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DISCLAIMER 

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

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

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

- 
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ABSTRACT 

Test Methods for Evaluating So1 id Waste, Physica 7/Chemica7 Methods (SW-846) 
provides test procedures and guidance which are recommended for use in conducting 
the evaluations and measurements needed to comply with the Resource Conservation 
and Recovery Act (RCRA), Pub1 ic Law 94-580. These methods are approved by the 
U.S. Environmental Protection Agency for obtaining data to satisfy the 
requirements of 40 CFR Parts 122 through 270. This manual presents the state-of- 
the-art in routine analytical testing adapted for the RCRA program. It contains 
procedures for field and 1 aboratory qua1 i ty control, sampl ing , determining 
hazardous constituents in wastes, determining the hazardous characteristics of 
wastes (toxicity, ignitability, reactivity, and corrosivity), and for determining 
physical properties of wastes. It also contains guidance on how to select 
appropriate methods. 

Several of the hazardous waste regulations under Subtitle C of RCRA require 
that specific testing methods described in SW-846 be employed for certain 
applications. Refer to 40 Code o f  Federal Regulations (CFR), Parts 260 through 
270, for those specific requirements. Any re1 iable analytical method may be used 
to meet other requirements under Subtitle C of RCRA. 
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Mercury i n  L i q u i d  Waste (Manual Cold-Vapor Technique) 
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Technique) 
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( 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 
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A  s u f f i x  o f  "C"  i n  t h e  method number i n d i c a t e s  r e v i s i o n  t h r e e  ( t h e  
method has been r e v i s e d  t h ree  t imes ) .  I n  order t o  properly document 
the  method used f o r  analysis,  the e n t i r e  method number includins the  
s u f f i x  l e t t e r  desiqnation (e.g., A ,  B,  o r  C) must be i d e n t i f i e d  by the  
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APPENDIX - -  COMPANY REFERENCES 

NOTE: A s u f f i x  o f  "A" i n  t h e  method number i n d i c a t e s  r e v i s i o n  one 
( t h e  method has been r e v i s e d  once). A  s u f f i x  o f  "B"  i n  t h e  method 
number i n d i c a t e s  r e v i s i o n  two ( t h e  method has been 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 number i n d i c a t e s  r e v i s i o n  t h r e e  ( t h e  
method has been r e v i s e d  t h r e e  t imes ) .  I n  o rder  t o  p r o p e r l y  document 
t h e  method used f o r  ana lys is ,  t h e  e n t i r e  method number i n c l u d i n g  t h e  
s u f f i x  l e t t e r  des iqna t i on  (e.g., A, B, o r  C) must be i d e n t i f i e d  by t h e  
ana l ys t .  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  of 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 number does n o t  i nc l ude  
t h e  a p p r o p r i a t e  l 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  Evaluating Sol id Waste (SW-846) i s  intended t o  provide a 
unified, up-to-date source of information on sampl ing and analysis related to  
compl lance with RCRA regulations. I t  brings together into one reference a l l  
sampl i n g  and test ing methodology approved by the Office of Sol id Waste fo r  use 
in imp1 ementi ng the RCRA regulatory program. The manual provides methodology 
f o r  coll ec t i  ng and test ing representative samples of waste and other materials 
t o  be monitored. Aspects of sampling and testing covered in SW-846 include 
qual i t y  control, sampl ing plan development and implementation, analysis of 
inorganic and organic constituents, the estimation of intr insic  physical 
properties, and the appraisal of waste characteristics. 

The procedures described i n  this manual are meant t o  be comprehensive and 
detai led, coupled wf t h  the realization that  the problems encountered i n  
sampl i ng and analytical s i tuat ions require a certain amount of flexi b i l l  ty. 
The solutions t o  these problems w i  11 depend, i n  part, on the s k i l l ,  training, 
and experience of the analyst. For some situations, i t is  possible t o  use 
t h i s  manual i n  rote  fashion. In other situations, i t  will require a 
combination of technical abi 1 i t i e s ,  using the manual as guidance rather than 
i n  a step-by-step, word-by-word fashion. Although this puts an extra burden 
on the user, i t  is unavoidable because of the variety of sampling and 
analytical condi t ions found w i t h  hazardous wastes. 

ORGANIZATION AND FORMAT 

This manual i s divided into two volumes. Volume I focuses on 1 aboratory 
ac t iv i t i e s  and is divided f o r  convenience into three sections. Volume IA 
deals w i t h  qual i t y  control, selection of appropriate t e s t  methods, and 
analytical methods f o r  metal1 i c  species. Volume IB consists of methods for  
organic analytes. Volume IC includes a variety of t e s t  methods for  
miscellaneous analytes and properties fo r  use in evaluating the waste 
character1 sti  cs. Vol urne I1 deal s w i t h  sample acquisi t ion and includes qual i t y  
control, sampling plan design and implementation, and f ield sampling methods. 
Included f o r  the convenience of sampling personnel are discusssions of the 
ground water, 1 and treatment, and incineration monitoring regulations. 

Volume I begi ns w i t h  an overview of the quality control precedures t o  be 
imposed upon the sampl ing and analyti cal methods. The qual i ty  control chapter 
(Chapter One) and the methods chapters are interdependent. The analytical 
procedures cannot be used without a thorough understanding of the quality 
control requi rements and the means t o  imp1 ement them. This understanding can 
be achieved only be reviewing Chapter One and the analytical methods together. 
I t  is  expected that  individual laboratories, us ing  SW-846 as the reference 
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source, w l  ll select  appropriate methods and develop a standard operating 
procedure (SOP) t o  be f o l  lowed by the laboratory. The SOP should incorporate 
the per t inent  information from t h i s  manual adopted t o  the spec i f i c  needs and 
circumstances o f  the ind iv idual  laboratory as wel l  as t o  the mater ials t o  be 
eval uated . 

The method select1 on chapter (Chapter Two) presents a comprehensive 
discussion o f  the appl icat ion o f  these methods t o  various matrices i n  the 
determination o f  groups o f  analytes o r  spec i f i c  analytes. It aids the chemist 
i n  construct ing the correct analy t ica l  method from the array o f  procedures 
which may cover the matrix/analyte/concentration combination of interests.  
The section discusses the object ive o f  the tes t i ng  program and i t s  
re lat ionshtp t o  the choice o f  an analyt ica l  method. Flow charts are presented 
along w i th  tables t o  guide i n  the select ion of the correct  analy t ica l  
procedures t o  form the appropriate method. 

The analyt ica l  methods are separated i n t o  d i s t i n c t  procedures describing 
speci f i c, independent analy t ica l  operations. These include extraction, 
d i  gest i  on, cleanup, and determi nation. This format a1 lows 1 i nki  ng o f  the 
various steps i n  the analysis according to: the type o f  sample (e.g . , water, 
s o i l ,  sludge, s t i l l  bottom); analytes(s) o f  interest;  needed sens i t i v i ty ;  and 
avai lab1 e' analy t ica l  instrumentation. The chapters describing Miscel laneous 
Test Methods and Properties, however, give complete methods which are not  
amenable t o  such segmentation t o  form d l  screte procedures. 

The introductory material a t  the beginning o f  each section containing 
ana ly t i  ca l  procedures presents information on esarnpl e hand1 i ng and 
preservat i  on, safety , and sample preparat i on. 

Part I1 o f  Volume I (Chapters Seven and Eight) describes the 
character1 s t i  cs o f  a waste. Sections f o l  low1 ng the regulatory descr ipt ions 
contain the methods used t o  determine if the waste i s  hazardous because i t  
exh ib i ts  a pa r t i cu la r  character ist ic.  

Volume I1 gives background information on s t a t i s t i c a l  and nonstati s t i c a l  
aspects of sampl i ng. It a1 so presents pract ica l  sampling techniques 
appropri ate f o r  s i tuat ions present1 ng a var ie ty  o f  physical condi t i  ons . 

A d i  scussion o f  the regulatory requirements wi th respect t o  several 
monitoring categories i s  also given i n  t h i s  volume. These i ncl ude ground 
water monitoring, 1 and treatment, and i nci  nerat i  on. The purpose o f  t h i  s 
guidance i s  t o  o r ien t  the user t o  the object ive o f  the analysis, and t o  ass is t  
i n  developing data qua1 i t y  objectives, sampl i ng plans, and laboratory SOP'S. 

S i  gni f i cant interferences, o r  other problems, may be encountered w i th  
cer ta in  samples. I n  these situations, the analyst i s  advised t o  contact the 
Chief, Methods Section (WH-562B) Technical Assessment Branch, Of f i ce  of Sol i d  
Waste, US EPA, Washington, DC 20460 (202-382-4761) f o r  assistance. The 
manual i s intended t o  serve a l l  those w i th  a need t o  evaluate sol i d  waste. 
Your comments, corrections, suggestions, and quest1 ons concerning any materi a1 
contained i n, o r  om1 t t e d  from, t h i s  manual w i  11 be g ra te fu l l y  appreciated. 
Please d i r e c t  your comments t o  the above address. 
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CHAPTER ONE 
QUALITY CONTROL 

1.0 INTRODUCTION 

I t  i s  t h e  goal o f  t he  U.S. Environmental P ro tec t i on  Agency's (EPA's) 
qual i t y  assurance (QA) program t o  ensure t h a t  a l l  data be s c i e n t i f i c a l l y  v a l i d ,  
de fens ib le ,  and o f  known p rec i s ion  and accuracy. The data should be o f  
s u f f i c i e n t  known q u a l i t y  t o  wi thstand s c i e n t i f i c  and l e g a l  chal lenge r e l a t i v e  t o  
t h e  use f o r  which the  data are obtained. The QA program i s  management's t o o l  f o r  
achiev ing t h i s  goal .  

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

The data  acqui red from QC procedures are used t o  est imate the  q u a l i t y  o f  
a n a l y t i c a l  data, t o  determine the  need f o r  c o r r e c t i v e  ac t i on  i n  response t o  
i d e n t i f i e d  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  implemented. Method-specif ic QC procedures are incorporated i n  
t h e  i n d i v i d u a l  methods s ince they are no 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 data o f  acceptable qual i t y  should inc lude both 
a QA component, which encompasses the  management procedures and cont ro ls ,  as we1 1 
as an opera t iona l  day-to-day QC component. This  chapter def ines fundamental 
elements o f  such a data 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 of a p r o j e c t  p lan  t o  achieve the  data q u a l i t y  ob jec t i ves  
(DQOs) ; 

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

3 .  assessment o f  t h e  data t o  determine i f  the  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 he  Chapter, o r  i t  may be a Qua1 i t y  Assurance 
P r o j e c t  Plan as descr ibed l a t e r  i n  t h i s  chapter. 

Th i s  chapter  i d e n t i f i e s  the  minimal QC components t h a t  should be used i n  
t h e  performance o f  sampl i n g  and analyses, i n c l  uding the  QC in fo rmat ion  which 
should be documented. .Guidance i s  provided 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  the  RCRA program. 

2.0 QA PROJECT PLAN 

It i s  recommended t h a t  a1 1 p r o j e c t s  which generate envi ronment-re1 ated data 
i n  support o f  RCRA have a QA Pro jec t  Plan (QAPJP) o r  equivalent .  I n  some 
instances,  a sampling and ana lys is  p lan  o r  a waste ana lys is  p lan may be 
equ iva len t  i f  i t  covers a l l  o f  t he  QA/QC goals o u t l i n e d  i n  t h i s  chapter. I n  
add i t i on ,  a separate QAPjP need not  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 described i n  a Standard 
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Operat ing Procedures manual o r  s i m i l a r  document and inc lude t h e  elements o f  a  
QAPjP. These documents should be avai 1 able and referenced i n  the  documentation 
and/or records f o r  the  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  data  
c o l l e c t i o n  a c t i v i t y .  'The QAPjP sets  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  q u a l i t y  commensurate w i t h  t h e i r  in tended 
use. QAPjP elements should inc lude a  desc r ip t i on  o f  the  p r o j e c t  and i t s  
ob jec t ives ;  a  statement o f  the  DQOs o f  t h e  p ro jec t ;  i d e n t i f i c a t i o n  o f  those i n -  
vo l  ved i n  t h e  data c o l l e c t i o n  and t h e i r  responsi b i l  i t i e s  and a u t h o r i t i e s ;  
reference t o  ( o r  i n c l u s i o n  o f )  t h e  s p e c i f i c  sample c o l l e c t i o n  and ana lys i s  
procedures t h a t  w i l l  be fo l lowed f o r  a l l  aspects o f  the  p ro jec t ;  enumeration o f  
QC procedures t o  be followed;. and desc r ip t i ons  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  the  QAPjP i f  needed t o  address a l l  
qual i t y  r e l a t e d  aspects o f  the  data c o l l e c t i o n  p ro jec t .  Elements should be 
omit ted ol?ly when they are inappropr ia te  f o r  the  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 obtained f o r  t h e  p r o j e c t  (see 
reference 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 organ izat ion  p l a y  a  c r i t i c a l  
r o l e  i n  determining t h e  ef fect iveness of a  QA/QC program and ensuring t h a t  a l l  
requ i red  procedures are fol lowed. Sect ion 2.7  discusses t h e  elements o f  an 
organ izat ion 's  QA program t h a t  have been found t o  ensure an e f f e c t i v e  program. 
F i e l d  operat ions and labora to ry  operat ions (along w i t h  appl i c a b l e  QC procedures) 
are discussed i n  Sect ions 3 and 4, respect ive ly .  

2 . 1  DATA QUALITY OBJECTIVES 

Data qual i t y  ob jec t i ves  (DQOs) f o r  the  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  of uncer ta in ty  t h a t  a  decision-maker i s  w i l l i n g  t o  accept i n  
r e s u l t s  der ived from environmental data. Th is  uncer 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 data required,  usua l l y  i n  terms o f  ob jec t i ves  f o r  
prec is ion,  b ias,  representat iveness, comparab i l i t y  and completeness. The DQOs 
should be def ined p r i o r  t o  the  i n i t i a t i o n  o f  the  f i e l d  and labora to ry  work. The 
f i e l d  and l a b o r a t o r y  organizat ions performing the  work should be aware o f  t h e  
DQOs so t h a t  t h e i r  personnel may make informed decis ions dur ing the  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  in format ion on DQOs i s  a v a i l a b l e  
from t h e  U.S. EPA Q u a l i t y  Assurance Management S t a f f  (QAMS) (see references 2 and 
4). 

2 .2  PROJECT OBJECTIVES 

A statement o f  t h e  p r o j e c t  ob jec t i ves  and how t h e  ob jec t i ves  are  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  permi t  c l e a r  
understanding by a l l  p a r t i e s  invo lved i n  t h e  data c o l l e c t i o n  e f f o r t .  Th is  
inc ludes a  statement o f  what problem i s  t o  be solved and the  in format ion requ i red  
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i n  t he  process. It a lso  inc ludes appropr iate statements o f  the DQOs ( i .e . ,  the 
acceptable l e v e l  o f  unce r ta in t y  i n  the  informat ion) .  

2.3 SAMPLE COLLECTION 

Sampling procedures, l oca t ions ,  equipment, and sample preservat ion and 
handl ing requirements should be spec i f i ed  i n  the  QAPjP.  Further d e t a i l s  on 
qual i t y  assurance procedures f o r  f i e l d  operat ions are described i n  Sect ion 3 o f  
t h i s  chapter.  The OSW i s  developing p o l i c i e s  and procedures f o r  sampling i n  a 
planned r e v i s i o n  o f  Chapter Nine o f  t h i s  manual. Spec i f i c  procedures f o r  
groundwater sampling are provided i n  Chapter Eleven o f  t h i s  manual. 

2.4 ANALYSIS AND TESTING 

Analytes and p roper t i es  o f  concern, a n a l y t i c a l  and t e s t i n g  procedures t o  
be employed, requ i red  de tec t i on  1 i m i  t s ,  and requirements f o r  p rec is ion  and b ias  
shoul d be speci f i ed . A1 1 appl i cab1 e regul  a to ry  requirements and the  p r o j e c t  DQOs 
should be considered when developing the  spec i f i ca t ions .  Further d e t a i l s  on the  
procedures f o r  a n a l y t i c a l  operat ions are described i n .  Section 4 o f  t h i s  chapter. 

2.5 QUALITY CONTROL 

The qual i t y  assurance program should address both f i e l d  and 1 aboratory 
a c t i v i t i e s .  Qua1 i t y  con t ro l  procedures should be spec i f i ed  f o r  est imat ing the  
p rec i s ion  and b i a s  o f  the  data. Recommended minimum requirements f o r  QC samples 
have been es tab l ished by EPA and should be met i n  order  t o  s a t i s f y  recommended 
minimum c r i t e r i a  f o r  acceptable data qual i t y .  Fur ther  d e t a i l s  on procedures f o r  
f i e l d  and 1 aboratory operat ions are described i n  Sections 3 and 4, respect ive ly ,  
o f  t h i s  chapter.  

2.6 PROJECT DOCUMENTATION 

Documents should be prepared and maintained i n  conjunct ion w i th  the  data 
co l  l e c t i o n  e f f o r t .  Pro jec t  documentation should be s u f f i c i e n t  t o  a1 low review 
of a l l  aspects o f  t he  work being performed. The Q A P j P  discussed i n  Sections 3 
and 4 i s  one important document t h a t  should be maintained. 

The leng th  o f  storage t ime f o r  p r o j e c t  records should comply w i t h  
regul  a to ry  requ i  rements, o rgan iza t iona l  pol i cy ,  o r  p ro jec 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 stored f o r  
t h ree  years from submission o f  the  p r o j e c t  f i n a l  repo r t .  

Documentation should be secured i n  a f a c i l i t y  t h a t  adequately 
addresses/minimizes i t s  d e t e r i o r a t i o n  f o r  the  length  o f  t ime t h a t  i t  i s  t o  be 
re ta ined.  A system a1 lowing f o r  t he  expedient r e t r i e v a l  o f  in format ion should 
e x i s t .  

ONE - 3 Revision 1 
J u l y  1992 



Access t o  archived in fo rmat 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 he  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  prevent important  procedures from 
being over1 ooked. 

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 1  i t i e s ,  l e v e l s  o f  
au tho r i t y ,  j o b  desc r ip t i ons ,  and 1  i nes  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 o rgan iza t i ona l  f unc t i on .  Each p r o j e c t  p a r t  ic , ipant  should have a  c l e a r  
understanding o f  h i s  o r  her  d u t i e s  and responsi b i  1 i t i e s  and the. re1  a t i  onshi p  o f  
those responsi  b i l  i t i e s  t o  the  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  
data c o l l  e c t i o n  a c t i v i t i e s  should es tab l  i sh t h a t  o rgan iza t ion 's  opera t iona l  and 
QA pol  i c i e s .  Th is  i n fo rma t ion  should be documented i n  the  QAPjP. The management 
should ensure t h a t  (1) t h e  appropr ia te  methodologies are  fo l lowed 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 
r e s p o n s i b i l i t i e s ;  (3)  each s t a f f  member has access t o  appropr iate 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  the  p r o j e c t  
management and documented; and (5) communication occurs between the  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  the  QAPjP. I n  add i t i on ,  each 
o rgan iza t i on  should ensure t h a t  t h e i r  a c t i v i t i e s  do no t  increase the  r i s k  t o  
humans o r  t h e  environment a t  o r  about t h e  p r o j e c t  l o c a t i o n .  Cer ta in  p r o j e c t s  may 
r e q u i r e  s p e c i f i c  p o l i c i e s  o r  a  Hea l th  and Safety Plan t o  provide t h i s  assurance. 

The management o f  t he  p a r t i c i p a t i n g  f i e l d  o r  l abo ra to ry  o rgan iza t i on  should 
es tab l  i sh personnel qua1 i f i c a t i o n s  and t r a i n i n g  requirements f o r  t he  p r o j e c t .  
Each person p a r t i c i p a t i n g  i n  the  p r o j e c t  should have the  education, t r a i n i n g ,  
techn ica l  know1 edge, and experience, o r  a  combination thereof ,  t o  enable t h a t  
i n d i v i d u a l  t o  per form assigned func t i ons .  T r a i n i n g  should be provided f o r  each 
s t a f f  member as necessary t o  per form t h e i r  f unc t i ons  proper ly .  Personnel 
q u a l i f i c a t i o n s  should be documented i n  terms o f  education, experience, and 
t r a i n i n g  , and p e r i o d i c a l  l y  reviewed t o  ensure adequacy t o  c u r r e n t  
r e s p o n s i 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 rgan iza t i on  o r  1 aboratory organ iza t ion  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  
moni tor  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  the  QAPjP. To the  ex tent  possib le,  
the  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 o f ,  
personnel engaged i n  the  work be ing monitored. The QA f u n c t i o n  should be 
responsi b l  e  f o r  t h e  QA review. 

- 
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2 . 7 . 1  Performance Eva1 ua t ion  

Performance eva lua t ion  studies are used t o  measure the  performance o f  the  
1  aboratory on unknown samples. Performance evaluat ion samples are t y p i c a l l y  
submitted t o  the  l abo ra to ry  as b l i n d  samples by an independent outs ide source. 
The r e s u l t s  are compared t o  predetermined acceptance 1  i m i  t s .  Performance 
eva lua t ion  samples can a lso  be submitted t o  the  labora tory  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 ion  s tud ies  should be maintained by the  1  aboratory. 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 evaluat ion studies should be 
immediately i nves t i ga ted  and corrected. 

2.7.2  I n t e r n a l  Assessment bv QA Function 

Personnel per forming f i e l d  and 1 aboratory a c t i v i t i e s  are responsib le f o r  
c o n t i n u a l l y  moni to r ing  i n d i v i d u a l  compl iance w i t h  the  QAPjP. The QA f u n c t i o n  
should rev iew procedures, r e s u l t s  and ca lcu la t i ons  t o  determine compl iance wi th  
t h e  t)AP.jP. 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 reported t o  
management w i t h  requirements f o r  a  p lan  t o  cor rec t  observed def ic ienc 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 terna l  
t o  t h e  organ iza t ion .  Such an assessment i s  an extremely valuable method f o r  
i d e n t i f y i n g  overlooked problems. The r e s u l t s  o f  the  external  assessment should 
be submitted t o  management w i t h  requirements f o r  a  - p l a n  t o  co r rec t  observed 
d e f i c i e n c i e s .  

2.7.4  On-Site Evaluat ion 

On-s i te  eva luat ions  may be conducted as p a r t  o f  both i n t e r n a l  and ex terna l  
assessments. The focus o f  an on -s i te  evaluat ion i s  t o  evaluate the  degree o f  
conformance o f  p r o j e c t  a c t i v i t i e s  w i t h  the  appl icable QAPjP. On-si te evaluat ions 
may inc lude,  bu t  are no t  l i m i t e d  to, a  complete review o f  f a c i l i t i e s ,  s t a f f ,  
t r a i n i n g ,  inst rumentat ion,  procedures, methods, sample co l l ec t i on ,  analyses, QA 
po l  i c i  es and procedures re1  ated t o  the  generat i  on o f  environmental data. Records 
o f  each eva lua t ion  should inc lude the  date o f  the  evaluat ion, locat ion ,  the  areas 
reviewed, the  person performing the  evaluat ion, f i nd ings  and problems, and 
ac t ions  recommended and taken t o  reso lve  problems. Any problems i d e n t i f i e d  t h a t  
are l i k e l y  t o  a f f e c t  da ta  i n t e g r i t y  should be brought immediately t o  the  
a t t e n t i o n  o f  management. 

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

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

Completeness o f  F i e l d  Reports - -  This review determines whether a l l  
requirements f o r  f i e l d  a c t i v i t i e s  i n  the  Q A P j P  have been f u l f i l l e d ,  t h a t  
complete records e x i s t  f o r  each f i e l d  a c t i v i t y ,  and t h a t  the  procedures 
- 
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s p e c i f i e d  i n  t h e  QAPjP have been implemented. Emphasis on f i e l d  
documentation w i  11 he1 p  assure sample i n t e g r i t y  and s u f f i c i e n t  t e c h n i c a l  
i n f o r m a t i o n  t o  rec rea te  each f i e l d  event. The r e s u l t s  o f  t h i s  
completeness check should be documented, and environmental da ta  a f f e c t e d  
by incomplete records  should be i d e n t i f i e d .  

I d e n t i f i c a t i o n  o f  Val i d  Samples - -  This rev iew invo l ves  i n t e r p r e t a t  i o n  and 
e v a l u a t i o n  o f  t h e  f i e l d  records t o  de tec t  problems a f f e c t i n g  t h e  rep re -  
senta t iveness  o f  environmental samples. Exampl es o f  i tems t h a t  might  
i n d i c a t e  p o t e n t i a l l y  i n v a l  i d  samples i n c l  ude improper we1 1 development, 
improper ly  screened we1 1  s, i n s t a b i l i t y  o f  pH o r  c o n d u c t i v i t y ,  and c o l l  ec- 
t i o n  o f  v o l a t i l e s  near i n t e r n a l  combustion engines. The f i e l d  records  
should be eva lua ted aga ins t  t h e  QAPjP and SOPS. The rev iewer should docu- 
ment t h e  sample v a l  i d i  t y  and i d e n t i f y  t h e  environmental da ta  associated 
w i t h  any poor o r  i n c o r r e c t  f i e l d  work. 

C o r r e l a t i o n  o f  F i e l d  Test Data - -  Th is  rev iew invo l ves  comparing any 
a v a i l a b l e  r e s u l t s  o f  f i e l d  measurements obta ined by more than one method. 
For example, sur face geophysical methods should c o r r e l a t e  w i t h  d i r e c t  
methods o f  s i t e  geo log ic  c h a r a c t e r i z a t i o n  such as 1  i t h o l o g i c  l o g s  
cons t ruc ted  d u r i n g  d r i l l  i n g  operat ions.  

I d e n t i f i c a t i o n  o f  Anomalous F i e l d  Test Data - -  Th is  rev iew i d e n t i f i e s  any 
anomalous f i e l d  t e s t  data.  For example, a  water temperature f o r  one we1 1  
t h a t  i s  5 degrees h ighe r  than any o the r  w e l l  temperature i n  t h e  same 
a q u i f e r  sh.ould be noted. The rev iewer should eva lua te  t h e  impact o f  
anomalous f i e l d  measurement r e s u l t s  on t h e  associated environmental data. 

Val i d a t i o n  o f  F i e l d  Analyses - -  Th is  rev iew v a l  i da tes  and doc~lments a l l  
da ta  f rom f i e l d  ana lys i s  t h a t  are generated s i t u  o r  f rom a  mob i le  
1  abora tory  as s p e c i f i e d  i n  Sect ion  2.7 .4 .2 .  The rev iewer should document 
whether t h e  QC checks meet t h e  acceptance c r i t e r i a ,  and whether c o r r e c t i v e  
ac t i ons  were taken f o r  any ana lys i s  performed when acceptance c r i t e r i a  
were exceeded. 

2 . 7 . 4 . 2  Laboratorv A c t i v i t i e s  

The rev iew o f  l a b o r a t o r y  da ta  should be conducted by one o r  more persons 
knowledgeable i n  -1 abora tory  a c t i v i t i e s  and i nc lude  evaluat ing,  a t  a  minimum, t h e  
f o l l o w i n g  sub jec ts :  

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

Eva lua t i on  o f  Data w i t h  Respect t o  Detec t ion  and Quan t i t a t i on  L i m i t s  - -  
Th is  rev iew compares a n a l y t i c a l  r e s u l t s  t o  requ i red  q u a n t i t a t i o n  l i m i t s .  

- Reviewers should document 'Instances where d e t e c t i o n  o r  quant i  t a t i o n  1  i m i  t s  
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exceed regul atory 1 imi t s ,  action 1 eve1 s ,  or target  concentrations 
specified in the  QAPjP.  

Evaluation of Data with Respect t o  Control Limits - -  This review corrlpares 
the r e su l t s  of QC and cal ibrat ion check sarr~ples t o  control c r i t e r i a .  
Corrective action should be implemented for  data not within control 
1 imits. The reviewer should check tha t  corrective action reports, and the 
r e su l t s  of reanalysis,  are available.  The review should determine 
whether samples associated with out-of-control QC data are identified in 
a writ ten record of the  data review, and whether- an assessment of the 
u t i l i t y  of such analytical  r e su l t s  i s  recorded. 

Review of Holdins Time Data - -  This review compares sample holding times 
t o  those required by the QAPjP,  and notes a l l  deviations. 

Review of Performance Evaluation (PE)  Results -- PE study resu l t s  can be 
helpful in evaluating the impact of out-of-control conditions. This review 
documents any recurring trends or  problems evident in PE studies and 
evaluates t h e i r  e f fec t  on environmental data. 

Correlation of Laboratorv Data - -  This review determines whether the 
r e su l t s  of data obtained from related laboratory t e s t s ,  e.g., Purgeable 
Organic Hal ides (POX) and Vol a t i  1 e Organics, are documented, and whether 
the  significance of any differences i s  discussed in the reports. 

2 .7 .5  OA Reports 

There should be periodic reporting of pertinent QA/QC information t o  the 
project management t o  allow assessment of the overall effectiveness of the QA 
program. There are  three major types of QA reports t o  project management: 

Periodic Report on Kev QA Act ivi t ies  - -  Provides summary of key QA act ivi-  
t i e s  during the period, s t ress ing measures tha t  are being taken to  improve 
data qual i t y ;  describes signi f icant  qual i t y  problems observed and 
corrective ac t  ions taken; reports information regarding any changes in 
c e r t  i fication/accredi t a t ion  s t a tu s ;  describes involvement in resolution of 
qual i t y  issues with c l  i en ts  or  agencies; reports any QA organizational 
changes; and provides notice of the dis t r ibut ion of revised documents 
control 1 ed by the QA organization ( i  . e . ,  procedures). 

Report on Measurement Qua1 i t v  Indicators - - Includes the assessment of QC 
data gathered over the  period, the  frequency of analyses repeated due t o  
unacceptable Q C  performance, and, i f  possible, the reason for  the unac- 
ceptable performance and corrective action taken. 

Reports on QA Assessments - -  Includes the resu l t s  of the assessments and 
the plan fo r  correcting ident i f ied deficiencies;  submitted immediately 
following any internal or  external on-site evaluation or upon receipt  of 
the  resu l t s  of any performance evaluation studies.  

- 
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3.0 FIELD OPERATIONS 

The f i e l d  operat ions should be conducted i n  such a way as t o  provide 
r e l i a b l e  i n fo rmat 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 implemented. The OSW i s  cons ider ing r e v i s i o n s  
o f  Chapter Nine and E l  even o f  t h i s  manual . Supplemental in format ion and guidance 
i s  a v a i l  ab le  i n  t h e  RCRA Ground-Water Moni tor ing  Technical Enforcement Guidance 
Document (TEGD) (Reference 3) . The p r o j e c t  documentation should conta-i n t h e  
in format ion s p e c i f i e d  be1 ow. 

3.1 FIELD LOGISTICS 

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

Whenever p r a c t i c a l  , t h e  sampl i n g  s i t e  f a c i  1 i t  i e s  should be examined p r i o r  
t o  t h e  s t a r t  o f  work t o  ensure t h a t  a l l  requ 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 shipping i s  necessary should be made 
dur ing  p lanning f o r  t h e  p r o j e c t .  Th is  need i s  es tab l ished by eva luat 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  
1 aboratory. Shipping o r  t r a n s p o r t i n g  o f  samples t o  a 1 aboratory should be done 
w i t h i n  a timeframe such t h a t  recommended ho ld ing t imes are met. 

Samples should be packaged, 1 abel led ,  preserved (e .g . , preservat ive  added, 
iced, etc. ) ,  and documented i n  an area which i s  f r e e  o f  contamination 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  solvents, reagents, standards, and reference mate r ia l s  
should be adequate t o  preserve t h e i r  i d e n t i t y ,  concentrat ion,  p u r i t y ,  and 
s t a b i l i t y  p r i o r  t o  use. 

Decontamination o f  sampl i n g  equipment may be performed a t  t h e  1 ocat ion  
where sampling occurs, p r i o r  t o  going t o  t h e  sampling s i t e ,  o r  'in designated 
areas near t h e  sampling s i t e .  P r o j e c t  documentation should spec i f y  where and how 
t h i s  work i s  accomplished. I f  decontamination i s  t o  be done a t  t h e  s i t e ,  water 
and so lvents  o f  appropr ia te  p u r i t y  should be ava i lab le .  'The method of 
accompl i s h i n g  decontamination, i n c l u d i n g  the  requ i red  mater ia ls ,  solvents, and 
water p u r i t y  should be spec i f i ed .  

Dur ing t h e  sampling process and dur ing o n - s i t e  o r  i n  s i t u  analyses, waste 
mate r ia l s  are sometimes generated. The method fo r  storage and disposal  of these 
waste mater i  a1 s t h a t  compl i es w i t h  appl i c a b l  e 1 ocal , s t a t e  and Federal 
regu la t ions  should be spec i f i ed .  Adequate f a c i l  i t i e s  should be provided fo 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  minimize environmental contamination. Waste storage and disposal 
f a c i l  i t  i e s  should comply w i t h  appl i c a b l e  federal ,  s tate,  and l o c a l  regu la t ions .  

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

3 . 2  EQU IPMENT/INSTRUMENTATION 

The equipment, instrumentat ion, and suppl i e s  a t  t h e  sampl i ng  s i t e  should 
be s p e c i f i e d  and should be appropr iate t o  accomplish the  a c t i v i t i e s  planned. The 
equipment and inst rumentat  i o n  should meet the  requirements o f  spec i f i ca t ions ,  
methods, and procedures as s p e c i f i e d  i n  the QAPjP. 

3 . 3  OPERATING PROCEDURES 

The QAPjP should descr ibe o r  make reference t o  a l l  f i e l d  a c t i v i t i e s  t h a t  
may a f f e c t  da ta  qua1 i t y  . For r o u t i n e l y  performed a c t i v i t i e s ,  standard operat ing 
procedures (SOPS) are o f t e n  prepared t o  ensure consistency. and t o  save t ime and 
e f f o r t  i n  p repar ing  QAPjPs. Any dev ia t i on  from an establ  i shed procedure dur ing  
a data  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 f  ormat i on descr i bed be1 ow. 

3 . 3 . 1  Sample Manaqement 

The numbering and 1 abel i n g  system, chai n - o f  -custody procedures, and how the  
samples are  t o  be t racked from c o l l e c t i o n  t o  shipment o r  rece ip t  by the  
1 aboratory should be spec i f ied .  Sample management procedures should a1 so spec i fy  
t h e  ho ld ing  t imes, volumes o f  sample required by the  laboratory,  requ i red  
preservat ives,  and shipping requirements. 

3 . 3 . 2  Reaqent/Standard Preparat ion 

The procedures descr ib ing  how t o  prepare standards and reagents should be 
spec i f i ed .  In format  i o n  concerning s p e c i f i c  grades o f  materi  a1 s used i n  reagent 
and standard preparat ion,  appropr iate glassware and containers f o r  preparat ion 
and storage, and 1 abel 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 desc r i  b i  ng decontami n a t i  on o f  f i e l  d equipment before and 
du r ing  t h e  sample c o l  1 e c t i o n  process should be speci f ied.  These procedures 
should i nc lude  c lean ing mate r ia l s  used, the  order o f  washing and r i n s i n g  w i t h  the  
c lean ing mater i  a1 s, requirements f o r  p ro tec t i ng  o r  covering cleaned equipment , 
and procedures f o r  d isposing o f  c leaning mater ia l  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  sarr~pl i ng opera t ions  are  a c t u a l l 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 exact1 y as descr ibed 
i n  t h e  pub l ished method. Methods from source documents publ ished by t h e  EPA, 
American Soc ie t y  f o r  Tes t i ng  and Ma te r ia l s ,  U.S. Department o f  t h e  I n t e r i o r ,  
Nat iona l  Water We1 1 Associat ion,  American Petroleum I n s t i t u t e ,  o r  o t h e r  
recognized o rgan iza t i ons  w i t h  appropr ia te  expe r t i se  should be used, if poss ib le .  
The procedures f o r  sample c o l l e c t i o n  should i nc lude  a t  l e a s t  t h e  fo l l ow ing :  

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

Equipment requ i red ,  

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 l owed  i n  c o l l e c t i n g  t h e  
sampl es, 

Common problems 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 desc r ib ing  a l l  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 descr ibed 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 E~u ipmen t  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 
i ns t rumen ta t i on  are  i n  working order  should be spec i f ied .  These descr ibe  
ca l  i b r a t  i on procedures and schedul es, maintenance procedures and schedules, 
maintenance l ogs ,  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 C o r r e c t i v e  Ac t i on  

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  
sampl e  c o l  1  e c t  i on process should be spec i f i ed .  These should i n c l  ude speci 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  equipment, resampl ing, 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 spec 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  de f ic iency  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  implement i ng t h e  c o r r e c t i v e  
ac t i on .  
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3.3.8 Data Reduction and Val i d a t i  on 

The procedures desc r ib ing  how t o  compute r e s u l t s  from f i e l d  measurements 
and t o  rev iew and v a l i d a t e  these data  should be spec i f ied .  They should inc lude 
a1 1 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  independently 
v e r . i f y  t h a t  f i e l d  measurement r e s u l t s  are co r rec t .  

3.3.9 Report ing 

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

3.3.10 Records Manaqement 

The procedures desc r ib ing  t h e  means f o r  generat ing, con t ro l  1  ing, and 
a r c h i v i n g  p ro jec t - spec i  f i c  records and f i e l d  operat ions records should be 
speci f i ed . These procedures shoul d d e t a i  1  record  generat ion and cont ro l  and the  
requirements f o r  reco rd  r e t e n t i  on, i n c l u d i n g  type, t ime, secur i ty ,  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. iect l -specif ic records r e l a t e  t o  f i e l d  work performed f o r  a p ro jec t .  
These records may i n c l  ude correspondence, chai  n-of-custody records, f i e l d  
notes, a l l  r e p o r t s  issued as a r e s u l t  o f  the  work, and procedures used. 

F i e l d  operat ions records document o v e r a l l  f i e l d  operat ions and may i n c l ~ ~ d e  
equipment performance and maintenance 1 ogs, personnel f i l e s ,  general f i e l 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 Disposal 

The procedures desc r ib ing  t h e  methods f o r  disposal o f  waste mater ia ls  
r e s u l t i n g  from f i e l d  operat  ions  should be spec i f ied .  

3.4  FIELD QA AND QC REQUIREMENTS 

The QAPjP should descr ibe  how t h e  f o l l o w i n g  elements of the  f i e l d  QC 
program wi 1 1 be i mpl emented . 

Contro l  samples are  QC samples t h a t  are in t roduced i n t o  a process t o  
moni tor  t h e  performance of t h e  system. Contro l  samples, which may inc lude blanks 
(e.g., '. t r i p ,  equipment, and l abo ra to ry ) ,  dupl i ca tes ,  spikes, ana ly t i ca l  
standards, and re ference mater ia ls ,  can be used i n  d i f f e r e n t  phases o f  t he  data 
c o l l e c t i o n  process beginning w i t h  sampl i n g  and cont inu ing  through t ransportat ion,  
storage, and ana lys is .  

Each day o f  sampling, a t  l e a s t  one f i e l d  dup l i ca te  and one equipment 
r i n s a t e  should be c o l l e c t e d  f o r  each m a t r i x  sampled. If t h i s  frequency i s  no t  
appropr ia te  f o r  t he  sampling equipment and method, then the  appropriate changes 
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should be l e a r l y  i d e n t i f i e d  i n  t h e  QAPjP. When samples are c o l l e c t e d  f o r  
v o l a t i l e  organic 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 sampling batch (20 samples o f  one 
mat 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 low t h e  labora to ry  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 o w i n g  c o n t r o l  samples are recommended: 

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

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

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

Procedures should be i n  p lace f o r  es tab l  i s h i n g  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  described i n  t h e  QAPjP. Acceptance c r i t e r i a  may be qua1 i t a t i v e  
o r  q u a n t i t a t i v e .  F i e l d  events o r  data t h a t  f a l l  ou ts ide o f  establ ished 
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 invest iga ted.  

3.4.3  Devia t ions  

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

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

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  data t h a t  fa1 1 
outs ide es tab l  i shed acceptance c r i t e r i a  should be invest iga ted.  I n  some -in- 
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 res to re  
proper f u n c t i o n i n g  t o  t h e  system. The i n v e s t i g a t i o n  o f  t h e  problem and any 
subsequent c o r r e c t i v e  a c t i o n  taken should be documented. 

3 . 4 . 5  Data Handl inq 

A l l  f i e l d  measurement data should be reduced according t o  pro toco ls  
described o r  referenced i n  the  QAPjP. Computer programs used f o r  data  reduct ion  
should be va l  i da ted  before  use and v e r i f i e d  on a  regu la r  basis. A l l  in format 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 reconst ruc t ion  o f  t h e  f i n a l  
r e s u l t  a t  a  1 a t e r  date. 

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

The QA Review cons i s t s  o f  i n t e r n a l  and ex terna l  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 p rov ide  t h e  d i r e c t  evidence and support f o r  t he  necessary techn ica l  
i n t e r p r e t a t i o n s ,  judgments, and d iscussions concerning p r o j e c t  a c t i v i t i e s .  These 
records, p a r t i c u l a r l y  those t h a t  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 c u r r e n t  o r  ongoing techn ica l  s tudies 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 c a 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 pro tec ted  against  
damage, d e t e r i o r a t i o n ,  o r  l o s s .  The d iscussion i n  t h i s  sec t i on  (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 n g  should develop appropr ia 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. 

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

Procedures f o r  rev iewing , approvi ng , 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  l i n e s  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 cor rec ted  by drawing a s ing le  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  t h e  da te  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 n o t  1 im i ted  t o )  t he  fo l low ing:  

Cal i b r a t i o n  Records & Traceabi 1 i t v  o f  StandarddReaqents - -  Cal i b r a t i o n  i s  
a rep roduc ib le  re ference p o i n t  t o  which a l l  sample measurements can be 
c o r r e l  ated. A sound c a l  i b r a t i  on program should inc lude prov is ions  f o r  
documentation o f  frequency, cond i t ions ,  standards, and records r e f l e c t i n g  
t h e  c a l i b r a t i o n  h i s t o r y  o f  a measurement system. The accuracy o f  the 
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  t h e  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  fo l lowed.  

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 n g  data, documentation o f  t he  sampl i n g  protocol ,  as performed i n  
t h e  f i e l d ,  i s  essent i  a1 . It i s  recommended t h a t  sample c o l l e c t i o n  records 
conta in ,  a t  a minimum, the  names o f  persons conducting the  a c t i v i t y ,  
sample number, sample 1 o c a t i  on, equipment used, c l  ima t i  c condi t ions,  
documentation o f  adherence t o  p ro toco l ,  and unusual observat ions. The 
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ac tua l  sample c o l l e c t i o n  record  i s  u s u a l l y  one o f  t h e  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 r e - p r i n t e d  form, o r  d i g i t i z e d  
i n f o r m a t i o n  on a computer tape o r  d i s c .  

Chain-of-Custody Records - -  The chain-of -custody i n v o l v i n g  t h e  possession 
of samples f rom t h e  t i m e  they  are  obta ined u n t i l  they  a re  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 n c l u d e  t h e  f o l l o w i n g  in fo rmat ion :  (1 )  t h e  p r o j e c t  name; (2 )  s ignatures  
o f  samplers; (3) t h e  sample number, da te  and t ime  o f  c o l l e c t i o n ,  and grab 
o r  composite sample des ignat ion ;  ( 4 )  signatures o f  i n d i v i d u a l s  i nvo l ved  i n  
sample t rans fe r ;  and (5) i f  app l icab le ,  t h e  a i r  b i l l  o r  o t h e r  sh ipp ing  
number. 

M a ~ s  and Drawinqs - -  P r o j e c t  p lann ing  documents and r e p o r t s  o f t e n  con ta in  
maps. The maps are  used t o  document t h e  l o c a t i o n  o f  sample c o l l e c t i o n  
p o i n t s  and monitor-irrg w e l l s  and as a means o f  p resent ing  environmental 
data.  In fo rmat ion  used t o  prepare maps and drawings i s  normal ly  obta ined 
through f i e l d  surveys, p rope r t y  surveys, surveys o f  mon i to r i ng  we1 1 s, 
a e r i  a1 photography o r  photogrammetri c 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 t h e r  p r o j e c t  records. 

QC S a m ~ l e s  - -  Documentation f o r  genera t 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 mainta ined.  

Dev ia t i ons  - -  1 d e v i a t i o n s  fro111 procedural documents and t h e  QAPjP 
should be recorded i n  t h e  s i t e  logbook. 

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

4 . 0  LABORATORY OPERATIONS 

The l a b o r a t o r y  should conduct i t s  operat ions i n  such a way as t o  p rov ide  
r e 1  i a b l  e in fo rmat ion .  To achieve t h i s ,  c e r t a i n  minimal po l  i c i e s  and procedures 
should 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  da ta  q u a l i t y .  Each l a b o r a t o r y  should be o f  s u i t a b l e  s i z e  and 
c o n s t r u c t i o n  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-i ng 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  ized, t h e  number 
o f  san~ples 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  a r e  t o  be performed concur ren t ly  by a s i n g l e  ana lys t .  Other 
issues t o  be considered inc lude,  bu t  are no t  l i m i t e d  to ,  v e n t i l a t i o n ,  l i g h t i n g ,  
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c o n t r o l  o f  dus t  and d r a f t s ,  p r o t e c t i o n  f rom extreme temperatures, and access t o  
a source o f  s t a b l e  power. 

Labora to r ies  should be designed so t h a t  t h e r e  i s  adequate separa t ion  o f  
f u n c t i o n s  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 t h e  
analyses. The 1 abora to ry  may r e q u i r e  spec ia l  i z e d  f a c i l  i t i e s  such as a p e r c h l o r i c  
a c i d  hood o r  glovebox. 

Separate space f o r  1 abora to ry  opera t  ions  and app rop r i a te  a n c i l l  a r y  support  
should be provided, as needed, f o r  t h e  performance o f  r o u t i n e  and spec ia l i zed  
procedures. 

As necessary t o  ensure secure s torage and prevent  contaminat ion o r  
m i s i d e n t i f i c a t i o n ,  t h e r e  should be adequate f a c i l i t i e s  f o r  r e c e i p t  and s torage 
o f  samples. The l e v e l  o f  custody r e q u i r e d  and any spec ia l  requirements f o r  
s to rage such as r e f r i g e r a t i o n  should be descr ibed  i n  p lann ing  documents. 

Storage areas f o r  reagents, so lven ts ,  standards, and re fe rence  m a t e r i a l s  
should be adequate t o  preserve t h e i r  i d e n t i t y ,  concent ra t ion ,  p u r i t y ,  and 
s t a b i l  i t y .  

Adequate f a c i l i t i e s  should be p rov ided  f o r  t h e  c o l l e c t i o n  and s torage of 
a l l  wastes, and these f a c i l i t i e s  should be operated so as t o  minimize env i ron-  
mental contaminat ion.  Waste s torage and d isposa l  f a c i l  i t i e s  should comply w i t h  
appl i cab1 e f ede ra l  , s ta te ,  and 1 oca l  r e g u l a t i o n s .  

The l o c a t i o n  o f  long- te rm and sho r t - t e rm  storage o f  l a b o r a t o r y  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 .  

4.2 EQUI PMENT/INSTRUMENTATION 

Equipment and i ns t rumen ta t i on  should meet t h e  requirements and s p e c i f  i ca- 
t i o n s  of t h e  s p e c i f i c  t e s t  methods and o t h e r  procedures as spec i f i ed  i n  t h e  
QAPjP. The 1 abora to ry  should ma in ta in  an equipment/instrument d e s c r i p t i o n  1 i s t  
t h a t  i n c l  udes t h e  manufacturer,  model number, yea r  o f  purchase, accessories, and 
any mod i f i ca t ions ,  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 a b o r a t o r y  a c t i v i t i e s  
t h a t  may a f f e c t  da ta  qua1 i t y .  For  r o u t i n e l y  performed a c t i v i t i e s ,  SOPS are  o f t e n  
prepared t o  ensure cons is tency  and t o  save t ime and e f f o r t  i n  prepar ing QAPjPs. 
Any d e v i a t i o n  f rom an es tab l i shed  procedure d u r i n g  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 h e  
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 ,  hand1 ing,  schedul ing,  and storage 
of samples should be spec i f i ed .  

Sample R e c e i ~ t  and Handl inq - -  These procedures descr ibe  t h e  precaut ions 
t o  be used i n  opening sample shipment conta iners  and how t o  v e r i f y  t h a t  
chain-of-custody has been maintained, examine samples f o r  damage, check 
fo r  proper preservat ives  and temperature, and l o g  samples i n t o  the  
1  aboratory sample streams. 

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

Sample Storaqe - -  These procedures descr ibe t h e  storage cond i t i ons  f o r  a l l  
samples, v e r i f i c a t i o n  and documentation o f  d a i l y  s torage temperature, and 
how t o  ensure t h a t  custody of t h e  samples i s  mainta ined w h i l e  i n  the  
1  aboratory . 
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 fo rmat ion  concerning s p e c i f i c  grades o f  m a t e r i a l s  used i n  reagent 
and standard preparat ion,  appropr ia te  glassware and conta iners  f o r  p repara t i on  
and storage, and l a b e l i n g  and recordkeeping f o r  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  aboratory opera t ions  t h a t  are 
n o t  addressed elsewhere should be spec i f i ed .  These techniques should inc lude,  
bu t  are n o t  1  i m i  t e d  to ,  glassware c lean ing  procedures, opera t ion  o f  a n a l y t i c a l  
balances, p i p e t t i n g  techniques, and use o f  vo lumet r ic  glassware. 

4.3.4 Test  Methods 

Procedures f o r  t e s t  methods desc r ib ing  how the analyses are a c t u a l l y  
performed i n  t h e  1  aboratory 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 t h e  ana lys i s  i s  performed e x a c t l y  as described 
i n  t h e  pub l ished method. Whenever methods f rom SW-846 are  n o t  appropr iate,  
recognized methods from source documents publ ished by the  EPA, American Pub l i c  
Hea l th  Assoc ia t ion  (APHA) , American Soc ie ty  f o r  Test ing  and Mater i  a1 s  (ASTM) , the  
Nat iona l  I n s t i t u t e  f o r  Occupational Safety and Hea l th  (NIOSH), o r  o the r  
recognized organ iza t ions  w i t h  appropr i  a te  e x p e r t i  se shoul d  be used, i f  possi  b l  e. 
The documentation o f  t he  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 nc lude  the  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  
ho ld ing  time, ex t rac t i on ,  d iges t i on ,  o r  p repara t i on  steps as appropr ia te  
t o  t h e  method; procedures f o r  determining the  appropr ia te  d i l u t i o n  t o  

- 
ONE - 16 Revis ion 1 

J u l y  1992 



analyze; and any other' information required to perform the analysis 
accurately and consistently . 
Instrument Standardization - -  This includes concentration (s) and frequency 
of analysis of cali'bration standards, linear range of the method, and 
cal i bration acceptance criteria. 

Sampl e Data -- This incl udes recording requirements and documentat ion in- 
cl udi ng sample identification number, analyst, data verification, date of 
analysis and verification, and computational method(s) . 
Precision and Bias -- This includes all analytes for which the method is 
appl icable and the conditions for use of this information. 

Detection and Reportinq Limits - -  This includes all analytes in the 
met hod. 

Test-Specific QC - -  This describes QC activities applicable to the 
speci f ic test and references any appl icable QC procedures. 

4.3.5 Equipment Calibration and Maintenance 

The procedures describiog how to ensure that laboratory equipment and 
instrumentation are in working order should be specified. These procedures 
include calibration procedures and schedules, maintenance procedures and 
schedules, maintenance 1 ogs, service arrangements for a1 1 equipment , and spare 
parts available in-house. Calibration and maintenance of laboratory equipment 
and instrumentation should be in accordance with manufacturers' specifications 
or appl i cab1 e test specifications and should be documented. 

The type, purpose, and frequency of QC samples to be analyzed in the 
1 aboratory and the acceptance criteria should be specified. Information should 
include the applicability of the QC sample to the analytical process, the 
statistical treatment of the data, and the responsibility of laboratory staff and 
management in generating and using the data. Further details on development of 
project-specific QC protocols are described in Section 4.4. 

4.3.7 Corrective Action 

The procedures describing how to identify and correct deficiencies in the 
analytical process should be specified. These should i ncl ude specific steps to 
take in correcting the deficiencies such as preparation of new standards and 
reagents, recal i brat ion and restandardizat ion of equipment , reanalysis of 
samples, or additional training of 1 aboratory personnel in methods and 
procedures. The procedures should specify that each corrective act ion should be 
documented with a description of the deficiency and the corrective action taken, 
and should include the person(s) responsible for implementing the corrective 
action. 
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4.3.8 Data Reduct ion and V a l i d a t i o n  

The procedures d e s c r i b i n g  how t o  rev iew  and v a l i d a t e  t h e  da ta  should be 
s p e c i f i e d .  They shou ld  i n c l u d e  procedures f o r  computing and i n t e r p r e t i n g  t h e  
r e s u l t s  f rom QC samples, and independent procedures t o  v e r i f y  t h a t  t h e  a n a l y t i c a l  
r e s u l t s  a r e  r e p o r t e d  c o r r e c t l y .  I n  a d d i t i o n ,  r o u t i n e  procedures used t o  mon i t o r  
p r e c i s i o n  and b ias ,  i n c l u d i n g  eva lua t i ons  of 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 u p l i c a t e  and m a t r i x  s p i k e  
samples, and su r roga te  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  p r o c e d ~ ~ r e s  should be performed when r e q u i r e d  i n  t h e  c o n t r a c t  
o r  QAPjP. 

4.3 .9  Repor t i nq  

The procedures d e s c r i b i n g  t h e  process f o r  r e p o r t i n g  t h e  a n a l y t i c a l  r e s u l t s  
should be s p e c i f i e d .  

4.3.10 Records Manaqement 

The procedures d e s c r i  b i  ng t h e  means f o r  generat ing,  c o n t r o l  1  i ng, and 
a r c h i v i n g  l a b o r a t o r y  reco rds  should be s p e c i f i e d .  The procedures should d e t a i l  
r eco rd  gene ra t i on  and c o n t r o l ,  and t h e  requi rements f o r  r eco rd  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 i sposa l  a u t h o r i t i e s .  

P r o j e c t - s ~ e c i  f i c  r eco rds  may i n c l  ude correspondence, c h a i n - o f  -custody 
records,  r eques t  f o r  ana l ys i s ,  c a l  i b r a t i o n  d a t a  records,  raw and f i n i s h e d  
a n a l y t i c a l  and QC data,  d a t a  r e p o r t s ,  and procedures used. 

Labora to rv  o p e r a t i o n s  reco rds  may i n c l u d e  l a b o r a t o r y  notebooks, i ns t rumen t  
performance l o g s  and maintenance l o g s  i n  bound notebooks w i t h  prenumbered 
pages; l a b o r a t o r y  benchsheets; so f tware  documentation; c o n t r o l  char ts ;  
re ference m a t e r i  a1 c e r t i f i c a t i o n ;  personnel f i 1 es; 1 abora to ry  procedures; 
and c o r r e c t i v e  a c t i o n  r e p o r t s .  

4.3.11 Waste D isposa l  

The procedures d e s c r i b i n g  t h e  methods f o r  d isposa l  o f  chemi c a l  s  i n c l  u d i  ng 
s tandard and reagent  s o l  u t i  ons, process waste, and sampl es should be speci  f i ed. 

4.4 LABORATORY QA AND QC PROCEDURES 

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

4.4 .1  Method P r o f i c i e n c y  

Procedures 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  t h e  l a b o r a t o r y .  These should i n c l u d e  
procedures f o r  demonst ra t ing  t h e  p r e c i s i o n  and b i a s  o f  t h e  method as performed 
by t h e  l a b o r a t o r y  and procedures f o r  de te rmin ing  t h e  method d e t e c t i o n  l i m i t  
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(MDL). A l l  terminology,  procedures and frequency o f  determinat ions associated 
w i t h  t h e  l a b o r a t o r y ' s  establ ishment o f  t h e  MDL and t h e  r e p o r t i n g  l i m i t  should be 
we1 1  -de f ined  and we1 1  -documented. Documented p r e c i  sion, bias, and MDL 
i n f o r m a t i  on 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 s h i n g  and updat ing c o n t r o l  1 im i  t s  
f o r  ana lys 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 i a s  based on t h e  ana l ys i s  o f  c o n t r o l  samples. Typ i ca l l y ,  c o n t r o l  
1  i m i t s  f o r  b i a s  a re  based on t h e  h i s t o r i c a l  mean recovery p l u s  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 d u p l i c a t e  c o n t r o l  samples) t o  t h e  h i s t o r i c a l  mean r e l a t i v e  
percent  d i f f e r e n c e  p l  us t h ree  standard d e v i a t i o n  u n i t s .  Procedures should be i n  
p lace  f o r  mon i to r i ng  h i s t o r i c a l  performance and should i nc lude  graph ica l  ( con t ro l  
cha r t s )  and/or t a b u l a r  p resenta t ions  o f  t h e  data. 

4 . 4 . 3  Laboratory Contro l  Procedures 

Procedures should be i n  p lace  f o r  demonstrat ing t h a t  t h e  l abo ra to ry  i s  i n  
c o n t r o l  d u r i n g  each da ta  c o l l  e c t i  on a c t i v i t y  . A n a l y t i c a l  da ta  generated w i t h  
l a b o r a t o r y  c o n t r o l  samples t h a t  f a l l  w i t h i n  p rescr ibed l i m i t s  a re  judged t o  be 
generated w h i l e  t h e  1  aboratory was i n  c o n t r o 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 t s ide  t h e  es tab l i shed c o n t r o l  l i m i t s  a re  judged t o  
be generated du r i ng  an " o u t - o f - c o n t r o l  " s i t u a t i o n .  These da ta  are considered 
suspect and should be repeated o r  repo r ted  w i t h  qual i f i e r s .  

Laboratory Cont ro l  Samol es - -  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 ia te  f o r  t he  method. A 
l a b o r a t o r y  c o n t r o l  sample c o n s i s t s  o f  e i t h e r  a  c o n t r o l  m a t r i x  sp iked w i t h  
ana ly tes  rep resen ta t i ve  of t h e  t a r g e t  analy tes o r  a c e r t i f i e d  reference 
m a t e r i a l .  

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 r e c i s i o n  and b i a s  o f  t he  a n a l y t i c a l  process 
a re  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 he  l abo ra to ry  c o n t r o l  
sample(s) are compared t o  c o n t r o l  l i m i t s  es tab l i shed f o r  both p r e c i s i o n  
and b i a s  t o  determine usabi 1  i ty  o f  t h e  data. 

Method Blank - -  When appropr ia te  f o r  t h e  method, a  method b lank should be 
analyzed w i t h  each batch o f  samples processed t o  assess contaminat ion 
l e v e l s  i n  t h e  1  aboratory.  Guide1 i nes  should be i n  p lace  f o r  accept ing o r  
r e j e c t i n g  da ta  based on t h e  l e v e l  o f  contaminat ion i n  t h e  blank. 

Procedures should be i n  p lace  f o r  documenting t h e  e f f e c t  o f  t h e  m a t r i x  on 
method performance. When appropr ia te  f o r  t h e  method, there  should be a t  l e a s t  
one m a t r i x  sp i ke  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  spike dup l i ca te  
pe r  a n a l y t i c a l  batch. Add i t i ona l  c o n t r o l  samples may be necessary t o  assure data 
qual i ty  t o  meet t h e  p r o j e c t - s p e c i f  i c  DQOs. 
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M a t r i x - S p e c i f i c  Bias - -  Procedures should be i n  p lace f o r  determining 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 inc lude 
prepara t ion  and ana lys i s  o f  m a t r i x  spikes, s e l e c t i o n  and use o f  surrogates 
f o r  o rgan ic  methods, and t h e  method o f  standard add i t i ons  f o r  metal and 
ino rgan ic  methods. When the  concent ra t ion  o f  t h e  ana ly te  i n  t h e  sample i s  
g rea te r  than 0.1%, no spike i s  necessary. 

Matr ix-Speci  f i c  Prec is ion  - -  Procedures should be i n  p lace f o r  determining 
the  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 is  o f  m a t r i x  dup l i ca tes  and/or m a t r i x  sp ike  
dup l ica tes .  The frequency o f  use o f  these techniques should be based on 
t h e  DQO 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 .  

M a t r i x - S p e c i f i c  Detec t ion  L i m i t  . - -  Procedllres should be i n  p lace f o r  
determining t h e  MDL f o r  a  s p e c i f i c  m a t r i x  type (e.g., wastewater t reatment  
sludge, contaminated s o i l ,  e t c )  . 
4.4.4 Dev ia t ions  

Any a c t i v i t y  no t  performed i n  accordance w i t h  1 aboratory procedures o r  
QAPjPs i s  considered a  d e v i a t i o n  from plan.  A l l  dev ia t i ons  from p lan  should be 
documented as t o  t h e  ex tent  o f ,  and reason f o r ,  t h e  dev ia t i on .  

4.4.5 Cor rec t i ve  Ac t ion  

Er rors ,  de f i c ienc ies ,  dev ia t ions ,  o r  1  aboratory events o r  da ta  t h a t  f a 1  1  
outs ide  o f  es tab l  i shed acceptance c r i t e r i a  should be inves t iga ted .  I n  some 
instances, c o r r e c t i v e  a c t i o n  may be needed t o  reso lve  the  problem and r e s t o r e  
proper f u n c t i o n i n g  t o  t h e  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 the analyses o f  samples should be reduced according t o  
pro toco ls  descr ibed i n  the  l abo ra to ry  procedures. Computer programs used f o r  
data 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  (e.g., raw data, c a l i b r a t i o n  f i l e s ,  
t un ing  records, r e s u l t s  o f  standard add i t ions ,  i n t e r f e r e n c e  check r e s u l t s ,  and 
b l  ank- o r  background-correct ion p ro toco l  s) should be recorded i n  order  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. I n fo rmat ion  on the  
prepara t ion  o f  t h e  sample (e.g., weight o r  volume o f  sample used, percent  d ry  
weight f o r  so l i ds ,  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 so  be 
maintained i n  order  t o  enable recons t ruc t i on  o f  t h e  f - i na l  r e s u l t  a t  a  l a t e r  date. 

A l l  da ta  should be reviewed by a  second ana lys t  o r  superv isor  according t o  
1  aboratory procedures t o  ensure t h a t  c a l c u l  a t i ons  are c o r r e c t  and t o  detec 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 .  Er rors  detected i n  the  rev iew process should be 
r e f e r r e d  t o  t h e  ana lys t (s )  f o r  c o r r e c t i v e  ac t ion .  Data should be repor ted  i n  
accordance w i t h  t h e  requirements o f  t h e  end-user. It i s  recommended t h a t  t he  
support ing documentation inc lude a t  a minimum: 
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Laboratory name and address. 

Sample information ( incl  udi ng unique sarnpl e ident i f icat ion,  sample 
col lect ion date  and time, date of sample receipt ,  and date(s)  of sample 
preparation and analysis) .  

Analytical r e su l t s  reported with an appropriate number of s ignif icant  
f igures .  

Detection l im i t s  t ha t  r e f l ec t  d i lu t ions ,  interferences,  or correction fo r  
equivalent dry weight. 

Method reference. 

Appropriate QC r e su l t s  (corre la t ion w i t h  sample batch should be traceable 
and documented). 

Data qua l i f i e r s  with appropriate references and narrative on the quali ty 
of the resu l t s .  

4 .5  QUALITY ASSURANCE REVIEW 

The QA review consis ts  of internal and external assessments t o  ensure tha t  
QA/QC procedures are  in use and t o  ensure tha t  laboratory s t a f f  conform t o  these 
procedures. QA review should be conducted as deemed appropriate and necessary. 

4.6 LABORATORY RECORDS 

Records provide the d i r ec t  evidence and support fo r  the necessary technical 
in terpreta t ions ,  judgements, and discussions concerning project a c t i v i t i e s .  
These records, par t icular ly  those tha t  are  anticipated t o  be used as evidentiary 
data ,  should d i r ec t l y  support technical studies and ac t i v i t i e s ,  and provide the 
h i s to r ica l  evidence needed f o r  1 a t e r  reviews and analyses. Records should be 
legible ,  iden t i f i ab le ,  and re t r ievable ,  and protected against damage, 
deter iorat ion,  or loss .  The discussion in t h i s  section (4.6) outl ines 
recommended procedures f o r  record keeping. Organizations which conduct f i e ld  
sarnpl i ng should develop appropriate record keeping procedures which sa t i s fy  
re1 evant technical and 1 egal requirements. 

Laboratory records generally consis t  of bound notebooks with prenurnbered 
pages, personnel qua1 i f  i c a t  ion and t ra ining forms, equipment maintenance and 
cal ibration forms, chain-of-custody forms, sample analysis request forms, and 
analytical  change request forms. All records should be written in indelible ink. 

Procedures fo r  reviewing, approving, and revising 1 aboratory records should 
be c lear ly  defined, with the  1 ines of authority included. Any documentation 
e r rors  should be corrected by drawing a single 1 ine through the error  so that  i t  
remains l eg ib l e  and should be i n i t i a l ed  by the responsible individual, along with 
the date of change. The correction i s  written adjacent t o  the error.  
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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 the  person who performed 
the  inst rumental  ana lys is .  I f  co r rec t i ons  need t o  be made i n  computerized data, 
a system p a r a l l e l  t o  t h e  co r rec t i ons  f o r  handwr i t ten  data should be i n  place. 

Records o f  sample management should be a v a i l a b l e  t o  permi t  t he  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  rev iew i n  t h e  case o f  an a u d i t  o r  i n v e s t i g a t i o n  o f  a 
dubious r e s u l t .  

Laboratory records should inc lude,  a t  l e a s t ,  t h e  fo l l ow ing :  

Operat i nq Procedures - - Procedures should be avai  1 able t o  those performing 
t h e  task  ou t l i ned .  Any r e v i s i o n s  t o  l a b o r a t o r y  procedures should be 
w r i t t e n ,  dated, and d i s t r i b u t e d  t o  a l l  a f f e c t e d  i n d i v i d u a l s  t o  ensure 
imp1 ementat i on o f  changes. Areas covered by opera t ing  procedures are 
g iven i n  Sect ions 3.3 and 4.3.  

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

Eauipment Maintenance Documentation - -  A h i s t o r y  o f t h e  maintenance record  
o f  each system serves as an i n d i c a t i o n  o f  t h e  adequacy o f  maintenance 
schedules and p a r t s  inventory .  As appropr iate,  t h e  maintenance guide1 ines  
o f  t h e  equipment manufacturer should be fo l lowed.  When maintenance i s  
necessary, i t should be documented i n  e i t h e r  standard forms o r  i n  
1 ogbooks . Maintenance procedures should be c l e a r l y  de f ined and w r i t t e n  
f o r  each measurement system and requ i red  support equipment. 

P r o f i c i e n c y  - -  Pro f ic iency  i n fo rmat ion  on a1 1 compounds repor ted  should be 
maintained and should i nc lude  (1 )  prec i s ion ;  (2)  b ias ;  (3)  method detec-  
t i  on 1 i m i  t s  ; (4 )  s p i  ke recovery, where appl i cab1 e; (5 )  surrogate recovery, 
where appl i cab le ;  (6)  checks on reagent p u r i t y ,  where appl i cab le ;  and 
(7)  checks on g l  assware c l  eanl i ness, where appl i c a b l  e. 

C a l i b r a t i o n  Records & T r a c e a b i l i t y  o f  Standards/Reaqents - -  C a l i b r a t i o n  i s  
a rep roduc ib le  re ference p o i n t  t o  which a l l  sample measurements can be 
c o r r e l  ated. A sound c a l  i b r a t  i on program should i n c l  ude p r o v i  s i  ons f o r  
documenting frequency, cond i t ions ,  standards, and records r e f 1  e c t  i n g  t h e  
c a l i b r a t i o n  h i s t o r y  o f  a measurement system. The accuracy o f  t h e  
c a l  i b r a t  i on standards i s  important  because a1 1 data w i  11 be i n  re ference 
t o  t h e  standards used. A program f o r  v e r i f y i n g  and document-ing t h e  
accuracy and t raceab i  1 i t y  o f  a1 1 working standards against  appropr ia te  
pr imary grade standards o r  t h e  h ighest  q u a l i t y  standards a v a i l a b l e  should 
be r o u t i n e l y  fo l lowed.  

Sample Manaqement - - A1 1 requ i red  records p e r t a i n i n g  t o  sample management 
should be mainta ined and updated r e g u l a r l y .  These inc lude  cha in -o f -  
custody forms, sample r e c e i p t  forms, and sample d i s p o s i t i o n  records.  

O r i q i n a l  Data - -  The raw data  and c a l c u l a t e d  r e s u l t s  f o r  a l l  samples 
should be mainta ined i n  1 aboratory notebooks, 1 ogs, benchsheets, f i l e s  o r  
o the r  sample t r a c k i n g  o r  da ta  e n t r y  forms. Inst rumental  ou tput  should be 

- s tored i n  a computer f i l e  o r  a hardcopy r e p o r t .  
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OC Data - -  The raw data and ca lcu 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  the  
preceding paragraph. Documentation should a1 1 ow c o r r e l a t i o n  o f  sample 
r e s u l t s  w i t h  associated QC data. Documentation should a lso  inc lude the  
source and l o t  numbers o f  standards f o r  t r a c e a b i l  i t y .  QC samples include, 
bu t  are n o t  1 im i ted  to ,  con t ro l  samples, method blanks, ma t r i x  spikes, and 
m a t r i x  spike dup l ica tes .  

Correspondence - - Pro jec t  correspondence can provide 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  the  p r o j e c t  should 
be kept and placed i n  the  p r o j e c t  f i l e s .  

Devi a t  i ons -- A1 1 devi a t  i ons from procedural and p l  anni ng documents should 
be recorded i n  l abo ra to ry  notebooks. Deviat ions from QAPjPs should be 
reviewed and approved by the  author ized personnel who performed the  
o r i g i n a l  techn ica l  review o r  by t h e i r  designees. 

F ina l  Report - -  A copy o f  any r e p o r t  issued and any support ing documenta- 
t i o n  should be reta 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 appl i e d  t o  a se t  of 
observed values, accuracy w i l l  be a combination o f  a 
random component and o f  a common systematic e r r o r  ( o r  
b ias)  component. 

A group o f  samples which behave s i m i l a r l y  w i t h  respect  t o  
the  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 ion 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 reater  
than 20, then each group o f  20 samples o r  l e s s  w i l l  a1 1 be 
handled as a separate batch. 

The dev ia t i on  due t o  mat r ix  e f f e c t s  of the  measured value 
(x, - xu) from a known spiked amount. Bias can be assessed 
by comparing a measured value t o  an accepted reference 
value i n  a sample o f  known concentrat ion o r  by determining 
the  recovery o f  a known amount o f  contaminant spiked i n t o  
a sample (matr ix  spike) . Thus, the  b ias  (B) due t o  ma t r i x  
e f f e c t s  based on a mat r ix  spike i s  ca lcu la ted as: 

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

CONTROL SAMPLE: 

DATA QUALITY 
OBJECTIVES (DQOs): 

DATA VAL I DAT I ON : 

DUPLICATE: 

EQUIPMENT BLANK: 

EQUIPMENT RTNSATE: 

ESTIMATED 
QUANT ITAT I ON 
LIMIT (EQL): 

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

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

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

A QC sample int roduced i n t o  a  process t o  moni to r  t he  
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 is  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 prec is ion ,  b ias ,  and d e t e c t i o n  l i m i t .  

The process o f  eva lua t ing  t h e  a v a i l a b l e  data  aga ins t  t h e  
p r o j e c t  DQOs t o  make sure t h a t  t h e  o b j e c t i v e s  are  met. 
Data v a l i d a t i o n  may be very r igorous,  o r  cursory,  
depending on p r o j e c t  DQOs. The a v a i l a b l e  da ta  reviewed 
w i l l  i nc lude  a n a l y t i c a l  r e s u l t s ,  f i e l d  QC da ta  and 1  ab QC 
data, and may a1 so inc lude f i e l d  records. 

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

see Equipment R i  nsate. 

A sample o f  ana ly te - f ree  media which has been used t o  
r i n s e  the  sampling equ-ipment. It i s  c o l l e c t e d  a f t e r  
complet ion o f  decontamination and p r i o r  t o  sampl i ng. Th is  
b lank  i s  usefu l  i n  documenting adequate decontaminat ion o f  
sampling equipment. 

The 1  owest concent ra t ion  t h a t  can be r e 1  i ab ly  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 abo ra to ry  opera t ing  cond i t i ons .  The EQL i s  
genera l l y  5 t o  10 t imes t h e  MDL. However, i t  may be 
nomina l ly  chosen w i t h i n  these gu ide l i nes  t o  s i m p l i f y  da ta  
repor t i ng .  For many analytes the  EQL ana ly te  
concent ra t ion  i s  selected 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 provided 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 tored i n  
separate conta iners,  and analyzed independently . These 
dupl 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  spiked w i t h  compound(s) representat ive o f  
the  t a r g e t  analytes. This i s  used t o  document labora tory  
performance . 

MATRIX: The component o r  substrate (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 .  

MATRIX DUPLICATE: An i n t r a l a b o r a t o r y  s p l i t  sample which i s  used t o  document 
the  p r e c i s i o n  o f  a method i n  a g iven sample matr ix .  

MATRIX SPIKE: An a1 i q u o t  o f  sample spiked w i t h  a known concentrat ion o f  
t a r g e t  ana ly te(s ) .  The sp ik ing  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 ias  o f  a method i n  a g iven sample matr ix .  

I n t r a l  aboratory sp l  i t  samples spiked w i t h  i d e n t i c a l  
concentrat ions o f  t a r g e t  analyte(s) . The sp ik ing  occurs 
p r i o r  t o  sarr~ple prepara t ion  and analys is .  They are used 
t o  document the  p rec i s ion  and b ias  o f  a method i n  a g iven 
sample mat r ix .  

MATRIX SPIKE 
DUPLICATES: 

METHOD BLANK: An analyte- 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  proport ions as used i n  sample 
processing. The method blank should be c a r r i e d  through 
t h e  complete sample preparat 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 the  a n a l y t i c a l  process. 

For a method b lank t o  be acceptable f o r  use w i t h  the  
accompanying samples, t he  concentrat ion i n  the blank o f  
any ana ly te  o f  concern should not  be higher than the 
h ighest  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  the  regu la tory  1 i m i t  f o r  t ha t  analyte, 
o r  

(3)Five percent o f  the  measured concentrat ion i n  the 
sample . 

METHOD DETECTION 
LIMIT (MDL) : 

'The min-imum concentrat ion o f  a substance t h a t  can be 
measured and reported w i t h  99% confidence t h a t  the  analyte 
concentrat ion i s  g reater  than zero and i s  determined from 
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ana lys i s  o f  a sample i n  a g iven m a t r i x  type con ta in ing  . !@ 
the analyte.  L 

For opera t i ona l  purposes, when i t  i s  necessary t o  m 
determine t h e  MDL i n  t h e  mat r ix ,  t h e  MDL should be !k 

determined by mu1 t i  p l y i  ng the  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  th ree  analyses o f  a m a t r i x  sp ike  con ta in ing  t h e  

F 
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 

d 
t h e  est imated MDL, where t h e  t - s t a t i s t i c  i s  obta ined from 
standard references o r  the  t a b l e  below. fl 

bll 

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 :  
Obtain t h e  concent ra t ion  va l  ue t h a t  corresponds t o :  

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

b) t h e  reg ion  o f  t h e  standard curve where the re  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  the  
s lope o f  t he  standard curve) .  

e 
Determine t h e  var iance (s*)  f o r  each ana ly te  as fo l lows:  

where xi = t h e  i t h  measurement o f  t h e  v a r i a b l e  x 
and x = t h e  average value o f  x; 
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ORGANIC-FREE 
REAGENT WATER : 

PRECISION: 

Determine the  standard d e v i a t i o n  (s) f o r  each ana ly te  as 
fo l lows:  

Determine the  MDL f o r  each ana ly te  as fo l lows:  

where = .99 i s  t he  one-sided t - s t a t i s t i c  appropr iate 
f o r  t he  nuhger o# samples used t o  determine (s) ,  a t  t he  99 
percent 1 eve1 . 
For v o l a t i l e s ,  a l l  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  n o t  observed a t  
t he  method de tec t i on  l i m i t  o f  t h e  compounds o f  i n t e r e s t .  
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 a l s o  be prepared by b o i l  i n g  
water f o r  15 minutes and, subsequently, wh i l e  main ta in ing  
the  temperature a t -  90°C, bubbl i ng a contaminant-free i n e r t  
gas through the  water f o r  1 hour. 

For semivol a t i  1 es and nonvol a t  i 1 es, a1 1 references t o  
water i n  t he  methods r e f e r  t o  water i n  which an 
i n t e r f e r a n t  i s  n o t  observed a t  t h e  method de tec t i on  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 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. 

The agreement among a se t  o f  r e p l i c a t e  measurements 
w i thou t  assumption o f  knowledge o f  the  t r u e  value. 
Prec is ion  i s  est imated by means o f  dupl i ca te / rep l  i c a t e  
analyses. These samples should conta in  concentrat ions o f  
ana ly te  above t h e  MDL, and may i nvo l ve  the  use o f  ma t r i x  
spikes. The most commonly used est imates o f  p rec i s ion  are 
the  re1  a t  i ve standard d e v i a t i o n  (RSD) o r  the  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 = t h e  a r i t h m e t i c  mean o f  t h e  xi measurements, a n d  S = 

variance; and t h e  re1 a t i v e  percent  d i f f e r e n c e  (RPD) when 
on ly  two samples are a v a i l  able. 

RPD = 100 [(x, - x,)/((x, + ~,) /2) ] .  

PROJECT : Sing le  o r  m u l t i p l e  data c o l l e c t i o n  a c t i v i t i e s  t h a t  are 
re1  ated through t h e  same p l  anni ng sequence. 

QUALITY ASSURANCE 
PROJECT PLAN 
(QAP j P) : 

An o r d e r l y  assemblage o f  d e t a i l e d  procedures designed t o  
produce da ta  o f  s u f f i c i e n t  q u a l i t y  t o  meet t h e  da ta  
q u a l i t y  ob jec t i ves  f o r  a s p e c i f i c  d a t a  c o l l e c t i o n  
a c t i v i t y .  

The Resource Conservation and Recovery Act. 

REAGENT BLANK: 

REAGENT GRADE: 

See Method Blank. 

A n a l y t i c a l  reagent (AR) grade, ACS reagent grade, and 
reagent grade are  synonymous terms f o r  reagents which 
conform t o  the  c u r r e n t  spec i f i ca t i ons  o f  t h e  Committee on 
A n a l y t i c a l  Reagents of t h e  American Chemical Soc ie ty  . 

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

REFERENCE MATERIAL: A ma te r ia l  con ta in ing  known q u a n t i t i e s  o f  t a r g e t  ana ly tes  
i n  s o l u t i o n  o r  i n  a homogeneous mat r i x .  It i s  used t o  
document t h e  b i a s  o f  t h e  a n a l y t i c a l  process. 

SPLIT SAMPLES: A l i quo ts  o f  sample taken from t h e  same con ta ine r  and 
analyzed independently. I n  cases where a l i q u o t s  o f  
samples are impossib le t o  obta in,  f i e l d  dupl i c a t e  samples 
should be taken f o r  t h e  m a t r i x  d u p l i c a t e  ana lys is .  These 
are u s u a l l y  taken a f t e r  mix ing o r  cornposit ing and are  used 
t o  document i n t r a -  o r  i n t e r l a b o r a t o r y  p rec i s ion .  

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

STANDARD CURVE: A p l o t  o f  concentrat ions o f  known ana ly te  standards versus 
t h e  inst rument  response t o  t h e  analyte.  C a l i b r a t i o n  
standards are  prepared by successively d i  1 u t i n g  a standard 
s o l u t i o n  t o  produce working standards which cover t h e  
working range o f  t h e  instrument. Standards should be 
prepared a t  t h e  frequency speci f i ed 'I n t h e  appropr i  a te  
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sect ion.  The c a l  i b r a t i o n  standards should be prepared 
using t h e  same type o f  ac id  o r  so lvent  and a t  t he  same 
concentrat ion as w i l l  r e s u l t  i n  t h e  samples fo l l ow ing  
sample preparat ion.  This i s  app l icab le  t o  organic and 
inorgan ic  chemical analyses. 

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 composition and behavior i n  the  
a n a l y t i c a l  process, but  which i s  no t  normally found i n  
environmental sampl es. 

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  hand1 i n g  procedures. 
This type o f  b lank  i s  usefu l  i n  documenting contamination 
o f  v o l a t i l e  organics samples. 
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CHAPTER FIVE 

MISCELLANEOUS TEST METHODS 

The f o l l o w i n g  methods are  found i n  Chapter Five: 

Method 5050: 
Method 9010A: 
Method 9012: 

Bomb Preparat ion Method f o r  Sol i d  Waste 
Tota l  and Amenable Cyanide (Co lor imet r i c ,  Manual ) 
To ta l  and Amenable Cyanide (Co lor imet r i c ,  
Automated UV) 
Cyanide Ex t rac t i on  Procedure f o r  Sol i d s  and O i  1  s  
To ta l  Organic Hal ides  (TOX) 
Purgeabl e  Organic Hal ides (POX) 
Tota l  Organic Hal ides (TOX) by Neutron A c t i v a t i o n  
Analys is  
Acid-Soluble and Acid- I nso lub le  Su l f i des  
Ex t rac tab le  Su l f i des  
S u l f a t e  (Co lo r imet r i c ,  Automated, Ch lo ran i l  ate) 
Sulfate (Co lo r imet r i c ,  Automated, Methyl thymol 
Blue, AA 11) 
Su l fa te  (Turb id imet r i c )  
Determinat ion o f  Inorganic  Anions by Ion  
Chromatography Method 
Tota l  Organic Carbon 
Phenol i c s  (Spectrophotometric, Manual 4-AAP w i t h  
D i s t i l l a t i o n )  
Phenol i c s  (Co lo r imet r i c ,  Automated 4-AAP w i t h  
D i s t i l l a t i o n )  
Phenol i cs (Spectrophotometri c, MBTH w i t h  
D i s t i l l a t i o n )  
To ta l  Recoverable O i  1  & Grease (Gravimetr i  c, 
Separatory Funnel Ex t rac t i on )  
O i l  and Grease Ex t rac t i on  Method f o r  Sludge and 
Sediment Samples 
Test Method f o r  To ta l  Ch lo r ine  i n  New and Used 
Petroleum Products by X-Ray F 1 uorescence 
Spectrometry (XRF) 
Test Method f o r  To ta l  Ch lo r ine  i n  New and Used 
Petroleum Products by Ox ida t ive  Combustion and 
Microcoulometry 
Test Methods f o r  To ta l  Chlor ine i n  New and Used 
Petroleum Products ( F i e l d  Test K i t  Methods) 
To ta l  Col i forni :  Mu1 t i p l e  Tube Fermentation 
Technique 
Tota l  Col i form: Membrane F i 1 t e r  Technique 
N i t r a t e  
Chlor ide (Color imetr ic,  Automated Ferricyanide AAI) 
Chlor ide (Color imetr ic,  Automated FerricyanideAAII) 
Ch lo r ide  (T i  t r i m e t r i c ,  Mercuric N i t r a t e )  
Ch lo r ide  ( T i t r i m e t r i c ,  S i l v e r  N i t r a t e )  
Radi um-228 

Method 9013: 
Met hod 90208 : 
Method 9021 : 
Method 9022: 

Method 9030A: 
Method 9031 : 
Method 9035: 
Method 9036: 

Method 9038: 
Method 9056: 

Method 9060: 
Method 9065: 

Method 9066: 

Method 9067: 

Method 9070: 

Method 9071A: 

Method 9075: 

Method 9076: 

Method 9077: 

Method 9131: 

Method 9132: 
Method 9200: 
Method 9250: 
Method 9251: 
Method 9252A: 
Method 9253: 
Method 9320: 
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METHOD 5050 

BOMB PREPARATION METHOD FOR SOLID WASTE 

1.0 SCOPE AND APPLICATION 

had 

1.1 This method describes the sample preparat ion steps necessary t o  
determine t o t a l  ch lo r ine  i n  s o l i d  waste and v i r g i n  and used o i l s ,  f u e l s  and 
re1 ated mater i  a1 s, inc luding:  crankcase, hydraul i c ,  d iese l ,  1  ubr ica t  i ng  and fue l  
o i l s ,  and kerosene by bomb ox idat ion  and t i t r a t i o n  o r  i o n  chromatography. 
Depending on the ana ly t i ca l  f i n i s h  chosen, other halogens (bromine and f l u o r i n e )  
and o ther  elements ( s u l f u r  and ni t rogen) may also be determined. 

1.2 The appl icable range o f  t h i s  method var ies depending on the 
a n a l y t i c a l  f i n i s h  chosen. I n  general, l e v e l s  as low as 500 pg/g ch lor ine  i n  the  
o r i g i n a l  o i l  sample can be determined. The upper range can be extended t o  
percentage l e v e l s  by d i  1 u t i o n  o f  the  combustate. 

1.3 This standard may involve hazardous materi  a1 s, operations, and 
equipment. This standard does not purport  t o  address a1 1  o f  the safety problems 
associated w i t h  i t s  use. It i s  the  r e s p o n s i b i l i t y  o f  the user o f  t h i s  standard 
t o  establ  i s h  appropriate safety and heal th pract ices and determine the 
appl i c a b i  1  i t y  o f  regu la tory  1  im i ta t i ons  p r i o r  t o  use. Spec i f i c  safety statements 
are g iven i n  Sect ion 3.0. 

2.0 SUMMARY OF METHOD 

2.1 The sample i s  ox id ized by combustion i n  a  bomb contain ing oxygen 
under pressure. The l i b e r a t e d  halogen compounds are absorbed i n  a  sodium 
carbonate/sodi um bicarbonate so lu t ion .  Approximately 30 t o  40 minutes are 
required t o  prepare a  sample by t h i s  method. Samples w i t h  a  high water content 
(> 25%) may not  combust e f f i c i e n t l y  and may requ i re  the add i t ion  o f  a  mineral o i l  
t o  f a c i l i t a t e  combustion. Complete combustion i s  s t i l l  not guaranteed f o r  such 
samples. 

2.2 The bomb combustate so lu t i on  can then be analyzed f o r  the  fo l lowing 
elements as t h e i r  anion species by one o r  more o f  the fo l lowing methods: 

Method T i t l e  

9252 Chloride ( T i t r i m e t r i c ,  Mercuric N i t r a t e )  
9253 Chloride (T i  t r i m e t r i c ,  S i l v e r  N i t r a t e )  
9056 Inorganic Anions by Ion Chromatography (Chloride, Sulfate, 

N i t ra te ,  Phosphate, Fluoride, Bromide) 
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NOTE: S t r i c t  adherence t o  a1 1  o f  t h e  p r o v i s i o n s  p r e s c r i b e d  h e r e i n a f t e r  - 
ensures aga ins t  e x p l o s i v e  r u p t u r e  o f  t h e  bomb, o r  a  b lowout ,  p rov ided  t h e  
bomb i s  o f  p roper  des ign and c o n s t r u c t i o n  and i n  good mechanical 
c o n d i t i o n .  It i s  d e s i r a b l e ,  however, t h a t  t h e  bomb be enc losed i n  a  
s h i e l d  o f  s t e e l  p l a t e  a t  l e a s t  1/2 i n .  (12.7 mm) t h i c k ,  o r  e q u i v a l e n t  
p r o t e c t i o n  be p rov ided  aga ins t  unforeseeable con t i ngenc ies .  

3.0 INTERFERENCES 

3.1 Samples w i t h  ve ry  h i g h  water  con ten t  (>  25%) may n o t  combust 
e f f i c i e n t l y  and may r e q u i r e  t h e  a d d i t i o n  o f  a  m inera l  o i l  t o  f a c i l i t a t e  
combustion. 

3.2 To determine t o t a l  n i t r o g e n  i n  samples, t h e  bombs must f i r s t  be 
purged o f  ambient a i r .  Otherwise, n i t r o g e n  r e s u l t s  w i l l  be b iased  h igh .  

4.0 APPARATUS AND MATERIALS 

4.1 Bomb, hav ing  a  c a p a c i t y  o f  n o t  l e s s  than  300 mL, so cons t ruc ted  
t h a t  i t  w i l l  n o t  l e a k  d u r i n g  t h e  t e s t ,  and t h a t  q u a n t i t a t i v e  recove ry  o f  t h e  
1  i q u i d s  f rom t h e  bomb may be r e a d i l y  achieved. The i n n e r  su r f ace  o f  t h e  bomb may 
be made o f  s t a i n l e s s  s t e e l  o r  any o t h e r  m a t e r i a l  t h a t  w i l l  n o t  be a f f e c t e d  by t h e  
combustion process o r  products .  M a t e r i a l s  used .in t h e  bomb assembly, such as t h e  
head gasket  and l e a d - w i r e  i n s u l a t i o n ,  s h a l l  be r e s i s t a n t  t o  hea t  and chemical  
a c t i o n  and s h a l l  n o t  undergo any r e a c t i o n  t h a t  w i l l  a f f e c t  t h e  c h l o r i n e  con ten t  
o f  t h e  sample i n  t h e  bomb. 

4.2 Sample cup, p l a t i num o r  s t a i n l e s s  s t e e l ,  24 mm i n  o u t s i d e  d iameter  
a t  t h e  bottom, 27 mm i n  o u t s i d e  d iameter  a t  t h e  top,  12 mm i n  h e i g h t  ou t s i de ,  and 
weigh ing 10 t o  11 g.  

4.3 F i r i n g  w i re ,  p l a t i num o r  s t a i n l e s s  s t e e l ,  approx imate ly  No. 26 B 
& S  gage. 

4.4 I g n i t i o n  c i r c u i t ,  capable o f  supp ly ing  s u f f i c i e n t  c u r r e n t  t o  i g n i t e  
t h e  n y l o n  t h read  o r  c o t t o n  w i ck i ng  w i t h o u t  m e l t i n g  t h e  w i re .  

NOTE: The sw i t ch  i n  t h e  i g n i t i o n  c i r c u i t  s h a l l  be o f  t h e  t y p e  t h a t  remains - 
open, except  when h e l d  i n  c losed  p o s i t i o n  by t h e  ope ra to r .  

4.5 Nylon sewing thread,  o r  Cot ton N i ck i ng ,  wh i t e .  

4.6 Funnel , t o  f i t  a  100-mL vo lume t r i c  f l a s k .  

4.7 Class A  vo lume t r i c  f l a s k s ,  100-rnL, one pe r  sample. 

4..8 Syr inge,  5- o r  10-niL d isposab le  p l a s t i c  o r  g l a s s .  

4.9 Apparatus f o r  s p e c i f i c  a n a l y s i s  methods a re  g i ven  i n  t h e  methods. 

4.10 A n a l y t i c a l  balance: capable o f  weigh ing t o  0.0001 g. 
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5.0 REAGENTS 

5.1 P u r i t y  o f  reagents. Reagent-grade chemicals s h a l l  be used i n  a l l  
t e s t s .  Unless otherwise ind ica ted ,  i t  i s  intended t h a t  a l l  reagents s h a l l  
conform t o  t h e  s p e c i f i c a t i o n s  o f  t h e  Committee on A n a l y t i c a l  Reagents o f  t h e  
American Chemical Society ,  where such s p e c i f i c a t i o n s  are avai 1  able. Other grades 
may be used, prov ided i t  i s  f i r s t  ascer ta ined t h a t  t h e  reagent i s  o f  s u f f i c i e n t l y  
h i g h  p u r i t y  t o  permi t  i t s  use w i thout  lessening t h e  accuracy o f  t h e  
determinat ion.  

5.2 Reagent water. A l l  re ferences t o  water i n  t h i s  method r e f e r  t o  
reagent water, as def ined i n  Chapter One. 

5.3 Oxygen. Free of combust ible mater i  a1 and ha1 ogen compounds, 
a v a i l a b l e  a t  a  pressure o f  40 atm. 

WARNING: Oxygen v igorous ly  accelerates con~bust ion (see Appendix A l .  1) 

5.4 Sodium bicarbonate/sodium carbonate so lu t i on .  Dissolve 2.5200 g 
NaHCO, and 2.5440 g Na,CO, i n  reagent water and d i l u t e  t o  1 L. 

5.5 White o i l .  Refined. 

5.6 Reagents and ma te r i a l s  f o r  spec i f i c  ana lys is  methods are  g iven i n  
t h e  methods. 

6.0 SAMPLE COLLECTION, PRESERVATION, AND HANDLING 

6.1 All samples must be c o l l e c t e d  us ing a sampling p lan  t h a t  addresses 
t h e  cons idera t ions  discussed i n  Chapter Nine. 

6.2 Ensure t h a t  t he  p o r t i o n  o f  t h e  sample used f o r  t he  t e s t  i s  repre-  
s e n t a t i v e  o f  t h e  sample. 

6.3 To minimize losses o f  v o l a t i l e  halogenated solvents t h a t  may be 
present  i n  t h e  sample, keep the  f i e l d  and l abo ra to ry  samples as f r e e  o f  headspace 
as poss ib le .  

6.4 Because used o i l s  may conta in  t o x i c  and/or carcinogenic substances 
appropr ia te  f i e l d  and 1 aboratory sa fe t y  procedures should be f o l l  owed. 

7.0 PROCEDURE 

7.1 Sampl e Preparat i on 

7.1.1 Preparat ion o f  bomb and sample. Cut a p iece  o f  f i r i n g  w i re  
approximately 100 mm i n  l eng th  and a t tach  the  f r e e  ends t o  t h e  terminals .  
Arrange t h e  w i r e  so t h a t  i t  w i l l  be j u s t  above and no t  touching t h e  sample 
cup. Loop a co t ton  thread around the  w i re  so t h a t  t h e  ends w i l l  extend 
i n t o  t h e  sampling cup. P ipe t  10 mL o f  t he  NaHC03/Na,C03 s o l u t i o n  i n t o  t h e  
bomb, we t t i ng  t h e  sides. Take an a l i q u o t  o f  the  o i l  sample o f  approxi-  
mate ly  0.5 g us ing a 5 -  o r  10-mL disposable p l a s t i c  syringe, and p lace  i n  
t h e  sample cup. The ac tua l  sample weight i s  determined by the  d i f f e r e n c e  
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between t h e  weight  o f  t h e  empty and f i l l e d  sy r inge .  Do n o t  use more t han  
1 g  o f  sample. 

NOTE: A f t e r  repeated use o f  t h e  bomb f o r  c h l o r i n e  de te rm ina t i on ,  - 
a  f i l m  may be n o t i c e d  on t h e  i n n e r  sur face .  T h i s  d u l l n e s s  should 
be removed by p e r i o d i c  p o l i s h i n g  o f  t h e  bomb. A s a t i s f a c t o r y  
method f o r  do ing  t h i s  i s  t o  r o t a t e  t h e  bomb i n  a  l a t h e  a t  about 
300 rpm and p o l i s h  t h e  i n s i d e  su r f ace  w i t h  G r i t  No. 2/0 o r  
equ i va len t  paper1 coated w i t h  a  l i g h t  machine o i l  t o  p reven t  
c u t t i n g ,  and t hen  w i t h  a  pas te  o f  g r i t - f r e e  chromic ox ide2  and 
water .  T h i s  procedure w i l l  remove a l l  b u t  v e r y  deep p i t s  and p u t  
a  h i g h  p o l i s h  on t h e  sur face.  Before us ing  t h e  bomb, i t  should 
be washed w i t h  soap and water  t o  remove o i l  o r  pas te  l e f t  f rom t h e  
p o l  i s h i n g  opera t ion .  Bombs w i t h  porous o r  p i t t e d  su r f aces  should 
never  be used because o f  t h e  tendency t o  r e t a i n  c h l o r i n e  f rom 
sample t o  sample. 

NOTE: I f  t h e  sample i s  n o t  r e a d i l y  combust ib le ,  o t h e r  - 
n o n v o l a t i l e ,  c h l o r i n e - f r e e  combust ib le  d i l u e n t s  such as w h i t e  o i l  
may be employed. However, t h e  combined we igh t  o f  sample and 
nonvo la t . i l e  d-iluent s h a l l  n o t  exceed 1 g. Some s o l i d  a d d i t i v e s  
a re  r e 1  a t i v e l y  i n s o l  ub l  e  b u t  may be s a t i s f a c t o r i l y  burned when 
covered w i t h  a  l a y e r  o f  w h i t e  o i l .  

NOTE: The p r a c t i c e  o f  a l t e r n a t e l y  r unn ing  samples h i g h  and low 
i n  c h l o r i n e  con ten t  should be avoided whenever p o s s i b l e .  I t  i s  
d i f f i c u l t  t o  r i n s e  t h e  l a s t  t r a c e s  o f  c h l o r i n e  f rom t h e  w a l l s  o f  
t h e  bomb, and t he  tendency f o r  r e s i d u a l  c h l o r i n e  t o  c a r r y  over  
f rom sample t o  sample has been observed i n  a  number o f  
1  abo ra to r i es .  When a  sample h i g h  i n  c h l o r i n e  has preceded one low 
i n  c h l o r i n e  content ,  t h e  t e s t  on t h e  l o w - c h l o r i n e  sample should 
be repeated, and one o r  bo th  o f  t h e  low va lues  t hus  ob ta ined  
should be cons idered suspect i f  they  do n o t  agree w i t h i n  t he  
l i m i t s  o f  r e p e a t a b i l i t y  o f  t h i s  method. 

NOTE: Do n o t  use more than  1 g  t o t a l  o f  sample and w h i t e  o i l  o r  
o t h e r  c h l o r i n e - f r e e  combust ib le  m a t e r i a l .  Use o f  excess amounts 
o f  these m a t e r i a l s  cou ld  cause a  b u i l d u p  o f  dangerous ly  h i g h  
p ressure  and poss ib l e  r u p t u r e  o f  t h e  bomb. 

7.1.2 A d d i t i o n o f o x y g e n .  P l a c e t h e s a m p l e c u p i n p o s i t i o n  
and ar range t h e  t h read  so t h a t  t h e  end d i p s  i n t o  t h e  sample. Assemble t h e  
bomb and t i g h t e n  t h e  cover  secure ly .  Admit oxygen s l o w l y  ( t o  avo id  
b low ing  t h e  o i l  f rom the  cup) u n t i l  a  pressure i s  reached as i n d i c a t e d  i n  
Table 1. 

NOTE: Do n o t  add oxygen o r  i g n i t e  t h e  sample i f  t h e  bomb has been - 
j a r r e d ,  dropped, o r  t i 1  ed. 

' ~ m e r y  P o l i s h i n g  Paper g r i t  No. 2/0 may be purchased f rom t h e  Behr-Manning 
Co., Troy, NY. 

*chromic o x i d e  may be purchased f rom J.T. Baker & Co., P h i l l i p s b u r g ,  NJ. 
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7.1.3 Combustion. Immerse the  bomb i n  a co ld  water bath. 
Connect the  terminals t o  the open e l e c t r i c a l  c i r c u i t .  Close the  c i r c u i t  
t o  i g n i t e  the  sample. Remove the  bomb from the bath a f t e r  immersion f o r  
a t  l e a s t  10 minutes. Release the pressure a t  a slow, uni form r a t e  such 
t h a t  t he  operat ion requ i res  a t  l e a s t  1 min. Open the  bomb and examine the 
contents. I f  t races o f  unburned o i l  o r  sooty deposits are found, d iscard 
the  determinat ion, and thoroughly clean the bomb before using i t  again. 

7 . 1 . 4  Co l lec t i on  o f  halogen so lu t ion .  Using reagent water and 
a funnel,  thoroughly r i n s e  the  i n t e r i o r  o f  the  bomb, the sample cup, the  
terminals, and the  i nne r  surface o f  the  bomb cover i n t o  a 100-mL 
volumetr ic  f l ask .  D i l u t e  t o  the mark w i t h  reagent water. 

7 . 1 . 5  Cleaning procedure f o r  bomb and sample cup. Remove any 
res idua l  fuse w i re  from the terminals and the  cup. Using hot  water, r i n s e  
the  i n t e r i o r  o f  the bomb, the  sample cup, the  terminals, and the inner  
surface o f  the  bomb cover. ( I f  any residue remains, f i r s t  scrub the bomb 
w i t h  Alconox so lu t i on ) .  Copiously r i n s e  the  bomb, cover, and cup w i t h  
reagent water. 

7.2 Sample Analysis. Analyze the  combustate f o r  ch lo r ine  o r  o ther  
halogens using the  methods 1 i s t e d  i n  Step 2.2. It may be necessary t o  d i l u t e  the  
samples so t h a t  the concentrat ion w i l l  f a l l  w i t h i n  the range o f  standards. 

7.3 Calculat ions.  Calculate the concentrat ions o f  each element 
detected i n  the  sample according t o  the fo l l ow ing  equation: 

where : 

co = concentrat ion o f  element i n  the sample, pg/g 
ccom = concentrat ion o f  element i n  the combustate, pg/mL 
vcm = t o t a l  volume o f  combustate, mL 
DF = d i l u t i o n  f a c t o r  
No = weight o f  sample combusted, g. 

Report the  concentrat ion o f  each element detected i n  the  sample i n  
micrograms per gram. 
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Example: A 0.5-9 o i l  sample was combusted, y i e l d i n g  10 mL o f  combustate. 
The combustate was d i l u t e d  t o  100 mL t o t a l  volume and analyzed f o r  ch lor ide ,  
which was measured t o  be 5 pg/mL. The concentrat ion of c h l o r i n e  i n  t h e  o r i g i n a l  
sample i s  then ca lcu la ted  as shown be1 ow: 

8.0 QUALITY CONTROL 

8.1 Refer t o  Chapter One f o r  . spec i f i c  q u a l i t y  c o n t r o l  procedures. 

8.2 One sample i n  t e n  should be bombed twice.  The r e s u l t s  should agree 
t o  w i t h i n  lo%, expressed as t h e  r e l a t i v e  percent d i f f e r e n c e  o f  t h e  r e s u l t s .  

8.3 Analyze mat r i x  spike and mat r i x  spike dupl i c a t e s  - sp i  ke samples w i t h  
t h e  elements o f  i n t e r e s t  a t  a l e v e l  commensurate w i t h  t h e  l e v e l s  being 
determined. The spiked compounds should be s i m i l a r  t o  those expected i n  t h e  
sample. Any sample suspected o f  conta in ing  > 25% water should a l s o  be spiked 
w i t h  organic ch lo r ine .  

8.4 For h igher  l e v e l s  (e.s., percent l e v e l s ) ,  s p i k i n g  may be 
i nappropri  ate.  For these cases, sampl es o f  known composit ion should be 
combusted. The r e s u l t s  should agree t o  w i t h i n  10% o f  the  expected r e s u l t .  

8.5 Q u a l i t y  con t ro l  f o r  t h e  a n a l y t i c a l  method(s) o f  choice should be 
f o l  1 owed. 

9.0 PERFORMANCE 

See a n a l y t i c a l  methods referenced i n  Step 2.2. 

10.0 REFERENCES 

1. ASTM Method D 808-81, Standard Test Method f o r  Ch lor ine  i n  New and Used 
Petroleum Products (Bomb Method). 1988 Annual Book o f  ASTM Standards. Volume 
05.01 Petroleum Products and Lubricants. 

2. Gask i l l ,  A. ; Estes, E. D. ; Hardison, D. L. ; and Myers, L. E. Val i d a t  i o n  
o f  Methods f o r  Determining Chlor ine i n  Used O i l s  and O i l  Fuels. Prepared f o r  
U.S. Environmental Pro tec t ion  Agency, O f f i c e  o f  Sol i d  Waste. EPA Contract No. 
68-01-7075, WA 80. J u l y  1988. 
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TABLE 1. 
GAGE PRESSURES 

Minimum 
gage 

Capacity of bomb, mL pressure", atm 

Maxi mum 
gage 
pressurea, atm 

"The minimum pressures are specified to provide sufficient oxygen for complete 
combustion, and the maximum pressures represent a safety requirement. Refer to 
manufacturers' specifications for appropriate gage pressure, which may be lower 
than those listed here. 
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APPENDIX 

A l .  PRECAUTIONARY STATEMENTS 

A l . l  Oxygen 

Warning--Oxygen v igo rous l y  accelerates combusti on. 

Keep o i l  and grease away. Do n o t  use o i l  o r  grease on regu la to rs ,  gages, 
o r  c o n t r o l  equipment. 

Use o n l y  w i t h  equipment cond i t ioned f o r  oxygen se rv i ce  by c a r e f u l  c lean ing  
t o  remove o i l ,  grease, and o t h e r  combustibles. 

Keep combust ibles away from oxygen and e l  i m i  na te  i g n i t i o n  sources. 

Keep sur faces c lean t o  prevent  i g n i t i o n  o r  explos ion,  o r  both, on contac t  
w i t h  oxygen. 

Always use a  pressure regu la to r .  Release r e g u l a t o r  t ens ion  be fore  opening 
c y l  i nder va l  ve . 

A l l  equipment and conta iners  used must be s u i t a b l e  and recommended f o r  
oxygen serv ice .  

Never attempt t o  t r a n s f e r  oxygen from c y l  i n d e r  i n  which i t  i s  rece ived t o  
any o the r  c y l  i nder. Do n o t  mix gases i n  c y l  i nders. 

Do n o t  drop c y l i n d e r .  Make sure c y l  i nde r  i s  secured a t  a1 1  t imes. 

Keep c y l  i n d e r  va l ve  closed when n o t  i n  use. 

Stand away from out1 e t  when opening c y l  i nder valve.  

For t e c h n i c a l  use on ly .  Do n o t  use f o r  i n h a l a t i o n  purposes. 

Keep c y l i n d e r  ou t  o f  sun and away from heat.  

Keep c y l i n d e r s  from co r ros i ve  environment. 

Do n o t  use c y l i n d e r  w i thout  l a b e l .  

Do n o t  use dented o r  damaged c y l  i nders. 

See Compressed Gas Assoc ia t ion  book le ts  6-4 and 64.1 f o r  d e t a i l s  o f  sa fe  
p r a c t i c e  i n  t h e  use o f  oxygen. 
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METHOD 5050 
BOMB PREPARATION METHOD FOR SOLID WASTE 

7 1 5 Rrnae bomb. 
7 1 1 Prepare bomb samplm cup. 

and sample termrnals. and bomb 
cover rlth hot 

7 1 2  Slowly add 7 2 Analyze 
oxygen to sample combus ta t* 

7 1 3 Immerse bomb 
rn cold rater; 
rgnrte sample; 

remova bomb from 
rater; releare 

pressure; open bomb 

7.3 Calculate 
concentratron of 

each element 
detected 

7 1 4 Rrnse bomb. 
sample cup, 

termrnals. and bomb 
cover wrth rater P 
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METHOD 9010A 

TOTAL AND AMENABLE CYANIDE 

1.0 SCOPE AND APPLICATION 

1.1 Method 9010 i s  used t o  determine the  concentrat ion of inorganic 
cyanide (CAS Regis t ry  Number 57-12-5) i n  wastes o r  leachate. The method detects 
inorgan ic  cyanides t h a t  are present as e i t h e r  soluble s a l t s  o r  complexes. It i s  
used t o  determine values f o r  both t o t a l  cyanide and cyanide amenable t o  
c h l o r i n a t i o n .  The " reac t ive"  cyanide content o f  a waste, t h a t  i s ,  the  cyanide 
content  t h a t  c o i ~ l d  generate t o x i c  fumes when exposed t o  m i l d  ac id i c  condit ions, 
i s  n o t  d i s t i l l e d  by Method 9010 ( r e f e r  t o  Chapter Seven). However, Method 9010 
i s  used t o  quan t i f y  the  concentrat ion o f  cyanide from the r e a c t i v i t y  t e s t .  

1.2 The t i t r a t i o n  procedure using s i l v e r  n i t r a t e  w i t h  p-dimethylamino- 
benzal-rhodanine i n d i c a t o r  i s  used f o r  measuring concentrat ions o f  cyanide 
exceeding 0.1 mg/L (0.025 mg/250 mL o f  absorbing 1 iqu id) .  

1.3 The c o l o r i m e t r i c  procedure i s  used f o r  concentrat ions below 1 mg/L 
o f  cyanide and i s  sens i t i ve  t o  about 0.02 mg/L. 

1.4 This method was designed t o  address the  problem o f  " t race" analyses 
(<lo00 ppm). The method may a lso  be used fo r  "minor" (1000 ppm - 10,000 ppm) and 
"major" (> lo,  000 ppm) analyses by adapting the  sample preparat ion techniques o r  
c e l l  path length.  However, the  amount o f  sodium hydroxide i n  the  standards and 
the sample analyzed must be the  same. 

2.0 SUMMARY OF METHOD 

2.1 The cyanide, as hydrocyanic ac id  (HCN), i s '  released from samples 
conta in ing  cyanide by means o f  a r e f 1  ux-d i  s t i l l  a t i o n  operat ion  under ac id i c  
cond i t ions  and absorbed i n  a scrubber conta in ing sodium hydroxide sol u t ion .  The 
cyanide i n  the  absorbing so lu t i on  i s  then determined co lo r ime t r i ca l  l y  o r  
t i t r a m e t r i c a l l y .  

2.2 I n  the  c o l o r i m e t r i c  measurement, t he  cyanide i s  converted t o  
cyanogen c h l o r i d e  (CNCl) by reac t i on  o f  cyanide w i t h  chloramine-T a t  a pH less  
than 8. A f t e r  t he  reac t i on  i s  complete, co lo r  i s  formed on the add i t i on  o f  
p y r i d i n e - b a r b i t u r i c  ac id  reagent. The absorbance i s  read a t  578 nm f o r  the 
compl ex formed w i t h  py r id ine -  barbi  t u r i  c ac id reagent and CNCl . To obta in  co lors  
o f  comparable i n tens i t y ,  i t  i s  essent ia l  t o  have the same s a l t  content i n  both 
the sample and the  standards. 

2.3 The t i t r a t i o n  measurement uses a standard so lu t i on  of s i l v e r  
n i t r a t e  t o  t i t r a t e  cyanide i n  the presence o f  a s i l v e r  sens i t i ve  ind ica tor .  

3.0 INTERFERENCES 

3.1 Inter ferences are e l  iminated o r  reduced by using the  d i s t i l  l a t i o n  
procedure. Chlor ine and s u l f i d e  are inter ferences i n  Method 9010. 
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3.2 Oxidiz ing agents such as ch lo r ine  decompose most cyanides. 
Chlorine inter ferences can be removed by adding an excess o f  sodium arseni te  t o  
the waste p r i o r  t o  preservation and storage of the sample t o  reduce the  ch lo r ine  
t o  ch lo r ide  which does not in te r fe re .  

3.3 Su l f ide  inter ference can be removed by adding an excess o f  bismuth 
n i t r a t e  t o  the  waste ( t o  p rec ip i t a te  the su l f ide )  before d i s t i l l a t i o n .  Samples 
t h a t  contain hydrogen su l f ide,  metal sul f ides,  or  other compounds t h a t  may 
produce hydrogen su l f i de  dur ing the d i s t i l l a t i o n  should be t rea ted  by the 
addi t ion o f  bismuth n i t r a te .  

3.4 High resu l t s  may be obtained f o r  samples t h a t  contain n i t r a t e  
and/or n i t r i t e .  During the d i s t i l l a t i o n ,  n i t r a t e  and n i t r i t e  w i l l  form n i t rous  
acid, which w i l l  react  w i t h  some organic compounds t o  form oximes. These 
compounds once formed w i l l  decompose under t e s t  condit ions t o  generate HCN. The 
possi b i l  i t y  o f  in ter ference o f  n i t r a t e  and n i t r i t e  i s  e l  iminated by pretreatment 
w i t h  sulfamic ac id  j u s t  before d i s t i l l a t i o n .  N i t r a t e  and n i t r i t e  are 
interferences when present a t  leve ls  higher than 10 mg/L and i n  conjunction w i t h  
ce r ta i n  organic compounds. 

3.5 Thiocyanate i s  reported t o  be an inter ference when present a t  very 
high leve ls .  Levels o f  10 mg/L were not found t o  in ter fere.  

3.6 Fa t ty  acids, detergents, surfactants, and other compounds may cause 
foaming dur ing the d i s t i l l  a t ion  when they are present i n  1 arge concentrat ions and 
w i l l  make the endpoint o f  the t i t r a t i o n  d i f f i c u l t  t o  detect. They may be 
extracted a t  pH 6-7. 

4.0 APPARATUS AND MATERIALS 

4.1 Reflux d i s t i l l a t i o n  apparatus such as shown i n  Figure 1 o r  Figure 
2. The b o i l i n g  f l a s k  should be o f  one l i t e r  s ize w i t h  i n l e t  tube and prov is ion 
f o r  condenser. 'The gas scrubber may be a 270-mL F isher -Mi l l  igan scrubber 
(Fisher, Part No. 07-513) o r  equivalent, The re f lux  apparatus may be a Wheaton 
377160 d i s t i l l a t i o n  u n i t  o r  equivalent. 

4.2 Spectrophotometer - Sui table f o r  measurements a t  578 nm w i th  a 
1.0 cm c e l l  o r  la rger .  

4.3 Hot p l a te  s t i r re r /hea t ing  mantle. 

4.5 Amber l i g h t .  

4.6 Vacuum source. 

4.7 Ref r igerator  . 
4.8 5 mL microburette 

4.9 7 Class A volumetric f lasks - 100 and 250 mL 

4.10 Erlenmeyer f l a s k  - 500 mL 
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5.0 REAGENTS 

5.1 Reagent grade chemicals s h a l l  be used i n  a l l  t e s t s .  Unless 
otherwise ind ica ted ,  i t  i s  intended t h a t  a l l  reagents s h a l l  conform t o  t h e  
s p e c i f i c a t i o n s  o f  t h e  Committee on A n a l y t i c a l  Reagents o f  t h e  American Chemical 
Society,  where such s p e c i f i c a t i o n s  are  ava i lab le .  Other grades may be used, 
p rov ided it i s  f i r s t  ascer ta ined t h a t  t h e  reagent i s  of s u f f i c i e n t l y  h igh  p u r i t y  
t o  pe rm i t  i t s  use w i thout  lessening t h e  accuracy o f  t h e  determinat ion.  

5.2 Reagent water. A l l  references t o  water i n  t h i s  method r e f e r  t o  
reagent water, as de f i ned  i n  Chapter One. 

5.3 Reagents f o r  sample c o l l e c t i o n ,  preservat ion, and hand1 i n g  

5.3.1 Sodium a r s e n i t e  (O.lN), NaAsO,. Dissolve 3.2 g NaAsO, i n  
250 mL water. 

5.3.2 Ascorbic acid, C6H806. 

5.3.3 Sodium hydroxide s o l u t i o n  (50%), NaOH. Commercially 
avai  1  able. 

5.3.4 Acet ic  ac id  (1.6M) CH,COOH. D i l u t e  one p a r t  of 
concentrated a c e t i c  a c i d  w i t h  9 p a r t s  o f  water. 

5.3.6 Hexane, C,H,,. 

5.3.7 Chloroform, CHC1,. 

5.4 Reagents f o r  cyanides amenable t o  c h l o r i n a t i o n  

5.4.1 Calcium hypoch lo r i te  s o l u t i o n  (0.35M), Ca(OCl),. Combine 
5 g of ca lc ium hypoch lo r i t e  and 100 mL o f  water. Shake before using. 

5.4.2 Sodiumhydroxidesolut ion(1.25N) ,  NaOH. D i s s o l v e 5 0 g o f  
NaOH i n  1 1 i t e r  o f  water. 

5.4.3 Sod iumarsen i te  (0.1N). SeeStep5.3.1.  

5.4.4 Potassium iod ide  s ta rch  paper. 

5.5 Reagents f o r  d i s t i l l a t i o n  

5.5.1 Sodium hydroxide (1.25N). See Step 5.4..2. 

5.5.2 Bismuth n i t r a t e  (0.062M), Bi(NO), 5H 0. Dissolve 30 g 
B i  (NO), 5H20 i n  100 mL o f  water. While s t i r r i n g ,  adb250 mL o f  g l a c i a l  
a c e t i c  acid, CH,COOH. S t i r  u n t i l  d issolved and d i l u t e  t o  1 l i t e r  w i t h  
water.  

5.5.3 Sulfamic ac id  (0.4N), H,NSO,H. Dissolve 40 g H2NS0,H i n  
1 1 i t e r  o f  water. 
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5.5.4 S u l f u r i c  ac id  (18N), H2S04. S l o w l ~ a n d c a r e f u l l ~ a d d  500 
mL o f  concentrated H,S04 t o  500 mL o f  water. 

5.5.5 Magnes iumchlor ideso lu t ion  (2.5M),MgC12.6H20. Dissolve 
510 g o f  MgC1, 6H20 i n  1 l i t e r  o f  water. 

5.5.6 Lead acetate paper. 

5.6 Reagents f o r  spectrophotometric determinat ion 

5.6.1 Sodium hydroxide s o l u t i o n  (0.25N), NaOH. D isso lve  10 g 
NaOH i n  1 1 i t e r  o f  water. 

5.6.2 Sodium phosphate monobasic (lM), NaH2P04 H20. Dissolve 
138 g o f  NaH,P04 H20 i n  1 1 i t e r  o f  water. Re f r i ge ra te  t h i s  so lu t i on .  

5.6.3 Chloramaine-T s o l u t i o n  (0.44%), C+I,ClNNaO,S. Dissolve 
1.0 g o f  whi te,  water so lub le  chloramine-T i n  100 mL o f  water and 
r e f r i g e r a t e  u n t i l  ready t o  use. 

5.6.4 Py r id ine -Barb i tu r i c  ac id  reagent, C5H5N C H4N203. Place 
15 g o f  b a r b i t u r i c  ac id  i n  a 250-mL volumetr ic  f l a s k  and aad j u s t  enough 
water t o  wash t h e  sides o f  t h e  f l a s k  and wet t h e  b a r b i t u r i c  ac id.  Add 75 
mL o f  p y r i d i n e  and mix. Add 15 mL o f  concentrated hydroch lor ic  ac id  
(HCl), mix, and cool t o  room temperature. D i l u t e  t o  250 mL w i t h  water. 
This reagent i s  s tab le  f o r  approximately s i x  months i f  stored i n  a cool, 
dark place. 

5.6.5 Stock potassium cyanide s o l u t i o n  (1 mL = 1000 p g  CN-), KCN. 
Dissolve 2.51 g o f  KCN and 2 g KOH i n  900 mL o f  water. Standardize w i t h  
0.0192N s i l v e r  n i t r a t e ,  AgN$. D i l u t e  t o  appropr iate concentrat ion t o  
achieve 1 mL = 1000 p g  o f  CN . 

NOTE: De ta i l ed  procedure f o r  AgNO, s tandard iza t ion  i s  described i n  
"Standard Methods f o r  t h e  Examination o f  Water and Wastewater", 
16th Ed i t ion ,  (1985), Methods 412C and 407A. 

5.6.6 Intermediate standard potassium cyanide so lu t i on ,  (1 mL = 
100 p g  CN-), KCN. D i l u t e  100 mL o f  s tock potassium cyanide s o l u t i o n  ( 1  mL 
= 1000 p g  CN-) t o  1000 mL w i t h  water. 

