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DISCLAIMER 

Mention o f  t rade names o r  commercial products does not cons t i t u te  
endorsement o r  recommendation f o r  use by the  U. S. Environmental Protect ion 
Agency. 

SW-846 methods are designed t o  be used w i t h  equipment from any manufacturer 
t h a t  r e s u l t s  i n  s u i t a b l e  method performance (as assessed by accuracy, precision, 
detec t ion  1 i m i  t s  and mat r i x  compati b i l  i t y )  . I n  several SW-846 methods, equipment 
spec i f i ca t ions  and s e t t i n g s  are g iven f o r  the  s p e c i f i c  instrument used during 
method development, o r  subsequently approved f o r  use i n  the  method. These 
references are  made t o  provide t h e  best  possib le guidance t o  labora tor ies  using 
t h i s  manual. Equipment not  spec i f i ed  i n  t h e  method may be used as long as the 
1 aboratory achieves equivalent  o r  super ior  method performance. I f  a1 ternate 
equipment i s  used, t h e  1 aboratory must f o l l o w  t h e  manufacturer's i ns t ruc t ions  f o r  
t h e i r  p a r t i c u l a r  instrument. 

Since many types and s izes o f  glassware and suppl ies are commercially 
avai lable,  and s ince i t  i s  poss ib le  t o  prepare reagents and standards i n  many 
d i f f e r e n t  ways, those s p e c i f i e d  i n  these methods may be rep1 aced by any s i m i l a r  
types as long  as t h i s  s u b s t i t u t i o n  does not  a f fec t  t h e  overa l l  q u a l i t y  of the  
analyses. 
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ABSTRACT 

'""""I 
d 

Test Methods f o r  Evaluat ing So1 i d  Waste, Physica1/Chemica1 Methods (SW-846) 
prov ides t e s t  procedures and guidance which are recommended f o r  use i n  conducting 
the  eva lua t ions  and measurements needed t o  comply w i t h  the  Resource Conservation 
and Recovery Ac t  (RCRA), Pub l ic  Law 94-580. These methods are approved by the  
U.S. Environmental P ro tec t i on  Agency f o r  ob ta in ing  data t o  s a t i s f y  the  
requirements o f  40 CFR Parts  122 through 270. This  manual presents the  s t a t e - o f -  
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  t he  RCRA program. It conta ins 
procedures f o r  f i e l d  and 1  aboratory qua1 i t y  con t ro l  , sampl i ng , determining 
hazardous cons t i t uen ts  i n  wastes, determining the  hazardous c h a r a c t e r i s t i c s  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 
phys ica l  p rope r t i es  o f  wastes. It a l so  contains guidance on how t o  se lec t  
appropr ia te  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 r e q u i r e  
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  
app l i ca t i ons .  Refer t o  40 Code o f  f e d e r a l  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 the r  requirements under S u b t i t l e  C o f  RCRA. 
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Method 3040: Dissolution Procedure for Oil s, Greases, or Waxes 
Method 3050A: Acid Digestion of Sediments, Sludges, and Soils 
Method 3051: Microwave Assisted Acid Digestion of Sediments, Sludges, 
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Antimony (AA, Direct Aspiration) 
Ant imony (AA, Furnace Technique) 
Arsenic (AA, Furnace Technique) 
Arsenic (AA, Gaseous Hydride) 
Antimony and Arsenic (AA, Borohydride Reduction) 
Barium (AA, Direct Aspiration) 
Barium (AA, Furnace Technique) 
Beryllium (AA, Direct Aspiration) 
Beryl 1 i um (AA,  Furnace Technique) 
Cadmium (AA, Direct Aspiration) 
Cadmi um (AA, Furnace Technique) 
Calcium (AA, Direct Aspiration) 
Chromium (AA, Direct Aspiration) 
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Chromi urn, Hexavalent (Copreci pi tat i on) 
Chromium, Hexavalent (Colorimetric) 
Chromium, Hexavalent (Chelation/Extraction! 
Chromium, Hexavalent (Differenti a1 Pul se Pol arography) 
Cobalt (AA, Direct Aspiration) 
Cobalt (AA, Furnace Technique) 
Copper (AA, Direct Aspiration) 
Copper (AA, Furnace Technique) 
Iron (AA, Direct Aspiration) 
Iron (AA, Furnace Technique) 
Lead (AA, Direct Aspiration) 
Lead (AA, Furnace Technique) 
Lithium (AA, Direct Aspiration) 
Magnesium (AA, Direct Aspiration) 
Manganese (AA, Direct Aspiration) 
Manganese (AA, Furnace Technique) 
Mercury in Liquid Waste (Manual Col d-Vapor Technique) 
Mercury in Sol id or Semi sol id Waste (Manual Col d-Vapor 
Technique) 
Molybdenum (AA, Direct Aspiration) 
Molybdenum (AA, Furnace Technique) 
Nickel (AA, Direct Aspiration) 
Osmium (AA, Direct Aspiration) 
Potassium (AA, Direct Aspiration) 
Sel eni um (AA, Furnace Technique) 
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S i l v e r  (AA, Furnace Technique) 
Sodium (AA, D i r e c t  Aspi r a t i o n )  
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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  "E"  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 r e v i s e d  tw i ce ) .  
A  s u f f i x  o f  " C "  i n  t h e  method nurr~ber i n d i c a t e s  r e v i s i o n  t h ree  ( t h e  
method has been r e v i s e d  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 o  t h e  
s u f f i x  l e t t e r  des iana t i on  (e.g., A ,  0 ,  o r  C) must be i d e n t i f i e d  by t h e  
ana lys t .  P method re fe rence  found w i t h i n  t h e  RCRA regu l  a t i ons  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 no t  i nc l ude  
t h e  app rop r i a t e  1  e t t e r  s u f f i x .  
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Chromatography (HPLC) 
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4.4 Mi s c e l l  aneous Screening Methods 

Method 3810: Headspace 
Method 3820: Hexadecane E x t r a c t i o n  and Screening o f  Purgeable 
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APPENDIX - -  COMPANY REFERENCES 

NOTE: A s u f f i x  o f  "A"  i n  t h e  method nurr~ber 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 r e v i s e d  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 imes) .  I n  o rder  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  d e s i s n a t i o n  (e.g., A, 0, 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 chapters  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 nunrber does n o t  i nc l ude  
t h e  app rop r i a t e  1 e t t e r  s u f f i x .  
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PREFACE AND OVERVIEW 

PURPOSE OF THE MANUAL 

Test Methods f o r  Eva1 uating Sol i d  Waste (SW-846) i s  intended t o  provide a 
uni fi ed, up-to-date source o f  information on sampl i ng and analysis re1 ated t o  
compliance w i th  RCRA regulations. It brings together i n t o  one reference a1 1 
sarr~pl ing  and tes t i ng  methodology approved by the Of f ice o f  Sol i d  Waste f o r  use 
i n  impl ementi ng the RCRA regulatory program. The manual provides methodology 
f o r  col 1 e c t i  ng and tes t ing  representative samples o f  waste and other materials 
t o  be monitored. Aspects o f  sampling and test ing covered i n  SW-846 include 
qual i t y  control  , sampl i ng plan development and impl ementation, 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 characterist ics. 

The procedures described i n  t h i s  manual are meant t o  be comprehensive and ' 

de ta i l  ed, coup1 ed wi th  the rea l i za t ion  tha t  the problems encountered i n  
sampl i ng and analy t ica l  s i tuat ions require a cer ta in  amount o f  f l exi  b i  1 i ty. 
The solut ions t o  these problems w i l l  depend, i n  part, on the s k i l l ,  t ra ining, 
and experience o f  the analyst. For some situations, i t  i s  possible t o  use 
thismanual i n  ro te  fashion. I n  other situations, i t  w i l l  r e q u i r e 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 extra burden 
on the user, i t  i s  unavoidable because o f  the var ie ty  o f  sampling and 
analy t ica l  condit ions found wi th  hazardous wastes. 

ORGANIZATION AND FORMAT 

This manual i s  divided i n t o  two volumes. Volume I focuses on laboratory 
a c t i v i t i e s  and i s  divided f o r  convenience i n t o  three sections. Volume I A  
deals w i th  qua l i t y  control, select ion o f  appropriate t e s t  methods, and 
analy t ica l  methods f o r  meta l l i c  species. Volume I 0  consists o f  methods f o r  
organic analytes. Volume I C  includes a var iety of t e s t  methods f o r  
m i  scel 1 aneous analytes and propert ies f o r  use i n  evaluating the waste 
character ist ics.  Volume I1 deal s wi th  sample acquisi t ion and includes qual i t y  
control , sampl i ng plan design and impl ementation, 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 inc inerat ion monitoring regulations. 

Volume I begins wi th  an overview o f  the qual i t y  control precedures t o  be 
imposed upon the sampl i ng and analy t ica 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  
control requirements and the means t o  implement them. This understanding can 
be achieved only be reviewing Chapter One and the analyt ical  methods together. 
It I s  expected t h a t  ind iv idual  laboratories, using SW-846 as the reference 
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lu 
source, wi 1 1 sel ect appropri a te  methods and develop a standard operat i ng 
procedure (SOP) to  be followed by the laboratory. The SOP should incorporate 
the pertinent information from th i s  manual adopted t o  the specific needs and 1"11 
circumstances of the individual laboratory as well as t o  the materials t o  be !. 

hr 

eval uated. 
F 

The method selection chapter (Chapter Two) presents a comprehensive w 
discussion of the application of these methods t o  various matrices in the 
determination of groups of analytes o r  specific analytes. I t  aids the chemist m 
in constructing the correct analytical method from the array of procedures isui 

which may cover the matrix/analyte/concentration combi nation of interests.  
The section discusses the objective of the test ing program and i t s  pl 

relationshtp to  the choice of an analytical method. Flow charts are presented 
along with tables to  guide in the selection of the correct analytical U 

procedures t o  form the appropriate method. 
F 

The analytical methods are separated into di sti nct procedures descri bi ng 
I 
kid 

speci f i c , i ndependent anal y t  i cal operations . These i ncl ude extract i on, 
digestion, cleanup, and determination. T h i s  format a1 lows linking of the PIL 
various steps in the analysis according to: the type of sample (e.g., water, k# 

soi 1, sludge, st1 11 bottom) ; analytes (s) of interest;  needed sensit ivi ty;  and 
avai 1 able' analytical instrumentation. 'The chapters descri bi ng Mi scel 1 aneous 
Test Methods and Properties, however, give complete methods which are not P 

amenable t o  such segmentation t o  form discrete procedures. .%E! 

The introductory material a t  the beginning of each section containing m 
analyti cal procedures presents information on sample hand1 i ng and w 
preservation, safety, and sample preparation. 

i Wn 
Part I1 of Volume I (Chapters Seven and Eight) describes the . 

rJ characteristics of a waste. Sections following the regulatory descriptions 
contain the methods used to  determine i f  the waste is hazardous because i t  
exhibits a particular characteristic. P 

w 

Vol ume I1 gives background information on s ta t i s t i ca l  and nonstati s t ica l  
aspects of sampl i ng. I t  a1 so presents practi ca1 sampl i ng techniques paa 
appropriate for  situations presenting a variety of physical conditions. WEu 

A discussion of the regulatory requirements with respect to  several 
monitoring categories i s  a1 so given i n  th i s  volume. These include ground P 

k& water monitoring, 1 and treatment, and i ncineration. The purpose of this 
guidance i s  t o  orient the user to  the objective of the analysis, and t o  a s s i s t  
i n devel opi ng data qua1 i ty  objecti ves , sampl i ng pl ans , and 1 aboratory SOP'S. F" 

b A  

Significant interferences, o r  other problems, may be encountered w i t h  
certain samples. In these situations, the analyst i s  advised t o  contact the m 
Chief, Methods Section (WH-562B) Technical Assessment Branch, Office of Sol id isi 
Waste, US EPA, Washington, DC 20460 (202-382-4761) for  assi stance. The 
manual i s  intended t o  serve a1 1 those w i t h  a need to  evaluate sol i d  waste. P@ 
Your comments, corrections, suggestions, and questions concern1 ng any materi a1 
contained i n ,  o r  omitted from, thi  s manual will be grateful ly appreciated. ad 

Please direct  your comments to  the above address. 
P 
Pshi 
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CHAPTER ONE 
QUALITY CONTROL 

1 .0  l NTRODUCTION 

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) 
q u a l 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  va l i d ,  
defensib le,  and o f  known p r e c i s i o n  and accuracy. The da ta  should be o f  
s u f f i c i e n t  known qual i t y  t o  w i ths tand s c i e n t i f i c  and 1  egal c h a l l  enge re1  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  associated qual i t y  c o n t r o l  (QC) procedures a re  prov ided i n  t h i s  chapter. 

The da ta  acquired f rom QC procedures are  used t o  est imate t h e  q u a l i t y  o f  
a n a l y t i c a l  data, t o  determine the  need f o r  c o r r e c t i v e  a c t i o n  i n  response t o  
i d e n t i f i e d  de f i c i enc ies ,  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 h e  i n d i v i d u a l  methods s ince  they  are  n o t  appl i e d  u n i v e r s a l l y .  

A  t o t a l  program t o  generate da ta  o f  acceptable qual i t y  should i nc lude  both 
a  QA component, which encompasses the  management procedures and cont ro ls ,  as w e l l  
as an opera t iona l  day-to-day QC component. Th is  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  da ta  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  t h e  DQOs are  met. 

The p r o j e c t  p lan  may be a  sampling and ana lys is  p lan  o r  a  waste ana lys is  p lan  i f  
i t  covers t h e  QA/QC goals  o f  t h e  Chapter, o r  i t  may be a  Qua1 i t y  Assurance 
P r o j e c t  Plan as descr ibed 1  a t e r  i n  t h i s  chapter.  

Th is  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 ng and analyses, i n c l u d i n g  t h e  QC i n fo rma t i on  which 
should be documented. Guidance i s  prov 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  a l l  p r o j e c t s  which generate envi ronment- re lated data 
i n  support  o f  RCRA have a  QA Pro jec t  Plan (QAPjP) o r  equ iva len t .  I n  some 
instances, a  sampling and ana l ys i s  p lan  o r  a  waste ana l ys i s  p l a n  may be 
equ iva len t  if it  covers a l l  o f  t h e  QA/QC goals  out1 ined 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 

ONE - 1 Revision 1 
J u l y  1992 



P"' 
kk" 

Operat ing Procedures manual o r  s i m i l a r  document and inc lude  t h e  elements o f  a  
QAPjP. These documents should be avai 1  able and referenced i n  t h e  documentat i o n  
and/or records f o r  t h e  ana lys is  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 .  The QAPjP se ts  f o r t h  a  p lan  f o r  sampling and ana lys i s  
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  in tended 
use. QAPjP elements should i nc lude  a  d e s c r i p t i o n  o f  t h e  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 -  
volved i n  t h e  data  c o l l e c t i o n  and t h e i r  r e s p o n s i b i l i t i e s  and a u t h o r i t i e s ;  
re ference 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  sarnple c o l l e c t i o n  and ana lys i s  
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 l  owed; and descr-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 
omi t 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  n o t  a f f e c t  t h e  q u a l i t y  o f  data obta ined 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 the  e f fec t i veness  o f  a  QA/QC program and ensur ing 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  opera t ions  and 1  aboratory operat ions (a1 ong w i t h  appl i c a b l  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  from 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  requ i red ,  usua l l y  i n  terms o f  o b j e c t i v e s  f o r  
p rec is ion ,  b ias,  representat iveness, comparab i l i t y  and completeness. The DQOs 
should be de f ined  p r i o r  t o  t h e  i n i t i a t i o n  o f  t h e  f i e l d  and l a b o r a t o r y  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  du r 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 a b l e  
from t h e  U.S. EPA Qua1 i t y  Assurance Management S t a f f  (QAMS) (see re ferences 2  and 
4).  

2.2 PROJECT OBJECTIVES 

A statement o f  t h e  p r o j e c t  ob jec t i ves  and how t h e  o b j e c t i v e s  a re  t o  be 
a t t a i n e d  should be conc ise ly  s ta ted  and s u f f i c i e n t l y  d e t a i l e d  t o  pe rm i 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 lso  inc ludes  appropr ia te  statements o f  t h e  DQOs ( i  .e., t h e  
acceptable l e v e l  o f  u n c e r t a i n t y  i n  t h e  in fo rmat ion) .  

2.3 SAMPLE COLLECTION 

Sampl i ng procedures, 1 ocat  i ons, equipment , and sample p reserva t ion  and 
hand l ing  requirements should be s p e c i f i e d  .in t he  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  descr ibed 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. S p e c i f i c  procedures f o r  
groundwater sampl i ng a re  prov ided i n  Chapter E l  even o f  t h i s  manual . 

2.4 ANALYSIS AND TESTING 

Analytes and p r o p e r t i e s  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  d e t e c t i o n  1 i m i  t s ,  and requirements f o r  p r e c i s i o n  and b ias  
should be spec i f i ed .  A1 1 appl i c a b l  e r e g u l a t o r y  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  1 s on the  
procedures f o r  a n a l y t i c a l  operat ions are  descr ibed i n.Sect ion 4 o f  t h i s  chapter.  

2.5 QUALITY CONTROL 

The qual i t y  assurance program should address bo th  f i e l d  and 1 aboratory 
a c t i v i t i e s .  Qua1 i t y  c o n t r o l  procedures should be s p e c i f i e d  f o r  es t imat ing  the  
p r e c i s i o n  and b ias  o f  t h e  data. Recommended minimum requirements f o r  QC samples 
have been es tab l  i shed by EPA and should be met i n  o rder  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 .  Fu r the r  d e t a i l s  on procedures f o r  
f i e l d  and 1 aboratory operat ions are descr ibed i n  Sect ions 3 and 4, respec t ive ly ,  
o f  t h i s  chapter.  

2.6 . PROJECT DOCUMENTATION 

Documents should be prepared and maintained i n  con junc t ion  w i t h  t he  data 
c o l l  e c t i o n  e f f o r t .  P r o j e c t  documentation should be s u f f i c i e n t  t o  a l low review 
o f  a l l  aspects o f  t h e  work being performed. The QAPjP discussed i n  Sect ions 3 
and 4 i s  one impor tan t  document t h a t  should be maintained. 

The l e n g t h  o f  s torage t ime f o r  p r o j e c t  records should comply w i t h  
regu la to ry  requirements, o rgan i za t i ona l  p o l i c y ,  o r  p r o j e c t  requirements, 
whichever i s  more s t r i n g e n t .  It i s  recommended t h a t  documentation be s to red  f o r  
t h ree  years from submission o f  t h e  p r o j e c t  f . ina l  r e p o 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  t h e  l e n g t h  o f  t ime t h a t  i t  i s  t o  be 
re ta ined .  A system a l l ow ing  f o r  t h e  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  a rch ived i n fo rma t 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  o rgan iza t i on  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  i n fo rma t ion  and he1 ps t o  p revent  impor tan t  procedures from 
being overlooked. 

'The o rgan iza t i ona l  s t ruc tu re ,  f u n c t i o n a l  responsi  b i l  i t i e s ,  1  eve1 s  o f  
a u t h o r i t y ,  j o b  desc r ip t i ons ,  and 1  i n e s  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 i shed  and documented. One person may cover  more than 
one organi  z a t  i onal f u n c t i  on. Each p r o j e c t  p a r t  i c i  pant s  houl d  have a  c l  ear  
understanding o f  h i s  o r  her  d u t i e s  and r e s p o n s i b i l i t i e s  and t h e  r e l 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 o rgan iza t i on  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  
da ta  c o l l e c t i o n  a c t i v i t i e s  should e s t a b l i s h  t h a t  o rgan iza t i on ' s  ope ra t i ona l  and 
QA p o l i c i e s .  Th i s  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  methodologies a re  f o l l o w e d  as documented 
i n  t h e  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  app rop r ia te  p r o j e c t  
documents; (4) any dev ia t i ons  from t h e  QAPjP a re  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 ,  
l abo ra to ry ,  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 n o t  inc rease 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 .  C e r t a i n  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  Hea l th  and Safe ty  Plan t o  p rov ide  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  abora tory  o r g a n i z a t i o n  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  requi rements 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  educat ion, t r a i n i n g ,  
t echn ica l  know1 edge, and experience, o r  a  combinat ion the reo f ,  t o  enable t h a t  
i n d i v i d u a l  t o  per form assigned func t i ons .  T r a i n i n g  should be prov ided f o r  each 
s t a f f  member as necessary t o  per form t h e i r  f u n c t i o n s  p rope r l y .  Personnel 
q u a l i f i c a t i o n s  should be documented i n  terms o f  educat ion, 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  o r g a n i z a t i o n  o r  l a b o r a t o r y  o rgan iza t i on  should 
have a  designated QA f u n c t i o n  (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  
mon i to r  opera t ions  t o  ensure t h a t  t h e  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  e x t e n t  poss ib le ,  
t h e  QA mon i to r i ng  f u n c t i o n  should be e n t i r e l y  separate from, and independent of, 
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 u a t  i on 

Performance eval u a t  i on s tud ies  a re  used t o  measure t h e  performance o f  t h e  
1 aboratory on unknown samples. Performance eva lua t i on  samples are  t y p i c a l l y  
submit ted t o  t he  l a b o r a t o r y  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 a b o r a t o r y  as p a r t  o f  t he  QA 
f u n c t i o n  d u r i n g  i n t e r n a l  assessment o f  1  aboratory performance. Records o f  a1 1 
performance eva lua t i on  s tud ies  should be maintained by the  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 eva lua 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 by OA Funct ion 

Personnel per forming f i e l d  and 1 aboratory a c t i v i t i e s  are respons ib 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  compl iance w i t h  t h e  QAPjP. The QA f u n c t i o n  
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 ex te rna l  
t o  t h e  organ iza t ion .  Such an assessment i s  an extremely va luable method f o r  
i d e n t i f y i n g  over1 ooked problems. The r e s u l t s  o f  t h e  ex te rna l  assessment should 
be submit ted t o  management w i t h  requirements f o r  a  p lan  t o  c o r r e c t  observed 
d e f i c i e n c i e s .  

2.7.4 On-Site Eva lua t 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 ex te rna l  
assessments. The focus o f  an o n - s i t e  eva lua t ion  i s  t o  evaluate t h e  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-si t e  eva lua t ions  
may inc lude,  b u t  are n o t  l i m i t e d  to ,  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 ,  ins t rumenta t 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  t he  generat ion o f  environmental data. Records 
o f  each e v a l u a t i o n  should i nc lude  t h e  date o f  t he  evaluat ion,  l oca t i on ,  t h e  areas 
reviewed, t h e  person per forming the  eval uat ion,  f i nd i  ngs and problems, and 
ac t i ons  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  af fect  data i n t e g r i t y  should be brought immediately t o  t he  
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 he  a c t i v i t i e s  being reviewed and i nc 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 a1 1 
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  t h e  procedures 
- 
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specified in the QAPjP have been implemented. Emphasis on field 
documentation will help assure sample integrity and sufficient technical 
information to recreate each field event. The results of this 
completeness check should be documented, and environmental data affected 
by incomplete records should be identified. 

Identification of Val id S a m ~ l  es - -  This review involves interpretation and 
evaluation of the field records to detect problems ' affecting the repre- 
sentativeness of environmental samples. Examples of items that might 
indicate potentially inval id samples include improper we1 1 development, 
improperly screened we1 1 s, instabil i ty of pH or conductivity, and coll ec- 
ti on of vol atil es near internal combustion engines. The field records 
should be evaluated against the QAPjP and SOPS. The reviewer should docu- 
ment the sample val idi ty and identify the environmental data associated 
with any poor or incorrect field work. 

Correlation of Field Test Data - -  This review involves comparing any 
available results of field measurements obtained by more than one method. 
For example, surface geophysical methods should correl ate with direct 
methods of site geologic characterization such as 1 ithologic logs 
constructed during drill ing operations. 

Identification of Anomalous Field Test Data - -  This review identifies any 
anomalous field test data. For exam~le, a water tem~erature for one well 
that is 5 degrees higher than any'other well temperature in the same 
aquifer should be noted. The reviewer should evaluate the impact of 
anomalous field measurement results on the associated environmental data. 

Val idation of Field Anal vses - -  This review val idates and documents a1 1 
data from field analysis that are generated situ or from a mobile 
1 aboratory as specified in Section 2.7.4.2. The reviewer should document 
whether the QC checks meet the acceptance criteria, and whether corrective 
actions were taken for any analysis performed when acceptance criteria 
were exceeded. 

2.7.4.2 Laboratory Activities 

The review of laboratory data should be conducted by one or more persons 
know1 edgeabl e ..in -1 aboratory activities and incl ude eval uating, at a minimum, the 
following subjects: 

Completeness of Laboratory Records - - This review determines whether: (1) 
all samples and analyses required by the QAPjP have been processed, (2) 
complete records exist for each analysis and the associated QC samples, 
and that (3) the procedures specified in the QAPjP have been implemented. 
The results of the completeness check should be documented, and 
environmental data affected by incomplete records should be identified. 

Evaluation of Data with Respect to Detection and Ouantitation Limits - -  
This review compares analytical results to required quantitation limits. 

- Reviewers should document instances where detection or quantitation limits 
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exceed regu l  a to ry  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. 

Eval u a t i o n  o f  Data w i t h  Respect t o  Contro l  L i m i t s  - -  Th is  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 f o r  da ta  n o t  w i t h i n  con t ro l  
1  i m i t s .  The rev iewer should check t h a t  c o r r e c t i v e  a c t i o n  repor ts ,  and t h e  
r e s u l t s  o f  reana lys is ,  a re  avai  1  able. The rev iew should determine 
whether samples associated w i t h  out-of  - c o n t r o l  QC da ta  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  da ta  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  Ho ld inq  Time Data --  Th is  rev iew compares sample ho ld ing  t imes 
t o  those requ i red  by t h e  QAPjP, and notes a l l  dev ia t ions .  

Review o f  Performance Eval u a t i o n  (PE) Resul ts  - -  PE study r e s u l t s  can be 
he1 p f u l  .in eva lua t i ng  t h e  impact o f  o u t - o f - c o n t r o l  cond i t ions .  Th is  review 
documents any r e c u r r i n g  t rends  o r  problems ev ident  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 - -  Th is  rev iew determines whether t he  
r e s u l t s  o f  da ta  obta ined from r e l a t e d  l a b o r a t o r y  t es t s ,  e.g., Purgeable 
Organic Ha l ides  (POX) and V o l a t i l e  Organics, a re  documented, and whether 
t he  s i g n i f i c a n c e  o f  any, d i f f e r e n c e s  i s  discussed i n  t h e  repor ts .  

d 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 o w  assessment o f  t h e  o v e r a l l  e f fec t i veness  o f  t he  QA 
program. There are  th ree  major types o f  QA r e p o r t s  t o  p r o j e c t  management: 

Pe r i od 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 i ng  t h e  per iod,  s t r e s s i n g  measures t h a t  a re  being taken t o  improve 
da ta  qual i t y ;  descr ibes s i g n i f i c a n t  qual i t y  problems observed and 
c o r r e c t i v e  ac t i ons  taken; r e p o r t s  i n fo rma t i on  regard ing any changes i n  
c e r t i  f i  c a t i  on laccred i  t a t i  on s ta tus ;  descr ibes involvement i n  r e s o l u t i o n  o f  
qual i t y  issues w i t h  c l  i e n t s  o r  agencies; r e p o r t s  any QA organ iza t iona l  
changes; and prov ides n o t i c e  o f  t h e  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 t h e  QA o rgan i za t i on  ( i  .e., procedures). 

Report on Measurement Qua1 i t y  I n d i c a t o r s  - -  Inc ludes t h e  assessment o f  QC 
da ta  gathered over t h e  per iod,  t h e  frequency o f  analyses repeated due t o  
unacceptable QC performance, and, i f  poss ib le ,  t he  reason f o r  t h e  unac- 
cep tab le  performance and c o r r e c t i v e  a c t i o n  taken. 

Reports on QA Assessments - -  Inc ludes  the  r e s u l t s  o f  t he  assessments and 
t h e  p l  an f o r  c o r r e c t i n g  i d e n t i f i e d  d e f i c i e n c i e s ;  submit ted immediately 
f o l l o w i n g  any i n t e r n a l  o r  ex te rna l  o n - s i t e  eva lua t i on  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 i on  s tud ies .  

- 
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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  avai 1 abl  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 con ta in  t h e  
i n fo rmat ion  s p e c i f i e d  below. 

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) i n  which t o  per form t h e  work. The QAPjP should 
address v e n t i  1 a t  ion ,  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  1 i ti es 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  a l l  r equ i red  i tems are  ava i l ab le .  The actual  
area o f  sampling 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 sh ipp ing i s  necessary should be made 
dur ing  p lann ing f o r  t h e  p r o j e c t .  Th is  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 a b o r a t o r y  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 shoul d 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  so l  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 o f  sampl i ng equi pment may be performed a t  t h e  1 ocat  i on 
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  sampl i n g  s i t e .  P r o j e c t  documentation should s p e c i f y  where and how 
t h i s  work i s  accomplished. I f  decontaminat ion 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 l ab le .  The method o f  
accompl i shing decontamination, i n c l u d i n g  t h e  r e q u i r e d  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  sampling process and du r 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  s torage and d isposa l  o f  these 
waste m a t e r i a l  s t h a t  compl i e s  w i t h  appl i c a b l e  l o c a l ,  s t a t e  and Federal 
regu la t i ons  should be spec i f i ed .  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 

- 
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as t o  min imize environmental contamination. Waste storage 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  federal ,  s ta te ,  and 1 ocal regu la t ions .  

I The l o c a t i o n  o f  long- term and shor t - term storage f o r  f i e l d  records, and the  
measures t o  ensure the  i n t e g r i t y  o f  t he  data should be spec i f i ed .  

I 

I 3 . 2  EQU I PMENT/I NSTRUMENTATION 

The equipment, inst rumentat ion,  and suppl ies a t  t he  sampling s i t e  should 
I be s p e c i f i e d  and should be appropr iate t o  accompl i s h  the  a c t i v i t i e s  planned. The 

equi pment and ins t rumenta t ion  should meet t he  requirements o f  spec i f i ca t i ons ,  
1 

methods, and procedures as spec i f i ed  i n  the  QAPjP. 
I 

i d  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 ing 
procedures (SOPS) a re  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  QAPj Ps. Any dev ia t i on  from an establ  i shed procedure dur ing  
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 include, 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 a re  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 .  Sampl e management procedures should a1 so spec i fy  
t he  ho ld ing  times, volumes o f  sample requ i red  by the  labora tory ,  requ i red  
preserva t ives ,  and shipping requirements. 

3 . 3 . 2  ReaqenUStandard Preparat i on 

The procedures desc r ib ing  how t o  prepare standards and reagents should be 
speci f i ed. I n fo rma t ion  concerni ng 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  stocks and d i l u t i o n s  should be 
i n c l  uded . 

3 . 3 . 3  Decontamination 

The procedures descr ib ing  decontamination o f  f i e l d  equipment before and 
du r ing  t h e  sampl e c o l  1 e c t  i on process should be spec i f ied .  These procedures 
should i n c l u d e  c lean ing  ma te r ia l s  used, t he  order  o f  washing and r i n s i n g  w i t h  the  
c lean ing  ma te r i  a1 s, requirements f o r  p r o t e c t i n g  o r  covering cleaned equipment, 
and procedures f o r  d ispos ing  o f  c leaning mater i  a1 s. 
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3.3.4 S a m ~ l e  C o l l e c t i o n  

The procedures desc r ib ing  how t h e  sampl i ng operat  ions  a re  ac tua l  1 y 
performed i n  t h e  f i e l d  should be spec i f i ed .  A simple re ference t o  standard 
methods i s  n o t  s u f f i c i e n t ,  unless a procedure i s  performed e x a c t l y  as descr ibed 
i n  t h e  pub l ished method. Methods from source documents pub l ished by t h e  EPA, 
American Soc ie ty  f o r  Test ing  and Mater i  a1 s, U. S. Department o f  t h e  I n t e r i o r ,  
Nat iona l  Water Well Associat ion, American Petroleum I n s t i t u t e ,  o r  o t h e r  
recognized organ iza t ions  w i t h  appropr ia te  exper t i se  should be used, i f  poss ib le .  
The procedures f o r  sample c o l l  e c t i  on should i nc lude  a t  1 east  t h e  f o l l  owing : 

; A p p l i c a b i l i t y  o f  t h e  procedure, 

Equipment required,  

D e t a i l e d  d e s c r i p t i o n  o f  procedures t o  be fo l lowed i n  c o l l e c t i n g  t h e  
samples, 

Common problenls encountered and c o r r e c t i v e  ac t i ons  t o  be fo l lowed,  and 

Precaut ions t o  be taken. 

3.3.5 F i e l d  Measurements 

'The procedures descr ib ing  a1 1 methods used i n  t h e  f i e l d  t o  determine a 
chemical o r  phys i ca l  parameter should be described i n  d e t a i l  . The procedures 
should address c r i t e r i a  from Sect ion 4, as appropr iate.  

3.3.6 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  f i e l d  equipment and 
ins t rumen ta t i on  are  i n  working order  should be spec i f i ed .  These descr ibe  
c a l  i b r a t  i on procedures and schedules, maintenance procedures and schedul es, 
maintenance logs ,  and se rv i ce  arrangements f o r  equipment. C a l i b r a t i o n  and 
maintenance o f  f i e l d  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  appl i c a b l e  t e s t  s p e c i f i c a t i o n s  and should be 
documented. 

3.3.7 Cor rec t i ve  Act ion  

The procedures desc r ib ing  how t o  i d e n t i f y  and c o r r e c t  d e f i c i e n c i e s  i n  t h e  
sample c o l l  e c t i  on process should be spec i f i ed .  These should i n c l u d e  s p e c i f i c  
steps t o  take  i n  c o r r e c t i n g  d e f i c i e n c i e s  such as per forming a d d i t i o n a l  
decontaminat ion o f  equi pment , resampl i ng , o r  a d d i t i o n a l  t r a i n i n g  o f  f i e l d  
personnel . The procedures should s p e c i f y  t h a t  each c o r r e c t i v e  a c t i o n  should be 
documented w i t h  a d e s c r i p t i o n  o f  t h e  d e f i c i e n c y  and t h e  c o r r e c t i v e  a c t i o n  taken, 
and should i n c l  ude t h e  person (s )  respons ib le  f o r  imp1 ementi ng t h e  c o r r e c t i v e  
ac t ion .  
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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 da ta  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  c o r r e c t .  

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  of 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'l ng the  means f o r  generat i ng , c o n t r o l  1  i ng , 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 
spec i f i ed .  These procedures should d e t a i l  r eco rd  generat ion and c o n t r o l  and the  
requirements f o r  record  r e t e n t i o n ,  i n c l u d i n g  type, t ime, secu 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 .  

Pro 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 nc lude  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 h e  work, and procedures used. 

F i e l d  opera t ions  records document o v e r a l l  f i e l d  operat ions and may i n c l  ude 
equipment performance and maintenance 1  ogs, personnel f i  1  es, general f i e 1  d  
procedures, and c o r r e c t i v e  a c t i o n  repo r t s .  

3.3.11 Waste Di  sposal 

The procedures desc r i b ing  t h e  methods f o r  d isposa l  o f  waste mater i  a1 s  
r e s u l t i n g  from f i e l d  operat ions should be spec i f i ed .  

3.4 FIELD QA AND QC REQUIREMENTS 

'The QAPjP should descr ibe  how t h e  fo l l ow ing  elements of t he  f i e l d  QC 
program wi 11 be imp1 emented. 

3.4.1 Cont ro l  Samples 

Cont ro l  samples are  QC samples t h a t  a re  in t roduced i n t o  a  process t o  
moni tor  t h e  performance o f  t h e  system. Cont ro l  samples, which may i nc lude  blanks 
(e.g . , t r i p ,  equipment, 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  da ta  
c o l l e c t i o n  process beginning w i t h  sampl i n g  and con t i nu ing  through t ranspor ta t ion ,  
storage, and ana lys is .  

Each day o f  sampling, a t  l e a s t  one f i e l d  d u p l i c a t e  and one equipment 
r i n s a t e  should be c o l l e c t e d  fo r  each m a t r i x  sampled. If t h i s  frequency i s  n o t  
appropr ia te  f o r  t h e  sampling equipment and method, then the  appropr ia te  changes 
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should be 7 l e a r l y  i d e n t i  f l 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  analys is ,  a  t r i p  b lank  i s  a l so  recommended f o r  each day t h a t  
samples are  co l l ec ted .  I n  add i t ion ,  f o r  each sampl i n g  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  
a l l ow  t h e  l a b o r a t o r y  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  d u p l 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. Th is  means 
t h a t  t h e  f o l l  owing con t ro l  sampl es are  recommended : 

F i e l d  dupl i c a t e  (one pe r  day per  m a t r i x  type)  
-Equipment r i n s a t e  (one pe r  day pe r  m a t r i x  type)  
- T r i p  b lank  (one pe r  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 of each m a t r i x  t ype ] )  
- M a t r i x  d u p l i c a t e  o r  m a t r i x  sp ike  dupl i c a t e  (one pe r  batch)  

Add i t i ona l  c o n t r o l  samples may be necessary i n  o rde r  t o  assure data  q u a l i t y  t o  
meet t h e  p ro jec t - spec i  f i c  DQOs. 

3.4.2 Acceptance C r i t e r i a  

Procedures should be i n  p l  ace 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  da ta  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  t h e  sampl i n g  process t h a t  should 
be inves t iga ted .  

3.4.3 Dev ia t ions  

A l l  dev ia t i ons  from p lan 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  n o 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  from p lan  
may o r  may n o t  a f f e c t  da ta  q u a l i t y .  

3.4.4 Cor rec t i ve  Act ion  

Errors,  de f i c ienc ies ,  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  t h e  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 he  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 da ta  should be reduced according t o  p ro toco ls  
descr ibed o r  referenced i n  the  QAPjP. Computer programs used f o r  da ta  reduc t ion  
should be va 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.  A l l  i n fo rma t 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  l a t e r  date. 

Data should be repor ted  i n  accordance w i t h  t h e  requirements o f  t h e  end-user 
as descr ibed i n  the  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 external  assessments 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 iate 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 i s c ~ ~ s s i o n s  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 cu r ren t  o r  ongoing techn ica l  s tud ies  and a c t i v i t i e s  and 
should prov ide  t h e  h i  s t o r i  ca l  evidence needed f o r  1 a t e r  reviews and analyses. 
Records should be l e g 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 protected against 
damage, d e t e r i o r a t i o n ,  o r  loss .  The d iscussion i n  t h i s  sec t ion  (3.6) o u t l i n e s  
recommended procedures f o r  record keeping . Organizat ions which conduct f i e l d  
sampl i ng should develop appropr iate record keeping procedures which s a t i s f y  
re1  evant t echn ica l  and 1 egal requirements. 

F i e l d  records general 1 y consi s t  o f  bound f i e l d  notebooks w i t h  prenumbered 
pages, sample co l  1 e c t  i on forms, personnel qua1 i f  i c a t  i on and t r a i n i n g  forms, 
sample 1 oca t i on  maps, equipment maintenance and ca l  i b r a t i o n  forms, cha in-o f -  
custody forms, sample ana lys is  request forms, and f i e l 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 nk .  

Procedures f o r  reviewing, approving , and r e v i s i n g  f i e l d  records should be 
c l e a r l y  def ined,  w i t h  the  1 ines  o f  a u t h o r i t y  included. It i s  recommended t h a t  
a1 1 documentation e r r o r s  should be corrected 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 ,  along w i t h  the  date o f  change. The co r rec t i on  should be w r i t t e n  
adjacent t o  t h e  e r r o r .  

Records should inc lude (but  are no t  l i m i t e d  t o )  t he  fo l low ing:  

Cal i b r a t i  on Records & Traceabi 1 i t y  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 ca l  i b r a t i o n  program should inc lude prov is ions  f o r  
documentation o f  frequency, condi t ions,  standards, and records r e f 1  e c t i  ng 
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  important because a l l  data w i l l  be i n  reference 
t o  the  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 against 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 maximum u t i l i t y  o f  the  sampling e f f o r t  and 
r e s u l  t i  ng data, documentation o f  t he  sampl i ng pro toco l  , as performed i n  
t h e  f i e l d ,  i s  essen t i a l  . 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 conducting the a c t i v i t y ,  
sample number, sample 1 ocat ion, equipment used, c l  ima t i c  condi t ions,  
documentation o f  adherence t o  p ro toco l ,  and unusual observations. The 
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actua l  sample c o l l  e c t i o n  record  i s  usua l l y  one o f  t h e  f o l l o w i n g :  a bound 
f i e l d  notebook w i t h  prenumbered pages, a p re -p r in ted  form, o r  d i g i t i z e d  
in fo rmat ion  on a computer tape o r  d isc .  

Chain-of-Custody 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  informat 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, date and t ime o f  c o l l e c t i o n ,  and grab 
o r  composite sample designat ion; (4 )  signatures o f  i n d i v i d u a l s  i nvo lved  i n  
sample t r a n s f e r ;  and (5) i f  app l icab le ,  t he  a i r  b i l l  o r  o the r  sh ipp ing 
number. 

Maps and Drawinqs - -  P ro jec t  p lanning 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. I n fo rmat ion  used t o  prepare maps and drawings i s  normal ly  obta ined 
through f i e l d  surveys, p roper ty  surveys, sl lrveys 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. 

QC 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 ions  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 support 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  p rov ide  
re1 i abl  e i n fo rma t ion .  To achieve t h i s ,  c e r t a i n  minimal po l  i c i e s  and procedures 
shoul d be imp1 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  data q u a l i t y .  Each labo ra to ry  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  work ing area per  ana lys t  should be provided. The space requirement pe r  
ana lys t  depends on t h e  equipment o r  apparatus t h a t  i s  being u t i l i z e d ,  t h e  number 
o f  samples t h a t  t h e  ana lys t  i s  expected t o  handle 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 rent ly  by a s i n g l e  ana lys t .  Other 
issues t o  be considered inc lude,  bu t  are n o t  l i m i t e d  t o ,  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 unc t i ons  t o  ensure t h a t  no l a b o r a t o r y  a c t i v i t y  has an adverse e f f e c t  on the  
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 aboratory operat ions and appropr ia te  anci  11 ary  support 
should be provided, as needed, f o r  t he  performance o f  r o u t i n e  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 spec ia 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 l  anning documents. 

Storage areas f o r  reagents, so l  vents, standards, and reference mater 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  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 storage and d isposa l  f a c i l i t i e s  should comply w i t h  
appl i cab1 e fede ra l ,  s ta te ,  and 1 ocal  regu l  a t  i ons. 

The 1 oca t i on  o f  1 ong-term and shor t - te rm storage o f  1 aboratory 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  da ta  should be spec i f i ed .  

Equipment and ins t rumenta t ion  should meet t h e  requirements and speci f i c a -  
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 the r  procedures as s p e c i f i e d  i n  t h e  
QAPjP. The 1 aboratory 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 nc ludes  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 re fe rence 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 fec 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  p repar ing  QAPjPs. 
Any d e v i a t i o n  from an es tab l i shed  procedure du r i ng  a da ta  c o l l e c 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 a b l e  f o r  t he  
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, t h e  i n fo rma t i on  descr ibed 
be1 ow. 
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4.3.1 Sample Manaqement 

The procedures desc r ib ing  t h e  r e c e i p t ,  handl ing,  schedul ing, 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 con ta ine rs  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  p reserva t ives  and temperature, and l o g  samples i n t o  t h e  
1 aboratory sampl e streams. 

Sample Schedul i n q  - - These procedures descr ibe  t h e  sample schedul ing 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  h o l d i n g  t ime 
requirements are met. 

Sample Storaqe - -  These procedures descr ibe  t h e  s to rage c o n d i t i o n s  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  mainta ined w h i l e  i n  t h e  
1 abora tory  . 
4.3.2 Reaqent/Standard Prepara t ion  

The procedures desc r ib ing  how t o  prepare standards and reagents should be 
spec i f i ed .  I n f o r m a t i  on concerning s p e c i f i c  grades o f  ma te r i  a1 s used i n  reagent 
and standard prepara t ion ,  appropr i  a te  g l  assware and con ta ine rs  f o r  p repa ra t i on  
and storage, and l a b e l i n g  and recordkeeping f o r  s tocks 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 abora tory  opera t ions  t h a t  a re  
no t  addressed elsewhere should be s p e c i f i e d .  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, ope ra t i on  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  vo lumet r i c  g l  assware. 

4.3.4 Test  Methods 

Procedures f o r  t e s t  methods desc r ib ing  how t h e  analyses are a c t u a l l y  
performed i n  t h e  1 aboratory should be s p e c i f i e d .  A simp1 e re ference t o  standard 
methods i s  n o t  s u f f i c i e n t ,  unless the  ana lys i s  i s  performed e x a c t l y  as descr ibed 
i n  t he  pub1 i shed method. Whenever methods f rom SW-846 are  n o t  appropr iate,  
recognized methods from source documents pub l ished by t h e  EPA, American Pub l i c  
Hea l th  Assoc ia t ion  (APHA) , American Soc ie ty  f o r  Tes t i ng  and Ma te r i  a1 s (ASTM) , t h e  
Nat iona l  I n s t i t u t e  f o r  Occupational Safe ty  and Heal t h  (NIOSH) , o r  o the r  
recognized o rgan iza t i ons  w i t h  appropr ia te  e x p e r t i s e  should be used, i f  poss i  b l  e. 
The documentation o f  t h e  ac tua l  l a b o r a t o r y  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  owing: 

Sampl e Prepara t ion  and Anal y s i  s  Procedures - - These i n c l  ude appl i cab1 e 
h o l d i n g  t ime, e x t r a c t i o n ,  d iges t i on ,  o r  p repa ra t i on  steps as app rop r ia te  
t o  t h e  method; procedures f o r  de termin ing  t h e  app rop r ia te  d i l 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 the  ana lys is  
accura te ly  and c o n s i s t e n t l y  . 
Instrument S tandard iza t ion  - -  Thi  s  i nc l  udes concentrat ion (s)  and frequency 
o f  ana lys i s  o f  c a l i b r a t i o n  standards, l i n e a r  range o f  t he  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  i n c l  udes record ing  requirements and documentation i n -  
c l  ud ing sample i d e n t i f i c a t i o n  number, analyst,  da ta  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  - -  This inc ludes a l l  analytes i n  the  
met hod. 

Tes t -Spec i f i c  QC - -  Th is  describes 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 cab1 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  1  aboratory equi pment and 
i ns t rumen ta t i on  are  i n  working order  should be spec i f i ed .  These procedures 
i nc lude  c a l i b r a t i o n  procedures and schedules, maintenance procedures and 
schedul es, maintenance 1  ogs, serv ice  arrangements f o r  a1 1  equipment, and spare 
p a r t s  avai 1  able in-house. Cal i b r a t i o n  and maintenance o f  1  aboratory equi pment 
and i ns t rumen ta t i on  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  appl i c a b l e  t e s t  spec i f i ca t i ons  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 ied .  In format ion should 
i nc lude  t h e  a p p l i c a b i l i t y  o f  t he  QC sample t o  the  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 the  r e s p o n s i b i l i t y  o f  labora tory  s t a f f  and 
management i n  genera t ing  and us ing the  data. Fur ther  d e t a i l s  on development o f  
p r o j e c t  -speci  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 ied .  These should i n c l  ude s p e c i f i c  steps t o  
take i n  c o r r e c t i n g  t h e  d e f i c i e n c i e s  such as preparat ion o f  new standards and 
reagents, r e c a 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  labora tory  personnel i n  methods and 
procedures. The procedures should spec i fy  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 h e  de f i c i ency  and the  c o r r e c t i v e  ac t i on  taken, 
and should i nc lude  t h e  person(s) responsib le f o r  implementing the  c o r r e c t i v e  
ac t i on .  
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4 .3 .8  Data Reduction and V a l i d a t i o n  

'The procedures desc r ib ing  how t o  rev iew and v a l i d a t e  t h e  da ta  should be 
speci f i ed. They should i n c l  ude 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  from QC sampl es, 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  r e p o r t e d  c o r r e c t l y .  I n  add i t ion ,  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 ions  o f  reagent, equipment r i n s a t e ,  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 ~ ~ 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 e d  v a l i d a t i o n  procedures should be performed when requ i red  i n  t h e  c o n t r a c t  
o r  QAPjP. 

4.3.9 Repor t i nq  

The procedures desc r ib ing  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  
should be speci f i ed. 

4.3.10 Records Manaqement 

The procedures desc r ib ing  t h e  means f o r  generat ing,  c o n t r o l l i n g ,  and 
a r c h i v i n g  1  abora tory  records  should be spec i f i ed .  The procedures should d e t a i l  
r eco rd  genera t ion  and c o n t r o l ,  and t h e  requirements f o r  record  r e t e n t i o n ,  i n c l u d -  
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 isposal  a u t h o r i t i e s .  

P ro jec t - spec i  f i c  records may i nc lude  correspondence, cha in-o f -cus tody  
records,  request  f o r  analys is ,  c a l i b r a t i o n  da ta  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  repo r t s ,  and procedures used. 

Laboratory opera t ions  records  may i nc lude  l a b o r a t o r y  notebooks, ins t rument  
performance l o g s  and maintenance l o g s  i n  bound notebooks w i t h  prenumbered 
pages; 1  abora tory  benchsheets; software documentation; c o n t r o l  c h a r t s  ; 
re fe rence  ma te r i  a1 c e r t i f i c a t i o n ;  personnel f i 1  es; 1  aboratory procedures; 
and c o r r e c t i v e  a c t i o n  repo r t s .  

4.3.11 Waste D i  svosal 

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

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  
1  abora tory  QC program a re  t o  be implemented. 

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

Procedures should be i n  p lace  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  the  l abo ra to ry .  These should i n c l u d e  
procedures f o r  demonstrat ing the  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  determin ing t h e  method d e t e c t i o n  l i m i t  
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(MDL) . A1 1  terminology, procedures and frequency o f  determinat ions associated 
w i t h  the  1  aboratory 's  es tab l  i shment o f  t he  MDL and t h e  r e p o r t i n g  1  i m i t  should be 
we1 1  -de f ined and we1 1  -documented. Documented prec is ion ,  bias, and MDL 
in fo rma t ion  should be maintained f o r  a1 1  methods performed i n  t h e  1  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 shing and updat ing con t ro l  1  i m i t s  
f o r  analys is .  Contro l  1  i m i  t s  should be es tab l  i shed t o  evaluate 1  aboratory 
p r e c i s i o n  and b ias  based on t h e  ana lys is  o f  c o n t r o l  samples. Typ i ca l l y ,  con t ro l  
l i m i t s  f o r  b ias  are based on t h e  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 c o n t r o l  l i m i t s  f o r  p r e c i s i o n  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 lus  th ree  standard dev ia t i on  u n i t s .  Procedures should be i n  
p l  ace f o r  mon i to r ing  h i s t o r i c a l  performance and should inc lude graphical  ( con t ro l  
char ts )  and/or t a b u l a r  presentat 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  t h e  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 .  A n a l y t i c a l  data generated w i t h  
1  aboratory 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 abo ra to ry  was i n  con t ro l .  Data generated w i t h  l abo ra to ry  
c o n t r o l  samples t h a t  f a l l  ou ts ide  t h e  establ ished c o n t r o l  1  i m i t s  are judged t o  
be generated du r ing  an "ou t -o f - con t ro 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  qual i f i e r s .  

Laboratory Contro l  Samples - -  Laboratory c o n t r o l  samples should be 
analyzed f o r  each a n a l y t i c a l  method when appropr iate f o r  t he  method. A 
l a b o r a t o r y  con t ro l  sample cons is ts  o f  e i t h e r  a  con t ro l  ma t r i x  spiked w i t h  
analytes representa t ive  o f  the  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  sample(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 h e  p rec i s ion  and b ias  o f  t h e  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  t h e  l abo ra to ry  con t ro l  
sample(s) are compared t o  con t ro l  1  i m i  t s  establ  i shed f o r  both p rec i s ion  
and b ias  t o  determine usabi 1  i t y  o f  t he  data. 

Method Blank - -  When appropr iate f o r  t he  method, a  method b lank 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 .  Guidel ines should be i n  p lace f o r  accept ing o r  
r e j e c t i n g  data based on t h e  l e v e l  o f  contaminat ion i n  t he  blank. 

Procedures should be i n  p lace f o r  documenting t h e  ef fect  o f  t h e  ma t r i x  on 
method performance. When appropr ia te  f o r  t h e  method, t he re  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 ma t r i x  dup l i ca te  o r  one ma t r i x  spike dup l i ca 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 
qual i t y  t o  meet t he  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  Bias - -  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  ma 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  of 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 a d d i t i o n s  f o r  metal  and 
i no rgan ic  methods. When t h e  concent ra t ion  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 i  ke i s  necessary. 

M a t r i x - S p e c 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 nc lude  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 .  

Ma t r i x -Spec i f i c  Detec t ion  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  t ype  (e.g., wastewater t rea tment  
sludge, contaminated s o i l ,  e t c )  . 
4.4.4 Dev ia t ions  

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

4.4.5 Cor rec t i ve  Ac t i on  

Er rors ,  d e f i c i e n c i e s ,  dev ia t ions ,  o r  1  aboratory events o r  da ta  t h a t  f a l l  
ou ts ide  o f  es tab l  ished 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  r e s o l v e  t h e  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  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  problem 
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 Handl 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 he  1  abora tory  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  before  use and v e r i f i e d  on a  r e g u l a r  bas is .  
A1 1  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 lank-  o r  background-correct ion p ro toco l s )  should be recorded 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  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 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.  

A l l  da ta  should be reviewed by a  second ana lys t  o r  superv isor  accord ing t o  
-1 abora tory  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  d e t e c t  
t r a n s c r i p t i o n  e r r o r s .  Spot checks should be performed 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 i on .  Data should be r e p o r t e d  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 nc lude  a t  a  minimum: 

- 

ONE - 20 Rev is ion  1 
J u l y  1992 



Laboratory name and address. 

Sample i n f o r m a t i o n  ( i n c l  uding 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  da te  and t ime, date o f  sample rece ip t ,  and date(s) o f  sample 
p repara t  i on and anal y s i  s) . 
A n a l y t i c a l  r e s u l t s  repo r ted  w i t h  an appropr ia te number of s i g n i f i c a n t  
f i g u r e s  . 
De tec t i on  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 ter ferences,  o r  c o r r e c t i o n  f o r  
equ i va len t  d r y  weight.  

Method reference.  

Appropr ia te  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 ia te  references and n a r r a t i v e  on t h e  q u a l i t y  
o f  t h e  r e s u l t s .  

4.5 QUALITY ASSURANCE REVIEW 

The QA rev iew cons i s t s  o f  i n t e r n a l  and ex te rna l  assessments t o  ensure t h a t  
QA/QC procedures 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 rev iew should be conducted as deemed appropr ia te and necessary. 

4.6 LABORATORY RECORDS 

Records p rov ide  t h e  d i r e c t  evidence and support f o r  the  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  a re  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  t echn i ca l  s tud ies  and a c t i v i t i e s ,  and prov ide  the  
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 
1egi b le ,  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  loss .  The d iscuss ion  i n  t h i s  sec t ion  (4.6) out1 ines 
recommended procedures f o r  reco rd  keeping. Organizat ions which conduct f i e l d  
sampl i ng should devel op appropr i  a te  record  keeping procedures which s a t i s f y  
re1  evant t e c h n i c a l  and 1  egal requirements . 

Laboratory records gene ra l l y  c o n s i s t  o f  bound notebooks w i t h  prenumbered 
pages, personnel qual i f  i c a t i  on and t r a i n i n g  forms, equipment maintenance and 
c a l  i b r a t i  on forms, chai  n - o f  -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 ndel i b l e  ink .  

Procedures f o r  rev iewing  , approving , and r e v i s i n g  1  aboratory records should 
be c l e a r l y  def ined,  w i t h  t he  l i n e s  of a u t h o r i t y  included. Any documentation 
e r r o r s  should be co r rec ted  by drawing a  s i n g l e  l i n e  through the  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 nd i v i dua l ,  along w i t h  
t h e  da te  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 ro 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 i~ 
t h e  instrumental  a n a l y s i s .  I f  c o r r e c t i o n s  need t o  be made i n  computerized d a t a ,  
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  handwritten d a t a  should be i n  p lace .  ~n 

irw 
Records of  sampl e management should be ava i l  a b l e  t o  permit t h e  r e - c r e a t i o n  

of  an a n a l y t i c a l  event  f o r  review i n  t h e  case  of  an a u d i t  o r  i n v e s t i g a t i o n  of  a 
dubious r e su l  t. e@ 

I 
Id 

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

Operat inq Procedures -- Procedures should be avai 1 ab le  t o  those  performing 
I 

ir m 
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 abora to ry  procedures should be 
w r i t t e n ,  da t ed ,  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  ind iv idua l s  t o  ensure 
implementation of  changes. Areas covered by opera t ing  procedures a r e  P"" 

I 

given i n  Sec t ions  3.3  and 4.3. brru 

Qua1 i t y  Assurance Plans - -  The QAPjP should be on f i l e .  y9 
Cd 

Equipment Maintenance Documentation - -  A h i s t o r y  o f t h e  maintenance record 
o f  each system se rves  a s  an ind ica t ion  of  t h e  adequacy of maintenance 
schedules  and p a r t s  inventory.  As appropr i a t e ,  t h e  maintenance guide1 ines  IS 
of  t h e  equi pment manufacturer should be followed. When maintenance i s  

L 

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  defined and w r i t t e n  rm 
f o r  each measurement system and required support  equipment. I ~ J  

Prof i  c i  encv - -  Prof ic iency  information on a1 1 compounds repor ted  should be F 
maintained and should inc lude  (1) p rec i s ion ;  (2) b ias ;  (3) method de tec -  tIw 
t i  on 1 imi t s ;  (4) s p i  ke recovery,  where appl icabl  e ;  (5) su r roga te  recovery,  
where appl icabl  e ;  (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 icabl  e .  I' " 

Lw 

Cal i  b r a t  i  on Records & Traceabi 1 i t y  of  Standards/Reaqents - -  Cal i  b r a t  ion i s  
a reproducib le  r e fe rence  poin t  t o  which a l l  sample measurements can be 
c o r r e l  a t ed  . A sound c a l  i  b r a t  i on program shoul d i ncl ude provi si ons f o r  

Irn 
'ad 

documenting frequency,  cond i t ions ,  s tandards ,  and records  r e f1  e c t  i  ~g t h e  
c a l i b r a t i o n  h i s t o r y  of  a measurement system. The accuracy of  t h e  dm 
c a l i b r a t i o n  s t anda rds  i s  important because a l l  d a t a  w i l l  be i n  r e fe rence  ~~ 
t o  t h e  s t anda rds  used. A program f o r  ve r i fy ing  and documenting t h e  
accuracy and t r a c e a b i  1 i  t y  of a1 1 working s tandards  aga ins t  appropri  a t e  m 
primary grade  s t anda rds  o r  t h e  h ighes t  qua1 i t y  s tandards  a v a i l a b l e  should 
be r o u t i n e l y  f o l l  owed. h& 

Sampl e Manaqement - -  A1 1 requi red  records p e r t a i  ni ng t o  sample management P" 
s h o i ~ l d  be maintained and updated r e g u l a r l y .  These inc lude  chain-of-  iiw 

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 .  
flR9 

Oriqina l  Data - -  The raw d a t a  and ca l cu la t ed  r e s u l t s  f o r  a l l  samples krsu 
should be maintained i n  l a b o r a t o r y  notebooks, l ogs ,  benchsheets,  f i l e s  o r  
o t h e r  sample t r a c k i n g  o r  d a t a  e n t r y  forms. Instrumental output  should be 

- s t o r e d  i n  a computer f i l e  o r  a hardcopy r epor t .  !M 

UW 
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QC 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 h e  
preceding paragraph. Documentation should a1 low 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 i n c l  ude t h e  
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, 
bu t  are n o t  1 im i ted  to ,  con t ro l  samples, method blanks, m a 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 h e  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 ions  from procedural and p lanning documents should 
be recorded i n  1 aboratory notebooks. Deviat ions from QAPjPs should be 
reviewed and approved by the  author ized personnel who performed t h e  
o r i g i n a l  t echn ica l  rev iew o r  by t h e i r  designees. 

F i n a 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 

ACCURACY 

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

BATCH : 

BIAS: 

The closeness o f  agreement between an observed value and 
an accepted reference value. When app l ied  t o  a se t  o f  
observed values, accuracy w i l l  be a combination o f  a 
rand0111 component and o f  a common systematic e r r o r  ( o r  
b ias )  component. 

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  sampling 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 i o n  4.4.3 f o r  1 aboratory 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. 

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  t h e  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 of a known amount of contaminant spiked i n t o  
a sample (mat r ix  sp ike) .  Thus, t h e  b ias  ( 0 )  due t o  ma t r i x  
e f f e c t s  based on a ma t r i x  sp ike i s  ca l cu la ted  as: 

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

CONTROL SAMPLE: 

DATA QUALITY 
OBJECTIVES (DQOs): 

DATA VALIDATION: 

DUPLICATE: 

EQUIPMENT BLANK: 

EQUIPMENT RINSATE: 

ESTIMATED 
QUANTITATION 
LIMIT (EQL): 

x, = measured value f o r  sp iked sample, 
xu = measured va l  ue f o r  unspi ked sample, and 
K  = known value o f  t h e  sp i ke  i n  t h e  sample. 

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

%R = 100 (x, - xu)/ K  

see Equipment Ri nsate, 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  de r i ved  
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 i  as, and d e t e c t i o n  1  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  d a t a  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 i go rous ,  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 a1 so 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 Equi pment R i  nsate. 

A sample of ana ly te - f ree  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 n g  . T h i s  
b l  ank i s  use fu l  i n  documenting adequate decontaminat ion o f  
sampling equipment. 

The lowest  concent ra t ion  t h a t  can be r e l i a b l y  achieved 
w i t h i n  s p e c i f i e d  l i m i t s  o f  p r e c i s i o n  and accuracy d u r i n g  
r o u t i n e  l a b o r a t o r y  opera t ing  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 
nominal l y  chosen w i t h i n  these guide1 i nes  t o  simp1 i f y  da ta  
r e p o r t i n g .  For  many ana ly tes  t h e  EQL ana ly te  
concent ra t ion  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 no t  always be achievable. 
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FIELD DUPLICATES: Independent samples which are co l l ec ted  as c lose  as 
poss ib le  t o  the  same p o i n t  i n  space and time. 'They are 
two separate samples taken from the  same source, s to red  i n  
separate conta iners,  and analyzed independently. These 
dup l i ca tes  are usefu l  i n  documenting the  p rec i s ion  o f  the, 
sampling process. 

LABORATORY CONTROL 
SAMPLE: 

A  known m a t r i x  s p i  ked w i t h  compound(s) representa t ive  o f  
t he  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  subs t ra te  (e.g., surface water, d r i nk ing  
water) which conta ins the  analyte o f  i n t e r e s t .  

An i n t r a l a b o r a t o r y  sp l  i t  sample which i s  used t o  document 
t he  p r e c i s i o n  o f  a  method i n  a  g iven sample mat r ix .  

MATRIX DUPLICATE: 

MATRIX SPIKE: An a1 i quot o f  sampl e  sp i  ked w i t h  a  known concentrat ion o f  
t a r g e t  ana ly te (s ) .  The sp.i k i ng  occurs p r i o r  t o  sample 
prepara t ion  and analys is .  A  ma t r i x  spike i s  used t o  
document the  b i a s  o f  a  method i n  a  given sample mat r ix .  

MATRIX SPIKE 
DUPLICATES : 

I n t r a l  aboratory sp l  i t  samples sp i  ked w i t h  i d e n t i c a l  
concentrat ions 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 analysis.  They are used 
t o  document t he  p r e c i s i o n  and b ias  o f  a  method i n  a  g iven 
sample mat r ix .  

METHOD BLANK: An ana ly te - f ree  m a t r i x  t o  which a l l  reagents are added i n  
t h e  same volumes o r  p ropor t ions  as used i n  sample 
processing. The method blank should be c a r r i e d  through 
the  complete sample prepara t ion  and ana ly t i ca l  procedure. 
The method b lank i s  used t o  document contamination 
r e s u l t i n g  from t h e  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  the  b lank o f  
any ana ly te  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 de tec t i on  l i m i t ,  o r  

(2)Five percent o f  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  the  measured concentrat ion i n  the  
sampl e. 

The minimum concentrat ion of a  substance t h a t  can be 
measured and repor ted  w i t h  99% confidence t h a t  the  analyte 
concent ra t ion  i s  g rea te r  than zero and i s  determined from 

METHOD DETECTION 
LIMIT (MDL): 
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ana lys i s  o f  a sample i n  a g i ven  m a t r i x  type con ta in ing  
t h e  ana ly te .  

For ope ra t i ona 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 he  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  obta ined from a 
minimum o f  t h r e e  analyses o f  a m a t r i x  sp ike  con ta in ing  t h e  
ana ly te  o f  i n t e r e s t  a t  a concent ra t ion  th ree  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 f rom 
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 

Est imate t h e  MDL as fo l l ows :  
Obta in t h e  concen t ra t i on  va lue  t h a t  corresponds t o :  

a) an ins t 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  r e g i o n  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 t h e  var iance (s2) 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 v a l  ue o f  x; 
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where t,n-l - .99 i s  t he  one-sided t - s t a t i s t i c  appropr iate 
f o r  t h e  nuinter o) samples used t o  determine (s) ,  a t  t he  99 
percent 1 eve1 . 

ORGANIC-FREE For v o l a t i l e s ,  a l l  references t o  water i n  t he  methods 
REAGENT WATER: 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 he  method de tec t i on  1 i m i t  o f  t he  compounds o f  i n t e r e s t .  
Organic- 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  ac t i va ted  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 a1 so be prepared by b o i l  i n g  
water f o r  15 minutes and, subsequently, wh i l e  mainta in ing 
t h e  temperature a t  90°C, bubbl ing a contaminant-free i n e r t  
gas through the  water f o r  1 hour. 

Determine the  standard dev ia t i on  (s)  f o r  each analyte as 
f 01 1 ows : 

Determine the  MDL f o r  each analyte as fo l lows:  

PRECISION: 

For semi vo l  a t  i 1 es and nonvol a t i  1 es, a1 1 references t o  
water i n  the  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 detec t ion  l i m i t  
o f  t he  compounds o f  i n t e r e s t .  Organic- 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  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 
organ ic - f ree  deionized water. 

The agreement among a se t  o f  r e p l i c a t e  measurements 
w i thou t  assumpti on o f  know1 edge o f  the  t r u e  value. 
Prec is ion  i s  est imated by means of 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 i nvo l ve  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  re1  a t i v e  standard dev ia t i on  (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 = CV = 100 s/;, 
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where : 
x = the  a r i thmet i c  mean of the  xi measurements, and S = 

v a r i  ance; and the  re1 a t i  ve percent d i f fe rence  (RPD) when 
only two samples are ava i l  able. 

RPD = 100 [ ( X I  - x2)/{(x, + x2)/2)1 

PROJECT : Single 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  are 
re1 ated through the  same planning sequence. 

QUALITY ASSURANCE 
PROJECT PLAN 
(QAPjP) : 

An o rder l y  assemblage of deta i  1 ed procedures designed t o  
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 he  data 
qua1 i t y  ob ject ives f o r  a s p e c i f i c  data c o l l  ec t i on  
a c t i v i t y .  

RCRA: The Resource Conservation and Recovery Act. 

REAGENT BLANK: 

REAGENT GRADE : 

See Method Blank. 

Ana ly t i ca l  reagent (AR) grade, ACS reagent grade, and 
reagent grade are synonymous terms f o r  reagents which 
conform t o  the cur rent  spec i f i ca t ions  o f  the  Committee on 
Ana ly t i ca l  Reagents o f  the American Chemical Society . 

REAGENT WATER: Water t h a t  has been generated by any method which would 
achieve the performance spec i f i ca t ions  f o r  ASTM Type I I 
water. For organic analyses, see the d e f i n i t i o n  o f  
organi c - f r ee  reagent water. 

REFERENCE MATERIAL: A mater ia l  contain ing known quan t i t i es  o f  t a rge t  analytes 
i n  so lu t i on  o r  i n  a homogeneous matr ix .  It i s  used t o  
document the b ias  o f  the ana ly t i ca l  process. 

SPLIT SAMPLES: A l iquots  o f  sample taken from the  same container and 
analyzed independently. I n  cases where a l i quo t s  o f  
samples are impossible t o  obtain, f i e l d  dupl i c a t e  samples 
should be taken f o r  the matr ix  dup l ica te  analysis.  These 
are usual ly  taken a f t e r  mixing o r  compositing and are used 
t o  document i n t r a -  o r  in te r labora to ry  precis ion.  

STANDARD ADDITION: The p rac t i ce  of adding a known amount o f  an analyte t o  a 
sample immediately p r i o r  t o  analysis. It i s  t y p i c a l l y  
used t o  evaluate inter ferences.  

STANDARD CURVE: A p l o t  o f  concentrations o f  known analyte standards versus 
the instrument response t o  the  analyte. Ca l i b ra t i on  
standards are prepared by s ~ ~ c c e s s i v e l y  d i l u t i n g  a standard 
so lu t i on  t o  produce working standards which cover the  
working range o f  the instrument. Standards should be 
prepared a t  the frequency spec i f ied i n  the  appropr iate 
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SURROGATE: An organic compound which i s  s i m i l a r  t o  the  t a r g e t  
analyte(s)  i n  chemical composit ion and behavior i n  the  
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. 

TRIP BLANK: A sample o f  ana ly te - f ree  media taken from the  labora tory  
t o  t h e  sampling s i t e  and re turned t o  the  labora tory  
unopened. A t r i p  b lank i s  used t o  document contamination 
a t t r i b u t a b l e  t o  shipping and f i e l d  handl ing procedures. 
Th i s  type o f  b lank  i s  useful i n  documenting contamination 
o f  vo l  a t i  1 e organics sampl es. 

