n t e r n a l  standards on sample tubes i s  t h e  l e v e l  o f  o v e r a l l  
o rgan ic  compound l oad ing  on t h e  VOST tubes. I f  t h e  VOST tubes are very  
h i g h l y  loaded w i t h  e i t h e r  a s i n g l e  compound o r  w i t h  m u l t i p l e  organic  
compounds, r e t e n t i o n  t imes f o r  standards and compounds o f  i n t e r e s t  w i l l  be 
a f f e c t e d .  I f  t h e  area f o r  t he  pr imary i o n  o f  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%) 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, t he  gas chromatograph and mass spectrometer should be 
inspected f o r  ma1 f u n c t  ions  and c o r r e c t i o n s  must be made, as appropr ia te .  
I f  t h e  l e v e l  o f  o rgan ic  l oad ing  of samples i s  high, areas f o r  t h e  pr imary 
i o n s  o f  bo th  compounds o f  i n t e r e s t  and standards w i l l  be adversely 
a f f ec ted .  Cal i b r a t i o n  check standards should n o t  be sub jec t  t o  v a r i a t i o n ,  
s i nce  t h e  concent ra t ions  o f  organic  compounds on these samples are s e t  t o  
be w i t h i n  t h e  l i n e a r  range of t h e  ins t rumenta t ion .  I f  inst rument  
ma1 f u n c t i o n  has occurred, analyses o f  samples performed under cond i t i ons  
o f  ma1 f u n c t i o n  may be i n v a l  ida ted .  

7.18 GC/MS Ana lys is  o f  Samples 

7.18.1 Set up t h e  c a r t r i d g e  desorp t ion  u n i t ,  purge-and-trap 
u n i t ,  and GC/MS as descr ibed above. 

7.18.2 BFB t u n i n g  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  check 
c r i t e r i a  must be met be fo re  analyz ing samples. 

7.18.3 Ad jus t  t h e  he l ium purge gas f l o w  r a t e  ( through t he  
c a r t r i d g e s  and purge vessel ) t o  approximately 40 mL/min. Opt imize t he  
f l o w  r a t e  t o  p rov ide  t h e  bes t  response f o r  chloromethane and bromoform, i f  
these compounds a re  analy tes.  A f l o w  r a t e  which i s  t oo  h i gh  reduces t he  
recovery  o f  chloromethane, and an i n s u f f i c i e n t  gas f l o w  r a t e  reduces t he  
recovery o f  bromoform. 

7.18.4 The f i r s t  ana l ys i s  performed a f t e r  t h e  t un ing  check and 
t h e  c a l i b r a t i o n  o r  d a i l y  c a l i b r a t i o n  check i s  a method b lank .  The method 
b lank  c o n s i s t s  o f  c l ean  VOST tubes (both Tenax@ and Tenax@/charcoal ) which 
a re  sp iked w i t h  sur roga te  compounds and i n t e r n a l  standards according t o  
t h e  procedure descr ibed i n  Sec. 7.7.1. The tubes which a re  used f o r  t h e  
method b lanks should be from t h e  same batch of sorbent as t h e  sorbent used 
f o r  t h e  f i e l d  samples. A f t e r  t h e  tubes a re  cleaned and prepared f o r  
shipment t o  t h e  f i e l d ,  s u f f i c i e n t  p a i r s  o f  tubes should be r e t a i n e d  from 
t h e  same batch i n  t h e  l abo ra to r y  t o  p rov ide  method blanks du r i ng  t he  
ana l ys i s .  

7.18.5 The o rgan i c - f r ee  reagent water f o r  t h e  purge vessel f o r  
t h e  ana l ys i s  o f  each o f  t h e  VOST samples should be supp l ied  from the  
1 abora to ry  i nven to ry  which i s  maintained w i t h  constant  bubbl i n g  o f  i n e r t  
gas t o  avo id  contaminat ion.  

7.18.6 I f  t h e  ana l ys i s  o f  a p a i r  o f  VOST tubes has a 
concen t ra t i on  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, no 
r e a n a l y s i s  o f  desorbed VOST tubes i s  poss ib le .  An a d d i t i o n a l  ca l  i b r a t i o n  
p o i n t  can be added t o  bracket  t h e  h igher  concen t ra t ion  encountered i n  t he  
samples so t h a t  t h e  c a l i b r a t i o n  database encompasses s i x  o r  more po in t s .  
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A l t e r n a t i v e l y ,  t h e  da ta  may be f lagged i n  t h e  r e p o r t  as "ex t rapo la ted  
beyond t h e  upper range of t h e  c a l  i b r a t  i on. " The use o f  t h e  secondary i ons  
shown i n  Table 1 i s  p e r m i s s i b l e  o n l y  i n  t h e  case o f  i n t e r f e r e n c e  w i t h  t h e  
p r imary  quant i t a t  i on ion .  Use o f  secondary i ons  t o  c a l  c u l  a t e  compound 
concen t ra t i on  i n  t h e  case o f  s a t u r a t i o n  o f  t h e  p r imary  i o n  i s  n o t  an 
acceptable procedure, s ince  a  nega t i ve  b i a s  o f  an unp red i c tab le  magnitude 
i s  i n t r oduced  i n t o  t h e  q u a n t i t a t i v e  da ta  when s a t u r a t i o n  o f  t h e  mass 
spectrum o f  a  conipound i s  encountered. I f  h i g h  o rgan i c  l oad ings ,  e i t h e r  
o f  a  s i n g l e  compound o r  o f  m u l t i p l e  compounds, a re  encountered, i t  i s  
v i t a l  t h a t  a  method b lank  be analyzed p r i o r  t o  t h e  a n a l y s i s  o f  another  
sample t o  demonstrate t h a t  no compound ca r r yove r  i s  occu r r i ng .  I f  
concen t ra t i ons  o f  o rgan i c  compounds a re  s u f f i c i e n t l y  h i g h  t h a t  ca r r yove r  
problems a re  profound, ex tens ive  bakeout of t h e  purge-and- t rap  u n i t  w i l l  
be requ i red .  Complete r e p l  acement o f  t h e  contaminated a n a l y t i c a l  t r a p ,  
w i t h  t h e  assoc ia ted  requirement f o r  c o n d i t i o n i n g  t h e  new t r a p ,  may a1 so be 
r e q u i r e d  f o r  VOST samples which show excess ive concen t ra t i ons  o f  o rgan ic  
compounds. Other  measures which migh t  be r e q u i r e d  f o r  decontaminat ion o f  
t h e  a n a l y t i c a l  system i n c l  ~ ~ d e  bakeout o f  t h e  mass spectrometer,  
replacement o f  t h e  f i l a m e n t  o f  t h e  mass spectrometer,  c l ean ing  o f  t h e  i o n  
source o f  t h e  mass spectrometer,  and/or (depending on t h e  na tu re  o f  t h e  
con tamina t ion)  maintenance o f  t h e  chromatographic c o l  umn o r  r e p l  acement of 
t h e  chromatographic column, w i t h  t h e  assoc ia ted  requi rement  f o r  
c o n d i t i o n i n g  t h e  new chromatographic column. 

7.19 Data I n t e r p r e t a t i o n  

7.19.1 Q u a l i t a t i v e  ana l ys i s :  

7.19.1.1 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 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  re fe rence  mass 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 a re  de f i ned  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  
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 present  when t h e  c r i t e r i a  below a re  met. 

7.19.1.1.1 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  
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 .  S e l e c t i o n  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 c o n t a i n i n g  i ons  
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 s p e c i 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 .  

7.19.1.1.2 The RRT o f  t h e  sample component i s  + 0.06 
RRT u n i t s  o f  t h e  RRT o f  t h e  s tandard corr~ponent. 

7.19.1.1.3 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 i ons  i n  t h e  re fe rence  spectrum. 
(Example: For an i o n  w i t h  an abundance o f  50% i n  t h e  
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re fe rence  spectrum, t h e  corresponding abundance i n  a sample 
spectrum can range between 20% and 80%.) 

7.19.1.1.4 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 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  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 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 are 
i d e n t i f i e d  as isomer ic  p a i r s .  

7.19.1.1.5 I d e n t i f i c a t i o n  i s  -hampered when sample 
components a re  not  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), 
app rop r i a 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  c u r r e n 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 
ana ly tes  coe lu te  ( 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  con ta i n  extraneous ions  c o n t r i b u t e d  by 
t h e  coel  u t  i ng compound. 

7.19.1.2 For samples con ta in i ng  components not  assoc ia ted 
w i t h  t h e  ca 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  perform 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  t ype  o f  analyses 
be ing conducted. Guide 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 h e  re ference 
spectrum ( i o n s  > 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 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  
s tandard 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  sarrrple spectrum b u 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 fe rence  spectrum but  not  i n  t h e  
sample spectrum should be reviewed f o r  poss ib l e  sub t rac t i on  f rom the  
sampl e 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  r educ t i on  programs can sometimes c rea te  
these d isc repanc ies .  
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Computer generated 1  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 on r o u t i n e s  t h a t  would m i  s represen t  t h e  1  i b r a r y  o r  
unknown spec t ra  when compared t o  each o t h e r .  Only a f t e r  v i s u a l  
comparison o f  sample w i t h  t h e  neares t  1  i b r a r y  searches wi 11 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  spec i  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 .  

7.19.2 Q u a n t i t a t i v e  ana l ys i s :  

7.19.2.1 When a  con~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 v e  a n a l y s i s  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 f rom t h e  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  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  f o r  t h a t  compound (Table 1 ) .  I n  t h e  
even t  t h a t  t h e r e  i s  i n t e r f e r e n c e  w i t h  t h e  p r ima ry  i o n  so t h a t  
q u a n t i t a t i v e  measurements cannot be made, a  secondary i o n  may be 
used. 

Use o f  a  secondary i o n  t o  per fo rm q u a n t i t a t i v e  
c a l c u l a t i o n s  i n  t h e  event o f  t h e  s a t u r a t i o n  o f  t h e  
p r imary  i o n  i s  n o t  an acceptable procedure because o f  
t h e  unp red i c tab le  e x t e n t  o f  t h e  nega t i ve  b i a s  which i s  
in t roduced.  Q u a n t i t a t i v e  c a l c u l a t i o n s  a r e  performed 
us ing  t h e  i n t e r n a l  s tandard technique.  The i n t e r n a l  
s tandard used t o  per fo rm q u a n t i t a t i v e  c a l c u l a t i o n s  s h a l l  
be t h e  i n t e r n a l  s tandard neares t  t h e  r e t e n t i o n  t i m e  o f  
a  g i ven  ana l y te  (see Table 4 ) .  

7.19.2.2 Ca l cu la te  t h e  amount o f  each i d e n t i f i e d  a n a l y t e  
f rom t h e  VOST tubes as f o l l ows :  

Amount (ng) = (A,Ci,)/(Ai,RF) 

where: 

A, = 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  a n a l y t e  t o  be 
measured. 

A, = area o f  t h e  c h a r a c t e r i s t i c  i o n  o f  t h e  i n t e r n a l  s tandard.  

Cis = amount (ng) o f  t h e  i n t e r n a l  s tandard.  

7.19.2.3 The choice o f  methods f o r  e v a l u a t i n g  da ta  
c o l  1  ec ted  us ing  t h e  VOST method01 ogy f o r  i n c i n e r a t o r  tri a1 burns i s  
a  r e g u l a t o r y  dec i s i on .  Var ious procedures a re  used t o  dec ide  
whether b l ank  c o r r e c t i o n  should be performed and how b l a n k  
c o r r e c t i o n  should be performed. Regulatory  agencies t o  which VOST 
da ta  a re  submi t ted a l s o  vary  i n  t h e i r  p re fe rences  f o r  d a t a  which a re  
o r  which a re  n o t  b lank  cor rec ted .  

7.19.2.4 The t o t a l  amount o f  t h e  POHCs o f  i n t e r e s t  
c o l l e c t e d  on a  p a i r  o f  t r a p s  should be summed. 
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7.19.2.5 The occurrence o f  h igh  concentrat ions o f  analytes 
on method blank car t r idges ind ica tes  poss ib le  res idua l  contamination 
o f  sorbent ca r t r i dges  p r i o r  t o  shipment and use a t  the  sampling 
s i t e .  Data w i t h  h igh  associated blank values must be qual i f i e d  w i t h  
respect t o  v a l i d i t y ,  and a l l  blank data should be reported 
separately. No blank cor rec t ions  should be made i n  t h i s  case. 
Whether o r  not data o f  t h i s  type can be appl i e d  t o  the  determinat ion 
of des t ruc t  i o n  and removal e f f i c i ency  i s  a  regu la tory  decision. 
Continued observat ion of h igh concentrat ions of analytes on blank 
sorbent ca r t r i dges  ind ica tes  t h a t  procedures f o r  cleanup and q u a l i t y  
con t ro l  f o r  t he  sampl i n g  tubes are inadequate. Correct ive ac t ion  
MUST be app l ied  t o  tube preparat ion and moni tor ing procedures t o  - 
maintain method blank concentrat ions below detec t ion  1  i m i  t s  f o r  
analytes. 

7.19.2.6 Where appl i cab l  e, an est imate o f  concentrat ion f o r  
noncal ibrated components i n  the sample may be made. The formulae 
f o r  q u a n t i t a t i v e  ca lcu la t ions  presented above should be used w i t h  
the  fo l l ow ing  modi f i ca t ions :  The areas A, and A, should be from the 
t o t a l  i o n  chromatograms, and the  Response Factor f o r  the  
noncal i b ra ted  compound should be assumed t o  be 1. The nearest 
e l u t i n g  i n t e r n a l  standard f r e e  from inter ferences i n  the t o t a l  i o n  
chromatogram should be used t o  determine the  concentrat ion. The 
concentrat i o n  which i s  obtained should be reported i n d i c a t i n g  : (1) 
t h a t  the  value i s  an estimate; and (2 )  which i n t e r n a l  standard was 
used. 

7.19.2.7 I f  any in te rna l  standard recoveries f a l l  outside 
the  cont ro l  l i m i t s  establ ished i n  Sec. 8.4, data f o r  a l l  analytes 
determined f o r  t h a t  ca r t r i dge (s )  must be q u a l i f i e d  w i t h  the 
observat ion. Report r e s u l t s  wi thout  co r rec t  ion  f o r  surrogate 
compound recovery data. When dupl i ca tes  are analyzed, repor t  the 
data obtained w i t h  the sample resu l t s .  

8.0 QUALITY CONTROL 

8.1 Each labora tory  t h a t  uses these methods i s  requ i red  t o  operate a  
formal qual i t y  con t ro l  program. The minimum qual i t y  cont ro l  requirements are 
spec i f i ed  i n  Chapter One. I n  addi t ion,  t h i s  program should cons is t  o f  an i n i t i a l  
demonstration o f  labora tory  capabi l  i t y  and an ongoing analys is  o f  check samples 
t o  evaluate and document data q u a l i t y .  The labora tory  must maintain records t o  
document the  qual i t y  o f  the  data generated. Ongoing data qual 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  the r e s u l t s  o f  
analyses meet the  performance charac te r i s t i cs  o f  the  method. When sample 
analyses i n d i c a t e  a typ i ca l  method performance, a  qual i t y  cont ro l  check standard 
(spiked method blank) must be analyzed t o  conf i rm t h a t  the  measurements were 
performed i n  an i n - c o n t r o l  mode o f  instrument operat ion. 

8.2 Before processing any samples, the  analyst  should demonstrate, 
through the  analys is  o f  a  method blank ( laboratory blank sorbent tubes, reagent 
water purge) t h a t  in ter fe rences from the ana ly t i ca l  system, glassware, sorbent 
tube preparat ion,  and reagents are under cont ro l .  Each t ime a  new batch o f  
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sorbent  tubes i s  analyzed, a method b lank  should be processed as a safeguard 
aga ins t  ch ron i c  l a b o r a t o r y  contaminat ion.  Blank tubes. which have been c a r r i e d  
through a l l  t h e  stages of  sorbent  p r e p a r a t i o n  and hand1 i n g  should be used i n  t h e  
ana l ys i s .  

8.3 The exper ience o f  t h e  ana l ys t  per fo rming  t h e  GC/MS analyses i s  
i n v a l u a b l e  t o  t h e  sllccess o f  t h e  a n a l y t i c a l  methods. Each day t h a t  t h e  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  check s tandard should be eva lua ted  t o  
determine i f  t h e  chromatographic and tube  deso rp t i on  systems are  o p e r a t i n g  
p rope r l y .  Ques t ions  t h a t  should be asked are:  Do t h e  peaks l o o k  normal? I s  t h e  
system response ob ta ined  comparable t o  t h e  response f rom p rev ious  c a l  i b r a t i o n s ?  
Care fu l  examinat ion o f  t h e  chromatogram o f  t h e  c a l  i b r a t  i o n  s tandard can i n d i c a t e  
whether column maintenance i s  r e q u i r e d  o r  whether t h e  column i s  s t i l l  usable,  
whether t h e r e  a re  l eaks  i n  t h e  system, whether t h e  i n j e c t o r  septum r e q u i r e s  
rep lac ing ,  e t c .  I f  changes a re  made t o  t h e  system (such as change o f  a column), 
a c a l i b r a t i o n  check must be c a r r i e d  o u t  and a new m u l t i p o i n t  c a l i b r a t i o n  must be 
generated. 

8.4 Required ins t rument  q u a l i t y  c o n t r o l  i s  found i n  t h e  f o l l o w i n g  
sec t i ons  : 

8.4.1 The mass spectrometer must be tuned t o  meet t h e  s p e c i f i c a t i o n s  
f o r  4-bromofluorobenzene i n  Sec. 7.2 (Table 3 ) .  

8.4.2 An i n i  t i  a1 c a l  i b r a t i o n  o f  t h e  t ube  desorption/purge-and-trap/ 
GC/MS must be performed as s p e c i f i e d  i n  Sec. 7.7. 

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. 
7.16.3 and t h e  CCC c r i t e r i a  i n  Sec. 7.16.4 each twe l ve  hours o f  ins t rument  
ope ra t i on .  

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  ope ra t i ons .  

8.5.1 A qua1 i t y  c o n t r o l  (QC) check sample concent ra te  i s  r e q u i r e d  
c o n t a i n i n g  each ana l y te  a t  a concen t ra t i on  o f  10 mg/L i n  h i g h  p u r i t y  
methanol . The QC check sample concent ra te  may 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 .  I f  t h e  QC check 
sample concent ra te  i s  prepared by t h e  l a b o r a t o r y ,  t h e  QC check sa~i ip le 
concen t ra te  must be prepared us ing  s tock  standards prepared independent ly  
f rom t h e  s tock  standards used f o r  c a l i b r a t i o n .  

8.5.2 Spike f o u r  p a i r s  o f  cleaned, prepared VOST tubes w i t h  10 p L  
o f  t h e  QC check sample concent ra te  and analyze these  sp iked  VOST tubes 
accord ing t o  t h e  method beg inn ing  i n  Sec. 7.0. 

8.5.3 C a l c u l a t e  t he  average recovery ( X )  i n  ng and t h e  s tandard 
d e v i a t i o n  o f  t h e  recovery  ( s )  i n  ng f o r  each ana l y te  us ing  t h e  r e s u l t s  of 
t h e  f o u r  analyses. 

8.5.4 The average recovery and s tandard d e v i a t i o n  must f a1  1 w i t h i n  
t h e  expected range f o r  de te rm ina t i on  o f  vo l  a t i l e  o rgan i c  compounds us ing  
t h e  VOST a n a l y t i c a l  methodology. The expected range f o r  recovery  o f  
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v o l a t i l e  o rgan ic  compounds us ing  t h i s  method i s  50-150%. Standard 
d e v i a t i o n  w i l l  be compound dependent, bu t  should, i n  general ,  range from 
15 t o  30 ng. More d e t a i l e d  method performance c r i t e r i a  must be generated 
from h i s t o r i c a l  records  i n  t h e  l abo ra to r y  o r  f rom i n t e r l a b o r a t o r y  s tud ies  
coord ina ted  by t h e  Environmental P r o t e c t i o n  Agency. Since t h e  a d d i t i o n a l  
s teps o f  sorbent tube s p i k i n g  and desorp t ion  a re  superimposed upon t h e  
method01 ogy o f  Method 8260, d i r e c t  t r a n s p o s i t i o n  o f  Method 8260 c r i t e r i a  
i s  ques t ionab le .  I f  t h e  recovery and standard d e v i a t i o n  f o r  a l l  analy tes 
meet t he  acceptance c r i t e r i a ,  t h e  system performance i s  acceptable and t he  
ana l ys i s  o f  f i e l d  samples may begin.  I f  any i n d i v i d u a l  standard d e v i a t i o n  
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  recovery f a l l s  ou t s i de  t h e  
range f o r  accuracy, then  t he  system performance i s  unacceptable f o r  t h a t  
ana ly te .  

NOTE: The l a r g e  number o f  ana ly tes  1 i s t e d  i n  Table 1 presents  a - 
s u b s t a n 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  analy tes f o r  t h i s  
method a re  determined. 

8.5.5 When one o r  more o f  t he  analy tes t es ted  f a i l s  a t  l e a s t  one o f  
t h e  acceptance c r i t e r i a ,  the  ana lys t  must proceed according t o  one o f  t h e  
a1 t e r n a t  i v e s  below. 

8.5.5.1 Locate and c o r r e c t  t he  source o f  any problem w i t h  
t h e  methodology and repeat  t he  t e s t  f o r  a l l  t h e  ana ly tes  beginn ing 
w i t h  Sec. 8.5.2. 

8.5.5.2 Beginning w i t h  Sec. 8.5.2, repeat  t h e  t e s t  on l y  
f o r  those ana ly tes  t h a t  have f a i l e d  t o  meet acceptance c r i t e r i a .  
Repeated f a i  1 ure, however, w i  11 con f i rm  a general  problem e i t h e r  
w i t h  t h e  measurement system o r  w i t h  t he  a p p l i c a b i l i t y  o f  t h e  
methodology t o  t h e  p a r t i c u l a r  ana ly te  ( e s p e c i a l l y  i f  the  ana ly te  i n  
ques t ion  i s  no t  l i s t e d  i n  Table 1). I f  the  problem i s  i d e n t i f i e d  as 
o r i g i n a t i n g  i n  t h e  measurement system, 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 repeat  t he  t e s t  f o r  a l l  compounds o f  i n t e r e s t  
beginn ing w i t h  Sec. 8.5.2. 

8.6 To determine acceptable accln-acy and p r e c i s i o n  1 i m i t s  f o r  surrogate 
standards, t h e  f o l  1 owing procedure should be performed. 

8.6.1 For each sample analyzed, c a l c u l a t e  t h e  percent  recovery o f  
each sur roga te  compound i n  t h e  sample. 

8.6.2 Once a minimum o f  t h i r t y  samples has been analyzed, c a l c u l a t e  
t h e  average percent  recovery (p)  and t h e  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 he  surrogate compounds. 

8.6.3 Ca l cu la te  t h e  upper and lower  c o n t r o l  1 i m i t s  fo r  method 
performance f o r  each sur roga te  standard. Th is  c a l c u l a t i o n  i s  performed 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 
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For re fe rence ,  t h e  comparable c o n t r o l  l i m i t s  f o r  recovery  o f  t h e  
sur roga te  compounds f rom water  and s o i l  i n  Method 8240 are:  

4-Bromofluorobenzene Water: 86-115% S o i l  : 74-121% 
1,2-Di c h l  oroethane-d, Water: 76- 114% S o i l  : 70-121% 
To1 uene-d, Water: 88-110% S o i l  : 81-117% 

The c o n t r o l  l i m i t s  f o r  t h e  VOST methodology would be expected t o  be 
s i m i l a r ,  b u t  exac t  da ta  a re  n o t  p r e s e n t l y  a v a i l  ab le .  I n d i v i d u a l  1  abora to ry  
c o n t r o l  1  i m i t s  can be es tab l i shed  by t h e  ana l ys i s  o f  r e p l  i c a t e  samples. 

8.6.4 I f  sur roga te  recovery  i s  n o t  w i t h i n  t h e  l i m i t s  e s t a b l i s h e d  by 
t h e  1  abora to ry ,  t h e  f o l  1  owing procedures a re  requ i red :  (1 )  V e r i f y  t h a t  
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 ons, p repa ra t i on  of su r roga te  s p i k i n g  
s o l u t i o n s ,  and p r e p a r a t i o n  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 s .  A1 so, 
v e r i f y  t h a t  ins t rument  performance c r i t e r i a  have been met. (2 )  Reca l cu la te  
t h e  da ta  and/or analyze a  r e p l i c a t e  sample, i f  r e p l  i c a t e s  a r e  a v a i l a b l e .  
(3)  I f  a l l  i ns t rument  performance c r i t e r i a  a re  met and recove ry  o f  
su r roga tes  fro111 sp iked  b lank  VOST tubes ( a n a l y s i s  o f  a  method b lank)  i s  
acceptable,  t h e  problem i s  due t o  t h e  m a t r i x .  Emissions samples may be 
h i g h l y  a c i d i c  and may be h i g h l y  loaded w i t h  t a r g e t  and non t a r g e t  o rgan ic  
compounds. Both o f  these c o n d i t i o n s  w i l l  a f f e c t  t h e  a b i l i t y  t o  recover  
sur roga te  compounds which are sp iked on t h e  f i e l d  samples. The su r roga te  
compound recovery  i s  thus  a  va luab le  i n d i c a t o r  o f  t h e  i n t e r a c t i o n s  o f  
sanlpled compounds w i t h  t h e  m a t r i x .  I f  sur roga tes  sp iked immediate ly  
b e f o r e  a n a l y s i s  cannot be observed w i t h  acceptable recovery,  t h e  
i m p l i c a t i o n s  f o r  t a r g e t  o rgan ic  ana ly tes  which have been sampled i n  t h e  
f i e l d  must be assessed ve ry  c a r e f u l l y .  I f  chemical o r  o t h e r  i n t e r a c t i o n s  
a r e  o c c u r r i n g  on t h e  exposed tubes, t h e  f a i l u r e  t o  observe an a n a l y t e  may 
n o t  n e c e s s a r i l y  imp l y  t h a t  t h e  D e s t r u c t i o n  and Removal E f f i c i e n c y  f o r  t h a t  
a n a l y t e  i s  h igh.  

8.7 It i s  reconlmended t h a t  t h e  1  abora to ry  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 analyzed. 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 ~ i i 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  may 
be used, i f  r e p l  i c a t e  sampl es showing t h e  same compound a re  ava i  1  ab l  e. 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 e v a l u a t i o n  s tud ies .  

9.0 METHOD PERFORMANCE 

9.1 The method d e t e c t i o n  1  i m i t  (MDL) i s  d e f i n e d  i n  Chapter One. The MDL 
concent ra t ions  1  i s t e d  i n  Table 2  were ob ta ined  us ing  cleaned b lanked VOST tubes 
and reagent  water .  S i m i l a r  r e s u l t s  have been achieved w i t h  f i e l d  samples. The 
MDL a c t u a l l y  achieved i n  a  g i ven  a n a l y s i s  w i l l  va ry  depending upon ins t rument  
s e n s i t i v i t y  and t h e  e f f e c t s  o f  t h e  m a t r i x .  P r e l  im ina ry  s p i k i n g  s t u d i e s  i n d i c a t e  
t h a t  under these cond i t i ons ,  t h e  method d e t e c t i o n  l i m i t  f o r  sp iked  compounds i n  
ext remely  complex ma t r i ces  may be l a r g e r  by a  f a c t o r  o f  500-1000. 
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TABLE 1. 
RETENT ION TIMES AND CHARACTERISTIC IONS FOR VOLATILE COMPOUNDS 

WHICH CAN BE ANALYZED BY METHOD 5041 

Compound 
Retent ion Primary I o n  Secondary I o n  ( s )  
Time (min) Mass Mass (es)  

Acetone 
A c r y l o n i t r i l e  
Benzene 
Bromochl oromethane 
Bromodichloromethane 
4-Bromofluorobenzene 
Bromoform 
Bromomethane 
Carbon d i s u l f i d e  
Carbon t e t r a c h l o r i d e  
Chl orobenzene 
Chl o rod i  bromomethane 
Chl oroethane 
Chloroform 
Chl oromethane 
D i  bromomethane 
I, 1 -Dichloroethane 
1,2-Di ch l  oroethane 
1 , l -D i  c h l  oroethene 
trans-1,2-Dichloroethene 
1,2-Dichl  oropropane 
c is-1,3-Dichloropropene 
trans-1,3-Dichloropropene 
1 ,4 -D i f l  uorobenzene 
Ethy l  benzene 
Iodomet hane 
Methyl ene c h l o r i d e  
Styrene 
1,1,2,2-Tetrachloroethane 
Tet rach l  oroethene 
To1 uene 
I, 1 , 1 - T r i c h l  oroethane 
1,1,2-Tr ichloroethane 
T r i c h l  oroethene 
T r i  c h l  o r o f l  uoromethane 
1,2,3-Tr i  c h l  oropropane 
V iny l  c h l o r i d e  
Xyl enes* 

* The r e t e n t i o n  t ime g iven  i s  f o r  m- and p-xylene, which c o e l ~ ~ t e  on t h e  wide-bore I 

column. o-Xyl ene e l  u tes approximately 50 seconds 1 a t e r .  
rn 
W 
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TABLE 2. 
PRELIMINARY METHOD DETECTION LIMITS AND BOILING POINTS 

FOR VOLATILE ORGANICS ANALYZED BY METHOD 5041f 

Detection Boi l ing 
Compound CAS Number Limit, ng Point, "C 
- - - - - -- -- -- - - - - - - - -- - - - - 

Chl oromet hane 74-87-3 58 - 24 
Bromomethane 74-83-9 26 4 
Vinyl chloride 75-01-4 14 - 13 
Chl oroethane 75-00-3 2 1 13 
Methyl ene chloride 75-09-2 9 4 0 
Acetone 67-64-1 3 5 5 6 
Carbon di sul fide 75-15-0 11 4 6 
1,l-Dichloroethene 75-35-4 14 32 
1,l-Dichloroethane 75-35-3 12 5 7 
trans- 1,2-Di chl oroethene 156-60-5 11 48 
Chloroform 67-66-3 11 6 2 
1,2-Dichloroethane 107-06-2 13 83 
l,l,l-Trichloroethane 71-55-6 8 74 
Carbon tetrachloride 56-23-5 8 7 7 
Bromodi chl oromethane 75-27-4 11 88 
1,1,2,2-~etrachloroethane*' 79-34-5 23 146 
1,2-Dichl oropropane 78-87-5 12 95 
trans-1,3-Dichloropropene 10061-02-6 17 112 
Trichl oroethene 79-01-6 11 8 7 
Di bromochl oromethane 124-48- 1 2 1 122 
1,1,2-Trichloroethane 79-00-5 26 114 
Benzene 71-43-2 2 6 80 
ci s-1,3-Dichl oropropene 10061-01-5 2 7 112 
~romoform* 75-25-2 2 6 150 
Tetrachl oroethene 127- 18-4 11 12 1 
To1 uene 108-88-3 15 111 
Chl orobenzene 108-90-7 15 132 
Ethyl benzene1* 100-41-4 2 1 136 
styrenea* 100-42-5 46 145 
Tri chl orofl uoromethane 75-69-4 17 24 
Iodomethane 74-88-4 9 4 3 
Acrylonitrile 107-13-1 13 78 
Dibromornethane 74-95-3 14 9 7 
1,2,3-Tri chl oropropaneH 96-18-4 3 7 157 
total Xyl enes'* 22 138-144 

* The method detection limit (MDL) is defined as the minimum concentration of a 
substance that can be measured and reported with 99% confidence that the analyte 
concentration is greater than zero and is determined from analysis of a sample in 
a given matrix containing the analyte. The detection limits cited above were 
determined according to Title 40 CFR, Part 136, Appendix B, using standards spiked 
onto clean VOST tubes. Since clean VOST tubes were used, the values cited above 
represent the best that the methodology can achieve. The presence of an emissions 
matrix will affect the ability of the methodology to perform at its optimum level. 