5.6.7 Working standard potassium cyanide s o l u t i o n  (1  mL = 10 pg  
CN'), KCN. Prepare f resh  d a i l y  by d i l u t i n g  100 mL o f  in termediate standard 
potassium cyanide s o l u t i o n  and 10 mL o f  1N NaOH t o  1 l i t e r  w i t h  water. 

5.7 Reagents f o r  t i  t r a t i o n  procedure 

5.7.1 Rhodani ne i n d i c a t o r  - Dissolve 20 mg o f  p-dimethyl amino- 
benzal -rhodanine, C12H12N20S2, i n  100 mL o f  acetone. 

5.7.2 Standard s i l v e r  n i t r a t e  s o l u t i o n  (0.0192N), AgNO,. Prepare 
by crushing approximately 5 g AgN03 and dry ing t o  constant weight a t  40°C. 
Weigh out  3.2647 g o f  d r i e d  AgN03. Dissolve i n  1 1 i t e r  o f  water. 
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NOTE: Detailed procedure for AgNO, standardization is described in 
"Standard Methods for the Examination of Water and Wastewater", 
16th Edition, (1985), Methods 412C and 407A. 

6.0 SAMPLE COLLECTION, PRESERVATION AND HANDLING 

6.1 All samples must be collected using a sampling plan that addresses 
the considerat ions discussed in Chapter Nine. 

6.2 Samples should be collected in plastic or glass containers. All 
containers must be thoroughly cleaned and rinsed. 

6.3 Oxidizing agents such as chlorine decompose most cyanides. To 
determine whether oxidizing agents are present, test a drop of the sample with 
potassium iodide-starch test paper. A blue color indicates the need for 
treatment. Add 0.1N sodium arsenite solution a few mL at a time until a drop of 
sample produces no color on the indicator paper. Add an additional 5 mL of 
sodium arsenite solution for each l iter of sample. Ascorbic acid can be used as 
an alternative a1 though it is not as effective as arsenite. Add a few crystals 
of ascorbic acid at a time until a drop of sample produces no color on the 
indicator paper. Then add an additional 0.6 g of ascorbic acid for each 1 iter 
of sample volume. 

6.4 Aqueous samples must be preserved by adding 50% sodium hydroxide 
until the pH is greater than or equal to 12 at the time of collection. 

6.5 Samples should be chilled to 4'C. 

6.6 When properly preserved, cyanide samples can be stored for up to 
14 days prior to sample preparation steps. 

6.7 Sol id and oily wastes may be extracted prior to analysis by method 
9013. It uses a dilute NaOH solution (pH = 12) as the extractant. This yields 
extractable cyanide. 

6.8 If fatty acids, detergents, and surfactants are a problem, they may 
be extracted using the following procedure. Acidify the sample with acetic acid 
(1.6M) to pH 6.0 to 7.0. 

CAUTION : This procedure can produce 1 ethal HCN gas. 

Extract with i sooctane, hexane, or chloroform (preference in order named) with 
solvent volume equal to 20% of the sample volume. One extraction is usually 
adequate to reduce the compounds below the interference level. Avoid mu1 tiple 
extractions or a long contact time at low pH in order to keep the loss of HCN at 
a minimum. When the extraction is completed, immediately raise the pH of the 
sample to above 12 with 50% NaOH solution. 
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7 . 0  PROCEDURE 

7 . 1  Pretreatment f o r  cyanides amenable t o  c h l o r i n a t i o n  

7 . 1 . 1  This t e s t  must be performed under amber l i g h t .  K3[Fe- 
( C N ) J  may decompose under UV l i g h t  and hence w i l l  t e s t  p o s i t i v e  fo r  
cyanide amenable t o  c h l o r i n a t i o n  i f  exposed t o  f luorescent  1  i g h t i n g  o r  
sun1 i g h t  . Two i d e n t i c a l  sample a1 iquots  are requ i red t o  determine cyanides 
amenable t o  ch lo r ina t ion .  

7 . 1 . 2  To one 500 mL sa,;lple o r  t o  a  sample d i l u t e d  t o  500 mL, add 
calcium hypochlor i  t e  s o l u t i o n  dropwise whi le  a g i t a t i n g  and main ta in ing the  
pH between 11 and 12 w i t h  1.25N sodium hydroxide u n t i l  an excess of 
c h l o r i n e  i s  present as ind ica ted by K I -s ta rch  paper t u r n i n g  blue. The 
sample w i l l  be subjected t o  a1 k a l i n e  c h l o r i n a t i o n  by t h i s  step. 

CAUTION : The i n i t i a l  reac t ion  product o f  a1 ka l  i n e  c h l o r i n a t i o n  i s  t h e  very 
t o x i c  gas cyanogen ch lor ide ;  therefore,  i t  i s  necessary t h a t  t h i s  
reac t ion  be performed i n  a  hood. 

7 . 1 . 3  Test f o r  excess ch lo r ine  w i t h  K I -s ta rch  paper and mainta in 
t h i s  excess f o r  one hour w i t h  continuous a g i t a t i o n .  A d i s t i n c t  b lue c o l o r  
on the t e s t  paper ind ica tes  a  s u f f i c i e n t  ch lo r ine  l e v e l .  If necessary, 
add add i t i ona l  calcium hypoch lor i te  so lu t ion .  

7 . 1 . 4  A f t e r o n e h o u r ,  a d d 1 m L p o r t i o n s o f 0 . 1 N s o d i u m  arsen i te  
u n t i l  K I -s ta rch  paper shows no res idua l  ch lor ine .  Add 5 mL of excess 
sodium a rsen i te  t o  ensure the  presence o f  excess reducing agent. 

7 . 1 . 5  Test f o r  t o t a l  cyanide as described below i n  both the  
ch lo r ina ted  and the  unchlor inated samples. The d i f fe rence of t o t a l  
cyanide i n  the  ch lor ina ted and unchlor inated samples i s  the  cyanide 
amenable t o  c h l o r i n a t i o n .  

7 .2  D i s t i l l a t i o n  Procedure 

7 . 2 . 1  Place 500 mL o f  sample, o r  sample d i l u t e d  t o  500 mL i n  the  
one l i t e r  b o i l i n g  f l a s k .  Pipet  50 mL o f  1.25N sodium hydroxide i n t o  the  
gas scrubber. I f  the  apparatus i n  Figure 1 i s  used, add water u n t i l  t he  
s p i r a l  i s  covered. Connect the  b o i l  i n g  f l ask ,  condenser, gas scrubber and 
vacuum t rap .  

7 . 2 . 2  S t a r t  a  slow stream o f  a i r  en ter ing  the  b o i l i n g  f l a s k  by 
ad jus t ing  t h e  vacuum source. Adjust t h e  vacuum so t h a t  approximately two 
bubbles o f  a i r  per second enter  the  b o i l i n g  f l a s k  through t h e  a i r  i n l e t  
tube. 

7 . 2 . 3  I f  samples are known o r  suspected t o  conta in  s u l f i d e ,  add 
50 mL o f  0.062M bismuth n i t r a t e  s o l u t i o n  through the  a i r  i n l e t  tube. Mix 
f o r  th ree  minutes. Use lead acetate paper t o  check t h e  sample f o r  t h e  
presence o f  s u l f i d e .  A  p o s i t i v e  t e s t  i s  ind ica ted by a b lack  c o l o r  on the 
paper. 
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7.2.4 If samples are known or suspected to contain nitrate or 
nitrite, or if bismuth nitrate was added to the sample, add 50 mL of 0.4N 
sulfamic acid solution through the air inlet tube. Mix for three minutes. 

Note: Excessive use of sulfamic acid could create method bias. 

7.2.5 Slowly add 50 mL of 18N sulfuric acid through the air inlet 
tube. Rinse the tube with water and allow the airflow to mix the flask 
contents for three minutes. Add 20 mL of 2.5M magnesium chloride through 
the air inlet and wash the inlet tube with a stream of water. 

7.2.6 Heat the solution to boiling. Reflux for one hour. Turn 
off heat and continue the airflow for at least 15 minutes. After cooling 
the boiling flask, and closing the vacuum source, disconnect the gas 
scrubber. 

7.2.7 Transfer the solution from the scrubber into a 250-mL 
volumetric flask. Rinse the scrubber into the volumetric flask. Dilute 
to volume with water. 

7.2.8 If the manual spectrophotometric determination will be 
performed, proceed to Step 7.3.1. If the titration procedure will be 
performed, proceed to Step 7.7. 

7.3 Manual spectrophotometri c determination 

7.3.1 Pipet 50 mL of the scrubber solution into a 100-mL 
volumetric flask. If the sample is later found to be beyond the linear 
range of the colorimetric determination and redistillation of a smaller 
sample i s  not feasible, a smaller aliquot may be taken. If less than 
50 mL is taken, dilute to 50 mL with 0.25N sodium hydroxide solution. 

NOTE : Temperature of reagents and spiking solution can affect the 
response factor of the colorimetric determination. The reagents 
stored in the refrigerator should be warmed to ambient temperature 
before use. Samples should not be left in a warm instrument to 
develop color, but instead they should be aliquoted to a cuvette 
immediately prior to reading the absorbance. 

7.3.2 Add 1 5 m L  of 1M sodiumphosphate solution and mix. Add 2 
mL of chloramine-T and mix. Some distillates may contain compounds that 
have chlorine demand. One minute after the addition of chloramine-T, test 
for excess chlorine with KI-starch paper. If the test is negative, add 
0.5 mL chloramine-T. After one minute recheck with KI-starch paper. 
Continue to add chloramine-T in 0.5 mL increments until an excess is 
maintained. After 1 to 2 minutes, add 5 mL of pyridine-barbituric acid 
solution and mix. 

7.3.3 Dilute to 100 mL with water and mix again. Allow 8 minutes 
for color develop~~~ent and then read the absorbance at 578 nm in a 1-cm 
cell within 15 minutes. The sodium hydroxide concentration will be 
0.125N. 
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7 .4  Standard curve f o r  samples w i thout  s u l f i d e  

7 . 4 . 1  Prepare a se r ies  o f  standards by p i  p e t t i n g  su i  tab1 e volumes 
o f  working standard potassium cyanide s o l u t i o n  i n t o  250-mL v o l ~ ~ m e t r i c  
f l asks .  To each f l a s k ,  add 50 mL o f  1.25N sodium hydroxide and d i l u t e  t o  
250 mL w i t h  water. Prepare using t h e  f o l l o w i n g  t a b l e .  The sodium 
hydroxide concentrat ion w i  11 be 0.25N. 

mL o f  Working Standard So lu t i on  
10 uq CN') ( 1  rr~L = 

0 

Concentrat ion 
(UCI CN-/LI 

B l  an k 
40 
80 

200 
400 
600 
800 

7 . 4 . 2  A f t e r  the  standard so lu t i ons  have been prepared according 
t o  t h e  t a b l e  above, p i p e t  50 mL o f  each standard s o l u t i o n  i n t o  a 100-mL 
vo lumet r ic  f l a s k  and proceed t o  Steps 7.3.2 and 7 .3 .3  t o  o b t a i n  absorbance 
values f o r  t h e  standard curve. The f i n a l  concentrat ions f o r  t h e  standard 
curve w i l l  be one h a l f  o f  t h e  amounts i n  t h e  above t a b l e  ( f i n a l  
concentrat ions ranging from 20 t o  400 pg/L) . 

7.4.3  It i s  recommended t h a t  a t  l e a s t  two standards (a h igh  and 
a low) be d i s t i l l e d  and compared t o  s i m i l a r  values on t h e  curve t o  ensure 
t h a t  t h e  d i s t i l l a t i o n  technique i s  r e l i a b l e .  I f  d i s t i l l e d  standards do 
n o t  agree w i t h i n  4 10% o f  t h e  u n d i s t i l l e d  standards, t h e  ana lys t  should 
f i n d  t h e  cause o f  t he  apparent e r r o r  before proceeding. 

7 . 4 . 4  Prepare a standard curve ranging from 20 t o  400 pg/L by 
p l o t t i n g  absorbance o f  standard versus the  cyanide concent ra t ion  

7 .5  Standard curve f o r  samples w i t h  s u l f i d e  

7 . 5 . 1  It i s  imperat ive t h a t  a l l  standards be d i s t i l l e d  i n  t h e  
same manner as t h e  samples using the  method o f  standard add i t ions .  
Standards d i s t i l l e d  by t h i s  method w i l l  g i ve  a l i n e a r  curve, a t  low 
concentrat ions,  bu t  as t h e  concentrat ion increases, t h e  recovery 
decreases. It i s  recommended t h a t  a t  l e a s t  f i v e  standards be d i s t i l l e d .  

7 . 5 . 2  Prepare a ser ies  of standards s i m i l a r  i n  concent ra t ion  t o  
those mentioned i n  Step 7.4.1  and analyze as i n  Step. 7.3.  Prepare a 
standard curve by p l o t t i n g  absorbance o f  standard versus t h e  cyanide 
concentrat ion.  

7 .6  Ca lcu la t i on  - I f  t h e  spectrophotometric procedure i s  used, 
c a l c u l a t e  t h e  cyanide, i n  pg/L, i n  t h e  o r i g i n a l  sample as fo l l ows .  

CN- (pg/L) = A x B x C 
D x E  
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where: 

A  = pg/L CN- read from standard curve. 
B = mL o f  sample a f t e r  p repara t ion  o f  c o l o r i m e t r i c  ana lys is  

(100 mL recommended). 
C = mL o f  sample a f t e r  d i s t i l  l a t i o n  (250 mL recommended). 
D = mL o f  o r i g i n a l  sample f o r  d i s t i l l a t i o n  (500 mL 

recommended). 
E = mL used f o r  c o l o r i m e t r i c  ana lys is  (50 mL recommended). 

7.7 T i  t r a t  i on Procedure 

7.7.1 Trans fe r  t h e  gas scrubber s o l u t i o n  o r  a  s u i t a b l e  a l i q u o t  
from t h e  250-mL vo lumet r i c  f l a s k  t o  a  500-mL Erlenmeyer f l a s k .  Add 10-12 
drops o f  t h e  rhodanine i n d i c a t o r .  

7.7.2 T i t r a t e  w i t h  standard 0.0192N s i l v e r  n i t r a t e  t o  t h e  f i r s t  
change i n  c o l o r  f rom y e l l o w  t o  brownish-pink. The t i t r a t i o n  must be 
performed s low ly  w i t h  constant  s t i r r i n g .  T i t r a t e  a  water b lank us ing  t h e  
same amount o f  sodium hydroxide and i n d i c a t o r  as i n  t h e  sample. The 
ana l ys t  should be f a m i l i a r  w i t h  t he  endpoint o f  t he  t i t r a t i o n  and t h e  
amount o f  i n d i c a t o r  t o  be used be fo re  a c t u a l l y  t i t r a t i n g  t he  samples. A 
5-mL bu re t  may be conven ien t l y  used t o  ob ta in  a  p rec i se  t i t r a t i o n .  

NOTE : The t i t r a t i o n  i s  based on t h e  f o l l o w i n g  reac t i on :  

When a l l  o f  t h e  cyanide has complexed and more s i l v e r  n i t r a t e  i s  
added, t h e  excess s i l v e r  combines w i t h  t he  rhodanine i n d i c a t o r  t o  t u r n  t h e  
s o l u t i o n  y e l l o w  and then brownish-pink. 

7.7.3 C a l c u l a t i o n  - I f  t h e  t i t r i m e t r i c  procedure i s  used, 
c a l c u l a t e  concent ra t ion  o f  CN- i n  pg/L i n  t h e  o r i g i n a l  sample as fol lows: 

( A  -B) x D x x C N - ( P S / L ) -  2 mole CN- , 2 6 . 0 2  g CN- 1  x 1 0 6 p g  
F 1 e9. AgNO, 1  mole CN- 1 9  

where : 

A = mL o f  AgNO, f o r  t i t r a t i o n  o f  sample. 
B = mL of AgNO fo r  t i t r a t i o n  o f  blank. 
C = mL o f  sample t i t r a t e d  (250 recommended). 
D = ac tua l  normal i ty  o f  AgNO (0.0192N recommended) . 
E = mL of  sample a f t e r  d i s t i l  1  a t i o n  (250 recommended). 
F = mL o f  o r i g i n a l  sample before d i s t i l l a t i o n  (500 

recommended). 
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8.0 QUALITY CONTROL 

8.1 All quality control data should be maintained and available for 
easy reference or inspection. 

8.2 Employ a minimum of one reagent blank per analytical batch or one 
in every 20 samples to determine if contamination or any memory effects are 
occurring . 

8.3 Analyze check standards with every analytical batch of samples. 
If the standards are not within 15% of the expected value, then the samples must 
be reanalyzed. 

8.4 Run one repl icate sample for every 20 samples. A repl icate sample 
is a sample brought through the entire sample preparation and analytical process. 
The CV of the repl icates should be 20% or less. If this criterion is not met, 
the samples should be reanalyzed. 

8.5 Run one matrix spiked sample every 20 samples to check the 
efficiency of sample distillation by adding cyanide from the working standard or 
intermediate standard to 500 mL of sample to ensure a concentration of 
approximately 40 pg/L. The matrix spiked sample is brought through the entire 
sample preparation and analytical process. 

8.6 The method of standard additions shall be used for the analysis of 
all samples that suffer from matrix interferences such as samples which contain 
sulfides. 

9.0 METHOD PERFORMANCE 

9.1 The titration procedure using silver nitrate is used for measuring 
concentrations of cyanide exceeding 0.1 mg/L. The colorimetric procedure is used 
for concentrations below 1 mg/L of cyanide and is sensitive to about 0.02 mg/L. 

9.2 EPA Method 335.2 (sample distillation with titration) reports that 
in a single laboratory using mixed industrial and domestic waste samples at 
concentrations of 0.06 to 0.62 mg/L CN', the standard deviations for precision 
were 2 0.005 to + 0.094, respectively. In a single laboratory using mixed 
industrial and domestic waste samples at concentrations of 0.28 and 0.62 mg/L 
CN-, recoveries (accuracy) were 85% and 102%, respectively. 

9.3 In two additional studies using surface water, ground water, and 
1 andf i 1 1  1 eachate samples, the ti trati on procedure was further eval uated . The 
concentration range used in these studies was 0.5 to 10 mg/L cyanide. The 
detection limit was found to be 0.2 mg/L for both total and amenable cyanide 
determinations. The precision (CV) was 6.9 and 2.6 for total cyanide 
determinations and 18.6 and 9.1 for amenable cyanide determinations . The mean 
recoveries were 94% and 98.9% for total cyanide, and 86.7% and 97.4% for amenable 
cyanide. 
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METHOD 9012 

TOTAL AND AMENABLE CYANIDE (COLORIMETRIC, AUTOMATED UV) 

1.0 SCOPE AND APPLICATION 

1.1 Method 9012 is used t o  determine the concentration of inorganic 
cyanide i n  an aqueous waste o r  leachate. The method detects Inorganic 
cyanides that  are present as ei ther  simple soluble s a l t s  or  complex radicals. 
I t  is used t o  determine values for  both total cyanide and cyanide amenable to  
chlorination. Method 9012 i s  not intended t o  determine i f  a waste i s  
hazardous by the characteristic of reactivl ty . 
2.0 SUMMARY OF METHOD 

2.1 The cyanide, as hydrocyanic acid (HCN), I s  released by refluxing the- 
sample w i t h  strong acid and d i s t i l  lation of the HCN into an absorber-scrubber 
contalnlng sodium hydroxide solution. The cyanide ion in the absorbing 
sol ution is  then determi ned by automated UV col orimetry . 

2.2 In the colorimetric measurement, the cyanide I s  converted t o  
cyanogen chloride (CNc1) by reaction w i t h  Chloramine-T a t  a pH less  than 8 
without hydrolyzing t o  the cyanate. After the reaction i s  complete, color is 
formed on the addition of pyridi ne-barbi tur ic  acid reagent. The concentration 
of NaOH must be the same in the standards, the scrubber solutions, and any 
dilution of the original scrubber solution to  obtain colors of comparable 
I ntensi ty. 

3.0 INTERFERENCES 

3.1 Interferences are el 1 mi nated or  reduced by procedures described in 
Paragraphs 7.2.3, 7.2.4, and 7.2.5. 

3.2 Sul fides adversely affect the colorimetric procedures. Sarnples that 
contain hydrogen sitlfide, metal sulfides, or other compounds that  may produce 
hydrogen sulfide during the d is t i l la t ion  should be treated by addition of 
bismuth  n i t ra te  prior t o  dl s t1 11 ation as descri bed in Paragraph 7.2.3. 

3.3 High results may be obtained for samples that contain ni trate  and/or 
n i t r i t e .  During the d is t i l la t ion ,  n i t ra te  and n i t r i t e  will form nitrous acid, 
which will react with some organic compounds to  form oximes. These compounds 
will decompose under t e s t  conditions to  generate HCN. The possible 
interference of nl triite and n i  tri t e  i s  el iminated by pretreatment w i t h  
sulfamic acid. 
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4.0 APPARATUS AND MATERIALS 

4.1 Reflux d i s t i l l a t i o n  apparatus: Such as shown i n  Figure 1 o r  2. The 
b o i l i n g  f l a s k  should be o f  1 - l i t e r  s ize w i th  i n l e t  tube and prov is ion fo r  
condenser. The gas absorber i s  a F i  sher-Mi 11 igan scrubber ( ~ i  sher Catalog 
507-513) o r  equivalent . 

4.2 Potassium iodide-starch t e s t  paper. 

4.3 Automated continuous-flow ana ly t i ca l  instrument with: 

4.3.1 Sarapler. 
4.3.2 h n i f o l d  with UV digestor. 
4.3.3 Proport ioning punp. 
4.3.4 Heating bath w i t h  d i s t i l l a t i o n  c o i l .  
4.3.5 D i s t i l l a t i o n  head. 
4.3.6 Calorimeter equipped with a 15-m f l o u c e l l  and 570 nm f i l t e r .  
4.3.7 Recorder. 

5.0 REAGENTS 

5.1 ASTM Type I1 water (ASTM D1193) : Water should be monitored f o r  
impur i t ies.  

5.2 Sodium hydroxide solut ion, 1.25 N: Dissolve 50 g o f  NaOH i n  Type I1 
water and d i l u t e  t o  1 l i t e r  w i t h  Type I1 water. 

5.3 Bismuth n i t r a t e  solut ion:  Dissolve 30.0 g o f  B i  (N03)3 i n  100 mL o f  
Type I1 water. While s t i r r i n g ,  add 250 mL o f  g lac ia l  acet ic  acid. S t i r  u n t i l  
dissolved. D i l u t e  t o  1 l i t e r  w i th  Type I1 water. 

5.4 S u l f u r i c  acid, 1:l: Slowly add 500 mL o f  concentrated H2SO4 t o  
500 mL o f  f v ~ e  I 1  water. 

CUTION: t h i s  i s  an exothermic reaction. 

5.5 Sodium dihydroqenphosphate, 1 M: Dissolve 138 g o f  NaH2P040H20 i n  
1 l i t e r  o f  Type I1 water. 

5.6 Stock cyanide solut ion:  Dissolve 2.51 g o f  KCN and 2 g KOH i n  
900 mL o f  Type I1 water. Standardize w i th  0.0192 N AaNO?. D i l u t e  t o  - " 
appropriate concentration so tha t  1 mL = 1 mg CN. 

5.7 Intermediate standard cyanide solut ion:  D i l u t e  100.0 mL o f  stock 
(1 mL = 1 mg CN) t o  1,000 mL w i  t h  Type I1  water (1 mL = 100 ug CN) . 

5.8 Working standard cyanide solut ion: Prepare f resh d a i l y  by d i l u t i n g  
100.0 mL o f  intermediate cyanide so lu t ion t o  1,000 mL w i th  Type I1  water - .  
(1  mL = 10.0 ug CN). Store j n  a glass-stoppered bo t t le .  
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Figure 1. Apparatus for cyanide distillation. 
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5.9 Magnesium chlorlde solutlon: Weigh 510 g of MgC12-6H20 into a 
1,000-mL flask, dissolve, and dl lute t o  1 l l t e r  wlth Type I1 water. 

5.10 Sulfamlc acid solution: Dissolve 40 g of sulfamic acld in Type I1 
water. Dilute t o  1 l i t e r .  

5.11 Calclumhypochlorite solution: Dlssolve 5 g ofcalciumhypo- 
chlorl te  [Ca(OC1)2] in 100 mL of Type I1 water. 

5.12 Reagents for  automated colorlmetric determination: 

5.12 
acld In a 
the sides 

.1 Pyrldine-barbituric acid reagent.: Place 15 g of barb1 turic  
250-1111 volurnetrlc flask, add just enough Type I1 water t o  wash 
of the flask, and wet the barbituric acld. Add 75 mL of 

pyridlne and mix. Add 15 mL of concentrated HC1, mix, and cool t o  r o o m  
temperature. D l  lute  to 250 mL with Type I1 water and mix. Thi s reagent 
I s  stable for  approximately s ix months i f  stored In a cool, dark place. 

5.12.2 Chlorantine-Tsolution: Dissolve 2.0 g of white,water 
soluble chloramine-T in 500 mL of Type I1 water and refrlgerate until 
ready t o  use. 

5.12.3 Sodium hydroxide, 1 N: Dissolve 40 g of NaOH i n  Type I1 
water, and dl lute t o  1 l l t e r .  

5.12.4 A1 1 working standards should contain 2 mL of 1 N NaOH 
(Paragraph 5.12.3) per 100 mL. 

5.12.5 Dilution water and receptacle wash water (NaOH, 0.25 N) : 
Dissolve 10.0 g NaOH in 500 mL of Type I1 water. Dilute t o  1 l i t e r .  

5.13 Ascorbic acid: Crystals. 

5.14 Phosphate buffer, pH 5.2: Dissolve 13.6 g of potassium dl hydrogen 
phosphate and 0.28 g of dlsodium phosphate in 900 mL of Type I1 water and 
di lu te  t o  1 l l t e r .  

6.0 SAMPLE COLLECTION, PRESERVATION, AND HANDLING 

6.1 A1 1 samples must have been collected using a sampling plan that 
addresses the considerations discussed in Chapter Nine of th i s  manual. 

6.2 Samples should be collected in plastlc or glass bottles of 1-l i ter  
s ize or  larger. A1 1 bottles must be thoroughly cleaned and thoroughly rinsed 
to  remove sol ubl e materl a1 s from containers. 

6.3 Oxidizing agents such as chlorine decompose most cyanides. To 
determine whether oxidizing agents are present, t e s t  a drop of the sample w l t h  
acidified potassium iodide (K1)-starch t e s t  paper a t  the time the sample i s  
col lected: a blue color indicates the need for  treatment. Add ascorbic acid a 

f-? 

w 
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few crysta ls  a t  a time u n t i l  a drop o f  sample produces no color  on the 
indicator. Then add an addit ional 0.6 g o f  ascorblc acld f o r  each 1 i t e r  o f  
water. 

6.4 Samples must be preserved by addlt lon o f  10 N sodium hydroxide u n t l l  
sample pH i s  greater than o r  equal t o  12 a t  the time o f  col lect ion. 

6.5 Samples should be refr lgerated a t  4.C, when posslble, and analyzed 
as soon as posslble. 

7.0 PROCEDURE 

7.1 Pretreatment f o r  cyanides amenable t o  chlorination: 

7.1.1 Two sample al iquots are required t o  deten ine cyanldes 
amenable t o  chlorination. To one 500-mL aliquot, o r  t o  a volume d i lu ted 
t o  500 mL, add calclum hypochlori t e  solut lon (Paragraph 5.11) dropwise 
while agi tat ing and malntalnlng the pH between 11 and 12 wi th sodium 
hydroxl de (Paragraph 5.2). 

CAUTION: The i n l  t i a l  reaction product o f  a1 kal ine chlor inat lon i s  
thc very tox ic  gas cyanogen chloride: therefore, i t  i s  

recomnended that  t h i s  reactlon be perfonned i n  a hood. For 
convenience, the sample may be agltated I n  a 1-1 l t e r  beaker by 
means o f  a magnetic s t i r r i n g  device. 

7.1.2 Test f o r  resldual chlorine w l  t h  KI-starch paper (Paragraph 
4.4) and maintain t h l s  excess f o r  1 hr, continuing agltatlon. A d l s t l n c t  
blue color  on the t es t  paper indicates a su f f i c ien t  chlor ine level. If 
necessary, add add1 t iona l  hypochlori t e  solution. 

7.1.3 Af ter  1 hr, add 0.5 g portlons o f  ascorblc acld u n t l l  KI- 
starch paper shows no residual chlorlne. Add an addlt lonal 0.5 g o f  
ascorblc acld t o  ensure the presence o f  excess reducing agent. 

7.1.4 Test f o r  t o t a l  cyanide i n  both the chlorinated and 
unchlorinated a1 I quots. (The d l  fference o f  t o t a l  cyanide I n  the 
chlorinated and unchlorinated aliquots i s  the cyanide amenable t o  
chlorination.) 

7.2 D l s t l l l a t i o n  Procedure: 

7.2.1 Place 500 mL o f  sample, o r  an al iquot d i lu ted t o  500 mL, i n  
the 1 - l i t e r  bo i l i ng  f lask. Plpet 50 mL o f  sodlum hydroxlde (Paragraph 
5.2) i n t o  the absorblng tube. I f  the apparatus i n  Flgure 1 i s  used, add 
Type I1 water u n t l l  the spi ra l  i s  covered. Connect the b o l l  ing flask, 
condenser, absorber, and t rap I n  the t r a i n  (Figure 1 o r  2). 

7.2.2 By adjusting the vacuum source, s t a r t  a slow stream of a i r  
entering the bo i l i ng  f lask so tha t  approximately two bubbles o f  a l r  per 
second enter the f lask  through the a i r  i n l e t  tube. 
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7.2.3 Use lead acetate paper t o  check the sample f o r  the presence 
of su l f ide.  A pos i t i ve  t e s t  i s  indicated by a black co lo r  on the paper. 
If pos i t i ve ,  t r e a t  the sample by adding 50 mL of bismuth n i t r a t e  so lu t ion 
(Paragraph 5.3) through the a i r  i n l e t  tube a f t e r  the a i r  ra te  I s  set. 
Mix f o r  3 min p r i o r  t o  addi t ion o f  H2SO4. 

7.2.4 I f  samples are suspected t o  contain N03' and/or N02, add 50 mL 
o f  sulfamic ac id  so lu t ion (Paragraph 5.10) a f t e r  the a i r  r a t e  i s  set  
through the a l r  i n l e t  tube. Mix f o r  3 min p r i o r  t o  addi t ion o f  H2SO4. 

7.2.5 Slowly add 50 mL 1:l H2SO4 (Paragraph 5.4) through the a i r  
i n l e t  tube. Rinse the tube w i th  Type I1 water and al low the a i r f l ow  t o  
mix the f l ask  contents f o r  3 min. Pour 20 mL o f  magnesium ch lor ide 
(Paragraph 5.9) i n t o  the a i r  i n l e t  and wash down w i th  a stream o f  water. 

7.2.6 H e a t t h e s o l u t i o n t o b o i l i n g .  Reflux f o r  l h r .  T u r n o f f  
heat and continue the a i r f l o w  f o r  a t  leas t  15 min. A f t e r  cooltng the 
bo i  1 i n g  f lask,  disconnect absorber and close o f f  the vacuum source. 

7.2.7 Drain the so lu t ion f r o m  the absorber i n t o  a 250-mL volumetric 
f lask.  Wash the absorber w i th  Type I1 water and add the washings t o  the 
f lask.  D I l u te  t o  the mark w i th  Type I1  water. 

7.3 Automated co lor imetr ic  determi nation: 

7.3.1 Set up the manlfold i n  a hood o r  a wel l -vent i lated area as 
shown i n  Figure 3. 

7.3.2 A1 1 ow colorimeter and recorder t o  w a n  up f o r  30 min. Run a 
basel ine w i th  a l l  reagents, feeding Type I1  water through the sample 
l i ne .  

7.3.3 PI ace appropriate standards i n  the sampler i n  order o f  
decreasing concentration. Complete loading o f  the sampler t r a y  w i th  
unknown sampl es. 

7.3.4 When the base1 i ne  becomes steady, begin the analysis. 

7.4 Standard curve f o r  samples without sulf ide: 

7.4.1 Prepare a series o f  standards by p ipe t t i ng  su i tab le  volumes 
o f  standard sol  u t i on  (Paragraph 5.8) i n t o  250-mL volumetric f 1 asks. To 
each standard add 50 mL o f  1.25 N sodium hydroxide and d i l u t e  t o  250 mL 
w i t h  Type I1  water. Prepare as follows: 
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8.4 Run one spike dupl i ca te  sample f o r  every 10 samples. A dupl icate 
sample i s  a sample brought through the whole sample preparation process. 

8.5 The method o f  standard addi t ions shal l  be used f o r  the analysis o f  
a1 1 samples t h a t  su f fe r  from matr ix interferences. 

9.0 METHOD PERFORMANCE 

9.1 Precision and accuracy data are not  avai lable a t  t h i s  time. 

10.0 REFERENCES 

1. Annual Book o f  ASTM Standards, Part 31, 'Water, ' Standard D2036-75, 
Method B, p. 505 (1976). 

2. Goulden, P.D., B.K. Afghan, and P. Brooksbank, Determination o f  Nanogram 
Quant i t ies  o f  Simple and Complex Cyanides i n  Water, Anal. Chem., 44(11)_, pp. 
1845-49 (1972). 

3. Standard Methods f o r  the Examination o f  Water and Wastewater, 14th ed., 
pp. 376 and 370, Method 413F and D (1975). 

4. Technicon AutoAnalyzer I1 Methodology, I ndus t r i a l  Method No. 315-74 WCUV 
Digestion and Di s t i  11 ation, Technicon Indus t r i a l  Systems, Tarrytown, New York, 
10591 (1974). 
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METHOD 9013 
(APPENDIX TO METHOD 9010) 

1.0 SCOPE AND APPLICATION 

1.1 The extraction procedure described in this method is designed for 
the extraction of soluble cyanides from solid and oil wastes. The method is 
applicable to oil, sol id, and mu1 tiphasic samples. This method is not applicable 
to samples containing insoluble cyanide compounds. 

2.0 SUMMARY OF METHOD 

2.1 If the waste sample contains so much solid, or solids of such a 
size as to interfere with agitation and homogenization of the sample mixture in 
the distillation flask, or so much oil or grease as to interfere with the 
formation of a homogeneous emulsion, the sample may be extracted with water at 
pH 10 or greater, and the extract distilled and analyzed by Method 9010. Samples 
that contain free water are filtered and separated into an aqueous component and 
a combined oil and solid component. The nonaqueous component may then be 
extracted, and an a1 iquot of the extract combined with an a1 iquot of the filtrate 
in proportion to the composition of the sample. A1 ternatively, the components 
may be analyzed separately, and cyanide levels reported for each component. 
However, if the sample sol ids are known to contain sufficient levels of cyanide 
(about 50 pg/g) as to be we1 1 above the 1 imit of detection, the extraction step 
may be deleted and the solids analyzed directly by Method 9010. This can be 
accomplished by diluting a small aliquot of the waste solid (1-10 g) in 500 mL 
water in the distillation flask and suspending the slurry during distillation 
with a magnetic stir-bar. 

3.0 INTERFERENCES 

3.1 Potenti a1 interferences that may be encountered during analysis are 
discussed in Method 9010. 

4.0 APPARATUS AND MATERIALS 

4.1 Extractor - Any suitable' device that sufficiently agitates a sealed 
container of one liter volume or greater. For the purpose of this analysis, 
agitation is sufficient when: 

1. A1 1 sample surfaces are continuously brought into contact 
with extraction fluid, and 

2. The agitation prevents stratification of the sample and 
fluid. 

4.2 Buchner funnel apparatus 

4.2.1 Buchner funnel - 500-dL capacity, with 1-liter vacuum 
filtration flask. 
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4.2 .2  Glass wool - Su i tab le  f o r  f i l t e r i n g ,  0.8 m diameter such 
as Corning Pyrex 3950. 

4 .2 .3  Vacuum source - Pre ferab ly  a water d r i v e n  a s p i r a t o r .  A 
va lve  o r  stopcock t o  re lease vacuum i s  requ i red .  

4.4 Separatory funnels - 500 mL. 

5.0 REAGENTS 

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

5.2 Reagent water. A l l  references t o  water i n  t h i s  method r e f e r  t o  
reagent water, as def ined i n  Chapter One. 

5.3 Sodium hydroxide (50% w/v) , NaOH. Commercially avai 1 able. 

6.0  SAMPLE COLLECTION, PRESERVATION, AND HANDLING 

6.1 A l l  samples must be c o l l e c t e d  using a p lan  t h a t  addresses the  
considerat ions discussed i n  Chapter 4 o f  t h i s  manual. See Sect ion 6.0 o f  Method 
9010 f o r  a d d i t i o n a l  guidance. 

7.0 PROCEDURE 

7.1 I f  t h e  waste does no t  conta in  any f r e e  aqueous phase, go t o  Step 
7.5. If t h e  sample i s  a homogeneous f l u i d  o r  s l u r r y  t h a t  does no t  separate o r  
s e t t l e  i n  t h e  d i s t i l l a t i o n  f l a s k  when us ing a Tef lon  coated magnetic s t i r r i n g  bar  
bu t  mixes so t h a t  t h e  s o l i d s  are e n t i r e l y  suspended, then t h e  sample may be 
analyzed by Method 9010 wi thout  an e x t r a c t i o n  step. 

7.2 Assemble Buchner funnel apparatus. U n r o l l  g lass  f i l t e r i n g  f i b e r  
and f o l d  t h e  f i b e r  over i t s e l f  several t imes t o  make a pad about 1 cm t h i c k  when 
1 i g h t l  y compressed. Cut t h e  pad t o  f i t  the  Buchner funnel . Weigh t h e  pad, then 
p lace i t  i n  t h e  funnel .  Turn the  asp i ra to r  on and wet the  pad w i t h  a known 
amount o f  water. 

7.3  Transfer  the  sample t o  the  Buchner funnel i n  small a1 iquots,  f i r s t  
decant ing t h e  f l u i d .  Rinse the  sample conta iner  w i t h  known amounts of water and 
add t h e  r i n s e s  t o  t h e  Buchner funnel . When no f r e e  water remains i n  the  funnel,  
s lowly  open t h e  stopcock t o  a l l ow  a i r  t o  en ter  the  vacuum f l a s k .  A small amount 
o f  sediment may have passed through t h e  g lass  f i b e r  pad. Th is  w i l l  n o t  i n t e r f e r e  
w i t h  t h e  ana lys is .  
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7.4 Transfer  t h e  s o l i d  and the  g lass f i b e r  pad t o  a  ta red  weighing 
d ish .  Since most greases and o i l s  w i l l  no t  pass through the  f i b e r  pad, so l i ds ,  
o i l s ,  and greases w i l l  be ex t rac ted  together.  I f  the  f i l t r a t e  inc ludes an o i l  
phase, t r a n s f e r  t h e  f i l t r a t e  t o  a  separatory funnel.  C o l l e c t  and measure the  
volume o f  t h e  aqueous phase. Transfer  t he  o i l  phase t o  t he  weighing d i s h  w i t h  
t h e  s o l i d .  

7.5 Weigh t h e  d i s h  conta in ing  so l i d ,  o i l  ( i f  any), and f i l t e r  pad. 
Subt rac t  t h e  weight o f  t he  d r y  f i l t e r  pad. Calcu late t he  ne t  volume of water 
present  i n  t h e  o r i g i n a l  sample by subt rac t ing  t h e  t o t a l  volume o f  r i n s e s  used 
from t h e  measured volume o f  t he  f i l t r a t e .  

7.6 Place t h e  f o l l o w i n g  i n  a  1 - l i t e r  wide-mouthed b o t t l e :  

500 mL water 
5  mL 50% w/v NaOH 
50 mL n-Hexane ( i f  a  heavy grease i s  present)  

I f  the  weight o f  t he  s o l i d s  (Step 7.5) i s  g rea ter  than 25 g, weigh 
ou t  a  representa t i ve  a l i q u o t  o f '  25 g  and add i t  t o  the  b o t t l e ;  otherwise 
add a l l  o f  t h e  so l i ds .  Cap t h e  b o t t l e .  

7.7 The pH o f  t he  e x t r a c t  must be maintained above 10 throughout t h e  
e x t r a c t  i o n  s tep and subsequent f i l t r a t i o n .  Since some samples may re lease acid, 
t h e  pH must be monitored as fo l l ows .  Shake the  e x t r a c t i o n  b o t t l e  and a f t e r  one 
minute, check t h e  pH. I f  t h e  pH i s  below 12, add 50% NaOH i n  5 mL increments 
u n t i l  i t  i s  a t  l e a s t  12. Recap t h e  b o t t l e ,  and repeat  the  procedure u n t i l  t h e  
pH does n o t  drop. 

7.8 Place t h e  b o t t l e  o r  b o t t l e s  i n  t he  tumbler, making sure 
t h e r e  i s  enough foam i n s u l a t i o n  t o  cushion the  b o t t l e .  Turn the  tumbler on and 
a l l o w  t h e  e x t r a c t i o n  t o  run  f o r  about 16 hours. 

7.9 Prepare a  Buchner funnel apparatus as i n  Step 7.2 w i t h  a  g lass  f i b e r  
pad f i l t e r .  

7.10 Decant t h e  e x t r a c t  t o  t h e  Buchner funnel.  F u l l  recovery o f  t he  
e x t r a c t  i s  n o t  necessary. 

7.11 I f  t h e  e x t r a c t  conta ins an o i l  phase, separate t he  aqueous phase 
us ing  a  separatory funnel .  Ne i ther  the  separat ion nor  t h e  f i l t r a t i o n  are 
c r i t i c a l ,  bu t  a re  necessary t o  be able t o  measure the  volume of t h e  a1 i quo t  o f  
t h e  aqueous e x t r a c t  analyzed. Small amounts o f  suspended s o l i d s  and o i l  
emulsions w i l l  n o t  i n t e r f e r e .  

7.12 At  t h i s  po in t ,  an a l i q u o t  o f  t he  f i l t r a t e  o f  t h e  o r i g i n a l  sample may 
be combined w i t h  an a1 i quo t  o f  t he  e x t r a c t  i n  a  p ropo r t i on  representa t i ve  o f  t he  
sample. A1 t e r n a t  i v e l y ,  they may be d i s t i l l e d  and analyzed separate ly  and 
concent ra t ions  g iven  f o r  each phase. This  i s  descr ibed by t h e  fo l l ow ing  
equat i on : 

L i a u i d  S a m ~ l e  Al iauot(mL1 = S-1' To ta l  Sam~ l  e  F i l  t ra te(mLIC 
E x t r a c t  A1 i quot (mL) To ta l  Sol id (g )D Tota l  Ex t rac t i on  ~ l u i d ( m ~ ) ~  
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'From Step 7.6. Weight o f  s o l i d  sample used f o r  ex t rac t ion .  

b ~ r o m  Step 7.5. Weight o f  s o l i d s  and o i l  phase w i t h  t h e  d r y  weight of 
f i l t e r  and tared d i s h  subtracted. 

C I n c l ~ ~ d e s  volume o f  a l l  r i nses  added t o  t h e  f i l t r a t e  (Steps 7.2 and 7.3). 

d 500 mL water p lus  t o t a l  volume o f  NaOH so lu t ion .  Does no t  inc lude hexane, 
which i s subsequently removed (Step 7.11). 

A1 t e r n a t i v e l y ,  t he  a1 iquots  may be d i s t i l l e d  and analyzed separately, 
concentrat ions f o r  each phase reported separately, and the  amounts o f  each phase 
present i n  the  sample reported separately. 

8.0 QUALITY CONTROL 

8.1 Refer t o  Method 9010. 

9.0 METHOD PERFORMANCE 

9.1 I n  a s i n g l e  labora tory  study, recover ies o f  60 t o  90% are repor ted 
fo r  so l  i d s  and 88 t o  92% f o r  o i l s .  The reported CVs are less  than 13. 

10.0 REFERENCES 

10.1 Refer t o  Method 9010. 
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ME'THOD 9 0 1 3  
(APPENDIX TO METHOD 9 0 1 0 )  

CYANIDE EXTRACTION PROCEDURE FOR SOLIDS AND 0 1  LS 
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METHOD 9 0 1 3  
(APPENDIX TO METHOD 9 0 1 0 )  

CYANIDE EXTRACTION PROCEDURE FOR SOLIDS AND 0 1  LS (CONTINUED) 

7 6 Prepare 
ertractlon 

sollds: cap sollda greater 
bottle bottle 

e1tract1on 
bottle; check 

7 8 Perform 
ex tractlon 

for 16 hour. 

7 - 1 0  Filter 
ertracted 
sample 

7 11 Separate 
phases In 

separatory 
funnel; dlscard 

011 phase 

7 12 Analyze 
aqueous 
layers by 

Method 9010 

7.9 Assemble 
filter 

apparatus as 
in Step 7.2 

Revision 0 
July 1992  



METHOD 9020B 

TOTAL ORGANIC HAL IDES (TOX) 

1.0 SCOPE AND APPLICATION 

1.1 Method 9020 determines Tota l  Organic Hal ides (TOX) as ch lo r i de  i n  
d r i n k i n g  water and ground waters. The method uses carbon adsorpt ion w i t h  a 
m i c r o c o u l o m e t r i c - t i t r a t i o n  de tec tor .  

1.2 Method 9020 detects a1 1 organic ha1 ides conta in ing ch lo r ine ,  
bromine, and i od ine  t h a t  are adsorbed by granular  ac t i va ted  carbon under the  
cond i t ions  o f  t h e  method. F l  uor ine-conta in ing species are no t  determined by t h i s  
method. 

1.3 Method 9020 i s  app l icab le  t o  samples whose inorganic-hal ide concen- 
t r a t i o n  does no t  exceed the  organic-ha1 i d e  concentrat ion by more than 20,000 
t imes. 

1.4 Method 9020 does no t  measure TOX o f  compounds adsorbed t o  
undissolved so l  i d s .  

1.5 Method 9020 i s  r e s t r i c t e d  t o  use by, o r  under the  superv is ion o f ,  
ana lys ts  experienced i n  the  operat i o n  o f  a py ro l ys i  s/microcoulometer and i n  the  
i n t e r p r e t a t i o n  o f  the  r e s u l t s .  

1.6 Th is  method i s  provided as a recommended procedure. It may be used 
as a reference f o r  comparing the  s u i t a b i l i t y  o f  o ther  methods thought t o  be 
appropr iate f o r  measurement o f  TOX (h, by comparison o f  s e n s i t i v i t y ,  accuracy, 
and p r e c i s i o n  o f  data) .  

2.0 SUMMARY OF METHOD 

2.1 A sample o f  water t h a t  has been protected against the l oss  o f  
v o l a t i l e s  by the  e l i m i n a t i o n  o f  headspace i n  the sampl i n g  container,  and t h a t  i s  
f r e e  o f  undissolved sol  ids, i s  passed through a column conta in ing 40 mg o f  
ac t i va ted  carbon. The column i s  washed t o  remove any trapped inorganic ha l ides  
and i s  then combusted t o  convert  the  adsorbed organohalides t o  HX, which i s  
trapped and t i  t r a t e d  e l e c t r o l y t i c a l l y  using a microcoul ometr ic detector .  

3.0 INTERFERENCES 

3.1 Method in te r fe rences may be caused by contaminants, reagents, 
g l  assware, and o ther  sample-processing hardware. A1 1 these mater ia l  s must be 
r o u t i n e l y  demonstrated t o  be f r e e  from in te r fe rences under the  condi t ions o f  the 
ana lys is  by running method blanks. 

3.1.1 G l  assware must be scrupulously cleaned . Clean a1 1 
glassware as soon as poss ib le  a f t e r  use by t r e a t i n g  w i t h  chromate c leaning 
s o l u t i o n .  This  should be fo l lowed by detergent washing i n  ho t  water. 
Rinse w i t h  tap  water and d i s t i l l e d  water and d r a i n  dry;  glassware which i s  
n o t  vo lumetr ic  should, i n  add i t ion ,  be heated i n  a mu f f l e  furnace a t  400°C 
f o r  15 t o  30 min. (Volumetr ic ware should no t  be heated i n  a mu f f l e  
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furnace.) Glassware should be sealed and s tored i n  a c lean environment 
a f t e r  d r y i n g  and coo l i ng  t o  prevent  any accumulation o f  dus t  o r  o the r  
contaminants. 

3.1.2 The use of h igh -pu r i  t y  reagents and gases he1 ps t o  minimize 
i n t e r f e r e n c e  problems. 

3.2 P u r i t y  o f  t he  a c t i v a t e d  carbon must be v e r i f i e d  be fore  use. Only 
carbon samples t h a t  r e g i s t e r  l e s s  than 1,000 ng C1'/40 mg should be used. The 
stock o f  a c t i v a t e d  carbon should be s to red i n  i t s  g ranu la r  form i n  a g lass  
conta iner  w i t h  a Te f l on  seal .  Exposure t o  t h e  a i r  must be minimized, e s p e c i a l l y  
du r ing  and a f t e r  m i l l i n g  and s iev ing  t h e  ac t i va ted  carbon. No more than a 2-wk 
supply should be prepared i n  advance. Pro tec t  carbon a t  a l l  t imes f rom a l l  
sources o f  halogenated organic vapors. Store prepared carbon and packed columns 
i n  g lass  conta iners  w i t h  Te f l on  seals.  

3.3 P a r t i c u l a t e  mat te r  w i l l  prevent  t he  passage of t h e  sample through 
t h e  adsorp t ion  column. P a r t i c u l a t e s  must, therefore,  be e l  iminated from t h e  
sample. Th i s  must be done as g e n t l y  as possib le,  w i t h  t h e  l e a s t  poss ib le  sample 
manipulat ion,  i n  o rder  t o  minimize the  l o s s  of v o l a t i l e s .  It should a l so  be 
noted t h a t  t h e  measured TOX w i l l  be biased by the  exc lus ion  o f  TOX f rom compounds 
adsorbed onto t h e  p a r t i c u l a t e s .  The fo l low ing techniques may be used t o  remove 
p a r t i c u l a t e s ;  however, da ta  users must be informed o f  t h e  techniques used and 
t h e i r  poss ib le  e f f e c t s  on the  data. These techniques are  l i s t e d  i n  o rder  o f  
preference: 

3.3.1 A l low the  p a r t i c u l a t e s  t o  s e t t l e  i n  t h e  sample conta iner  
and decant t h e  supernatant l i q u i d  i n t o  t h e  adsorp t ion  system. 

3.3.2 Cent r i fuge sample and decant t he  supernatant 1 i q u i d  i n t o  
t h e  adsorp t ion  system. 

3 . 3 . 3  Measure Purgeabl e Organic Hal ides  (POX) o f  sample (see SW- 
846 Method 9021) and Non-Purgeable Organic Hal ides  (NPOX, t h a t  i s ,  TOX o f  
sample t h a t  has been purged o f  v o l a t i l e s )  separate ly ,  where the  NPOX 
sample i s  cen t r i f uged  o r  f i l t e r e d .  

4.0 APPARATUS AND MATERIALS 

4.1 Adsorpt ion system (a schematic diagram o f  t h e  adsorp t ion  system i s  
shown i n  F igure  1):  

4.1.1 Adsorpt ion module: Pressurized sample and n i  t ra te-wash 
r e s e r v o i r s .  

4.1.2 Adsorpt ion columns: Pyrex, 5-cm-long x 6-mm-O.D. x  
2-mm-I .D. 

4.1.3 Granul a r  ac t i va ted  carbon (GAC) : F i  1 trasorb-400, Cal gon- 
APC o r  equ iva len t ,  ground o r  m i  1  led,  and screened t o  a 100/200 mesh range. 
Upon combustion o f  40 mg o f  GAC, the  apparent ha1 i d e  background should be 
1,000 ng C1- equ iva len t  o r  l ess .  
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4.1.4 C e r a f e l  t ( a v a i l  a b l e  f rom Johns-Manvi 11 e) o r  e q u i v a l e n t  : 
Form t h i s  m a t e r i  a1 i n t o  p l u g s  t o  f i t  t h e  a d s o r p t i o n  module and t o  h o l d  
40 mg o f  GAC i n  t h e  a d s o r p t i o n  columns. 

CAUTION: Do n o t  touch  t h i s  m a t e r i a l  w i t h  y o u r  f i n g e r s .  O i l y  r e s i d u e  
w i  11 contaminate  carbon. 

4.1.5 Column ho lde rs .  

4.1.6 Class A v o l u m e t r i c f l a s k s :  100-rnLand50-mL. 

4.2 A n a l y t i c a l  system: 

4.2.1 M i c r o c o u l o m e t r i c - t i t r a t i o n  system: Con ta in ing  t h e  
f o l l o w i n g  components ( a  f l o w c h a r t  o f  t h e  a n a l y t i c a l  system i s  shown i n  
F i g u r e  2) :  

4.2.1.1 Boat sampler: M u f f l e d  a t  800°C f o r  a t  l e a s t  2 -  
4  min and c leaned o f  any r e s i d u e  by vacuuming a f t e r  each run.  

4.2.1.2 P y r o l y s i s f u r n a c e .  

4.2.1.3 Microcoulometer  w i t h  i n t e g r a t o r .  

4.2.1.4 T i t r a t i o n c e l l .  

4.2.2 Record ing dev ice.  

5.0 REAGENTS 

5.1 Reagent grade chemica ls  s h a l l  be used i n  a l l  t e s t s .  Unless 
o t h e r w i s e  i n d i c a t e d ,  i t  i s  i n tended  t h a t  a l l  reagents  s h a l l  conform t o  t h e  
s p e c i f i c a t i o n s  o f  t h e  Committee on A n a l y t i c a l  Reagents o f  t h e  American Chemical 
Soc ie ty ,  where such s p e c i f i c a t i o n s  a r e  a v a i l a b l e .  Other  grades may be used, 
p r o v i d e d  i t  i s  f i r s t  a s c e r t a i n e d  t h a t  t h e  reagent  i s  o f  s u f f i c i e n t l y  h i g h  p u r i t y  
t o  p e r m i t  i t s  use w i t h o u t  l e s s e n i n g  t h e  accuracy o f  t h e  de te rm ina t ion .  

5.2 Reagent water .  A l l  re ferences t o  wa te r  i n  t h i s  method r e f e r  t o  
reagen t  water,  as d e f i n e d  i n  Chapter One. 

5.3 Sodium s u l f i  t e  (0.1 M), Na,SO,: D i s s o l v e  12.6 g ACS reagent  grade 
Na,SO, i n  reagent  w a t e r  and d i l u t e  t o  1 L. 

5.4 C o n c e n t r a t e d n i t r i c a c i d  (HNO,). 

5.5 N i t r a t e - w a s h  s o l u t i o n  (5,000 mg NO,-/L), KNO,: Prepare a  n i t r a t e -  
wash s o l u t i o n  by t r a n s f e r r i n g  approx imate ly  8.2 g o f  potassium n i t r a t e  (KNO,) 
i n t o  a  1-1 i t e r  C lass A v o l u m e t r i c  f l a s k  and d i l u t i n g  t o  volume w i t h  reagent 
water .  
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5.8 N i t rogen (N,) : Prepur i  f i ed. 

5.9 Ace t i c  a c i d  i n  water (70%), C2H402: D i l u t e  7 volumes o f  g l a c i a l  
a c e t i c  a c i d  w i t h  3 volumes o f  reagent water. 

5.10 Tr ich lorophenol  so lu t i on ,  s tock  ( 1  p L  = 10 p g  C1-) : Prepare a s tock  
s o l u t i o n  by accura te ly  weighing accura te ly  1.856 g o f  t r i c h l o r o p h e n o l  i n t o  a 100- 
mL Class A vo lumet r ic  f l a s k .  D i l u t e  t o  volume w i t h  methanol. 

5.11 Tr ich lorophenol  so lu t i on ,  c a l i b r a t i o n  ( 1  p L  = 500 ng C1-), C,H3C130: 
D i l u t e  5 mL o f  t h e  t r i ch lo ropheno l  s tock  s o l u t i o n  t o  100 mL w i t h  methanol. 

5.12 Tr ich lorophenol  standard, inst rument  c a l i b r a t i o n :  F i r s t ,  n i t r a t e -  
wash a s i n g l e  column packed w i t h  40 mg of a c t i v a t e d  carbon, as i n s t r u c t e d  f o r  
sample ana lys is ,  and then i n j e c t  t h e  column w i t h  10 p L  o f  t h e  c a l i b r a t i o n  
so lu t i on .  

5.13 Tr ich lorophenol  standard, adsorpt ion e f f i c i e n c y  (100 p g  C l - / l  i t e r )  : 
Prepare an adso rp t i on -e f f i c i ency  standard by i n j e c t i n g  10 p L  o f  s tock  s o l u t i o n  
i n t o  1 l i t e r  o f  reagent water. 

5.14 Blank standard: The methanol used t o  prepare t h e  c a l i b r a t i o n  
standard should be used as t h e  b lank standard. 

6.0 SAMPLE COLLECTION, PRESERVATION, AND HANDLING 

6.1 A l l  samples must be c o l l e c t e d  us ing a sampling p l a n  t h a t  addresses 
t h e  cons idera t ions  discussed i n  Chapter Nine. 

6.2 A l l  samples should be c o l l e c t e d  i n  b o t t l e s  w i t h  Te f l on  septa (e.q., 
P ie rce  #I2722 o r  equ iva len t )  and be pro tec ted  from l i g h t .  I f  t h i s  i s  n o t  
poss ib le ,  use amber g lass  250-mL b o t t l e s  f i t t e d  w i t h  Tef lon-1  ined caps. F o i l  may 
be s u b s t i t u t e d  f o r  Te f l on  i f  t h e  sample i s  n o t  co r ros i ve .  Samples must be 
preserved by a c i d i f i c a t i o n  t o  pH (2 w i t h  s u l f u r i c  ac id,  s to red  a t  4"C, and 
p ro tec ted  aga ins t  l o s s  o f  v o l a t i l e s  by e l i m i n a t i n g  headspace i n  t h e  conta iner .  
Samples should be analyzed w i t h i n  28 days. The conta iner  must be washed and 
mu f f l ed  a t  400°C before  use, t o  minimize contaminat ion. 

6.3 A l l  glassware must be d r i e d  p r i o r  t o  use according t o  t h e  method 
discussed i n  Sec. 3.1.1. 

7.0 PROCEDURE 

7.1 Sampl e preparat  i on : 

7.1.1 Special  care s h o ~ ~ l d  be taken i n  hand l ing  t h e  sample i n  
o rder  t o  minimize the  l o s s  of v o l a t i l e  organohalides. The adsorp t ion  
procedure should be performed simultaneously on dupl i c a t e s .  

7.1.2 Reduce res idua l  c h l o r i n e  by adding s u l f i t e  (5 mg sodium 
s u l f i t e  c r y s t a l s  per  1 i t e r  o f  sample). S u l f i t e  should be added a t  t h e  
t ime o f  sampling i f  t h e  ana lys i s  i s  meant t o  determine t h e  TOX 
concent ra t ion  a t  t h e  t ime o f  sampl ing.  It should be recognized t h a t  TOX 
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may increase on storage of the sample. Samples should be stored at 4°C 
without headspace. 

7.2 Calibration: 

7.2.1 Check the adsorption efficiency of each newly prepared 
batch of carbon by analyzing 100 mL of the adsorption efficiency standard, 
in duplicate, along with duplicates of the blank standard. The net 
recovery should be within 10% of the standard value. 

7.2.2 Nitrate-wash blanks (method blanks) : Establ ish the 
repeatability of the method background each day by first analyzing several 
ni trate-wash blanks. Monitor this background by spacing nitrate-wash 
bl an ks between each group of ten pyrolysis determinations. The nitrate- 
wash blank values are obtained on single columns packed with40 mg of 
activated carbon. Wash with the nitrate solution, as instructed for 
sample analysis, and then pyrolyze the carbon. 

7.2.3 Pyrolyze dupl icate instrument-cal i bration standards and the 
blank standard each day before beginning sample analysis. The net 
response to the calibration standard should be within 10% of the 
cal i bration-standard value. Repeat analysis of the instrument-cal i brat ion 
standard after each group of ten pyrolysis determinations and before 
resuming sample analysis, and after cleaning or reconditioning the 
titration cell or pyrolysis system. 

7.3 Adsorption procedure: 

7.3.1 Connect two columns in series, each containing 40 mg of 
100/200-mesh activated carbon. 

7.3.2 Fill the sample reservoir and pass a metered amount of 
sample through the activated-carbon columns at a rate of approximately 
3 mL/min. 

NOTE: 100 mL of sample is the preferred volume for concentrations - 
of TOX between 5 and 500 pg/L, 50 mL for 501 to 1000 pg/L, and 25 
mL for 1001 to 2000 pg/L. If the anticipated TOX is greater than 
2000 pg/L, dilute the sample so that 100 mL will contain between 
1 and 50 pg TOX. 

7.3.3 Wash the columns-in-series with 2 mL of the 5,000-mg/L 
nitrate solution at a rate of approximately 2 mL/min to displace inorganic 
chloride ions. 

7.4 Pyrolysis procedure: 

7.4.1 The contents of each column are pyrolyzed separately. 
After being rinsed with the nitrate solution, the columns should be 
protected from the atmosphere and other sources of contamination until 
ready for further analysis. 
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7 .4 .2  Pyro lys i s  o f  the  sample i s  accompl ished i n  two stages. The 
v o l a t i l e  components are pyrolyzed i n  a C0,-rich atmosphere a t  a low 
temperature t o  ensure the  conversion o f  brominated tr ihalomethanes t o  a 
t i t r a t a b l e  species. The l e s s  v o l a t i l e  components are  then pyro lyzed a t  a 
h igh  temperature I n  an 0,-rich atmosphere. 

7 . 4 . 3  Transfer the  contents o f  each column t o  the  quar tz  boat f o r  
i n d i v i d u a l  analys is .  

7 . 4 . 4  Adjust  gas f l o w  according t o  manufacturer's d i r e c t i o n s .  

7 .4 .5  P o s i t i o n  t h e  sample f o r  2 min i n  the  200°C zone o f  t he  
p y r o l y s i s  tube. 

7 .4 .6  A f t e r  2 min, advance the  boat i n t o  t h e  800°C zone (center )  
o f  t h e  p y r o l y s i s  furnace. This second and f i n a l  stage o f  p y r o l y s i s  may 
r e q u i r e  from 6  t o  10 min t o  complete. 

7 . 5  Detect ion:  The e f f l u e n t  gases are d i r e c t l y  analyzed i n  t h e  micro-  
c o u l o m e t r i c - t i  t r a t i o n  c e l l .  C a r e f u l l y  f o l l o w  manual i n s t r u c t i o n s  f o r  op t im iz ing  
c e l l  performance. 

7 .6  Breakthrough: The unpredictable nature o f  t he  background b i a s  
makes i t  e s p e c i a l l y  d i f f i c u l t  t o  recognize the  ex tent  o f  breakthrough o f  
organohalides from one column t o  another. A l l  second-column measurements f o r  a 
p roper l y  opera t ing  system should not  exceed 10% o f  the  two-column t o t a l  
measurement. I f  the  10"k f i g u r e  i s  exceeded, one o f  t h ree  events could have 
happened: (1) t h e  f i r s t  column was overloaded and a l e g i t i m a t e  measure o f  
breakthrough was obtained, .in which case t a k i n g  a smal ler  sample may be 
necessary; (2 )  channeling o r  some o the r  f a i l u r e  occurred, i n  which case the  
sample may need t o  be rerun; o r  (3) a high random b ias  occurred, and the  r e s u l t  
should be r e j e c t e d  and the  sample rerun.  Because i t  may n o t  be poss ib le  t o  
determine which event occurred, a sample ana lys is  should be repeated o f t e n  enough 
t o  ga in  conf idence i n  r e s u l t s .  As a general r u l e ,  any ana lys i s  t h a t  i s  r e j e c t e d  
should be repeated whenever a sample i s  ava i lab le .  I n  the  event t h a t  repeated 
analyses show t h a t  t h e  second column cons is ten t l y  exceeds the  10% f i g u r e  and t h e  
t o t a l  i s  t oo  low f o r  the  f i r s t  column t o  be saturated and the  i no rgan ic  C1 i s  
l e s s  than 20,000 t imes the  organic c h l o r i n e  value, then the  r e s u l t  should be 
reported, bu t  t he  data user should be informed o f  the  problem. I f  t h e  second- 
column measurement i s  equal t o  o r  l ess  than the  n i t rate-wash b lank value, t h e  
second-col umn va l  ue shoul d be d i  sregarded . 
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7.7 Ca lcu la t ions :  TOX as C1- i s  ca l cu la ted  us ing the  f o l l o w i n g  formula: 

(C, - C3) + (C2 - C3) 
= pg/L To ta l  Organic Ha l ide  

v 

where: 

C, = p g  C1- on t h e  f i r s t  column i n  ser ies;  

C2 = p g  C1' on the  second column i n  ser ies ;  

C3 = predetermi ned, d a i l y ,  average, method-bl ank value 
(n i t ra te -wash b lank f o r  a  40-mg carbon column) ; and 

V = t h e  sample volume i n  l i t e r s .  

8.0 QUALITY CONTROL 

8.1 Refer t o  Chapter One f o r  s p e c i f i c  q u a l i t y  con t ro l  guide1 ines. 

8.2 T h i s m e t h o d r e q u i r e s t h a t a l l  s a m p l e s b e r u n i n d u p l i c a t e .  

8.3 Employ a  minimum o f  two blanks t o  e s t a b l i s h  the  r e p e a t a b i l i t y  o f  
t h e  method background, and moni tor  t he  background by spacing method blanks 
between each group o f  e i g h t  a n a l y t i c a l  determinat ions. 

8.4 A f t e r  c a l i b r a t i o n ,  v e r i f y  i t  w i t h  an independently prepared check 
standard. 

8.5 Run m a t r i x  sp ike between every 10 samples and b r i n g  i t  through the  
e n t i  r e  sampl e  p repara t ion  and a n a l y t i c a l  process. 

9.0 METHOD PERFORMANCE 

9.1 Under cond i t i ons  o f  dupl i c a t e  analys is ,  t h e  method de tec t ion  1  i m i t  
i s  10 pg/L. 

9.2 Analyses o f  d i s t i l  l e d .  water, uncontaminated ground water, and 
ground water from RCRA waste management f a c i l  i t i e s  spiked w i t h  v o l a t i l e  
c h l  o r i na ted  organics gene ra l l y  gave recover ies between 75-100% over t h e  
concent ra t ion  range 10-500 pg/L. Re la t i ve  standard dev ia t ions  were genera l l y  
20% a t  concentrat ions g rea te r  than 25 pg/L. These data are shown i n  Tables 1 
and 2. 
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Spi ked 
Compound 

TOX 
Concent r a t i o n  Percent 

t4atrixb ( P ~ / L )  Recovery 

Bromobenzene 
Bromodichloromethane 
Bromoform 
Bromoform 
Bromoform 
Bromof orm 
Bromof orm 
Chloroform 
Chloroform 
Chloroform 
Chloroform 
Chloroform 
Di bromodi c h l  oromet hane 
Di bromodi ch l  oromethane 
Tetrachl  oroethyl  ene 
Tetrachloroethyl  ene 
Tetrachl  oroethyl  ene 
t rans-Dich l  oroethyl  ene 
t rans-Dich l  oroethylene 
t rans -Dichloroethyl  ene 

D.W. 
D.W 
D.W. 
D.W. 
G.W. 
G.W. 
G.W. 
D.W. 
D.W. 
G.W. 
G.W. 
G.W. 
D.W. 
D.W. 
G.W. 
G.W. 
G.W. 
G.W. 
G.W. 
G.W. 

aResults from Reference 2. 

b ~ . ~ .  = Ground Water. 
D.W. = D i s t i l l e d  Water. 
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TABLE 2.  METHOD PERFORMANCE DATAa 

Sample 
Mat r i x  

Unspi ked 
TOX Level s 

(~.cg/L) 

Spike 
Level 

Percent 
Recoveries 

Ground Water 
Ground Water 
Ground Water 
Ground Water 
Ground Water 
Ground Water 

aResul t s  from Reference 3. 
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Fig. 1. Schematic Diagram of Adsorption System 

Sample I 
Reservoir 
(1 o f  4)  
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METHOD 90208 

TOTAL ORGANIC HALIDES (TOX) 

7.1.1 Take special 7 3 2 Fr11 sample 
care rn handlrng reaervorr; pars 

sample to mrnrmrze sample through 
volatile loss activated carbon 

7 1 . 2  Add sulfite 
to rmduce resrdual 
chlorine. atore at 

4 C without 
heads pace 

7 2 1 Check 
absorptron 

mffrcrency for each 
batch of carbon 

7 3 3 Wash columns 
wrth nrtrate 

solution 

7 4 1 Protect 
columns from 
contamrnatron 

7 . 2  2 Analyze 7 . 4 . 2  Pyrolyze 
nr trate-wash blank* volatrle components 

to eatablrsh in CO2-rich 
background atmosphere at low 

tempmrature 

7 4 5 Posrtron 
sample for 2 

mrnutes rn 200 C 
zone of pyrolysrs 

7 4 6 Advance boat 
into 800 C zone 

7 5 Analyze 
effluent gases rn 
mrcrocoulometrrc- 
titratron cell r - l  

7 2 3 Pyrolyze 
duplicate 

Inatrumont 
calibratron and 
blank r tandards 

each day 

7 3 1 Connect rn 
serres two columna 

contarnrng 
actrvated carbon 

7 4 2 Pyrolyze less 
volatrle compounds 
at high temperature 

rn 02-rich 
atmosphere 

7 4 3 Transfer 
contents of each 
column to quartz 
boat for analysLs I 

column 
mea=urement >lo% 

of 2 column 
total' 

7 6 Relect and 
repeat 

/ measuremmnt = \No 
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METHOD 9021 

PURGEABLE ORGANIC HALIDES (POX) 

1.0 SCOPE AND APPLICATION 

1.1 Method 9021 determines organi call y bound ha1 ides (chloride, 
bromide, and iodide) purged from a sample of drinking water or ground water. 
They are reported as chloride. This method is a quick screening procedure 
requiring about 10 minutes. The method uses a sparging device, a pyrolysis 
furnace, and a microcoul ometric-t i tration detector. 

1.2 Method 9021 detects purgeable organically bound chlorine, bromine, 
and iodine. Fluorine containing species are not determined by this method. 
Method 9021 measures POX concentrations ranging from 5 to 1,000 pg/L. 

1.3 Method 9021 is restricted to use by, or under the supervision of, 
analysts experienced in the operat ion of a pyrolysis/microcoulometer and in the 
interpretation of the results. 

2.0 SUMMARY OF METHOD 

2.1 A sample of water, protected against the loss of volatiles by the 
el imination of headspace in the sampling container, is transferred to a purging 
vessel. The volatile organic ha1 ides are purged into a pyrolysis furnace using 
a stream of CO, and the hydrogen halide (HX) pyrolysis product is trapped and 
titrated electrolytically using a microcoulometric detector. 

3.0 INTERFERENCES 

3.1 Contaminants, reagents, gl assware, and other sample processing 
hardware may cause interferences. Method blanks must be routinely run to 
demonstrate freedom from interferences under the conditions of the. analysis. 

3.1.1 Gl assware must be scrupulously clean. Clean a1 1 gl assware 
as soon as possib1.e after use by treating with chromate cleaning solution. 
This should be followed by detergent washing in hot water. Rinse with tap 
water and reagent water and dry at 105'C for 1 hour or until dry. 
Glassware which is not volumetric should, in addition, be heated in a 
muffle furnace at 300°C for 15 to 30 minutes (Class A volumetric ware 
should not be heated in a muffle furnace). Glassware should be sealed and 
stored in a clean environment after drying and cooling to prevent any 
accumul at i on of dust or other contaminants. 

3.1.2 Use high purity reagents and gases to minimize interference 
probl ems. 

3.1.3 Avoid using non-PTFE (polytetrafluoroethylene) plastic 
tubing, non-TFE thread seal ants, or flow control lers with rubber 
components in the purge gas stream. 
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3.2 Samples can be contaminated by d i f f u s i o n  o f  v o l a t i l e  organics 
(methylene ch lo r ide )  through the septum seal i n t o  t h e  sample du r ing  shipment and 
e s p e c i a l l y  dur ing  storage. A t r i p  blank prepared from water and c a r r i e d  through 
t h e  sampling and handl ing protocol  serves as a check on such contamination. A 
t r i p  blank should be run w i t h  each a n a l y t i c a l  batch. 

3.3 Contamination by carry-over occurs whenever h igh  l e v e l  and low 
1 eve1 samples are sequenti a1 l y  analyzed. To reduce carryover, t h e  purging device 
and sample syr inge must be r i nsed  w i t h  water between sample analyses. Whenever 
an unusual ly concentrated sample i s  encountered, i t  should be fo l lowed by an 
analys is o f  water t o  check f o r  cross contamination. For samples conta in ing l a r g e  
amounts o f  water-sol  uble mater i  a1 s, suspended sol  ids,  h igh  bo i  1 i n g  compounds o r  
h igh organohal i d e  leve ls ,  wash out  the  purging device w i t h  a detergent  so lu t ion ,  
r i n s e  i t  w i t h  water, and then d r y  i t  i n  a 105°C oven between analyses. 

3.4 A l l  operat ions should be c a r r i e d  out  i n  an area where halogenated 
solvents, such as methylene ch lor ide ,  are not  being used. 

3.5 Residual f r e e  c h l o r i n e  i n t e r f e r e s  i n  the  method. Free c h l o r i n e  
must be destroyed by adding sodium sul  f i t e  when the  sample i s  co l l ec ted .  

4.0 APPARATUS AND MATERIALS 

4.1 Sampl i ng equipment ( f o r  d i s c r e t e  sampl i ng) 

4.1.1 V i a l  - 25-mL capac i ty  o r  1 arger, equipped w i t h  a screw-cap 
w i t h  ho le  i n  center  (Pierce #I3075 o r  equ iva lent ) .  

4.1.2 Septum - Tef lon l i n e d  s i l i c o n e  (Pierce #I2722 o r  
equ iva lent ) .  Detergent wash, r i n s e  w i t h  tap and reagent water, and d r y  a t  
105°C f o r  1 hour before use. 

4.2 A n a l y t i c a l  system 

4.2.1 M i c r o c o u l o m e t r i c - t i t r a t i o n  system conta in ing the f o l l o w i n g  
components (a schematic diagram o f  t h e  n i i c r o c o u l o m e t r i c - t i t r a t i o n  system 
i s  shown i n  F igure  1) .  

4.2.1.1 Purg ingdev ice .  

4.2.1.2 Py ro lys i s fu rnace .  

4.2.1.3 T i t r a t i o n  c e l l .  

4.2.2 S t r i p  char t  recorder (opt iona l )  - The recorder i s  
recommended t o  make sure the peak i s  down t o  basel ines before stopping 
i n t e g r a t i o n .  

4.2.3 Microsyringes - 10-pL and 25-pL w i t h  0.006 i n  i .d. needle 
(Hami 1 ton  702N o r  equ iva lent ) .  

4.2.4 Syringe valve - 2 way, w i t h  Luer ends. 
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5.0 REAGENTS 

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

5.2 Reagent water. All references to water in this method refer to 
reagent water, as defined in Chapter One. 

5.3 Sodi um sulfide, Na,S. Granul ar, anhydrous. 

5.4 Acetic acid in water (70%), CH3COOH. Dilute 7 volumes of glacial 
acetic acid with 3 volumes of water. 

5.5 Sodium chloride calibration standard (1 pg C1-/pL). Dissolve 
1.648 g NaCl in water and dilute to 1 liter. 

5.6 Carbondioxide. 

5.7 Methanol, CH30H. Store away from other solvents. 

5.8 Chloroform, CHC1,. 

5.9 Chloroform (stock) solution (1 pL = 11.2 pg of CHCl or 10 pg Cl'). 
Prepare a stock solution by delivering accurately 760 pL (1120 ng\ of chloroform 
into a 100-mL Class A volumetric flask containing approximately 90 mL of 
methanol. Dilute to volume with methanol (10,000 mg of chlorine/L). 

5.10 Chloroform (calibration) solution (1 pL = 0.1 pg C1-). Dilute 1 mL 
of the chloroform stock solution to 100 mL with methanol (100 mg of chlorine/L). 

5.11 Chloroform Qua1 i ty Control (QC) reference sample (100 pg/L) . 
Prepare an aqueous standard by injecting 100 pL of the chloroform calibration 
standard (100 mg of Cl'/L) into a Class A volumetric flask containing 100 mL of 
water. Mix and store in a bottle with zero headspace. Analyze within two hours 
after preparation. 

6.0 SAMPLE COLLECTION, PRESERVATION, AND HANDLING 

6.1 All samples must be collected using a sampling plan that addresses 
the considerations discussed in Chapter Nine of this manual. 

6.2 All samples should be collected in bottles with Teflon lined 
silicone septa (m, Pierce #I2722 or equivalent) and be protected from 1 ight. 
If this is not possible, use amber glass 250-mL bottles fitted with Teflon lined 
caps. 

6.3 A1 1 glassware must be cleaned prior to use according to the process 
described in Step 3.1.1. 
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6.4 Special care should be taken i n  hand1 i n g  the sample i n  order t o  
minimize t h e  1 oss o f  v o l a t i l e  organohal ides. This i s  accompl i shed through 
e l i m i n a t i o n  o f  headspace and by minimiz ing t h e  number of t r a n s f e r s .  

6.5 Reduce res idua l  ch lor ine ,  i f  present, by adding sodium s u l f i t e  
(5 mg o f  sodium sul  f i t e  c r y s t a l s  per  1 i t e r  o f  sample). Sodium s u l f i  t e  should be 
added t o  empty sample b o t t l e s  a t  the  t ime o f  sampling. Shake v igorous ly  f o r  1 
minute a f t e r  b o t t l e  has been f i l l e d  w i t h  sample and proper ly  sealed. Samples 
should be s tored a t  4°C wi thout  headspace. POX may increase du r ing  storage o f  
the  sample. 

6.6 A l l  samples must be analyzed w i t h i n  14 days o f  c o l l e c t i o n .  

7.0 PROCEDURE 

7.1 Cal i b r a t  i on. 

7.1.1 Assemble the sparging/pyrolysis/microcoulometric-ti t r a t i o n  
apparatus shown i n  Figure 1 i n  accordance w i t h  the  manufacturer's 
spec i f i ca t ions .  Typ ica l l y  a CO, f l ow  o f  150 mL/min and a sparger 
temperature o f  45 + 5°C are employed. The p y r o l y s i s  furnace should be set  
a t  800 2 10°C. At tach t h e  t i t r a t i o n  c e l l  t o  the  p y r o l y s i s  tube o u t l e t  and 
fill w i t h  e l e c t r o l y t e  (70% a c e t i c  acid).  Flow r a t e  and temperature 
changes w i l l  a f f e c t  the  compounds t h a t  are purged and change the  percent 
recovery o f  marginal compounds. Therefore, these parameters should n o t  be 
var ied.  Ad jus t  gas f l ow  r a t e  according t o  manufacturer's d i r e c t i o n s .  

7.1.2 Turn on the  instrument and a l low t h e  gas flow and 
temperatures t o  s t a b i l i z e .  When the  background cu r ren t  o f  t h e  t i t r a t i o n  
c e l l  has s t a b i l i z e d  the instrument i s  ready f o r  use. 

7.1.3 Ca l ib ra te  t h e  m i c r o c o ~ ~ l o m e t r i c - t i  t r a t i o n  system f o r  C1' 
equivalents by i n j e c t i n g  var ious amounts (1 t o  80 pL) o f  t h e  sodium 
c h l o r i d e  c a l i b r a t i o n  standard d i r e c t l y  i n t o  the  t i t r a t i o n  c e l l  and 
i n t e g r a t i n g  t h e  response using the  POX i n t e g r a t i o n  mode. I f  desired, the  
analog output  o f  the  t i t r a t i o n  c e l l  can be displayed on a s t r i p  c h a r t  
recorder.  The range o f  sodium ch lo r ide  amounts should cover the  range o f  
expected sample concentrat ions and should always be l e s s  than 80 p g  o f  
C1-. The in teg ra ted  response should read w i t h i n  2% o r  0.05 p g  o f  t h e  
q u a n t i t y  i n j e c t e d  (whichever i s  l a r g e r )  over the  range 1-80 p g  C1-. I f  
t h i s  c a l i b r a t i o n  requirement i s  no t  met, then the  instrument s e n s i t i v i t y  
parameters should be adjusted according t o  t h e  manufacturer 's 
s p e c i f i c a t i o n s  t o  achieve an accurate response. 

7.1.4 Check the  performance o f  the  a n a l y t i c a l  system d a i l y  by 
analyz ing th ree  5-mL a l i quo ts  o f  a f r e s h l y  prepared 100 pg/L chloroform 
check standard. The mean o f  these three analyses should be between 0.4- 
0.55 p g  o f  C1- and the  percent re1 a t i v e  standard dev ia t i on  should be 5% o r  
l ess .  I f  these c r i t e r i a  are no t  met, the  system should be checked as 
described i n  the  instrument maintenance manual i n  order t o  i s o l a t e  t h e  
pro b l  em. 
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NOTE: Low chloroform recovery can often be t raced t o  a v i t r i f i e d  i n l e t  
tube. The tube should be checked r e g u l a r l y  and the analyst  should 
be able t o  determine, based on chloroform recoveries, when the tube 
should be replaced. 

7.1.5 Determine an instrument blank d a i l y  by running an analys is  
w i t h  the purge vessel empty. The instrument blank should be 0.00 + 0.05 
p g  o f  C1'. Analyze a c a l i b r a t i o n  blank sample d a i l y .  The c a l i b r a t i o n  
blank should be w i t h i n  0.02 p g  o f  C1- o f  the reagent blank. 

7.2 Sample analys is  

7.2.1 Select a chloroform spike concentrat ion representat ive o f  
the  expected l e v e l s  i n  the  samples. Using the  chloroform stock so lu t ion ,  
prepare a sp ik ing  s o l u t i o n  i n  methanol which i s  500 times more 
concentrated than the  selected spike concentrat ion. Add 10 pL o f  the 
sp i k ing  s o l u t i o n  t o  5-mL a1 iquots  o f  the  samples chosen f o r  sp ik ing  ( refer  
t o  Sect ion 8.0, Qua1 i t y  Control ,  f o r  guidance i n  se lec t ing  the appropriate 
number o f  samples t o  be spiked). 

7.2.2 Al low sample t o  come t o  ambient temperature p r i o r  t o  
drawing i t  i n t o  the syringe. Remove the plunger from a 5-mL o r  10-mL 
syr inge and a t tach a closed syr inge valve. I f  maximum s e n s i t i v i t y  i s  
desi red and the  sample does not foam excessively, a 10-mL sample a1 iquot  
may be analyzed. Otherwise 5-mL a1 iquots should be used. Open the sample 
b o t t l e  (o r  standard) and c a r e f u l l y  pour the sample i n t o  the syr inge bar re l  
t o  j u s t  shor t  o f  overf lowing. Replace the syr inge plunger and compress 
the  sample. Open the  syr inge valve and vent any res idual  a i r  wh i le  
ad jus t i ng  the sample volume t o  5 mL. Since t h i s  process o f  tak ing  an 
a l i q u o t  destroys the v a l i d i t y  o f  the  sample f o r  f u t u r e  analysis, the  
analyst  should f i l l  a second syringe a t  t h i s  t ime t o  pro tec t  against 
poss ib le  l oss  o f  data (u, accidental s p i l l ) ,  o r  f o r  dup l ica te  analysis. 

7.2.3 Attach the  syr inge valve assembly t o  the syr inge valve on 
the  purging device. Place the py ro l ys i  s/microcoulometer system i n  the  POX 
i n t e g r a t i o n  mode t o  ac t i va te  the i n teg ra t i on  system. Immediately open the 
syr inge valves and i n j e c t  the sample i n t o  the  purging chamber. 

7.2.4 Close both valves and purge the  sample f o r  10 minutes. 

7.2.5 A f t e r  i n teg ra t i on  i s  complete, open the syr inge valves and 
withdraw the purged sample. Flush the syr inge and purging device w i t h  
water p r i o r  t o  analyzing other  samples. 

7.2.6 I f  the in tegra ted response exceeds the  working range o f  the 
instrument, prepare a d i l u t i o n  o f  the sample from the a l i quo t  i n  the 
second syr inge w i t h  water and reanalyze. The water must meet the c r i t e r i a  
o f  Step 7.1.5. It may be necessary t o  heat and purge d i l u t i o n  waters. 

7.3 Pyro lys is  procedure 

7.3.1 Pyro lys is  o f  the  purged organic component o f  the sample i s  
accompl ished by pyro lyz ing  i n  a C0,-rich atmosphere a t  a low temperature 

Revision 0 
J u l y  1992 



to ensure the conversion of brominated trihalomethanes to a titratable 
species . 
7.4 Directly analyze the effluent gases in the microcoulometric- 

titration cell. Carefully follow instrument manual instr~~ctions for optimizing 
cell performance. 

Q, x 1000 = pg/L Purgeable Organic Hal ide 

where : 

Q, = Quantity of POX as pg of C1' in the sample a1 iquot. 
V = Volume of sample a1 iquot in mL. 

8.0 QUALITY CONTROL 

8.1 All quality control data should be maintained and available for 
easy reference or inspection for 3 years. This method is restricted to use by 
or under supervision of experienced analysts. Refer to the appropriate section 
of Chapter One for additional quality control guidelines. 

8.2 Analyze a minimum of one reagent blank every 20 samples or per 
analytical batch, whichever is more frequent, to determine if contamination or 
any memory effects are occurring. 

8.3 In addition to the performance check mentioned in Step 7.1.4, 
verify calibration with an independently prepared chloroform QC reference sample 
every 15 samples. 

8.4 Analyze matrix spiked samples for every 10 samples or analytical 
batch, whichever is more frequent. The spiked sample is carried through the 
who1 e sample preparation process and analytical process. 

8.5 Analyze all samples in replicate. 

9.0 METHOD PERFORMANCE 

9.1 Under conditions of duplicate analysis, the reliable limit of 
detection is 5 pg/L. 

9.2 Analyses of di sti 1 1  ed water, uncontaminated ground water, and 
ground water from RCRA waste management facil i ties spiked with volatile 
chlorinated organics generally give recoveries of 44- 128% over the concentration 
range of 29-4500 pg/L. Relative standard deviations are generally less than Zm 
at concentrations greater than 25 pg/L. These data are shown in Tables 1 and 
2. 
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TABLE 1. 
PRECISION AND ACCURACY DATA FOR SELECTED PURGEABLE ORGANIC HALIDES 

(Reference 5) 

Average Average 
Dose1 Recovery Percent Standard M D L ~  Number o f  

Compound ( P 9 / t  (Pg/L Recovery Dev ia t ion  (pg/L) Rep1 i cates 
as C1 ) as C1-) 

Chloroform 11 11 100 1.4 4.5 7 

T r i c h l  oroethene 10 6 60 0.7 2.2 7 

Tetrachl  oroethene 10 5 5 0 0.8 3.2 7 

Chl orobenzene 8 3 38 0.6 2.0' 7 

- 

 e en m i  11 i 1 i t e r  a1 i q u o t  o f  sp i  ked reagent water analyzed. 

 he method d e t e c t i o n  1 i m i t  (MDL) i s  def ined as the  minimum concent ra t ion  of a 
substance t h a t  can be measured and repor ted  w i t h  99% confidence t h a t  t h e  value 
i s  above zero. 

'p rac t ica l  MDL probably g rea te r  (approximately 5 t o  6 pg/L) due t o  low recovery. 
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TABLE 2. 
PRECISION AND ACCURACY DATA FOR VARIOUS WATER SAMPLES 

(Reference 5) 

Background Level Sp i ke Level Average Number 
Spike (~rg/L- (c(g/L Percent Standard o f  

Sample' Component as C1 ) as C1') Recovery Dev ia t i on  Rep1 i ca tes  

- - -  - - - 0 --- 2 3 

Chloroform 68 29 128 5 3 

Chloroform 114 460 7 7 36 3 

Tap Water 

POTW Sewage 

Ch lo r i na ted  
Hydrocarbon 
PI an t  
Wastewater 

Ch lo r i na ted  
Hydrocarbon 
PI an t  
Wastewater 

Chloroform 3 2 1,500 

Ch lo r i na ted  
Hydrocarbon 
P l  an t  
Wastewater 

Chloroform 32 4,500 

S o l i d  waste2 
Leachate 

1,l -D ich l  oro-  171 800 41 17 3 
ethane 

I n d u s t r i  a1 
Wastewater 

Methyl ene 510 800 65 120 3 
c h l o r i d e  

~ n i  1 i ne3 
Wastewater 

Chloroform 15,700 15,000 150 58 3 

 nil ine3  
Wastewater 

Chloroform 15,700 45,000 9 1 400 3 

' ~ i v e  mi 11 i 1 i t e r  sanlple a1 i q u o t s  analyzed. 

' ~ i l u t e d  200:l p r i o r  t o  ana lys is .  Values f o r  t h i s  sample a re  i n  mg/L f o r  o r i g i n a l  
sampl e. 

3 ~ i l u t e d  10:l p r i o r  t o  ana lys is .  Values are f o r  und i l u ted  sample. 
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FIGURE 1. 
MICROCOULOMETRIC - TITRATION SYSTEM 
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METHOD 9021 
(Continued) 
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METHOD 9022 

TOTAL ORGANIC HALIDES (TOX) BY NEUTRON ACTIVATION ANALYSIS 

1.0 SCOPE AND APPLICATION 

1.1 Method 9022 determines Total Organic Halldes (TOX) I n  aqueous 
samples. The method uses a carbon adsorptlon procedure Ident ica l  t o  tha t  o f  
Method 9020 (TOX analysis us i  ng a m i  crocoulometri c - t  i t r a t  ion detector), 
I r rad i  a t  i on  by neutron bombardment, and then detection using a gamna-ray 
detector. 

1.2 Method 9022 detects a l l  organic hal ides containing chlorine, 
bromine, and iodine M a t  are adsorbed ' by granular act ivated carbon under the 
condi t l ons  o f  the method. Each halogen can be quanti tated Independently. 

1.3 Method 9022 i s  r es t r i c t ed  t o  use by, o r  under the supervision of ,  
analysts experienced i n  the operation o f  neutron ac t i va t ion  analysis and 
fami l  I a r  w i th  spectral Interferences. 

1.4 This method, which may be used i n  place o f  Method 9020, has the 
advantage o f  d e t e n i n l n g  the ind iv idua l  concentrations o f  the halogens 
chlorine, bromine, and iodlne i n  addi t ion t o  TOX. 

2.0 SUMMARY OF METHOD 

2.1 A sample o f  water t ha t  has been protected against the loss o f  
v o l a t i l e s  by the e l iminat ion o f  headspace I n  the sampllng container, and that  
i s  f r ee  o f  undlssolved sol ids,  I s  passed through a column containing 40 mg o f  
granular act ivated carbon (GAC). The column i s  washed t o  remove any trapped 
inorganic ha1 ides. The GAC sample i s  exposed t o  thermal neutron bombardment, 
c reat ing a radioact ive isotope. Gamna-ray emission, which i s  unique t o  each 
halogen, i s  counted. The areas o f  the resu l t ing  peaks are d i r e c t l y  
proport ional  t o  the concentratlons o f  the halogens. 

3.0 INTERFERENCES 

3.1 Method interferences may be caused by contaminants, reagents, 
glassware, and other sample processing hardware. A1 1 these materials must be 
rou t l ne l y  demonstrated t o  be f ree f r o m  interferences under the conditions o f  
the analysis by running method blanks. 

3.1.1 Glassware must be scrupulously cleaned. C l  ean a1 1 glassware 
as soon as possible a f t e r  use by t rea t ing  w i th  chromatic cleaning 
solut ion.  This should be followed by .detergent washing i n  hot water. 
Rlnse w l  t h  tap water and d l s t l  l l e d  water and dra in  dry: glassware which 
I s  no t  volumetric should, i n  addit ion, be heated i n  a muff le furnace a t  
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400°C f o r  15 t o  30 min. Volumetric ware should not be heated i n  a muffle 
furnace. Glassware should be sealed and stored i n  a clean environment 
a f t e r  drying and cooling t o  prevent any accumulation of dust o r  other 
contaminants. 

3.1.2 The use o f  high-purity reagents and gases helps t o  minimize 
interference probl ems. 

3.2 Pur i ty  o f  the act ivated carbon must be v e r i f i e d  before use. Only 
carbon samples t h a t  reg i s te r  less than 2,000 ng C1-I40 mg GAC should be used. 
The stock of act ivated carbon should be stored i n  i t s  granular form i n  a glass 
container w i th  a Teflon seal. Exposure t o  the a i r  must be minimized, 
especial ly during and a f t e r  m i l l i n g  and sieving the act ivated carbon. No more 
than a 2-wk supply should be prepared i n  advance. Protect carbon a t  a l l  times 
f r o m  a1 l sources o f  halogenated organic vapors. Store prepared carbon and 
packed columns i n  glass containers wi th  Teflon seals. 

4.0 APPARATUS AND MATERIALS 

4.1 Adso t i o n  s stem (a general schematic of the adsorption system i s  
shown i n  F w  

4.1.1 Adsorption module wi th  pressurized sample and n i  trate-wash 
reservoirs. 

4.1.2 Adsorption columns: Pyrex, 5-cm long x 6 - m  O.D. x 2 - m  I.D. 

4.1.3 Granular act ivated carbon (GAC) : Fi  1 trasorb-400, Cal gon-APC 
o r  equivalent, ground o r  m i l  led, and screened t o  a 1001200 mesh range. 
Upon combustion o f  40 mg o f  GAC, the apparent ha1 ide  background should be 
1000 ng C1- equivalent o r  less. 

4.1.4 Cerafel t (avai 1 able from Johns-Manvi 1 l e) o r  equi val ent : Form 
t h i s  mater ial  i n t o  plugs using a 2-mm-I.D. s ta in less steel  borer w i th  
e jec t ion  rod t o  hold 40 mg o f  GAC i n  the adsorption columns. 

CAUTION: Do not touch t h i s  material w i th  your f ingers. O i l y  
residue w i  1 1 contaminate carbon. 

4.1.5 Column holders. 

4.1.6 Volumetric flasks: 100-mL, 50-mL. 

4.2 Containers sui tab1 e f o r  containment of samples and standards during 
i r r a d i  atio-15-dram pol yethyl  ene snap-cap v i  a1 ) . 

4.3 Sample in t roduct ion system and a reactor generating a thermal 
neutron f l u x  capable o f  achieving enough h m  a c t i v i t y  f o r  counting 
purposes (e.g., a reactor having a neutron f lux  of 5 x 1012 neutrons/cm2/sec). 

4.4 A ganma-ray detector and data-hand1 ing  system capable o f  resolving 
the halogen peaks from potent ia l  interferences and background. 

Revision 0 
Date September 1986 



Revi sion 0 
Date September 1986 



5.0 REAGENTS 

5.1 Prepuri f i e d  nitrogen. 

5.2 ASTM Type I1 water (ASTM D1193) : Water should be monitored f o r  
impur i t ies.  

5.3 Nl trate-wash sol  u t ion  (5,000 mg N03'/L) : Prepare a n l  trate-wash 
so lu t ion  by t r ans fe r r i ng  approximately 8.2 g o f  potassi um n i t r a t e  (KNO3) i n t o  
a 1-1 i t e r  volumetric f l ask  and d i l u t i n g  t o  volume w i th  Type I1 water. 

5.4 Acetone and sanograde hexane (50% v/v mixture). 

5.5 Sodium s u l f i t e ,  0.1 M (ACS reagent grade, 12.6 g/L). 

5.6 Concentrated n i t r i c  acid (HN03) : Reagent grade. 

5.7 Standards: 25-ug C l ,  2.5-ug Br, and 2.5-ug I. 

5.8 Radioactive standards t o  be used for  c a l i b r a t i n g  gannna-ray detect ion 
systems. 

5.9 Trichlorophenol solut ion, stock (1 uL = 10 ug Cl'): Prepare a stock 
so lu t ion  by accurately weighing accurately 1.856 g o f  t r ichlorophenol  i n t o  a 
100-mL vol  umetrl c f lask.  Dl 1 u te  t o  vol ume w i th  methanol. 

5.10 Trichlorophenol standard, adsorption e f f i c i ency  (100 ug C l ' / l  i t e r )  : 
Prepare an adsorpt ion-ef f ic iency standard by i n j e c t i n g  10 uL o f  stock so lu t ion  - - - 
i n t o  1 1 i t e r  o f  ~ y p e  11 water. - 

6.0 SAMPLE COLLECTION, PRESERVATION, AND HANDLING 

6.1 A1 1 samples must have been co l lec ted using a sampling plan t h a t  
addresses the cons1 dera t i  ons d l  scussed i n Chapter Nine o f  t h i  s manual. 

6.2 A l l  samples should be co l lec ted i n  bo t t l es  w i th  Teflon septa (e.g., 
Pierce 112722 o r  equivalent) and be protected from 1 igh t .  I f  t h i s  i s  not 
possible,. use amber glass, 250-mL, f i t t e d  w i t h  Tef lon- l ined caps. F o i l  may be 
subst i tu ted f o r  Teflon i f  the sample i s  not corrosive. Samples must be 
protected against loss o f  vol a t i  1 es by e l  im ina t i  ng headspace i n  the  container. 
Containers must be washed arid muff led a t  400.C before use, t o  minimize 
contamination. 

6.3 A l l  glassware must be d r ied  p r i o r  t o  use according t o  the method 
discussed i n  Paragraph 3.1.1. 
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7.0 PROCEDURE 

7.1 Sample preparation: 

7.1.1 Special care should be taken i n  hand1 ing the sample in order 
to  m i  n i m i  ze the loss of vol a t  i 1 e organohal ides. The adsorption procedure 
should be performed simultaneously on the front and back columns. 

7.1.2 Reduce residual chlorine by adding su l f i t e  (1 mL of 0.1 M 
s u l f i t e p e r l i t e r o f  sample). Sulf i te  should b e a d d e d a t t h e t i m e o f  
sampling i f  the analysis is  meant t o  determine the TOX concentration a t  
the time of sampling. I t  should be recognized that TOX may increase on 
storage' of the sample. Samples should be stored a t  4'C without 
headspace. 

7.1.3 Samples containing undissolved solids should be centrifuged 
and decanted. 

7.1.4 Adjust the pH of the sample t o  approximately 2 w i t h  
concentrated HNO3 just prior  t o  adding the sample t o  the reservol r. 

7.2 Calibration: 

7.2.1 Check the adsorption efficiency of each newly prepared batch 
of carbon by analyzing 100 mL of the adsorption efficiency standard, i n  
duplicate, along with duplicates of the blank standard. The net recovery 
should be w i t h i n  5% of the standard value. 

7.2.2 Nitrate-wash blanks (method blanks): Establi s h  the 
repeatability of the method background each day by f i r s t  analyzing 
several n i  trate-wash blanks. Monitor th i s  background by spacing nitrate- 
wash blanks between each group of eight analysis determinations. The 
nitrate-wash blank values are obtained on single columns packed w i t h  40 
mg of activated carbon. Wash w i t h  the n i t ra te  solution, as instructed 
fo r  sample analysis, and then analyze the carbon. 

7.2.3 Prior t o  each day's operation, calibrate the instrument using 
radioact i ve standards (e.g . , cobal t-60 and radi um-226 sources). The 
instrument i s  calibrated such that gamna rays from the standards fa l l  
w i t h i n  one channel of the i r  true energies. A 100-sec blank I s  then 
counted t o  verify that  no stray radioactive sources are within sensing 
distance of the detector. As data are obtained throughout the day, peak 
locations in the standards are monitored t o  ensure there i s  no electronic 
d r i f t  of the instrument. If d r i f t  i s  noted, the system rust be recali- 
brated. 

7.3 Adsorption procedure : 

7.3.1 connect In series two columns, each containing 40 mg of 
100/200-mesh act i  vated carbon. 
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7.3.2 F i  11 the  sample reservo i r  and pass a metered amount o f  sample 
through the activated-carbon columns a t  a r a t e  o f  approximately 3 mL/min. 

NOTE: 100 mL o f  sample i s  the  p re fe r red  volume f o r  concentrat ions 
o f  TOX between 5 and 500 ug/L, 50 mL f o r  501 t o  1000 ug/L, 
and 25 mL f o r  1,001 t o  2,000 ugIL. 

7.3.3 Wash the  columns-in-series w i t h  a t  l e a s t  2 mL o f  the  5,000- 
mg/L n i t r a t e  so lu t i on  a t  a r a t e  o f  approximately 2 mL/min t o  d isplace 
inorganic ch lo r i de  ions. 

7.4 Act ivat ion:  

7.4.1 A f t e r  the quartz c o l l e c t i o n  tube w i th  the  GAC i s  removed f r o m  
the  ex t rac t i on  un i t ,  the GAC and cerafe l  t pads are extruded, using the  
packing rod, i n t o  a prewashed p l a s t i c  container (e.g . , 115-dram 
polyethylene snap-cap v i a l ) .  The v i a l  has been prewashed t o  remove 
inorganic and organic ch lo r ine  by a soak i n  d i s t i l l e d  water, fo l lowed by 
storage i n  a glass j a r  contain ing 50% v l v  acetone and hexane. A f t e r  
extrusion, t he  v i a l  i s  removed by forceps and a i r - d r i ed  t o  remove 
res idua l  water, acetone, and hexane. Af ter  extrusion, the v i a l  i s  
snapped shut, the  hinge removed w i t h  a scalpel blade, the  cap heat-sealed 
t o  the  v i a l  w i th  an e l e c t r i c  solder ing gun reserved f o r  t h a t  purpose, and 
a s i n g l e - d i g i t  number placed on the  v i a l  w i t h  a marker pen. 

7.4.2 Samples p lus  a s i m i l a r  v i a l  contain ing 25 ug C1, 2.5 ug Br, 
and 2.5 ug I standards are then introduced i n t o  t he  reactor ,  genera l ly  by 
p lac ing  them together i n  a 5-dram polyethylene v i a l  and i n s e r t i n g  them 
i n t o  a pneumati c-tube t ransfer  " rabb i t "  f o r  neutron i r r a d i a t i o n .  
I r r a d i a t i o n  i s  t y p i c a l l y  f o r  a 15-min per iod a t  a thermal neutron 
i r r a d i a t i o n  f l u x  o f  5 x 1012 neutrons/cm2/sec. A f t e r  r e tu rn i ng  from the 
reactor ,  the r a b b i t  i s  a1 lowed t o  'cool' f o r  20 min t o  a1 low short-1 ived 
radioisotopes (p r ima r i l y  A l )  present i n  the GAC t o  decay. 

7.5 Detection: 

7.5.1 Analysis i s  performed using a l i t h i um-d r i f t ed  germanium 
[Ge(Li)] gamma-ray detector  w i t h  an amp1 i f i e r  and a 4096-channel memory 
u n i t  f o r  data storage. The analyses can be performed e i t h e r  manually, 
w i t h  t he  operator  changing samples and t r ans fe r r i ng  the  data t o  magnetic 
tape, o r  automati ca l  ly, w i t h  both funct ions performed by an automatic 
sample changer. 

7.5.2 Analysis begins by counting the  standard and samples f o r  a 
su i t ab le  t ime per iod (e.g., 200-sec " l i v e '  t ime f o r  the  standards and 
samples). The operator  records the t ime i n t e r v a l s  between samples and 
the  "dead" t ime o f  each sample i n  a logbook f o r  l a t e r  use i n  ca l cu la t i ng  
ha1 ogen concentrat ions i n  each sample. 

7.5.3 Breakthrough: The unpredictable nature o f  the  background 
b ias  makes it espec ia l l y  d i f f i c u l t  t o  recognize the extent  o f  
breakthrough o f  organohal ides from one co l  umn t o  another. A1 1 second- 
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column measurements f o r  a proper ly operating system should not exceed 10% 
of the two-column t o t a l  measurement. I f  the 10% f i gu re  i s  exceeded, one 
of three events could have happened: (1) the f i r s t  column was overloaded 
and a leg i t imate measure o f  breakthrough was obtained, i n  which case 
tak ing a smaller sample may be necessary; (2) channel i ng  o r  some other 
f a i l u r e  occurred, i n  which case the sample may need t o  be rerun; o r  (3) a 
high random bias occurred, and the resu l t  should be rejected and the 
sample rerun. Because i t  may not be possible t o  determine which event 
occurred, a sample analysis should be repeated o f ten  enough t o  gain 
confidence i n  resu l ts .  As a general ru le,  any analysis tha t  i s  re jected 
should be repeated whenever a sample i s  avai lable. I n  the event tha t  
repeated analyses show tha t  the second column consistent ly exceeds the 
10% f i gu re  and the t o t a l  i s  too low f o r  the f i r s t  column t o  be saturated 
and the inorganic C1 i s  less than 20,000 times the organic chlor ine 
value, then the r e s u l t  should be reported, but  the data user should be 
informed o f  the problem. I f  the second-column measurement i s  equal t o  o r  
less than the nitrate-wash blank value, the second-column value should be 
disregarded. 

7.6 Calculations: 

7.6.1 Chlorine, bromlne, and iodine can be analyzed w i t h i n  a 200- 
sec counting per iod tak ing place 20 t o  40 min a f t e r  i r rad ia t ion .  

7.6.3 Chlorine i s  analyzed us1 ng the 1642-KeV garna ray produced by 
37.1-min 8 ~ 1 .  Bromine i s  analyzed using the 616-KeV gamna ray f r o m  
17.7-min and iodine i s  analyzed using the 442-KeV g a n a  ray 
produced by 25-mln 1281. 

7.6.3 The ca lcu la t ion used f o r  quanti t a t i o n  i s :  

c t s  unk. countina time std. ua 1: std. 
PPm = c t s  std. X t  

counting tlme unk. samp e vol. 

where: 

c t s  unk. = the integrated area o f  the appropriate gamma-ray peak i n  
the unknown w l th  background subtracted and the t o t a l  
m u l t i p l i e d  by 1 + [(% dead time unknown - X dead t i m e  
std.)/200]. The l a t t e r  correct ion i s  usual ly less than 
4% and corrects f o r  p i  le-up errors. 

c t s  std. = the integrated area o f  the appropriate gana-ray peak i n  
the standard w l  t h  background subtracted. 

counting time std. the ' l i ve "  counting time i n  seconds o f  the 
standard. 

counting time unk. = the " l i v e "  counting time I n  seconds o f  the 
unknown. 
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ug i n  std. = the number o f  micrograms o f  the stable element i n  
question i n  the standard (25 f o r  C1, 2.5 f o r  Br and I). 

sarnple vol . = the volume o f  sample passed through the GAC column, i n  
mL. 

eXt = the decay correct ion t o  b r ing  a l l  s t a t i s t i c s  back t o  
t = 0; X = 0.693/t1/2, where t i 1 2  = the h a l f - l i f e  i n  
minutes. 

t = the time in te rva l  i n  minutes from the end o f  the count o f  the 
standard u n t i l  the end of the count of the sample. 

7.6.4 No fu r the r  calculat ions are necessary as long as the f i n a l  
sample i s  counted w i th in  40 min a f t e r  the end o f  i r rad ia t i on .  

8.0 QUALITY CONTROL 

8.1 A l l  qual i t y  control  data should be maintained and avai lable f o r  easy 
reference o r  inspection. 

8.2 Before performing any analyses, the analyst must demonstrate the 
abi 1 i t y  t o  generate acceptabl e accuracy and preci  sion wi th  t h i  s procedure by 
analyzing appropriate qual i ty-control check samples. 

8.3 The laboratory must develop and maintain a statement o f  method 
accuracy f o r  t he i  r 1 aboratory . The 1 aboratory should update the accuracy 
statement regu lar ly  as new recovery measurements are made. 

8.4 Employ a minimum o f  one blank per sample batch t o  determine i f  
contamination i s  occurring. 

8.5 Verify ca l  i bra t ion  wi th  an independently prepared check standard 
every 15 samples. 

8.6 Run one spi  ke dupl i cate sample f o r  every 10 samples. A dupl i cate 
sample i s  a sample brought through the whole sample preparation and analy t ica l  
process. 

8.7 It i s  recommended tha t  the laboratory adopt addit ional  qua l i t y -  
assurance pract ices f o r  use wi th  t h i s  method. The speci f ic  pract ices tha t  
would be most productive w i l l  depend upon the needs o f  the laboratory and the 
prec is ion o f  the sampling technique. Whenever possible, the laboratory should 
perform analysis o f  standard reference materi a1 s and part! c i  pate i n  re1 evant 
performance-eval uat i on studies. 

8.8 Qua l i t y  control  f o r  the analysis phase i s  very straightforward i n  as 
much as the instrument i s  a noncontact analyzer. That i s ,  only the rad ia t ion  
emitted from the sample -- not the sample i t s e l f  -- should touch the analyzer. 
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cr14 Because contamlnatlon of the system I s  not usually a problem (unless a sample 
LA s p i l l s  on I t ) ,  the most serious qua1 i ty-control issues deal wi th unlform 

neutron f 1 ux, counting geometry, and spectral interpretat ion. The amount o f  
I 1m 

rad ioac t i v i t y  induced i n  a sample i s  d i r e c t l y  proportional t o  the neutron f l u x  
I t  I s  exposed to. Because t h l  s f l  ux can vary depend1 ng on how the sample i s  

dud posit ioned I n  re la t l on  t o  the reactor core during i r rad iat ion,  I t  i s  essential 
t ha t  a known standard be l r rad la ted  w l  t h  every sample batch t o  act  as a f l u x  

"9 monitor. Care must also be taken t o  ensure tha t  the standard and a l l  samples 
d associated w i th  the standard are counted a t  the same distance fm the 

detector. 
""1 

I 
tiui 9.0 MET HOD PERFORMANCE 

7 9.1 The fol lowing s t a t i s t i c s  are based on seven rep l icate analyses: 
lrrj 

p"l Combi ned Pool ed 
uul Chl o r i  ne B r o m i  ne Iod i  ne average - 

River water X 38.2 17 <1 55.2 0.18 
0.16 0.076 --- --- O m  18 

Well water X (ppb) 50.7 4.7 <1 55.4 --- 
0.30 0.038 --- 55.2 0.30 

WP e f f l uen t  X 242 35.2 20.4 539.6 --- 
0.56 0.033 0.23 --- 0.61 

9.2 The r e l l a b l e  l l m l t s  o f  detectlon are 5 ppb for chlorine and 1 ppb 
f o r  1 odl ne and broml ne. 

10.0 REFERENCES 

r ~ l  None requl red. 
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METHOD 9030A 

ACID-SOLUBLE AND ACID-INSOLUBLE SULFIDES 

1.0 SCOPE AND APPLICATION 

1.1 The d i s t i l l a t i o n  procedure described i n  t h i s  method i s  designed f o r  
the  determination o f  s u l f i d e s  i n  aqueous, sol  i d  waste mater ia ls ,  o r  e f f l uen ts .  

1.2 This method provides only a semi -quanti  t a t i v e  determination o f  
s u l f i d e  compounds considered "ac id- inso l  uble" (u, CuS and SnS,) i n  sol  i d  
samples. Recovery has been shown t o  be 20 t o  40% f o r  CuS, one o f  the most stable 
and inso lub le  compounds, and 40 t o  60% f o r  SnS2 which i s  s l i g h t l y  more soluble. 

1.3 This method i s  no t  appl icable t o  o i l  o r  mul t iphasic samples or  
samples no t  amenable t o  the  d i s t i l l a t i o n  procedure which can be analyzed by 
Method 9031. 

1.4 Method 9030 i s  su i tab le  f o r  measuring s u l f i d e  concentrations i n  
samples which contain between 0.2 and 50 mg/kg o f  su l f i de .  

1.5 This method i s  not  appl icable f o r  d i s t i l l i n g  reac t i ve  su l f ide ,  
however, Method 9030 i s  used t o  quant i fy  the  concentrat ion o f  s u l f i d e  from the 
r e a c t i v i t y  t e s t .  Refer t o  Chapter Seven, Step 7.3.4.1 f o r  the  determination o f  
r e a c t i v e  su l  f i de. 

1.6 This method measures t o t a l  s u l f i d e  which i s  usua l ly  def ined as the 
acid-soluble f r a c t i o n  o f  a waste. If, however, one has previous knowledge o f  the 
waste and i s  concerned about both soluble su l f i des  such as H S, and metal 
su l f i des ,  such as CUS and SnS then t o t a l  s u l f i d e  i s defined as t i e  combination 
o f  both ac id-so l  uble and acid!-'insol ubl e f rac t ions .  For wastes where only metal 
s u l f i d e s  are suspected t o  be present, only the ac id- inso lub le  f r a c t i o n  needs t o  
be performed . 
2.0 SUMMARY OF METHOD 

2.1 F o r a c i d - s o l u b l e s u l f i d e s a m p l e s ,  s e p a r a t i o n o f  s u l f i d e f r o m t h e  
sample mat r i x  i s  accomplished by the add i t ion  o f  s u l f u r i c  ac id t o  the sample. 
The sample i s  heated t o  70'C and the hydrogen s u l f i d e  (H,S) which i s  formed i s  
d i s t i l l e d  under a c i d i c  condi t ions and ca r r ied  by a n i t rogen stream i n t o  z inc  
acetate gas scrubbing b o t t l e s  where i t  i s  p rec ip i ta ted  as z inc  su l f i de .  

2.2 For acid-  inso lub le  s u l f i d e  samples, separat ion o f  s u l f i d e  from the 
sample mat r i x  i s  accomplished by suspending the sample i n  concentrated 
hydroch lor ic  ac id  by vigorous ag i ta t i on .  T in( I1)  ch lo r ide  i s  present t o  prevent 
ox ida t ion  o f  s u l f i d e  t o  s u l f u r  by the metal i o n  (as i n  copper( I I ) ) ,  by the 
matr ix ,  o r  by d issolved oxygen i n  the  reagents. The prepared sample i s  d i s t i l l e d  
under a c i d i c  condi t ions a t  100'C under a stream o f  ni trogen. Hydrogen s u l f i d e  
gas i s  released from the  sample and co l lec ted i n  gas scrubbing b o t t l e s  containing 
zinc(11) and a strong acetate buf fer .  Zinc s u l f i d e  prec ip i ta tes .  
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2.3 The su l f i de  i n  t h e  z inc  s u l f i d e  p r e c i p i t a t e  i s  ox id i zed  t o  s u l f u r  
w i t h  a  known excess amount o f  iodine.  Then t h e  excess iod ine  i s  determined by 
t i t r a t i o n  w i t h  a  standard s o l u t i o n  o f  phenyl a rs ine oxide (PAO) o r  sodium 
t h i o s u l f a t e  u n t i l  t he  b lue iod ine  s tarch complex disappears. As t h e  use o f  
standard s u l f i d e  so lu t i ons  i s  no t  poss ib le  because o f  o x i d a t i v e  degradation, 
q u a n t i t a t i o n  i s  based on the PA0 o r  sodium t h i o s u l f a t e .  

3.0 INTERFERENCES 

3.1 Aqueous samples must be taken w i t h  a  minimum o f  ae ra t ion  t o  avoid 
v o l a t i l i z a t i o n  o f  s u l f i d e  o r  r e a c t i o n  w i t h  oxygen, which ox id i zes  s u l f i d e  t o  
s u l f u r  compounds t h a t  are no t  detected. 

3.2 , Reduced s u l f u r  compounds, such as su l  f i  t e  and hydrosul f i  te ,  
decompose i n  acid, and may form s u l f u r  d iox ide.  This gas may be c a r r i e d  over t o  
t h e  z inc  acetate gas scrubbing b o t t l e s  and subsequently reac t  w i t h  t h e  iod ine  
s o l u t i o n  y i e l d i n g  fa1 se h igh  values. 'The add i t i on  o f  formaldehyde i n t o  t h e  z i n c  
acetate gas scrubbing b o t t l e s  removes t h i s  in ter ference.  Any s u l f u r  d iox ide  
enter ing  t h e  scrubber w i l l  form an add i t i on  compound w i t h  the  formaldehyde which 
i s  unreact ive towards the  iod ine  i n  t h e  a c i d i f i e d  mixture. 'This method shows no 
s e n s i t i v i t y  t o  s u l f i t e  o r  h y d r o s u l f i t e  a t  concentrat ions up t o  10 mg/kg o f  the  
i n t e r f e r a n t .  

3.3 In ter ferences f o r  ac id - inso l  uble s u l f i d e s  have no t  been f u l l y  
invest iga ted.  However, sodium s u l f i t e  and sodium t h i o s u l f a t e  are known t o  
i n t e r f e r e  i n  the  procedure f o r  so lub le  su l f ides .  S u l f u r  a l so  i n t e r f e r e s  because 
i t  may be r e d ~ ~ c e d  t o  s u l f i d e  by t i n ( I 1 )  c h l o r i d e  i n  t h i s  procedure. 

3.4 'The i odometri c  method s u f f e r s  i n te r fe rence  from reducing substances 
t h a t  reac t  w i t h  iodine,  i nc lud ing  t h i o s u l  fa te ,  su l  f i  te ,  and var ious organic 
compounds. 

3.5 'The i n s o l u b l e  method should no t  be used f o r  t h e  determinat ion o f  
so lub le  s u l f i d e s  because i t  can reduce s u l f u r  t o  su l f i de ,  thus c rea t ing  a 
p o s i t i v e  in te r fe rence .  

4.0 APPARATUS AND MATERIALS 

4.1 Gas evo lu t i on  apparatus as shown i n  Figure 1 

4.1.1 Three neck f l a s k  - 500-mL, 24/40 standard taper  j o i n t s .  

4.1.2 Dropping funnel - 100-mL, 24/40 o u t l e t  j o i n t .  

4.1.3 Purge gas i n l e t  tube - 24/40 j o i n t ,  w i t h  coarse frit. 

4.1.4 Purge gas o u t l e t  - 24/40 j o i n t  reduced t o  1/4 i n .  tube. 

4.1.5 G a s s c r u b b i n g b o t t l e s - 1 2 5 - m L , w i t h 1 / 4 i n . o . d .  i n l e t  
and o u t l e t  tubes. Impinger tube must be f r i t t e d .  

4.1.6 Tubing - 1/4 i n .  0.d. Te f l  on o r  polypropyl  ene. Do not  use 
rubber. 
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NOTE: - When analyzing f o r  ac id - inso l  uble sul f ides,  the  d i s t i l  l a t i o n  
apparatus i s  i d e n t i c a l  t o  t h a t  used i n  the  d i s t i l l a t i o n  procedure 
f o r  ac id-soluble su l f i des  except t h a t  the  tub ing and unions 
downstream o f  the  d i s t i l l a t i o n  f l a s k  must be a l l  Teflon, 
polypropylene o r  o ther  mater ia l  r e s i s t a n t  t o  gaseous HC1. The 
ground glass j o i n t s  should be f i t t e d  w i t h  Tef lon sleeves t o  prevent 
se iz ing  and t o  prevent gas leaks. Pinch clamps should a lso  be used 
on the  j o i n t s  t o  prevent leaks. 

4.2 H o t p l a t e s t i r r e r .  

4.3 pH meter. 

4.4 Nitrogen regu la tor .  

4t. 5 F l  owmeter. 

4.6 Top-loading balance - capable o f  weighing 0.1 g. 

5.0 REAGENTS 

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

5.2 Reagent water. A l l  references t o  water i n  t h i s  method r e f e r  t o  
reagent water, as def ined i n  Chapter One. 