6.0 REFERENCES 

sec t  ion .  The c a l  i b r a t  i o n  standards should be prepared 
us ing  t h e  same type o f  ac id  o r  so lvent  and a t  t he  same 
concent ra t ion  as w i l l  r e s u l t  i n  the  samples fo l l ow ing  
sample preparat ion.  This  i s  app l icab le  t o  organic and 
inorgan ic  chemical analyses. 
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16, 1986, Qual i t y  ~ s s u r a n c e  ~ a n a ~ e m e n t -  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 Tra in ing  Software, Version 6.5, December, 1988, Qual i t y  Assurance 
Management S ta f f ,  O.RD, U.S. EPA, Washington, DC 20460. 

5. Preparing Per fec t  P ro jec t  Pl  ans, EPA/600/9-89/087, October 1989, Risk 
Reduction Engineering Laboratory (Guy Simes) , Cinc innat 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 
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7. Generation o f  Environmental Data Re1 ated 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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CHAPTER NINE 

SAMPLING PLAN 

9.1 DESIGN AND DEVELOPMENT 

The i n i t i a l  -- and perhaps most c r i t i c a l  -- element i n  a program designed 
t o  evaluate the physical and chemical propert ies o f  a s o l i d  waste i s  the plan 
fo r  sampling the waste. It i s  understandable t ha t  analy t ica l  studies, w i th  
t h e i r  sophist icated instrumentation and high cost, are o f t en  perceived as the 
dominant element i n  a waste character izat ion program. Yet, despite tha t  
sophis t icat ion and high cost, ana ly t i ca l  data generated by a s c i e n t i f i c a l l y  
defect ive sampling plan have l i m i t e d  u t i l i t y ,  p a r t i c u l a r l y  i n  the caseo f  - 
regul a tory  proceedi ngs. 

  hi s sect ion o f  the manual addresses the development and imp1 ementation 
of a s c i e n t i f i c a l l y  cred ib le  sampling plan f o r  a s o l i d  waste and the 
documentation o f  the chain of custody f o r  such a plan. The information 
presented i n  t h i s  section i s  re levant t o  the sampling o f  any s o l i d  waste, 
which has been defined by the EPA i n  i t s  regulat ions f o r  the i d e n t i f i c a t i o n  
and l i s t i n g  o f  hazardous wastes t o  include so l id ,  semisolid, l i q u i d ,  and 
contained gaseous materials. However, the physical and chemical d i v e r s i t y  o f  
those materials, as wel l  as the d i s s i m i l a r i t y  o f  storage f a c i l i t i e s  (lagoons, 
open p i  1 es, tanks, drums, e tc  .) and sampl i ng equipment associated w i th  them, 
p rec l  ude a detai  1 ed consideration o f  any spec1 f i c sampl i ng plan. Conse- 
quent 1 y , because the burden o f  responsi b i  1 i t y  f o r  devel opi ng a techni c a l l  y 
sound sampling plan rests  w i t h  the waste producer, i t  i s  advisable t ha t  helshe 
seek competent advice before designing a plan. This i s  p a r t i c u l a r l y  t r ue  i n  
the ear l y  developmental stages o f  a sampling plan, a t  which time a t  leas t  a 
basic understanding o f  appl ied s t a t i s t i c s  i s  required. Applied s t a t i  s t i c s  i s  
the science o f  employing techniques t h a t  a1 low the uncertainty o f  induct ive 
inferences (general conclusions based on p a r t i a l  know1 edge) t o  be evaluated. 

9.1.1 Development o f  Appropriate Sampl i nq P l  ans 

An appropriate sarnpling plan f o r  a s o l i d  waste must be responsive t o  both 
regulatory and s c i e n t i f i c  objectives. Once those object ives have been c l ea r l y  
i den t i f i ed ,  a su i tab le  sampling strategy, predicated upon fundamental s ta t i s -  
t i c a l  concepts, can be developed. The s t a t i s t i c a l  term.1 nology associated with 
those concepts i s  reviewed i n  Table 9-1; Student's " t "  values f o r  use i n  the 
s t a t i s t i c s  o f  Table 9-1 appear i n  Table 9-2. 

9.1.1.1 Regulatory and S c i e n t i f i c  Objectives 

The EPA, i n  i t s  hazardous waste management system, has required tha t  
ce r ta i n  s o l i d  wastes be analyzed f o r  physical and chemical properties. It i s  
mostly chemical propert ies tha t  are o f  concern, and, i n  the case o f  a number 
o f  chemical contaminants, the EPA has promulgated 1 eve1 s (regulatory 
thresholds) t h a t  cannot be equaled o r  exceeded. The regulat ions per ta in ing t o  
the management o f  hazardous wastes contain three references regarding the 
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TABLE 9-1. BASIC STATISTICAL TERMINOLOGY APPLICABLE TO SAMPLING PLANS FOR SOLID WASTES lnnq 

Tenni no1 ogy 
-F-* 

Symbol Mathematical equation (Equation) 
- 

Variable (e.g., ba r i  um x - 
o r  endri  n) 

I nd l  vldual measurement X i  
o f  var lab le  

Mean o f  a1 1 possl b l e  
measurements o f  v a r l  abl e 

C 

(popul a t1  on mean) 

Mean o f  measurements X 
generated by sample 
(sample mean) 

Variance o f  sample 

' , w ~ t h  N = number o f  C '  7 
possible measurements 

Simpl e random sampl i ng and 
systemat1 c random sampl i nq 

X = -  - ' , w i th  n = number o f  
sample measurements 

S t r a t i f i e d  random sampl i nq Irn 

r kw - 
x = E w k i k #  w i t h  irk = stratum (2b) 

k-1 mean and Wk = f rac-  I 

t i o n  o f  populat ion I ~ W  

represented by Stratum 
k (number o f  s t r a t a  
[k] range from 1 t o  r) 

P 
kwl 

Simpl e random sampl i nq and 
systematic random sampl i ng 

St  r a t  i f i ed random sampl i nq Irn 
r 2  

I 

(3b) 
irw 

s2 = I: wksk . w ~ t h  s2 = stratum 
k = l  varlanke and W = 

f r a c t i o n  o f  p o ~ u l a t i o n  P9 
represent by Stratum k 

I 
hwa 

(number o f  s t r a t a  [k] 
ranges from 1 t o  r )  em 
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TABLE 9-1. ( ~ o n t  i nued) 

Tenni no1 ogy Sylnbol Hathemati cal equat ion (Equation) 

Standard deviation o f  s 
sample 

Standard er ror  
(also standard er ror  

Si 
o f  mean and standard 
deviation o f  mean) 
o f  sample 

C I  = X 2 t.20 sx, wi th t. 0 a obtalne f r o m  
(6) 

Table 2 f o r  
appropri ate 
degrees o f  freedom 

Conf I dence In terva l  C I 
f o r  pa 

Regulatory thresholda Defl ned by EPA (e.g., 100 ppm f o r  
barium i n  e lu t r la te  o f  EP toxlcf ty)  

(7) 

Appropriate nude r  o f  
samples t o  co l lec t  from 
a so l ld  waste ( f inancial  
constraints not considered) 

Degrees o f  freedom d f 

Square root  t r a n s f o m t l o n  --- 
Arcsln transformation --- Arcsin p; if necessary, refer  t o  any (11) 

text  on basic stat is t ics;  
measurements must be con- 
verted t o  percentages (p) 

aThe upper 111111 t o f  the C I  f o r  I s  compared w l  t h  the appl lcable regulatory 
threshold (RT) t o  deternlne I f  a so l i d  waste contains the varlable (chemical 
contaminant) o f  concern a t  a hazardous level.  The contaminant o f  concern I s  not 
considered t o  be present I n  the waste a t  a hazardous level I f  the upper l l m l t  o f  the C I  
I s  less than the appllcable RT. Othenrlse, the opposite conclusion I s  reached. 

NINE - 3 
Rev1 slon 0 
Date Septellber 1986' 



TABLE 9-2. TABULATED VALUES OF STUDENT'S " t "  FOR EVALUATING 
SOLID WASTES 

- - - - -  

Degrees o f  Tabu1 ated 
freedom (n-1) a " t "  valueb 

aDegrees o f  freedom (df) are equal t o  the number o f  samples (n) 
co l lec ted  from a s o l i d  waste less  one. 

b ~ a b u l  ated "t" values are f o r  a two-ta i  l e d  confidence i n t e r v a l  
and a probabi 1 i t y  o f  0.20 (the same values are appl icable t o  a one-tai l e d  
confidence i n t e r v a l  and a probabi 1 i t y  o f  0.10). 
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sampling of sol i d  wastes for  analytical properties. The f i r s t  reference, 
which occurs throughout the regulations, requires that  re  resentative samples + of waste be collected and defines representative samples as ex i i t ing average 
properties of the whole waste. The secohd reference, which pertains just to 
petit ions to  exclude wastes from being l is ted as hazardous wastes, specifies 
tha t  enough samples (but in no case less  than four samples) be collected over 
a period of time suff icient  t o  represent the var iabi l i t  of the wastes. The -h-Y third reference, which applies only t o  groun water monitoring systems, 
mandates tha t  four rep1 icates (subsamples) be taken from each ground water 
sample intended for  chemical analysis and tha t  the mean concentration and 
variance for  each chemical constituent be calculated from those four 
subsamples and compared w i t h  background levels fo r  ground water. Even the 
s t a t i s t i c a l  t e s t  t o  be employed in that  comparison i s  specified (Student's t- 
t e s t ) .  

The f i r s t  of the above-described references addresses the issue of 
sampl ing accuracy, and the second and third references focus on Sam 1 in Te9 vari abi 1 i t  or ,  conversely, sampl ins preci sion (actual ly the t h i r d  re  erence 
re  ates  t o  analytical variabi l i ty ,  which, i n  many s t a t i s t i ca l  t e s t s ,  i s  -7- 
indistinguishable from true sampl i ng vari abi 1 i ty) . Sampl i ng accuracy (the 
closeness of a sample value to  i t s  true value) and sampling precision (the 
closeness of repeated sample values) are also the issues of overriding 
importance in any sc ient i f ic  assessment of sampl i ng practices. Thus, from 
both regulatory and sc ient i f ic  perspectives, the primary objectives of a 
sampl ing plan for  a sol i d  waste are twofold: namely, to  collect samples that 
will allow measurements of the chemical properties of the waste that  are both 
accurate and precise. If  the chemical measurements a re  sufficiently accurate 
and precise, they w i  11 be considered re1 iable estimates of the chemical 
properties of the waste. 

I t  i s  now apparent tha t  a judgment must be made as t o  the de ree of 
sampling accuracy and precision tha t  i s  required to  estimate l % l T  re  i a  y t e 
chemical characteristics of a solid waste fo r  the purpose of comparing those 
character is t ics  with applicable regulatory thresholds. Generally, high 
accuracy and high precision are required i f  one or  more chemical contaminants 
of a solid waste are present a t  a concentration tha t  i s  close t o  the 
appl icable regulatory threshold. A1 ternatively, relatively low accuracy and 
low precision can be tolerated i f  the contaminants of concern occur a t  levels 
f a r  below o r  f a r  above the i r  applicable thresholds. However, a word of 
caution i s  in order. Low sampling precision i s  often associated with 
considerable savings i n  analytical, as well as sampling, costs and is  clearly 
recognizable even in the simplest of s t a t i s t i ca l  tes t s .  On the other hand, 
low sampl i ng accuracy may not entai 1 cost savings and i s  always obscured in 
s t a t i s t i c a l  t e s t s  (i.e., i t  cannot be evaluated). Therefore, although i t  is 
desirable t o  design sampling plans for  sol i d  wastes to  achieve only the 
minimal ly required precision (a t  leas t  two samples of a material are required 
fo r  any estimate of precision), i t  is prudent t o  design the plans t o  at ta in 
the greatest  possible accuracy. 
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The ro les  t h a t  inaccurate and imprecise sampl i ng  can p lay  i n  causing a 
sol i d  waste t o  be inappropr ia te ly  judged hazardous are i 11 ust ra ted i n  Figure 
9-1. When evaluat ing Figure 9-1, several po in ts  are worthy o f  consideration. 
Although a sampling p lan f o r  a s o l i d  waste generates a mean concentrat ion 
(x) and standard dev ia t ion (s, a measure o f  the extent  t o  which ind iv idua l  
sample concentrat ions are dispersed around X) f o r  each chemical contaminant of 
concern, i t i s  not  the  va r i a t i on  o f  ind iv idua l  sample concentrat ions t h a t  i s  
of u l t imate  concern, but  ra ther  the var ia t ion  t h a t  characterizes X i t s e l f .  
That measure o f  d ispersion i s  termed the standard dev ia t ion o f  the  mean (also, 
the standard e r r o r  o f  the mean o r  standard er ror )  and i s  designated as s ~ .  
Those two sample values, X and SX, are used t o  estimate the  i n t e r v a l  (range) 
w i t h i n  which the  t r u e  mean (p) o f  the chemical concentrat ion probably occurs, 
under the assumption t h a t  the ind iv idua l  concentrations e x h i b i t  a normal 
(be1 1 -shaped) d i  s t r i  b u t i  on. For the purposes o f  eval u a t i  ng so l  i d  wastes, the 
p r o b a b i l i t y  leve l  (confidence i n te r va l )  of 80% has been selected. 'That i s ,  
f o r  each chemical contaminant o f  concern, a confidence i n t e r v a l  ( C I )  i s  
described w i t h i n  which p occurs i f  the sample i s  representative, which i s  
expected o f  about 80 out  o f  100 samples. The upper 1 i m i t  o f  the 80% C I  i s  
then compared w i t h  the  appropriate regulatory threshold. I f  the  upper 1 i m i t  
i s  less than the threshold, the chemical contaminant i s  not. considered t o  be 
present i n  the  waste a t  a hazardous leve l  ; otherwise, the opposite conclusion 
i s  drawn. One l a s t  p o i n t  mer i ts  explanation. Even i f  the  upper l i m i t  o f  an 
estimated 80% C I  i s  only s l i g h t l y  less than the regula tory  threshold (the 
worst case o f  chemical contamination t h a t  would be judged acceptable), there 
i s  only a 10% (not 20%) chance t h a t  the threshold i s  equaled o r  exceeded. 
That I s  because values of a normally d i s t r i bu ted  contaminant t h a t  are outside 
the 1 i m i t s  o f  an 80% C I  are equal l y  d i s t r i bu ted  between the l e f t  (lower) and 
r i g h t  (upper) t a i l s  of the normal curve. Consequently, the C I  employed t o  
evaluate sol  i d  wastes i s ,  f o r  a1 1 p rac t i ca l  purposes, a 90% in te r va l .  

9.1.1.2 Fundamental S t a t i s t i c a l  Concepts 

The concepts o f  sampl i ng accuracy and p rec i  s i  on have a1 read been 
introduced, along w i t h  some measurements o f  cent ra l  tendency (Xf and 
dispersion (standard deviat ion [s] and s ) f o r  concentrat ions o f  a chemical V contaminant of a s o l i d  waste. The u t i  i t y  o f  X and s~ i n  est imat ing a 
confidence i n te r va l  t h a t  probably contains the t r ue  mean ( p )  concentrat ion o f  
a contamlnant has a lso been described. However, i t  was noted t h a t  the 
val  i d 1  ty  o f  t h a t  estimate i s  predicated upon the assua~ption t h a t  ind iv idua l  
concentrat ions o f  the contaminant e x h i b i t  a normal d i s t r i b u t i o n .  

S t a t i  s t 1  ca l  techniques f o r  obtain ing accurate and p rec i  se sampl es are 
r e l a t i v e l y s i m p l e  and easy t o  implement. Sampling accuracy i s  usual ly 
achieved by some form o f  random sampling. I n  random sampling, every u n i t  i n  
the populat ion (e.g., every loca t ion  i n  a lagoon used t o  s to re  a s o l i d  waste) 
has a theore t i ca l  l y  equal chance o f  being sampled and measured. Consequently, 
s t a t i s t i c s  generated by the sample (e.g., X and, t o  a lesser  degree, sX) are 
unbiased (accurate) estimators o f  t r ue  populat ion parameters (e.g., the C I  f o r  
1) .  I n  o ther  words, the  sample i s  representative o f  the  populat ion. One o f  
the commonest methods of se lect ing a random sample i s  t o  d i v i de  the 
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ACCURATE AND PRECISE SAMPLE ACCURATE AND IMPRECISE SAMPLE 
( W u n  Approorlr~tv Jdwd Nonhurrdwsl Warn Irworooriralv Judged Uurrbourl 

CONCENTRAT ION OF BARIUM (m) CONCENTRATION OF BARIUM (porn) 

INACCURATE AND PRECISE SAMPLE 
I W l c n  lnrwrovrirtllv Jubm H a r d o u r )  

INACCURATE AND IMPRECISE SAMPLE 
(Wua, Inlgproeriam4v krdOld Hlordoul 

CONCENTRATION OF BARIUM (-1 CONCENTRATION OF BARIUM tpgm) 

NOTE: In All Clu, mfidona lmurl tor r - I t ta sf. 

Figure 41.-lmgonmt thrornial dnion&iipr beween ampling rccuncy md pmsion md 
ngubmy objrcrinr b r  8 chemial aomrminmt of 8 o l id waste thrt occurs 8t 8 conantmion 
nwginrlly lam than itr ngulnoy threshold. In this'wmpla, brium is the chrmiul wmninrm. 
T)N m e  mean concmtmion of brrium in tha duviRa of the EP toxiciry un is 85 ppm, u com~urd 
to a mgulatory thmhold of 100 ppm. The upper limit of the wnfideca imarvrl for me mn 
mrrn concemnrion, which is mimed from the sample maan and mndrrd amr, must be las thrn 
the ngul8tory threshold if buium is judged to be prrrrnt in the w8M n a nonhrurdws 1-1. 
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populat ion by an imaginary g r id ,  assign a ser ies  o f  consecutive numbers t o  the 
u n i t s  o f  the g r id ,  and se lec t  the numbers (un i ts )  t o  be sampled through the 
use o f  a random-numbers t ab le  (such a t ab le  can be found i n  any t e x t  on basic 
s t a t i  s t i c s )  . It i s  important t o  emphasize t h a t  a haphazardly k e l  ected sample 
i s  no t  a su i t ab le  subs t i tu te  f o r  a randomly selected sample. That i s  because 
there i s  no assurance t h a t  a person performing undisc ip l ined sampl i n g  w i  11 not  
consciously o r  subconsciously favor  the se lec t ion o f  c e r t a i n  u n i t s  o f  the 
populat ion, thus causing the sample t o  be unrepresentat ive o f  the  populat ion. 

Sampl i ng prec i  s ion i s most commonly achieved by tak ing  an appropriate 
number o f  samples from the  populat ion. As can be observed from the equation 
f o r  ca l cu la t i ng  s ~ ,  p rec is ion  increases (sX and the C I  f o r  p decrease) as the 
number o f  samples (n) increases, although no t  i n  a 1:l r a t i o .  For example, a 
100% increase i n  the  number o f  samples from two t o  f o u r  causes t he  C I  t o  
decrease by approximately 62% (about 31% of t h a t  decrease i s  associated w i th  
the c r i t i c a l  upper t a i  1 o f  the normal curve). However, another 100% increase 
i n  sampling e f f o r t  from fou r  t o  e i gh t  samples resu l t s  i n  on ly  an addi t iona l  
39% decrease i n  the  C I .  Another technique f o r  increasing sampling prec is ion 
i s  t o  maximize the  p h y s i c a l 1  
I t i o n  and, 
consequently, decreasing sx. Increasinq the  number o r  s i ze  o f  samples taken 
from a populat ion, i n  add i t i on  t o  increasiqg sampling prec is ion,  has the 
secondary e f f e c t  o f  i ncreasi ng . sampl i nq accuracy. 

I n  summary, re1 i a b l  e informat ion concerning the chemical p roper t ies  o f  a 
s o l i d  waste i s  needed f o r  the purpose o f  comparing those p roper t ies  w i th  
appl i cab1 e regu la tory  thresh01 ds. If chemical informat ion i s  t o  be considered 
re1 iab le ,  i t  must be accurate and s u f f i c i e n t l y  precise. Accuracy i s  usual ly  
achieved by . incorporating some form o f  randomness i n t o  the se lec t ion process 
f o r  the samples t h a t  generate the  chemi cal  i nformati on. S u f f i c i e n t  p rec i  s i  on 
i s  most o f t en  obtained by se lec t ing  an appropriate nurr~ber o f  samples. 

There are  a few rami f i ca t ions  of the above-described concepts t h a t  me r i t  
elaboration. If, f o r  example, as i n  the case o f  semiconductor etching 
solut ions,  each batch o f  a waste i s  completely homogeneous w i t h  regard t o  the 
chemical proper t ies  of concern and t h a t  chemical homogeneity i s constant 
(uniform) over t ime (from batch t o  batch), a s ing le  sample co l lec ted  from the 
waste a t  an a r b i t r a r y  loca t ion  and t ime would t h e o r e t i c a l l y  generate an 
accurate and prec ise estimate o f  the chemical propert ies.  However, most 
wastes a re  heterogeneous i n  terms o f  t h e i r  chemical propert ies.  I f  a batch o f  
waste i s  randomly heterogeneous w i th  regard t o  i t s  chemical charac te r i s t i cs  
a t~d  t h a t  random chemical heterogeneity remains constant from batch t o  batch, 
accuracy and appropr iate p rec is ion  can usual ly  be achieved by sim l e  random 
Sam 1 i n  . I n  t h a t  type o f  sampling, a l l  un i t s  i n  the populat ion Te-rr essentia y 

ocat ions o r  po in ts  i n  a l l  batches o f  waste from which a sample could be * 
toll ected) are  i d e n t i  f led,  and a su i tab le  number o f  samples i s  randomly 
selected from the populat ion. More complex s t r a t i f i e d  random sampl i n g  i s  
appropr iate i f  a batch o f  waste i s  known t o  be nonrandomly heterogeneous i n  
terms o f  i t s  chemical proper t ies  and/or nonrandom chemical heterogeneity i s  
known t o  e x i s t  from batch t o  batch. I n  such cases, the  populat ion i s  
s t r a t i f i e d  t o  i s o l a t e  the known sources o f  nonrandom chemical heterogeneity. 
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After s t ra t i f i ca t i on ,  which may occur over space (locations o r  points i n  a 
batch of waste) and/or time (each batch o f  waste), the un i ts  i n  each stratum 
are numerically ident i f ied ,  and a simple random sample i s  taken f r o m  each 
stratum. As previously intimated, both simple and s t r a t i f i e d  random sampling 
generate accurate estimates of the chemical propert ies o f  a sol i d  waste. The 
advantage o f  s t r a t i f i e d  random sampl i ng over simpl e random sampl ing I s that, 
for  a given number o f  samples and a given sample size, the former technique 
often resu l ts  i n  a more precise estimate o f  chemical propert ies o f  a waste (a 
lower value o f  s ) than the l a t t e r  technique. However, greater precision i s  
1 i kely t o  be rea 7 ized only i f  a waste exhibi ts substantial nonrandom chemical 
heterogeneity and s t r a t i f i c a t i o n  e f f i c i en t l y  "divides" the waste i n t o  s t rata 
tha t  exh ib i t  maximum between-strata variabi 1 i t y  and minimum within-strata 
v a r i a b i l i t y .  I f  tha t  does not occur, s t r a t i f i e d  random sampling can produce 
resu l ts  t ha t  are less precise than i n  the case o f  simple random sampling. 
Therefore, i t  i s  reasonable t o  select s t r a t i f i e d  random sampling over simple 
random sampling only i f  the d i s t r i bu t i on  o f  chemical contaminants i n  a waste 
i s  s u f f i c i e n t l y  known t o  allow an i n t e l l i g e n t  i den t i f i ca t i on  o f  s t ra ta  and a t  
leas t  two o r  three samples can be col lected i n  each stratum. I f  a strategy 
employing s t r a t i f i e d  random sampling i s  selected, a decision must be made 
regarding the a1 locat ion of sampl i ng e f fo r t  among strata. When chemical 
var ia t ion  w i th in  each stratum can be estimated wi th  a great degree o f  deta i l ,  
samples should be optimally a1 located among strata, i e .  , the number o f  
samples col lected f r o m  each stratum should be d i rec t l y  proportional t o  the 
chemical var ia t ion encountered i n  the stratum. When detai  1 ed information 
concern1 na chemical var iabi  1 i t y  w i th in  s t ra ta  i s  not avai lab1 e, samples should 
be propor~ional  l y  a1 located among strata, i e .  , sampl i ng  e f fo r t  i n  each 
stratum should be d i r e c t l y  proportional t o  the size o f  the stratum. 

Simple random sampling and s t r a t i f i e d  random sampling are types of 
robabi 1 i ty saw1 ing, which, because o f  a re1 lance upon mathematical and 

!tat1 s t i  cal theor i  es, a1 1 ows an evaluation o f  the effectiveness o f  sampl ing 
procedures. Another type o f  probabi 1 i t y  sampl i ng i s systematic random 
Sam l i n  , i n  which the f i r s t  u n i t  t o  be collected from a population i s  
ran om y selected, but a l l  subsequent un i ts  are taken a t  f i xed  space o r  t i m e  -gP 
intervals .  An example o f  systematic random sampling i s  the sampling o f  a 
waste lagoon along a transect i n  which the f i r s t  sampling point  on the 
transect i s  1 m from a randomly selected locat ion on the shore and subsequent 
sampl ing  points are located a t  2-m in terva ls  along the transect. The 
advantages o f  systematic random sampl i ng over simpl e random sampl i ng and 
s t r a t i f i e d  random sampling are the ease with which samples are i den t i f i ed  and 
col lected (the selection o f  the f i r s t  sampling u n i t  determines the remainder 
o f  the uni ts)  and, sometimes, an increase i n  precision. I n  cer ta in  cases, f o r  
example, systematic random sampling might be expected t o  be a 1 i t t l e  more 
precise than s t r a t i f i e d  random sampling wi th  one u n i t  per stratum because 
samples are d is t r ibu ted  more evenly over the population. As w i l l  be 
demonstrated short ly, d i  sadvantages o f  systematic random sampl i ng are the poor 
accuracy and precis ion tha t  can occur when unrecognized trends o r  cycles occur 
i n  the population. For those reasons, systematic random sampling i s  recom- 
mended only when a population i s  essent ial ly random o r  contains a t  most a 
modest s t r a t l  f ication. I n  such 'cases, systematic random sampl i ng would be 
employed f o r  the sake of convenience, wi th  li ttl e expectation o f  an increase 
i n  preci  sion over other random sampl i ng techniques. 
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Probabi 1 i t y  sampl i ng  i s  contrasted w i th  author1 t a t i v e  sampl inq, i n  which 
an ind iv idual  who i s  wel l  acquainted w i th  the s o l i d  waste t o  be sampled 
selects a sample without regard t o  randomization. The v a l i d i t y  o f  data 
gathered i n  t h a t  manner i s  t o t a l l y  dependent on the knowledge o f  the sampler 
and, a1 though val i d  data can sometimes be obtained, au thor i ta t i ve  sampl i ng i s  
not recommended f o r  the chemical character izat ion o f  most wastes. 

It may now be useful t o  o f f e r  a general izat ion regarding the four  
sampling s t ra teg ies tha t  have been i d e n t i f i e d  f o r  s o l i d  wastes. I f  1 i t t l e  o r  
no information i s  avai 1 able concerning the d i s t r i b u t i o n  o f  chemical 
contaminants of a waste, simple random sampling i s  the most appropriate 
sampling strategy. As more information i s  accumulated fo r  the contaminants of 
concern, greater consideration can be given ( i n  order o f  the addi t ional  
information required) t o  s t r a t i f i e d  random sampl i ng, systematic random 
sampl i ng , and, perhaps, au thor i ta t i ve  sampl i ng. 

The v a l i d i t y  o f  a C I  f o r  the t rue  mean (p) concentration o f  a chemical 
contaminant o f  a s o l i d  waste i s ,  as previously noted, based on the assumption 
tha t  ind iv idua l  concentrations o f  the contaminant exh ib i t  a normal 
d is t r ibu t ion .  This i s  t rue  regardless o f  the strategy t h a t  i s  e m p l o w  
sample the waste. A1 though there are computational procedures f o r  evaluating 
the correctness of the assurnption o f  normality, those procedures are 
meaningful only if a large number of samples are co l lec ted  from a waste. 
Because sampling plans f o r  most sol i d  wastes entai 1 j u s t  a few samples, one 
can do 1 i t t l e  more than supe r f i c i a l l y  examine resu l t i ng  data f o r  obvious 
departures from normality ( t h i s  can be done by simp1 e graphical methods), 
keeping i n  mind t h a t  even i f  ind iv idual  measurements o f  a chemical contaminant 
o f  a waste exh ib i t  a considerably abnormal d is t r ibu t ion ,  such abnormality i s  
not  l i k e l y  t o  be the case f o r  sample means, which are our primary concern. 
One can a1 so compare the mean o f  the sample (X) w i th  the variance o f  the 
sample (s2). n a normally d is t r ibu ted  population, X would be expected t o  be I greater than s (assuming tha t  the number o f  samples [n] i s  reasonably large). 
I f  t h a t  i s  not the case, the chemical contaminant o f  concern may be 
characterized by a Poisson d i s t r i b u t i o n  (X i s  approxima e l y  equal t o  s2) o r  a 8 negative binomial d i s t r i b u t i o n  (X i s  less than s ). I n  the former 
circumstance, normal i t y  can o f ten  be achieved by transforming data according 
t o  the square roo t  transformation. I n  the l a t t e r  circumstance, normality may 
be rea l  i zed through use o f  the arcsi  ne transformation. I f  e i t he r  
transformation i s  required, a1 1 subsequent s t a t i s t i c a l  eval uations must be 
performed on the transformed scale. 

F ina l l y ,  i t  i s  necessary t o  address the appropriate number o f  samples t o  
be employed i n  the chemical character izat ion o f  a s o l i d  waste. As has already 
been emp-hasized, the appropriate number o f  samples i s  the leas t  number i f  
samples required t o  generate a s u f f i c i e n t l y  precise estimate o f  the t r u e  mean 
(p) concentration o f  a chemical contaminant o f  a waste. From the perspective 
o f  most waste producers, t ha t  means the minimal number o f  samples needed t o  
demonstrate t h a t  the upper 1 i m i t  o f  the C I  f o r  p i s  less than the applicable 
regulatory threshold (RT) . The formula f o r  estimating appropriate sampl i ng  
e f f o r t  (Table 9-1, Equation 8) indicates tha t  increased sampling e f f o r t  i s  
general ly j u s t i f i e d  as s2 o r  the "t -20' value (probable e r ro r  rate) increases 
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and as A(RT - X) decreases. In a we1 l-desfqned sampling plan for  a solid 
waste, an ef for t  i s  made to  estimate the values of X and sL before sampling is 
0 
~ e r t a i  nina to  simi l a r  wastes, process engineering data, or 1 imi ted analyti cal 
ktudies, i r e  used t o  identify the approximate number of samples that  must be 
collected from the waste. I t  i s  always prudent to col lect  a somewhat qreater 
number of samples than indicate 4 
poor preliminary estimates of those s t a t i s t i c s  can resul t  i n  an underestimate 
of the appropriate number of samples to  collect. I t  is  usual ly possible to  
process and store the extra samples appropriately until analysis of the 
i n i t i a l l y  identified samples i s  completed and i t  can be determined i f  analysis 
of the additional samples i s  warranted. 

9.1.1.3 Basic Sampl i ng Strategies 

I t  is  now appropriate t o  present general procedures for  implementing the 
three previously introduced sampl i n g  s t rategies  (simp1 e random sampl ing, 
s t r a t i  f i  ed random sampl i ng , and systematic random sampl i ng) and a hypothetical 
example of each sampl ing  strategy. The hypothetical examples i 11 ustrate the 
s t a t i s t i ca l  calculations tha t  must be performed i n  most situations likely t o  
be encountered by a waste producer and, also, provide some insight into the 
efficiency of the three sampl ing strategies i n  meeting regulatory obdectives. 

The following hypothetical conditions are assumed t o  exist  for  a l l  three 
sampling strategies.  F i rs t ,  barium, which has an RT of 100 ppm as measured i n  
the EP e lu t r i a t e  t e s t ,  is  the only chemical contaminant of concern. Second, 
barium i s  discharged i n  particulate form to  a waste lagoon and accumulates i n  
the lagoon i n  the form of a sludge, which has b u i l t  up to  approximately the 
same thickness throughout the lagoon. Third,  concentrations of bar1 urn are 
relatively homogeneous along the vertical gradient (from the water-sludge 
interface to  the sludge-lagoon i nterface) , suggesting a highly controlled 
manufacturi ng process (1 i t t l e  between-batch variation i n  barium concen- 
t rat ions) .  Fourth, the physical sf r e  of sludge samples collected from the 
1 agoon i s as 1 arge as practical , and bari um concentrations derived from those 
samples are normally d i  strfbuted (note that we do not refer  t o  bari urn levels 
f n the samples of sludge because barium measurements are actually made on the 
a u t r f a t e  from EP toxicity t e s t s  performed w i t h  the samples). Last, a 
preliminary study of barium levels i n  the e lu t r ia te  of four EP toxicity t e s t s  
conducted w i t h  sludge col 1 ected from the 1 agoon several years ago i denti fied 
values of 86 and 90 ppm for  material col lected near the outfall  (in the upper 
third) of the lagoon and values of 98 and 104 ppm for  material obtained from 
the f a r  end (the lower two-thirds) of the lagoon. 

For a1 1 sampling strategies ,  i t  is important t o  remember that  barium will 
be determined t o  be present i n  the sludge a t  a hazardous level if the upper 
l imit  of the CI for  is  equal t o  o r  greater than the RT of 100 ppm (Table 9- 
1, Equations 6 and 7 7 . 
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9.1.1.3.1 Simple Random Sampling 

Simple random sampling (Box 1) i s  performed by general procedures i n  
which pre l iminary  estimates o f  X and s2, as wel l  as a knowledge o f  the  RT, f o r  
each chemical contaminant o f  a sol  i d  waste t h a t  i s  o f  concern are  employed t o  
est imate the  appropr iate number of samples (n) t o  be co l lec ted  from the  waste. 
That number o f  samples i s  subsequently analyzed f o r  each chemical contaminant 
o f  concern. The r e s u l t i n g  ana l y t i ca l  data are then used t o  conclude 
d e f i n i t i v e l y  t h a t  each contaminant i s  o r  i s  not  present i n  the waste a t  a 
hazardous concentrat ion or ,  a1 te rna t i ve ly ,  t o  suggest a r e i t e r a t i v e  process, 
invo lv ing  increased sampl i ng e f f o r t ,  through which the presence o r  absence o f  
hazard can be def i n i  ti ve ly  determined. 

I n  t he  hypothet ical  example f o r  simple random sampling (Box I), 
prel iminary  estimates o f  X and s2 ind icated a sampling e f f o r t  cons is t ing o f  
s i x  samples. That number o f  samples was co l lec ted  and i n i t i a l l y  analyzed 
generating ana l y t i ca l  data somewhat d i f fe ren t  from the  p r e l  i m i  nary data (s 2 
was substant i  a1 l y  greater  than was p r e l  i m i  n a r i  l y  estimated) . Consequently, 
the  upper l i m i t  o f  the C I  was unexpectedly greater  than t he  app l icab le  RT, 
r e s u l t i n g  i n  a t e n t a t i v e  conclusion of hazard. However, a reest imat ion o f  
appropr iate sampl i n g  e f f o r t ,  based on s t a t i s t i c s  der ived from the  s i x  samples, 
suggested t h a t  such a conclusion might be reversed through the  c o l l e c t i o n  and 
analys is  o f  j u s t  one more sample. Fortunately, a resampling e f f o r t  was not  
requ i red because of t he  fo res igh t  of the  waste producer i n  obta in ing three 
ex t ra  samples dur ing the i n i t i a l  sampling e f for t ,  which, because o f  t h e i r  
in f luence i n  decreasing the f i n a l  values of XI s , t.20, and, consequently, 
the  upper l i m i t  of the C I  -- values obtained from a 1 n ine samples -- resu l ted 
i n  a d e f i n i t i v e  conclusion o f  nonhazard. 

V 
9.1.1.3.2 S t r a t i  f i e d  Random Sampl i n q  

S t r a t i  f i ed random sampl i ng (Box 2) i s conducted by general procedures 
t h a t  are s i m i l a r  t o  the procedures described f o r  simple random sampling. The 
on ly  d i f fe rence  i s  tha t ,  i n  s t r a t i f i e d  random sarnpl ing, values o f  X and s2 are 
ca lcu la ted f o r  each stratum i n  the  populat ion and then in tegra ted  i n t o  ove ra l l  
estimates o f  those s t a t i s t i c s ,  the  standard dev ia t ion (s), s ~ ,  and the  
appropr iate number o f  samples (n) f o r  a1 1 s t ra ta .  

The hypothet ical  example f o r  s t r a t i f i e d  random sampling (Box 2) i s  based 
on the same nine sludge samples prev ious ly  i d e n t i f i e d  i n  the  example o f  simple 
random sampling (Box 1) so t h a t  the r e l a t i v e  e f f i c i enc ies  o f  the two sampling 
s t ra teg ies  can be f u l  l y  compared. The e f f i c iency  generated through the 
process o f  s t r a t i f i c a t i o n  i s  f i r s t  evident i n  the  pre l iminary  est imate o f  
n (Step 2 i n  Boxes 1 and 2),  which i s  s i x  fo r  simpl e random sampl i n g  and four  
f o r  s t r a t i f i e d  random sampling. (The 1 esser value f o r  s t r a t i f i e d  sampl i ng i s  
the  consequence o f  a dramatic decrease i n  s2, which more than compensated f o r  
a modest increase i n  A.) The most re levant  i nd i ca t i on  o f  sampling e f f i c i e n c y  
i s  the value o f  s ~ ,  which i s  d i r e c t l y  employed t o  ca lcu la te  the C I .  I n  the 
case o f  simpl e random sampling, s~ i s  calculated as 2.58 (Step 9 i n  Box I), 
and, f o r  s t r a t i f i e d  random sampling, s~ i s  determined t o  be 2.35 (Steps 5 and 
7 i n  Box 2). Consequently, the  gain i n  e f f i c i ency  a t t r i b u t a b l e  t o  
s t r a t i f i c a t i o n  i s  approximately 9% (0.2312.58). 
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BOX 1. STRATEGY FOR DETERMINING I F  CHEMICAL CONTAMINANTS OF SOLID WASTES 
ARE PRESENT AT HAZARDOUS LEVELS - SIHPLE RANDOM SAMPLING 

Step General Procedures 

1. Obtain prel iminary estimates o f  X and s2 f o r  each chemical contaminant o f  
a s o l i d  waste tha t  i s  o f  concern. The two above-identified s t a t i s t i c s  
are calculated by, respectively, Equations 2a and 3a (Table 9-1). 

2. Estimate the appropriate number o f  samples (n ) t o  be collected f r o m  
the waste through use o f  Equation 8 (Table 9-11 and Table 9-2. Derive 
individual values o f  n l  f o r  each chemical contaminant of concern. 
The appropriate number o f  samples t o  be taken f r o m  the waste i s  the 
greatest o f  the indiv idual n l  values. 

3. Randomly co l l ec t  a t  leas t  n l  (or n2 - n l ,  n3 - n2, etc., as w i l l  be 
indicated l a t e r  i n  t h i s  box) samples f r o m  the waste (col lect ion o f  a 
few ext ra samples w i  11 provide protect ion against poor pre l  i m i  nary 
estimates o f  X and s2). Maximize the physical size (weight o r  volume) o f  
a1 1 samples tha t  are collected. 

4. Analyze the n (or nz - n l ,  n3 - n2 etc.) samples f o r  each chemical 
contaminant o f concern. Superf ic ial  l y  (graphical l y )  examine each set o f  
analy t ica l  data f o r  obvious departures from normal i ty. 

5. Calculate x, s2, the standard deviation (s), and sx f o r  each set o f  
analy t ica l  data by, respectively, Equations Za, 3a, 4, and 5 (Table 9-1). 

6. If X f o r  a chemical contaminant i s  equal t o  o r  greater than the 
applicable RT (Equation 7, Table 9-1) and i s  believed t o  be an accurate 
estimator o f  p ,  the contaminant i s  considered t o  be present i n  the 
waste a t  a hazardous concentration, and the study i s  completed. 
Otherwise, continue the study. I n  the case o f  a set o f  analyt ical  data 
tha t  does not exhi b i t  obvious abnormality and f o r  which X i s  greater than 
s2, perform the fol  lowing calculations wi th  nontransformed data. 
Otherwise, consider transforming the data by the square root 
transformation (if X i s  about equal t o  s2) o r  the arcsine t r a n s f o m t i o n  
( i f  X i s  less than s2) and performing a l l  subsequent calculations with 
transformed data. Square root  and arcsine transformations are defined 
by, respectively, Equations 10 and 11 
(Tab1 e 9-1). 

7. Determine the C I  f o r  each chemical contaminant o f  concern by Equation 6 
(Table 9-1) and Table 9-2. I f  the upper 1 i m i t  o f  the C I  i s  less than the 
appl icabl  e RT (Equations 6 and 7, Table 9-I), the chemical contaminant i s  
not considered t o  be present i n  the waste a t  a hazardous concentration 
and the study i s  completed. Otherwise, the opposite conclusion i s  
ten ta t ive ly  reached. 
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8. If a tentative conclusion of hazard is reached, reestimate the total 
number of samples (n2) t o  be collected from the waste by use of 

Tab1 e 9-1) and Table 9-2. When-deriving n , employ the newly 
not preliminary) values of x and s2. If aiditional 

n2 - n l  samples of waste cannot reasonably be collected, the study i s  
completed, and a definitive conclusion of hazard i s  reached. Othemi se, 
collect extra n2 - n l  samples of waste. 

9. Repeat the basic operations described i n  Steps 3 through 8 until the 
waste is judged t o  be nonhazardous or, i f  the opposite conclusion 
continues to  be reached, u n t i  1 increased sampl ing effort  i s  impractical . 

Hypothetical Example 

Step 

The preliminary study of barium levels i n  the e lut r ia te  of four EP 
toxic1 ty  tes ts ,  conducted w i t h  sludge collected from the lagoon several 
years ago, generated values of 86 and 90 ppm for  sludge obtained from 
the upper third of the lagoon and values of 98 and 104 ppm for  sludge 
from the lower two-thirds of the lagoon. Those two sets  of values are 
not judged to  be indicative of nonrandom chemical heterogeneity 
(strat if icat ion) within the lagoon. Therefore, preliminary estimates of 
X and s2 are calculated as: 

(Equation 2a) 

(Equation 3a) 

2. Based on the prel iminary estimates of X and s2, as we1 1 as the know1 edge 
that the RT for  barium i s  100 ppm, 

(Equation 8) 

3. As indicated above, the appropriate number of sludge samples (nl) to be 
collected from the lagoon i s  six. That number of samples (plus three 
extra samples for protection against poor preliminary estimates of X and 
s2) i s  collected from the lagoon by a single randomization process 
(Figure 9-2). A1 1 samples consi st of the greatest vol ume of sl udge that 
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Fgure 02:Hypothetical sampling conditions in w m e  lagoon containing sludge c o n t a m l ~ t d  w i d  brrium. 
8rrium opncmtmionc a v ~ c i r t d  with samples of sludge refer to levels me8~und in the elutrim of EP ~ O X ~ C ~ N  

aondund with the.nmplts. 
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can be pract ical ly collected. The three extra samples are suitably 
processed and stored fo r  possible l a t e r  analysi s. 

4. The s i x  samples of sludge (nl) designated for  immediate analysis 
generate the following concentrations of barium in the EP toxici ty 
t e s t :  89, 90, 87, 96, 93, and 113 ppm. Although the value of 113 ppm 
appears unusual as compared with the other data,  there i s  no obvious 
indication t h a t  the data are not normally distributed. 

5. New values fo r  X and s2 and associated val ues fo r  the standard deviation 
(s) and sx are calculated as: 

n 
= Xi - i = l  x = - a  89 + 90 + 87 + 96 + 93 + 113 = 94.67, 

n 6 (Equati on 2a) 

s = J? = 9.52, and 

(Equation 3a) 

(Equation 4) 

S~ 
= s l f i  = 9.52lG = 3.89. (Equation 5) 

6. The new value f o r  X (94.67) i s  less  than the RT (100). In addition, X i s  
greater (only s l  ightly) than s2 (90.67), and, as previously indicated, 
the raw data are not characterized by obvious abnormal i ty  . Consequently, 
the study i s  continued, with the following calculations performed with 
nontransformed data. 

s- = 94.67 + (1.476)(3.89) 7. C I = i + t e 2 0 x  - (Equation 6) 

Because the upper l imit  of the CI (100.41) i s  greater  than the applicable 
RT (loo), i t  i s  tentat ively concluded tha t  barium i s  present in the 
s l  udge a t  a hazardous concentration. 
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8. n i s  now reestimated as: 

- - s2 t.20 (1.4762)(90.671= 6.95. 
n2 *2 

(Equation 8) 
5. 332 

The value f o r  n (approximately 7) indicates tha t  an additional I (nq - n l  = 1) s udge sample should be collected from the lagoon. 

9. The additional sampling ef for t  i s  not necessary because of the three 
extra samples tha t  were i n i t i a l l y  collected from the lagoon. All extra 
samples are  analyzed, generating the following levels of barium for  the 
EP toxici ty  t e s t :  93, 90, and 91 ppm. Consequently, X, s2, the stan- 
dard deviation (s) , and s~ are recalculated as: 

(Equation 2a) 

(Equation 3a) 

s = = 7.75. and (Equation 4) 

The value fo r  X (93.56) i s  again less  than the RT (loo), and there i s  no 
indication tha t  the nine data points, considered col lectively, are 
abnormal ly  distributed (in particular,  X i s  now substantial ly greater 
than s2). Consequently, CI; calculated with nontransformed data, i s  
determined t o  be: 

S- = 93.56 + (1.397)(2.58) CI = i + tmz0 - (Equation 6) 

The upper l imit  of the CI (97.16) i s  now less  than the RT of 100. 
Consequently, i t  i s  definit ively concluded that  barium i s  not present in 
the sludge a t  a hazardous 1 eve1 . 
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BOX 2. STRATEGY FOR DETERMINING I F  CHEMICAL CONTAMINANTS OF SOLID WASTES 
ARE PRESENT AT HAZARDOUS LEVELS - STRATIFIED RANDOM SAMPLING 

Step General Procedures 

1. Obtain pre l iminary  estimates o f  X and s2 f o r  each chemical contaminant of 
a s o l i d  waste t h a t  i s  o f  concern. The two above- ident i f ied s t a t i s t i c s  
are ca lcu la ted by, respect ively,  Equations 2b and 3b (Table 9-1). 

2. Estimate the appropriate number o f  samples (n ) t o  be co l lec ted  from 
the waste through use o f  Equation 8 (Table 9 - l f  and Table 9-2. Derive 
i nd i v i dua l  values o f  n l  f o r  each chemical contaminant o f  concern. 
The appropr iate number o f  samples t o  be taken from the waste i s  the 
greatest  o f  the ind iv idua l  n l  values. 

3. Randomly c o l l e c t  a t  l e a s t  n l  (or  n2 - n l ,  n3 - n2, etc., as w i l l  be 
ind icated l a t e r  i n  t h i s  box) samples from the waste ( co l l ec t i on  o f  a 
few ex t ra  samples w i  11 provide p ro tec t ion  against poor p r e l  i m i  nary 
estimates o f  X and s2). I f  sk f o r  each stratum (see Equation 3b) i s  
bel ieved t o  be an accurate estimate, opt imal ly  a l l oca te  samples among 
s t r a t a  (i .e., a l l oca te  samples among s t r a ta  so t h a t  the number o f  samples 
co l lec ted  from each stratum i s  d i r e c t l y  propor t iona l  t o  sk f o r  t h a t  
stratum). Otherwi se, propor t iona l  l y  a1 1 ocate samples among s t r a t a  
according t o  s i ze  o f  the s t ra ta .  Maximize the physical  s i ze  (weight o r  
volume) o f  a1 1 s a ~ ~ ~ p l e s  t h a t  are co l lec ted  from the s t ra ta .  

4. Analyze the n (or  n2 - n l ,  n3 - n2 etc.) samples f o r  each chemical 
contami nant o i concern. Superf i c i  a1 1 y (graphi c a l l  y)  exami ne each set  of 
ana l y t i ca l  data from each stratum f o r  obvious departures from normal i ty.  

5. Calculate X, s2, the standard dev ia t ion (s) , and sx f o r  each set  o f  
ana l y t i ca l  data by, respect ively,  Equations 2b, 3b, 4, and 5 (Table 9-1). 

6. I f  X f o r  a chemical contaminant i s  equal t o  o r  greater  than the 
appl i cab le  RT (Equation 7, Table 9-1) and i s  be1 ieved t o  be an accurate 
est imator o f  u, the contaminant i s  considered t o  be present i n  the 
waste a t  a hazardous concentration, and the study i s  completed. 
Otherwise, continue the study. I n  the case o f  a set  o f  ana l y t i ca l  data 
t h a t  does no t  e x h i b i t  obvious abnormality and f o r  which X i s  greater  than 
s2, perform the f o l  lowing ca lcu la t ions w i t h  nontransformed data. 
Otherwise, consider transforni ing the data by the square roo t  t rans fo r -  
mation ( i f  X i s  about equal t o  s2) o r  the arcsine t ransformat ion ( if X i s  
1 ess than s2) and perfornii ng a1 1 subsequent ca lcu la t ions  w i t h  transformed 
data. Square r o o t  and arcsine transformations are def ined by, 
respect ively,  Equations 10 and 11 (Table 9-1). 

7. Determine the C I  f o r  each chemical contaminant o f  concern by Equation 6 
(Table 9-1) and Table 9-2. I f  the upper l i m i t  o f  the C I  i s  l ess  than the 
app l icab le  RT (Equations 6 and 7, Table 9- I ) ,  the chemical contaminant i s  
no t  considered t o  be present i n  the waste a t  a hazardous concentrat ion, 
and the  study i s  completed. Otherwise, the opposite conclusion i s  
t e n t a t i  ve ly  reached. 
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8. I f  a ten ta t ive  conclusion o f  hazard i s  reached, reestimate the to ta l  
number o f  samples (n2) t o  be collected f r o m  the waste by use of 
Equation 8 (Table 9-1) and Table 9-2. When der iv ing n , employ the newly 
calculated (not preliminary) values o f  X and s2. I f  a 8 d i t iona l  
n2 - n l  samples o f  waste cannot reasonably be collected, the study i s  
completed, and a d e f i n i t i v e  conclusion o f  hazard i s  reached. Otherwise, 
co l l ec t  ext ra n2 - n l  samples o f  waste. 

9. Repeat the basic operations described i n  steps 3 through 8 u n t i l  the 
waste i s  judged t o  be nonhazardous or, if the opposite conclusion 
continues t o  be reached, un t i  1 increased sampling e f f o r t  i s  impractical . 

Hypothetical Example 

Step 

1. The prel iminary study of barium levels i n  the e l u t r i a t e  o f  four EP 
t o x i c i t y  tests, conducted wi th  s l  udge col 1 ected f r o m  the 1 agoon several 
years ago, generated values o f  86 and 90 ppm f o r  sludge obtained f r o m  
the upper t h i r d  o f  the lagoon and values o f  98 and 104 ppm f o r  sludge 
from the lower two-thirds o f  the lagoon. 'Those two sets o f  values are 
not judged t o  be i ndicat i  ve o f  nonrandom chemical heterogeneity 
( s t r a t i  i cation) w i th in  the 1 agoon. Therefore, p re l  i m i  nary estimates o f  1 X and s are calculated as: 

(Equation 2b) 

(Equation 3b) 

2. Based on the prel iminary estimates o f  X and 52, as well as the knowledge 
tha t  the RT f o r  bar i  um i s  100 ppm, 

(Equation 8) 

3 .  As indicated above, the appropriate number o f  sludge samples (nl) t o  be 
c o l l  ected from the lagoon i s  four. However, f o r  purposes o f  comparison 
wi th  simple random sampling (Box I), s i x  samples (plus three extra 
samples f o r  protect ion against poor preliminary estimates o f  X and s2) 
are col lected f r o m  the lagoon by a two-stage randomization process 
(Figure 2) . 

Because si f o r  the upper (2.12 ppm) and lower (5.66 ppm) 
s t ra ta  are not believe t o  be very accurate estimates, the nine sanples 
t o  be col lected f r o m  the lagoon are not optimally al located between the 
two s t ra ta  (optimum a1 locat ion would require two and seven samples t o  be 
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col  1 ected f r o m  the upper and lower strata,  respectively) . A1 t e r n a t i  vely, 
proport ional a1 locat ion i s  employed: three sampl es are col  1 ected f r o m  
the upper stratum (which represents one-third o f  the lagoon), and s i x  
samples are taken f r o m  the lower stratum (two-thirds o f  the 1 agoon). A1 1 
samples consist o f  the greatest volume o f  sludge tha t  can be p r a c t i c a l l y  
co l  1 ected. 

4. The nine samples o f  sludge generate the fo l lowing concentrations o f  
barf um i n  the EP t o x i c i t y  test: upper stratum -- 89, 90, and 87 ppm: 
lower stratum -- 96, 93, 113, 93, 90, and 91 ppm. Although the value o f  
113 ppm appears unusual as compared w i th  the other data fo r  the lower 
stratum, there i s  no obvious ind icat ion tha t  the data are not normally 
d is t r ibuted.  

5. New values f o r  X and s2 and associated values f o r  the standard deviation 
(s) and s~ are calculated as: 

(Equation 2b) 

r (110 + = 49.84, s2 a E Wksk 3 3 (Equation 3b) 
k = l  

s = = 7.06, and (Equation 4) 

5 = SIC = 7.061fi = 2.35. (Equation 5) 

6. The new value f o r X  (93.56) i s  less than the RT (100). I n  addit ion, X i s  
greater than s2 (49.84), and, as previously indicated, the raw data are 
not  characterized by obvious abnormality. Consequently, the study i s  
continued, w i th  the fol lowing calculat ions performed w i th  nontransformed 
data. 

7. C I  = i $  tmZ0si = 93.56+ - (1.397)(2.35) (Equation 6) 

The upper l i m f t  o f  the C I  (96.84) i s  less than the applicable RT (100). 
Therefore, f t i s  concluded tha t  barium i s  not  present i n  the sludge a t  a 
hazardous concentration. 

NINE - 20 
Revision 0 
Date September 1986 



9.1.1.3.3 Systematic Random Sampling 

Systematic random sampl i n g  (Box 3) i s  imp1 emented by general procedures 
t h a t  are iden t i ca l  t o  the procedures i d e n t i f i e d  f o r  simple random sampling. 
The hypothetical example f o r  systematic random sampl i ng (Box 3) demnstrates 
the b ias and imprecision t h a t  are associated w i th  t ha t  type o f  sampling when 
unrecognized trends o r  cycles e x i s t  i n  the population. 

9.1.1.4 Speci a1 Considerations 

The preceding discussion has addressed the major issues t h a t  are c r i t i c a l  
t o  the development o f  a r e l i a b l e  sampling strategy f o r  a s o l i d  waste. The 
remaining discussion focuses on several "secondary" issues tha t  should be 
considered when designing an appropriate sampl i ng strategy. These secondary 
issues are appl icable t o  a l l  three o f  the basic sampling strategies t ha t  have 
been iden t i f i ed .  

9.1.1.4.1 Composite Samplinq 

I n  composite sampl ing, a number o f  random samples are i n i t i a l l y  c o l l  ected 
from a waste and combined i n t o  a s ing le  sample, which i s  then analyzed f o r  the 
chemical contaminants o f  concern. The major disadvantage o f  composite 
sampl ing, as compared w i th  noncomposi t e  sampl ing, i s  t h a t  information 
concerning the chemical contaminants i s  los t ,  i .e., each i n i t i a l  set  o f  
samples generates only a s ing le  estimate o f  the concentration o f  each 
contaminant. Consequently, because the number o f  ana ly t ica l  measurements (n) 
i s  small, sx and t -20 are large, thus decreasing the 1 i kel i hood tha t  a 
contaminant w i  11 be judged t o  occur i n  the waste a t  a nor~hazardous leve l  
( r e fe r  t o  appropriate equations i n  Table 9-1 and t o  Table 9-2). A remedy t o  
t h a t  s i t ua t i on  i s  t o  c o l l e c t  and analyze a r e l a t i v e l y  large number o f  
composite samples, thereby o f f s e t t i n g  the savings i n  analy t ica l  costs t ha t  are 
o f ten  associated w i th  composite sampling, bu t  achieving be t te r  representation 
o f  the waste than would occur w i th  noncomposi t e  sampling. 

The appropriate number o f  composite samples t o  be col lected from a sol i d  
waste i s  estimated by use of Equation 8 (Table 9-I),  as previously described 
f o r  the three basic sampl i n g  strategies. I n  comparison w i th  noncomposi t e  
sampling, composite sampling may have the e f f e c t  o f  minimizing between-sample 
va r i a t i on  (the same phenomenon tha t  occurs when the physical s ize o f  a sample 
i s  maximized), thereby reducing somewhat the number o f  samples t ha t  must be 
co l lec ted from the waste. 

9.1.1.4.2 Subsampling 

The variance (s2) associated w i th  a chemical contaminant o f  a waste 
consists o f  two components i n  that :  

(Equation 12) 
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BOX 3. STRATEGY FOR DETERMINING I F  CHEMICAL CONTAMINANTS OF SOLID WASTES 
ARE PRESENT AT HAZARDOUS LEVELS - SYSTEMATIC RANDOM SAMPLING 

Step General Procedures 

1. Follow eneral procedures presented f o r  simple random sampling o f  sol i d  
wastes P Box 1). 

Step Hypotheti cal Exarnpl e 

1. The example presented i n  Box 1 i s  applicable t o  systematic random 
sampling, w i th  the understanding tha t  the nine sludge samples obtained 
f r o m  the lagoon would be col lected a t  equal in te rva ls  along a transect 
running f r o m  a randomly selected locat ion on one bank o f  the lagoon t o  
the opposite bank. I f  tha t  randomly sel ected transect were establ i shed 
between Units 1 and 409 o f  the sampling g r i d  (Figure 9-2) and sampl ing 
were performed a t  Uni t  1 and thereaf ter  a t  three-unit in te rva ls  along the 
transect (1 .em, Uni t  1, Uni t  52, Uni t  103, . . . , and Un i t  409), i t  i s  
apparent t ha t  only two samples would be col lected i n  the upper t h i r d  o f  
the 1 agoon, whereas seven samples would be obtained from the lower 
two-thirds o f  the lagoon. If, as suggested by the barium concentrations 
i l l u s t r a t e d  i n  Figure 9-2, the lower pa r t  o f  the lagoon i s  characterized 
by greater and more var iable barium contamination than the upper p a r t  o f  
the lagoon, systematic random sampling along the above-identified 
transect, by placing undue (disproportionate) emphasis on the lower p a r t  
o f  the lagoon, might be expected t o  r e s u l t  i n  an inaccurate 
(overestimated) and imprecise characterization o f  ba r i  um 1 eve1 s i n  the 
whole lagoon, as compared w i th  e i ther  simple random sampling o r  
s t r a t i f i e d  random sampl i ng. Such inaccuracy and imprecision, which are 
typ ica l  o f  systematic random sampl ing  when unrecognized trends o r  cycles 
occur i n  the population, would be magnified i f, f o r  example, the randomly 
selected transect were established sole ly  i n  the lower p a r t  o f  the 
lagoon, e.g., between Units 239 and 255 o f  the sampling grid. 
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where sg = a component attributable to sampling (sample) variation, sg = a 
component attri butabl e to anal yti cal (subsampl e) vari ation, and m = number of 
subsamples. In general, sg should not be allowed to exceed one-ninth of sg. 
If a preliminary study indicates that sg exceeds that threshold, a sampling 
strategy involving subsampling should be considered. In such a strategy, a 
number of rep1 icate measurements are randomly made on a relatively 1 imited 
number of randomly coll ected samples. Consequently, analytical effort is 
allocated as a function of analytical variability. The efficiency of that 
general strategy in meeting regulatory objectives has a1 ready been 
demonstrated in the previous discussions of sampl ing effort. 

The appropriate number of samples (n) to be collected from a sol id waste 
for which subsampling will be employed is again estimated by Equation 8 
(Tab1 e 9-1). In the case of simp1 e random sampl ing or systematic random 
sampl i ng with an equal number of subsampl es analyzed per sample: 

(Equati on 13) 

where Xi = sample mean (calculated from values for subsamples) and n = number 
of samples. A1 SO, 

(Equation 14) 

The optimum number of subsamples to be taken from each sample (bpt.) is 
estimated as: 

m 'a = - 
(opt.) ss (Equation 15) 

when cost factors are not considered. The value for sa is calculated from 
available data as: 

(Equation 16) 

and ss, which can have a negative characteristic, is defined as: 

- 
ss - 1- (Equation 17) 
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with s2 calculated as Indicated i n  Equation 14. 

I n  the case o f  s t r a t i f i e d  random sampl ing with subsampl i ng , c r i t i c a l  
formulas f o r  estimating sample size (n) by Equation 8 (Table 9-1) include: 

- r 
x E Wkzk, (Equation 2b) 

k = l  

where Xk = stratum mean and Wk = f ract ion o f  population represented by Stratum 
K (number of strata, k, ranges from 1 t o  r). I n  Equation 2b, x f o r  each 
stratum i s  calculated as the average o f  a l l  sample means i n  t fi e stratum 
(sample means are calculated f r o m  val ues f o r  subsampl es) . I n  addition, s2 i s  
cal cul ated by: 

(Equation 3b) 

with szk for each stratum calculated f r o m  a1 1 sample means i n  the stratum. 
The optimum subsampling e f f o r t  when cost factors are not considered and a l l  
repl icat ion i s  symmetrical i s  again estimated as: 

m I- sa , with 
(opt.) ss (Equation 15) 

E E E x i  - (& ~ ~ ~ ~ ) ~ / m  
L k = l  i = l  j = 1  

a r n  (m - 1) 1 and (Equation 18) 

wi th s2 derived as shown i n  Equation 3b. 

(Equation 17) 

9.1.1.5 Cost and Loss Functions 

The cost o f  chemically characterizing a waste i s  dependent on the 
speci f ic  strategy that  i s  employed t o  sample the waste. For example, i n  the 
case o f  simp1 e random sampl i ng w i  thout subsampl i ng , a reasonabl e cost function 
might be: 

c(,,) ' co + clnl (Equation 19) 
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= cost o f  employing a sample size o f  n, CO = an overhead cost 
(which s independent o f  the number of samples tha t  are collected and where Cln) 
analyzed), and C 1  = a sample-dependent cost. A consideration o f  C( ) mandates 
an eval uatlon o f  L(n)8 which i s  the sample-slze-dependent expecte a f lnanclal 
loss related t o  the erroneous conclusion that  a waste i s  hazardous. A s i ~ p l e  
loss function is :  

(Equation 20) 

wi th  a = a constant re la ted t o  the cost of a waste management program i f  the 
waste i s  judged t o  be hazardous, s2 = sample variance, and n = number o f  
samples. A primary object ive o f  any sampling strategy i s  t o  minimize 
C ln )  + L(,). D i f fe ren t ia t ion  o f  Equations 19 and 20 indicates tha t  the number 
o samples (n) t ha t  minimize C(,) + L(,) i s :  

n = E. (Equation 21) 

As i s  evident from Equation 21, a comparatively large number o f  samples (n) 
i s  j u s t i f i e d  I f  the value o f  a o r  s2 i s  large, whereas a re la t i ve l y  small 
number o f  samples i s  appropriate I f  the value o f  C 1  i s  large. These general 
conclusions are v a l i d  f o r  any sampling strategy f o r  a s o l i d  waste. 

9.2 IMPLEMENTATION 

This section discusses the implementation o f  a sampling plan f o r  the 
co l lec t ion  o f  a 'so l id  waste,' as defined by Section 261.2 o f  the Resource 
Conservation and Recovery Act (RCRA) regulations. Due t o  the uniqueness o f  
each sampling e f fo r t ,  the fol lowing discussion I s  i n  the general form o f  
guidance which, when applied t o  each sampling e f fo r t ,  should improve and 
document the qua1 I t y  o f  the sampl i ng and the representativeness o f  samples. 

The fol lowing subsections address elements o f  a sampl ing e f f o r t  i n  a 
1 ogi cal order, f r o m  de f i  n i  ng objectives through composi ti ng samples p r i o r  t o  
analysis. 

9.2.1 Def in i t ion  O f  Objectives 

A f te r  ver i  f y ing  the need f o r  sampl ing, those personnel d l  rect ing the 
sampling e f fo r t  should define the program's objectives. The need f o r  a 

h 
- 

sampl i ng e f f o r t  should not be confused w i  t h  the ob ective. When management, a 
regulation, o r  a regulato,ry agency requires samp ing, t e need f o r  sampling i s  
established but the objectives must be defined. 
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The primary object ive o f  any waste sampling e f f o r t  i s  t o  obtain 
information t h a t  can be used t o  evaluate a waste. It i s  essent ia l  t h a t  the 
spec i f i c  information needed and i t s  uses are defined i n  d e t a i l  a t  t h i s  stage. 
The information needed i s  usual ly more complex than j u s t  a concentration o f  a 
speci f ied parameter; i t  may be fu r the r  qual i f i e d  (e.g., by sampl i ng loca t ion  
o r  sampling time.) The manner i n  which the information i s  t o  be used can also 
have a substant ia l  impact on the design o f  a sampling plan. (Are the data t o  
be used i n  a qual i t a t i v e  o r  quant i ta t i ve  manner? I f  quanti t a t i ve ,  what are 
the accuracy and precis ion requirements?) 

A l l  per t inent  information should be gathered. For example, i f  the 
primary object ive has been roughly defined as "co l lec t ing  samples of waste 
which w i l l  be analyzed t o  comply w i th  environmental regulations," then ask the 
fo l lowing questions: 

1. The sampling i s  being done t o  comply w i th  which evironmental 
regulat ion? Certain regulations detai  1 speci f i  c o r  minimum 
protocols (e.g., exclusion pe t i t i ons  as defined i n  260.22 o f  the 

regulatory requirements. 
f RCRA regulations); the sampling e f f o r t  must comp y w i th  these 

2. The co l lected samples are t o  be analyzed fo r  which parameters? Why 
those and not  others? Should the samples be analyzed for more o r  
fewer parameters? 

3. What waste i s  t o  be sampled: the waste as generated? the waste 
p r i o r  t o  o r  a f t e r  mixing w i th  other wastes o r  s t a b i l i z i n g  agents? 
the waste a f t e r  aging o r  drying o r  j u s t  p r i o r  t o  disposal? Should 
waste disposed o f  10 years ago be sampled t o  acquire h i s t o r i c a l  
data? 

4. What i s  the end-use o f  the generated data .base? What are the 
required degrees o f  accuracy and preci  s i  on? 

By asking such questions, both the P object  i ve and speci f i c 
sampling, analy t ica l ,  and data object ives can e established. 

Two sampl i ng e f f o r t s  could have iden t ica l  primary object ives but  
d i f ferent  speci f ic  objectives. For example, consider two s i tuat ions i n  which 
the primary object ive i s  t o  determine i f  the concentration o f  barium i s  less 
than the regulatory threshold of 100 ppm. The spec i f i c  object ives w i l l  vary 
and have a substant ia l  e f f e c t  on sampling. (This s i t ua t i on  i s  presented 
graphica l ly  i n  Figures 9-3 and 9-4.) I n  Figure 9-3, under the assumption tha t  
the t rue  d i s t r i b u t i o n  o f  barium concentrations throughout the waste o f  
i n te res t  i s  as shown, l i m i t e d  information has indicated t h a t  the average 
concentration i s  approximately 50 ppm. I n  Figure 9-4, assume tha t  h i  s to r i ca l  
data indicated an average concentration o f  90 ppm and the t rue  d i s t r i b u t i o n  o f  
bar i  um concentrations i s  as shown. Therefore, the spec i f i c  data object ive f o r  
the l a t t e r  case i s  t o  generate a data base tha t  can discr iminate between 90 
and 100 ppm, whereas i n  the former case the data object ive i s  t o  discr iminate 
between 50 and 100 ppm. Greater accuracy and prec is ion are required t o  
discr iminate between 90 and 100 ppm; t h i s  f a c t  w i l l  a f f e c t  the number, size, 
and degree o f  composi ti ng o f  samples col  1 ected and analyzed. 
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Figure 83. Distribution of barium concentration removed from a 
regulatory threshold. 
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Figure 94. Distribution of barium concentration near a regulnory 
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The form in Figure 9-5 can be used to document primary and specific 
objectives prior to  development of a sampling plan. Once the objectives of a 
sampling effort  are developed, i t  i s  important to  adhere to  them t o  ensure 
that the program maintains i t s  direction. 

9.2.2 Sampl i ng Pl an Considerations 

The sampling plan i s  usually a written document that  describes the 
objectives and detai ls  the individual tasks of a sampling effort  and how they 
will be performed. (Under unusual circumstances, time may not allow for  the 
sampl ing plan to  be documented in writing, e.g., sampl i ng during an emergency 
sp i l l .  When operating under these conditions, i t  i s  essential that the person 
directing the sampling effort  be aware of the various elements of a sampling 
plan.) The more detailed the sampling plan, the less the opportunity for 
oversight o r  mi sunderstandi ng during sampl i ng , analysi s , and data treatment. 

To ensure that the sampling plan i s  designed properly, i t  i s  wise t o  have 
a l l  aspects of the effort  represented. Those designing the sampling plan 
should include the fol lowing personnel : 

1. An end-user of the data, who will be using the data t o  at tain 
program objectives and t h u s  would be best prepared t o  ensure that  
the data objectives are understood and incorporated into the 
sampl i ng pl an. 