** Not appropriate for quantitative sampling by Method 0030. 
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TABLE 3 .  
KEY ION ABUNDANCE CRITERIA FOR 4-BROMOFLUOROBENZENE 

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 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 
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TABLE 4. 
VOLATILE INTERNAL STANDARDS WITH CORRESPONDING ANALYTES 

ASSIGNED FOR QUANTITATION 

Bromochl oromet hane 

Acetone 
Acrylonitrile 
Bromomethane 
Carbon di sul f ide 
Chl oroethane 
Chloroform 
Chloromethane 
1,l -Dichl oroethane 
1,2-Dichloroethane 
1,2-Dichl oroethane-d, (surrogate) 
1,l-Dichl oroethene 
Tri chl oroethene 
trans- 1,2-Dichloroethene 
Iodomethane 
Methylene chloride 
Trichl orofl uoromethane 
Vinyl chloride 

Benzene 
Bromodi chl oromethane 
Bromoform 
Carbon tetrachloride 
Chl orod i bromomet hane 
Di bromomethane 
1,2-Dichl oropropane 
cis-1,3-Dichloropropene 
trans-1,3-Dichloropropene 
1,1,1-Trichloroethane 
1,1,2-Trichloroethane 

Chlorobenzene-d5 
4-Bromofl uorobenzene (surrogate) 
Chl orobenzene 
Ethyl benzene 
Styrene 
1,1,2,2-Tetrachloroethane 
Tetrachl oroethene 
To1 uene 
To1 uene-d, (surrogate) 
1,2,3 -Tri chl oropropane 
Xyl enes 

Revision 0 
September 1994 



Sample 
1/4" 10 I/ 1e.I Union (connecl 10 01) n of 

I purge f&s~tJ 

1 / 16" nut 
1/1" lo I /4"  Union 

Figure 1. Cartr idge Desorption Flow 
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Gas Flow 

F igure  4 .  Sample Purge Vessel 
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METHOD 5041 
OF SORBENT CARTRIDGES FROM VOLAT lLE  ORGANIC 
: WIDE-BORE 'CAPILLARY COLUMN 'TECHNIQUE 

TOCOL FOR ANALYSIS 
SAMPLING T R A I N  

PRO 

7.16.2 
Tabulate the 

area rerponre 
of all compoundr 

of interert. 

1 7.10 Initiate I 
tube derorptionl 

purge and 
heating. 

7.16.3 
Calculate the 

average RF for 
each compound 

of interert. 

7.1 Condition6 for 
cartridge 

derorption oven, 
purga-and-trap 

concentrator, GC, 

7.1 1 Set the GC 
oven to  rubambient 

temperature 
with liquid 

7.1 6.4 Calculate 
the %RSD 

for the CCCr. 
The %RSD murt  

be <30%. 

7.1 2 Prop the 
GCIMS ryr tem 

for data 
aquirition. 

7.2 Daily, tune 
the GCIMS with 
BFB and check 

calibration curve 
(ree Section 7.17). 

A 
7.13 Aftar the tube1 

watar purge time, 
attach the 

analytical trap to 
the GClMS for 

derorption. 

7.18 GCIMS 
analyrir of 
rampler. 

7.3 - 7.6 
Arremble the 

ryrtem. 

7.19.1 Quelitative 
analyrir of date 

end ident. guidrliner 
of compoundr . 

7.7.1 Calibrate the 
inrtrument ry r tam 

uring the internal r td. 
procedure. Stdr. and 
calibration compoundr 
are rpiked into cleaned 
VOST tuber ur ing the 

f larh evaporation 
technique. 

1 

7.14 Warh purging 
verrel  with two 
6 mL flurher of 

orgenic-f ree 
reagent water. 

7.1 9.2 Quentitative 
analyrir of data for 
the compoundr of 

interest. 
7.16 Recondition the 

analytical trap by 
making i t  cut at 

tempr up to  220 C for 
11 min. Trap replacement 

may be necerrary 
i f  the analytical trap 
ir maturated beyond 

cleanup. 

7.8 Prep the 
purge-and-trep 
unit wi th  6 mL 

organic-free 
reegent water. 

7.8 Connect 
paired VOST 
tuber to  the 
gar liner for 
derorption. 

7.16.1 Prep 
calibration r td r .  
or i n  7.7.1. Add 
water to  verral 

and desorb. 
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4 . 2  SAMPLE PREPARATION METHODS 

4 . 2 . 2  CLEANUP 

The fo l l ow ing  methods are included i n  t h i s  sect ion:  

Method 36008: 
Method 3610A: 
Method 3611A: 

Method 3620A: 
Method 36308 : 
Method 3640A: 
Method 3650A: 
Method 3660A: 
Method 3665: 

Cleanup 
A1 umi na Col umn Cleanup 
Alumina Column Cleanup and Separation o f  
Petroleum Hastes 
F l o r i  s i  1 Column Cleanup 
S i  1 i c a  Gel C l  eanup 
Gel -Permeat i on  Cleanup 
Acid-Base P a r t i  t i o n  Cleanup 
Su l fu r  Cleanup 
S u l f u r i c  Acid/Permanganate Cleanup 
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METHOD 3600B 

CLEANUP 

1 1.0 SCOPE AND APPLICATION 
i 

I 
1.1 Method 3600 provides general guidance on select ion of cl eanup methods 

, =? that are appropriate for the target analytes of interest. Cleanup methods are 
applied to the extracts prepared by one of the extraction methods, to eliminate 

Ld sample interferences. The following table 1 ists the cleanup methods and provides 
I 

"T 
a brief description of the type of cleanup. 

SW-846 CLEANUP METHODS 

Method # Method Name 

A1 umi na Cl eanup 

A1 umi na Cl eanup & Separation 
for Petroleum Waste 

Fl ori s i 1 Cleanup 

Si 1 i ca Gel Cleanup 

Gel -Permeation Cleanup 

Acid-Base Partition Cleanup 

Sul fur Cleanup 

Sulfuric Acid/Permanganate 
Cleanup 

Cleanup Type 

Adsorption 

Adsorption 

Adsorption 

Adsorption 

Size-Separat ion 

Acid-Base Partitioning 

Oxidati on/Reduct ion 

Oxidation/Reduction 

1 .2  The purpose of applying a cleanup method to an extract is to remove 
interferences and high boiling material that may result in: (1) errors in 
quantitation (data may be biased low because of analyte adsorption in the 
injection port or front of the GC column or biased high because of overlap with 
an interference peak) ; (2) fa1 se positives because of interference peaks fa1 1 ing 
within the analyte retention time window; (3) false negatives caused by shifting 
the analyte outside the retention time window; (4) rapid deterioration of 
expensive capi 11 ary columns; and, (5) instrument downtime caused by cleaning and 
rebuilding of detectors and ion sources. Most extracts of soil and waste require 
some degree of cleanup, whereas, cleanup for water extracts may be unnecessary. 
Highly contaminated extracts (e.g. sample extracts of oily waste or soil 
containing oily residue) often require a combination of cleanup methods. For 
example, when analyzing for organochlorine pesticides and PCBs, it may be 
necessary to use gel permeation chromatography (GPC), to eliminate the high 
boiling material and a micro alumina or Florisil column to eliminate 
interferences with the analyte peaks on the GC/ECD. 
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1.3 The f o l l o w i n g  techniques have been appl i e d  t o  e x t r a c t  p u r i f i c a t i o n :  
adso rp t i on  chromatography; p a r t i t i o n i n g  between immisc ib le  s o l  vents;  ge l  
permeat ion chromatography; o x i d a t i o n  o f  i n t e r f e r i n g  substances w i t h  ac id ,  a l k a l i ,  
o r  o x i d i z i n g  agents.  'These techniques may be used i n d i v i d u a l l y  o r  i n  va r i ous  
combinat ions, depending on t h e  e x t e n t  and na tu re  o f  t h e  c o - e x t r a c t i v e s .  

1.3.1 Adsorp t ion  column chromatography - A1 m i n a  (Methods 3610 
and 3611), F l o r i s i l  (Method 3620), and s i l i c a  ge l  (Method 3630) a r e  u s e f u l  
f o r  sepa ra t i ng  ana ly tes  o f  a  r e l a t i v e l y  narrow p o l a r i t y  range away from 
extraneous, i n t e r f e r i n g  peaks o f  a  d i f f e r e n t  p o l a r i t y .  These a re  
p r i m a r i l y  used f o r  c leanup o f  a  s p e c i f i c  chemical group o f  r e l a t i v e l y  
non-pol  a r  ana ly tes ,  i .e., o rganoch lo r ine  p e s t i c i d e s ,  po l ynuc l  ea r  aromat ic  
hydrocarbons (PAHs), n i t rosamines ,  e t c . .  Sol i d  phase e x t r a c t i o n  
c a r t r i d g e s  have been added as an o p t i o n .  

1.3.2 Acid-base p a r t i t i o n i n g  (Method 3650) - Use fu l  f o r  
sepa ra t i ng  a c i d i c  o r  bas i c  o rgan ics  f rom n e u t r a l  o rgan ics .  It has been 
a p p l i e d  t o  ana l y tes  such as t h e  chlorophenoxy h e r b i c i d e s  and phenols.  It 
i s  very  u s e f u l  f o r  separa t ing  t h e  n e u t r a l  PAHs f rom t h e  a c i d i c  phenols 
when ana l yz i ng  a  s i t e  contaminated w i t h  c reoso te  and pentachlorophenol .  

1.3.3 Gel permeat ion chromatography (GPC) (Method 3640) - The 
most u n i v e r s a l  c leanup techn ique  f o r  a  broad range o f  s e m i v o l a t i l e  
o rgan ics  and p e s t i c i d e s .  It i s  capable o f  sepa ra t i ng  h i g h  
mo lecu la r -we igh t ,  h i g h  b o i l i n g  m a t e r i a l  f rom t h e  sample ana l y tes .  It has 
been used s u c c e s s f u l l y  f o r  a l l  t h e  s e m i v o l a t i l e  base, n e u t r a l ,  and a c i d  
compounds assoc ia ted  w i t h  t h e  EPA P r i o r i t y  P o l l u t a n t  and t h e  Superfund 
Targe t  Compound 1  i s t  p r i o r  t o  GC/MS a n a l y s i s  f o r  s e m i v o l a t i l e s  and 
p e s t i c i d e s .  GPC may n o t  be a p p l i c a b l e  t o  e l i m i n a t i o n  o f  extraneous peaks 
on a  chromatogram which i n t e r f e r e  w i t h  t h e  ana ly tes  o f  i n t e r e s t .  It i s ,  
however, u s e f u l  f o r  t h e  removal o f  h i g h  b o i l i n g  m a t e r i a l s  which would 
contaminate i n j e c t i o n  p o r t s  and column heads, pro1 onging column 1  i f e ,  
s t a b i l  i z i n g  t h e  ins t rument ,  and reduc ing  column r e a c t i v i t y .  

1.3.4 S u l f u r  c leanup (Method 3660) - Use fu l  i n  e l i m i n a t i n g  
s u l f u r  f rom sample e x t r a c t s ,  which may cause chromatographic i n t e r f e r e n c e  
w i t h  ana l y tes  o f  i n t e r e s t .  

1.4 Several  o f  t h e  methods a re  a1 so use fu l  f o r  f r a c t i o n a t i o n  o f  complex 
m ix tu res  o f  ana ly tes .  Use t h e  s o l i d  phase e x t r a c t i o n  c a r t r i d g e s  i n  Method 3630 
( S i l  i c a  Gel ) f o r  separa t ing  t h e  PCBs away f rom most o rganoch lo r ine  p e s t i c i d e s .  
Method 3611 (Alumina) i s  f o r  t h e  f r a c t i o n a t i o n  of a1 i p h a t i c ,  aromat ic  and p o l a r  
ana ly tes .  Method 3620 ( F l  o r i  s i  1  ) p rov ides  f r a c t i o n a t i o n  o f  t h e  o rganoch lo r ine  
p e s t i c i d e s .  

1.5 Cleanup capac i t y  i s  another f a c t o r  t h a t  must be cons idered i n  
choosing a  c leanup technique.  The adsorp t ion  methods (3610, 3620, and 3630) 
p r o v i d e  t h e  o p t i o n  o f  us i ng  s tandard column chromatography techniques o r  s o l i d  
phase e x t r a c t i o n  c a r t r i d g e s .  The d e c i s i o n  process i n  s e l e c t i n g  between t h e  
d i f f e r e n t  o p t i o n s  ava i  1  ab le  g e n e r a l l y  depends on t he  amount o f  i n t e r f e r e n c e s / h i g h  
b o i l  i n g  ma te r i  a1 i n  t h e  sample e x t r a c t  and t h e  degree o f  c leanup r e q u i r e d  by t h e  
d e t e r m i n a t i v e  method. The so l  i d  phase e x t r a c t i o n  c a r t r i d g e s  r e q u i r e  l e s s  e l u t i o n  
so l ven t  and l e s s  t ime,  however, t h e i r  c leanup c a p a c i t y  i s  d r a s t i c a l l y  reduced 
when comparing a  0.5 g  o r  1.0 g  F l o r i s i l  c a r t r i d g e  t o  a  20 g  s tandard F l o r i s i l  
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column. The same f a c t o r  en te r s  i n t o  t he  choice o f  t he  70 g ge l  permeation column 
spec i f i ed  i n  Method 3640 versus a h i g h  e f f i c i e n c y  column. 

1.6 Table 1 i n d i c a t e s  t he  recommended cleanup techniques f o r  t h e  
i n d i c a t e d  groups o f  compounds. Th is  i n fo rma t i on  can a l s o  be used as guidance f o r  
compounds t h a t  a re  n o t  l i s t e d .  Compounds t h a t  a re  chemica l l y  s i m i l a r  t o  these 
groups o f  compounds should behave s i m i l a r l y  when taken through t he  cleanup 
procedure, however, t h i  s must be demonstrated by determin ing recovery o f  standards 
taken through t h e  method. 

2.0 SUMMARY OF METHOD 

2.1 Refer t o  t h e  s p e c i f i c  cleanup method f o r  a summary o f  t he  procedure. 

3.0 INTERFERENCES 

3.1 A n a l y t i c a l  in te r fe rences  may be caused by contaminants i n  so lvents ,  
reagents ,  g l  assware, and o t h e r  sampl e processing hardware. 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  o f  i n t e r f e rences ,  under t h e  
c o n d i t i o n s  o f  t h e  ana lys i  s, by running 1 aboratory  reagent b l  anks. 

3.2 More ex tens ive  procedures than those o u t l i n e d  i n  t h e  methods may be 
necessary f o r  reagent  p u r i f i c a t i o n .  

4.0 APPARATUS AND MATERIALS 

4.1 Refer t o  t he  s p e c i f i c  cleanup method f o r  apparatus and ma te r i a l s  
needed. 

5.0 REAGENTS 

5.1  Refer  t o  t h e  s p e c i f i c  cleanup method f o r  t h e  reagents needed. 

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 t ion  4.1. 

7.0 PROC EDllRE 

7.1 P r i o r  t o  us ing  t h e  cleanup procedures, samples normal ly  undergo 
so l ven t  e x t r a c t i o n .  Chapter Two, Sect ion 2.0, may be used as a guide f o r  
choosing t h e  app rop r i a te  e x t r a c t i o n  procedure based on t h e  phys ica l  composit i o n  
o f  t h e  waste and on t h e  ana ly tes  o f  i n t e r e s t  i n  t h e  m a t r i x  (see a l s o  Method 3500 
f o r  a general  d e s c r i p t i o n  o f  t he  e x t r a c t i o n  technique) .  For some organic  
1 i q u i d s ,  e x t r a c t i o n  p r i o r  t o  cleanup may n o t  be necessary. 
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7.2 Most so i l /sediment  and waste sample e x t r a c t s  w i l l  r e q u i r e  some degree 
o f  cleanup. The e x t r a c t  i s  then analyzed by one o f  t he  de te rm ina t i ve  methods. 
If in te r fe rences  s t i l l  preclude ana l ys i s  f o r  t he  analy tes o f  i n t e r e s t ,  a d d i t i o n a l  
cleanup may be requ i red .  

7.3 Many o f  the  de termina t ive  methods spec i f y  cleanup methods t h a t  should 
be used when determin ing p a r t i c u l a r  analy tes (e.g. Method 8061, gas 
chroniatography o f  ph tha l  a te  es te rs ,  recommends us ing  e i t h e r  Method 3610 (A1 umina 
co l  umn c l  eanup) o r  Method 3620 ( F l  o r i  s i  1  column cleanup) i f  i n t e r f e r e n c e s  prevent  
ana l ys i s .  However, t h e  experience o f  t he  ana l ys t  may prove i nva luab le  i n  
determin ing which cleanup methods are  needed. As i n d i c a t e d  i n  Sec t ion  1.0 o f  
t h i s  method, many mat r i ces  may r e q u i r e  a  combinat ion o f  cleanup procedures i n  
o rde r  t o  ensure proper  a n a l y t i c a l  determinat ions.  

7.4 Guidance f o r  cleanup i s  s p e c i f i e d  i n  each o f  t h e  methods t h a t  f o l l o w .  
The amount o f  e x t r a c t  cleanup requ i red  p r i o r  t o  t he  f i n a l  de termina t ion  depends 
on t h e  concen t ra t i on  o f  i n te r fe rences  i n  t he  sample, t h e  s e l e c t i v i t y  o f  bo th  t he  
e x t r a c t i o n  procedure and the  de termina t ive  method and t h e  requ i red  d e t e c t i o n  
l i m i t .  

7.5 Fo l low ing  cleanup, t he  sample i s  concentrated t o  whatever volume i s  
requ i red  i n  t h e  de termina t ive  method. Ana lys is  f o l l o w s  as s p e c i f i e d  i n  the  
determinat  i v e  procedure. 

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 The ana l ys t  must demonstrate t h a t  t h e  compounds o f  i n t e r e s t  a re  
being q u a n t i t a t i v e l y  recovered by the  cleanup technique be fore  t h e  cleanup i s  
app l i ed  t o  ac tua l  samples. For sample e x t r a c t s  t h a t  are cleaned up, t he  
associated qua1 i t y  c o n t r o l  samples (e.g. spikes, blanks, rep1 i ca tes ,  and 
dupl i c a t e s )  must a1 so be processed through the  same cleanup procedure. 

8.3 The ana l ys i s  us ing  each de termina t ive  method (GC, GC/MS, HPLC) 
s p e c i f i e s  inst rument  c a l i b r a t i o n  procedures us ing  s tock  standards. I t  i s  
recommended t h a t  cleanup a l so  be performed on a  se r i es  o f  t he  same type  o f  
standards t o  va l  i d a t e  chromatographic e l  u t i o n  pa t te rns  f o r  t h e  compounds o f  
i n t e r e s t  and t o  v e r i f y  t h e  absence o f  i n te r fe rences  from reagents. 

9.0 METHOD PERFORMANCE 

9.1 Refer t o  t he  s p e c i f i c  cleanup method f o r  performance data.  

10.0 REFERENCES 

10.1 Refer  t o  t h e  s p e c i f i c  cleanup method. 
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TABLE 1. 
RECOMMENDED CLEANUP TECHNIQUES FOR INDICATED GROUPS OF COMPOUNDS 

- 

Analyte Group 
Determi na t  i vee 

Met hod 
Cleanup 

Method Options 

Phenol s  
Phthal  a te  es te rs  
N i  t rosami  nes 
Organochlor ine pes t i c i des  & PCBs 
PCBs 
N i  t roaromat ics  and c y c l i c  ketones 
Polynucl  ear  aromatic hydrocarbons 
Chl o r i  nated hydrocarbons 
Organophosphorus p e s t i c i d e s  
Ch lo r i na ted  herb ic ides  
Semivol a t i  l e  organics 
Petroleum waste 
PCDDs and PCDFs by LR/MS 
PCDDs and PCDFs by HR/MS 
N-methyl carbamate p e s t i c i d e s  

" The GC/MS Methods, 8250 and 8270, are a l so  appropr ia te  de te rmina t i ve  methods 
f o r  a1 1  ana l y te  groups, un less 1  ower de tec t  i o n  1  im i  t s  are requi red.  

b Cleanup appl i cab1 e  t o  d e r i  v a t  i zed phenol s  . 
" Method 8040 inc ludes  a  d e r i v a t i z a t i o n  technique fo l lowed by GC/ECD analys is ,  

i f  i n te r f e rences  a re  encountered us ing  GC/FID. 

d Methods 8150 and 8151 incorpora te  an acid-base cleanup step as an i n t e g r a l  
p a r t  o f  t h e  methods. 
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METHOD 36008 
CLEANUP 

7.1 
Do solwent 
extraction 

7.2 
Analyze analyte 

by a determinative 
method horn Sec. 4.3 1 

7.3 
Usedeanupmethod 

undeterminabte spedfledbrthe 
determinathre method 

I 
+ 

7.5 
concmtrate SaITple 
to required volume 
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METHOD 3610A 

ALUMINA COLUMN CLEANUP 

1.0 SCOPE AND APPLICATION 

1.1 Scope: Alumina i s  a h i g h l y  porous and g ranu la r  form o f  aluminum 
ox ide.  I t  i s  a v a i l a b l e  i n  t h ree  pH ranges (basic, neu t ra l ,  and a c i d i c )  f o r  use 
i n  column chromatography. It i s  used t o  separate analy tes from i n t e r f e r i n g  
compounds o f  a d i  f f e r e n t  chemical po l  a r i  t y  . 

1.2 General  ADD^ i c a t  ions  (Gordon and Ford) : 

1.2.1 Bas ic  (6) pH (9-10) : USES: Basic and neu t ra l  compounds s t a b l e  
t o  a1 ka l  i , a1 coho1 s, hydroca,rbons, s te ro ids ,  a1 ka l  o ids,  n a t u r a l  pigments. 
DISADVANTAGES: Can cause polymer izat ion,  condensation, and dehydrat ion 
reac t ions ;  cannot use acetone o r  e t h y l  acetate as e luants .  

1.2.2 Neut ra l  (N) : USES: Aldehydes, ketones, quinones, esters ,  
1 actones, g lycos ide.  DISADVANTAGES: Considerably 1 ess a c t i v e  than the  
bas i c  form. 

1.2.3 A c i d i c  (A) pH (4-5):  USES: A c i d i c  pigments (na tu ra l  and 
syn the t i c ) ,  s t rong  ac ids ( t h a t  o therwise chemi sorb t o  neu t ra l  and bas ic  
a1 umi na) . 

1.2.4 A c t i v i t y  grades: Ac id ic ,  basic,  o r  neu t ra l  alumina can be 
prepared i n  var ious  a c t i v i t y  grades ( I  t o  V),  according t o  t h e  Brockmann 
scale,  by a d d i t i o n  o f  water t o  Grade 1 (prepared by hea t ing  a t  400-450°C 
u n t i l  no more water i s  l o s t ) .  The Brockmann sca le  (Gordon and Ford, p. 
374) i s  reproduced below: 

Water added (wt.  %): 0 3 6 10 15 
A c t i v i t y  grade: I I I I 1 1  I V  V 
RF (p-ami noazobenzene) : 0.0 0.13 0.25 0.45 0.55 

1.3 S p e c i f i c  a w l  i c a t i o n s :  Th is  method inc ludes  guidance f o r  cleanup o f  
sample e x t r a c t s  con ta in i ng  ph tha l  a te  es te rs  and n i  trosamines. For a1 umina column 
cleanup o f  p e t r o l  eum wastes, see Method 3611, A1 umi na Col urrln C l  eanup o f  Petroleum 
Wastes. 

2.0 SUMMARY OF METHOD 

2.1 The column i s  packed w i t h  t he  requ i red  amount o f  adsorbent, topped 
w i t h  a water  adsorbent, and then loaded w i t h  t h e  sample t o  be analyzed. E l u t i o n  
o f  t h e  ana ly tes  i s  e f f e c t e d  w i t h  a s u i t a b l e  so lven t (s ) ,  l e a v i n g  t h e  i n t e r f e r i n g  
compounds on t h e  column. The e l u a t e  i s  then concentrated ( i f  necessary). 
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3.0 INTERFERENCES 

3.1  A reagent b lank should be performed f o r  t h e  compounds o f  i n t e r e s t  
p r i o r  t o  t h e  use o f  t h i s  method. The l e v e l  o f  i n te r fe rences  must be below t h e  
method d e t e c t i o n  l i m i t  before t h i s  method i s  performed on ac tua l  samples. 

3.2 More extensive procedures than those o u t l i n e d  i n  t h i s  method may be 
necessary f o r  reagent p u r i f i c a t i o n .  

4.0 APPARATUS AND MATERIALS 

4.1 Chromatography column: 300 mm x 10 mm ID, w i t h  Pyrex g lass  wool a t  
bottom and a Te f l on  stopcock. 

NOTE : - F r i t t e d  g lass  d i s c s  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 thout  f r i t s  may be purchased. Use a smal l  pad o f  
Pyrex g lass  wool t o  r e t a i n  t h e  adsorbent. Prewash t h e  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 the  column w i t h  adsorbent. 

4.2 Beakers: 500mL. 

4.3 Reagent b o t t l e :  500mL. 

4.4 M u f f l e  furnace. 

4.5 Kuderna-Danish (K-D) apparatus: 

4.5.1 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 ts .  

4.5.2 Evaporat ion f l a s k :  500 mL (Kontes K-570001-500 o r  
equ iva len t ) .  A t tach  t o  concentrator  tube w i t h  springs, clamps, o r  
equ iva l  en t  . 

4.5.3 Snyder c o l  umn: Three b a l l  macro (Kontes K-503000-0121 o r  
equ iva len t )  . 

4.5.4 Snyder column: Two b a l l  m ic ro  (Kontes K-569001-0219 o r  
equ iva len t ) .  

4.5.5 Springs - 1/2 inch  (Kontes K-662750 o r  equ iva len t ) .  

4.6 B o i l  i n g  chips: Solvent ext racted,  approximately 10/40 mesh ( s i l  i con  
carb ide  o r  equ iva len t )  . 

4.7 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. 

4.8 V i a l s :  Glass, 2 mL capaci ty ,  w i t h  Te f l on  1 ined screw caps o r  cr imp 
tops. 
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4.9 Erlenmeyer f lasks :  50 and 250 mL 

5.0 REAGENTS 

5.1 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. 

5.2 Sodium su l fa te :  Sodium s u l f a t e  (granular,  anhydrous), Na2S04. 
P u r i f y  by heat ing a t  400°C f o r  4 hours i n  a shallow t ray ,  o r  by precleaning the 
sodium s u l f a t e  w i t h  methylene ch lor ide .  I f  the sodium s u l f a t e  i s  precleaned w i t h  
methylene ch lor ide ,  a method blank must be analyzed, demonstrating t h a t  there i s  
no i n te r fe rence  from the sodium su l fa te .  

5.3 E l u t i n g  solvents: 

5.3.1 D ie thy l  Ether, C2H,0C2H5. Pest ic ide  qual i t y  o r  equivalent. 
Must be f r e e  o f  peroxides as ind ica ted by t e s t  s t r i p s  (EM Quant, o r  
equivalent) .  Procedures f o r  removal o f  peroxides are provided w i t h  the  
t e s t  s t r i p s .  A f t e r  cleanup, 20 mL o f  e thy l  alcohol preservat ive must be 
added t o  each l i t e r  o f  ether.  

5.3.2 Methanol, CH30H - Pest ic ide qual i ty  o r  equivalent.  

5.3.3 Pentane, CH3(CH2),CH3 - Pest ic ide qual i t y  o r  equivalent.  

5.3.4 Hexane, C,H,, - Pest ic ide  q u a l i t y  o r  equivalent.  

5.3.5 Methylene ch lor ide ,  CH2C12 - Pest ic ide  qual i t y  o r  equivalent.  

5.4 Alumina: 

5.4.1 For cleanup o f  phthalate extracts:  A1 umina-Neutral , a c t i v i t y  
Super I, W200 ser ies  (ICN L i f e  Sciences Group, No. 404583, o r  equivalent).  
To prepare f o r  use, place 100 g o f  alumina i n t o  a 500 mL beaker and heat 
f o r  approximately 16 h r  a t  400°C. A f t e r  heating, t r a n s f e r  t o  a 500 mL 
reagent b o t t l e .  T i g h t l y  seal and cool t o  room temperature. When cool, 
add 3 mL o f  o rgan ic - f ree  reagent water. Mix thoroughly by shaking o r  
r o l l i n g  f o r  10 min and l e t  i t  stand f o r  a t  l e a s t  2 hr .  Keep the  b o t t l e  
sealed t i g h t l y .  

5.4.2 For cleanup o f  n i  trosamine extracts:  A1 umina-Basic, a c t i v i t y  
Super I, W200 ser ies  (ICN L i f e  Sciences Group, No. 404571, o r  equivalent).  
To prepare f o r  use, place 100 g o f  alumina i n t o  a 500 mL reagent b o t t l e  
and add 2 mL o f  organic- f ree reagent water. Mix the  alumina preparat ion 
thoroughly by shaking o r  r o l l i n g  f o r  10 min and l e t  it stand f o r  a t  l e a s t  
2 h r .  The preparat ion should be homogeneous before use. Keep the  b o t t l e  
sealed t i g h t l y  t o  ensure proper a c t i v i t y .  

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. 

Revision 1 
J u l y  1992 



7.0 PROCEDURE 

7.1 Phthal a t e  es ters  : 

7.1.1 Reduce the  sample e x t r a c t  volume t o  2 mL p r i o r  t o  cleanup. 
The e x t r a c t  solvent  must be hexane. 

7.1.2 Place approximately 10 g o f  alumina i n t o  a 10 mm ID 
chromatographic column. Tap the  column t o  s e t t l e  t h e  alumina and add 1-2 
cm o f  anhydrous sodium s u l f a t e  t o  t h e  top. 

7.1.3 Pre-e lu te  t h e  column w i t h  40 mL o f  hexane. The r a t e  f o r  a l l  
e l u t i o n s  should be about 2 mL/min. Discard the  e lua te  and, j u s t  p r i o r  t o  
exposure o f  t h e  sodium s u l f a t e  l a y e r  t o  t h e  a i r ,  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  2 mL sample e x t r a c t  onto t h e  column using an add i t i ona l  2 mL o f  hexane 
t o  complete t h e  t rans fe r .  Jus t  p r i o r  t o  exposure o f  t h e  sodium s u l f a t e  
l a y e r  t o  t h e  a i r ,  add 35 mL o f  hexane and cont inue t h e  e l u t i o n  o f  t h e  
column. D i  scard t h i  s hexane e l  uate. 

7.1.4 Next, e l u t e  t h e  column w i t h  140 mL o f  20% e t h y l  e the r  i n  
hexane (v/v) i n t o  a 500 mL K-D f l a s k  equipped w i t h  a 10 mL concentrator  
tube. Concentrate the c o l l e c t e d  f r a c t i o n  using t h e  Kuderna-Danish 
technique. No solvent  exchange i s  necessary. Ad jus t  t h e  volume o f  t h e  
cleaned up e x t r a c t  t o  whatever volume i s  requ i red (10.0 mL f o r  Method 
8060) and analyze. Compounds t h a t  e l u t e  i n  t h i s  f r a c t i o n  are as fo l lows:  

B i  s (2-e thy l  hexyl ) phthal a te  
Buty l  benzyl phthal  a te  
Di  -n-buty l  phthal a te  
D ie thy l  phthal  a te  
Dimethyl phthal a t e  
D i  -n -oc ty l  phthal ate. 

7.2 Nitrosamines: 

7.2.1 Reduce t h e  sample e x t r a c t  t o  2 mL p r i o r  t o  cleanup. 

7.2.2 Diphenylamine, i f  present i n  the  o r i g i n a l  sample ex t rac t ,  must 
be separated from t h e  nitrosamines i f  N-nitrosodiphenylamine i s  t o  be 
determined by t h i s  method. 

7.2.3 Place approximately 12 g o f  the  alumina prepara t ion  i n t o  a 10 
mm I D  chromatographic column. Tap t h e  column t o  s e t t l e  t h e  a1 umina and 
add 1-2 cm o f  anhydrous sodium s u l f a t e  t o  t h e  top. 