5.3 Zinc acetate s o l u t i o n  f o r  sample preservat ion (ZN), Zn(CH COO), 
2H,O. Dissolve 220 g o f  z inc  acetate d ihydrate i n  500 mL o f  reagent waler. 

5.4 Sodium hydroxide (IN), NaOH. Dissolve 40 g o f  NaOH i n  reagent 
water and d i l u t e  t o  1 1 i t e r .  

5.5 Formaldehyde (37% so lu t ion) ,  CH,O, Thi s  so lu t i on  i s commercially 
avai 1  able. 

5.6 Zinc acetate f o r  the  scrubber 

5.6.1 For ac id-soluble su l f ides :  Zinc acetate so lu t i on  
(approximately 0.5M). Dissolve about 110 g z inc  acetate dihydrate i n  
200 mL of reagent water. Add 1 mL hydrochlor ic  ac id (concentrated), HC1, 
t o  prevent p r e c i p i t a t i o n  o f  z inc  hydroxide. D i l u t e  t o  1 1 i t e r .  

5.6.2 For ac id- inso lub le  su l f ides :  Zinc acetate/sodium acetate 
b u f f e r .  Dissolve 100 g sodium acetate, NaC,H,O,, and 11 g z inc  acetate 
d ihydra te  i n  800 mL o f  reagent water. Add 1 mL concentrated hydrochlor ic  
ac id  and d i l u t e  t o  1 l i t e r .  The r e s u l t i n g  pH should be 6.8. 

5.7 Acid t o  a c i d i f y  the  sample 
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5.7.1 For ac id -so l  ub le  s u l f i d e s :  S u l f u r i c  ac id  (concentrated),  
H,SO,. 

5.7.2 For a c i d - i n s o l  ub l  e s u l f i d e s :  Hydroch lor ic  a c i d  (9.8N), 
HC1. Place 200 mL o f  reagent water i n  a 1 - l i t e r  beaker. Slowly add 
concentrated HC1 t o  b r i n g  t h e  t o t a l  volume t o  1 l i t e r .  

5.8 Starch s o l u t i o n  - Use e i t h e r  an aqueous s o l u t i o n  o r  so lub le  s ta rch  
powder mixtures.  Prepare an aqueous s o l u t i o n  as fo l l ows .  D isso lve  2 g so lub le  
s ta rch  and 2 g sa l  i c y 1  i c  acid, C,H60,, as a preserva t ive ,  i n  100 mL hot  reagent 
water. 

5.9 N i t rogen.  

5.10 Iod ine  s o l u t i o n  (approximately 0.025N) 

5.10.1 Dissolve 25 g potassium iod ide ,  K I ,  i n  700 mL o f  reagent 
water i n  a 1 - l i t e r  v o l u m e t r i c ~ f l a s k .  Add 3.2 g iod ine ,  I,. Al low t o  
d isso lve .  Add t h e  type and amount o f  a c i d  s p e c i f i e d  i n  Step 7.3.2. 
D i l u t e  t o  1 l i t e r  and standardize as fo l l ows .  

5.10.2 D isso lve  approximately 2 g K I  i n  150 mL o f  reagent water. 
Add e x a c t l y  20 mL o f  t h e  i o d i n e  s o l u t i o n  (Step 5.10.1) t o  be t i t r a t e d  and 
d i l u t e  t o  300 mL w i t h  reagent water.  

5.10.3 T i t r a t e  w i t h  0.025N standardized phenylars ine ox ide  o r  
0.025N sodium t h i o s u l f a t e  u n t i l  t h e  amber c o l o r  fades t o  ye l low.  Add 
s t a r c h  i n d i c a t o r  so lu t i on .  Continue t i t r a t i o n  drop by drop u n t i l  t h e  b lue  
c o l o r  disappears. 

5.10.4 Run i n  r e p l i c a t e .  

5.10.5 Cal cu l  a te  the  normal i t y  as f o l l  ows. 

Normal i ty  ( I 2 )  = mL o f  t i t r a n t  x  no rma l i t y  o f  t i t r a n t  
sample s i z e  i n  mL 

5.11 Sodium s u l f i d e  nonanhydrate, Na,S 9H20. For t h e  p repa ra t i on  o f  
standard s o l u t i o n s  t o  be used f o r  ca l  i b r a t i o n  curves. Standards must be prepared 
a t  pH > 9 and < 11. P ro tec t  standard from exposure t o  oxygen by prepar ing  it 
w i thou t  headspace. These standards are unstable and should be prepared d a i l y .  

5.12 T i n ( I 1 )  ch lo r i de ,  SnCl,, granular .  

5.13 T i t r a n t .  

5.13.1 Standard phenylars ine ox ide s o l u t i o n  (PAO) (0.025N), 
C6H,As0. Th i s  s o l u t i o n  i s  commercially ava i l ab le .  

CAUTION : PA0 i s  t o x i c .  
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5.13.2 Standard sodium thiosulfate solution (0.025N), Na S 0 
5H20. Di ssol ve 6.205 + 0.005 g Na2S,0, . 5H,O in 500 mL reagent wate:. lfdd 
9 mL 1N NaOH and dilute to 1 1 iter. 

5.14 Sodium hydroxide (6N), NaOH. Dissolve 240 g of sodium hydroxide 
in 1 liter of reagent water. 

5.15 Hydrochloric acid (6N), HC1. Place 51 mL of reagent water in a 100 
mL Class A volumetric flask. Slowly add concentrated HC1 to bring the total 
volume to 100 mL. 

6.0 SAMPLE COLLECTION, PRESERVATION, AND HANDLING 

6.1 All samples must have been collected using a sampling plan that 
addresses the considerations discussed in Chapter Nine of this manual. 

6.2 All aqueous samples and effluents must be preserved with zinc 
acetate and sodium hydroxide. Use four drops of 2N zinc acetate solution per 100 
mL of sample. Adjust the pH to greater than 9 with 6N sodium hydroxide solution. 
Fill the sample bottle completely and stopper with a minimum of aeration. The 
treated sample is relatively stable and can be held for up to seven days. If 
high concentrations of sulfide are expected to be in the sample, continue adding 
zinc acetate until all the sulfide has precipitated. For solid samples, fill the 
surface of the sol id with 2N zinc acetate until moistened. Samples must be 
cooled to 4°C and stored headspace free. 

6.3 Sample Preparation 

6.3.1 For an efficient distillation, the mixture in the 
distillation flask must be of such a consistency that the motion of the 
stirring bar is sufficient to keep the solids from settling. The mixture 
must be free of solid objects that could disrupt the stirring bar. 
Prepare the sample using one of the procedures in this section then 
proceed with the distillation step (Section 7.0). 

6.3.2 If the sample is aqueous, shake the sample container to 
suspend any sol ids, then quickly decant the appropriate volume (up to 
250 mL) of the sample to a graduated cylinder, weigh the cylinder, 
transfer to the distillation flask and reweigh the cylinder to the nearest 
111i1l igram. Be sure that a representative a1 iquot is used, or use the 
entire sample. 

6.3.3 If the samplle is aqueous but contains soft clumps of 
sol id, it may be possible to break the clumps and homogenize the sample by 
placing the sample container on a jar mill and tumble or roll the sample 
for a few hours. The slurry may then be aliquotted and weighed as above 
to the nearest milligram then diluted with reagent water up to a total, 
volume of 250 mL to produce a mixture that is completely suspended by the 
stirring bar. 

6.3.4 If the sample is primarily aqueous, but contains a large 
proportion of sol id, the sa~iiple may be roughly separated by phase and the 
amount of each phase measured and weighed to the nearest milligram into 
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t h e  d i s t i l l a t i o n  f l a s k  i n  propor t ion  t o  t h e i r  abundance i n  the  sample. 
Reagent water may be added up t o  a t o t a l  volume o f  250 mL. As a 
gu ide l ine ,  no more than 25 g d ry  weight o r  50 g o f  sludge can be 
adequately suspended i n  the  apparatus. 

6.3.5 I f  the sample contains s o l i d s  which absorb water and 
swel l ,  l i m i t  t he  sample s i ze  t o  25 g d r y  weight. Otherwise, t h e  s o l i d s  
w i l l  r e s t r i c t  t h e  f l u i d  motion and lower t h e  recovery. 

6.3.6 I f  t h e  sample contains s o l i d  ob jec ts  t h a t  cannot be 
reduced i n  s i z e  by tumbling, the  sol i d s  must be broken manually. Clay- 
l i k e  s o l i d s  should be cu t  w i t h  a spatula o r  scalpel  i n  a c r y s t a l l i z i n g  
d ish .  I f  the  s o l i d s  can be reduced t o  a s i z e  t h a t  they can be suspended 
by t h e  s t i r r i n g  bar, t he  sol i d  and 1 i q u i d  can be p ropor t i ona te l y  weighed. 

6.3.7 Non-porous harder objects, f o r  example stones o r  pieces 
o f  metal, may be weighed and discarded. The percent weight o f  non-porous 
ob jec ts  should be reported and should be used i n  the  c a l c u l a t i o n  of 
s u l f i d e  concentrat ion i f  i t  has a s i g n i f i c a n t  e f f e c t  on the  repor ted 
r e s u l t .  

7.0 PROCEDURE 

For ac id-so lub le  s u l f i d e  samples, go t o  7.1 
For ac id - inso lub le  s u l f i d e  samples, go t o  7.2 

7.1 Acid-Soluble S u l f i d e  

7.1.1 I n  a pre l iminary  experiment, determine t h e  approximate 
amount of s u l f u r i c  ac id  requ i red t o  ad jus t  a measured amount o f  t h e  sample t o  pH 
l e s s  than o r  equal t o  1. The sample s i ze  should be chosen so t h a t  i t  contains 
between 0.2 and 50 mg o f  s u l f i d e .  Place a known amount o f  sample o r  sample 
s l u r r y  i n  a beaker. Add reagent water u n t i l  t he  t o t a l  volume i s  200 mL. S t i r  
t he  mix ture  and determine the pH. Slowly add s u l f u r i c  ac id  u n t i l  t he  pH i s  l e s s  
than o r  equal t o  1. Discard t h i s  pre l iminary  sample. 

CAUTION : Toxic hydrogen s u l f i d e  may be generated from t h e  a c i d i f i e d  sample. 
Th is  operat ion must be performed i n  the  hood and the  sample l e f t  
i n  t h e  hood u n t i l  the  sample has been made a1 ka l  i n e  o r  t h e  s 1 ~ 1  f i d e  
has been destroyed. From t h e  amount o f  s u l f u r i c  ac id  requ i red t o  
a c i d i f y  t h e  sample and the mass o r  volume o f  the  sample a c i d i f i e d ,  
c a l c u l a t e  the  amount o f  ac id  required t o  a c i d i f y  t h e  sample t o  be 
placed i n  t h e  d i s t i l l a t i o n  f l ask .  

7.1.2 Prepare the  gas evo lu t i on  apparatus as shown i n  Figure 1 
i n  a fume hood. 

7.1.2.1 Prepare a hot  water bath a t  70°C by f i 11 i n g  a 
c r y s t a l l i z i n g  d i s h  o r  other su i tab le  container  w i t h  water and place 
i t  on a hot  p l a t e  s t i r r e r .  Place a thermometer i n  t h e  bath and 
moni tor  the  temperature t o  mainta in t h e  bath a t  70°C. 
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7.1.2.2 Assemble the  th ree  neck 500-mL f l a s k ,  f r i t t e d  
gas i n l e t  tube,  and exhaust tube. Use Teflon sleeves t o  seal the  
ground g lass  j o i n t s .  Place a Teflon coated s t i r r i n g  bar in to  the 
f l a s k .  

7.1.2.3 Place in to  each gas scrubbing b o t t l e  10 5 0.5 
mL of the 0.5M zinc .ace ta te  so lu t ion ,  5.0 + 0.1 mL of 37% 
formaldehyde and 100 + 5.0 mL reagent water. 

7.1.2.4 Connect the  gas evolution f l a s k  and gas 
scrubbing b o t t l e s  a s  shown in Figure 1. Secure a l l  f i t t i n g s  and 
j o i n t s .  

7.1.3 Careful ly place an accurately weighed sample which 
contains 0.2 t o  50 mg of s u l f i d e  i n t o  the f l a s k .  I f  necessary, d i l u t e  t o  
approximately 200 mL with reagent water. 

7.1.4 Place t h e  dropping funnel onto the  f l a s k  making su re  i t s  
stopcock i s  closed. Add the volume of s u l f u r i c  acid calculated in Step 
7.1.1 p lus  an addit ional  50 mL in to  the dropping funnel. The bottom 
stopcock must be closed. 

7.1.5 Attach the nitrogen i n l e t  t o  the top of t h e  dropping 
funnel gas shut-off  valve. Turn on t h e  nitrogen purge gas and adjus t  the  
flow through t h e  sample f l a s k  t o  25 mL/min. The nitrogen in the  gas 
scrubbing b o t t l e s  should bubble a t  about f i v e  bubbles per second. 
Nitrogen pressure should be l imited t o  approximately 10 psi t o  prevent 
excess stress on the g l a s s  system and f i t t i n g s .  Verify t h a t  the re  a r e  no 
leaks  in  t h e  system. Open the nitrogen shut-off  valve leading t o  the  
dropping funnel.  Observe t h a t  the  gas flow i n t o  the  sample vessel wil l  
s top  f o r  a shor t  period while t h e  pressure throughout the system 
equalizes.  I f  t h e  gas flow through the sample f l a sk  does not re turn  
within a minute, check f o r  leaks around t h e  dropping funnel. Once flow 
has s t a b i l i z e d ,  turn  on magnetic s t i r r e r .  Purge system f o r  15 minutes 
with ni trogen t o  remove oxygen. 

7.1.6 Heat sample t o  70°C. Open dropping funnel t o  a posi t ion 
t h a t  wi l l  allow a flow of s u l f u r i c  acid of approximately 5 mL/min. 
Monitor t h e  system u n t i l  most of the s u l f u r i c  acid within the dropping 
funnel has entered the sample f l a sk .  Solids which absorb water and swell 
wi l l  r e s t r i c t  f l u i d  motion and, therefore,  lower recovery wil l  be 
obtained. Such samples should be 1 imited t o  25 g dry weight. 

7.1.7 Purge, s t i r ,  and maintain a temperature of 70°C f o r  a 
t o t a l  of 90 minutes from s t a r t  t o  f i n i s h .  Shut o f f  nitrogen supply. Turn 
off  heat .  

7.1.8 Proceed t o  Step 7.3 f o r  the analys is  of the  zinc su l f ide  
by t i t r a t i o n .  

Revision 1 
July 1992 



7.2 Ac id- Inso lub le  S u l f i d e  

7.2.1 As the concentrat ion o f  HC1 dur ing d i s t i l l a t i o n  must be 
w i t h i n  a narrow range f o r  successful d i s t i l l a t i o n  o f  H,S, t h e  water content 
must be con t ro l l ed .  It i s  imperat ive t h a t  the  f i n a l  concent ra t ion  o f  HC1 
i n  the  d i s t i l l a t i o n  f l a s k  be about 6.5N and t h a t  t h e  sample i s  mostly 
suspended i n  the  f l u i d  by t h e  ac t ion  o f  the  s t i r r i n g  bar.  Th is  i s  
achieved by adding 50 mL o f  reagent water, i nc lud ing  water i n  t h e  sample, 
100 RIL o f  9.8N HC1, and the  sample t o  the  d i s t i l l a t i o n  f l a s k .  So l ids  
which absorb water and swel l  w i l l  r e s t r i c t  f l u i d  motion and, there fore ,  
lower recovery w i l l  be obtained. Such samples should be l i m i t e d  t o  25 g 
d r y  weight.  Other samples can range from 25 t o  50 g. 

7.2.2 I f  the  mat r i x  i s  a d ry  s o l i d ,  weigh a p o r t i o n  o f  t h e  
sample such t h a t  i t  contains 0.2 t o  50 mg o f  s u l f i d e .  The so l  i d  should be 
crushed t o  reduce p a r t i c l e  s i z e  t o  1 mm o r  less .  Add 50 mL o f  reagent 
water. 

7.2.3 I f  t h e  mat r i x  i s  aqueous, then a maximum o f  50 g o f  the  
sample may be used. No add i t i ona l  water may be added. As none of t h e  
t a r g e t  compounds are v o l a t i l e ,  d ry ing  the  sample may be p re fe rab le  t o  
enhance the  s e n s i t i v i t y  by concentrat ing t h e  sample. I f  l e s s  than 50 g o f  
t h e  sample i s  requ i red t o  achieve t h e  0.2 t o  50 mg o f  s u l f i d e  range for  
the  t e s t ,  then add reagent water t o  a t o t a l  volume o f  50 mL. 

7.2.4 I f  the  mat r i x  i s  a moist  so l i d ,  t he  water content o f  t h e  
sample must be determined (KaPl Fischer t i t r a t i o n ,  l o s s  on dry ing,  o r  
o ther  s u i t a b l e  means) and t h e  water i n  t h e  sample inc luded i n  t h e  t o t a l  
50 mL o f  water needed f o r  the  co r rec t  HC1 concentrat ion. For example, i f  
a 20 g sample weight i s  needed t o  achieve the  desired s u l f i d e  l e v e l  o f  
0.2 t o  50 mg and t h e  sample i s  50% water then 40 mL r a t h e r  than 50 mL o f  
reagent water i s  added along w i t h  t h e  sample and 100 mL of 9.8N HC1 t o  the  
d i s t i l l a t i o n  f l a s k .  

7.2.5 Weigh the  sample and 5 g SnCl i n t o  t h e  d i s t i l l a t i o n  
f l a s k .  Use up t o  50 mL o f  reagent water, as ca fcu la ted above, t o  r i n s e  
any g l  assware. 

7.2.6 A s s e m b l e t h e d i s t i l l a t i o n a p p a r a t u s a s i n F i g u r e 1 .  Place 
100 5 2.0 mL o f  z inc  acetate/sodium acetate b u f f e r  s o l u t i o n  and 5.0 + 0.1 
mL o f  37% formaldehyde i n  each gas scrubbing b o t t l e .  T ighten the  p inch 
clamps on the  d i s t i l l a t i o n  f l a s k  j o i n t s .  

7.2.7 Make sure t h e  stopcock i s  closed and then add 100 + 1.0 
mL o f  9.8N HC1 t o  the  dropping funnel.  Connect the  n i t rogen  l i n e  t o  the  
top o f  t h e  funnel and t u r n  t h e  n i t rogen  on t o  pressur ize t h e  dropping 
funnel headspace. 

7.2.8 Set the  n i t rogen f l ow  a t  25 mL/min. The n i t rogen  i n  the  
gas scrubbing b o t t l e s  should bubble a t  about f i v e  bubbles per second. 
Purge t h e  oxygen from the  system f o r  about 15 minutes. 
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7.2.9 T u r n o n t h e m a g n e t i c s t i r r e r .  S e t t h e s t i r r i n g b a r t o  
spin as f a s t  as possib le.  The f l u i d  should form a  vortex. I f  not, the  
d i s t i l l a t i o n  w i l l  e x h i b i t  poor recovery. Add a l l  o f  the HCL from f i e  
dropping funnel t o  the f l ask .  

7.2.10 Heat the  water bath t o  the  b o i l i n g  p o i n t  (100°C). The 
sample may o r  may no t  be b o i l i n g .  Al low the purged d i s t i l l a t i o n  t o  
proceed f o r  90 minutes a t  100°C. Shut o f f  n i t rogen supply. Turn o f f  
heat. 

7.2.11 Proceed t o  Step 7.3 f o r  the analys is  o f  the  z inc  s u l f i d e  
by t i t r a t i o n .  

7.3.1 Pipet  a  known amount o f  standardized 0.025N iod ine 
s o l u t i o n  (See Step 5.10.5) i n  a  500-mL f lask, adding an amount i n  excess 
o f  t h a t  needed t o  ox id i ze  the su l f i de .  Add enough reagent water t o  b r ing  
the  volume t o  100 mL. The volume o f  standardized iodine so lu t i on  should 
be about 65 mL f o r  samples w i t h  50 mg o f  su l f i de .  

7.3.2 I f  the  d i s t i l l a t i o n  f o r  ac id-soluble s u l f i d e  i s  being 
used, add 2  mL o f  6N HC1. I f  the d i s t i l l a t i o n  f o r  ac id- inso lub le  s u l f i d e s  
i s  performed, 10 mL o f  6N HC1 should be added t o  the iodine. 

7.3.3 P ipet  both o f  the gas scrubbing b o t t l e  so lu t ions  t o  the 
f lask,  keeping the end. o f  the  p ipe t  below the surface o f  the iod ine 
so lu t i on .  I f  a t  any p o i n t  i n  t r a n s f e r r i n g  the  z inc  acetate so lu t i on  o r  
r i n s i n g  the  bo t t l es ,  t he  amber co lo r  of the  iod ine disappears o r  fades t o  
yel low, more 0.025N iod ine must be added. This add i t iona l  amount must be 
added t o  t h e  amount from Step 7.3.1 f o r  ca lcu la t ions .  Record the t o t a l  
volume o f  standardized 0.025N iod ine so lu t i on  used. 

7.3.4 Prepare a  r i n s e  so lu t i on  o f  a  known amount o f  standardized 
0.025N iod ine so lu t ion ,  1  mL o f  6N HC1, and reagent water t o  r i n s e  the 
remaining whi te p r e c i p i t a t e  ( z inc  su l f i de )  from the gas scrubbing bo t t l es  
i n t o  the  f l ask .  There should be no v i s i b l e  traces o f  p r e c i p i t a t e  a f t e r  
r i n s i n g .  

7.3.5 Rinse any remaining t races o f  iod ine  from the gas 
scrubbing b o t t l e s  w i t h  reagent water, and t rans fe r  the  r i n s a t e  t o  the 
f l a s k .  

7.3.6 T i t r a t e  the so lu t i on  i n  the  f l a s k  w i t h  standard 0.025N 
phenylarsine oxide o r  0.025N sodium t h i o s u l f a t e  so lu t i on  u n t i l  the amber 
c o l o r  fades t o  yel low.  Add enough starch i n d i c a t o r  f o r  the  so lu t i on  t o  
t u r n  dark b lue and t i t r a t e  u n t i l  the blue disappears. Record the volume 
o f  t i t r a n t  used. 
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7.3.7 C a l c u l a t e t h e c o n c e n t r a t i o n o f s u l f i d e u s i n g t h e f o l l o w i n g  
@ equation : 

(mL I, x N I,) - (mL t i t r a n t  x  N t i t r a n t )  x  
= s u l f i d e  (mg/kg) o r  

sample weight (kg) o r  sample volume (L) (mg/L 

8.0 QUALITY CONTROL 

8.1 A l l  q u a l i t y  cont ro l  data must be maintained and ava i lab le  f o r  
reference o r  inspect ion fo r  a  per iod o f  three years. This method i s  r e s t r i c t e d  
t o  use by o r  under supervision o f  experienced analysts. Refer t o  the  appropriate 
sect ion o f  Chapter One f o r  add i t iona l  q u a l i t y  cont ro l  guidel ines.  

8.2 A reagent blank should be run once i n  twenty analyses o r  per 
ana ly t i ca l  batch, whichever i s  more frequent. 

8.3 Check standards are prepared from water and a known amount o f  
sodium su l f i de .  A check standard should be run w i t h  each ana ly t i ca l  batch o f  
samples, o r  once i n  twenty samples. Acceptable recovery w i l l  depend on the  1  eve1 
and matr ix .  

8.4 A mat r i x  spiked sample should be run f o r  each ana l y t i ca l  batch o r  
twenty samples, whichever i s  more frequent, t o  determine mat r i x  ef fects.  I f  
recovery i s  low, ac id- inso l  uble su l f i des  are indicated. A mat r ix  spiked sample 
i s  a  sample brought through the whole sample preparation and ana l y t i ca l  process. 

9.0 METHOD PERFORMANCE 

9.1 Accuracy - Accuracy f o r  t h i s  method was determined by three 
independent 1  aborator ies by measuring percent recoveries o f  spikes f o r  both clean 
matr ices (water) and actual waste samples. 'The resu l t s  are summarized below. 

For Acid-Soluble Su l f i de  

Accuracy o f  t i t r a t i o n  step on ly  
Lab A 84-100% recovery 
Lab B 110-122% recovery 

Accuracy f o r  e n t i r e  method f o r  clean matr ices (H,O) 
Lab C 94-106% recovery 

Accuracy o f  e n t i r e  method f o r  actual waste samples 
Lab C 77-92% recovery 

Spik ing l eve l s  ranged from 0.4 t o  8  mg/L 

For Ac id- Inso lub le  Su l f i de  

'The percent recovery was not  as thoroughly studied f o r  ac id- inso l  uble 
s u l f i d e  as i t  was f o r  acid-soluble sul f ide.  
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Accuracy of e n t i  r e  method f o r  syn the t ic  waste samples 
Lab C 21-81% recovery 

Sp ik ing  l e v e l s  ranged from 2.2 t o  22 mg/kg 

9.2 Prec is ion  

For Acid-Sol ub le  S u l f i d e  

P rec i s ion  o f  t i t r a t i o n  step on ly  
Lab A CV% 2.0 t o  37 
L a b 0  CV% 1 . 1 t 0 3 . 8  

P rec i s ion  o f  e n t i r e  method f o r  c lean matr ices (H,O) 
Lab C CV% 3.0 t o  12 

P rec i s ion  o f  e n t i r e  method f o r  actual  waste samples 
Lab C CV% 0.86 t o  45 

For Acid- I nso lub le  S u l f i d e  

Prec is ion  o f  e n t i r e  method w i t h  syn thet ic  wastes 
Lab C CV 1.2 t o  42 

9.3 Detect ion L i m i t  - The detec t ion  1 i m i t  was determined by analyzing 
seven rep1 i ca tes  a t  0.45 and 4.5 qg/L. The detec t ion  1 i m i t  was ca lcu la ted  as the 
standard d e v i a t i o n  t imes the  student 's t - v a l u e  f o r  a one - ta i l ed  t e s t  w i t h  n-1 
degrees o f  freedom a t  99% confidence l e v e l  . The detec t ion  1 i m i  t f o r  a c lean 
m a t r i x  (H,O) was found t o  be between 0.2 and 0.4 mg/L. 
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METHOD 9030A  
ACID-SOLUBLE AND ACID-  INSOLUBLE SULFIDES 

7 . 1 . 1  Calculate 
1 amt of sulfuric 

acid needed to 
1 a c i d ~ f y  fresh 

sample for purge: 
fresh sample is to 
be used for Step 

7 1.4 

7 1 1 Choose sample 
slze, place sample 

1n beaker, add 
rater. measure pH. 
add cone sulfurlc 

acld to pH 1. 
d ~ s c a r d  sample 

7 . 1 2  Prepare gas 
evolution apparatus 

Acld-Soluble 7 0 Predict Acld- Insoluble 
4 

7 1 . 3  Place weighed 
sample in flask; 
dilute wrth rater 

lf necessary 

i 

I 

7 1 4 Place 
dropplng funnel 
onto flask: add 

sulfurlc acld (from 
Step 7 1 1 )  to 
dropplng funnel 

7 1 5 Adlust 
nltrogen flow; 

check for leaks. 
turn on s t ~ r r e r ;  
purge system of 

oxygen for 15 mlns 

7 1 7 Purge, stir, 
and heat for 9 0  
mint.; shut off 

nitrogen; turn off 
heat 

1 

7 1 8 Analyze by 
titration 

I 

c 
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7 1 6 Heat to 70 C. 
add *ulfuric acid 
to flask; close 
dropping funnel 
when acid nears 

depletion 



METHOD 9030A 
(Continued) 

7.2.1 Water content 
of distillation 

must be controlled; 
conc. of HCI should 

be 6.5N 

sample easily 
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7.2.2 W a ~ g h  sample: 
crush if necessary; 

add 50 mL water 

7.2 4 Determine 
water content of 

7 2.2-7 2.4 Moist Solid sample; include 
4 Type of matria? 

for correct HC1 
conc 

7 . 2 . 3  Ua. 50 g 
sample 

volume of 50 mL 

T T 



METHOD 9030A 
(Continued) 

f-l 

w 

7 . 2  S  Place sample 
in flask; add 

stannous chlorlde 

I 

7 2 . 6  Assemble 
d ~ r t ~ l l a t i o n  

apparatus; place 
zlnc acetate/sodium 
acetate buffer and 

formaldehyde In 
scrubbing bottles 

& 

7 . 2  7  Add 1 0 0  mL 
9 . 8 N  HC1 to 

dropplng funnel 

I - 
7 2 . 8  Set nitrogen 
f l o r ,  purge ayrtem 
of oxygen for 1 5  

mlns 

7  2 9 Turn on 
stlrrer; add HC1 to 
d ~ s t ~ l l a t ~ o n  flask i 

--I 7 2  1 0  Heat rater 
bath to boll; 

dlatlll for 9 0  
mlns at 100 C ;  

shut off nitrogen; 
turn off heat 

7 2  1 1  Analyze by 
tltratlon 

7 . 3 . 1  Pipet known 
amount of O.02SN 
iodlne solutlon In 

flask; brlng to 
volume rlth rater 

7 3 2 Add 1 0  mL 6N 7  3  2  Add 2 mL 6N 
HC 1 d~stlllatlon HC I 
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METHOD 9030A 
(Cont i nued ) 

7 . 3 . 3  Pipot 
scrubbing bottle 

aolution into 
Erlonmoyor flask 

1 3 . 4  Prmparm rinao 
solution of 0.02!~ I 1 iodino; rocord 
iodina solution. 6N total volumo of I 

7 3 . 3  \ I 7 3 . 3  Add more 1.1 tho I 
of iodino 

HCI. and rator diaappoar? iodino uaod 

7 . 3 . 5  Rinam tracma 
of iodino from 

acrubbing bottlma; 
tranafmr rinama to 

7 . 3 . 6  Titratm 
aolution until 

ambmr color fadma; 
add atarch 

indicator; titratm 
until bluo color 

diaappmara; rmcord 
volumm of titrant 

uamd 

7 . 3 . 7  Calculatm thm 
cone of aulfidm in 

tho sample 
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METHOD 9031 

EXTRACTABLE SULFIDES 

1.0 SCOPE AND APPLICATION 

1.1 The extraction procedure described in this method is designed for 
the extraction of sulfides from matrices that are not directly amenable to the 
distillation procedure Method 9030. Specifically, this method is designed for 
the extraction of soluble sulfides. This method is applicable to oil, solid, 
multiphasic, and all other matrices not amenable to analysis by Method 9030. 
This method is not applicable for reactive sulfide. Refer to Chapter Seven for 
the determi nation of reactive sul f ide. 

1.2 Method 9031 is suitable for measuring sulfide in sol id samples at 
concentrations above 1 mg/kg. 

2.0 SUMMARY OF METHOD 

2.1 If the sample contains solids that will interfere with agitation 
and homogenization of the sample mixture, or so much oil or grease as to 
interfere with the formation of a homogeneous emulsion in the distil lation 
procedure, the sample may be filtered and the solids extracted with water at pH 
> 9 and < 11. The extract is then combined with the filtrate and analyzed by the 
distil 1 ation procedure. Separation of sulfide from the sample matrix is 
accomplished by the addition of sulfuric acid to the sample. The sample is 
heated to 70°C and the hydrogen sulfide (H,S) which is formed is distilled under 
acidic conditions and carried by a nitrogen stream into zinc acetate gas 
scrubbing bottles where it is precipitated as zinc sulfide. 

2.2 The sulfide in the zinc sulfide precipitate is oxidized to sulfur 
with a known amount of excess iodine. Then the excess iodine is determined by 
titration with a standard solution of phenylarsine oxide (PAO) or sodium 
thiosulfate until the blue iodine starch complex disappears. The use of standard 
sulfide solutions is not possible because of their instability to oxidative 
degradation. Therefore quantitation is based on the PA0 or sodium thiosulfate. 

3.0 INTERFERENCES 

3.1 Samples with aqueous layers must be taken with a minimum of 
aeration to avoid volatilization of sulfide or reaction with oxygen which 
oxidizes sulfide to sulfur compounds that are not detected. 

3.2 Sulfur compounds such as sulfite and hydrosulfite decompose in acid 
and may form sulfur dioxide. This gas may be carried over to the zinc acetate 
gas scrubbing bottles and subsequently react with the iodine solution yielding 
false high values. The addition of formaldehyde into the zinc acetate gas 
scrubbing bottles removes this interference. Any sulfur dioxide entering the 
scrubber will form an addition compound with the formaldehyde which is unreactive 
towards the iodine in the acidified mixture. This method shows no sensitivity 
to sulfite or hydrosulfite at concentrations up to 10 mg/kg of the interferant. 
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3.3 The iodometr ic  method s u f f e r s  in te r fe rence from reducing substances 
t h a t  r e a c t  w i t h  i o d i n e  i n c l u d i n g  t h i o s u l f a t e ,  s u l f i t e ,  and var ious  organic 
compounds. 

3.4 In te r fe rences  have been observed when analyz ing samples w i t h  h igh  
metal content  such as e l e c t r o p l a t i n g  waste and chromium con ta in ing  tannery waste. 

4.0 APPARATUS AND MATERIALS 

4.1 E x t r a c t o r  - Any s u i t a b l e  device t h a t  s u f f i c i e n t l y  a g i t a t e s  a sealed 
conta iner  o f  one 1 i t e r  volume o r  g rea te r .  For t h e  purpose o f  t h i s  ana lys is ,  
a g i t a t i o n  i s  s u f f i c i e n t  when: 

1. A l l  sample surfaces are  cont inuous ly  brought i n t o  contac t  
w i t h  e x t r a c t i o n  f l u i d ,  and 

2. The a g i t a t i o n  prevents s t r a t i f i c a t i o n  o f  t h e  sample and 
f l u i d .  

Examples o f  s u i t a b l e  ex t rac to rs  a re  shown i n  Figures 2 and 3. The tumble- 
e x t r a c t o r s  t u r n  t h e  e x t r a c t i o n  b o t t l e s  end-over-end a t  a r a t e  of about 30 rpm. 
The apparatus i n  F igure 2 may be e a s i l y  f a b r i c a t e d  from plywood. The j a r  
compartments must be padded w i t h  polyurethane foam t o  absorb shock. The d r i v e  
apparatus i s  a Norton j a r  m i l l .  

4.2 Buchner funnel apparatus 

4.2.1 Buchner funnel - 500-mL capaci ty ,  w i t h  1-1 i t e r  vacuum 
f i l t r a t i o n  f l a s k .  

4.2.2 Glass wool - Su i tab le  f o r  f i l t e r i n g ,  0.8 m diameter such 
as Corning Pyrex 3950. 

4.2.3 Vacuum source - Pre ferab ly  a water d r i v e n  a s p i r a t o r .  A 
va l ve  o r  stopcock t o  re lease vacuum i s  requ i red .  

4.3 Gas Evo lu t i on  apparatus as shown i n  F igure 1 

4.3.1 Three neck f l a s k  - 500-mL, 24/40 standard tapered j o i n t s .  

4.3.2 Dropping funnel - 100-mL, 24/40 o u t l e t  j o i n t .  

4.3.3 Purge gas i n l e t  tube - 24/40 j o i n t  w i t h  course frit. 

4.3.4 Purge gas o u t l e t  - 24/40 j o i n t  reduced t o  1/4 i n c h  tube. 

4.3.5 G a s s c r u b b i n g b o t t l e s - 1 2 5 - m L , w i t h 1 / 4 i n . o . d .  i n l e t a n d  
o u t l e t  tubes. Impinger tube must no t  be f r i t t e d .  

4.3.6 Tubing - 1/4 i n .  0.d. Te f lon  o r  polypropylene. Do n o t  use 
rubber. 

4.4 Hot p l a t e  s t i r r e r .  
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4.5 pH meter. 

4.6 N i t rogen regu la to r .  

4.7 F l  owmeter. 

4.8 Separatory funnels  - 500-mL. 

4.9 Tumbler - See Figures 2 and 3. 

4.10 Top-loading balance - capable o f  weighing 0.1 g. 

5.0 REAGENTS 

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

5.2 Reagent water. A l l  references t o  water i n  t h i s  method r e f e r  t o  
reagent water, as de f ined  i n  Chapter One. 

5.3 Z inc ace ta te  ( f o r  sample preservat ion)  (ZN), Zn(CH3COO), 2H20. 
D isso lve  220 g o f  z i nc  acetate d ihydra te  i n  500 mL o f  water. 

5.4 Sodium hydroxide (50% w/v i n  water),  NaOH. Commercially ava i lab le .  

5.5 T i n  (11) ch lo r ide ,  SnC1, 2H20, granular .  

5.7 Nitrogen, N,. 

5.8 S u l f u r i c  ac id  (concentrated),  H2S04. 

5.9 Zinc acetate f o r  t he  scrubber (approximately 0.5M). Dissolve 110 
g z i n c  acetate d ihyd ra te  i n  200 mL o f  water. Add 1 mL concentrated hydroch lo r ic  
acid, HC1, t o  prevent p r e c i p i t a t i o n  o f  z i nc  hydroxide. D i l u t e  t o  1 l i t e r .  

5.10 Formaldehyde (37% so lu t i on ) ,  CH,O. Commercially ava i lab le .  

5.11 S t a r c h s o l u t i o n .  Usee i the ranaqueous  s o l u t i o n o r s o l u b l e s t a r c h  
powder mixtures.  Prepare an aqueous s o l u t i o n  as fo l lows.  Dissolve 2 g so luble 
s ta rch  and 2 g sa l  i cy1  i c  acid, C,H603, as a preservat ive,  i n  100 mL ho t  water. 

5.12 Iod ine  sol  u t i o n  (approximately 0.025N). Dissolve 25 g o f  potassium 
iod ide ,  KI, i n  700 mL o f  water i n  a I - l i t e r  vo lumetr ic  f l a s k .  Add 3.2 g of 
iod ine ,  12. A l low t o  d issolve.  D i l u t e  t o  1 l i t e r  and standardize as fo l lows.  
D isso lve  approximately 2 g K I  i n  150 mL of water. P ipe t  exac t l y  20 mL o f  t he  
i o d i n e  s o l u t i o n  t o  be t i t r a t e d  and d i l u t e  t o  300 mL w i t h  water. T i t r a t e  w i t h  
0.025N standard phenyl a rs ine  oxide, o r  0.025N sodium t h i o s u l  fa te ,  Na,S,P,, u n t i  1 
t h e  amber c o l o r  fades. Add s ta rch  i n d i c a t o r  s o l u t i o n  u n t i l  t h e  s o l u t i o n  tu rns  
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deep b lue.  Continue t i t r a t i o n  drop by drop u n t i l  t h e  b lue  c o l o r  disappears. 
Run i n  rep1 i c a t e .  Cal c u l  a te  t h e  normal i t y  as f o l  lows : 

Normal i ty  (I,) = mL o f  t i t r a n t  x  no rma l i t v  o f  t i t r a n t  
Volume o f  sample (mL) 

5.13 Sodium s u l f i d e  nonar~hydrate Na,S 9H20, f o r  t h e  p repa ra t i on  of 
standard s o l u t i o n s  t o  be used f o r  c a l i b r a t i o n  curves. Standards must be prepared 
a t  pH > 9  and < 11. 

5.14 T i t r a n t .  

5.14.1 Standard phenylars ine ox ide (PAO) s o l u t i o n  (0.025N), 
C,H,AsO. Th i s  s o l u t i o n  i s  commercial ly ava i l ab le .  

CAUTION : PA0 i s  t o x i c .  

5.14.2 Standard sodium t h i o s u l f a t e  s o l u t i o n  (0.025N), Na S  0  
5H20. D isso lve  6.205 + 0.005 g  Na2S203 5H20 i n  500 mL o f  water.'  id ' 
9  mL 1N NaOH and d i l u t e  t o  1 1  i t e r .  

6.0 SAMPLE COLLECTION, PRESERVATION, AND HANDLING 

6.1 A l l  samples must have been c o l l e c t e d  us ing  a  sampling p lan  t h a t  
addresses t h e  cons idera t ions  discussed i n  Chapter Nine of t h i s  manual . 

6.2 A l l  samples must be preserved w i t h  z i n c  aceta te  and sodium 
hydroxide. Use four  drops o f  2N z i n c  acetate s o l u t i o n  per  100 mL o f  aqueous o r  
mu l t i phas i c  sample. Ad jus t  t h e  pH t o  g rea te r  than 9.0 w i t h  50% NaOH. F i l l  t h e  
sample b o t t l e  complete ly  and stopper w i t h  a  minimum o f  aera t ion .  For s o l i d  
samples, fill t h e  surface o f  s o l i d  w i t h  2N z inc  acetate u n t i l  moistened. Samples 
must be cooled t o  4°C du r ing  storage. 

7.0 PROCEDURE 

7.1 Assemble t h e  Buchner funnel apparatus. U n r o l l  t h e  g l a s s  wool and 
f o l d  t h e  f i b e r  over  i t s e l f  several t imes t o  make a  pad about 1 cm t h i c k  when 
1  i g h t l y  compressed. Cut t h e  pad t o  f i t  t h e  Buchner funnel .  Dry and weigh t h e  
pad, then p lace i t  i n  t h e  funnel .  Turn on t h e  a s p i r a t o r  and wet t h e  pad w i t h  a  
known amount o f  water. 

7.2 Trans fer  a  sample t h a t  conta ins between 1 and 50 mg o f  s u l f i d e  t o  
t h e  Buchner funne l .  Rinse t h e  sample conta iner  w i t h  known amounts of water  and 
add t h e  r i n s e s  t o  t h e  Buchner funnel .  When no f r e e  water remains i n  t h e  funnel, 
s l ow ly  open t h e  stopcock t o  a l l ow  a i r  t o  en ter  t h e  vacuum f l a s k .  A  small amount 
o f  sediment may have passed through t h e  g lass  f i b e r  pad. Th is  w i l l  n o t  i n t e r f e r e  
w i t h  t h e  ana lys is .  

7.3 Trans fer  t h e  s o l i d  and the  g lass  f i b e r  pad t o  a  d r i e d  t a r e d  
weighing d ish .  Since most greases and o i l s  w i l l  no t  pass through t h e  f i b e r  pad, 
so l  i d s ,  o i l s ,  and greases w i l l  be ex t rac ted  together .  I f  t h e  f i l t r a t e  inc ludes  
an o i  1  phase, t r a n s f e r  t h e  f i l t r a t e  t o  a  separatory funnel . C o l l  e c t  and measure 
t h e  volume o f  t h e  aqueous phase. Trans fer  t h e  o i l  phase t o  t h e  weighing d i s h  
w i t h  t h e  so l  i d  and g lass  f i b e r  pad. 
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7.4 Weigh the  d i s h  conta in ing so l id ,  o i l  ( i f  any), and glass f i b e r  pad. 
Subtract  t he  weight o f  the d ry  glass f i b e r  pad. Calculate the volume of water 
present i n  the  o r i g i n a l  sample by subt rac t ing  the  t o t a l  volume o f  r i nses  from the 
measured volume o f  t he  f i  1  t r a t e .  

7.5 Place the  fo l l ow ing  i n  a  1 - l i t e r  wide-mouth b o t t l e :  

500 mL water 
5  mL 50% w/v NaOH 
1 g SnCl 2H,O 
50 mL n-kexane ( i f  an o i  1  o r  grease i s present).  

Cap the  b o t t l e  w i t h  a  Tef lon  o r  polyethylene 1  ined cap and shake v igorously t o  
sa tura te  the  s o l u t i o n  w i t h  stannous chlor ide.  D i r e c t  a  stream o f  n i t rogen gas 
a t  about 10 mL/min i n t o  the  b o t t l e  f o r  about 1 minute t o  purge the  headspace of 
oxygen. I f  the  weight o f  the  so l  i ds  (Step 7.4) i s  g reater  than 25 g, weigh out 
a  representa t ive  a l i q u o t  o f  25 g  and add i t  t o  the  b o t t l e  whi le s t i l l  purging 
w i t h  n i t rogen.  Otherwise, add a l l  o f  t he  so l ids .  Cap the  b o t t l e ;  avoid the  
i n f l u x  o f  a i r .  

7.6 The pH o f  the e x t r a c t  must be maintained a t  > 9 o r  < 11 throughout 
t h e  e x t r a c t  i o n  step and subsequent f i 1 t r a t i o n .  Since some samples may release 
acid, t he  pH niust be monitored as fo l lows.  Shake the  ex t rac t i on  b o t t l e  and wa i t  
1 minute. Open the b o t t l e  under a  stream o f  n i t rogen and check the  pH. If the 
pH i s  below 9, add 50% NaOH i n  5  mL increments u n t i l  i t  i s  a t  l e a s t  9. Recap the  
b o t t l e ,  and repeat the  procedure u n t i l  the  pH does not  drop. The b o t t l e  must be 
thoroughly purged o f  oxygen before each recapping. Oxygen w i  11 ox id ize  s u l f i d e  
t o  elemental su l fu r  o r  other  s u l f u r  conta in ing con~pounds t h a t  w i l l  not  be 
detected. 

7.7 Place the  b o t t l e  i n  the  tumbler, making sure there  i s  enough foam 
i n s u l a t i o n  t o  cushion the b o t t l e .  Turn the  tumbler on and a l low the  ex t rac t i on  
t o  r u n  fo r  about 18 hours. 

7.8 Prepare a  Buchner funnel apparatus as i n  Step 7.1 w i t h  a  glass 
f i b e r  pad f i l t e r .  

7.9 Decant the  e x t r a c t  t o  the  Buchner funnel . 
7.10 I f  the e x t r a c t  contains an o i l  phase, separate the aqueous phase 

using a  separatory funnel.  Nei ther  the  separat ion nor the f i l t r a t i o n  are 
c r i t i c a l ,  bu t  are necessary t o  be able t o  measure the volume o f  the aqueous 
e x t r a c t  analyzed. Small amounts o f  suspended sol  i d s  and o i l  eniulsions w i l l  not  
i n t e r f e r e  w i t h  the  ex t rac t ion .  

7.11 A t  t h i s  po in t ,  an a l i quo t  o f  the  f i l t r a t e  of the o r i g i n a l  sample 
may be combined w i t h  an a1 iquo t  o f  the ex t rac t  i n  a  proport ion representat ive c f  
t he  sample. Calculate the  proport  ions as f o l l  ows: 

A1 i a u o t  o f  the  F i l  t ra te lmL l  = Sol i d  ExtractedlqIa x  Tota l  Samole F i l  t r a t e ( ~ n L ) ~ ,  
A l i quo t  o f  t he  Extract(mL) Tota l  Sol id(g) '  Total  Ex t rac t ion  F l  uid(mL) 
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aFrom Step 7.5. Weight o f  s o l i d  sample used f o r  ex t rac t ion .  

b ~ r o m  Step 7.4. Weight o f  sol  i d s  and o i l  phase w i t h  the  d r y  weight o f  f i l t e r  and 
tared d i s h  subtracted. 

' Includes volume o f  a l l  r i nses  added t o  the  f i l t r a t e  (Steps 7.1 and 7.2). 

d500 mL water p lus  t o t a l  volume of NaOH so lu t i on .  Does no t  i nc lude  hexane, which 
i s  subsequently removed (Step 7.10). 

A1 t e r n a t i v e l y ,  t he  samples may be d i  s t  i 1  l e d  and analyzed separately, 
concentrat ions f o r  each phase reported separately, and t h e  amounts o f  each phase 
present i n  t h e  sample reported separately. 

7.12 D i s t i l l a t i o n  o f  S u l f i d e  

7.12.1 I n  a p r e l  iminary experiment, determine t h e  approximate 
amount o f  s u l f u r i c  ac id  requ i red t o  ad jus t  a measured amount o f  t h e  sample 
t o  pH l e s s  than o r  equal t o  1. The sample s i ze  should be chosen so t h a t  
i t  contains between 1.0 and 50 mg o f  s u l f i d e .  Place a known amount o f  
sample o r  sample s l u r r y  i n  a beaker. Add water u n t i l  t h e  t o t a l  volume i s  
200 mL. S t i r  t h e  mix ture  and determine the  pH. Slowly add s u l f u r i c  ac id  
u n t i l  t he  pH i s  l e s s  than o r  equal t o  1. 

CAUTION : Toxic hydrogen s u l f i d e  may be generated from t h e  a c i d i f i e d  sample. 
Th is  operat ion must be performed i n  t h e  hood and t h e  sample l e f t  
i n  t h e  hood u n t i l  t he  sample has been made a1 ka l  i n e  o r  t h e  s u l f i d e  
has been destroyed. 

From t h e  amount o f  s u l f u r i c  ac id  requ i red t o  a c i d i f y  t h e  sample and t h e  
mass o r  volume o f  t h e  sample a c i d i f i e d ,  ca lcu la te  t h e  amount o f  ac id  
requ i red t o  a c i d i f y  the  sample t o  be placed i n  the  d i s t i l l a t i o n  f l a s k .  

7.12.2 Prepare the  gas evo lu t i on  apparatus as shown i n  Figure 1 
i n  a fume hood. 

7.12.2.1 Prepare a hot  water bath a t  70°C by f i l l i n g  a 
c r y s t a l l i z i n g  d i s h  o r  other s u i t a b l e  container  w i t h  water and place 
i t  on a ho tp la te  s t i r r e r .  Place a thermometer i n  t h e  bath and 
moni tor  t h e  temperature t o  mainta in the  bath a t  70°C. 

7.12.2.2 Assemble the  three neck 500-mL f l a s k ,  f r i t t e d  
gas i n l e t  tube, and exhaust tube. Use Tef lon  sleeves t o  seal the  
ground glass j o i n t s .  Place a Tef lon  coated s t i r r i n g  bar i n t o  t h e  
f l a s k .  

7.12.2.3 Place i n t o  each gas scrubbing b o t t l e  10 + 0.5 
mL o f  t h e  0.5M z inc  acetate so lu t ion ,  5.0 + 0.1 mL o f  37% 
formaldehyde and 100 + 5.0 mL water. 

7.12.2.4 Connect t h e  gas evo lu t i on  f l a s k  and gas 
scrubbing b o t t l e s  as shown i n  Figure 1. Secure a l l  f i t t i n g s  and 
j o i n t s .  
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7.12.3 Careful l y  place an accurately weighed sample which contains 
1.0 t o  50 mg o f  s u l f i d e  i n t o  the f lask .  I f  necessary, d i l u t e  t o  
approximately 200 mL w i t h  water. 

7.12.4 Place the dropping funnel onto the f l a s k  making sure i t s  
stopcock i s  closed. Add the volume o f  s u l f u r i c  ac id  calculated i n  Step 
7.1.1 p lus  an add i t iona l  50 mL i n t o  the dropping funnel. The bottom 
stopcock must be closed. 

7.12.5 Attach the n i t rogen i n l e t  t o  the  top o f  the dropping funnel 
gas s h u t - o f f  valve. Turn on the n i t rogen purge gas and ad jus t  the flow 
through the  sample f l a s k  t o  25 mL/min. The n i t rogen i n  the gas scrubbing 
b o t t l e s  should bubble a t  a  r a t e  o f  about f i v e  bubbles per second. 
Ni t rogen pressure should be 1  imi ted t o  approximately 10 p s i  t o  prevent 
excess s t ress  on the glass system and f i t t i n g s .  V e r i f y  t h a t  there are no 
leaks i n  the system. Open the n i t rogen shu t -o f f  valve leading t o  the 
dropping funnel. Observe t h a t  the gas f low i n t o  the sample vessel w i l l  
stop f o r  a  shor t  per iod whi le the pressure throughout the system 
equal izes. I f  the gas f low through the sample f l a s k  does not  r e t u r n  
w i t h i n  a  minute, check f o r  leaks around the dropping funnel. Once flow 
has s tab i l i zed ,  t u r n  on the magnetic s t i r r e r .  Purge the system f o r  15 
minutes w i t h  n i t rogen t o  remove oxygen. 

7.12.6 Heat sample t o  70'C. Open dropping funnel t o  a  p o s i t i o n  
t h a t  w i l l  a l low a  f l ow  o f  s u l f u r i c  ac id  o f  approximately 5  mL/min. Monitor 
the  system u n t i l  most o f  the s u l f u r i c  ac id  contained w i t h i n  the dropping 
funnel has entered the sample f l ask .  Close the dropping funnel whi le a  
small amount o f  ac id  remains. Immediately c lose the gas shu t -o f f  valve t o  
the dropping funnel. 

7.12.7 Purge, s t i r ,  and maintain a  temperature o f  70mC f o r  a  t o t a l  
of 90 minutes from s t a r t  t o  f i n i s h .  Shut o f f  n i t rogen supply. Turn o f f  
heat. 

7.13 T i t r a t i o n  o f  D i s t i l l a t e  

7.13.1 Pipet  a  known amount o f  standardized 0.025N iodine so lu t ion  
(see Step 5.12) i n  a 500-mL f lask ,  adding an amount i n  excess o f  t h a t  
needed t o  ox id ize  the su l f i de .  Add enough water t o  br ing  the volume t o  
100 mL. The volume o f  standardized iodine so lu t i on  should be about 65 mL 
fo r  samples w i t h  50 mg o f  su l f i de .  

7.13.2 Add 2  mL o f  6N HC1 t o  the iodine. 

7.13.3 Pipet  both o f  the gas scrubbing b o t t l e  so lu t ions  i n t o  the 
f l ask ,  keeping the end o f  the p ipe t  below the surface o f  the iodine 
so lu t ion .  I f  a t  any po in t  i n  t rans fe r r i ng  the z inc acetate so lu t i on  o r  
r i n s i n g  the bo t t l es ,  the amber co lo r  o f  the iodine disappears or  fades t o  
ye1 low, more 0.025N iod ine must be added. This addi t ional  amount must be 
added t o  the  amount from Step 7.13.1 fo r  calculat ions.  Record the t o t a l  
volume o f  standardized 0.025N iod ine so lu t i on  used. 

7.13.4 Prepare a  r i n s e  so lu t ion  o f  a  known amount o f  standardized 
0.025N iod ine  solut ion,  1  mL o f  6N HC1, and water t o  r i n s e  the remaining 
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whi te  p r e c i p i t a t e  ( z inc  s u l f i d e )  from t h e  gas scrubbing b o t t l e s  i n t o  the  
f l a s k .  There should be no v i s i b l e  t races of p r e c i p i t a t e  a f t e r  r i n s i n g .  

7.13.5 Rinse any remaining t races o f  i od ine  from t h e  gas scrubbing 
b o t t l e s  w i t h  water, and t r a n s f e r  the  r i n s e s  t o  t h e  f l a s k .  

7.13.6 T i t r a t e  t h e  s o l u t i o n  i n  the  f l a s k  w i t h  standard 0.025N 
phenyl a rs ine  oxide o r  0.025N sodium t h i o s u l  f a t e  s o l u t i o n  u n t i  1 t h e  amber 
c o l o r  fades t o  yel low. Add enough s tarch  i n d i c a t o r  f o r  t h e  s o l u t i o n  t o  
t u r n  da rk  b lue  and t i t r a t e  u n t i l  t he  b lue disappears. Record t h e  volume 
of t i t r a n t  used. 

7.13.7 Ca lcu la te  t h e  concentrat ion o f  s u l f i d e  i n  t h e  sample as 
fol lows: 

[(mL o f  I2 x N o f  12) - (NIL o f  t i t r a n t  x N o f  t i t r a n t ) ]  (16.03) 
= sul  fide(mg/kg) 

sample weight (kg) 

8.0 QUALITY CONTROL 

8.1 A l l  q u a l i t y  con t ro l  data must be maintained and a v a i l a b l e  f o r  
reference o r  i nspec t ion  f o r  a per iod  o f  t h ree  years. Th is  method i s  r e s t r i c t e d  
t o  use by o r  under superv is ion o f  experienced analysts.  Refer t o  t h e  appropr ia te  
sec t i on  o f  Chapter One f o r  add i t i ona l  qua1 i t y  con t ro l  requirements. 

8.2 A reagent b lank should be run  every twenty analyses o r  per  
a n a l y t i c a l  batch, whichever i s  more frequent.  

8.3 Check standards are prepared from water and a known amount o f  
sodium s u l f i d e .  A check standard should be r u n  w i t h  each a n a l y t i c a l  batch o f  
samples o r  once every twenty samples. Acceptable recovery w i l l  depend on t h e  
1 eve1 and mat r i x .  

8.4 A m a t r i x  spiked sample should be run  f o r  each a n a l y t i c a l  batch o r  
twenty samples, whichever i s  more frequent,  t o  determine m a t r i x  e f fec ts .  I f  
recovery i s  low, ac id - inso lub le  s u l f i d e s  are indicated.  A m a t r i x  spiked sample 
i s a sample brought through the  whole sample prepara t ion  and a n a l y t i c a l  process. 

8.5 V e r i f y  t h e  c a l i b r a t i o n  w i t h  an independently prepared QC reference 
sample every twenty samples o r  once per  a n a l y t i c a l  batch, whichever i s  more 
f requent .  

9.0 METHOD PERFORMANCE 

9.1 Accuracy - Accuracy f o r  t h i s  method was determined by th ree  
independent 1 abora tor ies  by measuring percent recover ies o f  spikes f o r  waste 
samples. The r e s u l t s  are summarized below. 

Accuracy f o r  t he  e n t i r e  method f o r  four syn the t i c  waste samples 70-104% 
recovery 
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9.2 Precis ion 

Prec is ion  o f  e n t i r e  method f o r  f o u r  synthet ic  waste samples 
Percent c o e f f i c i e n t  o f  v a r i a t i o n  1 .O-34 
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METHOD 9031 
(Continued) 
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METHOD 9035 

SULFATE (COLORIMETRIC, AUTOMATED, CHLORANI LATE) 

1.0 SCOPE AND APPLICATION 

1.1 This automated method i s  applicable t o  ground water, drinking and 
surface waters, and domestic and industr ia l  wastes containing 10 t o  400 mg 
so4-2/l i t e r  . 
2.0 SUMMARY OF METHOD 

2.1 When so l i d  barium chloranilate i s  added t o  a solution containing 
sulfate, barium sulfate i s  precipitated, releasing the highly colored acid 
chlorani l a t e  ion. The color in tensi ty  i n  the result ing chlorani 1 i c  acid 
solut ion i s  proportional t o  the amount o f  sul fate present. 

3.0 INTERFERENCES 

3.1 Cations such as calcium, aluminum, and i ron  in ter fere by precipi- 
t a t l ng  the chloranilate. These ions are removed by passage through an ion- 
exchange col umn . 

3.2 Samples should be centrifuged or f i l t e r e d  before analysis. 

4.0 APPARATUS AND MATERIALS 

4.1 Automated continuous-flow analytical instrument, with: 

4.1.1 Sampler I. 

4.1.2 Continuous f i l t e r .  

4.1.5 Colorlmeter: Equipped with 15 mm tubular f lowcell and 520 nm 
f i l t e r s .  

4.1.6 Recorder. 

4.1.7 Heatlng bath, 45'C. 

4.2 Magnet1 c s t i r re r .  
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5.0 REAGENTS 

5.1 ASTM Type I1 water (AS'TM D1193) : Water should be monitored f o r  
impuri ti es. 

5.2 Barium chlorani late:  Add 9 g o f  barium chlorani l a t e  (BaC Cl2O4) t o  

Type I1 water. 
1 333 mL of spectrophotometric grade ethyl  alcohol and d i l u t e  t o  1 i t e r  w i th  

5.3 Acetate buffer,  pH 4.63: Dissolve 13.6 g o f  sodium acetate i n  Type 
I1 water. Add 6.4 mL o f  acet ic ac id and d i l u t e  t o  1 l i t e r  w i th  Type I1 water. 
Make fresh weekly. 

5.4 NaOH-EDTA solution: Dissolve 65 g o f  NaOH and 6 g EDTA i n  Type I1 
water and d i ' l u t e  This so lut ion i s  a1 so used t o  clean out the 
manifold system a t  end o f  sampling run. 

5.5 Ion exchange resin: Dowex-50 W-X8, i o n i c  form-H+. The column i s  
prepared by sucking a s lu r r y  o f  the res in  i n t o  12 in.  o f  3116-in O.D. tubing. 
This may be conveniently done by using a p ipet  and a l oose - f i t t i ng  glass wool 
plug i n  the tube. The column, upon exhaustion, turns red. Ensure tha t  a i r  
does not enter the column. 

5.6 Stock solution: Dissolve 1.4790 g o f  oven-dried (105'C) Na2SOq i n  
Type I1 water and d i l u t e  t o  1 l i t e r  i n  a volumetric f l ask  (1.0 mL = 1.0 mg). 

5.7 Standards: Prepare a series o f  standards by d i l u t i n g  su i tab le 
volumes o f  stock so lut ion t o  100.0 mL w i th  Type I1 water. The fol lowing 
d i  1 utions are suggested. 

Stock Solut ion (mL1 Concentration (mgIL1 

6.0 SAMPLE COLLECTION, PRESERVATION, AND HANDLING 

6.1 A1 1 samples must have been col lected using a sampling plan tha t  
addresses the considerations discussed i n  Chapter Nine o f  t h i s  manual. 

6.2 Refrigerate a t  4'C. 
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7.0 PROCEDURE 

7.1 Set up manifold as shown i n  Figure 1. (Note t ha t  any p rec ip i ta ted  
Bas04 and the unused barium ch lo ran i la te  are removed by f i l t r a t i o n .  I f  any 
Bas04 should come through the f i  l t e r ,  i t  i s  complexed by the NaOH-EDTA 
reagent .) 

7.2 Allow both color imeter and recorder t o  warm up f o r  30 min. Run a 
basel ine w i t h  a l l  reagents, feeding Type I1 water through the sample l i ne .  
Adjust dark cur rent  and operat ive opening on color lmeter t o  obta in  su i tab le  
base1 i ne . 

7.3 Place Type I1 water wash tubes I n  a1 ternate openings i n  sampler and 
set  sample t iming a t  2.0 min. 

7.4 Place working standards i n  sampler i n  order o f  decreasing concen- 
t r a t i on .  Complete f i l l  i ng  o f  sampler t r a y  w i  t h  unknown samples. 

7.5 Swi t ch  sample 1 i n e  from Type I1 water t o  sampler and begin analysis. 

7.6 Calculat ion: 

7.6.1 Prepare a standard curve by p l o t t i n g  peak heights o f  
processed standards against known concentrations. Compute concentration 
o f  samples by comparing sample peak heights w i t h  standard curve. 

8.0 QUALITY CONTROL 

8.1 A l l  q u a l i t y  cont ro l  data should be maintained and ava i lab le  f o r  easy 
reference o r  I nspecti  on. 

8.2 Cal l  b ra t i on  curves must be composed o f  a minimum o f  a blank and 
three standards. A l i n e a r  ca l i b ra t i on  curve should be made f o r  every hour o f  
continuous sample analysis . 

8.3 D i l u t e  samples i f  they are more concentrated than the highest 
standard o r  i f  they fa1 1 on the plateau o f  a ca l  l b r a t i o n  curve. 

8.4 Employ a minimum o f  cne blank per  sample batch t o  determine i f  
contami na t ion  has occurred. 

8.5 Ver i f y  ca l  1 b ra t  i on  w i  t h  an independently prepared check standard 
every 15 samples. 

8.6 Run one spike dupl icate sarr~ple f o r  every 10 samples. A spike 
dupl l c a t e  sample i s  a sample brought through the whole sample preparation and 
analy t  I ca l  process. 
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9.0 METHOD PERFORMANCE 

9.1 Precision and accuracy data are available I n  Method 375.1 o f  Methods 
for Chemical Analysis o f  Water and Wastes. 

10.0 REFERENCES 

1. Bertolacl n i  , R.J., and 3. E. Barney, 11, C o l o r i ~ t r i c  Determination o f  
Sulfate w i  t h  Bar1 urn Chlorani 1 ate, Anal. Chem., 29 (21, pp. 281-283 (1957). 

2. Gales, M.E., Jr., W.H. Kaylor, -and J.E. Longbottom, Determination o f  
Sulphate by Automatic Colorimetric Analysis, Analyst, 93, 97 (1968). 
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METHOD 9036 

SULFATE (COLORIMETRIC, AUTOMATED, METHYLTHYMOL BLUE, AA 11) 

1.0 SCOPE AND APPLICATION 

1.1 Thls automated method I s  applicable t o  ground water, dr inking and 
surface waters, and domestlc and I ndustr l  a1 wastes. 

1.2 Samples I n  the range of 0.5 t o  300 mg so4'2/llter can be analyzed. 

2.0 SUMMARY OF METHOD 

2.1 The sample I s  f l r s t  passed through a sodlun-form catlon-exchange 
column t o  remove mu1 t l v a l e n t  metal Ions. The sample contalnlng su l fa te I s  
then reacted w l th  an alcohol so lut lon o f  barlum chlor lde and ntethyl thyu~~l blue 
(MTB) a t  a pH o f  2.5-3.0 t o  form barlum sulfate. The comblned solut lon I s  
ra ised t o  a pH o f  12.5-13.0 so tha t  excess barlum reacts w l th  MTB. The 
uncomplexed MTB co lo r  I s  gray; I f  It I s  a l l  chelated w l th  barlum, the co lor  I s  
blue* I n l t l a l  l y ,  the barlum and MTB are equlmolar and equlvalent t o  30 q 
SO4- /l l t e r ;  thus the amount o f  uncomplexed MTB I s  equal t o  the su l fa te 
present. 

3.0 INTERFERENCES 

3.1 The Ion-exchange column e l  lmlnates Interferences f r o m  mu1 t l va len t  
catlons. A mld-scal e su l fa te  standard contalnlng ~ a *  should be analyzed 
pe r lod l ca l l y  t o  ensure tha t  the column I s  functlonlng properly. 

3.2 Samples w l th  pH below 2 should be neutral ized because high acld 
concentratlons e l  Ute catlons f r o m  the Ion-exchange resln. 

3.3 Turbld samples should be f l l  tered o r  centrifuged. 

4.0 APPARATUS AND MATERIALS 

4.1 Automated cont l  nuous-flow analyt lcal  Instrument: 

4 .11  Sarapler. 

4.1.2 Hanlfold: Hlgh- o r  low-level (Flgure 1). 

4.1.4 Heating bath: Operable a t  the temperature speclfled. 

4.1.5 Coloriaeter: Equlpped w l th  15 mn f lowcel l  and 460 nm 
Interference f l l  ters. 
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4.1.6 F i  1 ters :  O f  spec1 f i  ed transmittance. 

4.1.7 Recorder. 

5.0 REAGENTS 

5.1 ASTM Type I1 water (ASTM D1193) : Water should be monitored f o r  
impur i t ies.  

5.2 Barium chloride: Dissolve 1.526 g o f  barium ch lor ide dihydrate 
(BaC12=2H20) I n  500 mL o f  Type I1 water and d i l u t e  t o  1 l i t e r .  

5.3 Methylthymol blue: Dissolve 0.1182 g o f  methylthymol blue 
(3 '3"-bi s-N,N-bis carboxymethyl -am1 no methyl thymol sul fone-phthalei n 
pentasodium sa l t )  i n  25 mL of barium ch lor ide so lu t ion (Paragraph 5.2). Add 
4 mL o f  1.0 N hydrochloric acid, which changes the co lo r  t o  b r i gh t  orange. 
Add 71 mL o f  water and d l 1  u te  t o  500 mL wi th  ethanol. The pH o f  t h i s  so lu t ion 
i s  2.6. This reagent should be prepared the day before and stored i n  a brown 
p l a s t i c  b o t t l e  i n  the freezer. 

5.4 Buffer ,  pH 10.5 2 0.5: Dissolve 6.75 g o f  amnonium chlor ide i n  
500 mL o f  Type I1 water. Add 57 mL o f  concentrated ammonium hydroxlde and 
d i  1 u t e  t o  1 1 i t e r  w i t h  Type I 1  water. 

5.5 Buffered EDTA: Di ssolve 40 g o f  tetrasodi  urn EDTA i n  pH 10.5 buf fer  
(Paragraph 5.4) and d i l u t e  t o  1 1 i t e r  w i th  buffer. 

5.6 Sodium hydroxide so lu t ion  (50%) : Dissolve 500 g NaOH i n  600 mL o f  
Type I1 water, cool, and d i  1 u te  t o  1 1 i ter .  

5.7 Sodium h droxide, 0.18 N: D i l u te  14.4 mL o f  sodium hydroxide 
so lu t ion  (Paragrap --+r 5.6 t o  1 l i t e r .  

5.8 Ion-exchange resin: Bio-Rex 70, 20-50 mesh, sodium form, Bio-Rad 
Laboratori  es, Richmond, Cal i ' fornia.  Free from f ines  by s t i r r i n g  w i  t h  several 
por t ions o f  Type I1 water and decant the supernate before s e t t l i n g  i s  
complete. 

5.9 D i l u t i o n  water: Add 0.75 mL o f  su l fa te  stock so lu t ion (Paragraph 
5.10) and 3 drops o f  Br i j -35  (avai lable from Technicon) t o  2 l i t e r s  o f  Type I1 
water. 

5.10 Sul fa te  stock solut ion, 1 mL = 1 mg  SO^-^: Dissolve 1.479 g o f  
d r i ed  Na2S04 (105'C) i n  Type I1 water and d i l u t e  t o  1 l i t e r .  

5.11 D i l u t e  su l f a te  solut ion, 1 mL = 0.1 mg so4'*: D i l u te  100 mL o f  
su l f a te  stock so lu t ion  (Paragraph 5.10) t o  1 l i t e r .  
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5.12 High-1 evel working standards, 10-300 mg1L: Prepare high-1 evel 
working standards by d i  1 u t i n g  the f o l  lowing volumes o f  stock standard 
(Paragraph 5.10) t o  100 mL: 

Stock Solu t ion (mL) Concentrati on (mqIL1 

5.13 Low-level working standards, 0.5-30 mg1L: Prepare low-1 evel 
working standards by d i  1 u t i n g  the  f o l  lowing vol  umes o f  d i  1 u te  su l  f a t e  sol  u t i o n  
(Paragraph 5.11) t o  100 mL: 

Stock Solu t ion (mL) Concentration (mg1L) 

6.0 SAMPLE COLLECTION, PRESERVATION, AND HANDLING 

6.1 A1 1 samples must have been co l lec ted  using a sampling p lan t h a t  
addresses t he  considerat ions discussed i n  Chapter Nine o f  t h i s  manual . 

6.2 Ref r igerate  a t  4'C. 

7.0 PROCEDURE 

7.1 Set up mani fo ld f o r  high- (10-300 mglL so4-2) o r  low- (0.5-30 mg1L 
so4-2) 1 evel samples as described i n  Figure 1. 

7.2 The ion-exchange column i s  prepared by p u l l  i n g  a s l u r r y  o f  the r e s i n  
i n t o  a piece o f  g lass tubing 7.5-in. long, 2.0-mm I.D., and 3.6-mm O.D. This 
i s  conveniently done by using a p i p e t  and a l o o s e - f i t t i n g  glass wool p lug  i n  
t he  tubing. Care should be taken t o  avoid a l lowing a i r  bubbles t o  enter  t he  
column. I f  a i r  bubbles become trapped, the column should be prepared again. 
The column can exchange the  equivalent  o f  35 mg o f  calcium. For the high- 
l eve l  manifold, t h i s  corresponds t o  about 900 samples w i t h  200 mg/L Ca. The 
column should be prepared as o f ten  as necessary t o  ensure t h a t  no more than 
50% o f  i t s  capaci ty i s  used. 
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7.3 Allow the colorimeter, recorder, and p r i n t e r  t o  warm up f o r  30 min. 
Pump a l l  reagents u n t i l  a stable baseline i s  achieved. 

7.4 Analyze a1 1 working standards i n  dupl icate a t  the beginning o f  a run 
t o  develop a standard curve. The A and B control  standards must be analyzed 
every hour t o  ensure t ha t  the system remains proper ly cal ibrated. Because the 
chemistry i s  nonlinear, the 180-mg/L standard i s  set  a t  50% on the recorder 
using the standard ca l  i bra t ion  control  on the colorimeter. 

7.5 A t  the end o f  each day, the system should be washed w i th  the 
buf fered EDTA so lu t ion  (Paragraph 5.5). This i s  done by placing the 
methylthymol b lue l i n e  and the sodium hydroxide l i n e  i n  water f o r  a few 
minutes and then i n  the buffered EDTA so lu t ion f o r  10 min. Wash the system 
w i th  water f o r  15 min before shut t ing down. 

7.6 Prepare a standard curve by p l o t t i n g  peak heights o f  f i v e  processed 
standards against known concentrations. Compute concentration o f  samples by 
comparing sample peak heights w i t h  the standard curve. Note t h a t  t h i s  i s  not 
a l i n e a r  curve but  a t h i r d  order curve. 

8.0 QUALITY CONTROL 

8.1 A1 1 q u a l i t y  control  data should be maintained and avai lable f o r  easy 
reference o r  i nspect i on. 

8.2 Cal ibra t ion curves must be composed o f  a minimum o f  a blank and 
three standards. A ca l i b ra t i on  curve should be made f o r  every hour o f  
continuous sample analysis. 

8.3 D i l u t e  samples i f  they are more concentrated than the highest 
standard o r  i f  they fa1 1 on the plateau o f  a cal i b ra t i on  curve. 

8.4 Employ a minimum o f  one blank per sample batch t o  determine i f  
contami nat ion has occurred. 

8.5 Ver i f y  cal  I bra t i on  w i t h  an independently prepared check standard 
every 15 samples. 

8.6 Run one spl  ke dupl i ca te  sample f o r  every 10 samples. A dupl icate 
sample i s  a sample brought through the whole sample preparation and analy t ica l  
process. 

9.0 METHOD PERFORMANCE 

9.1 Preci s i  on and accuracy data are avai l abl e i n  Method 375.2 o f  Methods 
f o r  Chemical Analysis o f  Water and Wastes. 
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METHOD 9038 

SULFATE (TURBIDIMETRIC) 

1.0 SCOPE AND APPLICATION 

1.1 This method i s  applicable t o  ground water, dr inking and surface 
waters, and domestic and indust r ia l  wastes. 

1.2 Thls method I s  sui table f o r  a l l  concentrat-ion ranges o f  sul fate 
(So40 ) ; however, i n  order t o  obtain re1 iable readings, use a sample a1 lquot 
contalnlng not more than 40 mg/L of ~ 0 ~ ~ ~ .  

1.3 The minimum detectable l i m i t  i s  approximately 1 mg/L o f  ~ 0 ~ 0 2 .  

2.0 SUMMARY OF METHOD 

2.1 Sulfate Ion i s  converted t o  a barium sulfate suspension under 
control l ed  condl tlons. The resul t ing tu rb id i t y  i s  determined by a nephelo- 
meter, f 11 t e r  photometer, o r  spectrophotometer and compared with a curve 
prepared from standard sul fa te sol ution. 

3.0 INTERFERENCES 

3.1 Color and t u r b i d i t y  due t o  the sample matrix can cause posit ive 
interferences which must be accounted f o r  by use o f  blanks. 

3.2 S l l l c a  i n  concentrations over 500 mg/L w i l l  interfere. 

4.0 APPARATUS AND MATERIALS 

4.1 Magnetic s t l r re r :  variable speed so that  i t  can be held constant 
j u s t  below splashing. Use ident ical  shapes and sizes o f  magnetic s t i r r i n g  
bars. 

4.2 Photometer (one o f  the following, given i n  order o f  preference): 

4.2.1 Nephelolaeter. 

4.2.2 Spectrophotometer: For use a t  420 nm with l i g h t  path o f  
4 t o  5 cm. 

4.2.3 F i l t e r  photometer: With a v io le t  f i l t e r  havlng a maximum 
near 420 nm and a l i g h t  path of 4 t o  5 cm. 

4.3 Stopwatch: I f  the magnetic s t i r r e r  i s  not equipped with an accurate 
timer. 
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4.4 Measuring spoon: Capacity 0.2 t o  0.3 mL. 

5.0 REAGENTS 

5.1 ASTM Type I1 water (ASTM D1193) : Water should be monitored f o r  
impuri t ies.  

5.2 Conditioning reagent: Slowly add 30 mL concentrated HC1 t o  300 mL 
Type I1 water, 100 mL 95% ethanol o r  i sopropanol , and 75 g NaCl i n  solut ion i n - .  
a- container. -Add 50 mL glycerol and m i  x.b 

- 

5.3 Barium chlor ide (BaC12): Crystals, 20 t o  30 mesh. 

5.4 Sodium ,carbonate solution: (approximately 0.05 N) : Dry 3 t o  5 g 
primary standard Na2C03 a t  250'C f o r  4 h r  and cool i n  a desiccator. Weigh 
2.5 2 0.2 g ( to  the nearest mg) , ' t ransfer  t o  a 1 - l i t e r  volumetric f lask, and 
f i  11 t o  the mark w i th  Type I1 water. 

5.5 Proprietary reagents: Such as Hach Sulfaver o r  equivalent, are 
acceptabl e. 

5.6 Standard su l fa te  solut ion (1.00 mL = 100 ug ~ 0 ~ 4 )  : Prepare by 
Paragraph 5.6.1 o r  5.6.2. 

5.6.1 Standard su l fa te  solut ion from H 9 4 :  

5.6.1.1 Standard su l fu r i c  acid, 0.1 N: D i lu te  3.0 mL 
concentrated H2SO4 t o  1 l i t e r  w i th  Type I1 water. Standardize 
against 40.0 mL o f  0.05 N Na2C03 solut ion (Paragraph 5.4) with about 
60 mL Type I1 water by t i t r a t i n g  potent iometr ical ly t o  a pH o f  about 
5. L i f t  electrodes and r inse  i n t o  beaker. Boi l  gent ly f o r  3 t o  5 
min under a watch glass cover. Cool t o  room temperature. Rinse 
cover glass i n t o  beaker. Continue t i t r a t i o n  t o  the pH i n f l e c t i o n  
point. Calculate the normality o f  H2SO4 using: 

N = A x B  
53.00 x C 

where: 

A = g Na2C03 weighed i n t o  1 l i t e r  f lask (Paragraph 5.4); 

B = nL Na2C03 solut ion used i n  the standardization; 

C = mL acid used i n  t i t r a t l o n ;  

5.6.1.2 Standardacid, 0.02N: D i lu teappropr ia teamounto f  
standard acid, 0.1 N (Paragraph 5.6.1.1) t o  1 l i t e r  (use 200.00 mL 
standard acid i f normal i t y  i s 0.1000 N) . Check by standardization 
against 15 mL o f  0.05 N Na2C03 solut ion (Paragraph 5.4). 
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5.6.1.3 Place 10 mL standard su l f u r i c  acid, 0.02 N (Paragraph 
5.6.1.2) i n  a 100-mL volumetric f l ask  and d i l u t e  t o  the mark. 

5.6.2 Standard su l f a te  so lu t ion f r o m  Na SO4: Dissolve 147.9 mg 

d i l u t e  t o  the mark w i t h  Type I 1  water. 
f anhydrous Na2S04 i n  Type I1 water i n  a 1- i t e r  volumetric f l ask  and 

6.0 SAMPLE COLLECTION, PRESERVATION, AND HANDLING 

6.1 A l l  samples must have been col lected using a sampling plan tha t  
addresses the considerations discussed i n  Chapter Nine o f  t h i s  manual. 

6.2 Preserve by re f r ige ra t ing  a t  4'C. 

7.0 PROCEDURE 

7.1 Formation o f  barium su l f a te  t u rb id i t y :  

7.1.1 Place a 100-mL sample, o r  a su i tab le  por t ion  d i l u ted  t o  
100 mL, i n t o  a 250-mL Erlenmeyer f 1 ask. 

7.1.2 Add exact ly 5.0 mL condi t ioning reagent (Paragraph 5.2). 

7.1.3 Mix i n  the s t i r r i n g  apparatus. 

7.1.4 While the so lu t ion i s  being s t i r r ed ,  add a measured spoonful 
o f  BaC12 c rys ta ls  (Paragraph 5.3) and begin t iming immediately. 

7.1.5 S t i r  exact ly  1.0 min a t  constant speed. 

7.2 Measurement o f  barium su l fa te  t u rb id i t y :  

7.2.1 Immediately a f t e r  the s t i r r i n g  period has ended, pour 
sol  u t ion  i n t o  absorbance ce l l .  

7.2.2 Measure t u r b i d i t y  a t  30-sec in te rva ls  f o r  4 min. 

7.2.3 Record the maximum reading obtained i n  the 4-min period. 

7.3 Preparation o f  ca l  i bra t ion  curve: 

7.3.1 Prepare ca l i b ra t i on  curve using standard su l fa te  so lu t ion 
(Paragraph 5.6). 

7.3.2 Space standards a t  5-mg/L increments i n  the 0-40 mg/L sul fate 
range. 

7.3.3 Above 50 mg/L the accuracy decreases and the suspensions lose 
s tab i  1 i ty. 
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7.3.4 Check r e l i a b i l i t y  o f  ca l ib ra t ion  curve by running a standard 
w i th  every three o r  four  samples. 

7.4 Correction f o r  sample co lo r  and tu rb id i t y :  

7.4.1 Run a sample blank using steps 7.1 and 7.2, without the 
addi t ion o f  barium chlor ide (Paragraph 7.1.4). 

7.5 Calculation: 

7.5.1 Read mg ~ 0 ~ ~ 2  from 1 1 near c a l l  b r a t i  on curve: 

mg so[2 x 1,000 
mg SO[~/L = mL sample 

8.0 QUALITY CONTROL 

8.1 A l l  qua l i t y  control  data should be maintained and avai lab le f o r  easy 
reference o r  inspection. 

8.2 Cal ibrat ion curves must be composed o f  a minimum o f  a blank and 
three standards. A ca l ib ra t ion  curve should be made f o r  every hour of 
continuous sample analysis. 

8.3 D i l u te  samples i f  they are more concentrated than the highest 
standard o r  i f  they fa1 1 on the plateau o f  a ca l ib ra t ion  curve. 

8.4 Employ a minimum o f  one blank per sample batch t o  determine i f  
contami nat  ion  has occurred. 

8.5 Verl f y  cal  i brat ion w i th  an independently prepared check standard 
every 15 samples. 

8.6 Run one spike dupl icate sample fo r  every 10 samples. A spike 
dupl icate sample i s  a sample brought through the who1 e sample preparation and 
analy t ica l  process. 

9.0 METHOD PERFORMANCE 

9.1 Thi r t y - fou r  analysts i n  16 laborator ies analyzed s i x  synthet ic water 
samples containing exact Increments o f  inorganic su l fa te  w i th  the f o l  lowing 
resul ts :  
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Increment as Precision as Accuracy as 
Sulfate Standard Devl at ion - 
(mg/L) (ms/L) (mg/L) 

us - -  - - - - 

(Data from: FWPCA Method Study 1, Mineral and Physical Analyses.) 
Ila*l 

vsws 9.2 A synthetic unknown sample containing 259 mg/L sulfate, 108 mg/L Ca, 
nr, 82 mg/L Mg, 3.1 mg/L K, 19.9 mg/L Na, 241 mg/L chloride, 0.250 mg/L n i t r i t e  N, 

1.1 mg/L n i t r a t e  N, and 42.5 mg/L t o t a l  a l k a l i n i t y  (contributed by NaHC03), 
53 was analyzed i n  19 laboratories by the turbidimetr ic method, wi th a re la t ive  

standard deviation o f  9.1% and a re la t i ve  error  o f  1.2%. 
=9 

d 
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METHOD 9056 

DETERMINATION OF INORGANIC ANIONS BY ION CHROMATOGRAPHY 

1.0 SCOPE AND APPLICATION 

1.1 This method addresses the sequential determinat ion o f  the anions 
ch lo r ide ,  f l u o r i d e ,  bromide, n i t r a t e ,  n i t r i t e ,  phosphate, and s u l f a t e  i n  the  
c o l l e c t i o n  so lu t ions  from the bomb combustion o f  sol  i d  waste samples, as we l l  as 
a1 1  water sarnples. 

1.2 The method detec t ion  1  i m i t  (MDL), the  minimum concentrat ion o f  a  
substance t h a t  can be measured and reported w i t h  99% confidence t h a t  t he  value 
i s  above zero, var ies  f o r  anions as a  func t ion  o f  sample s ize  and the  
conduc t i v i t y  scale used. Generally, minimum detectable concentrat ions are i n  the 
range o f  0.05 mg/L f o r  F- and 0.1 mg/L f o r  Br', C1-, NO,', NO,,  PO,^-, and SO:' w i t h  
a  100-pL sample loop and a  10-pmho f u l l - s c a l e  s e t t i n g  on the  conduct iv i ty  
de tec tor .  S i m i l a r  values may be achieved by using a  higher scale s e t t i n g  and an 
e l e c t r o n i c  i n t e g r a t o r .  Idea l ized detec t ion  1  i m i t s  o f  an order o f  magnitude lower 
have been determined i n  reagent water by using a  1-pmho/cm f u l l - s c a l e  s e t t i n g  
(Table 1). The upper l i m i t  of the  method i s  dependent on t o t a l  anion 
concentrat ion and may be determined experimental ly.  These 1  i m i t s  may be extended 
by appropr iate d i l u t i o n .  

2.0 SUMMARY OF METHOD 

2.1 A small volume o f  combustate c o l l e c t i o n  so lu t i on  o r  o ther  water 
sample, t y p i c a l l y  2  t o  3  mL, i s  i n jec ted  i n t o  an i o n  chromatograph t o  f l u s h  and 
f i l l  a  constant volume sample loop. The sample i s  then in jec ted  i n t o  a  stream 
o f  carbonate-bicarbonate e luent  o f  the  same s t rength  as the  c o l l e c t i o n  so lu t i on  
o r  water sample. 

2.2 The sample i s  pumped through th ree d i f fe rent  i o n  exchange columns and 
i n t o  a  conduc t i v i t y  detector .  The f i r s t  two columns, a  precol umn o r  guard column 
and a  separator column, are packed w i t h  low-capacity, s t rong ly  basic anion 
exchanger. Ions are separated i n t o  d i sc re te  bands based on t h e i r  a f f i n i t y  f o r  
the  exchange s i t e s  o f  the  r e s i n .  The l a s t  column i s  a  suppressor column t h a t  
reduces the  background conduc t i v i t y  of the  e luent  t o  a  low o r  n e g l i g i b l e  l eve l  
and converts the anions i n  the  sample t o  t h e i r  corresponding acids. The 
separated anions i n  t h e i r  ac id  form are measured using an e l e c t r i c a l  -conduct iv i ty  
c e l l .  Anions are i d e n t i f i e d  based on t h e i r  r e t e n t i o n  times compared t o  known 
standards. Quant i  t a t i o n  i s  accomplished by measuring the  peak height  o r  area and 
comparing i t  t o  a  c a l i b r a t i o n  curve generated from known standards. 

3.0 INTERFERENCES 

3.1 Any species w i t h  a  r e t e n t i o n  time s i m i l a r  t o  t h a t  o f  the  desired i o n  
w i l l  i n t e r f e r e .  Large q u a n t i t i e s  o f  ions e l u t i n g  c lose t o  the  i o n  o f  i n t e r e s t  
w i l l  a l so  r e s u l t  i n  an in ter fe rence.  Separation can be improved by adjust ing the 
e luent  concentrat ion and/or flow ra te .  Sample d i l u t i o n  and/or the  use o f  the 
method o f  standard add i t ions  can a lso  be used. For example, h igh l eve ls  o f  
organic ac ids may be present i n  i n d u s t r i a l  wastes, which may i n t e r f e r e  w i t h  
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i n o r g a n i c  an ion  ana l ys i s .  Two common species,  formate and ace ta te ,  e l u t e  between 
f l u o r i d e  and c h l o r i d e .  

3.2 Because bromide and n i t r a t e  e l u t e  very  c l o s e  t oge the r ,  t hey  a re  
p o t e n t i a l  i n t e r f e r e n c e s  f o r  each o the r .  It i s  adv i sab le  n o t  t o  have Br-/NO, 
r a t i o s  h i g h e r  t han  1:10 o r  10 : l  i f  bo th  an ions a r e  t o  be q u a n t i f i e d .  I f  n i t r a t e  
i s  observed t o  be an i n t e r f e r e n c e  w i t h  bromide, use o f  an a l t e r n a t e  d e t e c t o r  
(e.q., e lec t rochemica l  d e t e c t o r )  i s  recommended. 

3.3 Method i n t e r f e r e n c e s  may be caused by contaminants i n  t h e  reagent  
water,  reagents ,  glassware, and o t h e r  sample p rocess ing  apparatus t h a t  l e a d  t o  
d i s c r e t e  a r t i f a c t s  o r  e leva ted  base l i ne  i n  i o n  chromatograms. 

3.4 Samples t h a t  c o n t a i n  p a r t i c l e s  l a r g e r  t han  0.45 pm and reagent  
s o l u t i o n s  t h a t  c o n t a i n  p a r t i c l e s  l a r g e r  than  0.20 pm r e q u i r e  f i l t r a t i o n  t o  
p reven t  damage t o  ins t rument  columns and f l o w  systems. 

3.5 I f  a packed bed suppressor column i s  used, i t  w i l l  be s l o w l y  consumed 
d u r i n g  a n a l y s i s  and, t he re fo re ,  w i l l  need t o  be regenerated.  Use o f  e i t h e r  an 
an ion  f i b e r  suppressor o r  an an ion micromembrane suppressor e l  im ina tes  t h e  t ime -  
consuming regene ra t i on  s tep  through t h e  use o f  a  cont inuous f l o w  o f  regenerant .  

4.0 APPARATUS AND MATERIALS 

4.1 I o n  chromatograph, capable o f  d e l i v e r i n g  2 t o  5  mL o f  e l u e n t  p e r  
m inu te  a t  a  p ressure  o f  200 t o  700 p s i  (1.3 t o  4.8 MPa). The chromatograph s h a l l  
be equipped w i t h  an i n j e c t i o n  va lve ,  a  100-pL sample loop ,  and s e t  up w i t h  t h e  
f o l l o w i n g  components, as schema t i ca l l y  ill u s t r a t e d  i n  F igu re  1. 

4.1.1 Precol  umn, a  guard column p laced be fo re  t h e  sepa ra to r  column 
t o  p r o t e c t  t h e  separa to r  column f rom being f o u l e d  by p a r t i c u l a t e s  o r  
c e r t a i n  o rgan i c  c o n s t i t u e n t s  ( 4  x  50 mm, Dionex P/N 030825 [normal r un ] ,  
o r  P/N 030830 [ f a s t  r un ] ,  o r  e q u i v a l e n t ) .  

4.1.2 Separator  c o l  umn, a  c o l  umn packed w i t h  1  ow-capaci t y  
p e l l i c u l a r  an ion exchange r e s i n  t h a t  i s  s ty rene  d iv iny lbenzene-based has 
been found t o  be s u i t a b l e  f o r  r e s o l v i n g  F-, C l ' ,  NO,, po i3 ,  Br-, NO3-, and 
SO,* (see F igu re  2) ( 4  x  250 mm, Dionex P/N 03827 [normal r u n ] ,  o r  P/N 
030831 [ f a s t  run ] ,  o r  e q u i v a l e n t ) .  

4.1.3 Suppressor c o l  umn, a  c o l  unin t h a t  i s  capable o f  c o n v e r t i n g  
t h e  e l u e n t  and separated anions t o  t h e i r  r e s p e c t i v e  a c i d  forms ( f i b e r ,  
Dionex P/N 35350, micromembrane, Dionex P/N 38019 o r  e q u i v a l e n t ) .  

4.1.4 Detec to r ,  a  1  ow-vol ume, f l  owthrough, t en~pe ra tu re -  
compensated, e l e c t r i c a l  c o n d u c t i v i t y  c e l l  (approx imate ly  6 p L  volume, 
Dionex, o r  e q u i v a l e n t )  equipped w i t h  a  meter capable o f  r ead ing  f rom 0 t o  
1,000 pseconds/cm on a 1 i near sca l  e. 

4.1.5 Pump, capable o f  d e l  i v e r i n g  a cons tan t  f l o w  o f  approx imate ly  
2  t o  5  mL/min th roughout  t h e  t e s t  and t o l e r a t i n g  a p ressure  o f  200 t o  
700 p s i  (1.3 t o  4.8 MPa). 
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4.2 Recorder, compatible w i t h  t he  de tec to r  output  w i t h  a f u l l - s c a l e  
response t ime i n  2 seconds o r  less .  

4.3 Syringe, minimum capac i ty  o f  2 mL and equipped w i t h  a male pressure 
f i t t i n g .  

4.4 Eluent  and regenerant rese rvo i r s ,  s u i t a b l e  conta iners f o r  s t o r i n g  
e l  uents and regenerant.  For example, 4 L c o l l a p s i b l e  bags can be used. 

4.5 I n teg ra to r ,  t o  i n t e g r a t e  t he  area under the  chromatogram. D i f f e r e n t  
i n t e g r a t o r s  can per form t h i s  t a s k  when compatible w i t h  t h e  e l e c t r o n i c s  o f  the  
de tec to r  meter o r  recorder .  I f  an i n t e g r a t o r  i s  used, t he  maximum area 
measurement must be w i t h i n  t h e  1 i nea r  range o f  t h e  i n t e g r a t o r .  

4.6 A n a l y t i c a l  balance, capable o f  weighing t o  t h e  nearest 0.0001 g. 

4.7 Pipets,  Class A vo lumetr ic  f lasks ,  beakers: assorted s izes.  

5.0 REAGENTS 

5.1 Reagent grade chemicals s h a l l  be used i n  a1 1 t e s t s .  Unless otherwise 
i nd i ca ted ,  i t i s  intended t h a t  a l l  reagents s h a l l  conform t o  the  s p e c i f i c a t i o n s  
o f  t h e  Committee on A n a l y t i c a l  Reagents o f  t h e  American Chemical Society, where 
such s p e c i f i c a t i o n s  are  ava i l ab le .  Other grades may be used, provided i t  i s  
f i r s t  ascer ta ined t h a t  t he  reagent i s  of s u f f i c i e n t l y  h igh  p u r i t y  t o  permi t  i t s  
use w i thou t  lessen ing  the  accuracy of t he  determinat ion.  

5.2 Reagent water. A l l  references t o  water i n  t h i s  method r e f e r  t o  
reagent water, as de f ined  i n  Chapter One. Column 1 i f e  may be extended by passing 
reagent water through a 0.22-pm f i l t e r  p r i o r  t o  use. 

5.3 Eluent,  0.003M NaHC03/0.0024M Na2C0,. D isso lve  1.0080 g o f  sodium 
bicarbonate (0.003M NaHCO,) and 1.0176 g o f  sodium carbonate (0.0024M Na2C03) i n  
reagent water and d i l u t e  t o  4 L w i t h  reagent water. 

5.4 Suppressor regenerant so lu t i on .  Add 100 mL of 1N H2S04 t o  3 L of 
reagent water i n  a c o l l  apsi b l e  bag and d i  1 u t e  t o  4 L w i t h  reagent water. 

5.5 Stock so lu t i ons  (1,000 mg/L). 

5.5.1 Bromide stock s o l u t i o n  (1.00 rr~L = 1.00 mg B r ) .  Dry 
approximately 2 g o f  sodium bromide (NaBr) f o r  6 hours a t  150°C, and cool 
i n  a des icca tor .  D isso lve  1.2877 g o f  t he  d r i e d  s a l t  i n  reagent water, 
and d i l u t e  t o  1 L w i t h  reagent water. 

5.5.2 Ch lor ide  s tock s o l u t i o n  (1.00 mL = 1 .OO mg C1-). Dry sodium 
c h l o r i d e  (NaC1) f o r  1 hour a t  600°C, and cool i n  a des icca tor .  Dissolve 
1.6484 g o f  t h e  d r y  s a l t  i n  reagent water, and d i l u t e  t o  1 L w i t h  reagent 
water.  

5.5.3 F luo r i de  s tock s o l u t i o n  (1.00mL = 1.00mg F-). Dissolve 
2.2100 g o f  sodium f l u o r i d e  (NaF) i n  reagent water, and d i l u t e  t o  1 L w i t h  
reagent water. Store i n  chemical - r e s i s t a n t  g lass  o r  polyethylene. 
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5.5.4 N i t r a t e  s tock  s o l u t i o n  (1.00 mL = 1.00 mg NO,). Dry  
approx imate ly  2 g of sodium n i t r a t e  (NaNO,) a t  1050C f o r  24 hours.  
D i s s o l v e  e x a c t l y  1.3707 g o f  t h e  d r i e d  s a l t  i n  reagent  water ,  and d i l u t e  
t o  1 L w i t h  reagent  water.  

5.5.5 N i t r i t e  s tock  s o l u t i o n  (1.00 mL = 1.00 mg NO2-). Place 
approx imate ly  2 g o f  sodium n i t r a t e  (NaNO,) i n  a 125 nrL beaker and d r y  t o  
cons tan t  we igh t  (about 24 hours) i n  a des i cca to r  c o n t a i n i n g  concent ra ted  
H2S04. D i s s o l v e  1.4998 g o f  t h e  d r i e d  s a l t  i n  reagent  water ,  and d i l u t e  
t o  1 L w i t h  reagent  water .  S to re  i n  a s t e r i l i z e d  g l a s s  b o t t l e .  
R e f r i g e r a t e  and prepare monthly.  

NOTE: N i t r i t e  i s  e a s i l y  ox i d i zed ,  e s p e c i a l l y  i n  t h e  presence of 
mo is tu re ,  and o n l y  f r e s h  reagents  a re  t o  be used. 

NOTE: Prepare s t e r i l e  b o t t l e s  f o r  s t o r i n g  n i t r i t e  s o l u t i o n s  by 
h e a t i n g  f o r  1 hour a t  170°C i n  an a i r  oven. 

5.5.6 Phosphate s tock  s o l u t i o n  ( 1  .OO mL = 1 .OO mg  PO,^-). D i s s o l v e  
1.4330 g o f  potassium d i  hydrogen phosphate (KH2P04) i n  reagent  water ,  and 
d i l u t e  t o  1 L w i t h  reagent  water .  Dry  s o d i ~ ~ m  s u l f a t e  (Na2S04) f o r  1 hour 
a t  1050C and coo l  i n  a des i cca to r .  

5.5.7 S u l f a t e  s tock  s o l u t i o n  (1.00 mL = 1.00 mg D i sso l ve  
1.4790 g o f  t h e  d r i e d  s a l t  i n  reagent  water,  and d i l u t e  t o  1 L w i t h  
reagent  water .  

5.6 Anion work ing s o l u t i o n s .  Prepare a b l ank  and a t  l e a s t  t h r e e  
d i f f e r e n t  work ing s o l u t i o n s  c o n t a i n i n g  t h e  f o l l o w i n g  corr~b inat ions o f  anions. 'The 
combinat ion an ion s o l u t i o n s  must be prepared i n  Class A v o l u m e t r i c  f l a s k s .  See 
Table 2. 

5.6.1 Prepare a h igh- range  s tandard s o l u t i o n  by d i l u t i n g  t h e  
volumes of each an ion s p e c i f i e d  i n  Table 2 t oge the r  t o  1 L w i t h  reagent  
water .  

5.6.2 P r e p a r e t h e i n t e r n i e d i a t e - r a n g e s t a n d a r d s o l u t i o n b y d i l u t i n g  
10.0 mL o f  t h e  h igh-range standard s o l u t i o n  (see Table 2) t o  100 mL w i t h  
reagent  wa te r .  

5.6.3 Prepare t h e  1 ow-range s tandard s o l  u t i  on by d.i 1 u t i n g  20.0 mL 
o f  t h e  in te rmed ia te - range  s tandard s o l u t i o n  (see Table 2) t o  100 mL w i t h  
reagent  water .  

5.7 S t a b i l i t y  o f  standards. Stock standards a re  s t a b l e  f o r  a t  l e a s t  1 
month when s t o r e d  a t  4°C. D i l u t e  work ing standards should be prepared weekly, 
except  those  t h a t  c o n t a i n  n i t r i t e  and phosphate, which should be prepared f r e s h  
d a i  l y  . 
6.0 SAMPLE COLLECTION, PRESERVATION, AND HANDLING 

6.1 A l l  saniples must have been c o l l e c t e d  us ing  a sampl ing p l a n  t h a t  
addresses t h e  cons ide ra t i ons  discussed i n  Chapter Nine o f  t h i s  manual. 
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6.2 Analyze the  samples as soon as possib le a f t e r  c o l l e c t i o n .  Preserve 
by r e f r i g e r a t i o n  a t  4°C. 

7.0 PROCEDURE 

7.1 C a l i b r a t i o n  

7.1.1 Estab l ish  i o n  chromatographic operat ing parameters 
equivalent  t o  those ind ica ted i n  Table 1. 

7.1.2 For each analyte o f  i n te res t ,  prepare ca l  i b r a t i o n  standards 
a t  a minimum o f  th ree concentrat ion l e v e l s  and a blank by adding 
accurate ly  measured volumes o f  one o r  more stock standards t o  a Class A 
volumetr ic  f l ask  and d i l u t i n g  t o  volume w i t h  reagent water. I f  the 
working range exceeds the  l i n e a r  range o f  the  system, a s u f f i c i e n t  number 
of standards must be analyzed t o  a l low an accurate c a l i b r a t i o n  curve t o  be 
establ ished.  One o f  the  standards should be representat ive o f  a concen- 
t r a t i o n  near, bu t  above, the  method detec t ion  l i m i t  i f  the  system i s  
operated on an app l icab le  at tenuator  range. The other  standards should 
correspond t o  the  range o f  concentrat ions expected i n  the  sample o r  should 
def ine the  working range o f  the  detector .  Unless the at tenuator  range 
s e t t i n g s  are proven t o  be l i n e a r ,  each s e t t i n g  must be ca l i b ra ted  
i n d i v i d u a l l y ,  

7.1.3 Using i n j e c t i o n s  o f  0.1 t o  1.0 mL (determined by i n j e c t i o n  
loop volume) o f  each c a l i b r a t i o n  standard, t abu la te  peak height  o r  area 
responses against the  concentrat ion. The r e s u l t s  are used t o  prepare a 
ca l  i b r a t i o n  curve f o r  each analyte. During t h i s  procedure, re ten t ion  
t imes must be recorded. 

7.1.4 The working c a l i b r a t i o n  curve must be v e r i f i e d  on each 
working day, o r  whenever the  anion eluent s t rength  i s  changed, and f o r  
every batch o f  samples. I f  the response o r  r e t e n t i o n  t ime f o r  any analyte 
va r ies  from the expected values by more than + lo%, the  t e s t  must be 
repeated, us ing f resh  ca l  i b r a t i o n  standards. I f  the  r e s u l t s  are s t i l l  
more than 5 lo%, an e n t i r e l y  new c a l i b r a t i o n  curve must be prepared f o r  
t h a t  analyte. 

7.1.5 Nonl inear response can r e s u l t  when the separator column 
capac i ty  i s  exceeded (over1 oadi vg) . Maximum column 1 oadi ng (a1 1 anions) 
should no t  exceed about 400 ppm. 

7.2 Analyses 

7.2.1 Sample preparat ion. When aqueous samples are in jected,  the 
water passes r a p i d l y  through the  columns, and a negative "water d ip "  i s  
observed t h a t  may i n t e r f e r e  w i th  the  e a r l y - e l u t i n g  f l uo r ide  and/or 
c h l o r i d e  ions. The water d i p  should not  be observed i n  the  cor~~bustate 
samples; the  c o l l e c t i n g  s o l u t i o n  i s  a concentrated e luent  so lu t i on  t h a t  
w i l l  "match" the  e luent  s t rength  when d i l u t e d  t o  100-mL w i th  reagent water 
according t o  the  bomb combust i o n  procedure. Any d i  1 u t  ions required i n  
analyzing o ther  water samples should be made w i t h  the  e luent  so lu t ion .  
The water d ip ,  i f  present, may be removed by adding concentrated e luent  t o  
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a l l  samples and standards. When a manual system i s  used, i t  i s  necessary 
t o  mic rop ipe t  concentrated b u f f e r  i n t o  each sample. The recommended 
procedures f o l l  ow: 

(1) Prepare a 100-mL stock of e luent  100 t imes normal concent ra t ion  by 
d i s s o l v i n g  2.5202 g NaHCO, and 2.5438 g Na,CO, i n  100-mL reagent 
water. Pro tec t  t h e  vo lumet r ic  f l a s k  from a i r .  

(2) P ipe t  5 rr~L o f  each san~ple i n t o  a c lean po lys ty rene micro-beaker.  
Mic rop ipe t  50 p L  o f  t h e  concentrated bu f fe r  i n t o  t h e  beaker and s t i r  
we1 1 . 

D i l u t e  t h e  samples w i t h  e luent ,  if necessary, t o  concent ra t ions  w i t h i n  the  
1 i nea r  range o f  t h e  c a l i b r a t i o n .  

7.2.2 Sample ana lys is .  

7.2.2.1 S t a r t  t he  f l o w  o f  regenerant through t h e  
suppressor column. 

7.2.2.2 Set up t h e  recorder  range f o r  maximum s e n s i t i v i t y  
and any add i t i ona l  ranges needed. 

7.2.2.3 Begin t o  pump t h e  e luent  through t h e  columns. 
A f t e r  a s t a b l e  base1 i n e  i s  obtained, i n j e c t  a midrange standard. I f  
t h e  peak he igh t  dev ia tes  by more than 10% from t h a t  o f  t h e  prev ious 
run, prepare f resh standards. 

7.2.2.4 Begin t o  i n j e c t  standards s t a r t i n g  w i t h  t h e  
h ighes t  concent ra t ion  standard and decreasing i n  concent ra t ion .  The 
f i r s t  sample should be a qual i t y  con t ro l  re fe rence sample t o  check 
t h e  c a l  i b r a t  i on. 

7.2.2.5 Using t h e  procedures described i n  Step 7.2.1, 
c a l c u l a t e  t h e  regression parameters f o r  t h e  i n i t i a l  standard curve. 
Compare these values w i t h  those obtained i n  t he  pas t .  I f  they  
exceed t h e  c o n t r o l  l i m i t s ,  s top  t h e  ana lys i s  and l o o k  f o r  t h e  
p rob l  em. 

7.2.2.6 I n j e c t  a q u a l i t y  c o n t r o l  re fe rence sample. A 
sp iked sample o r  a sample o f  known content  must be analyzed w i t h  
each batch o f  samples. Ca lcu la te  the  concent ra t ion  from the  
c a l i b r a t i o n  curve and compare t h e  known value. I f  t h e  c o n t r o l  
l i m i t s  a re  exceeded, s top  t h e  ana lys i s  u n t i l  t he  problem i s  found. 
R e c a l i b r a t i o n  i s  necessary. 

7.2.2.7 When an acceptable value has been obta ined f o r  
t h e  qual i t y  con t ro l  sample, begin t o  i n j e c t  t he  samples. 

7.2.2.8 Load and i n j e c t  a f i x e d  amount o f  wel l -mixed 
sample. Flush i n j e c t i o n  loop thoroughly, us ing  each new sample. 
Use t h e  same s i z e  l oop  f o r  standards and samples. Record t h e  
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r e s u l t i n g  peak s i z e  i n  area o r  peak h e i g h t  u n i t s ,  An automated 
constant  volume i n j e c t i o n  system may a l s o  be used. 

7.2.2.9 The w id th  o f  t h e  r e t e n t i o n  t ime window used t o  
make i d e n t i f i c a t i o n s  should be based on measurements o f  ac tua l  
r e t e n t i o n  t i m e  v a r i a t i o n s  of standards over  t h e  course o f  a  day. 
Three t imes t h e  standard d e v i a t i o n  o f  a  r e t e n t i o n  t ime  can be used 
t o  c a l c u l a t e  a  suggested window s i z e  f o r  a  compound. However, t h e  
exper ience o f  t h e  ana l ys t  should weigh h e a v i l y  i n  t h e  i n t e r p r e t a t i o n  
o f  chromatograms. 

7.2.2.10 I f  t h e  response f o r  t h e  peak exceeds t h e  working 
range o f  t h e  system, d i l u t e  t he  sample w i t h  an appropr ia te  amount o f  
reagent  water  and reanalyze. 

7.2.2.11 I f  t h e  r e s u l t i n g  chromatogram f a i l s  t o  produce 
adequate r e s o l u t i o n ,  o r  i f  i d e n t i f i c a t i o n  o f  s p e c i f i c  anions i s  
quest ionable,  sp ike  t h e  sample w i t h  an appropr ia te  amount o f  
standard and reanalyze. 

NOTE: N i t r a t e  and s u l f a t e  e x h i b i t  t h e  g rea tes t  amount o f  change, 
a1 though a l l  anions are a f f e c t e d  t o  some degree. I n  some cases, 
t h i s  peak m i g r a t i o n  can produce poor r e s o l u t i o n  o r  
m i s i d e n t i f i c a t i o n .  

7.3 C a l c u l a t i o n  

7.3.1 Prepare separate c a l i b r a t i o n  cl i rves f o r  each anion o f  
i n t e r e s t  by p l o t t i n g  peak s i z e  i n  area, o r  peak he igh t  u n i t s  o f  standards 
aga ins t  concen t ra t i on  values. Compute sample concent ra t ion  by comparing 
sample peak response w i t h  t h e  standard curve. 

7.3.2 Enter  t h e  c a l  i b r a t  i o n  standard concent ra t ions  and peak 
he igh t s  f rom t h e  i n t e g r a t o r  o r  recorder  i n t o  a  c a l c u l a t o r  w i t h  l i n e a r  
1  eas t  squares capabi 1  i t i e s .  

7.3.3 Ca lcu la te  t h e  f o l l o w i n g  parameters: s lope ( s )  , i n t e r c e p t  
( I ) ,  and c o r r e l a t i o n  c o e f f i c i e n t  ( r ) .  The s lope and i n t e r c e p t  de f i ne  a  
r e 1  a t i o n s h i  p  between t h e  concent ra t ion  and inst rument  response o f  t he  
form: 

where : 
yi = p r e d i c t e d  inst rument  response 
si = response s lope 
xi = concent ra t ion  o f  standard i 
I = i n t e r c e p t  
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Rearrangement o f  t he  above equat ion y i e l d s  the  concent ra t ion  corresponding 
t o  an inst rumenta l  measurement: 

where: 

xi = ca l cu la ted  concent ra t ion  f o r  a  sample 
y j  = ac tua l  i ns t ru~ i i en t  response f o r  a  sample 
si and I are ca l cu la ted  slope and i n t e r c e p t  from c a l  i b r a t i o n  above. 

7.3.4 Enter  t he  sample peak he igh t  i n t o  t h e  c a l c u l a t o r ,  and 
c a l c u l a t e  t h e  sample concentrat ion i n  m i l l i g rams  per  l i t e r .  

8.0 QUALITY CONTROL 

8.1 A1 1  qual i t y  c o n t r o l  da ta  should be maintained and avai  1  able f o r  easy 
re ference and inspect ion .  Refer t o  Chapter One f o r  a d d i t i o n a l  qual i t y  c o n t r o l  
gu ide l i nes .  

8.2 A f t e r  every 10 i n j e c t i o n s ,  analyze a  midrange c a l i b r a t i o n  standard. 
I f  t h e  inst rument  response has changed by more than 5%, r e c a l i b r a t e .  

8.3 Analyze one i n  every ten  samples i n  dup l i ca te .  Take t h e  d u p l i c a t e  
sample through t h e  e n t i r e  sample prepara t ion  and a n a l y t i c a l  process. 

8.4 A  m a t r i x  spiked sample should be run  f o r  each a n a l y t i c a l  batch o r  
twenty samples, whatever i s  more frequent,  t o  determine m a t r i x  e f f e c t s .  

9.0 METHOD PERFORMANCE 

9.1 S i  ng l  e-operator  accuracy and p rec i  s i  on f o r  reagent, d r i  n k i  ng and 
sur face water, and mixed domestic and i n d u s t r i a l  wastewater are l i s t e d  i n  Table 
3. 

9.2 Combustate samples. These data  are based on 41 data  p o i n t s  obta ined 
by s i x  l a b o r a t o r i e s  who each analyzed f o u r  used crankcase o i l s  and t h r e e  f u e l  o i l  
blends w i t h  crankcase i n  dup l ica te .  The o i l  samples were combusted us ing  Method 
5050. A  da ta  p o i n t  represents one d u p l i c a t e  ana lys is  o f  a  sample. One data  
p o i n t  was judged t o  be an o u t l i e r  and was no t  inc luded i n  the  r e s u l t s .  

9.2.1 Prec is ion .  T h e p r e c i s i o n o f t h e m e t h o d a s d e t e r m i n e d b y t h e  
s t a t i s t i c a l  examination o f  i n t e r l a b o r a t o r y  t e s t  r e s u l t s  i s  as fo l l ows :  

Repeatabi 1  i t v  - The d i f ference between successive r e s u l t s  obtained 
by t h e  sample operator  w i t h  the  same apparatus under constant  opera t ing  
cond i t i ons  on i d e n t i c a l  t e s t  ma te r i a l  would exceed, i n  t h e  long run, i n  
t he  normal and c o r r e c t  opera t ion  of the  t e s t  method, t he  f o l l o w i n g  values 
on l y  i n  1 case i n  20 (see Table 4):  

*where x  i s  t h e  average o f  two r e s u l t s  i n  pg/g. 
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Repeatability = 2 0 . 9  fi* 

R e ~ r o d u c i  b i  1 i t v  - The d i f f e rence  between two s ing le  and independent 
r e s u l t s  obtained by d i f f e r e n t  operators working i n  d i f f e r e n t  l abo ra to r i es  
on i d e n t i c a l  t e s t  mater ia l  would exceed, i n  t he  long run, t he  f o l l o w i n g  
values on ly  i n  1 case i n  20: 

Reproducibil i ty = 4 2 . 1  fi* 

*where x i s  t he  average value o f  two r e s u l t s  i n  pg/g. 

9.2.2 Bias. The b ias  o f  t h i s  method va r ies  w i t h  concentrat ion, 
as shown i n  Table 5: 

Bias = Amount found - Amount expected 
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TABLE 1. 
CHROMATOGRAPHIC CONDITIONS AND METHOD DETECTION 

LIMITS IN REAGENT WATER 

Reten t i  ona Re1 a t  i ve ~ e t  hodb 
t ime r e t e n t i o n  d e t e c t i o n  l i m i t ,  

Ana ly te  m i  n  t ime  mg/ L  

F l  u o r i  de 1.2 1 .O 

Ch lo r i ne  3.4 2.8 

Ni  tri te -N 4.5 3.8 

o-Phosphate-P 9.0 7.5 

Ni  t r a t e - N  11.3 9.4 

Sul f a t e  21.4 17.8 

Standard cond i t i ons :  

Columns - As s p e c i f i e d  i n  4.1.1-4.1.3 
Detec tor  - As s p e c i f i e d  i n  4.1.4 
E luent  - As s p e c i f i e d  i n  5.3 

Concentrat ions o f  mixed standard (mg/L) : 
F l u o r i d e  3.0 
Ch lo r i de  4.0 
Ni  tri te -N 10.0 

Sample l oop  - 100 p L  
Pump vo l  ume - 2.30 mL/min 

o-Phosphate-P 9.0 
N i t r a t e - N  30.0 
S u l f a t e  50.0 

"The r e t e n t i o n  t ime g iven  f o r  each anion i s  based on t h e  equi pment and a n a l y t i c a l  
c o n d i t i o n s  descr ibed i n  t h e  method. Use o f  o t h e r  a n a l y t i c a l  columns o r  d i f f e r e n t  
e l u t a n t  concent ra t ions  w i l l  e f f e c t  r e t e n t i o n  t imes accord ing ly .  

b~~~ c a l c u l a t e d  from data  obta ined us ing  an a t t e n t u a t o r  s e t t i n g  o f  1-pmho/cm f u l l  
sca le.  Other s e t t i n g s  would produce an MDL p ropo r t i ona l  t o  t h e i r  va lue.  
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TABLE 2. 
PREPARATION OF STANDARD SOLUf IONS FOR INSTRUMENT CALIBRATION 

Intermediate- Low-range 
High Anion range standard, standard, 

Range concentrat ion mg/L mg/L (see 
standard' mg/ L (see 5.6.2) 5.6.3) 

F luor ide  (F) 10 

Chlor ide (C1-) 10 

N i t r i t e  (NO,-) 20 

Phosphate (PO:') 50 

Bromide (Br-) 10 

N i t r a t e  (NO,) 3 0 

S u l f a t e  (SO:) 100 

' ~ i l l i l i t e r s  o f  each stock s o l u t i o n  (1.00 mL = 1.00 mg) d i l u t e d  t o  1 L (see sec. 
5.6.1). 
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TABLE 3. 
S INGLE-OPERATOR ACCURACY AND PRECISION 

Number Mean Standard 
Sampl e Spi ke o f  recovery, dev i  a t  i on, 

Analyte t Y  pe mg/L rep1 i cates % mg/ L 

Ch lor ide  RW 
DW 
SW 
WW 

F l  u o r i  de R W 
DW 
SW 
WW 

Ni  tri te-N R W 
DW 
S W 
W W 

Sul f a t e  RW 
DW 
S W 
W W 

RW = Reagent water.  SW = Surface water.  
DW = D r i n k i n g  water. WW = Wastewater. 
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TABLE 4. 
REPEATABILITY AND REPRODUCIBILITY FOR CHLORINE I N  

USED OILS BY BOMB OXIDATION AND ION CHROMATOGRAPHY 

Average v a l  ue, 
pg/g 

Repeatabi 1 i ty ,  Reproduci b i  1 i t y  , 
P S / ~  PS/S 

TABLE 5. 
RECOVERY AND BIAS DATA FOR CHLORINE IN USED OILS BY 

BOMB OX I DAT ION AND I O N  CHROMATOGRAPHY 

Amount Amount 
Expected found Bias, Percent, 

~ 9 / 9  P9/9 ~!3/!3 b ias  
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FIGURE 1 
SCHEMATIC OF ION CHROMATOGRAPH 

(1) El uent reservo i r  
(2)  Pump 
(3) Precol umn 
(4)  Separator col umn 
(5)  Suppressor col umn 
(6)  Detector . 
(7)  Recorder o r  in tegra to r ,  o r  both 
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FIGURE 2 
TYPICAL ANION PROFILE 
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METHOD 9060 

TOTAL ORGANIC CARBON 

1.0 SCOPE AND APPLICATION 

1.1 Method 9060 i s  used t o  determine the concentration o f  organic carbon 
I n  ground water, surface and sa l ine waters, and domestic and indus t r ia l  
wastes. Some r e s t r i c t i o n s  are noted i n  Sections 2.0 and 3.0. 

1.2 Method 9060 i s  most appl icable t o  measurement o f  organic carbon 
above 1 mg/L. 

2.0 SUMMARY OF METHOD 

2.1 Organic carbon I s  measured using a carbonaceous analyzer. This 
instrument converts the organic carbon i n  a sample t o  carbon dioxide (C02) by 
e i t h e r  c a t a l y t i c  combustion o r  wet chemical oxidation. The CO2 formed i s  then 
e i t h e r  measured d i r e c t l y  by an i n f ra red  detector o r  converted t o  methane (CHq) 
and measured by a flame ion iza t ion  detector. The amount o f  C02 o r  CH4 i n  a 
sample i s  d i r e c t l y  proport ional  t o  the concentration o f  carbonaceous mater ia l  
i n  the sample. 