2. An experienced member of the field team who will actually collect 
samples, who can offer hands-on insight into potential problems and 
solutions, and who, having acquired a comprehensive understanding of 
the entire sampling effort  during the design phase, will be better 
prepared t o  imp1 ement the sampl i ng plan. 

3. An analytical chemist, because the analytical requi rements for 
sampl i ng , preservation, and holding times wi 1 1 be factors around 
which the sampling plan will be written. A sampling effor t  cannot 
succeed i f  an improperly collected o r  preserved sample o r  an 
inadequate volume of sample i s  submitted to  the laboratory for 
chemi cal l  physical, o r  biological testing. 'The appropriate 
analytical chemist should be consulted on these matters. 

4. An engineer should be involved i f  a complex manufacturing process i s  
being sampled. Representation of the appropriate engineering 
discipline will allow for the optimization of sampling locations and 
safety during sampling and should ensure that  a l l  waste-stream 
variations are accounted for. 

5. A s ta t i s t ic ian ,  who will review the sampling approach and verify 
that  the resulting data will be suitable for  any required 
s ta t i s t i ca l  calculations o r  decisions. 

6. A quality assurance representative, who will review the 
appl i cabi 1 i ty of standard operati ng procedures and determine the 
number of blanks, duplicates, spike samples, and other steps 
required t o  document the accuracy and precision of the resulting 
data base. 
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Ssmpling Site : 

Address : 

Description of Waste to be Sampled: 

Rimary Objective : 

Specific Sampling Objectives: 

I Spec1 f ic Analysis Ob jecti ves : 

I Specific DBta Objectives: 

Figure 9-5. Form for Documenting Rimary and Specific Objectives 
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A t  leas t  one person should be familiar with the s i t e  to  be sampled. If 
not, then a presampl ing s i t e  v i s i t  should be arranged to  acquire s i  te-specific 
information. If no one i s  familiar with the s i t e  and a presampling s i t e  v i s i t  
cannot be arranged, then the sampling plan must be written so that  i t  can 
address conti ngenci es that  may occur. 

Even in those cases in which a detailed sampling plan i s  authored and a 
comprehensive knowledge of the s i t e  exists,  i t  i s  unusual for  a sampling plan 
t o  be imp1 emented exactly as written. Waste-stream changes, inappropriate 
weather, sampling equipment failure, and problems in gaining access to  the 
waste are some reasons why a sampling plan must be altered. Thus i t  i s  always 
necessary t o  have a t  least  one experienced sampler as a member of a sampling 
team. 

The sampl i ng plan should address the considerations di scussed be1 ow. 

9.2.2.1 Sta t is t ics  

A discussion of waste sampling often leads to  a discussion of s ta t i s t i cs .  
The goals of waste sampling and s t a t i s t i c s  are identical, i .e., to make 
inferences about a parent population based upon the informati on contained in a 
sample. 

Thus  i t  i s  not surprising that waste sampling re1 ies  heavily upon the 
highly developed science of s t a t i s t i c s  and that a sampl i ng/analyti cal effort  
usually contains the same elements as does a s ta t i s t i ca l  experiment. 
Analogously, the Harris pol 1 s t e r  coll ects opinions from randomly chosen 
people, whereas envi ronmental scientists  coll ect waste a t  randomly chosen 
locations or times. The pollster  analyzes the information into a useable data 
base; 1 aboratori es analyze waste samples and generate data. Then the unbiased 
data base i s  used to  draw inferences about the entire population, which for  
the Harris pollster  may be the voting population of a large ci ty,  whereas for  
the environmental scientist  the population may mean the entire contents of a 
landfi l l .  

During the implementation of a waste sampling plan or  a s ta t i s t i ca l  
experiment, an effort  i s  made to  minimize the possi bi 1 i ty  of drawing incorrect 
inferences by obtaining samples that  are representative of a population. In 
fact ,  the term "representative sample" i s  commonly used t o  denote a sample 
that (1) has the properties and chemical composition of the population from 
which i t  was collected, and (2) has them in the same average proportions as 
are found in the population. 

In regard to  waste sampling, the .term "representative samplem can be 
misleading unless one i s  dealing with a homogeneous waste from which one 
sample can represent the whole population. In most cases, i t  would be best to  
consider a "representative data basem generated by the coll ecti  on and analysis 
of more than one sample that defines the average properties or  composition of 
the waste. A 'representative data base" i s  a more rea l i s t i c  term because the 
evaluation of most wastes requires numerous samples to  determine the average 
properties or  concentrations of parameters in a waste. (The additional 
samples needed to  generate a representative data base can also be used to  
determi ne the vari abi 1 i ty of these properties or concentrations throughout the 
waste population .) 
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Stat is t icians have developed a number of strategies to  obtain samples 
that  are unbiased and col 1 ectively representative of a population. A detailed 
discussion of these s trategies  is presented in Section 9.1 of th i s  chapter. 
The fol lowing discussion of s t a t i s t i ca l  considerations i s  a less technical 
summary of these strategies.  I t  was written to  complement Section 9.1 and 
will be most useful a f t e r  Section 9.1 is  read and studied. 

Section 9.1 describes three basic sampling strategies: simple random, 
s t r a t i f i ed  random, and systematic random sampling. I t  should be noted that 
the word random has more than one meaning. When used in s ta t i s t ica l  
discussions, i t  does not mean haphazard; i t  means that  every part of a waste 
has a theoretically equal chance of being sampled. Random sampling, which 
enta i l s  detailed planning and painstaking implementation, i s  distinctly 
different from haphazard sampling, which may introduce bias into the 
collection of samples and the resulting data. 

Systematic random sampl ing and authori ta t ive  sampling strategies require 
a substantial knowledge of the waste t o  ensure that: (1) a cycle o r  trend i n  
waste composition does not coincide with the sampling locations; or (2) in the 
case of authoritative sampling, a l l  or  most of the assumptions regarding waste 
composi tion or  generation are true. Because the variabi l i t ies  of waste 
composition and the waste generation process are often unknown, systematic 
random and authoritative sampling strategies are usually not applicable to 
waste evaluation. 

Therefore, for  waste sampling, the usual options are simple or  s t ra t i f ied  
random sampling. Of these two strategies,  simple random sampling is the 
option of choice unless: (1) there are known dist inct  s t r a t a  (divisions) i n  
the waste over time or  i n  space; (2) one wants t o  prove o r  disprove that there 
are d is t inc t  time and/or space s t r a t a  i n  the waste of interest ;  or  (3) one i s  
col lecting a minimum number of samples and desires t o  minimize the size of a 
hot spot (area of h i g h  concentration) that  could go unsampled. If  any of 
these three conditions exists ,  i t  may be determined that  s t r a t i f i ed  random 
sampling would be the optimum strategy. To explain how these strategies can 
be employed, a few examples follow: 

Example 1: Slmple Random Sampling of Tanks 

A batch manufacturing process had been generating a 1 iquid waste over a 
period of years and storing i t  in a large open-top tank. As th is  tank 
approached capacity, some of the waste was allowed to  overflow to  a smaller 
enclosed tank. T h i s  smaller tank allowed for  limited access through an 
inspection port on i ts  top. 

Because the on-site tank storage was approaching capacity, i t  was 
determined that  the waste would have t o  be disposed of off-site.  

The operators of the fac i l i ty  had determined that the waste was 
a nonhazardous sol id waste when the RCRA regul a t i  ons were f i r s t  promulgated. 
However, upon recent passage of more stringent s ta te  regulations and concerns 
of potential 1 iabi l i t y ,  the operators determined that they should perform a 
more comprehensive analysis of the waste. 
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Because the waste was generated i n  a batch mode over a period o f  years, 
the operators were concerned tha t  the waste composition might have varied 
between batches and tha t  s t r a t i f i c a t i o n  might have occurred i n  the tank a t  
unknown and random depths. Based on t h e i r  knowledge, the operators knew tha t  
a grab sample would not su f f i ce  and tha t  a sarr~pling program would have t o  be 
designed t o  address the heterogeneity o f  the waste. 

Because the operators intended t o  dispose o f  the en t i re  contents o f  the 
tank and lacked any speci f ic  information regarding s t r a t i f i c a t i o n  and 
v a r i a b i l i t y  o f  the waste, i t  was decided tha t  a simple random strategy would 
be employed. (If the operators had treated port ions o f  the waste d i f f e r e n t l y  
o r  had been aware o f  d i s t i n c t  strata, then s t r a t i f i e d  random sampling might 
have been more appropriate.) 

The large, unenclosed tank had a diameter of 50 ft, a height o f  20 ft, 
and an approximate vol ume of 295,000 gal a1 lowed. It was encircled and 
traversed by catwal ks ( refer  t o  Figure 9-6), which a1 lowed access t o  the 
en t i re  waste surface. The smaller tank had a diameter o f  10 ft, a height o f  
10 ft, and an approximate volume o f  6,000 gal ; an inspection po r t  located on 
the top allowed l im i ted  access, It was determined tha t  the d i f f e ren t  
construction o f  the two tanks would require d i  f ferent  simp1 e random sampling 
approaches. 

I n  the case o f  the large tank, i t  was decided tha t  ve r t i ca l  composite 
samples would be col lected because the operators were interested i n  the 
average composition and v a r i a b i l i t y  o f  the waste and not i n  determining i f  

.d i f f e ren t  ver t i ca l  s t ra ta  existed, It was decided t o  select points  randomly 
along the circumference (157 ft) and along the radius (25 ft) . These numbers, 
which would const i tu te the coordinates of the sampling locations, were chosen 
from a random-number table by indiscr iminately choosing a page and then a 
column on tha t  page. The circumference coordinates were then chosen by 
proceeding down the column and 1 i s t i n g  the f i r s t  15 numbers tha t  are greater 
than o r  equal t o  0, but less than o r  equal t o  157, The radius coordinates 
were chosen by continuing down the column and l i s t i n g  the f i r s t  15 numbers 
tha t  are greater than o r  equal t o  0, but less than o r  equal t o  25. These 
numbers were pal red t o  form the coordinates tha t  determined the locat ion o f  
the 15 randomly chosen sampling points, These coordinates were recorded i n  
the f i e l d  notebook ( refer  t o  Table 9-3). Because no precision data on waste 
composition existed p r i o r  t o  sampling, the number o f  samples (15) was chosen 
as a conservative f igure  t o  more than a1 low f o r  a sound s t a t i s t i c a l  decision, 

The actual samples were c o l l  ected by employing a sampl ing  device, which 
was constructed on s i t e  f r o m  avai lable materials, and a weighted bott le,  This 
device, which was used t o  access more remote areas o f  the tank, consisted o f  a 
weighted bot t le ,  a rope marked o f f  a t  1-ft increments, and a d i  scarded spool 
tha t  o r ig ina l  l y  contai ned e lec t r i ca l  w i  r e  ( refer  t o  F i  gure 9-7). 

Samples were col lected by a three-person team, The person control 1 ing  
the weighted b o t t l e  walked t o  the f i r s t  circumference coordinate (149 f t ) ,  
while the two persons holding the ropes attached t o  the spool walked along 
opposing catwalks toward the center o f  the tank. The person control  1 ing  the 
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TABLE 9-3. RANDOM COORDINATES FOR 295,000-GAL TANK 

Sampling point  C i  rcumference Radi us 
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Trip Cord I ! Rope to circumference catwalk 

Fgurew. Device used to collect sample from the open tank. 
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weighted b o t t l e  measured o f f  the radius coordinate (4 ft). The spool was then 
centered i n  the quadrant, the  weighted b o t t l e  was lowered t o  t he  surface, and 
a sample was co l l ec ted  from the  f i r s t  2 f t o f  waste. This sample was then 
t rans fe r red  i n t o  a large, labeled sample container, which was used f o r  
compositi ng. This same process was repeated nine more t imes a t  t he  same 
l oca t i on  a t  d i f f e r e n t  2 - f t  depth i n t e r va l s ,  r e s u l t i n g  i n  t he  c o l l e c t i o n  o f  a 
t o t a l  o f  10 component depth samples t h a t  were compiled i n  the f i e l d  i n t o  one 
sample f o r  t h a t  sampling po in t .  This process was repeated a t  the remaining 14 
sampl i n g  points,  r e s u l t i n g  i n  the co l  l e c t i o n  o f  15 v e r t i c a l  composite samples. 
These v e r t i c a l  composite san~ples were taken t o  address any v e r t i c a l  
s t r a t i  f i cat ion  t h a t  may have occurred. 

The samples were proper ly  preserved and stored, chai n-of-custody 
procedures were compl eted, and the sampl es were submitted t o  the 1 aboratory . 
A cos t l bene f i t  decis ion was made t o  composite a1 iquots  of the samples i n t o  
f i v e  composite sampl es t h a t  were submitted f o r  analysis. (Fol 1 owing analysis, 
Equation 8 o f  Section 9.1 o f  t h i s  chapter was employed t o  determine i f  enough 
samples were analyzed t o  make a s t a t i s t i c a l l y  sound decision. I f  the  number 
of samples analyzed was not  s u f f i c i e n t ,  then the samples would be recomposited 
t o  a 1 esser degree o r  analyzed ind iv idua l l y . )  

Because there was no informat ion t o  prove t h a t  the waste i n  the  smaller 
tank was the  same as t h a t  i n  the l a rge r  tank, the operators decided t h a t  the 
smaller tank must also. be sampled. The d i f f e r e n t  const ruct ion o f  the smaller, 
enclosed tank mandated t h a t  a d i f f e r e n t  sampling p lan  be designed. The on ly  
access t o  the tank was through a small inspect ion p o r t  on the  top  o f  the  tank. 
This p o r t  would a l low sampling on ly  o f  a small po r t i on  o f  the tank contents; 
thus, t o  make a decis ion on the e n t i r e  contents o f  the  tank, one would have t o  
assume t h a t  the  waste i n  the v i c i n i t y  o f  the  inspect ion p o r t  was 
representat ive o f  the  remainder o f  the  tank contents. The operators were no t  
w i l l i n g  t o  make t h i s  assumption because they determined t h a t  the  l i a b i l i t y  o f  
an i nco r rec t  deci s i  on overrode the convenience o f  f a c i  1 i t a t i  ng the sampl i ng 
e f f o r t .  

To randomly sample the e n t i r e  contents o f  the tank, a d i f f e r e n t  p l an  was 
designed. Thi s p lan exp lo i ted the  re1 a t i v e l y  small vo l  ume (approximately 
6,000 ga l )  o f  the tank. A decis ion was made t o  r en t  two tank t rucks and t o  
sample the waste randomly over time as i t  drained from the tank i n t o  the tank 
trucks. 

It was ca lcu la ted t h a t  a t  a r a t e  o f  20 gal Imin, i t  would take 300 min t o  
d ra i n  the tank. From the random-number tables, 15 numbers t h a t  were greater  
than o r  equal t o  0, but  less  than o r  equal t o  300, were chosen i n  a manner 
s i m i l a r  t o  t h a t  en~ployed f o r  the  l a rge r  tank. These numbers were recorded i n  
the f i e l d  notebook ( r e fe r  t o  Table 9-4) a t  the t ime t h a t  they were encountered 
i n  the  random-number t ab le  and were then assigned sampling p o i n t  numbers 
according t o  t h e i r  chronological order. 

The 15 samples were co l lec ted  a t  the  prev ious ly  chosen random times as 
the waste ex i t ed  from a drainage hose i n t o  the tank trucks. These samples 
were co l l ec ted  i n  separate labeled containers, p roper l y  preserved and stored; 
chain-of-custody procedures were employed f o r  t r ans fe r ra l  o f  the samples t o  
the  1 aboratory. 
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TABLE 9-4. RANDOH TIMES FOR 6,000-6AL TANK 

Sampl I ng pol n t  Tlme (mln) 
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The above example employed simple random sampling t o  determine the 
average compositibn and variance of the waste contained i n  the two tanks. The 
contents o f  the  la rge  tank were sampled randomly i n  space, whereas the  
contents o f  the  smal ler  tank were sampled randomly over time. 

The fo l low ing  example w i l l  invo lve the use o f  s t r a t i f i e d  random sampling, 
which i s  used when: (1) d i s t i n c t  s t r a t a  are known t o  e x i s t  o r  (2) i t i s  not  
known whether d i f f e r e n t  s t r a t a  ex is t ,  bu t  an ob jec t i ve  o f  the  sampling e f f o r t  
i s  t o  d iscover the existence o r  nonexistence o f  s t ra ta .  

A v a r i a t i o n  o f  t h i  s second reason f o r  employing s t r a t i f i e d  random 
sampling i s  when cost  considerat ions l i m i t  the number o f  samples t h a t  can be 
co l lec ted  (e.g., when the budget al lows f o r  the c o l l e c t i o n  o f  on ly  s i x  samples 
i n  a 40-acre lagoon). I n  t h i s  s i tua t ion ,  where li t t l e  i s  known about the 
composition o f  the waste, a concern ex i s t s  t h a t  an area o f  t he  lagoon may be 
h i gh l y  contaminated and y e t  may no t  be sampled. The smal l e r  t h e  number o f  
samples, the  greater  the probabi 1 i ty t h a t  an area o f  h igh contamination (a 
d i s t i n c t  stratum) could be missed, and the greater  t he  p r o b a b i l i t y  t h a t  the 
sampl i n g  accuracy w i  11 suffer. Under such circumstances, a sampling p lan may 
employ s t r a t i f i e d  random sampling t o  minimize the s i ze  o f  a h igh ly  
contaminated area t h a t  could go unsampl ed. 

For example, consider the s i t u a t i o n  where the budget a1 lows on ly  f o r  the  
co l  l e c t i o n  o f  s i x  samples i n  a 40-acre lagoon. I f  simple random sampl i n g  i s  
employed w i t h  such a small number o f  samples, there i s  a c e r t a i n  probabi 1 i t y  
t h a t  l a rge  areas o f  the lagoon may go unsampled. One approach t o  minimizing 
the s i ze  o f  areas t h a t  may go unsampled i s  t o  d i v i de  the  lagoon i n t o  three 
s t r a t a  o f  equal s i ze  and randomly sample each stratum separately. This 
approach decreases the  s ize  o f  an area t h a t  can go unsampl ed t o  something less  
than one-th i rd o f  the t o t a l  lagoon area. 

The f o l  lowing example deta i  1 s more t r a d i t i o n a l  appl i cat ions o f  s t r a t l f i e d  
random sampl i ng . 
Example 2: S t r a t i f i e d  Random Sampl i ng o f  E f f  1 uents and Lagoons 

A pigment manufacturing process has been generating wastes over a number 
o f  years. The pigment i s  generated i n  la rge batches t h a t  invo lve  a 24-hr 
cycle. During the f i r s t  16 h r  o f  the cycle, an aqueous s l  udge stream i s  
discharged. This waste contains a high percentage o f  1 arge-sized b lack 
p a r t i c u l a t e  matter. The waste generated dur ing the remaining 8 h r  o f  the 
manufacturing cyc le  i s  an aqueous-based whi te sludge t h a t  cons is ts  o f  much 
smal le r -s i zed  p a r t i c l e s  than those found i n  the sludge generated i n  the f i r s t  
16 h r  o f  the batch process. This waste has been disposed o f  over the years 
i n t o  a 40-acre s e t t l i n g  lagoon, a l lowing the  p a r t i c u l a t e  mat ter  t o  s e t t l e  out  
o f  so l u t i on  whi le  the water phase drains t o  an NPDES o u t f a l l  a t  the opposite 
end o f  the  lagoon. The smaller whi te pigment p a r t i c l e s  released i n  the l a s t  8 
h r  o f  the batch process s e t t l e  more s lowly than the much l a rge r  b lack 
p a r t i c l e s  generated i n  the previous 16 hr. This s e t t l i n g  pa t te rn  i s  q u i t e  
apparent from the  d i s t i n c t  co lo rs  o f  the wastes. The sludge i n  the  quadrant 
c losest  t o  the  waste i n f l u e n t  p ipe i s  black; the next  quadrant i s  a l i g h t  gray 
color ,  r e s u l t i n g  from s e t t l i n g  of both waste streams. The l a s t  two quadrants 
contain a pure whi te  sludge, r e s u l t i n g  from the s e t t l i n g  o f  the  small pigment 
p a r t i  c l  es. 
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Eventual l y ,  the faci  1 i t y  operators decided tha t  the set t led part iculate 

matter had t o  be removed t o  keep the se t t l i ng  lagoon functioning. I n  the 
past, t h i s  residual lagoon waste was found t o  be a hazardous waste due t o  i t s  
leachable barium content. Further studies detemined tha t  the source o f  the 
bar1 um was a cer ta ln raw material tha t  was released during the f i r s t  16 h r  o f  
batch process. 

To minimize present disposal costs, the operators wanted t o  detemine If 
the white sludge i n  the l a s t  two quadrants and the 1 igh t  gray waste were 
nonhazardous. A1 so, the operators had recently changed raw materi a1 s, w i  t h  
the in tent ion o f  removing the source o f  barium i n  an attempt t o  minimize 
future d l  sposal costs. Thus, the operators were interested i n  determi n l  ng 
whether the current ly generated waste was hazardous. I f  the al tered waste 
stream was not hazardous, future lagoon sludge could be disposed o f  more 
economically as a so l i d  waste. I f  the waste generated during the f i r s t  16 h r  
o f  the process remained hazardous but the waste generated during the following 
8 h r  was nonhazardous, the operators were w i l l  lng t o  s h i f t  t h i s  l a t t e r  waste 
t o  a second lagoon reserved f o r  nonhazardous wastes. By sequestering the 
waste streams i n  t h i s  manner, the operators intended t o  decrease the amount o f  
hazardous waste by precl  uding generation o f  add1 t lonal  amounts o f  hazardous 
waste under the 'mixture rule." 

To decide how the lagoon sludge should be handled, the operators arranged 
t o  have the lagoon sludge sampled. The objectives of sampling the lagoon 
sludge were t o  determine the average concentration and variance o f  leachable 
barium f o r  the sludge i n  the ent i re  lagoon and f o r  each o f  the d i f fe rent  
sludges. 

The dimensions o f  the 40-acre square lagoon were calculated t o  be 
1,320 f t  on a side, wi th the black and the gray sludge each covering a 
quadrant measuring 1,320 f t  by 330 ft, and the white sludge covering the 
remaining area o f  the lagoon, which measured 1,320 ft by 660 ft (refer t o  
Figure 9-8). The sludge had set t led t o  a uniform thickness throughout the 
lagoon and was covered with 2 f t  o f  water. 

Because the leachable bar i  um was assumed t o  be associated w i  t h  the black 
sludge, ' which was concentrated I n  the f i r s t  quadrant, a s t r a t i f l e d  random 
sarr~pling approach was chosen. (Because o f  the obvious st rata i n  the lagoon 
sludge, the s t r a t i f i e d  sampl ing strategy was expected t o  give a more precise 
estimate of the leachable barium, i n  addition t o  giv ing information specif ic 
t o  each stratum.) 

When the actual sampling was being planned, i t  was decided that  the 
hazards presented by the lagoon waste were minimal , and, tha t  i f  proper 
precautions were employed, a stable and unsinkable boat could be used t o  
c o l l  ect samples. The samples were collected w i  t h  a core sampler a t  random 
locations throughout each stratum. Because the cost o f  c o l l  ectlng samples was 
reasonable and no h is to r ica l  data were avai lab le t o  help detemlne the optimum 
number o f  samples, the operators decided t o  co l lec t  a t o t a l  o f  10 samples f r o m  
each o f  the smaller s t ra ta  and a to ta l  o f  20 samples. f r o m  the larger strata. 
They had confidence tha t  t h i s  number o f  samples would allow them t o  detect a 
small sign1 f i  cant d l  fference between the mean concentration o f  leachable 
bar i  um and the appl lcabl e regulatory threshold. 
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I 1 I Overfiow Pipe 

Figure 9-8. Schematic of the 40-acre settling lagoon displaying strata 
generated by a wane stream. 
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The locations o f  the random sampl ing  points were determlned by selectlng 
length and width coordinates from a random-number table. Thls was done by 
indiscr iminately choosing a page f r o m  the random-nuder tables and then a 
column on tha t  page. The width coordinates o f  the two smaller quadrants were 
then chosen by proceeding down the column and l i s t i n g  the f i r s t  20 nunbers 
tha t  were greater than o r  equal t o  0, but less than o r  equal t o  330. The 
width coordinate f o r  the t h i r d  and largest stratum was chosen by proceeding 
down the column and select ing the f i r s t  20 numbers that  were greater than o r  
equal t o  0, but less than o r  equal t o  660. Because the lengths o f  the three 
quadrants were a l l  1,320 ft, the length coordinates were chosen by l l s t l n g  the 
f i r s t  40 numbers tha t  were greater than o r  equal t o  0 but less than o r  equal 
t o  1,320. These coordinates were recorded i n  the f i e l d  notebook ( refer  t o  
nab1 e 9-5). 

The samples were col lected by a four-person team. Two people remained 
onshore whi 1 e two maneuvered the boat and col lected the samples. The f i r s t  
s a g 1  e i n  the f i r s t  quadrant was collected by launching the boat a t  a distance 
o f  41 ft f r o m  the corner, which was designated the or igin,  0 ft. The boat 
proceeded out i n t o  the lagoon perpendicular t o  the long side o f  the quadrant. 
The person onshore released 134 f t  o f  a measured rope, which allowed the boat 
t o  stop a t  the f i r s t  sampl ing point  (41, 134). The sample was then collected 
wi th  a core sampler and transferred t o  a sample container. This process was 
repeated f o r  a1 1 sampling points i n  the three strata. The sanples were 
properly preserved and stored, and the chain-of-custody records documented the 
t ransfer  o f  sampl es t o  the 1 aboratory . 

Aliquots o f  the samples were composited i n t o  f i v e  composite samples f o r  
each stratum. The mean and variance o f  each stratum were calculated by 
Equations 2(a) and 3(a), respectively. The mean and varlance f o r  the t o t a l  
1 agoon were cal  cbl ated by using Equations 2 (b) and 3 (b) , respect1 vely . 
Equation 6 was used t o  calculate a confidence in terva l  f o r  the leachable 
barium concentration, and the upper 1 i m i t  o f  t h i s  In terva l  was compared with 
the regulatory threshold. (See Table 9-1, Section 9.1 o f  t h i s  chapter, f o r  
equations.) 

As previously mentioned, the operators had recently changed t h e i r  raw 
materials and were a1 so interested i n  discovering i f  the current ly generated 
waste was nonhazardous o r  i f  port ions o f  t h i s  waste stream were nonhazardous. 
As described above, the waste e f f luent  f o r  the f i r s t  16 h r  o f  the day was 
d i f f e ren t  from tha t  discharged during the l a s t  8 hr. However, because the 
same large pluablng system was used f o r  both waste streams, there were two 2- 
h r  periods during which the dlscharged waste was a mixture o f  the two 
d i f f e ren t  wastes. 

With the above objectives i n  mind, the operators decided t o  employ 
s t r a t i f i e d  random sampl ing  with four s t ra ta  occurring over t ime, as opposed t o  
the s t ra ta  i n  space tha t  were employed f o r  sampl ing  the lagoon. The four tlme 
s t ra ta  were from 6:00 t o  8:00 hr, from 8:00 t o  20:OO hr, from 20:OO t o  22:OO 
hr, and from 22:OO t o  6:00 h r  the fol lowing day. The two 2-hr s t rata were 
those time periods during which the. waste was a mixture of the two d l f fe ren t  
waste streams. The 12-hr stratum was the time period durlng whlch the large- 
sized par t i cu la te  black waste was being discharged. The smal l e r  par t icu late 
white waste was being dlscharged during the 8-hr stratum. 
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TABLE 9-5. RANDOM COORDINATES FOR EACH STRATUM 
IN THE 40-ACRE SETTLING LAGOON 

Sampl i ng 
Point 

Length 
(ft) 

Width 
(ft) 

Stratum # l  
TJEag- 

Stratum t 2  
0 

Stratum 13 
glmq- 
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The f low r a t e  was constant throughout the 24-hr period, and there were no 
precis ion data avai lable f o r  the waste. Therefore, i t  was decided tha t  the 
number o f  samples co l lec ted i n  the 8- and 12-hr s t ra ta  would be proportional 
t o  time. Because the 2-hr periods were times during which the composition of 
the waste was changing, i t  was decided t o  co l l ec t  more samples t o  get a more 
precise estimate of the average composition of the waste during these time 
strata.  Thus a t o t a l  o f  28 samples was collected. 

The samples were co l lec ted a t  randomly chosen times w i th in  each time 
stratum. The random sampling times were chosen by employing a random-number 
table. A f t e r  ind iscr iminate ly  selecting a s ta r t i ng  point, the f i r s t  four 
numbers greater than o r  equal t o  0, but less than o r  equal t o  120 were 
selected f o r  the 120-min s t ra ta  from 6:00 t o  8:00 hr. These minutes were then 
added t o  the s ta r t i ng  time t o  determine when the four  samples would be 
col lected. I n  s im i l a r  fashion, the remaining 24 sampling times were chosen, 
The random-number data were recorded i n  a laboratory notebook ( re fer  t o  Table 
9-6). 

The samples were co l lec ted from the waste i n f l uen t  pipe wi th  a wide-mouth 
b o t t l e  a t  the randomly chosen sampling times. The samples were properly 
preserved and stored and shipped t o  the laboratory, along wi th  chain-of- 
custody records. The samples were subjected t o  analysis, and the data were 
eval uated i n  a manner sin11 l a r  t o  t ha t  employed f o r  the samples o f  sludge 
co l lec ted i n  the d i f f e r e n t  s t ra ta  o f  the lagoon. 

9.2.2.2 Waste 

The sampling plan must address a number of factors i n  addi t ion t o  
s t a t i  s t i c a l  considerations. Obviously, one of the most important factors i s  
the waste i t s e l f  and i t s  properties. The fol lowing waste propert ies are 
examples o f  what must be considered when deslgning a sampling plan: 

1. Ph s i ca l  state: The physical s ta te  o f  the waste w i l l  a f f ec t  most 
sampling e f f o r t .  The sampl i ng  device w i l l  vary 

according t o  whether the sample i s  l i qu id ,  gas, sol id,  o r  
multiphasic. I t w i l l  a lso vary according t o  whether the l i q u i d  i s  
viscous o r  free-flowing, o r  whether the s o l i d  i s  hard o r  soft,  
powdery, mono1 i th i c ,  o r  c l  ay-1 i ke. 

Wide-mouth sample containers w i l l  be needed f o r  most s o l i d  samples 
and f o r  s l  udges o r  1 iquids w i th  substanti a1 amounts o f  suspended 
matter. Narrow-mouth containers can be used f o r  other wastes, and 
bo t t l es  wi th  a1 r - t i g h t  closures w i l l  be needed f o r  gas samples o r  
gases adsorbed on sol  ids  o r  dissolved i n  1 iquids. 

The physical s ta te  w i  11 a1 so a f f ec t  how sampling devices are 
deployed. A d i f f e r e n t  plan w i l l  be developed f o r  sampling a s o i l -  
11 ke waste t h a t  can eas i l y  support the weight o f  a sampl i ng  team and 
i t s  equipment than f o r  a lagoon f i l l e d  wi th  a viscous sludge o r  a 
1 i q u i d  waste. 
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TABLE 9-6. RANDOM TIMES FOR THE WASTE EFFLUENT 

Sampl i ng 
Point 

Random 
Minute 

Stratum #l 
(6:00 t o  8:00 
hours) 

Stratum 82 
(8:00 t o  20:OO 
hours) 

Stratum 83 
(20:OO t o  22:oo 
hours) 

Stratum 84 
-6 : 00 

hours 
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The sampling strategy will have to  vary i f  the physical s t a t e  of the 
waste allows fo r  s t ra t i f ica t ion  (e.g., liquid wastes that  vary in 
density o r  viscosity o r  have a suspended solid phase), 
homogeni zat i on o r  random heterogeneity . 

2. Volume: The volume of the waste, which has t o  be represented by the 
a s  collected, will have an effect  upon the choice of sampling 
equipment and strategies.  Sampl ing a 40-acre lagoon requires a 
different  approach from sampl I ng a 4-sq-ft container. A1 though a 
3-ft  depth can be sampled with a Coliwasa o r  a drum thief ,  a 
weighted bott le  may be required to  sample a 50-ft depth. 

3. Hazardous propertl es : Safety and heal t h  precautions and methods of 
m n g  will vary dramatically with the toxic1 ty, 
i gni tab1 1 i ty, corrosi vi ty,  and react1 vi t y  of the waste. 

4. Com osition: The chosen sampling strategy will ref lect  the 
, random heterogeneity, or  s t ra t i f ica t ion  of the waste i n  
time o r  over space. 

9.2.2.3 S i t e  

Si te-speci f i c  factors must be considered when designing a sampl i ng plan. 
A thorough examination of these factors wlll minimize oversights that  can 
affect  the success of sampling and prevent attainment of the program 
objectives. A t  least  one person involved i n  the design and implementation of 
the sampling plan should be familiar w i t h  the s i t e ,  o r  a presampling s i t e  
v i s i t  should be arranged. I f  nobody is fami 1 t a r  with the s i t e  and a v i s i t  
cannot be arranged, the sampling plan must be written t o  account fo r  the 
possible contlngencl es. Examples of s i  te-speci f l  c factors that  should be 
considered follow: 

1. Accesslbf 1 1 ty: The accessi bll i ty  of waste can vary substantial ly. 
Some wastes are accessed by the simple turning of a valve; others 
may require that  an ent ire  tank be emptied o r  tha t  heavy equipment 
be employed. The accessibili ty of a waste a t  the chosen 
sampling location must be determined prior t o  design of a sampling 
pl an. 

Waste generatf on and handl I ng: The waste generation and handl i ng 
process must be understood t o  ensure that collected samples are 
representative of the waste. Factors which must be known and 
accounted fo r  in the sampling plan include: i f  the waste is  
generated in batches; i f  there i s  a change i n  the raw materials used 
in a manufacturing process; i f  waste composition can vary 
substantially as a function of process temperatures or  pressures; 
and i f storage time a f t e r  generation may vary. 

3. Transi tory events : Start-up, shut-down, slow-down, and ma1 ntenance 
transients can resul t  in the generation of a waste that  i s  not 
representative of the normal waste stream. I f  a sample was 
un know1 ngl y col 1 ected a t  one of these intervals, incorrect 
concl usions could be drawn. 
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4. Cl lmate: The sampl lng plan should specify any clothing needed for 
personnel to  accommodate any extreme heat o r  cold that  may be 
encountered. Dehydration and extensive exposure to  s u n ,  Insects, o r  
pol sonous snakes must be cons1 dered . 

5. Hazards: Each s i t e  can have hazards -- both expected and 
unexpected. For example, a general understanding of a process may 
lead a sampling team to  be prepared for deal lng wl t h  toxic or  
react1 ve materi a1 , but not for  deal I ng w i t h  an electrical hazard or 
the potentlal for  suffocation i n  a confined space. A thorough 
sampl lng plan will Include a health and safety plan that  wlll 
counsel team members t o  be a le r t  t o  potentlal hazards. 

Equ I pment 

The cholce of sampl lng equlpment and sample containers w i  11 depend upon 
the previously descrl bed waste and s l  t e  conslderatlons. For the fol low1 ng 
reasons, the analytical chemlst wlll play an Important role i n  the selection 
of sampl I ng equl pment : 

1. The analytlcal chemlst Is aware of the potentlal interactions 
between sampl i ng equlpment o r  contal ner materi a1 w i t h  analytes of 
interest.  As a result,  he/she can suggest a material that  mlnlmlzes 
losses by adsorptlon, vol at1 1 lzatlon, or  contaml natlon caused by 
leach1 ng from contal ners o r  sampl i ng devl ces. 

2. The analytl cal cheml st can specify clean1 ng procedures for sampl lng 
devices and contal ners that  mlnimize sample contaml natlon and cross 
contami natl on between consecutl ve sampl es. 

3. The analytl cal cheml st I s  awareness of analyte-speci f i c  propertl es I s 
useful I n  selectlng the optimum equlpment (e.g., cholce of sampling 
devices that  minimize agitation for those samples that wlll be 
subjected to  analysis for  volatile compounds). 

The final cholce of containers and sampl lng devices wlll be made jointly 
by the analytlcal chemist and the group designing the sampling plan. The 
factors that  wlll be considered when choosing a sampllng device are: 

1. Neqatl ve contaml natl on : The potent1 a1 for  the measured analyte 
concentration t o  be a r t l f l c la l ly  low because of losses from 
vol at1 1 I zatlon or adsorptlon. 

2. Positive contamlnatlon: The potential for the measured analyte to  w 
be a r t i f l ca l ly  high because of leaching or  the lntroductlon of 
foreign matter lnto the sample by particle fa1 lout o r  gaseous a i r  
contaml nants. 

P 
lrrmu 

3. Cross contamlnatlon: A type of positive contamination caused by the m 
lntroductlon of part of one sample lnto a second sample during 
sampl I ng, shlppl ng , or  storage. kbi 
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4. Required sample volume f o r  physical and/or chemical analysis. 

5. "Ease o f  useu o f  the sampl i ng  device and containers under the 
condi t ions t h a t  w i  11 be encountered on-site. This includes the ease 
o f  shipping t o  and from the s i t e ,  ease o f  deployment, and ease o f  
c l  eani ng . 

6. The degree of hazard associated w i  t h  the deployment o f  one sampl i ng  
device versus another. 

Cost o f  the sampling device and o f  the labor  f o r  i t s  deployment. 7.  - 
This sect ion describes examples o f  sampl ing  equipment and suggests 

po ten t i a l  uses f o r  t h i s  equipment. Some o f  these devices are comnercially 
avai lable,  but  others w i l l  have t o  be fabr icated by the user. The information 
i n  t h i s  sect ion i s  general i n  nature and therefore l imi ted.  

Because each sampling s i t ua t i on  i s  unique, the  c i t e d  equipment and 
appl i ca t ions  may have t o  be modif ied t o  ensure t h a t  a representat ive sample i s  
co l lec ted  and i t s  physical and chemical i n t e g r i t y  are maintained. It i s  the 
responsi b i  1 i t y  o f  those persons conducting sampl i ng programs t o  make the 
appropriate modi f i  cations. 

Tab1 e 9-7 contains examples o f  sampl i ng equipment and potent i  a1 
appl icat ions.  It should be noted t ha t  these suggested sampling devices may 
not  be appl icable t o  a user 's s i t ua t i on  due t o  waste- o r  s i te -spec i f i c  
factors. For example, i f  a waste i s  h igh ly  viscous o r  i f  a sol i d  i s  clay- 
1 i ke, these proper t ies  may preclude the use o f  ce r ta in  sampling devices. The 
s ize  and depth o f  a lagoon o r  tank, o r  d i f f i c u l t i e s  associated w i t h  accessing 
the  waste, may also preclude use o f  a given device o r  require modi f ica t ion o f  
i t s  deployment. 

The most important fac tors  t o  consider when choosing containers f o r  
hazardous waste samples are compati b i  1 i t y  w i th  the waste, cost, resistance t o  
breakage, and volume. Containers must not  d i s t o r t ,  rupture, o r  leak as a 
r e s u l t  o f  chemical react ions w i t h  cons i t i tuents  o f  waste samples. Thus, i t  i s  
important t o  have some idea o f  the  proper t ies  and composition o f  the waste. 
The containers must have adequate wal l  thickness t o  withstand hand1 i n g  during 
sampl e co l  1 ec t ion  and t ranspor t  t o  the 1 aboratory. Containers w i t h  wide 
mouths are o f t en  desirable t o  f a c i  1 i t a t e  t rans fe r  o f  samples from samplers t o  
containers. Also, the  containers must be large enough t o  contain the optimum 
sample vol ume. 

Containers f o r  col  1 e c t i  ng and s to r ing  hazardous waste samples are usual l y  
made of p l a s t i c  o r  glass. P las t i cs  t h a t  are commonly used t o  make the 
containers i nc l  ude high-densi t y  o r  1 i near polyethylene (LPE) , conventional 
polyethylene, polypropylene, polycarbonate, Teflon FEP ( f luor inated ethylene 
propylene) , po lyv iny l  ch lo r ide  (PVC) , o r  polymethylpentene. Teflon FEP i s  
almost un ive rsa l l y  usable due t o  i t s  chemical inertness and resistance t o  
breakage. However, i t s  high cost  severely 1 i m i t s  i t s  use. LPE, on the other 
hand, usual ly  o f f e r s  the best  combination o f  chemical resistance and low cost 
when samples are t o  be analyzed f o r  inorganic parameters. 
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Collwasa N/A 
Ilquids d 

N/A N/A Upper N/A 
bottle 

mppu 

alurrles 

Mer N/A Mer hi r r  Trier a a 

mist Trier h i r r  Mer Mer Trier Mer Riar Smvel Upper 
paders 
or grarules 

pders Thief Thief h i e f  Thief a Zhief Zhief shovll Ripper 
or g r a d e s  

Sand or kger kg- kger Aqger Zhief lhirf a Upper Ripper 
packed 
padem 
d-= 

me -W Inrse luge Iarge Iage Iage Trier Upper 
g r m  Mer Mcr M e r  Mcr Trier Tricr h i r r  
solids 

%& type of situatian cal -t s ~ f ~ t  lqltical ~ ~ W C I P E ,  d CMmpliq 
equlpaent mrst be spedficdlly dectsd or d e e l g d  besd an site a d  mste aarditlans. No gemml. 
statems~t abcn~t appropriate rquipmt cm be mah. 
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Glass containers are r e l a t i v e l y  I n e r t  t o  most chemicals and can be used 
t o  co l  l e c t  and s to re  almost a1 1 hazardous waste samples, exept those t ha t  
contain strong a1 k a l l  and hydrof luor ic  acid. Glass soda bo t t l es  are suggested 
due t o  the1 r low cost  and ready ava i l  a b i l  I ty.  Borosl l  l ca te  glass containers, 
such as Pyrex and Corex, are more i n e r t  and more res is tan t  t o  breakage than 
soda glass, bu t  are expensive and not  always read1 l y  ava i l  able. Glass 
containers are general ly  more f r a g i l e  and much heavier than p l a s t i c  
containers. Glass o r  FEP containers must be used f o r  waste samples t ha t  w i l l  
be analyzed fo r  organic compounds. 

The containers must have t i g h t ,  screw-type l i d s .  P las t i c  bo t t les  are 
usual ly  provided w i  t h  screw caps made o f  the same mater ia l  as the bot t les.  
But t ress threads are recommended. Cap 1 ine rs  are not  usual ly  required f o r  
p l a s t i c  containers. Tef lon cap l i n e r s  should be used w i th  glass containers 
suppl ied w i th  r i g i d  p l a s t i c  screw caps. (These caps are usual ly  provided wi th  
waxed paper 1 iners.) Teflon 1 ine rs  may be purchased from p l  a s t i c  spec ia l ty  
supply houses. (e.g., S c i e n t i f i c  Spec ia l t ies  Service, Inc., P.O. Box 352, 
Randal 1 stown, Maryland 21133). Other 1 ine rs  t ha t  may be su i tab le  are 
polyethylene, polypropylene, and neoprene p l  ast ics.  

I f  the samples are t o  be submitted f o r  analysis o f  v o l a t i l e  compounds, 
the  samples must be sealed i n  a i r - t i g h t  containers. 

P r i o r  t o  sampling, a de ta i led  equipment l i s t  should be compiled. This 
equipment l i s t  should be comprehensive and leave nothing t o  memory. The 
categories o f  mater ia ls  t h a t  should be considered are: 

1. Personnel equipment, which w i l l  inc lude boots, r a i n  gear, disposable 
covera l l  s , face masks and c a r t r i  dges , gloves, etc. 

2. Safety equipment, such as por tab le  eyewash s ta t ions and a f i r s t - a i d  
k i t .  

3.  F i e l d  t e s t  equipment, such as pH meters and Draeger tube samplers. 

4. An ample supply of containers t o  address the f a c t  t ha t  once i n  the 
f i e l d ,  the  sampl i ng team may want t o  co l  l e c t  50% more samples than 
o r i g i n a l l y  planned o r  t o  c o l l e c t  a l i q u i d  sample, although the 
sampling plan had spec i f ied so l ids  only. 

5. Addi t ional  sampling equipment f o r  use I f  a problemarises,  e.g., a 
t oo l  k i t .  

6. Shipping and o f f i c e  supplies, such as tape, labels,  shipping forms, 
chal n-of-custody forms and seals, f i e l d  notebooks, random-number 
tables,  scissors, pens, etc. 

Composite L iqu id  Waste Sampler (Col iwasa) 

The Col iwasa i s  a device employed t o  sample free-f lowing 1 iqu ids  and 
s l u r r i e s  contained i n  drums, shallow tanks, p i t s ,  and s im i l a r  containers. It 
i s  espec ia l ly  useful  f o r  sampling wastes t h a t  consist  o f  several immiscible 
1 iquid phases. 
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The Coliwasa consists o f  a glass, p las t ic ,  o r  metal tube equipped w i th  an 
end closure tha t  can be opened and closed while the tube i s  submerged i n  the 
materi a1 t o  be sampled ( re fe r  t o  Figure 9-9). 

Weiqhted Bot t le  

This sampler consists o f  a glass o r  p l a s t i c  bo t t le ,  sinker, stopper, and 
a 1 ine  tha t  i s  used t o  lower, raise, and open the bot t le .  The weighted b o t t l e  
samples l iqu idsandf ree- f low ing  s lur r ies.  A w e i g h t e d b o t t l e w i t h l i n e i s  
b u i l t  t o  the speci f icat ions i n  ASTM Methods D270 and E300. Figure 9-10 shows 
the conf igurat ion o f  a weighted-bottl e sampler. 

Dipper 

The dipper consists o f  a glass o r  p l a s t i c  beaker clamped t o  the end o f  a 
two- o r  three-piece telescoping a1 uminum o r  f i  berg1 ass pole t h a t  serves as the 
handle. A dipper samples 1 iquids and free-f lowi ng s lur r ies.  Dippers are not 
avai lable commercially and must be fabricated (Figure 9-11). 

Thief 

A t h ie f  consists o f  two s lo t ted  concentric tubes, usual ly made o f  
stainless steel o r  brass. The outer tube has a conical pointed t i p  tha t  
permits the sampler t o  penetrate the material being sampled. The inner tube 
i s  rotated t o  open and close the sampler. A . t h i e f  i s  used t o  sample dry 
granules o r  powdered wastes whose p a r t i c l e  diameter i s  less than one-third the 
width of the slots.  A t h i e f  (Figure 9-12) i s  avai lable a t  laboratory supply 
stores. 

T r i e r  

A t r i e r  consists o f  a tube cut  i n  ha l f  lengthwise w i th  a sharpened t i p  
tha t  allows the sampler t o  cut  i n t o  s t i cky  so l ids and t o  loosen so i l .  A t r i e r  
samples moist o r  s t i cky  so l ids wi th  a p a r t i c l e  diameter less than one-half the 
diameter of the t r i e r .  Tr iers  61 t o  100 cm long and 1.27 t o  2.54 cm i n  
diameter are avai lab le  a t  laboratory supply stores. A large t r i e r  can be 
fabr icated (see Figure 9-13). 

Auger 

An auger consists o f  sharpened sp i ra l  blades attached t o  a hard metal 
central  shaft. An auger samples hard o r  packed sol i d  wastes o r  so i l .  Augers 
are avai 1 able a t  hardware and 1 aboratory supply stores. 

Scoops and Shovels 

Scoops and shovels are used t o  sample granular o r  powdered material I n  
bins, shal l  ow containers, and conveyor be1 ts.  Scoops are avai 1 abl e a t  
1 aboratory supply houses. Fl  at-nosed shovel s are avai 1 able a t  hardware 
stores. 
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Flgun W. Composite liquid mtrs sampler (Coliwma). 
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Washer 

Figure 9-10. Weighted bottle sampler. 

Nut 
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Figure 912. Thief ampler. 
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Figure 9-13. ampling triers. 
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Bai 1 e r  

The b a i l e r  i s  employed f o r  sampling wel l  water. It consists o f  a 
container attached t o  a cable t h a t  i s  lowered i n t o  the  we l l  t o  r e t r i e v e  a 
sample. Ba i le rs  can be o f  various designs. The s implest  i s  a weighted b o t t l e  
o r  basa l l y  capped 1 ength o f  p ipe  t h a t  f i  11 s from the top  as i t  i s  lowered i n t o  
the wel l .  Some b a i l e r s  have a check valve, located a t  the  base, which al lows 
water t o  enter  from the bottom as i t  i s  lowered i n t o  t he  we1 1. When the 
b a i l e r  i s  l i f t e d ,  the  check valve closes, a l lowing water i n  the b a i l e r  t o  be 
brought t o  the  surface. More sophist icated b a i l e r s  are  ava i lab le  t h a t  remain 
open a t  both ends whi le  being lowered, bu t  can be sealed a t  both top  and 
bottom by a c t i v a t i n g  a t r i g g e r i n g  mechanism from the  surface. This a1 lows 
more r e l i a b l e  sampling a t  d i sc re te  depths w i t h i n  a wel l .  Perhaps the  best- 
known b a i l e r  o f  t h i s  l a t t e r  design i s  the Kemmerer sampler. 

Bai l e r s  genera l ly  provide an excel 1 ent  means f o r  c o l l  ec t i ng  samples from 
moni tor ing wells. They can be constructed from a wide v a r i e t y  o f  mater ia ls  
compatible w i  t h  the  parameter o f  i n te res t .  Because they are re1 a t i  ve ly  
inexpensive, b a i l e r s  can be eas i l y  dedicated t o  an i nd i v i dua l  we l l  t o  minimize 
cross contamination dur ing sampling. I f  no t  dedicated t o  a we l l ,  they can be 
eas i l y  cleaned t o  prevent cross contamination. Unfortunately,  ba i  1 ers are 
f requent ly  no t  su i ted  f o r  we1 1 evacuation because o f  t h e i r  small volume. 

Suction Pumps 

As the name impl ies,  suct ion pumps operate by c rea t ing  a p a r t i a l  vacuum 
i n  a sampling tube. This vacuum a1 lows the pressure exerted by the atmosphere 
on the water i n  the we1 1 t o  force water up the tube t o  the surface. 
Accordingly, these pumps are located a t  the  surface and requ i re  on ly  t h a t  a 
transmission tube be lowered i n t o  the we1 1. Unfortunately, t h e i r  use i s  
l i m i t e d  by t h e i r  re l i ance  on suct ion t o  depths o f  20 t o  25 ft, depending on 
the pump. I n  add i t ion,  t h e i r  use may r e s u l t  i n  out-gassing of  d issolved gases 
o r  vol  a t i  1 e organics and i s  therefore  1 i m i  ted  i n  many sampl i ng appl ica t ions.  
I n  s p i t e  o f  t h i s ,  suct ion methods may provide a su i t ab le  means f o r  wel l  
evacuation because the water remaining i n  the we1 1 i s  l e f t  reasonably 
undisturbed. 

A v a r i e t y  o f  pumps t h a t  operate on t h i s  p r i n c i p l e  are ava i lab le ,  b u t  the 
ones most commonly suggested f o r  moni tor ing purposes are t he  cen t r i f uga l  and 
p e r i s t a l t i c  pumps. I n  the cen t r i fuga l  pump, the  f l u i d  i s  d isplaced by the 
ac t ion  o f  an impe l le r  r o t a t i n g  i ns i de  the pump chamber. This discharges water 
by cen t r i f uga l  force. The r e s u l t i n g  pressure drop i n  the chamber creates a 
suct ion and causes water t o  enter  the in take p ipe i n  the  wel l .  These pumps 
can prov ide substant ia l  y i e l d s  and are r e a d i l y  avai 1 able and inexpensive. The 
disadvantages are t h a t  they requ i re  an external  power source and may be 
d i f f i c u l t  t o  clean between sampling events. I n  add i t ion,  t he  mater ia ls  w i t h  
which these pumps are constructed may frequently be incompatible w i t h  c e r t a i n  
sample const i tuents.  However, t h e i r  substanti  a1 pumping ra tes  make them 
su i t ab le  f o r  we1 1 evacuation. 
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P e r i s t a l t i c  pumps operate i n  a manner s im i l a r  t o  cen t r i fuga l  pumps but  
d isplace the f l u i d  by mechanical pe r i s t a l s i s .  A f l e x1  b l e  transmission 1 ine  i s  
mounted around the perimeter o f  the pump chamber, and ro ta t i ng  r o l l e r s  
compress the tub1 ng, f o r c i  ng f 1 u i d  movement ahead (the per1 s t a l  t i c  e f fec t )  and 
inducing suct ion behind each r o l l e r .  This design i so la tes  the sample f r o m  the 
moving p a r t  o f  the pump and a1 lows f o r  easy cleaning by removal and 
rep1 acement o f  the f 1 ex1 b l  e tubing. Unfortunately, p e r i s t a l t i c  pumps are 
general l y  capable o f  prov id ing on ly  r e l a t i v e l y  low y ie lds .  They are, 
therefore, no t  idea l  l y  su i ted  t o  we1 1 evacuation. 

Pos i t i ve  Di spl  acement Pumps 

A va r i e t y  o f  p o s i t i v e  displacement pumps are ava i lab le  f o r  use i n  with- 
drawing water f r o m  wells. These methods u t i l i z e  some pumping mechanism, 
placed i n  the wel l ,  t h a t  forces water f r o m  the bottom of the we1 1 t o  the 
surface by some means o f  posi  ti ve d i  spl acement . This minimizes the po ten t ia l  
f o r  aerat ing o r  s t r i pp ing  v o l a t i l e  organics from the sample during removal 
from the  well .  

The submersible cen t r i fuga l  pump i s  one common example o f  a pos i t i ve  
displacement pump. It works i n  a manner s i m i l a r  t o  the cent r i fuga l  suct ion 
1 i f t  pump previously described, except that ,  i n  t h i s  case, both the pump and . 
e l e c t r i c  motor are lowered i n t o  the we1 1. As the impel ler  ro ta tes and f l u i d  
i s  brought i n t o  the  pump, f l u i d  i s  displaced up the transmission l i n e  and out  
o f  the well .  These pumps are capable o f  prov id ing a high y ie ld .  However, 
they requ i re  an external source o f  power and are f requent ly constructed w i t h  
mater ia ls  and contain 1 ubr icants incompatible w i t h  ce r ta in  sample 
const i tuents,  p a r t i c u l a r l y  organics. They a1 so ' requ i re  considerable equipment 
and e f f o r t  t o  move from we1 1 t o  we1 1. Cleaning between sampling events i s  
d i f f i c u l t  as wel l ,  and, u n t i l  recently, they have no t  been ava i lab le  f o r  wel l  
diameters smaller than 3 in .  

Piston-driven o r  rec iprocat ing p is ton  pumps are another example o f  comnon 
p o s i t i v e  displacement pumps. These pumps consist  o f  a p is ton  i n  a submerged 
cy l i nde r  operated by a rod connected t o  the d r i ve  mechanism a t  the surface. A 
f l a p  valve o r  b a l l  -check valve i s  located immediately above o r  be1 ow the 
p i s t on  c y l  inder. As the p i  ston i s  lowered i n  the cyl inder,  the check valve 
opens, and water f i l l s  the chamber. On the upstroke, the check valve closes, 
and water i s  forced out  o f  the cyl inder,  up i n t o  the transmission l i ne ,  and t o  
the surface. The transmission l i n e  o r  p is ton  contains a second check valve 
t h a t  closes on the downstroke, preventing water f r o m  re-entering the cyl inder. 
These pumps are capable o f  prov id ing high y ie lds .  However, moving these pumps 
from wel l  t o  we1 1 i s  d i f f i c u l t ,  and t h e i r  use i n  monitoring programs may 
requ i re  t h a t  a pump be dedicated t o  each we1 1. Many o f  these pumps may not  be 
constructed w i t h  mater ia l  s compatible w i t h  monitoring ce r t a i n  constituents. 

A special adaptation o f  t h i s  pump has recent ly  become ava i lab le  f o r  use 
i n  ground water monitoring. These p is ton pumps use compressed gas, ra ther  
than a rod connected t o  a d r i v i n g  mechanism a t  the surface, t o  d r i ve  the 
pistons. This provides a much more convenient and por tab le  means f o r  
co l  1 ec t  i ng sampl es from monitoring we1 1 s. Compressed-gas pumps provide good 
y i e l d s  and can be constructed w i t h  mater ia ls compatible w i t h  many sampling 
programs. 
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Another pos i t i ve  d i  spl  acement pump appl i cab1 e f o r  monitoring purposes i s 
the gas-operated squeeze pump. This pump was o r i g i n a l l y  developed by R. F. 
Middleburg o f  the U.S.G.S. and consequently i s  re fer red t o  as the Middleburg 
pump. It consists p r i n c i p a l l y  of a co l laps ib le  membrane ins ide  a long, r i g i d  
housing, a compressed gas supply, and appropriate control  valves. When the 
pump i s  submerged, water enters the co l laps ib le  membrane through the bottom 
check valve. A f te r  the membrane has f i l l e d ,  gas pressure i s  applied t o  the 
annular space between the r i g i d  housing and membrane, fo rc ing  the water upward 
through a sampling tube. When the pressure i s  released, the top check valve 
prevents the sample from f lowing back down the discharge 1 ine, and water from 
the wel l  again enters the pump through the bottom check valve. 

Gas-operated squeeze pumps o f f e r  a number o f  advantages f o r  use i n  ground 
water monitoring programs. They can be constructed i n  diameters as small as 1 
in. and f r o m  a wide var ie ty  of materials. 'They are a1 so r e l a t i v e l y  portable 
and are capable o f  providing a f a i r  range o f  pumping rates. Most important, 
the d r i v i ng  gas does not  contact the water sample, so t h a t  possible 
contamination o r  gas s t r ipp ing  does not  occur. However, they do require a gas 
source, and withdrawal o f  water from substantial depths may requi re large gas 
volumes and long pumping cycles. 

Jet  pumps, a comnon type o f  submers.l b l e  pump used i n  small domestic water 
wells, may i n  some cases be suggested f o r  use i n  monitoring we1 1s. These 
pumps operate by i n jec t i ng  water through a p ipe down i n t o  the wel l .  A ventur i  
device i s  located a t  the intake por t ion  o f  the pump. As the water in jected 
from the surface passes through the constr icted por t ion  o f  the venturi , the 
ve loc i ty  i ncreases and pressures decrease accord1 ng t o  Bernoul 1 i ' s p r i  nc i  p l  e. 
I f  the d i  scharge ve loc i ty  a t  the nozzle i s  great enough, the pressure a t  t h i s  
po in t  w i l l  be lowered s u f f i c i e n t l y  t o  draw water i n t o  the ventur i  assembly 
through the in take and t o  b r ing  i t  t o  the surface w i th  the o r i g ina l  water 
in jec ted  i n t o  the well .  This addi t ional  increment o f  water i s  then made 
avai lable a t  the surface as the pump's output. Because j e t  pumps require 
priming w i th  water and because the water taken from the wel l  mixes w i th  water 
c i r cu la t i ng  i n  the system, they are c lea r l y  not applicable t o  co l l ec t i ng  
samples f o r  moni t o r i n g  purposes. For s im i l a r  reasons, the1 r use i s  not 
recommended f o r  we1 1 evacuation. 

Pressure-Vacuum Lysi meters 

The bas1 c construction o f  pressure-vacuum lysimeters (Wood, 1973), shown 
i n  Figure 9-14, consists o f  a porous ceramic cup, w i th  a bubbling pressure o f  
1 bar o r  greater, attached t o  a short piece o f  PVC pipe o f  su i tab le diameter. 
Two tubes extend down i n t o  the device, as i 1 lustrated. Data by S i  1 kworth and 
G r i  gal (1981) i ndi cate that,  o f  the two commerci a1 l y  avai 1 able sampler sizes 
(2.2 and 4.8 cm d l  ameter) , the 1 arger ceramic cup sampl e r  i s more re1 i abl e, 
inf luences water qua1 i t y  less, and y ie lds  samples o f  sui  tab1 e volume f o r  
analysis. 

Detai 1 ed i n s t a l  l a t i o n  i nstruct ions fo r  pressure-vacuum lysimeters are 
given by Parizek and Lane (1970). S ign i f i can t  mod1 f i c a t i o n  may be necessary 
t o  adapt these instruments t o  f i e l d  use when heavy equipment i s  used. To 
prevent channel 1 i ng o f  contaminated surface water d l  r e c t l y  t o  the sampl i ng 
device, the sampler may be i n s t a l  led  i n  the side wal l  o f  an access trench. 
Because random placement procedures may locate a sampler i n  the middle o f  an 
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Figure 9-14. One example of a pressurevacuum lysimeter (Wood, 1873). 
Reprinted by permission of the American Geophysical Union. 
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act ive  area, the sample co l l ec t i on  tube should be protected a t  the surface 
from heavy equipment by a manhole cover, b r i g h t l y  painted steel  cage, o r  other 
structure. Another problem associated w i th  such sampler placement i s  t h a t  i t s  
presence may a1 t e r  waste management a c t i v i t i e s  (i .e., waste appl i cations, 
t i l l i n g ,  etc., w i l l  avoid the location); therefore, the sampler may not  y i e l d  
representative leachate samples. This problem may be avoided by running the 
col  1 e c t i  on tube hor izontal  l y  underground about 10 m before surfacing . 

For sampling a f t e r  the u n i t  i s  i n  place, a vacuum i s  placed on the system 
and the tubes are clamped o f f .  Surrounding s o i l  water i s  drawn i n t o  the 
ceramic cup and up the polyethylene tube. To c o l l e c t  the water sample, the 
vacuum i s  released, and one tube i s  placed i n  a sample container. A i r  
pressure i s  applied t o  the other tube, forc ing the l i q u i d  up the tube and i n t o  
the sample container. Prel i m i  nary t es t i ng  should ensure t h a t  waste products 
can pass i n t o  the ceramic cup. If sampl i ng f o r  organics, an i n e r t  tubing, 
such as one made o f  Teflon, should be subst i tuted f o r  the polyethylene pipe t o  
prevent organic contamination. 

The major advantages o f  these sampling devices are t h a t  they are eas i l y  
avai 1 able, re1 a t i  vely inexpensive t o  purchase and i n s t a l  1 , and qu i te  re1 i abl e. 
The major disadvantage i s  the potent i  a1 f o r  water qua1 i t y  a1 te ra t ions  due t o  
the ceramic cup; t h i s  possible problem requires fu r the r  test ing.  For a given 
i ns ta l l a t i on ,  the device chosen should be speci f ica l  l y  tested using solut ions 
containing the soluble hazardous constituents o f  the waste t o  be land treated. 
This device i s  not  recomnended f o r  v o l a t i  l e s  unless a special t r ap  device i s  
used (Hazardous Waste Land Treatment, SW-874) . 

Vacuum Extractor 

Vacuum extractors were developed by Duke and Haise (1973) t o  ext ract  
moisture f r o m  so i  1s above the ground water table. The basic device consists 
o f  a s ta in less steel  trough tha t  contains ceramic tubes packed i n  s o i l .  The 
u n i t  i s  s ized no t  t o  i n te r fe re  w i th  ambient s o i l  water po ten t ia ls  (Corey, 
1974); i t  i s  i n s t a l l e d  a t  a given depth i n  the s o i l  w i th  a s l i g h t  slope toward 
the co l l ec t i on  bo t t le ,  which i s  i n  the bottom o f  an adjacent access hole. The 
system i s  evacuated and moisture i s  moved from the adjacent s o i l  i n t o  the 
ceramic tubes and i n t o  the co l lec t ion  bot t le ,  from which i t  can be withdrawn 
as desired. The advantage o f  t h i s  system i s  t ha t  i t  y i e l d s  a quant i ta t i ve  
estimate o f  leachate f l u x  as we1 1 as provides a water sample f o r  analysis. 
The volume o f  co l lected leachate per u n i t  area per u n i t  t ime i s  an estimate o f  
the downward movement o f  leachate water a t  t h a t  depth. The mador 
disadvantages t o  t h i s  system are: i t  i s  del icate; i t  requires a t ra ined 
operator; i t  estimates 1 eachate quant i ty  somewhat 1 ower than actual f i e l d  
drainage; and i t  d is turbs the s o i l  above the sampler. Further d e t a i l s  about 
the use o f  the vacuum ext ractor  are given by Trout e t  a l .  (1975). Performance 
o f  t h i s  device when i ns ta l l ed  i n  c lay  soi 1s i s  general ly poor. 
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Trench Lysi meters 

Trench lysimeters are named for  the large access trench, o r  caisson, 
necessary f o r  operation. Basic instal  lation, as descri bed by Parizek and Lane 
(1970), involves excavating a rather 1 arge trench and shori ng up the side 
walls, taking care t o  leave open areas so that  samplers can be placed i n  the 
side walls. Sample trays are  imbedded in the side walls and connected by 
tubing t o  sample collection containers. The ent ire  trench area i s  then 
covered t o  prevent flooding. One significant danger i n  using this system is 
the potential for  accumulation of hazardous fumes i n  the trench, possibly 
endangering the health and safety of the person collecting the samples. 

Trench lysimeters function by intercepting downward-moving water and 
diverting i t  into a collection device located a t  a lower elevation. The 
Intercepting agent may be an open-ended pipe, sheet metal trough, pan, o r  
other similar device. Pans 0.9 t o  1.2 m i n  diameter have been successfully 
used in the f i e ld  by Tyler and Thomas (1977). Because there is no vacuum 
applied t o  the system, only f ree  water i n  excess of saturation is  sampled. 
Consequently, sampl es are plentiful duri ng rai  ny seasons but  are nonexistent 
during the dry season. 

Another variation of this system is t o  use a funnel f i l l e d  w i t h  clean 
sand inserted into the sidewall of the trench. Free water will drain into a 
collection chamber, from which a sample is periodically removed by vacuum. A 
small sample collection device such as this may be preferable t o  the large 
trench because the necessary hole i s  smaller, so tha t  instal la t ion i s  easier  
(Figure 9-15). 

9.2 -2.5 Qual i ty  ~ssurance  and Qual i ty  Control 

Qual i t y  assurance (QA) can briefly be defined as the process for  ensuring 
tha t  a1 1 data and the decisions based on these data are  technically sound, 
s ta t1  s t i  cal ly val i d, and properly documented. Qual i ty control (QC) procedures 
are the tools employed t o  measure the degree t o  which these qual i ty assurance 
objectives are met. 

A data base cannot be properly evaluated for  accuracy and precision 
unless i t  is  accompanied by qual i ty assurance data. In the case of waste 
evaluation, these qual i ty assurance data resul t  from the implementation of 
qual i t y  control procedures during sampl ing and analysis. Qual i t y  control 
requirements fo r  specific analytical methods are given i n  detai l  i n  each 
method i n  this manual; i n  this subsection, quality assurance and quality 
control procedures f o r  sampl i ng w i  1 1 be discussed. 

Quality control procedures tha t  are employed t o  document the accuracy and 
precision of sampling are: 

1. Tri Blanks: Trip blanks should accompany sample containers t o  and 
h e l d .  These samples can be used t o  detect any contami- 
nation o r  cross-contami nation during hand1 ing and transportation. 

2. Field Blanks: Field blanks should be collected a t  specified 
frequencies, which w i  11 vary according t o  the probability of 
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Figure 9-15. Schematic diagram of a sand filled funnel used to collect 
leachate from the unsaturated zone. 
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contamination or  cross-contamination. Field blanks are often metal - 
and/or organ1 c-free water a1 iquots that  contact sampl ing equipment 
under f i e ld  conditions and are analyzed to  detect any contamination 
from sampl i ng equipment, cross contami nation from previously 
collected samples, o r  contamination from conditions during sampl ing 
(e.g., airborne contaminants that are not from the waste being 
sampl ed) . 

3. Field Du l icates: Field duplicates are collected a t  specified 
*are employed to  document preci s i  on. The preci s i  on 
resulting from f ie ld  duplicates i s  a function of the variance of 
waste composl t i  on, the vari ance of the sampl i t~g technique, and the 
vari ance of the analytical technique. 

4. Field Spikes: Field spikes are infrequently used t o  determine the 
loss  of parameters of interest  during sampling and shipment to  the 
1 aboratori es. Because spiking i s  done i n  the f ie ld ,  the making of 
spl ked samples o r  spiked blanks i s  susceptible t o  error. In 
addition, compounds can be 1 os t  during spi ki ng , and equipment can be 
contaminated with spiking solutions. To eliminate these and other 
problems, some analysts spike blanks o r  matrices similar to  the 
waste in the laboratory and ship them, along with sample containers, 
t o  the f ield.  This approach also has i t s  limitation because the 
matrix and the handling of the spike are different from those of the 
actual sample. In a1 1 cases, the meaning of a low field-spl ke 
recovery i s d i f f i cu l t  t o  interpret,  and t h u s ,  f ie ld  spikes are not 
comnonly used. 

In addition t o  the above qua1 i ty  control samples, a complete quality 
assurance program wi 11 ensure that  standard operating procedures (SOPs) exi st 
fo r  a l l  essential aspects of a sampling effort .  SOPs should exist  fo r  the 
following steps In a sampling effort:  

1. Definitionof objectives (refer t o  Section 9.2.1). 

2. Design of sampling plans (refer tosec t ion  9.2.2). 

3. Preparation of containers and equipment (refer t o  the specific 
analytical methods). 

4. Maintenance, calibration, .and cleaning of f ie ld  equipment (refer t o  
instrument manual s o r  consult a chemi st for  cleaning protocols) . 

5. Sample preservation, packaging, and shipping (refer to  the 
analytical methods and t o  Section 9.2.2.7). 

6. Health and safety protocols (refer to  Section 9.2.2.6). 

7. Chain-of-custody protocols (refer  to  Section 9.2.2.7). 

In addition to  the above protocols, numerous other QA/QC protocols must 
be employed to  document the accuracy of the analytical portion of a waste 
eval uati on program. 
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9.2.2.6 Health and Safety 

Safety and health m u s t  a1 so be consi dered when i mpl ement i ng a sampl i n  
plan. A comprehensive health and safety plan has three basic elements: (1y 
monitoring the health of f i e ld  personnel ; (2) routine safety procedures; and 
(3) emergency procedures. 