7.2.4 Pre-e lu te  t h e  column w i t h  10 mL o f  e t h y l  ether/pentane 
(3:7) (v/v). Discard t h e  e lua te  (about 2 rnL) and, j u s t  p r i o r  t o  exposure 
o f  the  sodium s u l f a t e  l a y e r  t o  t h e  a i r ,  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  2 nL 
sample e x t r a c t  onto t h e  column using an add i t i ona l  2 mL of pentane t o  
compl e t e  t h e  t ransfer .  

7.2.5 J u s t  p r i o r  t o  exposure o f  t h e  sodium s u l f a t e  l a y e r  t o  t h e  a i r ,  
add 70 mL o f  e t h y l  ether/pentane (3:7) (v/v). Discard t h e  f i r s t  10 mL o f  
e luate.  C o l l e c t  the  remainder o f  the  e luate  i n  a 500 rr~L K-D f l a s k  
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equipped w i t h  a 10 mL concentrator  tube. This  f r a c t i o n  contains N- 
nitroso-di-n-propylamine. 

7.2.6 Next, e l u t e  the  column w i t h  60 mL of e t h y l  ether/pentane 
( 1 : l )  (v/v), c o l l e c t i n g  the  e lua te  i n  a second 500 mL K-D f l a s k  equipped 
w i t h  a 10 mL concentrator  tube. Add 15 mL o f  methanol t o  t he  K-D f l ask .  
This  f r a c t i o n  w i l l  con ta in  N-nitrosodimethylamine, most o f  t he  N-ni t roso-  
d i  -n-propyl amine, and any diphenyl amine t h a t  i s  present. 

7.2.7 Concentrate both f r a c t i o n s  using the  Kuderna-Danish Technique 
( i f  necessary), us ing pentane t o  prewet the  Snyder column. When the 
apparatus i s  cool,  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  i n t o  the  concentrator  tube w i t h  1-2 mL o f  pentane. Adjust  the 
f i n a l  volume t o  whatever i s  requ i red  i n  the appropr iate determinat ive 
method (Sect ion 4.3 of t h i s  chapter).  Analyze the  f rac t i ons .  

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  con t ro l  procedures and 
Method 3600 f o r  cleanup procedures. 

8.2 The analyst  should demonstrate t h a t  t he  compounds o f  i n t e r e s t  are 
being q u a n t i t a t i v e l y  recovered before apply ing t h i s  method t o  actual samples. 

8.3 For sample ex t rac ts  t h a t  are cleaned up using t h i s  method, t he  
associated qua1 i t y  con t ro l  samples must a1 so be processed through t h i s  cleanup 
method. 

9.0 METHOD PERFORMANCE 

9.1 Performance data are  not  ava i lab le .  

10.0 REFERENCES 

1. 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 In te r im  
F ina l  Rule and Proposed Rule," October 26, 1984. 
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METHOD 3610A 
ALUMINA COLUMN CLEANUP 
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METHOD 3611A 

1.0 SCOPE AND APPLICATION 

1.1 Method 3611 was former ly  Method 3570 i n  the  Second E d i t i o n  o f  t h i s  
manual. 

1.2 S ~ e c i f  i c  a ~ o l  i c a t i o n :  This method includes guidance f o r  separation 
o f  petroleum wastes i n t o  a1 ipha t i c ,  aromatic, and po la r  f r a c t i o n s .  

2.0 SUMMARY OF METHOD 

2.1 The column i s  packed w i t h  the  required amount o f  adsorbent, topped 
w i t h  a water adsorbent, and then loaded w i t h  the  sample t o  be analyzed. E lu t i on  
o f  t he  analytes i s  e f fec ted  w i t h  a s u i t a b l e  solvent(s) ,  leav ing the  i n t e r f e r i n g  
compounds on the  column. The e lua te  i s  then concentrated ( i f  necessary). 

3.0 INTERFERENCES 

3.1 A reagent b lank should be performed f o r  the  compounds of i n t e r e s t  
p r i o r  t o  t h e  use o f  t h i s  method. The l e v e l  o f  in ter ferences must be below the 
method de tec t i on  1 i m i t  before t h i s  method i s  performed on actual  samples. 

3.2 More extensive procedures than those out1 ined i n  t h i s  method may be 
necessary f o r  reagent p u r i f i c a t i o n .  

3.3 Caution must be taken t o  prevent overloading o f  t he  chromatographic 
column. As t h e  column load ing f o r  any o f  these types o f  wastes approaches 
0.300 g o f  ex t rac tab le  organics, separat ion recoveries w i l l  su f fe r .  If 
overloading i s  suspected, an a1 iquot  o f  t he  base-neutral ex t rac t  p r i o r  t o  cleanup 
may be weighed and then evaporated t o  dryness. A g rav imet r ic  determinat ion on 
the  a l i q u o t  w i l l  i nd i ca te  the  weight o f  ex t rac tab le  organics i n  the  sample. 

3.4 Mixtures o f  petroleum wastes conta in ing predominantly po la r  solvents, 
i .e., ch lo r ina ted  sol  vents o r  oxygenated solvents, are not  appropriate f o r  t h i s  
method. 

4.0 APPARATUS AND MA'TERIALS 

4.1 Chromatography column: 300 mm x 10 mm ID, w i t h  Pyrex glass wool a t  
bottom and a Tef lon  stopcock. 

NOTE: F r i t t e d  g lass d iscs  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 ex t rac ts  have been passed through. Columns wi thout  
f r i t s  may be purchased. Use a small pad o f  Pyrex glass 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  solvent  p r i o r  t o  packing the  
column w i t h  adsorbent. 
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4.2 Beakers: 500 mL. 

4.3 Reagent b o t t l e :  500mL. 

4.4 M u f f l e  furnace. 

4.5 Kuderna-Dani sh (K-D) apparatus: 

4.5.1 Concentrator tube - 10 mL, graduated (Kontes K-570050-1025 o r  
equ iva lent ) .  A ground-glass stopper i s  used t o  prevent  evaporat ion of 
ex t rac ts .  

4.5.2 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 .  

4.5.3 Snyder column - Three b a l l  macro (Kontes K-503000-0121 o r  
equival  en t )  . 

4.5.4 Snyder column - Two b a l l  micro (Kontes K-569001-0219 o r  
equival  en t )  . 

4.5.5 Springs - 1/2 i nch  (Kontes K-662750 o r  equ iva lent ) .  

4.6 B o i l  i n g  chips: Solvent extracted, approximately 10/40 mesh ( s i  1 icon 
carbide o r  equivalent)  . 

4.7 Water bath: Heated w i t h  concentr ic  r i n g  cover, capable of 
temperature con t ro l  (+5OC). The bath should be used i n  a hood. 

4.8 Erlenmeyer f lasks:  50 and 250 mL. 

5.0 REAGENTS 

5.1 Sodium su l fa te :  (granular,  anhydrous), Na2S0 . P u r i f y  by heat ing  a t  
400°C f o r  4 hours i n  a shal low t ray ,  o r  by precleaning t h e  sodium s u l f a t e  w i t h  
methylene ch lor ide .  I f  the  sodium s u l f a t e  i s  precleaned w i t h  methylene ch lor ide ,  
a method blank must be analyzed, demonstrating t h a t  there  i s  no in te r fe rence  from 
t h e  sodium s u l f a t e .  

5.2 E l u t i n g  solvents: 

5.2.1 Methanol, CH,OH - Pest ic ide  q u a l i t y  o r  equivalent .  

5.2.2 Hexane, C,H,, - Pest ic ide  q u a l i t y  o r  equivalent .  

5.2.3 Methylene ch lor ide ,  CH2C12 - Pest ic ide  qua1 i t y  o r  equivalent .  

5.3 Alumina: Neutral 80-325 MCB chromatographic grade o r  equivalent .  
Dry alumina overnight  a t  130°C p r i o r  t o  use. 
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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. 

7.0 PROCEDURE 

7.1 I t  is  suggested that  Method 3650, Acid-Base Parti t ion Cleanup, be 
performed on the sample extract  prior t o  alumina cleanup. 

7.2 Place approximately 10 g of alumina into a chromatographic column, 
tap t o  s e t t l e  the alumina, and add 1 cm of anhydrous sodium sulfate  t o  the top. 

7.3 Pre-elute the column with 50 mL of hexane. Discard the eluate and, 
just prior t o  exposure of the sodium sulfate  layer t o  the a i r ,  quantitatively 
t ransfer  the 1 mL sample extract  onto the column using an additional 1 mL of 
hexane t o  complete the transfer.  To avoid overloading the column, i t  i s  
suggested that  no more than 0.300 g of extractable organics be placed on the 
col umn (see Section 3.3). 

7.4 Just  prior t o  exposure of the sodium sulfate  to  the a i r ,  e lute  the 
column with a to ta l  of 15 mL of hexane. If the extract i s  in 1 mL of hexane, and 
i f  1 m L  of hexane was used as a rinse,  then 13 mL of additional hexane should be 
used. Collect the effluent in a 50 mL f lask and label t h i s  fraction 
"base/neutral a1 iphatics." Adjust the flow rate  t o  2 mL/min. 

7.5 Elute the column w i t h  100 mL of methylene chloride and collect  the 
effluent in a 250 mL f lask.  Label t h i s  fraction "base/neutral aromatics." 

7.6 Elute thecolumnwith 100mLof methanol andcol lect  theef f luent  in 
a 250 mL f lask.  Label t h i s  fraction "base/neutral polars." 

7.7 Concentrate the extracts ( i f  necessary) by the standard K - D  technique 
t o  the volume (1-10 mL) required in the appropriate determinative method (Chapter 
Four). Analyze the fractions containing the analytes of interest .  

8.0 QUALITY CONTROL 

8.1 Refer t o  Chapter One for  specific quality control procedures and 
Method 3600 for  cleanup procedures. 

8.2 The analyst should demonstrate t h a t  the compounds of interest  are 
being quantitatively recovered before applying th i s  method to  actual samples. 

8.3 For sample extracts that  are cleaned up using th i s  method, the 
associated qua1 i t y  control samples must a1 so be processed through t h i s  cleanup 
method. 
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9.0 METHOD PERFORMANCE 

9.1 The p rec is ion  and accuracy o f  t h e  method w i l l  depend upon t h e  o v e r a l l  
performance o f  t h e  sample preparat ion and analysis. 

9.2 Rag o i l  i s  an emulsion cons is t i ng  o f  crude o i l ,  water, and s o i l  
p a r t i c l e s .  It has a dens i t y  greater  than crude o i l  and less  than water. This 
mater ia l  forms a l a y e r  between t h e  crude o i l  and water when t h e  crude o i l  i s  
a1 lowed t o  g r a v i t y  separate a t  the  r e f i n e r y .  A rag o i l  sample was analyzed by 
a number o f  1 aborator ies according t o  the  procedure out1 ined i n  t h i s  method. The 
r e s u l t s  o f  these analyses by GC/MS f o r  selected components i n  t h e  rag  o i l  are 
presented i n  Tab1 e 1. Reconstructed i o n  chromatograms from t h e  GC/MS analyses 
are inc luded as Figures 1 and 2. 

10.0 REFERENCES 

1. U.S. EPA 40 CFR Par t  136, "Guidel.ines Estab l ish ing Test Procedures f o r  t h e  
Analys is of Po l lu tan ts  Under t h e  Clean Water Act; F ina l  Rule and I n t e r i m  
F ina l  Rule and Proposed Rule," October 26, 1984. 
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Table 1. 
RESULTS OF ANALYSIS FOR SELECTED COMPONENTS IN RAG OIL 

Me an Standard 
Analyte Conc. (mg/kg)a Deviat ion X R S D ~  

Naphthal ene 
F l  uorene 
Phenanthrene 
2-Methyl naphtha1 ene 
Di benzothiophene 
Methyl phenanthrene 
Methyld i  benzothiophene 

Ni  trobenzene-d, 
Terphenyl -d,, 
Phenol -d, 
Naphthal ene-d, 

Average Surrogate Recovery 

- - - - - - - -  - 

a Based on f i v e  determinat ions from three 1 aborator ies. 

Percent Re1 a t  i v e  Standard Deviat ion. 
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Ffgure 1. Reconstructed ion chromatogram from GC/MS analysf s of the aromatfc 
fractfon from Rag O i l  



Flgure 2. Reconstructed Ion chromatogram from GC/MS analysls of the a1 lphatic 
fract ion from Rag 011 



METHOD 3611A 
ALUMINA COLUMN CLEANUP AND SEPARATION OF PETROLEUM WASTES 
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METHOD 3620A 

FLORISIL COLUMN CLEANUP 

1.0 SCOPE AND APPLICATION 

1.1 F l o r i s i l ,  aregisteredtradenameoftheFloridinCo. ,  isamagnesium 
s i  1 i c a t e  w i t h  a c i d i c  proper t ies .  I t i s  used f o r  general co l  ua~n chromatography 
as a cleanup procedure p r i o r  t o  sample analys is  by gas chromatography. 

1.2 General: C1ean1.1~ o f  pes t i c ide  residues and other  
ch lo r ina ted  hydrocarbons; the  separat ion o f  n i t rogen compounds from hydrocarbons; 
the  separat ion o f  aromatic compounds from a1 i phat ic-aromat i c mixtures; and 
s i m i l a r  app l ica t ions  f o r  use w i t h  fa ts ,  o i l s ,  and waxes (F lo r id in ) .  
Add i t i ona l l y ,  F l o r i s i l  i s  considered good f o r  separations w i t h  stero ids,  esters, 
ketones, g lycer ides,  a1 kaloids, and some carbohydrates (Gordon and Ford). 

1.3 S ~ e c i f i c  a p ~ l  i ca t ions :  This method includes guidance f o r  cleanup o f  
sample ex t rac ts  conta in ing  the fo l l ow ing  analyte groups: phthalate esters; 
n i  trosamines; organochlor ine pest ic ides;  n i t roaromat ics;  haloethers; ch lor ina ted 
hydrocarbons; and organophosphorus pest ic ides.  

2.0 SUMMARY OF METHOD 

2.1 The column i s  packed w i t h  the  requ i red  adsorbent, topped w i t h  a water 
adsorbent, and then loaded w i t h  the sample t o  be analyzed. E l u t i o n  i s  ef fected 
w i t h  a s u i t a b l e  solvent(s)  leav ing the  i n t e r f e r i n g  compounds on the  column. The 
e lua te  i s  then concentrated ( i f  necessary). 

3.0 INTERFERENCES 

3.1 A reagent blank should be performed f o r  the  compounds o f  i n t e r e s t  
p r i o r  t o  t h e  use o f  t h i s  method. The l e v e l  o f  in ter ferences must be below the 
method de tec t i on  l i m i t  before t h i s  method i s  performed on actual  samples. 

3 . 2  More extensive procedures than those ou t l i ned  i n  t h i s  method may be 
necessary f o r  reagent p u r i f i c a t i o n .  

4.0 APPARATUS AND MATERIALS 

4.1 Beaker - 500 mL. 

4 . 2  Chromatographic column - 300 mm long x 10 mm ID o r  400 mm long x 
20 mm ID, as spec i f i ed  i n  Sect ion 7.0; w i t h  Pyrex g lass wool a t  bottom and a 
Tef lon  stopcock. 

NOTE: F r i  t t e d  g lass d iscs  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 ex t rac ts  have been passed through. Columns without 
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  
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acetone fo l lowed by 50 mL o f  e l u t i o n  solvent  p r i o r  t o  packing t h e  
column w i t h  adsorbent. 

4.3 Kuderna-Danish (K-D) apparatus. 

4.3.1 Concentrator tube - 10 mL, graduated (Kontes K-570050-1025 o r  
equ iva lent ) .  Ground-glass stopper i s  used t o  prevent evaporat ion o f  
ex t rac ts .  

4.3.2 Evaporation f l a s k  - 500 mL (Kontes K-570001-0500 o r  
equivalent) .  At tach t o  concentrator  tube w i t h  springs, clamps, o r  
equivalent .  

4.3.3 Snyder column - Three b a l l  macro (Kontes K-503000-0121 o r  
equi va l  ent)  . 

4.3.4 Snyder column - Two b a l l  micro (Kontes K-569001-0219 o r  
equivalent) .  

4.3.5 Springs - 1/2 inch (Kontes K-662750 o r  equ iva lent ) .  

4.4 M u f f l e  furnace. 

4.5 Reagent b o t t l e  - 500 mL. 

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. 

4.7 Boi 1 i ng chips - Sol vent extracted, approximately 10/40 mesh ( s i  1 i con  
carbide o r  equival  ent)  . 

4.8 Erlenmeyer f l asks  - 50 and 250 mL. 

4.9 Top-loading balance - 0.01 g. 

5.0 REAGENTS 

5.1 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  organ ic - f ree reagent water, as def ined i n  Chapter One. 

5.2 F l o r i s i l  - Pest ic ide  residue (PR) grade (60/100 mesh); purchase 
acti,vated a t  1250°F (677OC), s tored i n  g lass containers w i t h  ground-gl ass 
stoppers o r  f o i l - l i n e d  screw caps. 

5.2.1 Deact iva t ion  o f  F l o r i s i l  - f o r  cleanup o f  phtha la te  esters.  
To prepare f o r  use, p lace 100 g o f  F l o r i s i l  i n t o  a 500 mL beaker and heat 
f o r  approximately 16 h r  a t  40°C. A f t e r  heating, t r a n s f e r  t o  a 500 mL 
reagent b o t t l e .  T i g h t l y  seal and cool t o  room temperature. When cool add 
3 mL o f  organ ic - f ree reagent water. Mix thoroughly by shaking o r  r o l l i n g  
fo r  10 min and l e t  stand f o r  a t  l e a s t  2 h r .  Keep t h e  b o t t l e  sealed 
t i g h t l y .  

5.2.2 A c t i v a t i o n  o f  F l o r i s i l  - f o r  cleanup o f  ni trosamines, 
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organochlor ine pest ic ides  and PCBs, n i  t roaromatics, haloethers, 
ch lo r ina ted  hydrocarbons, and organophosphorus pest ic ides .  Jus t  before 
use, a c t i v a t e  each batch a t  l e a s t  16 h r  a t  130°C i n  a g lass  conta iner  
l oose ly  covered w i t h  a1 uminum f o i  1. A1 te rna t i ve l y ,  s to re  the  F l o r i s i  1 i n  
an oven a t  130°C. Cool t he  F l o r i s i l  before use i n  a desiccator.  ( F l o r i s i l  
from d i f f e r e n t  batches o r  sources may vary i n  adsorpt ive capacity.  To 
standardize the  amount o f  F l o r i s i l  which i s  used, t h e  use o f  l a u r i c  ac id  
value i s  suggested. The referenced procedure determines the  adsorpt ion 
from hexane s o l u t i o n  o f  l a u r i c  ac id  (mg) per g o f  F l o r i  s i l  . The amount o f  
F l o r i s i l  t o  be used f o r  each column i s  ca lcu la ted by d i v i d i n g  110 by t h i s  
r a t i o  and m u l t i p l y i n g  by 20 g ( M i l l s ) .  

5.3 Sodium s u l f a t e  (granular,  anhydrous), Na2S0, - P u r i f y  by heat ing a t  
400°C f o r  4 hours i n  a shal low t ray ,  o r  by precleaning the sodium s u l f a t e  w i t h  
methylene ch lor ide .  I f  the  sodium s u l f a t e  i s  precleaned w i t h  methylene chlor ide,  
a method blank must be analyzed, demonstrating t h a t  there  i s  no in ter fe rence from 
the  sodium s u l f a t e .  

5.4 E l u t i n g  solvents 

5.4.1 D ie thy l  ether,  C2H,0C2H - Pest ic ide  qual i t y  o r  equivalent.  
Must be f r e e  o f  peroxides, as Indicated by t e s t  s t r i p s  (EM Quant o r  
equ iva lent ) .  Procedures recommended f o r  removal o f  peroxides are provided 
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 e t h y l  alcohol preservat ive 
must be added t o  each l i t e r  o f  ether .  

5.4.2 Acetone, CH,COCH, - Pest ic ide qual i t y  o r  equivalent  . 
5.4.3 Hexane, C,H,, - Pest ic ide  qual i t y  o r  equivalent.  

5.4.4 Methylene ch lor ide ,  CH2C1, - Pest ic ide  q u a l i t y  o r  equivalent.  

5.4.5 Pentane, CH,(CH,),CH, - Pest ic ide qual i t y  o r  equivalent  . 
5.4.6 Petroleum ether  ( b o i l i n g  range 30-60°C) - Pest ic ide  q u a l i t y  o r  

equivalent .  

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 Phthal a t e  es ters  

7.1.1 Reduce the  sample e x t r a c t  volume t o  2 mL p r i o r  t o  cleanup. 
The e x t r a c t  solvent  must be hexane. 

7.1.2 Place approximately 10 g o f  deact ivated F l o r i  s i  1 (Sect ion 
5.1.1) i n t o  a 10 mm ID chromatographic column. Tap the  column t o  s e t t l e  
t h e  F l o r i s i l  and add approximately 1 cm of anhydrous sodium s u l f a t e  t o  the  
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top. 

7.1.3 Pree lu te  t h e  column w i t h  40 mL o f  hexane. The r a t e  f o r  a l l  
e l u t i o n s  should be about 2 mL/min. Discard the  e l u a t e  and, j u s t  p r i o r  t o  
exposure o f  t h e  sodium s u l f a t e  l a y e r  t o  t h e  a i r ,  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  2 mL sample e x t r a c t  onto t h e  column using an a d d i t i o n a l  2 mL o f  hexane 
t o  complete t h e  t r a n s f e r .  Jus t  p r i o r  t o  exposure o f  t h e  sodium s u l f a t e  
l a y e r  t o  t h e  a i r ,  add 40 mL o f  hexane and cont inue t h e  e l u t i o n  o f  t h e  
co l  umn. D i  scard t h i  s hexane e l  uate. 

7.1.4 Next, e l u t e  t h e  column w i t h  100 rr~L o f  20% e t h y l  e t h e r  i n  
hexane (v/v) i n t o  a 500 mL K-D ' f l a s k  equipped w i t h  a 10 mL concent ra tor  
tube. Concentrate t h e  c o l l e c t e d  f r a c t i o n  as needed. No so l  vent  exchange 
i s  necessary. Adjust  t h e  volume o f  t he  cleaned-up e x t r a c t  t o  whatever 
volume i s  requ i red  (10 mL f o r  Method 8060) and analyze by gas 
chromatography. Compounds t h a t  e l u t e  i n  t h i s  f r a c t i o n  are: 

B i s (2 -e thy l  hexyl ) phthal  a t e  
Buty l  benzyl phthal  a te  
D i  - n -bu ty l  phthal  a t e  
D ie thy l  phthal  a t e  
Dimethyl phthal  a t e  
D i  - n - o c t y l  phthal  a t e  

7.2 Nitrosamines 

7.2.1 Reduce t h e  sample e x t r a c t  volume t o  2 mL p r i o r  t o  cleanup. 

7.2.2 Add a weight o f  ac t i va ted  F l o r i s i l  (nominal ly  22 g)  
predetermined by c a l i b r a t i o n  (Sect ion 5.1.2) i n t o  a 20 mm :ID 
chromatographic column. Tap t h e  column t o  s e t t l e  t h e  F l o r i s i l  and add 
about 5 mm o f  anhydrous sodium s u l f a t e  t o  t h e  top. 

7.2.3 Pre-e l  u t e  t h e  column w i t h  40 mL o f  e t h y l  ether/pentane (15:85) 
(v/v).  Discard t h e  e lua te  and, j u s t  p r i o r  t o  exposure o f  t h e  sodium 
s u l f a t e  l a y e r  t o  t h e  a i r ,  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  2 mL sample e x t r a c t  
onto the  colu~i in us ing  an a d d i t i o n a l  2 mL o f  pentane t o  complete t h e  
t r a n s f e r .  

7.2.4 E l u t e  the  column w i t h  90 mL o f  e t h y l  ether/pentane (15:85) 
(v/v) and d i sca rd  t h e  e luate.  This  f r a c t i o n  w i l l  con ta in  t h e  
diphenylamine, i f  i t  i s  present i n  t h e  e x t r a c t .  

7.2.5 Next, e l u t e  the  column w i t h  100 mL o f  acetone/ethyl  e t h e r  
(5:95) (v/v) i n t o  a 500 mL K-D f l a s k  equipped w i t h  a 10 mL concent ra tor  
tube. Th is  f r a c t i o n  w i l l  con ta in  a l l  o f  t he  n i t rosamines l i s t e d  i n  t h e  
scope o f  t h e  method. 

7.2.6 Add 15 mL o f  methanol t o  t h e  c o l l e c t e d  f r a c t i o n ,  concentrate 
as needed us ing  pentane t o  prewet t h e  K-D column and s e t  t h e  water ba th  a t  
70 t o  75'~. When t h e  apparatus i s  cool ,  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  concentrator  tube w i t h  1 t o  2 mL o f  
pentane. 
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7.3 Organochlorine pest ic ides,  haloethers, and organophosphorus 
pes t i c i des  (see Tables 1 and 2 f o r  f r a c t i o n a t i o n  pa t te rns  o f  compounds tested) 

7.3.1 Reduce the  sample e x t r a c t  volume t o  10 mL p r i o r  t o  cleanup. 
The e x t r a c t  so lvent  must be hexane. 

7.3.2 Add a weight o f  ac t iva ted  F l o r i s i l  (nominal ly 20 g), 
predetermined by c a l i b r a t i o n  (Sect ion 5,1.2), t o  a 20 mm ID 
chromatographic column. S e t t l e  the F l o r i s i l  by tapping the  column. Add 
anhydrous sodium s u l f a t e  t o  the  top o f  the F l o r i s i l  t o  form a l a y e r  1 t o  
2 cm deep. Add 60 mL o f  hexane t o  wet and r i n s e  the  sodium s u l f a t e  and 
F l o r i s i l .  Jus t  p r i o r  t o  exposure o f  the  sodium s u l f a t e  t o  a i r ,  stop the 
e l u t i o n  o f  t he  hexane by c los ing  the  stopcock on the  chromatographic 
column. Discard the  e lua te .  

7.3.3 Adjust  t h e  sample e x t r a c t  volume t o  10 mL w i t h  hexane and 
t r a n s f e r  i t  from t h e  K-D concentrator tube t o  the  F l o r i s i l  column. Rinse 
the  tube tw ice  w i t h  1-2 rnL hexane, adding each r i n s e  t o  the  column. 

7.3.4 Place a 500 mL K-D f l a s k  and clean concentrator tube under the  
.chromatographic column. Drain the  column i n t o  the  f l a s k  u n t i l  the  sodium 
s u l f a t e  l a y e r  i s  nea r l y  exposed. E lu te  the  column w i t h  200 nlL o f  6% e thy l  
e the r  i n  hexane (v/v) (Frac t ion  1) using a d r i p  r a t e  o f  about 5 mL/min. 
A l l  o f  t he  haloethers are  i n  t h i s  f rac t i on .  Remove the  K-D f l a s k  and se t  
aside f o r  l a t e r  concentrat ion.  E lu te  the column again, us ing 200 mL o f  
15% e t h y l  e the r  i n  hexane (v/v) (Frac t ion  2), i n t o  a second K-D f l ask .  
Perform a t h i r d  e l u t i o n  us ing 200 mL o f  50% e thy l  e ther  i n  hexane (v/v) 
(F rac t i on  3), and a f i n a l  e l u t i o n  w i t h  200 mL o f  100% e thy l  e ther  
(Frac t ion  4), i n t o  separate K-D f l asks .  

7.3.5 I f  necessary, concentrate the  eluates by standard K-D 
techniques us ing the  water bath a t  about 85OC (75OC f o r  Frac t ion  4). 
Ad jus t  t h e  f i n a l  volume t o  whatever volume i s  requ i red  (1-10 mL). 

7.4 Ni  troaromat i cs and i sophorone 

7.4.1 Reduce the  sample e x t r a c t  volume t o  2 mL p r i o r  t o  cleanup. 

7.4.2 Add a weight o f  ac t iva ted  F l o r i s i l  (nominal ly 10 g) 
predetermined by c a l i b r a t i o n  (Sect ion 5.1.2) i n t o  a 10 mm ID 
chromatographic column. Tap the  column t o  s e t t l e  t he  F l o r i s i l  and add 
about 1 cm o f  anhydrous sodium s u l f a t e  t o  the  top. 

7.4.3 Pre-e lu te  the  column w i t h  methylene chloride/hexane (1:9) 
(v/v) a t  about 2 mL/min. Discard the  e lua te  and, j u s t  p r i o r  t o  exposure 
o f  t h e  sodium s u l f a t e  l a y e r  t o  the  a i r ,  q u a n t i t a t i v e l y  t r a n s f e r  t he  sample 
e x t r a c t  onto the  column using an add i t iona l  2 mL o f  hexane t o  complete the 
t r a n s f e r .  Jus t  p r i o r  t o  exposure o f  the  sodium s u l f a t e  1 ayer t o  the  a i r ,  
add 30 mL o f  methylene ctiloride/hexane (1:9) (v/v) and cont inue the  
e l u t i o n  o f  t he  column. Discard the  e luate.  

7.4.4 E lu te  the  column w i t h  90 mL o f  e thy l  ether/pentane (15:85) 
(v/v) and d iscard  the  e luate.  This  f r a c t i o n  w i l l  conta in the  
diphenylamine, i f  i t  i s  present i n  the ex t rac t .  
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7.4.5 Next, e l u t e  t h e  column w i t h  100 mL o f  acetone/ethyl e the r  
(5:95) (v/v) i n t o  a 500 mL K-D f l a s k  equipped w i t h  a 10 mL concent ra tor  
tube. Th is  f r a c t i o n  w i l l  con ta in  a l l  o f  t he  n i t rosamines l i s t e d  i n  t h e  
scope o f  t h e  method. 

7.4.6 Add 15 mL o f  methanol t o  t h e  c o l l e c t e d  f r a c t i o n ,  concentrate 
us ing  pentane t o  prewet t h e  K-D column, and s e t  t h e  water ba th  a t  70 t o  
75OC. When t h e  apparatus i s  cool,  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 t o  2 mL o f  
pentane. 

7.4.7 Next, e l u t e  t h e  column w i t h  30 NIL- o f  acetone/methylene 
c h l o r i d e  (1:9) (v/v) i n t o  a 500 mL K-D f l a s k  equipped w i t h  a 10 mL 
concent ra tor  tube. Concentrate t h e  c o l l e c t e d  f r a c t i o n ,  w h i l e  exchanging 
t h e  so lvent  t o  hexane. To exchange t h e  solvent ,  reduce t h e  e l u t i o n  
so lvent  t o  about 10 mL. Add 50 mL o f  hexane, a f r e s h  b o i l i n g  chip,  and 
r e t u r n  t h e  reassembled K-D apparatus t o  t h e  ho t  water  bath. Ad jus t  t h e  
f i n a l  volume o f  t h e  cleaned-up e x t r a c t  t o  whatever volume i s  requ i red  (1- 
10 mL) . Compounds t h a t  e l u t e  i n  t h i s  f r a c t i o n  are: 

2,4-Di n i  t r o t o l  uene 
2,6-Dini t r o t o l  uene 
Isophorone 
Nitrobenzene. 

7.5 Chl o r i na ted  hydrocarbons 

7.5.1 Reduce t h e  sample e x t r a c t  volume t o  2 mL p r i o r  t o  cleanup. 
The e x t r a c t  so lvent  must be hexane. 

7.5.2 Add a weight o f  a c t i v a t e d  F l o r i s i l  (nominal ly  12 g) 
predetermined by c a l i b r a t i o n  (Sect ion 5.1.2) i n t o  a 10 mm I D  
chroniatographic column. Tap t h e  column t o  s e t t l e  t h e  F l o r i s i l  and add 
about 1 t o  2 cm o f  anhydrous sodium s u l f a t e  t o  t h e  top. 