2.2 Carbonaceous analyzers are capable o f  measuring a1 1 forms o f  carbon 
i n  a sample. However, because o f  various propert ies o f  carbon-containi ng 
compounds i n  l i q u i d  samples, the manner o f  prel iminary sample treatment as 
we l l  as the  i nstrument set t ings w i  11 determine which forms o f  carbon are 
ac tua l l y  measured. The forms of carbon tha t  can be measured by Method 9060 
are : 

1. Soluble, nonvola t i le  organic carbon: e.g., natural  sugars. 

2. Soluble, v o l a t i l e  organic carbon: e-g., mercaptans, a1 kanes, low 
mol ecul a r  weight a1 coho1 s. 

3. Insoluble, p a r t i a l l y  v o l a t i l e  carbon: e.g., low molecular weight 
o i l s .  

4. Inso l  ubl e, p a r t l c u l  a te  carbonaceous material s: e.g., c e l l  ulose 
f i bers. 

5. Sol ubl e o r  inso lub le  carbonaceous materials adsorbed o r  entrapped 
on I nsol ubl e inorganic suspended matter: e.g., 01 l y  matter adsorbed 
on s i l t  pa r t i c les .  

2.3 Carbonate and bicarbonate are inorganic forms o f  carbon and must be 
separated from the t o t a l  organic carbon value. Depending on the instrument 
manufacturer's ins t ruct ions,  t h i s  separation can be accomplished by e i t he r  a 
simple mathematical subtraction, o r  by removing the carbonate and bicarbonate 
by convert ing them t o  CO2 w i t h  degassing p r i o r  t o  analysis. 
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3.0 INTERFERENCES 

3.1 Carbonate and bicarbonate carbon represent an i n t e r f  erence under the 
terms o f  t h i s  t e s t  and must be removed o r  accounted f o r  i n  the f i n a l  calcula- 
t ion.  

3.2 This procedure i s  applicable only t o  homogeneous samples which can 
be in jec ted  i n t o  the  apparatus reproducibly by means o f  a micro1 i ter- type 
syringe o r  pipet.  The openings o f  the syringe o r  p ipe t  .l i m i t  the maximum s ize  
o f  p a r t i c l e  which may be included i n  the sample. 

3.3 Removal o f  carbonate and bicarbonate by a c i d i f i c a t i o n  and purging 
w i th  nitrogen, o r  other i n e r t  gas, can r e s u l t  i n  the loss o f  v o l a t i l e  organic 
substances. 

4.0 APPARATUS AND MATERIALS 

4.1 Apparatus f o r  blending o r  homogenizing samples: General l y  , a 
Wari ng-type b l  ender i s sat1 sfactory . 

4.2 Apparatus f o r  t o t a l  and dissolved organic carbon: 

4.2.1 Several companies manufacture analyzers f o r  measuring 
carbonaceous materi a1 i n  1 i qui d samples. The most appropri a te  system 
should be selected based on consideration o f  the types o f  samples t o  be 
analyzed, the expected concentration range, and the forms o f  carbon t o  be 
measured. I 

4.2.2 No spec i f i c  analyzer i s  recommended as superior. I f  the 
technique o f  chemical oxidat ion i s  used, the laboratory must be cer ta in  
t h a t  the instrument i s  capable o f  achieving good carbon recoveries i n  
samples containing part iculates.  

5.0 REAGENTS 

5.1 ASTM Type I1 water (ASTM D1193) : Water should be monitored f o r  
impuri t ies,  and should be boi 1 ed and cooled t o  remove C02. 

5.2 Potassium hydrogen phthal ate, stock solution, 1,000 mg/L carbon: 
Dissolve 0.2128 g o f  potassi um hydrogen phthal ate (primary standard grade) i n  
Type I1 water and d i l u t e  t o  100.0 mL. 

NOTE: Sodium oxalate and acet ic  acid are not recommended as stock - 
solutions. 

5.3 Potassi urn hydrogen phthal ate, standard solutions: Prepare standard 
solut ions from the stock so lut ion by d i l u t i o n  w i th  Type I1 water. 
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5.4 Carbonate-bi carbonate, stock so lu t ion , 1,000 mg/L carbon: Weigh 
0.3500 g 03' sodium bicarbonate and 0.4418 g o f  sodium carbonate and t rans fe r  
both t o  the same 100-mL volumetric f lask.  Dissolve w i t h  Type I 1  water. 

5.5 Carbonate-bi carbonate, standard sol ut ion: Prepare a se r i  es o f  
standards s i m i l a r  t o  Step 5.3. 

NOTE: This standard i s  not  required by some instruments. - 
5.6 Blank sol  uti.on: Use the same Type I1 water as was used t o  prepare 

the standard solut ions. 

6.0 SAMPLE COLLECTION, PRESERVATION, AND HANDLING 

6.1 A1 1 samples must be co l lec ted using a sampling p lan  t h a t  addresses 
the considerations discussed i n  Chapter Nine o f  t h i s  manual. 

'6.2 Sampling and storage o f  samples f n glass bo t t l es  i s  preferable. 
Sampl f ng and storage i n  p l a s t i c  bo t t l es  such as conventional polyethylene and 
cubi t a f  ners i s  permissi b l e  i f  i t  f s establ ished t ha t  the containers do not 
c o n t r i  bute contaminati ng organics t o  the samples. 

NOTE: A b r i e f  study performed i n  the EPA Laboratory indicated t h a t  Type - 
I1 water stored f n  new, 1-qt cubfta iners d i d  not  show any increase 
I n  organic carbon a f t e r  2 weeks ' exposure. 

6.3 Because o f  the possi b i  1 i ty o f  . oxf dat f  on o r  bacterf a1 decomposition 
o f  some components o f  aqueous samples, the time between sample co l l ec t i on  and 
the  s t a r t  o f  analysis should be minimized. Also, samples should be kept cool 
(4'C) and protected from sun1 i g h t  and atmospheric oxygen. 

6.4 I n  instances where analysis cannot be performed w i t h i n  2 h r  from 
t ime o f  sampling, the sample i s  a c i d i f i e d  (pH 5 2) w i t h  HC1 o r  H2SO4. 

7.0 PROCEDURE 

7.1 Homogenize the sample i n  a blender. 
NOTE: To avoid erroneously high resul ts,  inorganic carbon must be - 

accounted for .  The preferred method i s  t o  measure t o t a l  carbon and 
i norgani c carbon and t o  obta l  n the organ1 c carbon by subtraction. 
I f  t h i s  i s  no t  possible, fo l low Steps 7.2 and 7.3 p r i o r  t o  analysis; 
however, v o l a t i l e  organic carbon may be l os t .  

7.2 Lower the pH o f  the sample t o  2. 

7.3 Purge the sample w i t h  ni t rogen f o r  10 min. 

7 - 4  Fol 1 ow instrument manufacturer's ins t ruc t ions  f o r  cal  i bration, 
procedure, and cal  cul  ations. 

7.5 For ca l i b ra t i on  o f  the instrument, a ser ies o f  standards should be 
used t h a t  encompasses the expected concentration range of the samples. 
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7.6 Quadruplicate analysis i s  required. Report both the average and the 
range. 

8.0 QUALITY CONTROL 

8.1 All quality control data should be maintained and available f o r  easy 
reference or  inspection. 

8.2 Employ a minimum of one blank per sample batch t o  determine i f  
contamination o r  any memory ef fec ts  a re  occurring. 

8.3 Verify cal ibrat ion w i t h  an independently prepared check standard I 

every 15 samples. I4 
kw 

8.4 Run one spike dupl ica te  sample f o r  every 10 samples. A dupl ica te  
sample i s  a sample brought through the whole sample preparation and analytical 
process. rn id 

9.0 METHOD PERFORMANCE 

9.1 Precision and accuracy data a re  available i n  Method 415.1 of Methods 
fo r  Chemical Analysis of Water and Wastes. 

10.0 REFERENCES R 
1. Annual Book of ASTM Standards, Part 31, "Water, " Standard D 2574-79, 
p. 469 (1976). I 

2. Standard Methods fo r  the Examination of Water and Wastewater, 14th ed., 
p. 532, Method 505 (1975) . I 
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METHOD 9065 

PHENOLICS (SPECTROPHOTOMETRIC, MANUAL 4-AAP WITH DISTILLATION) 

1.0 SCOPE AND APPLICATION 

1.1 This method i s  appl icable t o  the analysis o f  ground water, dr inking, 
surface, and sal  i n e  waters, and domestic and i ndus t r i a l  wastes. 

1.2 The method i s  capable o f  measuring phenol i c  mater ia ls a t  the 5 ug/L 
l eve l  when the colored end product i s  extracted and concentrated i n  a solvent 
phase using phenol as a standard. 

1.3 The method i s  capable o f  measuring phenolic mater ia ls t h a t  contain 
more than 50 ug/L i n  the aqueous phase (without solvent extract ion) using 
phenol as a standard. 

1.4 It i s  not  possib le t o  use t h i s  method t o  d i f f e r e n t i a t e  between 
d i f f e r e n t  kinds o f  phenols. 

2.0 SUMMARY OF METHOD 

2.1 Phenolic mater ia l  s react  w i t h  4-aminoantipyrine i n  the presence o f  
potassium fe r r i cyan ide  a t  a pH o f  10 t o  form a stable reddish-brown ant ipyr ine 
dye. The amount o f  co l o r  produced I s  a funct ion of the concentration o f  
phenol i c  material.  

3.0 INTERFERENCES 

3.1 For most samples a prel iminary d i s t i l l a t i o n  i s  required t o  remove 
i n t e r f e r i n g  materials. 

3.2. Color response o f  phenol i c  mater ia ls w i th  4-ami noantipyrine i s  not 
the same f o r  a1 1 compounds. Because phenol ic- type wastes usual ly  contain a 
va r i e t y  o f  phenols, i t  i s  not  possib le t o  dupl icate a mixture o f  phenols t o  be 
used as a standard. For t h i s  reason phenol has been selected as a standard 
and any co lo r  produced by the react ion o f  other phenolic compounds I s  reported 
as phenol. This value w i  11 represent the minimum concentration o f  phenolic 
compounds present i n  the sample. 

3.3 Inter ferences from s u l f u r  compounds are el iminated by ac id i f y i ng  the 
sample t o  a pH of <4 w i t h  H2SO4 and aerat ing b r i e f l y  by s t i r r i n g .  

3.4 Oxidiz ing agents such as chlorine, detected by the 1 ibe ra t ion  o f  
iod ine upon a c i d i f i c a t i o n  i n  the presence o f  potassi um iodide, are removed 
immediately a f t e r  sampling by the add i t i on  o f  an excess o f  ferrous amnonium 
su l fa te .  I f  ch lor tne i s  no t  removed, the phenolic compounds may be p a r t i a l l y  
ox id ized and the resu l t s  may be low. 
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4.0 APPARATUS AND MATERIALS 

4.1 D i s t i l l a t i o n  apparatus: A l l  glass, cons is t ing o f  a 1 - l i t e r  Pyrex 
d i  s t i  11 i n g  apparatus w i t h  Graham condenser. 

4.2 pH meter. 

4.3 Spectrophotometer: For use a t  460 o r  510 nm. 

4.4 Funnels. 

4.5 F i l t e r  paper. 

4.6 Membrane f i l t e r s .  

4.7 Separatory funnels: 500- o r  1,000-mL. 

4.8 Nessler tubes: Short o r  long form. 

5.0 REAGENTS 

5.1 ASTM Type I1 water (ASTM D1193) : Water should be monitored f o r  
impur i t ies .  

5.2 S u l f u r i c  ac id  solut ion,  H2SO4: Concentrated. 

5.3 Bu f f e r  so lu t ion:  Dissolve 16.9 g NH4C1 i n  143 mL concentrated NH40H 
and d i l u t e  t o  250 mL w i t h  Type I1 water. Two mL o f  b u f f e r  should ad just  
100 mL o f  d i s t i l l a t e  t o  pH 10. 

5.4 Ami noant i  py r ine  sol  u t i  on: Di ssol ve 2 g o f  4-ami noanti  p y r i  ne (4-AAP) 
i n  Type I1 water and d i l u t e  t o  100 mL. 

5.5 Potassium fe r r i cyan ide  solut ion:  Dissolve 8 g o f  K3Fe(CN)6 i n  Type 
I1 water and d i l u t e  t o  100 mL. 

5.6 Stock phenol solut ion:  Dissolve 1.0 g phenol i n  f r e s h l y  bo i l ed  and 
cooled Type I1 water and d i  1 Ute t o  1 1 i t e r  (1 mL = 1 mg phenol). 

NOTE: This so lu t i on  i s  hydroscopic and tox ic .  - 
5.7 Working so lu t i on  A: D i l u t e  10 mL stock phenol so lu t i on  t o  1 l i t e r  

w i t h  Type I1 water (1 nlL = 10 ug phenol). 

5.8 Working so lu t i on  B: D i l u t e  100 mL o f  working so lu t i on  A t o  1,000 mL 
w i t h  Type I1 water (1 mL = 1 ug phenol). 

5.9 Chloroform. 
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5.10 Ferrous ammonium sulfate: Dissolve 1.1 g i n  500 mL Type I1 water 
containing 1 mL concentrated H2SO4 and d i l u t e  t o  1 1 i t e r  wi th  f reshly  boi led 
and cooled Type I1 water. 

6.0 SAMPLE COLLECTION, PRESERVATION, AND HANDLING 

6.1 A l l  samples must have been collected using a sampling plan that  
addresses the considerations discussed i n  Chapter Nine o f  t h i s  manual. 

6.2 Biological  degradation i s  inh ib i ted  by the addit ion o f  HpSO4 t o  
pH <4. Store a t  4.C. The sample should be stable f o r  28 days. 

7.0 PROCEDURE 

7.1 D i s t i l l a t i o n :  

7.1.1 Measure 500 mL o f  sample i n t o  a beaker. Lower the pH t o  
approximately 4 wi th  concentrated H2SOq (1 mL/L) , and t ransfer  t o  the 
d i s t i l  l a t i o n  apparatus. 

7.1.2 D i s t i l l  450 mL o f  sample, stop the d i s t i l l a t i o n ,  and when 
boi  1 ing  ceases, add 50 mL o f  warm Type I1 water t o  the f lask  and resume 
d i  s t i  1 l a t i o n  un t i  1 500 mL have been collected. 

7.1.3 I f  the d i s t i l l a t e  i s  turbid, f i l t e r  through a prewashed 
membrane f i 1 ter. 

7.2 Di rect  photometric method: 

7.2.1 Using working solut ion A (5.6), prepare the fol lowing 
standards i n  100-mL volumetric flasks: 

Working Solution A (mL) Concentration (uq/Ll 

7.2.2 To 100 mL o f  d i s t i l  l a t e  o r  t o  an a1 iquot d i lu ted  t o  100 mL 
and/or standards, add 2 mL o f  bu f fe r  solut ion (5.2) and mix. The pH of 
the sample and standards should be 10 - + 0.2. 

7.2.3 Add 2.0 mL aminoantipyrine solut ion (5.3) and mix. 

7.2.4 Add 2.0 mL potassium ferricyanide solut ion (5.4) and mix. 

7.2.5 A f te r  15 min read absorbance a t  510 nm. 
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7.3 Chloroform extraction method: 
CAUTION: This method should be performed in a hood; chloroform 

is  toxic. 

7.3.1 Using working solution B (5.7), prepare the following 
standards. Standards may be prepared by p i  petting the required volumes 
into the separatory funnels and dl 1 uting t o  500 mL with Type I1 water: 

Working Solution B (mL) Concentration (ug/L) 

7.3.2 Place 500 mL of d i s t i l l a t e  o r  an aliquot diluted t o  500 mL i n  
a separatory funnel. The sample should not contain more than 50 ug/L 
phenol. 

7.3.3 To sample and standards add 10 mL of buffer solution (5.2) 
and mix. The pH should be 10 2 0.2. 

7.3.4 Add 3.0 mL aminoantipyrine solution (5.3) and mix. 

7.3.5 Add 3.0 mL potassium ferricyanide solution (5.4) and mix. 

7.3.6 After 3 min,  extract  w i t h  25 mL of chloroform (5.9). Shake 
the separatory funnel a t  leas t  10 times, l e t  CHC13 s e t t l e ,  shake again 10 
times, and l e t  chloroform s e t t l e  again. 

7.3.7 F i l t e r  chloroform extract  through f i l t e r  paper. Do not add 
more chl oroform. 

7.3.8 Read the absorbance of the samples and standards against the 
blank a t  460 nm. 

7.4 Calculation: 

7.4.1 Prepare a standard curve by plotting the absorbance values of 
standards versus the correspondi ng phenol concentrations. 

7.4.2 Obtain concentration val ue of sampl e di rect ly from standard 
curve. 
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8.0 QUALITY CONTROL 

8.1 A l l  qua l i t y  control  data should be maintained and avai lable f o r  easy 
reference o r  i nspecti on. 

8.2 Cal ibrat ion curves must be composed o f  a minimum o f  a blank and 
three standards. A cal  i brat ion curve should be made f o r  every hour o f  
continuous sample analysis. 

8.3 D i l  ute samples i f  they are more concentrated than the highest 
standard o r  if they fa1 1 on the plateau o f  a cal i b ra t i on  curve. 

8.4 Employ a minimum o f  one blank per sample batch t o  determine i f  
contami nat ion has occurred. 

8.5 Ver i fy  cal  i b r a t i  on wi th  an independently prepared check standard 
every 15 samples. 

8.6 Run one spike dupl icate sample f o r  every 10 samples. A duplicate 
sample i s  a sample brought through the whole sample preparation and analyt ical  
process. 

9.0 METHOD PERFORMANCE 

9.1 I n  a s ingle laboratory using sewage samples a t  concentrations o f  
3.8, 15, 43, and and 89 ug/L, the standard deviations were +0.5, +0.6, +0.6, 
and +1.0 ug/L, respectively. A t  concentrations o f  73, 146, 2g9, ana 447 i g / ~ ,  
the ztandard deviations were - +1.0, - +1.8, - +4.2, and - +5.3 ug/L, respectively. 

9.2 I n  a s ing le laboratory using sewage samples a t  concentrations o f  5.3 
and 82 ug/L, the recover1 es were 78% and 98%, respectively. A t  concentrations 
of 168 and 489 ug/L, the recoveries were 97% and 98%, respectively. 

10.0 REFERENCES 

1. Annual Book of ASTM Standards, Part 31,. "Water," Standard D1783-70, 
p. 553 (1976). 

2. Standard Methods f o r  the Examination o f  Water and Wastewater, 14th ed., 
pp. 574-581, Method 510 through 510C (1975). 
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METHOD 9066 

1.0 SCOPE AND APPLICATION 

1.1 This method i s  applicable t o  the analysis o f  ground water and o f  
d r i  n k i  ng , surface, and sal i ne waters. 

1.2 The method i s  capable o f  measuring phenolic - materials f r o m  2 t o  
500 ug/L i n  the aqueous phase using phenol as a standard. 

2.0 SUMMARY OF METHOD 

2.1 This automated method i s  based on the d i s t i l l a t i o n  o f  phenol and 
subsequent react ion o f  the d i s t i  1 l a t e  w i th  a1 kal i ne  ferr icyanide (K3Fe(CN)6) 
and 4-amino-antipyrine (4-AAP) t o  form a red complex which i s  measured a t  505 
o r  520 nm. 

3.0 INTERFERENCES 

3.1 Interferences from su l fu r  compounds are eliminated by ac id i fy ing the 
sample t o  a pH o f  <4.0 w i th  H2SO4 and aerating b r i e f l y  by s t i r r i ng .  

3.2 Oxid,izing agents such as chlorine, detected by the l ibera t ion  o f  
iodine upon a c i d i f i c a t i o n  i n  the presence o f  potassium iodide, are removed 
immediately a f t e r  sampling by the addi t ion o f  an excess o f  ferrous amnonim 
su l fa te  (5.5). I f  chlor ine i s  not removed, the phenolic compounds may be 
p a r t i a l l y  oxidized and the resu l ts  may be low. 

3.3 Background contamination f r o m  p l a s t i c  tubing and sample containers 
i s  el iminated by f i l l i n g  the wash receptacle by siphon (using Kel-F tubing) 
and using glass tubes f o r  the samples and standards. 

4.0 APPARATUS AND MATERIALS 

4.1 Automated continuous-flow analyt ical  instrument: 

4.1.1 Sanpl er: Equipped w i  t h  continuous mixer. 

4.1.2 Manifold. 

4.1.3 Proportioning pump I1 o r  111. 

4.1.4 Heating bath with d i s t i l l a t i o n  co i l .  

4.1.5 D i s t i l l a t i o n  head. 
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4.1.6 Calorimeter: Equipped w i t h  a 50 mm f l owce l l  and 505 o r  
520 nm f i  1 te r .  

4.1.7 Recorder. 

5.0 REAGENTS 

5.1 ASTM Type I1 water (ASTM D1193): Water should be monitored f o r  
impur i t ies .  

5.2 D i s t i l  l a t i o n  reagent: Add 100 mL o f  concentrated phosphoric ac id  
(85% H ~ P o ~ )  t o  800 mL o f  Type I1 water, cool and d i l u t e  t o  1 1 i t e r .  

5.3 Buffered potassi  um ferr icyanide:  Dissolve 2.0 g potassium 
fer r icyan ide,  3.1 g b o r i c  acid, and 3.75 g potassium ch lo r i de  i n  800 mL o f  
Type I1 water. Adjust  t o  pH o f  10.3 w i t h  1 N sodium hydroxide (5.3) and 
d i l u t e  t o  1 l i t e r .  Add 0.5mL of B r i j -35  (ava i lab le  from Technicon). 
(Br i j -35 i s  a wet t ing agent and i s  a p ropr ie ta ry  Technicon product.) Prepare 
fresh weekly. 

5.4 Sodi um hydroxide (1 N) : Dissolve 40 g NaOH i n  500 mL o f  Type I1 
water, cool and d i l u t e  t o  1 l i t e r .  

5.5 4-Ami noant i p y r i  ne: Di ssol ve 0.65 g o f  4-ami noant i p y r i  ne i n 800 mL 
o f  Type I1 water and d i l u t e  t o  1 l i t e r .  Prepare f resh  each day. 

5.6 Ferrous ammonium su l fa te :  Dissolve 1.1 g fer rous ammonium su l f a te  
i n  500 mL Type I1 water contain ing 1 mL H2SO4 and d i l u t e  t o  1 l i t e r  w i t h  
f r e s h l y  bo i l ed  and cooled Type I1 water. 

5.7 Stock phenol : Dissolve 1.00 g phenol i n  500 mL o f  Type I1 water and 
d i l u t e  t o  1,000 mL. Add 0.5 mL concentrated H2SO4 as preservat ive (1.0 mL = 
1.0 mg phenol). 

CAUTION: This so lu t i on  i s  tox ic .  

5.8 Standard phenol so lu t i on  A: D i l u t e  10.0 mL o f  stock phenol so lu t ion  
(5.6) t o  1,000 mL (1.0 mL = 0.01 mg phenol). 

5.9 Standard phenol so lu t ion  B: D i l u t e  100.0 mL o f  standard phenol 
so lu t i on  A (5.8) t o  1,000 mL w i t h  Type I1 water (1.0 mL = 0.001 mg phenol). 

5.10 Standard phenol so lu t ion  C: D i l u t e  100.0 mL o f  standard phenol 
so lu t i on  B (5.9) t o  1,000 mL w i t h  Type I1 water (1.0 mL = 0.0001 mg phenol). 

5.11 Using standard so lu t i on  A, B, o r  C, prepare the fo l low ing  standards 
i n  100-mL volumetr ic  f lasks.  Each standard should be preserved by adding 2 
drops o f  concentrated H2SO4 t o  100.0 mL: 
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Standard Sol u t ion  (mL) Concentration (ug/L] 

Solution C 

Solution B 

Solution A 

6.0 SAMPLE COLLECTION, PRESERVATION, AND HANDLING 

6.1 A1 1 samples must have been collected using a sampling plan that  
addresses the considerations discussed i n  Chapter Nine o f  t h i s  manual. 

6.2 Biological degradation i s  inh ib i ted  by the ac id i f i ca t ion  t o  a pH <4 
wi th  H2SO4. The sample should be kept a t  4'C and analyzed wi th in  28 days o f  
col lect ion. 

7.0 PROCEDURE 

7.1 Set up the manifold as shown i n  Figure 1. 

7.2 F i l l  the wash receptacle by siphon. Use Kel-F tubing with a fas t  
f low (1 1 i ter /hr)  . 

7.3 A1 low colorimeter and recorder t o  warm up f o r  30 min. Run a 
baseline wi th  a l l  reagents, feeding Type I1 water through the sample l ine. 
Use polyethylene tubing f o r  sample l ine. When new tubing i s  used, about 2 h r  
may be required t o  obtain a stable baseline. This 2-hr time period may be 
necessary t o  remove the residual phenol from the tubing. 

7.4 Place appropriate phenol standards i n  sampler i n  order o f  decreasing 
concentratf on. Complete loading o f  sampler t ray  wi th  unknown samples, using 
glass tubes. I f  samples have not been preserved as instructed i n  Paragraph 
6.2, add concentrated H2SO4 t o  100 mL o f  sample. Run with sensf t f  v i t y  set t ing 
a t  f u l l  scale o r  500. 
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7.5 Switch sample from Type I1 water t o  sampler and begin analysis. 

7.6 Calculation: 

7.6.1 Prepare a l i n e a r  standard curve by p l o t t i n g  peak heights o f  
standards against concentration val ues. Compute concentration o f  samples 
by comparing sample peak heights w i th  standards. 

8.0 QUALITY CONTROL 

8.1 A l l  q u a l i t y  control  data should be maintained and avai lable f o r  
easy reference o r  inspection. 

8.2 Cal I bra t ion  curves must be composed o f  a minimum o f  a blank and 
three standards. A ca l i b ra t i on  curve should be made f o r  every hour o f  
continuous sample analysis. 

8.3 D l l u t e  samples i f  they are more concentrated than the highest 
standard o r  i f  they f a l l  on the plateau o f  a ca l ib ra t ion  curve. 

8.4 Employ a minimum o f  one blank per sample batch t o  determine i f  
contami nat ion has occurred. 

8.5 Ver i f y  ca l  i brat ion w i th  an independently prepared check standard 
every 15 samples. 

8.6 Run one spi  ke dupl i cate sample f o r  every 10 samples. A dupl i cate 
sample i s  a sample brought through the whole sample preparation and analy t ica l  
process. 

9.0 METHOD PERFORMANCE 

9.1 I n  a s ing le  laboratory using sewage samples a t  concentrations o f  
3.8, 15, 43, and 89 ug/L, the standard deviations were +0.5, +0.6, +0.6, and 
+1.0 ug/L, respectlvely. A t  concentrations o f  73, 145, 299; and z47 ug/L, - 
the standard deviat ions were 21.0, - +1.8, 24.2, and - +5.3 ug/L, respectively. 

9.2 I n  a s ing le  laboratory using sewage samples a t  concentrations o f  5.3 
and 82 ug/L, the recoveries were 78% and 98%, respectively. A t  concentrations 
o f  168 and 489 ug/L, the recoveries were 97% and 98%, respectively. 
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METHOD 9067 

PHENOLICS (SPECTROPHOTOMETRIC, MBTH WITH DISTILLATION) 

1.0 SCOPE AND APPLICATION 

1.1 This method i s  appl icable t o  the analysis o f  ground water, dr inking, 
surface, and sal i n e  waters, and domestic and i ndus t r i a l  wastes. 

1.2 'The method i s  capable o f  measuring phenolic mater ia ls a t  the 2 ug/L 
l eve l  when the colored end product i s  extracted and concentrated i n  a solvent 
phase using phenol as a standard. 

1.3 The method i s  capable o f  measuring phenolic mater ia ls t ha t  contain 
from 50 t o  1,000 ug/L i n  the aqueous phase .(without solvent extract ion) using 
d i f f e r e n t  kinds o f  phenols. 

1.4 I t  i s  not  possib le t o  use t h i s  method t o  d i f f e r e n t i a t e  between 
d i f f e r e n t  kinds o f  phenols. 

2.0 SUMMARY OF METHOD 

2.1 This method i s  based on the coupl ing o f  phenol w i t h  MBTH i n  an acid 
medium using ce r i c  amnonium su l fa te  as an oxidant. The coup1 i n g  takes place 
i n  the p-posit ion; i f  t h i s  pos i t i on  i s  occupied, the MBTH reagent w i l l  react  
a t  a f r e e  o-posi t i  on. The co lors  obtained have maximum absorbance f r o m  460 t o  
595 nm. For phenol and most phenolic mixtures, the absorbance i s  520 and 
490 nm. 

3.0 INTERFERENCES 

3.1 For most samples a prel iminary d i s t i l l a t i o n  i s  required t o  remove 
i n t e r f e r i n g  materials. 

3.2 Color response o f  phenolic mater ia ls w i th  MBTH i s  not  the same for  
a1 1 compounds. Because phenol i c-type wastes usual 1 y contain a va r ie ty  of 
phenols, i t  i s  not  possib le t o  dupl jca te  a mixture o f  phenols t o  be used as a 
standard. For t h i s  reason, phenol has been selected as a standard and any 
co lo r  produced by the react ion o f  other phenolic compounds i s  reported as 
phenol. Thi s value w i  11 represent the minimum concentration o f  phenol i c  
compounds present i n  the sample. 

3.3 Inter ferences f r o m  s u l f u r  compounds are el iminated by ac id i f y i ng  the 
sample t o  a pH o f  l ess  than 4.0 w i t h  H2SO4 and aerating b r i e f l y  by s t i r r i n g .  

3.4 Oxidiz ing agents such as chlorine, detected by the l i b e r a t i o n  o f  
iod ine upon a c i d i f i c a t i o n  i n  the presence o f  potassium iodide, are removed 
immediately a f t e r  sampling by the add i t ion o f  an excess o f  ferrous amnonium 
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s u l f a t e  (see Paragraph 5.11). I f  ch lo r ine  i s  no t  removed, the phenol ic  
compounds may be p a r t i a l l y  ox id ized and the r e s u l t s  may be low; 

3.5 Phosphate causes a p r e c i p i t a t e  t o  form; therefore,  phosphoric ac id  
should no t  be used f o r  preservation. A1 1 glassware should be phosphate free. 

3.5 High concentrat ions of a1 dehydes may cause i n t e r f  erences. 

4.0 APPARATUS AND MATERIALS 

4.1 D i s t i l l a t i o n  apparatus: A l l  glass, cons is t ing  o f  a 1 - l i t e r  Pyrex 
d i  s t i  11 i ng apparatus w i t h  Graham condenser. 

4.2 pH Meter. 

4.3 Spectrophotometer. 

4.4 Funnels. 

4.5 F i  1 t e r  paper. 

4.6 Membrane f i 1 ters .  

4.7 Separatory funnel s . 
5.0 REAGENTS 

5.1 ASTM Type I 1  water (ASTM 01193): Water should be monitored f o r  
impur i t ies .  

5.2 S u l f u r i c  acid, 1 N: Add 28 mL o f  concentrated H2SO4 t o  900 mL o f  
Type I 1  water, mix, and d i l u t e  t o  1 l i t e r .  

5.3 MBTH so lu t ion,  0.05%: Dissolve 0.1 g o f  3-methyl -2-benzo- 
th iazo l inone hydrazone hydrochloride i n  200 mL o f  Type I1  water. 

5.4 Cer ic ammonium s u l f a t e  solut ion:  Add 2.0 g o f  Ce(SOq)2*2(NHq)2S04. 
2H 0 and 2 0  150 mL o f  Type I1  water. A f t e r  the  ? so i d  has dissolved, d i l u t e  t o  200 mL w i t h  Type I1 water. 

5.5 Bu f fe r  so lu t ion:  Dissolve, i n  the fo l low ing  order: 8 g o f  sodium 
hydroxide, 2 g EDTA (di  sodl urn s a l t )  , and 8 g b o r i c  ac id  i n  200 mL o f  Type I1 
water. D i l u t e  t o  250 mL w i t h  Type I1  water. 

5.6 Working b u f f e r  solut ion:  Make a working so lu t i on  by mix ing an 
appropr iate volume o f  b u f f e r  so lu t ion  (5.5) w i t h  an equal volume o f  ethanol. 

5.7 Chloroform. 
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5.8 Stock phenol : Dissolve 1.00 g phenol i n  500 mL o f  Type I1  water and 
d i l u t e  t o  1,000 mL. Add 1 g CuS04 and 0.5 mL concentrated H2SO4 as 
preservat ive (1.0 mL = 1.0 mg phenol). 

5.9 Standard phenol so lu t ion  A: D i l u t e  10.0 mL o f  stock phenol so lu t ion 
(5.8) t o  1,000 mL (1.0 mL = 0.01 mg phenol). 

5.10 Standard phenol so lu t ion  B: D i l u t e  100.0 mL o f  standard phenol 
so lu t ion  A (5.9) t o  1,000 mL w i th  Type I1  water (1.0 mL = 0.001 mg phenol). 

5.11 Ferrous ammonium sul fate:  Dissolve 1.1 g ferrous a m n i u m  su l fa te  
i n  500 mL Type I1  water contain ing 1 mL concentrated HpSOd and d i l u t e  t o  1 - .  
1 i t e r  w i t h  3resh ly  sorted and cooled Type I1 water. 

6.0 SAMPLE COLLECTION, PRESERVATION, AND HANDLING 

6.1 A1 1 samples must have been co l lec ted using a sampling plan tha t  
addresses the  considerat ions discussed i n  Chapter Nine of t h i s  manual. 

6.2 B io log ica l  degradation i s  i nh ib i t ed  by a c i d i f i c a t i o n  t o  a pH o f  <4 
w i t h  H2SO4. The sample should be kept a t  4'C and analyzed w i t h i n  28 days o f  
co l lec t ion .  

7.0 PROCEDURE 

7.1 D i s t i l l a t i o n :  

7.1.1 To 500 mL o f  sample, adjust  the pH t o  approximately 4 w i th  
1 N s u l f u r i c  ac id  so lu t ion (5.2). 

7.1.2 D i s t i l l  over 450 mL o f  sample, add 50 mL o f  warm Type I1 
water t o  f l ask ,  and resume d i s t i l l a t i o n  u n t i l  500 mL has been col lected. 

7.1.3 I f  the d i s t i l l a t e  i s  turb id ,  f i l t e r  through a prewashed 
membrane f i 1 te r .  

7.2 Concentration above 50 ug/L: 

7.2.1 To 100 mL o f  d i s t i l l a t e  o r  an a l iquo t  d i l u t ed  t o  100 mL, add 
4 mL o f  MBTH so lu t ion  (5.3). 

7.2.2 A f t e r  5 min, add 2.5 mL o f  ce r i c  ammonium su l f a te  so lu t ion 
(5.4). 

7.2.3 Wait another 5 min and add 7 mL o f  working bu f f e r  so lu t ion 
(5.6). 

7.2.4 A f t e r  15 min, read the absorbance a t  520 nm against a reagent 
blank. The co lo r  i s  s tab le  f o r  4 hr. 
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Concentrat ion be1 ow 50 ug/L: 

7.3.1 To 500 mL of di s t1  11 a t e  i n  a separatory funnel , add 4 mL of 
MBTH solution (5.3). 

7.3.2 After 5 m i n ,  ada 2.5 mL of cer ic  amnonium sul fa te  solution 
(5.4). 

7.3.3 After an additional 5 m i n ,  add 7 mL of working buffer 
solution (5.6). 

7.3.4 After 15 min, add 25 mL of chloroform. Shake the separatory 
funnel a t  l eas t  20 times. Allow the layer t o  separate and pass the 
chloroform 1 ayer through f i  1 t e r  paper. 

7.3.5 Read the absorbance a t  490 nm against a reagent blank. 

7.4 Calculation: 

7.4.1 Prepare a standard curve by plot t ing absorbances against 
concentration val ues. 

7.4.2 Obtain concentration value of sample d i rec t ly  from prepared 
standard curve. 

8.0 QUALITY CONTROL 

8.1 All qual i ty  control data should be maintained and available f o r  easy 
reference o r  inspection. 

8.2 Calibration curves must be composed of a minimum of a blank and 
three standards. A calibration curve should be made f o r  every hour of 
continuous sample analysis. 

8.3 Dilute samples i f  they are  more concentrated than the hlghest 
standard o r  i f  they fa1 1 on the plateau of a calibration curve. 

8.4 Employ a minimum of one blank per sample batch t o  determine i f  
contaminatf on has occurred. 

8.5 Verify calibration w i t h  an independently prepared check standard 
every 15 samples. 

8.6 Run one spike duplicate sample fo r  every 10 samples. A duplicate 
sample is a sample brought through the whole sample preparation and analytical 
process. 

Revi si on 0 
Date September 1986 



9.0 METHOD PERFORMANCE 

9.1 Preclslon and accuracy data are not available a t  t h l s  tlme. 

10.0 REFERENCES 

1. Frlestad, H.O., E.E. O t t ,  and F.A. Gunther, 'Automated Colorometrlc Mlcro 
Detennlnatlon o f  Phenol by Oxldative Coup1 ing with 3-Methyl -benzothlazol inone 
Hydrazone, ' Technl con International Congress, 1969. 

2. Gales, M. E., "An Eva1 uatlon o f  the 3-Methyl -benzothiazol I none Hydrazone 
Method f o r  the Detennl nat i  on o f  Phenols I n  Water and Wastewater, " Analyst, 
100, No. 1197, 841 (1975). - 
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METHOD 9070 

TOTAL RECOVERABLE OIL AND GREASE (GRAVIMETRIC, SEPARATORY FUNNEL EXTRACTION) 

1.0 SCOPE AND APPLICATION 

1.1 This method measures the f l  uorocarbon-113 extractable matter from 
surface and sa l ine  waters and i ndus t r i a l ,  domestic, and aqueous wastes. It i s  
app l icab le  t o  the determination o f  r e l a t i v e l y  nonvola t i le  hydrocarbons, 
vegetable o i  1 s, animal fa ts ,  waxes, soaps, greases, and re l a ted  matter. 

1.2 The method i s  not  appl icable t o  measurement o f  l i g h t  hydrocarbons 
t h a t  vo l  a t i  1 i ze a t  temperatures below 70.C. Petroleum fuels,  from gas01 ine 
through No. 2 f ue l  o i l s ,  are  completely o r  p a r t i a l l y  l o s t  i n  the solvent 
removal operation. 

1.3 Some crude o i l s  and heavy fue l  o i l s  contain a s i gn i f i can t  percentage 
o f  residue-type mater ia ls  t ha t  are no t  soluble i n  f l  uorocarbon-113. 
Accordingly, recoveries o f  these mater ia ls w i  11 be low. 

1.4 The method covers the range f r o m  5 t o  1,000 mg/L o f  extractable 
mater ia l  . 

1.5 When determining the leve l  o f  o i l  and grease i n  sludge samples, 
Method 9071 i s  t o  be employed. 

2.0 SUMMARY OF METHOD 

2.1 The l - l i t e r  sample i s  ac i d i f i ed  t o  a low pH (2) and s e r i a l l y  
ex t rac ted w i t h  fluorocarbon-113 i n  a separatory funnel. The solvent i s  
evaporated from the  ex t rac t  and the residue i s  weighed. 

3.0 INTERFERENCES 

3.1 Matr ix  interferences w i  11 l i k e l y  be coextracted from the sample. 
The extent  o f  these inter ferences w i l l  vary from waste t o  waste, depending on 
the nature and d i v e r s i t y  o f  the waste being analyzed. 

4.0 APPARATUS AND MATERIALS 

4.1 Separatory funnel : 2,000-mL, w i t h  Teflon stopcock. 

4.2 Vacuum pump, o r  o ther  source o f  vacuum. 

4.3 - Flask: Bo i l ing,  125-1111 (Corning No. 4100 o r  equivalent). 

4.4 D i s t i l l i n g  head: Claisen o r  equivalent. 
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4.5 F i l t e r  paper: Whatman No. 40, 11 cm. 

5.0 REAGENTS 

5.1 Hydrochloric acid, 1:l: Mix equal volumes o f  concentrated HC1 and 
Type I1 water. 

5.2 Fluorocarbon-113 (1,1,2-trichloro-1,2,2-trifl uoroethane) : Bo i l  i n g  
point ,  48.C. 

5.3 Sodi um su l  fate: Anhydrous crysta l .  

5.4 ASTM Type I1  water (ASTM D1193) : Water should be monitored f o r  
impur i t ies .  

6.0 SAMPLE COLLECTION, PRESERVATION, AND HANDLING 

6.1 A representat ive sample should be co l lec ted  i n  a 1-li t e r  g lass 
bo t t l e .  I f  analys is  i s  t o  be delayed f o r  more than a few hours, the  sample i s  
preserved by the add i t ion  o f  5 mL HC1 (5.1) a t  the time o f  c o l l e c t i o n  and 
re f r i ge ra ted  a t  4.C. 

6.2 Co l lec t  a representat ive sample i n  a wide-mouth glass b o t t l e  t h a t  
has been r insed w i t h  the solvent t o  remove any detergent f i l m  and a c i d i f y  i n  
the sample bo t t l e .  

6.3 A1 1 samples must have been co l lec ted  using a sampling p lan t h a t  
addresses the  considerations discussed i n  Chapter Nine o f  t h i s  manual. 

6.4 Because losses o f  grease w i l l  occur on sampling equipment, the 
col  l e c t i o n  of a composite sample i s impract ical  . Ind iv idua l  por t ions  
co l lec ted  a t  prescribed time i n t e r v a l s  must be analyzed separately t o  ob ta in  
the average concentrat ion over an extended period. 

7.0 PROCEDURE 

7.1 Mark the sample b o t t l e  a t  the water meniscus f o r  l a t e r  determination 
o f  sample volume. I f  the sample was no t  a c i d i f i e d  a t  t ime o f  co l l ec t i on ,  add 
5 mL HC1 (5.1) t o  the sample bo t t l e .  A f t e r  mixing the sample, check the pH by 
touching pH-sensitive paper t o  the cap t o  ensure t h a t  the pH i s  2 o r  lower. 
Add more ac id  i f  necessary. 

7.2 Pour the sample i n t o  a separatory funnel. 

7.3 Tare a b o i l i n g  f l a s k  (pre-dried i n  an oven a t  103. and s tored i n  a 
desiccator) . Use gloves when hand1 i n g  f l ask  t o  avoid adding f ingerpr in ts .  
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7.4 Add 30 mL fluorocarbon-113 (5.2) t o  the ,sample b o t t l e  and ro ta te  the 
b o t t l e  t o  r i n s e  the  sides. Transfer the solvent i n t o  the separatory funnel. 
Ext rac t  by shaking v igorously f o r  2 min. A1 low the layers  t o  separate and 
f i  1 t e r  the  solvent  l aye r  through a funnel containing solvent-moi stened f i  1 t e r  
paper. 

NOTE: An emulsion t h a t  f a i  1 s t o  d iss ipate  can be broken by pouring about 
1 g sodium su l f a te  (5.3) i n t o  the  f i l t e r  paper cone and slowly 
d ra in ing  the  emulsion through the  sa l t .  Addi t ional  1-g port ions can 
be added t o  the cone as required. 

7.5 Repeat Step 7.4 tw ice more, w i t h  add i t iona l  por t ions o f  f resh 
solvent, combining a l l  solvent i n  the b o i l i n g  f lask .  

7.6 Rinse the  t i p  o f  the  separatory funnel, the f i l t e r  paper, and then 
the  funnel w i t h  a t o t a l  o f  10-20 mL solvent and c o l l e c t  the  r ins ings  i n  the 
f lask.  

7.7 Connect the  b o i l i n g  f l a s k  t o  the d i s t i l l i n g  head and evaporate the 
solvent  by .  immersing the lower h a l f  o f  the f l ask  i n  water a t  70'C. Col lec t  
the solvent  f o r  reuse. A solvent blank should accompany each set  o f  samples. 

7.8 When the temperature i n  the d i  s t i  11 i n g  head reaches 50'C o r  the 
f l a s k  appears dry, remove the  d i s t i l l i n g  head. To remove solvent vapor, sweep 
ou t  t he  f l a s k  f o r  15 sec w i t h  a i r  by i nse r t i ng  a glass, tube t h a t  i s  connected 
t o  a vacuum source. Immediately remove the  f l a s k  from heat source and wipe 
the outs ide t o  remove excess moisture and f ingerpr in ts .  

7.9 Cool the  b o i l i n g  f l a s k  i n  a desiccator f o r  30 min and weigh. 

7.10 Calculat ion: 

R - B  mg/L t o t a l  o i l  and grease = - v 
where : 

R = residue, gross weight of ex t rac t ion f lask  minus the t a re  
weight; 

B = blank determination, residue o f  equivalent volume o f  
ex t rac t ion  sol vent, mg; and 

V = volume o f  sample i n  1 i ters, determined by r e f i l l  i ng  sample 
b o t t l e  t o  ca l i b ra t i on  l i n e  and cor rect ing for  acid 
addi t ion,  i f necessary. 

8.0 QUALITY CONTROL 

8.1 A l l  q u a l i t y  cont ro l  data should be maintained and ava i lab le  f o r  easy 
reference o r  inspection. 

Revi s ion 0 
Date September 1986 



8.2 Employ a.minimum o f  one blank per sample batch t o  determine i f  
contamination has occurred. 

8.3 Ver i fy  ca l i b ra t i on  w i  t h  an independently prepared check standard 
every 15 samples. 

8.4 Run one spike dupl icate sample f o r  every 10 samples i f  possible. A 
dupl icate sample i s  a sample brought through the whole sample preparation and 
analyt ica l  process. 

9.0 METHOD PERFORMANCE 

9.1 The two o i l  and grease methods (Methods 9070 and 9071) i n  t h i s  
manual were tested on sewage by a single laboratory. This method determined 
the o i  1 and grease level  i n  the sewage t o  be 12.6 mg/L. When 1-1 i t e r  port ions 
o f  the  sewage were dosed w i th  14.0 rag o f  a mixture o f  No. 2 fuel  o i  1 and 
Wesson o i l ,  the recovery was 93X, wi th a standard deviat ion o f  - +0.9 mg/L. 

10.0 REFERENCES 

1. Blum, K.A., and M.J. Taras, 'Determination of Emulsifying O i l  i n  
Indust r ia l  Wastewater, " JWPCF Research Suppl ., - 40, R404 (1968). 

2. Standard Methods for  the Examination o f  Water and Wastewater, 14th ed., 
p. 515. 
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METHOD 9071A 

OIL AND GREASE EXTRACTION METHOD FOR SLUDGE AND SEDIMENT SAMPLES 

1.0 SCOPE AND APPLICATION 

1.1 Method 9071 i s  used t o  quan t i f y  low concentrat ions o f  o i l  and 
grease (10 mg/L) by chemical ly  d ry ing  a wet sludge sample and then e x t r a c t i n g  v i a  
the  Soxhlet apparatus. It i s  a lso used t o  recover o i l  and grease l e v e l s  i n  
sediment and s o i l  samples. 

1.2 Method 9071 i s  used when r e l a t i v e l y  polar ,  heavy petroleum 
f r a c t i o n s  are present, o r  when the  l e v e l s  o f  nonvo la t i l e  greases chal lenge the  
s o l u b i l i t y  l i m i t  o f  t he  solvent .  

1.3 S p e c i f i c a l l y ,  Method 9071 i s  s u i t a b l e  f o r  b i o l o g i c a l  1 i p ids ,  
minera l  hydrocarbons, and some i n d u s t r i a l  wastewaters. 

1.4 Method 9071 i s  not reco~nmended f o r  measurement o f  low-bo i l  i ng  
f r a c t i o n s  t h a t  v o l a t i l i z e  a t  temperatures below 700C. 

2.0 SUMMARY OF METHOD 

2.1 A 20-9 sample o f  wet sludge w i t h  a known dry -so l  i d s  content i s  
a c i d i f i e d  t o  pH 2.0 w i t h  0.3 mL concentrated HC1. 

2.2 Magnesium s u l f a t e  monohydrate w i l l  combine w i t h  75% o f  i t s  own 
weight i n  water i n  forming MgSO, 7H,O and i s  used t o  d ry  the  a c i d i f i e d  sludge 
sample. 

2.3 Anhydrous sodium s u l f a t e  i s  used t o  d ry  samples o f  s o i l  and 
sediment. 

2.4 A f t e r  dry ing,  the  o i l  and grease are ex t rac ted  w i t h  
trichlorotrifluoroethane (~ luorocarbon-113) '  using the  Soxhlet apparatus. 

3.0 INTERFERENCES 

3.1 The method i s  e n t i r e l y  empir ica l ,  and dup l i ca te  r e s u l t s  can be 
obtained on l y  by s t r i c t  adherence t o  a l l  d e t a i l s  o f  t he  processes. 

3.2 The r a t e  and t ime o f  ex t rac t i on  i n  t he  Soxhlet apparatus must be 
e x a c t l y  as d i r e c t e d  because o f  vary ing sol  u b i l  i t i e s  o f  t he  d i f f e r e n t  greases. 

3.3 The l eng th  o f  t ime requ i red  f o r  d ry ing  and coo l ing  extracted 
niater i  a1 must be constant.  

3.4 A gradual increase i n  weight may r e s u l t  due t o  the  absorpt ion o f  
oxygen; a gradual l o s s  o f  weight may r e s u l t  due t o  v o l a t i l i z a t i o n .  

' ~ e p l  acement so l  vent w i  11 be speci f ied i n  a forthcoming regul  a t i  on. 
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4.0 APPARATUS AND MATERIALS 

4.1 Soxhl et extraction apparatus. 

4.2 Analytical bal ance. 

4.3 Vacuum pump or some other vacuum source. 

4.4 Extraction thimble: Filter paper. 

4.5 Glass wool or small glass beads to fill thimble. 

4.6 Grease-free cotton: Extract nonabsorbent cotton with sol vent. 

4.7 Beaker: 150-mL. 

4.8 pH Indicator to determine acidity. 

4.9 Porcel ai n mortar . 
4.10 Extraction flask: 150-mL. 

4.11 Distil 1 ing apparatus: Waterbath at 70°C. 

4.12 Desiccator. 

5.0 REAGENTS 

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

5.2 Reagent water. All references to water in this method refer to 
reagent water, as defined in Chapter One. 

5.3 Concentrated hydrochloric acid (HC1) . 
5.4 Magnesium sulfate monohydrate: Prepare MgSO, H,O by spreading a 

thin layer in a dish and drying in an oven at 1500C overnight. 

5.5 Sodi um sulfate, granul ar, anhydrous (Na,SO,) : Purify by heating at 
4000C for 4 hours in a shallow tray, or by precleaning the sodium sulfate with 
methyl ene chloride. If the sodi um sulfate is precl eaned with methyl ene chloride, 
a method blank must be analyzed, demonstrating that there is no interference from 
the sodium sulfate. 
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5.6 T r i c h l o r o t r i f l u o r o e t h a n e  (1,1,2-trichloro-1,2,2-trifluoroethane) : 
B o i l i n g  p o i n t ,  47°C. The so lven t  should leave no measurable res idue on 
evaporat ion; d i  s t i  11 i f  necessary. 2 

6.0 SAMPLE COLLECTION, PRESERVATION, AND HANDLING 

6.1 Transfers o f  t h e  so lven t  trichlorotrifluoroethane should not 
i n v o l v e  any p l a s t i c  t ub ing  i n  t h e  assembly. 

6.2 Sample t r a n s f e r  imp1 ements: Implements are requ i red  t o  t r a n s f e r  
p o r t i o n s  o f  s o l i d ,  semisol id,  and l i q u i d  wastes from sample conta iners t o  
1 aboratory glassware. L iqu ids  may be t r a n s f e r r e d  us ing a g lass  hypodermic 
sy r inge.  S o l i d s  may be t r a n s f e r r e d  us ing a spatula, spoon, o r  co r i ng  device. 

6.3 Any t u r b i d i t y  o r  suspended so l  i d s  i n  t he  e x t r a c t i o n  f l a s k  should 
be removed by f i l t e r i n g  through grease- f ree co t ton  o r  g lass  wool. 

7.0 PROCEDURE 

7.1 Determinat ion o f  Sample Dry Weight F rac t i on  

Weigh 5-10 g o f  t h e  sample i n t o  a t a red  c ruc ib le .  Determine t h e  d r y  weight 
f r a c t i o n  o f  t h e  sample by d ry ing  overn igh t  a t  105°C. 

NOTE: The d r y i n g  oven should be contained i n  a hood o r  vented. 
S i g n i f i c a n t  1 aboratory contaminat ion may r e s u l t  from a heav i l y  
contaminated hazardous waste sample. 

A l low t o  cool i n  a des icca tor  before weighing: 

d r y  weight f r a c t i o n  = q o f  d r y  sample 
g o f  sample 

7.2 Sample Hand1 i ng 

7.2.1 S l  udge Samples 

7.2.1.1 Weigh ou t  20 + 0.5 g o f  wet sludge w i t h  a known 
dry-weight  f r a c t i o n  (Sect ion 7.1). Place i n  a 150-mL beaker. 

7.2.1.2 A c i d i f y  t o  a pH o f  2  w i t h  approximately 0.3 mL 
concentrated HC1. 

7.2.1.3 Add 25 g preparedMg,S04aH20 and s t i r  t o  a 
smooth paste. 

7.2.1.4 Spread paste on s ides o f  beaker t o  f a c i l i t a t e  
evaporat ion. Le t  stand about 15-30 min o r  u n t i l  substance i s  
s o l i d i f i e d .  

' ~ e p l  acement so l  vent w i  11 be spec i f i ed  i n  a forthcoming regu l  a t ion .  
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7.2.1.5 Remove s o l i d s  and g r i n d  t o  f i n e  powder i n  a  
mortar.  

7.2.1.6 Add t h e  powder t o  t h e  paper e x t r a c t i o n  th imble.  

7.2.1.7 Wipe beaker and mortar  w i t h  pieces o f  f i l t e r  
paper moistened w i t h  solvent  and add t o  th imble.  

7.2.1.8 F i l l  t h i m b l e w i t h g l a s s w o o l  ( o r g l a s s b e a d s ) .  

7.2.2 Sediment/Soi 1  Samples 

7.2.2.1 Decant and d iscard  any water l a y e r  on a  sediment 
sample. Mix sample thoroughly, e s p e c i a l l y  composi t ed  samples. 
Discard any f o r e i g n  ob jec ts  such as s t i c k s ,  leaves, and rocks. 

7.2.2.2 Blend 10 g  o f  t h e  sol  i d  sample o f  known d r y  
weight f r a c t i o n  w i t h  10 g  of anhydrous sodium s u l f a t e ,  and p lace 
i n  an e x t r a c t i o n  th imble.  The e x t r a c t i o n  th imble  must d r a i n  f r e e l y  
f o r  t h e  du ra t i on  o f  t h e  e x t r a c t i o n  per iod.  

7.3 E x t r a c t i o n  

7.3.1 ExtractinSoxhletapparatususingtrichlorotrifluorocarbon 
a t  a  r a t e  o f  20 cycles/hr  f o r  4 hr .  

7.3.2 Using grease-f ree cot ton,  f i l t e r  t h e  e x t r a c t  i n t o  a  pre-  
weighed 250-mL b o i l i n g  f l a s k .  Use gloves t o  avoid adding f i n g e r p r i n t s  t o  
t h e  f lask.  

7.3.3 Rinse f l a s k  and co t ton  w i t h  solvent .  

7.3.4 Connect t h e  b o i l i n g  f l a s k  t o  t h e  d i s t i l l i n g  head and 
evaporate t h e  so lvent  by immersing the  lower ha1 f o f  t h e  f l a s k  i n  water a t  
700C. C o l l e c t  t h e  so lvent  f o r  reuse. A so lvent  b lank should accompany 
each a n a l y t i c a l  batch of samples. 

7.3.5 When t h e  temperature i n  t h e  d i s t i  11 i n g  head reaches 50°C 
o r  the  f l a s k  appears dry, remove t h e  d i s t i l l i n g  head. To remove so lvent  
vapor, sweep out  the  f l a s k  f o r  15 sec w i t h  a i r  by i n s e r t i n g  a  g lass  tube 
t h a t  i s  connected t o  a  vacuum source. Immediately remove t h e  f l a s k  from 
t h e  heat source and wipe the  outs ide  t o  remove excess moisture and 
f i n g e r p r i n t s .  

7.3.6 Cool t h e  b o i l i n g  f l a s k  i n  a  des iccator  f o r  30 min and 
weigh. 

7.3.7 Calculate o i l  and grease as a  percentage o f  t h e  t o t a l  d r y  
so l  i ds . General 1  y  : 

% o f  o i l  and grease = qa in  i n  weiqht o f  f l a s k  I s )  x  100 
w t .  o f  wet s o l i d s  (g) x  d r y  weight f r a c t i o n  

Revis ion 1 
September 1994 



b 
8.0 QUALITY CONTROL 

T 
8.1 A l l  q u a l i t y  con t ro l  data should be maintained and ava i l ab le  f o r  

plri easy reference and inspect ion.  Refer t o  Chapter One f o r  add i t i ona l  qua1 i t y  
c o n t r o l  guide1 ines.  

'"I 
8.2 Employ a minimum o f  one blank per a n a l y t i c a l  batch o r  twenty 

samples, whichever i s  more frequent,  t o  determine if contaminat ion has occurred. 

8.3 Run one m a t r i x  dup l i ca te  and ma t r i x  sp ike sample every twenty 
samples o r  a n a l y t i c a l  batch, whichever i s  more frequent.  Ma t r i x  dupl i ca tes  and 
spikes are brought through the  whole sample preparat ion and a n a l y t i c a l  process. 

8.4 The use o f  corn o i l  i s  recommended as a reference sample so lu t ion .  

9.0 METHOD PERFORMANCE 

9.1 Two o i l  and grease methods (Methods 9070 and 9071) were tes ted  on 
sewage by a s i n g l e  labora tory .  When 1-1 i t e r  por t ions  o f  the  sewage were dosed 
w i t h  14.0 mg o f  a mix ture  o f  No. 2 f u e l  o i l  and Wesson o i l ,  the  recovery was 93%, 
w i t h  a standard dev ia t i on  o f  + 0.9 mg/L. 

10.0 REFERENCES 

1. Blum, K.A. and M.J. Taras, "Determination o f  Emuls i fy ing O i l  i n  I n d u s t r i a l  
Wastewater," JWPCF Research Suppl., 40, R404 (1968). 

2. Standard Methods f o r  t he  Examination of Water and Wastewater, 14th ed., 
p. 515, Method 502A (1975). 
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METHOD 9071A 
O I L  AND GREASE EXTRACTION METHOD FOR SLUDGE AND SEDIMENT SAMPLES 
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METHOD 9071A 
O IL  AND GREASE EXTRACTION METHOD FOR SLUDGE AND SEDIMENT SAMPLES 

(Continued) 

7.2.1.6 Add 7.3.1 Extract 
in Soxhlet 

extraction apparatus for 

thimble. 

7.2.1.7 Wipe 
beaker and 
mortar; add 
to thimble. 

7.3.2 Filter 
extract into 

boiling flask. 

7.2.1.8 Fill 7.3.3 Rinse 
thimble with 

7.3.6 Cool 
and weigh 

boiling flask. 

7.3.7 
Calculate % 

oil and 
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METHOD 9075 

TEST METHOD FOR TOTAL CHLORINE IN NEW AND USED 
PETROLEUM PRODUCTS BY X-RAY FLUORESCENCE SPECTROMETRY (XRF) 

1.0 SCOPE AND APPLICATION 

1.1 Th is  t e s t  method covers the  determinat ion o f  t o t a l  ch lo r i ne  . i n  new 
and used o i  1  s, f u e l  s, and re1 ated mater ia ls ,  i n c l  uding crankcase, hydraul i c ,  
d iese l ,  l u b r i c a t i n g  and f u e l  o i l s ,  and kerosene. The c h l o r i n e  content o f  
petroleum products i s  o f t e n  requ i red  p r i o r  t o  t h e i r  use as a  f u e l .  

1.2 The appl i c a b l e  range o f  t h i s  method i s  from 200 p g l g  t o  percent 
1  eve1 s. 

1.3 Method 9075 i s  r e s t r i c t e d  t o  use by, o r  under the  superv is ion o f ,  
ana lys ts  experienced i n  the  operat ion o f  an X-ray f luorescence spectrometer and 
i n  t he  i n t e r p r e t a t i o n  o f  t he  r e s u l t s .  

2.0 SUMMARY OF METHOD 

2.1 A we l l  -mixed sample, contained i n  a  disposable p l a s t i c  sample cup, 
i s  loaded i n t o  an X-ray f luorescence (XRF) spectrometer. The i n t e n s i t i e s  o f  the  
c h l o r i n e  Ka and s u l f u r  Ka l i n e s  are measured, as are the  i n t e n s i t i e s  o f  
appropr ia te  background 1  ines.  A f t e r  background cor rec t ion ,  t he  net  i n t e n s i t i e s  
are used w i t h  a  c a l i b r a t i o n  equat ion t o  determine the  ch lo r i ne  content.  The 
s u l f u r  i n t e n s i t y  i s  used t o  co r rec t  f o r  absorpt ion by s u l f u r .  

3.0 INTERFERENCES 

3.1 Possible in te r fe rences inc lude metals, water, and sediment i n  t he  
o i  1  . Resul ts  o f  sp.i ke recovery measurements and measurements on d i  1  uted samples 
can be used t o  check f o r  in te r fe rences.  

Each sample, o r  one sample from a  group of c l o s e l y  r e l a t e d  samples, should 
be spiked t o  conf i rm t h a t  m a t r i x  e f f e c t s  are no t  s i g n i f i c a n t .  D i l u t i o n  o f  
samples t h a t  may conta in  water o r  sediment can produce i nco r rec t  resu l t s ,  so 
d i l u t i o n  should be undertaken w i t h  caut ion and checked by spik ing.  S u l f u r  
i n t e r f e r e s  w i t h  the  c h l o r i n e  determinat ion, but  a  co r rec t i on  i s  made. 

Spike recovery measurements o f  used crankcase o i l  showed t h a t  d i l u t i n g  
samples f i v e  t o  one al lowed accurate measurements on approximately 80% o f  the  
samples. The o ther  20% o f  the  samples were no t  accurate ly  analyzed by XRF. 

3.2 Water i n  samples absorbs X-rays emmitted by ch lo r ine .  For t h i s  
i n te r - fe rence ,  use o f  as shor t  an X-ray count ing t ime as possib le i s  bene f i c i a l .  
Th is  appears t o  be r e l a t e d  t o  s t r a t i f i c a t i o n  o f  samples i n t o  aqueous and 
nonaqueous l aye rs  wh i l e  i n  the  analyzer. 

Although a  co r rec t i on  f o r  water may be possible, none i s  c u r r e n t l y  
avai 1  able. I n  general,  the  presence o f  any f ree  water as a  separate phase o r  a  
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water content  g rea te r  than 25% w i l l  reduce t h e  c h l o r i n e  s igna l  by 50 t o  90%. See 
Sec. 6.4. 

4.0 APPARATUS AND MATERIALS 

4.1 XRF spectrometer, e i t h e r  energy d i spe rs i ve  o r  wave1 ength d i spe rs i ve .  
The inst rument  must be ab le  t o  accura te ly  reso l ve  and measure t h e  i n t e n s i t y  o f  
t h e  c h l o r i n e  and s u l f u r  1 i nes  w i t h  acceptable p rec i s ion .  

4.2 Disposable sample cups w i t h  s u i t a b l e  p l a s t i c  f i l m  such as ~ y l a r " .  

5.0 REAGENTS 

5.1 P u r i t y  o f  reagents. Reagent-grade chemicals s h a l l  be used i n  a l l  
t e s t s .  Unless otherwise ind ica ted ,  i t  i s  intended t h a t  a l l  reagents s h a l l  
conform t o  t h e  s p e c i f i c a t i o n s  o f  t he  Committee on A n a l y t i c a l  Reagents o f  t h e  
American Chemical Society,  where such s p e c i f i c a t i o n s  are avai 1 able. Other grades 
may be used, prov ided i t  i s  f i r s t  ascer ta ined t h a t  t h e  reagent i s  o f  s u f f i c i e n t l y  
h igh  p u r i t y  t o  permi t  i t s  use w i thou t  lessening t h e  accuracy o f  t h e  
determinat ion.  

5.2 Minera l  o i l ,  minera l  s p i r i t s  o r  p a r a f f i n  o i l  ( s u l f u r -  and c h l o r i n e -  
f ree ) ,  f o r  p repar ing  standards and d i l u t i o n s .  

5.3 1-Chlorodecane ( A l d r i c h  Chemical Co.), 20.1% c h l o r i n e ,  o r  s i m i l a r  
c h l o r i n e  compound. 

5.4 D i - n - b u t y l  s u l f i d e  ( A l d r i c h  Chemical Co.), 21.9% s u l f u r  by weight.  

5.5 Qua1 i t y  c o n t r o l  standards such as the  standard re ference mater i  a1 s 
NBS 1620, 16.21, 1622, 1623, and 1624 f o r  s u l f u r  i n  o i l  standards; and NBS 1818 
f o r  c h l o r i n e  i n  o i l  standards. 

6.0 SAMPLE COLLECTION, PRESERVATION, AND HANDLING 

6.1 A1 1 samples must be c o l  1 ected us ing a sampl i n g  p lan  t h a t  addresses 
the  cons idera t ions  discussed i n  Chapter Nine. 

6.2 The c o l l e c t e d  sample should be kept  headspace f r e e  p r i o r  t o  prepara- 
t i on and ana lys i s  t o  minimize vo l  a t i  1 i z a t i  on 1 osses o f  o rgan ic  ha1 ogens. Because 
waste o i  1 s may con ta in  t o x i c  and/or carc inogenic substances, appropr ia te  f i e l d  
and l a b o r a t o r y  s a f e t y  procedures should be fo l lowed.  

6.3 Laboratory sampl i n g  o f  t h e  sample should be performed on a we1 1 -mixed 
sample o f  o i l .  The mix ing  should be kept  t o  a minimum and c a r r i e d  o u t  as n e a r l y  
headspace f r e e  as poss ib le  t o  minimize vo l  a t i  1 i z a t i o n  1 osses o f  o rgan ic  ha1 ogens. 

6.4 Free water, as a separate phase, should be removed and cannot be 
analyzed by t h  i s met hod. 
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7.0 PROCEDURE 

7.1 Cal i b r a t  i on and standard izat ion.  

7.1.1 Prepare pr imary c a l  i b r a t i o n  standards by d i l  u t i n g  the  
chlorodecane and n -bu ty l  s u l f i d e  w i t h  mineral  s p i r i t s  o r  s imi  1  a r  ma te r i a l .  

7.1.2 Prepare working ca l  i b r a t i o n  standards t h a t  con ta in  s u l f u r ,  
ch lo r i ne ,  o r  both according t o  t he  f o l l o w i n g  tab le :  

C1: 500, 1,000, 2,000, 4,000, and 6,000 pg/g 
S: 0.5, 1.0, and 1.5% s u l f u r  

Once the  c o r r e c t i o n  f a c t o r  f o r  s u l f u r  i n te r fe rence  w i t h  c h l o r i n e  i s  
determined, fewer standards may be requi red.  

7.1.3 Measure t h e  i n t e n s i t y  o f  t he  c h l o r i n e  Ka l i n e  and the  
s u l f u r  Ka l i n e  as w e l l  as t he  i n t e n s i t y  o f  a  s u i t a b l y  chosen background. 
Based on count ing s t a t i s t i c s ,  the  r e l a t i v e  standard dev ia t i on  o f  each peak 
measurement should be 1% o r  less .  

7.1.4 Determine the  ne t  c h l o r i n e  and s u l f u r  i n t e n s i t i e s  by 
c o r r e c t i n g  each peak f o r  background. Do t h i s  f o r  a l l  o f  t h e  c a l i b r a t i o n  
standards as w e l l  as f o r  a  p a r a f f i n  blank. 

7.1.5 Obtain a  1  i nea r  c a l i b r a t i o n  curve f o r  s u l f u r  by performing 
a  l e a s t  squares f i t  o f  t h e  ne t  s u l f u r  i n t e n s i t y  t o  t he  standard concentra- 
t i o n s ,  i n c l u d i n g  t h e  blank. The c h l o r i n e  content  o f  a  standard should 
have l i t t l e  e f f e c t  on the  ne t  s u l f u r  i n t e n s i t y .  

7.1.6 The c a l i b r a t i o n  equat ion f o r  c h l o r i n e  must inc lude a  
c o r r e c t i o n  term f o r  t he  s u l f u r  concentrat ion.  A su i  t a b l  e  equat ion 
fo l l ows :  

where: 

I = ne t  c h l o r i n e  i n t e n s i t y  
m, b, k* = ad jus tab le  parameters 
S = su l  f e r  concentrat ion 

Using a  l e a s t  squares procedure, the  above equat ion o r  a  s u i t a b l e  
s u b s t i t u t e  should be f i t t e d  t o  t he  data. Many XRF instruments are 
equipped w i t h  s u i t a b l e  computer programs t o  perform t h i s  f it. I n  any 
case, t h e  r e s u l t i n g  equat ion should be shown t o  be accurate by ana lys is  o f  
su i  t a b l  e  standard mater i  a1 s. 
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7 .2  Analys is .  

7 . 2 . 1  Prepare a c a l i b r a t i o n  curve as descr ibed i n  Sec. 7 . 1 .  By 
p e r i o d i c a l  l y  measuring a very stab1 e sample con ta in ing  bo th  su l  f u r  and 
ch lo r i ne ,  i t  may be poss ib le  t o  use t h e  c a l i b r a t i o n  equat ions f o r  more 
than 1  day. During each day, t h e  s u i t a b i l i t y  o f  t h e  c a l i b r a t i o n  curve 
should be checked by analyz ing standards. 

7 . 2 . 2  Determine the  ne t  c h l o r i n e  and s u l f u r  i n t e n s i t i e s  f o r  a 
sample i n  t h e  same manner as done f o r  t h e  standards. 

7 . 2 . 3  Determine t h e  c h l o r i n e  and s u l f u r  concent ra t ions  o f  t h e  
samples from t h e  c a l i b r a t i o n  equat ions. I f  t h e  sample concent ra t ion  f o r  
e i t h e r  element i s  beyond the  range o f  t he  standards, t h e  sample should be 
d i l u t e d  w i t h  minera l  o i l  and reanalyzed. 

8 . 0  QUALITY CONTROL 

8 . 1  Refer t o  Chapter One f o r  s p e c i f i c  qua1 i t y  c o n t r o l  procedures. 

8 .2  One sample i n  t e n  should be analyzed i n  t r i p 1  i c a t e  and t h e  r e l a t i v e  
standard d e v i a t i o n  repor ted .  For each tri p l  i cate, a separate p repa ra t i on  should 
be made, s t a r t i n g  from t h e  o r i g i n a l  sample. 

8 . 3  Each sample, o r  one sample i n  t e n  from a group o f  s i m i l a r  samples, 
should be spiked w i t h  t h e  elements o f  i n t e r e s t  by adding a known amount o f  
c h l o r i n e  o r  s u l f u r  t o  t he  sample. The spiked amount should be between 50% and 
200% o f  t h e  sample concentrat ion,  bu t  t he  minimum a d d i t i o n  should be a t  l e a s t  
f i v e  t imes t h e  1 i m i t  o f  de tec t i on .  The percent recovery should be repo r ted  and 
should be between 80% and 120%. Any sample suspected o f  con ta in ing  >25% water 
should a l s o  be spiked w i t h  o rgan ic  ch lo r i ne .  

8 . 4  Q u a l i t y  c o n t r o l  standard check samples should be analyzed every day 
and should agree w i t h i n  10% o f  t h e  expected value o f  t he  standard. 

9 .0  METHOD PERFORMANCE 

9 . 1  These data are based on 47 data  p o i n t s  obta ined by seven l a b o r a t o r i e s  
who each analyzed f o u r  used crankcase o i l s  and th ree  f u e l  o i l  blends w i t h  
crankcase i n  d u p l i c a t e .  A data p o i n t  represents one d u p l i c a t e  ana lys i s  o f  a 
sample. Two da ta  p o i n t s  were determined t o  be o u t l i e r s  and are n o t  inc luded i n  
these r e s u l t s .  

9 . 2  Prec is ion .  The p r e c i s i o n  o f  t h e  method as determined by t h e  
s t a t i s t i c a l  examinat ion o f  i n t e r l a b o r a t o r y  t e s t  r e s u l t s  i s  as fo l l ows :  

Repeatabi l  i t . y  - The d i f f e r e n c e  between successive r e s u l t s  obta ined 
by t h e  same operator  w i t h  the  same apparatus under constant  opera t ing  
cond i t i ons  on i d e n t i c a l  t e s t  ma te r i a l  would exceed, i n  t h e  l ong  run, i n  
t h e  normal and c o r r e c t  opera t ion  o f  t he  t e s t  method, t h e  f o l l o w i n g  values 
o n l y  i n  1  case i n  20 (see Table 1 ) :  
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Repeatability = 5.72 fi* 

*where x i s  the  average o f  two r e s u l t s  i n  pg/g. 

Reproduci b i  1 i t y  - The d i f f e r e n c e  between two sing1 e and independent 
r e s u l t s  obta ined by d i f f e r e n t  operators working i n  d i f f e r e n t  l abo ra to r i es  
on i d e n t i c a l  t e s t  ma te r i a l  would exceed, i n  t h e  long  run, t h e  f o l l o w i n g  
values on l y  i n  1 case i n  20: 

Reproducibility = 9.83 fi* 

*where x i s  t h e  average value o f  two r e s u l t s  i n  pg/g. 

9.3 Bias. The b i a s  of t h i s  t e s t  method va r i es  w i t h  concentrat ion, as 
shown i n  Table 2: 

Bias = Amount found - Amount expected. 

10.0 REFERENCE 

1. Gask i l 1 ,A . ;  Estes, E . D . ; H a r d i s o n , D . L . ; a n d M y e r s ,  L.E. V a l i d a t i o n o f  
Methods f o r  Determining Ch lor ine  i n  Used O i l s  and O i l  Fuels. Prepared f o r  
U.S. Environmental P ro tec t i on  Agency, O f f i c e  o f  Sol i d  Waste. EPA Contract 
NO. 68-01-7075, WA 80. J u l y  1988. 
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TABLE 1. REPEATABILITY AND REPRODUCIBILITY 
FOR CHLORINE I N  USED OILS BY 

X-RAY FLUORESCENCE SPECTROMETRY 

Average v a l  ue, 
r-lsls 

Repeatabi 1 i ty, R e p r o d u c i b i l i t y ,  
r-ls/s r-l9/9 

TABLE 2. RECOVERY AND BIAS DATA FOR CHLORINE I N  
USED 01  LS BY X-RAY FLUORESCENCE SPEC'TROMETRY 

Amount Amount 
expected, found, Bias,  

r-ls/s r-l9/9 r-l9/9 
Percent  

b i as 
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METHOD 9075 
TEST METHOD FOR TOTAL CHLORINE I N  NEW AND USED 

PETROLEUM PRODUCTS BY X-RAY FLUORESCENCE SPECTROMETRY (XRF) 
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METHOD 9076 

TEST METHOD FOR TOTAL CHLORINE IN NEW AND USED PETROLEUM 
PRODUCTS BY OXIDATIVE COMBUSTION AND MICROCOULOMETRY 

1.0 SCOPE AND APPLICATION 

1.1 This t e s t  method covers the  determinat ion o f  t o t a l  ch lo r ine  i n  new 
and used o i l s ,  f u e l s  and re1 ated mater ia ls ,  inc lud ing crankcase, hydraul i c ,  
d iese l ,  l u b r i c a t i n g  and f u e l  o i l s ,  and kerosene by ox ida t i ve  combustion and 
microcoulometry. The cHlor ine content o f  petroleum products i s  o f ten  required 
p r i o r  t o  t h e i r  use as a f u e l .  

1.2 The appl icable range o f  t h i s  method i s  from 10 t o  10,000 pg/g 
ch lor ine .  

2.0 SUMMARY OF METHOD 

2.1 The sample i s  placed i n  a quartz boat a t  the i n l e t  o f  a high- 
temperature quartz  combustion tube. An i n e r t  c a r r i e r  gas such as argon, carbon 
d iox ide,  o r  n i t rogen sweeps across the i n l e t  whi le oxygen f lows i n t o  the center 
o f  t h e  combustion tube. The boat and sample are advanced i n t o  a vapor izat ion 
zone o f  approximately 300°C t o  v o l a t i l i z e  the 1 i g h t  ends. Then the boat i s  
advanced t o  the  center  o f  the combustion tube, which i s  a t  l,OOO°C. The oxygen 
i s  d i ve r ted  t o  pass d i r e c t l y  over the sample t o  ox id ize  any remaining re f rac tory  
mater ia l .  A1 1 dur ing  t h i s  complete combustion cycle, the  ch lor ine  i s  converted 
t o  c h l o r i d e  and oxychlor ides, which then f l ow  i n t o  an attached t i t r a t i o n  c e l l  
where they q u a n t i t a t i v e l y  reac t  w i t h  s i l v e r  ions. The s i l v e r  ions thus consumed 
are coulometr ica l  l y  r e p l  aced. The t o t a l  current  required t o  rep l  ace the s i  l v e r  
ions  i s  a measure o f  the ch lo r ine  present i n  the i n jec ted  samples. 

2.2 The reac t ion  occurr ing i n  the t i t r a t i o n  c e l l  as ch lo r ide  enters i s :  

('1- + A ~ +  - - - - - - -  > AgCl (1 

The s i  1 ver i o n  consumed i n  the above reac t ion  i s  generated coul ometri ca l  l y  
thus: 

2.3 These microequivalents o f  s i l v e r  are equal t o  the number o f  micro- 
equivalents o f  t i t r a t a b l e  sample i on  enter ing  the t i t r a t i o n  c e l l .  

3.0 INTERFERENCES 

3.1 O t h e r t i t r a t a b l e  h a l i d e s w i l l  a l s o g i v e a p o s i t i v e r e s p o n s e .  These 
t i t r a t a b l e  ha1 ides inc lude HBr and HI  (HOBr + HOI do not  p r e c i p i t a t e  s i l v e r ) .  
Because these oxyhal ides do not  reac t  i n  the t i t r a t i o n  c e l l ,  approximately 50% 
microequival ent  response i s  detected from bromine and iodine. 

3.2 F luor ine  as f l u o r i d e  does not  p r e c i p i t a t e  s i l v e r ,  so i t i s  no t  an 
i n t e r f e r a n t  nor i s  i t  detected. 
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3.3 Th is  t e s t  method i s  app l i cab le  i n  t he  presence o f  t o t a l  s u l f u r  
concentrat ions o f  up t o  10,000 t imes the  c h l o r i n e  l e v e l .  

4.0 APPARATUS AND MATERIALS' 

4.1 Combustion furnace. The sample should be ox id i zed  i n  an e l e c t r i c  
furnace capable of ma in ta in ing  a  temperature o f  l,OOO°C t o  o x i d i z e  t h e  organic 
ma t r i x .  

4.2 Combustion tube, f ab r i ca ted  from quar tz  and cons t ruc ted  so t h a t  a  
sample, which i s  vaporized completely i n  t he  i n l e t  sect ion,  i s  swept i n t o  the  
o x i d a t i o n  zone by an i n e r t  gas where i t  mixes w i t h  oxygen and i s  burned. The 
i n l e t  end o f  t h e  tube connects t o  a  boat i n s e r t i o n  dev ice  where t h e  sample can 
be p laced on a  quar tz  boat by syr inge, micropipet ,  o r  by being weighed 
e x t e r n a l l y .  Two gas p o r t s  are provided, one f o r  an i n e r t  gas t o  f l o w  across the  
boat and one f o r  oxygen t o  en ter  t he  combustion tube. 

4.3 M i  crocoul  ometer, Stroehl  e i  n  Coul omat 702 CL o r  equ iva len t  , having 
v a r i a b l e  ga in  and b ias  con t ro l ,  and capable of measuring t h e  p o t e n t i a l  o f  t h e  
sensing-reference e lec t rode p a i r ,  and comparing t h i s  p o t e n t i a l  w i t h  a  b ias  
p o t e n t i  a1 , and app ly ing  the  anipl i f i e d  d i f fe rence t o  the  work ing-auxi  1  i ary  
e lec t rode p a i r  so as t o  generate a  t i t r a n t .  The microcoulometer ou tpu t  s igna l  
s h a l l  be p ropo r t i ona l  t o  t h e  generat ing cur ren t .  The m i c r o c o ~ ~ l o m e t e r  may have 
a  d i g i t a l  meter and c i r c u i t r y  t o  conver t  t h i s  output  s igna l  d i r e c t l y  t o  a  mass 
o f  c h l o r i n e  (e.g . , nanograms) o r  t o  a  concent ra t ion  o f  c h l o r i n e  (e.g . , micrograms 
o f  c h l o r i n e  o r  micrograms per gram). 

4.4 T i  t r a t i o n  c e l l .  Two d i f f e r e n t  con f i gu ra t i ons  have been appl i e d  t o  
c o u l o m e t r i c a l l y  t i t r a t e  c h l o r i n e  f o r  t h i s  method. 

4.4.1 Type I uses a  sensor-reference p a i r  o f  e lec t rodes t o  de tec t  
changes i n  s i l v e r  i o n  concentrat ion and a  generator  anode-cathode p a i r  o f  
e lec t rodes t o  main ta in  constant s i l v e r  i o n  concent ra t ion  and an i n l e t  f o r  
a  gaseous sample from t h e  p y r o l y s i s  tube. The sensor, reference,  and 
anode e lec t rodes are s i l v e r  e lect rodes.  The cathode e lec t rode  i s  a  
p la t inum wi re .  The reference e lec t rode res ides  i n  a  sa tura ted  s i l v e r  
ace ta te  ha1 f - c e l l  . The e l e c t r o l y t e  conta ins 70% a c e t i c  a c i d  i n  water. 

4.4.2 Type I1  uses a  sensor-reference p a i r  o f  e lec t rodes t o  
de tec t  changes i n  s i l v e r  i o n  concent ra t ion  and a  generator  anode-cathode 
p a i r  o f  e lec t rodes t o  main ta in  constant s i l v e r  i o n  concentrat ion,  an i n l e t  
f o r  a  gaseous sample t h a t  passes through a  95% s u l f u r i c  a c i d  dehydrat ing 
tube f rom t h e  p y r o l y s i s  tube, and a  sealed two-piece t i t r a t i o n  c e l l  w i t h  
an exhaust tube t o  vent fumes t o  an ex terna l  exhaust. A l l  e lec t rodes  can 
be removed and replaced independently w i thou t  recons t ruc t i ng  t h e  c e l l  
assembly. The anode e lec t rode i s  constructed o f  s i l v e r .  The cathode 
e lec t rode  i s  constructed o f  plat inum. The anode i s  separated from the  

' ~ n y  apparatus t h a t  meets the  performance c r i t e r i a  o f  t h i s  sec t i on  may be 
used t o  conduct analyses by t h i s  methodology. Three commercial analyzers t h a t  
f u l f i l l  t he  requirements f o r  apparatus Steps 4.1 through 4.4 are: Dohrmann 
Models DX-20B and MCTS-20 and M i t sub i sh i  Model TSX-10 a v a i l  ab le  from Cosa 
Instrument.  
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cathode by a 10% KN03 agar bridge, and c o n t i n u i t y  i s  maintained through an 
aqueous 30% KN03 s a l t  br idge. The sensor e lectrode i s  constructed o f  
s i  1  ver.  The reference e lectrode i s  a s i  1 ver /s i  1 ver ch lo r ide  ground glass 
sleeve, double- j unc t i on  e lectrode w i t h  aqueous 1M KNO, i n  the outer  chamber 
and aqueous 1M KC1 i n  the  inner  chamber. 

4.5 Sampl i n g  syr inge, a micro1 i t e r  syr inge o f  10 pL capaci ty  capable o f  
accurate ly  d e l i v e r i n g  2 t o  5 pL o f  a viscous sample i n t o  the  sample boat. 

4.6 M i  c rop i  pet, a p o s i t i v e  d i  spl acement m i  cropi  pe t  capable o f  accurately 
d e l i v e r i n g  2 t o  5 pL o f  a viscous sample i n t o  the  sample boat. 

4.7 Ana ly t i ca l  balance. When used t o  weigh a sample o f  2 t o  5 mg onto 
the  boat, t he  balance s h a l l  be accurate t o  2 0.01 mg. When used t o  determine the 
dens i ty  o f  t h e  sample, t y p i c a l l y  8 g per 10 mL, the balance s h a l l  be accurate t o  
+ 0.1 g. - 

4.8 Class A volumetr ic  f l asks :  100 mL. 

5.0 REAGENTS 

5.1 P u r i t y  o f  Reagents. Reagent-grade chemicals sha l l  be used i n  a l l  
t es ts .  Unless otherwise indicated,  i t  i s  intended t h a t  a l l  reagents sha l l  
conform t o  the  spec i f i ca t ions  o f  the Committee on Ana ly t i ca l  Reagents of the 
American Chemical Society, where such spec i f i ca t i ons  are avai lable.  Other grades 
may be used, provided i t  i s  f i r s t  ascertained t h a t  the  reagent i s  o f  s u f f i c i e n t l y  
h igh  p u r i t y  t o  permi t  i t s  use wi thout  lessening the  accuracy o f  the 
determinat ion. 

5.2 Reagent water. A l l  references t o  water i n  t h i s  method re fer  t o  
reagent water, as def ined i n  Chapter One. 

5.3 Ace t i c  acid, CH3C02H. G lac ia l .  

5.4 Isooctane, (CH,),CHCH,C(CH,), (2,2,4-Trimethylpentane) . 

5.5 Chl orobenzene, C,H,C1. 

5.6 Chlor ine, standard stock so lu t i on  - 10,000 ng C L ,  weigh 
accurate ly  3.174 g o f  chlorobenzene i n t o  100-mL Class A volumetr ic f l ask .  D i l u t e  
t o  the  mark w i t h  isooctane. 

5.7 Chlor ine, standard so lu t ion .  1,000 ng Cl/pL, p i p e t  10.0 mL o f  
c h l o r i n e  stock s o l u t i o n  (Sec. 5.6) i n t o  a 100-rnL volumetr ic  f l a s k  and d i l u t e  t o  
volume w i t h  isooctane. 

5.8 Argon, he1 ium, n i t rogen,  o r  carbon dioxide, h igh-pur i  t y  grade (HP) 
used as the  c a r r i e r  gas. H igh -pu r i t y  grade gas has a minimum p u r i t y  o f  99.995%. 

5.9 Oxygen, h i g h - p u r i t y  grade (HP), used as the reactant  gas. 

5.10 Gas regu la tors .  Two-stage regu la to r  niust be used on the reactant  and 
c a r r i e r  gas. 
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5.11 Ce l l  Type 1. 

5.11.1 C e l l  e l e c t r o l y t e  s o l u t i o n .  70% a c e t i c  ac id:  combine 300 
mL reagent water w i t h  700 mL a c e t i c  a c i d  (Sec. 5.3) and mix w e l l .  

5.11.2 S i  1  ver  acetate,  CH3C02Ag. Powder p u r i f i e d  f o r  sa tu ra ted  
re fe rence e l  ect rode . 
5.12 C e l l  Type 2. 

5.12.1 Sodium acetate, CH3C02Na. 

5.12.2 Potassium n i t r a t e ,  KNO,. 

5.12.3 Po tass iumch lo r i de ,  KC1. 

5.12.4 S u l f u r i c  a c i d  (concentrated),  H2S0,. 

5.12.5 Agar, ( j e l l y s t r e n g t h 4 5 0 t 0 6 0 0 g / c m 2 ) .  

5.12.6 C e l l  e l e c t r o l y t e  s o l u t i o n  - 85% a c e t i c  ac id :  combine 150 
mL reagent water  w i t h  1.35 g sodium aceta te  (Sec. 5.12.1) and mix  w e l l  ; 
add 850 mL a c e t i c  ac id  (Sec. 5.3) and mix we1 1 . 

5.12.7 Dehydrat ing s o l u t i o n  - Combine 95 mL s u l f u r i c  a c i d  (Sec. 
5.12.4) w i t h  5 mL reagent water and mix w e l l .  

CAUTION: Th is  i s  an exothermic r e a c t i o n  and may proceed w i t h  bumping 
unless c o n t r o l l e d  by t h e  a d d i t i o n  o f  s u l f u r i c  ac id .  S lowly add 
s u l f u r i c  a c i d  t o  reagent water.  Do no t  add water  t o  s u l f u r i c  ac id .  

5.12.8 Potassium n i t r a t e  ( lo%),  KNO,. Add 10 g potassium n i t r a t e  
(Sec. 5.12.2) t o  100 mL reagent water and mix we1 1 . 

5.12.9 Potassium n i t r a t e  (lM), KNO,. Add 10.11 g potassium 
n i t r a t e  (Sec. 5.12.2) t o  100 mL reagent water  and mix w e l l .  

5.12.10 Potassium c h l o r i d e  (lM), KCl. Add 7.46 g potassium 
c h l o r i d e  (Sec. 5.12.3) t o  100 mL reagent water  and mix w e l l .  

5.12.11 Agar b r i dge  s o l u t i o n  - Mix 0.7 g agar (Sec. 5.12.5), 2.59 
potassium n i t r a t e  (Sec. 5.12.2), and 25 mL reagent water  and heat  t o  
b o i l  -irrg. 

6.0 SAMPLE COLLECTION, PRESERVATION, AND HANDLING 

6.1 A1 1 samples must be c o l l e c t e d  us ing  a sampl i n g  p l a n  t h a t  addresses 
t h e  cons idera t ions  discussed i n  Chapter Nine. 

6.2 Because t h e  c o l l e c t e d  sample w i l l  be analyzed f o r  t o t a l  halogens, i t  
should be kept  headspace f r e e  and r e f r i g e r a t e d  p r i o r  t o  p repa ra t i on  and a n a l y s i s  
t o  min imize vo l  a t i  1  i z a t i o n  1 osses o f  organic  ha1 ogens. Because waste o i l  s  may 
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c o n t a i n  t o x i c  and/or carc inogenic  substances, appropr ia te  f i e l d  and 1 aboratory 
s a f e t y  procedures should be f o l l  owed. 

6.3 Laboratory  subsampling o f  t h e  sample should be performed on a w e l l -  
mixed sampl e  o f  o i  1  . 
7.0 PROCEDURES 

7.1 Prepara t ion  o f  apparatus. 

7.1.1 Set up t h e  analyzer as per t h e  equipment manufacturer's 
i n s t r u c t i o n s .  

7.1.2 T y p i c a l o p e r a t i n g c o n d i t i o n s :  T y p e l .  

............... Furnace temperature l,OOO°C 
C a r r i e r  gas f low. .  ................ 43 cm3/min 
Oxygen gas f low. .  ................. 160 cm3/min 
Coul ometer 

.......................... Bias.. 250 mV 
Gain.. .......................... 25% 

7.1.3 Typ ica l  opera t ing  cond i t ions :  Type 2. 

............... Furnace temperature H-1 850°C 
H-2 l,OOO°C 

................ C a r r i e r  gas f low. .  250 cm3/min 
.................. Oxygen gas f low.  250 cm3/min 

Coulometer 
..... End p o i n t  p o t e n t i a l  ( b i as ) .  300 mV 

........................ Gain G- 1.. 1.5 coul ombs/A mV 

........................ 6-2.. 3.0 coulombs/A mV 

........................ 6-3.. 3.0 coul  ombs/A mV 
................... ES-1  (range 1) .  25 mV 
................... ES-2 (range 2).  30 mV 

NOTE: Other cond i t i ons  may be appropr ia te.  - Refer t o  t h e  
ins t rumenta t ion  manual. 

7.2 Sample i n t r o d u c t i o n .  

7.2.1 C a r e f u l l y  f i l l  a 10-pL sy r inge  w i t h  2 t o  5 p L  o f  sample 
depending on t h e  expected concent ra t ion  o f  t o t a l  ch lo r i ne .  I n j e c t  t h e  
sample through t h e  septum onto t h e  cool  boat, be ing c e r t a i n  t o  touch t h e  
boat  w i t h  t h e  needle t i p  t o  d i sp lace  t h e  l a s t  d r o p l e t .  

7.2.2 For v iscous samples t h a t  cannot be drawn i n t o  t h e  sy r inge  
b a r r e l ,  a p o s i t i v e  displacement mic rop ipe t  may be used. Here, t h e  2-5 p L  
o f  sample i s  p laced on t h e  boat f rom t h e  mic rop ipe t  through t h e  opened 
ha tch  p o r t .  The same technique as w i t h  t h e  sy r inge  i s  used t o  d isp lace  
t h e  l a s t  d r o p l e t  i n t o  t he  boat.  A t u f t  o f  quar tz  wool i n  t h e  boat can a i d  
i n  complete ly  t r a n s f e r r i n g  t h e  sample from t h e  mic rop ipe t  i n t o  t h e  boat. 
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NOTE: D i l u t i o n  o f  samples t o  reduce v i s c o s i t y  i s  no t  recorlimended due 
t o  u n c e r t a i n t y  about t he  s o l u b i l i t y  o f  t h e  sample and i t s  
c h l o r i n a t e d  cons t i t uen ts .  I f  a  p o s i t i v e  displacement 11iicrop.ipet i s  
no t  ava i l ab le ,  d i l u t i o n  may be attempted t o  enable i n j e c t i o n  o f  
viscous samples. 

7.2.3 A l t e r n a t i v e l y ,  t he  sample boat may be removed from the  
inst rument  and t a r e d  on an a n a l y t i c a l  balance. A sample o f  2-5 mg i s  
accu ra te l y  weighed d i r e c t l y  i n t o  the  boat and t h e  boat and saliipl e  re tu rned 
t o  t h e  i n l e t  o f  t he  instrument.  

NOTE: Sample d i l u t i o n  may be requ i red  t o  ensure t h a t  t h e  t i t r a t i o n  
system i s  no t  overloaded w i t h  ch lo r i ne .  Th is  w i l l  be somewhat 
system dependent and should be determined before  ana lys i s  i s  
attempted. For example, t h e  MCTS-20 can t i t r a t e  up t o  10,000 ng 
c h l o r i n e  i n  a  s i n g l e  i n j e c t i o n  o r  weighed sample, w h i l e  t h e  DX-20B 
has an upper 1  i m i  t o f  50,000 ng ch lo r i ne .  For 2  t o  5  p L  sample 
s izes,  these correspond t o  nominal concent ra t ions  i n  t h e  sample o f  
800 t o  2,000 pg/g and 4,000 t o  10,000 pg/g, r e s p e c t i v e l y .  I f  t h e  
system i s  overloaded, especi a1 l y  w i t h  i no rgan ic  c h l o r i d e ,  res idua l  
c h l o r i d e  may p e r s i s t  i n  t h e  system and a f f e c t  r e s u l t s  o f  subsequent 
samples. I n  general,  t h e  ana lys t  should ensure t h a t  t he  base l ine  
r e t u r n s  t o  normal be fore  runn ing  t h e  nex t  sarr~ple. To speed base1 i n e  
recovery, t he  e l e c t r o l y t e  can be dra ined from the  c e l l  and replaced 
w i t h  f r e s h  e l e c t r o l y t e .  

NOTE: To deter~ii.ine t o t a l  ch lo r i ne ,  do no t  e x t r a c t  t h e  sample e i t h e r  
w i t h  reagent water o r  w i t h  an organic so lvent  such as to luene o r  
isooctane. Th is  may lower the  inorgan ic  c h l o r i n e  content  as w e l l  as 
r e s u l t  i n  losses o f  v o l a t i l e  so lvents.  

7.2.4 Fol low the  manufacturer 's recommended procedure f o r  moving 
t h e  sample and boat i n t o  the  conibustion tube. 

7.3 C a l i b r a t i o n  and s tandard iza t ion .  

7.3.1 System recovery - The f r a c t i o n  o f  c h l o r i n e  i n  a  standard 
t h a t  i s  t i t r a t e d  should be v e r i f i e d  every 4  hours by ana lyz ing  the  
standard s o l u t i o n  (Sec. 5.7). System recovery i s  t y p i c a l  l y  85% o r  b e t t e r .  
The p y r o l y s i s  tube should be rep1 aced whenever system recovery drops below 
75%. 

NOTE: The 1,000 pg/g system recovery sample i s  s u i t a b l e  f o r  a l l  - 
systems except t h e  MCTS-20 f o r  which a  100 pg/g sample should be 
used. 

7.3.2 Repeat t he  measurement o f  t h i s  standard a t  l e a s t  t h ree  
t imes. 
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7.3.3 System b lank  - The b lank  should be checked d a i l y  w i t h  
isooctane.  It i s  t y p i c a l l y  l e s s  than 1 pg/g ch lo r i ne .  'The system b lank  
should be sub t rac ted  from both samples and standards. 

7.4 Ca l cu la t i ons .  

7.4.1 For systems t h a t  read d i r e c t l y  i n  mass u n i t s  o f  ch lo r i de ,  
t h e  f o l  1 owing equat ions apply: 

D i  sp l  ay, Chlor ine,  pg/g (wt/wt)  = - I3 
V s )  (Ds) ( R U  

Di sp l  ay, Chlor ine,  pg/g (wt/wt) = - I3 

where: 

D i  sp l  ay = I n teg ra ted  va lue i n  nanograms (when t h e  i n teg ra ted  values are 
d isp layed i n  micrograms, they must be mu1 t i p 1  i e d  by 10') 
Display, = b lank  measurement Display, = sample measurement 

V = Volume o f  sample i n j e c t e d  i n  m i c r o l i t e r s  
V, = b lank  volume V, = sample volume 

D = Dens i ty  o f  sample, grams per  cubic  cent imeters 
D, = b lank  d e n s i t y  Ds = sample dens i t y  

R F = Recovery f a c t o r  = r a t i o  o f  c h l o r i n e  = Found - Blank 
determined i n  standard minus t h e  system Known 
blank, d i v i d e d  by known standard con ten t  

B = System blank, pg/g c h l o r i n e  

M = Mass o f  sample, mg 

7.4.2 Other systems i n t e r n a l l y  compensate f o r  recovery f ac to r ,  
volume, dens i ty ,  o r  mass and blank, and thus read ou t  d i r e c t l y  i n  p a r t s  
per  m i l l i o n  c h l o r i n e  u n i t s .  Refer t o  ins t rumenta t ion  manual. 

8.0 QUALITY CONTROL 

8.1 Refer  t o  Chapter One f o r  s p e c i f i c  qua1 i t y  con t ro l  procedures. 

8.2 Each sample should be analyzed twice.  I f  t h e  r e s u l t s  do no t  agree 
t o  w i t h i n  lo%, expressed as t h e  r e l a t i v e  percent d i f f e r e n c e  o f  t h e  r e s u l t s ,  
repeat  t h e  ana lys is .  

8.3 Analyze m a t r i x  sp ike  and ma t r i x  sp ike  dupl i c a t e s  - sp ike  samples w i t h  
a c h l o r i n a t e d  organic  a t  a l e v e l  o f  t o t a l  c h l o r i n e  commensurate w i t h  t he  l e v e l s  
be ing determined. The sp i ke  recovery should be repor ted  and should be between 
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80 and 120% o f  t h e  expected value. Any sample suspected o f  con ta in ing  >25% water  
should a l so  be spiked w i t h  organic  ch lo r i ne .  

9.0 METHOD PERFORMANCE 

9.1 These da ta  a re  based on 66 da ta  p o i n t s  obta ined by 10 1 abo ra to r i es  
who each analyzed f o u r  used crankcase o i l s  and th ree  f u e l  o i l  b lends w i t h  
crankcase i n  d u p l i c a t e .  A da ta  p o i n t  represents one dupl i c a t e  a n a l y s i s  o f  a  
sample. One l a b o r a t o r y  and f o u r  a d d i t i o n a l  da ta  p o i n t s  were determined t o  be 
out1 i e r s  and are  n o t  inc luded i n  these r e s u l t s .  

9.2 Prec is ion .  'The p r e c i s i o n  o f  t h e  method . as determined by the  
s t a t i s t i c a l  examinat ion o f  i n t e r 1  aboratory t e s t  r e s u l t s  i s  as f o l l o w s :  

R e p e a t a b i l i t v  - The d i f f e r e n c e  between successive r e s u l t s  ob ta ined by t h e  
same opera tor  w i t h  t h e  same apparatus under constant  ope ra t i ng  cond i t i ons  on 
i d e n t i c a l  t e s t  m a t e r i a l  would exceed, i n  t h e  l ong  run, i n  t h e  normal and c o r r e c t  
opera t ion  o f  t h e  t e s t  method the  f o l l o w i n g  values o n l y  i n  1 case i n  20 (see Table 
1):  

Repeatability = 0.137 x* 

*where x  i s  t h e  average o f  two r e s u l t s  i n  pg/g. 

Reproduci b i  1   it.^ - The d i f f e r e n c e  between two s i n g l e  and independent 
r e s u l t s  obta ined by d i f f e r e n t  operators working i n  d i f f e r e n t  l a b o r a t o r i e s  
on i d e n t i c a l  t e s t  ma te r i a l  would exceed, i n  t he  l ong  run, t h e  f o l l o w i n g  
values on l y  i n  1 case i n  20: 

Reproducibility = 0.455 x* 

*where x  i s  t h e  average value o f  two r e s u l t s  i n  pg/g. 

9.3 Bias. The b ias  o f  t h i s  t e s t  method v a r i e s  w i t h  concent ra t ion ,  as 
shown i n  Table 2: 

B ias = Amount found - Amount expected 
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TABLE 1. 
REPEATABILITY AND REPRODUCIBILITY FOR CHLORINE I N  

USED OILS BY MICROCOULOMETRIC TITRATION 

Average va l  ue 
f l u 9  

Repeatabi l i ty, 
~ 9 / 9  

Reproduc i b i  1 i ty , 
fl!3/9 

TABLE 2. 
RECOVERY AND BIAS DATA FOR CHLORINE I N  USED OILS 

BY MICROCOULOMETRIC TITRATION 

Amount Amount 
expected, found Bias, 

flg/g fls/s flg/9 
Percent 

b i as  
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METHOD 9076 
TEST METHOD FOR TOTAL CHLORINE I N  NEW AND USED PETROLEUM 

PRODUCTS BY OXIDATIVE  COMBUSTION AND MICROCOULOMETRY 
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METHOD 9077 

1.0 SCOPE AND APPLICATION 

1.1 The method may be used t o  determine i f  a  new o r  used petroleum 
product meets o r  exceeds requirements f o r  t o t a l  ha1 ogen measured as chlor ide.  
An ana lys is  o f  t he  c h l o r i n e  content o f  petroleum products i s  o f t e n  required p r i o r  
t o  t h e i r  use as a  f u e l .  The method i s  s p e c i f i c a l l y  designed f o r  used o i l s  
p e r m i t t i n g  ons i te  t e s t i n g  a t  remote l oca t ions  by nontechnical personnel t o  avoid 
the  delays f o r  1  aboratory tes t i ng .  

1.2 I n  these f i e l d  t e s t  methods, the e n t i r e  ana ly t i ca l  sequence, 
i n c l  udi  ng sampl i ng , sampl e  pretreatment, chemical react ions,  ex t rac t ion ,  and 
q u a n t i f i c a t i o n ,  are combined i n  a  sing1 e  k i t  using predi  spensed and encapsulated 
reagents. The o v e r a l l  ob jec t i ve  i s  t o  provide a  simple, easy t o  use procedure, 
p e r m i t t i n g  nontechnical personnel t o  perform a  t e s t  w i t h  ana ly t i ca l  accuracy 
outs ide o f  a  l abo ra to ry  environment i n  under 10 minutes. One of the k i t s  i s  
preset  a t  1,000 pg/g t o t a l  ch lo r ine  t o  meet regu la tory  requirements f o r  used 
o i l s .  The o the r  k i t s  provide q u a n t i t a t i v e  r e s u l t s  over a  range o f  750 t o  
7,000 pg/g and 300 t o  4,000 pg/g. 

2.0 SUMMARY OF METHOD 

2.1 The o i l  sample (around 0.4 g  by volume) i s  dispersed i n  a  solvent 
and reacted w i t h  a  mix ture  o f  m e t a l l i c  sodium catalyzed w i t h  naphthalene and 
diglyme a t  ambient temperature. This process converts a1 1  organic ha1 ogens t o  
t h e i r  respect ive  sodium ha1 ides. A l l  ha1 ides i n  the  t rea ted mixture, inc lud ing 
those present p r i o r  t o  the  react ion,  are then extracted i n t o  an aqueous buf fe r ,  
which i s  then t i t r a t e d  w i t h  mercuric n i t r a t e  using diphenyl carbazone as the 
i nd i ca to r .  The end p o i n t  o f  t he  t i t r a t i o n  i s  the  formation o f  the  b l u e - v i o l e t  
mercury d i  phenyl carbazone complex. Bromide and iod ide are t i  t r a t e d  and reported 
as ch lo r ide .  

2.2 Reagent q u a n t i t i e s  are preset  i n  the  f i x e d  end p o i n t  k i t  (Method 
A) so t h a t  the  c o l o r  o f  t he  s o l u t i o n  a t  the end o f  the  t i t r a t i o n  ind ica tes  
whether the  sample i s  above 1,000 pg/g ch lo r ine  (yel low) o r  below 1,000 pg/g 
c h l o r i n e  (b lue) .  

2.3 The f i r s t  q u a n t i t a t i v e  k i t  (Method B) involves a  reverse t i t r a t i o n  
o f  a  f i x e d  volume o f  mercuric n i t r a t e  w i t h  the extracted sample such t h a t  the  end 
p o i n t  i s  denoted by a  change from blue t o  yel low i n  the  t i t r a t i o n  vessel over the 
range o f  t he  k i t  (750 t o  7,000 pg/g). The f i n a l  ca lcu l  a\ion i s based on the 
assumption t h a t  the  o i l  has a  s p e c i f i c  g r a v i t y  o f  0.9 g/cm . 

2.4 The second q u a n t i t a t i v e  k i t  (Method C) involves a  t i t r a t i o n  o f  the 
ex t rac ted sample w i t h  mercuric n i t r a t e  by means o f  a  1-mL microburette such t h a t  
t he  end p o i n t  i s  denoted by a change from pale ye l low t o  r e d - v i o l e t  over the 
range o f  the  k i t  (300 t o  4,000 pg/g). The concentrat ion o f  ch lo r ine  i n  the  
o r i g i n a l  o i l  i s  then read from a scale on the microburette. 
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NOTE: Warning- -A1 1 reagents are encapsul ated o r  conta ined w i t h i n  
ampoules. S t r i c t  adherence t o  the  opera t iona l  procedures i n c l  uded 
w i t h  t h e  k i t s  as we l l  as accepted sa fe ty  procedures ( s a f e t y  glasses 
and gloves) should be observed. 

NOTE: Warning--When crushing the  g lass  ampaul es, press f i r m l y  i n  
t h e  center  o f  t h e  ampoule once. Never attempt t o  recrush broken 
g lass  because t h e  g lass  may come through t h e  p l a s t i c  and c u t  
f i n g e r s .  

NOTE: Warning--In case o f  acc identa l  breakage onto s k i n  o r  
c l o t h i n g ,  wash w i t h  l a r g e  amounts o f  water. A l l  t h e  ampoules are  
poisonous and should n o t  be taken i n t e r n a l l y .  

NOTE: Warning--The gray ampoules con ta in  metal 1 i c  sodium. Metal 1 i c  
sodium i s  a flammable wa te r - reac t i ve  s o l i d .  

NOTE: Warning--Do n o t  sh ip  k i t s  on passenger a i r c r a f t .  Dispose o f  
used k i t s  p roper ly .  

NOTE: Caution--When t h e  sodium ampoule i n  e i t h e r  k i t  i s  crushed, 
o i l s  t h a t  con ta in  more than 25% water w i l l  cause t h e  sample t o  t u r n  
c l e a r  t o  l i g h t  gray. Under these circumstances, t h e  r e s u l t s  may 
be b iased excessively  low and should be disregarded. 

3.0 INTERFERENCES 

3.1 Free water, as a second phase, should be removed. However, t h i s  
second phase can be analyzed separate ly  f o r  c h l o r i d e  content  i f  desi red.  
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METHOD A 

FIXED END POINT TEST KIT METHOD 

4. OA APPARATUS AND MATERIALS 

4.1A The CLOR-D-TECT 1000~  i s  a complete se l f -conta ined k i t .  It 
inc ludes:  a sampling tube t o  withdraw a f i x e d  sample volume f o r  analys is ;  a 
polyethy lene t e s t  tube #1  i n t o  which the sample i s  introduced f o r  d i l u t i o n  and 
r e a c t i o n  w i t h  metal1 i c  sodium; and a polyethylene tube #2 conta in ing  a buf fered 
aqueous ex t rac tan t ,  t he  mercuric n i t r a t e  t i t r a n t ,  and diphenyl carbarone 
i n d i c a t o r .  Inc luded are i n s t r u c t i o n s  t o  conduct the t e s t  and a c o l o r  char t  t o  
a i d  i n  determin ing the  end po in t .  

5. OA REAGENTS 

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

5.2A A l l  necessary reagents are contained w i t h i n  the  k i t .  

5.3A The k i t  should be examined upon opening t o  see t h a t  a l l  o f  the  
components are  present and t h a t  a l l  the  ampoules (4) are i n  p lace and not  
leak ing .  The l i q u i d  i n  Tube #2 (yel low cap) should be approximately 1/2 i n .  
above the  5-mL l i n e  and the  tube should no t  be leaking.  The ampoules are not  
supposed t o  be completely f u l l .  

6. OA SAMPLE COLLECTION, PRESERVATION, AND HANDLING 

6.1A A l l  samples must be c o l l e c t e d  using a sampling p lan t h a t  addresses 
the  considerat ions discussed i n  Chapter Nine. 

6.2A Because the  c o l l e c t e d  sample w i l l  be analyzed f o r  t o t a l  halogens, 
i t  should be kept headspace f r e e  and re f r i ge ra ted  p r i o r  t o  preparat ion and 
ana lys is  t o  minimize vol a t i  1 i za t ion  1 osses o f  organic ha1 ogens. Because waste 
o i l s  may conta in  t o x i c  and/or carcinogenic substances, appropriate f i e l d  and 
1 aboratory safety procedures should be f o l l  owed. 

7. OA PROCEDURE 

7.1A Preparat ion. Open analys is  carton, remove contents, mount p l a s t i c  
t e s t  tubes i n  t h e  provided holder.  Remove syr inge and g lass sampling c a p i l l a r y  
from f o i l  pouch. 

- - - - - - - 

' ~ v a i l  ab le  from Dexsi l  Corporation, One Hamden Park Drive, Hamden, CT 06517. 
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NOTE: Perform the  t e s t  i n  a warm, d r y  area w i t h  adequate 1 i g h t .  
I n  c o l d  weather, a t r u c k  cab i s  s u f f i c i e n t .  I f  a warm area i s  no t  
ava i l ab le ,  Step 7.3A should be performed w h i l e  warming Tube # 1  i n  
palm o f  hand. 

7.2A Sample . in t roduct ion.  Remove wh i te  cap from Tube # l .  Using the  
p l a s t i c  syr inge,  s low ly  draw the  o i l  up the  c a p i l l a r y  tube u n t i l  i t  reaches the  
f l e x i b l e  adapter tube. Wipe excess o i l  from the  tube w i t h  the  prov ided t i ssue ,  
keeping c a p i l l a r y  v e r t i c a l .  P o s i t i o n  c a p i l l a r y  tube i n t o  Tube #1, and detach 
adapter tubing,  a l l ow ing  c a p i l l a r y  t o  drop t o  the  bottom o f  t h e  tube. Replace 
wh i te  cap on tube. Crush the  c a p i l l a r y  by squeezing the  t e s t  tube several  t imes, 
being c a r e f u l  n o t  t o  break the  g lass  reagent ampoules. 

7.3A Reaction. Break the  1 ower ( co lo r l ess )  capsule con ta in ing  t h e  c l e a r  
d i l u e n t  so lvent  by squeezing the  s ides o f  t he  t e s t  tube. Mix thoroughly by 
shaking the  tube v i g o r o ~ ~ s l y  f o r  30 seconds. Crush t h e  upper grey ampoule 
conta in ing  m e t a l l i c  sodium, again by squeezing the  s ides o f  t he  t e s t  tube. Shake 
v i g o r o ~ ~ s l y  f o r  20 seconds. Al low r e a c t i o n  t o  proceed f o r  60 seconds, shaking 
i n t e r m i t t e n t l y  several t imes w h i l e  t i m i n g  w i t h  a watch. 

NOTE: Caution--Always crush the  c l e a r  arr~poule i n  each tube f i r s t .  
Otherwise, s top the  t e s t  and s t a r t  over us ing another complete k i t .  
Fa1 se (low) r e s u l t s  may occur and a l l ow  a contaminated sample t o  
pass w i thou t  de tec t i on  i f  c l e a r  ampoule i s  n o t  crushed f i r s t .  

7.4A Ex t rac t i on .  Remove caps from both tubes. Pour t h e  c l e a r  bu f fe red  
e x t r a c t i o n  s o l u t i o n  from Tube # 2  i n t o  Tube # l .  Replace t h e  wh i te  cap on Tube # I ,  
and shake v igo rous l y  f o r  10 seconds. Vent tube by p a r t i a l l y  unscrewing the  
dispenser cap. Close cap securely,  and shake f o r  an a d d i t i o n a l  10 seconds. Vent 
again, t i g h t e n  cap, and stand tube upside down on wh i te  cap. A l low phases t o  
separate f o r  2 minutes. 

7.5A Ana lys is .  Put f i l t r a t i o n  funnel i n t o  Tube #2. P o s i t i o n  Tube # 1  
over funnel and open nozzle on dispenser cap. Squeeze the  s ides o f  Tube #1 t o  
dispense t h e  c l e a r  aqueous lower phase through the  f i l t e r  i n t o  Tube #2 t o  t h e  
5 mL l i n e  on Tube #2. Remove the  f i l t e r  funnel. Replace t h e  ye l l ow  cap on Tube 
#2 and c lose  the  nozzle on the  dispenser cap. Break the  c o l o r l e s s  1 ower capsule 
conta in ing  mercur ic  n i t r a t e  s o l u t i o n  by squeezing t h e  s ides o f  t h e  tube, and 
shake f o r  10 seconds. Then break the  upper co lo red ampoule con ta in ing  the  
diphenylcarbazone i n d i c a t o r ,  and shake f o r  10 seconds. Observe c o l o r  
immediately. 

7.6A I n t e r p r e t a t i o n  o f  r e s u l t s  

7.6.1A Because a1 1 reagent l e v e l s  are preset ,  c a l c u l a t i o n s  are n o t  
requ i red .  A b lue  s o l u t i o n  i n  Tube #2 i nd i ca tes  a c h l o r i n e  content  i n  t h e  
o r i g i n a l  o i l  o f  l e s s  than 1,000 pg/g, and a ye l l ow  c o l o r  i n d i c a t e s  t h a t  
t he  c h l o r i n e  concent ra t ion  i s  g rea ter  than 1,000 pg/g. Refer t o  t h e  c o l o r  
c h a r t  enclosed w i t h  t h e  k i t  i n  i n t e r p r e t i n g  the  t i t r a t i o n  end p o i n t .  

7.6.2A Report the  r e s u l t s  as < o r  > 1,000 pg/g c h l o r i n e  i n  t h e  o i l  
sampl e. 
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8. OA QUALITY CONTROL 

8.1A Refer t o  Chapter One for  specific qua1 i t y  control procedures. 

8.2A Each sample should be tested two times. I f  the resul ts  do not 
agree, then a thi rd  t e s t  must be performed. Report the resu l t s  of the two that  
agree. 

9.  OA METHOD PERFORMANCE 

9.1A No formal statement i s  made about e i ther  the precision or bias of 
the  overall t e s t  k i t  method for  determining chlorine i n  used o i l  because the 
resu l t  merely s t a t e s  whether there i s  conformance t o  the c r i t e r i a  for  success 
specified in the procedure, (&, a blue o r  yellow color in the final  solution). 
In a coll  aborative study, eight 1 aboratories analyzed four used crankcase o i l s  
and three fuel o i l  blends with crankcase i n  duplicate using the t e s t  k i t .  Of the 
resul t ing 56 data points, 3 resulted in incorrect c lass i f icat ion of the o i l ' s  
chlorine content (Table 1) .  A data point represents one duplicate analysis of 
a sample. There were no disagreements within a laboratory on any duplicate 
determinations. 
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TABLE 1. 
PRECISION AND BIAS INFORMATION FOR METHOD A- 

FIXED END POINT TEST KIT METHOD 

Expected Percent aqreementb 
concentration, Expected r e s u l t s ,  Percent 

ILg/g IL9/9 correcta Within Between 

aPercent correct - -percent  c o r r e c t l y  i d e n t i f i e d  as above o r  be1 ow 
1,000 pg/g 

b ~ e r c e n t  agreement--percent agreement w i t h i n  o r  between l a b o r a t o r i e s .  

F 
Ik 
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START Q - 
7  1 A  Open t e s t  k i t  

I 

7 . 2 A  Draw o i l  i n t o  
c a p i l l a r y  t u b e :  

remove e x c e s s  o i l ;  
d r o p  c a p i l l a r y  t u b e  

i n t o  Tube C1 a n d  
c a p  Tube # I ;  crumh 

c a p i l l a r y  t u b e  

7 . 3 A  Break  
color lemm capmule ;  

mix ;  erumh grmy 
capmule :  mix ;  a l l o w  
r e a c t i o n  t o  p r o c e e d  

f o r  60 mec. 

7 . 4 A  Pour  Tube I 2  
m o l u t i o n  i n t o  Tube 

C l ;  m i l ;  v e n t ;  
a l l o w  phaaem t o  

s e p a r a t e  

7 . 5 1  F i l t e r  aqueoua  
lower  p h a s e  i n  Tube 
I1 i n t o  Tube I2; 

remove f i l t e r  
f u n n e l ;  b r e a k  

color lemm c a p a u l e :  
mix; b r e a k  uppe r  
c o l o r e d  capmule ;  

r i a ;  obwmrve c o l o r  

METHOD 9077, METHOD A 
FIXED END POINT TEST K I T  METHOD 

7 . 6 . 1  C h l o r i n e  
con tmnt  i s  > 1000 s o l u t i o n  i n  r 

u 9 / 9  
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c o n t e n t  i a  < 1000 

u9 /9  

I I 

c 

I 

7 . 6 . 2  Rmport 
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METHOD B 

4. OB APPARATUS AND MATERIALS 

4.1B ~ u a n t i ~ l o r ~  k i t  components (see Figure 1). 

4.1.1B P l a s t i c  reac t ion  b o t t l e :  1 oz, w i t h  f l i p - t o p  dropper cap 
and a  crushable g lass ampoule conta in ing sodium. 

4.1.2B P l a s t i c  b u f f e r  b o t t l e :  contains 9.5 mL o f  aqueous b u f f e r  
so lu t i on .  

4.1.3B T i t r a t i o n  v i a l  : contains b u f f e r  b o t t l e  and i n d i c a t o r -  
impregnated paper. 

4.1.4B Glass v i a l :  contains 2.0 mL o f  solvents. 

4.1.5B Micropipet  and plunger, 0.25 mL. 

4.1.68 Act iva ted carbon f i l t e r i n g  column. 

4.1.7B T i t r e t  and valve assembly. 

4.2B The reagents needed f o r  the  t e s t  are packaged i n  disposable 
containers . 