Employees who perform f i e ld  work, as we1 1 as those exposed to  cheniicals 
in the laboratory, should have a medical examination a t  the in i t i a t ion  of 
employment and routinely thereafter.  This exam should preferably be performed 
and evaluated by medical doctors who speci a1 ize I n i ndustri a1 medi ci ne. Some 
examples of parts  of a medical examination that  ought to  be performed are: 
documentation of medical history; a standard physical exam; pulmonary 
functions screening; chest X-ray; EKG; urinalysis; and blood chemistry. These 
procedures are  useful to: (1) document the qua1 i t y  of an employee's health a t  
the time of matriculation; (2) ensure the maintenance of good health; and (3) 
detect early signs of bodily reactions to  chemical exposures so they can be 
treated in a timely fashion. Unscheduled examinations should be performed i n  
the event of an accident, i l lness ,  o r  exposure o r  suspected exposure to toxic 
materi a1 s. 

Regarding safety procedures, personnel should be aware of the common 
routes of exposure to  chemical s (i .e., inhalation, contact, and ingestion) and 
be instructed in the proper use of safety equipment, such as Draeger tube a i r  
samplers to  detect a i r  contamination, and i n  the proper use of protective 
clothing and respiratory equipment. Protocol s should a1 so be def i ned s ta t1  ng 
when safety equipment should be employed and designating safe areas where 
faci 1 i t i  es are avai 1 able for  washing, drinking, and eating. 

Even when the utmost care i s  taken, an emergency si tuat ion can occur as  a 
resul t  of an unanticipated explosion, electr ical  hazard, fa1 1 ,  o r  exposure to  
a hazardous substance. To minimize the impact of an emergency, f ie ld  
personnel should be aware of basic f i r s t  aid and have immediate access to  a 
f i r s t -a id  k i t .  Phone numbers fo r  both police and the nearest hospital should 
be obtained and kept by each team member before entering the s i t e .  Directions 
t o  the nearest hospital should a1 so be obtained so that anyone suffering an 
injury can be transported quickly fo r  treatment. 

9.2.2.7 Chain of Custody 

An essential part  of any sampl inglanalytical scheme i s  ensuring the 
integri ty of the sample from collection to  data reporting. The possession and 
handling of samples should be traceable from the time of collection through 
analysis and f inal  disposition. This documentation of the history of the 
sample i s  referred t o  as chain of custody. 

Chai:: of custody i s  necessary i f  there i s  an possibi l i ty  tha t  the 
analytical data o r  conclusions based upon analytica ? data will be used in 
l i t iga t ion .  In cases where l i t iga t ion  i s  not involved, many of the chain-of- 
custody procedures are s t i l l  useful f o r  routine control of sample flow. The 
components of chain of custody -- sample seals ,  a f ie ld  logbook, chain-of- 
custody record, and sample analysis request sheet -- and the procedures for  
the i r  use are described in t h i s  section. 
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A sample I s  consldered I s consldered t o  be under a person's custody I f  i t  
i s  (1) I n  a person's physlcal possesslon, (2) I n  view o f  the person a f te r  
t a k l  ng possesslon, and (3) secured by tha t  person so tha t  no one can tamper 
w l  t h  It, o r  secured by tha t  person I n  an area tha t  I s  res t r i c ted  t o  authorized 
personnel. A person who has samples i n  custody must comply wlth the f o l  lowlng 
procedures. 

(The material presented here b r i e f l y  sumnarlzes the major aspects o f  
chain o f  custody. The reader i s  referred t o  NEIC Pol l c l e s  and Procedures, 
EPA-330/9/78/001-R [as revised 1/82], o r  other manual, as approprl ate, for  
more Information.) 

Sampl e 1 abel s (Fl gure 9-16) are necessary t o  prevent m i  s i  denti f I cat1 on o f  
samples. Gumned paper labels o r  tags are adequate and should Include a t  least  
the f o l  low1 ng information: 

Sample number. 
Name o f  col lector.  
Date and time o f  col lect lon. 
Place o f  col  1 ec t l  on. 

Labels should be a f f i xed  t o  sample contalners p r i o r  t o  o r  a t  the tlme o f  
sampling and should be f i l l e d  out a t  the tlme o f  col lectlon. 

Sample seals are used t o  detect unauthorized tampering o f  samples 
fol lowing sample co l lec t ion  up t o  the time o f  analysis. Gumned paper seals 
may be used f o r  t h i s  purpose. The paper seal should include, minlmal ly ,  the 
fol lowing lnformatlon: 

Sample number. (This number must be ident ica l  wi th  the number on the 
sample label  .) 

Name o f  col  1 ector. 
Date and time o f  sampling. 
P l  ace o f  col  lection. 

The seal must be attached I n  such a way tha t  i t  i s  necessary t o  break I t  
i n  order t o  open the sa l e  container. (An example o f  an o f f i c i a l  sample seal 7 Seals must be a f f i xed  t o  contalners before the I s  shown I n  Figure 9-17. 
samples 1 eave the custody o f  sampl I ng personnel. 

A1 1 Information per t inent  t o  a f i e l d  survey o r  sampl lng must be recorded 
I n  a logbook. This should be bound, preferably wl th  consecutlvely numbered 
pages tha t  are 21.6 by 27.9 cm (8-112 by 11 In.). A t  a mlnlmum, entries I n  
the logbook must include the following: 

Location o f  samp1:ng point. 
Name and address o f  f i e l d  contact. 
Producer o f  waste and address, i f  d i f f e ren t  from location. 
Type o f  process producing waste ( i f  known). 
Type o f  waste (e.g., sludge, wastewater). 
Suspected waste composl t lon,  1 ncludl ng concentrations. 
Number and volume o f  sample taken. 
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Col 1 ector Sample No. 

Pl ace of Col 1 ection 

Date Sampled Time Sampled 

Field Information 

Figure 9-16. Example o f  Sample Label 
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NAME AND ADDRESS OF ORGANIZATION COLLECTING SAMPLES 

Person Col 1 e c t i  ng Sarnpl e Sample No. 
(signature) 

" ~ 9  Date Col 1 ected Time Col 1 ected 

Place Col 1 ected 

Figure 9-17. Example o f  O f f i c i  a1 Sample Seal 
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Purpose of sampl ing (e.g., survei 1 lance, contract number). 
Descri pti on of sampl i ng poi n t  and sampl i ng method01 ogy. 
Date and time of collection. 
Coll ector '  s sa~r~ple identification number(s) . 
Sample distribution and how transported (e.g., name of laboratory, UPS, 

Federal Express). 
References, such as maps or  photographs of the sampling site.  
Field observations. 
Any f i e ld  measurements made (e.g., pH, flammability, explosivity). 
Signatures of personnel responsi bl e for  observations. 

Sampling situations vary widely. No general rule  can be given as to  the 
extent of information tha t  must be entered in the logbook. A good rule, 
however, i s  t o  record suff icient  information so tha t  anyone can reconstruct 
the sampling without re1 iance on the col lector 's  memory. The logbook must be 
stored safely. 

To establ i sh the documentation necessary t o  t race sample possession from 
the time of collection, a chain-of-custody record should be f i l l e d  out and 
should accompany every sample. T h i s  record becomes especially important i f  
the sample i s  t o  be introduced as evidence i n  a court l i t iga t ion .  (A chain- 
of-custody record i s  i l lus t ra ted  in Figure 9-18.) 

The record should contain, minimal ly, the fol lowing information: 

Sampl e number. 
Signature of col 1 ector. 
Date and time of collection. 
Place and address of coll ection. 
Waste type. 
Signature of persons involved in the chain of possession. 
Incl usi ve dates of possession. 

The sample analysis request sheet (Figure 9-19) i s  intended t o  accompany 
the sample on delivery to  the laboratory. The f i e ld  portion of t h i s  form i s  
completed by the person collecting the sample and should include most of the 
pertinent information noted in the logbook. The laboratory portion of this 
form i s  intended t o  be completed by laboratory personnel and t o  include, 
minimal ly: 

Name of person receiving the sample. 
Laboratory sample number. 
Date and time of sample receipt. 
Sampl e a1 1 ocati on. 
Analyses t o  be performed. 

The sample should be delivered t o  the laboratory f o r  analysis as soon as  
practicable -- usually within 1 or  2 days a f t e r  sampling. The sample must be 
accompanied by the chain-of-custod record (Figure 9-18) and by a sample 
analysis request sheet (Figure 9-19 ! . The sample m u s t  be delivered t o  the 
person in the laboratory authorized t o  receive samples (often referred t o  as 
the sample custodian). 
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SAMPLING ANALYSIS REQUEST 

Part I: Fie ld  Section 
kw 

Col 1 ector Date Sampled T i  BE hours 

A f  f i 1 i at1 on o f  Sampl e r  

Address u 
number s t ree t  c i  t Y  s ta te  z i p  

Telephone ( Company Contact F 
lsllu 

LABORATORY 
SAMPLE 
NUMBER 

COLLECTOR 'S TYPE OF 
SAMPLE NO. SAMPLE* FIELD INFORMATION** 

Anal y s i  s Requested 

Speci a1 Hand1 i ng and/or Storage 

PART 11: LABORATORY SECTION** 

Received by T i t l e  Date 

Anal y s i  s Requi red 

* Indicate whether sample i s  soi 1, sludge, etc. 
**Use back o f  page f o r  addit ional  information r e l a t i v e  t o  sample location. 

Figure 9-19. Example of hazardous waste sample analysis sheet. 

NINE - 70 
Revi s ion 0 
Date September 1986 



Any mater ia l  t h a t  i s  i d e n t i f i e d  i n  the DOT Hazardous Mater ia l  Table (49 
CFR 172.101) must be transported as prescribed i n  the table. A1 1 other 
hazardous waste samples must be transported as follows: 

1. Co l lec t  sample i n  a 16-02 o r  smaller glass o r  polyethylene container 
w i t h  nonmetal 1 i c  Teflon-) ined screw cap. For 1 iquids, a1 low 
s u f f i c i e n t  a i r  space (approximately 10% by volume) so t ha t  the 
container i s  not  f u l l  a t  54'C (130'F). I f  co l l ec t i ng  a s o l i d  
mater ia l ,  the container p lus  contents should not  exceed 1 l b  net 
weight. I f  sampling f o r  v o l a t i l e  organic analysis, f i l l  VOA 
container t o  septum bu t  place the VOA container ins ide a 16-02 o r  
smal l e r  container so t ha t  the required a i r  space may be provided. 
Large quant i t ies ,  up t o  3.785 1 i t e r s  (1 gal),  may be col lected i f  
the sample's f l a s h  po in t  i s  23'C (75'F) o r  higher. I n  t h i s  case, 
the f l ash  po in t  must be marked on the outside container (e.g., 
carton o r  cooler),  and shipping papers should s ta te  tha t  'Flash 
po in t  i s  73'F o r  higher." 

2. Seal sample and place i n  a 4-mil- thick polyethylene bag, one sample 
per bag. 

3. Place sealed bag ins ide  a metal can w i th  noncombustible, absorbent 
cushioning mater ia l  (e.g., vermicu l i te  o r  earth) t o  prevent 
breakage, one bag per can. Pressure-close the can and use c l ips ,  
tape, o r  other pos i t i ve  means t o  hold the  1 i d  securely. 

4. Mark the can with: 

Name and address o f  or ig inator .  
"Flammable Liquid, N.O.S. UN 1993." 
(or, "Flammable Sol id, N.O.S. UN 1325".) 

NOTE: UN numbers are now required i n  proper shipping names. 

5. Place one o r  more metal cans i n  a strong outs ide container such as a 
p i c n i c  cooler  o r  f iberboard box. Preservatives are not  used f o r  
hazardous waste s i t e  samples. 

6. Prepare f o r  shipping: The words "Flammable Liquid, N.O.S. UN 1993" 
o r  "Flammable Sol id, N.O.S. UN 1325"; "Cargo A i r c r a f t  Only' ( i f  more 
than 1 q t  net  per outside package); "Limited Quanti t y "  o r  'Ltd. 
Qty."; "Laboratory Sam les"; 'Net Weight !- " o r  "Net Volume " 
(o f  hazardous contents should be i n d i c a m  on shipping papers and 
on the outs ide o f  the outside shipping container. The words 'This 
Side Up" o r  "This End Upu should also be on container. Sign the 
shipper c e r t i f i c a t i o n .  
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7. Stand by f o r  possible ca r r i e r  requests t o  open outside containers 
f o r  inspection o r  t o  modify packaging. ( I t  i s  wise t o  contact 
c a r r i e r  before packing t o  ascertain local packaging requirements.) 
Remain in the departure area until the c a r r i e r  vehicle ( a i r c ra f t ,  
truck, etc.) i s  on i t s  way. 

A t  the laboratory, a sample custodian should be assigned t o  receive the 
samples. Upon receipt of a sample, the custodian should inspect the condition 
of the sample and the sample seal , reconci 1 e the information on the sample 
label and seal against tha t  on the chain-of-custody record, assign a 
laboratory number, log i n  the sample in the laboratory logbook, and s tore  i t  
in a secured sample storage room o r  cabinet unti 1 i t  i s  assigned t o  an analyst 
f o r  analysis. 

The sample custodian should inspect the sample f o r  any leakage from the 
container. A leaky container containing a multiphase sample should not be 
accepted f o r  analysis. This sample will no longer be a representative sample. 
I f  the sample i s  contained in a p l a s t i c  bot t le  and the container walls show 
tha t  the sample i s  under pressure o r  releasing gases, the sample should be 
t reated with caution because i t  may be explosive o r  release extremely 
poisonous gases. The custodian should examine whether the sample seal i s  
in tac t  o r  broken, because a broken seal may mean sample tampering and would 
make analysi s r e su l t s  i nadmi s s i  bl e as  evidence i n  court. Any di screpanci es 
between the information on the sample label and seal and the information that  
i s  on the chain-of-custody record and the sample analysis request sheet should 
be resolved before the sample i s  assigned f o r  analysis. This e f fo r t  might 
require communication with the sampl e col lector.  Results of the inspection 
should be noted on the sample analysis request sheet and on the laboratory 
sample logbook. 

Incomi ng sampl es usual 1 y carry the i nspector s o r  col 1 ector  s 
i denti f i ca t i  on numbers. To identify these samples fur ther ,  the 1 aboratory 
should assign i ts  own ident i f icat ion numbers, which normally a re  given 
consecutively . Each sample should be marked with the assigned 1 aboratory 
number. This number i s  correspondingly recorded on a laboratory sample log 
book along w i t h  the information describing the sample. The sample information 
i s  copied from the sample analysis request sheet and cross-checked against 
t ha t  on the sample 1 abel . 

In most cases, the laboratory supervisor assigns the sample fo r  analysis. 
The supervisor should review the information on the sample analysis request 
sheet, which now i ncl udes i nspection notes recorded by the 1 aboratory sample 
custodian. The technician assigned t o  analysis should record i n  the 
laboratory notebook the identifying information about the sample, the date of 
receipt ,  and other  pertinent information. This record should a1 so include the 
subsequent tes t ing  data and calculations. The sample may have t o  be s p l i t  
with other laboratories in order t o  obtain a l l  the necessary analytical 
information. In t h i s  case, the same type of chain-of-custody procedures must 
be employed while the sample i s  being transported and a t  the other  laboratory. 
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Once the sample has been received i n  the laboratory, the supervisor o r  
his/her assignee i s  responsible for i t s  care and custody. That person should 
be prepared t o  t e s t i f y  tha t  the sample was i n  his/her possession o r  secured i n  
the laboratory a t  a l l  times, from the moment it was received from the 
custodian un t i  1 the analyses were performed. 

9.2.3 Sample Plan Imp1 ementation 

Pr io r  t o  implementing a sampling plan, i t i s  of ten strategic t o  walk 
through the sampl i ng plan mentally, s tar t ing with the preparation o f  equipment 
u n t i l  the time when samples are received a t  the laboratory. This mental 
excursion should be I n  as much deta i l  as can be imagined, because the small 
de ta i l s  are the ones most frequently overlooked. By employing t h i s  technique, 
i tems not included on the equipment 1 i s t  may be discovered, as we1 1 as any 
major oversight tha t  could cause the sampling e f f o r t  t o  fa1 1. During th i s  
review o f  the sampling plan, an attempt should be made t o  anticipate what 
could go wrong. A solut ion t o  anticipated problems should be found, and, i f  
necessary, materials needed f o r  solving these problems should be added t o  the 
equipment 1 1 st. 

The remainder o f  t h i s  section discusses examples o f  sampl ing strategies 
f o r  d i f f e ren t  s i tuat ions that  may be encountered. 

Containers 

Pr io r  t o  discussing the sampl ing o f  containers, the term must be defined. 
The term container, as used here, refers t o  receptacles tha t  are designed f o r  
transporting materials, e.g . , drums and other small e r  receptacles, as opposed 
t o  stationary tanks. Weighted bottles, Col iwasas, drum thiefs, o r  t r i e r s  are 
the sampling devices tha t  are chosen f o r  the sampling o f  containers. (See 
Section 9.2.2.4 f o r  a f u l l  discussion o f  sampling equipment.) 

The sampl ing strategy f o r  containers varies according t o  (1) the number 
o f  containers t o  be sampled and (2) access t o  the containers. Ideally, i f  the 
waste i s  contained i n  several containers, every container w i l l  be sampled. I f  
t h i s  i s  not possible due t o  the 1 arge number o f  containers or  t o  cost factors, 
a subset o f  individual containers must be randomly selected f o r  sampling. 
This can be done by assigning each container a number and then randomly 
choosing a set o f  numbers f o r  sampling. 

Access t o  a container w i l l  a f fec t  the number o f  samples tha t  can be taken 
from the container and the locat ion wi th in the container f r o m  which samples 
can be taken. Ideal ly,  several samples should be taken f r o m  locations 
d l  splaced both ver t i ca l  l y  and horizontal ly throughout the waste. The number 
o f  samples required f o r  re l i ab le  sampling w i l l  vary depending on the 
d i s t r i bu t i on  o f  the waste components i n  the container. A t  a minimum with an 
unknown waste, a su f f i c ien t  number and d is t r ibu t ion  of samples should be taken 
t o  address any possible ver t ica l  anomalies i n  the waste. This i s  because 
contained wastes have a much greater tendency t o  be nonrandomly heterogeneous 
i n  a ver t i ca l  rather than a horizontal d i rect ion due t o  (1) se t t l i ng  o f  solids 
and the denser phases o f  l iqu ids  and (2) var iat ion i n  the content o f  the waste 
as i t  enters the container. Bags, paper drums, and open-headed steel drums 
(of which the en t i re  top can be removed) generally do not r e s t r i c t  access t o  
the waste and therefore do not 1 i m i t  sampling. 
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When access t o  a container i s  unl imited, a useful strategy f o r  obtaining 
a representative set  o f  samples I s  a three-dimensional simple random sampllng 
strategy i n  which the container i s  div ided by construct ing an imaginary three- 
dimensional g r i d  (see Figure 9-20), as follows. F i r s t ,  the  top surface o f  the 
waste I s  div ided i n t o  a g r i d  whose sections e i t he r  approximate the s ize  o f  the 
sampl i n g  device o r  are la rger  than the sampl i ng  device i f  the container i s  
1 arge. (Cyl I ndr lca l  containers can be d i v i  ded i n t o  imagi nary concentric 
c i rc les ,  which are then fu r the r  div ided i n t o  g r ids  o f  equal size.) Each 
sect ion i s  assigned a number. The height o f  the container i s  then div ided 
i n t o  imaginary l eve l s  t h a t  are a t  l eas t  as la rge  as t he  v e r t i c a l  space 
required by the chosen sampling device. These imaginary l eve l s  are then 
assigned numbers. Speci f ic  leve ls  and g r i d  locat ions are then selected f o r  
sampl 1 ng us1 ng a random-number t ab l  e o r  random-number generator. (An 
a1 t e r n a t i  ve means o f  choosi ng random sampl I ng l o c a t i  ons us i  ng c i  rcumf erence 
and diameter dimensions i s  discussed i n  Section 9.2.2.1.) 

Another approprl a te  sampl i ng approach I s the two-dimensi onal simp1 e 
random sampling strategy, which can usual ly y i e l d  a more precise sampling when 
fewer samples are col lected. This strategy involves (1) d i v i d i ng  the top 
surface o f  the  waste i n t o  an imaginary g r i d  as i n  the three-dimensional 
strategy, (2) se l  e c t i  ng g r i  d sections f o r  sampl 1 ng us1 ng random-number t ab l  es 
o r  random-number generators, and (3) sampl i ng  each selected g r i d  po in t  i n  a 
v e r t i c a l  manner along the e n t i r e  length from top t o  bottom using a sampl i qg  
device such as a drum th ie f  o r  Col iwasa. 

Some containers, such as drums w i th  bung openings, l i m i t  access t o  the 
contained waste and r e s t r i c t  sampli ng t o  a s ing le  v e r t i c a l  plane. Samples 
taken i n  t h i s  manner can be considered representative o f  the  e n t i r e  container 
only i f  the waste i s  known t o  be homogeneous o r  i f  no hor izontal  
s t r a t i f i c a t i o n  has occurred. Precautions must be taken when sampl i n g  any type 
of s tee l  drum because the  drum may explode o r  expel gases and/or pressurized 
l iqu ids.  An EPAINEIC manual, "Safety Manual f o r  Hazardous Waste S i t e  
Invest igat ion,  " addresses these safety precautions. 

Tanks 

Tanks are essent ia l l y  large containers. The considerations involved I n  
sampllng tanks are therefore s im i l a r  t o  those f o r  sampling containers. As 
w i th  containers, the goal o f  sampling tanks i s  t o  acquire a s u f f i c i e n t  number 
o f  samples f r o m  d i f f e r e n t  locat ions w i th in  the waste t o  provide ana ly t i ca l  
data t h a t  are representative o f  the en t i r e  tank contents. 

The access ib i l i t y  o f  the tank contents w i l l  a f f e c t  the sampling 
methodology. I f  the tank i s  an open one, al lowing unrest r ic ted access, then 
usual ly a representative set  o f  samples i s  best obtained using the three- 
dimensional simple random sampl I ng strategy, as descri bed f o r  containers (see 
also Section 9.2.2.1). This strategy involves d i v i d i ng  the  tank contents i n t o  
an imaginary three-dimensional gr id .  As a f i r s t  step, t he  top  surface o f  the 
waste i s  d iv ided i n t o  a g r i d  whose sections e i t he r  approximate the s ize  o f  the 
sampl i n g  device o r  are l a rge r  than the sampl i ng  device i f  the tank i s  large. 
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I 
Figure 9-20, Container divided into an imaginary threa-dimensional grid. 

9 
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(Cyl i n d r i c a l  tanks can be d iv ided i n t o  imaginary concentr ic  c i r c l e s ,  which are 
then f u r t h e r  d iv ided i n t o  g r i d s  o f  equal size.) Each sect ion i s  assigned a 
number. The height  o f  the  tank i s  then d iv ided i n t o  imaginary l e v e l s  t h a t  are 
a t  l e a s t  as l a rge  as the v e r t i c a l  space requ i red by the  chosen sampling 
device. These imagi nary 1 evel s are assigned numbers. Speci f i c 1 evel s and 
g r i d  loca t ions  are then selected f o r  sampling using a random-number t ab le  o r  
random-number generator. 

A 1 ess comprehensive sampl i ng approach may be appropr iate i f  informat ion 
regarding t he  d i s t r i b u t i o n  o f  waste components i s  known o r  assumed (e.g., i f  
v e r t i c a l  composi t i n g  w i  11 y i e l d  a representat ive sample). I n  such cases, a 
two-dimensional simple random sampl i n g  strategy may be appropriate. I n  t h i  s 
strategy, the  top  surface o f  the  waste i s  d iv ided  i n t o  an imaginary gr id ;  g r i d  
sections are se l  ected using random-number tab1 es o r  random-number generators; 
and each selected g r i d  p o i n t  i s  then sampled i n  a v e r t i c a l  manner along the 
e n t i r e  length  from top  t o  bottom using a sampling device such as a weighted 
bo t t l e ,  a drum t h i e f ,  o r  Coliwasa. I f  the waste i s  known t o  cons is t  o f  two o r  
more d i sc re te  s t ra ta ,  a more prec ise representat ion o f  the  tank contents can 
be obtained by using a s t r a t i f i e d  random sampling strategy,  i .e., by sampling 
each stratum separately us i  ng the two- o r  three-dimensional simp1 e random 
sampl i ng strategy.  

Some tanks permi t  on ly  1 im i ted  access t o  t h e i r  contents, which r e s t r i c t s  
the loca t ions  w i t h i n  the  tank f r o m  which samples can be taken. I f  sampling i s  
r es t r i c t ed ,  the sampling s t ra tegy must, a t  a minimum, take s u f f i c i e n t  samples 
t o  address the  po ten t i a l  v e r t i c a l  anomalies i n  t he  waste i n  order t o  be 
considered representat ive. Thi s - i  s because contained wastes tend t o  d isp lay  
v e r t i c a l  , ra the r  than hor izonta l ,  nonrandom heterogeneity due t o  s e t t l  i n g  o f  
suspended sol  i d s  o r  denser 1 i q u i d  phases. I f  access r e s t r i c t s  sampling t o  a 
p o r t i o n  o f  the  tank contents (e.g., i n  an open tank, the  s i ze  o f  the  tank may 
r e s t r i c t  sampl i n g  t o  the per imeter o f  the tank; i n  a closed tank, the on ly  
access t o  the waste may be through inspect ion por ts ) ,  then the  r e s u l t i n g  
ana l y t i ca l  data w i  11 be deemed representat ive on ly  o f  t he  accessed area, not  
o f  the e n t i r e  tank contents unless the tank contents are known t o  be 
homogeneous. 

If a l i m i t e d  access tank i s  t o  be sampled, and 1 i t t l e  i s  known about the 
d i s t r i b u t i o n  o f  components w i t h i n  the  waste, a set  o f  samples t h a t  i s  
representat ive  o f  the  e n t i r e  tank contents can be obtained by tak ing  a ser ies  
o f  samples as the  tank contents are being drained. This should be done i n  a 
simple random manner by est imat ing how long i t  w i l l  take t o  d r a i n  the tank and 
then randon\ly se lec t ing  times dur ing drainage f o r  sampling. 

The most appropr iate type o f  sampling device f o r  tanks depends on the 
tank parameters. I n  general , subsurface sampl e rs  (i .e., pond sampl ers) are 
used f o r  shal low tanks, and weighted b o t t l e s  are usua l l y  employed f o r  tanks 
deeper than 5 ft. Dippers are useful  f o r  sampling p ipe e f f l uen ts .  
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Waste Piles 

In waste p i les ,  the accesslbl l i ty  of waste f o r  sampling is usually a 
function of p i l e  s ize,  a key factor  in the design of a sampllng strategy fo r  a 
waste plle. Ideally, p i les  containing unknown wastes should be sampled using 
a three-dimensional simple random sampl ing strategy. T h i s  strategy can be 
employed only i f  a l l  points within the p i l e  can be accessed. In such cases, 
the p i l e  should be divided Into a three-dirnenslonal grid system, the grld 
sections assigned numbers, and the sampl ing points then chosen using random- 
number tables  o r  random-number generators. 

I f  samplSing I s  limited to  certaln portions of the p l le ,  then the 
collected sample will be representative only of those portions, unless the 
waste i s  known t o  be homogeneous. 

In cases where the size of a p i l e  impedes access t o  the waste, a se t  of 
samples tha t  are representative of the ent i re  p l l e  can be obtained w i t h  a 
mi nl mum of e f fo r t  by schedul I ng sampl I ng t o  coi ncl de wi t h  pi 1 e removal. The 
number of truckloads needed to  remove the pi le  should be estimated and the 
truck1 oads randomly chosen fo r  sampl I ng . 

The sampling devices most comnonly used fo r  small p i les  are thiefs ,  
t r i e r s ,  and shovels. Excavation equipment, such a s  backhoes, can be useful 
f o r  sampl 1 ng medi um-si zed pi 1 es. 

Landf I 1 1 s and Laqoons 

Landf 11 1 s contai n primari ly  sol id  waste, whereas lagooned waste may range 
from liqulds t o  dried sludge residues. Lagooned waste tha t  I s  e l ther  liquid 
o r  semisolid i s  often best sampled using the methods recomnended for  large 
tanks. Usually, sol Id wastes contained I n  a landfil l  o r  lagoon are best 
sampled using the three-dimensional random sampl I ng strategy. 

The three-dlmensional random sampl lng strategy lnvol ves establ I shi ng an 
imaginary three-dimensional grid of sampllng points i n  the waste and then 
us1 ng random-number tabl e s  or  random-number generators t o  sel ect  poi nts for  
sampling. In the case of landf i l l s  and lagoons, the grid i s  established using 
a survey o r  map of the area. The map I s  divided into two two-dimensional 
grids wi t h  sections of equal size. (An alternative way of choosing random 
sampling locations i s  presented in the second example described i n  Section 
9.2.2.1 .) These sections are then assigned numbers sequential ly. 

Next, the depth to  which sampling will take place is determined and 
subdivided into equal levels, which are a1 so sequentially numbered. (The 
lowest sampl lng depth will vary from landfil l  t o  landfi l l .  Usual 1 y ,  sampl ing 
extends t o  the Interface of the f i l l  and the natural soi ls .  I f  soil 
contamination is suspected, sampling may extend into the natural soil .)  The 
hori zontal and vertical sampl I ng coordi nates a re  then sel ected us1 ng random- 
number tabl es  o r  random-number generators. I f  some I nformation i s  known about 
the nature of the waste, then a modified three-dlmensional strategy may be 
more appropriate.' For example, i f  the landfil l  consists of several ce l l s ,  a 
more precl se  measurement may be obtained by considering each cell  as a stratum 
and employing a s t r a t i f i e d  three-dimensional random sampl ing strategy (see 
Section 9.1). 
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Hol 1 ow-stem augers combined w i t h  spl i t-spoon samplers are frequently 
appropriate for sampl i ng 1 andf i 1 1 s. Water-dri ven or water-ri nsed cori ng 
equipment should not be used for sampling because the water can rinse chemical 
components from the sample. Excavation equipment, such as backhoes, may be 
useful in obtaining samples a t  various depths; the resul t i n g  holes may be 
useful for viewing and recording the contents of the landfi 11. 

The compositing of samples, i s  usually done for cost-saving reasons, 
involves the combining of a number of samples or a1 iquots of a number of 
samples collected from the same waste. The disadvantage of sample compositing 
i s  the loss of concentration variance data, whereas the advantage i s  that, for 
a given analytical cost, a mre representative (i .e., more accurate) sample i s  
obtained. 

I t  i s  usually most expedient and cost effective to collect component 
samples in the field and to composite aliquots of each sample later in the 
laboratory. Then, i f  after reviewing the data any questions arise, the 
samples can be recomposi ted in a different combi nation, or  each component 
sample can be analyzed separately t o  determine better the variation of waste 
composition over time and space, or to determine better the precision of an 
average number. The fact that this recomposi ting of samples can occur without 
the need to resample often results in a substantial cost savings. 

To ensure that recompositing can be done a t  a later date, i t  i s  essential 
to collect enough sample volume in the field so that, under normal 
circumstances, enough component sample wi 11 remai n fol lowing composi ting to 
a1 low for a different compositing scheme or  even for an analysis of the 
component sampl es themselves . 

The actual composi t i  ng of samples requires the homogenization of a1 1 
component samples to ensure that a representative subsample i s  a1 iquoted. The 
homogenization procedure, and the contai ners and equi pment used for 
composi ting, nil 1 vary according to the type of waste being composited and the 
parameters t o  be measured. Likewise, the composite sample i tself  wi 11 be 
homgeni zed prior to the subsampl i ng of analytical a1 iquots. 
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CHAPTER TEN 

SAMPLING METHODS 

Methods appropriate f o r  use i n  f i e l d  sampling situations are included i n  
t h i s  chapter. It contains complete sampling methods f o r  a specific purpose. 
Chapter Nine contains general sampl i ng techniques and plans. 
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METHOD 0010 

MODIFIED METHOD 5 SAMPLING TRAIN 

1.0 SCOPE AND APPLICATION 

1.1 This method i s  applicable t o  the determination o f  Destruction and 
Removal Eff ic iency (DRE) o f  semi vol at1 1 e P r i  nclpal Organic Hazardous Compounds 
(POHCs) f r o m  incinerat ion systems (PHs, 1967). 'This method also may be used 
t o  determine par t icu late emission rates f r o m  stationary sources as per EPA 
Method 5 (see References a t  end of t h i s  method). 

2.0 SUMMARY OF METHOD 

2.1 Gaseous and par t icu late pol lutants are withdrawn f rom an emission 
source g t  an isok inet ic  sampling ra te  and are collected i n  a multicomponent 
sampl ing  t ra in.  Principal components o f  the t r a i n  include a high-effi cf ency 
glass- o r  quartz-f iber f i l t e r  and a packed bed o f  porous polymeric adsorbent 
resin. The f i l t e r  i s  used t o  co l lec t  organ1 c-laden p a r t i  culate materials and 
the porous polymeric resin t o  adsorb semivolatile organic species. 
Semi vol a t i  l e  species are defined as compounds w i  t h  boi 1 ing points >10O0C. 

2.2 Comprehensive chemical analyses o f  the collected sample are 
conducted t o  determine the concentration and iden t i t y  o f  the organic 
materials. 

3.0 INTERFERENCES 

3.1 Oxides o f  nitrogen (NOx) are possible interferents i n  the 
determi nation o f  cer ta in water-sol ubl e compounds such as dioxane, phenol, and 
urethane; reaction o f  these compounds with NO i n  the presence of moisture 
w i  11 reduce t h e i r  concentration. Other poss ih  1 i t i e s  tha t  could resul t  i n  
pos i t i ve  o r  negative bias are (1) s t a b i l i t y  o f  the compounds i n  methylene 
chloride, (2) the formation o f  water-soluble organic sa l ts  on the resin i n  the 
presence o f  moisture, and (3) the solvent extraction ef f ic f  ency o f  water- 
soluble compounds from aqueous media. Use of two o r  more ions per compound 
for qua1 i t a t i  ve and quanti t a t f  ve analysis can overcome interference a t  one 
mass. These concerns should be addressed on a compound-by-compound basis 
before using t h i s  method. 

4.0 APPARATUS AND MATERIALS 

4.1 Sampling t ra in :  

4.1.1 A schematic o f  the sampl lng t r a i n  used i n  t h i s  method i s  
shown i n  Figure 1. This sampling t r a i n  configuration i s  adapted f r o m  EPA 
Method 5 procedures, and, as such, the majority of the required equipment 
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i s  identical to  tha t  used in EPA Method 5 determinations. The new 
components required are a condenser coil and a sorbent module, which are 
used to  collect semivolatile organic materials tha t  pass through the 
glass- o r  quartz-fi ber f i  1 t e r  in the gas phase. 

4.1.2 Construction de ta i l s  for  the basic t ra in  components are given 
in APTD-0581 (see Martin, 1971, in Section 13.0, References) ; comnercial 
models of t h i s  equipment are also available. Specifications for  the 
sorbent mod,ul e are provided in the following subsections. Additional ly , 
the fol l  owing subsections 1 i st  changes t o  APTD-0581 and identify 
a1 lowabl e t r a in  configuration modifications. 

4.1.3 Basic operati ng and maintenance procedures for  the sampl i ng 
t ra in  are described in APTD-0576 (see Rom, 1972, in Section 13.0, 
References). As correct usage i s  important in obtaining val id results,  
a1 1 users should refer  to  APTD-0576 and adopt the operating and 
maintenance procedures outl ined therein unless otherwise specified. The 
sampling t ra in  consists of the components detailed below. 

4.1.3.1 Probe nozzle: Stainless steel (316) or glass with 
sharp, tapered (30' angle). leading edge. The taper shall be on the 
outside t o  preserve a constant I.D. The nozzle shall be buttonhook 
o r  el bow design and constructed from seamless tubing ( i f  made of 
s tainless  s tee l ) .  Other construction materials may be considered 
for  particular applications. A range of nozzle sizes suitable .for 
isokinetic sampling should be available in increments of 0.16 cm 
(1116 in.), e.g., 0.32-1.27 cm (118-112 in.), o r  larger i f  higher 
volume sampl ing t ra ins  are  used. Each nozzle shall be calibrated 
according to  the procedures outl ined in Paragraph 9.1. 

4.1.3.2 Probe 1 iner: Borosll icate  or  quartz-gl ass tubing with 
a heating system capable of maintaining a gas temperature of 120 + 
14'C (248 + 25'F) a t  the exi t  end during sampling. (The t e s t e r  may 
opt t o  opzrate the equipment a t  a temperature lower than tha t  
specified.) Because the actual temperature a t  the out let  of the 
probe i s  not usually monitored during sampl ing, probes constructed 
according t o  APTD-0581 and uti 1 i zi ng the cal i bration curves of APTD- 
0576 (or calibrated according t o  the procedure outlined i n  APTD- 
0576) are considered acceptable. Either borosi 1 icate o r  quartz- 
glass probe 1 iners may be used for  stack temperatures up t o  about 
480'C (900'F) . Quartz 1 i ners shall be used for  temperatures between 
480 and 900'C (900 and 1650'F). (The softening temperature for 
borosi 1 i cate i s 820'C (1508'F) , and for  quartz 1500'C (2732'F) .) 
Water-cooling of the s tainless  steel sheath will be necessary a t  
temperatures approaching and exceeding 500'C. 

4.1.3.3 Pitot tube: Type S, as described in Section 2.1 of 
EPA Method 2, o r  other appropriate devices (Vollaro, 1976). The 
p i to t  tube shall be attached to  the probe to  allow constant 
monitoring of the stack-gas velocity. The impact (high-pressure) 
opening plane of the p i to t  tube shall be even w i t h  o r  above the 
nozzle entry plane (see EPA Method 2, Figure 2-6b) during sampling. 
The Type S p i to t  tube assembly shall have a known coefficient, 
determined as outl ined in Section 4 of EPA Method 2. 
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4.1 -3.4 D i f f e r e n t i a l  pressure gauge: I n c l  ined manometer o r  
equivalent  device as described i n  Section 2.2 o f  EPA Method 2. One 
manometer sha l l  be used f o r  velocity-head (AP) readings and the 
o ther  f o r  o r i f i c e  d i f f e r e n t i a l  pressure (AH) readings. 

4.1.3.5 F i l t e r  holder: Boros i l i ca te  glass, w i t h  a g lass frit 
f i  1 t e r  support and a seal ing gasket. The seal ing gasket should be 
made o f  materi  a1 s t h a t  w i  11 no t  int roduce organic mater ia l  i n t o  the  
gas stream a t  the temperature a t  which the f i  1 t e r  holder w i  11 be 
maintained. The gasket sha l l  be constructed o f  Tef lon o r  mater ia ls  
o f  equal o r  b e t t e r  character is t ics .  The holder design sha l l  provide 
a p o s i t i v e  seal against leakage a t  any po in t  along t h e  f i  1 t e r  
circumference. 'The holder sha l l  be attached immediately t o  the 
o u t l e t  o f  the cyclone o r  cyclone bypass. 

4.1.3.6 F i l t e r  heating system: Any heating system capable o f  
maintain ing a temperature o f  120 - + 14'C (248 + 25'F) around the 
f i 1 t e r  holder d u r i  ng sampl i ng . Other temperatures may be 
appropr iate f o r  p a r t i c u l  a r  appl ica t ions.  A1 t e r n a t i  vely, the  t e s t e r  
may opt  t o  operate the equipment a t  temperatures o ther  than t h a t  
speci f ied.  A t e  erature gauge capable o f  measuring temperature t o  
w i t h i n  3'C (5.4.F "P sha l l  be i n s t a l l e d  so t h a t  the temperature around 
the fi 1 t e r  holder can be regulated and monitored dur ing sampling. 
Heating systems other  than the  one shown i n  APTD-0581 may be used. 

4.1.3.7 Organic sampling module: This u n i t  cons is ts  o f  three 
sections, incl-g section, a sorbent t rap,  and 
a condensate knockout t rap.  The gas-condi ti on i  ng system s h a l l  be 
capable o f  condi t ion ing the gas leav ing the back h a l f  o f  the f i l t e r  
holder t o  a temperature not  exceeding 20'C (68'F). The sorbent t r a p  
s h a l l  be s ized t o  contain approximately 20 g o f  porous polymeric 
r es i n  (Rohm and Haas XAD-2 o r  equivalent) and sha l l  be jacketed t o  
maintain the i n te rna l  gas temperature a t  17 + 3'C (62.5 + 5.4.F). 
The most commonly used cool ant  i s  i c e  water f%m the  impiKger ice-  
water bath, constant ly c i r cu la ted  through the outer  jacket ,  using 
rubber o r  p l a s t i c  tubing and a p e r i s t a l t i c  pump. The sorbent t r a p  
should be o u t f i t t e d  w i t h  a glass we1 1 o r  depression, appropr iate ly 
s ized t o  accommodate a small t h e m c o u p l  e i n  the t r a p  f o r  moni tor ing 
the gas en t ry  temperature. The condensate knockout t r a p  sha l l  be o f  
s u f f  i c i  ent  s i ze  t o  co l  1 ec t  the  condensate f 01 1 owing gas 
condit ioning. The organic module components sha l l  be or iented t o  
d i r e c t  the  f l ow o f  condensate formed v e r t i c a l  l y  downward from the 
condi t ion ing section, through the adsorbent media, and i n t o  the 
condensate knockout trap. The knockout t r ap  i s  usual ly  s i m i l a r  i n  
appearance t o  an empty impi nger d i  r e c t l  y underneath the sorbent 
module; i t may be oversized bu t  should have a shortened center stem 
(a t  a minimum, one-half the length  o f  the  normal impinger stems) t o  
c o l l e c t  a la rge  volume of condensate wi thout  bubbl ing and 
overf lowing i n t o  the impingcr t r a i n .  A l l  surface's o f  the organic 
module wetted by the  gas sample sha l l  be fabr icated o f  bo ros i l  i c a t e  
glass, Teflon, o r  o ther  i n e r t  materials. Commercial versions o f  the 
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complete organic module are not  cur rent ly  avai lable, but  may be 
assembled from comnerci a1 l y  avai 1 able 1 aboratory glassware and a 
custom-fabricated sorbent trap. Detai 1 s o f  two acceptable designs 
are shown i n  Figures 2 and 3 (the thermocouple wel l  i s  shown i n  
Figure 2) . 

4.1.3.8 I i n  e r  t r a i n :  To determine the stack-gas moisture 
content, fou r  --- 500-mL imp ngers, connected i n  ser ies wi th  leak-free 
ground-glass j o i n t s ,  fo l l ow the knockout trap. The f i r s t ,  th i rd ,  
and four th  impingers sha l l  be o f  the Greenburg-Smith design, 
modif ied by replacing the t i p  w i t h  a 1.3-cm (112-in.) I.D. glass 
tube extending about 1.3 cm (112 in.) from the bottom o f  the outer 
c y l  i nder. The second impi nger sha l l  be o f  the Greenburg-Smi t h  
design w i t h  the standard t i p .  The f i r s t  and second impingers shal l  
contain known quan t i t i es  o f  water o r  appropriate trapping solut ion. 
The t h i r d  sha l l  be empty o r  charged w i th  a caust ic solut ion, should 
the stack gas contain hydrochloric acid (HC1). The four th  sha l l  
contain a known weight o f  s i  1 i c a  gel o r  equivalent desiccant. 

4.1.3.9 Meterin s stem: The necessary components are a 
vacuum gauge, thermometers capable o f  measuring 
temperature t o  w i t h i n  3'C (5.4'F), dry-gas meter capable o f  
measuring volume t o  w i t h i n  I%, and re la ted  equipment, as shown i n  
Figure 1. At a minimum, the pump should be capable o f  4 cfm free 
flow, and the dry-gas meter should have a recording capacity o f  
0-999.9 cu ft w i t h  a reso lu t ion  o f  0.005 cu ft. Other metering 
systems capable o f  maintaining sampling rates w i t h i n  10% o f  
i s o k i n e t i c i t y  and o f  determining sample volumes t o  w i t h i n  2% may be 
used. The metering system must be used i n  conjunction w i th  a p i t o t  
tube t o  enable checks o f  i sok ine t i c  sampling rates. Sampling t r a i ns  
using metering systems designed f o r  f low rates higher than those 
described i n  APTD-0581 and APTD-0576 may be used, provided t ha t  the 
spec i f ica t ions o f  t h i s  method are met. 

4.1.3.10 Barometer: Mercury, aneroid, o r  other barometer 
capable o f  measuring atmospheric pressure t o  w i t h i n  2.5 mn Hg (0.1 
in.  Hg). I n  many cases the barometric reading may be obtained from 
a nearby National Weather Service stat ion,  i n  which case the s ta t ion  
value (which i s  the absolute barometric pressure) i s  requested and 
an adjustment f o r  e levat ion di f ferences between the weather s ta t ion  
and sampling po in t  i s  appl ied a t  a r a te  o f  minus 2.5 mm Hg (0.1 in. 
Hg) per 30-m (100 ft) elevat ion increase (v ice versa f o r  elevation 
decrease). 

4.1.3.11 Gas densi ty determination equipment: Temperature 
sensor and p r e s s m 2 . 3  and 2.4 o f  
EPA Method 2), and gas analyzer, if necessary (as described i n  EPA 
Method 3). The temperature sensor i d e a l l y  should be permanently 
attached t o  the p i t o t  tube o r  sampling probe i n  a f ixed 
conf igurat ion such t ha t  the t i p  of the sensor extends beyond the 
1 eadi ng edge o f  the probe sheath and does not  touch any metal. 
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A1 ternatively, the sensor may be attached jus t  prior t o  use i n  the 
f ie ld .  Note, however, tha t  i f  the temperature sensor i s  attached in 
the f i e l d ,  the sensor must be placed i n  an interference-free 
arrangement with respect t o  the Type S p i to t  tube openings (see EPA 
Method 2, Figure 2-7). As a second al ternat ive,  i f  a difference of 
no more than 1% in the average velocity measurement i s  t o  be 
introduced, the temperature gauge need not be attached t o  the probe 
o r  p i to t  tube. 

4.1.3.12 Cal ibratiodfield-preparation record: A permanently 
bound laboratory notebook, i n  which duplicate copies of data may be 
made as they are being recorded, i s  required f o r  documenting- and 
recording cal i brati  ons and preparation procedures (i .e., f i  1 t e r  and 
s i  1 ica gel t a r e  weights, clean XAD-2, qua1 i t y  assurance/qual i t y  
control check resul t s ,  dry-gas meter, and thermocouple calibrations,  
etc.). The duplicate copies should be detachable and should be 
stored separately in the t e s t  program archives. 

4.2 Sampl e Recovery: 

4.2.1 Probe 1 iner: Probe nozzle and organic module conditioning 
section brushes; nylon b r i s t l e  brushes with s ta in less  s teel  wire handles 
are  required. The probe brush shall have extensions of s ta in less  s t ee l ,  
Teflon, o r  iner t  material a t  l eas t  as long as the probe. The brushes 
shall  be properly sized and shaped t o  brush out the probe 1 iner,  the 
probe nozzl e ,  and the organic module conditioning section. 

4.2.2 Wash bottles:  Three. Teflon o r  glass wash bot t les  are  
recommended; polyethylene wash bot t les  should not be used because organic 
contaminants may be extracted by exposure t o  organic solvents used fo r  
sampl e recovery. 

4.2.3 61 ass  sarnpl e storage containers: Chemical ly  resi  s tan t ,  
borosi 1 i cate  amber and cl ear  glass bot t les ,  500-mL o r  1,000-mL. Bottles 
should be t inted t o  prevent action of 1 ight on sample. Screw-cap 1 iners 
shall  be e i the r  Teflon o r  constructed so as t o  be leak-free and resis tant  
t o  chemical attack by organic recovery sol vents. Narrow-mouth gl ass 
bot t les  have been found t o  exhibit less  tendency toward leakage. 

4.2.4 Petri  dishes: Glass, sealed around the circumference w i t h  
wide (I-i n.) Teflon tape, fo r  storage and transport o f '  f i  1 t e r  samples. 

4.2.5 Graduated cyl i nder and/or balances : To measure condensed 
water t o  the nearest 1 mL or  1 g. Graduated cylinders shall have 
subdi v i  s i  ons not >2 mL. Laboratory t r i  pl e-beam balances capable of 
weighing t o  - +0.5 g or  be t te r  are  required. 

4.2.6 Plastic storage containers: Screw-cap polypropyl ene o r  
polyethylene containers t o  s tore  s i  1 ica gel. 

4.2.7 Funnel andrubber,policeman: T o a i d i n t r a n s f e r o f  s i l i c a  
gel t o  container (not necessary i f  s i l i c a  gel i s  weighed in f ie ld) .  
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4.2.8 Funnels: Glass, to aid in sample recovery. 

4.3 Filters: Glass- or quartz-fiber f i l t e r s ,  without organic binder, 
exhi bi t i n g a t l e a s t  99.95% efficiency ((0.05% penetration) on 0.3-ura dioctyl 
phthalate smoke particles. The f i l t e r  efficiency t e s t  shall be conducted i n  
accordance w i t h  ASTH standard method D2986-71. Test data from the supplier's 
quality control program are sufficient for this purpose. In sources 
containing SO2 or SO3, the f i l t e r  material must be of a type that i s  
unreacti ve to  SO or SOg. Reeve Angel 934 AH or Schleicher and Schwell 13 f f i  1 te rs  work we1 under these conditions. 

4.4 Crushed ice: Quantities ranging from 10-50 lb may be necessary 
during a sampling run ,  depending on ambient a i r  temperature. 

4.5 Stopcock arease: Sol vent-i nsol uble, heat-stable s i  1 icone grease. 
Use of silicone grease upstream of the module i s  not permitted, and amounts 
used on components located downstream of the organic module shall be 
minimized. Sll icone grease usage is not necessary i f  screw-on connectors and 
Teflon sleeves or ground-glass joints are used. 

4.6 Glass wool : Used to plug the unfritted end of the sorbent module. 
The gl ass-wool fiber should be solvent-extracted with methylene chloride i n  a 
Soxhl e t  extractor for 12 hr and air-dried prior to use. 

5.0 REAGENTS 

5.1 Adsorbent resin: Porous polymeric resin (XAD-2 or equivalent) is 
recommended. These resins shall be cleaned prior to their  use for sample 
collection. Appendix A of th is  method should be consulted to determine 
appropri ate precl eani ng procedure. For best resul ts , resin used should not 
exhibit a blank of higher than 4 mg/kg of total chromatographable organics 
(TCO) (see Appendix 0) prior to use. Once cleaned, resin should be stored i n  
an air t ight ,  wide-mouth amber glass container w i t h  a Teflon-lined cap or  
placed in one of the glass sorbent modules tightly sealed w i t h  Teflon film and 
elas t ic  bands. The resin should be used within 4 wk of the preparation. 

5.2 Silica el : Indicating type, 6-16 mesh. If previously used, dry a t  
175'C ( 3 5 O d h r  before using. New s i  1 ica gel may be used as received. 
A1 ternati vely, other types of desi ccants (equivalent or better) may be used, 
subject to the approval of the Administrator. 

5.3 Impi nqer solutions: Di s t i  1 led organi c-free water (Type 11) shall be 
used, unl ess sampl i ng is  intended to quantify a particular inorganic gaseous 
species. If sampling i s  intended to quantify the concentration of additional 
species, the impinger solution of choice shall be subject to Administrator 
approval. This water should be prescreened for any compounds of Interest. 
One hundred mL will be added to  the specified impinger; the third impinger i n  
the train may be charged w i t h  a basic solution (1 N sodium hydroxide or sodium 
acetate) to protect the sampling pump from acidic gases. Sodium acetate 
should be used when large sample volumes are anticipated because sodim 
hydroxide wi 1 1 react wi t h  carbon dioxide i n aqueous media t o  fonn sodi r a ~  
carbonate, which may possibly plug the impinger. 
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5.4 Sampl e recovery reaqents: 

5.4.1 Methylene chloride: D i  s t i  11 ed-i n-gl ass rade i s required f o r  
sample recovery and cleanup (see Note t o  5.4.2 below ! . 

5.4.2 Uethyl a1 coho1 : Di s t i  11 ed-i n-gl ass grade i s required f o r  
sampl e recovery and c l  eanup . 
NOTE: Organic solvents from metal containers may have a high 

residue blank and should not be used. Sometimes suppliers 
t rans fer  sol vents from metal t o  glass bott les;  thus blanks shal l  
be run p r i o r  t o  f i e l d  use and only solvents w i th  low blank value 
(<0.001%) shal l  be used. 

5.4.3 Water: Water (Type 11) shal l  be used f o r  r i ns ing  the organic 
module and condenser component. 

6.0 SAMPLE COLLECTION, PRESERVATION, AND HANDLING 

6.1 Because o f  complexity o f  t h i s  method, f i e l d  personnel should be 
t ra ined i n  and experienced wi th  the t e s t  procedures i n  order t o  obtain 
re1 i abl e resul ts.  

6.2 Laboratory preparation: 

6.2.1 . A l l  the components shal l  be maintained and cal ibrated 
according t o  the procedure described i n APTD-0576, unl ess otherwise 
speci f i ed . 

6.2.2 Weigh several 200- t o  300-9 port ions o f  s i l i c a  gel i n  
a i r t i g h t  containers t o  the nearest 0.5 g. Record on each container the 
t o t a l  weight o f  the s i  1 i c a  gel plus containers. As an a1 ternat ive t o  
preweighing the s i  1 i c a  gel, i t  may instead be weighed d i r e c t l y  i n  the 
impinger o r  sampl ing holder j u s t  p r i o r  t o  t r a i n  assembly. 

6.2.3 Check f i l t e r s  v isua l l y  against l i g h t  f o r  i r r e g u l a r i t i e s  and 
flaws o r  pinhole leaks. Label the shipping containers (glass Pet r i  
dishes) and keep the f i l t e r s  i n  these containers a t  a l l  times except 
during sampl i ng and wei ghi ng . 

6.2.4 Desiccate the f i l t e r s  a t  20 + 5.6'C (68 + 10'F) and ambient 
pressure f o r  a t  leas t  24 hr, and welgh a t  rn te rva ls  of-at leas t  6 h r  t o  a 
constant weight (i .e., <0.5-mg change from previous weighing) , recording 
resu l ts  t o  the nearest 0.1 mg. During each weighing the f i l t e r  must not 
be exposed f o r  more than a 2-min period t o  the laboratory atmosphere and 
re1 a t i  ve humidity above 50%. A1 te rna t i  vely (unless otherwi se speci f ied 
by the Administrator), the f i  1 te rs  may be oven-dried a t  105'C (220'F) f o r  
2-3 hr, desiccated f o r  2 hr, and weighed. 
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6.3 Preliminary field determinations: 

6.3.1 Select the sampling s i t e  and the minimum number of sawling 
points according to EPA Method 1 or as specified by the Administrator. 
Determine the stack pressure, temperature, and range of velocity heads 
using EPA Method 2. It is recommended that a leak-check of the pltot 
lines (see EPA Method 2, Section 3.1) be performed. Determine the stack- 

, gas moisture content using EPA Approximation Method 4 or its alternatives 
to establ i sh estimates of i sokineti c sampl ing-rate settings. Determine 
the stack-gas dry molecular weight, as described i n  EPA Method 2, Section 
3.6. If integrated EPA Method 3 sampling is used for molecular weight 
determination, the integrated bag sample shall be taken simultaneously 
with, and for the same total length of time as, the sample run. 

6.3.2 Select a nozzle size based on the range of velocity heads so 
that i t  i s  not necessary to change the nozzle size i n  order to  maintain 
isokinetic sampling rates. During the run, do not change the nozzle. 
Ensure that the proper differential pressure gauge i s  chosen for the 
range of vel oci ty heads encountered (see Sect I on 2.2 of EPA Met hod 2) . 

6.3.3 Select a suitable probe , l iner and probe length so that a l l  
traverse points can be sampled. For large stacks, to  reduce the length 
of the probe, consider sampling from opposite sides of the stack. 

6.3.4 A minimum of 3 dscm (105.9 dscf) of sample volume i s  required 
for the determination of the Destruction and Removal Efficiency (DRE) of 
POHCs from incineration systems. Additional sample volume shall be 
collected as necessitated by analytical detection limit constraints. To 
determine the minimum sample volume required, refer to sample 
calculations i n  Section 10.0. 

6.3.5 Determine the total length of sampl ing time needed to obtain 
the i denti f i ed minimum vol ume by comparing the anticipated average 
sampling rate with the volume requirement. Allocate the same tine to  al l  
traverse points defined by EPA Method 1. To avoid timekeeping errors, 
the length of time sampled a t  each traverse point should be an integer or 
an integer plus one-half min. 

6.3.6 In some circumstances (e.g., batch cycles) it  maybe 
necessary to  sample for shorter times a t  the traverse points and to 
obtain small e r  gas-sampl e volumes. In  these cases, the Administrator's 
approval must f i r s t  be obtained. 

6.4 Preparation of collection train: 

6.4.1 During preparation and assembly of the sampling train, keep 
a1 1 openings where contamination can occur covered with Teflon film or  
aluminum foil  until just prior t o  assembly or until sampling is about t o  
beg1 n. 
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6.4.2 F i l l  the sorbent t r ap  section o f  the organic module w i th  
approxlmately 20 g o f  clean adsorbent r e s l  n. Whi 1 e f 11 1 I ng , ensure tha t  
the t r a p  packs uniformly, t o  el iminate the p o s s i b i l i t y  o f  channeling. 
When f resh ly  cleaned, many adsorbent res ins carry a s t a t i c  charge, which 
w i l l  cause c l i ng ing  t o  t rap  walls. This may be minimized by f i l l  i ng  the 
t rap  i n  the presence o f  an a n t i s t a t i c  device. Comnercial a n t i s t a t i c  
devices I nc l  ude Model -204 and Model -210 manufactured by the 3M Company, 
St. Paul , M i  nnesota. 

6.4.3 I f  an impinger t r a i n  i s  used t o  c o l l e c t  moisture, place 100 
mL o f  water i n  each o f  the f i r s t  two impingers, leave the t h i r d  impinger 
empty (or charge w l  t h  caustic solut ion, as necessary), and t rans fe r  
approxlmately 200-300 g o f  preweighed s i l i c a  gel from i t s  container t o  
the four th  impinger. More s i l i c a  gel may be used, but  care should be 
taken t o  ensure tha t  i t i s  not entrained and carr ied out from the 
lmpinger dur ing sampl ing. Place the container i n  a clean place f o r  l a t e r  
use i n  the sample recovery. Al ternat ively,  the weight o f  the s i  l i c a  gel 
p lus  lmpinger may be determined t o  the nearest 0.5 g and recorded. 

6.4.4 Using a tweezer o r  clean disposable surgical  gloves, place a 
labeled ( iden t i f ied)  and weighed f i l t e r  i n  the f i l t e r  holder. Be sure 
t h a t  the f i l t e r  i s  properly centered and the gasket proper ly placed t o  
prevent the sample gas stream f r o m  circumventing the f i l t e r .  Check the 
f i  1 t e r  f o r  tears a f t e r  assembly i s  completed. 

6.4.5 When glass l i n e r s  are used, i n s t a l l  the selected nozzle using 
a Viton-A O-ring when stack temperatures are <260°C (500.F) and a woven 
g l  ass-f I ber gasket when temperatures are higher. See APTD-0576 (Rom, 
1972) f o r  d e t a i l  s. Other connect1 ng systems u t i  1 i z i  ng e i t he r  316 
s ta in less s tee l  o r  Teflon fe r ru les  may be used. When metal 1 iners are 
used, i n s t a l  1 the nozzle as above, o r  by a leak-free d i r e c t  mechanical 
connection. Mark the probe w i th  heat-resistant tape o r  by some other 
method t o  denote the proper distance i n t o  the stack o r  duct f o r  each 
sampl i ng po in t  . 

6.4.6 Set up the t r a i n  as i n  Figure 1. During assembly, do not use 
any s i l  icone grease on ground-glass j o i n t s  tha t  are located upstream o f  
the organic module. A very l i g h t  coating o f  s i l i cone grease may be used 
on a1 1 ground-glass j o i n t s  t ha t  are located downstream o f  the organic 
module, bu t  i t should be l im i ted  t o  the outer por t ion  (see APTD-0576) o f  
the ground-glass j o i n t s  t o  m i  nimize s i 1  icone-grease contan~ination. 
Subject t o  the approval o f  the Administrator, a glass cyclone may be used 
between the probe and the f i l t e r  holder when the t o t a l  pa r t i cu la te  catch 
i s  expected t o  exceed 100 mg o r  when water droplets are present i n  the 
stack. The organic module condenser must be maintained a t  a temperature 
o f  17 3'C. Connect a l l  temperature sensors t o  an appropriate 
potent1 ometerldi spl  ay uni t. Check a1 1 temperature sensors a t  ambi ent 
temperature. 

6.4.7 Place crushed i c e  around the impingers and the organic module 
condensate knockout. 
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6.4.8 Turn on the sorbent mdule and condenser c o i l  coolant 
rec i rcu la t ing  pump and begin monitoring the sorbent module gas entry 
temperature. Ensure proper sorbent module gas entry temperature before 
proceeding and again before any sampling i s  in i t ia ted .  It i s  extremely 
important t ha t  the XAD-2 res in temperature never exceed 50.C (122*F), 
because thermal decomposition w i  11 occur. During testing, the XAD-2 
temperature must h o t  exceed 20.C (68.F) f o r  e f f i c i e n t  capture o f  the 
semivol a t i  l e  species o f  interest.  

6.4.9 Turn on and set the f i l t e r  and probe heating systems a t  the 
desired operating temperatures. A1 low time f o r  the temperatures t o  
stabi 1 i ze. 

6.5 Leak-c hec k procedures 

6.5.1 Pre-test 1 eak-check: 

6.5.1.1 Because the number o f  addi t 1 onal i ntercomponent 
connections i n  the Semi-VOST t r a i n  (over the M5 Train) increases the 
possi b i  1 i t y  o f  leakage, a pre-test 1 eak-check i s  required. 

6.5.1.2 After the sampling t r a i n  has been assembled, turn on 
and set  the f i l t e r  and probe heating systems a t  the desired 
operating temperatures. Allow time f o r  the temperatures t o  
s tabi l ize.  I f  a Viton A O-ring o r  other leak-free connection i s  
used i n  assembling the probe nozzle t o  the probe 1 iner, leak-check 
the t r a i n  a t  the s l i n g  s i t e  by plugging the nozzle and pu l l i ng  a 
381-m Hg (15-in. Hg 9 vacuum. 
(NOTE: A lower vacuum may be used, provided that  it i s  not exceeded 

during the test.) 

6.5.1.3 I f  an asbestos s t r i ng  i s  used, do not connect the 
probe t o  the t r a i n  during the leak-check. Instead, leak-check the 
t r a i n  by f i r s t  attaching a carbon-fi 11 ed 1 eak-check impinger (shown 
i n  Figure 4) t o  the i n l e t  o f  the f i l t e r  holder (cyclone, i f  appllc- 
able) and then plugging the i n l e t  and pu l l i ng  a 381-m Hg (15-in. 
Hg) vacuum. (Again, a lower vacuum may be used, provided that  it i s  
not exceeded during the test.) Then, connect the probe t o  the t r a i n  
and leak-check a t  about 25-m Hg (1-in. Hg) vacuum; a1 ternat ively,  
leak-check the probe wi th  the res t  o f  the sampling t r a i n  i n  one step 
a t  381-mm Hg (15-in. Hg) vacuum. Leaka e rates i n  excess o f  4% o f  

i s  less, are unacceptable. 
9 the average sampl ing ra te  o r  )0.00057 m /min (0.02 cfm), whichever 

6.5.1.4 The following leak-check instruct ions f o r  the sampling 
t r a i n  described i n  APTD-0576 and APTD-0581 may be helpful. Star t  
the pump wi th f ine-adjust valve f u l l y  open and coarse-adjust valve 
completely closed. Par t i  a1 l y  open the coarse-adjust valve and 
slowly close the fine-adjust valve un t i  1 the desired vacuum i s  
reached. Do not reverse d i rect ion o f  the fine-adjust valve; t h i s  
w l l l  cause w a E  t o  back up i n t o  the organic module. I f  the desired 
vacuum i s  exceeded, e i ther  leak-check a t  t h i s  higher vacuum o r  end 
the leak-check, as shown below, and s t a r t  over. 
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Le8k Testing Apparatus 

Figure 4. Leak-check imp1 nger. 
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6.5.1.5 When the leak-check i s  completed, f i r s t  slowly remove 
the plug from the in le t  t o  the probe, f i l t e r  holder, or  cyclone (if  
applicable) . When the vacuum drops t o  127 mn (5 in.) Hg or  less,  
imnediately close the coarse-adjust valve. Switch off the pumping 
system and reopen the fine-adjust valve. Do not reopen the fine- 
adjust valve until the coarse-adjust valve has been closed. This 
prevents the water in the impingers from being forced backward into 
the organic module and s i l i ca  gel from being entrained backward into 
the third impinger. 

6.5.2 Leak-checks durl ng saopl 1 ng run: 

6.5.2.1 I f ,  during the sampling run,  a component (e.g., f i l t e r  
assembly, impi nger, o r  sorbent trap) change becomes necessary, a 
leak-check shall be conducted immediately a f t e r  the Interruption of 
sampling and before the change i s  made. The leak-check shall be 
done according t o  the procedure out1 ined i n  Paragraph 6.5.1, except 
that  i t  shall be done a t  a vacuum greater than o r  equal t o  the 
maximum value recorded up t o  t h a t  point In the tes t .  I f  the leakage 
ra te  i s  found to  be no greater than 0.00057 m3/min (0.02 cfm) o r  4% 
of the average sampling rate  (whichever is  less),  the results are 
acceptable, and no correction will need to  be applied to  the total 
volume of dry gas metered. If  a higher leakage rate  is obtained, 
the t e s te r  shall void the sampling run.  ( I t  should be noted t h a t  
any "correction" of the sample volume by calculation by calculation 
reduces the integri t of the pol 1 utant concentrations data generated 
and must be avoided. f 

6.5.2.2 Imedi ately a f t e r  a component change, and before 
sampling i s  reinitiated, a leak-check similar t o  a pre-test leak- 
check must also be conducted. 

6.5.3 Post-test leak-check: 

6.5.3.1 A leak-check i s  mandatory a t  the conclusion of each 
sampling run. The leak-check shall be done with the same procedures 
as those with the pre-test leak-check, except that  i t  shall be 
conducted a t  a vacuum greater than or  equal t o  the maximum value 
reached during the sampling run.  I f  the leakage rate i s  found t o  be 
no greater than 0.00057 m3/min (0.02 cfm) o r  4% of the average 
sampling rate  (whichever i s  less) ,  the results are acceptable, and 
no correction need be applied to  the total volume of dry gas 
metered. I f ,  however, a higher leakage rate i s  obtained, the t e s te r  
shall e i ther  record the leakage rate,  correct the sample volume (as 
shown in the calculation section of th i s  method), and consider the 
data obtained of questionable rel iabi l i ty,  or  void the sampling run. 

6.6 Sampl ina-trai n operation: 

6.6.1 During the sampling run, maintainan isoklnetic sampling rate  
t o  within 10% of t rue isokinetic, unless otherwise specified by the 
Administrator. Maintain a temperature around the f i l t e r  of 120 + 14.C 
(248 2 25.F) and a gas temperature entering the sorbent trap a t  a Gxiunnn 
of 20.C (68.F). 
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6.6.2 For each run, record the data required on a data sheet such 
as the one shown I n  Figure 5. Be sure t o  record the I n i  ti a1 dry-gas 
meter reading. Record the dry-gas meter readings a t  the beginning and 
end o f  each sampling time increment, when changes i n  f low rates are made 
before and a f te r  each leak-check, and when sampling I s  halted. Take 
other readings required by Figure 5 a t  leas t  once a t  each sample point  
dur l  ng each time increment and add1 t l ona l  readings when s ign i f i can t  
changes (20% var l  a t ion  i n  veloci ty-head read1 ngs) necessi t a t e  addit ional  
adjustments i n  f low rate. Level and zero the manometer. Because the 
manometer leve l  and zero may d r i f t  due t o  v ibrat ions and temperature 
changes, make per iodic checks dur l  ng the traverse. 

6.6.3 Clean the stack access por ts  p r i o r  t o  the t e s t  run t o  
e l  iminate the chance o f  sampling deposited materi a1 . To beg1 n sampl Ing, 
remove the nozzle cap, v e r i f y  t ha t  the f i  1 t e r  and probe heating systems 
are a t  the speci f ied temperature, and v e r i f y  t ha t  the p i t o t  tube and 
probe are properly positioned. Posit ion the nozzle a t  the f i r s t  traverse 
point ,  w i th  the t i p  point ing d i r e c t l y  i n t o  the gas stream. Immediately 
s t a r t  the pump and adjust the f low t o  i sok ine t ic  conditions. Nomographs, 
which a id  i n  the rapid adjustment o f  the isok lne t ic  sampling ra te  without 
excess1 ve computations, are avai 1 abl e. These nomographs are designed f o r  
use when the Type S p i to t - tube coef f i c ien t  i s  0.84 + 0.02 and the stack- 
gas equivalent densi t y  (dry molecular weight) i s  equal t o  29 + 4. APTD- 
0576 de ta i l s  the procedure for  using the nomographs. I f  the stack-gas 
molecular weight and the pi tot- tube coef f i c ien t  are outside the above 
ranges, do not use the nomographs unl ess appropriate steps (Shl gehara, 
1974) are taken t o  compensate f o r  the deviations. 