7.5.3 Pree lu te  t h e  column w i t h  100 mL o f  petroleum e ther .  Discard 
t h e  e l u a t e  and, j u s t  p r i o r  t o  exposure o f  t he  sodium s u l f a t e  l a y e r  t o  t h e  
a i r ,  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 e x t r a c t  t o  t h e  column by 
decanta t ion  and subsequent petroleum e the r  washings. Discard t h e  e lua te .  
J u s t  p r i o r  t o  exposure o f  t h e  sodium s u l f a t e  l a y e r  t o  t h e  a i r ,  begin 
e l u t i n g  t h e  column w i t h  200 mL o f  petroleum e the r  and c o l l e c t  t h e  e l u a t e  
i n  a 500 mL K-D f l a s k  equipped w i t h  a 10 mL concent ra tor  tube. Th is  
f r a c t i o n  should con ta in  a l l  o f  t h e  c h l o r i n a t e d  hydrocarbons: 

2-Chl oronaphthal ene 
l,2-Dichlorobenzene 
1,3-Di c h l  orobenzene 
1,4-Dichlorobenzene 
Hexachl orobenzene 
Hexachl orobutadi  ene 
Hexachl orocycl  opentadi ene 
Hexachl oroethane 
1,2,4-Tri c h l  orobenzene. 
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7.5.4 Concentrate the  f rac t i on ,  using hexane t o  prewet the  column. 
When the  apparatus i s  cool,  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  i n t o  the  concentrator tube w i t h  hexane. Adjust t he  
f i n a l  volume o f  t h e  cleaned-up ex t rac t  t o  whatever volume i s  required 
(1-10 mL). 

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  con t ro l  procedures and 
Method 3600 f o r  cleanup procedures. 

8.2 The analyst  should demonstrate t h a t  t h e  compounds o f  i n t e r e s t  are 
being q u a n t i t a t i v e l y  recovered before applying t h i s  method t o  actual sampl es . 

8.3 For sample ex t rac ts  t h a t  are cleaned up using t h i s  method, the  
associated qua1 i t y  con t ro l  samples should a lso  be processed through t h i s  cleanup 
met hod. 

9.0 METHOD PERFORMANCE 

9.1 Table 1 ind i ca tes  t h e  d i s t r i b u t i o n  o f  ch lor ina ted pest ic ides,  PCB's, 
and haloethers i n  various F l o r i s i l  column f rac t i ons .  

9.2 Table 2 i nd i ca tes  the  d i s t r i b u t i o n  o f  organophosphorus pest ic ides  i n  
var ious F l o r i s i l  column f rac t i ons .  
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TABLE 1 

DISTRIBUTION OF CHLORINATED PESTICIDES, PCBs, 
AND HALOETHERS INTO FLORISIL COLUMN FRACTIONS 

Percent Recovery by Fract  i ona 

Parameter 1 2 3 

A l d r i n  
a-BHC 
B-BHC 
y - BHC 
6 - BHC 
Chlordane 
4,4'-DDD 
4,4'-DDE 
4,4'-DDT 
D i e l d r i n  
Endosul fan I 
Endosul fan I I 
Endosul fan su l  fate 
Endri n 
Endri n a1 dehyde 
Hal oethers 
Heptachl o r  
Heptachlor epoxide 
Toxaphene 
PCB-1016 
PCB- 1221 
PCB-1232 
PCB- 1242 
PCB- 1248 
PCB- 1254 
PCB- 1260 

a Eluant composition: Fract ion 1 - 6% e thy l  ether i n  hexane 
Fract ion 2 - 15% e thy l  ether i n  hexane 
Fract ion 3 - 50% e thy l  ether i n  hexane 

R = Recovered (no percent recovery data presented). 

SOURCE: U.S. EPA and FDA data. 
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TABLE 2 

DISTRIBUTION OF ORGANOPHOSPHORUS PESTICIDES 
INTO FLORISI L COLUMN FRACTIONS 

Percent Recovery by Frac t  ione 

Parameter 

Azi nphos methyl 
Bol s t a r  (Sul profos)  ND 
Chl o r p y r i  fos >80 
Coumaphos N R 
Demeton 100 
D i  az i  non 
D ich l  orvos N R 
Dimethoate ND 
Di  sul  f o ton  25-40 
E PN 
Ethoprop V 
Fensul f o t h i o n  ND 
Fenthion R 
Ma1 a th ion  
Merphos V 
Mevi nphos ND 
Monochrotophos ND 
Nal ed NR 
Parathion 
Parathion methyl 
Phorate 0-62 
Ronnel >80 
S t i  rophos (Tetrachlorvinphos) ND 
Sul fotepp V 
'TEPP N D 
Tokuthion (Pro th io fos)  >80 
T r i  ch l  oronate >80 

a Eluant composition: Frac t ion  1 - 200 mL o f  6% e t h y l  e ther  i n  hexane 
Frac t ion  2 - 200 mL o f  15% e t h y l  e ther  i n  hexane 
Frac t ion  3 - 200 mL o f  50% e t h y l  e ther  i n  hexane 
Frac t ion  4 - 200 mL o f  100% e thy l  e ther  

R - - Recovered (no percent recovery in format ion presented) (U. S. FDA). 
NR = Not recovered (U.S. FDA). 
v - - Var iable recovery (U.S. FDA). 
ND = Not determined. 

SOURCE: U.S. EPA and FDA data. 
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METHOD 3620A 
FLORISlL COLUMN CLEANUP 

7 1 1 Reduce volume 
of sample emtract 

to 2 m L  

7 1 . 2  Place 
Florisil ~ n t o  

chromatographic 
column: add 

anhydrous sodium 
sulfate 

7 1 3 Preelute 
column wlth hexane: 

transfer sample 
extract. add hexane 

7 1 4 Elute column 
wlth ethyl ether In 

hexane 

I 

1 
I 

7 . 1  4 Concentrate 
fraction; adjust 
volume. analyze 

I 

7 2 2 Put Florlsrl 
lnto 

chromatographic 
column; add 

anhydrous a o d ~ u m  
sulfate 

Nltrosamrnes 
b 

7 2 . 3  Preelute 
column with ethyl 
ether/pentane; 
transfer extract; 

add pentane 

7.2 1 Reduce volume 
of sample emtract 

to 2 m L  

7 2 4 Elute column 
ulth ethyl 

ether/pentane 

I 

7 2 . 5  Elute column 
with acetone/ethyl 
ether lnto flask 
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METHOD 3620A 
continued 

Organochlorine 
peeticides. haloethers 
and organophosphorous 

Nltroaromat1cs 
and isophorone . 

7 3 1 Reduce volume 7 4 1 R ~ ~ U C *  volume 

of sample entract of sample entract 
Lo 2 m L  to 2 m L  

7 2 6 Add methanol 
to fraction; 
concentrate 

I I 
7 3 2 Add florisil 7 4 2 Put florisil 
to chromatograph&c slurry in 

column. add 7 5 I Reduce volume chromatographic 
anhydrous sodium of sample entract column. add 

sulfate then to 2 mL anhydrous sodium 
hemane, discard sulfate 

eluate 

1 1 1 
7 4 3 Transfer 

sample extract anto 
column. add 
methylene 

chlorlde/herane 
discard eluate 

7 3 3 Adjust sample 
ertract volume. 

transfer to column 
rinse with herane 

7 5 2 Place 
Florlsli 1n 

chromatogra~hic 
colum add 

anhyarous soolum 
sulfate 

1 1 1 
7 4 4 Elute column 

11th 
acetone/methylene 

chlorlde ercnange 
solvent to herane 

7 3 4 Drain column 
elute column 4 

times lnto separate 
f lasks 

7 5 3 Preelute 
column 11th 

petroleum ether 
transfer sample 

extract to column. 
discaro el-ate 

1 1 1 

7 4 4 Concentrate 
fraction. adjust 

frnal volbme 

7 3 5 Concentrate 
eluates. adjust 

volume 

0-( + Analyze by CC 
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METHOD 36308 

SILICA GEL CLEANUP 

1.0 SCOPE AND APPLICATION 

1.1 S i l  i c a  ge l  i s  a regenera t i ve  adsorbent o f  amorphous s i l i c a  w i t h  
weakly a c i d i c  p rope r t i es .  It i s  produced from sodium s i l i c a t e  and s u l f u r i c  acid.  
S i l i c a  ge l  can be used i n  column chromatography f o r  t h e  separat ion o f  analy tes 
from i n t e r f e r i n g  compounds o f  a d i f f e r e n t  chemical p o l a r i t y .  It may be used 
ac t i va ted ,  a f t e r  hea t i ng  t o  150 - 160°C, o r  deac t i va ted  w i t h  up t o  10% water. 

1.2 Th is  method inc ludes  guidance f o r  standard column cleanup o f  sample 
e x t r a c t s  con ta in i ng  po lynuc lear  aromatic hydrocarbons, d e r i  va t  i zed  phenol i c  
compounds, organochlor ine pes t i c i des ,  and PCBs as Aroc lo rs .  

1.3 Th i s  method a1 so prov ides cleanup procedures us ing  so l  id-phase 
e x t r a c t i o n  c a r t r i d g e s  f o r  pentaf luorobenzyl  bromide-der ivat ized phenols, 
organochlor ine pes t i c i des ,  and PCBs as Aroc lo rs .  This technique a1 so provides 
t h e  bes t  separa t ion  o f  PCBs from most s i n g l e  component organochlor ine pes t i c i des .  
When on l y  PCBs are t o  be measured, t h i s  method can be used i n  con junc t ion  w i t h  
s u l f u r i c  acid/permanganate cleanup (Method 3665). 

1.4 Other ana ly tes  may be cleaned up us ing t h i s  method i f  t h e  ana ly te  
recovery meets t h e  c r i t e r i a  s p e c i f i e d  i n  Sec. 8.0. 

2.0 SUMMARY OF METHOD 

2.1 Th is  method prov ides the  o p t i o n  o f  us ing  e i t h e r  standard column 
chromatography techniques o r  so l id-phase e x t r a c t i o n  ca r t r i dges ,  General ly,  t he  
standard column chromatography techniques use l a r g e r  amounts o f  adsorbent and, 
t he re fo re ,  have a g rea te r  cleanup capac i ty .  

2.2 I n  t h e  standard column cleanup pro toco l ,  t h e  column i s  packed w i t h  
t h e  requ i red  amount o f  adsorbent, topped w i t h  a water adsorbent, and then loaded 
w i t h  t h e  sample t o  be analyzed. E l u t i o n  o f  t h e  analy tes i s  accomplished w i t h  a 
s u i t a b l e  so l  vent  ( s )  t h a t  leaves t h e  i n t e r f e r i n g  compounds on t h e  column. The 
e l u a t e  i s  then concentrated ( i f  necessary). 

2.3 The c a r t r i d g e  cleanup p ro toco l  uses s i l  i c a  so l  id-phase e x t r a c t i o n  
c a r t r i d g e s  packed w i t h  1 g o r  2 g o f  adsorbent. Each c a r t r i d g e  i s  so lvent  washed 
immediately p r i o r  t o  use. A l i q u o t s  o f  sample e x t r a c t s  are loaded onto t h e  
c a r t r i d g e s ,  which are then e l u t e d  w i t h  s u i  tab1 e so l  vent ( s )  . A vacuum man i fo ld  
i s  r equ i red  t o  o b t a i n  reproduc ib le  r e s u l t s .  The c o l l e c t e d  f r a c t i o n s  may be 
f u r t h e r  concentrated p r i o r  t o  gas chro~natographic ana lys is .  

2.4 The app rop r i a te  gas chromatographic method i s  l i s t e d  a t  t h e  end o f  
each technique. Ana lys is  may a1 so be performed by gas chromatography/mass 
spectrometry (Method 8270). 
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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  and/or e l eva ted  base1 i nes  caus ing m i s i n t e r p r e t a t i o n  
o f  gas chromatograms. A l l  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  ana l ys i s ,  by ana l yz i ng  reagent  b lanks .  
See Sec. 8 f o r  guidance on a reagent  b l ank  check. 

3.2 Ph tha la te  e s t e r  con tamina t ion  may be a problem w i t h  c e r t a i n  
c a r t r i d g e s  The more i n e r t  t h e  column and/or c a r t r i d g e  m a t e r i a l  ( i  .e., g l a s s  o r  
Te f l on ) ,  t h e  l e s s  problem w i t h  ph tha l  a tes.  Phtha l  a tes  c r e a t e  i n t e r f e r e n c e  
problems f o r  a l l  method analy tes,  n o t  j u s t  t h e  p h t h a l a t e - e s t e r s  themselves. 

3.3 More ex tens i ve  procedures than  those out1 i ned  i n  t h i s  method may be 
necessary f o r  reagent  p u r i f i c a t i o n .  

4.0 APPARATUS AND MATERIALS 

4.1 Chromatographic column - 250 mm l o n g  x 10 mm ID; w i t h  Pyrex g l a s s  
wool a t  bottom and a T e f l o n  stopcock. 

NOTE: F r i t t e d  g l ass  d i s c s  a re  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 t h o u t  
f r i t s  may be purchased. Use a smal l  pad o f  Pyrex g l a s s  wool t o  
r e t a i n  t h e  adsorbent.  Prewash t h e  g l ass  wool pad w i t h  50 mL o f  
acetone f o l l owed  by 50 mL o f  e l u t i o n  so l ven t  p r i o r  t o  pack ing t h e  
column w i t h  adsorbent.  

4.2 Beakers - 500 mL. 

4.3 V i a l s  - 2, 10, 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 .  

4.4 M u f f l e  furnace.  

4.5 Reagent b o t t l e  - 500 mL. 

4.6 E'rlenmeyer f l a s k s  - 50 and 250 mL. 

4.7 Vacuum man i fo ld :  VacElute Man i f o l d  SPS-24 (Analy t ichem 
I n t e r n a t i o n a l  ) ,  V i  s i  prep (Supelco, I n c . )  o r  equ i va len t ,  c o n s i s t i n g  o f  g l ass  
vacuum basin,  c o l  1 e c t i o n  r a c k  and funne l ,  c o l l  e c t i o n  v i  a1 s, rep1 aceabl e s t a i n l e s s  
s t e e l  d e l i v e r y  t i p s ,  b u i l t - i n  vacuum b leed  va l ve  and gauge. The system i s  
connected t o  a vacuum pump o r  water  a s p i r a t o r  through a vacuum t r a p  made f rom a 
500 mL sidearm f l a s k  f i t t e d  w i t h  a one-hole s topper  and g l a s s  t u b i n g .  

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 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, 
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prov ided  i t  i s  f i r s t  ascer ta ined t h a t  t he  reagent i s  of 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  re ferences 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 def ined i n  Chapter One. 

5.3 S i  1  i c a  ge l  f o r  chromatography columns. 

5.3.1 S i  1  i ca Gel f o r  Phenol s  and Polynucl ear  Aromatic Hydrocarbons : 
100/200 mesh des iccan t  (Davison Chemical grade 923 o r  equ i va len t ) .  Before 
use, a c t i v a t e  f o r  a t  l e a s t  16 h r .  a t  130°C i n  a  shal low g lass  t r a y ,  l o o s e l y  
covered w i t h  f o i l .  

5.3.2 S i l  i c a  Gel f o r  Organochlor ine pesticides/PCBs: 100/200 mesh 
des iccan t  (Davison Chemical grade 923 o r  equ iva len t ) .  Before use, 
a c t i v a t e  f o r  a t  l e a s t  16 h r .  a t  130°C i n  a  shal low g lass  t r a y ,  l o o s e l y  
covered w i t h  f o i l .  Deac t i va te  i t  t o  3.3% w i t h  reagent water i n  a  500 mL 
g lass  j a r .  Mix  t h e  contents  thoroughly  and a l l o w  t o  e q u i l i b r a t e  f o r  6  
hours. S to re  t h e  deac t i va ted  s i l i c a  ge l  i n  a  sealed g lass  j a r  i ns ide  a  
des i cca to r .  

5.4 S i l i c a c a r t r i d g e s :  4 0 p m p a r t i c l e s ,  6 0 A p o r e s .  T h e c a r t r i d g e s w i t h  
which t h i s  method was developed cons i s t  o f  6 mL sero log ica l -g rade polypropylene 
tubes, w i t h  t h e  1 g  o f  s i l i c a  he ld  between two po lye thy lene  o r  s t a i n l e s s  s tee l  
f r i t s  w i t h  20 pm pores. 2  g  s i l i c a  c a r t r i d g e s  are a l so  used i n  t h i s  method, and 
0.5 g  c a r t r i d g e s  are a v a i l a b l e .  The compound e l u t i o n  pa t t e rns  must be v e r i f i e d  
when c a r t r i d g e s  o the r  than the  s p e c i f i e d  s i z e  are used. 

5.5 Sodium s u l f a t e  (granular ,  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 c h l o r i d e .  A  method b l  ank must be analyzed i n  order  t o  demonstrate 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 .  

5.6 E l u t i n g  so l  vents  

5.6.1 Cyclohexane, C,H,, - Pes t i c i de  qual i t y  o r  equ iva len t .  

5.6.2 Hexane, C,H1, - Pes t i c i de  qual i t y  o r  equ iva len t .  

5.6.3 2-Propanol , (CH,),CHOH - Pes t i c i de  qual i t y  o r  equ iva len t  . 
5.6.4 Toluene, C,H5CH, - Pes t i c i de  q u a l i t y  o r  equ iva len t .  

5.6.5 Methylene ch lo r i de ,  CH2C1, - Pes t i c i de  qual i ty  o r  equ iva len t .  

5.6.6 Pentane, C5H12 - Pes t i c i de  q u a l i t y  o r  equ iva len t .  

5.6.7 Acetone, CH,COCH, - Pes t i c i de  qual i t y  o r  equ iva len t .  

5.6.8 D i e t h y l  Ether, C,H50C2H5. Pes t i c i de  qual i t y  o r  equ iva len t .  
Must be f ree  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  peroxides are prov ided w i t h  t he  
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t e s t  s t r i p s .  A f t e r  cleanup, 20 mL o f  e thanol  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 the r .  

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 General Guidance 

7.1.1 The procedure con ta ins  two cleanup o p t i o n s  f o r  t h e  d e r i v a t i z e d  
phenol s  and o rganoch lo r ine  p e s t i  c ides /Aroc l  ors ,  b u t  o n l y  one techn ique  f o r  
t h e  po l ynuc lea r  aromat ic  hydrocarbons (PAHs) (s tandard  column 
chromatography). Cleanup techniques by s tandard column chromatography f o r  
a l l  ana l y tes  a r e  found i n  Sec. 7.2. Cleanup techniques by so l id -phase  
c a r t r i d g e s  f o r  d e r i v a t i z e d  phenols and PAHs a re  found i n  Sec. 7.3. The 
s tandard column chromatography techniques a re  packed w i t h  a  g r e a t e r  amount 
o f  s i l i c a  ge l  adsorbent and, t he re fo re ,  have a g r e a t e r  c leanup capac i t y .  
A r u l e  o f  thumb r e l a t i n g  t o  c leanup capac i t y  i s  t h a t  1 g o f  sorbent  
m a t e r i a l  w i l l  remove 10 t o  30 mg o f  t o t a l  i n t e r f e rences .  (However, 
capac i t y  i s  a l s o  dependent on t h e  sorbent  recen t i veness  o f  t h e  
i n t e r f e r e n c e s .  ) Therefore,  sampl es t h a t  e x h i b i t  a  g r e a t e r  degree o f  
sarnpl e  .i n t e r f e r e n c e  shoul d  be c l  eaned up by t h e  s tandard c o l  umn techn ique .  
However, bo th  techniques have l i m i t s  on t h e  amount o f  i n t e r f e r e n c e  t h a t  
can be removed. I f  t h e  i n t e r f e r e n c e  i s  caused by h i g h  b o i l i n g  m a t e r i a l ,  
then  Method 3640 should be used p r i o r  t o  t h i s  method. I f  t h e  i n t e r f e r e n c e  
i s  caused by re1  a t i v e l y  p o l a r  compounds o f  t h e  same b o i l  i n g  range as t h e  
ana ly tes ,  then  m u l t i p l e  column o r  c a r t r i d g e  cleanups may be requ i red .  I f  
c r y s t a l s  o f  s u l f u r  a re  noted i n  t h e  e x t r a c t ,  then  Method 3660 should be 
u t i l  i z e d  p r i o r  t o  t h i s  method. The c a r t r i d g e  cleanup techniques a re  o f t e n  
f a s t e r  and use l e s s  so lven t ,  however they  have l e s s  c leanup capac i t y .  

7.1.2 A1 1 ow t h e  e x t r a c t  t o  reach room temperature i f  i t  was i n  c o l d  
s to rage .  I nspec t  t h e  e x t r a c t s  v i s u a l l y  t o  ensure t h a t  t h e r e  a re  no 
p a r t i c u l a t e s  o r  phase separa t ions  and t h a t  t h e  volume i s  as s t a t e d  i n  t h e  
accompanying documents. V e r i f y  t h a t  t h e  so l  ven t  i s  compat ib le  w i t h  t h e  
c leanup procedures. I f  c r y s t a l s  o f  s u l f u r  a re  v i s i b l e  o r  i f  t h e  presence 
o f  s u l f u r  i s  suspected, proceed w i t h  Method 3660. 

7.1.3 I f  t h e  e x t r a c t  so l ven t  i s  methylene c h l o r i d e ,  f o r  most c leanup 
techniques,  i t  must be exchanged t o  hexane. (For t h e  PAHs, exchange t o  
cyclohexane as p e r  Sec. 7.2.1).  Fo l low t h e  s tandard Kuderna-Danish 
c o n c e n t r a t i o n  technique p rov ided  i n  each e x t r a c t i o n  method. The volume o f  
methylene c h l o r i d e  should have been reduced t o  1 - 2  mL. Add 40 mL o f  
hexane, a  f r e s h  b o i l i n g  c h i p  and repea t  t h e  concen t ra t i on  as w r i t t e n .  The 
f i n a l  volume r e q u i r e d  f o r  t h e  cleanup techniques i s  no rma l l y  2  mL. 
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7.2 Standard Column Cleanup Techniques 

7.2.1 Polynuc lear  aromat ic  hydrocarbons 

7.2.1.1 Before t h e  s i l i c a  ge l  c leanup technique can be 
u t i l  ized,  t h e  e x t r a c t  so lven t  must be exchanged t o  cyclohexane. The 
exchange i s  performed by adding 4 mL o f  cyclohexane f o l l o w i n g  
r e d u c t i o n  o f  t h e  sample e x t r a c t  t o  1-2 mL us ing t h e  macro Snyder 
column. A t t ach  t h e  two b a l l  micro Snyder column and reduce t h e  
volume t o  2 mL. 

CAUTION: When t h e  volume o f  so l ven t  i s  reduced below 1 mL, 
s e m i v o l a t i l e  analy tes may be l o s t .  I f  t h e  
e x t r a c t  goes t o  dryness, t h e  e x t r a c t i o n  must be 
repeated. 

7.2.1.2 Prepare a s l u r r y  o f  10 g o f  a c t i v a t e d  s i l i c a  ge l  
(Sec. 5.3.1) i n  methylene c h l o r i d e  and p lace  t h i s  i n t o  a 10 mm ID 
chromatographic column. Tap t h e  column t o  s e t t l e  t h e  s i l i c a  g e l  and 
e l u t e  t h e  methylene c h l o r i d e .  Add 1 t o  2 cm o f  anhydrous sodium 
s u l f a t e  t o  t h e  t op  o f  t h e  s i l i c a  g e l .  

7.2.1.3 P r e - e l u t e  t h e  column w i t h  40 mL o f  pentane. The 
r a t e  f o r  a l l  e l u t i o n s  should be about 2 mL/min. D iscard  t h e  e l ua te  
and, j u s t  p r i o r  t o  exposure o f  t h e  sodium s u l f a t e  l a y e r  t o  t h e  a i r ,  
t r a n s f e r  t h e  2 mL cyclohexane sample e x t r a c t  onto t h e  column us ing  
an a d d i t i o n a l  2 mL cyclohexane t o  complete t h e  t r a n s f e r .  Jus t  p r i o r  
t o  exposure o f  t h e  sodium s u l f a t e  l a y e r  t o  t h e  a i r ,  add 25 mL o f  
pentane and con t inue  t he  e l u t i o n  o f  t h e  column. D iscard  t h i s  
pentane e lua te .  

7.2.1.4 Next, e l u t e  t h e  column w i t h  25 mL o f  methylene 
ch lor ide/pentane (2:3)(v/v)  i n t o  a 500 mL K-D f l a s k  equipped w i t h  a 
10 mL concent ra to r  tube. Concentrate t h e  c o l l e c t e d  f r a c t i o n  t o  
whatever volume i s  r equ i red  (1-10 mL). Proceed w i t h  HPLC (Method 
8310) o r  GC ana l ys i s  (Method 8100). Va l ida ted  components t h a t  e l u t e  
i n  t h i s  f r a c t i o n  are:  

Acenaphthene 
Acenaphthylene 
Anthracene 
Benzo(a)anthracene 
Benzo(a)pyrene 
Benzo (b) f 1 uorant  hene 
Benzo ( g  , h , i ) p e r y l  ene 
Benzo ( k )  f 1 uoran t  hene 
Chrysene 
D i  benzo (a, h)anthracene 
F l  uoran t  hene 
F l  uorene 
Indeno(l ,2,3-cd)pyrene 
Naphtha1 ene 
Phenant hrene 
Pyrene 
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7.2.2 D e r i  v a t  i zed Phenol s  

7.2.2.1 T h i s  s i l  i c a  ge l  c leanup procedure i s  performed on 
sample e x t r a c t s  t h a t  have undergone pen ta f l uo robenzy l  bromide 
d e r i v a t i z a t i o n ,  as descr ibed  i n  Method 8040. The sample e x t r a c t  
must be i n  2  mL o f  hexane a t  t h i s  p o i n t .  

7.2.2.2 P lace 4.0 g  o f  a c t i v a t e d  s i l i c a  g e l  (Sec. 5.3.1) 
i n t o  a  10 mm I D  chromatographic column. Tap t h e  column t o  s e t t l e  
t h e  s i l i c a  g e l  and add about 2  g  o f  anhydrous sodium s u l f a t e  t o  t h e  
t o p  o f  t h e  s i l i c a  g e l .  

7.2.2.3 P r e - e l u t e  t h e  column w i t h  6  mL o f  hexane. The 
r a t e  f o r  a1 1  e l u t i o n s  should  be about 2  mL/min. D i s c a r d  t h e  e l u a t e  
and, j u s t  p r i o r  t o  exposure o f  t h e  sodium s u l f a t e  l a y e r  t o  t h e  a i r ,  
p i p e t  on to  t h e  column 2  mL o f  t h e  hexane s o l u t i o n  t h a t  c o n t a i n s  t h e  
d e r i v a t i z e d  sample o r  s tandard.  E l u t e  t h e  column w i t h  10.0 mL o f  
hexane and d i s c a r d  t h e  e l u a t e .  

7.2.2.4 E l u t e  t h e  column, i n  o rder ,  w i t h  10.0 mL o f  15% 
t o l u e n e  i n  hexane ( F r a c t i o n  1 )  ; 10.0 mL o f  40% t o l u e n e  i n  hexane 
( F r a c t i o n  2);  10.0 mL o f  75% to l uene  i n  hexane ( F r a c t i o n  3 ) ;  and 
10.0 mL o f  15% 2-propanol  i n  t o l u e n e  ( F r a c t i o n  4 ) .  A l l  e l u t i o n  
m i x t u r e s  a r e  prepared on a  volume:volume bas i s .  E l u t i o n  p a t t e r n s  
f o r  t h e  pheno l i c  d e r i v a t i v e s  a r e  shown i n  Tab le  1. F r a c t i o n s  may be 
combined, as des i red ,  depending upon t h e  s p e c i f i c  phenols  o f  
i n t e r e s t  o r  l e v e l  o f  i n t e r f e r e n c e s .  Proceed w i t h  GC a n a l y s i s  
(Method 8040). 

7.2.3 Organochlor ine P e s t i c i d e s  and Aroc l  o r s  

7.2.3.1 T r a n s f e r  a  3  g  p o r t i o n  o f  d e a c t i v a t e d  s i l i c a  g e l  
(Sec. 5.3.2) i n t o  a  10 mm ID  g l a s s  chromatographic column and t o p  i t  
w i t h  2  t o  3  cm o f  anhydrous sodium s u l f a t e .  

7.2.3.2 Add 10 mL o f  hexane t o  t h e  t o p  o f  t h e  column t o  
wet and r i n s e  t h e  sodium s u l f a t e  and s i l i c a  g e l .  J u s t  p r i o r  t o  
exposure o f  t h e  sodium s u l f a t e  1  ayer  t o  a i r ,  s t o p  t h e  hexane e l u a t e  
f l o w  by c l o s i n g  t h e  stopcock on t h e  chromatographic column. D i s c a r d  
t h e  e l u a t e .  

7.2.3.3 T rans fe r  t h e  sample e x t r a c t  ( 2  mL i n  hexane) on to  
t h e  column. Rinse t h e  e x t r a c t  v i a l  t w i c e  w i t h  1  t o  2  mL o f  hexane 
and add each r i n s e  t o  t h e  column. E l u t e  t h e  column w i t h  80 mL o f  
hexane ( F r a c t i o n  I )  a t  a  r a t e  o f  about 5  mL/min. Remove t h e  
c o l l e c t i o n  f l a s k  and s e t  i t  as ide  f o r  l a t e r  c o n c e n t r a t i o n .  E l u t e  
t h e  column w i t h  50 mL o f  hexane ( F r a c t i o n  11) and c o l l e c t  t h e  
e l u a t e .  Per form a  t h i r d  e l u t i o n  w i t h  15 mL o f  methylene c h l o r i d e  
( F r a c t i o n  111). The e l u t i o n  p a t t e r n s  f o r  t h e  o rganoch lo r i ne  
p e s t i c i d e s ,  Aroc lor -1016,  and Aroc l  or-1260 a re  shown i n  Tab1 e 2. 

7.2.3.4 P r i o r  t o  gas chromatographic a n a l y s i  s, t h e  
e x t r a c t i o n  s o l v e n t  must be exchanged t o  hexane. F r a c t i o n s  may be 
combined, as des i red ,  depending upon t h e  s p e c i f i c  
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pes t  i c i des /A roc lo r s  o f  i n t e r e s t  o r  1  eve1 of i n t e r f e rences .  I f  
m ix tu res  o f  A roc lo r s  and pes t i c i des  a re  expected, i t  i s  best  t o  
analyze F r a c t i o n  I separate ly ,  s ince i t  con ta ins  t he  Aroc lo rs  
separated from most pes t i c i des .  Proceed w i t h  GC ana l ys i s  as per 
Method 8081. 

7.3 Ca r t r i dge  Cleanup Techniques 

7.3.1 Ca r t r i dge  Set-up and Cond i t ion ing  

7.3.1.1 Arrange t h e  1 g  s i l i c a  c a r t r i d g e s  (2  g  f o r  phenol 
cleanup) on t h e  man i f o l d  i n  t h e  c losed-va lve p o s i t i o n .  Other s i z e  
c a r t r i d g e s  may be used, however t h e  da ta  presented i n  t h e  Tables are 
a l l  based on 1 g  c a r t r i d g e s  f o r  pes t i c i des /A roc lo r s  and 2 g  
c a r t r i d g e s  f o r  phenols. Therefore,  suppor t ing  recovery da ta  must be 
developed f o r  o the r  s i zes .  Larger c a r t r i d g e s  w i l l  probably  r e q u i r e  
1 a rger  vo l  umes o f  e l u t i o n  so lven ts .  

7.3.1.2 Turn on t h e  vacuum pump and s e t  pump vacuum t o  10 
inches (254 mm) o f  Hg. Do no t  exceed t h e  manufacturer 's 
recommendation f o r  man i f o l d  vacuum. Flow r a t e s  can be c o n t r o l  l e d  by 
opening and c l o s i n g  c a r t r i d g e  va lves.  

7.3.1.3 Cond i t ion  t h e  c a r t r i d g e s  by adding 4 mL o f  hexane 
t o  each c a r t r i d g e .  S lowly  open t h e  c a r t r i d g e  va lves t o  a l l ow  hexane 
t o  pass through t h e  sorbent beds t o  t h e  lower  f r i t s .  A l low a  few 
drops pe r  c a r t r i d g e  t o  pass through t h e  man i f o l d  t o  remove a l l  a i r  
bubbles. Close t h e  va lves and a l l ow  t h e  so lven t  t o  soak t h e  e n t i r e  
sorbent  bed f o r  5  minutes. Do no t  t u r n  o f f  t h e  vacuum. 