4.38 The procedure u t i l i z e s  a  T i t r e t .  ~ i t r e t s '  a re  hand-held, 
disposable c e l l s  f o r  t i t r i m e t r i c  analys is.  A  T i t r e t  i s  an evacuated glass 
ampoule (13 mm diameter) t h a t  contains an exact amount o f  a  standardized 1  i q u i d  
t i t ran t ,  A  f l e x i b l e  valve assembly i s  attached t o  the  t i p  o f  t h e  ampoule. 
T i t r e t s  employ t h e  p r i n c i p l e  o f  reverse t i t r a t i o n ;  t h a t  i s ,  small doses o f  
sample are added t o  the  t i t r a n t  t o  the  appearance o f  the  end p o i n t  co lo r .  The 
c o l o r  change ind ica tes  t h a t  the  equivalency p o i n t  has been reached. The f l o w  o f  
the  sample i n t o  the  T i t r e t  may be con t ro l l ed  by using an accessory c a l l e d  a  
T i t r e t t o P  . 
5. OB REAGENTS 

5.1B The crushable g lass an~poule, which i s  i n s i d e  the  reac t ion  b o t t l e ,  
contains 85 mg o f  m e t a l l i c  sodium i n  a  l i g h t  o i l  d ispers ion.  

5.28 The b u f f e r  b o t t l e  contains 0.44 g  o f  NaH2P0, 2H20 and 0.32 mL o f  
HNO, i n  d i s t i l l e d  water. 

5.30 The glass v i a l  contains 770 mg Stoddard Solvent (CAS No. 8052- 
41-3), 260 mg toluene, 260 mg bu ty l  ether, 260 mg diglyme, 130 mg naphthalene, 
and 70 mg demu ls i f i e r .  

'@anti - ~ h l o r  K i t ,  ~ i t r e t s ' ,  and T i  t r e t t o P  are manufactured by Chemetrics, 
Inc., Calverton, VA 22016. U.S. Patent No. 4,332,769. 
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5.4B The T i t r e t  contains 1.12 mg mercuric n i t r a t e  i n  d i s t i l l e d  water. 

5.5B The i n d i c a t o r -  impregnated paper contains approximately 0.3 mg of 
d i phenyl carbazone and 0.2 mg o f  b r i  1 1 i ant  ye1 1 ow. 

6. OB SAMPLE COLLECTION, PRESERVATION, AND HANDLING 

See Sect ion 6.OA o f  Method A. 

7. 06 PROCEDURE 

7.1B Shake the  g lass v i a l  and pour i t s  contents i n t o  the reac t ion  
b o t t l e .  

7.26 F i l l  t he  micropipet  w i t h  a well-shaken o i l  sample by p u l l i n g  the  
plunger u n t i l  i t s  t op  edge i s  even w i t h  t h e  top  edge o f  t he  micropipet.  Wipe o f f  
t h e  excess o i l  and t r a n s f e r  the  sample i n t o  the  reac t i on  b o t t l e  (see Figure 2.1). 

7.36 Gently squeeze most of t he  a i r  out  o f  t he  reac t ion  b o t t l e  (see 
Figure 2.2). Cap the  b o t t l e  securely, and shake v igorously f o r  30 seconds. 

7.4B Crush t h e  sodium ampoule by pressing against t h e  outs ide wa l l  o f  
t h e  r e a c t i o n  b o t t l e  (see Figure 2.3). 

CAUTION: Samples conta in ing a h igh percentage o f  water w i l l  
generate heat and gas, causing the  reac t i on  b o t t l e  wa l l s  t o  
expand. To re lease the  gas, b r i e f l y  loosen the  cap. 

7.58 Shake t h e  reac t i on  b o t t l e  v igorously f o r  30 seconds. 

7.68 Wait 1 minute. Shake the  reac t i on  b o t t l e  occasional ly  dur ing t h i s  
t ime. 

7.7B Remove the  b u f f e r  b o t t l e  from the  t i t r a t i o n  v i a l ,  and s lowly pour 
i t s  contents i n t o  the  reac t i on  b o t t l e  (see Figure 2.4). 

7.8B Cap the reac t i on  b o t t l e  and shake gen t l y  f o r  a few seconds. As 
soon as t h e  foam subsides, re lease the  gas by loosening the  cap. Tighten the  
cap, and shake v igorous ly  f o r  30 seconds. As before, release any gas t h a t  has 
formed, then t u r n  the  reac t i on  b o t t l e  u ~ s i d e  down (see Figure 2.5). 

7.9B Wait 1 minute. 

7.108 While ho ld ing  t h e f i l t e r i n g c o l u m n  i n a v e r t i c a l  posi t ion,  remove 
the  plug. Gently tap  the  column t o  s e t t l e  the  carbon p a r t i c l e s .  

7.116 Keeping t h e  reac t i on  b o t t l e  upside down, i n s e r t  the  f l i p  top i n t o  
the  end o f  t h e  f i l t e r i n g  column and p o s i t i o n  the  column over the  t i t r a t i o n  v i a l  
(see Figure 2.6). Slowly squeeze the  lower aqueous laye r  out  o f  t he  reac t ion  
b o t t l e  and i n t o  t h e  f i l t e r i n g  column. Keep squeezing u n t i l  t he  f i r s t  drop o f  o i l  
i s  squeezed out .  
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NOTE: Caution--The aqueous 1  ayer should f l o w  through t h e  f i 1 t e r i n g  
column i n t o  t h e  t i t r a t i o n  v i a l  i n  about 1 minute. I n  r a r e  cases, 
i t  may be necessary t o  g e n t l y  t a p  t h e  column t o  beg in  t h e  f low.  
The i n d i c a t o r  paper should remain i n  t h e  t i t r a t i o n  v i a l .  

7.12B Cap t h e  t i t r a t i o n  v i a l  and shake i t  v igo rous l y  f o r  10 seconds. 

7.13B S l i d e t h e f l e x i b l e e n d o f t h e v a l v e a s s e m b l y o v e r t h e t a p e r e d t i p  
o f  t h e  T i t r e t  so t h a t  i t  f i t s  snugly (see F igure  3.1). 

7.14B L i f t  (see F igure  3.2) t h e  c o n t r o l  bar  and i n s e r t  t h e  assembled 
T i t r e t  i n t o  t h e  T i t r e t t o P  . 

7.15B Hold t h e  T i t r e t t o P  w i t h  t h e  sample p ipe  i n  t h e  sample, and press 
t h e  c o n t r o l  bar  t o  snap t h e  pre-scored t i p  o f  t h e  T i t r e t  (see F igu re  3.3). 

NOTE: Caut i  on--Because t h e  T i  t r e t  i s  sealed under vacuum, 'the 
f l u i d  i n s i d e  may be a g i t a t e d  when t h e  t i p  snaps. 

7.16B With t h e  t i p  o f  t h e  sample p ipe  i n  t h e  sample, b r i e f l y  press t h e  
c o n t r o l  ba r  t o  p u l l  i n  a  SMALL amount o f  sample (see F igu re  3.3). The. con ten ts  
o f  t h e  T i  t r e t  w i  11 t u r n  purp le .  

CAUTION: Dur ing t h e  t i t r a t i o n ,  t h e r e  w i l l  be some undissolved 
powder i n s i d e  t h e  T i t r e t .  Th i s  does n o t  i n t e r f e r e  w i t h  t h e  
accuracv o f  t h e  t e s t .  

7.178 Wait  30 seconds. 

7.18B Gent ly  press t h e  c o n t r o l  ba r  again t o  a l l o w  another SMALL amount 
o f  t h e  sample t o  be drawn i n t o  t h e  T i t r e t .  

CAUTION: Do n o t  press t h e  c o n t r o l  ba r  unless t h e  san~ple p i p e  i s  
immersed i n  t h e  sample. Th is  prevents a i r  f rom being drawn i n t o  
t h e  T i t r e t .  

7.19B A f t e r  each add i t i on ,  r o c k  the  e n t i r e  assembly t o  mix t h e  conten ts  
o f  t h e  T i t r e t .  Watch f o r  a  c o l o r  change from pu rp le  t o  very  p a l e  ye l low.  

7.20B Repeat Steps 7.18B and 7.19B u n t i l  t h e  c o l o r  change occurs. 

CAUTION: The end p o i n t  c o l o r  change ( f rom p u r p l e  t o  p a l e  ye l l ow)  
a c t u a l l y  goes through an in te rmed ia te  gray c o l o r .  Dur ing  t h i s  
in te rmed ia te  stage, e x t r a  cau t i on  should be taken t o  b r i n g  i n  
SMALL amounts o f  sample and t o  mix t h e  T i t r e t  con ten ts  w e l l .  

7.2:lB When t h e  c o l o r  o f  t h e  1  i q u i d  i n  t he  T i t r e t  changes t o  PALE YELLOW, 
remove t h e  T i t r e t  f rom the  T i t r e t t o P  . Hold t h e  T i t r e t  i n  a  v e r t i c a l  p o s i t i o n  
and c a r e f u l l y  read t h e  t e s t  r e s u l t  on t h e  sca le  oppos i te  t he  l i q u i d  l e v e l .  

7.228 Cal c u l  a t  i on 

7.22.1B To o b t a i n  r e s u l t s  i n  micrograms pe r  gram t o t a l  ch lo r i ne ,  
m u l t i p l y  sca le  u n i t s  on t h e  T i t r e t  by 1.3 and then sub t rac t  200. 

Rev is ion  0  
Septerrber 1994 



8.OB QUALITY CONTROL 

8.1B Refer t o  Chapter One f o r  s p e c i f i c  q u a l i t y  cont ro l  procedures. 

8.2B E a c h s a m p l e s h o u l d b e t e s t e d t w o t i m e s .  I f t h e r e s u l t s d o n o t  
agree t o  w i t h i n  lo%, expressed as the  r e l a t i v e  percent d i f f e rence  o f  the resu l ts ,  
a  t h i r d  t e s t  must be performed. Report the  r e s u l t s  o f  the  two t h a t  agree. 

9.OB METHOD PERFORMANCE 

9.1B These data are based on 49 data po in ts  obtained by seven 
labo ra to r ies  who each analyzed f o u r  used crankcase o i l s  and th ree f u e l  o i l  blends 
w i t h  crankcase i n  dup l ica te .  A  data p o i n t  represents one dup l ica te  analys is  o f  
a  sample. There were no o u t l i e r  data po in ts  o r  labora tor ies .  

9.2B Precision. The p rec i s ion  o f  the method as determined by the 
s t a t i s t i c a l  examination o f  i n t e r 1  aboratory t e s t  r e s u l t s  i s  as fo l lows:  

Repeatab i l i t y  - The d i f f e rence  between successive r e s u l t s  obtained 
by the  same operator w i t h  the same apparatus under constant 
operat ing condi t ions on i d e n t i c a l  t e s t  mater ia l  would exceed, i n  
the  long run, i n  the  normal and co r rec t  operat ion o f  the t e s t  
method, the  fo l l ow ing  values only i n  1 case i n  20 (see Table 2) : 

Repeatability = 0.31 x* 

*where x  i s  the  average o f  two r e s u l t s  i n  pg/g. 

Re~roduc i  b i  1  i t v  - The d i f f e rence  between two sing1 e  and 
independent r e s u l t s  obtained by d i f f e r e n t  operators working i n  
d i f f e r e n t  1  aborator ies on i d e n t i c a l  t e s t  mater ia l  would exceed, 
i n  the  long run, the  fo l l ow ing  values on ly  i n  1 case i n  20: 

Reproducibili ty = 0.60 x* 

*where x  i s  the  average value o f  two r e s u l t s  i n  pg/g. 

9.3B Bias. The b ias  o f  t h i s  t e s t  method var ies w i t h  concentration, as 
shown i n  Table 3: 

Bias = Amount found - Amount expected 
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TABLE 2. 
REPEATABILITY AND REPRODUCIBILITY FOR CHLORINE I N  USED 

OILS BY THE QUANTITATIVE END POINT TEST KIT METHOD 

Average va l  ue, 
~ 9 / 9  

Repeatabi 1 i ty ,  Reproduci b i  1 i t y  , 
~.cg/g pg/g 

TABLE 3. 
RECOVERY AND BIAS DATA FOR CHLORINE I N  USED OILS BY THE 

QUANTITATIVE END POINT TEST KIT METHOD 

Amount Amount 
expected, found, Bias, Percent 

~ 9 / 9  r-(!3/!3 pg/g b ias  

a The lower l i m i t  o f  t h e  k i t  i s  750 pg/g. 
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Figure  1 .  Components of CHEMetrics T o t a l  Chlor ine i n  Waste Oil Test  K i t  
(Cat.  No. K2610). 
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F i e  2.1 F i e  22 

Figure 23  

Figure 2.5 

B&r Bottle rpF Q 

F w e  2.4 

A Titration Vial 0 

Figure 2. Reaction-Extraction Procedure. 
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Figure 3.1 
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Figure 3. T i  t r a t  ion Procedure 
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METHOD 9077, METHOD B 
REVERSE TITRATION QUANTITATIVE END POINT TEST K I T  METHOD 

7.80 - 7.90 Shake 
gently; release 

gas; shake; release 
gas; turn bottle 
upside down; wait 

one minute 

7.10 Shake glass 
vial; pour into 
reaction bottle 

7.20 rill 
micropipet wlth 

oil; remove excess 
oil ; transfer 011 

to reaction bottle 

7.160 - 7.200 Pull 
small amount of 

sample into Titrmt; 
mir; wait 30 
seconds; repeat 

process until color 
changes from purplm 

to ~ a l m  yellow 

7 .lo0 Prepare 
filtering column 

1 

7.30 Squeeze alr 
from rmaction 

bottle; cap; mix 

1 

7.48 Crush sodium 
ampoule 

1 

7 1 1 0  Filter lower 
aqumous layer 

through filtering 
column into 

titratron vial 

1 

7.120 Shake vlal 

7.210 When color 
changms to palm 
ymllow, rwmovm 

Titret; record tmst 
result from Tltrmt 

7.228 Calculatm 1 concentration of I 
I chlorrne in ua/a I 

1 

7.130 Assemble 
valve assmmbly ovmr 

Titret 

1 

7.148 Insert Titret 
into Tltrettor 

7 50 - 7 . 6 0  Shake 
rmactlon bottle for 
30 smconds; Walt 

one mlnute 

7 . 7 8  Pour buffer 
into reaction 

bottle 
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METHOD C 

DIRECT TITRATION OUANTITAVE END POINT TEST KIT METHOD 

4.OC APPARATUS AND MATERIALS 

4.1C The CHLOR-D-TECT ~ 4 0 0 0 ~  i s  a complete se l f -conta ined k i t .  It 
inc ludes:  a sampling syr inge t o  withdraw a f i x e d  sample volume f o r  analysis; a 
polyethylene t e s t  tube #1 i n t o  which the  sample i s  introduced f o r  d i l u t i o n  and 
reac t ion  w i t h  m e t a l l i c  sodium; a polyethylene tube #2 conta in ing a buf fered 
aqueous ex t rac tan t  and the diphenylcarbazone ind i ca to r ;  a microburet te conta in ing 
t h e  mercur ic  n i t r a t e  t i t r a n t ;  and a p l a s t i c  f i l t r a t i o n  funnel.  Also included are 
i n s t r u c t i o n s  t o  conduct the  t e s t .  

5. OC REAGENTS 

5.1C A1 1 necessary reagents are contained w i t h i n  the  k i t .  The d i l u e n t  
so lvent  conta in ing  the  ca ta l ys t ,  the metal 1 i c  sodium, and the  diphenylcarbazone 
are separate ly  glass-encapsulated i n  the  precise quant i ty  required f o r  analysis. 
A predispensed volume o f  b u f f e r  i s  contained i n  the second polyethylene tube. 
Mercur ic  n i t r a t e  t i t r a n t  i s  a lso  suppl ied i n  a sealed t i t r a t i o n  buret te.  

5.2C The k i t  should be examined upon opening t o  see t h a t  a l l  o f  t he  
components are present and t h a t  a l l  ampoules (3) are i n  place and not  leaking. 
The 1 i q u i d  i n  Tube #2 (c lea r  cap) should be approximately 1/2 i n .  above the  5-mL 
1 i n e  and the  tube should no t  be leaking.  The ampoules are not  supposed t o  be 
completely f u l l  . 
6. OC SAMPLE COLLECTION, PRESERVATION, AND HANDLING 

6.1C See Sect ion 6.OA o f  Method A. 

7. OC PROCEDURE 

7.1C Preparat ion. Open analys is  carton, remove contents, mount p l a s t i c  
t e s t  tubes i n  the  provided holder. 

NOTE: Perform the t e s t  i n  a warm, d ry  area w i t h  adequate 1 i gh t .  
I n  co ld  weather, a t r u c k  cab i s  s u f f i c i e n t .  I f  a warm area i s  not  
ava i lab le ,  Step 7.3C should be performed whi le  warming Tube #1 i n  
palm o f  hand. 

7.2C Sample in t roduct ion .  Unscrew the whi te dispenser cap from Tube # l .  
S l i d e  the  plunger i n  the  empty syr inge a few times t o  make c e r t a i n  t h a t  i t  s l i des  
e a s i l y .  Place the  top  o f  t he  syr inge i n  the o i l  sample t o  be tested, and p u l l  
back on the  plunger u n t i l  i t  reaches the  stop and cannot be pu l l ed  fu r the r .  
Remove the  syr inge from the sample container, and wipe any excess o i l  from the 
outs ide o f  t he  syr inge w i t h  the  enclosed t issue.  Place the t i p  o f  the  syr inge 
i n  Tube #1, and dispense the  o i l  sample by depressing the plunger. Replace the 
whi te cap on the  tube. 

3 ~ v a i  1 able from Dexsi 1 Corporation, One Hamden Park Drive, Hamden, CT 06517. 
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7.3C Reaction. Break t h e  1  ower ( co lo r l ess )  capsule con ta in ing  t h e  c l e a r  
d i l u e n t  so lvent  by squeezing the  s ides o f  t h e  t e s t  tube. Mix thorough ly  by 
shaking t h e  tube v igo rous l y  f o r  30 seconds. Crush t h e  upper grey ampoule 
con ta in ing  m e t a l l i c  sodium, again by squeezing t h e  s ides o f  t h e  t e s t  tube. Shake 
v igo rous l y  f o r  20 seconds. A l low r e a c t i o n  t o  proceed f o r  60 seconds, shaking 
i n t e r m i t t e n t l y  several t imes wh i l e  t i m i n g  w i t h  a  watch. 

CAUTION: Always crush t h e  c l e a r  ampoule i n  each tube f i r s t .  
Otherwise, s top the  t e s t  and s t a r t  over us ing  another complete k i t .  
Fa1 se (low) r e s u l t s  may occur and a1 low a  contaminated sample t o  
pass w i thout  de tec t i on  i f  c l e a r  ampoule i s  n o t  crushed f i r s t .  

7.4C Ex t rac t i on .  Remove caps from both tubes. Pour t h e  c l e a r  bu f fe red  
e x t r a c t i o n  s o l u t i o n  from Tube #2 i n t o  Tube # l .  Replace t h e  wh i te  cap on Tube #1, 
and shake v igo rous l y  f o r  10 seconds. Vent tube by p a r t i a l l y  unscrewing t h e  
dispenser cap. Close cap securely,  and shake f o r  an a d d i t i o n a l  10 seconds. Vent 
again, t i g h t e n  cap, and stand tube upside down on wh i te  cap. A l low phases t o  
separate f o r  2  minutes. 

NOTE: T i p  Tube #2 t o  an angle o f  on ly  about 45". Th i s  w i l l  prevent 
t h e  ho lder  from s l i d i n g  out .  

7.5C Analys is .  Put f i l t r a t i o n  funnel i n t o T u b e  #2. P o s i t i o n  Tube #1 
over funnel and open nozzle on dispenser cap. Squeeze t h e  s ides o f  Tube #1 t o  
dispense t h e  c l e a r  aqueous lower phase through t h e  f i l t e r  i n t o  Tube #2 t o  t he  5- 
mL l i n e  on Tube #2. Remove t h e  f i l t e r  funnel ,  and c lose  t h e  nozzle on t h e  
dispenser cap. Place t h e  plunger rod  i n  t h e  t i t r a t i o n  b u r e t t e  and press u n t i l  
i t  c l i c k s  i n t o  place. Break o f f  (do n o t  p u l l  o f f )  t h e  t i p  on t h e  t i t r a t i o n  
bure t te .  I n s e r t  t h e  b u r e t t e  i n t o  Tube #2, and t i g h t e n  t h e  cap. Break t h e  
colored ampoule, and shake g e n t l y  f o r  10 seconds. Dispense t i t r a n t  dropwise by 
pushing down on b u r e t t e  rod  i n  small increments. Shake t h e  tube g e n t l y  t o  mix 
t i t r a n t  w i t h  s o l u t i o n  i n  Tube #2 a f t e r  each increment. Continue adding t i t r a n t  
u n t i l  s o l u t i o n  t u r n s  from ye l l ow  t o  r e d - v i o l e t .  An in te rmed ia te  p i n k  c o l o r  may 
develop i n  t h e  so lu t i on ,  bu t  should be disregarded. Continue t i t r a t i n g  u n t i l  a  
t r u e  r e d - v i o l  e t  c o l o r  i s  r e a l  ized. The c h l o r i n e  concent ra t ion  o f  t h e  o r i g i n a l  
o i l  sample i s  read d i r e c t l y  o f f  t h e  t i t r a t i n g  b u r e t t e  a t  t h e  t i p  o f  t h e  b lack  
plunger. Record t h i s  r e s u l t  immediatley as t h e  r e d - v i o l e t  c o l o r  w i l l  fade w i t h  
t ime. 

8.OC QUALITY CONTROL 

8.1C Refer t o  Chapter One fo r  s p e c i f i c  qua1 i t y  c o n t r o l  procedures. 

8.2C Each sample should be tes ted  two times. I f  t h e  r e s u l t s  do no t  
agree t o  w i t h i n  lo%, expressed as t h e  re1  a t i v e  percent d i f f e r e n c e  o f  t h e  r e s u l t s ,  
a  t h i r d  t e s t  must be performed. Report t h e  r e s u l t s  o f  t h e  two t h a t  agree. 

9.OC METHOD PERFORMANCE 

9.1C These data  a re  based on 96 data  po in t s  obtained by 12 l a b o r a t o r i e s  
who each analyzed s i x  used crankcase o i l s  and two f u e l  o i l  blends w i t h  crankcase 
i n  dup l i ca te .  A  data p o i n t  represents one dup l i ca te  ana lys i s  o f  a sample. 
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9.2C Precis ion.  The p rec i s ion  o f  t he  method as determined by the  
s t a t i s t i c a l  examination o f  i n t e r 1  aboratory t e s t  r e s u l t s  i s  as f o l  lows: 

Repea tab i l i t y  - The d i f f e rence  between successive r e s u l t s  obtained 
by the  same operator  w i t h  the  same apparatus under constant 
operat ing cond i t ions  on i d e n t i c a l  t e s t  mater ia l  would exceed, i n  
the  long run, i n  the  normal and co r rec t  operat ion o f  the  t e s t  
method, the  fo l l ow ing  values only i n  1 case i n  20 (see Table 4) : 

Repeatability = 0.175 x* 

*where x  i s  the  average o f  two r e s u l t s  i n  pg/g. 

Reproduci b-i 1  i t y  - The d i f f e rence  between two sing1 e and independent 
r e s u l t s  obtained by d i f f e r e n t  operators working i n  d i f f e r e n t  
l abo ra to r ies  on i d e n t i c a l  t e s t  mater ia l  would exceed, i n  the  long 
run, the  fo l l ow ing  values on ly  i n  1 case i n  20: 

Reproducibility = 0.331 x* 

*where x  i s  the  average value o f  two r e s u l t s  i n  pg/g. 

9.3C Bias. The b ias  o f  t h i s  t e s t  method var ies w i t h  concentration, as 
shown i n  Table 5: 

Bias = Amount found - Amount expected 

10.0 REFERENCE 

1. Gask i l1 ,A. ;  Estes, E.D. ;Hard ison,D.L . ;andMyers ,  L.E. V a l i d a t i o n o f  
Methods f o r  Determining Chlor ine i n  Used O i l s  and O i l  Fuels. Prepared f o r  
U. S. Environmental Pro tec t ion  Agency, O f f i c e  of Sol i d  Waste. EPA Contract 
NO. 68-01-7075, WA 80. Ju l y  1988. 
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TABLE 4. 
REPEATABILITY AND REPRODUCIBILITY FOR CHLORINE I N  USED 

OILS BY THE QUANTITATIVE END POINT TEST KIT  METHOD 

Average v a l  ue, 
P9/9 

Repeatabi 1 i t y  , Reproduci b i  1 i ty, 
P9/9 P9/9 

TABLE 5. 
RECOVERY AND BIAS DATA FOR CHLORINE I N  USED OILS BY THE 

QUANTITATIVE END POINT TEST KIT  METHOD 

Amount Amount 
expected, found, Bias, Percent 

P9/9 P9/9 Pg/g b i a s  
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METHOD 9077, METHOD C 
DIRECT TITRATION QUANTITAVE END POINT TEST K I T  METHOD 
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1 
7 . 5 C  P l a c e  p l u n g a r  

i n  t i t r a t o n  
b u r e t t e ;  p r e a s ;  

b r e a k  o f f .  b u r e t t e  
t i p ;  i n s e r t  b u r e t t e  

i n  Tube i 2 ;  b r e a k  
c o l o r e d  ampou le ;  

shakm 

A 

7 . l C  Open test  k i t  + 

1 

7 2C Draw o a l  r n t o  
s y r i n g e ;  remove 

e ~ c e s s  o i l .  
d i s p e n s e  o i l  i n t o  

Tube  i l  

1 
7 . 3 C  B r e a k  

c o l o r l e s s  c a p s u l e :  
m i x ;  c r u s h  g r e y  

c a p s u l e :  m i x ;  a l l o w  
r e a c t i o n  t o  p r o c e e d  

f o r  60 s e c o n d r  

1 
1- 

7 .  S t  D i s p e n s e  
t r t r a n t ;  s h a k e ;  
r e p e a t  p r o c e s s  
u n t i l  s o l u t i o n  

t u r n *  f rom y e l l o w  
t o  r e d - v i o l e t  

1 

7 5 C  Reco rd  l e v e l  
f r om t i t r a t i n g  

b u r e t t e  

1 
v 

7 . 4 C  Pou r  Tube / 2  
a o l u t i o n  i n t o  Tube 

/ I :  mix: v e n t ;  STOP 
a l l o w  p h a s e s  t o  

n e p a r a  t e  

* 

1 

7 . 5 C  F a l t e r  a q u e o u s  
l o w e r  p h a s e  a n  Tube 
/I r n t o  Tube 1 2 ;  

remove f i l t e r  
f unne  1  





METHOD 9131 

TOTAL COLIFORM: MULTIPLE TUBE FERMENTATION TECHNIQUE 

1.0 SCOPE AND APPLICATION 

1.1 This method i s  used t o  determine the presence o f  a member o f  the 
co l i f o rm  group i n  ground water and surface water. 

1.2 The col i f o rm  group, as analyzed f o r  i n  t h i s  procedure, i s  defined as 
a1 1 aerobic and f acu l t a t i ve  anaerobic, gram-negati ve, non-spore-forming, rod- 
shaped bac te r ia  t h a t  ferment lactose w i t h  gas formation w i t h i n  48 h r  a t  35.C. 

2.0 SUMMARY OF METHOD 

2.1 The mult ip le- tube fermentation technique i s  a three-stage procedure 
i n  which the r e s u l t s  are s t a t i s t i c a l l y  expressed i n  terms o f  the Most Probable 
Number (MPN). These stages -- the presumptive stage, confirmed stage, and 
completed t e s t  -- are b r i e f l y  summarized below. (For the analysis t o  be 
accurate, a f ive- tube t e s t  i s  required.) 

2.1.1 Presumptive Stage: A ser ies o f  l au r y l  t ryptose b ro th  primary 
fermentat ion tubes are inoculated w i t h  graduated quant i t ies  o f  the sample 
t o  be tested. The inoculated tubes are incubated a t  35 + 0.5.C f o r  
24 + 2 hr, a t  which time the tubes are examined f o r  gas f o f i a t i on .  For 
the-tubes i n  which no gas i s  formed, continue incubation and examine f o r  
gas formation a t  the end o f  48 + 3 hr. Formation o f  gas i n  any amount 
w i t h i n  48 - + 3 h r  i s  a pos i t i ve  presumptive tes t .  

2.1.2 Confirmed Stage: The confirmed stage i s  used on a1 1 primary 
fermentat ion tubes showing gas formation during the 24-hr and 48-hr 
periods. Fermentation tubes containing b r i  11 i a n t  green 1 actose b i  1 e 
b ro th  are inoculated w i t h  medium from the tubes showing a pos i t i ve  r e s u l t  
i n  the presumptive tes t .  Inocu la t ion should be performed as soon as 
possib le a f t e r  gas formation occurs. The inoculated tubes are incubated 
f o r  48 + 3 h r  a t  35 + 0.5.C. Formation o f  gas a t  any time i n  the tube 
ind icates a positive-confirmed tes t .  

2.1.3 Completed Test: The completed t e s t  i s  performed on a l l  
samples showing a p o s i t j v e  r e s u l t  i n  the confirmed tes t .  It can also be 
used as a qua1 i t y  cont ro l  measure on 20% o f  a1 1 samples analyzed. One o r  
more p la tes  o f  eosin methylene blue are streaked w i t h  sample t o  be 
analyzed. The streaked p la tes  are incubated f o r  24 + 2 h r  a t  35 + 0.5.C. 
A f t e r  incubation, t r ans fe r  one o r  more typ ica l  c o l o i i  es (nucl eatzd, w i th  
o r  wi thout  m e t a l l i c  sheen) t o  a l au ry l  t ryptose broth  fermentation tube 
and a nu t r i en t  agar slant. The fermentation tubes and agar s lants are 
incubated a t  35 + 0.5.C f o r  24 + 2 hr, o r  f o r  48 + 3 h r  i f  gas i s  not 
produced. From the agar s lants  corresponding t o  the fermentation tubes 
i n which gas formation occurs, gram-stai ned samples are examined 
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microscopical ly .  The formation o f  gas i n  the  fermentat ion tube and the  
presence o f  gram-negative, non-spore-forming, rod-shaped bac te r ia  i n  the 
agar c u l t u r e  may be considered a s a t i s f a c t o r i  l y  compl eted tes t ,  
demonstrating the  p o s i t i v e  presence o f  co l  i form bac te r ia  i n  the analyzed 
sampl e . 
2.2 More de ta i l ed  treatment o f  t h i s  method i s  presented i n  Standard 

Methods f o r  the  Examination o f  Water and Wastewater and i n  ~ i c r o b i m  
Methods f o r  Moni tor inq the  Environment (see References, Section + 10.0 

3.0 INTERFERENCES 

3.1 The d i s t r i b u t i o n  o f  bac te r ia  i n  water i s  i r r egu la r .  Thus, a 
f ive- tube t e s t  i s  required i n  t h i s  method f o r  adequate s t a t i s t i c a l  accuracy. 

3.2 The presence o f  res idua l  ch lo r ine  o r  o ther  halogens can prevent the  
cont inuat ion o f  bac te r i  a1 act ion. To prevent t h i s  occurrence, sodi um 
t h i o s u l f a t e  should be added t o  the s t e r i l e  sample container. 

3.3 Water samples high i n  copper, zinc, o r  o ther  heavy metals can be 
t o x i c  t o  bacter ia.  Chel a t i ng  agents such as ethylenediaminetetraacetic ac id  
(EDTA) should be added on ly  when heavy metals are suspected o f  being present. 

3.4 It i s  important t o  keep i n  mind t h a t  MPN tab les are p robab i l i  t y  
ca lcu la t ions  and inheren t l y  have poor precis ion.  They inc lude a 23% p o s i t i v e  
b i as  t h a t  genera l ly  r e s u l t s  i n  h igh value. The p rec is ion  o f  the  MPN can be 
improved by increasing the number o f  sample por t ions  examined and the number 
o f  samples analyzed from the same sampl i n g  po in t .  

4.0 APPARATUS AND MATERIALS 

4.1 Incubators: 

4.1.1 Incubators must maintain a uni form and constant temperature 
a t  a l l  t imes i n  a l l  areas, t h a t  i s ,  they must no t  vary more than 9.5.C 
i n  the  areas used. Obtain such accuracy by using a water-jacketed o r  
anhydric-type incubator w i t h  t h e m s t a t i c a l  l y  con t ro l  1 ed low-temperature 
e l e c t r i c  heat ing u n i t s  proper ly insu la ted and located i n  o r  adjacent t o  
the wa l l s  o r  f l o o r  o f  the  chamber and preferab ly  equipped w i t h  mechanical 
means of c i r c u l a t i n g  a i r .  I f  a ho t -a i r  type incubator i s  used, humidi ty 
must be maintained a t  75-80%. 

4.1.2 A1 t e rna t i ve l y ,  use special incubat ing rooms we1 1 insu la ted  
and equipped w i t h  proper ly  d i s t r i bu ted  heating u n i t s  and w i t h  forced a i r  
c i r cu l a t i on ,  provided t h a t  they conform t o  desired temperature 1 i m i  t s  and 
r e l a t i v e  humidity. When such rooms are used, record the d a i l y  
temperature range i n  areas where p la tes  o r  tubes are incubated. Provide 
incubators w i t h  open metal w i re  o r  sheet she1 ves so spaced as t o  assure 
temperature un i fo rm i ty  throughout the chamber. Leave a 2.5-cm space 
between wa l l s  and stacks o f  dishes o r  baskets o f  tubes. 
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4.1.3 Maintain an accurate thermometer w i  t h  the bu lb  immersed i n  
l i q u i d  (glycerine, water, o r  mineral o i l )  on each she l f  i n  use w i t h i n  the 
I ncubator and record dai 1 y temperature read1 ngs (preferably morn1 ng and 
afternoon). I t  i s  desirable, i n  addi t ion,  t o  maintain a maximum and 
minimum reg i s te r i ng  thermometer w i t h i n  the incubator on the middle she l f  
t o  record the gross temperature range over a 24-hr period. A t  in terva ls ,  
determi ne temperature va r i  a t ions w i  t h i  n the incubator when f i l l  ed t o  
maximum capaci ty .  I n s t a l  1 a recording thermometer, whenever possible, t o  
ma1 n t a i  n a con t i  nuous and permanent record o f  temperature. Mercury 
thermometers should be graduated i n  0.5'C increments and ca l ib ra ted 
annual l y  agai ns t  an NBS c e r t i  f l e d  thermometer. Dl a1 thermometers should 
be ca l  I brated quarter ly.  

4.1.4 Keep water depth I n  the water bath s u f f i c i e n t  t o  immerse 
tubes t o  upper leve l  o f  media. 

4.2 Hot-a1 r s t e r i  1 I zing ovens: Use hot-ai r s t e r i l  l z i n g  ovens o f  
s u f f i c i  ent s i ze  t o  prevent i n t e rna l  crowding, constructed t o  g ive uni form and 
adequate s t e r l l  i z i n g  temperatures o f  170 +- 10'C and equipped w i th  su i tab le  
thermometers. As an a1 t e r n a t i  vet use a temperature-record1 ng instrument. 

4.3 Autoclaves: 

4.3.1 Use autoclaves o f  s u f f i c i e n t  s i ze  t o  prevent in te rna l  
crowding, constructed t o  provide uniform temperatures w i  t h i n  the chambers 
(up t o  and i n c l  udi ng the s t e r i l  i z a t i o n  temperature o f .  l21'C) ; equipped 
w i t h  an accurate thermometer, the bulb o f  which i s  located proper ly on 
the exhaust l i n e  so as t o  r eg i s te r  minimum temperature w i t h i n  the 
s t e r l l  i z i n g  chambers (temperature-recording instrument i s  optional); 
equipped w i t h  pressure gauge and proper ly adjusted safety valves 
connected d i r e c t l y  w i t h  saturated-steam power 1 lnes o r  d i r e c t l y  t o  a 
su i tab le  special steam generator (do not use steam from a b o i l e r  t reated 
w i t h  amines f o r  corrosion control);  and capable o f  reaching the desired 
temperature w i t h i n  30 min. 

4.3.2 Use o f  a v e r t i c a l  autoclave o r  pressure cooker i s  not  
recommended because o f  d i f f i c u l  t y  i n  ad just ing and maintaining 
s t e r i  1 i z a t i o n  temperature and the potent1 a1 hazard. I f  a pressure cooker 
i s  used i n  emergency o r  special circumstances, equip i t  w i th  an e f f i c i e n t  
pressure gauge and a thermometer, the bulb o f  which i s  2.5 cm above the 
water 'I eve1 . 
4.4 Colony counters: Use Quebec-type colony counter, da rk - f ie ld  model 

preferred,  o r  one prov id ing equivalent magni f i c a t i o n  (1.5 diameters) and 
sa t i s f ac to r y  v i s i b i l  I ty.  

H E u i  ment: Use e l  ectrometric pH meters, accurate t o  a t  'least 0.1 
pH un i ts ,  4 *5  + o r  determining pH values o f  media. See Method 9040 f o r  standardi- 
za t ion  o f  a pH meter. 
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4.6 Balances: Use balances providing a s e n s i t i v i t y  o f  a t  leas t  0.1 g a t  
a load of 150 g, w i th  appropriate weights. Use an analy t ica l  balance having a 
s e n s i t i v i t y  o f  1 mg under a load o f  10 g f o r  weighing small quant i t ies  ( less 
than 2 g) o f  materials. Single-pan rapid-weigh balances are most convenient. 

4.7 Media preparation utensi ls:  Use boros i l i ca te  glass o r  other 
su i tab le noncorrosive equipment such as stainless steel .  Use glassware tha t  
i s  clean and f ree o f  residues, dr ied agar, o r  other fore ign mater ia ls t h a t  may 
contaminate media. 

4.8 Pipets and graduated cy l  i nders: 

4.8.1 Use p ipets  o f  any convenient size, provided t h a t  they de l i ve r  
the required volume accurately and quickly. The e r r o r  of ca l i b ra t i on  f o r  
a given manufacturer's l o t  must not exceed 2.5%. Use p ipets  having 
graduations d i s t i n c t l y  marked and w i th  unbroken t i ps .  Bacter io logical  - 
t rans fe r  pipets o r  pipets conforming t o  the APHA standards given i n  the 
1 atest  e d i t i o n  o f  standard Methods - f o r  the Examination of  airy Products 
may be used. Optimally, protect  the mouth end o f  a l l  p ipe ts  by a cotton 
plug t o  el iminate hazards t o  the worker o r  possible sarr~ple contamination 
by sal iva. 

4.8.2 Use graduated cyl inders meeting ASTM Standards (D-86 and D- 
216) and w i th  accuracy l i m i t s  established by the National Bureau o f  
Standards, where appropriate. 

4.9 Pipet containers: Use boxes o f  aluminum o r  s ta in less steel ,  end 
measurement 5 t o  7.5 cm, cy l i nd r i ca l  o r  rectangular, and length about 40 cm. 
When these are no t  avai 1 abi e, paper wrappings -mays be substituted. To avoid 
excessive charr ing during s t e r i  1 izat ion,  use best-qua1 i t y  sul fate pulp (Kraft)  
paper. Do not use copper o r  copper a1 l oy  cans o r  boxes as p ipe t  containers. 

4.10 D i l u t i o n  bo t t l es  o r  tubes: 

4.10.1 Use bo t t l es  o r  tubes o f  res is tan t  glass, preferably 
borosi 1 i cate g l  ass, closed w i th  g l  ass stoppers o r  screw caps equipped 
w i th  l i n e r s  t h a t  do not produce tox i c  o r  bac te r ios ta t i c  compounds on 
ster-I1 izat ion.  

4.10.2 Do not use cotton plugs as closures. Mark gradation leve ls  
i n d e l i b l y  on side o f  d i l u t i o n  b o t t l e  o r  tube. P las t i c  bo t t l es  o f  
nontoxic mater ia l  and acceptable s ize may be subst i tuted f o r  glass, 
provided t h a t  they can be s t e r i l i z e d  properly. 

4.11 Pe t r i  dishes: Use glass o r  p l a s t i c  Pet r i  dishes about 100 x 15 mm. 
Use dishes the bottoms o f  which are f ree  from bubbles and scratches and f l a t  
so t h a t  the medium w i l l  be o f  uniform thickness throughout the plate.  For the 
membrane-fi l t e r  technique, use loose- l id glass o r  p l a s t i c  dishes, 60 x 15 mm, 
o r  t igh t -1  i d  dishes, 50 x 12 mm. S t e r i l i z e  Pet r i  dishes and store i n  metal 
cans (a1 umi num o r  stain1 ess steel ,  but not copper), o r  wrap i n  paper -- 
preferably best-qua1 i t y  su l fa te  pulp (Kraft) -- before s t e r i  1 i z i  ng. 
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4.12 Fermentation tubes and v ia ls :  Use only 10-mm x 75-mm fermentation 
tubes. When tubes are used f o r  a t e s t  o f  gas production, enclose a she l l  
v i a l ,  inverted. Use a v i a l  o f  such s ize t ha t  i t  w i l l  be f i l l e d  completely 
w i t h  medium and a t  leas t  p a r t l y  submerged i n  the tube. 

4.13 Inocul a t i nq  equipment: Use wire loops made o f  22- o r  24-gauge 
n icke l  a1 1 oy (chrome1 , nichrome, o r  equivalent) o r  plat inum-ir idium f o r  flame 
s t e r i  1 i za t ion .  Single-service t rans fe r  loops o f  aluminum o r  s ta in less steel  
are sat is factory .  Use loops a t  l eas t  3 mm i n  diameter. S t e r i l i z e  by dry heat 
o r  steam. Single-service hardwood appl icators also may be used. Make these 
0.2 t o  0.3 cm i n  diameter and a t  l eas t  2.5 cm longer than the fermentation 
tube; s t e r i  1 i z e  by dry  heat and s tore i n  glass o r  other nontoxic containers. 

5.0 REAGENTS 

5.1 ASTM Type I1 water (ASTM D1193) : Water should be monitored f o r  
impur i t ies.  

Buffered water: 

5.2.1 To prepare stock phosphate bu f f e r  solut ion, dissolve 34.0 g 
potassium dihydrogen phosphate (KH P04) i n  500 mL Type I1  water, adjust 

w i t h  Type TI water. 
2 t o  pH 7.2 + 0.5 w i th  1 N sodium ydroxide (NaOH), and d i l u t e  t o  1 l i t e r  

5.2.2 Add 1.25 mL stock phosphate b u f f e r  so lu t ion and 5.0 mL 
magnesium ch lor ide so lu t ion  (38 g MgClz/ l i ter  Type I1 water o r  
81.1 g MgC12=6H20/liter Type I1 water) t o  1 l i t e r  Type I1 water. 
Dispense i n  amounts t h a t  w i l l  provide 99 2.0 mL o r  9 2 0.2 mL a f t e r  
autocl  av i  ng f o r  15 m i  n. 

5.2.3 Peptone water: Prepare a 10% so lu t ion o f  peptone i n  Type I1 
water. D i l u t e  a measured volume t o  provide a f i n a l  0.1% solution. Final 
pH should be 6.8. 

5.2.4 Dispense i n  amounts t o  provide 99 - + 2.0 mL o r  9 + - 0.2 mL 
a f t e r  autoclaving f o r  15 min. 

5.2.5 Do not suspend bacter ia  i n  any d i l u t i o n  water f o r  more than 
30 min a t  room temperature because death o r  mu1 t i p 1  i ca t i on  may occur, 
depending on the species. 
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5.3 Lauryl t ryptose broth: 

5.3.1 Components o f  the b ro th  are: 

Tryptose 20.0 g 
Lactose 5.0 g 
Di phosphate hydrogen 

phosphate, K2HP04 2.75 g 
Potassi um d i  hydrogen 

phosphate, KH2P04 2.75 g 
Sodi um chlor ide,  NaCl 5.0 g 
Sodi um 1 aury l  su l f a te  0.1 g 
Type I 1  water 1 l i t e r  

Lauryl t r yp tose  b ro th  i s  a1 so ava i lab le  i n  a prepackaged d ry  powder form. 

5.3.2 Make l a u r y l  t ryptose b ro th  o f  such s t rength t h a t  adding 
100-mL o r  10-mL por t ions  o f  sample t o  medium w i l l  no t  reduce ingred ient  
concentrat ions below those o f  the  standard medi um. Prepare i n  accordance 
w i t h  Table 1. 

TABLE 1. PREPARATION OF LAURYL TRYPTOSE BROTH 

Volume o f  
Amount o f  Medium + 

Inocul  um Medium i n  Tube Inocul um 
(mL) (mL) 

Dehydrated Lauryl 
Tryptose Broth 

Requi red 
( g l l i  t e r )  

1 10 o r  more 
10 10 
10 2 0 

100 50 
100 35 
100 2 0 

11 o r  more 
20 
30 

150 
135 
120 

5.3.3 Dispense the b ro th  i n t o  fermentat ion tubes which conta in  
inver ted  v i  a1 s. Add an amount s u f f i c i e n t  t o  cover the inver ted  v i  a1 , a t  
l e a s t  p a r t i a l l y ,  a f t e r  s t e r i l i z a t i o n  has taken place. S t e r i l i z e  a t  121'C 
f o r  12 t o  15 min. The pH should be 6.8 2 0.2 a f t e r  s t e r i l i z a t i o n .  

5.4 B r i l l i a n t  green lac tose b i l e  broth: 

5.4.1 Components o f  the b ro th  are: 

Peptone 10.0 g 
Lactose 10.0 g 
Oxgal 1 20.0 g 
B r i  1 1 i ant  green 0.0133 g 
Type I 1  water 1 1 i t e r  
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Thl s broth I s  also available i n  a prepackaged dry powder form. 

5.4.2 Dlspense the broth into fermentatlon tubes which contain 
lnverted vials.  Add an amount sufficient t o  cover the lnverted vial ,  a t  
leas t  par t ia l ly ,  a f t e r  s t e r i l  izatlon has taken place. Ster l l  lze a t  121'C 
fo r  12 t o  15 min. The pH should be 7.2 2 0.2 a f t e r  s ter l l lzat lon.  

5.5 Ammoni urn oxal ate-crystal violet (Hucker's) : Dl ssol ve 2 g crystal 
violet (90% dye content) i n  20 mL 95% ethyl alcohol, dissolve 0.8 g 
(NH4)2C204*H20 in 80 mL Type I1 water, mix the two solutions, and age for  
24 hr before use; f l l t e r  through paper Into a stalnlng bottle. 

5.6 Lugoltssolution,Gram~smodlflcatlon: Grlnd 1 g l o d l n e c r y s t a l s  
and 2 g K I ~  few ml l l l l l t e r s  a t  a time, and 
grind thoroughly a f t e r  each add1 tlon until solutlon Is  complete. Rinse 
solution into an amber glass bot t le  wlth the remaining water (uslng a total of 
300 mL) . 

5.7 Counterstain: Dlssolve 2.5 g safranln dye In 100 mL 95% ethyl 
alcohol. Add 10 mL to  100 mL Type I1 water. 

5.8 Acetone alcohol : MIX equal volumes of ethyl alcohol, 95%, wlth 
acetone. 

5.9 Gram stalnlng klts:  Comnerclally available k l t s  may be substituted 
fo r  5.5, 5.6, 5.7, and 5.8. 

6.0 SAMPLE COLLECTION PRESERVATION, AND HANDLING 

6.1 All samples m u s t  have been collected uslng a sampling plan that  
addresses the conslderatlons discussed In U.S. EPA, 1978. 

6.2 Clean a l l  glassware thoroughly w i t h  a suitable detergent and hot 
water, rlnse wl t h  hot water t o  remove a l l  traces of residual washing compound, 
and f ina l ly  r lnse wl t h  Type I1  water. I f  mechanical glassware washers are 
used, equip them wlth Influent plumbing of s tainless  steel o r  other nontoxic 
material. Do not use copper plplng to  dis tr ibute Type I1 water. Use 
s tainless  s teel  or  other nontoxic materi a1 for  the rinse-water system. 

6.2.1 Ster l l  I re  glassware, except when I n  metal contalners, for  not 
1 ess than 60 mln a t  a temperature of 170'C, unless I t  I s  known from 
record1 ng thermometers that  oven temperatures are unl form, under whl ch 
exceptional condl t l  on use 160'C. Heat gl assware In metal contal ners t o  
170'C f o r  not less  than 2 hr. 

6.2.2 S te r i l l  ze sarr~ple bottles not made of plast ic  as above, or  In 
an autoclave a t  121'C fo r  15 mln. Perform a s t e r l l  l t y  check on one 
bot t le  per batch. 
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6.2.3 I f  water conta in ing res idua l  ch lo r i ne  and o ther  halogens i s  
t o  be co l lec ted,  add s u f f i c i e n t  Na2S20 t o  clean sample b o t t l e  before 
s t e r i l i z a t i o n  t o  g ive  a concentrat ion o f  about 100 mg/L i n  the sample. 
To a 120-mL b o t t l e  add 0.1 mL 10% so lu t i on  o f  Na2S203 ( t h i s  w i l l  
neut ra l  i ze a sample contai  n i  ng about 15 mg/L res idua l  ch lor ine)  . Stopper 
b o t t l e ,  cap, and s t e r i l i z e  by e i t h e r  dry  o r  moist  heat, as d i rec ted  
previously.  

6.2.4 Co l lec t  water samples h igh i n  copper o r  z inc  and wastewater 
samples high i n  heavy metals i n  sample b o t t l e s  conta in ing a che la t ing  
agent t h a t  w i  11 reduce metal t o x i c i t y .  This i s  p a r t i c u l a r l y  s i g n i f i c a n t  
when such samples are i n  t r a n s i t  f o r  4 h r  o r  more. Use 372 mg/L o f  the  
te t rasod i  um s a l t  o f  ethylenediaminetetraacetic ac i d  (EDTA) . Adjust  EDTA 
so lu t i on  t o  pH 6.5 before '  use. Add EDTA separately t o  sample b o t t l e  
before b o t t l e  s t e r i l i z a t i o n  (0.3 mL 15% so lu t i on  i n  a 120-mL b o t t l e )  o r  
combine i t  w i t h  the  Na2S203 so lu t i on  before addi t ion.  

6.3 When the sample i s  col lected,  leave ample a i r  space i n  the  b o t t l e  
( a t  l eas t  2.5 cm) t o  f a c i l i t a t e  mixing by shaking, preparatory t o  examination. 
Be carefu l  t o  take samples t h a t  w i l l  be representat ive o f  the  water being 
tes ted and avoid sample contamination a t  t ime o f  c o l l e c t i o n  o r  i n  per iod  
before exami nation. 

6.4 Keep sampling b o t t l e  closed u n t i l  t he  moment i t  i s  t o  be f i l l e d .  
Remove stopper and hood o r  cap as a u n i t ,  tak ing  care t o  avoid so i  1 ing. 
During sampling, do no t  handle stopper o r  cap and neck o f  b o t t l e  and p ro tec t  
them from contamination. Hold b o t t l e  near base, f i l l  i t  wi thout  r i ns i ng ,  
replace stopper o r  cap immediately, and secure hood around neck o f  b o t t l e .  

7.0 PROCEDURE 

7.1 Presumptive stage: 

7.1.1 Inocu la te  a ser ies  o f  fermentat ion tubes ("primary" 
fermentat ion tubes) w i t h  appropriate graduated quan t i t i e s  (mu1 t i p 1  es and 
submult iples o f  1 mL) o f  saa~ple. Be sure t h a t  the concentrat ion o f  
n u t r i t i v e  ingred ients  i n  the mixture o f  medium and added sample conforms 
t o  t he  requirements given i n  Paragraph 5.3. Use a s t e r i l e  p i p e t  f o r  
i n i t i a l  and subsequent t rans fe rs  from each sample container. I f  t he  
p i p e t  becomes contaminated before t rans fe rs  are completed, replace w i t h  a 
s t e r i l e  p ipe t .  Use a separate s t e r i l e  p i p e t  f o r  t rans fe rs  from each 
d i f f e r e n t  d i l u t i o n .  Do no t  prepare d i l u t i o n s  i n  d i r e c t  sun l ight .  Use 
caut ion when removing s t e r i l e  p i pe t s  from the  container; t o  avoid 
contamination, do no t  drag p i pe t  t i p  across exposed ends o f  p i pe t s  o r  
across 1 i p s  and necks o f  d i l u t i o n  bo t t les .  When removing sample, do no t  
i n s e r t  p i pe t s  more than 2.5 cm below the surface o f  sample o r  d i l u t i o n .  
When discharging sample port ions,  hold p i p e t  a t  an angle o f  about 45', 
w i t h  t i p  touchlng the ins ide  neck o f  the tube. The por t ions  o f  sample 
used f o r  i nocu la t i ng  1 auryl  - t ryptose-broth fermentat ion tubes w i  11 vary 
i n  s i ze  and number w i t h  the character  o f  the  water under examination, bu t  
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in general use decimal mu1 t ip l  es and submul t ip l  es of 1 mL. Use Figure 1 
as a guide t o  preparing dilutions. After adding sample, mix thoroughly 
by shaking the t e s t  tube rack. Do not invert the tubes. 

7.1.2 Incubate inoculated fermentation tubes a t  35 + 0.5.C. After 
24 + 2 hr shake each tube gently and examine i t  and, i f  no gas has formed 
and-been trapped in the inverted vi a1 , re1 ncubate and reexamine a t  the 
end of 48 + 3 hr. Record presence or absence of gas formation, 
regardless of amount, a t  each examination of the tubes. 

7.1.3 Formation of gas in any amount i n  the inner fermentation 
tubes or  vials  within 48 + 3 hr constitutes a positive presumptive tes t .  
Do not confuse the appeaFance of an a i r  bubble in a clear  tube with 
actual gas production. If gas i s  formed as a result  of fermentation, the 
broth medium will become cloudy. Active fermentation may be shown by the 
continued appearance of small bubbles of gas throughout the medium 
outside the inner vial when the fermentation tube is shaken gently. 

7.1.4 The absence of gas formation a t  the end of 48 + 3 hr of 
incubation constitutes a negative t e s t .  An arbitrary limit of q8 hr for  
observation doubt1 ess excl udes from consideration occasional members of 
the coliform group that  form gas very slowly and generally are of 1 imited 
sanitary significance. 

7.2 Confirmed stage: 

7.2.1 Submit a l l  primary fermentation tubes showing any amount of 
gas within 24 hr of incubation to  the Confirmed Test. If active 
fermentation appears in the primary fermentation tube ea r l i e r  than 24 hr, 
t ransfer  t o  the confirmatory medium without waiting for  the ful l  24-hr 
period t o  elapse. If additional primary fermentation tubes show gas 
production a t  the end of 48-hr incubation, submit these to the Confirmed 
Test. 

7.2.2 Gently shake or rotate primary fermentation tube showing gas 
and do one of two things: (a) with a s t e r i l e  metal loop, 3 mm i n  
diameter, transfer one loopful of culture t o  a fermentation tube 
containing b r i l l  iant green lactose bi le  broth, or  (b) insert  a s t e r i l e  
wooden applicator a t  least  2.5 cm long into the culture, remove i t  
promptly, and plunge i t  to  the bottom of fermentation tube containing 
bri 1 1 i ant green 1 actose bi 1 e broth. Remove and discard appl i cator. 

7.2.3 Incubate the inoculated b r i l l  iant green lactose bi le  broth 
tube for  48 + 3 hr a t  35 + 0.5.C. Formation of gas in any amount i n  the 
inverted viaT of the brilTiant green lactose bi le  broth fermentation tube 
a t  any time within 48 - + 3 hr constitutes a positive Confirmed Test. 

7.3 Completed t e s t :  

7.3.1 Use the Completed Test on positive confirmed tubes t o  
establ i sh defini tely the presence of col i form bacteria and provide 
qua1 i t y  control data for  20% of a l l  samples analyzed. 
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Figure 1. Preparation o f  d l  1 utions. 
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7.3.2 Streak one o r  more eosin methylene blue p la tes from each tube 
o f  b r i l l i a n t  green lactose b i l e  b ro th  showing gas as soon as possible 
a f t e r  the appearance of gas. Streak p la tes t o  ensure presence o f  some 
d isc re te  colonies separated by a t  leas t  0.5 cm. Observe the fo l lowing 
precautions when streaking p la tes t o  obtain a high proport ion o f  
successful i so la t ions  i f  co l  i fo rm organisms are present: (a) use an 
inocu la t ing  needle s l i g h t l y  curved a t  the t i p ;  (b) tap and i n c l i n e  the 
fermentation tube t o  avoid p ick ing up any membrane o r  scum on the needle; 
(c) i n s e r t  end o f  needle i n t o  the 1 Squid i n  the tube t o  a depth o f  
approximately 5.0 mm; and (d) streak p l a t e  w i th  curved section o f  the 
needle i n  contact w i t h  the agar t o  avoid a scratched o r  t o rn  surface. 

7.3.3 Incubate p la tes (inverted) a t  35 - + 0.5.C fo r  24 - + 2 hr. 

7.3.4 The colonies developing on eosin methylene blue agar are 
ca l  led: t yp i ca l  (nucleated, w i th  o r  without metal l i c  sheen); atypical  
(opaque, unnucl eated, mucoid, p ink a f t e r  24-hr incubation) ; o r  negative 
(a1 1 others). From each o f  these plates, p ick  one o r  more typ ica l  wel l -  
i so la ted  co l i fo rm colonies or,  i f  no typ ica l  colonies are present, p ick  
two o r  more colonies considered most 1 i k e l y  t o  consist o f  organisms o f  
the co l i fo rm group and transfer growth from each i so la te  t o  a lau ry l -  
tryptose-broth fermentation tube and t o  a nu t r ien t  agar slant. 

NOTE: I f  possible, when t rans fe r r ing  colonies, choose we1 1-isolated 
colonies and bare ly  touch the surface o f  the colony wi th  a 
f lame-steri  l i zed,  air-cooled t rans fe r  needle t o  minimize the 
danger o f  t rans fe r r ing  a mixed culture. 

7.3.5 Incubate secondary broth tubes a t  35 + 0.5.C f o r  24 + 2 hr; 
if gas i s  not  produced w i t h i n  24 + 2 hr,  reincubale and examine again a t  
48 + 3 hr. Microscopical l y  examine gram-stained preparations (see 
paragraph 7.4) from those 24-hr agar s lan t  cul tures corresponding t o  the 
secondary tubes t ha t  show gas. 

7.3.6 Formation o f  gas i n  the secondary tube o f  l au ry l  tryptose 
b ro th  w i t h i n  48 + 3 h r  and demonstration o f  gram-negative, non-spore- 
forming, rod-shaped bacter ia  i n  the agar cu l tu re  const i tu te  a 
sat1 s factory  Completed Test, demonstrating the presence o f  a member o f  
the co l  i f o rm  group. 

7.4 Gram-stain procedure: 

7.4.1 Prepare a 1 i g h t  emulsion o f  the bacter ia l  growth from an agar 
s l an t  i n  a drop o f  Type I1 water on a glass s l ide.  Air-dry o r  f i x  by 
passing the s l i d e  through a flame and s ta i n  f o r  1 min wi th  the a m n i u m  
oxalate-crystal  v i o l e t  solut ion. Rinse the s l i d e  i n  tap water; apply 
Lugol 's  so lu t ion  f o r  1 min. (See Paragraphs 5.5-5.8 f o r  reagent.) 

7.4.2 Rinse the stained s l i d e  i n  tap water. Decolorize f o r  
approximately 15 t o  30 sec w i th  acetone alcohol by holding s l i de  between 
the f ingers and l e t t i ~ g  acetone alcohol f low across the stained smear 
u n t i l  no more s ta i n  i s  removed. Do not over-decolorize. Counterstain 
w i t h  safranin (Paragraph 5.7) f o r  15 sec, then r inse  wi th  tap water, b l o t  
dry w i t h  bibulous paper, and examine microscopical l y .  
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7.4.3 Ce l l s  t h a t  decolor ize and accept the saf ran in  s t a i n  are p ink  
and def ined as gram-negati ve i n  reaction. Cel l  s t h a t  do no t  decolor ize 
b u t  r e t a i n  the c r ys ta l  v i o l e t  s t a i n  are  deep b lue and a re  def ined as 
gram-pos i ti ve . 
7.5 Computing and recording o f  MPN: 

7.5.1 The ca lcu la ted dens i ty  o f  co l  i form bac te r i a  i n  a sarnple can 
be obtained from the MPN tab le ,  based on the  number o f  p o s i t i v e  tubes i n  
each d i l u t i o n  o f  the confirmed o r  completed tes t .  Table 2 shows MPN 
ind ices and 95% confidence 1 i m i t s  f o r  potable water tes t ing ,  and Table 3 
describes the  MPN ind ices and 95% confidence l i m i t s  f o r  general use. 

TABLE 2. MPN INDEX AND 95% CONFIDENCE LIMITS FOR VARIOUS COMBINATIONS OF 
POSITIVE AND NEGATIVE RESULTS WHEN FIVE 10-mL PORTIONS ARE USED 

Number of Tubes 
Giv ing Pos i t i ve  MPN 95% Confidence L im i t s  
Reaction out  o f  Index per 
5 o f  10 mL each 100 mL Lower Upper 

<2.2 0 6.0 
2.2 0.1 12.6 
5.1 0.5 19.2 
9.2 1.6 29.4 

16 3.3 52.9 
>I6 8.0 I n f i n i t e  

7.5.2 Three d i l u t i o n s  are  necessary f o r  the determination o f  the  
MPN i ndex. For example (see Tab1 e 3), i f  f i v e  10-mL, f i v e  1 .O-mL, and 
f i v e  0.1-mL por t ions  o f  the  samples are used as inocu la  and f o u r  o f  the  
10-mL, two o f  the 1-mL, and none o f  the 0.1-mL por t ions  o f  inocu la  g ive  
p o s i t i v e  resu l t s ,  the coded r e s u l t  i s  4-2-0 and the MPN index i s  22 per 
100 mL. 

7.5.3 I n  cases when the s e r i a l  decimal d i l u t i o n  i s  o ther  than 10, 
1, and 0.1 mL, o r  when more than three sample volumes are used i n  the  
ser ies,  r e f e r  t o  the sources c i t e d  i n  Section 10.0, References, f o r  the 
necessary densi t y  determi na t ion  procedures. 

7.5.4 A1 1 MPN values f o r  water samples should be reported on the 
basis o f  a 100-mL sample. 

8.0 QUALITY CONTROL 

8.1 Extensive qua1 i t y  cont ro l  procedures are  provided i n  Par t  I V  o f  U.S. 
EPA, 1978 (see Section 10.0, References). These procedures should be adhered 
t o  a t  a l l  times. 
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TABLE 3. MPN INDEX FOR SERIAL DILUTIONS OF SAMPLE 

Number o f  Tubes 
Giving Posi t ive  
Reaction out o f  95% 

MPN Confidence 
5 o f  5 o f  5 o f  Index Limits 
10mL 1 m L  0.1mL Per 
each each each 100 mL Lower Upper 

Source: U.S. EPA, 1978. 

(Continued on next page) 
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TABLE 3. MPN INDEX FOR SERIAL DILUTIONS OF SAMPLE 
(Cont i nued) 

- - - - - - - - 

Number o f  Tubes 
Giving Posit ive 
Reaction out o f  95% 

MPN Confidence 
5 o f  5 o f  5 o f  Index Limits 
10mL 1 m L  0.1mL Per 
each each each 100 mL Lower Upper 

Source: U.S. EPA, 1978. 
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8.2 Samples must be maintained as c lose ly  as possib le t o  o r i g i na l  
condi t ion by carefu l  handling and storage. Sample s i t e s  and sampling 
frequency should provide data representat ive o f  character is t ics  and 
v a r i a b i l i t y  o f  the  water q u a l i t y  a t  t h a t  s i te .  Samples should be analyzed 
immediately. They should be re f r ige ra ted  a t  a temperature o f  1-4'C and 
analyzed w i t h i n  6 hr. 

8.3 Q u a l i t y  cont ro l  o f  cu l t u re  media i s  c r i t i c a l  t o  the v a l i d i t y  o f  
m i  c rob i  01 ogi ca l  analysi s . Some important fac tors  t o .  consi der are sumnarized 
be1 ow: 

8.3.1 Order media t o  l a s t  f o r  only 1 y r ;  always use oldest  stock 
f i r s t .  Maintain an inventory o f  a l l  media ordered, inc lud ing a v isual  
i nspecti  on record. 

8.3.2 Hold unopened media f o r  no longer than 2 yr .  Opened media 
containers should be discarded a f t e r  6 mo. 

8.3.3 When preparing media keep containers open as b r i e f l y  as 
possible. Prepare media i n  deionized o r  d i  s t i  11 ed (Type 11) water o f  
proven qua l i t y .  Check the pH o f  the media a f t e r  so lu t ion and 
s t e r i l i z a t i o n ;  i t  should be w i t h i n  0.2 un i t s  o f  the stated value. 
Discard and remake i f  i t  i s  not. 

8.3.4 Autoclave media f o r  the minimal t ime spec i f ied by the 
manufacturer because the potent i  a1 fo r  damage increases w i t h  increased 
exposure t o  heat. Remove s t e r i l e  media from the autoclave as soon as 
pressure i s  zero. Effect iveness o f  the s t e r i  1 i z a t i o n  should be checked 
weekly, using s t r i p s  o r  ampul s o f  Baci 1 1 us stearothemophel us. 

8.3.5 Agar p la tes  should be kept s l i g h t l y  open f o r  15 min a f t e r  
pouring o r  removal from re f r i ge ra t i on  t o  evaporate f ree mof sture. Plates 
must be f ree of lumps, uneven surfaces, pock marks, o r  bubbles, which can 
prevent good contact between the agar and medium. 

8.3.6 Avoid shaking fermentation tubes, which can entrap a i r  i n  the 
inner  v i a l  and produce a fa l se  pos i t i ve  resu l t .  

8.3.7 Store fermentation tube media i n  the dark a t  room temperature 
o r  4'C. I f  refr igerated,  incubate, overnight a t  room temperature t o  
detect  fa1 se p o s i t i v e  gas bubbles. 

8.3.8 Qua1 i t y  cont ro l  checks o f  prepared media should include the 
incubat ion o f  5% o f  each batch o f  medium f o r  2 days a t  35'C t o  inspect 
f o r  growth and posi t ive/negat ive checks wi th  pure culture. 

8.4 Analy t ica l  q u a l i t y  control  procedures should include: 

8.4.1 Dupl icate ana ly t i ca l  runs on a t  l eas t  10% o f  a l l  known 
p o s i t i v e  sampl es analyzed. 
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8.4.2 A t  l e a s t  one p o s i t i v e  cont ro l  sample should be run each month 
f o r  each parameter tested. 

8.4.3 A t  l e a s t  one negative ( s t e r i l e )  con t ro l  should be run w i t h  
each ser ies  o f  samples using buf fered water and the  medium batch used a t  
the  beginning o f  the t e s t  ser ies  and fo l low ing  every ten th  sample. When 
s t e r i  1 e con t ro ls  i nd i ca te  contamination, new samples should be obtained 
and analyzed. 

8.4.4 The Type I1 water used should be p e r i o d i c a l l y  checked f o r  
contamination. 

8.4.5 For r ou t i ne  MPN tes ts ,  a t  l eas t  5% o f  the  p o s i t i v e  confirmed 
samples should be tes ted by the complete tes t .  

9.0 METHOD PERFORMANCE 

9.1 No data  provided. 

10.0 REFERENCES 

1. Standard Methods f o r  the  Examination o f  Water and Wastewater, 15th ed. 
(1980). 

2. U.S. Environmental Protect ion Agency, Microb io log ica l  Methods f o r  
Moni tor ing the Environment, EPA 600/8-78-017, December 1978. 
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METHOD 9131 

TOTAL COLIFORM: MULTIPLE TUaE FERMENTATION TECWNIOJE 
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Metho0 9131 

TOTAL COLIFORM: MULTIPLE TUBE FERMENTATION TECMNIOUE 
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METHOD 9132 

TOTAL COL IFORM: MEMBRANE-FILTER TECHNIQUE 

1.0 SCOPE AND APPLICATION 

1.1 This method i s  used t o  determine the presence o f  a member o f  a 
co l i fo rm group i n  wastewater and ground water. 

1.2 The co l  i fo rm group analyzed i n  t h i s  procedure includes a1 1 o f  the 
organisms tha t  produce a colony w i t h  a golden-green metal1 i c  sheen w i t h i n  
24 h r  o f  inoculat ion.  

2.0 SUMMARY OF METHOD 

2.1 A predetermined amount o f  sample i s  f i l t e r e d  through a membrane 
f i l t e r  which re ta ins  the bacter ia  found i n  the sample. 

2.2 I n  the two-step enrichment procedure, the f f 1 t e r s  containing 
bacter ia  are placed on an absorbent pad saturated w i t h  I au ry l  t ryptose broth  
and incubated a t  35'C 2 0.5'C f o r  2 hr. The f i l t e r s  are then t ransferred t o  
an absorbent pad saturated w i t h  M-Endo media o r  t o  a dish containing M-Endo 
agar and incubated f o r  another 21 2 1 h r  a t  35'C + 0.5'C. Sheen colonies are 
then counted under magni f icat ion and reported per 100 mL o f  o r i g i na l  sample. 

2.3 A more de ta i led  treatment o f  t h i s  method i s  presented i n  Standard 
Methods fo r  the Examination o f  Water and Wastewater and i n  ~ i c r o b i m  
Methods f o r  Monitoring the EnvSronment (see References, Section -+- 10.0 

3.0 INTERFERENCES 

3.1 The presence o f  residual ch lor ine o r  other halogen can prevent the 
cont inuat ion o f  bac te r ia l  action. To prevent t h i s  occurrence, sodium 
th i osu l f a te  should be added. 

3.2 Water samples high i n  copper, zinc, o r  other heavy metals can be, 
t o x i c  t o  bacteria. Chelating agents such as ethylenediaminetetraacetic acid 
(EDTA) should on ly  be added when heavy metals are suspected o f  being present. 

3.3 Turb id i t y  caused by the presence o f  algae o r  other i n te r f e r i ng  
mater ia l  may not  permit t es t i ng  o f  a sample volume s u f f i c i e n t  t o  y i e l d  
s i g n i f i c a n t  resu l ts .  Low col  i fo rm estimates may be caused by the presence o f  
h igh numbers o f  noncoliforms o r  o f  tox f  c substances. 

3.4 Samples containing 1 arge amounts o f  suspended so l ids  w i  11 i n te r f e re  
w i t h  colony growth and w i t h  the subsequent counting o f  colonies on the f i l t e r  
membrane. When t h i s  i s  the case, use Method 9131. 
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4.0 APPARATUS AND MATERIALS 

4.1 D i l u t i o n  b o t t l e s  o r  tubes: 

4.1.1 Use b o t t i e s  o r  tubes o f  r es i s t an t  glass, p re fe rab ly  b o r o s i l i -  
cate glass, closed w i t h  g lass stoppers o r  screw caps equipped w i t h  1 i ne rs  
t h a t  do not  .produce t o x i c  o r  bac te r i os ta t i c  compounds on s t e r i  1 i za t ion .  

4.1.2 Do not  use cot ton plugs as closures. Mark graduation l e v e l s  
i n d e l i b l y  on s ide o f  d i l u t i o n  b o t t l e  o r  tube. P l a s t i c  b o t t l e s  o f  
nontoxic mate r ia l  and acceptable s i ze  may be subs t i tu ted  f o r  glass, 
provided t h a t  they can be s t e r i l i z e d  proper ly.  

4.2 Pipets and graduated cyl inders:  

4.2.1 Use p ipe ts  o f  any convenient size, provided t h a t  they d e l i v e r  
the  requ i red volume accurately and quickly.  The e r r o r  o f  c a l i b r a t i o n  f o r  
a g iven manufacturer's l o t  must not  exceed 2.5%. Use p i pe t s  having 
graduations d i s t i n c t l y  marked and w i t h  unbroken t i p s .  Bac te r io log ica l -  
t r a n s f e r  p i pe t s  o r  p ipe ts  conforming t o  the  APHA standards given i n  the  
1 a tes t  e d i t i o n  o f  standard Methods - f o r  the  Examination o f   airy Products 
may be used. Optimally, p ro tec t  the  mouth end o f  a l l  p i pe t s  by a cot ton 
p lug  t o  e l im ina te  hazards t o  the worker o r  poss ib le  sample contamination 
by sa l iva .  

4.2.2 Use graduated c y l  i nders meeting ASTM standards (D-86 and 
D216) and w i t h  accuracy l i m i t s  establ ished by the  National Bureau o f  
Standards where appropriate. 

4.3 Containers f o r  cu l t u re  medium: 

4.3.1 Use clean borosi  1 i c a t e  glass f lasks p r e s t e r i  1 ized t o  reduce 
bac te r i a l  contamination. Any s ize  o r  shape of f l a s k  may be used, bu t  
Erlenmeyer f l asks  w i t h  metal caps, metal f o i l  covers, o r  screw caps 
provide f o r  adequate mixing o f  the medium and are convenient f o r  storage. 

4.4 Cul ture  dishes: 

4.4.1 Use Pet r i - type dishes, 60 by 15 mm, 50 x 12 mm, o r  o ther  
appropr iate size. The bottoms o f  the dishes should be f l a t  and la rge  
enough so t h a t  the  absorbent pads f o r  the cu l t u re  n u t r i e n t  w i l l  l i e  f l a t .  
Wrap c l  ean cu l  t u r e  dishes before s t e r i  1 i z a t i  on, s i ng l y  o r  i n  convenient 
numbers, i n  metal f o i l  i f  s t e r i l  i zed by dry  heat, o r  i n  su i tab le  paper 
subs t i t u t e  when autoclaved. I f  glass P e t r i  dishes are used, use 
b o r o s i l i c a t e  o r  equivalent  glass. Because covers f o r  such dishes are 
loose f i t t i n g ,  take precautions t o  prevent poss ib le  loss  o f  medium by 
evaporation, w i t h  r esu l t an t  change i n  medium concentrat ion, and t o  
maintain a humid environment f o r  optimal colony development. 

4.4.2 Disposable p l a s t i c  dishes t h a t  are t i g h t  f i t t i n g  and meet the 
spec i f ica t ions noted above a lso may be used. Su i tab le  s t e r i l e  p l a s t i c  
dishes are avai 1 able commercial l y .  
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4.5 F i l t r a t i o n  un i ts :  

4.5.1 The fi 1 ter-holding assembly (constructed o f  glass, auto- 
c l  avabl e p l as t i c ,  porcelain, o r  any noncorrosive bacter io log ica l  l y  i n e r t  
metal) consists o f  a seamless funnel fastened by a locking device o r  held 
i n  place by magnetic force o r  gravi ty.  The design should be such tha t  
the membrane f i l t e r  w i l l  be held securely on the porous p la te  o f  the 
receptacle without mechanical damage and a l l  f l u i d  w i l l  pass through the 
membrane during f i 1 t ra t ion .  

4.5.2 Separately wrap the two par ts  o f  the assembly i n  heavy 
wrapping paper f o r  s t e r i l i z a t i o n  by autoclaving and storage u n t i l  use. 
A1 t e r n a t i  vely, t r e a t  unwrapped par ts  by u l t r a v i o l e t  rad ia t ion  before 
using them. F ie l d  u n i t s  may be sani t ized by i g n i t i n g  methyl alcohol o r  
immersing i n  b o i l i n g  water f o r  5 min. Do not i g n i t e  p l a s t i c  parts. 

4.5.3 For f i  1 t ra t ion ,  mount receptacle o f  f i  1 ter -ho ld i  ng assembly 
i n  a 1-1 i t e r  f i l t e r i n g  f l ask  w i t h  a side tube o r  other su i tab le  device 
such t h a t  a pressure d i f f e r e n t i a l  can be exerted on the f i l t e r  membrane. 
Connect f l a s k  t o  an e l e c t r i c  vacuum pump, a f i  1 t e r  pump operating on 
water pressure, a hand aspirator,  o r  other means o f  securing pressure 
d i f f e r e n t i a l .  Connect an addi t ional  f l ask  between f i  1 t e r i ng  f lask  and 
vacuum source t o  t r ap  carry-over water. 

4.6 F i  1 t e r  membranes: 

4.6.1 Use membrane f i l t e r s  w i t h  a rated pore diameter such tha t  
there i s  complete re tent ion o f  co l i f onn  bacter ia  (0.45 2 0.02 urn). Use 
on ly  those f i l t e r  membranes t h a t  have been found, through adequate 
qua1 i t y  cont ro l  t es t i ng  and c e r t i f i c a t i o n  by the manufacturer, t o  exh ib i t  
f u l l  re ten t ion  o f  the organisms t o  be cul t ivated,  s t a b i l i t y  i n  use, 
freedom from chemical extractabl  es i nimical t o  the growth and development 
o f  bacteria, a sa t i s fac to ry  speed o f  f i  1 t ra t ion,  no s i gn i f i can t  inf luence 
on medium pH, and no increase i n  number o f  confluent colonies o r  
spreaders. Preferably, use membranes grid-marked i n  such a manner tha t  
bac te r ia l  growth i s  ne i ther  i nh ib i t ed  nor stimulated along the g r i d  
l ines.  Store membrane f i l t e r s  held i n  stock i n  an environment without 
extremes o f  temperature and humidity. Obtain no more than a year 's 
supply a t  any one time. 

4.6.2 I f  p res te r i l i zed  membrane f i l t e r s  are t o  be used, use those 
f o r  which the  manufacturer has c e r t i f i e d  tha t  the s t e r i l i z a t i o n  technique 
has ne i ther  induced t o x i c i t y  nor a1 tered the chemical o r  physical 
proper t ies  o f  the membrane. I f  the membranes are s t e r i l i z e d  i n  the 
laboratory, remove the paper separators -- but not the absorbent paper 
pads -- from the packaged f i l t e r s .  Divide f i l t e r s  i n t o  groups o f  10 t o  
12, o r  o ther  convenient uni ts,  and place i n  10-cm Pe t r i  dishes o r  wrap i n  
heavy wrapping paper. Autoclave f o r  10 min a t  121.C. A t  the end o f  the 
s t e r i  1 i z a t i o n  period, l e t  the steam escape rap id ly  t o  minimize 
accumulation o f  water condensation on f i  1 ters. 
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4.7 Absorbent pads: 

4.7.1 Absorbent pads cons is t  o f  d isks  o f  f i  1 t e r  paper o r  o ther  
mater ia l  known t o  be o f  h igh q u a l i t y  and f r e e  o f  s u l f i t e s  o r  o ther  
substances t h a t  could i n h i b i t  bac te r i a l  growth. Use pads approximately 
48 mm i n  diameter and o f  s u f f i c i e n t  thickness t o  absorb 1.8 t o  2.2 mL o f  
medi um. Pres te r i  1 i zed  absorbent pads o r  pads subsequently s t e r i  1 i zed  i n  
the  laboratory  should release less  than 1 mg t o t a l  a c i d i t y  (ca lcu la ted as 
CaC03) when t i t r a t e d  t o  the phenolphthalein end po in t ,  pH 8.3, using 
0.02 N NaOH. Where there i s  evidence o f  absorbent pad t o x i c i t y ,  presoak 
pads i n  Type I1  water a t  121eC ( i n  an autoclave) f o r  15 min, decant the  
water, and repackage pads i n  a la rge  P e t r i  d i sh  f o r  s t e r i l i z a t i o n  and 
subsequent use. S t e r i  1 i z e  pads simultaneously w i t h  membrane f i l t e r s  
avai 1 abl e i n  reseal abl  e K r a f t  envelopes o r  separately i n o ther  su i  tab1 e 
containers. Dry pads so they are f r ee  o f  v i s i b l e  moisture before use. 
See s t e r i  1 i zat ion  procedure described above f o r  membrane f i 1 ters .  

4.7.2 As a substrate subs t i t u t i on  f o r  nut r ient -satura ted absorbent 
pads, 1.5% agar may be added t o  the  t o t a l  co l  i form M-Endo b ro th  medi um. 

4.8 Forceps: 

4.8.1 Forceps should be round-t i  pped, wi thout  corrugat ions on the  
inner  sides o f  the t i ps .  S t e r i l i z e  before use by d ipp ing i n  95% e thy l  o r  
absol u t e  methyl a1 coho1 and f 1 ami ng . 
4.9 Incubators 

4.9.1 Use incubators t o  provide a temperature o f  35 2 0.5'C and t o  
maintain a high l eve l  o f  humidity (approximately 90% r e l a t i v e  humidity) . 
4.10 Microscope and l i q h t  source: 

4.10.1 Count membrane-fi lter colonies w i t h  a magni f ica t ion o f  10 t o  
15 diameters and a l i g h t  source adjusted t o  g ive  maximum sheen discern- 
ment. Optimally, use a b inocu lar  w ide- f ie ld  d issec t ing  microscope. 
However, a small f luorescent lamp w i t h  magni f ie r  i s  acceptable. Use 
cool -white f 1 uorescent 1 amps. Do not  use a microscope i 11 umi na to r  w i t h  
op t i ca l  system f o r  l i g h t  concentrat ion from an incandescent 1 i g h t  source 
f o r  c o l i f o r m  colony i d e n t i f i c a t i o n  on Endo-type media. 

5.0 REAGENTS 

5.1 ASTM Type I 1  water (ASTM D1193) : Water should be monitored f o r  
impur i t ies .  
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5.2 M-Endo medium: 

5.2.1 Components o f  the medium are: 

Tryptose o r  polypeptone 
Thiopeptone o r  thiotone 
Casi tone o r  t r y p t i  case 
Yeast ext ract  
Lactose 
Sodium chloride, NaCl 
Dipotassi um hydrogen 

phosphate, K HPO4 i Potassi um d i  hy rogen 
phosphate, KH2P04 

Sodi um 1 auryl sul fa te  
Sodium desoxycholate 
Sodium s u l f i t e ,  Na2S03 
Basic fuchsi n 
D i s t i l l e d  (Type 11) water 

1.375 g 
0.050 g 
0.10 g 
2.10 g 
1.05 g 
1 l i t e r  

5.2.2 Rehydrate i n  1 l i t e r  Type I1 water containing 20 mL 95% 
ethanol. Heat t o  b o i l i n g  i n  a water bath t o  avoid degradation o f  
carbohydrates, promptly remove from heat, and cool t o  below 45'C. Do not 
s t e r i l i z e  by autoclaving. Final pH should be between 7.1 and 7.3. 

5.2.3 Store f in ished medium i n  the dark a t  2 t o  10'C and discard 
any unused medium a f t e r  96 hr. Medium i s  l i g h t  sensitive. 

NOTE: This medium may be s o l i d i f i e d  by adding 1.2% t o  1.5% agar 
before boi 1 i ng . 

5.3 Lauryl tryptose broth: See Method 9131, Paragraph 5.3. 

6.0 SAMPLE COLLECTION, PRESERVATION, AND HANDLING 

6.1 A1 1 samples must have been col lected using a sampling plan tha t  
addresses the considerations discussed i n  Chapter Nine o f  t h i s  manual. 

6.2 Clean a l l  glassware thoroughly wi th  a sui table detergent and hot 
water, r inse  w i th  hot water t o  remove a l l  traces o f  residual washing compound, 
and f i n a l l y ,  r inse  w i th  d i s t i l l e d  (Type 11) water. I f  mechanical glassware 
washers are used, equip them wi th  i n f l uen t  plumbing o f  stainless steel o r  
other nontoxic materf a1 . Do not use copper p ip ing t o  d i s t r i bu te  Type I1 
water. Use stainless steel o r  other nontoxic material f o r  the rinse-water 
system. 

6.2.1 S t e r i l i z e  glassware, except when i n  metal containers, f o r  not 
less than 60 min a t  a temperature o f  170eC, unless i t  i s  known f r o m  
recordi  ng thermometers tha t  oven temperatures are uniform, under which 
exceptional condi t ion use 160'C. Heat glassware i n metal containers t o  
170'C for  not less than 2 hr. 
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6.2.2 S te r i l i ze  sample bot t les  not made of p la s t i c ,  as above, o r  in 
an autoclave a t  121'C f o r  15 min. 

6.2.3 For p la s t i c  bot t les  tha t  d i s to r t  on autoclaving, use low- 
temperature ethylene oxide gas s te r i l iza t ion .  I f  water containing 
residual chlorine and other halogens i s  t o  be collected, add suf f ic ient  
NazS203 t o  clean sample bot t le  before s t e r i l i za t ion  t o  give a 
concentration of about 100 mg/L i n  the sample. To a 120-mL bo t t l e  add 
0.1 mL 10% solution of Na S2O3 ( th i s  will neutralize a sample containing P about 15 mg/L residual ch orine). Stopper bot t le ,  cap, and s t e r i l i z e  by 
e i the r  dry o r  moist heat, as directed previously. 

6.2.4 Collect water samples high i n  copper o r  zinc and wastewater 
samples high i n  heavy metals i n  sample bot t les  containing a chelating 
agent tha t  wi 11 reduce metal toxici ty.  T h i s  i s  part icular ly s ignif icant  
when such samples are  i n  t r a n s i t  f o r  4 hr or  more. Use 372 mg/L of the 
tetrasodi um s a l t  of ethyl enedi aminetetraacetic acid (EDTA) . Adjust EDTA 
solution t o  pH 6.5 before use. Add EDTA separately t o  sample bot t le  
before bo t t l e  s t e r i l i za t ion  (0.3 mL 15% solution i n  a 120-mL bott le)  or  
combine i t  with the NazS203 solution before addition. 

6.3 When the sample is  collected, leave ample a i r  space in  the bo t t l e  
(a t  l eas t  2.5 cm) t o  f a c i l i t a t e  mixing by shaking, preparatory t o  examination. 
Be careful t o  take samples tha t  will be representative of the water being 
tested and avoid sample contamination a t  time of collection o r  in period 
before examination. 

6.4 Keep sampling bot t le  closed until  the moment i t  i s  t o  be f i l l e d .  
Remove stopper and hood o r  cap as a u n i t ,  taking care t o  avoid sol 1 i ng. 
During sampling, do not handle stopper o r  cap and neck of bot t le ,  and protect 
them from contamination. Hold bot t le  near base, f i l l  i t  without rinsing, 
replace stopper o r  cap immediately, and secure hood around neck of bot t le .  

6.5 S t a r t  bacterlological examination of a water sampl e promptly a f t e r  
collection t o  avoid unpredictable changes. I f  samples cannot be processed 
within 1 h r  of collection, use an iced cooler f o r  storage during transport t o  
the 1 aboratory . 

6.6 Hold temperature of a1 1 stream pollution samples below 10'C during a 
maximum transport time of 6 hr. Refrigerate these samples upon receipt in  the 
laboratory and process within 2 hr. When local conditions necessitate delays 
i n  delivery of samples longer than 6 h r ,  make f i e ld  examinations using f i e ld  
laboratory faci 1 i t i e s  located a t  the s i t e  of coll ection o r  use delayed- 
incubation procedures. 
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7.0 PROCEDURES 

7.1 Select ion o f  sample size: 

7.1.1 Size o f  sample w i l l  be governed by expected bac te r ia l  
density, which i n  f inished-water samples w i l l  be l i m i t e d  on ly  by the 
degree o f  t u r b i d i t y .  

7.1.2 An idea l  sample volume w i l l  y i e l d  growth o f  about 50 co l i fo rm 
colonies and not more then 200 colonies o f  a l l  types. Examine f in ished 
waters by f i l t e r i n g  dup l ica te  por t ions o f  the same volume, such as 100 t o  
500 mL o r  more, o r  by f i  1 t e r i ng  two d i l u t ed  volumes. Examine other 
waters by f i  1 t e r i  ~g three d i f f e r e n t  volumes, depending on the expected 
bac te r ia l  density. When less than 20 mL o f  sample (d i l u t ed  o r  undi luted) 
i s  f i l t e r e d ,  add a small amount o f  s t e r i l e  d i l u t i o n  water t o  the funnel 
before f i  1 t r a t i on .  This increase i n  water volume aids i n  uniform 
d i  sperslon o f  the bac te r ia l  suspension over the e n t i  r e  e f f ec t i ve  
f i l t e r i n g  surface. 

7.2 F i l t r a t i o n  o f  sample: 

7.2.1 Using s t e r i l e  forceps, place a s t e r i l e  f i l t e r  over porous 
p l a t e  o f  receptacle, g r i d  s ide up. Carefu l ly  place matched funnel u n i t  
over receptacle and lock i t  i n  place. F i l t e r  sample under p a r t i a l  
vacuum. With f i l t e r  s t i l l  i n  place, r inse  funnel by f i l t e r i n g  three 
20- t o  30-mL por t ions o f  s t e r i l e  d i l u t i o n  water. Unlock and remove 
funnel, immediately remove f i l t e r  w i t h  s t e r i l e  forceps, and place i t  on 
s t e r i l e  pad o r  agar w i t h  a r o l l i n g  motion t o  avoid entrapment o f  a i r .  

7.2.2 Use s t e r i l e  f i l t r a t i o n  un i t s  a t  the beginning o f  each 
f i l t r a t i o n  ser ies  as a minimum precaution t o  avoid accidental 
contamination. A f i  1 t r a t i o n  ser ies i s  considered t o  be in ter rupted when 
an i n t e r v a l  o f  30 min o r  longer elapses between sample f i l t r a t i o n s .  
A f te r  such in te r rup t ion ,  t r e a t  any f u r t he r  sample f i l t r a t i o n  as a new 
f i  1 t r a t i o n  ser ies  and s t e r i  1 i z e  a1 1 membrane-fil t e r  holders i n  use. 

7.2.3 Decontaminate t h i s  equipment between successive f i  1 t r a t i ons  
by use o f  f lowing steam, b o i l i n g  water, or, i f  avai lable, an u l t r a v i o l e t  
s t e r i  1 i ze r .  When using the  UV s t e r i  1 i zat ion procedure, a 2-mi n exposure 
t o  UV r ad ia t i on  i s  s u f f i c i e n t  and should k i l l  99.9% o f  a l l  bacteria. Eye 
p ro tec t ion  I s  recommended t o  p ro tec t  against s t ray  rad ia t ion  from a 
non-1 i g h t - t i g h t  s t e r l l  i z a t i o n  cabinet. This UV equipment I s  not  
commercially ava i lab le  and i s  not  required, although i t s  use i s  
recommended. 

7.3 Two-step enrichment technique: 

7.3.1 Place a s t e r i l e  absorbent pad i n  the upper h a l f  o f  a s t e r i l e  
cu l t u re  d ish  and p i p e t  enough enrichment medium (1.8 t o  2.0 mL l au ry l  
t ryptose broth) t o  saturate pad. Carefu l ly  remove any surplus 1 iquid. 
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Asept i ca l l y  p lace f i l t e r  through which the  sample has been passed on pad. 
Incubate f i l t e r ,  wi thout  i n v e r t i n g  dish, f o r  1.5 t o  2 h r  a t  35 2 0.5.C i n  
an atmosphere o f  a t  l e a s t  90% r e l a t i v e  humidity. 

7.3.2 Remove enrichment cu l t u re  from incubator, 1 i f t  f i l t e r  from 
enrichment pad, and r o l l  i t  onto the  agar surface. Incor rec t  f i l t e r  
placement i s  a t  once obvious, because patches o f  unstained membrane 
i nd i ca te  entrapment o f  a i r .  Where such patches occur, ca re fu l l y  reseat 
f i l t e r  on agar surface. If the 1 i q u i d  medium i s  used, prepare f i n a l  
cu l t u re  by removing enrichment cu l t u re  from incubator and separating the  
d ish halves. Place a f resh  s t e r i l e  pad i n  bottom ha l f  o f  d ish and 
saturate i t  w i t h  1.8 t o  2.0 mL o f  f i n a l  M-Endo medium. Transfer f i l t e r ,  
w i t h  same precautions as above, t o  new pad. Discard used pad. With 
e i t h e r  the agar o r  the l i q u i d  medium, i n v e r t  d i sh  and incubate f o r  20 t o  
22 h r  a t  35 2 0.5.C. 

7.4 Counting: 

7.4.1 The t y p i c a l  co l i f o rm  colony has a p ink  t o  dark-red co lo r  w i t h  
a metal 1 i c  surface sheen. The sheen area may vary i n  s i ze  from a small 
pinhead t o  complete coverage o f  the colony surface. Count sheen colonies 
w i t h  the a i d  o f  a low-power (10 t o  15 magni f icat ions) b inocu lar  wide- 
f i e l d  d issec t ing  microscope o r  o ther  op t i ca l  device, w i t h  a cool -whi t e  
f luorescent  l i g h t  source d i rec ted  above and as near ly  perpendicular as 
poss ib le  t o  the plane o f  the f i l t e r .  The t o t a l  count o f  colonies 
(col i fo rm and noncol i form) on Endo-type medium has no r e l a t i o n  t o  the 
t o t a l  number o f  bac te r ia  present i n  the o r i g i n a l  sample and, so f a r  as i s  
known, no s ign i f i cance  can be i n fe r red  o r  co r re l a t i on  made w i t h  the  
qual i t y  of the water sampl e. 

7.5 Calcu la t ion o f  col  i form density: 

7.5.1 Report col  i form dens i ty  as ( t o t a l )  co l  i forms/100 mL. Compute 
the count, using membrane f i l t e r s  w i t h  20 t o  80 co l  i f o rm  colonies and not  
more than 200 colonies o f  a1 1 types per  membrane, by the f o l  lowing 
equation : 

(Total) - - co l  i f o rm  colonies counted x 100 
co l  i form co l  oni  esI100 mL mL sample f i l t e r e d  

7.5.2 Water o f  drinking-water qual i ty  : 

7.5.2.1 With water o f  good qua l i t y ,  the number o f  co l i f o rm  
colonies w i l l  be less  than 20 per  membrane. I n  t h i s  event, count 
a l l  co l i f o rm  colonies and use the formula given above t o  ob ta in  
co l  i form density. 

7.5.2.2 I f  conf luent  growth occurs, t h a t  i s ,  growth covering 
e i t h e r  the  e n t i r e  f i l t r a t i o n  area o f  the membrane o r  a p o r t i o n  
thereof ,  a rd  colonies are no t  d iscre te ,  repor t  r e s u l t s  as "conf luent  
growth w i t h  o r  wi thout  col i forms." I f  the t o t a l  number o f  bac te r ia l  
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colonies, co l  i forms p l  us noncol iforms, exceeds 200 per  membrane, o r  
i f  the colonies are too i n d i s t i n c t  f o r  accurate counting, report  
r esu l t s  as " too numerous t o  count" (TNTC). I n  e i t he r  case, request 
a  new sample and select  more appropriate volumes t o  be f i  1  tered per 
membrane, remembering t h a t  the standard d r i  nking-water por t ion  i s  
100 mL. Thus, instead o f  f i l t e r i n g  100 mL per membrane, 50-mL 
por t ions may be f i l t e r e d  through each o f  two membranes, 25-mL 
por t ions may be f i  1  tered through each o f  fou r  membranes, etc. Total 
the co l i fo rm counts observed on the membranes and repor t  as number 
per  100 mL. 

7.5.3 Water o f  o ther  than d r i n k i  ng-water qua1 i ty: 

7.5.3.1 As w i t h  potable water samples, i f  no f i l t e r  has a  
co l i fo rm count fa1 1  i ng  i n  the ideal  range, t o t a l  the col  i f o rm counts 
on a1 1  f i  1  t e r s  and repor t  , as number per 100 nlL. For exampl e, i f  
dupl i cate 50-mL por t ions were examined and the two membranes had 
f i v e  and three col  i f o rm colonies, respectively, repor t  the count as 
e ight  co l i fo rm colonies per  100 mL, i.e., 

7.5.3.2 S imi lar ly ,  i f  50-, 25-, and 10-mL por t ions were 
examined and the counts were 15, 6, and 1 col  i f o rm colonies, 
respect ively,  repor t  the count as 25/100 mL, i .e., 

7.5.3.3 On the other hand, i f  lo- ,  1.0-, and 0.1-mL port ions 
were examined w i th  counts o f  40, 9, and 1 col i form,colonies 
respect ive ly  , sel ec t  only the 10-mL por t ion  f o r  cal  cul  a t f  vg the 
co l  i form density because t h i s  f i 1 t e r  had a col  i form count fa1 1  i ng i n  
the idea l  range. The r e s u l t  i s  400/100 mL, i .e., 

I n  t h i s  l a s t  example, if the membrane wi th  40 col i form colonies also 
had a t o t a l  bac te r ia l  colony count greater than 200, report  the 
co l  i form count as 400/100 mL. 

7.5.3.4 Report conf l  uent growth o r  membranes wi th  colonies 
too numerous t o  count, as described i n  7.5.2, above. Request a  new 
sample and se lect  more appropriate vol umes fo r  f i 1 t ra t ion .  

7.5.4 S t a t i s t i c a l  r e l i a b i l i t y  o f  membrane f i l t e r  resu l ts :  A1 though 
the  s t a t i  s t i c a l  re1 i a b i  1  i t y  o f  the membrane f i  1 t e r  technique i s  greater 
than t h a t  o f  the MPN procedure, membrane counts r e a l l y  are not absolute 
numbers. Tab1 e 1 i 11 ustrates some 95% confidence 1 i m i  t s .  
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TABLE 1. 95% CONFIDENCE LIMITS FOR MEMBRANE-FILTER RESULTS 
USING 100-mL SAMPLE 

Number o f  Col i f o rm  
Colonies Counted 

95% Confidence L im i t s  

Lower Upper 

8.0 QUALITY CONTROL 

8.1 Extensive q u a l i t y  cont ro l  procedures are provided i n  Par t  I V  o f  U.S. 
EPA, 1978 (see Sect ion 10.0, References). These procedures should be adhered 
t o  a t  a l l  times. 

8.2 Samples must be maintained as c lose ly  as poss ib le  t o  o r i g i n a l  
cond i t i on  by ca re fu l  hand1 i ng and storage. Sample s i t e s  and sampl i n g  
frequency should prov ide data representat ive o f  cha rac te r i s t i c s  and 
v a r i a b i l i t y  o f  the water q u a l i t y  a t  t h a t  s i t e .  Samples should be analyzed 
immediately. I f  t h i s  i s  no t  p rac t i ca l ,  they should be r e f r i g e r a t e d  a t  a 
temperature o f  1-4'C and analyzed w i t h i n  6 hr. 

8.3 Q u a l i t y  con t ro l  o f  cu l t u re  media i s  c r i t i c a l  t o  the  v a l i d i t y  o f  
microb io log ica l  analysis.  Some important factors t o  consider are  summarized 
be1 ow: 

8.3.1 Order media t o  l a s t .  f o r  on ly  1 y r ;  always use o ldes t  stock 
f i r s t .  Mainta in an inventory o f  a l l  media ordered, i nc lud iqg  a v isua l  
i nspect i  on record. 

8.3.2 Hold unopened media f o r  no longer than 2 y r .  Opened media 
containers should be discarded a f t e r  6 mo. 

8.3.3 When prepar ing media, keep containers open as b r i e f l y  as 
possib le.  Prepare media i n  deionized o r  d i s t i l l e d  (Type 11) water o f  
proven q u a l i t y .  Check the pH o f  the media a f t e r  so l u t i on  and 
s t e r i l i z a t i o n ;  i t  should be w i t h i n  0.2 u n i t s  o f  the  s ta ted value. 
Discard and remake i f  i t  i s  not. 

8.3.4 A ~ ~ t o c l a v e  media f o r  the mi,nimal t ime spec i f i ed  by the  
manufacturer, because the po ten t i  a1 f o r  damage increases w i t h  increased 
exposure t o  heat. Remove s t e r i l e  media from the autoclave as soon as 
pressure i s  zero. Ef fect iveness o f  the s t e r i l i z a t i o n  should be checked 
weekly, using s t r i p s  o r  ampul s o f  B a c i l l  us stearothemophel us. 
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8.3.5 Agar plates should be kept s l lght ly open for  15 min a f t e r  
pouring o r  removal from refrigeration t o  evaporate free moisture. Plates 
must be free of lumps, uneven surfaces, pock marks, or  bubbles, which can 
prevent good contact between the agar and medlum. 

8.3.6 Qual i ty control checks of prepared medla should Include the 
Incubation of 5% of each batch of medlum fo r  2 days a t  35'C t o  Inspect 
fo r  growth and posl t i  ve/negati ve checks wl t h  pure culture. 

8.4 Analytl cal qua1 I t y  control procedures should f ncl ude: 

8.4.1 Dupl lcate  analytical runs on a t  least  10% of a1 1 known 
posl t i  ve samples analyzed. 

8.4.2 A t  l eas t  one posl t lve  control sample should be run each month  
fo r  each parameter tested. 

8.4.3 A t  l eas t  one negative (s ter l le )  control should be run  with 
each serles  of samples using buffered water and the medlum batch used a t  
the beginning of the t e s t  ser les  and following every tenth sample. When 
s t e r i  1 e controls I ndl cate contaml nation, new samples should be obtained 
and analyzed. 

8.4.4 The Type I1 water used should be perlodlcally checked for  
contamination. 

8.5 Qual I ty  control speclflcatlons for  membrane f i  1 ters:  

8.5.1 Membrane f l l  t e r s  can be purchased s t e r l l e  or packaged for  
s t e r l  1 lzat l  on. They can be s t e r l l  I zed by autocl avlng, ethylene oxide, o r  
I rradl ation. Membrane manufacturers should cer t i fy  that  the1 r membranes 
meet stated speci flcatlons on s t e r l l  i ty ,  retentlon, recovery, pore size,  
flow rate ,  pH, total  acid1 ty,  phosphate, and other extractables. 

8.5.2 Membrane performance should be tested t o  ensure proper 
results.  Each l o t  ordered should be Inspected for  proper shape, grid 
1 I nes, dl f f usabl 1 i ty  , and correct colony development. ' Membranes 
contal nlng slzabl e areas wl t h  no colony development are questionable. 

9.0 METHOD PERFORMANCE 

9.1 No data provided. 

10.0 REFERENCES 

1. Standard Methods for  the Examlnation of Water and Wastewater, 15th ed. 

2. Bordner, R.H., e t  al., Microblologlcal Methods for  Monitoring the 
Envl ronment, Envl ronmental Monl tor1 ng and Support Laboratory, U.S. EPA, 
Cincinnati , OH, EPA-600/8-78-017, 1978. 
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METHOD 9132 
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METHOD 9200 

NITRATE 

1.0 SCOPE AND APPLICATION 

1.1 This method i s  appl icable t o  the analysis o f  ground water, drinking, 
surface, and sal  i ne waters, and domestic and i ndustr i  a1 wastes. Modi f icat ion 
can be made t o  remove o r  cor rect  f o r  t u r b i d i t y ,  color ,  s a l i n i t y ,  o r  dissolved 
organic compounds i n  the sample. 

1.2 The applicable range o f  concentration i s  0.1 t o  2 mg N03-N per l i t e r  
of sample. 

2.0 SUMMARY OF METHOD 

2.1 This method i s  based upon the react ion o f  the n i t r a t e  i on  wi th  
brucine su l f a te  i n  a 13 N H2SO4 so lu t ion a t  a temperature o f  100'C. The co lo r  
o f  the resu l t i ng  complex i s  measured a t  410 nm. Temperature control  o f  the 
co lo r  react ion i s  extremely c r i t i c a l .  

3.0 INTERFERENCES 

3.1 Dissolved organic matter w i l l  cause an o f f  co lo r  i n  13 N H SO4 and 
must be compensated f o r  by addit ions o f  a l l  reagents except the g rucine- 
s u l f a n i l i c  acid reagent. This a1 so applies t o  natural color ,  not due t o  
d i  ssol ved organ1 cs , t h a t  i s present. 

3.2 If the sample i s  colored o r  i f  the condit ions o f  the t e s t  cause 
extraneous colorat ion,  t h i s  inter ference should be corrected by running a 
concurrent sample under the same condit ions but i n  the absence o f  the brucine- 
sul fani  1 i c  ac id  reagent. 

3.3 Strong ox i  d i  zing o r  reducing agents cause i nterference. The 
presence o f  ox id iz ing  agents may be determined by a residual chlor ine test ;  
reducing agents may be detected w i th  potassium permanganate. 

3.3.1 Oxidiz ing agents' interference i s  el iminated by the addi t ion 
o f  sodium arseni te. 

3.3.2 Reducing agents may be oxidized by addi t ion o f  H202. 

3.4 Ferrous and f e r r i c  i r o n  and quadrivalent manganese give s l i g h t  
pos i t i ve  interferences, but  i n  concentrations less than 1 mg/L these are 
negl ig ib le .  
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3.5 Uneven heat ing o f  the  samples and standards dur ing the reac t ion  time 
w i  11 r e s u l t  i n  e r r a t i c  values. The necessity f o r  absolute con t ro l  of 
temperature dur ing the  c r i  ti cal  co l o r  development per iod  cannot be too 
s t rong ly  emphasized. 

4.0 APPARATUS AND MATERIALS 

4.1 Spectrophotometer o r  f i  1 t e r  photometer su i  tab1 e f o r  measuring 
absorbance a t  410 nm. 

4.2 S u f f i c i e n t  number o f  40- t o  50-mL glass sample tubes f o r  reagent 
blanks, standards, and samples. 

4.3 Neoprene-coated wi re  racks t o  hold sample tubes. 

4.4 Water bath su i tab le  f o r  use a t  100'C. This bath should conta in  a 
s t i r r i n g  mechanism so t h a t  a l l  tubes are a t  the  same temperature and should be 
o f  s u f f i c i e n t  capaci ty t o  accept the  required number o f  tubes wi thout  a 
s i g n i f i c a n t  drop i n  temperature when the  tubes are immersed. 

4.5 Water bath su i tab le  f o r  use a t  10-15'C. 

5.0 REAGENTS 

5.1 ASTM 'Type I1 water (ASTM D1193): Water should be monitored f o r  
impur i t ies .  

5.2 Sodium ch lo r i de  so lu t i on  (30%): Dissolve 300 g NaCl i n  Type I1 
water and d i l u t e  t o  1 1 i t e r .  

5.3 Su l f u r i c  ac id  solut ion:  Care fu l l y  add 500 mL concentrated H2SO4 t o  
125 mL Type I1 water. Cool and keep t i g h t l y  stoppered t o  prevent absorption 
o f  atmospheric moisture. 

5.4 Bruc ine-su l fan i l i c  ac id  reagent: Dissolve 1 g brucine su l fa te  -- 
(C23H26N204)2*H2~04@7H20 -- and 0.1 g sul  f an i  1 i c  ac id  (NH2C6H4S03H*H 0) i n  
70 mL ho t  Type I1 water. Add 3 mL concentrated HC1, cool,  mix, and d i  f ute  t o  
100 mL w i t h  Type I1 water. Store i n  a dark b o t t l e  a t  5'C. This so lu t i on  i s  
s tab le  f o r  several months: the p ink  co lo r  t h a t  develops s lowly does no t  a f f ec t  
i t s  usefulness. Mark b o t t l e  ' w i t h  warning, u ~ ~ ~ ~ ~ ~ ~ :  ~ k u c i n e  Su l f a te  i s  
tox ic ;  do n o t  ingest." 

5.5 Potassium n i t r a t e  stock so lu t i on  (1.0 mL = 0.1 mg N03-N) : Dissolve 
0.7218 g anhydrous potassium n i t r a t e  (KN03) i n  Type I1 water and d i l u t e  t o  
1 1 i t e r  i n  a volumetr ic  f lask .  Preserve w i t h  2 mL chloroform per  1 i t e r .  This 
so lu t i on  i s  s tab le  f o r  a t  l eas t  6 mon. 

5.6 Potassium n i t r a t e  standard so lu t i on  (1.0 mL = 0.001 mg NO3-N) : 
D i l u t e  10.0 mL o f  the stock so lu t i on  (5.5) t o  1 l i t e r  i n  a volumetr ic  f l ask .  
Th is .  standard so lu t i on  should be prepared f resh weekly. 

Revi s ion 0 
Date September 1986 



5.7 Acetic ac id  (1+3) : D i l u te  1 volume g lac ia l  acet ic  ac id  (CH3COOH) 
w i t h  3 volumes o f  Type I1 water. 

5.8 Sodium hydroxide (1 N) : Dissolve 40 g of NaOH i n  Type I1 water. 
Cool and d i l u t e  t o  1 1 i te r .  

6.0 SAMPLE COLLECTION, PRESERVATION, AND HANDLING 

6.1 A l l  samples must have been co l lec ted using .a sampling plan t ha t  
addresses the considerations discussed i n  Chapter Nine o f  t h i s  manual. 

6.2 Analysis should be done as soon as possible. I f  analysis can be 
done w i t h i n  24 hr, the 'sample should be preserved by re f r i ge ra t i on  a t  4% 
When samples must be stored f o r  more than 24 hr,  they should be preserved wi th  
sul  f u r i c  ac id  (2 mL/L concentrated H2S04) and refr igerated.  

7.0 PROCEDURE 

7.1 Adjust the pH o f  the samples t o  approximately 7 w i th  acet ic  acid 
(Paragraph 5.7) o r  sodi um hydroxide (Paragraph 5.8) . I f  necessary, f i  1 t e r  t o  
remove t u r b i d i t y .  Su l f u r i c  ac id  can be used i n  place o f  acet ic  acid, i f  
preferred. 

7.2 Set up the required number o f  sample tubes i n  the rack t o  handle 
reagent blank, standards, and samples. Space tubes evenly throughout the rack 
t o  a l low f o r  even f low o f  bath water between the tubes. This should ass is t  i n  
achieving uniform heating o f  a l l  tubes. 

7.3 I f  i t  i s  necessary t o  cor rect  f o r  co lo r  o r  dissolved organic matter 
which w i l l  cause co lo r  on heating, run a set o f  dupl icate samples t o  which a l l  
reagents, except the bruc i  ne-sul fan i  1 i c acid, have been added. 

7.3.1 Add 0.5 mL bruc ine-su l fan i l ic  acid reagent (Paragraph 5.4) t o  
each tube (except the inter ference control  tubes) and care fu l l y  mix by 
swi r l ing;  then place the rack o f  tubes i n  the 100eC water bath f o r  
exact ly 25 min. 

CAUTION: Immersion o f  the tube rack i n t o  the bath should not 
decrease the temperature o f  the bath by more than 1-2'C. I n  
order t o  keep t h i s  temperature decrease t o  an absolute minimum, 
f low o f  bath water between the tubes should not  be res t r i c t ed  
by crowding too many tubes i n t o  the rack. I f  co lor  development 
i n  the standards reveals discrepancies i n  the procedure, the 
operator should repeat the procedure a f t e r  reviewing the 
temperature control  steps. 

7.4 Pipet  10.0 mL o f  standards and samples o r  an a l iquo t  o f  the samples 
d i l u t e d  t o  10.0 mL i n t o  the sample tubes. 
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7.5 I f  the  samples are sal ine, add 2 mL o f  the 30% sodium chlor ide 
so lu t ion  (Paragraph 5.2) t o  the  reagent blank, standards, and samples. For 
freshwater samples, sodium chlor ide so lu t ion  may be omitted. Mix contents o f  
tubes by s w i r l i n g  and place rack i n  cold-water bath (0-10'C). 

7.6 Pipet 10.0 mL o f  s u l f u r i c  ac id  so lu t ion  (Paragraph 5.3) i n t o  each 
tube and mix by swi r l ing.  A1 low tubes t o  come t o  thermal equi l  i brium i n  the  
cold bath. Be sure t h a t  temperatures have equ i l ib ra ted  i n  a l l  tubes before 
cont i  nui ng. 

7.7 Remove rack o f  tubes from the hot-water bath, immerse i n  the cold- 
water bath, and al low t o  reach thermal equi l ibr ium (20-25'C). 

7.8 Read absorbance against the reagent blank a t  410 nm using a 1-cm o r  
1 onger c e l l  . 

7.9 Calculat ion: 

7.9.1 Obtain a standard curve by p l o t t i n g  the  absorbance o f  
standards run by the above procedure against mg/L N03-N. (The c o l o r  
react ion does not always f o l  low Beer's law.) 

7.9.2 Subtract the  absorbance o f  the sample wi thout the  brucine- 
s u l f a n i l i c  reagent from the absorbance o f  the sample containing brucine- 
s u l f a n i l i c  ac id  and determine mg/L N03-N. Mu l t i p l y  by an appropriate 
d l  1 u t i on  f a c t o r  i f  less than 10 mL o f  sample i s taken. 

8.0 QUALITY CONTROL 

8.1 A1 1 qua1 i t y  control  data should be maintained and avai lab le  f o r  easy 
reference o r  i nspection. 

8.2 Linear ca l  Jbra t ion  curves must be composed o f  a minimum o f  a blank 
and f i v e  standards. A set  o f  standards must be included w i t h  each batch o f  
sampl es. 

8.3 Di 1 Ute samples i f  they are more concentrated than the  highest 
standard o r  i f  they fa1 1 on the plateau o f  a ca l i b ra t i on  curve. 

8.4 Ver i f y  ca l  i bra t ion  w i th  an independently prepared check standard 
every 15 samples. 

8.5 Run one spike dupl icate sample f o r  every 10 samples. A dupl icate 
sample i s  a sample brought through the whole sample preparatlon and ana ly t i ca l  
process. 
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9.0 METHOD PERFORMANCE 

9.1 Twenty-seven analysts i n  f I fteen 1 aboratorles analyzed natural  -water 
samples containing exact Increments o f  Inorganic n i t r a te ,  w i t h  the f o l  lowlng 
resu l ts :  

Increment as Precl slon as 
Nitrogen, N i t r a t e  Standard Devl a t l on  

(mg/L N) (mg/L N) 

0.16 0.092 
0.19 0.083 
1.08 0.245 
1.24 0.214 

Accuracy as 
B l  as B l  as 

(%I - (mg/L N) 

-6.79 -0.01 
+8.30 +O .02 
+4.12 +O .04 
+2.82 +O .04 

10.0 REFERENCES 

1. Annual Book o f  ASTM Standards, Part 31, "Water, " Standard 0992-71, p. 363 
(1976) . 
2. Jenklns, D. and L. Medsken, "A Bruclne Method f o r  the Determlnatlon o f  
N l t r a t e  i n  Ocean, Estuarine, and Fresh Water," Anal .Chem., 36, p. 610 (1964). 

3. Standard ~e thods '  fo r  the Examination of Water and Wastewater, 14th ed., 
p. 427, Method 419D (1975). 
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METHOD 92DC 

NITRATE 
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METHOD 9250 

CHLORIDE (COLORIMETRIC, AUTOMATED FERRICYANIDE AAI)  

1.0 SCOPE AND APPLICATION 

1.1 This automated method i s  applicable t o  ground water, drinking, 
surface, and sa l ine waters, and domestic and i ndus t r i a l  wastes. The 
applicable range i s  1 t o  250 mg C1 per 11 t e r  o f  sample. 

2.0 SUMMARY OF METHOD 

2.1 Thiocyanate i on  (SCN) i s  1 iberated f r o m  mercuric thiocyanate through 
sequestration o f  mercury by ch lor ide ion  t o  form un-ionized mercuric chloride. 
I n  the presence o f  f e r r l c  ion, the l iberated SCN forms h igh ly  colored f e r r i c  
thiocyanate i n  a concentration proport ional t o  the o r ig ina l  chlor ide 
concentration. 

3.0 INTERFERENCES 

3.1 No s ign i f i can t  interferences. 

4.0 APPARATUS AND MATERIALS 

4.1 Automated cont i  nuous-flow analy t ica l  instrument: 

4.1.1 Sampler I. 

4.1.2 Continuous f i l t e r .  

4.1.3 Uanifold. 

4.1.4 Proport ioning punp. 

4.1.5 Colorimeter: equipped wi th  15-mn tubular f lowcel l  and 480-nm 
f 11 ters.  

4.1.6 Recorder. 

5.0 REAGENTS 

5.1 ASTM Type I1  water (ASTM D1193): Water should be monitored f o r  
impurities. 

5.2 Fer r i c  ammontum sul fate:  Dissolve 60 g of FeNHq(S04) .12H20 i n  
approximately 500 mL Type I 1  water. Add 355 mL of concentrate HNO3 and 
d i l u t e  t o  1 l i t e r  w i th  Type I1 water. F i l t e r .  

3 
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5.3 Saturated mercuric thiocyanate: Dissolve 5 g of Hg(SCN)2 in 1 l i t e r  
of Type I1 water. Decant and f i l t e r  a portion of the saturated supernatant 
liqujd t o  use as  the reagent and r e f i l l  the bot t le  with d i s t i l l e d  water. 

5.4 Sodium chloride stock solution (0.0141 N NaC1) : Dissolve 0.8241 g 
of pre-dried (140.C) NaCl in Type I1  water. Dilute to  1 l i t e r  in a volumetric - .  
flask (1 mL =-0.5 mg Cl). 

5.4.1 Prepare a ser ies  of standards by di lut ing sui table volumes of 
stock solution to  100.0 rnL with Type I1 water. The following di lut ions 
are suggested: 

Stock 
Sol u t  i on (mL) Concentrat ion (mq/L) 

Choose three of the nine standard concentrations in such a way tha t  the 
chosen standards wi 11 bracket the expected concentration range of the 
sampl e. 

6.0 SAMPLE COLLECTION, PRESERVATION, AND HANDLING 

6.1 A l l  samples must have been collected using a sampling plan tha t  
addresses the considerations dl scussed in Chapter Nine of t h i s  manual. 

6.2 NO speci a1 requi rernents fo r  preservation. 

7.0 PROCEDURE 

7.1 No advance sample preparation i s  required. Set up manifold, as 
shown in Figure 1. For water samples known t o  be consistently low in chloride 
content, i t  i s  advisable t o  use only one Type I1 water intake 1 ine. 

7.2 A1 low both colorirneter and recorder t o  warm up f o r  30 min. Run a 
baseline with a l l  reagents, feeding Type I1 water through the sample 1 ine. 
Adjust dark current and operative opening on colorirneter to  obtain s table 
base1 ine. 
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7.3 Place Type I1 water wash tubes in al ternate openings in sampler and 
s e t  sample timing a t  2.0 min. 

7.4 Place working standards in sampler in order of decreasing 
concentrations. Complete f i  11 ing of sampler tray w i t h  unknown samples. 

7.5 Switch sample 1 ine from Type I1 water t o  sampler and begin analysis. 

7.6 Calculation: 

7.6.1 Prepare standard curve by plotting peak heights of processed 
standards against known concentrations. Compute concentration of samples 
by comparing sample peak heights with standard curve. 

8.0 QUALITY CONTROL 

8.1 All qua1 i t y  control data should be maintained and available for  easy 
reference o r  inspection. 

8.2 Calibration curves must be composed of a minimum of a blank and 
three standards. Employ a minimum of one blank per sample batch t o  determine 
i f contamination has occurred. 

8.3 Dilute samples i f  they are more concentrated than the highest 
standard o r  i f  they fa1 1 on the plateau of a call  bration curve. 

8.4 Verify cal i bration w i t h  an independently prepared check standard 
every 15 samples. 

8.5 Run one spike duplicate sample fo r  every 10 samples. A duplicate 
sample i s  a sample brought through the whole sample preparation and analytical 
process. 

9.0 METHOD PERFORMANCE 

9.1 Precision and accuracy data are available in Method 325.1 of Methods 
for  Chemical Analysis of Water and Wastes. 

10.0 REFERENCES 

1. O'Brien, J.E., "Automatic Analysis of Chlorides in Sewage," Waste Engr., 
33, 670-672 (Dec. 1962). - 
2. Standard Methods for  the Examination of Water and Wastewater, 14th ed., 
p. 613, Method 602 (1975). 
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METHOD 9250 
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METHOD 9251 

CHLORIDE (COLORIMETRIC, AUTOMATED FERRICYANIDE A A I I )  

1.0 SCOPE AND APPLICATION 

1.1 This automated method i s  applicable t o  ground water, drinking, 
surface, and sa l lne waters, and domestic and indus t r ia l  wastes. The 
applicable range i s  1-200 mg C1- per l i t e r  of sample. 