6.6.4 When the stack i s under s ign i f i can t  negative pressure 
(equivalent t o  the height o f  the impinger stem), take care t o  close the 
coarse-adjust valve before Inser t ing  the probe i n t o  the stack, t o  prevent 
water from backing i n t o  the organic module. I f  necessary, the pump may 
be turned on w i th  the coarse-adjust valve closed. 

6.6.5 When the probe i s  i n  posit ion, block o f f  the openings around 
the probe and stack access po r t  t o  prevent unrepresentative d i l u t i o n  o f  
the gas stream. 

6.6.6 Traverse the stack cross section, as required by EPA Method 1 
o r  as speci f ied by the Administrator, being careful  not t o  bump the probe 
nozzle i n t o  the stack wal ls when sampling near the wall s o r  when removing 
o r  i nse r t i ng  the probe through the access port, i n  order t o  minimize the 
chance o f  extract1 ng deposited materi a1 . 

6.6.7 During the t e s t  run, make per iodic adjustments t o  keep the 
temperature around the f i  1 t e r  holder and the organic module a t  the proper 
levels; add more i c e  and, if necessary, s a l t  t o  maintain a temperature o f  
<20eC (68.F) a t  the condenserlsll l c a  gel out le t .  A1 so, per iodical  l y  
check the leve l  and zero o f  the manometer. 
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6.6.8 I f  the pressure drop across the f i l t e r  o r  sorbent t rap  
becomes too high, making isok ine t ic  sampling d i f f i c u l t  t o  maintain, the 
f i l t e r l so rben t  t rap  may be replaced i n  the midst o f  a sample run. Using 
another complete f i  1 t e r  hol derlsorbent t rap  assembly i s  recomnended, 
rather  than attempting t o  change the f i l t e r  and res in  themselves. A f te r  
a new f i 1 ter lsorbent  t rap  assembly i s ins ta l  1 ed, conduct a 1 eak-check. 
'The t o t a l  pa r t i cu la te  weight shal l  include the summation of a l l  f i l t e r  
assembly catches. 

6.6.9 A s ing le t r a i n  shal l  be used f o r  the e n t i r e  sample run, 
except i n  cases where simultaneous sampling i s  reqli i  red i n  two o r  more 
separate ducts o r  a t  two o r  more d i f fe ren t  locat ions w i th in  the same 
duct, o r  i n  cases where equipment f a i l u r e  necessitates a change o f  
t ra ins.  I n  a l l  other s i tuat ions, the use o f  two o r  m r e  t ra ins  w i l l  be 
subject t o  the approval o f  the Administrator. 

6.6.10 Note tha t  when two o r  more t r a i n s  are used, separate 
analysis o f  the front-hal f  (if applicable) organic-modul e and impinger 
( i f  applicable) catches f r o m  each t r a i n  shal l  be performed, unless 
ident ica l  nozzle sizes were used on a l l  t rains. I n  t h a t  case, the f ront -  
h a l f  catches f r o m  the ind iv idual  t ra ins  may be combined (as may the 
impi nger catches), and one analysis o f  f ront -hal f  catch and one analysis 
o f  impinger catch may be performed. 

6.6.11 A t  the end o f  the sample run, t u rn  o f f  the coarse-adjust 
valve, remove the probe and nozzle f r o m  the stack, t u rn  off the pump, 
record the f i n a l  dry-gas meter reading, and conduct a post-test leak- 
check. Also, leak-check the p i t o t  l i nes  as described i n  EPA Method 2. 
The l i nes  must pass t h i s  leak-check i n  order t o  va l idate the ve loc i ty-  
head data. 

6.6.12 Cal cul ate percent i sokinet ic i  t y  (see Section 10.8) t o  
determine whether the run was v a l i d  o r  another t e s t  run should be made. 

7.0 SAMPLE RECOVERY 

Preparation : 

7.1.1 Proper cleanup procedure begins as soon as the probe i s  
removed from the stack a t  the end o f  the sampling period. A1 low the 
probe t o  cool. When the probe can be safe ly  handled, wipe o f f  a l l  
external par t i cu la te  matter near the t i p  o f  the probe nozzle and place a 
cap over the t i p  t o  prevent los ing  o r  gaining pa r t i cu la te  matter. Do not 
cap the probe t i p  t i g h t l y  while the sampling t r a i n  i s  cooling down 
because t h i s  w i l l  create a vacuum i n  the f i  1 t e r  holder, drawing water 
f r o m  the impingers i n t o  the sorbent module. 

7.1.2 Before moving the sample t r a i n  t o  the cleanup s i te ,  remve 
the probe from the sample t r a i n  and cap the open out le t ,  being careful 
not t o  lose any condensate tha t  might be present. Cap the f i  1 t e r  i n l e t .  
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Remove the umbi 1 i c a l  cord from the l a s t  impinger and cap the iapinger. 
If a f l ex ib le  1 i ne i s  used between the organic nodule and the f i  1 t e r  
holder, disconnect the l i n e  a t  the f i l t e r  holder and l e t  any condensed 
water o r  l i q u i d  drain i n t o  the organic module. 

7.1.3 Cap the f i l te r -ho lder  ou t l e t  and the i n l e t  t o  the organic 
module. Separate the sorbent t rap section o f  the organic module frola the 
condensate knockout t rap and the gas-condi t i o n i  ng section. Cap a1 1 
organi c modul e openings. D i  sconnect the organi c-module knockout t rap 
from the impinger t r a i n  i n l e t  and cap both o f  these openings. Cround- 
glass stoppers, Teflon caps, o r  caps o f  other i n e r t  materials may be used 
t o  seal a1 1 openings. 

7.1.4 Transfer the probe, the f i l t e r ,  the organic-module 
components, and the impi nger/condenser assembly t o  the cleanup area. 
This area should be clean and protected f r o m  the weather t o  minimize 
sample contamination o r  loss. 

7.1.5 Save a por t ion o f  a1 1 washing solutions (methanol/methylene 
chloride, Type I1 water) used f o r  cleanup as a blank. Transfer 200 mL o f  
each solut ion d i r e c t l y  from the wash b o t t l e  being used and place each I n  
a separate, pre l  abel ed glass sample container. 

7.1.6 Inspect the t r a i n  p r i o r  t o  and during disassembly and note 
any abnormal conditions. 

7.2 Sample containers: 

7.2.1 Container no. 1: Careful ly remove the f i l t e r  from the f i l t e r  
holder and place i t  i n  i t s  i den t i f i ed  Petr i  dish container. Use a p a i r  
o r  pa i rs  o f  tweezers t o  handle the f i l t e r .  I f  it i s  necessary t o  f o l d  
the f i l t e r ,  ensure tha t  the par t icu late cake i s  inside the fold. 
Careful ly t ransfer  t o  the Petr i  dish any par t icu late matter o r  f i l t e r  
f i be rs  tha t  adhere t o  the f i l te r -ho lder  gasket, using a dry nylon b r i s t l e  
brush o r  sharp-edged blade, o r  both. Label the container and seal wi th  
1-in.-wide Teflon tape around the circumference o f  the l i d .  

7.2.2 Container no. 2: Taking care tha t  dust on the outside o f  the 
probe o r  other ex ter io r  surfaces does not get i n t o  the sample, 
quant i ta t i ve ly  recover par t icu late matter o r  any condensate f r o m  the 
probe nozzle, probe f i t t i n g ,  probe l i ne r ,  and f ron t  h a l f  o f  the f i l t e r  
holder b washing these components f i r s t  wi th methanollmethylene chloride 
(1:l V / V  J i n t o  a glass container. D i s t i l l e d  water may also be used. 
Retain a water and solvent blank and analyze i n  the same manner as wi th  
the samples. Perform rinses as follows: 

7.2.2.1 Careful ly remove the probe nozzle and clean the inside 
surface by r ins ing  wi th  the solvent mixture (1:l v/v methanol/- 
methylene chloride) from a wash b o t t l e  and brushing wi th  a nylon 
b r i s t l e  brush. Brush u n t i l  the r inse shows no v i s i b l e  part icles; 
then make a f i na l  r inse o f  the inside surface wi th  the solvent mix. 
Brush and r inse the inside parts of the Swagelok f l t t l n g  wlth the 
solvent mix i n  a s imi la r  way u n t i l  no v i s ib le  par t ic les remain, 
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7.2.2.2 Have two people r i nse  the probe l i n e r  w i t h  the solvent 
mix by t i l t i n g  and r o t a t i n g  the probe whi le  squ i r t i ng  solvent i n t o  
i t s  upper end so t h a t  a1 1 ins ide  surfaces wi 11 be wetted w i t h  
solvent. Let  the solvent d ra in  from the lower end i n t o  the sample 
container. A glass funnel may be used t o  a i d  I n  t r ans fe r r i ng  l i q u i d  
washes t o  the container. 

7.2.2.3 Follow the  solvent r i nse  w i t h  a  probe brush. Hold the  
probe i n  an i nc l i ned  pos i t i on  and s q u i r t  solvent i n t o  the  upper end 
whi l e  pushing the probe brush through the probe w i t h  a  t w i s t i n g  
action; place a sample container underneath the lower end o f  the 
probe and catch any sol vent and pa r t i cu la te  matter t h a t  i s  brushed 
from the  probe. Run the brush through the probe three times o r  more 
u n t i l  no v i s i b l e  pa r t i cu la te  matter i s  ca r r i ed  ou t  w i t h  the  solvent 
o r  u n t i l  none remains i n  the probe l i n e r  on v isua l  inspection. With 
s ta in less  s tee l  o r  other metal probes, run the brush through i n  the 
above-prescribed manner a t  l eas t  s i x  times (metal probes have small 
crevices i n  which pa r t i cu la te  matter  can be entrapped). Rinse the 
brush w i t h  solvent and quan t i t a t i ve l y  c o l l e c t  these washings i n  the 
sample container. A f t e r  the brushing, make a f i n a l  solvent r i nse  o f  
the probe as described above. 

7.2.2.4 It i s  recommended t h a t  two people work together t o  
clean the probe t o  minimize sample losses. Between sampl i n g  runs, 
keep brushes clean and protected from contamination. 

7.2.2.5 Clean the ins ide  o f  the f r o n t  h a l f  of the f i l t e r  
holder and cyclone/cyclone f lask,  if used, by rubbing the surfaces 
w i t h  a  nylon b r i s t l e  brush and r i n s i n g  w i t h  methanol /methylene 
ch lo r ide  (1:l v/v) mixture. Rinse each surface three times o r  more 
i f  needed t o  remove v i s i b l e  par t i cu la te .  Make a f i n a l  r i nse  of the 
brush and fil t e r  holder. Carefu l ly  r inse  out  the  glass cyclone and 
cyclone f 1 ask (i f appl i cab l  e) . Brush and r i n s e  any p a r t i  cu l  a te  
mater ia l  adhering t o  the  inner  surfaces o f  these components i n t o  the 
f r on t -  ha1 f r i n s e  sample. A f te r  a1 1 sol  vent washings and p a r t i c u l a t e  
matter have been co l lec ted i n  the sample container, t i gh ten  the l i d  
on the sample container so t h a t  solvent w i  11 not  leak out  when i t  i s  
shipped t o  the laboratory. Mark the height  o f  the  f l u i d  l eve l  t o  
determine whether 1  eakage occurs dur ing t ransport .  Label the 
container t o  i d e n t i f y  i t s  contents. 

7.2.3 Contalner no. 3: The sorbent t r ap  sect ion o f  the  organic 
module may be used as a  sample t ranspor t  container, o r  the  spent r e s i n  
may be t rans fe r red  t o  a  separate glass b o t t l e  f o r  shipment. I f  the 
sorbent t r a p  i t s e l f  i s  used as the t ranspor t  container, both ends should 
be sealed w i t h  t i g h t l y  f i t t i n g  caps o r  plugs. Ground-glass stoppers o r  
Tef lon caps may be used. The sorbent t r a p  should then be labeled, 
covered w i t h  a1 umi num f o i  1 ,  and. packaged on i c e  f o r  t ranspor t  t o  the 
laboratory.  I f  a separate b o t t l e  i s  used, the  spent r es in  should be 
quanti  t a t i v e l y  t ransfer red from the t r ap  i n t o  the clean bo t t l e .  Resl n  
t h a t  adheres t o  the  wal ls  o f  the  t r ap  should be recovered using a rubber 
policeman o r  spatula and added t o  t h i s  bo t t l e .  
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7.2.4 Container no. 4: Measure the volume o f  condensate collected 
i n  the condensate knockout section o f  the organic module t o  wi th in +1 mL 
by using a graduated cyl inder o r  by weighing t o  wi th in M.5 g using a 
triple-beam balance. Record the volume o r  weight o f  l i q u i d  present and 
note any discolorat ion o r  f i l m  i n  the l i q u i d  catch. Transfer t h i s  l i qu id  
t o  a prelabeled glass sample contai ner. Inspect the back ha l f  o f  the 
f i l t e r  housing and the gas-conditioning section of the organic module. 
I f  condensate i s  observed, t ransfer i t  t o  a graduated o r  weighing bot t le  
and measure the volume, as described above. Add t h i s  material t o  the 
condensate knockout-trap catch. 

7.2.5 Container no. 5: A1 1 sampling t r a i n  components located 
between the high-eff i  c i  ency glass- or  quartz-f i  ber f i  1 t e r  and the f i r s t  
wet impinger o r  the f ina l  condenser system (including the heated Teflon 
l i n e  connecting the f i l t e r  ou t le t  t o  the condenser) should be thoroughly 
rinsed with methanol/methyl ene chloride (1: 1 v/v) and the rinsings 
combined. This r inse shal l  be separated from the condensate. If the 
spent res in i s  transferred f r o m  the sorbent t rap t o  a separate sample 
container f o r  transport, the sorbent trap shall be thoroughly rinsed 
u n t i l  a l l  sample-wetted surfaces appear clean. Visible f i lms should be 
removed by brushi ng . Whenever t r a i n  components are brushed, the brush 
should be subsequently rinsed with solvent mixture and the rinsings added 
t o  t h i s  container. 

7.2.6 Container no. 6: Note the color o f  the indicat ing s i l i c a  gel 
t o  determine i f  i t  has been completely spent and make a notation o f  i t s  
condition. Transfer the s i l i c a  gel from the fourth impinger t o  i t s  
o r ig ina l  container and seal. A funnel may make it easier t o  pour the 
s i l i c a  gel without sp i l l ing .  A rubber policeman may be used as an a id  i n  
removing the s i l i c a  gel f r o m  the impinger. I t i s  not necessary t o  remve 
the small amount o f  dust par t ic les that may adhere strongly t o  the 
impinger wall. Because the gain i n  weight i s  t o  be used f o r  moisture 
calculations, do not use any water o r  other l iqu ids  t o  transfer the 
s i l i c a  gel. If a balance i s  available i n  the f ie ld ,  weigh the container 
and i t s  contents t o  0.5 g o r  better. 

7.3 Impinger water: 

7.3.1 Make a notation o f  any color o r  f i l m  i n  the l i q u i d  catch. 
Measure the l i q u i d  i n  the f i r s t  three impaingers t o  wi th in +1 mL by using 
a graduated cyl inder o r  by weighing i t t o  within +0.5'- g by using a 
balance ( i f  one i s  avai 1 able) . Record the volume o r  weight o f  1 iquid 
present. Thi s i nformation i s requi red t o  calculate the moisture content 
o f  the e f f luent  gas. 

7.3.2 Discard the 1 iqufd a f te r  measuring and recording the v o l ~  
o r  weight, unless analysis o f  the impinger catch i s  required (see 
Paragraph 4.1.3.7). Amber glass containers should be used f o r  storage o f  
impi nger catch, i f  required. 

7.3.3 I f  a d i f f e ren t  type o f  condenser i s  used, measure the amount 
o f  moisture condensed e i ther  vol m e t r i c a l  l y  o r  gravimetrical ly. 
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7.4 Sample preparation f o r  shipment: P r i o r  t o  shipment, recheck a l l  
s a m ~ l  e containers t o  ensure t ha t  the caps are we1 1 secured. Seal the 1 i d s  o f  
a1 1' containers around the circumference w i th  Teflon tape. Ship a1 l 1 i q u i d  
samples upr ight  on i c e  and a l l  par t i cu la te  f i l t e r s  w i t h  the pa r t i cu la te  catch 
facing upward. The pa r t i cu la te  f i  1 t e r s  should be shipped unrefr igerated. 

8.0 ANALYSIS 

8.1 Sample preparat i  on : 

8.1.1 General : The preparation steps for  a1 1 samples w i  11 resu l t  
i n  a f i n i t e  volume o f  concentrated solvent. The f i n a l  sample volume 
(usually i n  the 1- t o  10-mL range) i s  then subjected t o  analysis by 
GC/MS. A1 1 samples should be inspected and the appearance documented. 
A l  l samples are t o  be spi ked w i th  surrogate standards as received from 
the f i e l d  p r i o r  t o  any sample manipulations. The spike should be a t  a 
leve l  equivalent t o  10 times the MDL when the solvent i s  reduced i n  
volume t o  the  desi red l eve1 (1 . e., 10 mL) . The sp i  k ing compounds should 
be the s tab le  i so top i ca l l y  labeled analog o f  the compounds o f  i n t e r e s t  o r  
a compound t h a t  would exh ib i t  propert ies s im i l a r  t o  the compounds o f  
in te res t ,  be east l y  chromatographed, and not i n t e r f e r e  w i th  the  analysis 
o f  the  compounds o f  i n te res t  . Suggested surrogate sp i  k ing compounds are: 
deuterated naphthalene, chrysene, phenol, nitrobenzene, chlorobenzene, 
to1 uene, and carbon-13-1 abel ed pentachl orophenol . 

8.1.2 Condensate: The "condensate" i s  the moisture co l lec ted i n  
the f i r s t  impinger fo l lowing the XAD-2 module. Spike the condensate w i th  
the surrogate standards. The volume i s  measured and recorded and then 
t ransfer red t o  a separatory funnel. The pH i s  t o  be adjusted t o  pH 2 
w i th  6 N s u l f u r i c  acid, i f  necessary. The sample container and graduated 
cy l inder  are sequenti a1 l y  r insed w i th  three successive 10-mL a1 iquots  o f  
the ex t rac t ion  solvent and added t o  the separatory funnel. The r a t i o  o f  
solvent t o  aqueous sample should be maintained a t  1:3. Extract  the 
sample by vigorously shaking the separatory funnel f o r  5 min. A f te r  
complete separation o f  the phases, remove the solvent and t rans fe r  t o  a 
Kuderna-Dani sh concentrator (K-D) , f i 1 t e r i  ng through a bed o f  p rec l  eaned, 
dry  sodium sul fate.  Repeat the ext ract ion step two addi t ional  times. 
Adjust the  pH t o  11 wi th  6 N sodium hydroxide and reext ract  combining the 
ac id  and base extracts. Rinse the sodium su l f a te  i n t o  the K-D w i th  fresh 
sol vent and discard the desiccant. Add Tef lon boi  l i ng chips and 
concentrate t o  10 mL by reducing the  volume t o  s l i g h t l y  less than 10 mL 
and then br ing ing t o  volume w i th  f resh solvent. I n  order t o  achieve the 
necessary detect ion l i m i t ,  the sample volume can be f u r t h e r  reduced t o  1 
mL by using a'micro column K-D o r  ni t rogen blow-down. Should the sample 
s t a r t  t o  exh ib i t  p rec ip i ta t ion ,  the concentration step should be stopped 
and the sample redissolved w i th  f resh solvent taking the volume t o  some 
f i n i t e  amount. A f t e r  adding a standard ( f o r  the  purpose o f  quant i ta t ion 
by GC/MS) , the sample i s  ready f o r  analysis, as discussed i n  Paragraph 
8.2. 
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8.1.3 Inpinger: Spi ke the sample w i th  the surrogate standards; 
measure and record the volume and t ransfer  t o  a separatory funnel. 
Proceed as described i n  Paragraph 8.1.2. 

8.1.4 XAD-2: Spi ke the res in  d i r e c t l y  w i th  the surrogate 
standards. Transfer the res in  t o  the a l l -g lass thimbles by the fo l lowing 
procedure (care should be taken so as not t o  contaminate the thimble by 
touching i t  w l  t h  anything other than tweezers o r  other solvent-rinsed 
mechani ca l  hol d l  ng devi ces) . Suspend the XAD-2 module d l  r e c t l y  over the 
thimble. The glass frit o f  the module (see Figure 2) should be i n  the up 
posi t ion.  The thimble i s  contained i n  a clean beaker, which w i l l  serve 
t o  catch the solvent rinses. Using a Teflon squeeze bo t t le ,  f l ush  the 
XAD-2 i n t o  the thimble. Thoroughly r inse  the glass module w i t h  solvent 
i n t o  the beaker containing the thimble. Add the XAD-2 glass-wool p lug t o  
the thimble. Cover the XAD-2 i n  the thimble w i t h  a precleaned glass-wool 
p lug su f f i c i en t  t o  prevent the res in  f r o m  f l o a t i n g  i n t o  the solvent 
reservo i r  o f  the extractor. I f  the res in  i s  wet, e f f ec t i ve  extract ion 
can be accompl ished by loosely packing the res in  i n  the thimble. I f  a 
quest 1 on a r i  ses concern1 ng the c o w l  eteness o f  the extract1 on, a second 
extract ion,  without asp ike ,  i s  advised. The thimble i s p l a c e d i n  the 
ex t rac to r  and the r inse  sol vent contained i n  the beaker i s  added t o  the 
solvent reservoir .  Add1 t i ona l  solvent i s  added t o  make the reservo i r  
approximately two-thi rds f u l l .  Add Teflon b o i l  i ng  chips and assemble the 
apparatus. Adjust the heat source t o  cause the ext ractor  t o  cycle 5-6 
times per  hr. Extract  the res in  f o r  16 hr. Transfer the solvent and 
three 10-mL r inses o f  the reservo i r  t o  a K-D and concentrate as described 
i n  Paragraph 8.1.2. 

8.1.5 Par t i cu la te  f i  1 t e r  (and cyclone catch) : If part1 cul  ate 
loading i s  t o  be determined, weigh the f i l t e r  (and cyclone catch, i f  
appl I cabl e) . 'The part1 cul  ate f I 1 t e r  (and cyclone catch, I f appl I cabl e) 
i s  t ransfer red t o  the glass thimble and extracted simultaneously w i t h  the 
XAD-2 resin. 

8.1.6 Tra in  solvent rinses: A l l  t r a i n  r inses (i.e.,probe, 
lmpinger, f i l t e r  housing) using the ext ract ion solvent and methanol are 
returned t o  the laboratory as a s ing le  sample. If the r inses are 
contained I n  more than one container, the intended spi  ke i s  divided 
equal l y  among the contai ners proportioned from a sing1 e sy r i  nge volume. 
Transfer the r inse  t o  a separatory funnel and add a s u f f i c i e n t  amount o f  

' 

organic-free water so t h a t  the methylene chlor ide becomes imniscib le and 
i t s  volume no longer increases wi th  the addi t ion o f  more water. The 
ext ract ion and concentration steps are then performed as described i n  
Paragraph 8.1.2. 

Sample analysis: 

8.2.1 The primary analy t ica l  too l  f o r  the measurement o f  emissions 
from hazardous waste inc inerators  i s  GCIMS using fused-si 1 i c a  cap1 1 l a r y  
GC columns, as descri  bed i n  Method 8270 i n  Chapter Four o f  t h l  s manual. 
Because o f  the nature of GC/MS instrumentation and the cost associated 
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w i t h  sample analysis, prescreening of the sample extracts by gas 
chromato raphylflame ionization detection (GCIFID) or with electron 
capture 7 GCIECD) is  encouraged. Information regarding the compl exi ty and 
concentration level of a sample prior to  GCIMS analysis can be of 
enormous help. This information can be obtained by using either 
cap1 1 lary columns or  less expensive packed columns. However, the FID 
screen should be performed with a column similar t o  that used with the 
GCIMS. Keep in mind that GCIFID has a slightly lower detection limit 
than GCIMS and, therefore, that the concentration of the sample can be 
adjusted ei ther up or down prior to  analysis by GCIMS. 

8.2.2 The mass spectrometer will be operated in a full  scan (40- 
450) mode for  most of the analyses. The range for  which data are 
acquired in a GCIMS run will be sufficiently broad t o  encompass the major 
ions, as l is ted in Chapter Four, Method 8270, for  each of the designated 
POHCs i n  an incinerator effluent analysis. 

8.2.3 For most purposes, electron ionization (EI) spectra will be 
collected because a major1 ty of the POHCs give reasonable EI spectra. 
Also, EI spectra are compatible with the NBS Library of Mass Spectra and 
other mass spectral references, which aid in the identification process 
for  other components i n  the incinerator process streams. 

8.2.4 To clarify some identifications, chemical ionization (CI) 
spectra using either positive ions or negative ions will be used to  
elucidate molecular-weight information and simp1 ify the fragmentation 
patterns of some compounds. In no case, however, should CI spectra alone 
be used for compound identification. Refer to  Chapter Four, Method 8270, 
for  complete descriptions of GC conditions, MS condj t i  ons, and 
quantitative and quantitative identification. 

9.0 CALIBRATION 

9.1 Probe nozzle: Probe nozzles shall be calibrated before thei r  
in l t i a l  use i n  the field. Using a micrometer, measure the insi'de diameter of 
the nozzle to the nearest 0.025 mm (0.001 in.). Make measurements a t  three 
separate places across the diameter and obtain the average of the 
measurements. The difference between the high and low numbers shall not 
exceed 0.1 mn (0.004 in.). When nozzles become nicked, dented, or corroded, 
they shall be reshaped, sharpened, and recal ibrated before use. Each nozzle 
shall be permanently and uniquely identified. 

9.2 Pitot tube: The Type S pitot tube assembly shall be calibrated 
according t o  the procedure out1 ined in Section 4 of EPA Method 2, or  assigned 
a nominal coefficient of 0.84 i f  i t  i s  not visibly nicked, dented, or  corroded 
and i f  i t  meets design and intercomponent spacing speci f ications. 
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9.3 Metering system: 

9.3.1 Before i t s  i n i t i a l  use i n  the f i e l d ,  the metering system 
sha l l  be ca l ib ra ted  according t o  the procedure o u t l  ined i n  APTD-0576. 
Instead o f  phys ica l ly  adjust ing the dry-gas meter d i a l  readings t o  
correspond t o  the wet-test meter readings, ca l  i b r a t i o n  factors may be 
used t o  cor rect  the  gas meter d i a l  readings mathematically t o  the proper 
values. Before ca l i b ra t i ng  the metering system, i t  i s  suggested t ha t  a 
1 eak-check be conducted. For metering systems having diaphragm pumps, 
the normal leak-check procedure w i l l  not  detect leakages w i th in  the pump. 
For these cases the  fo l lowing leak-check procedure i s  suggested: Make a 
10-min ca l i b ra t i on  run a t  0.00057 m3/min (0.02 cfm); a t  the end o f  the 
run, take the d i f ference o f  the measured wet-test and dry-gas meter 
volumes and d iv ide  the d i f ference by 10 t o  get the leak rate. The leak 
r a t e  should not  exceed 0.00057 m3/mi n (0.02 cfm) . 

9.3.2 A f t e r  each f i e l d  use, the ca l i b ra t i on  o f  the metering system 
sha l l  be checked by performing three ca l i b ra t i on  runs a t  a s ing le  
intermediate o r i f i c e  se t t i ng  (based on the previous f i e l d  test) .  The 
vacuum sha l l  be se t  a t  the maximum value reached during the t e s t  series. 
To ad just  the vacuum, i n s e r t  a valve between the  wet-test meter and the 
i n l e t  o f  the metering system. Calculate the  average value o f  the 
c a l i b r a t i o n  factor.  I f  the ca l i b ra t i on  has changed by more than 5%, 
recal  i b r a t e  the  meter over the f u l l  range o f  o r i f i c e  sett ings, as 
o u t l  i ned i n APTD-0576. 

9.3.3 Leak-check of metering system: That por t ion  o f  the sampling 
t r a i n  from the pump t o  the o r i f i c e  meter (see Figure 1) should be leak- 
checked p r i o r  t o  i n i t i a l  use and a f t e r  each shipment. Leakage a f t e r  the 
pump w i  11 r e s u l t  i n  less volume being recorded than i s  ac tua l l y  sampled. 
The f o l  lowing procedure i s  suggested (see Figure 6) : Close the main 
valve on the meter box. I nse r t  a one-hole rubber stopper w i  t h  rubber 
tubing attached i n t o  the o r i f i c e  exhaust pipe. Disconnect and vent the 
low side o f  the  o r i f i c e  manometer. Close o f f  the low side o r i f i c e  tap. 
Pressurize the system t o  13-18 cm (5-7 in.) water column by blowing i n t o  
the rubber tubing. Pinch o f f  the tubing and observe the manometer f o r  1 
min. A loss o f  pressure on the  manometer indicates a leak i n  the meter 
box. Leaks, i f  present, must be corrected. 
NOTE: I f  the dry-gas-meter coe f f i c i en t  values obtained before and a f t e r  

a t e s t  series d i f f e r  by >5%, e i t he r  the t e s t  series sha l l  be 
voided o r  calculat ions f o r  t e s t  series sha l l  be performed using 
whichever meter coe f f i c i en t  value (1 e .  , before o r  a f t e r )  gives 
the lower value o f  t o t a l  sample volume. 

9.4 Probe heater: The probe-heating system sha l l  be ca l ibra ted before 
i t s  i n i t i a l  use i n  the f i e l d  according t o  the procedure ou t l i ned  i n  APTD-0576. 
Probes constructed according t o  AP'TD-0581 need not be ca l ibra ted i f  the 
ca l  i bra t ion  curves i n  APTD-0576 are used. 
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9.5 Temperature gauqes: Each thermocouple must be permanently and 
unl quely marked on the casting; a1 1 mercury-i n-gl ass reference thennometers 
must conform t o  ASTM E-1 63C o r  63F specif ications. Thermocouples should be 
cal  I brated i n  the laboratory w i th  and without the use o f  extension leads. I f  
extension leads are used i n  the f i e l d ,  the thermocouple readings a t  ambient 
a i r  temperatures, w i th  and w l  thout the extension lead, must be noted and 
recorded. Correction i s  necessary i f  the use o f  an extension lead produces a 
change >1.5%. 

9.5.1 Imp1 nger, organ1 c modul e, and dry-gas meter themcoup1 es : 
For the thermocouples used t o  measure the temperature o f  the gas leaving 
the impinger t r a i n  and the XAD-2 res in  bed, three-point ca l ib ra t ion  a t  
ice-water, room-air, and boi 1 1 ng-water temperatures i s  necessary. Accept 
the thermocouples only i f  the readings a t  a l l  three temperatures agree t o  
+2*C (3.6.F) wi th  those o f  the absolute value o f  the reference - 
thermometer. 

9.5.2 Probe and stack themcouple:  For the thermocouples used t o  
ind icate the probe and stack temperatures, a three-point cal ib ra t ion  a t  
1 ce-water, b o i l  i ng-water, and hot-oi 1 -bath temperatures must be 
performed; i t  i s  reconmended tha t  room-ai r temperature 'be added, and tha t  
the thermometer and the thermocouple agree t o  w i th in  1.5% a t  each o f  the 
c a l l  b ra t  i on points . A cal  i brat1 on curve (equati on) nay be constructed 
(cal cul ated) and the data extrapol ated t o  cover the en t i  r e  temperature 
range suggested by the manufacturer. 

9.6 Barometer: Adjust the barometer i n i t i a l l y  and before each tes t  
series t o  agree t o  w i th in  225 mm Hg (0.1 in. Hg) o f  the mercury barometer o r  
the corrected barometric pressure value reported by a nearby National Weather 
Service Stat ion (same a1 t i t u d e  above sea level). 

9.7 T r i  p l  e-beam balance: Cal i brate the t r i p 1  e-beam balance before each 
t e s t  series, using Class-S standard weights: the weights must be wi th in  +0.5% - 
o f  the standards ,-or ' the balance must be adjusted t o  meet these 1 i m i  ts. 

10.0 CALCULATIONS 

10.1 Carry out calculations. Round o f f  f igures a f t e r  the f i n a l  
cal  cu la t ion t o  the correct  number o f  s ign i f i can t  figures. 

10.2 Nomenclature: 

An = Cross-sectional area o f  nozzle, $ (ftz).  

BwS = Water vapor i n  the gas stream, proport ion by volume. 

Cd = Type S p i  t o t  tube coef f i c ien t  (nominally 0.84 - + 0.02), 
dimensionless. 

I = Percent o f  i sok ine t ic  sampl ing. 
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m(r = Density o f  water, 0.9982 g/mL (0.002201 lb/mL) . 
8 = Total sampling time, min. 

81 = Sampling time in terval  from the beginning o f  a run u n t i l  the 
f i r s t  component change, m i  n. 

81 = Sampling time in terval  between two successive component 
changes, beginning wi th the in terval  between the f i r s t  and 
second changes, m i  n. 

Bp = Sampling time in terval  from the f i n a l  (nth) component change 
u n t i l  the end o f  the sampling run, min. 

13.6 = Specif ic grav i ty  o f  mercury. 

100 = Conversion t o  percent. 

10.3 Average dry-gas-meter temperature and average o r i f i c e  pressure 
drop: See data sheet (Figure 5, above). 

10.4 D r  - as volume: Correct the sample measured by the d r  -gas meter 
t o  standard con i t i o n s  20eC, 760 mn Hg [68'F, 29.92 in. Hg ) by using 
Equation 1: 
- Y 

where: 

K 1  = 0.3858 K/mn Hg f o r  metric units, o r  
K1  = l7.64*R/ine Hg f o r  English units. 

It should be noted tha t  Equation 1 can be used as written, unless the leakage 
rate observed during any o f  the mandatory leak-checks (i-e., the post-test 
leak-check o r  leak-checks conducted p r i o r  t o  component changes) exceeds La. 
If Lp o r  L i  exceeds La, Equation 1 must be modified as follows: 

a. Case I (no component changes made during sampling run) : Replace Vm 
i n  Equation 1 with the expression: 
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b. Case I1 (one or more component changes made during the sampling 
' r u n ) : ~ e p l  ace Vm in Equation 1 by the  expression: 

and substitute only for  those leakage rates (L1 or  Lp) that  exceed 
La- 

10.5 Volume of water vapor: 

where: 

K2 = 0.601333 m31m~ for metric units, or  
KZ = 0.04707 ft31m~ for  English units. 

10.6 Moisture content: 

NOTE: In saturated or water-drop1 et-1 aden gas streams, two calculations 
of the moisture content of the stack gas shall be made, one from 
the impinger analysis (Equation 3) and a second from the 
assumption of saturated conditions. The lower of the two values 
of B, shall be considered correct. The procedure for  determining 
the moisture content based upon assumption of saturated conditions 
i s  given i n  the Note to  Section 1.2 of Method 4. For the purposes 
of this method, the average stack-gas temperature from Figure 6 
may be used to  make this determination, provided that  the accuracy 
of the in-stack temperature sensor i s  - +1'C (2'F). 

10.7 Conversion factors: 

From 
sCf 
glf t3  
gl f t3  
g i f t3  

Multiply by 
0.02832 
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10.8 I sok ine t i c  var ia t ion:  

10.8.1 Calcu la t ion fm raw data: 

where : 

K3 = 0.003454 mm H ~ - Q / ~ L - K  f o r  metr ic  uni ts,  o r  
K3 = 0.002669 in. ~ g - f t 3 / m L - ' ~  f o r  English units. 

10.8.2 Calcu la t ion f o r  intermediate values: 

P 100 TsVm(.std) s t d  
I = T ~ ~ ~ v ~ B A ~ P ~ ~ o ( I - B ~ ~ ~  

where : 

Kq = 4.320 f o r  met r ic  uni ts,  o r  
K4 = 0.09450 f o r  Engl ish uni ts.  

10.8.3 Acceptable resu l ts :  I f  90% < I < l l O X ,  the resu l t s  are 
acceptable. I f  the resu l t s  are low i n  comparison w i t h  the standard and 
I i s  beyond the acceptable range, o r  i f  I i s  less  than 90%, the 
Administrator  may opt  t o  accept the resul ts.  

10.9 To determine the minimum sample volume t h a t  sha l l  be col lected, the 
fo l low ing  sequence o f  ca lcu la t ions sha l l  be used. 

10.9.1 From p r i o r  analysis of the waste feed, the concentration o f  
POHCs introduced i n t o  the combustion system can be calculated. The 
degree of dest ruc t ion and removal e f f i c iency  t h a t  i s  required i s  used t o  
determine the maximum amount of POHC allowed t o  be present i n  the 
e f f l uen t .  This may be expressed as: 

(WF) (POHCi conc) (1 00-XDRE) 

= Max POHCi Mass 
100 100 

where : 

WF = mass f low r a t e  o f  waste feed per hr, g/hr  ( lb lh r ) .  

POHCi = concentrat ion o f  Pr inc ipa l  Organic Hazardous Compound ( w t  X )  
introduced i n t o  the combustion process. 

Revision 0 
Date September 1986 



DRE = percent Destruction and Removal Ef f ic iency required. 

Max POHC = mass flow ra te  (g lh r  [ lb lhr ] )  o f  POHC emitted f r o m  the 
combustion source. 

10.9.2 The average discharge concentration o f  the POHC i n  the 
e f f l uen t  gas i s  determined by comparing the Max POHC w i th  the volumetric 
f low ra te  being exhausted from the source. Volumetric f low r a t e  data are 
avai 1 able as a r e s u l t  o f  p re l  i m i  nary Method 1-4 determi nations: 

Max POHCi Mass 

= Max POHCi conc 

DVef f (std) 

where: 

DVeff(std) = vol umetric f low ra te  o f  exhaust gas, dscm (dscf) . 
POHCi conc = ant ic ipated concentration o f  the POHC i n  the 

exhaust gas stream, gldscm ( lb ldscf )  . 
10.9.3 I n  making t h i s  calculation, i t  i s  reconmended tha t  a safety 

margin o f  a t  leas t  ten be included: 

I DL 

'OHCi conc 

where : 

LDL~oHc = detectable amount o f  POHC i n  en t i re  sampling t ra in .  
NOTE: The whole ext ract  f r o m  an XAD-2 car t r idge i s  seldom i f  ever, 

in jected a t  once. Therefore, i f  a l iquot ing  factors are 
involved, the LDLp HC i s not the same as the analy t ica l  (or ? col umn) detection i m i  t . 

VTBC = minimum dry standard volume t o  be c o l l  ected a t  dry-gas 
meter. 

10.10 Concentration o f  any given POHC i n  the qaseous emissions o f  a 
combustion process: 

1) Mu1 t i p l y  the concentration o f  the POHC as determined i n  Method 8270 
by the f i n a l  concentration volume, t y p i c a l l y  10 mL. 

CPOHC (ug1mL) x sample volume (mL) = amount (ug) o f  POHC i n  sample (9) 
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where: 

C p o ~ c  = concentration of POHC as analyzed by Method 8270. 

2) Sum the amount of POHC found i n  a1 1 samples associated w i t h  a single 
train. 

Total (ug) = XAD-2 (ug) + condensate (ug) + rinses (ug) + impinger (ug) (10) 

3) Divide the total ug found by the volume of stack gas sampled (m3). 

(Total ug) / (train sampl e vol ume) = concentration of POHC (ug/m3) (11) 

11 -0  QUALITY CONTROL 

11.1 Sampl inq: See EPA Manual 600/4-77-027b for  Method 5 qual i ty  
control. 

11.2 Anal sis: The quality assurance program required for  this study 
includes the -5- ana ys is  of f ield and method blanks, procedure validations, 
i ncorporation of stabl e 1 abel ed surrogate compounds, quanti tation versus 
stabl e labeled internal standards, capillary column performance checks, and 
external performance tests .  'The surrogate spiking compounds selected for a 
particular analysis are used as  primary indicators of the qual i t y  of the 
analytical data for  a wide range of compounds and a variety of sample 
matrices. The assessment of combustion data, positive identification, and 
quantitation of the selected compounds are dependent on the integrity of the 
samples received and the precision and accuracy of the analytical methods 
employed. The quality assurance procedures for  this method are designed to 
monitor the performance of the analytical method and t o  provide the required 
information t o  take corrective action i f  problems are observed i n  laboratory 
operations or  i n  f ie ld  sarnpl ing activities.  

11.2.1 Meld Blanks: Field blanks must be submitted w i t h  the 
samples collected a t  each sampling si te .  The f ield blanks include the 
sample bottl es containing a1 iquots of sample recovery sol vents, unused 
f i l t e r s ,  and resin cartridges. A t  a minimum, one complete sampling train 
will be assembled i n  the f ield staging area, taken to  the sampling area, 
and leak-checked a t  the beginning and end of the testing (or for  the same 
total  number of times as the actual t e s t  train).  The f i l t e r  housing and 
probe of the blank train will be heated during the sample test.  The 
train w i  11 be recovered as i f  i t  were an actual t e s t  sample. No gaseous 
sample will be passed through the sampling train. 

11.2.2 Method blanks: A method blank must be prepared for each set  
of analytical operations, t o  evaluate contamination and ar t i fac ts  that 
can be derived from glassware, reagents, and sample hand1 ing i n  the 
1 aboratory . 

11.2.3 Refer t o  Method 8270 for additional quality control 
considerations . 
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12.0 METHOD PERFORMANCE 

12.1 Method performance eval uation: Eva1 uation o f  analy t ica l  procedures 
f o r  a selected series o f  compounds must include the sampl e-preparation 
procedures and each associated - analy t ica l  determination. - 'The- analy t ica l  
procedures should he cha l l~nged by the t e s t  compounds spiked a t  appropriate 
levels  and carr ied through the procedures. 

12.2 Method detection 1 i m i  t: 'The overal l  method detection 1 i m i  t s  (lower 
and upper) must be determined' on a compound-by-compound basis because 
d i f f e r e n t  compounds may exh ib i t  d i f ferent co l lect ion,  retent ion, and 
extract ion ef f ic ienc ies as we1 1 as instrumental minimum detection 1 i m i  t (MDL) . 
The method detection l i m i t  must be quoted r e l a t i v e  t o  a given sample volume. 
The upper 1 i m i  t s  fo r  the method must be determined r e l a t i v e  t o  compound 
retent ion vol umes (breakthrough) . 

12.3 Method precis ion and bias: The overa l l  method prec is ion and bias 
must be determined on a compound-by-compound basis a t  a given concentration 
level .  The method precis ion value would include a combined-variabi 1 i t y  due t o  
sampl i ng , sampl e preparation, and instrumental analysi s . The method b i  as 
would be dependent upon the col lect ion,  re ten t i  on, and ext ract ion e f f i c iency  
o f  the t r a i n  components. From evaluation studies t o  date using a dynamic 
spi k ing system, method biases o f  -13% and -16% have been determined f o r  
to1 uene and 1,1,2,2-tetrachl oroethane, respectively . A precis ion o f  19.9% was 
calculated from a f i e l d  t e s t  data set representing seven degrees o f  freedom 
whi ch resul ted f r o m  a series o f  pai  red, unspi ked Semi vol a t i  1 e Organic Sampl i ng 
t r a i  ns (Semi -VOST) sampl i ng emi ssions from a hazardous waste i nc i  nerator. 
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METHOD 0010, APPENDIX A 

PREPARATION OF XAD-2 SORBENT RESIN 

1.0 SCOPE AND APPLICATION 

1.1 XAD-2 res in  as supplied by the manufacturer i s  impregnated with a 
bicarbonate sol u t ion  t o  i n h i b i t  microbial growth during storage. Both the 
s a l t  sol u t ion  and any residual extractable monomer and polymer species must be 
removed before use. The res in  i s  prepared by a series o f  water and organic 
extractions, f o l  lowed by careful  drying. 

2.0 EXTRACTION 

2.1 Method 1: 
extractor.=-gl 
ext ract ion o f  XAD-2; 

The procedure may be carr ied out i n  a g iant  Soxhlet 
ass thimble containing an extra-coarse frit i s  used f o r  
The frit i s  recessed 10-15 am above a crenellated r i ng  

a t  the bottom o f  the thimble t o  f a c i l i t a t e  drainage. The res in  must be 
ca re fu l l y  retained i n  the extractor cup w i th  a glass-wool plug and stainless 
steel  screen because i t  f l o a t s  on wthy lene chloride. This process involves 
sequential extract ion i n  the following order. 

Sol vent Procedure 

Water I n i t i a l  rinse: Place res in  i n  a beaker, 
r inse  once wi th  Type I1 water, and 
discard. F i l l  w i th  water a second time, 
l e t  stand overnight, and discard. 

Water Extract w i th  Hz0 f o r  8 hr. 

Methyl a1 coho1 Extract f o r  22 hr. 

Methyl ene chlor ide Extract f o r  22 hr. 

Methylene chlor ide (fresh) Extract f o r  22 hr. 

2.2 Method 2: 

2.2.1 As an a l te rna t ive  t o  Soxhlet extraction, a continuous 
ext ractor  has been fabr icated f o r  the extract ion sequence. This extractor has 
been found t o  be acceptable. The pa r t i cu la r  canister used f o r  the apparatus 
shown i n  Figure A-1 contains about 500 g o f  f in ished XAD-2. Any size may be 
constructed; the choice i s  dependent on the needs o f  the sampling programs. 
The XAD-2 i s  held under 1 i g h t  spring tension between a p a i r  o f  coarse and f i ne  
screens. Spacers under the bottom screen al low f o r  even d i s t r i bu t i on  o f  clean 
solvent. The three-necked f l ask  should be o f  su f f i c i en t  s ize (3 - l i t e r  i n  t h i s  
case) t o  hold solvent 
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Figure A-1. XAD-2 cleanup extraction apparatus. 
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equal t o  twice the dead volume o f  the XAD-2 canister. Solvent i s  ref luxed 
through the Snyder column, and the d i s t i l l a t e  i s  continuously cycled up 
through the  XAD-2 f o r  ex t rac t ion  and returned t o  the f lask.  The f low i s  
maintained upward through the XAD-2 t o  a l low maximum solvent contact and 
prevent channeling. A valve a t  the bottom of the  can is ter  a1 lows removal o f  
so l  vent f r o m  the can is te r  between changes. 

2.2.2 Experience has shown t h a t  i t  i s  very d i f f i c u l t  t o  cycle 
s u f f i c i e n t  water i n  t h i s  mode. Therefore the aqueous r i nse  i s  accomplished by 
simply f lushing the  can is te r  w i t h  about 20 l i t e r s  o f  d i s t i l l e d  water. A small 
pump may be useful  f o r  pumping the  water through the canister. The water 
ex t rac t ion  should be ca r r i ed  out  a t  the r a t e  o f  about 20-40 mL/min. 

2.2.3 A f t e r  dra in ing the water, subsequent methyl alcohol and 
methyl ene ch lo r ide  ext rac t ions are ca r r ied  out  using the r e f 1  ux i  ng apparatus. 
An overnight o r  10- t o  20-hr per iod i s  normally s u f f i c i e n t  f o r  each 
extract ion.  

2.2.4 A l l  mater ia ls  o f  construct ion are glass, Teflon, o r  s ta in less 
steel .  Pumps, i f  used, should no t  contain extractabl  e mater ia l  s. Pumps are 
no t  used w i t h  methanol and methylene chloride. 

3.0 DRYING 

3.1 A f t e r  evaluat ion o f  several methods o f  removing residual  solvent, a 
f l  uidized-bed technique has proved t o  be the  fas tes t  and most re1 i ab le  dry ing 
met hod. 

3.2 A simple column w i t h  su i tab le  retainers,  as shown i n  Figure A-2, 
w i l l  serve as a sa t i s fac to ry  column. A 10.2-cm (4-in.) Pyrex pipe 0.6 m (2 
ft) long w i  11 ho ld  a1 1 o f  the XAD-2 f r o m  the  ext rac tor  shown i n  Figure A-1 o r  
t he  Soxhlet extractor ,  w i t h  su f f i c i en t  space for  f l u i d i z i n g  the bed whi le 
generating a minimum r e s i n  load a t  the e x i t  o f  the column. 

3.3 Method 1: The gas used t o  remove the solvent i s  the key t o  
preserv i  n g t h e a n l  i ness o f  the XAD-2. L iqu id  ni t rogen f r o m  a standard 
commercial l i q u i d  n i t rogen cy l inder  has rou t i ne l y  proved t o  be a r e l i a b l e  
source of l a rge  volumes o f  gas f ree  f r o m  organic contaminants. The 1 i qu id  
n i t rogen cy l i nde r  i s  connected t o  the  column by a length o f  precleaned 0.95-cm 
(318-in.) copper tubing, co i led  t o  pass through a heat source. As ni t rogen i s  
b led from the  cy l inder ,  i t  i s  vaporized i n  the heat source and passes through 
t he  column. A convenient heat source i s  a water bath heated from a steam 
l ine .  The f i n a l  n i t rogen temperature should only be warm t o  the touch and not  
over 4O'C. Experience has shown t h a t  about 500 g o f  XAD-2 may be d r ied  
overnight by consuming a f u l l  160-1 i t e r  cy l inder  o f  l i q u i d  nitrogen. 

3.4 Method 2: As a second choice, h igh-pur i ty  tank ni t rogen may be used 
t o  d r y  the XAD-2. The h igh-pur i ty  n i t rogen must f i r s t  be passed through a bed 
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Figure A-2. XAD-2 fluidized-bed dryiqg apparatus. 
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of  activated charcoal approximately 150 mL i n  volume. With el ther type o f  
drying method, the rate o f  flow should gently agltate the bed. Excessive 
f lu id lza t lon may cause the part ic les t o  break up. 

4.0 QUALITY CONTROL PROCEDURES 

4.1 For both Methods 1 and 2, the qua1 l t y  control results nust be 
reported f o r  the batch. The batch must be reextracted i f  the r e x u a l  
extractable organlcs are >20 ugImL by TCO analysis or  the gravimetrlc residue 
I s  M.5 mg120 g XAD-2 extracted. (See also sectlon 5.1, Method 0010.) 

4.2 Four control procedures are used wlth the f lnal XAD-2 t o  check f o r  
(1) residual methyl ene chlorlde, (2) extractable organlcs (TCO) , (3) spec1 f l c  
compounds o f  Interest as determlned by GCIMS, as described i n  Section 4.5 
below, and (4) residue (GRAV). 

4.3 Procedure f o r  resldual methylene chlorlde: 

4.3.1 Description: A 1+0.1-g sample of dried resin i s  welghed In to  
a small v ia l ,  3 mL o f  to1 uene aFe added, and the v ia l  i s  capped and we1 1 
shaken. Five uL o f  toluene (now containlng extracted methylene chloride) are 
Injected in to  a gas chromatograph, and the result ing integrated area I s  
compared w i  t h  a reference standard. The reference solutlon consists o f  2.5 uL 
o f  methylene chlorlde i n  100 mL o f  toluene, simulating 100 ug o f  residual 
methylene chloride on the resln. The acceptable maximum content i s  1,000 uglg 
resin. 

4.3.2 Experimental: The gas chromatograph conditions are as 
follows: 

6 - f t  x 118-in. stainless steel column containing 10% OV-101 on 
1001120 Supel coport; 

He1 ium carr ler  a t  30 mLlmln; 

FID operated on 4 x 10-11 AImV; 

I n  ject lon port temperature: 250'C; 

Detector tewerature: 305'C; 

Program: 30eC(4 mln) -- 4O'Clmln 250'C (hold) ; and 

Program terminated a t  1,000 sec. 

4.4 Procedure f o r  resldual extractabl e oman1 cs : 

4.4.1 Description: A 20+0.1-g sample o f  cleaned, dried resin i s  
welghed in to  a precleaned alundum zr cellulose thimble which I s  plugged wlth 
cleaned glass wool. (Note that 20 g o f  resin w l l l  f i l l  a t h l d l e ,  and the 
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res in  w i l l  f l o a t  out unless wel l  plugged.) The thimble containing the res in  
i s  extracted for  24 h r  w i th  200-mL o f  pest ic ide- grade methylene chlor ide 
(Burdi ck and Jackson pes t i  cide-grade o r  equivalent pu r i t y )  . The 200-mL 
ext ract  i s  reduced i n  volume t o  10-mL using a Kuderna-Danish concentrator 
and/or a ni t rogen evaporation stream. Five uL o f  t ha t  so lut ion are analyzed 
by gas chromatography using the TCO analysis procedure. The concentrated 
so lut ion should not contain >20 ug/mL o f  TCO extracted from the XAD-2. This 
i s  equivalent t o  10 ug/g o f  TCO i n  the XAD-2 and would correspond t o  1.3 mg o f  
TCO i n  the ext ract  o f  the 130-9 XAD-2 module. Care should be taken t o  correct 
the TCO data f o r  a solvent blank prepared (200 mL reduced t o  10 mL) i n  a 
s i  m i  1 a r  manner. 

4.4.2 Experimental: Use the TCO analysis condit ions described i n  
the revised Level 1 manual (EPA 600/7-78-201). 

4.5 GC/MS Screen: The extract, as prepared i n  paragraph 4.4.1, i s  
subjected t o  GCIMS analysis f o r  each o f  the ind iv idual  compounds of interest.  
The GC/MS procedure i s  described i n  Chapter Four, Method 8270. The ext ract  i s  
screened a t  the MDL o f  each compound. The presence o f  any compound a t  a 
concentration >25 ug/mL i n  the concentrated ext ract  w i l l  requi re the XAD-2 t o  
be recleaned by repeating the methylene chlor ide step. 

4.6 Methodology for  residual gravimetri  c determination: A f te r  the TCO 
value and GCIMS data are obtained f o r  the res in batch by the above procedures, 
dry the remainder o f  the ext ract  i n  a tared vessel. There must be <0.5 mg 
residue registered o r  the batch o f  res in  w i l l  have t o  be extracted w i th  fresh 
methylene chlor ide again u n t i l  i t  meets t h i s  c r i te r ion .  This leve l  
corresponds t o  25 ug/g i n  the XAD-2, o r  about 3.25 mg i n  a res in  charge o f  
130 g. 
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METHOD 0010, APPENDIX B 

TOTAL CHROMATOGRAPHABLE ORGANIC MATERIAL ANALYSIS 

1.0 SCOPE AND APPLICATION 

1.1 I n  t h i s  procedure, gas chromatography i s  used t o  determine the 
quant i ty o f  lower boi  1 ing  hydrocarbons (boi 1 ing points between 90' and 300'C) 
i n  the concentrates o f  a l l  organic solvent rinses, XAD-2 resin and LC 
f ract ions - when Method 1 i s  used (see References, Method 0010) - encountered 
i n  Level 1 environmental sample analyses. Data obtained using t h i s  procedure 
serve a twofold purpose. F i rs t ,  the t o t a l  quantity o f  the lower bo i l i ng  
hydrocarbons i n  the sample i s  determined. Then whenever the hydrocarbon 
concentrations i n  the or ig ina l  concentrates exceed 75 uglm3, the 
chromatography resul ts  are reexamined t o  determine the amounts o f  individual 
speci es. 

The extent o f  compound iden t i f i ca t i on  i s  1 Smi ted t o  representing a1 1 
materi a1 s as normal a1 kanes based upon comparison o f  boi 1 ing points. Thus the 
method i s  not qual i ta t ive.  I n  a s imi lar  manner, the analysis i s  
semiquanti t a t i  ve; cal  ibrat ions are prepared using only one hydrocarbon. They 
are rep1 icated but samples rout ine ly  are not. 

1.2 A 1 icat ion: This procedure applies solely t o  the Level 1 C7-C16 
gas chromatograp + i c  analysis o f  concentrates o f  organic extracts, neat 
1 iquids, and o f  LC fractions. Throughout the procedure, i t i s  assumed the 
analyst has been given a properly prepared sample. 

1.3 S e n s i t i v i t  The sens i t i v i t y  o f  t h i s  procedure, defined as the 
slope o f  4' response versus concentration, i s  dependent on the 
instrument and must be ve r i f i ed  regularly. TRW experience indicates the 
nominal range i s  o f  the order o f  77 uV*V-sec*uL/ng o f  n-heptane and 79 
uV*sec*ul /ng o f  n-hexadecane. The instrument i s capabl e o f  perhaps one 
hundredfold greater sens i t i v i t y .  The 1 eve1 specif ied here i s  su f f i c ien t  f o r  
Level 1 analysis. 

1.4 Detection 1 i m i t :  The detection 1 i m i  t o f  t h i s  procedure as wr i t ten 
i s  1.3 ng/uL f o r  a 1 uL in jec t ion  of n-decane. This l i m i t  i s  a r b i t r a r i l y  
based on def ining the minimum detectable response as 100 uv-sec. This i s  an 
easier operational d e f i n i t i o n  than def ining the minimum detection 1 i m i  t t o  be 
tha t  amount o f  material which y ie lds a signal twice the noise level. 

1.5 Range: The range o f  the procedure w i l l  be concentrations o f  1.3 
ng/uL and greater. 

1.6 Limitat ions 

1.6.1 Reporting l imi ta t ions:  It should be noted that  a typ ica l  
environmental sample w i l l  contain compounds which: (a) w i l l  not elute i n  
the speci f ied b o i l i n g  ranges and thus w i  11 not be reported, and/or (b) 
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w i l l  not e lu te  f r o m  the column a t  a1 1 and thus w i l l  not  be reported. 
Consequently, the organic content o f  the sample as reported i s  a lower 
bound and should be regarded as such. 

1.6.2 Cal ibrat ion l imi ta t ions:  Quant i ta t ion i s  based on 
cal  i b r a  ion  w i th  n-decane. Data should therefore be reported as, e.g., 8 mg C8/m as n-decane. Since response varies 1 inear ly  w i th  carbon number 
(over a wide ran e the assumption may involve a 20% error)  , i t  i s c l  ear 
t ha t  heptane (C7 ! detected i n  a sample and quantitated as decane w i l l  be 
overestimated. Likewise, hexadecane (C16) quantitated as decane w i  11 be 
underestimated. From previous data, i t  i s  estimated the e r ro r  involved 
i s  on the order o f  6-7%. 

1.6.3 Detection 1 imitat ions: The s e n s i t i v i t y  o f  the flame 
i oni zat ion detector varies f r o m  compound t o  compound. However, n-a1 kanes 
have a greater response than other classes. Consequently, using an n- 
a1 kane as a ca l ib ran t  and assuming equal responses o f  a l l  other compounds 
tends t o  give low reported values. 

2.0 SUMMARY OF METHOD 

2.1 A mL a1 iquot  o f  a l l  1 0 4  concentrates i s  disbursed f o r  GC-TCO 
analysis. With boi  1 ing  point-retent ion time and response-amount cal  i brat ion 
curves, the data (peak retent ion times and peak areas) are interpreted by 
f i r s t  sumning peak areas i n  the ranges obtained f r o m  the b o i l i n g  point -  
re tent  ion  time cal  i b r a t i  on. Then, w i th  the response-amount cal  i brat ion  curve, 
the area sums are converted t o  amounts o f  material i n  the reported b o i l i n g  
poi n t  ranges. 

2.2 A f te r  the instrument i s  set up, the b o i l i n g  point-retent ion time 
ca l i b ra t i on  i s  effected by i n jec t i ng  a mixture o f  n-C7 through n-C16 
hydrocarbons and operati ng the standard temperature program. Response- 
quant i ty cal  i brat ions are accompli shed by i n jec t i ng  n-decane i n n-pentane 
standards and performing the standard temperature program. 

2.3 Def in i t ions  
2.3.1 6C: Gas chromatography o r  gas chromatograph. 

2.3.2 C7-C16 n-a1 kanes: Heptane through hexadecane. 

2.3.3 6CA temperature program: 4 min isothermal a t  60°C, 10'C/min 
f r o m  60' t o  220'C. 

2.3.4 TRW teaperature program: 5 min isothermal a t  room 
temperature, then program f r o m  30'C t o  250'C a t  1S0C/min. 

3.0 INTERFERENCES 

Not appl i cab1 e. 
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4.0 APPARATUS AND MATERIALS 

4.1 Gas chromatoqraph: Thl s procedure Is Intended for use on a Varlan 
1860 gas chromatograph, equlpped wlth dual flame lonlzatlon detectors and a 
1 I near temperature programer. Any equl valent Instrument can be used provl ded 
that electrometer se t t l  ngs, etc., be changed approprl ately. 

4.2 Gases: 

4.2.1 Helim: Mlnlmum qual l ty  Is  reactor grade. A 4A or 13X 
molecular sieve drying tube I s  requl red. A f l l  t e r  must be placed between 
thetrapandtheinstrument.  The trapshouldberechargedafterevery 
third tank of he1 lum. 

4.2.2 Air: Zero grade Is satisfactory. 

4.2.3 Hydrogen: Zero grade. 

4.3 Syringe: Syringes are Ham11 ton 701N, 10 uL, or equivalent. 

4.4 Septa: Septa wlll be of such qual I ty as to produce very low bleed 
durl ng the temperature program. An approprl ate septum I s Supelco Mlcrosep 
138, whlch Is Teflon-backed. If septum bleed cannot be reduced to a 
negl I gl bl e 1 eve1 , I t  will be necessary to  Instal 1 septum swl ngers on the 
lnstrument. 

4.5 Recorder: The recorder of this  procedure must be capable of not 
less than -1-scale display, a 1-sec time constant and 0.5 In .  per min 
chart rate. 

4.6 Inte rator: An Integrator Is  requlred. Peak area measurement by 
hand I s  sat  d- s actory but too tlme-consumlng. If manual integration i s  
requlred, the method of 'helght times wldth a t  half height' i s  used. 

4.7 Columns: 

4.7.1 Preferred column: 6 f t  x 1/8 In. 0.0. stainless steel colum 
of 10% OV-101 on 100/120 mesh Supelcoport. 

4.7.2 Alternate column: 6 f t  x 1/8 In. 0.0. stainless steel column 
of 10% OV-1 (or other silicon phase) on 100/120 mesh Supelcoport. 

4.8 S r l  n e cleaner: Ham1 1 ton syrl nge cleaner. or equl val ent connected 
to a sulta d--- e vacuum source. 

5.0 REAGENTS 

5.1 Pentane: 'Dl st1 1 led-in-Glass' (reg. trademark) or 'Nanograde' (reg. 
trademark) f o r a n d a r d s  and for syrl nge cl eanl ng . 
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5.2 Methylene chlor ide:  "D i s t i  1 led-in-Glassm (reg. trademark) o r  
"Nanograde" (reg. trademark) f o r  s y r i  nge cleaning. 

6.0 SAMPLING HANDLING AND PRESERVATION 

6.1 The ex t rac ts  are concentrated i n  a Kuderna-Dani sh evaporator t o  a 
volume less  than 10 mL. The concentrate i s  then quan t i t a t i ve l y  t rans fe r red  t o  
a 10-mL volumetric f l a s k  and d i l u t e d  t o  volume. A l-mL a l i quo t  i s  taken f o r  
both t h i s  analysis and possible subsequent GC/MS analysis and se t  aside i n  the 
sample bank. For each GC-TCO analysis, obta in  the sample s u f f i c i e n t l y  i n  
advance t o  a1 low i t  t o  warm t o  room temperature. For example, a f t e r  one 
analys is  i s  star ted,  r e tu rn  t ha t  sample t o  the sample bank and take the next 
sampl e . 
7.0 PROCEDURES 

7.1 Setup and checkout: Each day, the operator w i l l  v e r i f y  the 
fo l lowing:  

7.1.1 That supplies of c a r r i e r  gas, a i r  and hydrogen are 
s u f f i c i e n t ,  i .e., t h a t  each tank contains > 100 psig. 

7.1.2 That, a f t e r  replacement o f  any gas c y l  i nder, a1 1 connections 
1 eadi ng t o  the chromatograph have been 1 eak-checked. 

7 -1.3 That the  c a r r i e r  gas flow r a t e  i s  30 + 2 mL/min, the hydrogen 
flow r a t e  i s 30 - + 2 mLImin, and the  a i r  f low rate-i  s 300 2 20 mL/mi n. 

7 -1.4 That the electrometer i s  funct ion ing properly. 

7 -1.5 That the recorder and i n teg ra to r  are funct ion ing properly. 

7.1.6 That the septa have been leak-checked (leak-checking i s  
e f fec ted by placing the soap bubble flow meter i n l e t  tube over the 
i n j e c t i o n  p o r t  adaptors), and t ha t  no septum w i l l  be used f o r  more than 
20 in jec t ions .  

7.1.7 That the l i s t  o f  samples t o  be run i s  ready. 

Retention time ca l ib ra t ion :  

7.2.1 To obta in  the temperature ranges f o r  repor t ing  the r e s u l t s  o f  
the  analyses, the  chromatograph i s given a normal bo i  1 i ng po i  n t - r e ten t i  on 
t ime ca l ib ra t ion .  The n-a1 kanes, t h e i r  boi  1 i n g  po in ts ,  and data 
repor t ing  ranges are given i n  the tab1 e below: 
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NBP,'C Report i na Range, 'C Report As 

n-heptane 
n-octane 
n-nonane 
n-decane 
n-undecane 
n-dodecane 
n- t rl decane 
n- tet  radecane 
n-pen tadecane 
n- hexadecane 

7.2.2 Preparation of standards: Preparing a mixture o f  the C7-C16 
a1 kanes i s  required. There are two approaches : (1) use o f  a standards 
k i t  (e.g., Polyscience K i t )  containtng bo t t les  o f  mixtures o f  selected n- 
alkanes which may be combined t o  produce a C7-C16 standard; o r  (2) use o f  
bo t t les  o f  the Individual C7-C16 a1 kanes from which accurately known 
volumes may be taken and combined t o  give a C7-C16 mfxture. 

7.2.3 Procedure f o r  re tent ion tire cal ibrat ion: This cal  tbrat lon 
i s  performed a t  the s t a r t  o f  an analytf cal  program; the mixture I s  
chromatographed a t  the s t a r t  o f  each day. To at ta f  n the required 
retent ion tlme precisfon, both the ca r r i e r  gas flow ra te  and the 
temperature program specf f f  cations must be observed. Detaf 1s o f  the 
procedure depend on the instrument befng used. The general procedure I s  
as follows: 

7.2.3.1 Set the programer upper l i m i t  a t  250'C. I f  t h i s  
se t t ing  does not produce a column temperature of 250°C, f l n d  the 
correct sett ing. 

7.2.3.2 Set the programer lower l i m i t  a t  30.C. 

7.2.3.3 Veri fy tha t  the instrument and samples are a t  room 
temperature. 

7.2.3.4 In jec t  1 uL o f  the n-alkane mixture. 

7.2.3.5 S tar t  the integrator and recorder. 

7.2.3.6 A1 low the instrument t o  run isothermally a t  room 
temperature f o r  f l v e  mln. 

7.2.3.7 Shut the oven door. 

7,.2.3.8 Change the mode t o  Automatic and s t a r t  the temperature 
program. 

7.2.3.9 Repeat Steps 1-9 a sufficient number o f  times so tha t  
the r e l a t i v e  standard deviation of the retent ion times f o r  each peak 
i s  <5%. 
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7.3 Response ca l  I b r a t  I on : 

7.3.1 For the purposes o f  a Level 1 analysis, response-quantity 
ca l  I bra t lon  w i t h  n-decane I s  adequate. A 10-uL volume o f  n-decane i s  
in jec ted  i n t o  a tared 10 mL volumetric f lask. The weight in jec ted  i s  
obtained and the f l a s k  i s  d i l u ted  t o  the mark w i th  n-pentane. This 
standard contains about 730 ng n-decane per uL n-pentane. The exact 
concentration depends on temperature, so t h a t  a weight i s  required. Two 
se r i a l  t en fo ld  d i l u t i o n s  are made from t h i s  standard, g iv ing  standards a t  
about 730, 73, and 7.3 ng n-decane per uL n-pentane, respectively. 

7.3.2 Procedum f o r  msponse ca l ibrat ion:  This ca l  i b r a t i o n  I s  
p e r f o m d  a t  the s t a r t  o f  an analy t ica l  program and monthly thereafter.  
The most concentrated standard i s  in jected once each day. Any change i n  
ca l  I bra t i on  necessi ta tes a f u l l  ca l  I bra t ion  w i  t h  new standards. 
Standards are stored i n  the re f r i ge ra to r  locker and are made up monthly. 

7.3.2.1 Ver i f y  t h a t  the instrument I s  se t  up properly. 

7.3.2.2 Set electrometer a t  1 x 10-lo A/mV. 

7.3.2.3 I n j e c t  1 uL o f  the highest concentration standard. 

7.3.2.4 Run standard temperature program as spec1 f led  above. 

7.3.2.5 Clean syringe,. 

7.3.2.6 Make repeated In jec t ions  o f  a1 1 three standards u n t i l  
the r e l a t i v e  standard deviations o f  the areas o f  each standard are 
S 5 X .  

7.4 Sample anal y s i  s procedure: 

7.4.1 The f o l l  owing apparatus I s requi red: 

7.4.1.1. 6as chromatograph set up and working. 

7.4.1.2 Recorder, in tegra to r  working. 

7 .4.1.3 Syringe and syringe c l  eani ng apparatus. 

7.4.1.4 Parameten: Electrometer se t t ing  i s  1 x 10-10 A/mV; 
recorder I s  set  a t  0.5 ln./nin and 1 mV fu l l -sca le.  

7.4.2 Steps i n  the procedure are: 

7.4.2.1 Label chromatogram wi th  the data, sample number, etc. 
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7.4.2.2 Inject sample. 

7.4.2.3 S ta r t  integrator and recorder. 

7.4.2.4 After isothermal operation for  5 min, begin 
temperature program. 

7.4.2.5 Clean syringe. 

7.4.2.6 Return sample; obtain new sample. 

7.4.2.7 When analysis is finished, allow instrument to  cool. 
Turn chromatogram and integrator output and data sheet over t o  data 
analyst. 