7.3.1.4 Slowly  open c a r t r i d g e  va lves t o  a l l ow  the  hexane 
t o  pass through t h e  c a r t r i d g e s .  Close t h e  c a r t r i d g e  valves when 
t h e r e  i s  s t i l l  a t  l e a s t  1 mm o f  so lven t  above t h e  sorbent bed. Do 
no t  a l l o w  c a r t r i d g e s  t o  become dry .  I f  c a r t r i d g e s  go d ry ,  repeat  
t h e  c o n d i t i o n i n g  step. 

7.3.2 D e r i v a t  i z e d  Phenols 

7 .3 .2.1 Reduce t h e  sample e x t r a c t  volume t o  2  mL p r i o r  t o  
c leanup. The e x t r a c t  so lven t  must be hexane and t he  phenols must 
have undergone d e r i v a t i z a t i o n  by pentaf luorobenzy l  bromide, as per  
Method 8040. 

7.3.2.2 Trans fe r  t h e  e x t r a c t  t o  t h e  2 g  c a r t r i d g e  t h a t  has 
been cond i t ioned  as descr ibed i n  Sec. 7.3.1. Open t he  c a r t r i d g e  
va l ve  t o  a l l o w  t h e  e x t r a c t  t o  pass through t h e  c a r t r i d g e  bed a t  
approx imate ly  2 mL/minute. 

7.3.2.3 When t h e  e n t i r e  e x t r a c t  has passed through t h e  
c a r t r i d g e s ,  bu t  be fo re  t h e  c a r t r i d g e  becomes d ry ,  r i n s e  t he  sample 
v i a l s  w i t h  an a d d i t i o n a l  0.5 mL o f  hexane, and add t h e  r i n s e  t o  t h e  
c a r t r i d g e s  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 .  
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7.3.2.4 Close t h e  c a r t r i d g e  va l ve  and t u r n  o f f  t h e  vacuum 
a f t e r  t h e  so l ven t  has passed through, ensur ing  t h a t  t h e  c a r t r i d g e  
never ge t s  d r y .  

7.3.2.5 Place a  5  mL v i a l  o r  vo lume t r i c  f l a s k  i n t o  t h e  
sample r a c k  corresponding t o  t h e  c a r t r i d g e  p o s i t i o n .  A t t a c h  a  
s o l v e n t - r i n s e d  s t a i n l e s s  s t e e l  so l ven t  gu ide  t o  t h e  m a n i f o l d  cover  
and a l i g n  w i t h  t h e  c o l l e c t i o n  v i a l .  

7.3.2.6 Add 5  mL o f  hexane t o  t h e  c a r t r i d g e .  Turn on t h e  
vacuum pump and a d j u s t  t h e  pump pressure t o  10 inches (254 mm) o f  
Hg. A l l ow  t h e  so l ven t  t o  soak t h e  sorbent  bed f o r  1 minu te  o r  l e s s .  
S low ly  open t h e  c a r t r i d g e  va lve,  and c o l l e c t  t h e  e l u a t e  ( t h i s  i s  
F r a c t i o n  1, and should be d iscarded) .  

NOTE: I f  c a r t r i d g e s  sma l le r  than  2  g  a re  used, t hen  F r a c t i o n  - 
1  cannot be d iscarded,  s i nce  i t  con ta ins  some o f  t h e  
phenol s. 

7.3.2.7 Close t h e  c a r t r i d g e  va lve,  rep1 ace t h e  c o l  1  e c t i o n  
v i a l ,  and add 5  mL o f  toluene/hexane (25/75, v/v)  t o  t h e  c a r t r i d g e .  
S low ly  open t h e  c a r t r i d g e  va l ve  and c o l l e c t  t h e  e l u a t e  i n t o  t h e  
c o l l e c t i o n  v i a l .  Th is  i s  F r a c t i o n  2, and should be r e t a i n e d  f o r  
a n a l y s i s .  

7.3.2.8 Ad jus t  t h e  f i n a l  volume o f  t h e  e l u a n t  t o  a  known 
volume which w i l l  r e s u l t  i n  ana l y te  concen t ra t i ons  a p p r o p r i a t e  f o r  
t h e  p r o j e c t  requi rements (norma l l y  1  - 10 mL). Table 3  shows 
compound recove r i es  f o r  2  g  s i l i c a  c a r t r i d g e s .  The cleaned up 
e x t r a c t s  a re  ready f o r  a n a l y s i s  by Method 8040. 

7.3.3 Organochlor ine Pes t i c i des /A roc lo r s  

NOTE: The s i l  i c a  c a r t r i d g e  procedure i s  a p p r o p r i a t e  when 
p o l y c h l o r i n a t e d  b iphenyl  s  are known t o  be p resen t .  

7.3.3.1 Reduce t h e  sample e x t r a c t  volume t o  2  mL p r i o r  t o  
c leanup. The e x t r a c t  so l  vent  must be hexane. 

7.3.3.2 Use t h e  1  g  c a r t r i d g e s  cond i t i oned  as descr ibed  i n  
Sec. 7.3.1. 

7.3.3.3 T rans fe r  t h e  e x t r a c t  t o  t h e  c a r t r i d g e .  Open t h e  
c a r t r i d g e  va l ve  t o  a l l o w  t h e  e x t r a c t  t o  pass th rough t h e  c a r t r i d g e  
bed a t  approx imate ly  2  mL/minute. 

7.3.3.4 When t h e  e n t i r e  e x t r a c t  has passed th rough t h e  
c a r t r i d g e s ,  b u t  be fo re  t h e  c a r t r i d g e  becomes d ry ,  r i n s e  t h e  sample 
v i a l s  w i t h  an a d d i t i o n a l  0.5 mL o f  so lven t ,  and add t h e  r i n s e  t o  t h e  
c a r t r i d g e s  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 .  

7.3.3.5 Close t h e  c a r t r i d g e  va l ve  and t u r n  o f f  t h e  vacuum 
a f t e r  t h e  s o l v e n t  has passed through, ensur ing  t h a t  t h e  c a r t r i d g e  
never goes d r y .  
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7.3.3.6 Place a  5 mL v i a l  o r  vo lumet r i c  f l a s k  i n t o  the  
sample r a c k  corresponding t o  t h e  c a r t r i d g e  p o s i t i o n .  A t tach  a  
so l ven t  - r i n s e d  s t a i n l e s s  s t e e l  so lven t  gu ide t o  t h e  man i fo ld  cover 
and a l i g n  w i t h  t h e  c o l l e c t i o n  v i a l .  

7.3.3.7 Add 5 mL o f  hexane t o  t h e  c a r t r i d g e .  Turn on t he  
vacuum pump and a d j u s t  t h e  pump pressure t o  10 inches (254 mm) o f  
Hg. A1 low t h e  so l ven t  t o  soak t he  sorbent bed f o r  1  minute o r  less .  
S lowly  open t h e  c a r t r i d g e  va lve  and c o l l e c t  t h e  e l u a t e  i n t o  t h e  
c o l l e c t i o n  v i  a1 ( F r a c t i o n  1 ) .  

7.3.3.8 Close t h e  c a r t r i d g e  valve; rep1 ace t he  c o l l e c t i o n  
v i a l ,  and add 5 mL o f  d i e t h y l  ether/hexane (50/50, v/v) t o  t he  
c a r t r i d g e .  S lowly  open t h e  c a r t r i d g e  va lve  and c o l l e c t  t h e  e l ua te  
i n t o  t h e  c o l l e c t i o n  v i a l  (F rac t i on  2 ) .  

7.3.3.9 Ad jus t  t h e  f i n a l  volume o f  each o f  t h e  two 
f r a c t i o n s  t o  a  known volume which w i l l  r e s u l t  i n  ana ly te  
concen t ra t ions  appropr ia te  f o r  t h e  p r o j e c t  requirements (normal ly  1 
- 10 mL). The f r a c t i o n s  may be combined p r i o r  t o  f i n a l  adjustment 
o f  volume, i f  ana ly te  f r a c t i o n a t i o n  i s  no t  requ i red .  Table 4 shows 
compound recove r i es  f o r  1  g  s i l i c a  ca r t r i dges .  The cleaned up 
e x t r a c t s  a re  ready f o r  ana l ys i s  by Method 8081. 

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 3600 f o r  cleanup procedures. 

8.2 A reagent b lank  ( c o n s i s t i n g  o f  t he  e l u t i o n  so lven ts )  must be passed 
through t h e  column o r  c a r t r i d g e  and checked f o r  t he  compounds o f  i n t e r e s t ,  p r i o r  
t o  t he  use o f  t h i s  method. Th is  same performance check i s  r equ i red  w i t h  each new 
l o t  o f  adsorbent o r  c a r t r i d g e s .  The l e v e l  o f  i n t e r f e rences  must be below t h e  
method d e t e c t i o n  l i m i t  be fo re  t h i s  method i s  performed on ac tua l  samples. 

8.3 The ana l ys t  must demonstrate t h a t  t h e  compounds o f  i n t e r e s t  are be ing 
q u a n t i t a t i v e l y  recovered be fo re  app ly ing  t h i s  method t o  ac tua l  samples. See t he  
at tached Tables f o r  .acceptable recovery data.  For compounds t h a t  have no t  been 
tes ted ,  recovery  must be 2 85%. 

8.3.1 Before any samples are processed us ing  t h e  so l id-phase 
e x t r a c t i o n  c a r t r i d g e s ,  t he  e f f i c i e n c y  o f  t he  c a r t r i d g e  must be v e r i f i e d .  
A  recovery  check must be performed us ing  standards o f  t h e  t a r g e t  analy tes 
a t  known concent ra t ion .  Only l o t s  o f  c a r t r i d g e s  t h a t  meet t he  recovery 
c r i t e r i a  f o r  t h e  sp iked compounds can be used t o  process the  samples. 

8.3.2 A check should a l s o  be performed on each i n d i v i d u a l  l o t  o f  
c a r t r i d g e s  and f o r  every  300 c a r t r i d g e s  of  a  p a r t i c u l a r  l o t .  

8 .4  For sample e x t r a c t s  t h a t  are cleaned up us ing  t h i s  method, t he  
assoc ia ted  qua1 i t y  c o n t r o l  samples should a l s o  be processed through t h i s  cleanup 
method. 
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9.0 METHOD PERFORMANCE 

9 .1  Table 1  p rov ides  performance i n f o r m a t i o n  on t h e  f r a c t i o n a t i o n  o f  
pheno l i c  d e r i v a t i v e s  us ing  s tandard column chromatography. 

9.2 Table 2  p rov ides  performance i n f o r m a t i o n  on t h e  f r a c t i o n a t i o n  o f  
o rganoch lo r ine  p e s t i c i d e s / A r o c l o r s  us ing  s tandard c o l  umn chromatography. 

9.3 Table 3 shows recove r i es  o f  d e r i v a t i z e d  phenols ob ta i ned  us ing  2  g  
s i l i c a  c a r t r i d g e s .  

9.4 Table 4  shows recove r i es  and f r a c t i o n a t i - o n  o f  o rganoch lo r i ne  
p e s t i c i d e s  ob ta ined  us ing  1  g  s i  1 i c a  c a r t r i d g e s .  

10.0 REFERENCES 

1. U.S. EPA 40 CFR P a r t  136, "Gu ide l ines  E s t a b l i s h i n g  Tes t  Procedures 
f o r  t h e  Ana l ys i s  o f  P o l l u t a n t s  Under t h e  Clean Water Act;  F i n a 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 "Eva lua t i on  o f  Sample E x t r a c t  Cleanup Using Sol id-Phase 
E x t r a c t  i o n  Car t r idges ,  " P r o j e c t  Report, December 1989. 
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TABLE 1 
SILICA GEL FRACTIONATION OF PFBB DERIVATIVES 

Parameter 

Percent Recovery by Fract i ona 

1 2 3 4 

2-Chl orophenol 
2-Ni trophenol 
Phenol 
2,4-Dimethyl phenol 
2,4-Di ch l  orophenol 
2,4,6-Trichlorophenol 
4-Chloro-3-methyl phenol 
Pentachl orophenol 
4-Ni trophenol 

a Eluant composition: 

Frac t ion  1 - 15% toluene i n  hexane. 
F rac t i on  2 - 40% to1 uene i n  hexane. 
Frac t ion  3 - 75% toluene i n  hexane. 
Frac t ion  4 - 15% 2-propanol i n  toluene. 

Data from Reference 1 (Method 604) 
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TABLE 2 
DISTRIBUTION AND PERCENT RECOVERIES OF ORGANOCHLORINE 

PESTICIDES AND PCBs AS AROCLORS I N  SILICA GEL COLUMN FRACTIONS"*~,"*~*" 

Compound 
F r a c t i o n  I F r a c t i o n  I 1  F r a c t i o n  I 1 1  Tota l  Recovery 

Conc. Conc. Conc. Conc. Conc. Conc. Conc. Conc. 
1 2 1 2 1 2 1 2 

a1 p h a - ~ ~ ~ '  
be ta-  BHC 
gamma- BHC 
de l  ta-BHC 
Heptachl o r  
A l d r i n  
Heptachl o r  epoxide 
Techni c a l  c h l  ordane 
Endosulfan I 
4,4'-DDE 
D i e l d r i n  
Endr i  n 
Endosul f an  I I 
4,4' -DDD' 
Endr i  n a1 dehyde 
Endosul f a n  su l  f a t e  
4,4' -DDT' 
4,4' -Methoxychlor 
~ o x a p  henef 
Aroc lor-1016 
Aroc l  or-1260 

I 
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TABLE 2 
(Continued) 

a Ef f luent  composit ion: F rac t i on  I, 80 mL hexane; F r a c t i o n  11, 50 mL hexane; F r a c t i o n  I 1  I, 15 mL methylene 
c h l o r i d e .  

b Concentrat ion 1 i s  0.5 p g  per  column f o r  BHCs, Heptachlor,  A l d r i n ,  Heptachlor  epoxide, and Endosulfan I; 1.0 
p g  pe r  column f o r  D i e l d r i n ,  Endosulfan 11, 4,4'-DDD, 4,4'-DDE, 4,4'-DDT, Endrin, Endr in aldehyde, and 
Endosulfan s u l f a t e ;  5 p g  per  column f o r  4,4'-Methoxychlor and techn ica l  Chlordane; 10 p g  per column f o r  
Toxaphene, Arocl o r -  1016, and Arocl  or-1260. 

C For Concentrat ion 2, t he  amounts spiked are  10 t imes as h igh  as those f o r  Concentrat ion 1. 

d Values g iven represent  the average recovery o f  t h ree  determinat ions;  numbers i n  parentheses are the  standard 
dev ia t i on ;  recovery c u t o f f  p o i n t  i s  5 percent .  

e Data obtained w i t h  standards, as i nd i ca ted  i n  footnotes b and c, d i sso l ved  i n  2 mL hexane. 

f It has been found t h a t  because o f  ba tch - to -ba tch  v a r i a t i o n  i n  t h e  s i l i c a  ge l  ma te r i a l ,  these compounds cross 
over  i n  two f r a c t i o n s  and t h e  amounts recovered i n  each f r a c t i o n  a re  d i f f i c u l t  t o  reproduce. 
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TABLE 3 
PERCENT RECOVERIES AND ELUTION PATTERNS FOR 18 

PHENOLS FROM 2 g SILICA CARTRIDGESa 

Compound 

F rac t i on  2 
Average Percent 
Recovery RS D 

Phenol 
2-Methyl phenol 
3-Methyl phenol 
4-Methyl phenol 
2,4-dimethyl phenol 
2-Chl orophenol 
2,6-Di c h l  orophenol 
4-Chloro-3-methyl phenol 
2,4-Di c h l  orophenol 
2,4,6-Tri c h l  orophenol 
2,3,6-Tri ch l  orophenol 
2,4,5-Trichlorophenol 
2,3,5-Tr ich l  orophenol 
2,3,5,6-Tetrachl orophenol 
2,3,4,6-Tetrachl orophenol 
2,3,4-Tr ich l  orophenol 
2,3,4,5-Tetrachlorophenol 
Pentachl orophenol 

a S i l i c a  c a r t r i d g e s  (Supelco, I nc . )  were used; each c a r t r i d g e  was cond i t ioned 
w i t h  4 mL o f  hexane p r i o r  t o  use. Each experiment was performed i n  d u p l i c a t e  
a t  t h ree  s p i k i n g  concentrat ions (0.05 pg, 0.2 pg, and 0.4 p g  per  compound per  
c a r t r i d g e ) .  F rac t i on  1 was e lu ted  w i t h  5 mL hexane and was discarded. 
F rac t i on  2 was e lu ted  w i t h  5 mL toluene/hexane (25/75, v/v) . 

D a t a  from Reference 2 
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TABLE 4 
PERCENT RECOVERIES AND ELUTION PATTERNS FOR 17 ORGANOCHLORINE 

PESTICIDES AND AROCLORS FROM 1 g SILICA CARTRIDGESa 

Compound 

F r a c t i o n  1 F r a c t i o n  2 
Average Percent Average Percent 
Recovery RSD Recovery RSD 

a1 pha-BHC 
gamma- BHC 
b e t  a - BHC 
Heptachl  o r  
d e l  ta-BHC 
A l d r i n  
Heptachl o r  epoxide 
Endosulfan I 
4,4'-DDE 
D i e l d r i n  
Endr i  n 
4,4'-DDD 
Endosul f a n  I I 
4,4'-DDT 
Endr i  n a1 dehyde 
Endosul f a n  s u l f a t e  
4,4' -Methoxychlor 
Aroc l  o r  1016 
A r o c l o r  1221 
Aroc l  o r  1232 
Aroc l  o r  1242 
Aroc l  o r  1248 
Aroc l  o r  1254 
Aroc l  o r  1264 

a S i l i c a  c a r t r i d g e s  (Supelco, I nc .  l o t  SP0161) were used; each c a r t r i d g e  was 
cond i t i oned  w i t h  4 mL hexane p r i o r  t o  use. The organochlor ine pes t i c i des  were 
t e s t e d  separa te ly  f rom PCBs. Each organochlor ine p e s t i c i d e s  experiment was 
performed i n  dup l i ca te ,  a t  t h ree  s p i k i n g  concent ra t ions  (0.2 pg, 1.0 pg, and 
2.0 p g  p e r  compound pe r  c a r t r i d g e ) .  F rac t i on  1 was e l u t e d  w i t h  5 mL o f  
hexane, F r a c t i o n  2 w i t h  5 mL o f  d i e t h y l  ether/hexane (50/50, v/v) .  PCBs were 
sp iked  a t  10 p g  pe r  c a r t r i d g e  and were e l u t e d  w i t h  3 mL o f  hexane. The values 
g i v e n  f o r  PCBs a re  t h e  percent  recover ies  f o r  a s i n g l e  determinat ion.  

Data f rom Reference 2 
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METHOD 3630B 
S I L I C A  GEL CLEANUP 

OC Pesticide 

> 10-30 mg 

7.2 Standard 7.3 Cartridge 
Column Cleanup. Cleanup. 

7.3.1 Cartridge 
set-up & 

Condkioning. 

7.2.2.1 Do PFBB 7.2.3.1 Deactivate 
derivatization on  rilica gel, prepare 
aampie extract column. 

(8040). 

7.3.2.1 00 PFBB 
derivatization on  

7.3.3.1 Exchange 
7.2.2.2 Place 

7.2.3.2 Elute the aolvant t o  activatad ailica gel aemple extract 
GC column (80401. 

hexme. 
in chromatogrrphic 

column; add wi th haxane. 
anhydrous Na2S0.. 

7.3.2.3 & 7.3.2.4 7.3.3.3 & 7.3.3.4 

7.2.2.3 Prealuta Tranater extract Tranrter extract 
7.2.3.3 Tranafer 

column wi th hexrne: t o  cartridge. t o  cartridge. 
extract onto column 

p ~ p e t  haxrne and elute with 
solution onto column; specified rolventr. 

elute. 

7.3.2.8 (1 7.3.2.7 7.3.3.8 & 7.3.3.7 
Rinse cartridge Eluta cartridge 
wi th hexane & wi th hexane aa 

7.2.2.4 Elute column 7.3.4 Exchange the discard. Fraction I. 
with specified elution rolvent 

solvents. to  hexane (Section 
7.1.3). 4 k 

7.3.2.0  lute 7.3.3.8 Eluta 
cartridge wi th cartridga wi th 

toluenelhexane. etherlhexme aa Analyza Analyze Fraction II. 
by GC by GC 

(Method Method .c 
Analyze by  Analyze 
GC Method each fraction 

8040 or by GC 
GCIMS Method 
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METHOD 36308 
( c o n t i n u e d )  

Column Cleanup. 

7 .2 .1 .1  Exchange 
extract solvent to 

cyclohexane during 
K-D procedure. 

7 . 2 . 1 . 2  Prepare 
slurry activated 

silica gel, prepare 
column. 

7 .2 .1 .3  Preelute 
column with 

pentane, transfer 
extract onto column 

and elute with 

7 . 2 . 1 . 4  Elute 
column wi th  

C H 2  C12 Ipentane; 
concentrate 

collected fraction; 
adjust volume. 

Analyze 
by  GC Method 

8 1 0 0  or r-l 
Method 

8 2 7 0 .  
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METHOD 3640A 

GEL-PERMEATION CLEANUP 

1.0 SCOPE AND APPLICATION 

1.1 Gel -permeation chromatography (GPC) i s  a  s i z e  exc lus ion  cleanup 
procedure us ing  o rgan ic  so lven ts  and hydrophobic g e l s  i n  t h e  separat ion of 
s y n t h e t i c  macromolecules (1 ) .  The packing ge l  i s  porous and i s  charac te r i zed  by 
t h e  range o r  u n i f o r m i t y  (exc lus ion  range) of t h a t  pore s ize .  I n  t h e  cho ice  of 
ge l s ,  t h e  exc lus ion  range must be 1  a rger  than  t h e  molecular  s i z e  of t h e  molecules 
t o  be separated (2 ) .  A  c ross-1  inked d i v i n y l  benzene-styrene copolymer (SX-3 B io  
Beads o r  equ i va len t )  i s  s p e c i f i e d  f o r  t h i s  method. 

1.2 General c leanup appl i c a t i o n  - GPC i s  recommended f o r  t h e  e l  im ina t i on  
f rom t h e  sample o f  1  i p i d s ,  polymers, copolymers, p ro te i ns ,  n a t u r a l  r e s i n s  and 
polymers, c e l  l u l  a r  components, v i ruses ,  s t e ro i ds ,  and d ispersed high-molecul  a r -  
weight  compounds ( 2 ) .  GPC i s  appropr ia te  f o r  bo th  p o l a r  and non-polar  analytes,  
t he re fo re ,  i t can be e f f e c t i v e l y  used t o  cleanup e x t r a c t s  con ta in i ng  a  broad 
range o f  ana ly tes .  

1.3 S p e c i f i c  a p p l i c a t i o n  - This  method inc ludes  guidance f o r  c leanup o f  
sample e x t r a c t s  con ta in i ng  t h e  f o l l o w i n g  analy tes from t h e  RCRA Appendix V I I I  and 
Appendix I X  l i s t s :  

Compound Name CAS No ." 

Acenaphthene 
Acenaphthyl ene 
Acetophenone 
2 -Ace ty l  ami n o f l  uorene 
A1 d r i  n  
4-Ami nobiphenyl  
A n i l  i n e  
Anthracene 
Benomyl 
Benzenethi 01 
Benzid ine 
Benz (a)anthracene 
Benzo(b) f luoranthene 
Benzo (a) pyrene 
Benzo (gh i ) p e r y l  ene 
Benzo ( k )  f l  uoranthene 
Benzoic a c i d  
Benzo t r i  c h l  o r i d e  
Benzyl a1 coho1 
Benzyl c h l o r i d e  
a1 pha-BHC 
be ta -  BHC 
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Compound Name CAS No." 

gamma- BHC 
del  t a- BHC 
4-Bromophenyl phenyl e ther  
Buty l  benzyl ph tha la te  
2-sec-buty l -4 ,6 -d in i  t rophenol  (Dinoseb) 
Carbazol e 
Carbendazi m 
a1 pha-Chlordane 
gamma-Chlordane 
4-Chl oro-3-methyl phenol 
4-Chl oroani  1 i n e  
Chl orobenzi 1 a t e  
Bis(2-ch1oroethoxy)methane 
Bis (2 -ch lo roe thy l )  e the r  
Bis(2-chloro isopropy1)  e the r  
2-Chl oronaphthalene 
2-Chlorophenol 
4-Chl orophenol 
3-Chl orophenol 
4-Chl orophenyl phenyl e ther  
3 - C h l o r o p r o p i o n i t r i l e  
Chrysene 
2-Cresol 
3-Cresol 
4-Cresol 
Cycl ophosphamide 
DDD 
DDE 
DDT 
Di  -n -bu ty l  phthal  a te  
Di  a1 1 a te  
D i  benzo (a, e) pyrene 
Dibenzo(a, i)pyrene 
Dibenz(a, j ) a c r i d i n e  
Dibenz(a,h)anthracene 
Dibenzofuran 
D i  benzothiophene 
1,2-Di bromo-3-chl oropropane 
1,2-Dibromoethane 
trans-1,4-Dichloro-2-butene 
cis-1,4-Dichloro-2-butene 
1,2-Dichlorobenzene 
1,3-Dichl orobenzene 
1,4-Dichl orobenzene 
3,3' -Dichlorobenzid ine 
2,6-Dichl orophenol 
2,4-Dichl orophenoxyacetic ac id  (2,4-D) 
2,4-Di c h l  orophenol 
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Compound Name CAS No ." 

2,4-Dichloroto l  uene 
1,3-Dichloro-2-propanol 
D i e l d r i n  
D ie thy l  phthal  a te  
Dimethoate 
Dimethyl phthal  a te  
p-Dimethylaminoazobenzene 
7,12-Dimethyl -benz(a)anthracene 
2,4-dimethyl phenol 
3,3-Dimethyl benzidine 
4,6-Dini t r o -o -c reso l  
1,3-Dini trobenzene 
2,4-Dini trophenol 
2,4-Dini  t r o t o l  uene 
2,6-Dini t r o t o l  uene 
Diphenyl ami ne 
Diphenyl e ther  
1,2-Diphenyl hydrazi  ne 
D i s u l  f o ton  
Endosul fan  su l  f a t e  
Endosul f an  I 
Endosul f an  I I 
Endr in 
Endri  n aldehyde 
Endr in ketone 
Ethy l  methane sul  fonate 
Ethy l  methacryl a te  
B i  s (2 -e thy l  hexyl )  ph tha la te  
Famphur 
F l  uorene 
F l  uoranthene 
Heptachl o r  
Hept achl o r  epoxi de 
Hexachl orobenzene 
Hexachl orobutadi ene 
Hexachl orocycl  opentadi ene 
Hexachl oroethane 
Hexachl oropropene 
Indeno(l,2,3-cd)pyrene 
I s o d r i n  
Isophorone 
c i s - I s o s a f r o l e  
t r a n s -  I s o s a f r o l  e 
Ke pone 
Malononi tri l e  
Merphos 
Methoxychl o r  
3-Methyl chol  anthrene 
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Compound Name 

- - 

CAS No." 
- 

2-Methylnaphthalene 
Methyl pa ra th ion  
4,4'-Methylene-bis(2-chloroaniline) 
Naphtha1 ene 
1,4-Naphthoqui none 
2-Naphthylamine 
1-Naphthyl amine 
5-Ni t r o - o - t o l u i d i n e  
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  
Ni  trobenzene 
2-Ni t rophenol  
4-Ni t rophenol  
N-N i t rosod i  -n -bu ty l  amine 
N-Ni t r osod ie thano l  amine 
N-Ni t r o s o d i e t h y l  amine 
N-Ni t rosodimethy l  ami ne 
N-Nitrosodiphenylamine 
N-Ni t rosodi -n-propylamine 
N-Ni t rosomethy l  e t h y l  ami ne 
N-Ni trosomorphol i n e  
N-N i t rosop ipe r i d ine  
N-Ni t r osopy ro l  i d i n e  
Di  - n - o c t y l  ph tha l  a t e  
Para th i  on 
Pentachl orobenzene 
Pentachl oroethane 
Pentachl o ron i  trobenzene (PCNB) 
Pentachl orophenol 
Phenacetin 
Phenanthrene 
Phenol 
1,2-Phenyl enedi ami ne 
Phorate 
2-Pic01 i n e  
Pronami de 
Pyrene 
Resorci  no1 
S a f r o l  e 
1,2,4,5-Tetrachl orobenzene 
2,3,5,6-Tetrachloroni trobenzene 
2,3,5,6-Tetrachl orophenol 
2,3,4,6-Tetrachl orophenol 
Te t rae thy l  d i  thiopyrophosphate (Su l fo tep)  
Thiosemi carbazide 
2 -To lu id ine  
4 -To lu id ine  
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Compound Name CAS No." 

Thiourea, 1- (0-ch lorophenyl  ) 
Toluene-2,4-diamine 
1,2,3-Tri ch l  orobenzene 
1,2,4-Tr ich l  orobenzene 
2,4,6-Tr ichlorophenol 
2 ,4 ,5-Tr ich l  orophenol 
2 ,4 ,5-Tr ich l  orophenoxyacet ic ac i d  (2,4,5-T) 
2,4,5-Trichlorophenoxypropionic a c i d  (2,4,5-TP) 
War fa r in  

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

Table 1 presents  average percent  recovery and percent  RSD da ta  f o r  these 
ana ly tes ,  as w e l l  as t h e  r e t e n t i o n  volumes o f  each ana ly te  on a s i n g l e  GPC 
system. Reten t ion  volumes vary  f rom column t o  column. F igure  1 prov ides 
a d d i t i o n a l  i n f o rma t i on  on r e t e n t i o n  volumes f o r  c e r t a i n  c lasses o f  compounds. 
The da ta  f o r  t h e  s e m i v o l a t i l e s  were determined by GC/MS, whereas, t h e  p e s t i c i d e  
da ta  were determined by GC/ECD o r  GC/FPD. Compounds no t  amenable t o  GC were 
determined by HPLC. Other ana ly tes  may a l s o  be appropr ia te  f o r  t h i s  cleanup 
technique, however, recovery through t h e  GPC should be >70%. 

1.4 Normal ly,  t h i s  method i s  most e f f i c i e n t  f o r  removing h i gh  b o i l i n g  
m a t e r i a l s  t h a t  condense i n  t h e  i n j e c t i o n  p o r t  area o f  a  gas chromatograph (GC) 
o r  t h e  f r o n t  o f  t h e  GC column. Th i s  res idue  w i l l  u l t i m a t e l y  reduce t h e  
chromatographic separa t ion  e f f i c i e n c y  o r  column capac i t y  because o f  adsorpt ion 
o f  t h e  t a r g e t  ana ly tes  on t h e  a c t i v e  s i t e s .  Pentachlorophenol i s  e s p e c i a l l y  
suscep t i b l e  t o  t h i s  problem. GPC, ope ra t i ng  on t h e  p r i n c i p a l  o f  s i z e  exc lus ion,  
w i l l  n o t  u s u a l l y  remove i n t e r f e r e n c e  peaks t h a t  appear i n  t h e  chromatogram s ince  
t h e  mol ecu l  a r  s i z e  o f  these compounds i s  r e l a t i v e  s imi  1  a r  t o  t h e  t a r g e t  analy tes.  
Separat ion c l  eanup techniques, based on o ther  molecul a r  c h a r a c t e r i  s t i c s  ( i  .e., 
p o l a r i t y ) ,  must be used t o  e l i m i n a t e  t h i s  type o f  i n t e r f e rence .  

2.0 SUMMARY OF METHOD 

2.1 The column i s  packed w i t h  t he  requ i red  amount o f  preswel led 
absorbent, and i s  f l ushed  w i t h  so lven t  f o r  an extended per iod .  The column i s  
c a l  i bra ted  and then loaded w i t h  t h e  sample e x t r a c t  t o  be cleaned up. E l u t i o n  i s  
e f f e c t e d  w i t h  a  s u i t a b l e  so l ven t ( s )  and t h e  product i s  then concentrated.  