2.0 SUMMARY OF METHOD 

2.1 Thiocyanate Ion  (SCN) i s  1 i berated f r o m  mercuric thiocyanate through 
sequestration o f  mercury by ch lor ide i o n  t o  form un-ionized mercuric chloride. 
I n  the presence o f  f e r r i c  ion, the l iberated SCN forms h igh ly  colored f e r r i c  
thiocyanate i n  a concentration proport ional t o  the o r i g i na l  chlor ide 
concentration. 

3.0 INTERFERENCES 

3.1 No s ign i f i can t  interferences. 

4.0 APPARATUS AND MATERIALS 

4.1 Automated continuous-flow anal y t l c a l  instrument: 

4.1.1 Sampler I. 

4.1.2 Analy t ica l  cartr idge. 

4.1.3 Proport ioning pump. 

4.1.4 Colorineter: Equipped w i th  15-m tubular f lowcel l  and 480-nm 
f 11 ters. 

4.1.5 Recorder. 

4.1.6 D i g i t a l  p r i n t e r  (optional). 

5.0 REAGENTS 

5.1 ASTM Type I 1  water (ASTM 01193) : Water should be monitored f o r  
impur i t ies.  

5.2 Mercuric thiocyanate solut ion: Dissolve 4.17 g o f  Hg(SCN) i n  500 
mL methanol. D i l u te  t o  1 l i t e r  wi th  methanol, mix, and f i l t e r  throug t f i l t e r  
paper. 
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5.3 Fe r r i c  n i t r a t e  so lu t ion,  20.2%: Dissolve 202 g o f  Fe(N03)3-9H20 i n  
500 mL of Type 11 water. Add 31.5 mL concentrated n i t r i c  acid, mix, and 
d i l u t e  t o  1- l i t e r  w i t h  Type I1 water. 

5.4 Color rea ent: Add 150 mL o f  mercuric thiocyanate so lu t ion  
(Paragraph + 5.2 t o  150 ~ I L  o f  f e r r i c  n i t r a t e  so lu t ion  (Paragraph 5.3), mix, and 
d i l u t e  t o  1 1 i t e r  w i t h  Type I 1  water. A combined c o l o r  reagent i s  commer- 
c i  a1 1 y avai 1 abl e. 

5.5 Sodium ch lo r ide  stock so lu t ion  (0.0141 N NaC1): Dissolve 0.8241 g 
o f  pre-dr ied (140-C) NaCl i n  Type I1  water. D i l u t e  t o  1 l i t e r  i n  a volumetric 
f l ask  (1 mL = 0.5 mg C1-). 

5.5.1 Prepare a ser ies  of standards by d i l u t i n g  su i tab le  volumes o f  
stock so lu t ion  t o  100.0 mL w i t h  Type I1 water. The fo l low ing  d l l u t i o n s  
are suggested: 

Stock 
Sol u t i o n  (mL) Concentration (MIL) 

Choose three o f  the nine standard concentrat ions i n  such a way t h a t  the  
chosen standards w i  11 bracket the expected concentrat ion range o f  the 
sampl e . 

6.0 SAMPLE COLLECTION, PRESERVATION, AND HANDLING 

6.1 A1 1 samples must have been co l lec ted using a sampling p lan t h a t  
addresses the  considerations d i  scussed i n  Chapter Nine of t h i s  manual. 

6.2 No speci a1 requi rements f o r  preservation. 

7.0 PROCEDURE 

7.1 When p a r t i c u l a t e  matter  i s  present, the sample must be f i l t e r e d  
p r i o r  t o  the determi nation. The sample may be centr i fuged i n  place o f  
f i l t r a t i o n .  Set up the manifold, as shown i n  Figure 1. 
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7.2 A1 low both color imeter and recorder t o  warm up f o r  30 min. Run a 
basel ine w i t h  a l l  reagents, feeding Type I1 water through the  sample 1 ine. 

7.3 Place working standards i n  sampler i n  order of decreasing 
concentrations. Complete f i  11 i n g  o f  sampler t r a y  w i t h  unknown samples. 

7.4 When a s tab le  basel ine has been obtained, s t a r t  the sampler. 

7.5 Calculat ion:  Prepare standard ' curve by . p l o t t i n g  peak heights o f  
processed standards against known concentrat ions. Compute concentrat ion o f  
samples by comparing sample peak heights w i t h  standard curve. Note t h a t  t h i s  
i s  not  a 1 inear  curve, bu t  a second order curve. (See Paragraph 8.2.) 

8.0 QUALITY CONTROL 

8.1 A l l  qua1 i t y  cont ro l  data should be maintained and ava i lab le  f o r  easy 
reference o r  inspection. 

8.2 Ca l ib ra t ion  curves must be composed o f  a minimum o f  a blank and 
three standards. Employ a minimum o f  one blank per sample batch t o  determine 
i f contamination has occurred. 

8.3 D i l u t e  samples i f  they are more concentrated than the highest 
standard o r  i f  they f a l l  on the plateau o f  a c a l i b r a t i o n  curve. 

8.4 Veri f y  ca l  i b r a t i  on w i  t h  an i ndependentl y prepared check standard 
every 15 samples. 

8.5 Run one spike dupl icate  sample f o r  every 10 samples. A dup l icate  
sample i s  a sample brought through the whole sample preparat ion and ana l y t i ca l  
process. 

9.0 METHOD PERFORMANCE 

9.1 Precis ion and accuracy data are no t  ava i lab le  a t  t h i s  time. 

10.0 REFERENCES 

1. O'Brien, J.E., "Automatic Analysis o f  Chlorides i n  Sewage," Waste Engr., 
33, 670-672 (Dec. 1962). - 
2. Techni con AutoAnalyzer 11, Indus t r i a l  Method No. 99-70W, Technicon 
I ndus t r i  a1 Systems, Tarrytown, New York, 10591 (Sept . 1973). 
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METHOD 9251 

CHLOAIOE (COLOUIMETRIC. AUTOMATED FEFIRICYANIOE AA 11) 
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METHOD 9252A 

CHLORIDE (TITRIMETRIC, MERCURIC NITRATE1 

1.0 SCOPE AND APPLICATION 

1.1 This method i s  appl i cab le  t o  ground water, d r ink ing ,  surface, and 
sal  i ne waters, and domestic and i ndus t r i  a1 wastes. 

1.2 The method i s  su i tab le  f o r  a l l  concentrat ion ranges o f  ch lo r ide  
content; however, i n  order  t o  avoid l a rge  t i t r a t i o n  volume, a sample a l i quo t  
conta in ing no t  more than 10 t o  20 mg C1- per  50 mL i s  used. 

1.3 Automated t i t r a t i o n  may be used. 

2.0 SUMMARY OF METHOD 

2.1 An a c i d i f i e d  sample i s  t i t r a t e d  w i t h  mercuric n i t r a t e  i n  the 
presence o f  mixed diphenylcarbazone-bromophenol b lue i nd i ca to r .  The end po in t  
o f  the  t i  t r a t i o n  i s  the  formation o f  the  b l  ue-v io l  e t  mercury diphenylcarbazone 
complex. 

3.0 INTERFERENCES 

3.1 Anions and ca t ions  a t  concentrat ions normally found i n  surface 
waters do not  i n t e r f e r e .  However, a t  the higher concentrat ion o f ten  found i n  
c e r t a i n  wastes, problems may occur. 

3.2 S u l f i t e  in ter fe rence can be e l iminated by ox id i z ing  the  50 mL o f  
sample s o l u t i o n  w i t h  0.5-1 mL o f  H202. 

3.3 Bromide and iod ide are a lso t i t r a t e d  w i t h  mercuric n i t r a t e  i n  the  same 
manner as ch lor ide .  

3.4 F e r r i c  and chromate ions i n t e r f e r e  when present i n  excess o f  10 mg/L. 

4.  0 APPARATUS AND MATERIALS 

4.1 Standard labora tory  t i t r i m e t r i c  equipment, inc lud ing 1 mL o r  5 mL 
microburet w i t h  0.01 mL gradations. 

4.2 Class A volumetr ic f lasks:  1 L and 100 mL. 

4.3 pH I n d i c a t o r  paper. 

4.4 Ana ly t i ca l  balance: capable o f  weighing t o  0.0001 g. 

5.0 REAGENTS 

5.1 Reagent-grade chemicals sha l l  be used i n  a l l  t es ts .  Unless 
otherwise indicated,  i t  i s  intended t h a t  a l l  reagents sha l l  conform t o  the  
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s p e c i f i c a t i o n s  o f  t h e  Committee on A n a l y t i c a l  Reagents o f  t h e  American Chemical 
Society ,  where such s p e c i f i c a t i o n s  are  ava i l ab le .  Other grades may be used, 
prov ided i t  i s  f i r s t  ascer ta ined t h a t  t h e  reagent i s  o f  s u f f i c i e n t l y  h igh  p u r i t y  
t o  permi t  i t s  use w i thou t  lessening t h e  accuracy o f  t h e  determinat ion.  

5.2 Reagent water. A l l  re ferences t o  water i n  t h i s  method r e f e r  t o  
reagent water, as de f ined i n  Chapter One. 

5.3 Standard sodium c h l o r i d e  so lu t i on ,  0.025 N: D isso lve  1.4613 g  
+ 0.0002 g  of sodium c h l o r i d e  ( d r i e d  a t  600°C f o r  1 h r )  i n  c h l o r i d e - f r e e  water - 
i n  a  1 1  i t e r  Class A vo lumet r ic  f l a s k  and d i l u t e  t o  t h e  mark w i t h  reagent water.  

5.4 N i t r i c  ac id  (HNO,) so lu t i on :  Add 3.0 mL concentrated n i t r i c  ac id  
t o  997 mL of reagent water ( "3 t 997" so lu t i on ) .  

5.5 Sodium hydroxide (NaOH) s o l u t i o n  (10 g/L) : Disso lve  approximately 
10 g  o f  NaOH i n  reagent water and d i l u t e  t o  1 L  w i t h  reagent water. 

5.6 Hydrogen peroxide (H202) : 30%. 

5.7 Hydroquinone s o l u t i o n  (10 g/L): Dissolve 1 g  o f  p u r i f i e d  
hydroquinone i n  reagent water i n  a  100 mL Class A vo lumet r ic  f l a s k  and d i l u t e  t o  
t h e  mark. 

5.8 M e r c u r i c n i t r a t e t i t r a n t ( 0 . 1 4 1 N ) :  D i s s o l v e 2 4 . 2 g H g ( N 0 , ) 2 * H , 0  
i n  900 mL o f  reagent water a c i d i f i e d  w i t h  5.0 mL concentrated HN03 i n  a  1 1  i t e r  
vo lumet r ic  f l a s k  and d i l u t e  t o  the  mark w i t h  reagent water. F i l t e r ,  i f  
necessary. Standardize against  standard sodium c h l o r i d e  sol  u t i o n  (Step 5.3) 
us ing the  procedures o u t l i n e d  i n  Sec. 7.0. Adjust  t o  e x a c t l y  0.141 N and check. 
Store i n  a  dark  b o t t l e .  A  1 .OO mL a1 i q u o t  i s  equ iva len t  t o  5.00 mg o f  ch lo r i de .  

5.9 Mercur ic  n i t r a t e  t i t r a n t  (0.025 N) : Disso lve  4.2830 g  Hg(NO,), 
H20 i n  50 mL o f  reagent water a c i d i f i e d  w i t h  0.05 mL o f  concentrated 
HNO, (sp. g r .  1.42) i n  a  1 l i t e r  vo lumet r ic  f l a s k  and d i l u t e  t o  t h e  mark w i t h  
reagent water.  F i l t e r ,  i f  necessary. Standardize against  standard sodium 
c h l o r i d e  s o l u t i o n  (Sec. 5.3) us ing t h e  procedures o u t l  ined i n  Sec. 7.0. Ad jus t  
t o  e x a c t l y  0.025 N and check. Store i n  a  dark b o t t l e .  

5.10 Mercur ic  n i t r a t e  t i t r a n t  (0.0141 N) :  Disso lve  2.4200 g  Hg(NO,), 
H20 i n  25 mL o f  reagent water a c i d i f i e d  w i t h  0.25 mL o f  concentrated HNO, (sp. 
g r .  1.42) i n  a  1 l i t e r  Class A vo lumetr ic  f l a s k  and d i l u t e  t o  t h e  mark w i t h  
reagent water.  F i l t e r ,  i f  necessary. Standardize against  standard sodium 
c h l o r i d e  s o l u t i o n  (Sec. 5.3) us ing t h e  procedures o u t l  ined i n  Sec. 7.0. Ad jus t  
t o  e x a c t l y  0.0141 N and check. Store i n  a  dark  b o t t l e .  A  1 mL a l i q u o t  i s  
equ iva len t  t o  500 p g  o f  ch lo r i de .  

5.11 Mixed i n d i c a t o r  reagent:  D isso lve  0.5 g  c r y s t a l l i n e  d ipheny lcar -  
bazone and 0.05 g  bromophenol b lue  powder i n  75 rr~L 95% ethanol i n  a  100 mL Class 
A vo lumet r ic  f l a s k  and d i l u t e  t o  t h e  mark w i t h  95% ethanol .  S tore  i n  brown 
b o t t l e  and d i s c a r d  a f t e r  6  months. 
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5.12 Alphazurine indicator solution: Dissolve 0.005 g of a1 phazurine 
bl ue-green dye in 95% ethanol or isopropanol in 100 mL Class A volumetric flask 
and dilute to the mark with 95% ethanol or i sopropanol . 
6.0  SAMPLE COLLECTION, PRESERVATION, AND HANDLING 

6.1 All samples must have been collected using a sampling plan that 
addresses the considerations discussed in Chapter Nine of this manual. 

6.2 There are no special requirements for preservation. 

7.0 PROCEDURE 

7.1  Place 50 mL of sample in a vessel for titration. If the concentra- 
tion is greater than 20 mg/L chloride, use 0.141 N mercuric nitrate titrant (Sec. 
5.8)  in Sec. 7.6 ,  or dilute sample with reagent water. If the concentration is 
less than 2.5 mg/L of chloride, use 0.0141 N mercuric nitrate titrant (Sec. 5.10) 
in Sec. 7.6.  Using a 1 mL or 5 mL microburet, determine an indicator blank on 
50 mL chloride-free water using Sec. 7.6.  If the concentration is less than 
0 . 1  mg/L of chloride, concentrate an appropriate volume to 50 mL. 

7.2 Add 5 to 10 drops of mixed indicator reagent (Sec. 5.11) ; shake or 
swirl solution. 

7.3 If a blue-violet or red color appears, add HNO, solution (Sec. 5.4)  
dropwise until the color changes to yellow. Proceed to Sec. 7.5.  

7 .4  If a yellow or orange color forms immediately on addition of the 
mixed indicator, add NaOH solution (Sec. 5.5) dropwise until the color changes 
to blue-violet; then add HNO, solution (Sec. 5.4) dropwise until the color 
changes to yellow. 

7 .5  Add 1 mL excess HNO, solution (Sec. 5.4 ) .  

7 .6  Titratewith0.025Nmercuricnitrate  titrant (Sec. 5.9) until a 
blue-violet color persists throughout the solution. If volume of ti trant exceeds 
10 mL or is less than 1 mL, use the 0.141 N or 0.0141 N mercuric nitrate 
solutions, respectively. If necessary, take a small sample a1 iquot. Alphazurine 
indicator solution (Sec. 5.12) may be added with the indicator to sharpen the end 
point. This will change color shades. Practice runs should be made. 

Note: The use of indicator modifications and the presence of heavy - 
metal ions can change solution colors without affecting the 
accuracy of the determination. For example, solutions containing 
alphazurine may be bright blue when neutral, grayish purple when 
basic, bl ue-green when acidic, and bl ue-vi 01 et at the chloride end 
point. Solutions containing about 100 mg/L nickel ion and normal 
niixed indicator are purple when neutral, green when acidic, and 
gray at the chloride end point. a When applying this method to 
samples that contain colored ions or that require modified 
indicator, it is recommended that the operator become familiar with 
the specific color changes involved by experimenting with solutions 
prepared as standards for comparison of color effects. 
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7.6.1 I f  chromate i s  present  a t  (100 mg/L and i r o n  i s  n o t  
present,  add 5-10 drops o f  a lphazur ine  i n d i c a t o r  s o l u t i o n  (Sec. 5.12) and 
a c i d i f y  t o  a pH o f  3 ( i n d i c a t i n g  paper). End p o i n t  w i l l  then be an o l i v e -  
p u r p l e  c o l  o r .  

7.6.2 I f  chromate i s  present  a t  >lo0 mg/L and i r o n  i s  n o t  
present ,  add 2 mL o f  f r e s h  hydroquinone s o l u t i o n  (Sec. 5.7). 

7.6.3 I f  f e r r i c  i o n  i s  present  useavo l~ lmeconta in ingnomore  
than 2.5 mg o f  f e r r i c  i o n  o r  f e r r i c  i o n  p l u s  chromate i on .  Add 2 mL f r e s h  
hydroquinone s o l u t i o n  (Sec. 5.7). 

7.6.4 I f  s u l f i t e  i o n  i s  present,  add 0-.5 mL o f  H202 s o l u t i o n  
(Sec. 5.6) t o  a 50 mL sample and mix f o r  1 min. 

7.7 Cal c u l  a t  i on : 

(A - B)N x 35,450 
mg c h l o r i d e / l  i t e r  = 

mL o f  sample 

where: 

A = mL t i t r a n t  f o r  sample; 

B = mL t i t r a n t  f o r  blank; and 

N = n o r m a l i t y  o f  mercur ic  n i t r a t e  t i t r a n t .  

8.0 QUALITY CONTROL 

8.1 A l l  q u a l i t y  c o n t r o l  da ta  should be mainta ined and a v a i l a b l e  f o r  
easy re fe rence o r  inspec t ion .  Refer t o  Chapter One f o r  s p e c i f i c  qua1 i t y  c o n t r o l  
g u i  de l  i nes . 

8.2 Analyze a standard re fe rence ma te r i a l  t o  ensure t h a t  c o r r e c t  
procedures a re  'being f o l l  owed and t h a t  a1 1 standard reagents have been prepared 
proper1 y  . 

8.3 Employ a minimum o f  one b lank per  a n a l y t i c a l  batch o r  twenty 
samples, whichever i s  more f requent ,  t o  determine i f  contaminat ion has occurred. 

8.4 Run one m a t r i x  sp ike  and m a t r i x  d u p l i c a t e  every a n a l y t i c a l  batch 
o r  twenty samples, whichever i s  more frequent.  M a t r i x  sp ikes and dup l i ca tes  a re  
brought  through t h e  who1 e sarr~pl e  p repara t ion  and a n a l y t i c a l  process. 

9.0 METHOD PERFORMANCE 

9.1 Water samples--A t o t a l  o f  42 ana lys ts  i n  18 l a b o r a t o r i e s  analyzed 
s y n t h e t i c  water  samples con ta in ing  exact increments o f  ch lo r i de ,  w i t h  t h e  r e s u l t s  
shown i n  Table 1. I n  a s i n g l e  l abo ra to ry ,  us ing  sur face  water  samples a t  an 
average concen t ra t i on  o f  34 mg C1-/L, t h e  standard d e v i a t i o n  was k1.0. A 
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syn the t i c  unknown sample conta in ing  241 mg/L ch lor ide ,  108 mg/L Ca, 82 mg/L Mg, 
3.1 mg/L K, 19.9 mg/L Na, 1.1 mg/L n i t r a t e  N, 0.25 mg/L n i t r a t e  N, 259 mg/L 
s u l f a t e  and 42.5 mg/L t o t a l  a1 k a l i n i t y  (cont r ibu ted by NaHCO,) i n  reagent water 
was analyzed i n  10 labo ra to r ies  by the  mercurimetr ic method, w i t h  a r e l a t i v e  
standard dev ia t i on  o f  3.3% and a r e l a t i v e  e r r o r  o f  2.9%. 

9.2 O i l  combustates--These data are based on 34 data po in ts  obtained by 
f i v e  l abo ra to r ies  who each analyzed f o u r  used crankcase o i l s  and th ree fue l  o i l  
blends w i t h  crankcase o i  1 i n  dupl i ca te .  The samples were combusted using Method 
5050. A data p o i n t  represents one dup l i ca te  analys is  o f  a sample. One data 
p o i n t  was judged t o  be an out1 i e r  and was not  included i n  these resu l t s .  

9.2.1 Prec is ion  and b ias.  

9.2.1.1 Precision. The prec is ion  o f  the method as determined 
by the  s t a t i s t i c a l  examination o f  i n te r labo ra to ry  t e s t  r e s u l t s  i s  as 
f o l l  ows: 

Repeatabi 1 i t v  - The d i f fe rence between successive r e s u l t s  
obtained by the  same operator w i t h  the  same apparatus under constant 
operat ing cond i t ions  on i d e n t i c a l  t e s t  mater ia l  would exceed, i n  the  
long run, i n  the  normal and cor rec t  operat ion o f  the t e s t  method, the  
fo l l ow ing  values on ly  i n  1 case i n  20 (see Table 2) : 

Repeatability = 7.61 fi* 

*where x i s  the  average o f  two resu l  t s  i n  pg/g. 

R e ~ r o d u c i  b i l  i t y  - The d i f f e rence  between two sing1 e and 
independent r e s u l t s  obtained by d i f f e r e n t  operators working i n  
d i f f e r e n t  l abo ra to r ies  on i d e n t i c a l  t e s t  mater ia l  would exceed, i n  
the long run, the  fo l l ow ing  values on ly  i n  1 case i n  20: 

Reproducibility = 20.02 JST* 

*where x i s  the  average value o f  two ' resu l t s  i n  pg/g. 

9.2.1.2 Bias. The b ias  o f  t h i s  method var ies w i t h  
concentrat ion, as shown i n  Table 3: 

Bias = Amount found - Amount expected 
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TABLE 1. ANALYSES OF SYNTHETIC WATER SAMPLES 
FOR CHLORIDE BY MERCURIC NITRATE METHOD 

Increment as P rec i s i on  as Accuracv as 
Ch lo r i de  Standard Dev ia t i on  B ias  B ias  

(mg/L) (mg/L) (%) (mg/L) 

TABLE 2. REPEATABILITY AND REPRODUCIBILITY 
FOR CHLORINE IN USED OILS BY BOMB 

OXIDATION AND MERCURIC NITRATE TITRATION 

Average va l  ue, Repeatabi 1 i t y ,  Reproduci b i  1 i ty, 
clg/g clg/g clg/g 
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TABLE 3 .  RECOVERY AND BIAS DATA FOR CHLORINE I N  
USED OILS BY BOMB OXIDATION AND 

MERCURIC NITRATE TITRATION 

Amount Amount 
expected, found, Bias, Percent 

~ 9 / 9  ~ 9 / 9  P9 /9  b i a s  

Revision 1 
September 1994 



METHOD 9 2 5 2 A  
CHLORIDE ( T I T R I M E T R I C ,  MERCURIC N I T R A T E )  

START a - 
7 1 Place 50 mL 

mjapla ln t ~ t r a t l o n  
vaaa*l; determine 
canc*ntratlon of 
mercuric nltratm 
titrant to ua* in 

Step 7 6, d*t*rmln* 
a n  indicator blank 

7 2 Add indicator 
to aampl*; ahak* 

7 4 Add aodlru 
hydronld* until 

.ample ia 
blue-vlo1.t. add 
nitrlc acrd untll 
aampl* 11 y.110- 

7 6 Titrat* with 
mercuric nltratm 
until blu*-viol*t 
color p*r.l.t. 

Y*. No 
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7.3 Add n ~ t r l c  acld 
untll .ample 

y*llow 

7 5 Add 1 mL nltrlc 
acrd 
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METHOD 9253 

1.0 SCOPE AND APPLICATION 

1.1 This method i s  intended p r i m a r i l y  f o r  oxygen bomb combustates o r  
o ther  waters where the  ch lo r ide  content i s  5 mg/L o r  more and where inter ferences 
such as c o l o r  o r  h igh concentrat ions o f  heavy metal ions render Method 9252 
impract icable. 

2.0 SUMMARY OF METHOD 

2.1 Water adjusted t o  pH 8.3 i s  t i t r a t e d  w i t h  s i l v e r  n i t r a t e  so lu t i on  
i n  the  presence o f  potassium chromate ind ica tor .  The end po in t  i s  indicated by 
pers istence o f  the  orange-si l v e r  chromate color .  

3.0 INTERFERENCES 

3.1 Bromide, i o d i d e , a n d s u l f i d e a r e t i t r a t e d a l o n g w i t h t h e c h l o r i d e .  
Orthophosphate and polyphosphate i n t e r f e r e  i f  present i n  concentrat ions greater  
than 250 and 25 mg/L, respect ive ly .  S u l f i t e  and object ionable co lo r  o r  t u r b i d i t y  
must be e l  iminated. Compounds t h a t  p r e c i p i t a t e  a t  pH 8.3 ( c e r t a i n  hydroxides) 
may cause e r r o r  by occlusion. 

3.2 Residual sodium carbonate from the bomb combustion may react  w i t h  
s i l v e r  n i t r a t e  t o  produce the  p rec ip i ta te ,  s i l v e r  carbonate. This competi t ive 
reac t ion  may i n t e r f e r e  w i t h  the  v isua l  detec t ion  o f  the  end po in t .  To remove 
carbonate from the  t e s t  so lu t ion ,  add small quan t i t i es  o f  s u l f u r i c  ac id  followed 
by ag i ta t i on .  

4.0 APPARATUS AND MATERIALS 

4.1 Standard labora tory  t i t r i m e t r i c  equipment, inc lud ing 1 mL o r  5 mL 
microburet w i t h  0.01 mL gradations, and 25 mL buret. 

' 4.2 Ana ly t i ca l  balance: capable o f  weighing t o  0.0001 g. 

4.3 Class A volumetr ic f lask :  1 L. 

5.0 REAGENTS 

5.1 Reagent grade chemicals sha l l  be used i n  a l l  tes ts .  Unless 
otherwise indicated,  i t  i s  intended t h a t  a l l  reagents sha l l  conform t o  the 
spec i f i ca t ions  o f  the  Committee on Ana ly t ica l  Reagents o f  the  American Chemical 
Society, where such speci f icat ions are avai lable.  Other grades may be used, 
provided i t  i s  f i r s t  ascertained t h a t  the reagent i s  o f  s u f f i c i e n t l y  h igh p u r i t y  
t o  permit  i t s  use wi thout  lessening the  accuracy of the  determination. 

5.2 Reagent water. A l l  references t o  water i n  t h i s  method r e f e r  t o  
reagent water, as defined i n  Chapter One. 

5.3 Hydrogen peroxide (30%) , H20,. 
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5.4 Phenolphthalein i n d i c a t o r  s o l u t i o n  (10 g/L) . 
5.5 Potassi um chromate i n d i c a t o r  so lu t i on .  Dissolve 50' g  o f  potassium 

chromate (K,CrO,) i n  100 mL o f  reagent water and add s i l v e r  n i t r a t e  (AgNO,) u n t i l  
a  s l i g h t l y  red  p r e c i p i t a t e  i s  produced. Al low t h e  s o l u t i o n  t o  stand, p ro tec ted 
from l i g h t ,  f o r  a t  l e a s t  24 hours a f t e r  t he  a d d i t i o n  o f  AgNO,. Then f i l t e r  t h e  
s o l u t i o n  t o  remove t h e  p r e c i p i t a t e  and d i l u t e  t o  1 L  w i t h  reagent water. 

5.6 S i l v e r  n i t r a t e  so lu t ion ,  standard (0.025N). Crush approximately 
5  g  o f  s i l v e r  n i t r a t e  (AgNO ) c r y s t a l s  and d r y  t o  constant  weight a t  40°C. 
Di  ssol ve 4.2473 + 0.0002 g  04 t h e  crushed, d r i e d  c r y s t a l s  i n  reagent water and 
d i l u t e  t o  1 L  w i t h  reagent water. Standardize against  t h e  standard NaCl 
so lu t i on ,  us ing t h e  procedure g iven i n  Sect ion 7.0. 

5.7 Sodium c h l o r i d e  so lu t ion ,  standard (0.025N). D isso lve  1.4613 g  
+ 0.0002 g  o f  sodium c h l o r i d e  ( d r i e d  a t  600°C f o r  1 h r )  i n  c h l o r i d e - f r e e  water - 
i n  a  1 1  i t e r  Class A volumetr ic  f l a s k  and d i l u t e  t o  t h e  mark w i t h  reagent water. 

5.8 Sodium hydroxide s o l u t i o n  (0.25N). Dissolve approximately 10 g  o f  
NaOH i n  reagent water and d i l u t e  t o  1 L  w i t h  reagent water. 

5.9 S u l f u r i c  ac id  (1:19), H,S04. C a r e f u l l y  add 1 volume o f  concentrated 
s u l f u r i c  ac id  t o  19 volumes o f  reagent water, wh i l e  mixing. 

6.0 SAMPLE COLLECTION, PRESERVATION, AND HANDLING 

6.1 A l l  samples must have been c o l l e c t e d  using a  sampling p lan  t h a t  
addresses the  cons idera t ions  discussed i n  Chapter Nine o f  t h i s  manual. 

6.2 There are no speci a1 requirements fo r  preservat ion.  

7.0 PROCEDURE 

7.1 Pour 50 mL o r  l e s s  o f  t h e  sample, conta in ing  between 0.25 mg and 
20 mg o f  c h l o r i d e  ion,  i n t o  a  wh i te  po rce la in  conta iner .  D i l u t e  t o  approximately 
50 mL w i t h  reagent water, i f  necessary. Adjust  t he  pH t o  t h e  phenolphthale in end 
p o i n t  (pH 8.3) us ing H,S04 (Sec. 5.9) o r  NaOH s o l u t i o n  (Sec. 5.8). 

7.2 Add approximately 1.0 mL o f  K  CrO, i n d i c a t o r  s o l u t i o n  and mix. Add 
standard AgNO, s o l u t i o n  dropwise from a $5 mL bu re t  u n t i l  t h e  orange c o l o r  
p e r s i s t s  throughout t h e  sample when i l l u m i n a t e d  w i t h  a  ye l l ow  l i g h t  o r  viewed 
w i t h  'ye1 low goggles. Be cons is tent  w i t h  endpoint recogn i t i on .  

7.3 Repeat t h e  procedure described i n  Secs. 7.1 and 7.2 us ing  exac t l y  
one-half as much o r i g i n a l  sample, d i l u t e d  t o  50 mL w i t h  ha1 ide- f ree  water.  

7.4 I f  s u l f i t e  i o n  i s  present,  add 0.5 mL o f  HO, t o  t h e  samples 
descr ibed i n  Secs. 7.2 and 7.3 and mix f o r  1 minute. Ad jus t  t i e  pH, then proceed 
as descr ibed i n  Secs. 7.2 and 7.3. 
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7.5 Ca lcu la t ion  

7.5.1 Calculate the  ch lo r ide  i o n  concentrat ion i n  the  o r i g i n a l  
sample, i n  mi l l ig rams per l i t e r ,  as fo l lows:  

Chlor ide (mg/L)  = [ ( V ,  - V2)  x N x  71,0001 / S 

where : 

V, = M i l l i l i t e r s  o f  standard AgNO so lu t i on  added i n  t i t r a t i n g  
the  sampl e  prepared i n  Sec . Q. 1. 

V, = M i l l i l i t e r s  o f  standard AgNO so lu t i on  added i n  t i t r a t i n g  
t h e  sample prepared i n  Sec. Q.3. 

N = Normal i t y  of standard AgNO, so lu t ion .  

S  = M i l l i l i t e r s  o f  o r i g i n a l  sample i n  the  50, mL t e s t  sample 
prepared i n  Sec. 7.1. 

8.0 QUALITY CONTROL 

8.1 A l l  q u a l i t y  con t ro l  data should be maintained and ava i l ab le  f o r  
easy reference o r  inspect ion.  Refer t o  Chapter One fo r  s p e c i f i c  qua1 i t y  con t ro l  
guide1 ines. 

8.2 Analyze a  standard reference mater ia l  t o  ensure t h a t  co r rec t  
procedures are  being fo l lowed and t h a t  a l l  standard reagents have been prepared 
proper ly .  

8.3 Employ a  minimum o f  one blank per ana ly t i ca l  batch o r  twenty 
samples, whichever i s  more frequent, t o  determine i f  contaminat i on  has occurred. 

8.4 Run one mat r i x  spike and mat r i x  dup l ica te  every ana ly t i ca l  batch 
o r  twenty samples, whichever i s  more frequent. Ma t r i x  spikes and dupl i ca tes  are 
brought through t h e  whole sample preparat ion and a n a l y t i c a l  process. 

9.0 METHOD PERFORMANCE 

9.1 These data are based on 32 data po in ts  obtained by f i v e  
1  aborator ies who each analyzed four used crankcase o i l s  and three fuel o i l  blends 
w i t h  crankcase i n  dup l ica te .  The samples were combusted using Method 5050. A 
data p o i n t  represents one dup l i ca te  analys is  of a  sample. Three data po in ts  were 
judged t o  be o u t l i e r s  and were not  included i n  these resu l t s .  

9.1.1 Precis ion.  The p r e c i s i o n o f  themethodasde te rm ined  by 
t h e  s t a t i s t i c a l  examination o f  i n t e r - 1  aboratory t e s t  r e s u l t s  i s  as 
fo l lows:  
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Re~eatab i  1 i t l  - The d i f ference between successive r e s u l t s  obtained 
by the same operator w i t h  the same apparatus under constant operating 
condi t ions on i den t i ca l  t e s t  mater ia l  would exceed, i n  the long run, i n  
the normal and cor rect  operation o f  the t e s t  method, the fo l low ing  values 
only i n  1 case i n  20 (see. Tab1 e 1) : 

Repeatability = 0 . 3 6  x* 

*where x i s  the average o f  two r e s u l t s  i n  pg/g. 

Re~roduc i  b i  1 i ty  - 'The d i f fe rence  between two s l  ngl  e and independent 
r e s u l t s  obtained by d i f f e r e n t  operators working i n  d i f f e r e n t  1 aborator ies 
on i den t i ca l  t e s t  mater ia l  would exceed, .in the long run, the fo l low ing  
values only i n  1 case i n  20: 

Reproducibil i ty = 0 .7  1 x* 

*where x i s  the average o f  two resu l t s  i n  pg/g. 

9.1.2 Bias. The b ias  o f  t h i s  method var ies  w i t h  concentrat ion, 
as shown i n  Table 2: 

Bias 2 Amount found - Amount expected 
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TABLE 1. 
REPEATABILITY AND REPRODUCIBILITY FOR CHLORINE I N  USED 

OILS BY BOMB OXIDATION AND SILVER NITRATE TITRATION 

Average v a l u e  
(Lrg/g 1 

Repea tab i  1 i t y  R e p r o d u c i b i l i t y  
( ~ 9 / 9  1 (pg/g 1 

TABLE 2. 
RECOVERY AND BIAS DATA FOR CHLORINE I N  USED OILS BY 

BOMB OXIDATION AND SILVER NITRATE TITRATION 

Amount 
e x p e c t e d  
( p g / g  1 

Amount 
f o u n d  B i a s ,  P e r c e n t  
(Lrg/g 1 1 b i a s  
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METHOD 9 2 5 3  
CHLORIDE (T ITRIMETRIC,  SILVER NITRATE) 

7 1 Placa 50 mL 
nampla in porcalain 

containar 

7 4 Add hydrogon 
parouido; ria for 1 

minuto 

7 1 A d j u ~ t  pH to 
b 8 3 - 

7 2 Add 1 0 mL 
potaaaium chromata; 
ntir; add ~ i l v a r  

nitrata until 
orang. color 

parnintn 

7 3 Rapaat a tap. 
7 1 and 7 2 with 

1/2 aa much r amp lo 
dilutod to 50 mL C 

7 5 Calculat. 
concontration of 

chlorido in namplo 
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METHOD 9320 

1.0 SCOPE AND APPLICATION 

1.1 This method covers the measurement' o f  radium-228 i n  ground water 
and, if desired, the determination of radium-226 on the same sample. I f  the 
level  o f  radium-226 i s  above 3 pCi /L, the sample must a1 so be measured f o r  
rad i um-228. 

1.2 This technique i s  devised so tha t  the beta a c t i v i t y  from actlnlum- 
228, which i s  produced by decay o f  radium-228, can be determined and related 
t o  the radium-228 tha t  i s  present i n  the sample. 

1.3 To quanti f y  a c t i  n i  um-228 and thus determine radi  um-228, the 
e f f i c iency  of the beta counter for measuring the very short ha l f - l ived 
actinium-228 (avg. beta energy o f  0.404 keV) i s  t o  be cal ibrated with a beta 
source o f  comparabl e average beta energy. 

2.0 SUMMARY OF METHOD 

2.1 The radium i n  the water sample i s  col lected by coprecipi tat ion with 
barium and lead su l fa te  and pu r i f i ed  by reprec ip i ta t ion f r o m  EDTA solution. 
Both rad i  um-226 and radium0228 are collected i n  t h i s  manner. Af ter  a 36-hr 
i ngrowth o f  act1 n i  um-228 from radi  um-228, the a c t i  n i  urn-228 i s carr ied on 
y t t r i um oxalate, p u r i f i e d  and beta counted. I f  radium-226 i s  a1 so desired, 
the a c t i v i t y  i n  the supernatant can be reserved f o r  coprecipi tat ion on barium 
sulfate, dissolving i n  EDTA and stor ing f o r  ingrowth i n  a sealed radon 
bubbl er. 

3.0 INTERFERENCES 

3.1 As evidenced by the resul ts  of the performance studies, the presence 
o f  strontium-90 i n  the water sample gives a posi t ive bias t o  the radium-228 
a c t i v i t y  measured. However, strontium-90 i s  not 1 i kely t o  be found i n  ground 
water, except possibly i n  monitoring wells around a radioactive bur ia l  s i te .  

3.2 Excess barium i n  the water sample might resu l t  i n  a fa lse ly  high 
chemical y ie ld .  

4.0 APPARATUS 

4.1 Gas-f 1 ow proport ional counting system (1 ow-background beta <3 cpm) . 
4.2 E lec t r i c  hot plate. 

Revi s i  on 0 
Date September 1986 



4.3 Centri  fuge. 

4.4 Membrane f i 1 ters:  Matr i  cel  47-mm. 

4.5 'Drying lamp. 

4.6 G l  assware. 

4.7 Stainless s tee l  counting p l  anchets. 

4.8 Analyt ical  balance. 

5.0 REAGENTS 

5.1 ASTM Type I1 water (ASTM 01193): Water must be monitored f o r  
impuri t ies.  

5.2 Acetic acid, 17.4 N: Glacial  CH3COOH (concentrated) sp. gr. 1.05, 
99.8%. 

5.3 Ammonium hydroxide, 15 N: NH40H (concentrated) sp gr. 0.90, 56.6%. 

5.4 Ammonium oxalate, 5%: Dissolve 59 (NH4)2C204*H20 i n  Type I1 water 
and d i l u t e  t o  100 mL. 

5.5 Ammonium sulfate, 200 mg/mL: Dissolve 20 g (NH4)2SO4 i n  Type I1 
water and d i l u t e  t o  100 mL. 

5.6 Ammonium sulf ide, 2%: D i l u te  10 mL (NH4)2S (20-24%), t o  100 mL w i th  
Type I1 water. 

5.7 Bari um car r ie r ,  16 mg/mL, standardized: Dissolve 2.846 g BaC12.2H20 
i n  Type II water, add 0.5 mL 16 N HNO3, and d i l u t e  t o  100 mL w i t h  Type II 
water. 

5.8 C i t r i c  acid, 1 M: Dissolve 19.2 g C6H807*H20 i n  Type I1 water and 
d i l u t e  t o  100 mL. 

5.9 EDTA rea ent, basic (0.25 M) : Dissolve 20 g NaOH i n  750 mL Type 11 + water, heat, an s ow y add 93 g disodium ethylenedinitriloacetate dihydrate 
(Na2C10H1408N2-2H 0) whi le s t i r r i n g .  A f te r  the s a l t  i s  i n  solut ion, f i l t e r  f through coarse f i  t e r  paper, and d l  1 Ute t o  1 1 i t e r .  

5.10 Lead car r ie r ,  15 mg/mL: Dissolve 2.397 g Pb(N03)2 i n  Type II 
water, add 0.5 mL 16 N HNO3, and d i l u t e  t o  100 mL w i th  Type I1 water. 

5.11 Lead ca r r i e r ,  1.5 mg/mL: D i l u te  10 mL lead c a r r i e r  (15 mg/mL) t o  
100 mL w i th  Type I1 water. 
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6.0 SAMPLE COLLECTION, PRESERVATION, AND HANDLING 

6.1 A l l  samples must have been co l lec ted I n  a manner which addresses the 
considerations discussed I n  Chapter Nine o f  t h i s  manual. 

6.2 It I s  recommended tha t  samples be preserved a t  the time of 
co l  l e c t l o n  by addlng enough 1 N HNO3 t o  the sample t o  b r ing  It t o  pH 2 
(15 mL 1 N HNO3 per 11 t e r  o f  sample I s usual l y  su f f  l c l e n t )  . I f  saw1 es are t o  
be co l lec ted  wi thout preservation, they should be brought t o  the laboratory 
w i t h i n  5 days, then preserved, and he ld  i n  the o r i g i na l  contalner f o r  a 
mlnlmum o f  16 h r  before analysls o r  t rans fe r  o f  the sample. See also Note t o  
Paragraph 7.2 below. 

6.3 The contalner choice should be p l a s t i c  ( rather than glass) t o  
prevent loss due t o  breakage dur ing transportation and hand1 lng. 

7.0 PROCEDURE 

7.1 Cal I bratlons: 

7 .l. 1 Counter e f f lc lency:  The beta counter may be ca l ibra ted wi th  
actinium-228 o r  strontlum-89 ( t i 12  = 51 d) . Strontium-89 has an average 
beta energy o f  0.589 KeV, whl l e  the average beta energy f o r  actinium-228 
I s  0.404 KeV. A standard strontium-89 t racer  so lu t ion can be used t o  
determine beta e f f l c l enc ies  over a range o f  p rec lp l ta te  weights on the 
s ta in less  s tee l  planchet. 

7.2 For each 1 l t e r  o f  water, add 5 mL 1 M C6Hg07*H2Ol and a few drops o f  
methyl orange ind icator .  The so lu t ion should be red, 

NOTE: A t  the time o f  sample co l l ec t l on  add 2 mL 16 N HNO3 f o r  each l l t e r  
o f  water. 

7,3 Add 10 mL lead c a r r i e r  (15 mg/mL) , 2 mL strontium c a r r i e r  
(10 mg/m~), 2.0 mL barlum c a r r l e r  (16 mg/mL), and 1 mL y t t r l um c a r r i e r  
(18mg/mL); s t l r w e l l .  Add 15 N NH40H u n t l l  a d e f l n l t e y e l l o w c o l o r l s  
obtained; then add a few drops excess, Heat t o  Inc ip ien t  b o i l i n g  and maintain 
a t  t h i s  temperature f o r  30 mln, 

7.4 Prec ip i ta te  lead and barlum su l fa tes by addlng 18 N H SO u n t l l  the 
red co lo r  reappears: then add 0.25 IIIL excess. Add 5 mL ( N H ~ ) ~ s ~ ~  t200 mg/mL) 
f o r  each 1 l t e r  o f  sample, S t i r  f requent ly and keep a t  a temperature o f  about 
90'C f o r  30 min. 

7,5 Cool s l i gh t l y ;  then f l 1  t e r  w l th  suctlon through a 47-mn matrlcel 
membrane f l l  t e r  (GA6,0.45-micron pore size). Make a quant i ta t ive t ransfer o f  
p rec ip i t a te  t o  the f i l t e r  by r l ns l ng  l a s t  pa r t i c l es  out  o f  beaker wi th  a 
strong j e t  o f  water. 

7,6 Carefu l ly  place f i l t e r  w l t h  p rec lp l ta te  i n  the bottom o f  a 250-mL 
beaker. Add about 10 mL 16 N HNO3 and heat gent ly u n t l l  the f l l  t e r  completely 
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dissolves. Transfer the p r e c i p i t a t e  i n t o  a polypropylene cen t r i fuge  tube w i t h  
add i t iona l  16 N HNO3. Centr i fuge and discard supernatant. 

7.7 Wash the  p r e c i p i t a t e  w i t h  15 mL 16 N HNO3, cent r i fuge,  and d iscard 
supernatant. Repeat t h i s  washing a second time. 

7.8 Add 25 rnL basic EDTA reagent, heat i n  a hot-water bath, and s t i r  
we1 1 . Add a few drops 10 N NaOH i f  the p rec ip i t a te  does not  read i  l y  dissolve. 

7.9 Add 1 mL stront ium-yt t r ium mixed c a r r i e r  and s t i r  thoroughly. Add a 
few drops 10 N NaOH i f  any p r e c i p i t a t e  forms. 

7.10 Add 1 mL (NH4)2S04 (200 mg/mL) and s t i r  thoroughly. Add 17.4 N 
ace t i c  ac id  u n t i  1 barium su l f a te  p rec ip i ta tes ;  then add 2 mL excess. Digest 
i n  a hot  water bath u n t i l  p r e c i p i t a t e  se t t l es .  Centr i fuge and d iscard 
supernatant. 

7.11 Add 20 mL basic EDTA reagent, heat i n  a hot-water bath, and s t i r  
u n t i l  p r e c i p i t a t e  dissolves. Repeat steps 7.9 and 7.10. (Note t ime o f  l a s t  
barium s u l f a t e  p rec ip i ta t ion ;  t h i s  i s  the beginning o f  the  actinium-228 
ingrowth time.) 

7.12 Dissolve the p r e c i p i t a t e  i n  20 mL basic EDTA reagent as before; 
then add 1.0 mL y t t r i u m  c a r r i e r  (9 mg/nL) and 1 mL lead c a r r i e r  (1.5 mg/mL). 
I f  any p r e c i p i t a t e  forms, d isso lve by adding a few drops 10 N NaOH. Cap the 
polypropylene tube and age a t  l eas t  36 hr. 

7.13 Add 0.3 nL (NHq) S and s t i r  we l l .  Add 10 N NaOH dropwise w i t h  
vigorous s t i r r i n g  u n t i l  l ea  a s u l f i d e  prec ip i ta tes ;  then add 10 drops excess. 
S t i r  i n t e r m i t t e n t l y  f o r  about 10 min. Centr i fuge and decant supernatant i n t o  
a clean tube. 

7.14 Add 1 mL lead c a r r i e r  (1.5 mg/mL) , 0.1 mL (NH )2S8 and a few drops 
10 N NaOH. Repeat p r e c i p i t a t i o n  o f  lead s u l f i d e  as be 4 ore. Centr i fuge and 
f i  1 t e r  supernate through Whatman R42 f i l t e r  paper i n t o  a c lean tube. Wash 
f i l t e r  w i t h  a few nL water. Discard residue. 

7.15 Add 5 mL 18 N NaOH, s t i r  wel l ,  and d igest  i n  a hot-water bath u n t i l  
y t t r i u m  hydroxide coagulates. Centrifuge and decant supernate i n t o  a beaker. 
Save f o r  barium y i e l d  determination (step 7.20). (Note t ime o f  y t t r i u m  
hydroxide p rec ip i t a t i on ;  t h i s  i s  the end o f  the actinium-228 ingrowth t ime and 
beginning o f  actinium-228 decay time.) 

7.16 Dissolve the p r e c i p i t a t e  i n  2 mL 6 N HNO3. Heat and s t i r  i n  a hot  
water bath about 5 min. Add 5 mL water and rep rec ip i t a te  y t t r i u m  hydroxide 
w i t h  3 mL 10 N NaOH. Heat and s t i r  i n  a hot water bath u n t i l  p r e c i p i t a t e  
coagulates. Centr i fuge and add t h i s  supernate t o  the  supernate produced i n  
step 7.15 i n  order  t o  determine barium y ie ld .  

7.17 Dissolve p r e c i p i t a t e  w i t h  1 mL 1 N HNOQ and heat i n  hot-water bath 
a few minutes. D i l u t e  t o  5 mL and add 2 rr~L 5% (NH4)2C204.H20. Heat t o  
coagulate, cent r i fuge,  and discard supernatant. 
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7.18 Add 10 mL water, 6 drops 1 N HNO3 and 6 drops 5% (NH4)2C204-H20. 
Heat and s t i r  i n  a hot-water bath a few minutes. Centrifuge and discard 
supernatant. 

7.19 To determine y t t r i u m  y ie l d ,  t rans fe r  quan t i ta t i ve ly  t o  a tared 
s ta in less s tee l  planchet w i t h  a minimum amount o f  water. Dry under an 
i n f ra red  lamp t o  a constant weight and count i n  a low-background beta counter. 

7.20 To the su ernatant from step 7.15, add 4 mL 16 N HNOQ and 2 mL 
(NH4)2S04 (200 mg/mL ! , s t i r r i n g  wel l  a f t e r  each addition. Add 17.4 N acetic 
ac id  u n t i l  barium su l f a te  precipi tates;  then add 2 mL excess. Digest on a hot 
p l a t e  u n t i  1 p rec ip i t a te  set t les .  Centrifuge and discard supernatant. 

7.21 Add 20 mL basic EDTA reagent, r es t  i n  a hot-water bath, and s t i r  
u n t i l  p rec ip i t a te  dissolves. Add a few drops 10 N NaOH i f  p rec ip i ta te  does 
no t  readi  l y  d i  ssol ve. 

7.22 Add 1 mL (NH4)2S04 (200 mg/mL) and s t i r  thoroughly. Add 17.4 N 
ace t i c  ac id  u n t i l  barium su l f a te  precipi tates;  then add 2 mL excess. Digest 
i n  a hot-water bath u n t i  1 p rec ip i  t a t e  set t les.  Centrifuge and discard 
supernatant. 

7.23 Wash p rec ip i t a te  w i t h  10 mL water. Centrifuge and discard 
supernatant. 

7.24 Transfer p rec ip i t a te  t o  a tared s ta in less s tee l  planchet wi th  a 
minimum amount o f  water. Dry under an in f ra red  lamp and weigh f o r  barium 
y i e l d  determination. 

7.25 Calculat ion: 

7.25.1 Calculate the radium-228 concentration, D, i n  picocuries per 
l i t e r  as follows: 

Xt2 
* 

D = C 
X X 

1 
X 

1 
2.22 x EVR (I-e (1-e -t3 ) e -5 

- 

* A t 2  i s  a f ac to r  t o  cor rect  the average count r a te  t o  the count 

-At2) r a t e  a t  the beginning o f  counting time. 
(1-e 
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where : 

C = Average ne t  count rate,  cpm; 

E = Counter e f f i c iency ,  f o r  actinium-228, o r  comparable beta 
energy nucl ide; 

V = L i t e r s  o f  sample used; 

R = Fract ional  chemical y i e l d  o f  y t t r i u m  c a r r i e r  (Step 7.19) 
mu1 ti p l  i ed by f r ac t i ona l  chemical y i e l d  o f  b a r r i e r  
c a r r i e r  (Step 7.24) ; 

2.22 = Conversion f a c t o r  from d i  s integrat ions/minute t o  
p i  cocur i  es; 

X = 'The decay constant f o r  actinium-228 (0.001884 min-1); 

t l  = 'The t ime i n t e r v a l  ( i n  min) between the  f i r s t  y t t r i u m  
hydroxide p r e c i p i t a t i o n  i n  Step 7.15 and the  s t a r t  o f  
the  counting time; 

t 2  = The t ime i n t e r v a l  o f  counting i n  min; and 

t 3  = The ingrowth t ime o f  actinium-228 i n  min measured from 
the  l a s t  barium s u l f a t e  p r e c i p i t a t i o n  i n  Step 7.11 t o  
t he  f i r s t  y t t r i u m  hydroxide p r e c i p i t a t i o n  i n  Step 7.15. 

8.0 QUALITY CONTROL 

8.1 A1 1 qua1 i t y  con t ro l  data should be maintained and avai 1 able f o r  easy 
reference o r  I nspectlon. 

8.2 Employ a minimum o f  one blank per  sample batch t o  determine i f  
contaml n a t i  on o r  any memory e f f ec t s  are occurr ing . 

8.3 Run one spike dup l ica te  sample f o r  every 10 samples. A dup l i ca te  
sample i s  a sample brought through the whole sample preparat ion and ana l y t i ca l  
process. 

9.0 METHOD PERFORMANCE 

9.1 No data provided. 
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METHOD 1312 

SYNTHETIC PRECIPITATION LEACHING PROCEDURE 

1.0 SCOPE AND APPLICATION 

1.1 Method 1312 i s  designed t o  determine t h e  mobi l  i t y  o f  both organic  
and i no rgan i c  ana ly tes  present  i n  1 iqu ids ,  s o i l s ,  and wastes. 

2.0 SUMMARY OF METHOD 

2.1 For  l i q u i d  samples (b, those con ta in ing  l e s s  than  0.5 % d r y  
s o l i d  m a t e r i a l ) ,  t h e  sample, a f t e r  f i l t r a t i o n  through a 0.6 t o  0.8 p m  g lass  
f i b e r  f i l t e r ,  i s  de f i ned  as t h e  1312 e x t r a c t .  

2.2 For samples con ta in i ng  g rea te r  than 0.5 % so l  ids,  the  1 i q u i d  phase, 
if any, i s  separated from t h e  s o l i d  phase and s to red  f o r  l a t e r  ana lys is ;  t h e  
p a r t i c l e  s i z e  o f  t h e  s o l i d  phase i s  reduced, i f  necessary. The so l  i d  phase i s  
ex t rac ted  w i t h  an amount o f  e x t r a c t i o n  f l u i d  equal t o  20 t imes the  weight o f  t h e  
so l  i d  phase. The e x t r a c t i o n  f l u i d  employed i s  a f u n c t i o n  of t he  reg ion  o f  t h e  
count ry  where t he  sample s i t e  i s  l oca ted  i f  t h e  sample i s  a s o i l .  I f  the  sample 
i s  a waste o r  wastewater, t h e  e x t r a c t i o n  f l u i d  employed i s  a pH 4.2 so lu t i on .  
A speci  a1 e x t r a c t o r  vessel i s  used when t e s t i n g  f o r  v o l a t i l e  analy tes (see Table 
1 f o r  a 1 i s t  o f  v o l a t i l e  compounds). Fo l lowing ex t rac t i on ,  t h e  1 i q u i d  e x t r a c t  
i s  separated from t h e  so l  i d  phase by f i l t r a t i o n  through a 0.6 t o  0.8 pm g lass  
f i b e r  f i l t e r .  

2.3 I f  compatible (h, m u l t i p l e  phases w i l l  no t  form on combination), 
t h e  i n i t i a l  l i q u i d  phase o f  t he  waste i s  added t o  t he  l i q u i d  ex t rac t ,  and these 
a re  analyzed toge ther .  I f  incompatible,  t h e  1 i quids are analyzed separate ly  and 
t h e  r e s u l t s  a re  n la themat ica l ly  combined t o  y i e l d  a volume-weighted average 
concent ra t  ion .  

3.0 INTERFERENCES 

3 .1  Po ten t i  a1 i n te r f e rences  t h a t  may be encountered du r i ng  ana lys is  are 
discussed i n  t h e  i n d i v i d u a l  a n a l y t i c a l  methods. 

4.0 APPARATLIS AND MATERIALS 

4.1 A g i t a t i o n  apparatus: The a g i t a t i o n  apparatus must be capable o f  
r o t a t i n g  t h e  e x t r a c t i o n  vessel i n  an end-over-end fashion (see F igure 1) a t  30 
t 2 rpm. S u i t a b l e  dev ices known t o  EPA are i d e n t i f i e d  i n  Table 2. - 

4.2 E x t r a c t i o n  Vessel s 

4.2.1 Zero Headspace E x t r a c t i o n  Vessel (ZHE). Th is  dev ice i s  f o r  
use on l y  when t h e  sample i s  being t es ted  f o r  t he  m o b i l i t y  o f  v o l a t i l e  
ana ly tes  (h, those l i s t e d  i n  Table 1). The ZHE (depic ted i n  F igure 2) 
a l lows f o r  l i q u i d / s o l i d  separat ion w i t h i n  t h e  device and e f f e c t i v e l y  
p r e c l  udes headspace. Th is  type  of vessel a1 lows f o r  i n i t i a l  1 iqu id /so l  i d  
separat ion,  e x t r a c t i o n ,  and f i n a l  e x t r a c t  f i l t r a t i o n  w i thou t  opening t h e  
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vessel (see Step 4.3.1). These vessels  s h a l l  have an i n t e r n a l  volume o f  
500-600 mL and be equipped t o  accommodate a 90-110 mm f i l t e r .  The devices 
con ta in  VITON~' O- r ings  which should be replaced f r e q u e n t l y .  S u i t a b l e  ZHE 
devices known t o  EPA are  i d e n t i f i e d  i n  Table 3. 

For t he  ZHE t o  be acceptable f o r  use, t he  p i s t o n  w i t h i n  t h e  ZHE 
should be ab le  t o  be moved w i t h  approximately 15 p s i g  o r  l e s s .  I f  i t  
takes more pressure t o  move the  p i s ton ,  t he  O- r ings  i n  t h e  dev ice  should 
be rep1 aced. I f  t h i s  does no t  so lve  the  problem, t h e  ZHE i s  unacceptable 
f o r  1312 analyses and t h e  manufacturer should be contacted.  

The ZHE should be checked f o r  l eaks  a f t e r  every e x t r a c t i o n .  I f  t h e  
dev ice  conta ins  a b u i l t - i n  pressure gauge, p ressu r i ze  t h e  dev ice  t o  50 
ps ig ,  a l l o w  i t  t o  stand unattended f o r  1 hour, and recheck t h e  pressure. 
I f  t h e  dev ice  does no t  have a b u i l t - i n  pressure gauge, p ressu r i ze  the  
dev ice  t o  50 ps ig ,  submerge i t  i n  water,  and check f o r  t h e  presence o f  a i r  
bubbles escaping from any o f  t h e  f i t t i n g s .  I f  pressure i s  l o s t ,  check a l l  
f i t t i n g s  and inspec t  and rep lace  O-r ings, i f  necessary. Retest  t h e  
device.  I f  leakage problems cannot be solved, t he  manufacturer should be 
contacted. 

Some ZHEs use gas pressure t o  ac tua te  t h e  ZHE p i s ton ,  w h i l e  o the rs  
use mechani ca l  pressure (see Tab1 e 3 ) .  Whereas t h e  vo l  a t i  1 es procedure 
(see Step 7.3) r e f e r s  t o  pounds-per-square-inch (ps ig )  , f o r  t h e  
mechanica l ly  actuated p i s ton ,  t h e  pressure appl i e d  i s  measured i n  to rque-  
inch-pounds. Refer  t o  t he  manufacturer 's i n s t r u c t i o n s  as t o  t h e  proper  
conversion. 

4.2.2 B o t t l e  E x t r a c t i o n  Vessel. When t h e  sample i s  being 
evaluated us ing  t h e  n o n v o l a t i l e  e x t r a c t i o n ,  a j a r  w i t h  s u f f i c i e n t  capac i t y  
t o  ho ld  t h e  sample and the  e x t r a c t i o n  f l u i d  i s  needed. Headspace i s  
a1 1 owed i n  t h i s  vessel . 

The e x t r a c t i o n  b o t t l e s  may be constructed f rom va r i ous  m a t e r i a l s ,  
depending on t h e  ana ly tes  t o  be analyzed and t h e  na ture  o f  t h e  waste (see 
Step 4.3.3). It i s  recommended t h a t  b o r o s i l i c a t e  g lass  b o t t l e s  be used 
i ns tead  o f  o the r  types o f  g lass,  e s p e c i a l l y  when i no rgan i cs  are o f  
concern. P l a s t i c  b o t t l e s ,  o the r  than p o l y t e t r a f l u o r o e t h y l e n e ,  s h a l l  n o t  
be used i f  organics are t o  be i nves t i ga ted .  B o t t l e s  a re  a v a i l a b l e  from a 
number o f  l a b o r a t o r y  supp l i e r s .  When t h i s  type  o f  e x t r a c t i o n  vessel i s  
used, t h e  f i l t r a t i o n  device discussed i n  Step 4.3.2 i s  used f o r  i n i t i a l  
1 i q u i d / s o l  i d  separa t ion  and f i n a l  e x t r a c t  f i  1 t r a t  ion .  

4.3 F i l t r a t i o n  Devices: It i s  recommended t h a t  a l l  f i l t r a t i o n s  be 
performed i n  a hood. 

4.3.1 Zero-Headspace E x t r a c t i o n  Vessel (ZHE): When t h e  sample 
i s  eval  uated f o r  vo l  a t i  1 es, t h e  zero- headspace e x t r a c t i o n  vessel descr ibed 
i n  Step 4.2.1 i s  used f o r  f i l t r a t i o n .  'The device s h a l l  be capable of 

'VITOP i s  a trademark o f  Du Pont. 
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suppor t ing  and keeping i n  p lace  t h e  g lass  f i b e r  f i l t e r  and be ab le  t o  
w i t hs tand  t h e  pressure needed t o  accompl i sh separa t ion  (50 ps ig )  . 

NOTE: When i t  i s  suspected t h a t  t h e  g lass  f i b e r  f i l t e r  has been - 
ruptured ,  an i n - l i n e  g l ass  f i b e r  f i l t e r  may be used t o  f i l t e r  t h e  
m a t e r i a l  w i t h i n  t h e  ZHE. 

4.3.2 F i  1  t e r  Holder:  When t h e  sample i s  eva luated f o r  o the r  than  
v o l a t i l e  analy tes,  a  f i l t e r  ho lde r  capable o f  suppor t ing  a g l ass  f i b e r  
f i l t e r  and a b l e  t o  w i t hs tand  t h e  pressure needed t o  accompl i s h  separa t ion  
may be used. S u i t a b l e  f i l t e r  ho lders  range f rom s imple vacuum u n i t s  t o  
r e l a t i v e l y  complex systems capable o f  e x e r t i n g  pressures o f  up t o  50 p s i g  
o r  more. The t ype  of f i 1 t e r  ho lde r  used depends on t h e  p r o p e r t i e s  o f  t h e  
m a t e r i a l  t o  be f i l t e r e d  (see Step 4.3.3). These dev ices s h a l l  have a 
minimum i n t e r n a l  volume o f  300 mL and be equipped t o  accommodate a minimum 
f i l t e r  s i z e  o f  47 mm ( f i l t e r  ho lders  having an i n t e r n a l  capac i t y  o f  1.5 L 
o r  g rea te r ,  and equipped t o  accommodate a 142 mm diameter f i l t e r ,  a re  
recommended). Vacuum f i l t r a t i o n  can o n l y  be used f o r  wastes w i t h  low 
s o l  i d s  con ten t  ( 4 0  %) and f o r  h i g h l y  g ranu la r ,  l i q u i d - c o n t a i n i n g  wastes. 
A l l  o t h e r  types of wastes should be f i l t e r e d  us ing p o s i t i v e  pressure 
f i l t r a t i o n .  S u i t a b l e  f i l t e r  ho lders  known t o  EPA are  l i s t e d  i n  Table 4. 

4.3.3 Ma te r i  a1 s  o f  Const ruct ion:  E x t r a c t i o n  vessels  and 
f i l t r a t i o n  dev ices s h a l l  be made o f  i n e r t  m a t e r i a l s  which w i l l  no t  leach  
o r  absorb sample components o f  i n t e r e s t .  Glass, p o l y t e t r a f l u o r o e t h y l e n e  
(PTFE), o r  t ype  316 s t a i n l e s s  s t e e l  equipment may be used when eva lua t i ng  
t h e  m o b i l i t y  o f  bo th  organic  and i no rgan i c  components. Devices made o f  
h igh-dens i  t y  po lye thy lene  (HDPE) , polypropy lene (PP) , o r  p o l y v i n y l  
c h l o r i d e  (PVC) may be used o n l y  when eva lua t i ng  t h e  m o b i l i t y  o f  metals.  
B o r o s i l i c a t e  g l a s s  b o t t l e s  a re  recommended f o r  use over  o the r  types o f  
g l a s s  b o t t l e s ,  e s p e c i a l l y  when inorgan ics  a re  ana ly tes  o f  concern. 

4.4 F i l t e r s :  F i l t e r s  s h a l l  be made o f  b o r o s i l i c a t e  g l ass  f i b e r ,  s h a l l  
c o n t a i n  no b i nde r  ma te r i a l s ,  and s h a l l  have an e f f e c t i v e  pore s i z e  o f  0.6 t o  
0.8-pm . F i l t e r s  known t o  EPA which meet these s p e c i f i c a t i o n s  a re  i d e n t i f i e d  
.in Table 5. P r e - f i l t e r s  must n o t  be used. When eva lua t i ng  t h e  m o b i l i t y  o f  
meta ls ,  f i l t e r s  s h a l l  be acid-washed p r i o r  t o  use by r i n s i n g  w i t h  1N n i t r i c  ac i d  
f o l l owed  by t h r e e  consecut ive r i n s e s  w i t h  reagent water (a minimum o f  1-L per  
r i n s e  i s  recommended). Glass f i b e r  f i l t e r s  a re  f r a g i l e  and should be handled 
w i t h  care .  

4.5 pH Meters:  The meter should be accurate t o  2 0.05 u n i t s  a t  25'C. 

4.6 ZHE E x t r a c t  C o l l  e c t  i on Devices: TEDLAR"' bags o r  g l  ass, s t a i n1  ess 
s t e e l  o r  PTFE g a s - t i g h t  sy r inges  are used t o  c o l l e c t  t h e  i n i t i a l  l i q u i d  phase and 
t h e  f i n a l  e x t r a c t  when us ing  t h e  ZHE device. These devices l i s t e d  are 
recommended f o r  use under t h e  f o l l  owing cond i t i ons :  

4.6.1 I f  a waste con ta ins  an aqueous 1 i q u i d  phase o r  i f  a waste 
does n o t  c o n t a i n  a  s i g n i f i c a n t  amount o f  nonaqueous 1 i q u i d  (h, (1 % o f  

*TEDLAR" i s  a  r e g i s t e r e d  trademark o f  Du Pont. 
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t o t a l  waste), t he  TEDLAR" bag o r  a  600 mL syr inge should be used t o  c o l l e c t  
and combine t h e  i n i t i a l  1  i q u i d  and so l  i d  e x t r a c t .  

4.6.2 I f  a  waste conta ins  a  s i g n i f i c a n t  amount o f  nonaqueous 
l i q u i d  i n  t h e  i n i t i a Q l  l i q u i d  phase ( i  .e., >1 % o f  t o t a l  waste), t h e  
sy r i nge  o r  t h e  TEDLAR bag may be used f o r  both t h e  i n i t i a l  s o l i d / l  i q u i d  
separa t ion  and t h e  f i n a l  e x t r a c t  f i  1  t r a t i o n .  However, ana l ys t s  should use 
one o r  t h e  o ther ,  n o t  both. 

4.6.3 If t h e  waste conta ins  no i n i t i a l  l i q u i d  phase ( i s  100 % 
so l  i d )  o r  has no s i g n i f i c a n t  so l  i d  phase ( i s  ~ 0 . 5 %  s o l  i d )  , e i t h e r  t h e  
TEDLAR" bag o r  t h e  sy r i nge  may be used. I f  t h e  sy r i nge  i s  used, d i s c a r d  
t h e  f i r s t  5  rr~L o f  l i q u i d  expressed from t h e  device. The remaining 
a l i q u o t s  a re  used f o r  ana lys is .  

4.7 ZHE E x t r a c t i o n  F l u i d  Trans fer  Devices: Any dev ice  capable o f  
t r a n s f e r r i n g  t h e  e x t r a c t i o n  f l u i d  i n t o  t h e  ZHE w i thou t  changing t h e  na tu re  o f  t h e  
e x t r a c t i o n  f l u i d  i s  acceptable (e.q., a  p o s i t i v e  displacement o r  p e r i s t a l t i c  
pump, a  g a s - t i g h t  syr inge,  pressure f i l t r a t i o n  u n i t  (see Step 4.3.2), o r  o the r  
ZHE device)  . 

4.8 Laboratory Balance: Any l a b o r a t o r y  balance accurate t o  w i t h i n  5 
0.01 grams may be used ( a l l  weight measurements are t o  be w i t h i n  5 0.1 grams). 

4.9 Beaker o r  Erlenmeyer f l a s k ,  g lass,  500 mL. 

4.10 Watchgl ass, appropr ia te  diameter t o  cover beaker o r  E r l  er~meyer 
f l a s k .  

4.11 Magnetic s t i r r e r .  

5.0 REAGENTS 

5.1 Reagent grade chemicals s h a l l  be used i n  a l l  t e s t s .  Unless 
o therw ise  i nd i ca ted ,  i t  i s  intended t h a t  a l l  reagents s h a l l  conform t o  t h e  
s p e c i f i c a t i o n s  o f  t h e  Corr~mi t t e e  on A n a l y t i c a l  Reagents o f  t h e  American Chemical 
Society ,  where such s p e c i f i c a t i o n s  are ava i l ab le .  Other grades may be used, 
prov ided i t  i s  f i r s t  ascer ta ined t h a t  t he  reagent  i s  o f  s u f f i c i e n t l y  h i g h  pur ' i t y  
t o  pe rm i t  i t s  use w i thou t  lessen ing  t h e  accuracy of t h e  de termina t ion .  

5.2 Reagent Water. Reagent water i s  de f i ned  as water i n  which an 
i n t e r f e r a n t  i s  n o t  observed a t  o r  above t h e  method's d e t e c t i o n  l i m i t  o f  t h e  
ana ly te (s )  o f  i n t e r e s t .  For n o n v o l a t i l e  ex t rac t i ons ,  ASTM Type I 1  water o r  
equ i va len t  meets t h e  d e f i n i t i o n  of reagent water.  For vo l  a t i  1  e  ex t rac t i ons ,  i t  
i s  recommended t h a t  reagent water be generated by any o f  t h e  f o l l o w i n g  methods. 
Reagent water should be monitored p e r i o d i c a l l y  f o r  i m p u r i t i e s .  

5.2.1 Reagent water f o r  v o l a t i l e  e x t r a c t i o n s  may be generated 
by passing tap  water  through a  carbon f i l t e r  bed con ta in ing  about 500 
grams o f  a c t i v a t e d  carbon (Calgon Corp., F i l t r a s o r b - 3 0 0  o r  equ i va len t ) .  
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5.2.2 A water p u r i f i c a t i o n  system ( M i l l  i po re  Super-Q o r  
equ iva lent )  may a l so  be used t o  generate reagent water f o r  v o l a t i l e  
ex t rac t ions .  

5.2.3 Reagent water f o r  v o l a t i l e  ex t rac t ions  may a l so  be prepared 
by b o i l i n g  water f o r  15 minutes. Subsequently, wh i le  mainta in ing the 
water temperature a t  90 + 5 degrees C, bubble a contaminant-free i n e r t  gas 
(m. n i t rogen)  through the  water f o r  1 hour. While s t i l l  hot, t rans fe r  
the  water t o  a narrow mouth screw-cap b o t t l e  under zero-headspace and seal 
w i t h  a Tef lon-1 ined septum and cap. 

5.3 S u l f u r i c  a c i d / n i t r i c  ac id  (60/40 weight percent mixture) H,SO JHNO,. 
Caut iously mix 60 g o f  concentrated s u l f u r i c  ac id  w i t h  40 g o f  concentrated 
n i t r i c  acid. I f  preferred,  a Illore d i l u t e  H,SOJHNO, ac id  mixture may be 
prepared and used i n  steps 5.4.1 and 5.4.2 making i t  eas ier  t o  adjust  the  pH o f  
t he  e x t r a c t i o n  f l u i d s .  

5.4 Ex t rac t i on  f l u i d s .  

5.4.1 Ex t rac t i on  f l u i d  #1: This f l u i d  i s  made by adding the 
60/40 weight percent mixture o f  s u l f u r i c  and n i t r i c  acids (or  a su i tab le  
d i l u t i o n )  t o  reagent water (Step 5.2) u n t i l  the  pH i s  4.20 + 0.05. The 
f l u i d  i s  used t o  determine the l e a c h a b i l i t y  o f  s o i l  from a s i t e  t h a t  i s  
east o f  the  Miss iss ipp i  River,  and the l e a c h a b i l i t y  o f  wastes and 
wastewaters. 

NOTE: Solut ions are unbuffered and exact pH may not  be at ta ined.  - 
5.4.2 Ex t rac t i on  f l u i d  #2: This f l u i d  i s  made by adding the 

60/40 weight percent mixture o f  s u l f u r i c  and n i t r i c  acids (o r  a su i tab le  
d i l u t i o n )  t o  reagent water (Step 5.2) u n t i  l the  pH i s  5.00 2 0.05. The 
f l u i d  i s  used t o  determine the  l e a c h a b i l i t y  o f  s o i l  from a s i t e  t h a t  i s  
west o f  t he  M iss i ss ipp i  River.  

5.4.3 Ex t rac t i on  f l u i d  #3: This f l u i d  i s  reagent water (Step 
5.2) and i s  used t o  determine cyanide and vo l  a t i l e s  1 eachabil i t y .  

NOTE: These ex t rac t i on  f l u i d s  should be monitored f requent ly  f o r  - 
- impur i t i es .  The pH should be checked p r i o r  t o  use t o  ensure t h a t  

these f l u i d s  are made up accurately. I f  impur i t i es  are found o r  
the  pH i s  not  w i t h i n  the  above spec i f i ca t ions ,  the  f l u i d  s h a l l  be 
discarded and f resh  ex t rac t i on  f l u i d  prepared. 

5.5 Ana ly t i ca l  standards s h a l l  be prepared according t o  the appropriate 
a n a l y t i c a l  method. 

6.0 SAMPLE COLLECTION, PRESERVATION, AND HANDLING 

6.1 A l l  samples s h a l l  be co l l ec ted  using an appropr iate sampling plan. 

6.2 There may be requirements on the  minimal s ize  of the  f i e l d  sample 
depending upon the  physical  s t a t e  o r  s tates of the  waste and the  analytes o f  
concern. An a l i q u o t  i s  needed f o r  the pre l im inary  evaluat ions o f  t he  percent 
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s o l i d s  and t h e  p a r t i c l e  s i ze .  An a l i q u o t  may be needed t o  conduct t h e  
n o n v o l a t i l e  ana ly te  e x t r a c t i o n  procedure. I f  vo l  a t i  1  e  organics are o f  concern, 
another a1 i quot may be needed. Qual i t y  c o n t r o l  measures may r e q u i r e  a d d i t i o n a l  
a l i q u o t s .  Fur ther ,  i t  i s  always wise t o  c o l l e c t  more sample j u s t  i n  case 
something goes wrong w i t h  t h e  i n i t i a l  at tempt t o  conduct t h e  t e s t .  

6.3 Preservat ives s h a l l  no t  be added t o  samples be fore  e x t r a c t i o n .  

6.4 Samples may be r e f r i g e r a t e d  unless r e f r i g e r a t i o n  r e s u l t s  i n  
i r r e v e r s i b l e  phys ica l  change t o  t h e  waste. I f  p r e c i p i t a t i o n  occurs, t h e  e n t i r e  
sample ( i n c l u d i n g  p r e c i p i t a t e )  should be extracted.  

6.5 When t h e  sample i s  t o  be evaluated f o r  v o l a t i l e  analytes,  care  
s h a l l  be taken t o  minimize t h e  l o s s  of v o l a t i l e s .  Samples s h a l l  be c o l l e c t e d  and 
s tored i n  a  manner intended t o  prevent t he  l o s s  o f  v o l a t i l e  ana ly tes  (e.q., 
samples should be c o l l e c t e d  i n  Tef lon-1 ined septum capped v i a l s  and s tored a t  
4°C. Samples should be opened on l y  immediately p r i o r  t o  e x t r a c t i o n ) .  

6.6 1312 e x t r a c t s  should be prepared f o r  ana lys i s  and analyzed as soon 
as poss ib le  fo l l ow ing  ex t rac t i on .  Ex t rac ts  o r  po r t i ons  o f  e x t r a c t s  f o r  metal 1  i c  
ana ly te  determinat ions must be a c i d i f i e d  w i t h  n i t r i c  ac id  t o  a  pH < 2, unless 
p r e c i p i t a t i o n  occurs (see Step 7.2.14 i f  p r e c i p i t a t i o n  occurs).  Ex t rac ts  should 
be preserved f o r  o the r  analytes according t o  t h e  guidance g iven i n  t h e  i n d i v i d u a l  
ana lys is  methods. Ex t rac ts  o r  po r t i ons  o f  e x t r a c t s  f o r  o rgan ic  ana ly te  
determinat ions s h a l l  no t  be allowed t o  come i n t o  contac t  w i t h  t h e  atmosphere (a, no headspace) t o  prevent losses. See Step 8.0 (Qual i t y  Cont ro l )  f o r  
acceptable sample and e x t r a c t  ho ld ing  times. 

7.0 PROCEDURE 

7.1 P re l im ina ry  Evaluat ions 

Perform p re l im ina ry  1312 evaluat ions on a  minimum 100 gram a l i q u o t  o f  
sample. Th is  a l i q u o t  may n o t  a c t u a l l y  undergo 1312 e x t r a c t i o n .  These 
p r e l  im inary  eval ua t ions  i n c l  ude: (1)  determinat ion o f  t he  percent  so l  i d s  (Step 
7.1.1) ; (2)  de terminat ion  o f  whether t he  waste conta ins i n s i g n i f i c a n t  so l  i d s  and 
i s ,  t he re fo re ,  i t s  own e x t r a c t  a f t e r  f i l t r a t i o n  (Step 7.1.2); and (3) 
de terminat ion  o f  whether t he  s o l i d  p o r t i o n  o f  t h e  waste requ i res  p a r t i c l e  s i z e  
reduc t i on  (Step 7.1.3). 

7.1.1 Pre l  im inary  determinat ion o f  percent so l  i ds :  Percent 
s o l i d s  i s  de f ined as t h a t  f r a c t i o n  o f  a  waste sample (as a  percentage o f  
t h e  t o t a l  sample) from which no 1  i q u i d  may be fo rced out  by an app l ied  
pressure, as described be1 ow. 

7.1.1.1 I f  the  sample w i l l  obv ious ly  y i e l d  no f r e e  
1  i q u i d  when subjected t o  pressure f i l t r a t i o n  ( i  .e., i s  100% so l  i d ) ,  
weigh ou t  a  representa t ive  subsample (100 g  minimum) and proceed 
t o  Step 7.1.3. 

7.1.1.2 If t h e  sample i s  l i q u i d  o r  mu l t iphas ic ,  
1  i qu id / so l  i d  separat ion t o  make a  p r e l  iminary determi n a t i o n  o f  
percent  so l  i d s  i s  requ i red .  This  invo lves  t h e  f i l t r a t i o n  device 
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discussed i n  Step 4.3.2, and i s  o u t l i n e d  i n  Steps 7.1.1.3 through 
7.1.1.9. 

7.1.1.3 Pre-weigh t h e  f i l t e r  and t h e  con ta ine r  t h a t  w i l l  
r ece i ve  t h e  f i l t r a t e .  

7.1.1.4 A s s e m b l e f i l t e r h o l d e r a n d f i l t e r f o l l o w i n g t h e  
manufacturer 's i n s t r u c t i o n s .  Place t h e  f i  1  t e r  on t he  suppor t  
screen and secure. 

7.1.1.5 Weigh o u t  a  subsample o f  t h e  waste (100 gram 
minimum) and reco rd  t h e  weight.  

7.1.1.6 Al low s l u r r i e s  t o  stand t o  permi t  t he  s o l i d  phase 
t o  s e t t l e .  Samples t h a t  s e t t l e  s l ow l y  may be cen t r i f uged  p r i o r  t o  
f i l t r a t i o n .  C e n t r i f u g a t i o n  i s  t o  be used o n l y  as an a i d  t o  
f i l t r a t i o n .  I f  used, t h e  l i q u i d  should be decanted and f i l t e r e d  
f o l l owed  by f i l t r a t i o n  o f  t h e  s o l i d  p o r t i o n  o f  t h e  waste through 
t h e  same f i l t r a t i o n  system. 

7.1.1.7 Q u a n t i t a t i v e l y  t r a n s f e r  t h e  sample t o  t he  f i l t e r  
ho lde r  (1 i q u i d  and so l  i d  phases). Spread t h e  sample evenly  over 
t h e  sur face  o f  t h e  f i l t e r .  I f  f i l t r a t i o n  o f  t h e  waste a t  4°C 
reduces t h e  amount o f  expressed l i q u i d  over  what would be expressed 
a t  room temperature, then a l l ow  t h e  sample t o  warm up t o  room 
temperature i n  t he  dev ice  be fo re  f i l t e r i n g .  

Gradua l l y  apply  vacuum o r  g e n t l e  pressure o f  1-10 ps ig ,  
u n t i l  a i r  o r  p r e s s u r i z i n g  gas moves through t h e  f i l t e r .  I f  t h i s  
p o i n t  i s  n o t  reached under 10 ps ig ,  and i f  no a d d i t i o n a l  1  i q u i d  has 
passed through t he  f i l t e r  i n  any 2-minute i n t e r v a l ,  s l ow l y  increase 
t h e  pressure i n  10 p s i g  increments t o  a  maximum o f  50 ps ig .  A f t e r  
each incremental  increase o f  10 ps ig ,  i f  t h e  p ressu r i z i ng  gas has 
n o t  moved through t he  f i l t e r ,  and i f  no a d d i t i o n a l  l i q u i d  has 
passed through t h e  f i l t e r  i n  any 2-minute i n t e r v a l ,  proceed t o  t he  
nex t  10-ps ig  increment. When t h e  p ressu r i z i ng  gas begins t o  move 
through t h e  f i l t e r ,  o r  when l i q u i d  f l o w  has ceased a t  50 p s i g  
(k, f i l t r a t i o n  does no t  r e s u l t  i n  any a d d i t i o n a l  f i l t r a t e  w i t h i n  
any 2-minute pe r i od ) ,  s top  t h e  f i l t r a t i o n .  

NOTE: I f  sample ma te r i a l  (>1 % o f  o r i g i n a l  sample weight )  has - 
obvious ly  adhered t o  t h e  con ta iner  used t o  t r a n s f e r  t he  sample t o  
t h e  f i l t r a t i o n  apparatus, determine t h e  weight  o f  t h i s  res idue  and 
s u b t r a c t  i t  f rom t h e  sample weight determined i n  Step 7.1.1.5 t o  
determine t h e  weight  o f  t h e  sample t h a t  w i l l  be f i l t e r e d .  

NOTE: Instantaneous a p p l i c a t i o n  o f  h i g h  pressure can degrade t he  - 
g l  ass f i b e r  f i 1 t e r  and may cause premature p l  ugging . 

7.1.1.8 Thema te r i a l  i n t h e f i l t e r h o l d e r i s d e f i n e d a s  
t h e  s o l  i d  phase o f  t h e  sample, and t h e  f i l t r a t e  i s  de f i ned  as t he  
l i q u i d  phase. 
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NOTE: Some samples, such as o i l y  wastes and some p a i n t  wastes, 
w i l l  obv ious ly  con ta in  some ma te r i a l  t h a t  appears t o  be a l i q u i d ,  
bu t  even a f t e r  app ly ing  vacuum o r  pressure f i l t r a t i o n ,  as out1 ined  
i n  Step 7.1.1.7, t h i s  ma te r i a l  may no t  f i l t e r .  I f  t h i s  i s  t h e  
case, t he  ma te r i a l  w i t h i n  t h e  f i l t r a t i o n  dev ice  i s  de f i ned  as a 
s o l i d .  Do n o t  rep lace  t h e  o r i g i n a l  f i l t e r  w i t h  a f r e s h  f i l t e r  
under any circumstances. Use o n l y  one f i l t e r .  

7.1.1.9 Determine t h e  weight o f  t h e  l i q u i d  phase by 
s u b t r a c t i n g  t h e  weight of t h e  f i l t r a t e  con ta ine r  (see Step 7.1.1.3) 
f rom t h e  t o t a l  weight of t h e  f i l t r a t e - f i l l e d  con ta ine r .  Determine 
t h e  weight  o f  t he  s o l i d  phase o f  t h e  sample by s u b t r a c t i n g  t h e  
weight o f  t he  l i q u i d  phase from t h e  weight  o f  t h e  t o t a l  sample, as 
determined i n  Step 7.1.1.5 o r  7.1.1.7. 

Record the  weight o f  t he  l i q u i d  and s o l i d  phases. 
Ca l cu la te  t h e  percent  so l  i d s  as fo l l ows :  

Weight o f  s o l i d  (Step 7.1.1.9) 
Percent s o l  i d s  = x 100 

To ta l  weight o f  waste (Step 7.1.1.5 o r  7.1.1.7) 

7.1.2 I f  the  percent s o l i d s  determined i n  Step 7.1.1.9 i s  equal 
t o  o r  g r e a t e r  than 0.5%, then proceed e i t h e r  t o  Step 7.1.3 t o  determine 
whether t h e  s o l i d  ma te r i a l  r equ i res  p a r t i c l e  s i z e  r e d u c t i o n  o r  t o  Step 
7.1.2.1 i f  i t  i s  no t i ced  t h a t  a small amount o f  t h e  f i l t r a t e  i s  en t ra ined  
i n  w e t t i n g  o f  t h e  f i l t e r .  I f  t h e  percent s o l i d s  determined i n  Step 
7.1.1.9 i s  l e s s  than 0.5%, then proceed t o  Step 7.2.9 i f  t h e  n o n v o l a t i l e  
1312 a n a l y s i s  i s  t o  be performed, and t o  Step 7.3 w i t h  a f r e s h  p o r t i o n  o f  
t h e  waste i f  t h e  v o l a t i l e  1312 ana l ys i s  i s  t o  be performed. 

7.1.2.1 Remove the  s o l i d  phase and f i l t e r  f rom t h e  
f i l t r a t i o n  apparatus. 

7.1.2.2 Dry t h e  f i l t e r  and s o l i d  phase a t  1 0 0 +  20°C 
u n t i l  two successive weighings y i e l d  t he  same value w i t h i n  + 1 %. 
Record the  f i n a l  weight.  

Caut ion: The d r y i n g  oven should be vented t o  a hood o r  o the r  
app rop r i a te  device t o  e l i m i n a t e  the  p o s s i b i l i t y  o f  fumes from t h e  
sample escaping i n t o  t h e  l abo ra to ry .  Care should be taken t o  
ensure t h a t  t h e  sample w i l l  no t  f l a s h  o r  v i o l e n t l y  r e a c t  upon 
heat ing .  

7.1.2.3 Ca lcu la te  t h e  percent d r y  s o l i d s  as f o l l o w s :  

Percent (Weight o f  d r y  sample t f i l t e r )  - t a r e d  weight o f  f i l t e r  
d r y  s o l  i d s  = x 100 

I n i t i a l  weight o f  sample (Step 7.1.1.5 o r  7.1.1.7) 

Rev is ion  0 
Septenber 1994 



7.1.2.4 I f  the: percent  d r y  s o l i d s  i s  l e s s  than 0.5%, 
then proceed t o  Step 7.2.9 i f  t h e  n o n v o l a t i l e  1312 ana l ys i s  i s  t o  
be performed, and t o  Step 7.3 i f  the  v o l a t i l e  1312 ana l ys i s  i s  t o  
be performed. I f  t h e  percent  d r y  so l  i d s  i s  g rea te r  than o r  equal 
t o  O.5%, add i f  t h e  n o n v o l a t i l e  1312 ana l ys i s  i s  t o  be performed, 
r e t u r n  t o  t h e  beginning o f  t h i s  Step (7.1) and, w i t h  a f r e s h  
p o r t i o n  o f '  sample, determine whet her  p a r t i c l e  s i z e  reduc t i on  i s  
necessary (Step 7.1.3). 

7.1.3 Determinat ion o f  whether t h e  sample requ i res  p a r t i c l e - s i z e  
r e d u c t i o n  ( p a r t i c l e - s i z e  i s  reduced du r i ng  t h i s  s tep) :  Using t h e  s o l i d  
p o r t i o n  o f  t h e  sample, evaluate t h e  s o l i d  f o r  p a r t i c l e  s ize .  P a r t i c l e -  
s i z e  reduc t i on  i s  requ i red ,  unless t h e  so l  i d  has a sur face area per  gram 
o f  ma te r i a l  equal t o  o r  g rea te r  than 3.1 cm2, o r  i s  sma l le r  than 1 cm i n  
i t s  narrowest dimension (k, i s  capable o f  passing through a 9.5 mm 
(0.375 inch)  standard s ieve) .  I f t h e  sur face area i s  smal le r  o r  t he  
p a r t i c l e  s i z e  l a r g e r  than descr ibed above, prepare t he  s o l i d  p o r t i o n  o f  
t h e  sample f o r  e x t r a c t i o n  by crushing, c u t t i n g ,  o r  g r i n d i n g  t h e  waste t o  
a sur face  area o r  p a r t i c l e  s i z e  as descr ibed above. I f  t h e  s o l i d s  are 
prepared f o r  organic  vo l  a t  i l e s  e x t r a c t  ion,  spec ia l  precaut ions must be 
taken (see Step 7.3.6). 

NOTE: Surface area c r i t e r i a  are meant f o r  f i lamentous (g., - 
paper, c l o t h ,  and s i m i l  a r )  waste mater i  a1 s. Actual  measurement o f  
sur face  area i s  no t  requi red,  nor  i s  i t  recommended. For mater i  a1 s 
t h a t  do no t  obv ious ly  meet t h e  c r i t e r i a ,  sample-speci f ic  methods 
would need t o  be developed and employed t o  measure t he  sur face 
area. Such methodology i s  c u r r e n t l y  no t  a v a i l  able.  

7.1.4 Determinat ion o f  appropr ia te  e x t r a c t i o n  f l u i d :  

7.1.4.1 For s o i l s ,  i f  t h e  sample i s  f rom a s i t e  t h a t  i s  
eas t  o f  t h e  M i s s i s s i p p i  River ,  e x t r a c t i o n  f l u i d  #1  should be used. 
I f  t h e  sample i s  from a s i t e  t h a t  i s  west o f  t h e  M i s s i s s i p p i  River,  
e x t r a c t i o n  f l u i d  #2 should be used. 

7.1.4.2 For wastes and wastewater, e x t r a c t i o n  f l u i d  #1 
should be used. 

7.1.4.3 For cyanide-conta in ing wastes and/or so i  1 s, 
e x t r a c t i o n  f l u i d  #3 (reagent water) must be used because leaching 
o f  cyanide-conta in ing samples under a c i d i c  cond i t ions  may r e s u l t  
i n  t h e  fo rmat ion  o f  hydrogen cyanide gas. 

7.1.5 If t h e  a1 i q u o t  o f  t h e  sample used f o r  t h e  p re l im ina ry  
eva lua t i on  (Steps 7.1.1 - 7.1.4) was determined t o  be 100% so l  i d  a t  Step 
7.1.1.1, then i t  can be used f o r  t he  Step 7.2 e x t r a c t i o n  (assuming a t  
l e a s t  100 grams remain), and t h e  Step 7.3 e x t r a c t i o n  (assuming a t  l e a s t  25 
grams remain). I f  t h e  a l i q u o t  was subjected t o  t h e  procedure i n  Step 
7.1.1.7, then another a l i q u o t  s h a l l  be used fo r  t h e  v o l a t i l e  e x t r a c t i o n  
procedure i n  Step 7.3. The a l i q u o t  of t he  waste subjected t o  t h e  
procedure i n  Step 7.1.1.7 might  be appropr ia te  f o r  use f o r  the  Step 7.2 
e x t r a c t i o n  i f  an adequate amount o f  so l  i d  (as determined by Step 7.1.1.9) 
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was obta ined.  The amount o f  s o l i d  necessary i s  dependent upon whether a  
s u f f i c i e n t  amount o f  e x t r a c t  w i l l  be produced t o  suppor t  t h e  analyses. I f  
an adequate amount o f  s o l i d  remains, proceed t o  Step 7.2.10 o f  t h e  
nonvol a t i  1  e  1312 e x t r a c t i o n .  

7.2 Procedure When Vol a t  i 1  es Are Not  I n v o l  ved 

A minimum sample s i z e  o f  100 grams ( s o l i d  and l i q u i d  phases) i s  
recommended. I n  some cases, a  1 a rge r  sample s i z e  may be app rop r i a te ,  depending 
on t h e  s o l i d s  con ten t  o f  t h e  waste sample (percen t  s o l  i ds ,  See Step 7.1.1), 
whether t h e  i n i t i a l  1  i q u i d  phase o f  t h e  waste w i l l  be m i s c i b l e  w i t h  t h e  aqueous 
e x t r a c t  o f  t h e  s o l  i d ,  and whether ino rgan ics ,  semivol a t i l  e  o rgan ics ,  p e s t i c i d e s ,  
and h e r b i c i d e s  a re  a l l  ana ly tes  o f  concern. Enough s o l i d s  shou ld  be generated 
f o r  e x t r a c t i o n  such t h a t  t h e  volunie o f  1312 e x t r a c t  w i l l  be s u f f i c i e n t  t o  suppor t  
a l l  o f  t h e  analyses requ i red .  I f  t h e  amount o f  e x t r a c t  generated by a  s i n g l e  
1312 e x t r a c t i o n  w i l l  n o t  be s u f f i c i e n t  t o  per fo rm a l l  o f  t h e  analyses, more t han  
one e x t r a c t i o n  may be performed and t h e  e x t r a c t s  f rom each combined and a1 i q u ~ t e d  
f o r  ana l ys i s .  

7.2.1 I f t h e s a m p l e w i 1 1 o b v i o u s l y y i e l d n o l i q u i d w h e n s u b j e c t e d  
t o  p ressure  f i l t r a t i o n  ( i . e . ,  i s  100 % s o l i d ,  see Step 7.1.1), weigh o u t  
a  subsample o f  t h e  sample (100 gram minimum) and proceed t o  Step 7.2.9. 

7.2.2 I f  t h e  sample i s  l i q u i d  o r  mu l t i phas i c ,  l i q u i d / s o l i d  
sepa ra t i on  i s  r equ i red .  Th i s  i n v o l v e s  t h e  f i l t r a t i o n  dev i ce  descr ibed  i n  
Step 4.3.2 and i s  o u t l i n e d  i n  Steps 7.2.3 t o  7.2.8. 

7.2.3 Pre-weigh t he  c o n t a i n e r  t h a t  w i l l  r e c e i v e  t h e  f i l t r a t e .  

7.2.4 Assemble t h e  f i l t e r  ho lde r  and f i l t e r  f o l l o w i n g  t h e  
manufac tu re r ' s  i n s t r u c t i o n s .  P l  ace t h e  f i 1  t e r  on t h e  suppor t  screen and 
secure. Ac id  wash t h e  f i l t e r  i f  e v a l u a t i n g  t h e  m o b i l i t y  o f  meta ls  (see 
Step 4.4). 

NOTE: Ac id  washed f i l t e r s  may be used f o r  a l l  n o n v o l a t i l e  
e x t r a c t i o n s  even when meta ls  a re  n o t  o f  concern. 

7 .2 .5  Weigh o u t  a  subsample o f  t h e  sample (100 gram minimum) and 
r e c o r d  t h e  we igh t .  I f  t h e  waste con ta ins  ~ 0 . 5  % d r y  s o l  i d s  (Step 7.1.2), 
t h e  l i q u i d  p o r t i o n  o f  t h e  waste, a f t e r  f i l t r a t i o n ,  i s  d e f i n e d  as t h e  1312 
e x t r a c t .  Therefore,  enough o f  t h e  sample should be f i l t e r e d  so t h a t  t h e  
amount o f  f i l t e r e d  1  i q u i d  w i l l  suppor t  a1 1  o f  t h e  analyses r e q u i r e d  o f  t h e  
1312 e x t r a c t .  For  wastes c o n t a i n i n g  >0.5 % d r y  s o l i d s  (Steps 7.1.1 o r  
7.1.2), use t h e  percen t  s o l i d s  i n f o r m a t i o n  ob ta ined  i n  Step 7.1.1 t o  
determine t h e  optimum sample s i z e  (100 gram minimum) f o r  f i l t r a t i o n .  
Enough s o l i d s  should be generated by f i l t r a t i o n  t o  suppor t  t h e  analyses t o  
be performed on t h e  1312 e x t r a c t .  

7.2.6 A l l ow  s l u r r i e s  t o  s tand t o  pe rm i t  t h e  s o l  i d  phase t o  s e t t l e .  
Samples t h a t  s e t t l e  s l ow l y  may be c e n t r i f u g e d  p r i o r  t o  f i l t r a t i o n .  Use 
c e n t r i f u g a t i o n  o n l y  as an a i d  t o  f i l t r a t i o n .  I f  t h e  sample i s  
c e n t r i f u g e d ,  t h e  l i q u i d  should be decanted and f i l t e r e d  f o l l o w e d  by 
f i l t r a t i o n  o f  t h e  so l  i d  p o r t i o n  o f  t h e  waste through t h e  same f i l t r a t i o n  
system. 
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7.2.7 Q u a n t i t a t i v e l y  t r a n s f e r  t h e  sample (1 i q u i d  and so l  i d  phases) 
t o  t h e  f i l t e r  ho lde r  (see Step 4.3.2). Spread t h e  waste sample evenly 
over t h e  sur face o f  t h e  f i l t e r .  I f  f i l t r a t i o n  o f  t h e  waste a t  4°C reduces 
t h e  amount o f  expressed l i q u i d  over what would be expressed a t  room 
temperature, then a l l ow  t h e  sample t o  warm up t o  room temperature i n  the  
device be fore  f i 1 t e r i n g .  

Gradual ly  apply  vacuum o r  gen t l e  pressure o f  1-10 ps ig,  u n t i l  a i r  
o r  p ressu r i z i ng  gas moves through t h e  f i l t e r .  If t h i s  p o i n t  i f  not  
reached under 10 psig, and i f  no add i t i ona l  1  i q u i d  has passed through the  
f i l t e r  i n  any 2-minute i n t e r v a l ,  s low ly  increase the  pressure i n  10-psig 
increments t o  maximum o f  50 ps ig .  A f t e r  each incremental increase o f  10 
ps ig ,  if t h e  p ressu r i z i ng  gas has no t  moved through t h e  f i l t e r ,  and i f  no 
a d d i t i o n a l  1  i q u i d  has passed through t h e  f i l t e r  i n  any 2-minute i n t e r v a l ,  
proceed t o  t h e  next  10-ps ig increment. When the  p ressu r i z i ng  gas begins 
t o  move through the  f i l t e r ,  o r  when t h e  l i q u i d  f l o w  has ceased a t  50 ps ig  (u, f i l t r a t i o n  does n o t  r e s u l t  i n  any add i t i ona l  f i l t r a t e  w i t h i n  a 
2-minute per iod) ,  s top the  f i l t r a t i o n .  

NOTE: If waste ma te r i a l  (>1 % o f  t h e  o r i g i n a l  sample weight) has - 
obvious ly  adhered t o  t he  conta iner  used t o  t r a n s f e r  t he  sample t o  
t h e  f i l t r a t i o n  apparatus, determine the  weight o f  t h i s  res idue and 
sub t rac t  i t  from the  sample weight determined i n  Step 7.2.5, t o  
determine t h e  weight o f  t h e  waste sample t h a t  w i l l  be f i l t e r e d .  

N0TE:Instantaneous a p p l i c a t i o n  o f  h igh  pressure can degrade t h e  - 
glass f i b e r  f i l t e r  and may cause premature plugging. 

7.2.8 The ma te r i a l  i n  t h e  f i l t e r  ho lder  i s  def ined as t h e  s o l i d  
phase o f  t h e  sample, and t h e  f i l t r a t e  i s  de f ined  as the  l i q u i d  phase. 
Weigh t h e  f i l t r a t e .  The l i q u i d  phase may now be e i t h e r  analyzed (see Step 
7.2.12) o r  s to red  a t  4°C u n t i l  t ime o f  analys is .  

NOTE: Some wastes, such as o i l y  wastes and some p a i n t  wastes, w i l l  - 
obvious ly  con ta in  some ma te r i a l  which appears t o  be a l i q u i d .  Even 
a f t e r  apply ing vacuum o r  pressure f i l t r a t i o n ,  as out1 ined i n  Step 
7.2.7, t h i s  ma te r i a l  may no t  f i l t e r .  I f  t h i s  i s  t he  case, t he  
ma te r i a l  w i t h i n  t h e  f i l t r a t i o n  device i s  de f ined  as a so l i d ,  and 
i s  c a r r i e d  through the  e x t r a c t i o n  as a so l  i d .  Do not  replace the  
o r i g i n a l  f i l t e r  w i t h  a f r e s h  f i l t e r  under any circumstances. Use 
o n l y  one f i l t e r .  

7.2.9 I f t h e s a m p l e c o n t a i n s t 0 . 5 % d r y s o l i d s  (seeStep7.1 .2 ) ,  
proceed t o  Step 7.2.13. I f  t h e  sample conta ins >0.5 % d ry  s o l i d s  (see 
Step 7.1.1 o r  7.1.2), and i f  p a r t i c l e - s i z e  reduc t ion  of t he  s o l i d  was 
needed i n  Step 7.1.3, proceed t o  Step 7.2.10. If t h e  sample as received 
passes a 9.5 mm sieve, q u a n t i t a t i v e l y  t r a n s f e r  t he  so l  i d  mater ia l  i n t o  the  
e x t r a c t o r  b o t t l e  along w i t h  t h e  f i l t e r  used t o  separate t he  i n i t i a l  l i q u i d  
from t h e  s o l i d  phase, and proceed t o  Step 7.2.11. 

7.2.10 Prepare the  so l  i d  p o r t i o n  of t h e  sample f o r  e x t r a c t i o n  by 
crushing,  c u t t i n g ,  o r  g r i nd ing  t h e  waste t o  a sur face area o r  p a r t i c l e -  
s i z e  as descr ibed i n  Step 7.1.3. When t h e  sur face area o r  p a r t i c l e - s i z e  
has been app rop r i a te l y  a1 tered,  q u a n t i t a t i v e l y  t r a n s f e r  t he  so l  i d  mater i  a1 
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into an extractor bottle. Include the filter used to separate the initial 
liquid from the solid phase. 

NOTE: Sieving of the waste is not normally required. Surface area - 
requirements are meant for filamentous (e.s., paper, cloth) and 
similar waste material s. Actual measurement of surface area is not 
recommended. If sieving i s necessary, a Teflon-coated sieve should 
be used to avoid contamination of the sarr~ple. 

7.2.11 Determine the amount of extraction fluid to add to the 
extractor vessel as fol 1 ows : 

20 x % sol ids (Step 7.1.1) x weight of waste 
filtered (Step 7.2.5 or 7.2.7) 

Weight of - - 
extraction fluid 

100 

Slowly add this amount of appropriate extraction fluid (see Step 
7.1.4) to the extractor vessel. Close the extractor bottle tightly (it is 
recommended that Teflon tape be used to ensure a tight seal), secure in 
rotary extractor device, and rotate at 30 + 2 rpm for 18 + 2 hours. 
Ambient temperature (i .e., temperature of room in which extract ion takes 
place) shall be maintained at 23 + 2°C during the extraction period. 

NOTE: As agitation continues, pressure may build up within the 
extractor bottle for some types of sample (e.q., 1 imed or calcium 
carbonate-containing sample may evolve gases such as carbon 
dioxide). To re1 ieve excess pressure, the extractor bottle may be 
periodically opened (e.q., after 15 minutes, 30 minutes, and 1 
hour) and vented into a hood. 

7.2.12 Following the 18 2 2 hour extraction, separate the materi a1 
in the extractor vessel into its component liquid and solid phases by 
filtering through a new glass fiber filter, as out1 ined -in Step 7.2.7. 
For final filtration of the 1312 extract, the glass fiber filter may be 
changed, if necessary, to facil i tate filtration. Fil ter(s) shall be 
acid-washed (see Step 4.4) if evaluating the mobility of metals. 

7.2.13 Prepare the 1312 extract as follows: 

7.2.13.1 If the sample contained no initial liquid phase, 
the filtered liquid material obtained from Step 7.2.12 is defined 
as the 1312 extract. Proceed to Step 7.2.14. 

7.2.13.2 If compatible (e.q., multiple phases will not 
result on combination), combine the filtered 1 iquid resulting from 
Step 7.2.12 with the initial liquid phase of the sample obtained 
in Step 7.2.7. This combined liquid is defined as the 1312 
extract. Proceed to Step 7.2.14. 

7.2.13.3 If the initial liquid phase of the waste, as 
obtained from Step 7.2.7, is not or may not be compatible with the 
filtered liquid resulting from Step 7.2.12, do not combine these 
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l i q u i d s .  Ana lyze these  l i q u i d s ,  c o l l e c t i v e l y  d e f i n e d  as t h e  1312 
e x t r a c t ,  and combine t h e  r e s u l t s  ma themat i ca l l y ,  as desc r ibed  i n  
Step 7.2.14. 

7.2.14 F o l l o w i n g  c o l l e c t i o n  o f  t h e  1312 e x t r a c t ,  t h e  pH o f  t h e  
e x t r a c t  shou ld  be recorded.  Immedia te ly  a1 i q u o t  and p reserve  t h e  e x t r a c t  
f o r  a n a l y s i s .  M e t a l s  a l i q u o t s  must be a c i d i f i e d  w i t h  n i t r i c  a c i d  t o  pH < 
2. I f  p r e c i p i t a t i o n  i s  observed upon a d d i t i o n  o f  n i t r i c  a c i d  t o  a  smal l  
a l i q u o t  o f  t h e  e x t r a c t ,  t h e n  t h e  rema in ing  p o r t i o n  o f  t h e  e x t r a c t  f o r  
m e t a l s  ana lyses s h a l l  n o t  be a c i d i f i e d  and t h e  e x t r a c t  s h a l l  be analyzed 
as soon as p o s s i b l e .  A l l  o t h e r  a l i q u o t s  must be s t o r e d  under 
r e f r i g e r a t i o n  (4°C) u n t i  1  analyzed. The 1312 e x t r a c t  s h a l l  be prepared 
and ana lyzed accord ing  t o  a p p r o p r i a t e  a n a l y t i c a l  methods. 1312 e x t r a c t s  
t o  be ana lyzed f o r  m e t a l s  s h a l l  be a c i d  d i g e s t e d  excep t  i n  those i n s t a n c e s  
where d i g e s t i o n  causes l o s s  o f  m e t a l l i c  a n a l y t e s .  If an a n a l y s i s  of t h e  
und iges ted  e x t r a c t  shows t h a t  t h e  c o n c e n t r a t i o n  o f  any r e g u l a t e d  m e t a l l i c  
a n a l y t e  exceeds t h e  r e g u l a t o r y  l e v e l ,  t h e n  t h e  waste i s  hazardous and 
d i g e s t i o n  o f  t h e  e x t r a c t  i s  n o t  necessary.  However, d a t a  on und iges ted  
e x t r a c t s  a lone  cannot  be used t o  demonstrate t h a t  t h e  waste i s  n o t  
hazardous.  I f  t h e  i n d i v i d u a l  phases a r e  t o  be ana lyzed separa te l y ,  
de te rm ine  t h e  volume o f  t h e  i n d i v i d u a l  phases ( t o  + 0.5 %), conduct  t h e  
a p p r o p r i a t e  analyses,  and combine t h e  r e s u l t s  m a t h e m a t i c a l l y  by u s i n g  a  
simp1 e  v o l  ume-weighted average: 

(V1) (C,) + (V2) (C2) 
F i n a l  A n a l y t e  C o n c e n t r a t i o n  = 

where : 

V, = The volume o f  t h e  f i r s t  phase (L). 
C, = The c o n c e n t r a t i o n  o f  t h e  a n a l y t e  o f  concern i n  t h e  f i r s t  phase (mg/L). 
V, = The volume o f  t h e  second phase (L) .  
C, = The c o n c e n t r a t i o n  o f  t h e  a n a l y t e  o f  concern i n  t h e  second phase 

(mg/L) 

7.2.15 Compare t h e  a n a l y t e  c o n c e n t r a t i o n s  i n  t h e  1312 e x t r a c t  w i t h  
t h e  1  eve1 s  i d e n t i f i e d  i n  t h e  a p p r o p r i a t e  r e g u l a t i o n s .  Re fe r  t o  S e c t i o n  
8.0 f o r  q u a l i t y  assurance requ i rements .  

7.3 Procedure When Vol a t i  1 es Are I n v o l  ved 

Cm? Use t h e  ZHE d e v i c e  t o  o b t a i n  1312 e x t r a c t  f o r  a n a l y s i s  o f  v o l a t i l e  
rmJ compounds o n l y .  E x t r a c t  r e s u l t i n g  f rom t h e  use o f  t h e  ZHE s h a l l  n o t  be used t o  

e v a l u a t e  t h e  m o b i l  i t y  o f  non-vo l  a t i l e  a n a l y t e s  (e.q., meta ls ,  p e s t i c i d e s ,  e t c .  ) . 
nm 

hi The ZHE d e v i c e  has approx ima te ly  a  500 mL i n t e r n a l  c a p a c i t y .  The ZHE can 
t h u s  accommodate a  maximum o f  25 grams o f  s o l  i d  ( d e f i n e d  as t h a t  f r a c t i o n  of a  
sample f r o m  which no a d d i t i o n a l  1 i q u i d  may be f o r c e d  o u t  by an a p p l i e d  pressure 

' o f  50 p s i g ) ,  due t o  t h e  need t o  add an amount o f  e x t r a c t i o n  f l u i d  equal t o  20 
irr~ t i m e s  t h e  w e i g h t  o f  t h e  s o l i d  phase. 
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Charge the  ZHE w i t h  sample on l y  once and do no t  open the  device u n t i l  t he  
f i n a l  e x t r a c t  ( o f  t he  so l  i d )  has been co l l ec ted .  Repeated f i  11 i n g  o f  t h e  ZHE t o  
ob ta in  25 grams o f  s o l i d  i s  no t  permi t ted.  

Do no t  a l l ow  the  sample, the  i n i t i a l  l i q u i d  phase, o r  t he  e x t r a c t  t o  be 
exposed t o  the  atmosphere f o r  any more t ime than i s  abso lu te l y  necessary. Any 
manipulat ion o f  these ma te r ia l s  should be done when c o l d  (4°C) t o  minimize l o s s  
o f  v o l a t i l e s .  

7.3.1 Pre-weigh the  (evacuated) f i l  t r t t e  c o l l e c t i o n  conta iner  
(see Step 4.6) and s e t  aside. I f  us ing  a TEDLAR bag, express a l l  l i q u i d  
from the  ZHE device i n t o  the  bag, whether f o r  t he  i n i t i a l  o r  f i n a l  
1  i qu id / so l  i d  separat ion, and take an a1 i q u o t  from the  1 i q u i d  i n  t h e  bag 
f o r  ana lys is .  The conta iners 1 i s t e d  i n  Step 4.6 are recommended f o r  use 
under t h e  cond i t i ons  s ta ted  i n  Steps 4.6.1-4.6.3. 

7.3.2 P l a c e t h e Z H E p i s t o n w i t h i n t h e b o d y o f t h e Z H E  ( i t m a y b e  
h e l p f u l  f i r s t  t o  moisten the  p i s t o n  O-r ings s l i g h t l y  w i t h  e x t r a c t i o n  
f l u i d ) .  Ad jus t  t he  p i s t o n  w i t h i n  the  ZHE body t o  a he igh t  t h a t  w i l l  
minimize t h e  d is tance the  p i s t o n  w i l l  have t o  move once t h e  ZHE i s  charged 
w i t h  sample (based upon sample s i z e  requirements determined from Step 7.3, 
Step 7.1.1 and/or 7.1.2). Secure the  gas i n l e t / o u t l e t  f l ange  (bottom 
f lange)  onto the  ZHE body i n  accordance w i t h  the  manufacturer's 
i n s t r u c t i o n s .  Secure the  g l  ass f i ber f i 1 t e r  between the  support screens 
and s e t  as ide.  Set l i q u i d  i n l e t / o u t l e t  f lange ( top  f lange)  aside. 

7.3.3 I f  the  sample i s  100% s o l i d  (see Step 7.1.1), weigh out  
a subsample (25 gram maximum) o f  t he  waste, record  weight, and proceed t o  
Step 7.3.5. 

7.3.4 I f  the  sample conta ins <0.5% d r y  so l  i d s  (Step 7.1.2), t he  
1 i q u i d  p o r t i o n  o f  waste, a f t e r  f i l t r a t i o n ,  i s  de f ined as the  1312 e x t r a c t .  
F i l t e r  enough o f  t he  sample so t h a t  the  amount o f  f i l t e r e d  1 i q u i d  w i l l  
support a1 1 o f  t he  vo l  a t i  1  e analyses requ i red .  For sampl es con ta in ing  
>0.5% d r y  sol  i d s  (Steps 7.1.1 and/or 7.1.2), use the  percent  so l  i d s  - 
in fo rma t ion  obtained i n  Step 7.1.1 t o  determine the  optimum sample s i z e  t o  
charge i n t o  t h e  ZHE. The recommended sample s i z e  i s  as fo l l ows :  

7.3.4.1 For samples conta in ing  4% s o l i d s  (see Step 
7.1 . I ) ,  weigh out  a 500 gram subsample o f  waste and record  the  
weight.  

7.3.4.2 For wastes conta in ing  >5% so l  i d s  (see Step 
7.1.1), determine the  amount o f  waste t o  charge i n t o  the  ZHE as 
f o l l  ows: 

2 5 
Weight o f  waste t o  charge ZHE = x 100 

percent so l  i d s  (Step 7.1.1) 

Weigh out  a subsample o f  the  waste o f  t he  appropr ia te  s i z e  and 
record  t h e  weight.  
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7.3.5 If particle-size reduction of the solid portion of the 
sample was required in Step 7.1.3, proceed to Step 7.3.6. If particle- 
size reduction was not required in Step 7.1.3, proceed to Step 7.3.7. 

7.3.6 Prepare the sample for extraction by crushing, cutting, or 
grinding the sol id portion of the waste to a surface area or particle size 
as described in Step 7.1.3.1. Wastes and appropriate reduction equipment 
should be refrigerated, if possible, to 4°C prior to particle-size 
reduction. The means used to effect particle-size reduction must not 
generate heat in and of itself. If reduction of the solid phase of the 
waste is necessary, exposure of the waste to the atmosphere should be 
avoided to the extent possible. 

NOTE: Sievirrg of the waste is not recommended due to the - 
possibility that volatiles may be lost. The use of an 
appropri ately graduated ruler is recommended as an acceptable 
alternative. Surface area requirements are meant for filamentous 
(m, paper, cloth) and similar waste materials. Actual 
measurement of surface area is not recommended. 

When the surface area or particle-size has been appropriately 
altered, proceed to Step 7.3.7. 

7.3.7 Waste slurries need not be allowed to stand to permit the 
solid phase to settle. Do not centrifuge samples prior to filtration. 

7.3.8 Quantitatively transfer the entire sample (1 iquid and sol id 
phases) quickly to the ZHE. Secure the filter and support screens into 
the top flange of the device and secure the top flange to the ZHE body in 
accordance with the manufacturer's instructions. Tighten a1 1 ZHE fittings 
and place the device in the vertical position (gas inlet/outlet flange on 
the bottom). Do not attach the extraction collection device to the top 
plate. 

Note: If sample material (>I% of original sample weight) has - 
obviously adhered to the container used to transfer the sample to 
the ZHE, determine the weight of this residue and subtract it from 
the sample weight determined in Step 7.3.4 to determine the weight 
of the waste sample that will be filtered. 

Attach a gas line to the gas inlet/outlet valve (bottom flange) 
and, with the 1 iquid inlet/outlet valve (top flange) open, begin applying 
gentle pressure of 1-10 psig (or more if necessary) to force all headspace 
slowly out of the ZHE device into a hood. At the first appearance of 
liquid from the liquid inlet/outlet valve, quickly close the valve and 
discontinue pressure. If filtration of the waste at 4 0 C  reduces the 
amount of expressed liquid over what would be expressed at room 
temperature, then a1 low the sample to warm up to room temperature in the 
device before filtering. If the waste is 100 % solid (see Step 7.1.1), 
slowly increase the pressure to a maximum of 50 psig to force most of the 
headspace out of the device and proceed to Step 7.3.12. 
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7.3.9 A t t a c h  t h e  evacuated pre-weighed f i l t r a t e  c o l l e c t i o n  
c o n t a i n e r  t o  t h e  l i q u i d  i n l e t / o u t l e t  va l ve  and open t h e  va lve .  Begin 
app l y i ng  g e n t l e  pressure o f  1-10 p s i g  t o  f o r c e  t h e  l i q u i d  phase o f  t h e  
sample i n t o  t h e  f i l t r a t e  c o l l e c t i o n  con ta ine r .  I f  no a d d i t i o n a l  l i q u i d  
has passed th rough t h e  f i l t e r  i n  any 2-minute i n t e r v a l ,  s l o w l y  i nc rease  
t h e  p ressure  i n  10-ps ig  increments t o  a maximum o f  50 p s i g .  A f t e r  each 
inc rementa l  inc rease  of 10 ps ig ,  i f  no a d d i t i o n a l  l i q u i d  has passed 
th rough t h e  f i l t e r  i n  any 2-minute i n t e r v a l ,  proceed t o  t h e  n e x t  10-ps ig  
increment.  When 1 i q u i d  f low has ceased such t h a t  con t i nued  p ressure  
f i l t r a t i o n  a t  50 p s i g  does n o t  r e s u l t  i n  any a d d i t i o n a l  f i l t r a t e  w i t h i n  a 
2-minute per iod ,  s t o p  t h e  f i l t r a t i o n .  Close t h e  1 i q u i d  i n l e t / o u t l e t  
va lve ,  d i s c o n t i n u e  pressure t o  t h e  p i s t o n ,  and d isconnec t  and weigh t h e  
f i  1 t r a t e  c o l l  e c t i o n  con ta ine r .  

NOTE: Instantaneous appl i c a t i o n  of h i g h  p ressure  can degrade t h e  - 
glass  f i b e r  f i  1 t e r  and may cause premature p l ugg ing  . 
7.3.10 The m a t e r i a l  i n  t h e  ZHE i s  d e f i n e d  as t h e  s o l i d  phase o f  

t h e  sample and t h e  f i l t r a t e  i s  d e f i n e d  as t h e  1 i q u i d  phase. 

NOTE: Some samples, such as o i l y  wastes and some p a i n t  wastes, - 
w i l l  o b v i o u s l y  c o n t a i n  some m a t e r i a l  which appears t o  be a 1 i q u i d .  
Even a f t e r  app l y i ng  pressure f i l t r a t i o n ,  t h i s  m a t e r i a l  w i l l  n o t  
f i l t e r .  I f  t h i s  i s  t h e  case, t h e  m a t e r i a l  w i t h i n  t h e  f i l t r a t i o n  
dev i ce  i s  d e f i n e d  as a s o l i d ,  and i s  c a r r i e d  th rough t h e  1312 
e x t r a c t i o n  as a s o l  i d .  