7.5 Syri nqe cl eani ng procedure: 

7.5.1 Remove plunger from syringe. 

7.5.2 Insert  syringe into cleaner: turn on aspirator. 

7.5.3 Fi l l  pipet w i t h  pentane; run pentane through syringe. 

7.5.4 Repeat w i t h  methylene chloride from a separate pipet. 

7.5.5 Flush plunger w i t h  pentane followed by methyl ene chloride. 

7.5.6 Repeat w i t h  methylene chloride. 

7.6 Sample analysis decision criterion: The data from the TCO analyses 
of oraanic extract and rinse concentrates are f i r s t  used t o  calculate the 
total-concentration of C7-C16 hydrocarbon-equivalents (Paragraph 7.7.3) i n  the 
sample w i t h  respect t o  the volume of a i r  actually sampled, i .e., ugfm3. On 
this basis, a decision is made both on whether t o  calculate the quantity of 
each n-al kane equivalent present and on which analytical procedural pathway 
w i  11 be followed. If  the total  o anic content is great enough t o  warrant 
continuing the analysis -- )500 u g / g  -- a TCO of less  than 75 ug/m3 will 
require only LC fractionation and gravimetric determi nations and IR spectra to  
be obtained on each fraction. I f  the TCO is greater than 75 uglrn3, then the 
f i r s t  seven LC fractions of each sample w i  11 be reanalyzed using this same gas 
chromatographic technique. 

7.7 Calculations: 

7.7.1 Bofling Point - Retention Time Calibration: The required 
data fo r  this calibration are on the chromatogram and on the data sheet. 
The data reduction is  performed as follows: 

7.7.1.1 Average the retention times and calculate relative 
standard devi a t  i ons for  each n-hydrocarbon. 
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7.7 .1 .2 P lo t  average retent ion times as abscissae versus 
normal boi 1 l n g  points as ordinates. 

7.7.1.3 Draw i n  ca l ib ra t ion  curve. 

7.7.1.4 Locate and record retent ion times corresondi ng t o  
b o i l i n g  ranges 90-100, 110-140, 140-160, 160-180, 180-200, 200-220, 
220-240, 240-260, 260-280, 280-3OO'C. 

7.7.2 Response-amount c a l l  bration: The requi red data f o r  t h i s  
ca l lb ra t lon  are on the chromatogram and on the data sheet. The data 
reductlon i s  performed as follows: 

7.7.2.1 Average the area responses o f  each standard and 
calculate re1 at1 ve standard deviations. 

7.7.2.2 Plot  response (uv-sec) as ordinate versus ng/uL as 
abscissa. 

7.7.2.3 Draw I n  the curve. Perform leas t  squares regression 
and obtal n slope (uV*sec*uL/ng) . 
7.7.3 Total C7-C16 hydrocarbons analysis: The required data f o r  

t h i s  ca lcu lat ion are on the chromatogram and on the data sheet. The data 
reduction i s  performed as follows: 

7.7.3.1 Sum the areas o f  a l l  peaks w i th in  the retent ion time 
range of interest.  

7.7.3.2 Convert t h l s  area (uV*sec) t o  ng/uL by d iv id ing by the 
we1 ght response f o r  n-decane (uV* sec.uL/ng) . 

7.7.3.3 Mu1 t l p l y  t h l s  welght by the t o t a l  concentrate volume 
(10 mL) t o  get the welght o f  the C7-C16 hydrocarbons i n  the sample. 

7.7.3.4 Using the volume o f  gas sampled o r  the t o t a l  welght o f  
sample acqul red, convert the r e s u l t  o f  Step 7.7.3.3 above t o  ug/m3. 

7.7.3.5 If the value o f  t o t a l  C7-C16 hydrocarbons f rom Step 
7 .7 .3 .4 above exceeds 75 ug/m3, calculate I ndl vidual hydrocarbon 
concentrations I n  accordance wi th the inst ruct ions I n  Paragraph 
7.7.5.5 below. 

7.7 .4 Individual C7-C16 n-A1 kane Equivalent Analysis: The requl red 
data f r o m  the analyses are on the chromatogram and on the data sheet. 
The data reduction I s  performed as follows: 

7.7.4.1 Sum the areas of peaks I n  the proper retent ion time 
ranges. 
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7.7.4.2 Convert areas (uV-sec) t o  ng/uL by d lv ld lng by the 
proper welght response (uV.sec.uL/ng). 

7.7.4.3 Mul t lp ly  each welght by t o t a l  concentrate volume (10 
mL) t o  get welght o f  species I n  each range o f  the sample. 

7.7.4.4 Using the volume o f  gas sampled on the t o t a l  welght o f  
sample acquired, convert the resu l t  o f  Step 7.7.4.3 above t o  ug/m3. 

8.0 QUALITY CONTROL 

8.1 Appropriate QC I s  found I n  the pert inent procedures throughout the 
method. 

9.0 METHOD PERFORMANCE 

9.1 Even re1 at1 vely comprehensive error  propagation analysl s I s  beyond 
the scope of t h l  s procedure. W l  t h  reasonable care, peak area reproducl b l  1 I t y  
o f  a standard should be o f  the order o f  1% RSD. The re la t l ve  standard 
devlatlon o f  the sum o f  a l l  peaks I n  a f a l r l y  complex waste might be o f  the 
order o f  5-10%. Accuracy I s  more d l  f f l c u l  t t o  assess. W l  t h  good analyt ical  
technique, accuracy and preclslon should be o f  the order o f  10-20%. 
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METHOD 0020 

SOURCE ASSESSMENT SAMPLING SYSTEM (SASS) 

1.0 PRINCIPLE AND APPLICATION 

1.1 Pr inc ip le  

1.1.1 Par t icu la te  and semivol a t f  l e  organic materials are withdrawn 
from a source a t  a constant r a te  near i sok ine t i c  conditions and are 
co l  lec ted i n  a mu1 ticomponent sampling t ra in .  

1.1.2 Three heated cyclones and a heated h i  gh-ef f i c i  ency f i b e r  
f i l t e r  remove and c o l l e c t  the par t i cu la te  material from the sample and a 
packed bed o f  porous polymeric r es i  n adsorbs the condensi b l  e organic 
vapors. 

1.1.3 Chemical analyses o f  the sample are conducted t o  determine 
the concentration and i d e n t i t y  of the semi vol a t i  l e  organic species and 
gravimetr i  c determinations are performed t o  approximate par t icu la te  
emissions. 

1.2 A l i c a t i o n :  This method i s  appl icable t o  the preparation o f  
semiquanti tat ive --7 est mates (wi th in  a fac to r  o f  three) o f  the amounts and types 
o f  semi v o l a t i  l e  organic and par t i cu la te  materials t ha t  are discharged from 
inc inerat ion systems. 

2.0 APPARATUS 

2.1 Sam l i n  Train: A schematic o f  the sampling t r a i n  used i n  t h i s  
method i s  -v-- given n Figure 1. This sampling t r a i n  configuratfon i s  t ha t  o f  the 
Source Assessment Sampling System (SASS), as suppl i ed by the manufacturer. 
Basi c operating and maintenance procedures are described i n  the "Operating and 
Service Manual : Source Assessment Sampling System" supplied on purchase o f  the 
sampling system (Blake, 1977). Users should r e f e r  t o  t h i s  document and 
adopt, but  not  l i m i t  themselves to ,  i t s  operating and maintenance procedures. 
The SASS t r a i n  components and speci f icat ions are detai  1 ed below. 

2.1.1 Probe nozzles: The probe nozzles are constructed o f  Type 316 
seamless stain less steel  tubing and have sharp leading edges. The 
nozzles are a hybr id e l  bow/buttonhook design, obtainable i n  diameters 
ranging f r o m  0.31 t o  1.91 cm (118 t o  314 in.), and are interchangeable. 
Each nozzle should be ca l ibra ted according t o  the procedure out l ined i n  
Paragraph 7.2 o f  t h i s  method. 
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2.1.2 Probe Liner: 

2.1.2.1 The probe l i n e r  i s  a lso constructed o f  Type 316 
seamless stain less steel  tubing; attached t o  the l i n e r  i s  a 
proport ional  temperature control  1 e r  capable o f  maintai n i  ng the 1 iner  
surface temperature a t  204 + 20'C (400 + 36'F) during sampling. The 
use o f  the proport ional con t ro l le r  to cont ro l  the l i n e r  surface 
temperature a t  the control  module i s  preferred because the oven 
of ten cannot be reached f o r  adjustment during sampling. 

2.1.2.2 It should be noted t ha t  the measurement o f  the probe 
l i n e r  surface temperature i s  not  an accurate measurement o f  the 
in te rna l  gas stream temperature, which i s  the temperature o f  
in terest .  This source o f  e r r o r  i s  caused by the temperature 
gradient t ha t  ex is ts  between the inner and outer wal ls o f  the l i ne r ,  
Monitoring o f  the actual gas stream temperature i s  inp rac t i ca l  w i th  
the SASS t r a i n s  as presently constructed. It i s  suggested tha t  a 
one-time ca l i b ra t i on  be conducted i n  which the in te rna l  gas stream 
temperature i s  compared t o  the l i n e r  surface a t  various temperatures 
and a t  the standard SASS f low ra te  o f  4.0 scfm, 

2.1.2.3 The probe and probe 1 i n e r  can withstand points up t o  
370.C (700eF), a t  which temperature they w i l l  soften. However, 
stack temperatures greater than 288'C (550.F) may resu l t  i n  gas 
temperatures a t  the 10-um cyclone i n l e t  greater than the recomnended 
204.C (400.F) and hence require the use o f  a special water- o r  
forced-ai r-cooled probe. 

2.1.3 P i t o t  tubes: The p i  t o t  tubes are Type S, desi ned t o  meet 
the spec i f ica t ions of EPA Method 2 (see Reference below ? ; these are 
attached t o  the probe sheath t o  al low constant monltoring o f  the stack 
gas veloci ty.  The po in t  o f  attachment t o  the sheath i s  such tha t  the 
impact (high pressure) opening plane o f  the p i  t o t s  i s  leve l  w i th  o r  above 
the sampling nozzle ent ry  plane, as required by Method 2, t o  el iminate 
nozzle interference i n  ve loc i t y  measurements. If cal ib ra t ion  i s  not 
required, the p i t o t  tubes are assigned a nominal coe f f i c ien t  o f  0.84, as 
described i n  the ca l i b ra t i on  section o f  t h i s  method. 

2.1.4 Di f ferent ia l  pressure gauges: Three Magnehel I c-type gauges 
are used. One gauge (0 t o  0.5 in. H20) monitors the pressure drop across 
the o r i f i c e  meter (AHi); the other two gauges (0 t o  0.5 and 0 t o  4.0 in .  
H20) are connected i n  pa ra l l e l  and ind icate  the pressure d i f f e r e n t i a l  
across the p i t o t  tubes used f o r  measuring stack gas veloci ty.  

2.1.5 F i l t e r  holder and f i l t e r  support: The f i l t e r  holder and 
f i l t e r  support screen are constructed o f  Type 316 stain less steel  w i th  a 
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Teflon gasket providing an a i r t i g h t  seal around the circumference. The 
holder i s  attached innnediately t o  the ou t l e t  o f  the l-um cyclone o r  the 
cyclone bypass. 

2.1.6 Cyclane/Fil ter heating system: The cyc lone l f i  1 t e r  heating 
system i s  an insulated doubl e-wal led  oven, capable o f  maintaining the 
temperature i n  the area o f  the cyclones and f i l t e r  holder around the 
recomnended 204'C (400.F). A chrome1 -a1 umel thermocouple f o r  temperature 
sensing allows feedback control o f  the temperature t o  w i th in  
approximately 10%. 

2.1.7 Cyclone t ra in :  The cyclone t r a i n  consists o f  three cyclone 
separators i n  series, having nominal par t ic le-s ize c u t o f f  diameters o f  
10, 3, and 1 urn respectively. The material o f  construction i s  Type 316 
stainless s teel  w i th  Teflon gaskets seal ing  the hoods and col  1 ector cups. 
The compact design of the 10-um cyclone i s  achieved by incorporating 
f low-Interrupting vanes i n  the co l lec t ion  cup. 

2.1.8 Organic module: The organic module consists o f  a t h i n - f i l m  
. heat exchangerlgas cooler, a sorbent cartr idge, and a condensate 

co l lec t ion  trap. The temperature o f  the heat exchanger f l u i d  i s  
regulated by act ivat ing an immersion heater o r  rout ing the coolant 
through another heat exchanger i n  the impinger i c e  water bath. Water 
f r o m  the impinger bath i s  cont inual ly c i rcu lated through the inner 
reservoi r  of the gas cooler f o r  add1 t iona l  cooling capacity. The sorbent 
car t r idge encloses the polymeric adsorbent bed i n  a cy l inder  covered on 
both ends by 80-mesh, Type 316 stainless steel wire cloth. The car t r idge 
holds approximately 150 grams o f  XAD-2 adsorbent resin. Condensed 
moisture f r o m  the gas stream i s  col lected i n  a reservoir  located d i r e c t l y  
beneath the packed sorbent bed. The dra in valve o f  the reservoi r should 
be coupled w i th  a Teflon l i n e  t o  an appropriately sized (1- t o  5 - l i t e r )  
glass storage container, as the capacity o f  the reservoi r  w i l l  t y p i c a l l y  
be exceeded during a run. 

2.1.9 Iupinger t ra in :  The four  impingers have a capacity o f  
approximately 3 l i t e r s  each and are constructed o f  pyrex glass. The caps 
are Teflon w i th  stainless steel f i t t i n g s  and the impingers are 
interconnected by f l e x i b l e  Teflon o r  stainless steel  tubing. The f i r s t  
two impingers are equipped w i th  sp1 ash guards t o  minimize f l u i d  carryover 
and the l a s t  impinger w i th  a thermocouple mounted i n  the cap f o r  
monitoring the impi nger t r a i n  e x i t  gas temperature. 

2.1.10 Puap/Meterlng system: Two 1 eak-f ree vane-type vacuum pumps 
connected i n  pa ra l l e l  are used t o  maintain the 4.0-scfm f low i n  the 
sampl i ng  system. Vacuum and d i  f fe ren t i  a1 pressure gauges, thermocouples 
capable o f  measuring temperature t o  w i th in  3'C (5.4.F) and a dry gas 
meter capable o f  measuring volume t o  w i th in  2% are supplied as the other 
necessary components f o r  maintaining i soki ne t ic  sampl i ng rates. 
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2.1.11 Barometer: An aneroid barometer, o r  other barometer ca able 
of measuring atmospheric pressure t o  w i th in  2.5 am Hg (0.5 in. Hg ! , i s  
required, unless the barometric reading i s  obtained f r o m  a nearby 
National Weather Station; the s tat ion value (I e .  , the absolute 
barometric pressure) must be corrected f o r  e l  evation differences between 
the weather s ta t ion  and the sampl ing  point. The corrected value should 
re f1  ect  a decrease o f  2.5 mn Hg (0.1 in. Hg) per 30-m (100-ft) elevation 
increase, and vice versa f o r  elevation decrease. (See Paragraph 7.7). 

2.1 .I2 6as density deteminat ion apparatus: The length o f  a SASS 
run i s  t y p i c a l l y  s u f f  i c i e n t  t o  determine the average gas stream density 
duriqg the run. EPA Method 3 should be consulted f o r  detai led 
speci f i cat Ions f o r  an integrated f ixed gas saw1 i ng system. Analysis o f  
the col lected samples should be perfonned wi th  an ORSAT analyzer o r  a 
GCITCD system o u t f i t t e d  speci f ica l  l y  f o r  t h i s  purpose. 

2.1.13 Cal i  brat ion/Fi  e l  d preparation log: For documentation o f  
cal  i b r a t i  on and preparation procedures, a permanently bound 1 aboratory 
notebook i s  recommended, i n  which carbon copies are made o f  the data as 
they are being recorded. The carbon copies should be detachable and used 
only f o r  separate storage i n  the tes t  program archives. 

2.2 Sample recovery: 

2.2.1 Probe l i n e r  brush: The brush must have nylon br is t les,  a 
stainless steel  n ire handle, and extensions o f  stainless steel, Teflon, 
o r  other i n e r t  materi a1 . The comb1 ned extensions must be equal t o  o r  
greater than the length o f  the probe. 

2.2.2 Probe nozzle brush: The brush must have nylon b r i s t l e s  and a 
stainless steel  wire handle, and be properly sized and shaped f o r  
cleaning the inner surfaces o f  the nozzle. 

2.2.3 'Cyclone and f i l t e r  holder brushes: The brushes must have 
nylon b r i s t l e s  and a stainless steel wire handle, and be properly sized 
f o r  cleaning the inner walls o f  these components. It i s  strongly 
recommended tha t  a separate brush be used f o r  sample recovery f r o m  each 
o f  these components t o  avoid cross contamination o f  one pa r t i c l e  size 
f rac t i on  by another. 

2.2.4 Wash bott les:  Three are needed. Teflon o r  glass i s  required 
t o  avo1 d contamination o f  organic solvents; Teflon i s  preferred because 
i t  i s  unbreakable. 

2.2.5 Glass sanqle storage containers: The containers must be 
chemically resistant,  boros i l  icate glass bottles,. 500-mL o r  1,000-mL. 
Screw-cap 1 iners should be Teflon o r  constructed so as t o  be leak-free 
and res is tan t  t o  chemical attack by organic recovery solvents (narrow- 
mouth glass bo t t l es  have been found t o  exh ib i t  less tendency toward 
1 eakage) . 
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2.2.6 Pe t r i  dishes: 'These must be glass and sealed around the 
circumference w i th  Tef lon tape f o r  storage and t ranspor t  o f  f i  1 t e r  
samples. 

2.2.7 Graduated c y l  i nder and t r i p 1  e-beam ba l  ance: t o  measure 
condensed water t o  the nearest 1 mL o r  0.5 g. Graduated cy l inders must 
have subdivisions no greater than 2 mL. Equipment made o f  glass must be 
used fo r  measuring the volume o f  any so lu t ion t h a t  w i l l  be subject t o  
organic analysi s. Laboratory tri p l  e-beam balances must be capable o f  
weighing t o  +0.5 - g o r  bet ter .  

2.2.8 Hi  gh-densi ty  1 i near polyethylene (HDLP) storage containers: 
These are used f o r  storage o f  the imp1 ngers. 

2.2.9 PI a s t i  c storage containers: A i r t i g h t  containers are 
necessary f o r  storage o f  s i  1 i c a  gel. 

2.2.10 Funnels: Glass funnels must be used i n  recovering samples 
f o r  organic analysis. Glass o r  p l a s t i c  funnels may be used I n  
other processes but  care must be taken t o  segregate the two types. 

3.0 REAGENTS AND MATERIALS 

3.1 F i l t e r s :  Glass f i b e r  f i l t e r s ,  15.24 cm (6.0 in.) i nd iame te r  
without o r g m i n d e r ,  exh ib i t ing  99.95% e f f i c i ency  (<0.05% penetration) on 
0.3-mi cron d i o c t y l  phthalate smoke par t i c les ,  conforming t o  the  spec i f icat ions 
out l ined i n  ASTM Standard Method 02986-71. Test data from the suppl ier 's  
qua1 i ty cont ro l  program are s u f f i c i e n t  f o r  t h i s  purpose. The f i  1 t e r  mater ia l  
must a lso be unreactive t o  SO2 and SO3. 

3.2 Adsorbent resin: Porous polymeric resin,  XAD-2, i s  used. The r e s i n  
must be cleaned p r i o r  t o  use. The res in  must not exh ib i t  a blank higher than 
4 mglkg o f  t o t a l '  chromatographabl e organics (TCO) p r i o r  t o  use. once-cleaned, 
the res in  should be stored i n  a wide-mouth amber glass container and the 
headspace purged w i th  ni t rogen t o  1 i m i  t exposure t o  ambient a i r .  Resin should 
be used w i th in  2 wk o f  preparation. 

3.3 S i l i c a  e l  : Ind ica t ing  type, 6 t o  16 mesh. I f  previously used, dry  
a t  175'C (4 2 hr. New s i l i c a  gel may be used as received. 

3.4 Impinger solut ions: Since the impinger so lu t ions are t y p i c a l l y  used 
f o r  the determination o f  gas-stream water-vapor content, Type I1  water should 
be used. I f  spec i f i c  inorganic species are t o  be determined (e.g., 
hydrochlor ic ac id  when burni  ng chlor inated organic materi a1 ) , then other 
appropriate c o l l e c t i n g  solut ions ( i n  the above example, d i  1 u te  base) must be 
used. 

3.5 Crushed ice: Commercially avai lable.  Quant i t ies  ranging from 50 t o  
100 l b  may be necessary dur ing a run, depending upon ambient a i r  temperatures. 
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3.6 Methanol/Methylene chloride: D is t i l led- in-g lass o r  pesticide-grade 
methanol and methylene ch lor ide are required. 

4.0 SAMPLING PROCEDURE 

4.1 Sampl i n q  equipment ca l  ib ra t ion:  

4.1.1 The probe t i ps ,  p i  t o t  tubes, dry gas meter, thermocouples, 
and any thermometers must be ca l ibra ted before and a f t e r  each f i e l d  
sampling t r i p  according t o  the procedures out1 ined i n  APTD-0576 (Rom, 
1972) and be1 ow i n  Sectlon 7.0. During extended sampling t r i p s  where 
the t r a i n  w i l l  r ou t i ne l y  be used more than 10 times, i t  i s  strongly 
recommended tha t  a ca l ibra ted o r i f i c e ,  a set  o f  micrometers (Vernier 
ca l ipers) ,  and a standard mercury-in-glass thermometer accompany the 
t r a i n  t o  ve r i f y  t h a t  the ca l ib ra t ions  o f  the dry  gas meter, probe 
nozzl es, and thermocoupl es , respect ively , have not changed signi  f i cant ly  
(more than +2%). The aneroid barometer should be ca l  ib ra ted on a d a i l y  
basis against a mercury barometer when i n  the laboratory and per iod ica l l y  
i n  the f i e l d  by consul t ing the loca l  weather s ta t i on  and correct ing f o r  
e l  evation (see Paragraph 7.7) . 
4.2 Laboratory preparation : 

4.2.1 Weigh several 700- t o  800-9 port ions o f  s i l i c a  gel i n  
a i r t i g h t  containers t o  20.1 g. Record the weight o f  the s i l i c a  gel p lus 
the container on the container and i n  a f i e l d  sampling preparation 
notebook. 

4.2.2 Holding w i t h  blunt-t ipped tweezers, check f i l t e r s  v isua l l y  
against l i g h t  f o r  i r r egu la r i t i es ,  flaws, o r  p inhole leaks. Label the 
shipping containers (glass Pe t r i  dishes) and keep the f i l t e r s  i n  these 
containers a t  a l l  times except during sampling and weighing. The f i l t e r s  
themselves need no t  be labeled i f  s t r i c t  compliance w i th  the above 
i ns t ruc t i on  i s  ensured. Desiccate the f i l t e r s  i n  a desiccator over 
D r i e r i t e  o r  s i l i c a  gel w i th  the Pe t r i  dishes open a t  20 + 5.6'C (68 + 
10.F) and ambient pressure f o r  a t  l eas t  24 h r  and weigh: Thereafter 
weigh a t  6-hr (minimum) i n te r va l s  t o  a constant weight, i .e., previous 
weight +0.5 - mg; record the weight t o  the nearest 0.1 mg, along wi th  the 
date and time, i n  the f i e l d  sampling preparation notebook. 
A1 te rna t i ve ly ,  the f i  1 t e r s  may be oven-dried a t  105'C (220'F) f o r  2 t o  3 
hr, desiccated f o r  2 hr, weighed, and weighed thereaf ter  a t  6-hr 
i n te r va l s  t o  a constant weight. During each weighing, the f i l t e r  must 
not  be exposed t o  the laboratory atmosphere f o r  longer than 2 min wi th  a 
re1 a t i  ve humidity greater than 50%. 

4.2.3 Passivate a l l  SASS t r a i n  par ts  and sample storage containers, 
r e f e r r i n g  t o  the procedure t h a t  appears i n  Figure 2, adapted f r o m  Level I 
requirements. Passivation i s  required o f  a l l  new t r a i n  components and 
sample storage containers before t h e i r  i n i t i a l  use i n  the f i e l d .  
Thereafter, passivat ion should be conducted every 6 months when the 
frequency o f  t es t s  i s  once per  month o r  less, and every 3 months when the 
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frequency i s  between once per week and once per month. If testing i s  
more frequent , passi vat ion should be conducted proportionately more 
often. Whenever corrosion has occurred, the corrosf on must be removed 
and the passivation repeated. The passlvatfon and rinse solutfons should 
be replaced every fourth use, or discarded weekly. 

4.2.4 Prepare recycled sample contaf ners by detergent washf ng 
(us1 ng a s t i f f  nylon brush where necessary), fol lowed by rf nsf ng wf t h  
Type I1 water, methanol and methylene chloride. As each part fs treated 
wf t h  the ff nal solvent, dry with filtered a i r  or dry nf trogen and inspect 
for any contamf natf ng residue. Discard any container exhf bi tf ng vf sual 
contamf nation. Cover a1 1 open surfaces w i t h  alumf nun  fof 1 or  Teflon 
film, usf ng elastf c bands to secure. 

4.2.5 Assembly and leak-checking of the entire train in the 
laboratory fs highly recommended to reveal the need for replacement of 
gaskets or  defectfve components. The leak-check procedure is described 
f n Paragraph 4.4.3.11. Substf tution of Vi ton-A gaskets for Teflon may 
facf l i t a t e  meeting the allowable leak rate. A length of Teflon tape 
stretched around the cf rcumference of each f l  anged connection underneath 
the ring clamp also greatly reduces f nward a i r  leakage. 

4.3 Prel f mf nary ff eld determinatf ons: 

4.3.1 Select the sampling s i t e  and remove any accumulated scale and 
corrosion from the samplf ng portholes. Determine the stack statfc 
pressure, temperature, and velocf ty proff l e  using EPA Method 2 (see 
References); a leak-check of the pf to t  lf nes prior to conductf ng these 
measurements f s highly recommended. Approximate the mf sture content 
usf ng EPA Method 4 (Approxfmatfon Method) or alternate means such as 
dry1 ng tubes, wet bul bldry bulb or  condensatf on technf ques, 
stof chfometric calculatfons, or  prevf ous experf ence. Determf ne the dry 
molecular wefght of the stack gas by performing an ORSAT or GCITCD 
analysis for CO, C02, 02 and N2 on an average of three grab samples taken 
from el ther the center of the duct or  a point no closer to the stack 
walls than 1.0 a (3.3 f t ) .  

4.3.2 Select a nozzle size based upon the calculations below, 
ensuring that f t w i  11 not be necessary to change the nozzle durf ng the 
sampling run to maintain near-isokinetic sampl f ng rates. 

4.3.2.1 To calculate the required nozzle diameter, f i r s t  
calculate the Average Stack Gas Velocity: 

where : 
V a V g  = Average stack gas velocfty, ftlsec: 
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C~ 
= P i t o t  tube coef f ic ient ,  dimensionless; 

AP ' = Velocity head o f  stack gas, in.  H20; 

(Ts)avg = Average stack gas temperature, 'R: 

Ps = Absolute stack gas pressure, in .  Hg; and 

Ms = Molecular weight of stack gas (wet basis) , 1 b / l  b-mol e. 

4.3.2.2 Then calculate the required Nozzle Diameter ( D ~ )  : 

4.3.3 Select a sui table probe length such t h a t  one o r  more points  
of average ve loc i ty  can be sampled. Determine the t o t a l  1 ength of 
sampling time by comparing the ant ic ipated average sampling r a t e  t o  the 
vol ume requi rement o f  30 dscm (approximately 1,060 dscf) . 

4.3 -3.1 The ant ic ipated Average Sampl i ng  .Rate i s  calculated as 
f 01 1 ows : 

where: 

- Flow r a t e  through o r i f i c e  a t  meter conditions, ft31min (dry); Qmo - 
Bus = Volume f rac t i on  o f  water vapor i n  the gas stream, 

dimension1 ess; 

Qst = Design sampling f lowrate f o r  SASS t ra in ,  4.0 scfm; 

P S t  = Standard presssure, 29.92 in.  Hg; 

(Tmlavg = Average gas temperature (estimated) a t  the dry gas meter, 'R; 
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Pm = Absolute meter pressure, in.  Hg, calculated by 

Pm = Pb + (AH) est  . avq. 
13.6 

where: 

= Estimated average AH across or1 f i  ce, 
3-4 in, H20, and 

Pb = Barometric pressure (corrected), in. Hg: and 

T s t  = Standard temperature, 528'R. 

None o f  these de f i n i t i ons  has an Engl ishfmetric equivalent. 

4.3.3.2 Using t h i s  resu l t ,  obtain the approximate sampling 
time by d iv id ing  the required sample volume by the estimated 
sampl i ng f 1 owrate. 

4.3.4 F ina l ly ,  calculate the O r i f i c e  Pressure Drop needed t o  
maintain near- isokinet ic sampling conditions from the equation: 

2 
'm AHi = -r 
m avg 

where: 

AHi = Required AH across the o r i f i c e ,  in. H20; 

Pm = Absolute meter pressure, in .  Hg (calculated the same way as 
f o r  Average Sampling Rate above): 

(TmIavg = Estimated average gas temperature a t  the dry gas meter, 'R: 

J j  = Or i f i ce  coe f f i c ien t  f o r  o r i f i c e  " i *  (see Blake, 1977, and 
Section 7.0 o f  t h i s  method f o r  determining o r i f i c e  
coef f ic ients)  : and 

Do i  = O r i f i c e  diameter, in .  (information supplied upon purchase o f  
the SASS t ra in ;  the largest diameter o r i f i c e  i s  t yp i ca l l y  
best sui ted f o r  the SASS sampling ra te  of 4.0 scfm). 

4.3.5 It i s  desirable, but not required, t o  sample more than one 
po in t  o f  average ve loc i t y  during a SASS run. Al locate equal in te rva ls  o f  
the t o t a l  sampling time estimated above t o  each sampling po in t  chosen i f  
more than one po in t  w i l l  be sampled. 
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4.4 Preparation o f  co l l ec t i on  t r a in :  

4.4.1 An i n teg ra l  p a r t  o f  preparing the c o l l e c t i o n  t r a i n  i s  
securing s u f f i c i e n t  e l e c t r i c a l  power t o  operate f o r  an extended per iod o f  
t ime without in ter rupt ion.  Three separate c i r c u i t s  -- two 30-amp and one 
20-amp -- are required. It i s  h igh ly  reconanended t h a t  one sampling pump 
and one cont ro l  box power cord (probe heater) be placed on one o f  the 30- 
amp c i r c u i t s ,  and the other sampling pump and cont ro l  box power cord 
(oven heater and temperature readout) be placed on the  other  30-amp 
c i r c u i t .  The organic module cool ant  pump and temperature cont ro l  1 e r  
should be placed on the smaller 20-amp c i r c u i t .  

4.4.2 During assembly o f  t he  t r a i n ,  keep the inner  surfaces o f  each 
component covered u n t i  1 i t  i s  integrated i n t o  the system and sampl i n g  i s  
about t o  begin. F i l l  the sorbent t r a p  section o f  the  organic module w i th  
approximately 150 g o f  clean adsorbent XAD-2 resin.  To avoid 
contamination, the t r a p  should be placed upon a clean surface (i .e., 
a1 uminum f o i  1 r insed w i th  methyl ene ch lor ide and a i  r - d r i  ed) whi 1 e 
f i l l  ing; gloves should be worn. Pack the t rap  uni formly t o  e l iminate 
po ten t ia l  channeling. Place 500 mL o f  Type I1 water o r  o ther  appropriate 
so lu t ion  i n t o  the f i r s t  and second impingers, leave the t h i r d  impinger 
empty, and place a preweighed po r t i on  o f  s i l i c a  gel i n t o  the fourth.  
NOTE: The choice o f  impinger solut ions depends upon whether these w i l l  

be used t o  c o l l e c t  selected inorganic species o r  simply t o  
condense water vapor from the gas stream t o  measure percent 
moisture. For example, i n  an inc inera to r  combusting ch lor inated 
organic materi a1 , a so lu t ion  o f  d i  1 u te  base would t y p i c a l l y  be 
used t o  col  1 ec t  hydrochloride acid emissions. 

Using blunt- t ipped tweezers, place a tared f i l t e r  i n t o  the f l l  t e r  
holder. Ensure t h a t  the f i l t e r  i s  centered and the  gasket proper ly 
placed t o  prevent the gas stream from circumventing the  f i l t e r .  On the 
probe, mark the locat ions o f  the chosen sampling po in ts  w i t h  heat- 
r es i s tan t  tape o r  pa in t .  

4.4.3 The stepwise procedure f o r  assembly o f  the t r a i n  fol lows: 

4.4.3.1 Place the oven on a t ab le  o r  r o l l e r s  t h a t  w i l l  be used 
as a support throughout the run. 

4.4.3.2 Assemble the  three cyclones, using the vortex breaker 
supplied w i th  the cyclone i n  the 10-um cyclone only. (To minimize 
leaks throughout the system, a s t r i p  o f  Tef lon tape should be 
stretched around the circumference o f  each flanged seal and the r i n g  
clamp placed over and secured.) Do not use the vortex breakers 
supplied w i th  the 3- and 1-um cyclones i n  the 3- and 1-um cyclones. 
Actual c a l i b r a t i o n  data has shown t h a t  the use o f  the vortex 
breakers i n  the two smal l e r  cyclones may r e s u l t  i n unreproduci b l e  
p a r t i c l  e-size c u t o f f  diameters (the p a r t i c l e  s ize a t  which 50% 
co l l ec t i on  e f f i c i ency  i s  exhibited) . 
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4.4.3.3 Attach the f i l t e r  holder t o  the ou t le t  o f  the 1-uar 
cyclone and place the cyclones and f l  l t e r  holder together i n  the 
oven. Preheat a spare f i  l t e r  holder containing a tared f i l t e r  on 
the oven f loor: cover the holder openings with aluminum f o i l .  

4.4.3.4 Attach the probe t o  the oven and t o  the 10-urn cyclone. 

4.4.3.5 Place the impingers i n  the t ray  i n  the impinger case 
and make the aproprl ate interconnections. 

4.4.3.6 Connect the organic module i n l e t  t o  the f i l t e r  housing 
ou t le t  and the organic module out le t  t o  the f i r s t  impinger in le t .  

4.4.3.7 Connect the vacuum pumps i n  para l le l  t o  the fourth 
impi nger out1 et. 

4.4.3.8 Connect a l l  temperature sensors and power l ines  t o  the 
control uni t .  Check temperature indicators and control 1 ers a t  
ambi ent temperature. 

4.4.3.9 Activate gas cooling system. Begln monitoring the 
XAD-2 temperature. Always check cool ant 1 eve1 before supplying 
power. Ensure proper gas cooling system temperature before 
proceedi ng . 
NOTE: IT  I S  EXTREMELY IMPORTANT THAT THE XAD-2 RESIN TEMPERATURE 

NEVER EXCEED SO'C, AS DECOMPOSITION WILL OCCUR. DURING 
TESTING, THE XAD-2 TEMPERATURE MUST NOT EXCEED 20'C FOR 
EFFICIENT CAPTURE OF THE SEMIVOLATILE ORGANIC SPECIES OF 
INTEREST. 

4.4.3.10 Heat oven and probe t o  204.C (400.F). 

4.4.3.11 Run gas f low leak-check. The fol lowing Instructions 
w i  11 fac i  1 i ta te  the 1 eak-checking procedure: 

a. Open the iso la t ion  b a l l  valve and plug the i n l e t  t o  the 
probe wi th a rubber stopper o r  appropriate a i r t i g h t  cap. 

b. S tar t  the pumping system with the bypass valves f u l l y  open 
and the coarse valves completely closed. Par t ia l l y  open the 
coarse valves and slowly close the bypass valves unt i  1 a vacuum 
o f  127 mm Hg (5 in. - hg) i s  reached. Do not reverse the 
d i rec t ion  o f  the bypass valves as backflushing o f  the iminqer  
solutions I n t o  the organic module w i l l  result. I f  the desired 
vacuum i s  exceeded, e i ther  leak-check a t  the higher vacuum o r  
terminate the leak-check and begin again. Allow the system t o  
equi 1 i brate and measure the 1 eakag f rate. The allowable leak 
ra te  f o r  the SASS t r a i n  i s  0.0014 m Imin (0.05 ft3lmin) a t  t h i s  
vacuum. Close the iso la t ion  b a l l  valve and evacuate the t r a i n  
t o  281 mm Hg (15 in. hg). The leak ra te  through the back h a l f  
o f  the t r a i n  should be less than 0.0014 m31min (0.05 f t j lm in )  
a t  t h i s  vacuum. 
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c. When the leak-check i s  complete, slowly remove the plug 
from the probe t i p  and then slowly open the i s o l a t i o n  b a l l  
val ve. 

d. When the vacuum drops t o  127 mm Hg (5 in .  Hg) o r  less, 
immediately close both coarse control  valves together. Switch 
o f f  the pumping system and reopen the bypass valves. The 
bypass valves should no t  be opened u n t i  1 the coarse valves have 
been closed. 

4.4.4 Only post- test  1 eak-chec ks are mandatory; however, experi ence 
has shown t h a t  pre-test  leak-checks and 1 eak-checks f o l  1 owing component 
changes are necessary t o  ensure tha t  invaluable sampl l ng  t ime i s  not 
l o s t  as a r e s u l t  of an oversight o r  defect ive component. 

4.5 Sample Col 1 ection: Constant monitoring o f  t r a i n  operations before, 
during, and a f t e r  the par t i cu la te  run I s  essential i n  maintaining sample 
i n teg r i t y .  L is ted below are sample co l l ec t i on  guide1 lnes: 

4.5.1 With the coarse valves closed and bypass valves open, t u r n  on 
the vacuum pumps and al low them t o  warm up. As the  probe and oven are 
heating, prepare a SASS run data sheet as shown i n  40 CFR Appendix A (see 
References be1 ow). Barometric pressure data should be recorded a t  1 east 
a t  the beginning and end of the run; once per hour i s  preferred. 

4.5.2 When operating temperatures have been reached, place the 
probe i n  the stack a t  the f i r s t  designated sampling point, t u r n  on the 
vacuum pumps, adjust  the sa~r~pl i ng f 1 owrate t o  achieve the calculated AHi , 
and s t a r t  the elapsed timer. If, however, the gas stream i s  under medium 
o r  high negative pressure, i t  becomes extremely important t o  s t a r t  the 
vacuum pumps j u s t  before p lac ing the probe i n  the gas stream, and t o  
continue t o  operate the pumps u n t i l  j u s t  a f t e r  the probe has been removed 
from the gas stream. This w i l l  e l iminate the p o s s i b i l i t y  o f  l i f t i n g  o f  
the fll t e r  o r  backf 1 ushi ng of the fi 1 t e r  and cyclone pa r t i cu la te  catches 
a t  any time. 

4.5.3 Seal the sampling p o r t  around the probe t o  prevent 
in t roduct ion o f  d l l u t i o n  a i r  a t  t h i s  point. Record the clock t ime o f  the 
s t a r t  o f  the test .  

4.5.4 Using the c r i t e r l a  out l ined above under Paragraph 4.3, 
Prel iminary F i e l d  Determination, place the integrated f i xed  gas bag o r  
bu lb sampling probe i n t o  the gas stream and begin sampling. Col lect  
three samples during the SASS run; record the i n i t i a l  and f i n a l  clock 
times o f  each integrated f i xed  gas sample. 

4.5.5 Monitor and maintain a l l  temperatures and the calculated AH 
and record the data a t  equal in te rva ls  o f  10-15 min. 

4.5.6 Add crushed i c e  t o  the implnger sect ion and dra in  excess 
water as necessary. 
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4.5.7 Without in te r rup t ing  sampl ing, dra in  the condensate i n i t i a l l y  
every 30-45 min, and afterward as necessary. Ensure tha t  the vessel i n t o  
which the reservo i r  i s  drained fonns an a i r t i g h t  system wi th  the 
reservo i r  using a connecting Teflon l ine,  and i s  placed well  below the 
leve l  o f  the reservo i r  i t s e l f .  To dra in  the reservoir,  close the 
so la t ion b a l l  valve and open the dra in  valve. Allow the system t o  
evacuate f o r  10-20 sec. Careful ly open the i so la t ion  valve. The 
condensate should siphon f r o m  the reservoir  i n t o  the storage vessel. 
Close the dra in  valve when the siphoning act ion o f  the condensate ceases. 

4.5.8 Replace the f i l t e r  when i t  becomes Impossible t o  maintain 
near- isokinet ic sampling ra tes but  not more frequently than every 20 t o  
30 min. Always terminate and in1 t i a t e  sampl l ng  by adjustment o f  the 
coarse pump valves and then the bypass valves. A spare f l l  t e r  holder and 
f i l t e r ,  i f  available, should be preheating i n  the oven a t  a l l  times. 
Conduct 1 eak-checks before and a f t e r  changing the f i  1 te r .  Recall 
previous inst ruct ions concerning removal and reintroduct ion o f  the probe 
i n t o  the duct. 

4.5.9 A t  the same time, check the 1-um cyclone reservoir  f o r  
remaining capacity, taking care not t o  contaminate the contents during 
t h i s  inspection. 

4.5.10 When replacing a f i l t e r ,  s t a r t  and stop the f i xed  gas 
sampl ing  concurrently w i th  the SASS sampl ing; record the clock time and 
dry-gas-meter read1 ng whenever sampl I ng I s interrupted. 

4.5.11 Upon c o l l  ec t ion o f  the requi red 30 dscm (1,060 dscf) , remove 
the probe from the gas stream and shut down the pumps as previously 
instructed. Record the f i n a l  dry-gas-meter reading and clock time: 
t u r n  o f f  a l l  heaters. Conduct the post-test leak-check when the 
probe t i p  can be safely handled. Do not cap the probe while i n i t i a l l y  
cooling, because t h i s  w i l l  create a vacuum inside t h a t  w i l l  cause 
d is rup t ion  o f  the cyclone and f i l t e r  par t i cu la te  catches when i t  i s  
released. Instead, use aluminum f o i l  t o  cover probe openings. Before 
the probe i s  transported, secure the aluminum f o i l  covers wi th  e las t i c  
bands. Leak-check the p i t o t  1 ines per EPA Method 2 t o  val idate ve loc i ty  
heat data. 

5.0 SAMPLE RECOVERY 

The sample hand1 i ng  and t rans fe r  procedures out1 ined I n  t h i s  section have 
been adopted from the Level 1 procedures. The f low diagrammatic represen- 
t a t i o n  of the sample recovery procedures shown i n  Figures 3, 4, and 5 can be 
found i n  the Level 1 Sampling and Analysis Procedures Manual. 

5.1 Disassembly o f  the SASS Train: A t  the conclusion o f  the sampling 
run, the t r a i n  i s  disassembled and transported t o  the prepared work area as 
f o l  lows: 
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5.1.1 Leaving the fan operating, open the cyclone oven door t o  
expedite cooling. When the probe can be safety handled, disconnect f r o m  
the 10-um cyclone i n l e t .  Wipe o f f  external pa r t i cu la te  matter near the 
probe t i p  and place a cap over each end. The probe must remain leve l  
throughout t h i  s procedure. 
NOTE: CARE MUST BE TAKEN TO AVOID TIGHTLY CAPPING TRAIN COMPONENTS AS 

THEY ARE COOLING FROM STACK OR OVEN TEMPERATURES. THIS WILL 
ELIMINATE THE POSSIBILITY OF CREATING A VACUUM INSIDE WHICH, WHEN 
RELEASED, MAY DISRUPT AND BACKFLUSH THE CYCLONE AND FILTER 
PARTICULATE CATCHES INTO ONE ANOTHER. 

5.1.2 Disconnect the l i n e  j o i n i ng  the f i l t e r  o u t l e t  t o  the XAD-2 
module and cap o f f :  

a. The 10-um cyclone i n l e t ;  

b. The f i  1 t e r  holder out le t ;  and 

c. The i n l e t  o f  the l i n e  j u s t  disconnected from the f i l t e r  holder 
o u t l  e t  . 
5.1.3 Disconnect the  f i l t e r  holder and cap the i n l e t .  Set aside 

w i t h  the i n l e t  facing upward. Cap the o u t l e t  o f  the 1-urn cyclone. The 
cyclones must remai'n upr ight  throughout t h i s  procedure. The cyclones can 
now be disconnected from one another o r  moved t o  the recovery area as a 
s ing le  un i t .  

5.1.4 Disconnect the l i n e  j o i n i ng  the XAD-2 module t o  the impinger 
system a t  the organic module ou t le t .  Cap the organic module out le t .  

5.1.5 Disconnect the s i l i c a  gel impinger o u t l e t  f r o m  the vacuum 
1 ine  t o  the  pumps; cap o f f  the f i r s t  impinger i n l e t  and the four th  
i mpi nger o u t l  e t  . 
5.2 Nozzle, Probe, Cyclones, and F i  1 te r :  The step-by-step procedures 

f o r  the recovery o f  pa r t i cu la te  mater ia l  col  iec ted i n  the nozzle, probe, and 
cyclones, and on the f i l t e r  are de ta i led  below: 

5.2.1 Carefu l ly  t rans fe r  the f i l t e r  f r o m  the f i l t e r  housing t o  i t s  
o r f g f  nal glass Pe t r i  dish; a p a i r  of clean blunt- t ipped tweezers and a 
f l a t  spatula should be used f o r  hand1 ing  the f i l t e r .  Using a clean 
ny lon-br is t led brush, add any pa r t i cu la te  mater ia l  from the f r o n t  h a l f  of 
the f i l t e r  housing t o  the Pe t r i  dish; seal the Pe t r i  d ish around the 
circumference w i t h  1-in.-wide Teflon tape; store w i th  the col lected 
pa r t i cu la te  mater ia l  fac ing upward. 

5.2.2 Tap and brush any pa r t i cu la te  mater ia l  adhering t o  the wal ls 
o f  the upper chamber o f  the 1-um cyclone i n t o  the lower cup; remove the 
cup and quan t i t a t i ve l y  transfer the bulk contents t o  a wide-wuth amber 
glass j a r .  Rinse the brush w i t h  methanol/methylene ch lor ide (1:l v/v) 
i n t o  the probe r i nse  container. 
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5.2.3 Recover the contents of the 3-um cyclone in the same manner, 
using a separate wide-mouth amber glass jar. 

5.2.4 Recover the contents of the 10-um cyclone in the same manner, 
using a separate wide-mouth amber glass jar. 

5.2.5 Reconnect the lower cups of each cyclone and rinse any 
particulate material adhering to  the walls down into the cups with the 
methanol /methyl ene chloride mixture until the wall s appear clean. Remove 
the lower cups and transfer the contents to  the probe rinse container. 
Rinse the interconnecting tubing among the cyclones into the probe rinse 
in the same manner. 

5.2.6 Carefully remove the probe nozzle and clean the inside 
surface by rinsing with the methanollmethylene chloride (1:l vlv) from a 
wash bottle and brushing with a nylon-bristle brush. Brush until the 
rinse shows no visible particles; make a final rinse of the inside 
surface. 

5.2.7 Rinse the probe l iner (preferably with two people so as to 
minimize the possi bi 1 i ty of accidental sample loss) with methanol / 
methylene chloride (1:l v/v) by t i l t i ng  and rotating while spraying 
solvent into the upper end and a1 lowing the lower end to  drain into the 
sample container. Follow rinsing with brushing and rinsing from the 
upper to the lower end. Push the brush through the 1 iner with a twisting 
action; ensure that  the sample container i s  placed under the lower end. 
Brush until the rinse appears clean; perform a final rinse. Inspect the 
inner surface of the l iner for cleanliness. Rinse any particulate 
material remaining on the brush into the sample container. 

5.2.8 Clearly label a l l  containers according t o  the coding scheme 
given in Table 1; cover each label completely with transparent tape; mark 
liquid levels and store a l l  liquid samples on ice. 

5.3 XAD-2, condensate, and organic module: Sample recovery of the 
entire organic module may be conducted independently from the previous steps. 
'The step-by-step proceduFe for recovery of th is  stage i s  givenT below: 

5.3.1 Rinse a 1-ft x 1-ft square of aluminum foil  (dull side) with 
methylene chloride and a1 low to a i r  dry. 

5.3.2 Release the clamp joining the XAD-2 cartridge section to  the 
upper gas conditioning system (second clamp) ; remove the XAD-2 cartridge 
from the holder and place upon the clean a1 umi num foi 1 . GENTLY pry 1 oose 
or unscrew (depending upon the design) the ring securing the f ine mesh 
screen on the top of the cartridge. Remove the screen and quantitatively 
transfer the XAD-2 to a clean glass amber jar.  A large, clean glass 
funnel should be used for the transfer. Rinse the inner surfaces of the 
cartridge and the funnel with methylene chloride as necessary to remove 
adhering XAD-2. Any XAD-2 that escapes onto the aluminum foil should be 
retrieved and added to  the sample. 
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TABLE 1. SUGGESTED FORMAT FOR SAMPLE CODING AND IDENTIFICATION 

Sampl e 
Code Contai ner S i  ze Sample descri p t i  on 

1-m cyclone catch 1 C Amber glass 100 mL, wide-mouth 

3C Amber g 1 ass 100 mL, wide-mouth 

10C Amber g l  ass 100 mL, wide-mouth 

PF-a,b,c,. . . Glass Petr i  dish %-in. dlam. 

PR Amber glass 1 l i t e r  

3-m cyclone catch 

10-m cyclone catch 

Particulate f i l  ter(s) 

Methyl ene chlor i  de/ 
methanol front-ha1 f 
ri nse 

PRB Amber glass 500 mL 

MRX Amber glass 1 l i t e r  

Methylene chloride/ 
methanol b l  an k 

Methylene chloride 
back ha1 f r inse 

MRXB Amber glass 500 mL 

CD-LE Amber glass 1 l i t e r  

XAD-2 resin blank 

Methyl ene chloride 
condensate extract 

CD-LEB Amber glass 500 mL 

AR- I1  HDLPa 1 l i t e r  

Methyl ene chloride 
blank 

Aqueous residue o f  
condensate conbi ned 
w l  t h  f i r s t  implnger' 
catch 

I 1 B  HDLP 500 mL F i r s t  implnger blank 
( d i s t i l l e d  Hz0 o r  
other ap ropr iate 
solut ion ! 

HDLP 

HDLP 

1 l i t e r  

500 mL 

Second and t h i  rd 
impi nger catches 

Second and t h i r d  
impi nger blank 
(d i s t i  I led Hz0 o r  
other ap ropr iate 
solut ion ! 

aHDLP = High Density Linear Polyethylene. 

0020 - 21 
Rev1 s I on 0 
Date September 1986' 



5.3.3 Replace the screen on the cartr idge, re inser t  the car t r idge 
i n t o  the module, and reassemble the module. One person can accomplish 
t h i s  task by bu t t ing  the lower section i n  i t s  proper sealing pos i t ion  up 
against the upper section while securing the r i n g  clamp. One o r  
more wooden spacers approximately 1/2 in.  t h i c k  are suggested f o r  
t h i s  purpose. 

5.3.4 Open the condensate reservoi r  valve and dra in the remaining 
condensate i n t o  the condensate storage container. Measure and record the 
volume and pH (using narrow-range pH paper) o f  the en t i re  condensate. 

5.3.5 Transfer the en t i re  condensate t o  an appropriately-sized 
separatory funnel. Adjust the pH o f  the condensate (as indicated by the 
narrow-range pH paper) t o  1-2 using ul t rapure o r  reagent grade n i t r i c  
acid. Extract the condensate three times wi th  methyl ene chloride, each 
time wi th  fresh port ions measuring 8-10% o f  the t o t a l  condensate volume. 
I f  the volume o f  the condensate i s  extremely 1 arge 01800 mL) , the 
condensate may be extracted i n  portions, but fresh volumes o f  methylene 
chlor ide must be used f o r  each and every extraction. A f te r  each addit ion 
o f  methylene chlor ide t o  the separatory funnel, the funnel must be shaken 
wi th  per iod ic  venting through the stopcock t o  re l ieve  any vapor pressure. 
For safety, the t i p  o f  the separatory funnel should alwa s be directed 
away from the face and eyes while venting. When 3 no ur ther  vapor 
pressure can be vented a f t e r  shaking, the funnel should be mounted 
upr ight on a r i n g  stand, the cap removed, the layers a1 lowed t o  separate, 
and the methylene chlor ide (bottom) layer  removed. I f  an emulsion forms 
equal t o  more than one-third the size o f  the solvent layer, reagent-grade 
sodium chlor ide should be added u n t i l  the emulsion i s  broken o r  reduced 
t o  meet the above c r i te r ion .  The emulsion interface should not be 
included as pa r t  o f  the methylene chlor ide extract. 

5.3.6 Fol 1 owing the t h i r d  extract ion o f  the a c i d i f i e d  condensate, 
adjust the pH o f  the aqueous residue t o  11-12 with a 50% w/w so lut ion o f  
sodi um hydroxide (as indicated by narrow-range pH paper), ext ract  wi th  
methylene chlor ide i n  the same manner, and combine the methylene chlor ide 
extracts o f  the condensate a t  the high and low pH readings. 

5.3.7 Transfer the aqueous residue from t h i s  ext ract ion t o  a clean 
Nalgene container; re ta in  f o r  l a t e r  addit ion o f  the f i r s t  impinger 
solution. 

5.3.8 Ensure tha t  the condensate reservoir  valve i s  closed, release 
the upper clamp, and l i f t  the inner well halfway out o f  the module. 
Rinse the inner well i n t o  the XAD-2 module using a Teflon wash b o t t l e  
containing methylene chloride, so that  the r inse t rave ls  down the module 
and i n t o  the condensate col  lector .  Then remove the we1 1 en t i  r e l y  and 
place t o  one side on a clean surface (a1 uminum f o i  1 prerinsed wi th  
methylene chloride). Rinse the entrance tube i n t o  the module i n te r i o r ;  
r inse the condenser wall a1 lowing solvent t o  flow down through the system 
and co l l ec t  i n  the condensate cup. 
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5.3.9 Release the central  clamp again and separate the lower 
section (XAD-2 car t r idge  holder and condensate cup) f r o m  the upper. 

5.3.10 L i f t  the empty XAD-2 car t r idge halfway out o f  the mid-section 
and r inse  the outer  surface down i n t o  the condensate cup. Remove the 
car t r idge completely t o  a clean surface (aluminum f o i l  r insed with 
methyl ene chlor ide) . 

5.3.11 Rinse the empty XAD-2 section i n t o  the condensate cup. Open 
the condensate reservo i r  valve and dra in  i n t o  the XAD-2 sample storage 
container (wide-mouth amber glass jar ) .  

5.3.12 Rinse the condensate reservo i r  and combine the r inse w i th  the 
XAD-2 res in  as above. 

5.3.13 Clear ly label  a1 1 containers according t o  the coding scheme 
presented i n  Tab1 e 1; cover each 1 abel compl e te l  y w i th  transparent tape; 
mark 1 i q u i d  leve ls  and s tore a1 1 l i q u i d  samples on ice. 

5.4 I i n  ers: Sample recovery f r o m  the impingers may a1 so be accom- 
pl ished i n  * epen e n t l y  o f  the other two sections o f  the SASS t ra in .  The 
procedures are descri bed be1 ow. 

5.4.1 F i r s t  iw inge r :  

5.4.1.1 Measure the volume o f  l i q u i d  i n  the impinger w i th  a 
graduated cylinder; combine wi th  the aqueous residue fm the 
condensate. 

5.4.1.2 Rinse the 1 ine  connecting the XAD-2 module t o  the 
f i r s t  impinger w i th  Type I1 water; t ransfer  the r inse  t o  the same 
graduated cyl inder. Rinse the impinger twice more wi th  Type I1 
water, combining a l l  r inses i n  the graduated cy l  inder. Measure the 
t o t a l  r inse  volume and add t o  the sample. Rinse the graduated 
c y l i  nder w i th  a known amount o f  Type I1 water and add t o  the sample. 
Record a1 1 volumes on the sample recovery sheet. 

5.4.2 Second and t h i r d  iw ingers :  

5.4.2.1 Measure and record the comb1 ned volume o f  1 i qu id  i.n 
the impingers i n  a large (1,000-mL) graduated cylinder; t ransfer  t o  
a clean sample storage container. 

5.4.2.2 Rinse the l i n e  connecting the f i r s t  and second 
impinger i n t o  the second impinger and the l i n e  connecting the second 
and t h i r d  impinger i n t o  the t h i r d  impinger. Transfer the r inses t o  
the same graduated cyl inder. Rinse each impinger twice again wi th  
Type I1 water, combining a1 1 r inses i n  the graduated cylinder. 
Measure and record the combined r inse  volume and add t o  the sample. 
Rinse the graduated cy l inder  w i th  a known amount o f  Type I1 water 
and add t o  the sample. Record t h i s  addi t ional  r lnse  volume and add 
t o  the  impinger r inse  volume above. 
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5.4.2.3 Clear ly label  a l l  sample containers according t o  the 
coding scheme presented i n  Table 1; cover each label  completely w i th  
transparent tape; mark f l u i d  leve ls  and s tore a l l  l i q u i d  samples on 
ice. 

5.4.3 Fourth iupinger: 

5.4.3.1 Transfer the s i l i c a  gel t o  i t s  o r i g i n a l  container. 
Weigh t o  the nearest 0.1 g on a triple-beam balance, and record the 
weight. 

5.4.3.2 Di scard o r  regenerate. 

6.0 SAMPLE PREPARATION FOR SHIPMENT 

6.1 P r i o r  t o  shipment, recheck a l l  sample containers t o  ensure tha t  the 
caps are securely tightened. Seal the 1 i d s  o f  a1 1 Nalgene containers around 
the circumference w i th  v iny l  tape and those of glass containers w i th  Teflon 
tape. Ship a l l  l i q u i d  samples on i c e  and a l l  pa r t i cu la te  f i l t e r s  w i th  the 
pa r t i cu la te  catch facing upward. Ship peroxide sol u t ions (impinged) i n  a 
separate container. 

7.0 CALIBRATION 

7.1 A1 1 ca l i b ra t i on  resu l ts  should be recorded on appropriate data 
sheets and fastened securely i n t o  a separate sect ion i n  the  f i e l d  sampling 
notebook. Samples o f  blank data appear i n  40 CFR 60 (1979), Appendix A. 

7.2 Probe nozzles: 

7.2.1 Probe nozzles must be ca l ibrated before each i n i t i a l  use i n  
the f i e l d .  Using Vernier ca l ipers o r  micrometers, measure the ins ide 
diameter o f  the nozzle t o  the nearest 0.025 mm (0.001 in.). Perform ten 
separate measurements using d l  f f e r e n t  diameters; obta in  the average o f  
the ten measurements. The di f ference between the highest and lowest 
measurement resu l t s  must no t  exceed 0.1 mm (0.004 in.). When nozzles 
become nicked, dented, o r  corroded, they must be reshaped, sharpened, and 
recal  i brated before reuse. Recal i brat ion o f  the nozzl e before each run 
i n  gas streams t h a t  are h igh ly  corrosive i s  strorrgly recommended, as the 
nozzle diameter may be changing s l i g h t l y  from one run t o  the next. Each 
nozzle must be permanently and uniquely engraved. 

7.3 P i t o t  tube 

7.3.1 I f  the Type-S p i t o t  tube conforms t o  the construction 
speci f icat ions (the face openings are not  v i s i b l y  nicked, dented, o r  
corroded) and the p i t o t  tubelprobe assembly meets the  intercomponent 
spacings ou t l ined  i n  EPA Method 2 (see References), the  p i t o t  tube need 
no t  be ca l ib ra ted  t o  meet federal and many s ta te  tes t i ng  requirements; a 
correct ion coe f f i c i en t  may be assigned i n  these cases. Some states, 
however, requi re that, once used, p i t o t  tubes must be cal  i brated i n  a 
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wind tunnel. Speci f ic state requirements such as t h i s  must be 
unequivocally stated p r i o r  t o  testing. I n  e i t he r  case, p i t o t  tube face 
openings should be inspected before each run t o  ensure tha t  there has 
been no change i n  appearance since t h e i r  construction o r  most recent 
cal i bration. 

7.4 Metering system: 

7.4.1 Before each i n i t i a l  use i n  the f i e ld ,  the metering system 
shal l  be cal ibrated using a standard b e l l  prover o f  the proper size. (A 
standard b e l l  prover i s  recomended f o r  t h i s  procedure because the 
displacement volume o f  comnercially available wet t e s t  meters i s  
t y p i c a l l y  insuf f ic ient . )  A meter s t i ck  should be used t o  indicate the 
distance t rave l led  by the inner tank during the measurement. Figure 6 
i l l u s t r a t e s  a su i tab le arrangement f o r  the calibration. It i s  highly 
recommended tha t  the dry gas meter be adjusted u n t i l  the r a t i o  o f  the dry 
gas nreter volume t o  the standard be1 1 prover volume equals 1.00 2 0.01, 
t o  ensure tha t  the calculated AH1 w i l l  resu l t  i n  near-isokinetic sampling 
rates. The cal  i b r a t i  on procedure f o l l  ows: 

7.4.1.1 Perform both a posi t ive (pressure) and a negative 
(vacuum) leak-check of the metering system. For the negative leak- 
check, include only the o r i f i c e  Magnehel i c s  (reg. trademark), dry 
gas meter, and two vacuum pumps by removing the vacuum l i n e  
connecting the four th impinger t o  the vacuum pumps a t  the comnon 
side of the pump i n l e t  tee, and replacing the l i n e  wi th  a plain-end 
male quick connect. T ight ly  cap t h i s  end and leak-check i n  the 
manner out1 ined above under 4.4.3.11. For the posi t ive leak-check, 
connect a short length o f  rubber tubing t o  the "gas exhaust" por t  on 
the SASS control mdu l  e. Disconnect and vent the low side o f  the 
o r i f i c e  magnehel ic ;  close o f f  the low-side o r i f i ce  tap. Pressurize 
the system t o  13-18 cm Hz0 (5-7 in. H 0) by blowing i n t o  the rubber 
tubing; pinch o f f  the tubing and o 2 serve the magnehelic f o r  one 
minute. The magnehel i c reading must remain unchanged during tha t  
time period. Any loss o f  magnehel i c  pressure indicates a leak that  
must be corrected. 

7.4.1.2 Upon obtai n l  ng sat1 sfactory 1 eak-checks, connect the 
metering system t o  the standard b e l l  prover. 

7.4.1.3 Using the .control box Magnehelic (reg. trademark) 
indicator,  set the pumping rate corresponding t o  a AH of 1 in. Hg. 
Turn the pumps o f f  using the switches. 

7.4.1.4 Record the i n i t i a l  temperature and pressure o f  the 
b e l l  prover and the i n1  t i a l  temperature and reading o f  the dry gas 
meter. Record the barometric pressure every hour. 
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Fiwn 6. Schematic Diagram of Standard Bell Prover Arrangement for SASS Dry-Gm-Meter 
Cllibntion. 
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7 .4.1.5 Disconnect the meter1 ng system and pump the inner tank 
o f  the b e l l  prover t o  a convenient height. Reconnect the metering 
system and record the height. . 

7 .4.1.6 S tar t  the pumps and a stopwatch simultaneously; 
evacuate the tank f o r  3 min. 

7.4.1.7 A f te r  3 min, tu rn  o f f  the pumps using the switches. 
Record the f ina l  inner tank height, the f ina l  dry gas meter reading 
and temperature, and the b e l l  prover f ina l  temperature and pressure. 

7.4.1.8 Repeat steps 3-7 using AH sett ings o f  2, 4, and 6 in .  
H20. 

7.4.1.9 Duplicate the en t i re  procedure as a check; repeat the 
en t i re  procedure a f t e r  each adjustment o f  the dry gas meter. 

7.4.1.10 Calculate the Dry-Gas-Meter Correction Coefficient, 
the r a t i o  o f  the volume o f  gas measured by the dry gas meter t o  the 
standard b e l l  prover, both corrected t o  standard conditions and on a 
dry basis. The r a t i o  reduces to: 

where : 

7 = Dry gas meter correction coeff ic lent,  dimensionless; 

Vdgm(std) = Volume o f  gas measured by the dry gas meter on a dry 
bas1 s, corrected t o  standard conditions, dscm (dscf) ; 

Vpvr(std) = Volume o f  gas measured by the standard b e l l  prover on a 
dry basis, corrected t o  standard conditions, dscm 
(dscf) ; 

Vdgn = Volume o f  gas measured a t  dry-gas-meter conditions, 
m3(ft3) ; 

= Final volume reading - i n i t i a l  volume reading; 

Vprv = Volume of gas measured a t  standard b e l l  prover 
conditions, m3(ft3) 

= Kpvr x (difference i n  meter s t i ck  height readings), 

where: 

Kpvr = number o f  f t 3  o f  a i r  displaced represented by 
each cm o f  movement along the meter st ick,  
m31cm ( f t31cm) ; 
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Pdpl = Absolute meter pressure, IMI Hg (in. lig) 

= Barometric pressure + AHl13.6; 

Ppvr = Absolute prover pressure, Hg (in. Hg) 

= Barometric pressure - [(AP) prover manmter]/l3.6; 

Tpvr = Absolute be1 1 prover temperature, *K (*R) ; and 

Tdpl = Absolute dry-gas-meter temperature, O K  (*R) . 
7.4.1.11 Calculate the Orifice Constants using the following 

equations : 

where: 

9.o - Sampling flowrate a t  ori fice, ft3lmin (dry) ; 

Bus = Proportion by volume of water i n  ambient air ,  
dimension1 ess; 

QStd = Standard sampling flowrate for SASS, 4.0 scfm (wet): 

Pstd = Standard absolute pressure, 29.92 in. Hg; 

Tm(avp) = Average meter temperature, *R; 

Pm = Absolute meter pressure (barometric pressure + AH/l3.6), 
in .  Hg; and 

TEtd = Standard temperature, 528.R. 

where: 

J i  = Orifice coefficient for orifice "i"; 

= Sampling flowrate a t  orifice, ft3lmin (dry): 
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= Or i f i ce  area [r(diameter)2]/4, in.2: 

Tm(avg) = Average meter temperature, *R; 

Pm = Absolute meter pressure (see equation above), in. Hg: 

Mm = Molecular weight o f  a i r ,  29.0 lbm/lb-mole; 

R = Gas law constant, 1545 ft-lbf/'R lb-mole; 

AH1 = Or i f i ce  "la pressure drop, in. H20; and 

gc = Gravitational constant, 32.17 lbm-ft / lbf  sec2. 

7.4.1.12 The o r i f i c e  constants may be determined without the 
be1 1 prover by noting the dry-gas-meter volumes obtained by pumping 
a t  1, 2, 3, and 6 in. Hz0 f o r  3-min periods. The obtaining o f  
consistent values when checking o r i f i c e  constants i n  the f i e l d  may 
be used as a rough ind icat ion o f  a va l i d  cal ib ra t ion  during extended 
f i e l d  use. 

7.4.2 A f te r  each series o f  f i e l d  tests, the ca l ibrat ion o f  the 
meter1 ng system must be checked by performing three cal I brat ion 
measurements a t  a s ingle intermediate o r i f i c e  set t ing a t  o r  near the 
average used during the f i e l d  testing. I f  the ca l ib ra t ion  has changed by 
more than 5%, recal ib ra te  the meter over the f u l l  range o f  o r i f i c e  
settings. Calculations f o r  the t e s t  series should then be performed 
using whichever ca l ib ra t ion  resul ts  i n  the lower value f o r  t o ta l  sample 
vo 1 ume . 
7.5 Probe heater: The probe heating system shal l  be cal ibrated before 

each i n i t i a l  use i n  the f i e l d  and checked a f t e r  each series o f  f i e l d  tests  
according t o  the procedure out1 lned i n  APTD-0576. 

7.6 Thermocou les: Each thermocouple must be permanently and uniquely 
marked on T-- t e casing; a l l  mercury-in-glass reference thermometers must conform 
t o  ASTM-E-1 163C o r  63F specifications. Thermocouples should be calibrated i n  
the laboratory without the use o f  extension leads. I f  extension leads are 
used i n  the f i e l d ,  the thermocouple reading a t  ambient a i r  temperatures, w l  t h  
and without the extension lead, must be noted and recorded. Correction i s  
necessary i f  the use o f  an extension lead produces a change greater than 1.5%. 
Cal i  brat ion f o r  the various kinds o f  thermocouples proceeds as follows: 

7.6.1 Inp i  nger and organ1 c w d u l  e t henwcoupl es : For the 
thermocouples used t o  measure the temperature o f  the gas leaving the 
impinger t r a i n  and the XAD-2 res in bed, a three-point ca l ibrat ion a t  i ce  
water, room-air, and b o i l  ing-water temperatures i s  necessary. Accept the 
thermocouples only i f  the readings a t  a l l  three temperatures agree wi th in  
2'C (3.6.F) o f  the absolute value o f  the reference thermometer. 
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7.6.2 Dry-gasometer themcoup1 es: For the themcoup1 es u ~ e d  t o  
i ndi cate the dry-gas-meter i n l e t  and ou t le t  tenperatures, a three-poi n t  
c a l i  brat ion a t  ice-water, room-ai r, and boi 1 i ng-water temperatures must 
be performed. The values must be wi th in 2.C (3.6.F) o f  the absolute 
reference thermometer value a t  a1 1 three cal i bra t i  on points. 

7.6.3 Probe and stack thetmcouple: For the themcouples used t o  
indicate the probe and stack temperatures, a three-poi n t  ca l ib ra t ion  a t  
ice-water, boiling-water, and bo i l i ng  cooking-oil temperatures must be 
performed; i t  i s  highly recomnended that room-air temperature be added as 
a fourth ca l ib ra t ion  point. I f  the absolute values o f  the reference 
thermometer and the thermocouple agree wi th in  1.5% a t  each o f  the 
ca l ib ra t ion  points, a c a l i  brat ion curve (equation) may be constructed 
(cal cul  ated) , and the data ext rap01 ated t o  cover the ent i r e  temperature 
range suggested by the manufacturer. 