3.0 INTERFERENCES 

3 .1  A reagent  b l ank  should be analyzed f o r  t h e  compound o f  i n t e r e s t  p r i o r  
t o  t h e  use o f  t h i s  method. The l e v e l  o f  i n t e r f e rences  must be below the  
est imated q u a n t i t a t i o n  l i m i t s  (EQLs) of t h e  analy tes o f  i n t e r e s t  before t h i s  
method i s  performed on ac tua l  samples. 
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3.2 More extensive procedures than those o u t l i n e d  i n  t h i s  method may be 
necessary f o r  reagent p u r i f i c a t i o n .  

4.0 APPARATUS 

4.1 Gel-permeation chromatography system - GPC Autoprep Model 1002 A 
o r  B, o r  equ iva len t ,  A n a l y t i c a l  Biochemical Laborator ies,  Inc .  Systems t h a t  
per form very s a t i s f a c t o r i l y  have a1 so been assembled from t h e  f o l 1  owing 
components - an HPLC pump, an auto sampler o r  a  va l v ing  system w i t h  sample loops, 
and a  f r a c t i o n  c o l l e c t o r .  A l l  systems, whether automated o r  manual, must meet 
t he  c a l i b r a t i o n  requirements o f  Sec. 7.2.2. 

4.1.1 Chromatographic column - 700 mm x  25 mm ID g lass  column. Flow 
i s  upward. (Opt ional )  To s i m p l i f y  sw i tch ing  from t h e  UV de tec to r  du r ing  
c a l  i b r a t i o n  t o  t h e  GPC c o l l e c t i o n  device dur ing  e x t r a c t  cleanup, a t t a c h  a  
double 3-way valve (Rheodyne Type 50 Tef lon Rotary Valve # lo-262 o r  
equ iva len t )  so t h a t  t he  column e x i t  f low can be shunted e i t h e r  t o  t he  UV 
f low- through c e l l  o r  t o  t h e  GPC c o l l e c t i o n  device. 

4.1.2 Guard column - (Opt ional )  5  cm, w i t h  appropr ia te  f i t t i n g s  t o  
connect t o  t h e  i n l e t  s ide  o f  t h e  a n a l y t i c a l  column (Supelco 5-8319 o r  
equ iva len t ) .  

4.1.3 B io  Beads (S-X3) - 200-400 mesh, 70 g  (Bio-Rad Laborator ies,  
Richmond, CA, Catalog 152-2750 o r  equ iva len t ) .  An a d d i t i o n a l  5  g  o f  B io  
Beads are requ i red  i f  the  op t i ona l  guard column i s  employed. The qua1 i t y  
of B io  Beads may vary from l o t  t o  l o t  because o f  excessive f i n e s  i n  some 
l o t s .  The UV chromatogram o f  t h e  C a l f b r a t i o n  s o l u t i o n  s h o ~ l l d  be very 
s i m i l a r  t o  t h a t  i n  F igure 2, and the  backpressure should be w i t h i n  6- 
10 p s i .  Also, t h e  ge l  swel l  r a t i o  i n  methylene c h l o r i d e  should be i n  t he  
range of 4.4 - 4.8 mL/g. I n  a d d i t i o n  t o  f i n e s  having a  de t r imenta l  e f f e c t  
on chromatography, they can a lso  pass through the  column screens and 
damage t h e  valve.  

4.1.4 U l t r a v i o l e t  de tec to r  - Fixed wavelength (254 nm) w i t h  a  semi - 
prep f l  ow-through c e l l .  

4.1.5 S t r i p  c h a r t  recorder ,  record ing  i n t e g r a t o r  o r  1  aboratory data 
system. 

4.1.6 Syringe - 10 mL w i t h  Luer lok f i t t i n g .  

4.1.7 Syringe f i l t e r  assembly, d isposable - Bio-Rad "Prep Disc"  
sample f i l t e r  assembly #343-0005, 25 mm, and 5  micron f i l t e r  d i s c s  o r  
equ iva len t .  Check each batch f o r  contaminants. Rinse each f i l t e r  
assembly ( p r i o r  t o  use) w i t h  methylene c h l o r i d e  i f  necessary. 

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

4.3 Volumetr ic  f l asks ,  Class A  - 10 mL t o  1000 mL 

4.4 Graduated c y l  inders  
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5.0 REAGENTS 

5.1 Methylene c h l o r i d e ,  CH,Cl,. Pes t i c i de  q u a l i t y  o r  equ iva len t .  

5.1.1 Some brands o f  methyl ene ch l  o r i d e  may con ta i  n  unacceptably 
h i g h  l e v e l s  o f  a c i d  (HC1). Check t h e  pH by shaking equal p o r t i o n s  o f  
methylene c h l o r i d e  and water,  then check t h e  pH o f  t h e  water l aye r .  

5.1.1.1 I f  t h e  pH o f  t h e  water l a y e r  i s  5, f i l t e r  t h e  
e n t i r e  supply  o f  so lven t  through a  2  i n .  x  15 i n .  g l ass  column 
c o n t a i n i n g  a c t i v a t e d  bas ic  alr.~rnina. Th is  column should be 
s u f f i c i e n t  f o r  process ing approx imate ly  20-30 1  i t e r s  o f  so lven t .  
A1 t e r n a t i v e l y ,  f i n d  a  d i f f e r e n t  supply o f  methylene ch lo r i de .  

5.2 Cyclohexane, C,H,,. Pes t i c i de  qual i ty  o r  equ iva len t .  

5.3 n -Bu ty l  c h l o r i d e ,  CH,CH,CH,CH,Cl . Pes t i c i de  qual i t y  o r  equ iva len t .  

5.4 GPC C a l i b r a t i o n  So lu t ion .  Prepare a  c a l i b r a t i o n  s o l u t i o n  i n  
methylene c h l o r i d e  con ta in i ng  t h e  f o l l o w i n g  analy tes ( i n  e l u t i o n  o rder )  : 

Compound 
corn  o i l  
b i s ( 2 - e t h y l  hexy l  ) ph tha la te  1,000 
met hoxychl  o r  200 
p e r y l  ene 20 
su l  f u r  80 

NOTE: S u l f u r  i s  n o t  ve ry  so lub le  i n  methylene ch lo r i de ,  however, i t  i s  - 
solub le  i n  warm corn  o i  1. Therefore,  one approach i s  t o  weigh out  
t h e  corn  o i l ,  warm i t  and t r a n s f e r  t h e  weighed amount o f  s u l f u r  i n t o  
t h e  warm corn  o i l .  Mix i t  and then t r a n s f e r  i n t o  a  vo lumet r i c  f l a s k  
w i t h  methylene ch lo r i de ,  a long w i t h  t he  o t h e r  c a l  i b r a t i o n  compounds. 

S to re  t h e  c a l  i b r a t i o n  s o l u t i o n  i n  an amber g lass  b o t t l e  w i t h  a  Te f l on  l ined  
screw-cap a t  4"C, and p r o t e c t  f rom l i g h t .  ( R e f r i g e r a t i o n  may cause t he  corn o i l  
t o  p r e c i p i t a t e .  Before use, a l l o w  t h e  c a l i b r a t i o n  s o l u t i o n  t o  stand a t  room 
temperature u n t i  1  t h e  corn  o i l  d i sso l ves .  ) Replace t h e  c a l  i b r a t i o n  standard 
s o l u t i o n  every 6  months, o r  more f r e q u e n t l y  i f  necessary. 

5.5 Corn O i l  Spike f o r  Grav imet r i c  Screen. Prepare a s o l u t i o n  o f  corn 
o i l  i n  methylene c h l o r i d e  ( 5  g/100 mL). 

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. 

Revis ion 1 
September 1994 



7.0 PROCEDURE 

7.1 It i s  very important t o  have cons is ten t  l abo ra to ry  ten~peratures 
du r ing  an e n t i r e  GPC run, which could be 24 hours o r  more. I f  temperatures are 
no t  cons is ten t ,  r e t e n t i o n  t imes w i l l  s h i f t ,  and the  dump and c o l l e c t  t imes 
determined by the  ca l  i b r a t i o n  standard w i l l  no longer be appropr ia te .  The i d e a l  
1  aboratory temperature t o  prevent outgassing o f  t he  methylene c h l o r i d e  i s  72°F. 

7.2 GPC Setup and C a l i b r a t i o n  

7.2.1 Col umn Preparat ion 

7.2.1.1 Weigh out  70 g  o f  Bio Beads (SX-3). Trans fer  them 
t o  a  quar t  b o t t l e  w i t h  a  Tef lon  l i n e d  cap o r  a  500 mL separatory 
funnel w i t h  a  l a r g e  bore stopcock, and add approximately 300 mL o f  
methylene ch lo r i de .  S w i r l  the  conta iner  t o  ensure the  we t t i ng  o f  
a l l  beads. Al low the  beads t o  swel l  f o r  a  minimum o f  2  hours. 
Ma in ta in  enough so lvent  t o  s u f f i c i e n t l y  cover t he  beads a t  a l l  
t imes. I f  a  guard column i s  t o  be used, repeat  t he  above w i t h  5  g  
o f  B io  Beads i n  a  125 mL b o t t l e  o r  a  beaker, us ing  25 mL o f  
methylene ch lo r i de .  

7.2.1.2 Turn the  column upside down from i t s  normal 
p o s i t i o n ,  and remove the  i n l e t  bed support p lunger ( t h e  i n l e t  
p lunger i s  longer  than the  o u t l e t  p lunger) .  P o s i t i o n  and t i g h t e n  
the  o u t l e t  bed support plunger as near the  end as poss ib le ,  bu t  no 
c l o s e r  than 5  cm (measured from the  ge l  packing t o  the  c o l l a r ) .  

7.2.1.3 Raise the  end o f  the  o u t l e t  tube t o  keep the  
so lvent  i n  the  GPC column, o r  c lose  the  column o u t l e t  stopcock i f  
one i s  attached. Place a  small amount o f  so lvent  i n  t he  column t o  
minimize the  format ion o f  a i r  bubbles a t  t he  base o f  pollred column 
packing . 

7.2.1.4 S w i r l  the  bead/sol vent s l  u r r y  t o  ge t  a  homogeneous 
mix ture  and, i f  the  we t t i ng  was done i n  a  quar t  b o t t l e ,  q u i c k l y  
t r a n s f e r  i t  t o  a  500 mL separatory funnel w i t h  a  l a r g e  bore 
stopcock. Dra in  the  excess methylene c h l o r i d e  d i r e c t l y  i n t o  the  
waste beaker, and then s t a r t  d r a i n i n g  the  s l u r r y  i n t o  the  column by 
p lac ing  the  separatory funnel t i p  against  the  column w a l l .  This  
w i l l  he lp  t o  minimize bubble format ion.  S w i r l  occas iona l l y  t o  keep 
the  s l  u r r y  homogeneous. Dra in  enough t o  f i 11 the  c o l  umn. P l  ace the  
t u b i n g  from the  column o u t l e t  i n t o  a  waste beaker below the  column, 
open the  stopcock ( i f  at tached) and a l l ow  the  excess so lvent  t o  
d ra in .  Raise the  tube t o  s top the  f l ow  and c lose  the  stopcock when 
the  top  o f  t he  gel  begins t o  l ook  dry .  Add a d d i t i o n a l  methylene 
c h l o r i d e  t o  j u s t  rewet the  g e l .  

7.2.1.5 Wipe any remaining beads and so lvent  from the  
i nne r  w a l l s  o f  the  top  o f  the  column w i t h  a  l abo ra to ry  t i ssue .  
Loosen the  seal s l i g h t l y  on the  o ther  p lunger assembly ( long 
p lunger)  and i n s e r t  i t  i n t o  the  column. Make the  seal j u s t  t i g h t  
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enough so t h a t  any beads on t h e  g l ass  su r face  w i l l  be pushed 
forward,  b u t  l oose  enough so t h a t  t he  p lunger  can be pushed forward. 

CAUTION: Do n o t  t i g h t e n  t h e  seal  i f  beads a re  between the 
seal  and t h e  g l ass  su r face  because t h i s  can 
damage t h e  seal  and cause leakage. 

7.2.1.6 Compress t h e  column as much as poss ib l e  w i t hou t  
app l y i ng  excess ive f o r ce .  Loosen t h e  seal  and g r a d u a l l y  p ~ l l l  ou t  
t h e  p lunger .  Rinse and wipe o f f  t he  p lunger .  S l u r r y  any remain ing 
beads and t r a n s f e r  them i n t o  t h e  column. Repeat Sec. 7.2.1.5 and 
r e i n s e r t  t h e  p lunger .  I f  t h e  p lunger  cannot be i n s e r t e d  and pushed 
i n  w i t h o u t  a l l o w i n g  beads t o  escape around t h e  seal ,  con t inue  
compression o f  t h e  beads w i t hou t  t i g h t e n i n g  t h e  seal ,  and loosen and 
remove t h e  p lunger  as descr ibed.  Repeat t h i s  procedure u n t i l  t h e  
p lunger  i s  successfu l  l y  i n se r t ed .  

7.2.1.7 Push t h e  p lunger  u n t i l  i t  meets t h e  ge l ,  then 
compress t h e  column bed about f o u r  cen t imete rs .  

7.2.1.8 Pack t he  op t i ona l  5 cm column w i t h  approx imate ly  
5  g  of  p reswe l led  beads ( d i f f e r e n t  guard columns may r e q u i r e  
d i f f e r e n t  amounts). Connect t h e  guard column t o  t he  i n l e t  o f  t h e  
a n a l y t i c a l  column. 

7.2.1.9 Connect t h e  column i n l e t  t o  t h e  so lven t  r e s e r v o i r  
( r e s e r v o i r  should  be p laced h i ghe r  than t h e  t o p  o f  t h e  column) and 
p l ace  t h e  column o u t l e t  tube i n  a  waste con ta iner .  P lac ing  a  
r e s t r i c t o r  i n  t h e  o u t l e t  tube w i l l  fo rce a i r  ou t  of t h e  column more 
q u i c k l y .  A r e s t r i c t o r  can be made from a  p i ece  o f  c a p i l l a r y  
s t a i n l e s s  s t e e l  t u b i n g  o f  1/16" OD x 10/1000" I D  x 2 " .  Pump 
methylene c h l o r i d e  through t h e  column a t  a  r a t e  o f  5  mL/min f o r  one 
hour.  

7.2.1.10 A f t e r  washing t h e  column f o r  a t  l e a s t  one hour, 
connect t h e  column o u t l e t  tube, w i t hou t  t h e  r e s t r i c t o r ,  t o  t he  i n l e t  
s i d e  o f  t h e  UV d e t e c t o r .  Connect t he  system o u t l e t  t o  t h e  o u t l e t  
s i d e  of t h e  UV de tec to r .  A  r e s t r i c t o r  (same s i z e  as i n  Sec. 
7.2.1.9) i n  t h e  o u t l e t  tube f rom t h e  UV d e t e c t o r  w i l l  p revent  bubble 
f o rma t i on  which causes a  n o i s y  UV base l ine .  The r e s t r i c t o r  w i l l  n o t  
e f f e c t  f l o w  r a t e .  A f t e r  pumping methylene c h l o r i d e  through t h e  
column f o r  an a d d i t i o n a l  1-2  hours, a d j u s t  t he  i n l e t  bed support  
p l  unger u n t i  1 approx imate ly  6-10 p s i  backpressure i s  achieved. Push 
t h e  p lunger  i n  t o  increase pressure o r  s l ow l y  p u l l  outward t o  reduce 
pressure.  

7.2.1.11 When t h e  GPC column i s  n o t  t o  be used f o r  several  
days, connect t h e  column o u t l e t  1  i n e  t o  t h e  column i n l e t  t o  prevent  
c o l  umn d r y i n g  and/or channel i ng . I f  channel i n g  occurs, t he  ge l  must 
be removed f rom t h e  column, reswel led ,  and repoured as descr ibed 
above. I f  d r y i n g  occurs, methylene c h l o r i d e  should be pumped 
through t h e  column u n t i l  t h e  observed column pressure i s  constant  
and t h e  column appears wet. Always reca l  i b r a t e  a f t e r  column d r y i n g  
has occur red  t o  v e r i f y  r e t e n t i o n  volumes have n o t  changed. 
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7.2.2 C a l i b r a t i o n  o f  t h e  GPC Column lvYi 

7.2.2.1 Using a  10 mL sy r inge ,  l o a d  sample l o o p  # 1  w i t h  
c a l  i b r a t i o n  s o l u t i o n  (Sec. 5.6). With t h e  ABC automated system, t h e  
5 mL sample l oop  r e q u i r e s  a  minimum o f  8  mL o f  t h e  c a l i b r a t i o n  
s o l u t i o n .  Use a  f i r m ,  cont inuous pressure t o  push t h e  sample on to  
t h e  loop .  Swi tch t h e  va l ve  so t h a t  GPC f l o w  i s  th rough  t h e  UV f l o w -  
th rough c e l l  . 

7.2.2.2 I n j e c t  t h e  c a l i b r a t i o n  s o l u t i o n  and o b t a i n  a  UV 
t r a c e  showing a  d i s c r e t e  peak f o r  each component. A d j u s t  t h e  
d e t e c t o r  and/or r eco rde r  s e n s i t i v i t y  t o  produce a  UV t r a c e  s i m i l a r  
t o  F igu re  2  t h a t  meets t h e  f o l  1  owing requi rements.  D i f f e r e n c e s  
between manufacturers '  c e l l  vo l  umes and d e t e c t o r  sens i  t i v i  t i  es may 
r e q u i r e  a  d i l u t i o n  o f  t h e  c a l i b r a t i o n  s o l u t i o n  t o  ach ieve s i m i l a r  
r e s u l t s .  An a n a l y t i c a l  f l ow- th rough d e t e c t o r  c e l l  wi  11 r e q u i r e  a  
much l e s s  concentrated s o l u t i o n  than  t h e  semi-prep c e l l ,  and 
t h e r e f o r e  t h e  a n a l y t i c a l  c e l l  i s  n o t  acceptable f o r  use. 

7.2.2.3 Fo l l ow ing  a re  c r i t e r i a  f o r  e v a l u a t i n g  t h e  UV 
chromatogram f o r  c o l  umn c o n d i t i o n .  

7.2.2.3.1 Peaks must be observed, and should be 
symmetr ical ,  f o r  a1 1  compounds i n  t h e  c a l  i b r a t i o n  s o l u t i o n .  

7.2.2.3.2 Corn o i l  and p h t h a l a t e  peaks must e x h i b i t  
>85% r e s o l  u t  i on. 

7.2.2.3.3 Ph tha la te  and methoxychl o r  peaks must 
e x h i b i t  >85% r e s o l u t i o n .  

7.2.2.3.4 Methoxychl o r  and p e r y l  ene peaks must e x h i b i t  
>85% r e s o l u t i o n .  

7.2.2.3.5 Perylene and s u l f u r  peaks must n o t  be 
sa tu ra ted  and must e x h i b i t  >90% base1 i n e  r e s o l  u t  i o n .  

7.2.2.3.6 N i t r oa roma t i c  compounds a re  p a r t i c u l a r l y  
prone t o  adsorp t ion .  For example, 4 -n i t r opheno l  r ecove r i es  
may be low due t o  a  p o r t i o n  o f  t h e  a n a l y t e  be ing  d iscarded  
a f t e r  t h e  end o f  t h e  c o l l e c t i o n  t ime.  Columns should be 
t e s t e d  w i t h  t h e  s e m i v o l a t i l e s  m a t r i x  s p i k i n g  s o l u t i o n .  GPC 
e l u t i o n  should con t i nue  u n t i l  a f t e r  pery lene  has e l u ted ,  o r  
l o n g  enough t o  recover  a t  l e a s t  85% o f  t h e  ana ly tes ,  whichever 
t ime  i s  l onge r .  

7.2.2.4 C a l i b r a t i o n  f o r  S e m i v o l a t i l e s  - Us ing t h e  
i n f o r m a t i o n  f rom t h e  UV t r ace ,  e s t a b l  i sh app rop r i a te  c o l l  e c t  and 
dump t ime  pe r i ods  t o  ensure c o l l e c t i o n  o f  a l l  t a r g e t  ana l y tes .  
I n i t i a t e  colurr~n e l u a t e  c o l l e c t i o n  j u s t  be fo re  e l u t i o n  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  and a f t e r  t h e  e l u t i o n  o f  t h e  co rn  o i l .  
Stop e l u a t e  c o l l e c t i o n  s h o r t l y  a f t e r  t h e  e l u t i o n  o f  pery lene .  
C o l l e c t i o n  should be stopped be fo re  s u l f u r  e l u t e s .  Use a  "wash" 
t i m e  o f  10 minutes a f t e r  t h e  e l u t i o n  o f  s u l f u r .  Each l a b o r a t o r y  i s  
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r e q u i r e d  t o  e s t a b l i s h  i t s  s p e c i f i c  t ime sequences. See F igure  2 f o r  
general  guidance on r e t e n t i o n  t ime.  F igure  1 i l l u s t r a t e s  r e t e n t i o n  
vo l  umes f o r  d i f f e r e n t  c lasses o f  compounds. 

7.2.2.5 C a l i b r a t i o n  f o r  Organochlor ine Pesticides/PCBs - 
Determine t h e  e l u t i o n  t imes f o r  t he  ph tha l  ate,  methoxychlor, 
perylene, and s u l f u r .  Choose a dump t ime which removes >85% o f  the  
ph tha l  ate, b u t  c o l l e c t s  >95% o f  the  methoxychlor. Stop c o l l e c t i o n  
a f t e r  t he  e l u t i o n  o f  perylene, bu t  before s u l f u r  e l u t e s .  

7.2.2.6 V e r i f y  t h e  f l o w  r a t e  by c o l l e c t i n g  column e lua te  
f o r  10 minutes i n  a graduated c y l i n d e r  and measure t he  volume, which 
should be 45-55 mL (4.5-5.5 mL/min). I f  the  f l o w  r a t e  i s  ou ts ide  o f  
t h i s  range, c o r r e c t i v e  a c t i o n  must be taken, as descr ibed above. 
Once t h e  f l o w  r a t e  i s  w i t h i n  t he  range o f  4.5-5.5 rnL/min, record t he  
column pressure (should be 6-10 p s i )  and room temperature. Changes 
i n  pressure, so l  vent f l o w  ra te ,  and temperature cond i t i ons  can 
a f f e c t  ana l y te  r e t e n t i o n  t imes, and must be monitored. I f  t h e  f l o w  
r a t e  and/or column pressure do no t  f a l l  w i t h i n  t he  above ranges, a 
new column should be prepared. A UV t r a c e  t h a t  does no t  meet t he  
c r i t e r i a  i n  Sec. 7.2.2.3 would a l so  i n d i c a t e  t h a t  a new column 
should be prepared. I t  may be necessary t o  o b t a i n  a new l o t  o f  B i o  
Beads i f  the  co lu~nn f a i l s  a l l  t he  c r i t e r i a .  

7.2.2.7 Re in j ec t  t he  c a l i b r a t i o n  s o l u t i o n  a f t e r  
app rop r i a te  c o l l e c t  and dump cyc les  have been set,  and t he  so lvent  
f l o w  and column pressure have been es tab l  ished. 

7.2.2.7.1 Measure and record  t he  volume o f  c o l l e c t e d  
GPC e l u a t e  i n  a graduated c y l  inder .  The volume o f  GPC e lua te  
c o l l e c t e d  f o r  each sample e x t r a c t  processed may be used t o  
i n d i c a t e  problems w i t h  t h e  system du r i ng  sample processing. 

7.2.2.7.2 The r e t e n t i o n  t imes f o r  b i s (2 -e thy lhexy l )  
ph tha la te  and pery lene must no t  vary  more than 25% between 
c a l i b r a t i o n s .  I f  the  r e t e n t i o n  t ime s h i f t  i s  >5%, take 
c o r r e c t i v e  a c t  ion.  Excessive r e t e n t  i o n  t ime s h i f t s  are caused 
by : 

7.2.2.7.2.1 Poorlaboratorytemperature con t ro l  o r  
system leaks.  

7.2.2.7.2.2 An u n s t a b i l  i zed  column t h a t  r equ i res  
pumping methylene c h l o r i d e  through i t  f o r  several  more 
hours o r  overn igh t .  

7.2.2.7.2.3 Excessive l a b o r a t o r y  temperatures, 
causing outgassing o f  t he  methyl ene c h l o r i d e .  

7.2.2.8 Analyze a GPC b lank by l oad ing  5 mL o f  methylene 
c h l o r i d e  i n t o  t h e  GPC. Concentrate t h e  methylene c h l o r i d e  t h a t  
passes through t he  system du r i ng  t he  c o l l e c t  cyc le  us ing  a Kuderna- 
Danish (KD) evaporator.  Analyze t he  concentrate by whatever 
de tec to r s  w. i l l  be used f o r  t he  ana lys is  o f  f u t u r e  sarr~ples. Exchange 
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t h e  so l ven t ,  i f  necessary. I f  t h e  b lank  exceeds t h e  es t imated  
quan t i  t a t i o n  1 i m i  t o f  t h e  ana ly tes ,  pump a d d i t i o n a l  methylene 
c h l o r i d e  th rough t h e  system f o r  1-2 hours. Analyze another  GPC 
b lank  t o  ensure t h e  system i s  s u f f i c i e n t l y  c lean .  Repeat t h e  
methylene c h l o r i d e  pumping, i f  necessary. 

7.3 E x t r a c t  Prepara t ion  

7.3.1 Ad jus t  t h e  e x t r a c t  volume t o  10.0 mL. The s o l v e n t  e x t r a c t  
must be p r i m a r i l y  methylene c h l o r i d e .  A1 1 o t h e r  s o l  vents,  e.g. 
1: 1 methyl  ene ch lor ide/acetone,  must be concent ra ted  t o  1 mL ( o r  as low as 
p o s s i b l e  i f  a p r e c i p i t a t e  forms) and d i l u t e d  t o  10.0 mL w i t h  methylene 
c h l o r i d e .  Thoroughly mix t h e  e x t r a c t  be fo re  proceeding. 

7.3.2 F i l t e r  t h e  e x t r a c t  through a 5 micron f i l t e r  d i s c  by a t t a c h i n g  
a sy r i nge  f i l t e r  assembly c o n t a i n i n g  t h e  f i l t e r  d i s c  t o  a 10 mL syr inge .  
Draw t h e  sample e x t r a c t  through t h e  f i l t e r  asserr~bly and i n t o  t h e  10 mL 
syr inge .  Disconnect  t h e  f i  1 t e r  assembly be fo re  t r a n s f e r r i n g  t h e  sample 
e x t r a c t  i n t o  a smal l  g l a s s  con ta ine r ,  e.g. a 15 mL c u l t u r e  tube  w i t h  a 
T e f l o n  1 i ned  screw cap. A1 t e r n a t i v e l y ,  draw t h e  e x t r a c t  i n t o  t h e  sy r i nge  
w i t h o u t  t h e  f - i l t e r  assembly. A t t ach  t h e  f i l t e r  assembly and f o r c e  t h e  
e x t r a c t  th rough  t h e  f i l t e r  and i n t o  t h e  g l ass  con ta ine r .  The l a t t e r  i s  
t h e  p r e f e r r e d  techn ique  f o r  v i scous  e x t r a c t s  o r  e x t r a c t s  w i t h  a l o t  o f  
so l  i d s .  P a r t i c u l a t e  l a r g e r  than  5 microns may sc ra t ch  t h e  va lve ,  which 
may r e s u l t  i n  a system l e a k  and c ross-con tamina t ion  o f  sample e x t r a c t s  i n  
t h e  sample loops .  Repai r  o f  t h e  damaged va l ve  i s  q u i t e  expensive. 

NOTE: V i s c o s i t y  o f  a sample e x t r a c t  should n o t  exceed t h e  v i s c o s i t y  
o f  1:l water /g lycero l  . D i l u t e  samples t h a t  exceed t h i s  
v i s c o s i t y .  

7.4 Screening t h e  E x t r a c t  

7.4.1 Screen t h e  e x t r a c t  t o  determine t h e  we igh t  o f  d i s s o l v e d  
r e s i d u e  by evapora t ing  a 100 p L  a l i q u o t  t o  dryness and weigh ing t h e  
res idue .  The weight  o f  d i sso l ved  res idue  loaded on t h e  GPC column cannot 
exceed 0.500 g. Residues exceeding 0.500 g w i l l  ve ry  l i k e l y  r e s u l t  i n  
incomplete e x t r a c t  c leanup and contaminat ion o f  t h e  GPC s w i t c h i n g  va l ve  
(which r e s u l t s  i n  cross-contami n a t i o n  o f  sample e x t r a c t s ) .  

7.4.1.1 Trans fe r  100 p L  o f  t h e  f i l t e r e d  e x t r a c t  f rom 
Sec. 7.3.2 t o  a t a r e d  aluminum weigh ing d i s h .  

7.4.1.2 A suggested evapora t ion  technique i s  t o  use a heat  
lamp. Set up a 250 w a t t  heat  lamp i n  a hood so t h a t  i t  i s  
8 + 0.5 cm f rom a sur face  covered w i t h  a c l ean  sheet o f  a1 uminum 
f o i  1 . Sur face temperature should be 80- 100°C (check temperature by 
p l a c i n g  a thermometer on t h e  f o i l  and under t h e  lamp). P lace t h e  
we igh ing  d i s h  under t h e  lamp us ing  tongs. A l l ow  i t  t o  s t a y  under 
t h e  lamp f o r  1 min. T rans fe r  t h e  weighing d i s h  t o  an a n a l y t i c a l  
ba lance o r  a m ic ro  balance and weigh t o  t h e  nea res t  0.1 mg. I f  t h e  
r e s i d u e  we igh t  i s  l e s s  than  10 mg/100 pL,  then  f u r t h e r  weigh ings a r e  
n o t  necessary.  I f  t h e  res idue  weight  i s  g r e a t e r  than  10 mg/100 pL, 
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then  determine i f  constant  weight has been achieved by p l a c i n g  t he  
weigh ing d i s h  and res idue  back under t h e  heat lamp f o r  2  o r  more 
a d d i t i o n a l  0.5 min. i n t e r v a l s .  Reweigh a f t e r  each i n t e r v a l .  
Constant weight  i s  achieved when t h ree  weights agree w i t h i n  +lo%. 

7.4.1.3 Repeat t h e  above res idue  ana l ys i s  on a b lank and 
a sp ike.  Add 100 p L  o f  t h e  same methylene c h l o r i d e  used f o r  t he  
sample e x t r a c t i o n  t o  a  weighing d i s h  and determine res idue  as above. 
Add 100 p L  o f  a  corn o i l  sp ike  (5  g/100 mL) t o  another weighing d i s h  
and repeat  t h e  res idue  de te rmina t ion .  

7.4.2 A r es i due  weight  o f  10 mg/100 p L  o f  e x t r a c t  represents  500 mg 
i n  5  mL o f  e x t r a c t .  Any sample e x t r a c t s  t h a t  exceed t he  10 mg/100 p L  
res idue  weight  must be d i l u t e d  so t h a t  the  5 mL loaded on t he  GPC column 
does n o t  exceed 0.500 g. When making the  d i l u t i o n ,  keep i n  mind t h a t  a  
minimum volume o f  8 rr~L i s  r equ i red  when load ing  t h e  ABC GPC u n i t .  
Fo l l ow ing  i s  a  c a l c u l a t i o n  t h a t  may be used t o  determine what d i l u t i o n  i s  
necessary i f  the  res idue  exceeds 10 mg. 

Y mL taken = 10 rr~L f i n a l  x  10 mq maximum 
f o r  d i l u t i o n  vo l  ume X mg o f  res idue  

Exampl e: 

Y mL taken = 10 mL f i n a l  x  10 mq maxinlurll 
f o r  d i l u t i o n  vo l  ume 15 mg o f  res idue  

Y mL taken f o r  d i l u t i o n  = 6.7 mL 

Therefore,  t a k i n g  6.7 mL o f  sample e x t r a c t  f rom Sec. 7.3.2, and 
d i l u t i n g  t o  10 mL w i t h  methylene ch lo r i de ,  w i l l  r e s u l t  i n  5  mL o f  d i l u t e d  
e x t r a c t  loaded on t h e  GPC column t h a t  con ta ins  0.500 g o f  res idue .  