I f  t h e  o r i g i n a l  waste con ta ined  t0 .5  % d r y  s o l  i d s  (see Step 7.1.2), 
t h i s  f i l t r a t e  i s  d e f i n e d  as t h e  1312 e x t r a c t  and i s  analyzed d i r e c t l y .  
Proceed t o  Step 7.3.15. 

7.3.11 The 1 i q u i d  phase may now be e i t h e r  analyzed immediate ly  
(see Steps 7.3.13 through 7.3.15) o r  s t o red  a t  4°C under min imal  headspace 
c o n d i t i o n s  u n t i l  t i m e  o f  ana l ys i s .  Determine t h e  we igh t  o f  e x t r a c t i o n  
f l u i d  #3 t o  add t o  t h e  ZHE as fol lows.:  

20 x % s o l  i d s  (Step 7.1 . l )  x we igh t  
o f  waste f i l t e r e d  (Step 7.3.4 o r  7.3.8) 

Weight o f  e x t r a c t i o n  f l u i d  = 
100 

7.3.12 The f o l l o w i n g  s teps  d e t a i l  how t o  add t h e  a p p r o p r i a t e  
amount o f  e x t r a c t i o n  f l u i d  t o  t h e  s o l i d  m a t e r i a l  w i t h i n  t h e  ZHE and 
a g i t a t i o n  o f  t h e  ZHE vesse l .  E x t r a c t i o n  f l u i d  #3 i s  used i n  a l l  cases 
(see Step 5.4.3). 

7.3.12.1 Wi th  t h e  ZHE i n  t h e  v e r t i c a l  p o s i t i o n ,  a t t a c h  a 
1 i n e  f rom t h e  e x t r a c t i o n  f l u i d  r e s e r v o i r  t o  t h e  1 i q u i d  i n l e t / o u t l e t  
va lve .  The l i n e  used s h a l l  c o n t a i n  f r e s h  e x t r a c t i o n  f l u i d  and 
should be p re f l ushed  w i t h  f l u i d  t o  e l i m i n a t e  any a i r  pocke ts  i n  t h e  
1 i ne .  Release gas pressure on t h e  ZHE p i s t o n  ( f r om t h e  gas 
i n l e t / o u t l e t  va lve) ,  open t h e  l i q u i d  i n l e t / o u t l e t  va lve,  and beg in  
t r a n s f e r r i n g  e x t r a c t i o n  f l u i d  (by pumping o r  s i m i l a r  means) i n t o  
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t h e  ZHE. Continue pumping e x t r a c t i o n  f l u i d  i n t o  t he  ZHE u n t i l  t h e  
appropr ia te  amount o f  f l u i d  has been in t roduced i n t o  t h e  device. 

7.3.12.2 A f t e r  t h e  e x t r a c t i o n  f l u i d  has been added, 
immediately c l ose  t h e  1 i q u i d  i n l e t / o u t l e t  va lve  and disconnect t h e  
e x t r a c t i o n  f l u i d  1 ine .  Check t h e  ZHE t o  ensure t h a t  a l l  valves are 
i n  t h e i r  c losed pos i t i ons .  Manually r o t a t e  t h e  dev ice i n  an 
end-over-end fash ion  2 o r  3 t imes. Repos i t ion  t h e  ZHE i n  t h e  
v e r t i c a l  p o s i t i o n  w i t h  t h e  l i q u i d  i n l e t / o u t l e t  va lve  on top. 
Pressur ize  t h e  ZHE t o  5-10 p s i g  ( i f  necessary) and s low ly  open t h e  
l i q u i d  i n l e t / o u t l e t  va lve t o  b leed ou t  any headspace ( i n t o  a hood) 
t h a t  may have been in t roduced due t o  t h e  a d d i t i o n  o f  e x t r a c t i o n  
f l u i d .  Th is  b leed ing  s h a l l  be done q u i c k l y  and s h a l l  be stopped 
a t  t h e  f i r s t  appearance o f  1 i q u i d  from t h e  va lve.  . Re-pressurize 
t h e  ZHE w i t h  5-10 p s i g  and check a l l  ZHE f i t t i n g s  t o  ensure t h a t  
they  a re  closed. 

7.3.12.3 Place t h e  ZHE i n  t h e  r o t a r y  e x t r a c t o r  apparatus 
( i f  i t  i s  no t  a l ready there)  and r o t a t e  a t  30 + 2 rpm f o r  18 + 2 
hours. Ambient temperature (u, temperature o f  room i n  which 
e x t r a c t i o n  occurs) s h a l l  be maintained a t  23 2°C dur ing  
a g i t a t i o n .  

7.3.13 Fo l low ing  t h e  18 + 2 hour a g i t a t i o n  per iod, check t he  
pressure behind t h e  ZHE p i s t o n  by q u i c k l y  opening and c l o s i n g  t h e  gas 
i n l e t / o u t l e t  va lve  and n o t i n g  t h e  escape o f  gas. I f t h e  pressure has no t  
been maintained (k, no gas re lease  observed), t h e  ZHE i s  leak ing .  
Check t h e  ZHE f o r  l e a k i n g  as s p e c i f i e d  i n  Step 4.2.1, and per form the  
e x t r a c t i o n  again w i t h  a new sample o f  waste. I f  t h e  pressure w i t h i n  t he  
dev ice  has been maintained, t h e  ma te r i a l  i n  t h e  e x t r a c t o r  vessel i s  once 
again separated i n t o  i t s  corr~ponent 1 i q u i d  and so l  i d  phases. I f  t h e  waste 
conta ined an i n i t i a l  l i q u i d  phase, t h e  l i q u i d  may be f i l t e r e d  d i r e c t l y  
i n t o  t h e  same f i l t r a t e  c o l l e c t i o n  con ta iner  (&, TEDLAR" bag) ho ld ing  t he  
i n i t i a l  l i q u i d  phase o f  t h e  waste. A separate f i l t r a t e  c o l l e c t i o n  
con ta ine r  must be used i f  combining would c rea te  m u l t i p l e  phases, o r  there  
i s  n o t  enough volume l e f t  w i t h i n  t h e  f i l t r a t e  c o l l e c t i o n  con ta iner .  
F i l t e r  through t h e  g lass  f i b e r  f i l t e r ,  us ing  the  ZHE device as discusseg 
i n  Step 7.3.9. A l l  e x t r a c t s  s h a l l  be f i l t e r e d  and c o l l e c t e d  i f  the  TEDLAR 
bag i s  used, i f  t h e  e x t r a c t  i s  mu l t iphas ic ,  o r  i f  t h e  waste conta ined an 
i n i t i a l  l i q u i d  phase (see Steps 4.6 and 7.3.1). 

NOTE: An i n - l i n e  g lass  f i b e r  f i l t e r  may be used t o  f i l t e r  t h e  - 
m a t e r i a l  w i t h i n  t he  ZHE i f  i t  i s  suspected t h a t  t he  g lass  f i b e r  
f i l t e r  has been rup tu red  

7.3.14 I f  t h e  o r i g i n a l  sample contained no i n i t i a l  l i q u i d  phase, 
t h e  f i l t e r e d  l i q u i d  ma te r i a l  obta ined from Step 7.3.13 i s  def ined as t h e  
1312 e x t r a c t .  I f  t h e  sample contained an i n i t i a l  l i q u i d  phase, t h e  
f i l t e r e d  l i q u i d  ma te r i a l  obta ined from Step 7.3.13 and the  i n i t i a l  l i q u i d  
phase (Step 7.3.9) are c o l l e c t i v e l y  def ined as t h e  1312 e x t r a c t .  

7.3.15 Fo l low ing  c o l l e c t i o n  o f  t h e  1312 ex t rac t ,  immediately 
prepare t h e  e x t r a c t  f o r  ana lys is  and s to re  w i t h  minimal headspace a t  4°C 

1-m 
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u n t i l  analyzed. Analyze t h e  1312 e x t r a c t  accord ing  t o  t h e  a p p r o p r i a t e  
a n a l y t i c a l  methods. I f  t h e  i n d i v i d u a l  phases a r e  t o  be analyzed 
sepa ra te l y  (i e . ,  a re  n o t  m i s c i b l e ) ,  determine t h e  volume o f  t h e  
i n d i v i d u a l  phases ( t o  0.5%),  conduct t h e  app rop r i a te  analyses, and combine 
t h e  r e s u l t s  mathemat ica l l y  by us ing  a  s imp le  volume- weighted average: 

(Vl)  (Cl) + (V2) (C2) 
F i n a l  Ana l y te  = 
Concent ra t ion  v1 + v 2  

where: 

V, = The v o l  ume o f  t h e  f i r s t  phases (L) . 
C, = The concen t ra t i on  o f  t h e  ana l y te  o f  concern i n  t h e  f i r s t  phase (mg/L) . 
V2 = The volume o f  t h e  second phase (L) . 
C2 = The concen t ra t i on  o f  t h e  ana l y te  o f  concern i n  t h e  second phase 

(mg/L) 

7.3.16 Compare t h e  ana l y te  concen t ra t ions  i n  t h e  1312 e x t r a c t  w i t h  
t h e  l e v e l s  i d e n t i f i e d  i n  t h e  app rop r i a te  r e g u l a t i o n s .  Re fe r  t o  Step 8.0 
f o r  q u a l i t y  assurance requi rements.  

8.0 QUALITY CONTROL 

8.1 A minimum o f  one b lank  (us ing  t h e  same e x t r a c t i o n  f l u i d  as used f o r  
t h e  samples) f o r  every  20 e x t r a c t i o n s  t h a t  have been conducted i n  an e x t r a c t i o n  
vessel .  Re fe r  t o  Chapter One f o r  a d d i t i o n a l  qua1 i t y  c o n t r o l  p r o t o c o l  s. 

8.2 A m a t r i x  sp i ke  s h a l l  be performed f o r  each waste t y p e  (e.q., 
wastewater t rea tment  s l  udge, contaminated s o i l ,  e t c .  ) un less  t h e  r e s u l t  exceeds 
t h e  r e g u l a t o r y  l e v e l  and t h e  da ta  i s  be ing  used s o l e l y  t o  demonstrate t h a t  t h e  
waste p r o p e r t y  exceeds t h e  r e g u l a t o r y  1  eve l  . A  minimum o f  one m a t r i x  s p i k e  must 
be analyzed f o r  each a n a l y t i c a l  batch.  As a  minimum, f o l l o w  t h e  m a t r i x  s p i k e  
a d d i t i o n  guidance p rov ided  i n  each a n a l y t i c a l  method. 

8.2.1 M a t r i x  sp ikes a re  t o  be added a f t e r  f i l t r a t i o n  o f  t h e  1312 
e x t r a c t  and be fo re  p rese rva t i on .  M a t r i x  sp ikes  should n o t  be added p r i o r  
t o  1312 e x t r a c t i o n  o f  t h e  sample. 

8.2.2 I n  most cases, m a t r i x  sp i ke  l e v e l s  should be added a t  a  
c o n c e n t r a t i o n  equ i va len t  t o  t h e  corresponding r e g u l a t o r y  1  eve l  . I f  t h e  
a n a l y t e  concen t ra t i on  i s  l e s s  than  one h a l f  t h e  r e g u l a t o r y  l e v e l ,  t h e  
s p i k e  concen t ra t i on  may be as low as one h a l f  o f  t h e  a n a l y t e  
concen t ra t i on ,  b u t  may n o t  be l e s s  than  f i v e  t imes  t h e  method d e t e c t i o n  
limit. I n  o r d e r  t o  avo id  d i f f e r e n c e s  i n  n i a t r i x  e f f e c t s ,  t h e  m a t r i x  sp ikes  
must be added t o  t h e  same nominal volume of 1312 e x t r a c t  as t h a t  which was 
analyzed f o r  t h e  unspi  ked sample. 

8.2.3 The purpose o f  t h e  m a t r i x  sp i ke  i s  t o  mon i t o r  t h e  
performance o f  t h e  a n a l y t i c a l  methods used, and t o  determine whether 

Rev i s i on  0 
Sept&r 1994 



m a t r i x  i n te r f e rences  e x i s t .  Use o f  o the r  i n t e r n a l  c a l  i b r a t i o n  methods, 
m o d i f i c a t i o n  o f  t he  a n a l y t i c a l  methods, o r  use of a1 t e r n a t e  a n a l y t i c a l  
methods may be needed t o  accu ra te l y  measure t he  ana ly te  concent ra t ion  i n  
t h e  1312 e x t r a c t  when the  recovery o f  t he  m a t r i x  sp ike  i s  below the  
expected a n a l y t i c a l  method performance. 

8.2.4 M a t r i x  sp ike recover ies  are ca l cu la ted  by t he  f o l l o w i n g  
formula: 

%R (% Recovery) = 100 (X, - Xu) / K 
where : 

X, = measured value f o r  t he  spiked sample 
Xu = measured value f o r  t he  unspiked sample, and 
K = known value o f  t he  sp ike  i n  t he  sample. 

8.3 A1 1  qua1 i t y  c o n t r o l  measures descr ibed i n  t he  appropr ia te  a n a l y t i c a l  
methods s h a l l  be fo l lowed.  

8.4 The use o f  i n t e r n a l  c a l i b r a t i o n  q u a n t i t a t i o n  methods s h a l l  be 
employed f o r  a  m e t a l l i c  contaminant i f :  (1) Recovery o f  t he  contaminant f rom the  
1312 e x t r a c t  i s  no t  a t  l e a s t  50% and the  concent ra t ion  does no t  exceed the  
app rop r i a te  r e g u l a t o r y  l e v e l ,  and (2)  The concent ra t ion  o f  t he  contaminant 
measured i n  t he  e x t r a c t  i s  w i t h i n  20% o f  t he  appropr ia te  regu la to ry  l e v e l .  

8.4.1. The method o f  standard add i t i ons  s h a l l  be employed as t he  
i n t e r n a l  c a l i b r a t i o n  q u a n t i t a t i o n  method f o r  each metal 1  i c  contaminant. 

8.4.2 The method o f  standard add i t i ons  requ i res  prepar ing 
c a l i b r a t i o n  standards i n  t he  sample m a t r i x  r a t h e r  than reagent water o r  
b l ank  s o l u t i o n .  I t  requ i res  t a k i n g  f o u r  i d e n t i c a l  a l i q u o t s  o f  t he  
s o l u t i o n  and adding known amounts o f  standard t o  t h ree  o f  these a1 iquo ts .  
The f o r t h  a l i q u o t  i s  t he  unknown. Preferably ,  t he  f i r s t  a d d i t i o n  should 
be prepared so t h a t  t he  r e s u l t i n g  concent ra t ion  i s  approximately 50% o f  
t h e  expected concent ra t ion  o f  t he  sample. The second and t h i r d  add i t i ons  
should be prepared so t h a t  the  concentrat ions are approximately 100% and 
150% o f  t he  expected concent ra t ion  o f  t he  sample. A l l  f o u r  a1 iquo ts  are 
mainta ined a t  t he  same f i n a l  volume by adding reagent water o r  a  b lank  
s o l u t i o n ,  and may need d i l u t i o n  adjustment t o  ma in ta in  t h e  s i gna l s  i n  t he  
1  i n e a r  range of t he  inst rument  technique. A1 1  f o u r  a1 i quo ts  are analyzed. 

8.4.3 Prepare a  p l o t ,  o r  sub jec t  da ta  t o  l i n e a r  regression, o f  
inst rument  s i gna l s  o r  ex te rna l  -ca l  i bra t i on -de r i ved  concentrat ions as t he  
dependant v a r i a b l e  ( y -ax i s )  versus concentrat ions o f  t he  add i t i ons  o f  
standards as t he  independent v a r i a b l e  ( x -ax i s ) .  Solve f o r  t he  i n t e r c e p t  
o f  t h e  abscissa ( t h e  independent var iab le ,  x - a x i s )  which i s  t he  concentra- 
t i o n  i n  t h e  unknown. 

8.4.4 A1 t e r n a t e l y ,  sub t rac t  t he  inst rumenta l  s igna l  o r  ex te rna l  - 
c a l  i b r a t  i on-der i  ved concentrat  i o n  o f  t he  ur~known (unspi ked) sample from 
t h e  ins t rumenta l  s i gna l s  o r  ex te rna l  - ca l  i bra t i on -de r i ved  concentrat ions o f  
t he  standard add i t i ons .  P l o t  o r  sub jec t  t o  l i n e a r  regress ion  o f  the  
co r rec ted  inst rument  s igna l  s  o r  ex te rna l  - ca l  i b r a t  i on -de r i  ved concentra- 
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t i o n s  as the  dependant v a r i a b l e  versus the  independent v a r i a b l e .  Der ive 
concentrat ions f o r  t he  unknowns us ing  the  i n t e r n a l  c a l  i b r a t i o n  curve as i f  
i t  were an ex te rna l  c a l i b r a t i o n  curve. 

8.5 Samples must undergo 1312 e x t r a c t i o n  w i t h i n  t h e  f o l l o w i n g  t ime 
per iods : 

SAMPLE MAXIMUM HOLDING TIMES (days) 

I f  sample ho ld ing  t imes are exceeded, t h e  values obta ined w i l l  be considered 
minimal concentrat ions.  Exceeding the  ho ld ing  t ime i s  n o t  acceptable i n  
e s t a b l i s h i n g  t h a t  a waste does n o t  exceed the  regu la to ry  l e v e l .  Exceeding t h e  
ho ld ing  t ime w i l l  n o t  i n v a l  i d a t e  cha rac te r i za t i on  i f  t h e  waste exceeds the  
regu l  a t o r y  1 eve1 . 

V o l a t i l e s  

Semi - 
v o l a t i l e s  

Mercury 

Metal s, 
except 
mercury 

9.0 METHOD PERFORMANCE 

9.1 P rec i s ion  r e s u l t s  f o r  semi - vo l  a t i l e s  and metals:  An eastern s o i l  
w i t h  h igh  organ ic  content  and a western s o i l  w i t h  low organic content  were used 
fo r  t h e  s e m i - v o l a t i l e  and metal leach ing  experiments. Both types o f  s o i l  were 
analyzed p r i o r  t o  contaminant sp ik ing .  The r e s u l t s  are shown i n  Table 6. The 
concentrat  i o n  o f  contaminants 1 eached from the  so i  1 s were r e p r o d ~ ~ c i  b l  e, as shown 
by t h e  moderate re1  a t i v e  standard devi  a t i  ons (RSDs) o f  the  recover ies  (averaging 
29% for  t h e  compounds and elements analyzed). 

NA = Not Appl i c a b l e  

From: F i e l d  
Col l e c -  
t i  on 

To: 1312 
ex t rac -  
t i o n  

14 

14 

2 8 

180 

9.2 P rec i s ion  r e s u l t s  f o r  vo l  a t i l e s :  Four d i f f e r e n t  s o i l s  were spiked 
and tes ted  f o r  t h e  e x t r a c t i o n  o f  vo l  a t - i l  es. S0.i 1 s One and Two were fro111 western 
and eastern Superfund s i t e s .  S o i l s  Three and Four were mix tures  o f  a western 
s o i l  w i t h  low organic content  and two d i f f e r e n t  munic ipal  sludges. The r e s u l t s  
a re  shown i n  Table 7. Ex t rac t  concentrat ions o f  v o l a t i l e  organics from t h e  
eastern s o i l  were lower than from the  western s o i l .  Rep1 i c a t e  leach ings  o f  S o i l s  
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From: 1312 
ex t rac -  
t i o n  

To: Prepara- 
t i  ve 
ex t rac -  
t i  on 

N A 

7 

N A 

N A 

From: Prepara- 
t i v e  
ex t rac -  
t i o n  

To: Determi- 
n a t i v e  
anal ys  i s 

14 

4 0 

2 8 

180 

Tota l  
E l  apsed 
T i  me 

2 8 

6 1 

56 

360 



Cud 

Three and Four showed lower  p r e c i s i o n  than the  leachates from the  Superfund 
s o i  l s. 
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Tab1 e 1. V o l a t i l e  ~ n a l y t e s '  

Compound CAS No. 

Acetone 
Benzene 
n-Buty l  a lcohol  
Carbon d i  su l  f i d e  
Carbon t e t r a c h l o r i d e  
Chl orobenzene 
Chloroform 
1,2-Dichl oroethane 
1 , 1-Di ch l  o roe thy l  ene 
Ethy l  acetate 
Ethy l  benzene 
E thy l  e the r  
Isobutanol 
Methanol 
Methylene c h l o r i d e  
Methyl e thy l  ketone 
Methyl i sobuty l  ketone 
Tet rach l  o roe thy l  ene 
To1 uene 
1 , 1 , 1 , - T r i  ch l  oroethane 
T r i c h l  o roe thy l  ene 
T r i c h l  o r o f l  uoromethane 
1,1,2-Trichloro-1,2,2-trifluoroethane 
Viny l  c h l o r i d e  
Xyl ene 

' When t e s t i n g  f o r  any o r  a l l  o f  these analytes, t he  zero-headspace e x t r a c t o r  
vessel s h a l l  be used ins tead o f  the  b o t t l e  e x t r a c t o r .  
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Table 2. Su i t ab le  Rotary A g i t a t i o n  ~ p p a r a t u s '  

Company Locat ion Model No. 

A n a l y t i c a l  Tes t i ng  and 
Consul t i  ng Services, 
I nc .  

Associated Design and 
Manufactur ing Company 

Environmental Machine and 
Design, Inc .  

IRA Machine Shop and 
Laboratory  

Lars Lande Manufactur ing 

M i  11 i pore Corp. 

Warrington, PA 4-vessel e x t r a c t o r  (DC2OS) ; 
(215) 343-4490 8-vessel e x t r a c t o r  (DC20) ; 

12-vessel e x t r a c t o r  (DC20B) 

A1 exandri  a, VA 2-vessel (3740-2) ; 
(703) 549-5999 4-vessel (3740-4) ; 

6-vessel (3740-6) ; 
8-vessel (3740-8) ; 

12-vessel (3740-12) ; 
24-vessel (3740-24) 

Lynchburg, VA 8-vessel (08-00-00) 
(804) 845-6424 4-vessel (04-00-00) 

Santurce, PR 8-vessel (011001) 
(809) 752 -4004 

Whitmore Lake, M I  10-vessel (10VRE) 
(313) 449-4116 5-vessel (5VRE) 

Bedford, MA 4-ZHE o r  
(800) 225-3384 4 1 - l i t e r  

b o t t l e  e x t r a c t o r  
( YT300RAHW) 

1 Any dev ice  t h a t  r o t a t e s  t h e  e x t r a c t i o n  vessel i n  an end-over-end fashion a t  30 
t2 rpm i s  acceptable.  - 
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Tab1 e 3.  Sui tab1 e Zero-Headspace E x t r a c t o r  vessel  s1 

Company Loca t ion  Model No. 

A n a l y t i c a l  T e s t i n g  & 
Consu l t i ng  Serv ices,  I nc .  

Assoc ia ted Design and 
Manufac tu r ing  Company 

Lars  Lande ~ a n u f a c t u r i  ng2 

M i l l i p o r e  Co rpo ra t i on  

Environmental  Machine 
and Design, I n c .  

Warr i  ngton, PA 
(215) 343-4490 

A lexandr ia ,  VA 
(703) 549-5999 

Whitmore Lake, M I  
(313) 449-4116 

Bedford, MA 
(800) 225-3384 

Lynchburg, VA 
(804) 845-6424 

C102, Mechanical 
Pressure Device 

3745-ZHE, Gas 
Pressure Device 

ZHE-11, Gas 
Pressure Device 

YT30090HW, Gas 
Pressure Device 

VOLA-TOX1, Gas 
Pressure Device 

1 Any dev ice  t h a t  meets t h e  s p e c i f i c a t i o n s  1 i s t e d  i n  Step 4.2.1 o f  t h e  method i s  
s u i t a b l e .  

T h i s  dev i ce  uses a 110 mm f i l t e r .  
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Table 4. S u i t a b l e  F i l t e r  Holders '  

Model/ 
Loca t i  on Catalogue # S ize  Company 

Nucl eopore Corpora t ion  P l  easanton, CA 425910 142 mm 
(800) 882-771 1 4 10400 47 mm 

M ic ro  F i l t r a t i o n  Dub l in ,  CA 302400 142 mm 
Systems (800) 334-7132 311400 47 mm 

(415) 828-6010 

M i l l i p o r e  Corpora t ion  Bedford, MA YT30142HW 142 mm 
(800) 225-3384 XX1004700 47 mm 

Any dev i ce  capable o f  sepa ra t i ng  t h e  l i q u i d  from t h e  s o l i d  phase o f  t h e  waste 
i s  s u i t a b l e ,  p r o v i d i n g  t h a t  i t  i s  chemica l l y  compat ib le  w i t h  t h e  waste and t h e  
c o n s t i t u e n t s  t o  be analyzed. P l a s t i c  dev ices ( no t  1  i s t e d  above) may be used when 
o n l y  i n o r g a n i c  ana l y t es  a re  o f  concern. The 142 mm s i z e  f i l t e r  ho l de r  i s  
recommended. 

Table 5. S u i t a b l e  F i l t e r  ~ e d i a '  

Company 

Pore 
S ize  

Loca t ion  Model (ctm) 

Mi 11 i pore Co rpo ra t i  on Bedford, MA AP40 
(800) 225-3384 

Nucleopore Corpora t ion  Pl  easanton, CA 21 1625 0.7 
(415) 463-2530 

Whatman Labora to ry  C l i f t o n ,  NJ GFF 
Products,  I nc .  (201) 773-5800 

M ic ro  F i l t r a t i o n  Dub l in ,  CA GF75 
Systems (800) 334-7132 

(415) 828-6010 

Any f i l t e r  t h a t  meets t h e  s p e c i f i c a t i o n s  i n  Step 4.4 of t h e  Method i s  s u i t a b l e .  
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TABLE 6 - METHOD 1312 PRECISION RESULTS FOR SEMI-VOLATILES AND METALS 

FORTIFIED ANALYTES 

bis(2-chloroethy1)- 
ether 

2-Chloro hen01 
1,4-~ich!orobenzene 
1,2-Dichlorobenzene 
2-Methylphenol 
Nitrobenzene 
2,4-Dimeth lphenol 
Hexachloro 2: utadiene 
Acenaphthene 
2,4-Dinitrophenol 
2,4-Dinitrotoluene 
Hexachlorobenzene 

t amma BHC (Lindane) eta BHC 

METALS 

Lead 
Cadmium 

Amount 
S~iked 
t Pg) 

Eastern Soil (DH 4.2) 

Amount 
Recovered* % RSD 
(Pg) 

Western Soil (DH 5.0) 

Amount 
Recovered* % RSD 
(Pg) 

* - Triplicate analyses. ** - Duplicate analyses; one value was rejected as an outlier at the 90% 
confidence level using the Dixon Q test. 
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TABLE 7 - METHOD 1312 PRECISION RESULTS FOR VOLATILES 

Soil No. 1 Soil No. 2 Soil No. 3 
(Western and 
Sludge) 

Soil No. 4 
(Western and 
Sludge) (Western) (Eastern) 

Avg . 
%Rec.*** %RSD 

Avg . 
Com~ound Name %Rec.* %RSD 

Avg . 
%Rec.* %RSD 

Avg . 
%Rec.** %RSD 

Acetone 44.0 12.4 
Acrylonitrile 52.5 68.4 
Benzene 47.8 8.29 
n-Butyl Alcohol 

(1-Butanol) 55.5 2.91 
Carbon disulfide 21.4 16.4 

Carbon tetrachloride 40.6 18.6 
Chlorobenzene 64.4 6.76 
Chlorof o m  61.3 8.04 
l,2-Dichloroethane 73.4 4.59 
1,l-Dichloroethane 31.4 14.5 

Ethyl acetate 76.4 9.65 
Ethylbenzene 56.2 9.22 
Eth 1 ether 48.0 16.4 
~sogutanol (4-Methyl 

-1-propanol) 0.0 ND 
Methylene chloride 47.5 30.3 

Methyl ethyl ketone 
(2-Butanone) 56.7 5.94 

Methyl isobutyl 
ketone 81.1 10.3 

l,l,l,2-Tetrachloro- 
ethane 69.0 6.73 

1,1,2,2-Tetrachloro- 
ethane 85.3 7.04 

Tetrachloroethene 45.1 12.7 

Toluene 59.2 8.06 
l,l,l-Trichloro- 
ethane 47.2 16.0 

l,l,2-Trichloro- 
ethane 76.2 5.72 

Trichloroethene 54.5 11.1 
Trichloro- 
fluoromethane 20.7 24.5 

1,1,2-Trichloro- 
trifluoroethane 18.1 26.7 

Vinyl chloride 10.2 20.3 

* Triplicate analyses ** Six replicate anal ses *** Five replicate ana 1 yses 
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METHOD 1312 

SYNTHETIC PRECIPITATION LEACHING PROCEDURE 

Star t  i 
Select 

representative 
sample. 

Separate liquids 
f rom solids, Separate liquids 

filtrate from solids. 

becomes SPLP 
extract.  

Liquid Solid 

Prepare filtrate 
according to  
appropriate 
methods. 

Analyze filtrate. Q 
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Extract wl 
appropriate fluid via: 
1 .  Bottle extraction 

for non-volatiles, 
2. ZHE for volatiles. 

4 
Reduce particle 
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METHOD 1312 

SYNTHETIC PRECIPITATION LEACHING PROCEDURE (continued) 

1 :.;;: K 0 l i d e  1 Separate liquids 
from eolide. I 

Prepare and analyze 
each liquid 
eeparately, 

mathematically 
combine reeulte. 

I I \ 
Combine extract 
with liquid phase 

of waete. 

Prepare extract 
according to 
appropriate 
methods. 

I ~ n a ~ y z e  extract. 
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METHOD 1320 

MULTIPLE EXTRACTION PROCEDURE 

1.0 SCOPE AND APPLICATION 

The Mu1 t i p l e  Extract ion Procedure (MEP) described i n  t h i s  method i s  
designed t o  simulate the leaching tha t  a waste w i l l  undergo from repe t i t i ve  
p rec ip i t a t i on  o f  acid r a i n  on an improperly designed. sani tary l and f i  11. The 
r e p e t i t i v e  extract ions reveal the k i  ghest concentration o f  each consti tuent 
t h a t  i s  l i k e l y  t o  leach i n  a natural environment. Method 1320 i s  applicable 
t o  1 iquid,  so l  id ,  and mu1 ti phase samples. 

2.0 SUMMARY OF METHOD 

Waste samples are extracted according t o  the Extraction Procedure 
Tox ic i t y  Test (Method 1310, Chapter 8) and analyzed f o r  the consti tuents o f  
concern 1 i sted i n  Chapter 7, Tab1 e 7-1: Maximum Concentration o f  Contaminants 
f o r  Character ist ic o f  EP Toxic i ty,  using the 7000 and 8000 series methods. 
Then the s o l i d  port ions o f  the samples t h a t  remain a f t e r  appl icat lon o f  Method 
1310 are re-extracted nine times using synthet ic acid r a i n  extract ion f l u i d .  
I f  the concentration o f  any const i tuent o f  concern increases from the 7th o r  
8 th  ext ract ion t o  the 9 th  extraction, the procedure i s  repeated u n t i l  these 
concentrations decrease. 

3.0 INTERFERENCES 

Potenti  a1 interferences t h a t  may be encountered during analysis are 
d i  scussed i n  the appropriate analy t ica l  methods. 

4.0 APPARATUS AND MATERIALS 

4.1 Refer t o  Method 1310. 

5.0 REAGENTS 

5.1 Refer t o  Method 1310. 

5.2 Su l f u r i c  ac id :n i t r i c  acid, 60/40 weight percent mixture: Cautiously 
mix 60 g of concentrated s u l f u r i c  acid w i th  40 g o f  concentrated n i t r i c  acid. 

6.0 SAMPLE COLLECTION, PRESERVATION, AND HANDLING 

6.1 Refer t o  Method 1310. 
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7.0 PROCEDURE 

7.1 Run the Extract ion Procedure (EP) t e s t  i n  Method 1310. 

7.2 Analyze the ext ract  f o r  the constituents o f  in terest .  

7.3 Prepare a synthetic acid r a i n  ext ract ion f l u i d  by adding the 60/40 
weight percent s u l f u r i c  acid and n i t r i c  acid t o  d i s t i l l e d  deionized water 
u n t i l  the pH i s  3.0 2 0.2. 

7.4 Take the sol I d  phase o f  the sample remaining a f t e r  the Separation 
Procedure of the Extraction Procedure and weigh It. Measure an a l iquot  o f  
synthet ic acid r a i n  ext ract ion f l u i d  equal t o  20 times the. weight o f  the s o l i d  
sample. Do not al low the sol i d  sample t o  dry before weighing. 

7.5 Combine the s o l i d  phase sample and acid r a i n  f l u i d  I n  the same 
ext ractor  as used i n  the EP and begin agi tat ion. Record the pH w i th in  5-10 
min a f t e r  ag i ta t i on  has been started. 

7.6 Agitate the mixture f o r  24 hr, maintaining the temperature a t  20- 
40.C (68-104.F). Record the pH a t  the end o f  the 24-hr ext ract ion peri'od. 

7.7 Repeat the Separation Procedure as described i n  Method 1310. 

7.8 Analyze the ext ract  f o r  the constituents o f  concern. 

7.9 Repeat steps 7.4-7.8 e igh t  add1 t i ona l  times. 

7.10 If, a f t e r  completing the n in th  synthetic r a i n  extraction, the 
concentration o f  any o f  the constituents o f  concern I s  increasing over t h a t  
found i n  the 7 th  and 8th extractions, then continue ext ract ing w i th  synthet ic 
acid r a i n  u n t i l  the concentration i n  the ext ract  ceases t o  increase. 

7.11 Report the i n i t i a l  and f i n a l  pH o f  each ext ract ion and the 
concentration o f  each l i s t e d  const i tuent o f  concern i n  each extract.  

8.0 QUALITY CONTROL 

8.1 A l l  q u a l i t y  control  data should be maintained and avai lab le f o r  easy 
reference o r  inspection. 

8.2 Employ a minimum o f  one blank per sample batch t o  determine i f  
contamlnatlon o r  any memory ef fects  are occurring. 

8.3 A1 1 qua1 i t y  control  measures suggested i n  the referenced analy t ica l  
methods should be followed. 
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METHOD 1330A 

EXTRACTION PROCEDURE FOR 01 LY WASTES 

1.0 SCOPE AND APPLICATION 

1.1 Method 1330 i s  used t o  determine the  mobi le metal concentrat ion 
(MMC) i n  o i l y  wastes. 

1.2 Method 1330 i s  app l i cab le  t o  API separator sludges, rag  o i l s ,  s lop  
o i l  emulsions, and o the r  o i l  wastes der ived  from petroleum r e f i n i n g .  

2.0 SUMMARY OF METHOD 

2.1 The sample i s  separated i n t o  s o l i d  and 1  i q u i d  components by 
f i l t r a t i o n .  

2.2 The s o l i d  phase i s  placed i n  a  Soxhlet ex t rac to r ,  charged w i t h  
te t rahydro furan ,  and ex t rac ted .  The THF i s  removed, the  e x t r a c t o r  i s  then 
charged w i t h  to luene,  and t h e  sample i s  reex t rac ted .  

2.3 The EP method (Method 1310) i s  r u n  on t h e  d r y  so l  i d  residue. 

2.4 The o r i g i n a l  l i q u i d ,  combined ex t rac ts ,  and EP leachate are 
analyzed f o r  t h e  EP metals.  

3.0 INTERFERENCES 

3 .1  M a t r i x  i n te r fe rences  w i l l  be coextracted from t h e  sample. The 
ex ten t  o f  these i n te r fe rences  w i l l  vary considerably  from waste t o  waste, 
depending on t h e  na ture  and d i v e r s i t y  o f  t he  p a r t i c u l a r  r e f i n e r y  waste being 
analyzed . 
4.0 APPARATUS AND MATERIALS 

4.1 Soxhlet e x t r a c t i o n  apparatus. 

4.2 Vacuum pump o r  o the r  source o f  vacuum. 

4.3 Buchner funnel  12. 

4.4 E l e c t r i c  heat ing  mantle.  

4.5 P a p e r e x t r a c t i o n t h i m b l e .  

4.6 F i l t e r p a p e r .  

4.7 Mus l in  c l o t h  d i sks .  

4.8 Evaporat ive f l a s k  - 250-mL. 

4.9 Balance - Ana ly t i ca l ,  capable o f  weighing t o  + 0.5 mg. 
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5.0 REAGENTS 

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

5.2 Reagent water. A l l  references t o  water i n  t h i s  method r e f e r  t o  
reagent water, as de f ined i n  Chapter One. 

5.3 Tetrahydrofuran, C,H,O. 

5.4 To1 uene, C,H,CH,. 

6.0 SAMPLE COLLECTION, PRESERVATION, AND HANDLING 

6.1 Samples must be c o l l e c t e d  i n  g lass  conta iners having a t o t a l  volume 
of a t  l e a s t  150 mL. No so l  i d  ma te r i a l  should i n t e r f e r e  w i t h  sea l i ng  t h e  sample 
conta iner .  

6.2 Sampling devices should be wiped c lean w i t h  paper towels o r  
absorbent c l o t h ,  r i n s e d  w i t h  a small amount o f  hexane fo l lowed by acetone r i n s e ,  
and d r i e d  between samples. A1 t e r n a t i v e l y ,  samples can be taken w i t h  d isposable 
sampling devices i n  beakers. 

7.0 PROCEDURE 

7.1 Separate t h e  sample (minimum 100 g)  i n t o  i t s  s o l i d  and l i q u i d  
components. The 1 i q u i d  component i s  de f ined as t h a t  p o r t i o n  o f  t h e  sample which 
passes through a 0.45 pm f i l t e r  media under a pressure d i f f e r e n t i a l  o f  75 p s i .  

7.2 Determine the  q u a n t i t y  o f  1 i q u i d  (mL) and the  concent ra t ion  o f  t he  
t o x i c a n t s  o f  concern i n  t h e  l i q u i d  phase (mg/L). 

7.3 Place the  s o l i d  phase i n t o  a Soxhlet ex t rac to r ,  charge the  
concent ra t ion  f l a s k  w i t h  300 mL tetrahydrofuran, and e x t r a c t  f o r  3 hours. 

7.4 Remove the  f l ask  conta in ing  te t rahydro furan and rep lace  i t  w i t h  one 
con ta in ing  300 mL toluene. 

7.5 E x t r a c t t h e s o l i d a s e c o n d t i m e ,  f o r 3 h o u r s ,  w i t h t h e t o l u e n e .  

7.6 Combine t h e  te t rahydro furan and to1  uene ex t rac ts .  

7.7 Analyze t h e  combined e x t r a c t s  f o r  t he  t o x i c a n t s  o f  concern. 

7.8 Determine the  q u a n t i t y  o f  1 i q u i d  (mL) and the  concent ra t ion  o f  t h e  
t o x i c a n t s  o f  concern i n  t he  combined e x t r a c t s  (rng/L) . 

7.9 Take t h e  s o l i d m a t e r i a l  remaining i n  t h e s o x h l e t  th imb le  and d r y  
i t  a t  100°C f o r  30 minutes. 
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7.10 Run the  EP (Method 1310) on the  d r i e d  s o l i d .  

7.11 Ca lcu la te  t he  mobi le metal concentrat ion (MMC) i n  mg/L us ing t h e  
fo l l ow ing  formula: 

where : ' 

Q1 = Mass o f  t o x i c a n t  i n  i n i t i a l  1 i q u i d  phase o f  sample (amount 
o f  l i q u i d  x concentrat ion o f  t ox i can t )  (mg). 

Q2 = Mass o f  t o x i c a n t  i n  combined organic  ex t rac t s  o f  sample 
(amount o f  1 i q u i d  x concent ra t ion  o f  t ox i can t )  (mg) . 

Q, = Mass o f  t o x i c a n t  i n  EP e x t r a c t  o f  s o l i d  (amount o f  e x t r a c t  
x concent ra t ion  o f  t ox i can t )  (mg) . 

L2 = Volume o f  l i q u i d  i n  THF and to luene e x t r a c t  (Step 7.8) 

L3 = Volume o f  1 i q u i d  i n  EP (mL) = 20 x [weight o f  d r i e d  so l  i d  
from Step 7.9 (g)] .  

8.0 QUALITY CONTROL 

8.1 Any reagent b lanks o r  r e p l i c a t e s  samples should be subjected t o  
e x a c t l y  t he  same a n a l y t i c a l  procedures as those used on actual  samples. 

8.2 Refer t o  Chapter One f o r  s p e c i f i c  qua1 i t y  con t ro l  procedures. 

9.0 METHOD PERFORMANCE 

9.1 No da ta  provided. 

10.0 REFERENCES 

1. Rohrbough, W. G. ; e t  a1 . Reaqent Chemicals, American Chemical Society  
S ~ e c i  f i c a t i  ons, 7 t h  ed. ; American Chemical Society:  Washington, DC, 1986. 

2. w s ,  Vol. 11.01; "Standard Spec i f i ca t i on  fo r  
Reagent Water"; ASTM: Ph i lade lph ia ,  PA, 1985; D1193-77. 
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Figure 2. Rotary Extractor  

Revision 1 
July 1992 



Figure 3. EPRI Extractor 
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Figure  4.  Compaction Tester  
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METHOD 1330A 
EXTRACTION PROCEDURE FOR O I L Y  WASTE 

7.1 Separate aample 
into liquid and 
aolid phaaea 

7.2 Determine 
quantity of liquid 
and concentratron 
of tomrcanta in 
liquid phaae 

7.3 Place aolid 
phaae in entractor. 

add THT to 
concentration 

flank. entract for 

7.8 Determine 
quantity of liquid 
and concentration 
of tonrcanta in 

combined ertracta 

7.9 Remove aolida 
from thimble and 

- 7.4 Replace THT 7.11 Calculate 
flaak with toluene mobile metal 
concentration flank concentration 
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METHOD 9040B 

pH ELECTROME'TRIC MEASUREMENT 

1.0  SCOPE AND APPLICATION 

1.1  Method 9040 is used to measure the pH of aqueous wastes and those 
multiphase wastes where the aqueous phase constitutes at least 20% of the total 
volume of the waste. 

1.2 The corrosivity of concentrated acids and bases, or of concentrated 
acids and bases mixed with inert substances, cannot be measured. The pH 
measurement requires some water content. 

2.0 SUMMARY 

2 . 1  The pH of the sa~iiple is determined electrometrically using either 
a glass electrode in combination with a reference potential or a combination 
electrode. The measuring device is calibrated using a series of standard 
solutions of known pH. 

3 . 0  INTERFERENCES 

3.1 The glass electrode, in general, is not subject to solution 
interferences from color, turbidity, colloidal matter, oxidants, reductants, or 
moderate ( t o .  1 molar solution) sal ini ty. 

3 . 2  Sodium error at pH levels >10 can be reduced or eliminated by using 
a 1 ow-sodi um-error electrode. 

3 . 3  Coatings of oily material or particulate matter can impair 
electrode response. These coatings can usually be removed by gentle wiping or 
detergent washing, followed by rinsing with distilled water. An additional 
treatment with hydrochloric acid (1 :  10) may be necessary to remove any remaining 
film. 

3 . 4  Temperature effects on the el ectrometric determination of pH arise 
from two sources. The first is caused by the change in electrode output at 
various temperatures. This interference should be controlled with instruments 
having temperature compensat ion or by cal i hrating the electrode-instrument system 
at the temperature of the samples. The second source of temperature effects is 
the change of pH due to changes in the sample as the temperature changes. This 
error is sampl e-dependent and cannot be control 1 ed. It should, therefore, be 
noted by reporting both the pH and temperature at the time of analysis. 

4 . 0  APPARATUS AND MATERIALS 

4 . 1  pH meter: Laboratory or field model. Many instruments are commer- 
cially available with various specifications and optional equipment. 

4.2  Glass electrode. 
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4.3 Reference e l e c t r o d e :  A  s i l v e r - s i l v e r  c h l o r i d e  o r  o t h e r  r e f e r e n c e  
e l e c t r o d e  o f  cons tan t  p o t e n t i a l  may be used. 

NOTE: Combination e l ec t rodes  i n c o r p o r a t i n g  bo th  measuring and 
re fe renced  f u n c t i o n s  a re  convenient  t o  use and a r e  a v a i l a b l e  w i t h  
s o l i d ,  g e l - t y p e  f i l l i n g  m a t e r i a l s  t h a t  r e q u i r e  minimal maintenance. 

4.4 Magnet ic s t i r r e r  and Te f lon-coa ted  s t i r r i n g  bar .  

4.5 Thermometer and/or temperature sensor f o r  automat ic  compensation. 

5.0 REAGENTS 

5.1 Reagent grade chemicals s h a l l  be used i n  a l l  t e s t s .  Unless 
o therw ise  i n d i c a t e d ,  i t  i s  in tended t h a t  a l l  reagents  s h a l l  conform t o  t h e  
s p e c i f i c a t i o n s  o f  t h e  Cornmittee on A n a l y t i c a l  Reagents o f  t h e  American Chemical 
Soc ie ty ,  where such s p e c i f i c a t i o n s  a re  a v a i l a b l e .  Other  grades may be used, 
p rov ided  i t  i s  f i r s t  ascer ta ined  t h a t  t h e  reagent  i s  o f  s u f f i c i e n t l y  h i g h  p u r i t y  
t o  pe rm i t  i t s  use w i t h o u t  l essen ing  t h e  accuracy o f  t h e  de te rm ina t i on .  

5.2 Pr imary s tandard b u f f e r  s a l t s  a re  a v a i l a b l e  f rom t h e  Na t i ona l  
I n s t i t u t e  o f  Standards and Technology (NIST) and should be used i n  s i t u a t i o n s  
where extreme accuracy i s  necessary.  P repa ra t i on  o f  r e fe rence  s o l u t i o n s  f rom 
these s a l t s  r e q u i r e s  some spec ia l  p recau t ions  and hand l ing ,  such as low-  
c o n d u c t i v i t y  d i l u t i o n  water,  d r y i n g  ovens, and ca rbon -d iox ide - f r ee  purge gas. 
These s o l u t i o n s  should be rep laced  a t  l e a s t  once each month. 

5.3 Secondary s tandard b u f f e r s  may be prepared f rom NIST s a l t s  o r  
purchased as s o l  u t  i o n s  f rom commerci a1 vendors. These commerci a1 l y  ava i  1  ab l  e  
s o l u t i o n s  have been v a l i d a t e d  by comparison w i t h  NIST standards and a re  
recommended f o r  r o u t i n e  use. 

6.0 SAMPLE COLLECTION, PRESERVATION, AND HANDLING 

6.1 A1 1  samples must be c o l l e c t e d  us ing  a  sampl i n g  p l a n  t h a t  addresses 
t h e  cons ide ra t i ons  d iscussed i n  Chapter Nine o f  t h i s  manual. 

6.2 Samples should be analyzed as soon as poss-i b l e .  

7.0 PROCEDURE 

7.1 Cal i b r a t  i on: 

7.1.1 Because o f  t h e  wide v a r i e t y  o f  pH meters and accessor ies,  
d e t a i  1  ed opera t  i ng procedures cannot be i nco rpo ra ted  i n t o  t h i  s  method. 
Each a n a l y s t  must be acquainted w i t h  t h e  o p e r a t i o n  o f  each system and 
f a m i l i a r  w i t h  a l l  i ns t rument  f u n c t i o n s .  Specia l  a t t e n t i o n  t o  ca re  o f  t h e  
e l e c t r o d e s  i s  recommended. 

7.1.2 Each i nstrument /e l  ec t rode  system must be c a l  i b r a t e d  a t  a  
minimum o f  two p o i n t s  t h a t  b racke t  t h e  expected pH o f  t h e  samples and a re  
approx imate ly  t h r e e  pH u n i t s  o r  more apa r t .  (For  c o r r o s i v i t y  c h a r a c t e r i -  
z a t i o n ,  t h e  c a l i b r a t i o n  o f  t h e  pH meter should i n c l u d e  a  b u f f e r  o f  pH 2  
f o r  a c i d i c  wastes and a  pH 12 b u f f e r  f o r  c a u s t i c  wastes; a l so ,  f o r  
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c o r r o s i v i t y  c h a r a c t e r i z a t i o n ,  t h e  sample must be measured a t  25k1°C if t h e  
pH o f  t h e  waste i s  above 12.0.) Var ious ins t rument  des igns may i n v o l v e  
use o f  a  d i a l  ( t o  "balance" o r  "s tandard ize" )  o r  a  s lope  adjustment,  as 
ou t1  i n e d  i n  t h e  manufacturer 's  i n s t r u c t i o n s .  Repeat adjustments on 
success ive p o r t i o n s  o f  t h e  two b u f f e r  s o l u t i o n s  u n t i l  read ings are w i t h i n  
0.05 pH u n i t s  o f  t h e  b u f f e r  s o l u t i o n  va lue.  

7.2 P lace t h e  sample o r  b u f f e r  s o l u t i o n  i n  a  c l ean  g l ass  beaker us ing  
a s u f f i c i e n t  volume t o  cover  t h e  sensing elements o f  t h e  e l ec t r odes  and t o  g i v e  
adequate c lea rance  f o r  t h e  magnet ic s t i r r i n g  bar .  I f  f i e l d  measurements a re  
be ing  made, t h e  e l ec t r odes  may be immersed d i r e c t l y  i n t o  t h e  sample stream t o  an 
adequate depth and moved i n  a  manner t o  ensure s u f f i c i e n t  sample movement across 
t h e  e l  ec t rode-sens ing  element as i n d i c a t e d  by d r i f t - f r e e  read ings  ( t o .  1  pH). 

7.3 I f  t h e  sample temperature d i f f e r s  by more than 2°C f rom t h e  b u f f e r  
s o l u t i o n ,  t h e  measured pH va lues must be cor rec ted .  Ins t ruments  a re  equipped 
w i t h  au tomat i c  o r  manual compensators t h a t  e l e c t r o n i c a l l y  a d j u s t  f o r  temperature 
d i f f e r e n c e s .  Re fe r  t o  manufacturer 's  i n s t r u c t i o n s .  

7 . 4  Thoroughly r i n s e  and g e n t l y  wipe t h e  e l ec t r odes  p r i o r  t o  measuring 
pH o f  samples. Immerse t h e  e l ec t r odes  i n t o  t h e  sample b e a k e r o r  sample stream 
and g e n t l y  s t i r  a t  a  cons tan t  r a t e  t o  p rov i de  honiogeneity and suspension o f  
s o l i d s .  Note and reco rd  sample pH and temperature.  Repeat measurement on 
success ive a1 i q u o t s  o f  sample u n t i l  va lues d i f f e r  by t o .  1 pH u n i t s .  Two o r  t h r e e  
volume changes a re  usual  l y  s u f f i c i e n t .  

8.0 QUALITY CONTROL 

8 .1  Refer  t o  Chapter One f o r  t h e  app rop r i a t e  QC p ro toco l s .  

8.2 E lec t rodes  must be thorough ly  r i n s e d  between samples. 

9.0 METHOD PERFORMANCE 

9.1 F o r t y - f o u r  ana l ys t s  i n  twenty  l a b o r a t o r i e s  analyzed s i x  s y n t h e t i c  
water  samples c o n t a i n i n g  exact  increments of hydrogen-hydroxyl  ions,  w i t h  t he  
f o l l o w i n g  r e s u l t s :  

Accuracy as 
Standard Dev ia t i on  B ias  Bias 

pH U n i t s  pH U n i t s  % pH U n i t s  

10.0 REFERENCES 

1. Na t i ona l  Bureau o f  Standards, Standard Reference M a t e r i a l  Cata log 1986-87, 
Speci a1 Pub1 i c a t i o n  260. 
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METHOD 9041A 

pH PAPER METHOD 

1.0 SCOPE AND APPLICATION 

1.1 Method 9041 may be used t o  measure pH as an a l t e r n a t i v e  t o  Method 
9040 (except as noted i n  Step 1.3) o r  i n  cases where pH measurements by Method 
9040 are no t  possib le.  

1.2 Method 9041 i s  no t  appl icable t o  wastes . t h a t  conta in components 
t h a t  may mask o r  a l t e r  t he  pH paper c o l o r  change. 

1.3 pH paper i s  no t  considered t o  be as accurate a form o f  pH 
measurement as pH meters. For t h i s  reason, pH measurements taken w i t h  Method 
9041 cannot be used t o  def ine  a waste as cor ros ive  o r  noncorrosive (see RCRA 
regu la t i ons  40 CFR §261.22(a) (1). 

2.0 SUMMARY OF METHOD 

2.1 The approximate pH of the waste i s  determined w i t h  wide-range pH 
paper. Then a more accurate pH determinat ion i s  made using "narrow-range" pH 
paper whose accuracy has been determined (1) using a ser ies o f  b u f f e r s  o r  (2) by 
comparison w i t h  a c a l i b r a t e d  pH meter. 

3.0 INTERFERENCES 

3.1 C e r t a i n w a s t e s m a y i n h i b i t o r m a s k c h a n g e s i n t h e p H p a p e r .  This 
i n te r fe rence  can be determined by adding small amounts o f  ac id  o r  base t o  a small 
a l i q u o t  o f  t he  waste and observing whether the pH paper undergoes the  appropriate 
changes. 

CALIT ION : THE ADDITION OF ACID OR BASE TO WASTES MAY RESULT IN VIOLENT 
REACTIONS OR THE GENERATION OF TOXIC FUMES ( hydrogen 
cyanide). Thus, a decis ion t o  take t h i s  step requ i res  some 
knowledge o f  t he  waste. See Step 7.3.3 f o r  add i t iona l  precautions. 

4.0 APPARATUS AND MATERIALS 

4.1 Wide-range pH paper. 

4.2 Narrow-range pH paper: With a d i s t i n c t  c o l o r  change f o r  every 0.5 
pH u n i t  (e.g., A lkaacid Full-Range pH K i t ,  F isher  S c i e n t i f i c  o r  equivalent).  
Each batch of narrow-range pH paper must be ca l i b ra ted  versus c e r t i f i e d  pH 
b u f f e r s  o r  by comparison w i t h  a pH meter which has been ca l i b ra ted  w i t h  c e r t i f i e d  
pH bu f fe rs .  I f  the  incremental reading o f  the  narrow-range pH paper i s  w i t h i n  
0.5 pH un i t s ,  then the  agreement between the  b u f f e r  o r  the  ca l i b ra ted  pH meter 
w i t h  the  paper must be w i t h i n  0.5 pH un i t s .  

4.3 pH Meter (op t iona l ) .  
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5.0 REAGENTS 

5.1 C e r t i f i e d p H b u f f e r s :  T o b e u s e d f o r c a l i b r a t i n g t h e p H p a p e r o r  
f o r  c a l i b r a t i n g  t h e  pH meter t h a t  w i l l  be used subsequently t o  c a l i b r a t e  t h e  pH 
paper. 

5.2 D i l u t e  a c i d  (e.a., 1:4 HC1). 

5.3 D i l u t e  base (e.q., 0.1 N NaOH). 

6.0 SAMPLE COLLECTION, PRESERVATION, AND HANDLING 

6.1 A1 1 samples must be c o l l e c t e d  us ing  a sampling p lan  which addresses 
the  cons idera t ions  discussed i n  Chapter Nine o f  t h i s  manual. 

7.0 PROCEDURE 

7.1 A rep resen ta t i ve  a l i q u o t  o f  t h e  waste must be t e s t e d  w i t h  wide- 
range pH paper t o  determine the  approximate pH. 

7.2 The appropr ia te  narrow-range pH paper i s  chosen and t h e  pH o f  a 
second a l i q u o t  o f  t h e  waste i s  determined. Th is  measurement should be performed 
i n  dupl i cate  . 

7.3 I d e n t i f i c a t i o n  o f  i n te r fe rence :  

7.3.1 Take a t h i r d  a l i q u o t  of t h e  waste, approximately 2 mL i n  
volume, and add a c i d  dropwise u n t i l  a pH change i s  observed. Note t h e  
co l  o r  change. 

7.3.2 Add base dropwi se t o  a f o u r t h  a1 i quot and note t h e  c o l o r  
change. (Wastes t h a t  have a b u f f e r i n g  capac i ty  may r e q u i r e  a d d i t i o n a l  
a c i d  o r  base t o  r e s u l t  i n  a meas~lrable pH change.) 

7.3.3 The observat ion o f  t h e  appropr ia te  c o l o r  change i s  a s t rong  
i n d i c a t i o n  t h a t  no i n te r fe rences  have occurred. 

CAUTION ADDITION OF ACID OR BASE TO SAMPLES MAY RESULT IN VIOLENT REACTIONS 
OR THE GENERATION OF TOXIC FUMES. PRECAUTIONS MUST BE TAKEN. THE 
ANALYST SHOULD PERFORM THESE TESTS I N  A WELL-VENTILATED HOOD WHEN 
DEALING WITH UNKNOWN SAMPLES. 

8.0 QUALITY CONTROL 

8.1 A l l  qua1 i t y  c o n t r o l  da ta  must be maintained and a v a i l a b l e  f o r  easy 
re ference o r  inspect ion .  

8.2 A l l  pH determinat ions must be performed i n  dup l i ca te .  

8.3 Each batch o f  pH paper must be c a l i b r a t e d  versus c e r t i f i e d  pH 
b u f f e r s  o r  a pH meter which has been c a l i b r a t e d  w i t h  c e r t i f i e d  pH b u f f e r s .  
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9.0  METHOD PERFORMANCE 

9.1 No data provided. 

10.0 REFERENCES 

10.1 None required. 
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METHOD 9045C 

SOIL AND WASTE pH 

1.0 SCOPE AND APPLICATION 

1.1 Method 9045 i s  an e l e c t r o m e t r i c  procedure f o r  measuring pH i n  
s o i l s  and waste samples. Wastes may be s o l i d s ,  sludges, o r  non-aqueous 
l i q u i d s .  I f  water  i s  present ,  i t  must c o n s t i t u t e  l e s s  than 20% o f  t h e  t o t a l  
volume o f  t h e  sample. 

2.0 SUMMARY OF METHOD 

2 .1  The sample i s  mixed w i t h  reagent water, and t h e  pH o f  t he  
r e s u l t i n g  aqueous s o l u t i o n  i s  measured. 

3.0 INTERFERENCES 

3.1 Samples w i t h  very  low o r  very  h i gh  pH may g i v e  i n c o r r e c t  
readings on t h e  meter. For samples w i t h  a  t r u e  pH o f  > lo ,  t h e  measured pH may 
be i n c o r r e c t l y  low. Th is  e r r o r  can.be minimized by us ing  a  low-sodium-error  
e l ec t rode .  St rong a c i d  s o l u t i o n s ,  w i t h  a t r u e  pH o f  <1, may g i v e  i n c o r r e c t l y  
h i g h  pH measurements. 

3.2 Temperature f l  uc tua t i ons  wi 11 cause measurement e r r o r s .  

3.3 E r r o r s  w i l l  occur when t h e  e lec t rodes  become coated. I f  an 
e l e c t r o d e  becomes coated w i t h  an o i l y  ma te r i a l  t h a t  w i l l  n o t  r i n s e  f ree ,  t h e  
e l e c t r o d e  can (1) be c leaned w i t h  an u l t r a s o n i c  bath,  o r  (2) be washed w i t h  
de te rgen t ,  r i n s e d  severa l  t imes w i t h  water, p laced i n  1:10 HC1 so t h a t  t h e  
lower  t h i r d  o f  t h e  e l e c t r o d e  i s  submerged, and then  thoroughly  r i n s e d  w i t h  
water,  o r  (3) be cleaned per  t h e  manufacturer 's i n s t r u c t i o n s .  

4.0 APPARATUS AND MATERIALS 

4.1 pH Meter w i t h  means f o r  temperature compensation. 

4.2 G l  ass E lec t rode .  

4.3  Reference e lec t rode :  A s i l  v e r - s i l  ve r  c h l o r i d e  o r  o the r  
r e fe rence  e l e c t r o d e  o f  cons tan t  p o t e n t i a l  may be used. 

NOTE: Combination e lec t rodes  i nco rpo ra t i ng  bo th  measuring and -- 
refe renced  f u n c t i o n s  are convenient t o  use and are a v a i l a b l e  
w i t h  s o l i d ,  g e l - t y p e  f i l l i n g  m a t e r i a l s  t h a t  r e q u i r e  minimal 
maintenance. 

4 . 4  Beaker: 50-mL. 

4.5 Thermometer and/or temperature sensor f o r  automatic 
compensation. 

4.6 A n a l y t i c a l  balance: capable o f  weighing 0.1 g. 
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5.0 REAGENTS 

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

5.2 Reagent water .  A l l  re fe rences  t o  water  i n  t h i s  method r e f e r  t o  
reagent  water,  as d e f i n e d  i n  Chapter One. 

5.3 Pr imary s tandard b u f f e r  s a l t s  a re  a v a i l a b l e  f rom t h e  Na t i ona l  
I n s t i t u t e  o f  Standards and Technology (NIST) and should be used i n  s i t u a t i o n s  
where extreme accuracy i s  necessary. P repa ra t i on  o f  r e f e r e n c e  s o l u t i o n s  f rom 
these s a l t s  r e q u i r e s  some spec ia l  p recau t i ons  and hand l ing ,  such as l ow-  
c o n d u c t i v i t y  d i l u t i o n  water,  d r y i n g  ovens, and c a r b o n - d i o x i d e f r e e  purge gas. 
These s o l u t i o n s  should be rep laced  a t  l e a s t  once each month. 

5.4 Secondary s tandard b u f f e r s  may be prepared f rom NIST s a l t s  o r  
purchased as so l  u t i o n s  f rom cornmerci a1 vendors. These commerci a1 l y  ava i  1  a b l e  
s o l u t i o n s ,  which have been v a l i d a t e d  by comparison w i t h  NIST standards,  a re  
recommended f o r  r o u t i n e  use. 

6.0 SAMPLE PRESERVATION AND HANDLING 

6.1 A1 1  samples must be c o l l e c t e d  us ing  a  sampl i n g  p l a n  t h a t  
addresses t h e  cons ide ra t i ons  d iscussed i n  Chapter Nine o f  t h i s  manual. 

6.2 Samples should be analyzed as soon as p o s s i b l e .  

7.0 PROCEDURE 

7.1 Cal i b r a t  i on : 

7.1.1 Because o f  t h e  wide v a r i e t y  o f  pH meters  and 
accessor ies,  d e t a i l e d  ope ra t i ng  procedures cannot be i nco rpo ra ted  i n t o  
t h i s  method. Each a n a l y s t  must be acquainted w i t h  t h e  o p e r a t i o n  o f  each 
system and f a m i l i a r  w i t h  a l l  i ns t rument  f u n c t i o n s .  Spec ia l  a t t e n t i o n  t o  
ca re  o f  t h e  e l e c t r o d e s  i s  recommended. 

7.1.2 Each i nstrument /e l  ec t rode  system must be c a l  i b r a t e d  a t  a  
minimum o f  two p o i n t s  t h a t  b racke t  t h e  expected pH o f  t h e  samples and 
a r e  approx imate ly  t h r e e  pH u n i t s  o r  more apa r t .  Repeat ad justments  on 
success ive p o r t i o n s  o f  t h e  two b u f f e r  s o l u t i o n s  u n t i l  read ings  a re  
w i t h i n  0.05 pH u n i t s  o f  t h e  b u f f e r  s o l u t i o n  va lue.  I f  an accura te  pH 
read ing  based on t h e  convent ional  pH sca le  [ 0  t o  14 a t  25"CI i s  
r equ i red ,  t h e  a n a l y s t  should c o n t r o l  sample temperature a t  25+1°C when 
sample pH approaches t h e  a l k a l i n e  end o f  t h e  sca le  (e.g., a  pH o f  11 o r  
above) . 
7.2 Sample p r e p a r a t i o n  and pH measurement o f  s o i l s :  
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7.2 .1  To 20 g o f  s o i l  i n  a 50-mL beaker, add 20 mL o f  reagent 
water, cover,  and con t inuous ly  s t i r  the  suspension f o r  5 minutes. 
A d d i t i o n a l  d i l  u t  ions  are a1 1 owed i f  working w i t h  hygroscopic s o i l  s and 
s a l t s  o r  o t h e r  p rob lemat ic  mat r i ces .  

7.2.2 Le t  t h e  s o i l  suspension stand f o r  about 1 hour t o  a l l o w  
most o f  t h e  suspended c l a y  t o  s e t t l e  ou t  f rom t h e  suspension o r  f i l t e r  
o r  c e n t r i f u g e  o f f  t he  aqueous phase f o r  pH measurement. 

7 .2 .3  Ad jus t  t he  e lec t rodes  i n  t h e  clamps o f  t h e  e l ec t rode  
ho lde r  so t h a t ,  upon l owe r i ng  t h e  e lec t rodes  i n t o  t h e  beaker, t he  g lass  
e l e c t r o d e  w i l l  be immersed j u s t  deep enough i n t o  t h e  c l e a r  supernatant 
s o l u t i o n  t o  e s t a b l i s h  a good e l e c t r i c a l  con tac t  through t he  ground-glass 
j o i n t  o r  t h e  f i b e r - c a p i l l a r y  ho le .  I n s e r t  t h e  e lec t rodes  i n t o  t h e  . 
sample s o l u t i o n  i n  t h i s  manner. For combinat ion e lec t rodes ,  immerse 
j u s t  below t h e  suspension. 

7.2.4 I f  t h e  sample temperature d i f f e r s  by more than 2°C from 
t h e  b u f f e r  s o l u t i o n ,  t h e  measured pH values must be cor rec ted .  

7.2.5 Report t h e  r e s u l t s  as " s o i l  pH measured i n  water a t  - 
"C" where "-"C" i s  t h e  temperature a t  which t h e  t e s t  was conducted. 

7.3 Sample p repa ra t i on  and pH measurement o f  waste ma te r i a l s :  

7.3.1 To 20 g o f  waste sample i n  a 50-mL beaker, add 20 mL o f  
reagent  water, cover, and con t inuous ly  s t i r  t h e  suspension f o r  5 
minutes. . A d d i t i o n a l  d i l u t i o n s  are al lowed i f  working w i t h  hygroscopic 
wastes and s a l t s  o r  o the r  prob lemat ic  mat r i ces .  

7.3.2 Le t  t h e  waste suspension stand f o r  about 15 minutes t o  
a l l o w  most o f  t h e  suspended waste t o  s e t t l e  ou t  f rom t h e  suspension o r  
f i l t e r  o r  c e n t r i f u g e  o f f  aqueous phase f o r  pH measurement. 

NOTE: I f  t h e  waste i s  hygroscopic and absorbs a l l  t he  reagent 
water, beg in  t h e  experiment again us ing  20 g o f  waste and 40 mL 
o f  reagent water.  

NOTE: I f  t h e  supernatant i s  mu1 t i p h a s i c ,  decant t he  o i l y  phase - 
and measure t h e  pH o f  t h e  aqueous phase. The e lec t rode  may need 
t o  be cleaned (Step 3.3)  i f  i t  becomes coated w i t h  an o i l y  
m a t e r i a l .  

7.3.3 Ad jus t  t h e  e lec t rodes  i n  t he  clamps o f  t he  e l ec t rode  
ho lde r  so t h a t ,  upon lower ing  t he  e lec t rodes  i n t o  t h e  beaker, t he  g lass  
e l e c t r o d e  w i l l  be immersed j u s t  deep enough i n t o  t he  c l e a r  supernatant 
t o  e s t a b l i s h  good e l e c t r i c a l  con tac t  through t he  ground-glass j o i n t  o r  
t he  f i  b e r - c a p i l  l a r y  ho le .  I n s e r t  the  e l ec t rode  i n t o  t h e  sample s o l u t i o n  
i n  t h i s  manner. For  combinat ion e lec t rodes ,  immerse j u s t  below the  
suspension. 

7 .3 .4  I f  t h e  sample temperature d i f f e r s  by more than 2°C from 
t h e  b u f f e r  s o l u t i o n ,  t h e  measured pH values must be cor rec ted .  
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7.3.5 Repor t  t h e  r e s u l t s  as "waste pH measured i n  wa te r  a t  - 
'C" where "-'C" i s  t h e  temperature a t  which t h e  t e s t  was conducted. 

8.0 QUALITY CONTROL 

8 .1  Re fe r  t o  Chapter One f o r  t h e  a p p r o p r i a t e  QC p r o t o c o l s .  

8.2 E lec t r odes  must be t ho rough l y  r i n s e d  between samples. 

9.0 METHOD PERFORMANCE 

9.1 N o d a t a p r o v i d e d .  

10.0 REFERENCES 

1. B lack ,  Char les  A l l e n ;  Methods of S o i l  Ana l ys i s ;  American S o c i e t y  o f  
Agronomy: Madison, W I ,  1973. 

2. N a t i o n a l  Bureau o f  Standards,  Standard Reference M a t e r i a l  Ca ta log ,  1986- 
87, Spec ia l  P u b l i c a t i o n  260. 
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METHOD 9050 

SPECIFIC CONDUCTANCE 

1.0 SCOPE AND APPLICATION 

1.1 Method 9050 i s  used t o  measure the spec l f l c  conductance o f  drlnking, 
ground, surface, and sal i ne waters and domestl c and i ndust r i  a1 aqueous wastes. 
Method 9050 i s  not  appl icable t o  s o l i d  samples. 

2.0 SUMMARY OF METHOD 

2.1 The spec i f i c  conductance o f  a sample I s  measured using a se l f -  
contai ned conduct1 v i  t y  meter (Wheatstone bridge-type o r  equivalent) . 

2.2 Whenever possible, samples are analyzed a t  25'C. I f  samples are 
analyzed a t  d i f f e r e n t  temperatures, temperature corrections must be made and 
resu l t s  reported a t  25.C. 

3.0 INTERFERENCES 

3.1 P l  at1 num electrodes can degrade and cause e r r a t i c  resul ts.  When 
t h i s  happens, as evidenced by e r r a t i c  resu l t s  o r  f l ak i ng  o f f  of the platinum 
black, the electrode should be replat in ized. 

3.2 The speci f l c  conductance c e l l  can become coated w i th  o i  1 and other 
materlals. It i s  essent la l  t ha t  ' the  c e l l  be thoroughly r insed and, i f  
necessary, c l  eaned between samples. 

4.0 APPARATUS AND MATERIALS 

4.1 Self-contained conductivl  t y  instruments: an instrument. consist ing 
of a s o u r c e o f b r l d ~ h e a t s t o n e e ,  n u l l  Indicator.  and a 
conduct iv i ty  c e l l  o r  other instrument measuring the rat10 o f  a l ternat ing 
cur rent  through the c e l l  t o  voltage across it. The l a t t e r  has the advantage 
o f  a 1 inear  reading o f  conductlvi ty. Choose an Instrument capable o f  
measuring conduct iv i ty  w i th  an e r ro r  not  exceeding 1% o r  1 umholcm, whichever 
i s  greater. 

4.2 Pl a t i  num-el ectrode o r  non-plat i  num-electrode spec l f lc  conductance 
c e l l .  - 

4.3 Water bath. 

4.4 Thermometer: capable o f  being read t o  the nearest 0.1'C and 
covering the range 23' t o  27.C. An e lec t r i ca l  thermometer having a small 
thermi s t o r  sensing element i s  convenient because o f  I t s  rap id  response. 
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5.0 REAGENTS 

5.1 Conduct iv i ty water: Pass d i  s t i  11 ed water through a m i  xed-bed 
deionizer and discard f i r s t  1,000 mL. Conductivi ty should be less  than 1 - 
umholcm. 

5.2 Standard potassi um ch lor ide (0.0100 M) : Dl ssol ve 0.7456 g anhydrous 
KC1 i n  conduct iv i ty  water and make up t o  1,000 mL a t  25'C. 'This so lu t ion  w i l l  
have a speci f i c conductance o f  1,413' umholcm a t  25'C. 

6.0 SAMPLE COLLECTION, PRESERVATION, AND HANDLING 

6.1 A1 1 samples must be co l lec ted using a sampling p lan t h a t  addresses 
the considerations discussed i n  Chapter Nine o f  t h i s  manual. 

6.2 A l l  sample containers must be prewashed and thoroughly rinsed. Both 
p l a s t i c  and glass containers are suitable. 

6.3 Aqueous samples should be stored a t  4'C and analyzed w i t h i n  24 hr. 

7.0 PROCEDURE 

7.1 Determination o f  c e l l  constant: Rinse conduct iv i ty  c e l l  w i t h  a t  
l eas t  three por t ions  o f  0.01 N KC1 solut ion. Adjust tem~era tu re  o f  a f o u r t h  
po r t i on  t o  25.0 + 0.1.C. Measure resistance- o f  t h i s  po r t i on  and note 
temperature. ~ompcte c e l l  constant, C: 

C = (0.001413) (RKC-) 1 + 0.0191 (t - 25) 

where: 

R K C ~  = measured resistance, ohms; and 

t = observed temperature, 'C. 

7.2 Conduct iv i ty measurement: Rinse c e l l  w i t h  one o r  more por t ions  o f  
sample. Adjust temperature o f  a f i n a l  po r t i on  t o  25.0 + 0.1'C. Measure 
sample r e s i  stance o r  conduct iv i ty  and note temperature. 

7.3 Calculat ion: The temperature c o e f f i c i e n t  o f  most waters i s  on ly  
approximately the same as t h a t  o f  standard KC1 solut ion;  the more the  
temperature o f  measurement deviates from 25.O'C, the greater  the  uncer ta in ty  
i n apply1 ng t he  temperature correction. Report a1 1 conducti v i  ti es a t  25. O'C. 
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7.3.1 When sample resistance i s  measured, conduct iv i ty a t  25'C i s  : 

where : 

K = conduct iv i ty,  umho/cm; 
C = c e l l  constant, cm-L; 
Rm = measured resistance o f  sample; ohms; and 
t = temperature o f  measurement. 

7.3.2 When sample conduct iv i ty i s  measured, conduct iv i ty a t  25'C 
i s :  

where : 

K,,, = measured conductivi ty, umho a t  teC,  and other un i t s  
are defined as above. 

NOTE: I f  conduct iv i ty  readout i s  i n  umho/cm, delete the fac to r  1,000,000 
i n  the numerator. 

8.0 QUALITY CONTROL 

8.1 A l l  q u a l i t y  cont ro l  data should be maintained and avai lable f o r  easy 
reference o r  inspection. 

8.2 Analyze check standards a f t e r  approximately every 15 samples. 

8.3 Run 1 dupl icate  sample f o r  every 10 samples. 

9.0 METHOD PERFORMANCE 

9.1 Three synthet ic samples were tested w i t h  the fo l lowing resul ts:  

Relat ive 
Conduc- Standard Relat ive 
t i v i t y  No. o f  Devi a t ion  Error  

umhos/cm Results % X 

9050 - 3 
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10.0 REFERENCES 

1. Standard Methods for  the Examination o f  Water and Wastewater, 16th ed. 
(1985), Method 205. . 
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METHOD 9080 

CATION-EXCHANGE CAPACITY OF SO1 LS (AMMONIUM ACETATE1 

1.0 SCOPE AND APPLICATION 

1.1 Method 9080 i s  used t o  determine the cation-exchange capacity o f  
soi ls.  The method i s  not applicable t o  so i l s  containing appreciable amounts . 
o f  vermicul i te clays, kaolin, ha1 loys i te ,  o r  other 1:l-type clay minerals. 
They should be analyzed by the sodium acetate method (Method 9081). That 
method (9081) i s  also generally the preferred method f o r  very calcareous 
so i ls .  For d i s t i n c t l y  acid so i ls ,  the cation-exchange capacity by summation 
method (Chapman, p. 900; see Paragraph 10.1) should be employed. 

2.0 SUMMARY 

2.1 The s o i l  i s  mixed wi th  an excess o f  1 N amn ium acetate solution. 
This resu l ts  i n  an exchange of the ammonium cations f o r  exchangeable cations 
present i n  the so i l .  The excess ammonium i s  removed, and the amount o f  
exchangeable ammonium i s determined. 

3.0 INTERFERENCES 

3.1 Sol 1 s contain1 ng appreciable vermicul i t e  clays, kaol in, ha1 1 oysi te, 
o r  other 1:l-type clay minerals w i l l  of ten give lower values f o r  exchange 
capacity. See Paragraph 1.1 above. 

3.2 Wfth calcareous so i l s ,  the release o f  calcium carbonate from the 
s o i l  i n t o  the a m n i u m  acetate solut ion l i m i t s  the saturation o f  exchange 
s i t e s  by the a m n i u m  ion. This resul ts  i n  a r t i f i c i a l l y  low cation-exchange 
capacities. 

4.0 APPARATUS AND MATERIALS 

4.1 Erlenmeyer f lask: 500-mL. 

4.2 Buchner funnel o r  equf valent: 55-m. 

4.3 - Sieve: 2-mm. 

4.4 Aeration apparatus (assembled as i n  Figure 1) : 

4.4.1 q e l d a h l  f lask: 800-mL. 

4.4.2 Erlenmeyer f 1 ask: 800-mL. 

4.4.3 Glass wool f i l t e r .  
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Figure 1. Diagram of aeration unit for determination of absorbed ammonia. Six to twelve 
such units is a convenient number for routine work; they can be mounted on a portable rack. 
(Apparatus as modified by Dr. A. P. Vanselow, Dept. of Soils & Plant Nutrition, Univerity of 
California, Riverside, Calif.). 
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4.4.4 Glass tubing. 

4.4.5 Flow meter. 

5.0 REAGENTS 

5.1 Ammonium acetate (NH~OAC), 1 N: D i l u t e  114 mL of g l ac i a l  acet ic 
ac id  (99.5%) a volume o f  ap roxima'tely 1 1 i t e r .  Then add 138 mL 
o f  concentrated ammonium hydroxide (NH4OH ! and add water t o  obtain a volume o f  
about 1,980 mL. Check the pH o f  the resu l t i ng  solut ion,  add more NH40H, as 
needed, t o  obta in  a pH o f  7, and d i l u t e  the so lu t ion  t o  a volume o f  2 l i t e r s  
w i t h  water. 

5.2 Isopropyl alcohol: 99%. 

5.3 Ammonium ch lor ide (NH~CI), 1 N: Dissolve 53.49 g o f  NH4Cl i n  Type 
I I ' w a t e r ,  ad jus t  the pH t o  7.0 w i t h  NH40Hl and d i l u t e  t o  1 L. 

5.4 Ammonium ch lor ide (NH4C1), 0.25 N: Dissolve 13.37 g o f  NH4C1 i n  
Type I1 water, adjust  the pH t o  7.0 w i t h  NH40H, and d i l u t e  t o  1 L. 

5.5 Ammonium oxalate ((NHq) C204*H20), 10%: Add 90 mL o f  Type I1 water 
t o  10 g o f  ammonium oxalate ( ( N H ~ ~ ~ C ~ O ~ . H ~ O )  and n i x  we1 1. 

5.6 Dl 1 u te  a m n i u m  hydroxide (NH40H) : Add 1 volume o f  concentrated 
NHqOH t o  an equal volume o f  water. 

5.7 S i l v e r  n i t r a t e  (AgN03), 0.10 N: Dissolve 15.39 g o f  NgN03 i n  Type 
I1 water, mix wel l ,  and d i l u t e  t o  1 L. 

5.8 Reaqents f o r  aerat ion option: 

5.8.1 Sod im  carbonate so lu t ion  (Na2C03), 5%: Add 95 mL o f  Type I1 
water t o  5 g of Na2C03 and mix well .  . 

5.8.2 Pa ra f f i n  o i l .  

5.8.3 S u l f u r i c  ac i d  (H2S04), 0.1 N standard: Add 2.8 mL 
concentrated HzSOq t o  Type I1 water and d i l u t e  t o  1 L. Standardize 
against a base o f  known concentration. 

5.8.4 Sodium hydroxide (NaOH) , 0.1 N standard: Dissolve 4.0 g NaOH 
i n  Type I1 water and d i l u t e  t o  1 L. Standardize against an acid o f  known 
concent r a t  i on. 

5.8.5 Methyl red  ind icator ,  0.1%: Dissolve 0.1 g i n  99.9 mL o f  95% 
ethanol and mf x we1 1 . 
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5.9 Reagents f o r  d i s t i l  l a t i o n  option: 

5.9.1 Sodium chlor ide,  NaCl (ac id i f ied) ,  10%: Dissolve 100 g o f  
NaCl (ammonium-free) i n  900 mL o f  Type I1 water; mix we1 1. Add 
approximately 0.42 mL o f  concentrated HC1 t o  make the  so lu t i on  
approximately 0.005 N. 

5.9.2 Sodium hydroxide (NaOH), 1 N: Dissolve 40 g o f  NaOH i n  Type 
I1  water and d i l u t e  t o  1 L. 

5.9.3 Bor i c  a c i d  (H3BO ) , 2% so lu t ion:  Dissolve .?O g HgBOg i n  980 I mL Type I1 water and mix we1 . 
5.9.4 Standard s u l f u r i c  acfd (H2S04), 0.1 N: See Step 5.8.3. 

5.9.5 Bromocresol green-methyl red  mixed ind ica to r :  T r i t u r a t e  
0.1 g o f  bromocresol green w i t h  2 mL 0.1 N NaOH i n  an agate mortar and 
add 95% e thy l  alcohol t o  obta in  a t o t a l  volume o f  100 mL. T r i t u r a t e  
0.1 g o f  methyl red w i t h  a few mL o f  95% e thy l  alcohol i n  an agate 
mortar. Add 3 mL o f  0.1 N NaOH and d i l u t e  the  so lu t i on  t o  a volume o f  
100 mL w i t h  95% e thy l  alcohol. Mix 75 mL o f  the  bromocresol green 
so lu t i on  w i t h  25 mL o f  the  methyl red so lu t ion  and d i l u t e  t he  mixture t o  
200 mL w i t h  95% e thy l  alcohol. 

6.0 SAMPLE COLLECTION, PRESERVATION, AND HANDLING 

6.1 A1 1 samples must be co l lec ted  using a sampling p lan t h a t  addresses 
the considerat ions discussed i n  Chapter Nine o f  t h i s  manual. 

7.0 PROCEDURE 

7.1 Sieve a sample a l i q u o t  o f  the  s o i l  through a 2-mm screen and a l low 
the sieved so i  1 t o  a i r  dry  ( a t  a temperature o f  (60.C). Place 10 g o f  the  
a i  r - d r i  ed so i  1 i n  a 500-mL Erlenmeyer f l a s k  and add 250 mL o f  neut ra l ,  1 N 
NH40Ac. (Use 25 g of s o i l  i f  the exchange capaci ty i s  very low, e.g., 3-5 meq 
per  100 g.) Shake the f l a s k  thoroughly and a l low i t t o  stand overnight. 

7.2 F i l t e r  the  s o i l  w i t h  l i g h t  suct ion using a 55-mm Buchner funnel o r  
equivalent. Do no t  a1 low the s o i l  t o  become dry  and cracked. 

7.3 Leach the s o i l  w i t h  the  neut ra l  NH40Ac reagent u n t i l  no t e s t  f o r  
calcium can be obtained i n  the  e f f l u e n t  solut ion.  (For the  calcium t e s t ,  add 
a few drops each o f  1 N NH4C1 and 10% ammonium oxalate, d i l u t e  NH40H t o  10 mL 
o f  the leachate i n  a t e s t  tube, and heat the so lu t i on  t o  near the  b o i l i n g  
po in t .  The presence o f  calcium i s  ind icated by a whi te p r e c i p i t a t e  o r  
t u r b i d i t y  .) 

7.4 Then leach the s o i l  f ou r  times w i t h  neut ra l  1 N NH4c; and once w i t h  
0.25 N NH4C1. 
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"A, 

7.5 Wash out  the e l ec t ro l y t e  w i t h  150 t o  200 mL o f  99% isopropyl 
alcohol. When the t e s t  f o r  ch lo r ide  i n  the leachate (use 0.10 AgN03) becomes 
neg l ig ib le ,  a l l ow the  s o i l  t o  d ra i n  thoroughly. 

7.6 Determine the adsorbed NH4 e i t h e r  b the aerat ion method (Paragraph 
7.7) o r  by the acid-NaC1 method (Paragraph 7.8 ! . 

7.7 Aeration method: 

7.7.1 Place an excess o f  0.1 N standard H2SO4 i n  the 500-mL 
Erlenmeyer f l a s k  on the aerat ion apparatus (50 mL i s  an ample quant i ty  
fo r  most s o i l s )  and add 10 drops o f  methyl red i nd i ca to r  and enough 
d i s t i l  l e d  water t o  make the t o t a l  volume about 100 mL. 

7.7:2 Attach the  f l a s k  t o  the apparatus. Then t rans fe r  the 
amnoni um-saturated sampl e o f  so i  1 (from Paragraph 7.5) quan t i ta t i ve ly  t o  
the 800-mL Kjeldahl  f l a s k  located i n  the  f l ow l i n e  j u s t  before the 
Erlenmeyer f l a s k  w i t h  the standard acid. Use a rubber policeman and a 
stream o f  d i s t i l  l e d  water from a wash bo t t le ,  as needed, t o  complete the 
t ransfer .  

7.7.3 Add 150 mL Na CO3 so lu t ion  and a few drops o f  p a r a f f i n  o i l  f and at tach the  f l a s k  t o  t e apparatus. 

7.7.4 Apply suct ion t o  the out f low end o f  the  apparatus and adjust  
the r a t e  o f  f l ow t o  450 t o  500 l i t e r s  o f  a i r  per hr. Continue the 
aerat ion f o r  17 hr. 

7.7.5 Shut o f f  the  suct ion and remove the f lask. T i t r a t e  the 
residual  ac i d  i n  the absorption solut ions w i t h  standard 0.1 N NaOH from 
the  o r i g i n a l  red c o l o r  through orange t o  ye l low a t  the end point.  From 
the  t i t r a t i o n  values obtained w i t h  the s o i l  and blank solut ions, 
ca lcu la te  the  content o f  adsorbed amnonium i n  m i  11 igram equivalents per 
100 g so i  1. 

7.8 Acid-NaC1 method: 

7.8.1 Leach the ammonium-saturated s o i l  f r o m  Paragraph 7.5 w i t h  10% 
a c i d i f i e d  NaCl u n t i l  225 mL have passed through the sample. Add small 
po r t ions  a t  a time, a1 lowing each por t ion  t o  pass through the sample 
before adding the next port ion. 

7.8.2 Transfer the  leachate quan t i t a t i ve l y  t o  an 800-mL Kjeldahl 
f l ask ,  add 25 mL o f  1 N NaOH, and d i s t i l l  60 mL o f  the so lu t ion  i n t o  
50 mL o f  2% HgBO3. 

7.8.3 Add 10 drops o f  bromocresol green-methyl red m i  xed ind ica to r  
and t i t r a t e  the bo r i c  ac id  so lu t ion  w i th  standard 0.1 N H2SO4. The co lo r  
change i s  f r o m  b l u i sh  green through b l u i sh  purple t o  p ink  a t  the end 
po in t .  Run blanks on the  reagents. Correct the t i t r a t i o n  f i gu re  f o r  the 
blanks and ca lcu la te  the m i l  1  iequivalents o f  ammonium i n  100 g o f  so i l .  
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7.8.4 Results should be reported as "determined wi th  a m n i u m  
acetate" a t  pH 7. 

8.0 QUALITY CONTROL 

8.1 A1 1 qua1 I t y  control data should be maintained and avai l  able f o r  easy 
reference o r  Inspection. 

8.2 Employ a minimum o f  one blank per sample batch t o  determine i f  
contaml n a t l  on o r  any memory e f fec ts  are occurr l  ng . 

8.3 Material o f  known cation-exchange capacity must be rou t ine ly  
analyzed. 

9.0 METHOD PERFORMANCE 

9.1 No data provided. 

10.0 REFERENCES 

1. This method i s  based on Chapman, H O D . ,  "Cation-exchange Capacity, " 
pp. 891-900, i n  C.A. Black (ed.), Method o f  Soi l  Analysis, Part 2: Chemical 
and Microbiological Properties, Am. Soc. Agron., Madi son, Wisconsin (1965). 
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METHOD 9081 

CATION-EXCHANGE CAPACITY OF SO1 LS (SODIUM ACETATE) 

1.0 SCOPE AND APPLICATION 

1.1 Method 9081 i s  applicable t o  most so i l  s, including calcareous and 
noncal careous soi 1 s. The met hod o f  c a t i  on-exchange capacity by sumnati on 
(Chapman, 1965, p. 900; see Paragraph 10.1) should be employed f o r  d i s t i n c t l y  
acid so i ls .  

2.0 SUMMARY OF METHOD 

2.1 The s o i l  sample i s  mixed w i th  an excess o f  sodium acetate solution, 
resu l t ing  i n  an exchange o f  the added sodium cations f o r  the matrix cations. 
Subsequently, the saniple i s  washed wi th  i sopropyl alcohol. An amnonium 
acetate so lut ion i s  then added, which replaces the adsorbed sodium with 
ammoni um. The concentration o f  displaced sodium i s  then determined by atomic 
absorption, emission spectroscopy, o r  an equivalent means. 

3.0 INTERFERENCES 

3.1 Interferences can occur during analysis o f  the extract  f o r  sodium 
content. Thoroughly invest igate the chosen analyt ical  method f o r  potent ia l  
interferences . 
4.0 APPARATUS AND MATERIALS 

4.1 Centrifuge tube and stopper: 50-mL, round-bottom, narrow neck. 

4.2 Mechanical shaker. 

4.3 Volumetric f lask:  100-mL. 

5.0 REAGENTS 

5.1 Sodi um acetate (NaOAc) , 1.0 N: Dissolve 136 g o f  NaC H 02.3H20 i n  
water and d i l u t e  i t t o  1,000 mL. The p H o f  t h i s  solut ion shoula 2e8.2. I f  
needed, add a few drops o f  acet ic acid o r  NaOH solut ion t o  br ing the reaction 
o f  the so lut ion t o  pH 8.2. 

5.2 Ammonium acetate (NHqOAc), 1 N: D i lu te  114 mL o f  g lac ia l  acetic 
acid (99.5%) w i th  water t o  a volume o f  ap roximately 1 1 i ter.  Then add 138 mL 
o f  concentrated amnonium hydroxide (NHqOH ! and add water t o  obtain a volume o f  
about 1,980 nlL. Check the pH o f  the resul t ing solution, add more NH40H, as 
needed, t o  obtain a pH o f  7, and d i l u t e  the solut ion t o  a volume o f  2 l i t e r s  
w i th  water. 
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5.3 Isopropyl a1 coho1 : 99%. 

6.0 SAMPLE COLLECTION, PRESERVATION, AND HANDLING 

6.1 A l l  samples must be co l lec ted  using a sampling p lan t h a t  addresses 
the  considerat ions discussed i n  Chapter Nine o f  t h i s  manual. 

7.0 PROCEDURE 

7.1 Weigh 4 g o f  medium- o r  f ine- tex tured s o i l  o r  6 g o f  coarse-textured 
soi  1 and t r ans fe r  the  sample t o  a 50-mL, round-bottom, narrow-neck cen t r i fuge  
tube. (A f i n e  s o i l  has >50% o f  the p a r t i c l e s  <0.074 mm, medium s o i l  has >50% 
)0.425 mm, whi le  a coarse s o i l  has more than 50% o f  i t s  p a r t i c l e s  )2 mm. 

7.2 Add 33 mL o f  1.0 N NaOAc solut ion,  stopper the tube, shake i t  i n  a 
mechanical shaker f o r  5 min, and cen t r i fuge  i t  u n t i l  t he  supernatant l i q u i d  i s  
c lear.  

7.3 Decant the  1 iqu id ,  and repeat Paragraph 7.2 three more times. 

7.4 Add 33 mL of 99% isopropyl  alcohol, stopper the tube, shake i t  i n  a 
mechanical shaker f o r  '5 min, and cen t r i fuge  i t  u n t i l  t he  supernatant 1 i q u i d  i s  
c l  ear. 

7.5 Repeat the  procedure described i n  Paragraph 7.4 two more times. 

7.6 Add 33 mL o f  NH40Ac so lu t ion,  stopper the tube, shake i t  i n  a 
mechanical shaker f o r  5 min, and cen t r i fuge  i t  u n t i l  the supernatant l i q u i d  i s  
c lear .  Decant the  washing i n t o  a 100-mL volumetric f lask .  

7.7 Repeat the  procedure described i n  Paragraph 7.6 two more times. 

7.8 D i l u t e  the combined washing t o  the 100-mL mark w i t h  ammonium acetate 
so lu t i on  and determine the  sodium concentrat ion by atomic absorption, emission 
spectroscopy, o r  an equivalent  method. 

8.0 QUALITY CONTROL 

8.1 A l l  q u a l i t y  cont ro l  data should be maintained and ava i lab le  f o r  easy 
, ttference o r  inspection. 

8.2 Employ a minimum o f  one blank per  sample batch t o  determine if 
contamination o r  any memory e f f e c t s  are occurring. 

8.3 Materi  a1 s o f  known cation-exchange capaci ty must be rou t i ne l y  
analyzed . 
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9.0 METHOD PERFORMANCE 

- 

.,I 
9.1 No data provided. 

1 10.0 REFERENCES 
,il 

10.1 This method i s  based on Chapman, H.D., "Cation-exchange Capacity," 
rrf q pp. 891-900, i n  C.A. Black (ed.), Method o f  Soi l  Analysis, Part 2: Chemical 

ddd and M i  crobiological Properties, Am. Soc. Agron., Mad1 son, Wisconsin (1965). 
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METHOD 9090A 

COMPATIBILITY TEST FOR WASTES AND MEMBRANE LINERS 

1.0 SCOPE AND APPLICATION 

1.1 Method 9090 i s  intended f o r  use i n  determining the  e f f e c t s  of 
chemicals i n  a surface impoundment, waste p i l e ,  o r  l a n d f i l l  on the  physical 
p roper t i es  o f  f l e x i b l e  membrane 1 i ner (FML) mater ia ls  intended t o  conta in them. 
Data from these t e s t s  w i l l  a s s i s t  i n  decid ing whether a given 1 i n e r  mater ia l  i s  
acceptable f o r  t he  intended app l ica t ion .  

2.0 SUMMARY OF METHOD 

2.1 I n  order t o  est imate waste/l i n e r  compati b i l  i t y ,  the  1 i n e r  mater ia l  
i s  immersed i n  the  chemical environment f o r  minimum periods o f  120 days a t  room 
temperature (23 + 2°C) and a t  50 + 2°C. I n  cases where the  FML w i l l  be used i n  
a chemical environment a t  elevated temperatures, the immersion t e s t i n g  sha l l  be 
run  a t  t he  elevated temperatures i f  they are expected t o  be higher than 50°C. 
Whenever possi b l  e, t he  use o f  1 onger exposure times i s recommended. Compari son 
o f  measurements o f  the  membrane's physical  propert ies,  taken per iod ica l  l y  before 
and a f t e r  contact  w i t h  the  waste f l u id ,  i s  used t o  est imate the  compa t ib i l i t y  o f  
t he  l i n e r  w i t h  the  waste over t ime. 

3.0 INTERFERENCES (Not Appl i cab1 e) 

4.0 APPARATUS AND MATERIALS 

NOTE: I n  general, t he  fo l l ow ing  d e f i n i t i o n s  w i l l  be used i n  t h i s  method: - 
1. Sample - a representat ive piece o f  the  1 i n e r  mater ia l  proposed f o r  

use t h a t  i s  o f  s u f f i c i e n t  s i ze  t o  a l low f o r  the  removal of 
a1 1 necessary specimens. 

2. Specimen - a piece o f  mater ia l ,  cu t  from a sample, appropr iate ly  
shaped and prepared so t h a t  i t  i s  ready t o  use f o r  a t e s t .  

4.1 Exposure tank - O f  a  s i ze  s u f f i c i e n t  t o  conta in the samples, w i t h  
prov is ions  f o r  support ing the  samples so t h a t  they do not  touch the  bottom o r  
sides o f  the  tank o r  each other, and f o r  s t i r r i n g  the l i q u i d  i n  the  tank. The 
tank should be compatible w i t h  the  waste f l u i d  and impermeable t o  any o f  the 
const i tuents  they are intended t o  contain. The tank sha l l  be equipped w i t h  a 
means f o r  mainta in ing the  s o l u t i o n  a t  room temperature (23 + 2°C) and 50 + 2°C 
and f o r  prevent ing evaporat ion o f  the  so lu t i on  (e.q,, use a cover equipped w i th  
a r e f l u x  condenser, o r  seal the  tank w i t h  a Tef lon gasket and use an a i r t i g h t  
cover). Both sides o f  t he  l i n e r  mater ia l  sha l l  be exposed t o  the  chemical 
environment. The pressure i ns ide  the tank must be the  same as t h a t  outside the 
tank. I f  the  l i n e r  has a s ide t h a t  (1) i s  no t  exposed t o  the  waste i n  actual use 
and (2) i s  not  designed t o  withstand exposure t o  the  chemical environment, then 
such a 1 i n e r  may be t rea ted  .w i th  on ly  the b a r r i e r  surface exposed. 
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4.2 S t r e s s - s t r a i n  machine s u i t a b l e  f o r  measuring e longat ion,  t e n s i l e  
s t rength ,  t e a r  res is tance,  puncture res is tance,  modulus o f  e l a s t i c i t y ,  and p l y  
adhesion. 

4.3 J i g  f o r  t e s t i n g  puncture res i s tance  f o r  use w i t h  FTMS 101C, Method 
2065. 

4.4 L i n e r  sample l a b e l s  and holders made o f  ma te r i a l s  known t o  be 
r e s i s t a n t  t o  t h e  s p e c i f i c  wastes. 

4.5 Oven a t  105 + 2°C. 

4.6 D i  a1 micrometer. 

4.7 A n a l y t i c a l  bal  ance. 

4.8 Apparatus f o r  determin ing ex t rac tab le  content  o f  1  i n e r  mater ia ls .  

NOTE: A  minimum q u a n t i t y  o f  representa t ive  waste f l u i d  necessary t o  conduct - 
t h i s  t e s t  has no t  been s p e c i f i e d  i n  t h i s  method because t h e  amount w i l l  
vary depending upon the  waste composit ion and t h e  type o f  1  i n e r  mater i  a1 . 
For exaniple, c e r t a i n  organic waste cons t i tuents ,  i f  present  i n  t h e  
rep resen ta t i ve  waste f l u i d ,  can be absorbed by t h e  l i n e r  ma te r i a l ,  
thereby chavging t h e  concent ra t ion  o f  t h e  chemicals i n  t h e  waste. Th i s  
change i n  waste composit ion may r e q u i r e  t h e  waste f l u i d  t o  be replaced 
a t  l e a s t  monthly i n  order  t o  main ta in  rep resen ta t i ve  cond i t i ons  i n  t h e  
waste f l u i d .  The amount o f  waste f l u i d  necessary t o  main ta in  
rep resen ta t i ve  waste cond i t i ons  w i l l  depend on f a c t o r s  such as t h e  volume 
o f  c o n s t i t u e n t s  absorbed by t h e  s p e c i f i c  l i n e r  ma te r i a l  and t h e  
concent ra t ion  o f  t h e  chemical cons t i t uen ts  i n  t h e  waste. 

5.0 REAGENTS (Not App l icab le)  

6.0 SAMPLE COLLECTION, PRESERVATION, AND HANDLING 

6.1 For i n fo rma t ion  on what c o n s t i t u t e s  a  rep resen ta t i ve  sample o f  t h e  
waste f l u i d ,  r e f e r  t o  t h e  f o l l o w i n g  guidance document: 

Permit  Appl i cants '  Guidance Manual f o r  Hazardous Waste Land Treatment, 
Storage, and Disposal F a c i l i t i e s ;  F ina l  D r a f t ;  Chap. 5, pp. 15-17; 
Chap. 6, pp. 18-21; and Chap. 8, pp. 13-16, May 1984. 

7.0 PROCEDURE 

7.1 Obtain a  representa t ive  sample o f  t h e  waste f l u i d .  If a waste 
sample i s  rece ived i n  more than one conta iner ,  blend thoroughly.  Note any s igns 
o f  s t r a t i f i c a t i o n .  I f  s t r a t i f i c a t i o n  e x i s t s ,  l i n e r  samples must be p laced i n  
each o f  t h e  phases. I n  cases where t h e  waste f l u i d  i s  expected t o  s t r a t i f y  and 
t h e  phases cannot be separated, t h e  number o f  immersed sa~iiples per  exposure 
p e r i o d  can be increased (e.q., i f  the  waste f l u i d  has two phases, then 2  samples 
per  exposure pe r iod  are needed) so t h a t  t e s t  samples exposed a t  each l e v e l  o f  t h e  
waste can be tes ted .  I f  t h e  waste t o  be contained i n  t he  l and  d isposa l  u n i t  i s  
i n  s o l i d  form, generate a  syn the t i c  leachate (see Step 7.9.1). 
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7.2 Perform the  fo l l ow ing  t e s t s  on unex~osed samples o f  the polymeric 
membrane l i n e r  mater ia l  a t  23 2°C (see Steps 7.9.2 and 7.9.3 below f o r  
add i t i ona l  t e s t s  suggested f o r  s p e c i f i c  circumstances). Tests f o r  t ea r  
res is tance and t e n s i l e  proper t ies  are t o  be performed according t o  the  protocols 
referenced i n  Table 1. See Figure 1 f o r  c u t t i n g  pat te rns  f o r  nonreinforced 
1  iners ,  F igure 2  f o r  c u t t i n g  pat te rns  f o r  re in forced 1  iners ,  and Figure 3  f o r  
c u t t i n g  pat te rns  f o r  semicrys ta l l  i ne  1  iners.  (Table 2, a t  the  end o f  t h i s  method, 
g ives c h a r a c t e r i s t i c s  o f  var ious polymeric 1 i n e r  mater ia ls .  ) 

1. Tear res is tance,  machine and transverse d i r e c t  ions, th ree specimens 
each d i r e c t i o n  f o r  nonreinforced 1  i n e r  mater ia ls  only.  See Table 
1 f o r  appropr iate t e s t  method, the  recommended t e s t  speed, and the 
values t o  be reported. 

Puncture r e s i  stance, two specimens, FTMS 101C, Method 2065. See 
Figure 1, 2, o r  3, as appl icable, f o r  sample c u t t i n g  pat terns.  

Tensi le  proper t ies ,  machine and transverse d i rec t i ons ,  three 
t e n s i l e  specimens i n  each d i r e c t i o n .  See Table 1 f o r  appropriate 
t e s t  method, the  recommended t e s t  speed, and the  values t o  be 
reported. See Figure 4  f o r  t e n s i l e  dumbbell c u t t i n g  pa t te rn  
dimensions f o r  nonrei nforced 1  i n e r  samples. 

Hardness, th ree specimens, Duro A (Duro D i f  Duro A reading i s  
g reater  than 80), ASTM D2240. The hardness specimen thickness f o r  
Duro A i s 1/4 in . ,  and f o r  Duro D i t  i s  1/8 i n .  The specimen 
dimensions are 1 i n .  by 1 in .  

5. Elongation a t  break. This t e s t  i s  t o  be performed only on membrane 
mater ia ls  t h a t  do not  have a  f a b r i c  o r  other  none1 astomeric support 
as p a r t  o f  the  1  i ne r .  

6. Modulus o f  e l a s t i c i t y ,  machine and transverse d i rec t ions ,  two 
specimens each d i r e c t  i on  f o r  semicrystal  1  i ne  1  i n e r  mater ia ls  only, 
ASTM D882 modi f ied Method A (see Table 1). 

7. V o l a t i  l e s  content, SW 870, Appendix 111-D. 

8. Extractables content,  SW 870, Appendix 111-E. 

9. Spec i f i c  g r a v i t y ,  th ree specimens, ASTM D792 Method A. 

10. P l y  adhesion, machine and transverse d i rec t i ons ,  two specimens each 
d i r e c t i o n  f o r  f a b r i c  re in fo rced  l i n e r  mater ia ls  only, ASTM D413 
Machine Method, Type A - -  180 degree peel. 

11. Hydros ta t ic  res is tance t e s t ,  AS'TM D751 Method A, Procedure 1. 

7.3 For each t e s t  condi t ion,  cu t  f i v e  pieces of the l i n i n g  mater ia l  o f  
a  s i z e  t o  fit t h e  sample holder, o r  a t  l e a s t  8  i n .  by 10 i n .  The f i f t h  sample 
i s  an e x t r a  sample. Inspect a l l  samples f o r  f laws and d iscard unsat is fac tory  
ones. L ine r  ma te r ia l s  w i t h  f a b r i c  reinforcement requ i re  c lose inspect ion t o  
ensure t h a t  threads o f  the samples are evenly spaced and s t r a i g h t  a t  90". 
Samples conta in ing  a  f i b e r  scr im support may be flood-coated along the exposed 
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edges w i t h  a s o l u t i o n  recommended by t h e  1 i n e r  manufacturer, o r  another procedure 
should be used t o  prevent the  scr im from being d i r e c t l y  exposed. The f l o o d -  
coat ing  s o l u t i o n  w i l l  t y p i c a l l y  conta in  5-15% sol  i d s  d issolved i n  a solvent .  The 
s o l i d s  content can be the  l i n e r  formula o r  t h e  base polymer. 

Measure the  f o l l  owing : 

1. Gauge thickness, i n .  - -  average o f  the  f o u r  corners. 

2. Mass, l b .  - -  t o  one-hundredth o f  a I b .  

3. Length, i n .  - -  average o f  the  lengths o f  . the  two sides p lus  the  
leng th  measured through the  l i n e r  center.  

4. Width, i n .  - -  average o f  the  widths o f  the  two ends p lus  the  wid th  
measured through t h e  l i n e r  center.  

NOTE: Do no t  c u t  these l i n e r  samples i n t o  t h e  t e s t  specimen shapes shown i n  
Figure 1, 2, o r  3 a t  t h i s  t ime. Test specimens w i l l  be cu t  as s p e c i f i e d  
i n  Step 7.7, a f t e r  exposure t o  the  waste f l u i d .  

7.4 Label t h e  l i n e r  samples (e.q., notch o r  use metal s taples t o  
i d e n t i f y  t h e  sample) and hang i n  the  waste f l u i d  by a w i re  havger o r  a weight. 
D i f f e r e n t  l i n e r  ma te r ia l s  should be immersed i n  separate tanks t o  avoid exchange 
o f  p l  as t  i c i  zers and so lub le  const i tuents  when p l  as t  i c i  zed membranes are being 
tested.  Expose t h e  l i n e r  samples t o  t h e  s t i r r e d  waste f l u i d  he ld  a t  room 
temperature and a t  50 + 2°C. 

7.5 A t  t h e  end o f  30, 60, 90, and 120 days o f  exposure, remove one 
l i n e r  sample from each t e s t  cond i t i on  t o  determine t h e  membrane's physical  
p roper t i es  (see Steps 7.6 and 7.7). Al low the  1 i n e r  sample t o  cool i n  t h e  waste 
f l u i d  u n t i l  t h e  waste f l u i d  has a s tab le  room temperature. Wipe o f f  as much 
waste as poss ib le  and r i n s e  b r i e f l y  w i t h  water. Place wet sample i n  a labe led 
polyethylene bag o r  aluminum f o i l  t o  prevent the  sample from d ry ing  out .  The 
l i n e r  sample should be tes ted as soon as poss ib le  a f t e r  removal from t h e  waste 
f l u i d  a t  room temperature, but  i n  no case l a t e r  than 24 hours a f t e r  removal. 

7.6 To t e s t  the  immersed sample, wipe o f f  any remaining waste and r i n s e  
w i t h  deionized water. B l o t  sample d r y  and measure the  f o l l  owing as i n  Step 7.3: 

1. Gauge thickness, i n .  

2. Mass, l b .  

3. Length, i n .  

4. Width, i n .  

7.7 Perform the  f o l l o w i n g  t e s t s  on t h e  exposed samples (see Steps 7.9.2 
and 7.9.3 below f o r  add i t i ona l  t e s t s  suggested f o r  s p e c i f i c  circumstances). 
Tests f o r  t e a r  res is tance and t e n s i l e  proper t ies  are t o  be performed according 
t o  t h e  p ro toco ls  referenced i n  Table 1. D ie-cut  t e s t  specimens f o l l o w i n g  
suggested c u t t i n g  pat terns.  See Figure 1 f o r  c u t t i n g  pat terns  f o r  nonreinforced 
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l i n e r s ,  Figure 2 f o r  c u t t i n g  pat terns f o r  re in forced l i n e r s ,  and Figure 3 f o r  
semi c r y s t a l  1 i ne 1 i ners . 

1. Tear resistance, machine and transverse d i r e c t  ions, three specimens 
each d i r e c t i o n  f o r  mater ia ls  without f a b r i c  reinforcement. See 
Table 1 f o r  appropriate t e s t  method, the recommended t e s t  specimen 
and speed o f  tes t ,  and the values t o  be reported. 

2. Puncture resistance, two specimens, FTMS 101C, Method 2065. See 
Figure 1, 2, o r  3, as appl icable, f o r  sample c u t t i n g  patterns. 

3. Tensi le propert ies,  machine and transverse d i rec t ions ,  three 
specimens each d i rec t ion .  See Table 1 f o r  appropriate t e s t  method, 
the  recommended t e s t  specimen and speed o f  tes t ,  and the values t o  
be reported. See Figure 4 f o r  t e n s i l e  dumbbell c u t t i n g  pat tern  
dimensions f o r  nonreinforced 1 i n e r  samples. 

Hardness, three specimens, Duro A (Duro D i f  Duro A reading i s  
greater  than 80), ASTM 2240. The hardness specimen thickness f o r  
Duro A i s  1/4 in., and f o r  Duro D i s  1/8 in .  The specimen 
dimensions are 1 i n .  by 1 i n .  

5. Elongation a t  break. This t e s t  i s  t o  be performed only on membrane 
mater ia ls  t h a t  do not have a f a b r i c  o r  other nonelastomeric support 
as p a r t  o f  the l i n e r .  

6. Modulus o f  e l a s t i c i t y ,  machine and transverse d i rec t ions ,  two 
specimens each d i r e c t i o n  f o r  semicrystal 1 i ne 1 i ner mater ia ls  only, 
ASTM 0882 modif ied Method A (see Table 1).  

7. V o l a t i l e s  content, SW 870, Appendix 111-D. 

8. Extractables content, SW 870, Appendix 111-E. 

9. Ply  adhesion, machine and transverse d i r e c t  ions, two specimens each 
d i r e c t i o n  f o r  f a b r i c  re in forced 1 i n e r  mater ia ls  only, ASTM 0413 
Machine Method, Type A - -  180 degree peel. 

10. Hydrostat ic  res istance tes t ,  ASTM 0751 Method A, Procedure 1. 

7.8 Results and repor t i ng  

7.8.1 P l o t  the curve f o r  each property over the  time period 0 t o  
120 days and d i sp lay  the spread i n  data points. 

7.8.2 Report a l l  raw, tabulated, and p l o t t e d  data. Recommended 
methods f o r  c o l l e c t i n g  and presenting informat ion are described i n  the  
documents l i s t e d  under Step 6.1 and i n  re la ted  agency guidance manuals. 

7.8.3 Summarize the raw t e s t  r e s u l t s  as fo l lows:  

1. Percent change i n  thickness. 

2 .  Percent change i n  mass. 
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3. Percent change i n  area (provide l e n g t h  and wid th  
dimensions). 

4. Percent r e t e n t i o n  o f  physical  p roper t i es .  

5. Change, i n  po in ts ,  o f  hardness reading. 

6. The modulus o f  e l a s t i c i t y  ca l cu la ted  i n  pounds-force per  
square inch. 

7. Percent v o l a t i l e s  o f  unexposed and exposed l i n e r  ma te r ia l .  

8. Percent ex t rac tab les  o f  unexposed and exposed l i n e r  
mater i  a1 . 

9. The adhesion value, determined i n  accordance w i t h  ASTM 
D413, Step 12.2. 

10. The pressure and t ime elapsed a t  t h e  f i r s t  appearance o f  
water through t h e  f l e x i b l e  membrane l i n e r  f o r  t h e  
hyd ros ta t i c  res is tance t e s t .  

7.9 The f o l  lowing add i t i ona l  procedures are suggested i n  s p e c i f i c  
s i t u a t i o n s :  

7.9.1 For t h e  generat ion o f  a syn the t i c  leachate, t h e  Agency 
suggests t h e  use o f  t h e  T o x i c i t y  Character i  s t i c  Leaching Procedure (TCLP) 
t h a t  was f i n a l  i z e d  i n  t h e  Federal Regi s t e r  on June 29, 1990, Vol . 55, 
No. 126, p. 26986. 

7.9.2 For semicrysta l  1 i n e  membrane 1 iners ,  t h e  Agency suggests 
t h e  determinat ion o f  t h e  p o t e n t i a l  f o r  environmental s t ress  cracking.  The 
t e s t  t h a t  can be used t o  make t h i s  determinat ion i s  e i t h e r  ASTM Dl693 o r  
t h e  Nat ional  I n s t i t u t e  o f  Standards and Technology Constant Tens i l e  Load. 
The eva lua t ion  o f  t h e  r e s u l t s  should be provided by an exper t  i n  t h i s  
f i e l d .  

7.9.3 For f i e l d  seams, t h e  Agency suggests t h e  determinat ion o f  
seam s t reng th  i n  shear and peel modes. To determine seam s t rength  i n  peel 
mode, t h e  t e s t  ASTM D413 can be used. To determine seam s t reng th  i n  shear 
mode f o r  nonreinforced FMLs, t h e  t e s t  ASTM D3083 can be used, and f o r  
r e i n f o r c e d  FMLs, the  t e s t  ASTM D751, Grab Method, can be used a t  a speed 
o f  12 i n .  pe r  minute. The eva luat ion  o f  t h e  r e s u l t s  should be provided by 
an exper t  i n  t h i s  f i e l d .  

8.0 QUALITY CONTROL 

8.1 Determine t h e  mechanical p roper t i es  o f  i d e n t i c a l  nonimmersed and 
immersed 1 i n e r  samples i n  accordance w i t h  t h e  standard methods f o r  t h e  s p e c i f i c  
phys ica l  p roper ty  t e s t .  Conduct mechanical p roper ty  t e s t s  on nonimmersed and 
immersed 1 i n e r  samples prepared from t h e  same sample o r  l o t  o f  ma te r ia l  i n  the  
same manner and r u n  under i d e n t i c a l  condi t ions.  Test 1 i n e r  samples immediately 
a f t e r  they  are removed from t h e  room temperature t e s t  so lu t i on .  
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9.0  METHOD PERFORMANCE 

1 

- I$ 9 . 1  No data provided. 

- 1  10.0 REFERENCES 

. ,)I 1. None required. 

1 
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TABLE 2. 
POLYMERS USED IN FLEXIBLE MEMBRANE LINERS 

Thermo~l astic Materi a1 s (TPI 

CPE (Chlorinated polyethyl ene)a 

A family of polymers produced by a chemical reaction of chlorine on 
polyethylene. The resulting thermoplastic elastomers contain 25 to 45% 
chlorine by weight and 0 to 25% crystallinity. 

CSPE (Chl orosul fonated pol yethyl ene)a 

A family of polymers that are produced by the reaction of polyethylene 
with chlorine and sulfur dioxide, usually containing 25 to 43% chlorine 
and 1.0 to 1.4% sulfur. Chlorosul fonated polyethylene is also known as 
hypal on. 

EIA (Ethylene interpolymer a1 10y)~ 

A blend of EVA and polyvinyl chloride resulting in a thermoplastic 
elastomer. 

PVC (Polyvinyl chl  ride)^ 

A synthetic thermoplastic polymer made by polymerizing vinyl chloride 
monomer or vinyl chloride/vinyl acetate monomers. Normally rigid and 
containing 50% of plasticizers. 

PVC-CPE (Polyvinyl chloride - chlorinated polyethylene a1 10y)~ 
A blend of polyvinyl chloride and chlorinated polyethylene. 

TN-PVC (Thermoplastic nitrile-polyvinyl ~ h l o r i d e ) ~  

An a1 1 oy of thermoplastic unvulcanized ni trile rubber and polyvinyl 
chloride. 

Butyl rubbera 

A synthetic rubber based on isobutylene and a small amount of isoprene to 
provide sites for vulcanization. 

aAl so suppl ied reinforced with fabric. 
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TABLE 2. (Continued) 

EPDM (Ethylene propy l  ene diene monomer)at 

A syn the t i c  elastomer based on ethylene, propylene, and a small amount o f  
nonconjugated d iene t o  prov ide  s i t e s  f o r  vu lcan iza t ion .  

CM (Cross-1 inked ch lo r ina ted  polyethylene) 

No d e f i n i t i o n  a v a i l a b l e  by EPA. 

CO, ECO (Epi c h l  o rohydr i  n  polymer^)^ 

Synthet ic  rubber, i nc lud ing  two ep ich l  orohydr i  n-based elastomers t h a t  are 
saturated, high-molecular-weight a l i p h a t i c  polyethers w i t h  chloromethyl 
s ide  chains. The two types inc lude homopolymer (CO) and a copolymer o f  
ep ich lorohydr in  and ethylene oxide (ECO) . 

CR (Pol y c h l  oroprene)" 

Generic name f o r  a syn the t i c  rubber based p r i m a r i l y  on chlorobutadiene. 
Pol ych l  oroprene i s a1 so known as neoprene. 

Semicrvs ta l l  i n e  Mater i  a1 s (CX) 

HDPE - (High-densi t y  polyethylene) 

A polymer prepared by t h e  low-pressure po lymer iza t ion  o f  ethy lene as t h e  
p r i  n c i  pa l  monomer. 

HDPE - A (High-densi ty  polyethylene/rubber a l l o y )  

A b lend o f  h igh-dens i ty  polyethylene and rubber. 

LLDPE (L ine r  1 ow-densi t y  polyethylene) 

A low-densi t y  polyethylene produced by t h e  copolymer izat ion o f  ethy lene 
w i t h  var ious  alpha o l e f i n s  i n  the  presence o f  s u i t a b l e  c a t a l y s t s .  

PEL (Polyester  elastomer) 

A segmented thermoplast ic  copolyester  e l  astonier conta in ing  r e c u r r i n g  1 ong- 
chain e s t e r  u n i t s  der ived from d ica rboxy l i c  acids and long-chain g l y c o l s  
and shor t -cha in  es te r  u n i t s  der ived from d i c a r b o x y l i c  ac ids and low- 
molecular-weight d i o l  s. 

' ~ 1  so suppl i e d  r e i n f o r c e d  w i t h  f a b r i c .  
b~ l  so suppl i ed as a thermopl a s t i  c . 
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TABLE 2. (Continued) 

,. olyethylene ethyl ene/propyl ene a1 loy) 
A blend of polyethylene and ethylene and propylene polymer resulting in a 
thermoplastic elastomer. 

T-EPDM (Thermoplastic EPDM) 

An ethyl ene-propylene diene monomer blend resulting in a thermoplastic 
el astomer. 
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FIGURE 1 .  SUGGESTED PATTERN FOR CUTTING TEST SPECIMENS FROM 
NONREINFORCED CROSSLINKED OR THERMOPLASTIC IMMERSED LINER SAMPLES. 

1 Tensile 
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FIGURE 2 .  SUGGESTED PATTERN FOR CUTTING TEST SPECIMENS FROM 
FABRIC REINFORCED IMMERSED LINER SAMPLES. 