7.7 Barometer: Adjust the f i e l d  barometer i n i t i a l l y  and before each 
tes t  series t o  agree wi th in 2.5 mn Hg (0.1 in. Hg) o f  the mercury barometer, 
o r  w i th in  the stat ion barometric pressure value reported by a nearby National 
Weather Service stat ion and corrected f o r  elevation. 

7.8 T r i  pl e-Beam .Balance : Cal i brate the t r i p l e  beam bal ance before each 
tes t  series using Class-S standard weights: the weights must be w i th in  0.5 a - 
o f  the standards; o r  the balance adjusted t o  meet these 1 imits.  

7.9 Anal yt  i cal Bal ance: Cal i brate the anal y t  i cal bal ance w i  t h class k 
weights before i n i t i a l l y  tare-weighing each set of f i l t e r s .  The balance must 
agree o r  be adjusted t o  wi th in 2 mg o f  the standards. Run a t  least one 
standard each time one o r  more o f  the f i l t e r s  i s  reweighed. 

8.0 CALCULATIONS 

8.1 Dry gas volume: 

8.1.1 From the SASS run sheet, average the dry-gasometer 
temperatures and o r i  f i  ce pressure drops readings throughout the run. 
Calculate the Volume o f  Dry Gas Sampled a t  standard conditions (20eC, 
760 mn Hg [528*R, 29.92 in. HgJ) using the equation: 
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where : 

Vm(std) = Volume of dry gas sampled a t  standard conditions, dscm 
(dscf) ; 

Vm = Vol ume of dry gas sampled a t  dry-gas-meter conditions, 
dcm (dcf); 

7 = Dry-gas-meter cal t bratf on factor, dl mensionless; 

Tm = Average dry-gas-meter temperature, 'K ('R): 

TStd = Standard absolute temperature, 'K ('R); 

Pbar = Barometric pressure a t  the sampling si te,  mn Hg (in. Hg); 

PStd = Standard absolute pressure, mn Hg (in. Hg); 

AH = Average orifice pressure drop during the sampling r u n ,  
mn Hz0 (f n. H20); and 

K 1  = 0.358'K/mn for metric units 
= 17.64'Rlin. Hg for English units. 

8.1.2 The above equation must be modified whenever the leakage rate 
observed durl ng any of the mandatory 1 eak-checks (i . e., the post-test 
1 eak-checks or  1 eak-checks made prior to component changes) exceeds the 
maximum allowed. The mdlfication follows: 

8.1.2.1 Case I (No component changes have been made during 
the sampling run, and the a1 lowable leakage rate has been exceeded 
during the post-test leak-check) : Replace Vm with the expression: 

Vm - L P  - La)81 

where: 

Lp = Leakage rate observed during post-test 1 eak-check, 
m3/mi n (cfm) : 

La = Maximum allowed leakage rate, 0.0014 $/min (0.05 
f t3/mi n) ; and 

8 = Total sampling time, min. 

8.1-.2.2 Case I1 (One or more component changes made during the 
sampl i ng r u n ,  a n d h e  a1 lowable leakage rate has been exceeded 
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during one o r  more o f  the leak-checks p r i o r  t o  component changes o r  
during the post- test  1 eak-check) : Replace Vm w i th  the expression: 

where : 

L i  = Leakage ra te  observed p r i o r  t o  " i t h N  component change 
i f  the a1 lowable leak ge r a t e  has been exceeded whi 1 e 
sampl i ng  w i th  the  'it#" component, m3/nin (cfm): 

La = Maximum a1 1 owed 1 eakage rate, 0.0014 m3/min (0.05 
f t3/mi n) ; 

01 -1 = Sampl i n g  time in te rva l  between the successive component 
changes i n  which the allowable leakage r a t e  has been 
exceeded, m i  n; 

Lp = Leakage ra te  observed during post- test  leak-check, i f  
the a1 lowable 1 eakage r a t e  has been exceeded, m3/min 
(cfm); and 

Bp = Sampling t ime in te rva l ,  from the f i n a l  (nth) component 
change un t i  1 the end o f  the sampli ng run, i f  the 
allowable 1 eakage r a t e  has been exceeded during the 
post- test  leak-check, min. 

8.2 Moisture content: 

8.2.1 Calculate the Volume o f  Water Vapor a t  standard conditions: 

where : 

Vw(std) = Vol ume o f  water vapor i n  the gas sample, corrected t o  
standard condi t ions, dscm (dscf) ; 

V l c  = Volume o f  1 i qu id  co l lected i n  the condensate reservo i r  
added t o  the net  increase i n imp1 nger sol  u t i  on vol umes 
and sf 1 i c a  gel weight gain during the run, mL; 

pw = Density o f  water, 0.9982 g/mL (0.002201 lb/mL); 
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= Molecular weight o f  water, 18.0 g/g-mole ( lb/ lb-wle);  

R = Ideal gas constant, 0.06236 n H~&/'K-g-mole (21.85 
in. ~ ~ - f t 3 / * ~ - 1  b-mol e) : 

Tstd = Standard absolute temperature, *K (OR) : 

Pstd = Standard absolute pressure, nm Hg (in. Hg): and 

K2 = 0.001333 $/DL f o r  metric un i ts  
= 0.04707 ft3/mL f o r  English units. 

8.2.2 Calculate the Stack Gas Moisture Content (equal t o  Bws x 100 
f o r  conversion t o  percent) : 

where: 

Bus = Proportion o f  water vapor i n  the gas stream by volume, 
dimension1 ess; 

Vw(std) = Volume o f  water vapor i n  the gas sample, corwcted t o  
standard conditions , dscm (dscf) ; and 

Vm(std) = Volume o f  gas measured by the dry as meter, corrected 
t o  standard conditions, dscm (dscf 1 . 

8.2.3 I n  saturated o r  water-droplet-laden gas streams, make two 
calculat ions o f  the moisture content, one from the t o t a l  volume o f  l i q u i d  
co l  1 ected i n  the t r a i n  and one from the assumption o f  saturated gas- 
stream conditions. Use whichever method resul ts  i n  the lower value. To 
determine the moi sture content based upon saturated conditions, use the 
average stack gas temperature i n  conjunction with: (1) a psychrometric 
chart, correct ing f o r  difference between the chart and the absolute stack 
pressure: o r  (2) saturation vapor pressure tables. 

8.3 Part iculate concentration: 

8.3.1 Calculate the Unit  Methanol/Methylene Chloride Blank 
Correction f o r  a l l  f ront -hal f  samples: 
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where : 

Cm = Methanol /methyl ene chloride blank correction, mg/g; 

= Mass of methanol Imethylene chloride a f t e r  evaporation, mg; 

Vm = Vol ume of methanol Imethylene chloride used in wash, mL; and 

pm = Density of 50:50 mix of methanol/methylene chlorlde, 
mg/rnL (see 1 abel s on bottles) . 

8.3.2 Calculate the Total Methanol /Methylene Chloride Blank Weight 
Correction for  each individual front-half sample: 

wm = CmVmn9mm 
where : 

Wm = Weight of residue in methanoljmethylene chloride front- 
half wash, mg; 

C, = Methanol Imethylene chloride unit blank correction, mg/g; 

V,, = Vol ume of methanol /methyl ene chloride used for  front-ha1 f 
wash, mL; and 

= Densi ty  of 50:50 mixture of methanol and methylene 
chloride, mg/mL. 

8.3.3 Calculate Total Particulate Weight: 

Wp = ('pf-a + 'pf-b+. ...... 1 + (wlOc + w~~ + wlc) + (Wpr - w,) 

where : 

Wp = Total particulate weight, mg; 

Wpf-a+... = Particulate weight from f i l t e r  Pf-a + Pf-b + ... : 
W ~ O ~ , W ~ ~ , W ~ ~  = Particulate weight catch from the lo-, 3-, and 1-um 

cyclones, respecti vely, mg; 

Wpr = Weight of front-half rinse residue before blank 
correction, mg; and 

W,, = Methanol /methyl ene chloride blank weight correction, mg. 
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8.3.4 Calculate the Total Par t icu la te  Concentration: 

where : 

Cp = Concentration o f  par t i cu la te  material i n  the stack gas, 
g/dscm (gr jdscf)  : 

Wp = Weight o f  par t i cu la te  material col lected during run, q: 
and 

Vm(,td) = Volume o f  gas sampled, dscm (dscf). 

8.3.5 To convert the above concentration t o  un i t s  of g r / f t 3  o r  
1 b / f t 3  f o r  comparison w i th  establ ished o r  projected values, the fo l lowing 
conversion factors are useful : 

From: - To: - Mul t ip ly  By: 

8.4 Concentration o f  organic material : 

8.4.1 Calculate the Volumetric Flow Rate (Qsd) during the run. 
Determtne the average stack gas ve loc i ty  and volumetric f low ra te  f r o m  
actual run data i n  -the same- manner t ha t  these were calculated during 
p r e l  i m i  nary detenni nations (see Paragraph 4.3). 

8.4.2 Calculate the POHC Concentration: 

where: 

Cpohc = Concentration of POHCs i n  stack gas, ug/dscm; 

Mpohc = Total mass o f  POHCs co l lected i n  XAD-2 and organic 
module r inse, and i n  the condensate extract, ug; 

Mcd-le = Mass o f  POHCs extracted f r o m  the condensate (corrected 
f o r  methylene ch lor ide blank extract ion residue), ug; 
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brx = Mass o f  POHCs extracted f r o m  the XAD-2 sorbent and 
organ1 c madul e r i nse  (corrected f o r  methyl ene ch lo r ide  
blank ext ract ion residue), ug; and 

Qsd = Vol umetric f low ra te  during the run, dscm. 

8.5 I sok ine t i c  var iat ion: 

8.5.1 Havi ng calculated TS , Vm(,tdl , VS, An, PSI and hs, determine 
the I sok ine t i c  Var iat ion using the equat on: 

where : 

I = Isok ine t i c  var iat ion, %; 

TS = Absolute average stack gas temperature, 'K ('R); 

Vm(std) = Volume o f  gas sampled, dscm (dscf) : 

PS = Absolute stack gas pressure, nnn Hg (in. Hg); 

VS = Stack gas veloci ty,  m/sec (ft/sec); 

An = Cross-sectional area o f  nozzle, m3 ( f t3) ;  

8 = Net sampling time, min; 

hS = Proportion o f  water vapor i n  gas stream by volume, 
dimensi on1 ess; and 

Kq = 4.320 f o r  metr ic un i t s  
= 0.09450 f o r  English units. 

8.5.2 For the accuracy o f  Level 1 requirements ( fac to r  o f  3) f o r  
measured pa r t i cu la te  emissions, the i sokinet ic  va r i a t i on  must be w i th in  
70-150%. 

8.6 Cyclone p a r t i  c l  e-si ze cu to f f  diameter: 

8.6.1 The pa r t i c l e -s i  ze cu to f f  diameter represents t ha t  p a r t i c l e  
diameter (assuming spherical pa r t i c l es  of u n i t  density) a t  which the 
cyclone exh ib l t s  50% co l l ec t l on  ef f lc iency; i t  i s  expressed as the 'd50." 
The range o f  p a r t l c l e  s ize co l lected i n  each cyclone and on the f i l t e r  i s  
dependent upon the operating temperature and f low r a t e  through each o f  
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these components. The particle-size cutoff diameters of 10, 3, and 1 urn 
I n  the cyclones are the result of calibration of these a t  400.F and 4.0 
scfm (6.5 acfm). When the determined lsoklnetlc sampling rate Is  not 4.0 
scfm, or when I t  Is necessary to  malntaln a constant sublsoklnetlc 
sampl lng rate ( s t l l  1 wlthln the llmlts of Level 1 accuracy) during the 
SASS run, the particle-size cutoff diameters for the cyclones must be 
extrapolated. 

8.6.2 Ex1 st1 ng cal I brat1 on data I s I nsuff I cl ent to  determl ne exact 
mathemati cal re1 atlonshlps for variations of partlcl e-size cutoff 
dlameter with temperature and with volumetrlc flow rate. The best 
estimates (HcCaln, 1983) suggest that a square, and an Inverse square 
root dependence, respect1 vely, ex1 s t ;  the extrapol at1 on equatlon Is  
presented below. 

8.6.2.1 Calculate the Gas Vlscoslty~from the equation: 

p = (1.68 x lom4) + (2.292 x 10-7) (T) 

where : 

p = Gas vlscoslty, polse; and 

T = Gas temperature, .F. 

8.6.2.2 Extrapol ate the Particle Size Cutoff Diameter from: 

where: 

D T ~ , F ~  = Particle sfze cutoff dlameter a t  cyclone operatfog a 
temperature and flow rate, urn (note that the 
volumetric flow rate must be corrected to standard 
condl t i  ons) ; 

D400~4.0 = Partlcle sfze cutoff diameter a t  an operatlng 
temperature of 400'F and flow rate of 4.0 scfm, um; 

~ 4 0 0  = Gas vlscosl ty a t  400eF, polse; 

pTa = Gas vlscoslty a t  operating condltlons, poise; 
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Vg.0 = Cyclone volumetrlc f low r a t e  o f  4.0 scfrn; and 

V F ~  = Cyclone vol umetrlc f low ra te  a t  operatlng condl t lons, 
scfm. 

This equation reduces to: 

33*7 JT- 
2 f o r  the 10-urn cyclone, 

"a 

4 ' a  
2 f o r  the 3-urn cyclone, 

PT a 

3*37 I%= 9 

f o r  the 1-urn cyclone, 

8.7 Cumulative pa r t i cu la te  weight percent less than calculated size: 

8.7.1 Divide the weight col1,ected i n  the ind iv idual  cyclones and on 
the f i l  t e r  by the t o t a l  weight o f  par t i cu la te  col lected; express these as 
a percentage, uslng the f o l  lowing equations: 
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where : 

Wp = Total par t icu late weight collected, mg: 

= Part iculate weight collected on f i l t e r s  PF-a + PF-b, etc., 
mg : 

Wloc = Part iculate weight collected i n  10-um cyclone, mg; 

W3c = Part iculate weight collected i n  3-urn cyclone, mg; 

W l c  = Part iculate weight collected i n  l-urn cyclone, mg; and 

100 = Conversion t o  percent. 

8.7.2 Calculate the Cumulative Weight Percent Less than the 
Calculated Par t ic le  Size Cutoff Dlameter by adding, t o  each weight 
percent, the weight percent o f  a l l  f ract ions having a smaller par t i c le -  
size cutoff diameter. Tabulate the data, using the fonn below as an 
exampl e: 

PRESENTATION OF SASS PARTICLE SIZING DATA 

Cumulative Weight X 
Weight X Less than Calculated Calculated 
Col 1 ected Par t ic le  Size Part ic le Size 

Stage i n  Stage Cutoff Diameter Cutoff Diameter 

10-urn cyclone 
3-urn cyclone 
l-urn cyclone 
Glass f i b e r  

f i 1 t e r  
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METHOD 0030 

VOLATILE ORGANIC SAMPLING TRAIN 

1.0 PRINCIPLE AND APPLICATION 

1.1 Pr inc ip le  

1.1.1 This method descri  bes the co l  l e c t i o n  o f  v o l a t i  l e  p r inc ipa l  
organic hazardous const i  tuents (POHCs) f r o m  the stack gas e f f l uen ts  o f  
hazardous waste I nci  nerators. For the purpose o f  d e f i n i  t ion,  v o l a t i  l e  
POHCs are those POHCs w i t h  b o i l i n g  po in ts  less than 100'C. I f  the 
b o i l  i n g  po in t  o f  a POHC o f  i n t e res t  i s  less than 30eC, the POHC may break 
through the sorbent under the condi t i ons  o f  the sample col  1 ec t ion 
procedure. 

1.1.2 F i e l d  app l ica t ion f o r  POHCs o f  t h l s  type should be supported 
by 1 aboratory data whi ch demonstrate the e f f l  clency o f  a vol a t1  l e  organic 
sampling t r a i n  (VOST) t o  c o l l e c t  POHCs w i t h  b o i l i n g  po in ts  less than 
30'C. This may requ i re  uslng reduced sample volumes co l lec ted a t  f low 
ra tes  between 250 and 500 mL/min. Many compounds which b o i l  above 100'C 
(e .go, chlorobenzene) may a1 so be e f f l c l e n t l y  col  1 ected and analyzed 
using t h i  s method. VOST co l  l e c t i o n  e f f i c iency  f o r  these compounds should 
be demonstrated, where necessary, by laboratory data o f  the type 
descr i  bed above. 

1.1.3 This method employs a 2 0 - l i t e r  sample o f  e f f l uen t  gas 
contain ing v o l a t i l e  POHCs which i s  withdrawn f r o m  a gaseous e f f l uen t  
source a t  a f l ow r a t e  o f  1 L/min, using a glass-1 ined probe and a 
vo l  a t i  l e  organic sampl i n g  t r a i n  (VOST) . (Operation o f  the VOST under 
these condl t ions has been ca l led  FAST-VOST.) The gas stream I s  cooled t o  
20'C by passage through a water-cooled condenser and v o l a t i l e  POHCs are 
col  1 ected on a p a i r  o f  sorbent r es i n  traps. L iqu id  condensate i s  
co l lec ted  i n  an impinger placed between the two r e s l n  traps. The f i r s t  
r e s l n  t r a p  ( f r on t  t rap)  contains approximately 1.6 g Tenax and the second 
t r a p  (back t rap)  contains approximately 1 g each o f  Tenax and petroleum- 
based charcoal (SKC Lot 104 o r  equivalent), 3:l by volume. A t o t a l  o f  
s i x  pa i r s  o f  sorbent t raps may be used t o  co l  l e c t  v o l a t i l e  POHCs f r o m  the 
e f f l u e n t  gas stream. 

1.1.4 An a1 te rna t i ve  set  o f  condl t i ons  f o r  sample co l  l ec t l on  has 
been used. This method involves co l l ec t l ng  sample volume o f  20 l l t e r s  o r  
less a t  reduced f low rate.  (Operation o f  the VOST under these condltions 
has been re fe r red  t o  as SLO-VOST.) This method has been used t o  co l l ec t  
5 1 i t e r s  o f  sample (0.25 Llmin f o r  20 min) o r  20 1 l t e r s  o f  sample 
(0.5 Llmin f o r  40 min) on each pa l  r o f  sorbent cartr idges. Smal l e r  
sample volumes c o l l  ected a t  lower flow ra tes should be considered when 
the  b o i l i n g  po in ts  o f  the POHCs o f  i n t e res t  are below 35'C. A t o t a l  o f  
s i x  pa i r s  o f  sorbent t raps may be used t o  c o l l e c t  v o l a t i l e  POHCs f r o m  the 
e f f l u e n t  gas stream. 
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1.1.5 Analysis o f  the traps i s  carr ied out by thermal desorption 
purge-and-trap by gas chromatographylmass spectrometry (see Met hod 5040) . 
The VOST i s  designed t o  be operated a t  1 Llmin w i th  traps being replaced 
every 20 min f o r  a t o t a l  sampling time o f  2 hr. Traps may be analyzed 
separately o r  combined onto one t rap  t o  improve detect ion l i m i t .  
However, addit ional  f low rates and sampl i ng times are acceptable. Recent 
experience has shown tha t  when less than maximum detect ion a b i l  i t y  i s  
required, i t  i s  acceptable and probably preferable t o  operate the VOST a t  
0.5 Llmin f o r  a t o t a l  o f  three 40-min periods. This preserves the 2-hr 
sampling period, but reduces the number o f  car t r idge changes i n  the f i e l d  
as we1 1 as the number o f  analyses required. 

Appl i c a t i  on 

1.2.1 This method i s  applicable t o  the determination o f  v o l a t i l e  
POHCs i n  the stack gas e f f l uen t  o f  hazardous waste incinerators. This 
method i s  designed f o r  use i n  ca lcu lat ing destruct ion and removal 
e f f i c iency  (DRE) f o r  the v o l a t i l e  POHCs and t o  enable a determination 
tha t  DRE values f o r  removal o f  the v o l a t i l e  POHCs are equal t o  o r  greater 
than 99.99%. 

1.2.2 The s e n s i t i v i t y  o f  t h i s  method i s  dependent upon the leve l  o f  
interferences i n  the sample and the presence o f  detectable leve ls  o f  
v o l a t i l e  POHCs i n  blanks. The target  detection l i m i t  o f  t h i s  method i s  
0.1 ugh3  (ngIL) o f  f l u e  gas, t o  permi t cal cu lat ion o f  a DRE equal t o  o r  
greater than 99.99% f o r  v o l a t i l e  POHCs which may be present i n  the waste 
stream a t  100 ppm. The upper end o f  the range o f  appl i cab i  1 i t y  o f  t h i s  
method i s  1 i m i  ted by breakthrough o f  the v o l a t i l e  POHCs on the sorbent 
t raps used t o  co l l ec t  the sample. Laboratory development data have 
demonstrated a range o f  0.1 t o  100 uglm3 (nglL) f o r  selected v o l a t i l e  
POHCs col lected on a p a i r  o f  sorbent t raps using a t o t a l  sample volume o f  
20 1 i t e r s  o r  less (see Paragraph 1.1.4). 

1.2.3 This method i s  recommended f o r  use only by experienced 
sampl i ng personnel and analy t ica l  chemi s ts  o r  under close supervision by 
such qua1 i f i  ed persons. 

1.2.4 Interferences ar ise  pr imari  l y  from background contamination 
o f  sorbent t raps p r i o r  t o  o r  a f t e r  use i n  sample col lect ion. Many 
potent ia l  interferences can be due t o  exposure o f  the sorbent mater ials 
t o  solvent vapors p r i o r  t o  assembly and exposure t o  s ign i f i can t  
concentrations o f  v o l a t i l e  POHCs i n  the ambient a i r  a t  hazardous waste 
inc inera tor  sites. 

1.2.5 To avoid o r  minimize the low-level contamination o f  t r a i n  
components w i th  v o l a t i l e  POHCs, care should be taken t o  avoid contact o f  
a l l  i n t e r i o r  surface o r  t r a i n  components wi th  synthet ic organic materials 
(e .go, organic sol vents, 1 ubr l  c a t i  ng and seal i ng greases) , and t r a i n  
components should be careful  l y  cleaned and conditioned according t o  the 
procedures described i n  t h i s  protocol . 
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2.0 APPARATUS 

2.1 Vo la t l le  Organic Sampling Train: A schematic diagram o f  the 
~ r l n c l ~ a l  com~onents o f  the VOST i s  shown i n  Figure 1 and a dlagram o f  one 
k c e p t i b l e  ve'rsion o f  the VOST I s  shown I n  ~ i g u r e  2. The VOST conslsts o f  a 
glass-1 ined probe followed by an lso la t lon  valve, a water-cooled glass 
condenser, a sorbent cartr idge contaf nlng Tenax (1.6 g), an empty lmplnger f o r  
condensate removal, a second water-cooled glass condenser, a second sorbent 
c a r t r l  dge contal n l  ng Tenax and petroleum-based charcoal (3: 1 by vol ume; 
approxlmately 1 g o f  each), a s l l l c a  gel drylng tube, a calibrated rotameter, 
a sampl lng pump, and a dry gas meter. The gas pressure during sampling and 
for  1 eak-checking I s  monl tored by pressure gauges which are I n  1 lne and 
downstream o f  the s l l  I ca  gel drylng tube. The components o f  the sampl lng 
t r a l n  are descrl bed below. 

2.1.1 Probe: The probe should be made of stainless steel with a 
borosl l l c a t e  o r  quartz glass 1 lner. The temperature o f  the probe i s  t o  
be maintained above 130'C but low enough t o  ensure a res in temperature o f  
20.C. A water-cooled probe may be required a t  elevated stack 
temperatures t o  .protect the probe and meet the above requirements. 
Isok inet lc  sample col lect ion I s  not a requirement f o r  the use o f  VOST 
since the compounds o f  Interest are I n  the vapor phase a t  the point o f  
sample collectlon. 

2.1.2 Iso la t lon  valve: The Iso lat ion valve should be a greaseless 
stopcock wlth a glass bore and ' s l i d i n g  Teflon plug wlth Teflon wipers 
(Ace 8193 o r  equivalent). 

2.1.3 Condensers: The condensers (Ace 5979-14 o r  equl val ent) 
should be o f  su f f i c ien t  capaclty t o  cool the gas stream t o  20'C o r  less 
p r i o r  t o  passage through the f i r s t  sorbent cartrldge. The top connection 
o f  the condenser should be able t o  form' a leak-free, vacuum-tlght seal 
WI thout using seal lng greases. 

2.1.4 Sorbent cartridges : 

2.1.4.1 The sorbent cartrldges used f o r  the VOST may be used 
I n  e i ther  o f  two conflguratlons: the I nsi de-outs1 de (110) 
conflguratlon I n  whlch the cartr ldge I s  held wi th in an outer lass 
tube and I n  a metal carr ler,  and the Inside-lnslde 9111) 
configuratlon I n  whlch only a single glass tube I s  used, wlth o r  
without a metal carr ler.  I n  e l ther  case, the sorbent packing w i l l  
be the same. 

2.1.4.1.1 The f l  r s t  o f  a pal r o f  sorbent cartrldges shall 
be packed w l  t h  approxlmately 1.6 g Tenax GC resin and the 
second cartr ldge o f  a pal r shal l  be packed w l  t h  Tenax 6C and 
petro l  eum-based charcoal (3:l by volume; approximately 1 g o f  
each) . 

2.1.4.1.2 The second sorbent cartr ldge shal l  be packed so 
that  the sample gas stream passes through the Tenax layer fl r s t  
and then through the charcoal layer. 
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Figure 1. Schematic of Volatile Organic Sampling Train (VOST). 
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Figure 2. Volatile Organic Sampling Train (VOST). 
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2.1.4.2 'The sorbent cartridges shall be glass tubes w i t h  
approximate dimensions of 10 cm by 1.6 cm I.D. The two acceptable 
designs (110, 111) for the sorbent cartridge are described in 
further detai 1 be1 ow. 

2.1.4.2.1 Inside/Inside sorbent cartridge: A d i  agram of 
an 111 sorbent cartridge is shown in Figure 3. This cartridge 
i s  a siqgle glass tube (10 cm by 1.6 cm I.D.) which has the 
ends reduced i n  size to  accommodate a 114- o r  318-in. Swagelok 
or Cajon gas f i t t ing.  The resin is held in place by glass wool 
a t  each end of the resin layer. The amounts of each type of 
sorbent material used in the 111 design are the same as for the 
110 design. Threaded end caps are placed on the sorbent 
cartridge a f te r  packing w i t h  sorbent t o  protect the sorbent 
from contamination during storage and transport. 

2.1.4.2.2 Inside/Outside type sorbent cartridge: A 
diagram of an 110 sorbent cartridge i s  shown in Figure 4. In 
t h i s  design the sorbent materials are held in the glass tube 
w i t h  a fine mesh stainless steel screen and a C-clip. The 
glass tube i s  then placed within a larger diameter glass tube 
and held i n  place using V i  ton O-rings. The purpose of the 
outer glass tube i s  t o  protect the exterior of the resin- 
containing tube from contamination. The two glass tubes are 
held i n  a stain1 ess steel cartridge holder, where the ends of 
the glass tubes are held i n  place by V i  ton O-rings placed in 
machine grooves i n  each metal end piece. The three cylindrical 
rods are secured i n  one of the metal end pieces and fastened t o  
the other end piece using knurled n u t s ,  t h u s  sealing the glass 
tubes into the cartridge holder. The end pieces are f i t t ed  
w i t h  a threaded n u t  onto which a threaded end cap i s  f i t t ed  
w i t h  a Viton O-ring seal,  to protect the resin from 
contamination during transport and storage. 

2.1.5 Uetering system: 'The metering system for  VOST shall consist 
of vacuum gauges, a leak-free pump ('Thomas Model 107 o r  equivalent, 
Thomas Industri es, Sheboygan, Wisconsin) , a calibrated rotameter (Li nde 
Model 150, Linde Division of Union Carbide, Keasbey, New Jersey) for 
monitoring the gas flow rate, a dry gas meter with 2% accuracy a t  the 
requi red sampl i ng rate, and re1 ated val ves and equipment. Provisions 
should be made for  monitoring the temperature of the sample gas stream 
between the f i r s t  condenser and f i r s t  sorbent cartridge. This can be 
done by placing a thermocouple on the exterior glass surface of the 
outlet from the f i r s t  condenser. The temperature a t  that  point should be 
1 ess than 20'C. I f  i t i s  not, an a1 ternative condenser providing the 
requi red cool i ng capacity must be used. 

2.1.6 S q l e  transfer lines: A1 1 sample transfer 1 ines t o  connect 
the probe to  the VOST shall be less than 5 f t  in length, and shall be 
heat-traced Teflon wl t h  connecting f i t t ings  which are capabl e of forming 
leak-free, vacuum-tight connections without the use of sealing grease. 
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A l l  other sample t rans fe r  l i n e s  used w i t h  the VOST sha l l  be Teflon wi th  
connecting f i t t i n g s  t ha t  are capable o f  forming leak-free, vacuum-tight 
connections without the use o f  seal ing grease. 

3.0 REAGENTS AND MATERIALS 

3.1 2,6-Diphenylene oxide polymer (Tenax, 35/60 mesh) : 

3.1.1 The new Tenax i s  Soxhlet extracted f o r  24 h r  wi th  methanol 
(Burdick & Jackson, pest ic ide grade o r  equivalent). The Tenax i s  dr ied 
f o r  6 h r  i n  a vacuum oven a t  50'C before use. Users o f  I / O  and I/I 
sorbent cartr idges have used s l  i g h t l y  d i  f ferent  thermal condit ioning 
procedures. 110 sorbent cartr idges packed wi th  Tenax are thermal ly  
condit ioned by f lowing organic-free nitrogen (30 mL/min) through the 
res in  whi le heating t o  190'C. Some users have extracted new Tenax and 
charcoal w i t h  pentane t o  remove nonpolar impurit ies. However, these 
users. have experienced problems w i th  residual pentane i n  the sorbents 
during analysis. 

3.1.2 I f  very high concentrations o f  v o l a t i l e  POHCs have been 
co l lec ted on the res in  (e.g., micrograms o f  analytes), the sorbent may 
require Soxhlet ex t ract ion as described above. Previously used Tenax 
cartr idges are thermally reconditioned by the method described above. 

3.2 Charcoal (SKC pe t ro l  eum-base o r  equivalent) : New charcoal i s 
prepared a m o a l  i s  reconditioned as described i n  Paragraph 4.4. New 
charcoal does not require treatment p r i o r  t o  assembly i n t o  sorbent cartridges. 
Users o f  VOST have r e s t r i c t e d  the types o f  charcoal used i n  sorbent cartr idges 
t o  od ly  petroleum-based types. C r i t e r i a  f o r  other types o f  charcoal are 
acceptable i f  recovery o f  POHC i n  laboratory evaluations meet the c r i t e r i a  of 
50 t o  150%. 

3.3 Viton-O-Rin : A l l  O-rings used i n  VOST shal l  be Viton. Pr io r  t o  
use, these - T l ?  O - r  ngs s ould be thermally conditioned a t  200'C f o r  48 hr. 
O-rings should be stored i n  clean, screw-capped glass containers p r i o r  t o  use. 

3.4 Glass tubes1Condensers: The glass res in  tubes and condensers should 
be cleaned w i th  a nonionic detergent i n  an u l t rasonic  bath, r insed wel l  w i th  
organic-free water, and d r i ed  at-110'~. Resin tubes o f  the 110 design should 
be assembled p r i o r  t o  storage as described i n  Paragraph 4.1. Resin tubes of 
the 111 design can be stored i n  glass cu l tu re  tube containers wi th  cotton 
cushioning and Teflon-l ined screw caps. Condensers can be capped wi th  
appropriate end caps p r i o r  t o  use. 

3.5 Metal arts: The stain less steel  car r iers ,  C-clips, end plugs, and 
screens use 3 - r  i n  t e 110 VOST design are cleaned by u l t rasonicat ion i n  a warm 
nonionic detergent solut ion,  r insed w i th  d i  s t i  1 l ed  water, a i  r-dried, and 
heated i n  a muf f le  furnace f o r  2 h r  a t  400'C. Resin tubes o f  the 1/1 design 
requi re  Swagelok o r  equivalent end caps w i th  Supelco H-1 ferrules. These 
should be heated a t  190'C along w i t h  the assembled cartr idges. 
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. 3.6 Si 1 ica el (Indicating type, 6-16 mesh) : New s i  1 ica gel may be used 
as receive e Si ica gel which has been previously used should be dried for 2 
hr a t  175'C (350'F). 

3.7 Cold acks: Any comercially available reusable 1 iquids or gels % that can be repeate ly frozen are acceptable. They are typically sold in 
plast ic  containers as 'Blue Icem or  mIce-Packs.' Enough should be used to  
keep cartridges a t  or  near 4'C. 

3.8 Water: Water used for  cooling train components in the f ield may be 
tap water;an-bwater used for  rinsing glassware should be organi c-free. 

3.9 Glass wool: Glass wool should be Soxhlet extracted for  8 to  16 hr, 
using methanol , and oven dried a t  110'C before use. 

4.0 SAMPLE HANDLING AND PROCEDURE 

4.1 Assembly: 

4.1.1 The assembly and packing of the sorbent cartridges should be 
carried out in an area free of volati l e  organic materi a l l  preferably a 
laboratory in which no organic solvents are handled or  stored and in 
which the 1 aboratory a i r  i s  charcoal f i  1 tered. A1 ternatl vely , the 
assembly procedures can be conducted in a glove box which can be purged 
with organic-free nitrogen. 

4.2 Tenax cartridqes: 

4.2.1 The Tenax, glass tubes, and metal cartridge parts are cleaned 
and stored (see Section 3.0). Approximately 1.6 g of Tenax i s  weighed 
and packed into the sorbent tube which has a stainless steel screen and 
C-clip (I10 design) or  glass wool (111 design) in the downstream end. 
The Tenax i s  held in place by inserting a stainless steel screen and 
C-cllps in the upstream end (I10 design) or  glass wool (I11 design). 
Each cartridge should be marked, using an engraving tool,  with an arrow 
to  indicate the direction of sample flow, and a serial number. 

4.2.2 Conditioned resin tubes of the I10 design are then assembled 
into the metal carriers according to  the previously described 
i nsideli nside or i nsideloutside procedures (with end caps) and are placed 
on cold packs for  storage and transport. Conditioned resin tubes of the 
I11 design are capped and placed on cold packs for  storage and transport. 

4.3 TenaxICharcoal tubes 

4.3.1 The Tenax, charcoal, and metal cartridge parts are cleaned 
and stored as previously described (see Section 3.0). The tubes are 
packed with approximately a 3:l volume rat io of Tenax and charcoal 
(approximately 1 g each). The Tenax and charcoal are held in place by 
the stainless steel screens and C-cl ips (I10 design) or by glass wool 
(I11 design) . The glass tubes containing the Tenax and charcoal are then 
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condi t ioned as described below (see Paragraph 4.4). Place the I / O  glass 
tubes i n  the metal car r ie rs  (see Paragraph 2.1.4.2.2), put end caps on 
the assembled cartr idges, mark d i rect ion o f  sample f low and ser ia l  
number, and place the assembled cartr idges on co ld packs f o r  storage and 
transport. 

4.3.2 Glass tubes o f  the 111 design are conditioned, and stored i n  
the same manner as the 110 tubes. 

4.4 Trap Conditioning - QC 

4.4.1 Fol 1 owi ng assembly and 1 eak-checki ng , the traps are connected 
i n  reverse d i rec t ion  t o  sampling t o  a source o f  organic-free nitrogen, 
and ni t rogen i s  passed through each t rap  a t  a f low ra te  o f  40 mL/min, 
whi le the traps are heated t o  190.C f o r  12-28 hr. The actual 
condit ioning period may be determined based on adequacy o f  the resu l t ing  
blank checks. 

4.4.2 The fol lowing procedure i s  used t o  blank check each set o f  
sampl I ng cartr idges p r i o r  t o  sampl i ng t o  ensure cleanliness. The 
procedure provides semi -quanti t a t i  ve data f o r  organic compounds with 
b o i l i n g  points below l l O 0 C  on Tenax and Tenax/Charcoal cartridges. It i s  
not intended as a subst i tu te  f o r  Method 5040. 

4.4.2.1 The procedure i s  based on thermal desorption o f  each 
set o f  two cartr idges, cryofocusing w i th  l i q u i d  nitrogen onto a t rap  
packed wi th  glass beads, followed by thermal desorption from the 
t rap  and analysis by GC/FID. 

4.4.2.2 The detection l i m i t  i s  based on the analysis o f  Tenax 
cartr idges spiked w i th  benzene and toluene and i s  around 2 ng f o r  
each compound. 

4.4.2.3 The resul ts  o f  analyzing spiked cartr idges on a da i l y  
basis should not vary by more than 20 percent. I f  the resul ts  are 
outside t h i s  range, the analy t ica l  system must be evaluated f o r  the 
probable cause and a second spiked cartr idge analyzed. 

4.4.2.4 The GC operating conditions are as follows: 

GC Operat i nq Condi t i  ons 

Column: Packedcolumn6 ft x 1/8" stainless steel  1.0percent 
SP-1000 on Carbopack B 60/80, o r  equivalent. 

Temperature program: 50'C f o r  5 min, 2O0C/min increase t o  
190°C, hold 13 sin. 

In jector :  200'C. 
Detector: F.I.D. 250'C. 
Carr ier  Gas : He1 I um a t  25 mL/ml n. 
Sample valve: Valco 6-port wi th 40" x 1/16' stainless steel  

t r ap  packed with 60/80 mesh glass beads. 
Cryogen: Liquid nitrogen. 
Trap heater: Boi l ing water, hot o i l ,  o r  e l e c t r i c a l l y  heated. 
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Desorption heater: Supelco "clam she1 1 " (high capaci ty c a r r i e r  
gas p u r i f i e r )  heater and Variac, adjusted t o  180.C t o  
200.C. 

4.4.2.5 Cal i  b ra t i on  i s  accomplished by prepar ing a spiked 
Tenax ca r t r i dge  w i t h  benzene and toluene and analyzing according t o  
the standard operat ing procedure. A standard o f  benzene, to1 uene 
and bromofluorobenzene (BFB) i s  prepared by i n j e c t i n g  2.0 uL o f  
benzene and toluene and 1.0 uL o f  BFB i n t o  10 mL o f  methanol. The 
concentrat ion o f  t h i s  stock i s  175 ng/uL o f  benzene and toluene, and 
150 ng/uL BFB. One m i c r o l i t e r  o f  the stock standard i s  i n j ec ted  
onto a Tenax car t r idge  through a heated i n j e c t i o n  p o r t  se t  a t  150.C. 

, A GC oven can be used f o r  t h i s  w i t h  the oven a t  room temperature. 
He1 ium c a r r i e r  gas i s  set  a t  50 mL1min. The solvent  f 1 ush technique 
should be used. A f t e r  two min, remove the Tenax ca r t r i dge  and place 
i n  the desorption heater f o r  analysis. BFB i s  a1 so used as an 
i n te rna l  standard spike f o r  GCIMS analysis which provides a good 
compari son between GCIFID and GCIMS. The r e s u l t s  o f  t h i  s spi  ke 
analysis should no t  vary more than 20 percent day t o  day. I n i t i a l l y  
and then pe r i od i ca l l y  t h i s  spiked Tenax should be reanalyzed a 
second t ime t o  v e r i f y  t h a t  the 10 min desorption t ime and 180-200.C 
temperature are adequate t o  remove a l l  o f  the spiked components. It 
should be noted t h a t  on ly  one spiked Tenax ca r t r i dge  need be 
prepared and analyzed d a i l y  unless otherwise needed t o  ensure proper 
instrument operation. 

An acceptable blank l eve l  i s  l e f t  t o  the  d i sc re t i on  o f  the 
method analyst.  An acceptable l eve l  i s  one t h a t  a1 lows adequate 
determination o f  expected components emitted from the waste being 
burned. 

4.4.3 A f t e r  condi t ioning,  t raps are sealed and placed on co ld  packs 
u n t i l  sampling i s  accomplished. Conditioned t raps should be he ld  f o r  a 
mlnimum amount o f  t ime t o  prevent the possib i  1 i t y  o f  contamination. 

4.4.4 It may be useful t o  spike the Tenax and Tenaxlcharcoal t raps 
w i t h  the compounds o f  i n t e r e s t  t o  ensure t h a t  they can be thermal ly 
desorbed under 1 aboratory condi ti ons. A f t e r  sp i  ked t raps are analyzed 
they may be recondit ioned and packed f o r  sarnpl ing. 

4.5 Pretest  preparation: 

4.5.1 A l l  t r a i n  components sha l l  be cleaned and assembled as 
prev ious ly  described. A d ry  gas meter sha l l  have been ca l i b ra ted  w i t h i n  
30 days p r i o r  t o  use, using an EPA-suppl i e d  standard o r i f i c e .  

4.5.2 The VOST i s  assembled according t o  the schematic diagram i n  
Figure 1. The car t r idges should be posi t ioned so t h a t  sample f l ow i s  
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through the Tenax f i r s t  and then the Tenaxlcharcoal . Cooling water 
should be c i rcu la ted  t o  the condensers and the temperature o f  the cooling 
water should be maintained near O'C. The end caps o f  the sorbent 
cartr idges should be placed i n  a clean screw-capped glass container 
during sample col  lect ion.  

4.6.1 The t r a i n  i s  leak-checked by c losing the valve a t  the i n l e t  
t o  the f i r s t  condenser and p u l l  i ng a vacuum o f  250 mn (10 in. Hg) above 
the normal operating pressure. The traps and condensers are isolated 
f r om the pump and the leak ra te  noted. The leak ra te  should be less than 
2.5 mm Hg a f t e r  1 min. The t r a i n  i s  then returned t o  atmospheric 
pressure by attaching a charcoal- f i l led tube t o  the t r a i n  i n l e t  and 
admitt ing ambient a i r  f i 1 tered through the charcoal. This procedure w i l l  
minimize contamination o f  the VOST components by excessive exposure t o  
the f u g i t i v e  emissions a t  hazardous waste inc inerator  sites. 

4.7 - Sample Col 1 ect  ion  

4.7.1 A f te r  1 eak-checki ng, sample col1 ect ion i s  accompl i shed by 
opening the valve a t  the i n l e t  t o  the f i r s t  condenser, turning on the 
pump, and sampling a t  a ra te  of 1 1 i ter lmin f o r  20 min. The volume o f  
sample f o r  any p a i r  o f  t raps should not exceed 20 l i t e r s .  

4.7.2 Following co l lec t ion  o f  20 l i t e r s  o f  sample, the t r a i n  i s  
leak-checked a second time a t  the highest pressure drop encountered 
during the run t o  minimize the chance o f  vacuum desorption o f  organics 
f r o m  the Tenax. The t r a i n  i s  returned t o  atmospheric pressure, using the 
method discussed i n  Paragraph 4.1 and the two sorbent cartr idges are 
removed. The end caps are replaced and the cartr idges sha l l  be placed i n  
a su i tab le  environment f o r  storage and transport u n t i l  analysis. The 
sample i s  considered i n v a l i d  i f  the leak t e s t  does not meet 
speci f icat ion.  

4.7.3 A new p a i r  o f  cartr idges i s  placed i n  the VOST, the VOST 
1 eak-checked, and the sample ~ o l  l ec t i on  process repeated as described 
above. Sample co l lec t ion  continues u n t i l  s i x  pa i rs  o f  traps have been 
used. 

4.7.4 A l l  sample cartr idges should be kept on cold packs u n t i l  they 
are ready f o r  analysis. 

4.8 Blanks 

4.8.1 F ie ld  b lanks i t r i p  blanks: Blank Tenax and Tenaxlcharcoal 
cartr idges are taken t o  the sampling s i t e  and the end caps removed f o r  
the per iod o f  t ime required t o  exchange two pa i rs  o f  traps on VOST. 
A f te r  the two VOST traps have been exchanged, the end caps are replaced 
on the blank Tenax and Tenaxlcharcoal tubes and these are returned t o  the 
co ld  packs and analyzed wi th  the sample traps. A t  least  one p a i r  o f  
f i e l d  blanks (one Tenax, one Tenaxlcharcoal) shal l  be included wi th  each 
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s i x  pa i r s  o f  sample cartr idges col lected (or f o r  each f i e l d  t r i a l  uslng 
VOST t o  c o l l  ect  v o l a t i  l e  POHCs) . 

4.8.2 Trlp blanks: At leas t  one p a i r  o f  blank cartr idges (one 
Tenax, one Tenaxlcharcoal) sha l l  be included w i  t h  shipment o f  cartr idges 
t o  a hazardous waste inc inerator  s i te .  These ' f i e l d  blanks' w i l l  be 
treated 1 I ke any other cartr idges except t ha t  the end caps w i l l  not be 
removed during storage a t  the s i  te. This p a i r  o f  t raps w i l l  be analyzed 
t o  moni t o r  potent ia l  contamination which may occur during storage and 
shipment. 

4.8.3 Laboratory blanks: One p a i r  of blank cartr idges (one Tenax, 
one Tenaxlcharcoal) w i l l  remain I n  the laboratory uslng the method of 
storage which i s  used for f i e l d  samples. If the f i e l d  and t r i p  blanks 
contain high concentrations o f  contaminants (e.g., greater than 2 ng of a 
pa r t i cu la r  POHC), the laboratory blank shal l  be analyzed i n  order t o  
i den t i  f y  the source o f  contaml nation. 

5.0 CALCULATIONS ( f o r  sampl e vol ume) 

5.1 The fol lowing nomenclature are used I n  the ca lcu lat ion o f  sample 
vol ume : 

Pbar = Barometric pressure a t  the e x i t  o r i f i c e  o f  the dry gas meter, mm 
(in.) Hg. 

Pstd = Standard absolute pressure, 760 m (29.92 in.) Hg. 

Tm = Dry gas meter average absolute temperature, K ('R). 

Tstd = Standard absolute temperature, 293K (528'R). 

Vm = Dry gas volume measured by dry gas meter, dcm (dcf) . 
Vm(std) = Dry gas volume measured by dry gas meter, corrected t o  standard 

condi t ions, dscm (dscf) . 
7 = Dry gas meter ca l ib ra t ion  factor. 

5.2 The volume o f  gas sampled I s  calculated as follows: 

Tstd 'bar 'm 'bar 
%(std) = 'my T, pStd = K17 T m 

where: 

K1 = 0.3858 Klmn Hg f o r  metric units, o r  

K 1  = 17.64 'Rlln. Hg f o r  English units. 
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6.0 ANALYTICAL PROCEDURE 

See Method 5040. 

7.0 PRECISION AND ACCURACY REQUIREMENTS 

7.1 Method Performance Check 

Pr io r  t o  f i e l d  operation o f  the VOST a t  a hazardous waste incine- 
rator,  a method performance check should be conducted using e i ther  
selected v o l a t i l e  POHCs o f  in te res t  o r  two o r  more o f  the vo la t i l e  POHCs 
fo r  which data are available. This check may be conducted on the ent i re  
system (VOST/GC/MS) by analysis o f  a gas cyl inder containing POHCs o f  
in te res t  o r  on only the analytical system by spiking o f  the POHCs onto 
the traps. The resu l ts  o f  t h i s  check f o r  rep l icate pai rs  o f  traps should 
demonstrate tha t  recovery o f  the analytes f a l l  w i th in  50% t o  150% o f  the 
expected values. 

7.2 Performance Audf t 

During a t r i a l  burn a performance audit  must be completed. The 
audi t  resu l ts  should agree w i th in  50% t o  150% o f  the expected value f o r  
each speci f ic  target  compound. This audit  consists o f  co l lect ing a gas 
sample contain1 ng one o r  more POHCs i n  the VOST f r o m  an EPA ppb gas 
cylinder. Col l ec t i on  of the audit  sample i n  the VOST may be conducted 
e i ther  i n  the laboratory o r  a t  the t r i a l  burn si te.  Anaysis o f  the VOST 
audi t  sample must be by the same person, a t  the same time, and with the 
same analy t i  ca l  procedure as used f o r  the regular VOST t r a i l  burn 
samples. EPA ppb gas cy l  i nders current ly available f o r  VOST Audit are 
shown i n  Table 1 below. 

The audi t  procedure, audit  equipment and audi t cy l  i nder may be 
obtained by wri t ing: 

Audit Cyl inder Gas Coordinator (MD-77B) 
Qua1 i t y  Assurance Di v i  s i  on 
Environmental Monitoring Systems Laboratory 
U .S. Envi ronmental Protection Agency 
Research Triangle Park, NC 27711 

o r  by c a l l i n g  the Audit Cylinder Gas Coordinator a t  (919) 541-4531. 

The request f o r  the audit  must be made a t  least  30 days p r i o r  t o  the 
scheduled tri a1 burn. I f  a POHC i s  selected f o r  which EPA does not have 
an audi t  cyl inder, t h i s  audit  i s  not required. 
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TABLE 1: Organlc Gases f n  the ppb Audit Repository 

Ranges of cylfnders 
Group I currently avall able: 

5 Organics i n  N2: 

Carbon tetrachloride 

Chloroform 

Perch1 oroethyl ene 

Vinyl ch.lor1de 

Benzene 

-- - - 

Group I1 

9 Organics i n  N2 

Trf chloroethyl ene 

1,2-Dl chloroethane 

1,2-Dl bromoethane 

F-12 

F-11 

Brommet hane 

Methyl ethyl ketone 

1, 1 , 1-Trl chloroethane 

Acetronl trll  e 

Ranges of cylf nders 
currently avallable: 
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TABLE 1: Organic Gases i n  the ppb Audit Repository (Continued) 

Group 111 

7 Organics i n  N2: 

Vinyl idene chlor ide 

F-113 

F- 114 

Acetone 

1,4-Di oxane 

To1 uene 

Chl ombenzene 

Ranges o f  cyl inders 
current ly  avai 1 able: 

7 - 90 ppb 

90 - 430 ppb 

Group I V  

6 Organics i n  N2: 

Acryloni tri l e  

1,3-Butadiene 

Ethyl ene oxide 

Methyl ene chlor ide 

Propyl ene oxide 

Ortho-xyl ene 

- - - 

Ranges o f  cyl inders 
current1 y avai 1 able : 

7 - 90 ppb 

430 - 10,000 
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CHAPTER ELEVEN 

GROUND WATER MONITORING 

11.1 BACKGROUND AND OBJECTIVES 

The hazardous waste management fac i  1 I t y  permit regulations were 
promulgated i n  July, 1982 (40 CFR 265). Subpart F of these regulations, 
Ground Water Protection, sets for th  performance standards f o r  ground water 
moni t o r i  ng systems a t  pemi  t t e d  fac i  1 i t ies.  Performance standards were 
selected, rather than design and operating standards, because o f  the d ivers i ty  
of designs and practices appropriate i n  various s i  te-speci f i c situations. 
Performance standards provide more fl exi b i  1 i t y  than design and operating 
standards because s i te-speci f ic  conditions can be accomodated case by case 
without variance procedures. However, implementation i s  1 ess e f f i c i e n t  
because permit w r i  t e rs  may need t o  consider a wider var iety o f  designs and 
practices; furthermore, much o f  the var ia t ion i n  reported values i s  
a t t r ibu tab le  t o  the var ie ty  o f  designs and practices current ly i n  use. 

The purpose of t h i s  Chapter i s  t o  i den t i f y  certain designs and practices 
which meet the performance requirements i n  specified situations. One o f  the 
Agency's reasons for doing so i s  t o  encourage the use o f  more standard 
methods. The designs and practices which are i den t i f i ed  as acceptable i n  t h i s  
chapter are considered t o  be acceptable f o r  the uses and conditions specified. 
Therefore, permit applicants need not j u s t i f y  t h e i r  selection. Use o f  these 
designs and practices i s  not mandatory; owners and operators may submit 
appl icat ions based on other approaches. The only incentive t o  use the 
"acceptableH designs and practices i s  tha t  they are already recognized by the 
Agency and so they need not be j u s t i f i e d  again. As t h i s  l i s t  matures, the 
Agency i s  hopeful t ha t  sources o f  variance due t o  the var iety i n  methodology 
w i  1 1 decrease. 

The provisions o f  t h i s  Chapter were developed recognizing that  
professional judgement w i  1 1 a1 ways be needed i n designi ng ef fect ive monitoring 
systems. But, f o r  e f f ic iency o f  operation, repeated patterns o f  acceptance 
and re jec t ion  o f  designs and operations are i den t i f i ed  so that  the lengthy 
documentation need not be repeated each time. Readers w i l l  note tha t  there 
are many a rb i t ra ry  c r i t e r i a  f o r  some "acceptable" methods and that  there i s  
l i t t l e  o r  no attempt t o  j u s t i f y  the cut-off values. This i s  intended. Thfs 
Chapter i s  expected t o  be a 1 i v i ng  document, cautiously developed. As new 
c r i  t e r l  a become iden t i f i ed  fur ther  ref1 nements o f  these values should be 
expected. The purposes o f  l i s t i n g  the acceptable designs and practices are t o  
encoura e use o f  standard techniques by making t h e l r  use easier and t o  reduce 
d n  on the applicants by re1 ieving t h e i r  need t o  jm use o f  
designs o r  practices. The 1 i s t i n g  establ i  shes, i n  essence, blanket approvals 
f o r  a l im i ted  number o f  technlques i n  those conditions f o r  which they are 
known t o  be acceptable. 

This Subsection establishes cer ta in  ground water sarnpl ing system designs 
and practices as being acceptable under cer ta in  conditions f o r  use i n  meeting 
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the requirements of Subpart F (264.90 e t  seq.). It also l i s t s  cer ta in 
practices and designs which are not acceptable. The acceptable designs and 
practices are l i s t e d  i n  Paragraph 11.4, below, wi th specif ied conditions for  
which each may be acceptable. The proscribed practices and designs are l i s t e d  
i n  Paragraph 11.5. These are not accep~at le  for  use i n  sa t is fac t ion  o f  the 
perm1 t requirements; pe t i t ions  for t h e i r  use must fol  low normal channels. 

11.2 RELATIONSHIP TO THE REGULATIONS AND TO OTHER DOCUMENTS. 

The regulations i n  Subpart F w i l l  continue t o  be the sole locat ion o f  the 
performance standards f o r  ground water monitoring systems. The provisions of 
t h i s  Chapter only establ ish the acceptabi l i ty of a l im i ted  number o f  designs 
o r  operations. The Chapter i s  not intended t o  replace the regulations o r  the 
guidance documents which explain appl icat ion of the regulations i n  the 
par t icu lar ,  o r  s l  te-specif ic, s i  tuation. It i s  re lated t o  the guidance 
documents i n  tha t  i t  w i l l  promote use o f  the more establ ished procedures found 
i n  general guidance. 

The contents o f  t h i s  Chapter w i l l  be taken from general enforcement and 
permit t ing guidance documents, and i t  i s  intended tha t  these be consistent 
w i  t h  a1 1 RCRA ground water moni to r i ng  guidance. The specif  i c  condi t ions given 
f o r  the acceptable designs and precedures may not be found i n  the several 
guidance documents from which those designs and procedures are taken. Many o f  
these condi t ions are a r b i t r a r i l y  selected. They are based on the experience 
o f  perm1 t wr i te rs  and enforcement o f f  i c i  a1 s. Since the conditions only a f fec t  
procedural issues (whether the selection i s  just1 f i e d  o r  not) the r i g o r  o f  

-. t h e i r  development has not been as extensive as i f  they were requi rements. 

There i s  one preeminent RCRA guidance document ,for ground water 
moni t o r i  ng a t  t h i  s t ime: The ~ e c h n i  ca i  Enforcement Guidance ~ocument . (The 
TEGD, f ina l i zed Se tember 1986, i s  available f r o m  the Of f i ce  o f  Waste Programs 
Enforcement, (202r-475-9328) . Thl s document i s  w r i  t t e n  f o r  enforcement 
o f f i c i a l s '  use i n  implementing the irtterim status provisions, 265.90 e t  seq., 
but most of the hydrogeologic pPinciples apply d i r e c t l y  t o  permitted 
facilities as well as t o  those i n  in ter im status. The TEGD i s  the major 
source o f  concepts f o r  t h i s  chapter; i t  i s  and w i l l  be the major repository o f  
RCRA ground water monitoring pr inciples. It i s  intended tha t  nothing i n  t h i s  
chapter con f l i c t s  with the E. 

Other around water moni t o r i  na aui dance documents are I n c i  r cu l  at1 on. 
Several, such as "Ground Water ~ o n l t o r i n g  Guidance f o r  Owners and Operators o f  
In ter im Status Fac i l i t ies , "  have been superceded by the TEGD. Others, such as 
the d r a f t  "Permit Writers Guidance f o r  Ground Water Monitorinq," have never 
been f ina l i zed and do not f u l l y  r e f l e c t  Agency policy. 

Other documents which may be o f  in te res t  are as follows: 

1. Barcelona, Michael J., James P. Gibb and Robin A. M i l l e r ,  AGuide t o  
the Selection o f  Materials f o r  Monl t o r i  ng We1 1 Construction and Ground Water 
Sampl ing, I 1  1 in01 s State Water Survey Contract Report (ISMS) t327, EPA 
Contract No. EPA CR-809966-01, August 1983. 
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2. Benson, R.C., R.A. Glaccum, and W. R. Noel, Geophyslcal Techniques 
f o r  Sensing Buried Waste and Waste Higratlon, Technos, Inc., EPA Contract No. 
68-03-3050: aval lab le  from National Water We1 1 Assocl atlon, Worthlngton, OH. 

3. Handbook f o r  Analytical Qua11 t y  Control I n  Water and Wastewater 
Laboratories, EMSL, Cincinnati , EPA-600-4-79-019, March 1979 and subsequent 
rev1 sions; avai 1 able f r o m  EMSL, C i  nclnnati , OH. 

4. Hazardous Waste Ground Water Task Force, Protocol for Ground Water 
Inspections a t  .Hazardous Waste Treatment Storage and Di sposal Facl 1 I t ies ,  
Apr i l  1986. 

5. Methods for  the Storage and Retrieval o f  RCRA Ground Water 
Monitoring Data on STORET, Ref. Storet U$er Support (800-488-5985). 

6. Methods of Chemical Analysis of Water and Wastes, EMSL, Cincinnati, 
EPA-600/4-79-020, Revised March 1983; avai l  able from EMSL, Cincinnati , OH. 

7. Plumb, R.H., and C.K. F i  tzsi~~llnons, Performance Evaluation o f  RCRA 
Ind l  cator Parameters f o r  Ground Water Monitoring , Proceedings o f  the F l  r s t  
Canadl an-Amerl can Conference on Hydrogeology , National Water We1 1 Association, 
Worthington, OH, pp. 129-137, June 1984. 

8. A Practical Gulde f o r  Ground Water Sampling, ERL, ADA, OK, 
EPA/600/2-85/104, Sept. 1, 1985; avai l  able f r o m  I 1  1 I no1 s State Water Survey, 
Champagne, IL. 

11.3 REVISIONS AND ADDITIONS 

This Chapter w i l l  be revised from tlme t o  tlme as new technological 
developments and experience dictate. Each rev1 sion w i  1 1 be proposed before 
being f inal ized, and there w i  11 be ample time before the effect ive date f o r  
the revis ions t o  be incorporated i n t o  future designs. 

Applicants desir lng t o  add particular designs o r  practices t o  the 
"acceptable" l i s t ,  e i ther  f o r  t h e i r  own unique s i tua t lon  o r  as general 
provislons, o r  t o  use designs o r  practices on the "proscribedn l i s t  may do so 
by pet i t ions.  

11.4 ACCEPTABLE DESIGNS AND PRACTICES 

The fo l  lowing designs and practices are acceptable, i n  the condl t lons 
descrl bed and f o r  the purposes 1 isted, without need f o r  jus t i f i ca t ion .  Pemi t 
wr i te rs  may question t h e  existence of the condition o r  the de f i n i t i on  o f  
purpose, but not the use o f  the design o r  pract ice once condltlons and 
purposes are establ i shed. 
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11.4.1 SI t e  Character1 satlon 

(a) Borehol e locatlon patterns, deslgned by qual 1 fled geol ogl sts, are 
acceptable for s l t e  characterlzatlon. Such characterlzatlons are for general 
del lneatl on of stratigraphy and flow paths and for establ 1 shl ng I n l  t l  a1 desl gn 
of well placement, screen length, depth, etc. 

CondI tlons: When unexpected d l  scontlnul t les  of N o r  s t ra ta  or  pathways 
do not occur. 

(b) Geophysical logging and other lndl  rect measurement techniques may be 
used In s l t e  characterlzatlon for the llmlted purpose of augmentlng dlrect 
observatlon of cuttlngs and corlngs by professional geologlsts. 

Condl t l  ons: None. 

(c) Quarterly measurements are generally satisfactory for establl shl ng 
seasonal and temporal varlatlons In  flow velocity and dlrectlon for purposes 
of assurlng that the elevatlons of screens are correct, of documentlng the 
approprl ateness of background we1 1 1 ocatl ons , and of assurl ng coverage .of a1 1 
possl ble dmgradl ent pathways. 

Condltlons: None. 

11.4.2 We1 1 Locatl on, Deslqn, and Construct1 on 

(a) Downgradl ent we1 1 1 ocatlons whl ch result In  pl acement I n potent1 a1 
pathways of contaml nant mlgratlon are acceptable for rout1 ne detect1 on 
sampl lng programs. The dens1 ty  wlll vary based on the slze of the pathway. 

Condi t l  ons: When sl t e  character1 rat1 on conf 1 rms slmpl e homogenous 
hydrogeology, wl  thout d l  scontlnultles or faults I n  the vlcinl ty of the we1 l s ,  
and when folds and fractures are not expected to channel flows past well 
Intakes. 

(b) Uonltorlng well screen lengths should generally not cut across 
several f 1 ow zones but rather f urn1 s h  depth-dl screte measurements. These 
condl tlons are acceptable for the purpose of obtal n l  ng sampl es whl ch represent 
ground water qual 1 ty  a t  the pol n t  of cowl lance. 

Conditions: When the strata of concern Is > 10' thick. 

(c) Use of a l r  rotary dr l l l  lng methods Is  acceptable for Instal 1 lng 
monl tor1 ng we1 1 s . 

Condl tlons: Except when drlll 1 ng through contaml nated upper horl zons, 
unless precautlons are taken. 

(d) Fluorocarbon reslns (PTFE, PFA, FEP, etc.) and stalnless steel (304 
or 316) are acceptable materlal s for sample-contact surfaces In  new or 
rep1 acement mnl torl'ng we1 1 s where potenti a1 ly sorb1 ng organ1 cs are of 
concern. 

Condltlons: Stalnless steel may only be used In non-corrosive 
condl tlons. A1 1 new or  replacement we1 1 s t o  be Instal 1 ed a t  a glven tlme 
should be of the same material . 
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(e) Exist ing wells which do not meet the recomnendations i n  guidance for 
materials o r  i n s t a l l a t i o n  may be proposed for inclusion i n  the permit. 

Conditions: When documented t o  be free o f  bias by pa i r ing  new PTFE OR 
stainless wells with, f o r  instance, a t  least ten percent of the old, exist ing 
we1 1 s. 

11.4.3 Sampling 

(a) The f i e l d  qual i t y  control procedures contained i n  Reference 4, 
Section 11.2 above, and those specif ied i n  Chapters 1 and 9 o f  t h i s  document 
are the only acceptable procedures. 

(b) Well evacuation measured a t  three times the computed we1 1 casing 
volume i s  acceptable f o r m n g  tha t  the sample contains ground water 
representative o f  the formation. 

Conditions: Evacuation measured t o  25% o f  the computed volume based on 
water surface elevatdon and we1 1 bottom measured imnediately p r i o r  t o  
evacuation. 

(c) Samples containing less than 5 N.T.U. tu rb id i t y  are acceptable f o r  
analysis when the analyt ic method i s  sensit ive t o  tu rb id i t y  (such as the 
analysis o f  metals). Samples containing greater than 5 N.T.U. are only 
acceptable when we1 1 development i s  c e r t i f i e d  by a qual i f i e d  hydrogeologist as 
the best obtainable. 

Conditions: Turbidi ty evaluation must accompany a1 1 potent ia l ly  affected 
val ues. 

(d) The sample preservation techniques presented i n  Table 11-1 are 
acceptable. 

(e) The scheduled time in terval  between sample col lect ions should not be 
greater than the computed time o f  t ravel  e i ther  f r o m  the upgradient wells t o  
the point  o f  cornpl lance o r  from the point o f  compliance t o  the property 
boundary. 

(f) Evacuation o f  the well t o  dryness i s  an acceptable procedure t o  
ensure tha t  the sample contains representative ground water. 

Conditions: When the recharge i s  so slow tha t  the we1 1 w i  11 y i e l d  fewer 
than three well volumes before dryness but fas t  enough tha t  the recharging 
water w i l l  not cascade down the inside o f  the casing. 

11.4.4 Analysis and Reportinq 

The codes l i s t e d  i n  Table 11-2 may be used f o r  purposes and conditions 
l i s ted .  

1 1.5 UNACCEPTABLE DESIGNS AND PRACTICES 

The fol lowing designs and practices are unacceptable i n  the conditions o r  
for the purposes speci f i ed. 
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11.5.1 Si te  Characterization 

Use of unsubstantiated data not meeting quality assurance c r i t e r ia  may 
not be used other than in support of general trends or  to  establish 
re1 a t i  onships between parameters. 

Condi t i  ons : A1 1 concl usi ons and f i ndi ngs based on unconf i med data and 
unsupported by qual i ty control 1 ed data are i nadmi ssabl e as support for permit 
conditions or  stipulations. 

11.5.2 Well Location, Design, and Construction 

Fabric f i  1 t e r s  should not be used as f i  1 t e r  pack materi a1 . 
11.5.3 Sampling 

(a) The foll  owing devices are not general ly  acceptable for  col 1 ecti  ng 
samples for analysis: 

1. Gas driven piston pump. 

2. Suction l i f t  pumps. 

3. Submersible diaphragm. 

4. Gas l i f t  samplers. 

5. Impel 1 e r  pumps. 

(b) Data obtained by unsubstantiated techniques and procedures not 
meeting qual i ty  assurance cri t e r i  a o r  not conformi ng t o  qual i ty  control 
procedures may not be used except when attempting t o  describe pre-existing 
s i t e  conditions which are no longer observable. 

11.5.4 Data Evaluation and Compari sons 

Pool i ng upgradi ent or  background val ues from diverse hydrogeol ogi c strata 
in a manner which combines data from discrete or  dist inct  sampl ing locations 
as though they were points along a continuous spectrum i s  not acceptable. A1 1 
up-down compari sions must be between samples taken from common flow paths. 
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CHAPTER TWELVE 

LAND TREATMENT MONITORING 

12.1 BACKGROUND 

A monitoring program i s  an essential component a t  any land treatment u n i t  
and should be planned t o  provide assurance o f  appropriate f a c i  1 i t y  design, t o  
ac t  as a feedback loop t o  furnish guidance on improving u n i t  management, and 
t o  ind ica te  the r a t e  a t  which the treatment capacity i s  being approached. 
Because many assumptions must be made i n  the design o f  a land treatment un i t ,  
monitoring can be used t o  v e r i f y  whether the i n i t i a l  data and assumptions were 
cor rect  o r  i f  design o r  operational changes are needed. Monitoring cannot be 
subst i tu ted fo r  carefu l  design based on the f u l  l e s t  reasonable understanding 
o f  the e f f ec t s  o f  applying hazardous waste t o  the so i l ;  however, f o r  ex is t ing  
Hazardous Waste Land Treatment (HWLT) un i t s  (which must r e t r o f i t  t o  comply 
w i t h  regulat ions), monitoring can provide much o f  the data base needed for  
demonstrating treatment. 

Figure 12-1 shows the top ics  t o  be considered when developing a 
monitoring program. The program must be developed t o  provide the following 
assurances: 

1. t h a t  the waste being appl ied does not  deviate s i gn i f i can t l y  from 
the waste f o r  which the u n i t  was designed; 

2. t h a t  waste const i tuents are not  leaching from the land treatment 
area i n  unacceptable concentrations; 

3. t h a t  ground water i s  not being adversely a f fec ted by the migrat ion 
o f  hazardous const i tuents o f  the waste(s) ; and 

4. t ha t  waste const i tuents w i l l  not  create a food-chain hazard i f  
crops are harvested. 

12.2 TREATMENT ZONE 

As i s  depicted i n  Figure 12-2, the e n t i r e  land treatment operation and 
monitoring program rev01 ve about a central  component, the treatment zone. 
Concentrating on the treatment zone i s  a useful approach t o  describing and 
monitoring a land treatment system. The treatment zone i s  the s o i l  t o  which 
wastes are appl ied o r  incorporated; HWLT un i t s  are designed so that  
degradation, transformation, and immobi 1 i za t i on  o f  hazardous consti tuents and 
t h e i r  metabol i tes occur w i t h i n  t h i s  zone. 

I n  pract ice,  s e t t i n g  a boundary t o  the treatment zone i s  d i f f i c u l t .  I n  
choosing the boundaries o f  the treatment zone, soi  1-forming processes and the 
associated decrease f n b io log ica l  a c t i v i t y  w i th  depth should be considered. 
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Figure 12-1. Topics to be considered in developing a monitoring program 
for an HWLT unit. 
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Figure 12-2 Various types of monitoring for land treatment units. 



12.3 REGULATORY DEFINITION 

The current regulations (U.S. EPA, 1982a) require the fo l lowing types o f  
monitoring : 

1. Ground water detection monitoring t o  determine i f  a leachate plume 
has reached the edge o f  the waste management area (40 CFR 264.98) . 

2. Ground water compliance monitoring t o  determine i f  the f a c i  1 i t y  i s  
complying w i th  ground water protect ion standards f o r  hazardous 
const i tuents (40 CFR 264.99) . 