NOTE: Th is  d i l u t i o n  f a c t o r  must be inc luded  i n  t h e  f i n a l  c a l c u l a t i o n  - 
o f  ana l y te  concen t ra t ions .  I n  t h e  above example, the  d i l u t i o n  
f a c t o r  i s  1.5. 

7.5 GPC Cleanup 

7.5.1 C a l i b r a t e  t he  GPC a t  l e a s t  once per  week f o l l o w i n g  t he  
procedure out1 ined  i n  Secs. 7.2.2 through 7.2.2.6. Ensure t h a t  UV t r a c e  
requirements,  f l o w  r a t e  and column pressure c r i t e r i a  are .acceptable. 
Also, t h e  r e t e n t i o n  t ime  s h i f t  must be (5% when compared t o  r e t e n t i o n  
t in ies i n  t h e  l a s t  c a l i b r a t i o n  UV t race .  

7.5.1.1 I f  these c r i t e r i a  a re  no t  met, t r y  c lean ing  t he  
column by l oad ing  one o r  more 5 mL p o r t i o n s  o f  b u t y l  c h l o r i d e  and 
runn ing  i t  through t he  column. Bu ty l  c h l o r i d e  o r  9 : l  (v/v) 
methylene c h l  oride/methanol removes t he  d isco1 o r a t  i o n  and 
p a r t i c u l a t e  t h a t  may have p r e c i p i t a t e d  ou t  o f  t h e  methylene c h l o r i d e  
e x t r a c t s .  Back f lush ing  ( reverse  f l o w )  w i t h  methylene c h l o r i d e  t o  
d i s l odge  p a r t i c u l a t e s  may r e s t o r e  l o s t  r e s o l u t i o n .  I f  a guard 
column i s  be ing used, rep lace  i t  w i t h  a  new one. Th is  may c o r r e c t  
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t he  problem. I f  column maintenance does n o t  r e s t o r e  acceptable 
performance, the  column must be repacked w i t h  new B i o  Beads and 
c a l  i brated.  

7.5.2 Draw a minimum o f  8 mL o f  e x t r a c t  ( d i l u t e d ,  i f  necessary, and 
f i l t e r e d )  i n t o  a 10 mL syr inge.  

7.5.3 A t tach  t h e  sy r i nge  t o  t h e  t u r n  l o c k  on t h e  i n j e c t i o n  p o r t .  
Use f i r m ,  cont inuous pressure t o  push the  sample onto t h e  5-mL sample 
loop .  I f  t h e  sample i s  d i f f i c u l t  t o  load, some p a r t  o f  t h e  system may be 
blocked. Take appropr ia te  c o r r e c t i v e  ac t i on .  I f  t h e  back pressure i s  
normal (6-10 p s i ) ,  t h e  blockage i s  probably  i n  t h e  va lve.  Blockage may be 
f l ushed  ou t  o f  t h e  va lve  by reve rs ing  t h e  i n l e t  and o u t l e t  tubes and 
p ~ ~ m p i n g  so l ven t  through t h e  tubes. (Th is  should be done be fore  sample 
load ing . )  

NOTE: Approximately 2 rr~L o f  t h e  e x t r a c t  remains i n  t h e  1 ines  between - 
t h e  i n j e c t i o n  p o r t  and t h e  sample loop;  excess sample a1 so 
passes through t h e  sample l oop  t o  waste. 

7.5.4 A f t e r  l oad ing  a loop, and be fore  removing t h e  sy r i nge  from t h e  
i n j e c t i o n  p o r t ,  index t h e  GPC t o  t h e  nex t  loop.  Th i s  w i l l  p revent  l o s s  o f  
sample caused by unequal pressure i n  t h e  loops.  

7.5.5 A f t e r  l oad ing  each sample loop, wash t h e  l oad ing  p o r t  w i t h  
methylene c h l o r i d e  i n  a PTFE wash b o t t l e  t o  min imize cross-contaminat ion.  
I n j e c t  approx imate ly  10 mL o f  methylene c h l o r i d e  t o  r i n s e  t h e  common 
tubes. 

7.5.6 A f t e r  load ing  a l l  t h e  sample loops, index t h e  GPC t o  t h e  00 
p o s i t i o n ,  sw i t ch  t o  t h e  "RUN" mode and s t a r t  t h e  automated sequence. 
Process each sample us ing the  c o l l e c t  and dump c y c l e  t imes es tab l i shed  i n  
Sec. 7.2.2. 

7.5.7 C o l l e c t  each sample i n  a 250 mL Erlenmeyer f l a s k ,  covered w i t h  
aluminum f o i l  t o  reduce so lven t  evaporat ion, o r  d i r e c t l y  i n t o  a Kuderna- 
Danish evaporator .  Mon i to r  sample vo l  umes c o l  1  ected . Changes i n  sample 
volumes c o l l e c t e d  may i n d i c a t e  one o r  more o f  t h e  f o l l o w i n g  problems: 

7.5.7.1 Change i n  so lven t  f l o w  r a t e ,  caused by channel ing 
i n  t h e  column o r  changes i n  column pressure. 

7.5.7.2 Increase i n  column ope ra t i ng  pressure due t o  t h e  
absorp t ion  o f  p a r t i c l e s  o r  ge l  f i n e s  onto e i t h e r  t h e  guard c o l  umn o r  
t h e  a n a l y t i c a l  co l  umn ge l ,  i f  a guard co l  umn i s  n o t  used. 

7.5.7.3 Leaks i n  t h e  system o r  s i g n i f i c a n t  var iances i n  
room temperature. 

7.6 Concentrate t h e  e x t r a c t  by t h e  standard K-D technique (see any o f  t h e  
e x t r a c t i o n  methods, Sec. 4.2.1 o f  t h i s  chapter) .  See t h e  de te rm ina t i ve  methods 
(Chapter Four, Sec. 4.3) f o r  t he  f i n a l  volume. 
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7.7 It should be remembered t h a t  on ly  h a l f  o f  t he  sample e x t r a c t  i s  
processed by t h e  GPC ( 5  mL o f  t h e  10 mL e x t r a c t  i s  loaded onto t he  GPC column), 
and thus,  a d i l u t i o n  f a c t o r  o f  2 ( o r  2 m u l t i p l i e d  by any d i l u t i o n  f a c t o r  i n  Sec. 
7.4.2) must be used f o r  q u a n t i t a t i o n  o f  t h e  sarnple i n  t h e  de te rmina t i ve  method. 

8.0 QUALITY CONTROL 

8.1 Refer  t o  Chapter One and Method 3600 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 The ana l ys t  should demonstrate t h a t  t h e  compound(s) o f  i n t e r e s t  a re  
be ing q u a n t i t a t i v e l y  recovered be fo re  app ly ing  t h i s  method t o  ac tua l  samples. 

8.3 For sample e x t r a c t s  t h a t  a re  cleaned up us ing  t h i s  method, t he  
assoc ia ted qua1 i t y  c o n t r o l  samples must a l so  be processed through t h i s  cleanup 
method. 

9.0 METHOD PERFORMANCE 

9.1 Refer  t o  Table 1 f o r  s i n g l e  l a b o r a t o r y  performance data.  
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TABLE 1 
GPC RECOVERY AND RETENTION VOLUMES FOR RCRA 

APPENDIX V I I I  ANALYTES 

Compound % ~ e c '  % R S D ~  Ret . Vo1 . 3  (mL) 

Acenaphthene 
Acenaphthyl ene 
Acetophenone 
2 -Ace ty l  ami n o f l  uorene 
A1 d r i  n 
4-Aminobiphenyl 
A n i l i n e  
Anthracene 
Benomyl 
Benzenethi 01 
Benzi d i ne 
Benz(a)anthracene 
Benzo(b) f l  uoranthene 
Benzo(a)pyrene 
Benzo(ghi ) p e r y l  ene 
Benzo( k )  f l  uoranthene 
Benzoic a c i d  
B e n z o t r i c h l o r i d e  
Benzyl a1 coho1 
Benzyl c h l o r i d e  
a1 pha-BHC 
beta-BHC 
gamma- BHC 
de l  ta-BHC 
4-Bromophenyl phenyl e t h e r  
Bu t y l  benzyl  ph t  ha1 a t e  
2 - s e c - b u t y l - 4 , 6 - d i n i  t ropheno l  (Dinoseb) 
Carbazol e 
Carbendazim 
a1 pha-Chl ordane 
gamma-Chl ordane 
4-Chl oro-3-methy l  phenol 
4-Chloroani  1 i n e  
Chl orobenzi  1 a t e  
Bis(2-ch1oroethoxy)methane 
B i  s (2 - ch l  o r o e t h y l )  e t h e r  
B i  s ( 2 - ch l  o r o i  sopropy1 ) e t h e r  
2-Chl oronaphthalene 
2-Chl orophenol 
3-Chl orophenol 
4-Chl orophenol 
4-Chl orophenyl  phenyl e t h e r  
3-Chl o rop rop ion i  tri 1 e 
Chrysene 
2-Cresol  
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TABLE 1 (continued) 

Compound %RSD* Ret . Vo1 . ( m L )  

3-Cresol 
4-Cresol 
Cycl ophosphamide 
DDD 
DDE 
DDT 
Di -n-butyl phthal ate 
Di a1 1 ate 
Di benzo (a, e) pyrene 
Di benzo (a, i ) pyrene 
Di benz(a, j)acridine 
Di benz (a, h) ant hracene 
Di benzofuran 
Di benzothiophene 
1,2-Di bromo-3-chl oropropane 
l,2-Di bromoethane 
trans-1,4-Dichloro-2-butene 
ci s-1,4-Dichloro-2-butene 
1 $2-Dichl orobenzene 
1,3-Dichlorobenzene 
1,4-Dichl orobenzene 
3,3' -Dichlorobenzidine 
2,6-Di chl orophenol 
2,4-Di chl orophenoxyacetic acid (2,4-D) 
2,4-Dichl orophenol 
2,4-Dichl orotol uene 
1,3-Dichl oro-2-propanol 
Di el dri n 
Di ethyl phthal ate 
Dimethoate 
3,3'-Dimethoxybenzidine" 
Dimethyl phthal ate 
p-Dimethyl ami noazobenzene 
7,12-Dimethyl- benz(a)anthracene 
2,4-Dimethyl phenol 
3,3'-Dimethyl benzidine 
4,6-Dinitro-o-cresol 
1,3-Dini trobenzene 
2,4-Dinitrophenol 
2,4-Dinitrotol uene 
2,6-Dinitrotoluene 
Di phenyl ami ne 
Diphenyl ether 
1,2-Di phenyl hydrazine 
Disul foton 
Endosul fan sul fate 
Endosulfan I 
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TABLE 1 (cont inued)  

Compound % Rec' %RSD* Ret . Vo1 .3 (mL) 

Endosul f an  I I 
Endr in 
Endri  n a1 dehyde 
Endri  n ketone 
Ethy l  methane su l  fona te  
E thy l  methacryl  a t e  
B i  s (2 -e thy l  hexyl  ) ph tha l  a t e  
Famphur 
F l  uorene 
F l  uoranthene 
Heptachl o r  
Heptachlor epoxide 
Hexachl orobenzene 
Hexachl orobutadi  ene 
Hexachl o rocyc l  opentadiene 
Hexachl oroethane 
Hexachl oropropene 
Indeno(l ,2,3-cd)pyrene 
I s o d r i n  
Isophorone 
c i s - I s o s a f r o l e  
t r a n s - I s o s a f r o l  e 
Kepone 
Malononi t r i l e  
Merphos 
Methoxychl o r  
3-Methyl chol  anthrene 
2-Methyl naphtha1 ene 
Methyl pa ra th ion  
4,4'-Methylene-bis ( 2 - c h l o r o a n i l  i ne )  
Naphtha1 ene 
1,4-Naphthoquinone 
2-Naphthyl amine 
1 -Naphthyl amine 
5-Ni t r o - o - t o l u i d i n e  
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 - N i t r o a n i l i n e  
Ni  trobenzene 
2-Ni t rophenol  
4-Ni t rophenol  
N-Ni t r o s o - d i  - n -bu ty l  amine 
N-Ni t r o s o d i  e thanol  ami ne 
N-Ni t rosod ie thy lamine  
N-Ni t rosod imethy l  amine 
N-Nitrosodiphenylamine 
N-Ni t r o s o d i  -n -propy l  amine 
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TABLE 1 (continued) 

Compound % Rec' %RSD* Ret . Vo1 . 3  (mL) 

N-Nitrosomethyl ethyl amine 83 
N-Nitrosomorpholine 86 
N-Ni trosopiperidine 84 
N-Nitrosopyrolidine 92 
Di -n-octyl phthal ate 83 
Parathion 109 
Pentachl orobenzene 95 
Pentachl oroethane 7 4 
Pentachl oroni trobenzene (PCNB) 9 1 
Pentachl orophenol 102 
Phenacet i n 100 
Phenanthrene 94 
Phenol 83 
1,2- Phenyl ened i ami ne 9 1 
Phorate 74 
2-Picoline 9 9 
Pronamide 105 
Pyrene 9 8 
Resorci no1 7 0 
Safrol e 9 3 
Streptozotocina 6 
1,2,4,5-Tetrachlorobenzene 96 
2,3,5,6-Tetrachl oro-nitrobenzene 85 
2,3,4,6-Tetrachl orophenol 95 
2,3,5,6-Tetrachl orophenol 9 6 
Tetraethyl di thiopyrophosphate (Sul fotep) 89 
Thiosemicarbazide 7 4 
2-To1 uidine 92 
4-101 uidine 87 
Thiourea, 1-(0-chlorophenyl) 7 5 
To1 uene-2,4-diamine 6 9 
1,2,3-Trichlorobenzene 8 7 
1,2,4-Trichl orobenzene 89 
2,4,5-Tri chl orophenol 77 
2,4,6-Trichlorophenol 9 5 
2,4,5-Trichlorophenoxyacetic acid (2,4,5-T) 71 
2,4,5-Trichlorophenoxypropionic acid 6 7 
Warfarin 94 

NA = Not applicable, recovery presented as the average of two determinations. 

" Not an appropriate analyte for this method. 

1 The percent recovery is based on an average of three recovery values. 

The % relative standard deviation is determined from three recovery values. 

These Retention Volumes are for guidance only as they will differ from column to 
column and from system to system. 
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F i g u r e  1 
GPC RETENTION VOLUME OF CLASSES OF ANALYTES 
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F i g u r e  2 
UV CHROMATOGRAM OF THE CALIBRATION SOLUTION 
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METHOD 3 6 4 0 A  
GEL-PERMEATION CLEANUP 

7.1 Ensure ambient temp. consistent 
throughout GPC run. 

7.2 GPC Setup and Calibration 1 
t 

7.2.1 Column Preparation 7.2.1.6 Compress column. Slurry 
remaining beads and repeat Section 

w 

7.2.1.1 Place Bio Beads and MeCl 
in a container. Swirl and 

allow beads to swell. I 7.2.1.7 Compress column bed 
approximately four cm. * 

I 7.2.1.2 Remove column inlet bed 
support plunger. Position and tighten 

7.2.1.8 Pack option 5 cm. guard 
column wl  roughly 5 gm. 

7.2.1.3 Ensure GPC column outlet 
contains solvent. Plam small amount 

7.2.1.9 Connect column inlet to 
solvent reservoir. Pump MeCl at 

5 mllmin. tor 1 hr. I solvent in column to minimize 
bubble formation. 

7.2.1.4 Transfer bead mixture into 
sep. funnel. Drain excess solvent; 
drain beads into column. Keep 

beads wet throughout. 1 7.2.1.1 0 Connect column outlet to 
UV-Vis detector. Place restrictor 
at detector outlet. Run MeCl for 
additional 1-2 hrs. Compress 

column bed to provide 6-1 0 psi 
backpressure. 

I 7.2.1.5 Loosen seal on opposite 
plunger assembly, insert into column. 

I 7.2.1.1 1 Connect outlet line to column 
inlet when column not in use. Repack 
column when channeling is observed. 
Assure consistent backpressure when 
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METHOD 3640A 
con t inued  

7.2.2 Calibration of the GPC column 

I 

7.2.2.2 Inject calibration soln.; adjust 
recorder or detector sensitivity 

to produce similar UV trace as Fg. 2. i 
7.2.2.3 Evaluation criteria for 

7.2.2.4 Calibration for Semivolatiles 
Use information from UV bace to 
obtain collect and dump times. 

Initiate collection before bis(2-ethylhexyl) 
phthalate, stop after perylene. Stop run 

before sulfur elutes. 

I 

7.2.2.5 Calibration for Organochlorine 
Pesticides/PCBs 

Choose dump time whlch removes 
> 85% phthalate, but collects at 

times > 95% methoxychlor. Stop 
collection between perylene and 

sulfur elution. 

7.2.2.6 Verify column flow rate and 
backpressure. Correct 

inconsistencies when criteria 
are not met. 

7.2.2.7 Reinject calibration soln. when 
collect and dump cycles are set, 

and column criteria are met. 

7.2.2.7.1 Measure and record 
volume of GPC eluate. 

shifts of > +I- 5% for 
bis(2-elhylhexyl) phthalate 

and perylene. 

1 7.2.2.8 Inject and analyze GPC blank ( 

I for column cleanliness. Pump 
through MeCl as column wash. I 
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METHOD 3640A 
c o n t  i nued 

7.3 Extract Preparation I 
I 

w 
1 7.3.1 Adjust extract volume to 10 mL. 1 

disclsyringe assembly into small 
glass container. 

1 7.4 Screening the Extract I 

7.4.1 Screen extract by determining 

extract from Section 7.3.2 to tared 

I aluminum weighing dish. 

t 
7.4.1.2 Evaporate extract solvent under 
heating lamp. Weigh residue to nearest 

0.1 mg. 

t 
7.4.1.3 Repeat residue analysis of Section 

7.4.1.2 wlblank and spike sample. 

4 
7.4.2 Use dilution example to determine 

necessary dilution when residue 

7.5 GPC Cleanup I 

7.5.1 Calibrate GPC weekly. Assure 
column criteria. UV trace, retention 

7.5.1.1 Clean column wlbutyl chloride 
loadings, or replacement of 

guard column. 

4 
7.5.2 Draw 8 mL extract into synnge. 

C 
7.5.3 Load sample into injection loop. + 

7.5.4 Index GPC to next loop to 
prevent sample loss. 

C 
7.5.5 Wash sample port w1MeCI 

between sample loadings. 

7.5.6 At end of loadings, ~ndex GPC to 1 (10. switch to "RUN" mode, start I 
automated sequence. 

I 

7.5.7 Collect sample into aluminum foil 
covered Erlenmeyer flask or into 

Kuderna-Danish evaporator. 

Kuderna-Danish technique. 

7.7 Note dilution factor of GPC method 
into final determinations. 
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METHOD 3650A 

ACID-BASE PARTITION CLEANUP 

1.0 SCOPE AND APPLICATION 

1.1 Method 3650 was fo rmer l y  Method 3530 i n  t h e  second e d i t i o n  o f  t h i s  
manual. 

1.2 Method 3650 i s  a l i q u i d - l i q u i d  p a r t i t i o n i r l g  cleanup method t o  
separate a c i d  analytes, e.g. organic  ac ids and phenols, from base/neutral 
analy tes,  e .g . amines, aromatic hydrocarbons, and ha1 ogenated organic  compounds, 
us ing pH adjustment. I t  may be used f o r  cleanup o f  petroleum waste p r i o r  t o  
anal y s  i s o r  f u r t h e r  cleanup (e. g . , a1 umi na cleanup) . The f o l  1 owing compounds can 
be separated by t h i s  method: 

Compound Name CAS  NO.^ F rac t i on  

Benz(a)anthracene 56-55-3 Base-neutral 
Benzo (a)pyrene 50-32-8 Base-neutral 
Benzo(b) f l  uoranthene 205-99-2 Base-neutral 
Chlordane 57-74-9 Base-neutral 
Ch lo r i na ted  d ibenzodiox ins Base-neutral 
2 -Chl orophenol 95-57-8 Acid 
Chrysene 218-01 -9 Base-neutral 
Creosote 8001-58-9 Base-neutral and Ac id  
Cresol ( s )  Acid 
D i  c h l  orobenzene(s) Base-neutral 
D i  c h l  orophenoxyacet i c a c i d  94-75-7 Acid 
2,4-Dimethyl phenol 105-67-9 Acid 
D i  n i  trobenzene 25154-54-5 Base-neutral 
4,6-Dini  t r o - o - c r e s o l  534-52-1 Acid 
2 ,4 -D in i t ro to luene 121-14-2 Base-neutral 
Heptachl o r  76-44-8 Base-neutral  
Hexachl orobenzene 118-74-1 Base-neutral 
Hexachl orobutadi  ene 87-68-3 Base-neutral 
Hexachl oroethane 67-.72-1 Base-neutral 
Hexachl o rocyc l  opentadi ene 77-47-4 Base-neutral 
Naphthalene 91-20-3 Base-neutral 
N i  trobenzene 98-95-3 Base-neutral 
4-Ni t rophenol  100-02-7 Acid 
Pen tach1 orophenol 87-86-5 Ac id  
Phenol 108-95-2 Acid 
Phorate 298-02-2 Base-neutral 
2 - P i c o l i n e  109-06-8 Base-neutral 
P y r i d i n e  110-86-1 Base-neutral 
Te t rach l  orobenzene(s) Base-neutral 
Te t rach l  orophenol ( s )  Acid 
Toxaphene .8001-35-2 Base-neutral 
T r i ch lo ropheno l  (s )  Ac id 
2,4,5-TP ( S i l v e x )  93-72-1 Acid 

' Chemical Abs t rac t  Serv ices Reg i s t r y  Number. 
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2.0 SUMMARY OF METHOD 

2.1 The so lvent  e x t r a c t  from a  p r i o r  so lvent  e x t r a c t i o n  method i s  shaken 
w i t h  water t h a t  i s  s t r o n g l y  basic .  The a c i d  analytes p a r t i t i o n  i n t o  t h e  aqueous 
l aye r ,  whereas, t h e  bas ic  and neu t ra l  compounds s tay  i n  t h e  organ ic  so lvent .  'The 
base/neutral f r a c t i o n  i s  concentrated and i s  then ready f o r  f u r t h e r  cleanup, i f  
necessary, o r  ana lys is .  The aqueous l a y e r  i s  a c i d i f i e d  and ex t rac ted  w i t h  an 
organic so lvent .  Th i s  e x t r a c t  i s  concentrated ( i f  necessary) and i s  then ready 
f o r  ana lys i s  o f  t h e  a c i d  analytes.  

3.0 INTERFERENCES 

3.1 More ex tens ive  procedures than those out1 ined i n  t h i s  method may be 
necessary f o r  reagent p u r i f i c a t i o n .  

3.2 A method b lank must be run  f o r  t h e  compounds o f  i n t e r e s t  p r i o r  t o  
use o f  t h e  method. The i n te r fe rences  must be below t h e  method d e t e c t i o n  1  i m i t  
be fore  t h i s  method i s  app l ied  t o  actual  samples. 

4.0 APPARATUS AND MATERIALS 

4.1 Dry ing  column - 20 mm ID  Pyrex chromatographic column w i t h  Pyrex 
g lass  wool a t  bottom, o r  equ iva len t .  

NOTE: F r i  t t e d  g lass  d i s c s  are  d i f f i c u l t  t o  c lean a f t e r  h i g h l y  contaminated - 
e x t r a c t s  have been passed through them. Columns w i thou t  f r i t s  a re  
recommended. Use a  small pad o f  Pyrex g lass  wool t o  r e t a i n  t h e  
adsorbent. Prewash t h e  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  column 
w i t h  adsorbent. 

4.2 Kuderna-Dani sh (K-D) apparatus 

4.2.1 Concentrator tube - 10 mL graduated (Kontes K570050-1025 o r  
equ iva len t )  .' A ground g lass  stopper i s  used t o  prevent  evaporat ion o f  t h e  
e x t r a c t s .  

4.2.2 Evaporat ion f l a s k  - 500 mL (K-570001-0500 o r  equ iva len t )  . 
At tach t o  concentrator  tube w i t h  springs, 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  micro (Kontes K569001-0219 o r  
equ iva len t ) .  

4.2.5 Springs - 1/2 i nch  (Kontes K-662750 o r  equ iva len t ) .  

4.3 V i a l s  - Glass, 2  mL capac i ty  w i t h  Tef lon  1  ined screw-caps o r  cr imp 
tops.  

4.4 Water ba th  - Heated, concent r ic  r i n g  cover, temperature c o n t r o l  o f  
t 2'~.  Use t h i s  ba th  i n  a  hood. - 
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4.5 Boi 1 ing chips - Solvent extracted, approximately 10/40 mesh (sil icon 
carbide or equivalent) . 

4.6 pH indicator paper - pH range including the desired extraction pH. 

4.7 Separatory funnel - 125 mL. 
4.8 Erlenmeyer flask - 125mL. 

5.0 REAGENTS 

5.1 Reagent grade inorganic chemicals shall be used in all tests. 
Unless otherwise indicated, it is intended that a1 1 inorganic reagents shall 
conform to the specifications of the Committee on Analytical Reagents of the 
American Chemical Society, where such specifications are avail able. Other grades 
may be used, provided it is first ascertained that the reagent is of sufficiently 
high purity to permit its use without lessening the accuracy of the 
determination. 

5.2 Organic-free reagent water - All references to water in this method 
refer to organic-free reagent water, as defined in Chapter One. 

5.3 Sodium hydroxide, NaOH, (ION) - Dissolve 40 g of sodium hydroxide 
in 100 mL of organic-free reagent water. 

5.4 Sulfuric acid, HSO,, (1:l v/v in water) - Slowlyadd 50mLH2S04 to 
50 mL of organic-free reagent water. 

5.5 Sodium sulfate (granular, anhydrous), Na,SO - Purify by heating at 
400°C for 4 hours in a shallow tray, or by precleaning (the sodium sulfate with 
methylene chloride. If the sodium sulfate is precleaned with methylene chloride, 
a method blank must be analyzed, demonstrating that there is no interference from 
the sodium sulfate. 

5.6 Solvents: 

5.6.1 Methylene chloride, CH,C12 - Pesticide quality or equivalent. 
5.6.2 Acetone, CH,COCH3 - Pesticide qual i ty or equivalent . 
5.6.3 Methanol, CH30H - Pesticide qual ity or equivalent. 
5.6.4 Diethyl Ether, C,H,OC,H~ - Pesticide quality or equivalent. 

Must be free of peroxides as indicated by test strips (EM Quant, or 
equivalent). Procedures for removal of peroxides are provided with the 
test strips. After cleanup, 20 mL of ethyl alcohol preservative must be 
added to each 1 iter of ether. 

6.0 SAMPLE COLLECTION, PRESERVATION, AND HANDLING 

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

7.1 Place 10 mL o f  t he  so lvent  e x t r a c t  from a p r i o r  e x t r a c t i o n  procedure 
i n t o  a 125 mL separatory funnel .  

7.2 Add 20 mL o f  methylene c h l o r i d e  t o  the  separ.atory funne l .  

7.3 Slowly add 20 mL o f  p r e c h i l l e d  o rgan ic - f ree  reagent water which has 
been p rev ious l y  adjusted t o  a pH o f  12-13 w i t h  10N sodium hydroxide. 

7.4 Seal and shake the  separatory funnel  f o r  a t  l e a s t  2 minutes w i t h  
p e r i o d i c  vent ing  t o  re1  ease excess pressure. 

NOTE: Methyl ene c h l o r i d e  creates excessive pressure very  r a p i d l y ;  - 
therefore ,  i n i t i a l  ven t i ng  should be done immediately a f t e r  t h e  
separatory funnel has been sealed and shaken once. The separatory 
funnel should be vented i n t o  a hood t o  prevent  unnecessary exposure 
o f  t h e  ana lys t  t o  t h e  organic vapor. 

7.5 Al low t h e  organic l a y e r  t o  separate from t h e  aqueous phase f o r  a 
minimum o f  10 minutes. I f  the  emulsion i n t e r f a c e  between l a y e r s  i s  more than 
one - th i rd  t h e  s i z e  o f  t h e  so lvent  l aye r ,  t h e  ana lys 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 inc 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 lass  
wool , c e n t r i f u g a t i o n ,  o r  o the r  physical  methods. 

7.6 Separate t h e  aqueous phase and t r a n s f e r  i t  t o  a 125 mL Erlenmeyer 
f l a s k .  Repeat t h e  e x t r a c t i o n  two more tinies us ing 20 mL a l i q u o t s  o f  d i l u t e  
sodium hydroxide (pH 12-13). Combine t h e  aqueous ex t rac ts .  

7.7 Water so lub le  organic ac ids 'and phenols w i l l  be p r i m a r i l y  i n  t h e  
aqueous phase. Base/neutral analytes w i l l  be i n  t h e  methylene c h l o r i d e .  I f  t h e  
ana ly tes  o f  i n t e r e s t  are o n l y  i n  t h e  aqueous phase, d i sca rd  t h e  methylene 
c h l o r i d e  and proceed. t o  Sect ion 7.8. I f  t h e  analytes o f  i n t e r e s t  are o n l y  i n  t h e  
methylene ch lo r i de ,  d iscard  t h e  aqueous phase and proceed t o  Sect ion 7.10. 

7.8 E x t e r n a l l y  cool t h e  125 mL Erlenmeyer f l a s k  w i t h  i c e  w h i l e  a d j u s t i n g  
t h e  aqueous phase t o  a pH of 1-2 w i t h  s u l f u r i c  a c i d  (1:l). 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  cool aqueous phase t o  a c lean 125 mL separatory funnel .  Add 20 lr~L 
of methylene c h l o r i d e  t o  t h e  separatory funnel and shake f o r  a t  l e a s t  2 minutes. 
Al low t h e  methylene c h l o r i d e  t o  separate from t h e  aqueous phase and c o l l e c t  t h e  
methylene c h l o r i d e  i n  an Erlenmeyer f l a s k .  

7.9 Add 20 mL o f  methylene c h l o r i d e  t o  the  separatory funnel and e x t r a c t  
a t  pH 1-2 a second t ime. Perform a t h i r d  e x t r a c t i o n  i n  t h e  same manner combining 
t h e  e x t r a c t s  i n  t h e  Erlenmeyer f l ask .  

7.10 Assemble a Kuderna-Dani sh (K-D) concentrator  ( i f  necessary) by 
a t tach ing  a 10 mL concentrator  tube t o  a 500 mL evaporat ion f l a s k .  

7.11 Dry both a c i d  and base/neutral f r a c t i o n s  by passing them through a 
d r y i n g  column con ta in ing  about 10 cm o f  anhydrous sodium s u l f a t e .  C o l l e c t  t h e  
d r i e d  f r a c t i o n s  i n  K-D concentrators.  R'l nse the  Erlenmeyer f l a s k s  which 
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contained the  solvents and the  columns w i t h  20 mL o f  methylene ch lo r ide  t o  
complete t h e  q u a n t i t a t i v e  t ransfer .  

7.12 Concentrate both ac id  and base/neutral f r a c t i o n s  as f o l l  ows: Add 
one o r  two b o i l i n g  chips t o  the  f l a s k  and a t tach a th ree b a l l  macro-Snyder 
column. Prewet the  Snyder column by adding about 1 mL o f  methylene ch lo r ide  t o  
the  top  of t h e  column. Place the  K-D apparatus on a ho t  water bath (80-90°C) 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  warm 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 t h e  concentrat ion i n  15-20 minutes. A t  t he  proper r a t e  of d i s t i l l a t i o n ,  
t h e  b a l l s  of t h e  column w i l l  a c t i v e l y  cha t 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 t h e  K-D apparatus from 
t h e  water bath and a1 low i t  t o  coo l .  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  t h e  concentrator tube w i t h  1-2 mL o f  methylene 
ch lo r ide .  Concentrate t h e  e x t r a c t  t o  the  f i n a l  volume using e i t h e r  the  micro- 
Snyder column technique (7.12.1) o r  n i t rogen blowdown technique (7.12.2). 