3. Monitoring o f  soi 1 pH and concentration of cadmium i n  the waste when 
cer ta in  food-chain crops are grown on HWLT un i t s  where cadmium i s  
d i  sposed o f  (40 CFR 264.276) . 

4. Unsaturated zone monitoring , i nc l  udi ng sol  1 cores and sol  1 -pore 
1 i q u i d  monitoring, t o  determine i f  hazardous const i tuents are 
migrat ing out o f  the treatment zone (40 CFR 246.278). 

5. Waste analysis o f  a1 1 types of waste t o  be disposed a t  the HWLT u n i t  
(40 CFR 264.13) . 

12.4 MONITORING AND SAMPLING STRATEGY 

As d i  scussed ear l  i e r ,  the monitoring program centers around the treatment 
zone. 

The frequency o f  sampling and the parameters t o  be analyzed depend on the 
character is t ics  o f  the waste being disposed, the physical layout o f  the un i t ,  
and the surface and subsurface character is t ics  o f  the s i te .  Table 12-1 
provides gul  dance f o r  developing an operational monitoring program. Each o f  
the types o f  monitoring i s  discussed below. 

12.4.1 Waste Monitoring and Sampling Stratepy 

Waste streams need t o  be rou t ine ly  sampled and tested t o  check f o r  
changes i n  composition. A detai  1 ed descr ipt ion o f  appropri a te waste sampl i ng 
techniques, tools,  procedures, etc., i s  provided i n  Chapter Nine o f  t h i s  
manual ( i n  Part  111, Sampling). These procedures should be followed during 
a l l  waste sampling events. Waste analysis methods are provided i n  t h i s  
manual. The analyst should choose the appropriate method, based on each waste 
and spec i f i c  const i tuents t o  be tested for. 

The frequency wi th  which a waste needs t o  be sampled and the parameters 
t o  be analyzed depend grea t ly  on the varlables tha t  inf luence the quant i ty  and 
q u a l i t y  o f  the waste. When waste i s  generated i n  a batch, as would be 
expected from an annual o r  biannual cleanout o f  a lagoon o r  tank, the waste 
should be f u l l y  characterized p r i o r  t o  each application. When the waste i s  
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generated more nearly continuously, samples should be co l  1 ected and composi ted 
based on a s t a t i s t i c a l  design over a period o f  time t o  ensure t h a t  the waste 
i s  o f  a uniform qual i ty. For example, wastes tha t  are generated continuously 
could be sampled weekly o r  d a i l y  on a flow-proportional basis and composi ted 
and analyzed quar te r ly  o r  monthly. When no changes have been made i n  the 
operation o f  the p lan t  o r  the treatment of the waste which could s i g n i f i c a n t l y  
a l t e r  concentration o f  waste constituents, the waste should, a t  a minimum, be 
anal zed f o r  (1) the constituents tha t  r e s t r i c t  the annual appl icat ion rates 
(RLcJ and the allowable cumulative applications (CLC), (2) the constituents 
t h a t  are w i th in  25% o f  the leve l  a t  which they would be l i m i t i n g ,  and (3) a l l  
other hazardous constituents tha t  have been shown t o  be present i n  the waste 
i n  the i n i  ti a1 waste characterization. Because synergi sm and antagonism as 
we1 1 as un l i s ted  waste metabolites can create hazards t h a t  cannot be described 
by chemical analysis alone, rout ine mul t igen ic i ty  t es t i ng  may be performed i f  
the treatment demonstration has indicated a possible problem. I n  addl t ion, 
waste should be analyzed as soon as possible a f t e r  a change i n  operations tha t  
could a f f e c t  the waste character ist ics.  

12.4.2 Ground Water Moni t o r i  nq and Sampl i ng Strategy 

To ensure t h a t  i r reparable ground water damage does no t  occur as a r e s u l t  
o f  HWLT, i t  i s  necessary tha t  the ground water qual i t y  be monitored. Ground 
water monitoring supplements the unsaturated zone monitoring system but  does 
not  rep1 ace it. A contamination problem f i r s t  detected i n  the 1 eachate water 
may ind icate the need t o  a l t e r  the management program, and ground water can 
then be observed f o r  the same problem. It i s  through the successful 
combination of these two systems tha t  accurate monitoring o f  ve r t i ca l  l y  moving 
const i  tuents can be achi eved. Ground water moni t o r i  ng requi rements are 
discussed i n  Chapter Eleven o f  t h i s  manual. 

12.4.3 Vegetation Monitoring and Sarnpl i n g  Strategy 

Where food-chain crops are t o  be grown, analysis o f  the vegetation a t  the 
HWLT u n i t  w i l l  a i d  i n  ensuring tha t  harmful quant i t ies o f  metals o r  other 
waste const i tuents are no t  being accumulated by, o r  adhering t o  surfaces of,  
the plants. Although a safety demonstration before p lan t ing  i s  required (U.S. 
EPA, 1982a), operational monitoring i s  recommended t o  v e r i f y  t ha t  crop 
contamination has not  occurred. Vegetation monitoring i s  an important 
measurement during the post-closure per iod where the area may possibly be used 
f o r  food o r  forage production. Sampling should be done annually o r  a t  each 
harvest. The concentrations o f  metals and other constituents i n  the 
vegetation w i l l  change w i th  moisture content, stage o f  growth, and the p a r t  o f  
the p lan t  sampled, and thus resu l ts  must be ca re fu l l y  interpreted. The number 
o f  samples t o  analyze i s  again based on a s l i d ing  scale s im i l a r  t o  t h a t  used 
f o r  sampling so i ls .  Forage samples should include a1 1 ae r ia l  p lan t  parts, and 
the edib le par ts  o f  grain, f r u i t ,  o r  vegetation crops should be sampled 
separately. 
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12.4.4 Runoff Water Monl t o r l nq  and Sampl I ng Strategy 

If runoff water analyses are needed t o  sa t i s f y  NPDES permlt condltlons 
(Natlonal Pol 1 u t lon  Dl scharge El l m l  natlon System, U.S. EPA, 1981), a 
monl t o r l ng  program should be I n s t l  tuted. 'This program would not be covered 
under RCRA hazardous waste land disposal requirements, but It would be an 
In tegra l  pa r t  o f  f a c l l  l t y  deslgn. The sampl lng and monltorlng approach w l l l  
vary, dependlng on whether the water I s  released as a contlnuous dlscharge o r  
as a batch dlscharge fol lowlng treatment t o  reduce the hazardous nature o f  the 
water. Constl tuents t o  be analyzed should be specif ied I n  the NPDES permlt. 

When a r e l a t i v e l y  contlnuous f low I s  anticipated, sampling must be f low 
proport lonal . A means o f  f low measurement and an automated sampl lng devl ce 
are a reasonable comblnatlon f o r  t h l s  type o f  monitorlng. Flow can be 
measured uslng a weir  o r  flume (U.S.D.A., 1979) f o r  overload flow-water 
pretreatment systems and packaged water treatment plants, and In-1 I ne flow 
measurement may be an add1 t iona l  option on the packaged treatment systems. 
The sampl l n g  devlce should be set up t o  obtain per iodic grab samples as the 
water passes through the flow-rate measuring devlce. A number o f  
progranmabl e, automated samplers t ha t  can take d l  screte o r  composl t e  samples 
are on the market. 

For batch treatment, such as mere gravl ty separation o r  mechanically 
aerated systems, f low I s  not so Important as I s  the hazardous constituent 
content o f  each batch. Sampl I ng before d l  scharge would, I n  t h l s  case, Involve 
manual pond sampllng, uslng mul t ip le  grab samples. The samples would 
preferably represent the en t i r e  water column t o  be dlscharged I n  each batch 
rather  than a s ing le depth Increment. S ta t i s t i ca l  procedures should again be 
used f o r  e i t he r  treatment and dlscharge approach. 

12.4.5 Unsaturated Zone Monltorlna and Sampllnq Strategy 

The unsaturated zone I s  described as the layer o f  sol1 o r  parent material 
separating the bottom o f  the treatment zone and the seasonal high-water tab le 
o r  ground water tab le  and I s  usual l y  found t o  have a moisture content less 
than saturatlon. I n  t h l s  zone, the movement o f  molsture may of ten be 
re1 at1 vely slow I n  response t o  sol 1 propert ies and prevai l  lng c l  lmat lc 
condi t lons; however, I n  some locations, sol 1 s and waste management practices 
may lead t o  periods o f  heavy hydraulic loading tha t  could cause rap id downward 
f l u x  o f  mol sture. 

An unsaturated zone monitoring plan should be developed f o r  two purposes: 
(1) t o  detect any s ign i f i can t  movement of hazardous constl tuents out o f  the 
system, and (2) t o  furn ish Information for management declslons. I n  l i g h t  o f  
the va r i ab l l  I ty I n  sol 1-water f l u x  and the mob11 l t y  o f  hazardous waste 
constl tuents, the unsaturated zone monl t o r i  ng plan should I ncl ude sampl I ng the 
sol 1 t o  eval uate re1 at1 vely s l  ow-movl ng waste constl tuents (sol 1 core - 
monitorlng) and sampl I ng the sol 1 -pore 1 i qul d t o  eval uate fast-movl ng waste 
constltuents. Monitoring f o r  hazardous constftuents should be performed on a 
representatl  ve background p l o t  (s) un t i  1 background 1 eve1 s are establ I shed and 
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imnediately below the treatment zone (active portion). The number, location, 
and depth of soi 1 core and soi 1 -pore 1 iquid samples taken must  a1 low an 
accurate indicatlon of the qua1 i ty of soi 1 -pore 1 iquid and sol 1 below the 
treatment zone and i n  the background area. The frequency and timing of soil - 
pore 1 iquld sampling must be based on the frequency, time, and rate of waste 
application; proximity of the treatment zone t o  ground water; soil 
permeablli ty; and amount of precipitatlon. The data from th i s  program must  be 
sufficient t o  determine If s ta t i s t i ca l ly  sfgni flcant 1 ncreases in hazardous 
constituents (or selected indlcator constl tuents) have occurred below the 
treatment zone. Location and depth of sol 1 core and sol 1 -pore 1 iquid samples 
fol low the same reasoning, but the number, frequency, and timing of soil core 
sampl lng di f fers  somewhat from that required for sol 1 -pore 1 iquid sampl ing. 
Thus ,  the unique aspects of these topics will be considered together w i t h  
di scusslons of techniques for obtaining the two types of samples. 

12.4.5.1 Location of Samples 

Soil characterlstlcs, waste type, and waste application ra te  are a l l  - important factors in determining the environmental impact of a particular land 
treatment unit o r  part of a unit on the environment. Therefore, areas of the 
land treatment unit for  which these characteristics are similar (i.e., uniform 
areas) should be sampled as a single monltorlng unlt. A uniform area I s  
defined as an area of the actlve portion of a land treatment unit which i s  
composed of soi 1 s of the same sol 1 series (U.S.D.A., 1975) and to  which 
similar wastes o r  waste mixtures are appl led a t  similar appl icatlon rates. 
I f ,  however, the texture of the surface sol 1 differs significantly among sol 1s 
of the same series classificatlon, the phase classiflcation of the soil should 
be considered in defining "uniform areas. " A cert if ied professional sot 1 
sci entl st should be consulted i n designating unl form areas. 

Based on that definition, i t  i s  reconmended that  the locatlon of soll 
core sampling or soil-pore liquid monitoring devlces within a given uniform 
area be randomly selected. Random selection of samples ensures a more 
accurate representation of conditions within a given uniform area. I t  i s  
convenient to  spot the f ield location for sol 1 core and sol 1 -pore 1 iquld 
devices by selecting random distances on a coordinate system and using the 
intersection of the two random distances as the location a t  which a soil core 
should be taken or  a soil-pore liquid monitoring devlce installed. T h i s  
system works well for  f ields of both regular and irregular shape because the 
points outside the area of interest are merely discarded and only the points 
inside the area are used in the sample. 

The location within a given uniform area of a land treatment unit (1 .e., 
active portion monitoring) a t  which a soll core should be taken or a soil-pore 
1 iquld monitoring device instal led should be determi ned using the foll owing 
procedure : 

1. Divide the land treatment u n l t  into uniform areas under the 
di rectlon of a certified professional sol 1 scientist .  
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2. Set up coordinates f o r  each uniform area by establ ishing two 
base l i n e s  a t  r i g h t  angles t o  each other which in te rsec t  a t  an 
a r b i t r a r i l y  selected o r i g i n ,  f o r  example, the southwest corner. 
Each base1 i ne  should extend f a r  enough f o r  a l l  o f  the uniform area 
t o  f a l l  w i t h i n  the quadrant. 

3. Establ ish a scale i n t e r va l  along each base l i ne .  The un i t s  o f  
t h i s  scale may be feet ,  yards, meters, o r  other un i ts ,  depending on 
the s ize  o f  the  uniform area, but  both base l i n e s  should have the 
same un i ts .  

4. Draw two random numbers f r o m  a random-number tab le  (avai lable 
i n  most basic s t a t i s t i c s  books). Use these numbers t o  locate one 
po in t  aloqg each o f  the base 1 ines. 

5. Locate the in te rsec t ion  o f  two 1 ines drawn perpendicular t o  the 
base 1 ines through these points. This in tersect ion represents one 
randomly selected loca t ion  f o r  co l l ec t i on  o f  one s o i l  core, o r  f o r  
i n s t a l l a t i o n  o f  one soi l -pore l i q u i d  device. I f  t h i s  locat ion a t  
the in te rsec t ion  i s  outside the uniform area, disregard and repeat 
the above procedure. 

6. For s o i l  core monitoring, repeat the above procedure as many 
times as necessary t o  obtain the desired number o f  locat ions w i th in  
each uniform area o f  the land treatment un i t .  This procedure f o r  
randomly se lec t ing locat ions must be repeated f o r  each s o i l  core 
sampling event but  w i l l  be needed only once i n  loca t ing  soi l-pore 
1 i q u i d  monitoring devices. 

Locations f o r  monitoring on background areas should a1 so be randomly 
determined. Again, consul t  a c e r t i f i e d  professional so i  1 sc i en t i s t  i n  
determining an acceptabl e background area. The background area must have 
charac te r i s t i cs  ( inc lud ing so-i 1 ser ies c l ass i f i ca t i on )  simi 1ar t o  those 
present i n  the uniform area o f  the land treatment u n i t  i t  i s  representing, but  
i t  should be free f r o m  possib le contamination f r o m  past o r  present a c t i v i t i e s  
t h a t  could have contr ibuted t o  the concentrations o f  the hazardous 
const i tuents o f  concern. Establ i sh coordinates f o r  an a rb i  t r a r i  l y  selected 
po r t i on  o f  the background area and use the above procedure f o r  randomly 
choosing sampl i n g  locations. 

12.4.5.2 Depth o f  Samples 

Because unsaturated zone monitoring i s  intended t o  detect po l lu tan t  
migrat ion from the  treatment zone, samples should l og i ca l  l y  be obtained f r o m  
immediately below t h i s  zone. Care should be taken t o  ensure t h a t  samples f r o m  
ac t i ve  areas o f  the land treatment u n i t  and background samples are monitoring 
simi 1 a r  horizons o r  1 ayers o f  parent material. Because soi  1 s seldom consist 
o f  smooth, hor izonta l  1 ayers, but  are often undulating, sloped, and sometimes 
discontinuous, i t  would be unwise t o  specify a s ing le  depth below the land 
surface t o  be used f o r  comparative sampling. A convenient method f o r  choosing 
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sampling depths i s  t o  def ine t he  bottom o f  the  treatment zone as t he  bottom o f  
a chosen d iagnost ic  so l  i d  hor izon and no t  as a r i g i d  depth. Sampling depth 
would then be e a s i l y  def ined w i t h  respect t o  the bottom o f  t he  treatment zone. 
At a minimum, s o i l  core and so i l -pore l i q u i d  sampling should moni tor  w i t h i n  30 
cm (12 in.) o f  the bottom o f  the treatment zone. Addi t iona l  sampling depths 
may be desirable,  f o r  instance, i f  ana ly t i ca l  r e s u l t s  are inconclusive o r  
questionable. Core samples should inc lude on ly  the  0- t o  15-cm increment 
below the treatment zone, whereas so i  1 -pore 1 i q u i d  sampl ers  should be placed 
so t h a t  they co l  l e c t  1 i q u i d  from anywhere w i t h i n  t h i s  30-cm zone. 

12.4.5.3 Soi 1 Core Sampl i n g  Techniques 

So i l  Cores 

Waste const i tuents  may move s lowly through the  s o i l  p r o f i l e  f o r  a number 
of reasons, such as the  lack o f  s u f f i c i e n t  s o i l  moisture t o  leach through the  
system, a .natural o r  a r t i  f i c i  a1 l y  occurr ing 1 ayer o r  hor izon o f  1 ow hydraul i c 
conduct iv i ty ,  o r  waste const i tuents t h a t  e x h i b i t  on ly  a low t o  moderate 
m o b i l i t y  r e l a t i v e  t o  water i n  so i l .  Any one o r  a combination o f  these e f f ec t s  
can be observed by so i  1 core monitoring. Based on the  treatment zone concept, 
on ly  the  por t ions  o f  s o i l  cores co l lec ted  below the treatment zone need t o  be 
analyzed. The i n t e n t  i s  t o  demonstrate whether there are s i g n i f i c a n t l y  h igher 
concentrat ions o f  hazardous const i tuents  i n  mater ia l  below the treatment zone 
than i n  background so i  1 s o r  parent mater ia l .  

S o i l  core sar~pl  i n g  should proceed according t o  a d e f i n i t e  p l an  w i t h  
regard t o  number, frequency, and technique. Previous d i  scussions o f  s t a t i  s- 
t i c a l  considerat ions should provide guidance i n  choosing the  number o f  samples 
required. Background val  ues f o r  so i  1 core moni tor ing shoul d be establ  i shed by 
c o l l e c t i n g  a t  l e a s t  e i gh t  randomly selected s o i l  cores f o r  each s o i l  ser ies  
present i n  the  treatment zone. These samples can be composited I n  p a i r s  (from 
immediately adjacent locat ions) t o  form fou r  samples f o r  analysis. For each 
s o i l  ser ies,  a background a r i thmet i c  mean and variance should be ca lcu la ted 
f o r  each hazardous const i tuent .  For moni tor ing the ac t i ve  po r t i on  o f  the land 
treatment f a c i l i t y ,  a minimum o f  s i x  randomly selected s o i l  cores should be 
obtained per  uniform area and composi ted, as before, t o  y i e l d  three samples 
f o r  analysis. I f, however, a uni form area i s  >5 ha (12 ac) , a t  l eas t  two 
randomly selected so i  1 cores should be taken per 1.5 ha (4 ac) and composi ted 
i n  p a i r s  based on locat ion.  Data from the samples i n  a given uni form area 
should be averaged and s t a t i s t i c a l l y  compared. I f  analyses reveal a la rge 
variance from samples w i t h i n  a given uniform area, more samples may be 
necessary. S o i l  co r ing  should be done a t  l e a s t  semiannually, except f o r  
background sampl i ng, which, a f t e r  background values are establ  i shed, may be 
performed as needed t o  determine i f  background l eve l s  are changing over time. 

It i s  important t o  keep an accurate record o f  the loca t ions  from which 
s o i l  core sar~ples have been taken. Even when areas have been judged t o  be 
uniform, t he  best  attempts a t  homogeneous waste app l i ca t ion  and management 
cannot achieve pe r f ec t  uni formity.  It i s  probable i n  many systems t h a t  small 
problem areas, o r  "hot spots, " may occur, causing l oca l  i zed r e a l  o r  apparent 
po l  1 u tan t  migrat ion.  Examples o f  "apparent" migrat ion might inc lude small 
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areas where waste was applied too heavi ly o r  where the machinery on-si t e  mixed 
waste too deeply. The sampl ing procedure i t s e l f  i s  subject t o  e r ro r  and so 
may ind icate apparent pol  1 utant migration. Therefore, anomalous data points 
can and should be resampled a t  the suspect location(s) t o  determine i f  a 
problem exists,  even i f  the uniform area as a whole shows no s t a t i  s t l ca l  l y  
s i gn i f i can t  po l lu tan t  migration. 

The methods used f o r  soi  1 sampl ing  are var iable and depend p a r t i a l l y  on 
the s ize and depth o f  the sample needed and the number and frequency o f  
samples t o  be taken. O f  the avai lable equipment, o i l  f i e l d  augers are useful 
if small samples need t o  be taken by hand, and bucket augers give larger 
samples. Powered cor ing o r  d r i l l i n g  equipment, i f  available, i s  the 
preferable choice because i t can rap id ly  sample t o  the desired depths and 
provide a clean, minimally disturbed sample f o r  analysis. Due t o  the time 
involved i n  cor ing t o  1.5 m, and sometimes farther,  powered equipment can 
often be less cos t l y  than hand sampling. I n  any case, extreme care must be 
taken t o  prevent cross contamination o f  samples. Loose soi 1 o r  waste should 
be scraped away f r o m  the surface t o  prevent i t f r o m  contaminating samples 
co l lec ted f r o m  lower 1 ayers. The material removed f r o m  the treatment zone 
por t ion  o f  the borehole can be analyzed, i f  desired, t o  evaluate conditions i n  
the treatment zone. It i s  advisable t o  record f i e l d  observations o f  the 
treatment zone even i f  no analysis i s  done. F ina l ly ,  boreholes absolutely 
must be backf i  11 ed ca re fu l l y  t o  prevent hazardous consti tuents f r o m  channel ing 
down the hole. Native s o i l  compacted t o  about f i e l d  bulk density, clay 
s lur ry ,  o r  other su i tab le  plug material may be used. 

Sample hand1 ing, preservation, and shipment should f o l  low a chai n-of- 
custody procedure and a defined preservation method such as I s  found i n  
C h a ~ t e r  Nine o f  t h i s  manual o r  i n  the analy t ica l  section o f  EPA document SW- 
874; Hazardous Waste Land Treatment (U.S. - EPA, 1983). I f  more sample i s  
col 1 ected than i s  needed f o r  analysis, the volume should be reduced by e i ther  
t h e q u a r t e r i n g o r r i f f l e t e c h n i q u - e .  (A riffleisasample-splittinbdevice 
designed f o r  use w i th  d r ied  ground samples.) 

The analysis o f  s o i l  cores must include a l l  hazardous constituents tha t  
are reasonably expected t o  1 each o r  the p r inc ipa l  hazardous constituents 
(PHCs) t h a t  general l y  ind icate hazardous consti tuent movement (U.S. EPA, 
1982a). 

Soil-Pore L iqu id  

Percolat ing water added t o  the s o i l  by prec ip i ta t ion,  i r r i ga t i on ,  o r  
waste appl icat ions may pass through the treatment zone and may rapidly 
t ransport  some mobile waste consti tuents o r  degradation products through the 
unsaturated zone t o  the ground water. Soil-pore l i q u i d  monitoring i s  intended 
t o  detect  these rap id  pulses o f  contaminants (often imnediately a f t e r  heavy 
p rec ip i t a t i on  events) t h a t  are not l i k e l y  t o  be observed through the regular ly 
scheduled analysis o f  ,soi 1 cores. Therefore, the t iming o f  soi 1-pore 1 iqu id  
sampling i s  a key t o  the usefulness of t h i s  technique. Seasonability i s  the 
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rule with soi 1 -pore 1 iquid sample timing (i .e., scheduled sampling cannot be 
on a preset date, but must be geared to precipitation events). Given that 
sampl i ng i s done soon a f te r  1 eachate-generati ng precipitation or snowmel t , the 
frequency also varies depending on s i t e  conditions. As a starting point, 
sampling should be done quarterly. More frequent sampling may be necessary a t  
units located in areas with highly permeable soi ls  or  high rainfal l ,  or  a t  
which wastes are applied very frequently. The timing of sampling should be 
geared to the waste application schedule as much as possible. 

A t  land treatment units where wastes are applied infrequently (i  .e., only 
once or twice a year) or where leachate-generating precipitation i s  highly 
seasonal, quarterly sampling and analysis of soil-pore liquid may be 
unnecessary. Because soi 1-pore 1 iquid sampling i s  instituted primari ly to 
detect fast-moving hazardous constituents, monitoring for  these constituents 
many months a f te r  waste application may be useless. If fast-moving hazardous 
constituents are t o  migrate out of the treatment zone, they will usually 
migrate within a t  least 90 days following waste application, unless l i t t l e  
precipitation or snowmel t has occurred. Therefore, where wastes are appl i ed 
infrequently or 1 eachate generation i s  seasonal , soi 1 -pore 1 iquid may be 
monitored 1 ess frequently (semiannual ly or annual ly) . A final note about 
timing is that  samples should be obtained as soon as liquid i s  present. The 
owner or operator should check the monitoring devices for liquid within 24 hr 
of any si gni f i cant rai nfal 1 , snowmel t , or  waste appl i cat i on. 

The background concentrations of hazardous constituents in the soi 1 -pore 
1 iquid should be establ ished by instal 1 ing two monitoring devices a t  random 
locations for  each soil series present i n  the treatment zone. Samples should 
be taken on a t  least  a quarterly basis for a t  least  one year and can be 
composited t o  give one sample per quarter. Analysis of these samples should 
be used t o  calculate an arithmetic mean and variance for each hazardous 
constituent. After background values are established, additional soi 1 -pore 
liquid samples should occasionally be taken to  determine i f  the background 
values are changing over time. 

The number of soi 1 -pore 1 iquid samplers needed i s  a function of s i t e  
factors that  influence the variabi 1 i ty of 1 eachate qua1 i ty. Active, uniform 
areas should receive, i n  the beginning, a minimum of six samplers per uniforni 
area. For uniform areas >5 ha, a t  least two samplers per 1.5 ha (4 ac) should 
be instal led. Samples may be composi ted i n  pairs based on location t o  give 
three samples for  analysis. The number of devices may have to be adjusted up 
(or down) as a function of the variabi 1 i ty of results. 

To date, most leachate col lection has been conducted by scientists  and 
researchers, and there i s  not an abundance of available field equipment and 
techniques. The U.S. EPA (1977) and Wilson (1980) have ~ r e ~ a r e d  reviews of 
yressure vacuum lysimeters and trench lysimetert.   he ' pressure vacuum 
ysimeters are much better adapted to field use and have been used to monitor 

pol 1 ution from various sources (Manbeck, 1975; Nassau-Suffol k Research Task 
Group, 1969; The Resources Agency of Cal i fornia, 1963; James, 1974). These 
pressure vacuum samplers are readi ly avai 1 able commerci a1 ly and are the most 
widely used, both for agricultural and waste monitoring uses. A third type of 
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leachate sampler i s  the vacuum extractor as . used i n  the f i e l d  by Smith e t  a1 . 
A comparison of i n  s i t u  extractors was presented by Levin and Jackson 

These sol 1 -pore I iqu id  sampling devices are described i n  Chapter Nine of 
t h i s  manual ( in  Part 111, Sampling). 

Treatment Zone Moni tor inp and Sampl inq Strategy 

Treatment zone monitoring of land treatment uni ts  i s  needed f o r  two 
purposes. One main purpose i s  t o  monitor the degradation rate o f  the organic 
fract ion of the waste material and parameters s ign i f i cant ly  af fect ing waste 
treatment. Samples are needed a t  periodic in tervals  a f t e r  application t o  be 
analyzed f o r  residual waste o r  waste constituents. Such measurements need t o  
be taken routinely, as specif ied by a s o i l  scient ist .  These intervals may 
vary f r om weekly t o  semiannual, depending on the nature o f  the waste, c l  imatic 
conditions , and appl i cat ion schedul i ng . The second major function of 
treatment zone sampling i s  t o  measure the rate o f  accumulation o f  conserved 
waste constituents t o  provide some indicat ion o f  the f a c i l i t y ' s  l i f e .  

The sampling schedule and number o f  samples t o  be collected may depend on 
management factors, but a schedule may be conveniently chosen t o  coincide with 
unsaturated zone s o i l  core sampling. For s stems that  w i l l  be loaded heavily 
i n  a short period, l o r e  (and more frequent! samples may be needed t o  ensure 
tha t  the waste i s  being applied uniformly and tha t  the system i s  not being 
overloaded. About seven t o  ten samples f r o m  each selected 1.5-ha (4-ac) area 
should be taken t o  represent the treatment zone, and these should be 
composited t o  obtain a single sample f o r  analysis. I n  addition, if there are 
evidently anomalous 'hot spots," these should be sampled and analyzed 
separately. 

12.4.7 A i r  Honi to r ing  and Sampl ing Strategy 

The need f o r  a i r  monitoring a t  a land treatment u n i t  i s  not necessarily 
dictated only by the chemical characterist ics o f  the waste. Wind dispersal of 
par t icu lates can m b i  1 i ze  even the most imnobi le, nonvol a t i  1 e hazardous 
constituents. Therefore, it i s suggested tha t  1 and treatment a i  r emissions be 
monitored a t  frequent in tervals  t o  ensure the health and safety o f  workers and 
adjacent residents. This e f f o r t  may be relaxed i f  the a i r  emissions are 
pos i t i ve l y  i den t i f i ed  as innocuous compounds o r  too low i n  concentration t o  
have any effect.  Although a i r  monitoring i s  not current ly required, i t  i s  
strongly recomnended because wind dispersal i s  a li kely pathway f o r  pol lutant 
losses f r o m  a land treatment unit. 

Sampl ing generally involves drawing a i r  over a known surface area a t  a 
known flow ra te  f o r  a specif ied time in terval  . Low-molecular-weight vo lat i les 
may be trapped by so l i d  sorbents, such as Tenax-GC. The high-molecular-weight 
compounds may be sampled by Fl  or1 s i  1, g l  ass-f i ber f i 1 ters, o r  polyurethane 
foam. 
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12.5 ANALYSIS 

12.5.1 Analyt ical  Considerations 

Parameters t o  be measured include pH, s o i l  f e r t i l i t  , residual 
concentrations o f  degradable rate-1 i m i  t i n g  constituents (RLC 1 , and the 
concentrations o f  residuals t h a t  l i m i t  the l i f e  o f  the disposal s i t e  (CLC), 
plus those that ,  i f  increased i n  concentration by 25%, would become l im i t i ng .  
Hazardous const i tuents o f  concern should also be monitored. Based on the data 
obtained, the f a c i l i t y  management o r  design can be adjusted o r  actions taken, 
as needed, t o  maintain treatment e f f ic iency.  Projections regarding fac i  1 i t y  
l i f e  can also be made and compared w i th  o r i g ina l  design project ions. Because 
the treatment zone acts as an in tegra to r  o f  a l l  e f fects ,  the data can be 
invaluable t o  the u n i t  operator. 

The analyst  should use spec i f i c  methods i n  t h i s  manual fo r  determining 
hazardous.waste constituents. 

12.5.2 Response t o  Detection o f  Pol 1 utant Migrat ion 

I f  s ign i f i can t  concentrations o f  hazardous const i tuents (or  PHCs) are 
observed below the treatment zone, the fo l lowing modif icat ions t o  u n i t  
operations should be considered t o  maximize treatment w i th in  the treatment 
zone : 

1. A1 t e r  the waste character ist ics.  

2. Reduce waste appl icat ion rate. 

3. A l t e r  the method o r  t iming o f  waste applications. 

4. Cease appl i ca t i on  o f  one o r  more pa r t i cu la r  wastes a t  the un i t .  

5. Revise cu l t i va t i on  o r  management practices. 

6. A1 t e r  the character is t ics  o f  the treatment zone, p a r t i c u l a r l y  soi  1 
pH o r  organic matter content. 
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CHAPTER THIRTEEN 

INCINERATION 

13.1 INTRODUCTION 

Environmental Protect ion Agency regulat ions require owners o r  operators 
of hazardous waste i nc i  nerators t o  perform speci f i c t es t i ng  p r i o r  t o  i ssuance 
o f  a f i n a l  permit. These regulat ions are contained i n  40 CFR Parts 264.340- 
264.347, 270.19, and 270.62. 

The regulat ions requ i re  t h a t  inc inerated hazardous wastes be destroyed 
w i t h  an e f f i c i ency  o f  99.99% o r  higher. I n  order t o  obtain a pe rn~ i t  t o  
inc inerate  hazardous wastes, owners o r  operators must demonstrate t ha t  t h e i r  
i nc inera to r  can operate a t  the required e f f i c iency  (usual ly re fer red t o  as 
dest ruct ion and removal e f f ic iency,  o r  DRE) . This demonstration w i  11 most 
o f ten  involve a " t r i a l "  burn. P r i o r  t o  the t r i a l  burn, the owner o r  operator 
must t e s t  the hazardous waste being evaluated f o r  inc inera t ion  and determine 
the presence and concentrat ion o f  Appendix V I I I  consti tuents, along w i th  other 
parameters. The ana ly t i ca l  r esu l t s  obtained w i  11 a1 low the owner o r  operator 
t o  determine the p r i nc i pa l  organic hazardous consti tuents (POHCs) i n  the 
waste. These POHCs w i l l  usual ly  be those compounds i n  the waste t ha t  are 
d i f f i c u l t  t o  burn, tox ic ,  and found a t  reasonably high concentrations i n  the 
waste. During the t r i a l  burn, the POHCs are monitored t o  determine whether 
the inc inera to r  i s meeti ng the required DRE. 

The owner o r  operator w i l l  then prepare an inc inerat ion permit 
appl icat ion,  which i s  submitted t o  the appropriate s ta te  and EPA region. 
Contents o f  permits are l i s t e d  i n  Sections 270.14, 270.19, and 270.62 o f  the 
RCRA regulat ions. As p a r t  o f  the permit appl icat ion,  the owner o r  operator 
w i l l  provide the waste analysis information, propose cer ta in  POHCs f o r  the 
tri a1 burn, and specify the sampl ing  and analysis methods t ha t  w i  11 be used t o  
obta in  the t r i a l  burn data. This po r t i on  of the permit app l ica t ion i s  ca l led  
the " t r i a l  burn plan. " The regulatory agency(ies) w i  11 review the appl i ca t i on  
and t r i a l  burn plan, make any necessary modifications, and authorize the owner 
t o  conduct the t r i a l  burn. A f t e r  the t r i a l  burn, the resu l t s  are submitted t o  
the permit  issuance au thor i t y  and, assuming a1 1 requirements are met, a f i n a l  
i nc inera t ion  permit w i l l  be issued. The permit contains a l l  the information 
per ta in ing  t o  the l icensed operation o f  the incinerator ,  and the owner o r  
operator must comply w i th  whatever condit ions are spec i f ied i n  the permit. 
The r e s t  o f  t h i s  chapter w i l l  expla in the various sampling and analysis 
s t ra teg ies  t h a t  can be used during the t r i a l  burn and how analysis data can be 
used t o  obta in  a f i n a l  permit. 

13.2 REGULATORY DEFINITION 

As expl a i  ned ear l  i er, i nc inera to r  regulat ions are contai ned i n  40 CFR 
Parts 264.340-. 347, 270.19, and 270.62. Because Part  264 contai ns general 
requirements f o r  hazardous waste I nci  neration, i t w i l l  not  be d l  scussed here. 
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13.3.2.2 Proximate Analys>is 

The proximate analysis provides data r e l a t i n g  t o  the physical f o r n  o f  the 
waste and an estimate o f  i t s  t o t a l  composition. This analysis includes 
determi nat ion of: 

1. Moisture, sol ids,  and ash content. 

2. El emental composition (carbon, nitrogen, su l fur ,  phosphorus, 
i'l uor i  ne, chlorine, bromine, iodine t o  0.1% level) .  

3. Heating value o f  the waste. 

4. VS scosi ty. 

Some o r  a l l  of t h i s  information may sat is fy  the waste analysis 
requirements o f  the Part 264 regulations, as wel l  as be responsive t o  the 
General Waste Analysis requi rements o f  Subpart B. The elemental conposi ti on 
data a l low one t o  p red ic t  i f  a high concentration o f  po ten t i a l l y  s ign i f i can t  
combustion products (NOx, SOx, P205, hydrogen ha1 ides, and ha1 ogens) might be 
formed dur ing i n c i  neration. These data a1 so faci 1 i ta te  an informed select ion 
o f  the Appendix V I I I  hazardous consti tuents tha t  might be present i n  the waste 
by ind ica t ing  whether the overa l l  waste composition and hence the types o f  
components present are consistent w i th  expectations based on best professional 
judgment. For example, if bromine were not  present i n  the waste, any 
organobromine compounds from Appendix V I I I  a t  leve ls  o f  1,000 q / k g  would be 
excl uded from speci f i c anal y s i  s . 

13.3.2.3 Spec i f ic  Analysis 

The spec i f i c  analysis por t ion  o f  the waste characterization scheme 
provides qual i t a t i  ve conf i  m a t i o n  o f  the presence and i d e n t i t y  o f  the Appendix 
V I I I  const i tuents t h a t  might reasonably be expected t o  be present i n  the 
waste, based on professional judgment o r  on the resu l t s  o f  proximate analysis. 
It i s  important t o  note t ha t  speci f ic  analysis does not involve screening 
every waste sample f o r  a l l  Appendix V I I I  hazardous components. A prel iminary 
judgment i s  made as t o  the compounds o r  types o f  compounds t ha t  are ac tua l l y  
present. 

For the spec i f i c  organic analyses, a high-resol u t ion  separation technique 
(fused-si 1 i c a  capi 11 ary gas chromatography) and a high-speci f ic i  t y  detection 
technique (mass spectrometry) are used wherever possible. This approach 
ensures qual i t a t i v e  and quant i ta t i ve  analysis f o r  a var ie ty  o f  waste types and 
process chemi s t r i  es. 

Spec i f ic  analysis methods i n  t h i s  manual can be used f o r  Appendix V I I I  
consti tuents. Generally, the methods o f  choice f o r  Appendix V I I I  components 
w i l l  be: 
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Method 6010 ( Induct ive ly  Coup1 ed Pl  asma Method) 
Method 8270 (GC/MS Method f o r  Semi vo l  a t i  1 e Organi cs : 

Cap1 11 ary Col umn Technique) 
Method 8240 (GC/MS Method f o r  Vol a t  i 1 e Organ1 cs) 

Other more spec i f i c  methods contained i n  t h i s  manual may be used; 
however, they cannot screen f o r  a wide range o f  co~r~pounds. For example, 
Method 8010 can detect  on ly  those vol  a t i  1 e compounds containing halogen. 

13.3.3 Select ion o f  POHCs 

The c r i t e r i a  f o r  se lect ion o f  POHCs ( t y p i c a l l y  one t o  s i x  spec i f i c  
const i tuents  per waste feed) include: 

1. The expected d i f f i c u l t y  o f  thermal degradation o f  the various 
hazardous organi c const i tuents i n the waste. 

2. The concentrat ion o f  those const i tuents i n  the waste. 

It i s  an t i c ipa ted  t h a t  the  designation o f  POHCs w i l l  be negotiated on a 
case-by-case bas is  f o r  each permit  appl icat ion.  It i s  important t o  note t h a t  
i t  i s  n o t  necessari ly, o r  even general ly, t r ue  t h a t  a l l  Appendix V I I I  
compounds present i n  the  waste w i l l  be designated as POHCs. The i n t e n t  i s  t o  
se l  ec t  a few spec1 f i c compounds as i ndi  cators o f  i nci  nerator  performance. The 
selected compounds should provide a s u f f i c i e n t l y  s t r i ngen t  t e s t  o f  the 
inc inera to r ' s  performance t o  ensure t h a t  inc inera t ion  of the waste can be 
ca r r i ed  out  i n an environmentally sound fashion. This c r i t e r i o n  mandates 
se lect ion of the more thermal ly stable const i tuents as POHCs. 

At  the  same time, however, i t  i s  necessary t h a t  the  designated POHCs be 
present i n  the  waste i n  s u f f i c i e n t l y  h igh concentrat ions i n  order t o  be 
detected i n  the  stack gas. This i s  a p a r t i c u l a r l y  important cons t ra in t  f o r  
wastes t h a t  are t o  be inc inerated w i t h  substant ia l  quan t i t i es  o f  a u x i l i a r y  
fue l ,  which e f f e c t i v e l y  d i l u t e  the POHCs i n  the exhaust gas. Although the 
burning o f  a u x i l i a r y  f ue l  might no t  a f f e c t  the mass emission r a t e  o f  POHCs, i t  
would lead t o  an increased volumetric f low o f  stack gas and thus t o  a 
decreased concentrat ion o f  POHCs a t  the stack. Thi s lower concentrat ion 
d i r e c t l y  a f f e c t s  the detect ion l i m i t  achievable f o r  a given stack-gas sample 
s ize  (e.g., between 5 m3 and 30 m3). 

I t  i s  recommended that ,  whenever possible, the permit w r i t e r  select  POHCs 
present i n  the waste a t  1,000 mg/kg o r  higher. I f  i t  i s  considered desirable 
t o  designate as a POHC a thermally stable compound present a t  the hundreds-of- 
parts-per-mi 11 i o n  leve l ,  the  t r i a l  burn permit app l i ca t ion  must include 
ca lcu la t ions  and supporting data t o  i nd i ca te  t h a t  0.01% o f  the mass feed r a t e  
o f  t h a t  component i n  the  waste could i n  f a c t  be detected i n  the stack 
e f f  1 uent . A waste concentrat ion o f  100 mg/kg probably represents a p rac t i ca l  
1 ower 1 eve1 be1 ow whi ch determi nat ion o f  99.99% DRE may requi  r e  ext raord i  nary 
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sampl ing  analysl s and qua1 i t y  control  procedures, which may slgnf f i c a n t l y  
increase the sampling and analysis costs f o r  t ha t  t r i a l  burn. 

For a waste mater ia l  t ha t  i s  a l is ted  hazardous waste under RCRA 
regulat lons (40 CFR Part  261, Subpart D), the consti tuents t ha t  caused the 
Administrator t o  l i s t  the waste as t o x i c  (tabulated i n  Appendix V I I  o f  40 'CFR 
Part 261) would be l og i ca l  candldates f o r  designation as POHCs, i f  these 
const i tuents are organlc chemical s. 

13.4 STACK-GAS EFFLUENT CHARACTERIZATION STRATEGY 

The overa l l  s t rategy f o r  hazardous-waste-i nc l  nerator stack-gas e f f l  uent 
character1 z a t i  on t o  determine compl iance w i th  Part 264 performance standards 
i s  t o  c o l l e c t  r ep l i ca te  3- t o  6-hr, 5- t o  30-m3 samples o f  stack gas uslng a 
comprehenslve sampling t r a i n ,  such as the EPA Modified Method 5 Sampling Train 
(MM5), the EPAIIERL-RTP Source Assessment Sampl ing  System (SASS), or, f o r  the 
vol a t1  l e  species, the Vol a t i  1 e Organic Sampl i ng Train (VOST) . These three 
s t ra teg ies are described i n  detai  1 I n  Chapter Ten (Methods 0010, 0020, and 
0030). Any o f  the comprehenslve sampling t r a i n s  provides a sample su f f i c i en t  
f o r  determination o f  pa r t i cu la te  mass loading, concentrations o f  par t i cu la te  
and l ow-vol a t i  l i t y  vapor-phase organics, and concentrations o f  par t i cu la te  and 
v o l a t i l e  metals. The VOST i s  used t o  co l l ec t  the sample t o  be analyzed f o r  
v o l a t i l e  organic species. For burns o f  wastes tha t  could also produce 
sign1 f i can t  emissions o f  HCl , an MM5 type o f  t r a i n  i s  used t o  co l l ec t  and 
quant i fy  HC1 i n  the stack gas. 

Figure 13-2 shows an overview o f  the analysls scheme f o r  stack-gas 
samples. A separate sample (cyclone and par t i cu la te  catch) w i l l  be used f o r  
determi nat ion o f  par t1  cu l  ate mass loading and ext ract ion of nonvolat i le 
organic components. Heating during the par t i cu la te  determi nat ion may d r i ve  
o f f  semivo la t l le  organics. Vo la t i l e  organic components o f  the stack gas w i l l  
be co l lec ted uslng the VOST. 

The d i rected analysis shown i n  Figure 13-2 i s  performed on t r i p l i c a t e  
samples. Although analysis o f  only two samples would allow an average leve l  
o f  a POHC t o  be determined, a t  leas t  three samples should be analyzed so tha t  
an e r r o r  bound f o r  the measured values can be computed. The incremental cost 
o f  the rep l i ca te  sampling and analysis i s  o f f s e t  by increased confidence i n  
the resu l t i ng  data; quan t i ta t i ve  resu l t s  from a s ing le  sampling and analysis 
run should no t  general ly  be considered as an acceptable ind icator  o f  
performance. 

The survey analysls, which i s  a qua l i ta t i ve  screen of the col lected 
mater ia l  t o  ensure t ha t  p o t e n t l a l l y  hazardous but unexpected emissions do not 
go overlooked, need be performed on no more than one stack-gas sample. During 
a t r i a l  burn, the oxygen leve l  i n  the stack gas must be measured uslng an 
Orsat o r  Fy r l  t e  analyzer, as deta i led i n  40 CFR Part 60, Appendix A, Method 3, 
so t h a t  the pa r t l cu la te  loading may be corrected t o  a standard excess a i r  
leve l .  
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For both tri a1 and operating burns, on-1 ine  m n i  t o r s  (nondispersive 
in f ra red  instruments) are used t o  provide cont i  nuous readings o f  carbon 
monoxide 1 eve1 s i n the i nc i  nerator e f  f 1 uent . 
13.5 ADDITIONAL EFFLUENT CHARACTERIZATION STRATEGY 

The basic strategy f o r  sampling scrubber water, ash, and other residue 
( i f  any) i s  t o  prepare composite samples from grab subsamples, col lected using 
the same types o f  sampling devices and tac t i cs  as those used f o r  waste 
characterization. This sampling i s  required only during t r i a l  burns, i n  
accordance w i th  40 CFR Part 270.62. These addi t ional  e f f l uen t  samples are 
analyzed f o r  POHCs t o  determine appropriate disposal o r  subsequent treatment 
methods and t o  ensure t ha t  s i gn i f i can t  discharges of POHCs i n  other media do 
not go undetected. 

13.6 SELECTION OF SPECIFIC SAMPLING AND ANALYSIS METHODS 

The preceding d i  scussi on has b r i e f l y  described the RCRA regulations t ha t  
def ine sampl i ng and analysis requi rements fo r  hazardous waste inc inerat ion and 
has presented an overview of the sampling and analysis procedures developed t o  
meet these requirements. 

 his section w i l l  i l l u s t r a t e ,  by means o f  a hypothetical example, the 
t r a n s i t i o n  f r o m  strategies, as described above, t o  methods, as described 
below. I n  the i n te res t  o f  c l a r i t y ,  the example i s  oversimpli f ied, but should 
serve as a demonstration o f  how t o  develop and evaluate a hazardous waste 
inc inera t ion  t r i a l  burn plan. The discussion w i l l  deal wi th  sampling and 
analysis considerations only and w i l l  not address adequacy o f  design, 
operating conditions, o r  other engineering considerations. 

13.6.1 Scenario 

The ownerloperator o f  an inc inerat ion f a c i l i t y  seeks an RCRA permit t o  
t r e a t  chlor inated organic waste material. 

The f a c i l i t  i s  a l i q u i d  i n j ec t i on  inc inerator  w i th  a capacity o f  10 x 
106 Btu/hr -by an equipped w i th  a wet scrubber for  acid-gas removal. A waste o i l  
(<0.1% chlorine) i s  burned as aux i l i a r y  fuel. The proposed operating 
condit ions f o r  hazardous waste inc inerat ion i ncl  ude a combustion zone 
temperature o f  2000'F (1100'C) and a residence time o f  2 sec wi th  150% excess 
a i r .  

The waste i s  a s t i l l  bottom from the production o f  perchlomethylene. 
Based on engineering analysis, i t i s  expected t o  be a nonviscous organic 
1 i q u i d  w i th  a heating value >5,000 Btu/lb. The major components o f  the waste 
are expected t o  be h igh ly  chlorinated species such as hexachl orobenzene, 
hexachlorobutadiene, and other chlorinated a l i pha t i c  and aromatic compounds. 
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13.6.2 Strategy 

There are insufficient data from other t r i a l  or  operating burns to  
specify operating conditions under which this  type of faci 1 i ty,  when burning 
this  type of waste, has been demonstrated t o  comply w i t h  the Part 264 
performance cri teria.  Therefore, a t r i a l  burn w i  11 be required. 

There are insufficient data to  develop the t r ia l  burn plan available from 
the waste generator. Therefore, additional analyses of the waste will be 
necessary t o  support the t r i a l  burn permit application. The POHCs for which 
destruction and removal efficiencies are to be demonstrated i n  the t r i a l  burn 
must be designated, based on review of existing information and/or additional 
analysis of a representative sample of the waste. 

Because the ownerloperator plans t o  operate the fac i l i ty  under one se t  of 
temperature, residence time, and excess a i r  conditions when t reat  i ng hazardous 
waste, the t r i a l  burn will consist of three replicate tes ts  under that se t  of 
operating conditions. 

The t r i a l  burn saw1 ing and analysis strategy must address: 

1. The waste analysis requirements of 40 CFR Part 270. 

2. The performance standards of 40 CFR Part 264, Subpart 0. 

3. The monitoring requirements of 40 CFR Part 264, Subpart 0.  

13.6.2.1 Samplinq Strategy 

During each of the three rep1 icate tes ts ,  the following samples must be 
obtained: 

1. One composite sample of the waste actual ly treated. 

2. One time-averaged (3-4 hr) sample of stack gas. 

3. One composite sample of spent scrubber water. 

No bottom ash or f ly  ash streams (other than the stack particulate 
emissions) are expected t o  be generated as effluents from this faci 1 i ty.  

13.6.2.2 Analysis Strateqy 

The - waste m u s t  be analyzed to determine: 

1. Quantity of designated t r i a l  burn POHCs. 

2. Heating value of the waste. 
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3. Viscosi t y  o r  physical form. 

4. Quant i ty  o f  organica l ly  bound chlorine. (This analysis i s  not  
mandatory: however, the data obtained may be he lp fu l  i n  determining 
a po ten t ia l  f o r  HC1 emissions.) 

5. I den t i  t y  and approximate quanti t y  of known o r  suspected Appendix 
V I I I  const i  tuents. 

The stack gas must be analyzed t o  determine: 

1. Quanti t y  o f  designated t r i a l  burn POHCs. 

2. Quantl t y  of par t1  cul  a te  matter em1 sslons . 
3. Quant i ty o f  hydrochlori  c ac id  em1 ssions. 

4. Carbon monoxide 1 evel . 
5. Excess a1 r 1 evel '(oxygen/carbon d l  ox1 de 1 evel detennl nat I on). 

The scrubber water must be analyzed t o  determi ne quantl ti es o f  designated 
t r i a l  burn POHCs. 

13.6.3 Tactics and Methods 

Sel e c t i  on o f  POHCs 

The f i r s t  step i s  t o  obtain a composi t e  o f  the waste and t o  analyze i t 
fo r  Appendix V I I I  consti tuents. I n  t h i s  case the waste was sampled f r o m  a 
tank t ruck  by tak ing a series o f  ve r t i ca l  cores a t  the avai lable hatch 
loca t ion  on the truck. The cores were obtained by using a Col iwasa (see 
Section 9.2.2.4 o f  Chapter Nine) and fo l lowing the procedures. After the 
waste sample was col lected, i t  was sent t o  the laboratory using chain-of- 
custody procedures (Section 9.2.2.7 o f  Chapter Nine) and was analyzed using 
Method 8270 (Chapter Four) ( i n  t h i s  case the sample was d i r e c t l y  in jec ted w i th  
a spl I t r a t i o  o f  100:l). The sample was also analyzed by Method 9020, Chapter 
Five. Table 13-1 summarizes the information t ha t  was obtained f o r  the waste 
analysis. The major organic components tha t  would appear t o  be candidates f o r  
se lect ion as POHCs are l i s t e d  i n  Table 13-2, along w i th  relevant 
physi ca l  /chemical p roper t i  es and recommended stack sampl I ng and analysi s 
met hods. 

The permit  w r i t e r  has designated hexachloro-butadiene, hexachlorobenzene, 
and hexachloroethane as POHCs. A1 1 three species are present i n  s ign i f i can t  
concentrations i n  the waste and w i l l  remain a t  >1,000 mg/kg concentration even 
i f  the waste were cu t  by as much as 1:10 wi th  aux i l i a r y  fue l  i n  order t o  l i m i t  
the t o t a l  ch lo r ine  feed ra te  and t o  maintain an adequate heating value i n  the 
t o t a l  I nc i  nerator feed. Ful l y  c h l o r i  nated species such as these are generally 
considered t o  be h igh ly  res is tant  t o  thermal degradation and thus provide an 
appropri a te  set  o f  POHCs f o r  DRE determi nat ion. 
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TABLE 13-1. INFORMATION ON COMPOSITION OF HYPOTHETICAL WASTE 

Visual Inspection: The waste was a pitch-black, nonvi scous 1 i q u i d  w i th  
obvious pa r t i cu la te  loading. It had a pungent odor and fumed s l i g h t l y  when 
the cap was removed. 

Loss on Iqn i t i on :  I g n i t i o n  a t  900'C resul ted i n  a 99.8% loss o f  mass. 

Higher Heating Value: The waste would not burn i n  a bomb calorimeter; i t s  
higher heating value i s  estimated a t  approximately 2,000 Btu l lb .  

TOX: 74.4% C1. - 
GC/MS: Thi s anal y s i  s indicates t h a t  hexachl orobutadiene i s the major 
component (65%) and hexachlorobenzene i s  present a t  about 10% o f  the Total 
Organi c Chlorine concentration. Other peaks i n  the  chromatogram were 
i d e n t i f i e d  as hexachl oroethane (a prox. 4%) , te t rach l  oroethanes (appro%. 3%), 
tetrachloroethylene (approx. 0.1% ! , plus four other chlor inated a1 iphat ics  a t  
about 0.5% concentration o f  the CC1 concentration. 

Summary: A1 1 o f  the avai lable evidence suggests t h a t  t h i s  waste contains 
essent ia l l y  no perchloroethylene, t h a t  hexachlorobutadiene makes up about 65% 
o f  the waste, and t h a t  there are perhaps a dozen other components a t  1-5% 
concentration. A l l  o f  the minor components appear t o  be chlorinated, w i th  
hexachlorobenzene the most abundant. 
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' CUDIDATE POHCs FOR HYPOTHETICAL WASTE AND 
RECOMMENDED STACK SAMPLING AND ANALYSIS mTLIODS 

FOR HYPOTHETICAL, TRIAL BURN 

6 323 
b 

567.7 2E14.8 12.1.8 M-Particrr a#), 8W), as-- 
late ad or ax) ahm 
s o r h t e  

a The standard enthalpy of combustion. 

b ~ h e  SASS method (Chapter Nine, Method 0020) could a l s o  be .elected. A 
spec i a l l y  fabr ica ted  glass- l ined SASS t r a i n  might be necessary t o  withstand 
the hydrochloric ac id  expected i n  the  stack.  

 umbers given i n  parentheses r e f e r  only t o  1.1.2.2-tetrachloroethane. 
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13.6.3.2 Selection o f  Sampl l ng  Methods 

For sampling o f  wastes and l i q u i d  and s o l i d  eff luents, the choice o f  
method i s  based pr imar i l y  on the nature o f  the medium. Review o f  avai lable 
methods indicates tha t  f o r  dipper sampling (Chapter Nine) o r  sampling f r o m  the 
tap o f  the waste-feed pipe would be appropriate f o r  co l l ec t i on  o f  d iscrete 
subsamples o f  waste feed and o f  spent scrubber water a t  regular time in te rva ls  
over the durat ion o f  each t r i a l  burn. These would then be combined t o  fonn 
the correspond1 ng composite samples f o r  each test.  

For sampling o f  stack gas, both the nature o f  the medium and the nature 
( v o l a t i l i t y ,  s t a b i l i t y )  o f  the POHC o r  other target  species a f f e c t  the choice 
of a sampling method. Table 13-2 sumnarizes these recomnendatlons f o r  the 
candidate POHCs i n t h i s  example. Note tha t  designation o f  tetrachloroethylene 
as a POHC I n  t h i s  instance would require use o f  VOST, although the MM5 o r  SASS 
approaches would co l l ec t  a l l  o f  the other candidate POHCs. 

The MM5 t r a i n  would also su f f i ce  t o  determine compliance w i th  the two 
other performance standards o f  40 CFR Part 264. The pa r t i cu la te  matter 
emission r a t e  can be determined f r o m  the mass o f  mater ial  co l lected i n  the 
probe wash, cyclone ( if any), aad f i l t e r  o f  the MM5 t ra in .  The hydrochloric 
acid emission r a t e  can be determined by using caustic scrubbing so lut ion i n  
the impinger por t ion  o f  the MM5 t r a i n  and determining the hydrochloric acid 
level  as chloride. 

I n  add1 t i o n  t o  the procedures chosen f o r  the c o l l  ect ion o f  POHCs, i t 
would be necessary t o  specify procedures f o r  the required monitoring f o r  
carbon monoxide and oxygen leve ls  i n  the stack gas. 

13.6.3.3 Selection o f  Analysl s Methods 

The ana ly t i  cal  procedures used f o r  qua1 i t a t 1  ve i den t i  f 1 cat1 on and 
quanti t a t 1  ve deteminat ion o f  POHCs and other ta rge t  spec1 es are determi ned 
pr imari  l y  by the nature (vo la t i  1 1 ty,  po la r i t y )  o f  the species sought. 

This manual 1 1 s t s  recommended analysis methods f o r  each candidate POHC 
a f t e r  the appropriate sample preparation steps i n  Methods 0010, 0020, and 0030 
have been performed. Table 13-2 sunmarizes the recomnendatlon f o r  analysis o f  
the candidate POHCs i n  t h i s  hypothetical example. Note t h a t  a s ing le 
analy t ica l  method suf f ices t o  detenni ne a1 1 o f  the hexachl orospeci es o f  
concern here a1 though an addi t i ona l  . method would be recommended i f  the 
analysis were t o  1 nc l  ude the te t rachl  oroethanes and te t rach l  oroethyl ene. 

13.6.4 Results and Calculations 

This section il 1 ustrates the proper methods f o r  ca lcu lat ing DRE, 
corrected pa r t i cu la te  load1 ng, and HC1 emissions f o r  the hypothetical example 
described above. Again, t h i  s example has been somewhat overs1 mpl i f i  ed f o r  
purposes o f  i 11 ustration. 
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According t o  40 CFR Part 264, the DRE f o r  each POHC i s  calculated as: 

Win - 'out 
DRE = x 100% 

'in 

where : 

W i n  = mass feed rate of one POHC i n  the waste stream feeding the 
i nci nerator . 

Wout = mass emission rate o f  the same POHC present i n  stack 
exhaust emi ssions . 

13.6.4.1 Calculation o f  W i n  (lb/hr) : 

Cw x FRw 

'in a 100 
where: 

Cw = Concentration o f  one POHC i n  the waste, X. 

FRw = Mass feed rate o f  waste t o  the incinerator, I b/hr. 

Assume tha t  quant i tat ive analysis o f  a representative a1 iquot drawn f r o m  
the composite waste sample f r o m  tes t  No. 1 gave the fol lowing concentrations: 

hexachl orobutadi ene 63 X 
hexachl orobenzene 9.4% 
hexachl oroet hane 1.1% 

Further, assume that the thermal capacity of the fac i l  i t y  (10 x 106 
Btu/hr) was met by blending waste 1:10 with waste o i l  t o  give a feed mixture 
tha t  was 8.2% chlorine and that  had a heating value o f  16,400 Btu/lb. The 
t o t a l  mass feed ra te  t o  the incinerator was therefore 600 lb lh r ,  o f  which 540 
lb /h r  was aux i l ia ry  fuel  (waste o i l )  and 60 I b/hr was chlorinated waste. 

The W i n  values f o r  the three POHCs are therefore: 

hexachlorobutadiene (.63 x 60 Ib/hr) 38 l b j h r  
hexachl orobenzene (.094 x 60 1 b/hr) 5.6 lb /h r  
hexachl oroethane (.011 x 60 'Ib/hr) 0.66 lb /h r  
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13.6.4.2 Calculat ion o f  Wout  ( l b lh r ) :  

where: 

Cs = Concentration o f  one POHC i n  the stack gas e f f luen t ,  
mgld~m3. 

ERs = Volumetric f low ra te  o f  stack gas, d ~ m ~ / m i n .  

1.32 x 10-4 = Conversion factor from mg/min t o  Ib /hr .  

Assume t h a t  quant i ta t i ve  analysis o f  the ex t rac t  prepared from the time- 
in tegrated comprehensive sampling t r a i n  sample from t e s t  No. 1 gave the 
fo l  lowing concentrations i n  the sampled gas: 

hexachl orobutadi ene 0.080 mg/m3 
hexachl orobenzene 0.020 mg/m3 
hexachloroethane <0.004 mg/m3 

Further, assume t h a t  the average measured volumetric f low o f  stack gas 
dur ing t e s t  No. 1 was 3,200 scfm o r  90 d~m31min. 

The Wout  values f o r  the three POHCs are therefore: 

hexachlorobutadiene (.080 x 90 x 1.32 x 10-4) 9.5 x 1 b/hr 
hexachlorobenzene (.020 x 90 x 1.32 x 10-4) 2.4 x l b l h r  
hexachloroethane (iO.004 x 90 x 1.32 x 10-4) (0.48 x 10-4 1 b/hr 

13.6.4.3 Calculat ion o f  DRE: 

' in - 'out 
DRE = x 100 

'in 

The DRE values f o r  the three POHCs are therefore: 

hexachlorobutadi ene 99.997 
hexachl orobenzene 99.996 
hexachl oroethane >99.993 

Note t h a t  compliance w i th  a "four-9's" performance standard could not  
have been demonstrated i n  t h i s  p a r t i c u l a r  example f o r  a component present a t  
<1% i n  the waste i t s e l f  (or  <1,000 mg/kg i n  the 1:10 waste:fuel blend fed t o  
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the Inc inerator )  unless the detect ion 1 i m i  t f o r  tha t  component i n  the stack 
gas were <4 ug1.3. 

I n  t h i s  example, c o w l  iance w i  t h  the 99.99% DRE performance standard has 
been demonstrated, i n  one t es t ,  f o r  each o f  the three POHCs. I f  these resu l ts  
were supported by data from the other two rep l i ca te  t r i a l  burn tests, the 
"four-9's" DRE could be considered t o  have been established. 

13.6.4.4 Calculat ion o f  HC1 Emissions 

An I nci  nerator burn1 ng h igh ly  c h l o r i  nated hazardous waste capable o f  
producl ng sign1 f i can t  stack-gas em1 ssions o f  hydrogen ch lor ide (HC1) must 
monitor and/or control  HC1 em1 ssions. 

The hypothetical waste i n  t h i s  example contains approximately 75% 
ch lor ine by weight (Table 13-1). At  the proposed 60- lb lhr  feed ra te  o f  waste 
t h  t i s  blended 1:10 w i t h  auxi 1 i a r y  fue l  f o r  a t o t a l  feed o f  600 1 b l h r  (9.8 x f 10 Btulhr)  , the maximum HC1 emission ra te  would be 45 1 b l h r  o f  chlor ine basis 
o r  46 l b l h r  as HC1. This ra te  exceeds the regulatory l i m i t  o f  4 lb lh r ;  
therefore, the scrubber e f f i  c i  ency must be determined. 

The stack emission r a t e  o f  HCl can be calculated from measured values i n  
the f o l  low1 ng manner: 

HClout = CIn x ERS x 1.32 x 10-4 

where : 

Gin = Concentration of HC1 i n  the stack-gas sample 
(mglm3) . 

ERs = Volumetric f low ra te  o f  the stack gas, m31min. 

1.32 x 10-4 = Conversion fac to r  from mglmin t o  1 blhr .  

Assume t h a t  quantl t a t i  ve analysis o f  the impingerlcondensate solut ion 
from the time-integrated comprehensive sampling t r a i n  f r o m  t e s t  No. 1 gave 
34 mg/m3 HC1 i n  the stack e f f luent .  

The stack emission r a t e  o f  HC1 i s  calculated by: 

= 0.40 l b l h r  HC1. 

This emf ssion leve l  i s  <1% o f  the 46 I b l h r  o f  HC1 po ten t i a l l y  generated 
from the waste, an i nd i ca t i on  tha t  the removal e f f ic iency o f  the wet scrubber 
was >99%. 
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13.6.4.5 Cal cu lat ion o f  Par t icu la te Loading (mg/m3) 

An i n c i  nerator-burn1 ng hazardous waste must not emit pa r t i cu la te  matter 
i n  excess o f  180 mgldscm when corrected t o  an oxygen concentration o f  7% I n  
the stack gas. 

Assume t h a t  p r i o r  t o  chemical analysis, par t i cu la te  samples from the 
stack eff luent o f  the hypothetical waste (from probe washes and f i  1 t e r  catches 
o f  the time-integrated comprehensive sampl e t r a i n )  were dr ied and weighed. 
The hypothetical pa r t i cu la te  1 oading from these measurements was calculated t o  
be 80 mg/m3 a t  the actual excess a i r  leve l  o f  the stack. The excess a i r  leve l  
was determined t o  be 150%, based on hypothetical measured values o f  oxygen 
(12.8%) and carbon dioxide (6.7%). Correction t o  standard excess a i r  leve l ,  
as speci f ied i n  the Part 264 regulations, leads t o  a pa r t i cu la te  loading o f  
140 mg/m3 (0.06 g r l sc f )  . This t o t a l  par t i cu la te  emission i s i n  compl i ance 
w i th  the Part 264 performance standard tha t  spec i f ies <I80 mglm3 
(<0.08 gr lsc f )  . 

Inc inerator  performance i n  t h i s  example complies w i th  the Part 264 
Subpart 0 Inc inerator  Standards as they re la te  to :  

1. Destruction and Removal Eff ic iency. A1 1 three POHCs showed 
compliance wi th  the 99.99% DRE performance standard. 

2. L im i ta t ion  on HC1 Emissions. The HC1 emission ra te  o f  0.40 l b l h r  
shows compl i ance wi th  a 99% removal standard f o r  HC1. 

3. L im i ta t ion  on Stack Emissions of Par t i cu la te  Material.  The 
corrected pa r t i cu la te  loading o f  140 mglrn5 i s  less than the 180 
mg/m3 standard f o r  p a r t i  cu ia te 1 oadi ng- (corrected t o  a standard 
excess a i  r 1 eve1 ) . 
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APPENDIX 

COMPANY REFERENCES 

The fo l  1 owl ng 1 i st ing  of frequently-used addresses i s  provided f o r  the 
conveni ence o f  users o f  t h i  s manual . No endorsement i s i ntended o r  imp1 i ed . 

Ace Glass Company 
1342 N.W. Boulevard 
P.O. Box 688 
Vineland, NJ 08360 
(609) 692-3333 

A1 d r i  ch Chemical Company 
Department T 
P.O. Box 355 
Milwaukee, W I  53201 

A1 pha Products 
5570 - T W. 70th Place 
Chicago, I L  60638 
(312) 586-9810 

Barneby and Cheney Company 
E. 8 th Avenue and N. Cassidy Street 
P.O. Box 2526 
Columbus, OH 43219 
(614) 258-9501 

Bio - Rad Laboratories 
2200 Wright Avenue 
Richmond, CA 94804 
(415) 234-4130 

Burdlck & Jackson Lab Inc. 
1953 S., Harvey Street 
Muskegon, MO 49442 

Cal gon Corporation 
P.O. Box 717 
Pittsburgh, PA 15230 
(412) 777-8000 

Conostan Div is ion 
Conoco Special i t y  Products, Inc. 
P.O. Box 1267 
Ponca City, OK 74601 
(405) 767-3456 
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Corn1 ng G l  ass Works 
Houghton Park 
Corn1 ng , NY 14830 
(315) 974-9000 

Dohmann, D i v i  s i  on o f  Xertex Corporation 
3240 - T Scott Boulevard 
Santa Clara, CA 95050 
(408) 727-6000 
(800) 538-7708 

E. M. Laboratories, Inc. 
500 'Executive Boul evard 
Elmsford, NY 10523 

Fisher S c i e n t i f i c  Co. 
203 Fisher Bui ld ing 
Pittsburgh, PA 15219 
(412) 562-8300 

General E lec t r i c  Corporation 
3135 Easton Turnpi ke 
Fa i r f i e ld ,  CT 06431 
(203) 373-2211 

Graham Manufactory Co., Pnc. 
20 Florence Avenue 
Batavi a, NY 14020 
(716) 343-2216 

Hami 1 ton Industr ies 
1316 18th Street 
Two Rivers, W I  54241 
(414) 793-1121 

ICN L i f e  Sciences Group 
3300 Hyland Avenue 
Costa Mesa, CA 92626 

Johns - Manvi 1 l e  Corporation 
P.O. Box 5108 
Denver, CO 80217 

Kontes G l  ass Company 
8000 Spruce Street  
Vineland, NJ 08360 

M i  1 1 ipore Corporatlon 
80 Ashby Road 
Bedford, MA 01730 
(617) 275-9200 
(800) 225-1380 
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Natl onal Bureau o f  Standards 
U.S. Department o f  Comnerce 
Wash1 ngton, DC 20234 
(202) 921-1000 

P I  erce Cheml cal Company 
Box 117 
Rockford, I L  61105 
(815) 968-0747 

S c l e n t l f l  c Glass and Instrument, Inc. 
7246 - T Wynnwood 
P.O. Box 6 
Houston, TX 77001 
(713) 868-1481 

Sc len t l f l c  Products Company 
1430 Waukegon Road 
McGaw Park, I L  60085 
(312) 689-8410 

Spex Industr l  es 
3880 - T and Park Avenue 
Ed1 son, NJ 08820 

Waters Assocl ates 
34 - T Maple Street 
Ml l ford,  MA 01757 

Whatman Laboratory ~rbduc ts ,  Inc. 
C l  l f t on ,  NJ 07015 
(201) 773-5800 
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