7.12.1 Micro-Snyder Column Technique 

7.12.1.1 Add another one o r  two b o i l i n g  chips t o  the  
concentrator  tube and a t tach a two b a l l  micro-Snyder column. Prewet 
t h e  column by adding 0.5 mL of methylene ch lo r ide  t o  the top  o f  the 
column. Place t h e  K-D apparatus i n  a hot  water bath (80-90°C) 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  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 he  apparatus and the  water 
temperature as requ i red  t o  complete t h e  concentrat ion i n  5-10 
minutes. A t  t he  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  t he  column 
w i l l  a c t i v e l y  cha t te r  but  the  chambers w i l l  no t  f lood.  When the 
apparent volume o f  t he  1 i q u i d  reaches 0.5 mL, remove the K-D 
apparatus and a1 low i t  t o  cool.  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 s  i n t o  the  concentrator tube w i t h  0.2 
mL o f  methylene ch lor ide .  Adjust t he  f i n a l  volume t o  1 mL w i t h  
methylene ch lor ide .  

7.12.2 Ni t rogen Bl  owdown Technique 

7.12.2.1 Place the  concentrator tube i n  a warm water bath 
(35OC) and evaporate the solvent  volume t o  1 .O-2.0 mL using a gent le  
stream o f  cl'ean, d ry  n i t rogen ( f i l t e r e d  through a column o f  
ac t i va ted  carbon). 

CAUTION: Do not  use p l a s t i c i z e d  tub ing between the  carbon 
t r a p  and the  sample. 

7.12.2.2- The i n t e r n a l  wa l l  of t he  concentrator tube must be 
r i n s e d  down several t imes w i t h  the  appropr iate solvent  dur ing  the  
operat ion. During evaporation, the  tube solvent  l e v e l  must be 
pos i t ioned t o  avoid condensation water. Under normal procedures, 
t h e  e x t r a c t  must no t  be allowed t o  become dry.  

CAUTION: When the  volume o f  solvent  i s  reduced below 1 mL, 
semivol a t i l e  analytes may be l o s t .  

7.13 The ac id  f r a c t i o n  i s  now ready f o r  analys is .  I f the  base/neutral 
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f r a c t i o n  requires f u r t he r  cleanup by the a1 umi na co l  umn c l  eanup f o r  petroleum 
waste (Method 3611), the solvent may have t o  be changed t o  hexane. I f  a solvent  
exchange i s  required, momentarily remove the Snyder column, add approximately 5 
mL o f  the exchange solvent and a new b o i l i n g  chip, and reat tach the Snyder 
column. Concentrate the  ex t rac t  as described i n  Section 7.12.1.1, r a i s i n g  the 
temperature o f  the  water bath, i f  necessary, t o  maintain proper d i s t i l  1 a t ion.  
When the apparent volume again reaches 1 mL, remove the K-D apparatus from the 
water bath and a l low i t  t o  d ra i n  and cool f o r  a t  l e a s t  10 minutes. Repeat the 
exchange 2 more times. I f  no f u r t he r  cleanup o f  the base/neutral ex t r ac t  i s  
required, i t  i s  a lso ready f o r  analysis. 

8.0 QUALITY CONTROL 

8.1 Refer t o  Chapter One f o r  general qual i t y  cont ro l  procedures and 
Method 3600 f o r  cleanup procedures. 

8.2 The analyst  must demonstrate t h a t  the compounds o f  i n t e r e s t  are 
being quan t i t a t i ve l y  recovered before. applying t h i  s method t o  actual  samples . 

8.3 For samples t h a t  are cleaned using t h i s  method, the  associated 
qual i t y  con t ro l  samples must be processed through t h i s  cleanup method. 

9.0 METHOD PERFORMANCE 

9.1 Refer t o  the determinative methods f o r  performance data. 

10.0 REFERENCES 

1. Test Methods: Methods f o r  Orqanic Chemical Analysis o f  Municipal and 
I ndus t r i a l  Wastewater; U.S. Environmental Protect ion Agency. O f f  i c e  o f  
Research and Development . Environmental Monitoring and Support Laboratory. 
ORD Pub1 i c a t i o n  O f f  i ces  o f  Center f o r  Environmental Research Information: 
Cincinnat i ,  OH, 1982; EPA-600/4-82-057. 
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METHOD 3650A 
ACID-BASE PARTITION CLEANUP 
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METHOD 3650A 
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METHOD 3660A 

SULFUR CLEANUP 

1.0 SCOPE AND APPLICATION 

1.1 Elemental s u l f u r  i s  encountered i n  many sediment samples (general ly  
s p e c i f i c  t o  d i f f e r e n t  areas i n  the  country),  marine algae, and some i n d u s t r i a l  
wastes. The s o l u b i l i t y  o f  s u l f u r  i n  various solvents i s  very s i m i l a r  t o  the  
organochlor ine and organophosphorus pest ic ides.  Therefore, the  s u l f u r  
i n te r fe rence  f o l  1 ows a1 ong w i t h  the  pest ic ides  through t h e  normal ex t rac t i on  and 
cleanup techniques. I n  general, s u l f u r  w i l l  usua l ly  e l u t e  e n t i r e l y  i n  Frac t ion  
1 o f  the  F l  o r i  s i  1 cleanup (Method 3620). 

1.2 S u l f ~ ~ r  w i l l  be q u i t e  evident i n  gas chromatograms obtained from 
e lec t ron  capture detectors, flame photometric detectors operated i n  the  s u l f u r  
o r  phosphorous mode, and Coul son e l e c t r o l y t i c  conduc t i v i t y  detectors i n  the 
s u l f u r  mode. I f  the gas chromatograph i s  operated a t  the  normal condi t ions f o r  
p e s t i c i d e  analys is ,  the  s u l f u r  in ter fe rence can completely mask the  region from 
the solvent  peak through A ld r in .  

1.3 Three techniques f o r  the e l im ina t ion  o f  s u l f u r  are de ta i l ed  w i t h i n  
t h i s  method: (1) the use o f  copper powder; (2) the  use o f  mercury; and (3) the  
use o f  tetrabutylammonium sul  f i te .  Tetrabutylammonium sul f i  t e  causes the  l e a s t  
amount o f  degradation o f  a broad range o f  pes t ic ides  and organic compounds, whi le 
copper and mercury may degrade organophosphorus and some organochlorine 
pest ic ides .  

2.0  SUMMARY OF METHOD 

2 . 1  The sample t o  undergo cleanup i s  mixed w i t h  e i t h e r  copper, mercury, 
o r  tetrabutylammonium (TBA) s u l f i t e .  The mixture i s  shaken and the  ex t rac t  i s  
removed from the s u l f u r  cleanup reagent. 

3.0 INTERFERENCES 

3.1 Removal o f  s u l f u r  using copper: 

3.1.1 The copper must be very reac t ive .  Therefore, a l l  oxides of 
copper must be removed so t h a t  the  copper has a shiny, b r i g h t  appearance. 

3.1.2 The sample ex t rac t  must be v igorously ag i ta ted w i th  the  
r e a c t i v e  copper f o r  a t  l e a s t  one minute. 

4 . 0  APPARATUS AND MATERIALS 

4 . 1  Mechanical shaker o r  mixer - Vortex Genie o r  equivalent.  

4 . 2  Pipets, disposable - Pasteur type. 
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4.3 Centr i fuge tubes, c a l i b r a t e d  - 12 mL. 

4.4 Glass b o t t l e s  o r  v i a l s  - 10 mL and 50 mL, w i t h  T e f l o n - l i n e d  screw 
caps o r  crimp tops. 

4.5 Kuderna-Dani sh (K-D) apparatus. 

4.5.1 Concentrator tube - 10 mL graduated (Kontes K-570050-1025 o r  
equivalent) .  A ground glass stopper i s  used t o  prevent evaporat ion o f  
ex t rac ts .  

4.5.2 Evaporation f l a s k  - 500 mL (Kontes K-570001-500 o r  
equivalent) .  At tach t o  concentrator  tube w i t h  springs, clamps, o r  
equival  ent  . 

4.5.3 Snyder column - Three b a l l  macro (Kontes K-503000-0121 o r  
equivalent  j. 

4.5.4 Snyder column - Two b a l l  micro (Kontes K-569001-0219 o r  
equivalent)  . 

4.5.5 Springs - 1/2 inch (Kontes K-662750 o r  equ iva lent ) .  

5.0 REAGENTS 

5.1 Reagent grade chemicals s h a l l  be used i n  a l l  t es ts .  Unless otherwise 
indicated,  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  
of 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 ava i lab le .  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  permi t  i t s  use 
wi thout  1 essen i ng the  accuracy o f  the  determination. 

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  organ ic - f ree reagent water, as def ined i n  Chapter One. 

5.3 N i t r i c  acid, HNO,, d i l u t e .  

5.4 Solvents 

5.4.1 Acetone, CH,COCH, - Pest ic ide  q u a l i t y  o r  equivalent .  

5.4.2 Hexane, C,H,, - Pest ic ide  q u a l i t y  o r  equ iva lent .  

5.4.3 2 - Propanol , CH,CH (OH) CH, - Pest ic ide  qua1 i t y  o r  equ i va l  ent  . 
5.5 Copper powder - Remove oxides by t r e a t i n g  w i t h  d i l u t e  n i t r i c  acid, 

r i n s e  w i t h  organ ic - f ree reagent water t o  remove a l l  t races o f  acid, r i n s e  w i t h  
acetone and d r y  under a stream o f  n i t rogen.  (Copper, f i n e  granu lar  Mal l  i nck rod t  
4649 o r  equ iva lent ) .  

5.6 Mercury, t r i p l e  d i s t i l l e d .  

5.7 Tet rabuty l  ammonium (TBA) su l  f i  t e  reagent 
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5.7.1 Tetrabutyl ammoni um hydrogen sulfate, [CH3(CH2),],NHS04. 

5.7.2 Sodium sulfite, Na2S03. 

5.7.3 Prepare reagent by dissolving 3.39 g tetrabutyl amoni um 
hydrogen sulfate in 100 mL organic-free reagent water. To remove 
impurities, extract this solution three times with 20 mL portions of 
hexane. Discard the hexane extracts, and add 25 g sodium sulfite to the 
water solution. Store the resulting solution, which is saturated with 
sodium sulfite, in an amber bottle with a Teflon-1 ined screw cap. This 
solution can be stored at room temperature for at least one month. 

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 Removal of sulfur using copper 

7.1.1 Concentrate the sample to exactly I .O rrrL or other known 
volume. Perform concentration using the Kuderna-Danish (K-D) Technique 
(Method 3510, Sections 7.10.1 through 7.10.4). 

CAUTION: When the volume of solvent is reduced below 1 mL, 
semivol ati le analytes may be lost. 

7.1.2 If the sulfur concentration is such that crystal1 ization 
occurs, centrifuge to settle the crystals, and carefully draw off the 
sample extract with a disposable pipet leaving the excess sulfur in the K- 
D tube. Transfer 1.0 mL of the extract to a calibrated centrifuge tube. 

7.1.3 Add approximately 2 g of cleaned copper powder (to the 0.5 mL 
mark) to the centrifuge tube. Mix for at least 1 min on the mechanical 
shaker. 

7.1.4 Separate the extract from the copper by drawing off the 
extract with a disposable pi pet and transfer to a clean vi a1 . 'The volume 
remaining still represents 1.0 mL of extract. 

NOTE: This separation is necessary to prevent further degradation of - 
the pesticides. 

7.2 Removal of sulfur using mercury 

NOTE: Mercury is a highly toxic metal. All operations involving mercury - 
should be performed in a hood. Prior to using mercury, it is 
recommended that the analyst become acquainted with proper hand1 ing 
and cleanup techniques associated with this metal. 

7.2.1 Concentrate the sample extract to exactly 1.0 mL or other 

Revision 1 
July 1992 



known v o l  ume. Perforni concent ra t ion  us ing t h e  Kuderna-Dani sh (K-D) 
Technique (Method 3510, Sect ions 7.10.1 through 7.10.4). 

CAUTION: When t h e  volume o f  so lvent  i s  reduced below 1 mL, 
semivol a t i l  e analytes may be 1 os t .  

7.2.2 P ipe t  1.0 mL of t h e  e x t r a c t  i n t o  a c lean concent ra tor  tube o r  
Tef lon-sea led  v i a l .  

7.2.3 Add one t o  th ree  drops o f  mercury t o  t h e  v i a l  and seal .  
A g i t a t e  t h e  contents o f  t h e  v i a l  f o r  15-30 sec. Prolonged shaking (2 h r )  
may be requ i red .  I f  so, use a mechanical shaker. 

7.2.4 Separate t h e  sample from the  mercury by drawing o f f  t h e  
e x t r a c t  w i t h  a d isposable p i p e t  and t r a n s f e r  t o  a c lean v i a l .  

7.3 Renioval o f  s u l f u r  us ing  TBA s u l f i t e  

7.3.1 Concentrate the  sample e x t r a c t  t o  e x a c t l y  1.0 mL o r  o the r  
known volume. Perform concent ra t ion  us ing  the  Kuderna-Danish (K-D) 
Technique (Method 3510, Sect ions 7.10.1 through 7.10.4). 

CAUTION: When t h e  volume o f  so lvent  i s  reduced below 1 mL, 
semivol a t i l e  analytes may be l o s t .  

7.3.2 Trans fer  1.0 mL o f  t h e  e x t r a c t  t o  a 50 mL c l e a r  g lass  b o t t l e  
o r  v i a l  w i t h  a T e f l o n - l i n e d  screw-cap. Rinse the  concent ra tor  tube wi th '  
1 mL o f  hexane, adding t h e  r i n s i n g s  t o  the  50 mL b o t t l e .  

7.3.3 Add 1.0 mL TBA s u l f i t e  reagent and 2 mL 2-propanol, cap t h e  
b o t t l e ,  and shake f o r  a t  l e a s t  1 min. I f  the  sample i s  c o l o r l e s s  o r  if 
t h e  i n i t i a l  c o l o r  i s  unchanged, and i f  c l e a r  c r y s t a l s  ( p r e c i p i t a t e d  sodium 
s u l f i t e )  are observed, s u f f i c i e n t  sodium s u l f i t e  i s  present .  I f  t h e  
p r e c i p i t a t e d  sodium s u l f i  t e  disappears, add more c r y s t a l  1 i n e  sodium 
s u l f i t e  i n  approximately 0.100 g po r t i ons  u n t i l  a s o l i d  res idue remains 
a f t e r  repeated shaking . 

7.3.4 Add 5 mL organic f r e e  reagent water and shake f o r  a t  l e a s t  1 
min. Al low t h e  sample t o  stand f o r  5-10 min. Trans fer  t h e  hexane l a y e r  
( t op )  t o  a concent ra tor  tube and concentrate t h e  e x t r a c t  t o  approximately 
1.0 mL w i t h  the  micro K-D Technique (Sect ion 7.3.5) o r  t h e  N i t rogen 
B l  owdown Technique (Sect ion 7.3.6). Record t h e  ac tua l  v o l  ume o f  t h e  f i n a l  
e x t r a c t .  

7.3.5 Micro-Snyder Column Technique 

7.3.5.1 Add another one o r  two c lean bo i  1 i ng ch ips  t o  t h e  
concent ra tor  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  t o p  o f  t h e  
column. Place the  K-D apparatus i n  a ho t  water bath so t h a t  t h e  
concent ra tor  tube i s  p a r t i a l l y  i~ilmersed 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 
requ i red ,  t o  complete t h e  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  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  
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chatter, but  the chambers w i l l  not f lood. When the apparent volume 
o f  1 i qu id  reaches 0.5 mL, remove the K-D apparatus from the water 
bath and a1 low i t t o  d ra in  and cool f o r  a t  leas t  10 minutes. Remove 
the Snyder column and r inse  the f l ask  and i t s  lower j o i n t s  w i th  
about 0.2 mL o f  solvent and add t o  the concentrator tube. Adjust 
the f i n a l  volume t o  approximately 1.0 mL w i th  hexane. 

7 -3.6 Nitrogen Blowdown Technique 

7.3.6.1 Place the concentrator tube i n  a warm water bath 
(approximately 35OC) and evaporate the solvent volume t o  1 .O-2.0 mL, 
using a gent le stream o f  clean, dry nitrogen ( f i l t e r e d  through a 
col  umn of act ivated carbon) . 

CAUTION: Do not use p las t i c i zed  tubing between the carbon 
t r ap  and the sample. 

7.3.6.2 The in terna l  wal l  o f  the tube must be r insed down. 
several times w i t h  the appropriate sol vent during the operation. 
During evaporation, the solvent leve l  i n  the tube must be posit ioned 
t o  prevent water from condensing i n t o  the sample (i .e., the solvent 
leve l  should be below the leve l  o f  the water bath). Under normal 
operating conditions, the ext ract  should not be allowed t o  become 
dry. 

CAUTION: When the volume of solvent i s  reduced below 1 nlL, 
semivol a t i  1 e analytes may be 1 ost. 

7.4 Analyze the cleaned up extracts by gas chromatography (see the 
determinative methods, Section 4.3 o f  t h i s  chapter). 

8.0 QUALITY CONTROL 

8.1 Refer t o  Chapter One f o r  spec i f ic  qua1 i t y  control  procedures and 
Method 3600 f o r  cleanup procedures. 

8.2 A l l  reagents should be. checked p r i o r  t o  use t o  v e r i f y  tha t  
inter ferences do not  ex is t .  

9.0 METHOD PERFORMANCE 

9.1 Table 1 indicates the e f f e c t  o f  using copper and mercury t o  remove 
s u l f u r  on the recovery o f  ce r ta in  pesticides. 

10.0 REFERENCES 

1. Loy, E.W., privatecommunication. 

2. Goerl i tz ,  D. F. and L.M. Law, Bu l l e t i n  f o r  Environmental Contamination and 
Toxicology, 5, 9 (1971). 
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3. U.S. EPA Contract Laboratory Program, Statement o f  Work f o r  Organic b 
Analysis, Revision, July 1985. 
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Table 1. 
EFFECT OF MERCURY AND COPPER ON PESTICIDES 

Pest ic ide  
Percent Recoverya u s i  nq : 

Mercury Copper 

Arocl  o r  1254 
Lindane 
Heptachl o r  
A l d r i n  
Heptachl o r  epoxide 
DDE 
DDT 
BHC 
D i e l d r i n  
Endri  n 
Chl orobenzi 1 a te  
Malath ion 
Diazinon 
Parathion 
Eth ion  
T r i t h i o n  

a Percent recover ies c i t e d  are averages based on dup l ica te  analyses f o r  a l l  
compounds o ther  than f o r  A l d r i n  and BHC. For A ldr in ,  f ou r  and three 
determinat ions were averaged t o  obta in  the  r e s u l t  f o r  mercury and copper, 
respec t i ve l y .  Recovery o f  BHC using copper i s  based on one analys is .  
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METHOD 3660A 
SULFUR CLEANUP 
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METHOD 3660A 
continued 
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METHOD 3665 

SULFURIC ACID/PERMANGANATE CLEANUP 

1.0 SCOPE AND APPLICATION 

1.1 Th is  method i s  s u i t a b l e  f o r  t h e  r i go rous  cleanup o f  sample ex t rac t s  
p r i o r  t o  ana l ys i s  f o r  po l ych lo r i na ted  biphenyls.  This  method should be used 
whenever e leva ted  base1 ines  o r  o v e r l y  complex chromatograms prevent accurate 
q u a n t i t a t i o n  o f  PCBs. Th is  method cannot be used t o  cleanup e x t r a c t s  f o r  o the r  
t a r g e t  analy tes,  as i t  w i l l  des t roy  most organic  chemicals i nc lud ing  t h e  
p e s t i c i d e s  A l d r i n ,  D i e l d r i n ,  Endrin, Endosulfan (I and 11), and Endosulfan 
s u l f a t e .  

2.0 SUMMARY OF METHOD 

2.1 An e x t r a c t  i s  so lven t  exchanged t o  hexane, then the  hexane i s  
s e q u e n t i a l l y  t r e a t e d  w i t h  (1)  concentrated s u l f u r i c  ac id  and, i f  necessary, (2) 
5% aqueous potassium permanganate. Appropr ia te cau t i on  must be taken w i t h  these 
c o r r o s i v e  reagents. 

2.2 Blanks and r e p l i c a t e  ana lys is  samples must be subjected t o  t he  same 
cleanup as t h e  samples associated w i t h  them. 

2.3 I t  i s  impor tant  t h a t  a l l  t h e  e x t r a c t s  be exchanged t o  hexane before 
i n i t i a t i n g  t h e  f o l l o w i n g  t reatments.  

3.0 INTERFERENCES 

3.1 Th is  technique w i  11 no t  des t roy  ch lo r i na ted  benzenes, ch lo r i na ted  
naphtha1 enes (Hal owaxes), and a  number o f  ch lo r i na ted  pes t i c i des .  

4.0 APPARATUS 

4.1 Syr inge o r  Class A  vo lumet r i c  p ipe t ,  g lass;  1.0, 2.0 and 5.0 mL. 

4.2 V i a l s  - 1, 2  and 10 mL, g lass  w i t h  Te f lon  1  ined screw caps o r  cr imp 
tops. 

4.3 Kuderna-Dani sh (K-D) apparatus. 

4.3.1 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 .  

4.3.2 Evaporat ion f lask  - 500 mL (Kontes K-570001-500 o r  
equ i va len t ) .  A t tach  t o  concentrator  tube w i t h  spr ings, clamps, o r  
equ iva l  en t  . 
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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 ) .  

4.3.4 Snyder column - Two b a l l  m ic 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 Vor tex  mixer .  

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  avai  1 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  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 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 
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  acid/Water, H2S0,/H20, (1 :  1, v/v) . 

5.4 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 .  

5.5 Potassium permanganate, KMnO,, 5 percen t  aqueous s o l u t i o n  (w/v) . 

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 S u l f u r i c  a c i d c l e a n u p  

7.1.1 Using a sy r i nge  o r  a vo lume t r i c  p i p e t ,  t r a n s f e r  1.0 o r  2.0 mL 
o f  t h e  hexane e x t r a c t  t o  a 10 mL v i a l  and, i n  a fume hood, c a r e f u l l y  add 
5 mL o f  t h e  1 : l  s u l f u r i c  ac id /water  s o l u t i o n .  

7.1.2 The volume o f  hexane e x t r a c t  used depends on t h e  requi rements 
o f  t h e  GC autosampler used by t h e  l a b o r a t o r y .  I f  t h e  autosampler 
f u n c t i o n s  re1  i a b l y  w i t h  1 mL of sample volume, 1 .0  mL o f  e x t r a c t  should be 
used. I f  t h e  autosampler r e q u i r e s  more than  1 mL o f  sample volume, 2.0 mL 
o f  e x t r a c t  should be used. 

CAUTION: Make sure t h a t  t h e r e  i s  no exothermic r e a c t i o n  nor  
e v o l u t i o n  o f  gas p r i o r  t o  proceeding. 
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7.1.3 Cap t h e  v i a l  t i g h t l y  and vo r t ex  f o r  one minute.  A vo r t ex  must 
be v i s i b l e  i n  t h e  v i a l .  

CAUTION: Stop t h e  vo r t ex i ng  immediately i f  t h e  v i a l  leaks,  AVOID 
SKIN CONTACT, SLILFURIC ACID BURNS. 

7.1.4 Al low t h e  phases t o  separate f o r  a t  l e a s t  1 minute.  Examine 
t h e  t o p  (hexane) l a y e r ;  i t  should n o t  be h i g h l y  co lo red  nor  should i t  have 
a v i s i b l e  emulsion o r  c loudiness.  

7.1.5 I f  a c lean  phase separa t ion  i s  achieved, proceed t o  
Sec. 7.1.8. 

7.1.6 I f  t h e  hexane l a y e r  i s  co lo red  o r  t h e  emulsion p e r s i s t s  f o r  
severa l  minutes, remove t h e  s u l f u r i c  a c i d  l a y e r  f rom t h e  v i a l  and dispose 
o f  i t  p r o p e r l y .  Add another 5 mL o f  t h e  c lean  1:l s u l f u r i c  acid/water.  

NOTE: Do no t  remove any hexane a t  t h i s  s tage o f  t h e  procedure. - 
7.1.7 Vortex t h e  sample f o r  one minute and a l l ow  t h e  phases t o  

separate.  

7.1.8 Trans fe r  t h e  hexane l a y e r  t o  a c lean  10 mL v i a l .  

7.1.9 Add an a d d i t i o n a l  1 mL o f  hexane t o  t h e  s u l f u r i c  a c i d  l aye r ,  
cap and shake. Th is  second e x t r a c t i o n  i s  done t o  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  PCBs and Toxaphene. 

7.1.10 Remove t h e  second hexane l a y e r  and combine w i t h  t h e  
hexane f rom Sec. 7.1.8. 

7.2 Permanganate cleanup 

7.2.1 Add 5 mL o f  t h e  5 percent  aqueous potassium permanganate 
s o l u t i o n  t o  t h e  combined hexane f r a c t i o n s  f rom 7.1.10. 

CAUTION: Make sure t h a t  t he re  i s  no exothermic r e a c t i o n  nor  
e v o l u t i o n  o f  gas p r i o r  t o  proceeding. 

7.2.2 Cap t h e  v i a l  t i g h t l y  and vo r t ex  f o r  1 minute. A vo r t ex  must 
be v i s i b l e  i n  t h e  v i a l .  

CAUTION: Stop t h e  vo r t ex i ng  immediately i f  t h e  v i a l  leaks.  AVOID 
SKIN CONTACT, POTASS I UM PERMANGANATE BURNS. 

7.2.3 A l low t h e  phases t o  separate f o r  a t  l e a s t  1 minute. Examine 
t h e  t o p  (hexane) l a y e r ,  i t  should no t  be h i g h l y  co lo red  no r  should i t  have 
a v i s i b l e  emulsion o r  c loudiness.  

7.2.4 I f  a c lean  phase separat ion i s  achieved, proceed t o  
Sec. 7.2.7. 
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7.2.5 I f  t h e  hexane l a y e r  i s  co lo red  o r  t h e  emulsion p e r s i s t s  f o r  
severa l  minutes, remove t h e  permanganate s o l u t i o n  f rom t h e  v i a l  v i a  a  
g l a s s  p i p e t t e  and d ispose o f  i t  p r o p e r l y .  Add another  5 rr~L o f  t h e  c l ean  
aqueous permanganate s o l u t i o n .  

NOTE: Do n o t  remove any hexane a t  t h i s  s tage o f  t h e  procedure. - 
7.2.6 Vor tex t h e  sarr~ple and a l l o w  t h e  phases t o  separate.  

7.2.7 T rans fe r  t h e  hexane l a y e r  t o  a  c l ean  10 mL v i a l .  

7.2.8 Add an a d d i t i o n a l  1  mL o f  hexane t o  t h e  permanganate l a y e r ,  
cap t h e  v i a l  secure ly  and shake. Th is  second e x t r a c t i o n  i s  done t o  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  PCBs and Toxaphene. 

7.2.9 Remove t h e  second hexane 1  ayer  and combine w i t h  t h e  hexane 
f rom Sec. 7.2.7. 

7.3 F i  na l  p r e p a r a t i o n  

7.3.1 Reduce t h e  volume o f  t h e  combined hexane 1  ayers t o  t h e  
o r i g i n a l  volume ( 1  o r  2  mL) us ing  t h e  Kuderna-Danish Technique 
(Sec. 7.3.1.1). 

7.3.1.1 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. Prewet t h e  Snyder column by 
adding about 1  rr~L o f  hexane t o  t h e  t o p  o f  t h e  column. P lace t h e  K-D 
apparatus on a  h o t  water  ba th  (15-20°C above t h e  b o i l i n g  p o i n t  o f  
t h e  s o l v e n t )  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  water  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 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 h e  
concen t ra t i on  i n  10-20 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  
n o t  f l o o d .  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  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.  

7.3.1.2 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  t h e  concen t ra to r  tube w i t h  1-2 mL o f  hexane. 
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  m ic ro  
Snyder column technique (Sec. 7.3.2) o r  n i t r o g e n  b l  owdown techn ique  
(Sec. 7.3.3). 

7.3.2 M ic ro  Snyder Column Technique 

7.3.2.1 Add another  one o r  two c l ean  b o i  1  i ng c h i p s  t o  t h e  
concen t ra to r  tube and a t t a c h  a  two b a l l  m i c ro  Snyder column. Prewet 
t h e  column by adding about 0.5 mL o f  hexane t o  t h e  t o p  o f  t h e  
column. P lace t h e  K-D apparatus i n  a  h o t  water  b a t h  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  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 t h e  concen t ra t i on  i n  5-10 minutes.  A t  t h e  
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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 t h e  apparent volume 
o f  1  i q u i d  reaches 0.5 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. 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  w i t h  
about 0.2 mL o f  hexane and add t o  t h e  concent ra to r  tube. Adjust  the  
f i n a l  volume t o  1.0-2.0 mL, as requi red,  w i t h  hexane. 

7.3.3 N i t r ogen  Blowdown Technique 

7.3.3.1 Place t h e  concentrator  tube i n  a warm water bath 
(approx imate ly  35°C) and evaporate t h e  so lven t  volume t o  t he  
requ i red  l e v e l  us ing  a g e n t l e  stream o f  clean, d r y  n i t r ogen  
( 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  tub ing  between the  carbon 
t r a p  and the  sample. 

7.3.3.2 The i n t e r n a l  wa l l  of t he  tube must be r i nsed  down 
severa l  t imes w i t h  t h e  appropr ia te  so l  vent du r i ng  t he  operat ion .  
Dur ing evaporat ion, t h e  so lven t  l e v e l  i n  t h e  tube must be pos i t i oned  
t o  prevent  water f rom condensing i n t o  t h e  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 
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 .  

7.3.4 Remove any remaining organochlor ine pes t i c i des  from t h e  
e x t r a c t s  u s i  ng F l o r i  s i l  Column Cleanup (Method 3620) o r  S.i 1  i c a  Gel Cleanup 
(Method 3630). 

7.3.5 The e x t r a c t s  obta ined may now be analyzed f o r  t h e  t a r g e t  
ana ly tes  us ing  t h e  appropr ia te  organic  technique(s)  (see Sec. 4.3 o f  t h i s  
Chapter). I f  ana l ys i s  o f  t h e  e x t r a c t  w i l l  no t  be performed immediately, 
s topper  t h e  concent ra to r  tube and s t o r e  i n  a r e f r i g e r a t o r .  I f  t h e  e x t r a c t  
w i  11 be s to red  longer  than 2 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 Tef lon l i n e d  screw cap o r  cr imp top, and l abe led  appropr ia te ly .  

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. 

9.0 METHOD PERFORMANCE 

9.1 No performance da ta  are c u r r e n t l y  ava i l ab le .  

10.0 REFERENCES 

None requ i red .  
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METHOD 3665 
SULFURIC ACID/PERMANGANATE CLEANUP 

I 
Start i 7.2.1 Add 

KMn04 
solution. 

7.1.1 Carefully 
combine hexene 

wl th 1 : l  
H2S04lH20 

solut~on. 
7.2.2 - 7.2.3 
Cap. vortex. 

and allow 
phase 

separation. 

7.1.2 
Transfer the 
appropriate 
volume to 

vial. 

- 

7.1.3 - 7.1.4 
Cap. vortex 
and allow 

phase 
separetion. 

No 
b 

7.2.7 M 
7.2.6 Cap 

Transfer vortex and 
hexane layer allow phase 
t o  clean ~1.1. separation. 

7.2.5 Remove 
and dispose 

KMn04 solution. 
add clean KMn04 

solut~on. 

7.1.6 Remove 

phase and dispose 
H2S04 solution. 

I 1 I I 

, , I add clean H2SO4 
s01ution. I 

7.1.8 tJ 7.1.7 Cap. 
Transtar vortex. and 

hexane layer allow phase 
t o  clean vlal. separation. 

7.2.8 Add 
hexane t o  

KMn04 layer. 
cap and shake. 

7.2.9 Combine 
t w o  haxane 

ri 
7.3.1 - 7.3.3 

Reduce volumn 
using K-D 

endlor nitrogen 
blowdown tech. 

7.3.4 Use 
Method 3620  o r  
Method 3630  t o  
further remove 
contaminants. I layers. I 

7.1.9 Add 
hexane t o  

HZS04 layer. 
cap and shake. 

7.3.5 Stopper I and 
refrigerate 
for further 

Combine t w o  
hexene layers. 
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