NOTE: TO AVOID EDGE EFFECTS, CUT SPECIMENS 
1/8 - 1/4 INCH I N  FROM EDGE OF IMMERSED SAMPLE. 
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FIGURE 3 .  SUGGESTED PATTERN FOR CUTTING TEST SPECIMENS FROM 
SEMICRYSTALLINE IMMERSED L I N E R  SAMPLES. 

NOTE: TO AVOID EDGE EFFECTS, CUT SPECIMENS 
1/8 TO 1/4 INCH I N  FROM EDGE OF IMMERSED SAMPLE. 
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FIGURE 4.  DIE FOR TENSILE DUMBBELL (NONREINFORCED LINERS) 
HAVING THE FOLLOWING DIMENSIONS: 

W - Width o f  narrow sec t ion  
L - Length o f  narrow sec t ion  
WO - Width o v e r a l l  
LO - Length o v e r a l l  
G - Gage l e n g t h  
D - Distance between gaps 

0.25 inches 
1 .25  inches 
0.625 inches 
3 .50  inches 
1 .OO inches 
2 . 0 0  inches 
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METHOD 9090A 
COMPATIBILITY TEST FOR WASTES AND MEMBRANE LINERS 

START L-J 
7 5  Determine 

7.1 Obtain sample membrane physical 
of waste fluld properties at 30 

day intervals (30. 
60. 90. 120 days] 

7 2 Perform teats 7 6 To test exposed 
on unexposed specimens, measure 

samples of liner gauge thrcknesr, 
mass, length, and 

7.3 Cut pieces of 7 . 7  Perform tests 
lining material for on exposed samples 
each test condition 

7.4 Label test 
s p e c ~ m e n s  and 7 8 Report and 

expose to waste evaluate data 
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METHOD 9095 . 

PAINT FILTER LIQUIDS TEST 

1.0 SCOPE AND APPLICATION 

1.1 This method i s  used t o  determine the presence o f  f ree 1 iqu ids  i n  a 
representat ive sample o f  waste. 

1.2 The method i s  used t o  determine compl lance w i th  40 CFR 264.314 and 
265.314. 

2.0 SUMMARY OF METHOD 

2.1 A predetermined amount o f  mater ia l  i s  placed i n  a pa in t  f i l t e r .  I f  
any po r t i on  o f  the mater ia l  passes through and drops from the f i l t e r  w i t h i n  
the 5-min t e s t  period, the mater ia l  i s  deemed t o  contain f ree  l i qu ids .  

3.0 INTERFERENCES 

3.1 F i l t e r  media were observed t o  separate from the f i l t e r  cone on 
exposure t o  a1 ka l  i ne mater ia l  s. This development causes no problem i f  the 
sample i s  no t  disturbed. 

4.0 APPARATUS AND MATERIALS 

4.1 Conical p a i n t  f i l t e r :  Mesh number 60 ( f i n e  meshed size). Avai lable 
a t  l oca l  ~ a i n t  stores such as Sherwin-Wil liams and Glidden f o r  an approximate . . 
cost  o f  $0.07 each. 

4.2 Glass funnel: If the pa in t  f i l t e r ,  w i t h  the waste, cannot sustain 
i t s  weight on the r i n g  stand, then a f l u t e d  glass funnel o r  glass funnel w i th  
a mouth la rge  enough t o  a l low a t  l eas t  1 in .  o f  the f i l t e r  mesh t o  protrude 
should be used t o  support the f i l t e r .  The funnel i s  t o  be f l u t e d  o r  have a 
la rge  open mouth i n  order t o  support the pa in t  f i l t e r  y e t  not  i n t e r f e re  w i th  
the  movement, t o  the  graduated cyl inder,  o f  the l i q u i d  t h a t  passes through the 
f i l t e r  mesh. 

4.3 Ring stand and r inq,  o r  t r ipod.  

4.4 Graduated cy l  inder  o r  beaker: 100-mL. 

5.0 REAGENTS 

5.1 None. 
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6.0 SAMPLE COLLECTION, PRESERVATION, AND HANDLING 

6.1 A l l  samples must be co l lec ted  according t o  the  d i r ec t i ons  i n  Chapter 
Nine o f  t h i s  manual . 

6.2 A 100-mL o r  100-g representat ive sarr~ple i s  requ i red f o r  t he  tes t .  
I f  i t  i s  no t  poss ib le  t o  obta in  a sample o f  100 mL o r  100 g t h a t  i s  
s u f f i c i e n t l y  representat ive o f  the  waste, the  ana lys t  may use l a r g e r  s i ze  
samples i n  mu l t i p l es  of 100 mL o r  100 g, i.e., 200, 300, 400 mL o r  g. 
However, when l a r g e r  samples are used, analysts sha l l  d i v i d e  t he  sample i n t o  
100-mL o r  100-9 por t ions  and t e s t  each po r t i on  separately. I f  any p o r t i o n  
contains f r ee  1 iqu ids ,  the  e n t i r e  sample i s  considered t o  have f r ee  1 iquids.  

7.0 PROCEDURE 

7.1 Assemble t e s t  apparatus as shown i n  Figure 1. 

7.2 Place sample i n  the f i l t e r .  A funnel may be used t o  prov ide support 
f o r  the  p a i n t  f i l t e r .  

7.3 A1 low sample t o  d ra in  f o r  5 min i n t o  the  graduated cy l inder .  

7.4 I f  any p o r t i o n  o f  the t e s t  mater ia l  c o l l e c t s  i n  the  graduated 
cy l i nde r  i n  t he  5-mln period, then the mater ia l  i s  deemed t o  conta in  f r e e  
l i q u i d s  f o r  purposes o f  40 CFR 264.314 and 265.314. 

8.0 QUALITY CONTROL fi 
8.1 Dupl icate samples should be analyzed on a rou t i ne  basis. lprsi 

R 
9.0 METHOD PERFORMANCE IiW I 

9.1 No data provided. 

10.0 REFERENCES 

10.1 None required. 
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Figure 1. Paint filter test apparatus. 
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METHOD 8085 

P A I N T  FILTER LIOUIDS TEST 

Al low 
oonplo t o  e r o i n  

i n t o  roduoted 
cyf indor  

stop 
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METHOD 9096 

LIQUID RELEASE TEST (LRT) PROCEDURE 

1.0 SCOPE AND APPLICATION 

1.1 The L iqu id  Release Test (LRT) i s  a labora tory  t e s t  designed t o  
determine whether o r  no t  l i q u i d s  w i l l  be released from sorbents when they are 
subjected t o  overburden pressures i n  a l a n d f i l l .  

1.2 Any l iqu id- loaded sorbent t h a t  f a i l s  the  EPA Paint  F i l t e r  Free 
L iqu ids  Test (PFT) (SW-846 Method 9095), may be assumed t o  release l i q u i d s  i n  
t h i s  t e s t .  Analysts should ensure t h a t  the mater ia l  i n  quest ion w i l l  pass the  
PFT before performing the  LRT. 

2.0 SUMMARY OF METHOD 

2.1 A representat ive sample o f  the  1 iquid- loaded sorbent, standing 10 
cm h igh i n  the  device, i s  placed between tw in  s ta in less  s tee l  screens and two 
s ta in1  ess-steel g r i ds ,  i n  a device capable of s imulat ing 1 andf i  11 overburden 
pressures. An absorpt ive f i l t e r  paper i s  placed on the  s ide o f  each s ta in less -  
s tee l  g r i d  opposite the  sample (&, the  s ta in less-s tee l  screen separates the 
sample and the  f i l t e r  paper, wh i le  the  s ta in less-s tee l  g r i d  provides a small a i r  
gap t o  prevent wick ing o f  l i q u i d  from the sample onto the  f i l t e r  paper). A 
compressive fo rce  o f  50 p s i  i s  appl ied t o  the top o f  the  sample. Release o f  
1 i q u i d  i s  ind ica ted when a v i s i b l e  wet spot i s  observed on e i t h e r  f i l t e r  paper. 

3.0 INTERFERENCES 

3.1 When t e s t i n g  sorbents are loaded w i t h  v o l a t i l e  l i q u i d s  (e.q., 
solvents) ,  any released l i q u i d  migrat ing t o  the f i l t e r  paper may r a p i d l y  
evaporate. For t h i s  reason, f i l t e r  papers should be examined immediately a f t e r  
t he  t e s t  has been conducted. 

3.2 It i s  necessary t o  thoroughly clean and d ry  the s ta in less-s tee l  
screens p r i o r  t o  t e s t i n g  t o  prevent f a l s e  p o s i t i v e  o r  fa l se  negative resu l t s .  
Mater ia l  caught i n  screen holes may impede l i q u i d  transmission through the  screen 
causing f a l s e  negative r e s u l t s .  A s t i f f  b r i s t l e d  brush, l i k e  those used t o  clean 
t e s t i n g  sieves, may be used t o  dislodge mater ia l  from holes i n  the screens. The 
screens should be u l t r a s o n i c a l l y  cleaned w i t h  a 1 aboratory detergent, r insed w i th  
deionized water, r i nsed  w i t h  acetone, and thoroughly dr ied .  

When sorbents conta in ing o i l y  substances are tested, i t  may be necessary 
t o  use solvents (e.q., methanol o r  methylene ch lor ide)  t o  remove any o i l y  residue 
from the screens and from the  sample holder surfaces. 

3.3 When p lac ing  the  76 rnm screen on top  o f  the loaded sample i t  i s  
important t o  ensure t h a t  no sorbent i s  present on top  o f  the screen t o  contact 
the  f i l t e r  paper and cause fa lse p o s i t i v e  resu l t s .  I n  addi t ion,  some sorbent 
res idue may adhere t o  conta iner  s idewal ls  and contact the  f i l t e r  as the sample 
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compresses under load, causing wet spots on t h e  edges o f  t h e  f i l t e r .  Th i s  type 
o f  f a l s e  p o s i t i v e  may be avoided by c a r e f u l l y  cen te r i ng  t h e  76 mm f i l t e r  paper 
i n  t h e  device p r i o r  t o  i n i t i a t i n g  the  t e s t .  

3.4 Visual  examination of t h e  sample may i n d i c a t e  t h a t  a re lease  i s  
c e r t a i n  (e.q., f r e e  standing l i q u i d  o r  a sample t h a t  f lows l i k e  a l i q u i d ) ,  
r a i s i n g  concern over unnecessary clean-up o f  t h e  LRT device. An op t i ona l  5  
minute Pre-Test, descr ibed i n  Appendix A o f  t h i s  procedure, may be used t o  
determine whether o r  n o t  an LRT must be performed. 

4.0 APPARATUS AND MATERIALS 

4.1 LRT Device (LRTD): A device capable of app ly ing  50 p s i  o f  pressure 
cont inuous ly  t o  t h e  t o p  o f  a conf ined, c y l i n d r i c a l  sample (see F igure  1) .  The 
pressure i s  appl i e d  by a p i s t o n  on t h e  top  of t he  sample. A1 1 device components 
con tac t i ng  t h e  sample ( i . . ,  sample-holder, screens, and p i s t o n )  should be 
r e s i s t a n t  t o  a t t a c k  by substances being tes ted .  The LRTD cons i s t s  o f  two bas ic  
components, d e s c r i  bed be1 ow. 

4.1.1 Sample holder:  A r i g i d - w a l l  cy l i nde r ,  w i t h  a bottom p l a t e ,  
capable o f  ho ld ing  a 10 cm h igh  by 76 mm diameter sample. 

4.1.2 Pressure App l i ca t i on  Device: I n  t h e  LRTD (F igure  l ) ,  
pressure i s  app l ied  t o  t h e  sample by a pressure r o d  pushing aga ins t  a 
p i s t o n  t h a t  l i e s  d i r e c t l y  over t h e  sample. The r o d  may be pushed aga ins t  
t h e  p i s t o n  a t  a se t  pressure us ing pneumatic, mechanical, o r  h y d r a u l i c  
pressure. Pneumatic pressure appl i c a t i o n  devices should be equipped w i t h  
a pressure gauge accurate t o  w i t h i n  + 1  ps i ,  t o  i n d i c a t e  when t h e  des i red  
pressure has been a t ta ined  and whether o r  no t  i t  i s  adequately mainta ined 
du r ing  t h e  t e s t .  Other types o f  pressure a p p l i c a t i o n  devices (e.q., 
mechanical o r  hyd rau l i c )  may be used i f  they  can apply t h e  s p e c i f i e d  
pressure cont inuous ly  over t h e  t e n  minute t e s t i n g  t ime. The pressure 
a p p l i c a t i o n  device must be c a l i b r a t e d  by t h e  manufacturer, us ing  a l oad  
c e l l  o r  s i m i l a r  device placed under t h e  p is ton ,  t o  ensure t h a t  50 + 1  p s i  
i s  app l i ed  t o  t h e  top  o f  t he  sample. The pressure a p p l i c a t i o n  device 
should be s u f f i c i e n t l y  rugged t o  de l  i v e r  cons i s ten t  pressure t o  t h e  sample 
w i t h  repeated use. 

4.2 Sta in less-Stee l  Screens: To separate the  sample from t h e  f i l t e r ,  
thereby prevent ing  fa1 se p o s i t i v e  r e s u l t s  from p a r t i c l e s  fa1  1 i n g  on t h e  f i  1 t e r  
paper. 'The screens are made o f  s t a i n l e s s  s tee l  and have ho le  diameters o f  0.012 
inches w i t h  2025 holes per  square inch. Two diameters o f  screens are used: a 
l a r g e r  (90 mm) screen beneath t h e  sample and a smal le r  (76 mm) screen t h a t  i s  
p laced on t o p  o f  t h e  sample i n  t h e  sample-holding c y l i n d e r .  

4.3 Sta in less-Stee l  Grids: To prov ide  an a i r  gap between t h e  
s t a i n l e s s - s t e e l  screen and f i l t e r  paper, prevent ing f a l s e  p o s i t i v e  r e s u l t s  from 
c a p i l l a r y  ac t i on .  The g r i d s  are made o f  1/32" diameter, woven, s t a i n l e s s  s t e e l  
w i r e  c u t  t o  two diameters, 90 mm and 76 mm. 
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4.4 F i l t e r  Papers: To de tec t  released l i q u i d .  Two sizes, one 90 mm 
and one 76 mm, are p laced on t h e  s ide  o f  t h e  screen opposi te  t h e  sample. The 
76 mm diameter f i l t e r  paper has t h e  ou ter  6 mm c u t  away except 3 conica l  p o i n t s  
used f o r  cen te r i ng  t h e  paper (see F igure  2). Blue, seed-germination f i l t e r  paper 
manufactured by Schle icher  and Schuel l  (Catalog Number 33900) i s  su i t ab le .  Other 
colored, absorp t ive  papers may be used as long  as they prov ide s u f f i c i e n t  wet/dry 
con t ras t  f o r  t h e  opera tor  t o  c l e a r l y  see a wet spot. 

4.5 Spatula: To a s s i s t  i n  load ing  and removing t h e  sample. 

4.6 Rubber o r  wooden ma l l e t :  To t a p  t h e  s ides  o f  t h e  device t o  s e t t l e  
and l e v e l  t h e  sample. 

5.0 REAGENTS 

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

5.2 Reagent water. A l l  references t o  water i n  t h i s  method r e f e r  t o  
reagent water, as de f ined  i n  Chapter One. 

5.3 Acetone. 

6.0 SAMPLE COLLECTION, PRESERVATION AND HANDLING 

6.1 A l l  samples should be c o l l e c t e d  us ing a sampling p lan  t h a t  
addresses t h e  cons idera t ions  discussed i n  "Test Methods f o r  Evaluat ing S o l i d  
Wastes (SW-846) ." The sampling p lan  should be designed t o  de tec t  and sample any 
pockets o f  1 i q u i d s  t h a t  may be present i n  a con ta iner  (h, i n  t he  bottom o r  top  
o f  t h e  con ta ine r ) .  

6.2 Preservat ives should no t  be added t o  samples. 

6.3 Samples should be tes ted  as soon as poss ib le  a f t e r  c o l l e c t i o n ,  bu t  
i n  no case a f t e r  more than th ree  days a f t e r  c o l l e c t i o n .  If samples must be 
stored, they  can be s to red  i n  sealed conta iners and maintained under dark, cool 
cond i t i ons  (temperature ranging between 35' and 72' F). Samples should no t  be 
f rozen.  

7.0 PROCEDURE 

The procedure below was developed f o r  t he  o r i g i n a l  LRTD, manufactured by 
Associated Design and Manufactur ing Company (ADM) . Procedures f o r  o ther  LRTDs, 
along w i t h  evidence f o r  equivalency t o  t h e  ADM device, should be suppl i e d  by t h e  
manufacturer. 
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7 . 1  Disassemble t h e  LRTD and make sure t h a t  a l l  p a r t s  are c lean and 
dry .  

7 . 2  I n v e r t  t h e  sample-holding c y l  i nde r  and p lace  t h e  l a r g e  s t a i n l e s s -  
s t e e l  screen, t h e  l a r g e  s t a i n l e s s - s t e e l  g r i d ,  then a  90 mm f i l t e r  paper on t h e  
c y l  i n d e r  base (bottom-pl a te  s ide) .  

7.3  Secure the  bottom p l a t e  ( p l a t e  w i t h  a  ho le  i n  t he  cen te r  and f o u r  
holes l oca ted  on t h e  o u t e r  c ircumference) t o  t h e  f l ange  on t h e  bottom o f  t h e  
sample- ho l  d i n g  c y l  i n d e r  us ing  f o u r  knob screws. 

7 .4  Turn t h e  sample ho lde r  assembly t o  t h e  r i g h t - s i d e - u p  p o s i t i o n  
(bottom-pl a t e - s i d e  down). F i l l  t h e  sample ho lde r  w i t h  a  r e p r e s e n t a t i v e  sample 
u n t i l  t h e  sample he igh t  measures 10 cm (up t o  t he  etched 1  i n e  i n  t h e  c y l i n d e r ) .  

7 . 5  Tap t h e  s ides o f  t h e  sample ho lde r  w i t h  a  rubber  o r  wooden m a l l e t  
t o  remove a i r  pockets and t o  s e t t l e  and l e v e l  t he  sample. 

7 . 6  Repeat f i l l i n g ,  and tapp ing  u n t i l  a  sample h e i g h t  o f  10 cm i s  
maintained a f t e r  tapping.  

7 .7  Smooth t h e  top  o f  t he  sample w i t h  a  spatu la  t o  c r e a t e  a  h o r i z o n t a l  
sur face.  

7 . 8  Place t h e  smal l  s t a i n l e s s - s t e e l  screen, then  t h e  smal l  s t a i n l e s s -  
s t e e l  g r i d  on t o p  o f  t h e  sample. 

NOTE: P r i o r  t o  p l a c i n g  t h e  s t a i n l e s s - s t e e l  g r i d  on t o p  o f  t h e  - 
screen, make sure t h a t  no sorbent ma te r i a l  i s  on t h e  g r i d  s i d e  o f  
t h e  s t a i n l e s s - s t e e l  screen. 

7 . 9  Place t h e  76 mm f i l t e r  paper on t o p  o f  t h e  smal l  s t a i n l e s s - s t e e l  
g r i d ,  making sure t h e  f i l t e r  paper i s  centered i n  t h e  device.  

7.10 Using t h e  p i s t o n  handle (screwed i n t o  t h e  t o p  o f  t h e  p i s t o n )  lower  
t h e  p i s t o n  i n t o  t h e  sample ho lde r  u n t i l  i t  s i t s  on t o p  o f  t h e  f i l t e r  paper. 
Unscrew and remove t h e  handle. 

7.11 Place the  loaded sample ho lder  i n t o  p o s i t i o n  on t h e  baseplate and 
l o c k  i n t o  p lace  w i t h  two togg le  clamps. 

7 .12  Pl ace t h e  pressure appl i c a t i  on device on t o p  o f  t h e  sampl e-holder .  
Rotate t h e  dev ice  t o  l o c k  i t  i n t o  p lace  and i n s e r t  t h e  s a f e t y  key. 

7.13 Connect a i r  l i n e s .  

7.14 I n i t i a t e  r o d  movement and pressure appl i c a t i o n  by p u l l  i n g  t h e  a i r -  
va l ve  l e v e r  toward t h e  opera tor  and no te  t ime  on da ta  sheet. The pressure gauge 
a t  t h e  t o p  o f  t h e  pressure a p p l i c a t i o n  device should read as s p e c i f i e d  i n  t h e  
f a c t o r y  ca l  i b r a t i o n  record  f o r  t he  p a r t i c u l a r  device. I f  not ,  a d j u s t  r e g u l a t o r  
t o  a t t a i n  t h e  s p e c i f i e d  pressure. 

Rev is ion  0 
Sept-r 1994 



NOTE: A f t e r  pressure app l i ca t i on ,  t he  a i r  1 ines can be disconnected, t he  - 
togg le  clamps can be released, and the  LRTD can be s e t  aside f o r  10 
minutes w h i l e  o ther  LRTDs are pressur ized.  LRTD pressures should be 
checked every 3 minutes t o  ensure t h a t  t h e  spec i f i ed  pressure i s  being 
maintained. I f  t h e  s p e c i f i e d  pressure i s  no t  be ing maintained t o  w i t h i n  
t 5 p s i ,  t h e  LRTD must be reconnected t o  t he  a i r  1 ines  and pressure - 
app l i ed  throughout t he  10 minute t e s t .  

7.15 A f t e r  10 minutes p lace  t h e  LRTD on t h e  baseplate, reconnect a i r  
l i n e s  and togg le  clamps, and t u r n  o f f  pressure ( r e t r a c t  t h e  rod)  by pushing the  
a i r - v a l v e  l e v e r  away from the  operator.  Note t ime on data sheet. 

7.16 When the  a i r  gauge reaches 0 p s i ,  disconnect t he  a i r  1 ines and 
remove t h e  pressure-appl i c a t  i o n  device by removing the  sa fe t y  key, r o t a t i n g  the  
device, and l i f t i n g  i t  away from the  sample holder .  

7.17 Screw t h e  p i s t o n  handle i n t o  t he  top  o f  t h e  p i s ton .  

7.18 L i f t  ou t  t h e  p i s ton .  

7.19 Remove t h e  f i l t e r  paper and immediately examine it f o r  wet spots 
(wet area on t h e  f i l t e r  paper). The presence o f  a wet spot(s) i nd i ca tes  a 
p o s i t i v e  t e s t  (h, l i q u i d  re lease) .  Note r e s u l t s  on data sheet. 

7.20 Release togg le  clamps and remove sample ho lder  from baseplate. 
I n v e r t  sample ho lder  onto s u i t a b l e  sur face and remove the  knob screws ho ld ing  the  
bottom p l a t e .  

7.21 Remove t h e  bottom p l a t e  and immediately examine the  f i l t e r  paper 
f o r  wet spots as descr ibed i n  Step 7.19. Note r e s u l t s  on data sheet. Wet 
spo t (s )  on e i t h e r  f i l t e r  i nd i ca tes  a p o s i t i v e  t e s t .  

8.0 QUALITY CONTROL 

8.1 Dupl i c a t e  samples should be analyzed every twenty samples o r  every 
a n a l y t i c a l  batch, whichever i s  more frequent.  Refer t o  Chapter One f o r  
a d d i t i o n a l  QC p ro toco l  s. 

9.0 METHOD PERFORMANCE 

9.1 Prec is ion  and accuracy data a re  no t  a v a i l a b l e  a t  t h i s  t ime. 

10.0 REFERENCES 

1. Hoffman, P., G .  Kingsbury, B. Lesnik, M. Meyers, "Background Document f o r  
t h e  L i q u i d  Release Test (LRT) Procedure"; document submitted t o  t h e  Environmental 
P ro tec t i on  Agency by Research T r i ang le  I n s t i t u t e :  Research Tr iang le  Park, NC 
under Contract  No. 68-01-7075, Work Assignment 76 and Contract No. 68-W0-0032, 
Work Assignment 12. 
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FIGURE 1. 
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FIGURE 2 .  
7 6  MM DIAMETER F I L T E R  PAPER 
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FIGURE 3 .  
GLASS GRID SPECIFICATIONS.  
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FIGURE 4 .  
POSIT IONING OF DYE ON GLASS PLATE 
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METHOD 9096 
LIQUID RELEASE TEST (LRT) PROCEDURE 
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APPENDIX A 

LIQUID RELEASE TEST PRE-TEST 

1.0 SCOPE AND APPLICATION 

1.1 The LRT Pre-Test i s  an op t i ona l ,  5 minute l abo ra to ry  t e s t  designed 
t o  determine whether o r  n o t  l i q u i d s  w i l l  be d e f i n i t e l y  re leased from sorbents 
be fo re  app ly ing  t he  LRT. Th i s  t e s t  i s  performed t o  prevent unnecessary cleanup 
and poss ib le  damage t o  t h e  LRT device.  

1.2 Th is  t e s t  i s  p u r e l y  op t i ona l  and completely up t o  t h e  d i s c r e t i o n  
o f  t h e  opera to r  as t o  when i t  should be used. 

2.0 SUMMARY OF METHOD 

A rep resen ta t i ve  sample w i l l  be loaded i n t o  a g lass  g r i d  t h a t  i s  p laced on 
a g lass  p l a t e  a l ready s ta ined  w i t h  2 dyes (one water so lub le  and one o i l  
so lub le ) .  A second g lass  p l a t e  w i l l  be placed on t o p  and a 2 I b .  weight p laced 
on t o p  f o r  5 minutes. A t  t h e  end o f  5 minutes t h e  base o f  t h e  g lass  g r i d  i s  
examined f o r  any dye runn ing  along t h e  edges, t h i s  would i n d i c a t e  a l i q u i d  
re1  ease. 

3.0 INTERFERENCES 

A 1 i q u i d  re l ease  can be detected a t  lower  L i q u i d  Loading Levels w i t h  
extremely c l ean  glassware. The g lass  p l a t e s  and g lass  g r i d  should be cleaned 
w i t h  a 1 aboratory  detergent ,  r i n s e d  w i t h  Deionized water, r i n s e d  w i t h  acetone, 
and thorough ly  d r i e d .  

4.0 APPARATUS AND MATERIALS 

4.1 Glass P la te :  2 g lass  p l a t e s  measuring 7.5 cm x 7.5 cm. 

4.2 Glass Gr id :  See F igure  3. 

4.3 Pa in t  Brush: Two small p a i n t  brushes f o r  apply ing dyes. 

4.4 Spatula:  To a s s i s t  i n  load ing  t h e  sample. 

4 . 5  Weight: 2.7 kg weight t o  apply pressure t o  t h e  sample. 

5.0 REAGENTS 

5.1 Reagent grade chemicals s h a l l  be used i n  a l l  t es t s .  Unless 
otherwise ind ica ted ,  i t  i s  intended t h a t  a l l  reagents s h a l l  conform t o  t h e  
s p e c i f i c a t i o n s  o f  t h e  Commi t t e e  on A n a l y t i c a l  Reagents o f  t h e  American Chemical 
Society ,  where such s p e c i f i c a t i o n s  are ava i l ab le .  Other grades may be used, 
p rov ided  i t  i s  f i r s t  ascer ta ined  t h a t  t h e  reagent i s  o f  s u f f i c i e n t l y  h i gh  p u r i t y  
t o  pe rm i t  i t s  use w i t hou t  lessening t h e  accuracy o f  t h e  determinat ion.  

5.2 Methylene Blue dye i n  methanol. 
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5.3 Anthraquinone dye i n  to luene .  

6.0 SAMPLE COLLECTION, PRESERVATION AND HANDLING 

See LRT Procedure. 

7.0 PROCEDURE 

7.1 P a i n t  one s t r i p ,  approx imate ly  1 cm wide, o f  methylene b l u e  dye 
across t h e  c e n t e r  o f  a  c lean  and d r y  g l a s s  p l a t e  (see F igu re  4).  The dye i s  
a1 lowed t o  d r y .  

7.2 P a i n t  one s t r i p ,  approx imate ly  1 cm wide, o f  anthraquinone dye 
across t h e  cen te r  o f  t h e  same g l a s s  p l a t e  (see F igu re  4 ) .  T h i s  s t r i p  should be 
ad jacen t  t o  and p a r a l l e l  w i t h  t h e  methylene b lue  s t r i p .  The dye i s  a l lowed t o  
d r y .  

7.3 P lace t h e  g l ass  g r i d  i n  t h e  cen te r  o f  t h e  dye-pa in ted  g l a s s  p l a t e .  

7.4 P lace a  smal l  amount o f  sample i n t o  t h e  g l a s s - g r i d  ho les ,  p ress ing  
down g e n t l y  u n t i l  t h e  ho les a re  f i l l e d  t o  s l i g h t l y  above t h e  g r i d  t op .  

7.5 P lace a  second, c lean  and d ry ,  g l  ass p l a t e  on t o p  o f  t h e  sample and 
g r i d .  

7.6 P lace a  2.7 kg weight  on t o p  o f  t he  g l a s s  f o r  5  minutes.  

7.7 A f t e r  5  minutes remove t h e  weight  and examine t h e  base o f  t h e  g r i d  
ex tend ing  beyond t h e  sample ho les  f o r  any i n d i c a t i o n  o f  dyed 1  i q u i d .  The e n t i r e  
assembly may be t u rned  ups ide down f o r  observa t ion .  Any i n d i c a t i o n  o f  l i q u i d  
c o n s t i t u t e s  a  r e l e a s e  and t h e  LRT does n o t  need t o  be performed. 

8.0 QUALITY CONTROL 

8.1 Refer  t o  Chapter One f o r  s p e c i f i c  q u a l i t y  c o n t r o l  procedures. 

9.0 METHOD PERFORMANCE 

9 .1  P r e c i s i o n  and accuracy da ta  a re  n o t  a v a i l a b l e  a t  t h i s  t ime.  

10.0 REFERENCES 

1. Research T r i a n g l e  I n s t i t u t e .  "Background Document f o r  t h e  L i q u i d  Re1 ease 
Test :  S i n g l e  Labora to ry  Eva lua t i on  and 1988 C o l l  a b o r a t i v e  Study".  
Submit ted t o  t h e  Envi ror~menta l  P r o t e c t i o n  Agency m d e r  Con t rac t  No. 68-01- 
7075, Work Assignment 76 and Cont rac t  No. 68-W0-0032, Work Assignment 12. 
September 18, 1991. 
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METHOD 9100 

SATURATED HYDRAULIC CONDUCTIVITY, 
SATURATED LEACHATE CONDUCTIVITY, AND 

INTRINSIC PERMEABILITY 

1.0 INTRODUCTION 

1.1 Scope and Appl i cat i on: This section presents methods avai 1 able to  
hydrogeologi s t s  and and geotechnical engineers for determining the saturated 
hydraul i c conductivi ty of earth materials and conductivi ty of sol 1 1 iners to  
leachate, as out1 ined by the Part 264 permitting rules for  hazardous-waste 
disposal faci l  i t ies .  In addition, a general technique to  determine intr insic  
permeabi l i t y  i s  provided. A cross reference between the applicable part of 
the RCRA Guidance Documents and associated Part 264 Standards and these t e s t  
methods is provided by Table A. 

1.1.1 Part 264 Subpart F establ ishes standards for  ground water 
qua1 i ty  monitoring and environmental performance. To demonstrate 
compl i ance w i t h  these standards, a permi t applicant must have knowledge 
of certain aspects of the hydrogeology a t  the disposal facility, such as 
hydraulic conductivity, f n order to  determine the compliance point and 
mni toring we1 1 locations and In order to  develop remedial action plans 
when necessary. 

1.1.2 In t h i s  report, the laboratory and f ield methods that are 
considered the most appropriate to  meeting the requirements of Part 264 
are given i n  suf f I ci ent detai 1 t o  provide an experienced hydrogeol ogi s t  
o r  geotechni cal engineer with the method01 ogy requi red t o  conduct the 
tes ts .  Additional laboratory and f ield methods that may be applicable 
under certain condi tions are incl uded by providing references to  standard 
texts  and sc ien t i f i c  journals. 

1.1.3 Included in this report are descriptions of f ield methods 
considered appropriate for  estimating saturated hydraulic conductivi ty by 
single well or borehole tests .  The determi nati on of hydraul I c 
conductivity by pumping or  injection t e s t s  is not included because the 
l a t t e r  are considered appropriate for  well f ie ld  design purposes bu t  may 
not be appropriate for  economically evaluating hydraulic conductivity for 
the purposes s e t  forth in Part 264 Subpart F. 

1.1.4 EPA is not including methods for  determining unsaturated 
hydraulic conductivity a t  th i s  time because the Part 264 permitting 
standards do not require such determinations, 

1.2 Definitions: This sectionprovides definitions of terms used i n  
the remainder of t h i s  report'. These definitions are taken from U.S. 
Government pub1 i cat1 ons when possi bl e. 
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TABLE A 

HYDRAULIC AND LINER CONDUCTIVITY DETERMINATION 
METHODS FOR SURFACE IMPOUNDMENT, 

WASTE PILE, AND LANDFILL COMPONENTS, AS CITED 
I N  RCRA GUIDANCE DOCLIMENTS AND DESCRIBED I N  SW-846 

Guidance CI tel Corresponding 
Surf ace Impoundments Associ ated Regulation SW-846 Secti on 

Soi l' 1 i ner hydraul i c 
conducti v i  t y  

So i l  l i n e r  leachate 
conductivity 

Leak detection 

Final cover dra in 
1 ayer 

Final cover low 
permeabi 1 l t y  1 ayer 

General hydrogeologic 
s i t e  invest igat ion 

Guidance section D(2) (b) (1) 2.0 
and D (2) (c) (1) /Section 
264.221 (a) , (b) 

Guidance section D(2) (b) (2) 2.11 
and D(2) (4 (2) 

Guidance section C (2) (a) / 2.0 
Secti on 264.222 

Guidance section E(2) (d) (1) 2.0 
Section 264.228 

Guidance section E(2) (e) (2) (A)/ 2.0 
Secti on 264.228 

264 subpart F 3.0 

1 RCRA Gul dance Document: Surface Impoundnmts, L i  ner Systems, F i  nal Cover, 
and Freeboard Control. Issued July, 1982. 

(continued on next page) 
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TABLE A (continued) 

Waste P i  1 es 
Guidance CI te2 Correspondi ng 

Associated Regulation SW-846 Sect ion 

Soi 1 1 i ner hydraul i c 
conduct1 v i  t y  

Soi 1 l i n e r  leachate 
conduct i v i  ty 

Leak detect ion 
system 

Leachate col  1 e c t i  on 
and renewal system 

General hydrogeol ogi c 
s i t e  inves t iga t ion  

Guidance section D(2) (b) (i) 2.0 
and D(2) (c) (1 ) / 
Section 264.251 (a) (1) 

Guidance section D(2) (b) ( I  i) 2.11 
and D (2) (c) (1 i ) 

Guidance section C(2) (a) / 2.0 
Section 264.252 (a) 

Guidance section C(2) (a) / 2.0 
Sect i on 264.251 (a) (2) 

264 subpart F 3.0 

RCRA Guidance Document: Waste P i  l e Design, L iner Systems. 
Issued July, 1982. 

(continued on next page) 
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TABLE A (continued) 

- - -  

Landf i 11 s 

- - 

Guidance ~i te3 Correspondi ng 
Associ ated Regulation SW-846 Sect i on 

- --- - - 

Soi 1 1 i n e r  hydraul i c 
conduct i v i  ty  

Sol 1 1 i n e r  leachate 
conduc t i v i t y  

Leak detect ion 
system 

Leachate co l  1 ec t  i on and 
removal system 

Final  cover d r a i n  
1 ayer 

F ina l  cover low 
permeabi 1 i ty 1 ayer 

General hydrogeol og i  c 
s i t e  i nves t i ga t i on  

Guidance sect ion D(2) (b) (1) / 2.0 
Section 264.301 (a) (1) 

Guidance sect ion D(2) (b) (2) 2.11 

Guidance sect ion C(2) (a) / 2.0 
Sect i on 264.302 (a) (3) 

Guidance sect ion C(2) (a) / 2.0 
Sect i  on 264.301 (a) (2) 

Guidance sect ion E(2) (d) (1) / 2.0 
Section 264.310 (a) (b) 

Guidance sect ion E(2)(e)(2)(A) 2.0 
Section 264.310(a) (b) 

264 subpart F 3 .O 

RCRA Guidance Document: L a n d f i l l  Design, L iner  Systems and F ina l  Cover. 
Issued July, 1982. 
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1.2.1 Units: This repor t  Uses consistent un i t s  i n  a l l  equations. 
The symbols used are: 

Length = L, 
Mass = M, and 
Time = T. 

1.2.2 F l u i d  po ten t ia l  o r  head (h): A measure o f  the potent ia l  
energy required t o  move f l u i d  from a po in t  i n  the porous medium t o  a 
reference point .  For v i r t u a l l y  a l l  s i tuat ions expected t o  be found i n  
disposal s i t e s  and i n  ground water systems, h i s  defined by the fo l lowing 
equation: 

where : 

h i s  the t o t a l  f l  u i d  potent ia l ,  expressed as a height o f  
f l u i d  above a reference datum, L; 

hp, the pressure po ten t ia l  caused by the weight o f  f l u i d  
above the po in t  i n  question, L, i s  defined by hp = Plpg, 

where: 

P i s  the f l u i d  pressure a t  the po in t  i n  question, ML-~T-2, 

p i s  the f l u i d  density a t  the p r e v a i l i n g  temperature, ML-3, 
and 

g i s the accel erat  i on o f  g rav i t y  , LT-2; and 

hZ i s  the height o f  the po in t  i n  question above the reference 
datum, L. 

By knowi ng hp and hZ a t  two po in ts  along a f low path and by knowing 
the distance between these points, the f l u i d  potent ia l  gradient can be 
determined. 

1.2.3 Hydraul ic po ten t ia l  o r  head: The f l u i d  potent ia l  when water 
i s  the f l u i d .  

1.2.4 Hydraul ic conductivi ty: The f l  u i d  potent ia l  when water i s  
the f l u i d .  The generic term, f l u i d  conductivi ty, i s  discussed below i n  
1.2.5. 

1.2.5 F l u i d  conduct iv i ty  (K): Defined as the volume o f  f l u i d  a t  
the prevai 1 i n g  densi ty and dynamic v iscos i t y  t ha t  w i l l  move i n  a u n i t  
t ime under a u n i t  f l u i d  potent ia l  gradient through a u n i t  area measured 
a t  r i g h t  angles t o  the d i r ec t i on  o f  flow. I t  i s  a property o f  both the 
f l u i d  and the porous medium as shown by the fo l lowing equation: 
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where: 

K i s  the f l u i d  conduct iv i ty,  LT-1; 

k i s  the i n t r i n s i c  permeabil i ty, a property o f  the  porous medium 
alone, LL; and 

u i s  the dynamic v iscos i ty  o f  the f l u i d  a t  the p reva i l ing  
temperature, ML-1 T-1. 

The f l u i d  conduct iv i ty  o f  a porous mater ia l  i s  a lso defined by Darcy's 
law, which states t h a t  the f l u i d  f l u x  (q) through a porous medium i s  
proport ional  t o  the  f i r s t  power o f  the f l u i d  po ten t ia l  across t he  u n i t  
area : 

q = 9 = -KI 
A (3) 

where: 

q = the  spec i f i c  f l u i d  f l ux ,  LT-1, 

Q i s  the  volumetric f l u i d  f lux,  L~T-I, 

A i s  the  cross-sectional area, L2, and 

I i s  the  f l u i d  po ten t ia l  gradient, LO. 

Darcy's law provides the basis f o r  a l l  methods used t o  determine 
hydraul i c  conduct iv i ty  i n  t h i s  report. The range o f  va l  i d 1  t y  o f  Darcy's 
law i s  discussed i n  Section 1.5 (Lohman, 1972). 

1.2.6 Leachate conductivl  ty: 'The f 1 u id  conduct iv i ty  when leachate 
i s  the  f l u i d .  

1.2.7 Aquifer: A geologic formation, group o f  formations, o r  pa r t  
o f  a formation capable o f  y i e l d i n  a s i gn i f i can t  amount o f  ground water 
t o  we1 1s o r  springs (40 CFR 260.10 ! . 

1.2.8 Confining layer: By s t r i c t  de f i n i t i on ,  a body o f  impermeable 
mater ia l  s t ra t ig raph ica l  l y  adjacent t o  one o r  more aquifers. I n  nature, 
however, i t s  hydraul ic conduct iv i ty may range from near ly zero t o  some 
v a l u e d i s t i n c t l y  lower than t h a t  o f  the aqui fer .  I t s c o n d u c t i v l t y  
r e l a t i v e  t o  t h a t  o f  the aqui fer  i t  confines should be spec i f ied o r  
ind icated by a su i tab le  modif ier ,  such as " s l i g h t l y  permeable" o r  
"moderately permeable" (Lohman, 1972). 

1.2.9 Transmissivity, T [L2, T-l] : The r a t e  a t  which water o f  the 
p reva i l i ng  kinematic v iscos i ty  i s  transmitted through a u n i t  width o f  the 
aqu i fe r  under a u n i t  hydraul ic gradient. Although spoken o f  as a 
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property of the aquifer, the term also includes the saturated thickness 
of the aquifer and the properties of the fluid. I t  is equal to  an 
integration of the hydraul i c  conduct1 vi t i  es across the saturated part of 
the aquifer perpendicular t o  the flow paths (Lohman, 1972). 

1.3 Temperature and viscosity corrections: By using Equation (2), 
corrections t o  condl t ions dl fferent from those prevai 1 ing during the t e s t  can 

~ 

be made. Two types of corrections can commonly be made: a correction for  a 
temperature tha t  varies from the t e s t  temperature, and a correction fo r  fluids 
other than tha t  used for  the tes t .  The temperature correction i s  defined by: 

where: 

the subscript f refers t o  f ie ld  condi tions, and 

the subscript t refers t o  t e s t  conditions. 

Most temperature corrections are necessary because of the dependence of 
viscosity on temperature. Fl uid dens1 ty  variations caused by tenperature 
changes are usually very small for  most liquids. The tenperature correction 
for  water can be significant. Equation (4) can also be used t o  determine 
hydraulic conductivity I f  f luids other than water are used. It is assumed, 
however, when using Equation (4) that  the f luids used do not a l t e r  the 
i ntr i  nsi c permeabl 1 I ty  of the porous medl um during the tes t .  Experimental 
evidence shows tha t  this alteration does occur w i t h  a wide range of organic 
sol vents (Anderson and Brown, 1981) . Consequently, i t is recomnended that 
t e s t s  be run using f luids,  such as leachates, that  might occur a t  each 
part i  cul a r  s i t e .  Special considerations for using non-aqueous f 1 ulds are 
given i n  Section 3.3 of this report. 

1.4 Intr insic  permeabi 1 f t y  (k) : Rearrangement of Equation 2 results i n 
a definition of in t r ins ic  permeabil ity: 

Since t h i s  i s  a property of the medium alone, i f  fluid properties change, the 
f luid conductivity must also change to  keep the intr insic  permeability a 
constant. By using measured f luid conductlvlty, and values of viscosity and 
density fo r  the f lu id  a t  the t e s t  temperature, in t r ins ic  p e m a b i l i t y  can be 
determined. 

1.5 Range of validity of Darcy's law: Determination of fluid 
conductf vf t i e s  using both laboratory and f ie ld  methods requi res assuming the 
val idi  ty  of Darcy 's 1 aw. Expert mental evidence has shown that deviations from 
the l inear  dependence of fluid flux on potential gradient exist  for  both 
extremely low and extremely high gradients (Hillel , 1971: Freeze and Cherry, 
1979). The lower l imits  are the result  of the existenceof threshold 
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gradi,ents required t o  i n i t i a t e  flow. (Swartzendruber, 1962). The upper 1 imi ts 
t o  the val idi ty of Darcy's law can be estimated by the requirements tha t  the 
Reynolds number, Re, i n  most cases be kept below 10 (Bear, 1972). The 
Reynolds number i s  defined by: 

where: 

d i s  some character is t ic  dimension of the system, often represented 
by the median grain s ize  diameter, D50, (Bouwer, 1978), and 

q is  the f lu id  flux per u n i t  area, LT-1. 

For most f i e l d  s i tuat ions,  the Reynolds number i s  less  than one, and Darcy's 
law is  valid. However, fo r  laboratory t e s t s  i t  may be possible t o  exceed the 
range of va l id i ty  by the imposition of high potential gradients. A rough 
check on acceptable gradients can be made by substituting Darcy's law in 
Equation (6) and using an upper l imit  of 10 f o r  Re: 

where : 

K is  the approximate value of f lu id  conductivity determined a t  
gradient I .  

A more correct check on the val idi ty of Darcy's law o r  the range of gradients 
used t o  determine f lu id  conductivity i s  performed by measuring the conduc- 
t i v i t y  a t  three different  gradients. I f  a plot of f lu id  flux versus gradient 
is  l inear ,  Darcyls law can be considered t o  be valid fo r  the t e s t  conditions. 

1.6 Method Classification: This report c l a s s i f i e s  methods of 
determining f 1 uid conductivity 1 nto two divisions: 1 aboratory and f i e ld  
methods. Ideal ly ,  and whenever possible, compliance w i t h  Part 264 disposal 
f a c i l i t y  requirements should be evaluated by using f i e ld  methods tha t  t e s t  the 
materials under in-situ conditions. Field methods can usually provide more 
representative val ues than 1 aboratory methods because they t e s t  a 1 arger 
volume of material, thus integrating the ef fec ts  of macrostructure and 
heterogeneities. However, f i e l d  methods presently avai lab1 e t o  determine the 
conducti vi t y  of compacted f i ne-grai ned materi a1 s i n reasonable times requi re  
the tested interval t o  be below a water table  o r  t o  be f a i r l y  thick, o r  
require excavation of the material t o  be tested a t  some point in the t e s t .  
The in tegr i ty  of l iners  and covers should not be compromised by the 
instal  1 ation of borehol es o r  pi ezometers required f o r  the t e s t s .  These 
res t r ic t ions  generally lead t o  the requirement tha t  the f lu id  conductivity of 
l i n e r  and cover materials must be determined in the laboratory. The t ransfer  
value of laboratory data t o  f i e ld  conditions can be maximized f o r  1 iners and 
covers because i t  is  possible t o  reconstruct relat ively accurately the desired 
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f i e l  d condit ions i n  the 1 aboratory . However, f i e l d  conditions t ha t  would 
a1 t e r  the values determined i n  the laboratory need t o  be addressed i n  permit 
appl icat ions.  These condi t ions include those tha t  would increase conduct iv i ty 
by the formation o f  microcracks and channels by repeated wett ing and drying, 
and by the penetrat ion o f  roots. 

1.6.1 Laboratory nethods are categorized i n  Section 2.0 by the 
methods used t o  apply the f l u i d  po ten t ia l  gradient across the sample. 
The discussion of the theory, measurement, and computations f o r  t es t s  run 
under constant and fa1 1 i ng-head condit ions i s  followed by a deta i led 
discussion of t es t s  using spec i f i c  types o f  laboratory apparatus and the 
appl i cabi 1 i t y  o f  these tes ts  t o  remolded compacted, f i  ne-grai ned 
uncompacted, and coarse-grai ned porous media. ' Section 2.3 provides a 
discussion o f  the special considerations f o r  conducting laboratory tes ts  
using non-aqueous permeants. Section 2.10 gives a discussion o f  the 
sources o f  e r r o r  and guidance f o r  establ ishing the precis ion o f  
laboratory tests.  Laboratory methods may be necessary t o  measure 
v e r t i c a l  f l u i d  conduct iv i ty.  Values from f i e l d  t es t s  r e f l e c t  e f fec ts  o f  
m a 1  and v e r t i c a l  conductivi ty. 

1.6.2 F ie ld  methods are discussed i n  Section 3.0 and are l i m i t e d  t o  
those requi r ing a s ing le  bore hole o r  piezometer. Methods requi r ing 
mu l t i p l e  bore holes o r  piezometers and areal methods are included by 
reference. Because o f  the d i f f i c u l t i e s  i n  determining f l u i d  conduct iv i ty 
of in-place 1 i ne r  and cap mater ia ls under f i e l d  condit ions without 
damaging t h e i r  i n teg r i t y ,  the use o f  f i e l d  methods f o r  fine-grained 
mater ia l  s w i  11 be general l y  res t r i c t ed  t o  natural  l y  occurring materials 
t h a t  may serve as a b a r r i e r  t o  f l u i d  movement. Addit ional f i e l d  methods 
are referenced t h a t  a1 low determination o f  saturated hydraul ic 
conduct iv i ty  o f  the unsaturated materials above the shallowest water 
table. General methods f o r  f rac tured media are gi.ven i n  Section 3.8. A 
d i  scussion o f  the important considerations i n  we1 1 i n s t a l  la t ion,  
construction, and development i s  included as an in t roduct ion t o  Section 
3.0. 

2.0 LABORATORY METHODS 

2.1 Sampl e col  1 ect ion f o r  1 aboratory method: To assure that  a 
reasonable assessment i s  made o f  f i e l d  condit ions a t  a d i s ~ o s a l  s i te .  a s i t e  . -~ 

inves t iga t ion  p lan should be developed t o  d i r e c t  sampling and analysis. This 
p lan general l y  requi  resf the professional judgement o f  an experienced 
hydrogeologist o r  geotechnical engineer. General guidance i s  provided f o r  
p lan development i n  the Guidance Manual f o r  preparation o f  a par t  264 land 
D i  sposal Faci 1 i t v  Permit Appl icat ion (EPA, i n  press). The po in ts  1 i sted below 
should be followed: 

o The hydrau l ic  conduct iv i ty  o f  a s o i l  l i n e r  should be determined e i t he r  
from samples . that  are processed t o  simulate the actual 1 iner,  o r  f r o m  an 
undisturbed sample o f  the complete 1 iner.  
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o To obta in  undisturbed samples, the thin-wal l e d  tube sampling method (ASTM 
Method # 01587-74) o r  a s i m i l a r  method may be used. Samples 
representat ive o f  each 1 i f t of the 1 i n e r  should be obtained, and used i n  
the analyses. I f  actual undisturbed samples are not  used, the  s o i l  used 
i n  l i n e r  construct ion must be processed t o  represent accurately the 
1 i n e r ' s  i n i t i a l  water content and bu lk  density. The method described i n  
Section 2.7.3 o r  ASTM Method 1D698-70 (ASTM, 1978) can be used f o r  t h i s  
purpose. 

o For purpose o f  the  general s i t e  invest igat ion,  the  general techniques 
presented i n  ASTM method bD420-69 (ASTM, 1978) should be f o l  lowed. This 
reference establ ishes pract ices f o r  sol  1 and rock invest1 gat ion and 
sarrupl i ng , and incorporates various detai  1 ed ASTM procedures f o r  
invest igat ion,  sampling, and materi  a1 c lass i f i ca t ion .  

2.2 Constant-head methods: The constant-head method i s the  simplest 
method o f  determi n i  ng hydraul i c  conduct iv i ty  o f  saturated so i  1 sampl es. The 
concept o f  the constant-head method i s  schematically il lus t ra ted  i n  Figure 1. 
The i n f l ow  o f  f l u i d  i s  maintained a t  a constant head (h) above a datum and 
out f low (0) i s  measured as a funct ion o f  t ime (t). Using Darcy's law, the 
hydrau l ic  conduct iv i ty  can be determined using the f o l  lowing equation a f t e r  
the out f low ra te  has become constant: 

where : 

K = hydrau l ic  conduct iv i ty,  LT-1; 

L = length o f  sample, L; 

A = cross-sectional area o f  sample, L2; 

Q = outflow rate, L~T-I; and 

h = f l u i d  head d i f ference across the sarr~ple, L. 

Constant-head methods should be r e s t r i c t e d  t o  t es t s  on media having high f l u i d  
conduct iv i ty  . 

2.3 Fall ing-head methods: A schematic diagram of the  apparatus f o r  the 
fa l l ing-head method i s  shown i n  Figure 2. The head o f  i n f l ow  f l u i d  decreases 
from h l  t o  h2 as a func t ion  o f  t ime (t) i n  a standpipe d i r e c t l y  connected t o  
the specimen. 'The f l u i d  head a t  the outflow i s  maintained constant. The 
quant i t y  o f  outf low can be measured as we1 1 as the quan t i t y  o f  inf low. For 
the setup shown i n  Figure 2a, the hydraul ic conduct iv i ty  can be determined 
using the f o l l  owing equation: 
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O V R R C L O W  
T O  W A t N T A l N  
C O N I T A N T  W R A D  

Figure 1.--Principle of the constant head method 
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Figure 2.--Principle of the falling head method 
using a small (a) and large (b) standpipe. 
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where : 

a = the cross-sectional area o f  the standpipe, ~ 2 ;  

A = the cross-sectional area o f  the specimen, ~ 2 ;  

L = the length o f  the specimen, L; and 

t = elapsed t ime from t i  t o  t2, T. 

For the  setup i n  Figure 2b, the term a/A i n  Equation (9) i s  replaced by 1.0.. 
General l y ,  fa1 1 i ng-head methods are appl icab le  t o  f i ne-grai ned soi  1 s because 
the t es t i ng  t ime can be accelerated. 

2.4 General t e s t  considerations: 

2.4.1 F l u i d  suppl ies t o  be used: For determining hydraul ic  
conduct iv i ty  and 1 eachate conduct iv i ty ,  the  suppl i es o f  permeant f l u i d  
used should be de-aired. A i r  coming out  o f  so lu t ion  i n  the sample can 
s i g n i f i c a n t l y  reduce the measured f l u i d  conduct iv i ty .  Deai r i n g  can be 
achieved by bo i  1 i n g  the water supply under a vacuum, bubbl i ng  he1 i um gas 
through the supply, o r  both. 

2.4.1.1 S ign i f i can t  reductions i n  hydraul ic  conduct iv i ty  can 
a lso  occur i n  the growth and mu l t i p l i ca t i on  o f  microorganisms 
present i n  the sample. I f  i t  i s  desirable t o  prevent such growth, a 
bac te r i c ide  o r  fungicide, such as 2000 ppm formaldehyde o r  1000 ppm 
phenol (Olsen and Daniel, 1981), can be added t o  the f l u i d  supply. 

2.4.1.1 F lu i d  used f o r  determining hydraul ic  conduct iv i ty  i n  
the laboratory should never be d i s t i l l e d  water. Native ground water 
from the aqu i fe r  underlying the sampled area o r  water prepared t o  
simulate the nat ive ground water chemistry should be used. 

2.4.2 Pressure and F l u i d  Potent ia l  Ueasurement: The equations i n  
t h i s  repor t  are a l l  dimensionally correct: t h a t  i s ,  any consistent set o f  
u n i t s  may be used f o r  length, mass, and time. Consequently, measurements 
o f  pressure and/or f l u i d  po ten t ia l  using pressure gages and manometers 
must be reduced t o  the  consistent  un i t s  used before applying e i t he r  
Equation 8 o r  9. Pressures o r  po ten t ia l s  should be measured t o  w i t h i n  a 
few tenths o f  one percent o f  the gradient  appl ied across the sample. 

Constant-head t e s t  w i t h  conventional permeameter: 

2.5.1 App l i cab i l i t y :  This method covers the determination o f  the 
hydrau l ic  conduct iv i ty  o f  soi 1s by a constant-head method using a 
conventional permeameter. This method i s  recommended f o r  disturbed 
coarse-grained so i  1s. I f  t h i s  method i s  t o  be used f o r  f ine-grained 
so i l s ,  the t e s t i n g  t ime may be p r o h i b i t i v e l y  long. This method was taken 
from the Engineering and Design, Laboratory Sol 1 s Testing Manual (U.S. 
Army, 1980) . It para1 1 e l  s AS'TM Method D2434-68 (ASTM, 1978) . The ASTM 
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method gives extensive discussion o f  sample preparation and appl i cabi 1 i t y  
and shoul d be reviewed before conduct i ng constant-head tests.  Lambe 
(1951) provides addi t ional  information on sample preparation and 
equipment procedures. 

2.5.2 ~pparatus:  The apparatus i s  shown schematically i n  Figure 3. 
It consists of the fol lowing: 

1. A permeameter cy l inder  having a diameter a t  leas t  8 times the 
diameter o f  the largest  p a r t i c l e  o f  the material t o  be tested; 

2. Constant-head f i  1 t e r  tank; 

3. Perforated metal d isks and c i r c u l a r  wire t o  support the sample; 

4. F i l t e r  mater ia ls such as Ottawa sand, coarse sand, and gravel o f  
various gradations; 

5. Manometers connected t o  the top and bottom o f  the sample; 

6. Graduated cy l  i nder, 100-mL capacity; 

7. Thermometer; 

8. Stop watch; 

9. Deai red water; 

10. Balance sensi t ive t o  0.1 gram; and 

11. Dryi  ng oven. 

2.5.3 Sample preparation: 

1. Oven-dry the sample. A1 1 ow i t  t o  cool , and weigh t o  the nearest 
0.1 g. Record the oven-dry weight o f  material.  The amount o f  
mater la l  should be s u f f i c i e n t  t o  provide a specimen i n  the 
permeameter having a minimum length o f  about one t o  two times 
the diameter of the specimen. 

2. Place a wire screen, w i th  openings small enough t o  r e t a i n  the 
specimen, over a perforated d isk near the bottom o f  the 
permeameter above the i n l e t .  The screen opening should be 
approximately equal t o  the 10 percent s ize o f  the specimen. 

3. A1 low deaired water t o  enter the water i n l e t  o f  the permeameter 
t o  a height o f  about 112 in .  above the bottom o f  the screen, 
tak ing care t h a t  no a i r  bubbles are trapped under the screen. 
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(a) 
constant head 

:b! 
f a l l i n g  head 

Figure 3.0-  Apparatus setup for the constant head (a) 
and falling head (b) methods. 

Revi s i  on 0 
Date September 1986 



4. Mix the material thoroughly and place i n  the permeameter t o  
avoid segregation. The material should be dropped just a t  the 
water surface, keeping the water surface about 112 i n .  above the 
top of the soi l  during placement. A funnel or  a spoon i s  
convenient for  this purpose. 

5. The placement procedure outlined above will resul t  i n  a 
saturated specimen of uniform density although i n  a relat ively 
loose condition. To produce a higher density i n  the specimen, 
the sides of the permeameter containing the soi l  sample are 
tapped uniformly along its circumference and length w i t h  a 
rubber mallet t o  produce an increase i n  density; however, 
extreme caution should be exercised so tha t  f ines are not put 
into suspension and segregated w i t h i n  the sample. As an 
a1 ternative t o  t h i s  procedure, the specimen may be placed using 
an appropriate sized funnel o r  spoon. Compacting the specimen 
in layers i s  not recommended, as  a film of dust which might 
affect  the permeability resul t s  may be formed a t  the surface of 
the compacted layer. After placement, apply a vacuum t o  the top 
of the specimen and permit water to  enter  the evacuated specimen 
through the base of the permeameter. 

6. After the specimen has been placed, weigh the excess material, 
i f  any, and the container. The specimen weight is the 
difference between the original weight of sample and the weight 
of the excess material. Care must be taken so tha t  no material 
i s  los t  during placement of the specimen. I f  there is evidence 
tha t  material has been l o s t ,  oven-dry the specimen and weigh 
a f t e r  the t e s t  as a check. 

7. Level the top of the specimen, cover w i t h  a wire screen similar 
t o  tha t  used a t  the base, and f i l l  the remainder of the 
pemeameter with a f i l  t e r  materi a1 . 

8. Measure the length of the specimen, inside diameter of the 
permeameter, and distance between the centers of the manometer 
tubes (L) where they enter the pemeameter. 

2.5.4 Test procedure: 

A d j u s t  the height of the constant-head tank t o  obtain the 
desired hydraul i c gradient. The hydraulic gradient should be 
selected so tha t  the flow through the specimen is laminar. 
Hydraulic gradients ranging from 0.2 t o  0.5 are recommended. 
Too high a hydraulic gradient may cause turbulent flow and also 
resul t  in piping of soi 1 s. In general, coarser sol 1 s require 
lower hydraul i c gradients. See Section 1.5 f o r  further 
discussion of excessive gradients. 

2. Open valve A (see Figure 3a) and record the i n i t i a l  piezometer 
readings a f t e r  the flow has become stable. Exercise care i n  
building up heads in the pemeameter so tha t  the specimen is not 
disturbed. 
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3. A f t e r  a l lowing a few minutes f o r  equi l ib r ium conditions t o  be 
reached, measure by means o f  a graduated cy l inder  the quant i ty 
o f  discharge correspond-i ng t o  a given time in terva l .  Measure 
the piezometric heads ( h i  and h2) and the water temperature i n  
the permeameter. 

4. Record the quant i ty  o f  flow, piezometer readings, water 
temperature, and the time in te rva l  during which the quant i ty o f  
flow was measured. 

2.5.5 Calculations: By p l o t t i n g  the accumulated quant i ty o f  
out f low versus .time on rectangular coordinate paper, the slope o f  the 
1 lnear  po r t i on  o f  the curve can be determined, and the hydraul ic 
conductlvi  t can be calculated using Equation (8) . T 'The value o f  h i n  
Equation (8 i s  the d i f ference between h i  and h2. 

2.6 Fa1 1 i ng-head t e s t  w i t h  conventional permeameter: 

2.6.1 App l i cab i l i t y :  The fal l ing-head t e s t  can be used f o r  a l l  
s o i l  types, but  i s  usual ly most widely appl icable t o  materials having low 
permeabi 1 i t y  . Compacted, remolded, f i ne-grai ned soi 1 s can be tested w i th  
t h l s  method. This method presented i s  taken from the Engineering and 
Design, Laboratory Soi 1 s Testing Manual (U.S. Army, 1980). 

2.6.2 Apparatus: The schematic d l  agram o f  the fa1 1 ing-head 
permeameter i s  shown i n  Figure 3b. The permeameter consists o f  the 
fo l low ing  equipment: 

1. Permeameter c y l  i nder, a transparent acry l  i c  cy l  i nder having a 
diameter a t  leas t  8 times the diameter o f  the largest  part ic les;  

2. Porous disk; 

3. Wire screen; 

4. F i l t e r  materials; 

5. Manometer; 

6. Timing device; and 

2.6.3 Sample Preparation: Sampl e preparation f o r  coarse-grai ned 
s o i l s  i s  s im i l a r  . to t h a t  described previously i n  Section 2.4.3. For 
f i  ne-grained so i  1 s, samples are compacted t o  the desired density using 
methods described i n  ASTM Method D698-70. 

2.6.4 Test Pmcedure: 

1. Measure and record the height o f  the specimen, L, and the cross- 
sect ional  area o f  the specimen, A. 
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2. With valve B open (see Figure 3b), crack valve A, and s lowly 
b r i n g  the  water l e v e l  up t o  the discharge l e v e l  o f  the 
permeameter. 

3. Raise the  head o f  water i n  the standpipe above the  discharge 
l eve l  of the  permeameter. The d i f ference i n  head should no t  
r e s u l t  i n  an excessively h igh hydrau l ic  grad ient  dur ing the 
t es t .  Close valves A and B. 

4. B e g i n t h e t e s t b y o p e n i n g  valve B. S t a r t t h e t i m e r .  A s t h e  
water f lows through the  specimen, measure and record the  height  
o f  water i n  the standpipe above the discharge l eve l ,  h i ,  a t  t ime 
tl, and the  height  o f  water above the discharge leve l ,  h2 a t  
t ime t2. 

2.6.5 Calculation,. From the t e s t  data, p l o t  the  logar i thm o f  head 
versus t ime on r e c t a m y l a r  coordinate paper, o r  use semi-log paper. The 
slope o f  the  l i n e a r  p a r t  o f  the curve i s  used t o  determine 
1 oglo(hl/h2) /t. Calculate the hydraul i c  conduc t i v i t y  us l  ng Equation (9). 

2.7 Modi f ied compaction permeameter method: 

2.7.1 A p p l i c a b i l i t y :  This method can be used t o  determine the  
hydrau l ic  conduct iv i  t y  o f  a wide range o f  mater ia ls.  The method i s  
general l y  used f o r  remolded f i ne-grai ned so l  1 s. The method i s general l y  
used under constant-head condit ions. The method was taken from Anderson 
and Brown, 1981, and EPA (1980). It should be noted t h a t  t h i s  method 
method o f  Section 2.9. 

2.7.2 Apparatus: 'The apparatus i s  shown i n  Figure 4. and consists 
o f  equipment and accessories as fo l lows: 

. So i l  chamber, a compaction mold having a diameter 8 t imes l a r g e r  
than the  diameter o f  the la rges t  p a r t i c l e s  ( t yp i ca l l y ,  ASTM 
standard mold , Number CN405, i s used) ; 

2. F l u i d  chamber, a compaction mold sleeve having t he  same diameter 
as t he  s o i l  chamber: 

3. 2-kg hammer; 

4. Rubber r i n g s  used f o r  sea l ing ourposes; 

5. A coarse porous stone having higher permeabi l i ty  than the  tes ted 
sample; 

6. Regulated source o f  compressed a i r ;  and 

7. Pressure gage o r  manometer t o  determine the pressure on the 
f l u i d  chamber. 
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RING SEALS 

\ OUTFLOW TO VOLUMETRIC MEASURING DEVICE. 

PRESSURE SHOULD BE ATMOSPHERIC OR ZERO 
GAGE PRESSURE 

Figure 4.--Modified compaction permeameter. 
Note: h in Equation 8 is the difference 
between the regulated inflow pressure 
and the outflow pressure. Source: 
Anderson and Brown, 1981. 
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2.7.3 Sample preparation: 

1. Obtain s u f f i c i e n t  representative s o i l  sample. A i r  d r y  the 
sample a t  room temperature. Do not oven dry. 

2. Thoroughly mix the selected representative sample w i t h  water t o  
obta in  a desired moisture content. 

3. Compact the sample t o  the desired densi ty w i t h i n  the mold using 
the method described as p a r t  o f  ASTM Method D698-70. 

4. Level the surface o f  the compacted sample w i th  s t r a i g h t  edge, 
weigh and determine the densi ty o f  the sample. 

5. Measure the length and diameter o f  the sample. 

6. Assemble the apparatus, make sure t h a t  there are no leaks, and 
then connect the pressure l i n e  t o  the apparatus. 

2.7.4 Test procedure: 

1. Place s u f f i c i e n t  volume o f  water i n  the f l u i d  chamber above the 
soi  1 chamber. 

2. Apply a i r  pressure radual l  t o  f l ush  water through the sample w u n t i l  no a i r  bubbles n the out f low are observed. For f i ne -  
grained so i l s ,  the saturat ion may take several hours t o  several 
days, depending on the applied pressure. 

3. A f t e r  the sample i s  saturated, measure and record the quant i ty  
o f  out f low versus time. 

4. Record the pressure reading (h) on the top o f  the f l u i d  chamber 
when each reading i s  made. 

5. P lo t  the  accumulated quant i ty  o f  out f low versus t ime on 
rectangul a r  coordinate paper. 

6. Stop tak ing readings as soon as the l i n e a r  pos i t i on  o f  the curve 
i s  defined. 

2.7.5 Calculat ions: The hydraul i c conduct1 v i  t y  can be ca l  cu l  ated 
using Equation (8). 

2.8 T r i  axi a1 - c e l l  method w i th  back pressure: 

2.8.1 App l i cab i l i t y :  This method i s  appl icable fo r  a l l  s o i l  types, 
but espec ia l ly  f o r  fine-grained, compacted, cohesive s o i l s  i n  which f u l l  
f l u i d  saturat ion o f  the sample i s  d i f f i c u l t  t o  achieve. Normally, the 
t e s t  i s  run under constant-head conditions. 
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2.8.2 Apparatus: The apparatus i s  simi l a r  t o  conventional t r i a x i a l  
apparatus. The schematic diagram o f  t h i s  apparatus i s  shown i n  Figure 5. 

2.8.3 Sample preparat ion: Di sturbed o r  undi sturbed samples can be 
tested. Undisturbed samples must be trimmed t o  the  diameter o f  the  top 
cap and base o f  t h e  t r i a x i a l  c e l l .  Disturbed samples should be prepared 
i n  the  mold using e i t h e r  kneading compaction f o r  f ine-grained so i l s ,  o r  
by t h e  pouring and v i b r a t i n g  method f o r  coarse-grained s o i l s ,  as 
discussed i n  Sect ion 2.5.3. 

2.8.4 Test procedure: 

1. Measure t h e  dimensions and weight o f  the  prepared sample. 

2. Place one o f  the  prepared specimens on the  base. 

3.  Place a rubber merr~brane i n  a membrane stretcher,  t u r n  both ends 
o f  t h e  membrane over t h e  ends o f  t h e  st retcher,  and apply a 
vacuum t o  t h e  st retcher.  Care fu l ly  lower the  s t re tcher  and 
membrane over the  specimen. Place t h e  specimen and release the 
vacuum on t h e  membrane stretcher.  Turn the ends o f  the  membrane 
down around t h e  base and up around the  specimen cap and 'fasten 
t h e  ends w i t h  O-rings. 

4. Assemble t h e  t r i a x i a l  chamber and place i t  i n  p o s i t i o n  i n  the  
loading device. Connect t h e  tube from the  pressure rese rvo i r  t o  
the  base o f  t h e  t r i a x i a l  chamber. With valve C (see Figure 5) 
on the  pressure rese rvo i r  closed and valves A and 0 open, 
increase the  pressure ins ide  the reservoir ,  and al low the 
pressure f l u i d  t o  f i l l  the t r i a x i a l  chamber. Allow a few drops 
o f  t h e  pressure f l u i d  t o  escape through the  vent valve (valve B) 
t o  insure  complete f i l l i n g  o f  t h e  chamber w i t h  f l u i d .  Close 
valve A and the  vent valve. 

Place saturated f i  1 t e r  paper d isks  having the same diameter as 
t h a t  o f  t h e  specimen between the specimen and the  base and cap; 
these d i sks  w i l l  a lso f a c i l i t a t e  removal o f  the  specimen a f t e r  
t h e  tes t .  The drainage 1 ines and the porous i n s e r t s  should be 
completely saturated w i t h  deai red water. The drainage 1 i nes 
should be as shor t  as possib le and made o f  thick-wal led, small- 
bore tub ing t o  insure  minimum e l a s t i c  changes i n  volume due t o  
changes i n  pressure. Valves i n  the  drainage 1 ines (valves E, F, 
and G i n  Figure 5) should pre ferab ly  be o f  a type which w i l l  
cause no d i sce rn ib le  change o f  i n t e r n a l  volume when operated. 
While mounting the  specimen i n  the  compression chamber, care 
should be exercised t o  avoid entrapping any a i r  beneath the 
membrane o r  between the  speclmen and the  base and cap. 
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Figure 5.--Schematic diagram of typical triaxial compression 
apparatus for hydraulic conductivity tests with 
back pressure. 
Source: U.S. Army Corps of Engineers, 1970 
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6. For ease and uniformity of saturation, as well as to  a1 low 
volume changes during consolidation t o  be measured w i t h  the 
burette, specimens should be conrpletely saturated before any 
appreciable consol idation i s  permitted; therefore, the 
difference between the chamber pressure and the back pressure 
should not exceed 5 psi during the saturation phase. To insure 
tha t  a specimen is  not prestressed during the saturation phase, 
the back pressure must be applied i n  small increments, w i t h  
adequate time between increments t o  permit equalization of pore 
water pressure throughout the specimen. 

7. W i t h  a l l  valves closed, adjust the pressure regulators to  a 
chamber pressure of about 7 psi and a back pressure of about 2 
psi. Now open valve A t o  apply the preset pressure t o  the 
chamber f lu id  and simultaneously open valve F t o  apply the back 
pressure through the specimen cap. Immediately open valve G and 
read and record the pore pressure a t  the specimen base. When 
the measured pore pressure becomes essentially constant, close 
valves F and G and record the burette reading. 

8. Using the technique described i n  Step 3, increase the chamber 
pressure and the back pressure i n  increments, maintaining the 
back pressure a t  about 5 psi  less  than the chamber pressure. 
The s ize of each increment might be 5, lo ,  o r  even 20 psi,  
depending on the compressibility of the soi l  specimen and the 
magnitude of the desired consolidation pressure. Open valve G 
and measure the pore pressure a t  the base imnediately upon 
application of each increment of back pressure and observe the 
pore pressure u n t i l  i t  becomes essentially constant. The time 
required fo r  stabilization of the pore pressure may range from a 
few minutes t o  several hours depending on the permeability of 
the so i l .  Continue adding increments of chamber pressure and 
back pressure unt i l ,  under any increment, the pore pressure 
reading equals the applied back pressure imnediately upon 
opening valve G. 

9. Verify the completeness of saturation by closing valve F and 
increasing the chamber pressure by about 5 psi. The specimen 
shall  not be considered completely saturated unless the increase 
i n  pore pressure immediately equals the increase i n  chamber 
pressure. 

10. When the specimen is completely saturated, increase the chamber 
pressure w i t h  the drainage valves closed t o  a t ta in  the desired 
effective consol i dati  on pressure (chamber pressure mi nus back 
pressure). A t  zero elapsed time, open valves E and F. 

11. Record time, dial  indicator reading, and burette reading a t  
elapsed times of 0, 15, and 30 sec, 1, 2, 4, 8, and 15 min, and 
1, 2, 4, and 8 hr, etc. Plot the dial indicator readings and 
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bure t te  readings on an a r i thmet i c  scale versus elapsed t ime on a 
l o g  scale. When the consol i d a t i o n  curves i nd i ca te  t h a t  primary 
conso l idat ion i s  complete, c lose valves E and F. 

Apply a pressure t o  bure t te  B greater  than t h a t  i n  bure t te  A. 
The dif ference between the pressures i n  buret tes B and A i s  
equal t o  the head loss  (h); h d iv ided by the he ight  o f  the 
specimen a f t e r  consol i d a t i o n  (L) i s  the hydraul i c gradient. The 
d i f fe rence  between the two pressures should be kept as small as 
pract icab le ,  consistent  w i t h  the requirement t h a t  the r a t e  o f  
f l ow  be la rge  enough t o  make accurate measurements o f  the 
quan t i t y  o f  f l ow w i t h i n  a reasonable per iod o f  time. Because 
the d i f fe rence  i n  the two pressures may be very small i n  
comparison t o  the pressures a t  the ends o f  the specimen, and 
because the  head loss  must be maintained constant throughout the 
t e s t ,  the d i f fe rence  between the pressures w i t h i n  the  buret tes  
must be measured accurately; a d i f f e r e n t i a l  pressure gage i s  
very useful  f o r  t h i s  purpose. The d i f fe rence  between the 
e levat ions o f  the water w i t h i n  the buret tes should a lso  be 
considered (1 in .  o f  water = 0.036 p s i  o f  pressure). 

Open valves D and F. Record the bure t te  readings a t  any zero 
elapsed time. Make readings o f  buret tes  A and B and o f  
temperature a t  various elapsed times (the i n t e r v a l  between 
successive readings depends upon the permeabi l i ty  o f  the s o i l  
and the dimensions o f  the specimen). P l o t  a r i t h m e t i c a l l y  the 
change i n  readings o f  both buret tes versus time. Continue 
making readings u n t i l  the two curves become p a r a l l e l  and 
s t r a i g h t  over a s u f f i c i e n t  length  o f  t ime t o  determine 
accurately the r a t e  o f  f l ow  as ind icated by the  slope o f  the 
curves. 

2.8.5 Calculat ions: The hydraul i c  conduct iv i ty  can be ca lcu la ted 
using Equation (8). 

2.9 Pressure-chamber permeameter method: 

2.9.1 App l i cab i l i t y :  This method can be used t o  determine 
hydraul i c  conduc t i v i t y  o f  a wide range o f  so i  1 s. Undisturbed and 
d is turbed samples can be tested under fa1 1 ing-head condi t ions using t h i s  
method. This method i s  a lso appl icable t o  both coarse- and f ine-grained 
soi  1 s, i nc l  udi ng remolded, f i ne-grai ned materi  a1 s. 

2.9.2 Apparatus: The apparatus, shown i n  Figure 6, cons is ts  o f  

1. Pressure chamber; 

2. Standpipe; 

3. Specimen cap and base; and 

4. Coarse porous plates. 
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Figure 6.--Pressure chamber for hydraulic 
conductivity. 
Source: U.S. ~ r m y  Corps of Engineers, 
1980. 
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The apparatus i s  capable of applying confining pressure t o  simulate f i e ld  
s t r e s s  conditions. 

2.9.3 Sample preparation: The sample preparation of di sturbed and 
undisturbed conditions can be prepared in the chamber and enclosed within 
the rubber membrane, as discussed in Section 2.8.4. 

2.9.4 Test procedure: 

1. By adjusting the leveling bulb, a confining pressure i s  applied 
t o  the sample such tha t  the stress conditions represent f i e l d  
conditions. For higher confining pressure, compressed a i r  may 
be used. 

2. A1 low the sample t o  consol idate under the appl ied s t r e s s  until 
the end of primary consol i dat ion. 

3. Flush water through the sample until  no indication of a i r  
bubbles i s  observed. For higher head of water, compressed a i r  
may be used. 

4. Adjust the head of water t o  a t ta in  a desired hydraulic gradient. 

5. Measure and record the head drop i n  the standpipe a1 ong wi t h  
elapsed time until the plot of logarithm of head versus time i s  
1 i near f o r  more than three consecutive readings. 

2.9.5 Calculations: The hydraul i c  conductivity can be determined 
using Equation (9) . 
2.10 Sources of error  fo r  laboratory t e s t  fo r  hydraulic conductivitl: 

There are  numerous ~ o t e n t i a l  sources of e r ror  in laboratorv t e s t s  fo r  
hydraul i c conducti v i  t). Fi xed-wal 1 permeameters may have Gob1 ems wi t h 
sidewall 1 eakage, causing higher values of hydraul i c  conductivity. Flexible- 
membrane permeameters may yield mi s l  eadingly low val ues f o r  hydraul i c  
conductivity when test ing with a leachate tha t  causes contraction and 
shrinkage cracks i n  the sample because the membrane shrinks with the sample. 
Table B summarizes some potential errors  tha t  can occur. 01 sen and Daniel 
(1981) provide a more detailed explanation of sources of these errors  and 
methods t o  minimize them. I f  the hydraulic conductivity does not f a l l  w i t h i n  
the expected range for  the soi l  type, as  given in Table C,  the measurement 
should be repeated a f t e r  checking the source of e r ror  in  Table B. 
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TABLE B 

SUMMARY OF PUBLISHED DATA ON POTENTIAL ERRORS 
I N  USING DATA FROM 

LABORATORY PERMEABILITY TESTS ON SATURATED SOILS 

Measured K 
Source o f  Er ror  (References) Too Low o r  Too High? 

Voids formed i n  sample reparation 
(01 sen and Daniel, 1981 ! . High 

Low 
Smear zone formed du r i n  trimming 
(01 sen and Daniel, 1981y. 

Use o f  d i s t i l l e d  water as a 
permeant (Fi reman, 1944; and 
W i  1 k i  nson, 1969). Low 

Low A i r  i n  sample (Johnson, 1954) 

Growth o f  m i  cro-organi sms 
(A1 1 i son, 1947) . Low 

Use o f  excessive hydraul i c 
gradient  (Schwartzendruber, 1968; 
and M i t che l l  and Younger, 1967). Low o r  High 

Varies 
Use o f  temperature other than the 
t e s t  temperature. 

Ignor ing volume change due t o  
stress change, w i t h  no conf in ing 
pressure used. High 

Performing 1 aboratory ra ther  
than i n - s i t u  t es t s  (Olsen and 
Dani e l ,  1981). Usually Low 

Impedance caused by the t e s t  
apparatus, i nc l  udi ng the 
resistance o f  the screen o r  
porous stone used t o  support 
the sample. Low 
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TABLE C 

HYDRAULIC CONDUCTIVITIES ESTIMATED FROM GRAIN-SIZE DESCRIPTIONS 
( I n  Feet Per Day) 

Grain-Size Class o r  Range Degree o f  Sor t ing S i l t  Content 
From Sample Descr ip t ion Poor Moderate Well S l i g h t  Moderate High 

F i  ne-Grai ned Mater i  a1 s 

C l  ay 
S i l t ,  c layey 
S i l t ,  s l i g h t l y  sandy 
S i  1 t, moderately sandy 
S i l t ,  very sandy 
Sandy s i  1 t 
S i l t y  sand 

Sands and gravel s (1) 

Very f i n e  sand 
Very f i n e  t o  f i n e  sand 
Very f i n e  t o  medi um sand 
Very f i n e  t o  coarse sand 
Very f i n e  t o  very coarse sand 
Very f i n e  sand t o  f i n e  gravel 
Very f i n e  sand t o  medium gravel 
Very f i n e  sand t o  coarse gravel 
Fine sand 
Fine t o  medium sand 
Fine t o  coarse sand 
Fine t o  very coarse sand 
Fine sand t o  f i  ne gravel 
Fine sand t o  medium gravel 
Fine sand t o  coarse gravel 
Medi um sand 
Medium t o  coarse sand 
Medium t o  very coarse sand 
Medium sand t o  f i n e  gravel 
Medium sand t o  medium gravel 
Medium sand t o  coarse gravel 
Coarse sand 
Coarse t o  very coarse sand 
Coarse sand t o  f i n e  gravel 
Coarse sand t o  medium gravel 
Coarse sand t o  coarse gravel 

Less than .001 
1 - 4  

5 
7 - 8  
9 - 11 
11 
13 

(1) Reduce by 10 percent i f  grains are subangular. 
Source: Lappal a (1978) . 

(cont i  nued) 
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TABLE C (Continued) 

-- - - 

Grai n-Si ze Class or  Range Degree of Sorting S i l t  Content 
From Sample Descri pt 1 on Poor Moderate Well Slight Moderate High 

Sands and   ravel s (1) 

Very coarse sand 107 
Very coarse sand t o  fine gravel 134 
Very coarse sand t o  medium gravel 1270 
Very coarse sand t o  coarse gravel 207 
Fine gravel 160 
Fine t o  medium gravel 201 
Fine t o  coarse gravel 245 
Medi urn gravel 241 
Medium t o  coarse gravel 294 
Coarse gravel 334 

(1) Reduce by 10 percent i f  grains are  subangular. 
Source: Lappal a (1978). 
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2.11 Leachate conduct iv i ty  us i  nq 1 aboratory methods: Many primary and 
secondary leachates found a t  disposal s i t e s  may be nonaqueous 1 iqu ids  o r  
aqueous ? lu ids  o f  h igh i o n i c  strength. 'These f l u i d s  may s ign i f icant l ' y  a l t e r  
the i n t r i n s i c  permeabi 1 i t y  o f  the porous medi um. For example, Anderson and 
Brown (1981) have demonstrated increases i n  hydra111 i c conduc t i v i t y  o f  
compacted c lays o f  as much as two orders o f  magnitude a f t e r  the  passage o f  a 
few pore volumes o f  a wide range o f  organic 1 iquids.  Consequently, t he  
e f f ec t s  o f  leachate on these mater ia ls  should be evaluated by laboratory  
tes t ing.  The preceding laboratory methods can a1 1 be used t o  determine 
leachate conduc t i v i t y  by using the  f o l  lowing guide1 ines. 

2.11.1 App l i cab i l i t y :  The determination o f  1 eachate conduc t i v i t y  
may be requ i red f o r  both f i ne-grained and coarse-grai ned mater i  a1 s. 
Leachates may e i t h e r  increase o r  decrease the hydrau l ic  conduct iv i ty .  
Increases are of concern f o r  compacted c l ay  1 iners ,  and decreases are o f  
concern f o r  d ra i n  mater ia l  s. The appl i cab i  1 i t y  sect ions o f  the  preceding 
methods should be used f o r  se lec t ing  an appropr iate t e s t  f o r  leachate 
conduct iv i ty .  The use o f  the  modif ied compaction method (Section 2.7) 
f o r  determining 1 eachate conduc t i v i t y  i s  discussed extens ive ly  i n  EPA 
Pub1 i c a t i  on SW870 (EPA 1980) . 

2.11.2 Leachate used: A supply o f  leachate must be obtained t h a t  
i s  as c lose i n  chemical and physical proper t ies  t o  the an t i c ipa ted  
leachate a t  the  disposal s i t e  as possible. Methods f o r  ob ta in ing  such 
leachate are  beyond t he  scope of t h i s  report .  However, recent 
pub1 i ca t i ons  by EPA (1979) and Conway and Malloy (1981) g i v e  
methodologies f o r  s imulat ing the leaching environment t o  ob ta in  such 
leachate. Procedures f o r  dea i r ing  the leachate supply are given i n  
Section 2.4. The importance o f  preventing bac te r i  a1 growth i n  1 eachate 
t e s t s  w i l l  depend on the expected condi t ions a t  the  disposal s i t e .  The 
chemical and physical  proper t ies  t h a t  may r e s u l t  i n  corrosion, 
d isso lu t ion,  o r  encrustat ion o f  1 aboratory hydraul i c conduc t i v i t y  
apparatus should be determined p r i o r  t o  conducting a leachate 
conduc t i v i t y  t es t .  Propert ies o f  p a r t i c u l a r  importance are the  pH and 
the  vapor pressure o f  the  leachate. Both extremely a c i d i c  and basic 
leachates may corrode materi  a1 s. I n  general , apparatus f o r  1 eachate 
conduc t i v i t y  t e s t s  should be constructed o f  i n e r t  mater ia ls,  such as 
a c r y l i c  p l a s t i c ,  nylon, o r  Teflon. Metal pa r t s  t h a t  might come i n  
contact  w i t h  the leachate should be avoided. Leachates w i t h  h igh vapor 
pressures may requ i re  speci a1 treatment. Closed systems f o r  f 1 u i d  supply 
and pressure measurement, such as those i n  the modi f ied t r i a x i a l  - c e l l  
methods, should be used. 

2.11.3 Safety: Tests invo lv ing  the use o f  leachates should be 
conducted under a vented hood, and persons conducting the t e s t s  should 
wear appropri  a te  p ro tec t i ve  c l o th i ng  and eye protect ion.  Standard 
labora to ry  safe ty  procedures such as those as given by Manufacturing 
Chemists Associat ion (1971) should be followed. 

2.11.4 Procedures: The determination o f  leachate conduc t i v i t y  
should be conducted immediately fo l l ow ing  the determination o f  hydrau l ic  
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conducti v i  t y  (Anderson and Brown, 1981). This procedure maintains f 1 u i d  
satura t ion o f  the sample, and a1 lows a comparison o f  the leachate and 
hydraul i c conduc t i v i t i es  under the same t e s t  condit ions. This procedure 
requires modi f icat ions o f  t e s t  operations as described below. 

2.11.5 Apparatus: I n  add i t ion t o  a supply reservo i r  f o r  water as 
shown i n  Figures 3 through 6, a supply reservo i r  f o r  leachate i s  
required. Changing the i n f l ow  t o  the t e s t  c e l l  f r o m  water t o  leachate 
can be accomplished by prov id ing a three-way valve i n  the i n f l ow  l i n e  
t h a t  i s  connected t o  .each o f  the reservoirs. 

2.11.6 Measurements: Measurements o f  f l u i d  potent ia l  and out f low 
ra tes are the same f o r  leachate conduct iv i ty  and hydraul ic  conductivi ty. 
I f  the leachate does no t  a l t e r  the i n t r i n s i c  permeabi l i ty  o f  the sample, 
the  c r i t e r i a  f o r  the time required t o  take measurements i s  the same f o r  
1 eachate conduct iv i ty  t es t s  as f o r  hydraul i c  conduct iv i ty  tests.  
However, i f  s i g n i f i c a n t  changes occur i n  the sample by the  passage o f  
leachate, measurements should be taken u n t i l  e i t h e r  the shape o f  a curve 
of conduct iv i ty  versus pore volume can be defined, o r  u n t i l  the leachate 
conducti v i  t y  exceeds the  appl i cab1 e design val  ue f o r  hydraul i c 
conduct iv i ty  . 

2.11 -7 Calculations: I f  the 1 eachate conduct iv i ty  approaches a 
constant value, Equations (8) and (9) can be used. I f  the conduct iv i ty  
changes continuously because o f  the act ion o f  the leachate, the fo l lowing 
modi f ica t ions should be made. For constant-head tests,  the conduct iv i ty  
should be determined by cont inuing a p l o t  o f  out f low volume versus time 
f o r  the constant r a t e  p a r t  o f  the t e s t  conducted w i t h  water. For 
fa1 l ing-head tests,  the slope o f  the logari thm o f  head versus time should 
be con t i  nued . 

2.11.7.1 I f  the slope o f  e i t h e r  curve continues t o  change 
a f t e r  the f l ow o f  leachate begins, the leachate i s  a l t e r i n g  the 
i n t r i n s i c  permeabi 1 i t y  o f  the sample. The leachate conduct iv i ty  i n  
t h i s  case i s  not  a constant. I n  t h i s  case, values o f  the slope o f  
the out f low curve t o  use i n  Equation (8). o r  (9) must be taken as the 
tangent t o  the appropriate out f low curve a t  the times o f  
measurement. 

3.0 FIELD METHODS 

This sect ion discusses methods ava i lab le  f o r  the  determination o f  f l u i d  
conduc t i v i t y  under f i e l d  conditions. As most o f  these t es t s  w i l l  use water as 
the t e s t i n g  f l u i d ,  e i t h e r  natura l  formation water o r  water added t o  a borehole 
o r  piezometer, the term hydrau l ic  conduct iv i ty  w i l l  be used f o r  the remainder 
o f  t h i s  section. However, if f i e l d  t es t s  are run w i th  leachate o r  other 
f l u i ds ,  the methods are equal ly  applicable. 

The loca t ion  o f  wel ls, se lec t ion o f  screened in terva ls ,  and the 
appropriate t es t s  t h a t  are t o  be conducted depend upon the spec i f i c  s i t e  under 
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invest igat ion. The person responsible f o r  such selections should be a 
qua1 i f i e d  hydrogeologi s t  o r  geotechnical engineer who i s  experienced i n  the 
appl i cat ion o f  establ i shed p r i  nc i  p l  es o f  contami nant hydrogeol ogy and ground 
water hydraulics. The fo l lowing are given as general guidelines. 

1. The bottom o f  the screened in te rva l  should be below the lowest 
expected water 1 evel . 

2. Wells should be screened i n  the l i t h o l o g i c  un i t s  t h a t  have the 
highest probabi 1 i t y  o f  e i t he r  receiv ing contaminants o r  
conveying them down .gradient . 

3. We1 1 s up gradient and down gradient o f  s i t es  should be screened 
i n  the same l i t h o l o g i c  un i t .  

Standard reference tex ts  on ground water hydraulics and contaminant 
hydrogeology t h a t  should be consulted include: Bear (1972), Bouwer (1978), 
Freeze and Cherry (1979), Stallman (1971), and Walton (1970). 

The success o f  f i e l d  methods i n  determining hydraul i c  conduct iv i ty  i s  
o f ten  determined by the design, construction, and development o f  the  wel l  o r  
borehole used f o r  the tests.  Deta i ls  of these methods are beyond the scope o f  
t h i s  report; however, important considerations are given i n  Sections 3.1 and 
3.2. Detai 1 ed discussions of we1 1 i n s t a l  1 ation. construction. and devel o~ment  
methods are given by Bouwer, pp. 160-180 (1978), Acker (1974), and ~ohnson 
(1972). 

The methods f o r  f i e l d  determination o f  hydraul i c conduct iv i ty  are 
r e s t r i c t e d  t o  we1 1 o r  piezometer type tes ts  applicable below ex i s t i ng  water 
tab1 es. Determi nations o f  t rave l  times o f  1 eachate and d i  ssol ved sol utes 
above the water t ab le  usual ly require the appl icat ion o f  unsaturated f low 
theory and methods which are beyond the scope o f  t h i s  report. 

3.1 We1 1 -construction considerations: The purpose o f  using proper ly 
constructed we1 1s f o r  hydraulic conduct iv i ty tes t ing  i s  t o  assure tha t  t e s t  
resu l t s  r e f  1 ec t  condit ions i n  the material s being tested, ra ther  than 
condit ions caused by wel l  construction. I n  a l l  cases, diagrams showing a l l  
de ta i l s  o f  the actual we1 1 o r  borehole constructed f o r  the t e s t  should be 
made. Chapter 3 o f  the U.S. €PA, RCRA Ground Water Monitoring Technical 
Enforcement Guidance Document (TEGD) should be consulted. 

3.1.1 We1 1 i n s t a l  l a t i o n  methods: We1 1 i n s t a l  1 a t i on  methods are 
l i s t e d  below i n  order o f  preference f o r  ground water t es t i ng  and 
monitoring. The order was determined by the need t o  minimize side-wall 
plugging by d r i l l i n g  f l u i d s  and t o  maximize the accurate detect ion o f  
saturated zones. This order should be used as a guide, combined w i th  the 
judgment o f  an experienced hydrogeologist i n  se lect ing a d r i  11 i ng  method. 
The combi ned uses of we1 1 s for  hydraul i c conduct iv i ty  test ing, water- 
1 evel moni t o r i  ng , and water-qua1 i t y  sampl i ng f o r  organic contaminants 
were considered i n  a r r i v i n g  a t  the ranking. 
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1. Hol 1 ow-stem auger; 

2. Cable tool: 

3. Air rotary: 

4. Rotary dri  11 ing with non-organic dri  11 ing fluids; 

5. Air foam rotary: and 

6. Rotary with organi c-based dri 1 1 i ng f 1 ui ds. 

A1 though the hollow stem-auger method i s  usually preferred fo r  the 
instal lat ion of most shallow wells (less than 100 fee t ) ,  care must be 
taken i f  the tested zone i s  very fine. Smearing of the borehole walls by 
dr i l l ing  action can effectively seal off the borehole from the adjacent 
formation. Scarification can be used t o  remedy this .  

3.1.2 Ye1 1 s requiring well screens: We1 1 screens pl aced opposite 
the interval t o  be tested should be constructed of materials that  are 
compatible w i t h  the f luids t o  be encountered. Genetally an inert  plast ic  
such as PVC is preferred fo r  ground water contamination studies. The 
screen s l o t  s ize  should be determined to  minimize the inflow of fine- 

9 rained material t o  the we1 1 during development and testing. Bouwer 
1978) and Johnson (1972) give a summary of guidelines fo r  sizing well 

screens. 

3.1.2..1 The annulus between the we1 1 screen and the borehole 
should be f i l l e d  with an a r t i f i c i a l  gravel pack o r  sand f i l t e r .  
Guidelines for  sizing these materials are given by Johnson (1972). 
For very coarse material s, i t  may be acceptable t o  - a1 low the 
materials from the tested zone t o  collapse around the screen forming 
a natural gravel pack. 

3.1.2.2 The screened interval should be isolated from 
over1 yi ng and underlying zones by material s of 1 ow hydraul i c 
conductivity. Generally, a short bentonite plug i s  placed on top -of 
the material surrounding the screen, and cement grout i s  placed i n  
the borehole to  the next higher screened interval (in the case of 
mu1 t i p l e  screen we1 1 s )  , or t o  the land surface for  single screen 
wells. 

3.1.2.3 A1 though considerations for  sampling may dictate 
m i  nimum casi ng and screen dl ameters , the recommended guide1 ine i s 
that  we1 1s t o  be tested by pumping, bailing, o r  injection in coarse- 
grained materials should be a t  least  4-inches inside diameter. 
Wells t o  be used for  testing materials of low hydraulic conducti ufty 
by sudden removal or  injection of a known volume of f luid should be 
constructed with as  small a casing diameter as  possible to  maximize 
measurement resolution of f luid level changes. Casing sizes of 1.25 
t o  1.50 inches usually allow this resolution while enabling the 
ef f ic ient  sudden withdrawal of water for  these tests .  
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3.1.3 Wells not requiring well screens: If  the zone to be tested 
i s  suff icient ly indurated that  a well screen and casing are not required 
to prevent caving in,  i t  i s  preferable to use a borehole open to  the zone 
to  be tested. These materials generally are those having low t o  
extremely low hydraul i c  conductivities. Consol idated rocks having high 
conductivity because of the presence of fractures and solution openings 
may also be completed without the use of a screen and gravel pack. 
Uncased wells may penetrate several zones fo r  which hydraulic 
conductivity t e s t s  are t o  be run.  In these cases, the zones of in teres t  
can be isolated by the use of inf latable packers. 

3.2 We1 1 development: For we1 1 s tha t  are constructed with we1 1 screens 
and gravel packs, and f o r  a l l  wells in which dr i l l ing  f luids have been used 
that  may have penetrated the materials t o  be tested, adequate development of 
the we1 1 i s  required t o  remove these f luids and t o  remove the fine-grained 
materials from the zone around the we1 1 screen. Development i s  carried out by 
methods such as internii t t e n t  pumping, je t t ing  w i t h  water, surging, and 
bai 1 i ng . Adequate development i s requi red t o  assure maxi mum communication 
between f lu ids  in the borehole and the zone t o  be tested. Results from t e s t s  
r u n  in wells tha t  are inadequately developed will include an er ror  caused by 
loss  of f lu id  potenti a1 across the undeveloped zone, and computed hydraulic 
conductivities wi 11 be lower than the actual value. Bouwer (1978) and Johnson 
(1975) give further detai 1 s on we1 1 development incl uding methods t o  determine 
when adequate development has occurred. The U.S. EPA TEGD should also be 
consulted. 

3.3 Data interpretation and t e s t  selection considerations: Hydraulic 
conductivity may be determined in wells tha t  are e i the r  cased o r  uncased as 
described in section 3.1. The t e s t s  a l l  involve disturbing the existing f luid 
potential in the tested zone by withdrawal from or  injection of f lu id  into a 
well, e i the r  as a slug over an extremely short period of time, or  by 
continuous withdrawal or  injection of f luid.  The hydraul i c conductivity i s  
determined by measuring the response of the water level or  pressure i n  the 
well as a function of time since the s t a r t  of the t e s t .  Many excellent 
references are available that  give the derivation and use of the methods that  
are out1 ined below, includiog Bouwer (1978), Wal ton (1969), and Lohman (1972). 

3.3.1 The selection of a part icular  t e s t  method and data analysis 
technique requires the consideration of the purposes of the t e s t ,  and the 
geologic framework in which the t e s t  i s  to  be run. Knowledge of the 
s trat igraphic relationships of the zone t o  be tested and both overlying 
and underlying materials should always be used to  select  appropriate t e s t  
design and data interpretation methods. 

3.3.2 The equations given for  a l l  computational methods given here 
and in the above references are based on ideal ized models comprising 
1 ayers of material s of different  hydraul i c  conductivities. 'The water- 
level response caused by dl sturbing the system by the addition or removal 
of water can be similar fo r  quite different systems. For example, the 
response of a water-table aquifer and a leaky, confined aquifer t o  
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pumping can be very s imi lar .  Consequently, i t  i s  not  considered 
acceptable pract lce t o  obtain data from a hydraul i c  conduct iv i ty t e s t  and 
i n t e r p r e t  the type o f  hydraul i c  system present without support1 ng 
geologic evidence. 

3.3.3 The primary use o f  hydraul ic conduct iv i ty data f r o m  tes ts  
described subsequently w i l l  usual ly be t o  a i d  i n  s i t i n g  monitoring wel ls 
f o r  f a c i  1 i t y  design as we1 1 as f o r  compl lance w i t h  Subpart F o f  Part 264. 
As such, the methods are abbreviated t o  provide guidance i n  determining 
hydraul ic conduct iv i ty  only. Addit ional analyses tha t  may be possible 
w i t h  some methods t o  def ine the storage propert ies o f  the aqui fer  are not 
included. The U.S. EPA TEGD has an expanded discussion on the 
re la t ionsh ip  between K tes ts  and s i t i n g  design (Chapter 1) and should be 
consulted. 

3.3.4 The we1 1 t e s t  methods are discussed under the fo l lowing two 
categori es: 1) methods appl i cabl e t o  coarse-grai ned materi a1 s and t i g h t  
t o  extremely t i g h t  mater ia ls under confined conditions; and 2) methods 
appl i cabl e t o  unconfined materi a1 s o f  moderate permeabi 1 i ty.  The single 
wel l  t es t s  in tegra te  the e f fec ts  o f  heterogeneity and anisotropy. The 
e f f ec t s  o f  boundaries such as streams o r  less permeable materials usually 
are not  detectable w i t h  these methods because o f  the small por t ion o f  the 
geologic u n i t  t ha t  i s  tested. 

3.4 Sing1 e we1 1 tests :  The t es t s  for  determining hydraul i c  conduct iv i ty 
w i th  a s ing le  wel l  are discussed below based on methods f o r  confined and 
unconfined-condi t ions.  The methods are usual ly ca l led  s lug tes ts  because the 
t e s t  involves removing a s lug o f  water instantaneously f r o m  a wel l  and 
measuring the recovery o f  water i n  the well .  The method was f i r s t  developed 
by Hvorslev (1951), whose analysis d i d  not consider the e f f ec t  o f  f l u i d  stored 
I n  the well .  Cooper and others (1967) developed a method tha t  considers well  
bore storage. However, t h e i r  method only applied t o  wel ls tha t  are open t o  
the e n t i r e  zone t o  be tested and t h a t  tap confined aquifers. Because o f  the 
rap id  water-1 eve1 response i n  coarse materials, the tes ts  are generally 
l i m i t e d  t o  zones w i t h  a t ransmiss iv i ty  o f  less than about 70 c$/sec (Lohman, 
1972). The method has been extended t o  al low tes t ing  o f  extremely t i g h t  
formations by Bredehoeft and Papadopul os (1980) . Bouwer and Rice (1976) 
developed a method f o r  analyzing slug t es t s  f o r  unconfined aquifers. 

3.4.1 Method f o r  moderately permeable formations under confined 
condit ions: 

3.4.1.1 App l i cab i l i t y :  This method i s  appl icable f o r  tes t ing  
zones t o  which the e n t i r e  zone i s  open t o  the we1 1 screen o r  open 
borehole. The method usual ly i s  used i n  mater ia ls o f  moderate 
hydraul i c conduct iv i ty  which a1 low measurement o f  water-level 
response over a per iod o f  a hour t o  a few days. More permeable 
zones can be tested w i th  rap id  response water-level recording 
equipment. The method assumes tha t  the tested zone i s  uniform I n  
a1 1 rad ia l  d i rec t ions  from the t e s t  well. Figure 7 i l l u s t r a t e s  the 
t e s t  geometry f o r  t h i s  method. 
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Figure 7.--Geometry and variable definition for 
slug tests in confined aquifers. 
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3.4.1.2 Procedures: The slug t e s t  i s  r u n  by util izing some 
method of removing or  adding a known volume of water from the well 
bore in a very short time period and measuring the recovery of the 
water level in the we1 1. The procedures are the same for  both 
unconfined and confined aquifers. Water i s most effectively removed 
by using a bailer tha t  has been allowed t o  f i l l  and stand i n  the 
well for  a sufficiently long period of time so that any water-level 
disturbance caused by the insertion of the bai ler  will have reached 
equi 1 ibrium. In permeable materials, th i s  recovery time may be as 
l i t t l e  as a few minutes. An alternate method of effecting a sudden 
change in water level i s  the withdrawal of a weighted float.  The 
volume of water displaced can be computed using the known submersed 
volume of the f loa t  and Archimedes ' principle (Lohman, 1972). 

Water-1 evel changes are recorded usi ng ei ther  a pressure 
transducer and a s t r i p  chart recorder, a weighted steel tape, or  an 
el  ectr i  c water-1 evel probe. For t e s t i  ng permeable materi a1 s that 
approach o r  exceed 70 cm2/sec, a rapi d-response transducerlrecorder 
system i s  usually used because essenti a1 ly ful l  recovery may occur 
in a few minutes. Because the rate  of water-level response decays 
with time, water-level or  pressure changes should be taken a t  
increments that  are approximately equally spaced i n  the logarithm of 
the time since f luid withdrawal. The t e s t  should be continued until 
the water level in the well has recovered t o  a t  least  85 percent of 
the i ni t i  a1 pre-test value. 

3.4.1.3 Calculations: Calculations for  determining hydraulic 
conductivity fo r  moderately permeable formations under confined 
conditions can be made using the following procedure: 

Determine the transmissivity of the tested zone by plotting the 
ra t io  h/ho on an arithmetic scale against time since removal of 
water ( t )  on a logarithmic scale. The observed f luid potential 
in the well during the t e s t  as measured by water level or 
pressure i s  h ,  and the f luid potential before the instant of 
f luid withdrawal i s  ho. The data plot i s  superimposed on type 
curves, such as those given by Lohman (1972), Plate 2, or 
plotted from Appendix A, with the h/ho and time axes coincident. 
The data plot i s  moved horizontally until the data f i t s  one of 
the type curves. A value of time on the data plot corresponding 
t o  a dimensionless time ( p )  on the type curve plot i s  chosen, 
and the transmissivi ty  i s  computed from the following: 

where: 

rc is  the radius of the casing (Lohman, p. 29 (1972)). 
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The type curves p l o t t e d  using data i n  Appendix A are  not  t o  be 
confused w i t h  those commonly re fe r red  t o  as "Theis Curves" which 
are used f o r  pumping t e s t s  i n  confined aqui fers  (Lohman, 1972). 
The type curve method i s  a general technique o f  determining 
aqu i fe r  parameters when the so lu t i on  t o  t he  desc r i p t i ve  f l ow 
equation involves more than one unknown parameter. A1 though 
both the storage c o e f f i c i e n t  and t ransmiss iv i t y  o f  the  tes ted 
i n t e r v a l  can be determined w i t h  the  type curve method f o r  s lug 
tes ts ,  determi na t ion  o f  storage coe f f i c i en t s  i s  beyond the  scope 
o f  t h i s  repor t .  See Section 3.4.1.4 f o r  f u r t h e r  d iscussion o f  
the  storage coe f f i c i en t .  

I f  t he  data i n  Appendix A are used, a type curve f o r  each 
value o f  a i s  prepared by p l o t t i n g  F(a, ) on the  a r i thmet i c  
scale and dimensionless t lme ( p )  on the  ogarithmic scale o f  
semi -1 og paper. 

e 
2. Determine the  hydrau l ic  conduc t i v i t y  by d i v i d i n g  the 

t ransmiss iv i t y  (T) ca lcu la ted above by the thickness o f  the 
tes ted zone. 

3.4.1.4 Sources of er ror :  The e r ro r s  t h a t  can a r i s e  i n  
conducting s lug  t es t s  can be of th ree  types: those r e s u l t i n g  from 
the  we1 1 o r  borehol e construct ion; measurement errors;  and data 
analysi  s er ror .  

We1 1 const ruct ion and development e r ro rs  : Thi s method assumes t h a t  
the  e n t i r e  thickness o f  the  zone o f  i n t e r e s t  i s  open t o  the  wel l  
screen o r  boreholes and t h a t  f low i s  p r i n c i p a l l y  rad ia l .  I f  t h l s  i s  
not  the  case, the  computed hydrau l ic  conduct iv i ty  may be too  high. 
I f  the  we1 1 i s  no t  proper ly developed, the computed conduc t i v i t y  
w i l l  be too  low. 

Measurement errors:  Determining o r  recording the  f l u i d  l eve l  i n  the 
borehole and the  t ime of measurement i ncor rec t l  y can cause 
measurement errors.  Water l eve l s  should be measured t o  an accuracy 
o f  a t  l e a s t  1 percent o f  the i n i t i a l  water- level change. For 
moderately permeable materi  a1 s, t ime should be measured w i t h  an 
accuracy o f  f r ac t i ons  o f  minutes, and, f o r  more permeable mater ia ls,  
the t ime should be measured i n  terms o f  seconds o r  f r ac t i ons  o f  
seconds. The l a t t e r  may requ i re  the  use o f  a rapid-response 
pressure transducer and recorder system. 

Data ana lys is  er rors :  The type curve procedure requires matching 
the  data t o  one o f  a fami ly  o f  type curves, described by the 
parameter , which i s  a measure o f  the storage i n  the wel l  bore and 
aqui fer .  Papadopulos and others (1973) show t h a t  an e r r o r  o f  two 
orders o f  magnitude i n  the se lec t ion  o f  would r e s u l t  i n  an e r r o r  
of l ess  than 30 percent i n  the value of t ransmiss iv i t y  determined. 
Assuming no e r r o r  i n  determining the thickness o f  the  zone tested, 
t h l s  i s  equivalent  t o  a 30 percent e r r o r  i n  the hydrau l ic  
conduc t i v i t y  . 
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3.4.2 Methods f o r  extremely t i g h t  formations under confined 
condi t ions : 

3.4.2.1 A l i c a b i l i t  : This t e s t  i s  appl icable t o  materials 
t h a t  have low w t o  extreme y low permeabil i ty such as s i l t s ,  clays, 
shales, and indurated l i t h o l o g i c  uni ts.  The t e s t  has been used t o  
determine hydraul ic conduct iv i t ies  o f  shales o f  as low as 10-lo 
cm/sec. 

3.4.2.2 Procedures : The t e s t  described b Bredehoeft and 
Papadopul os (l-modi f i ed by Neuzi 1 (19823 i s conducted by 
suddenly pressur iz ing a packed-off zone i n  a por t ion  o f  a borehole 
o r  well .  The t e s t  i s  conducted using a system such as shown fn 
Figure 8. The system i s  f i l l e d  w i th  water t o  a leve l  assumed t o  be 
equal t o  the prevai 1 i ng water 1 eve1 . (This step i s  required i f  
s u f f i c i e n t l y  large times have not  elapsed since the d r i l l i n g  o f  the 
we1 1 t o  a1 low f u l l  recovery o f  water levels.) A pressure transducer 
and recorder are used t o  monitor pressure changes i n  the system f o r  
a per iod p r i o r  t o  the t e s t  t o  obtain pressure trends preceding the 
test .  The system i s  pressurized by addi t ion o f  a known volume o f  
water w i t h  a high-pressure pump. The valve i s  shut and the pressure 
decay i s  monitored. Neuzil ' s  modi f icat ion uses two packers wi th  a 
pressure transducer below the bottom packer t o  measure the pressure 
change i n  the cav i t y  and one between the two packers t o  monitor any 
pressure change caused by leakage around the bottom packer. 

3.4.2.3 Calculat ions: The modified s lug t e s t  as developed by 
Bredehoef t and Papadopulos (1980) consi dered compressive storage o f  
water i n  the borehole. These authors considered t ha t  the volume of 
the packed-off borehole d i d  not change during the t e s t  and t ha t  a l l  
compressive storage resu l ted i n  compression o f  water under the 
pressure pu l  se. Neuzi 1 (1980) demonstrated t h a t  under some t e s t  
condi t ions t h i s  i s  not  a v a l i d  assumption. The computational from 
e i t h e r  Lohman, Plate 2 (1972) o r  p l o t t ed  from data given i n  Appendix 
A as described i n  Section 3.4.1.3. The values of t ime ( t )  and 
dimensionless time (p )  are determined i n  the same manner as f o r  the 
conventional tests.  I f  compression o f  water only i s  considered, 
t ransmiss iv i t y  i s  computed by replacing rc by the quant i ty 
(VwCwpg/r) i n  Equation 10: 

where: 

VW i s  the volume o f  water i n  the packed-off cavity, 13; 

CW i s  the compressi b i  1 i ty o f  water, LT~M-1; 

p i s  the densi ty o f  water, ML-3; and 

g i s  the accelerat ion o f  grav i ty ,  LT-2. 
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Figure 8.--Schematic diagram for pressurized slug 
test method in unconsolidated (a) and 
consolidated (b) materials. Source: 
Papadopulos ,and Bredehoeft, 1980. 
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I f  the compressive storage i s  al tered by changing the volume o f  the 
packed-off cav i ty  (V) , then the combined compressi b i  1 i t y  o f  the 
water and the expansion o f  the cavi ty (Co) i s  used. Co i s  computed 
by measuring the volume o f  water in jected during pressurization (AV) 
and the pressure change (AP) f o r  the pressurization: 

(Neuzil, p. 440 (1982)). Use o f  Co requires an accurate method o f  
metering the volume of water in jected and the volume of the cavity. 

3.4.2.4 Sources of error: The types o f  errors i n  t h i s  method 
are the same as those for the conventional slug test.  Errors may 
a1 so ar ise  by inaccurate detenninatlon o f  the- cav i ty  volume and 
volume of water injected. An addit ional assumption tha t  i s  required 
f o r  t h i s  method i s  tha t  the hydraulic propert ies o f  the in terva l  
tested remain constant throughout the test.  This assumption can 
best be sa t i s f i ed  by l i m i t i n g  the i n i t i a l  pressure change t o  a value 
only su f f i c ien t1  large enough t o  be measured (Bredehoeft and 
Papadopulos, 1980 f . 
3.4.3 Uethods f o r  moderately permeable materials under unconfined 

conditions: 

3.4.3.1 A l i c a b i l i t  : This method i s  applicable t o  wells 
t ha t  f u l  l y  o r  -=T+ par t ia  y penetrate the in terva l  o f  in terest  (Figure 
9) . The hydraul i c conductivity detenni ned w i  11 be pr inc ipa l l y  the 
value i n  the horizontal d i rec t ion  (Bouwer and Rice, 1976). 

3.4.3.2 Procedures: A general method f o r  test ing cased we1 1s 
tha t  p a r t l y  o r  f u l l y  penetrate aquifers tha t  have a water table as 
the upper boundary o f  the zone t o  be tested was developed by Bouwer 
and Rice (1976). The geometry and dimensions that  are required t o  
be known f o r  the method are shown i n  Figure 9. The tes t  i s  
accomplished by e f fec t ing  a sudden change i n  f l u i d  potent ial  i n  the 
wel l  by withdrawal o f  e i ther  a b a i l e r  o r  submerged f l o a t  as 
d i  scussed i n  Section 3.4.1.2. Water-1 evel changes can be monitored 
wi th  e i t he r  a pressure transducer and recorder, a wetted steel tape, 
o r  an e l e c t r i c  water-1 eve1 sounder. For highly perrneabl e 
fonnations, a rapi  d-response transducer and recorder system i s  
required. The resolut ion o f  the transducer should be about 0.01 m. 

3.4.3.3 Calculations: The hydraulic conductivity i s  
calculated using the fol lowing equation f r o m  Bouwer and Rice (1976), 
i n  the notat ion o f  t h i s  report: 
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where rc, rw, Le, t, Y, and K have been previously defined o r  are 
defined i n  Figure 8a. Yo i s  the value o f  Y imnediately a f t e r  
withdrawal o f  the s lug o f  water. The term R i s  an e f f ec t i ve  radius 
f o r  we l l s  t h a t  do not  f u l l y  penetrate the aqu i fe r  t ha t  i s  computed 
using the f o l l  owing equation given by Bouwer and Rice (1976) : 

I f  the quant i ty  (Ho-Lw)/rw) i s  la rger  than 6, a value o f  6 should be 
used. 

For we1 1s t h a t  completely penetrate the aqui fer ,  the fo l lowing 
equation i s  used: 

(Bouwer, 1976). The values of the constants A, B, and C are given 
by Figure 10 (Bouwer and Rice, 1976). 

For both cases, s t r a i gh t - l i ne  port ions o f  p l o t s  o f  the logari thm o f  
Y o r  Yo/Y against t ime should be used t o  determine the slope, 
( I n  Y o / Y ) / t .  

Addi ti onal methods f o r  t es t s  under unconf i ned condi t i ons  are 
sumnarized by Bower (1976) on pages 117-122. These methods are 
modi f icat ions o f  the cased-we1 1 method described above t ha t  apply 
e i t h e r  t o  an uncased borehole o r  t o  a wel l  o r  pietometer i n  which 
the diameter o f  the casing and the borehole are the same (Figures 9b 
and 9c.) 

3.4.3.4 Sources o f  er ror :  The method assumes t h a t  f low o f  
water from above i s  neg l ig ib le .  I f  t h i s  assumption cannot be met, 
the  conduc t i v i t i es  may be i n  error .  s u f f i c i e n t  f low from the 
unsaturated zone by drainage would r e s u l t  i n  a high conduct iv i ty  
value. Errors caused by measuring water leve ls  and recording time 
are s im i l a r  t o  those discussed i n  Sections 3.4.1.4 and 3.4.2.4. 

3.5 Mu1 t i p l e  we1 1 tes ts :  Hydraul ic conduct iv i ty  can also be determined 
by conventional pumping t es t s  i n  which water i s  continuously withdrawn o r  
in jec ted  using one we1 1 , and the water-1 eve1 response i s  measured over time i n  
o r  near more observation wells. The observation wel ls  must be screened i n  the 
same s t r a t a  as the i n j e c t i o n  o r  pumping we1 1. These methods general ly t e s t  
l a rge r  por t ions o f  aqu i fers  than the s ing le  wel l  t es t s  discussed i n  Section 
3.4. For some circumstances these tes ts  may be appropriate i n  obtaining data 
t o  use i n  sa t i s f y i ng  requirements o f  Part 264 Subpart F. However, the large 
possi b i  1 i t y  f o r  non-uniqueness i n  in terpreta t ion,  problems involved i n  pumping 
contaminated f l u i ds ,  and the expense o f  conducting such t es t s  general l y  
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Figure 10. --Curves defining coefficients A p  B p  
and C in equations 13 and 14 as 
a function of the ratio L/rw. 
Source: Bower and Rice, 1976. 

Revi sion 0 
Date September 1986 



prec l  ude t h e i r  use i n  problems o f  contaminant hydrogeology. The fo l  lowing 
references g ive excel 1 ent  d i  scussions o f  the design and i n te rp re ta t i on  o f  
these tes ts :  Lohman (1972), Stallman (1971), and Val ton (1970). 

3.6 Estimates o f  hydraul ic  conduct iv i ty  f o r  coarse-grained materials: 
The character izat ion o f  ground water f low systems t o  s a t i s f y  the i n t e n t  o f  
Part 264 Subpart F i s  -preferably done w i th  f low nets based on borehole 
measurements ra ther  than r e l y i n g  on in te rpo la t ion  from g ra i  n-size analyses. 

An empir ical  approach t h a t  has been used by the U.S. Geological Survey , 
(Lappal a, 1978) i n  several studies re1 ates conduct iv i ty  determi ned by aqu i fer  
t e s t i n g  t o  grain-size, degree o f  so r t i ng  and s i l t  content. Table C provides 
the estimates o f  hydraul i c conduct iv i ty .  

A1 though estimates o f  K from analysis o f  grain-s ize and degree o f  sor t ing 
do provide a rough check on t e s t  values o f  K, repeated s lug tes ts  provide a 
-bet ter  check on the accuracy o f  resu l ts .  

3.7 Consol i d a t i o n  tes ts :  As o r i g i n a l  l y  defined by Terzagi (Terzaghi and 
Peck, 1967) the  c o e f f i c i e n t  o f  consol idation (CV) o f  a saturated, 
compressible, porous medi urn i s  re1 ated t o  the hydraul ic  conduct iv i ty  by: 

where : 

K i s  the  hydrau l ic  conduct iv i ty ,  LT-; 

p i s  the f l u i d  density, ML-3; 

g i s  the g rav i ta t iona l  constant, LT-2; and 

a i s  the  so i  1 I s  compress1 b i  1 i ty, LM-1~2. 

The compress ib i l i ty  can be determined i n  the laboratory w i th  several types o f  
consol idometers, and i s  a funct ion o f  the appl ied stress and the previous 
1 oadi ng h i  story. Lambe (1951) describes the tes t1  ng procedure. 

3.7.1 The transfer value o f  resu l t s  from t h i s  t es t i ng  procedure i s  
inf luenced by the extent  t o  which the laboratory loading simulates f i e l d  
condi t ions and by the consol i da t i on  rate.  The laboratory loadings w i  11 
probably be less  than the stress t h a t  remolded c lay  l i n e r  w i l l  
experience; therefore, the use o f  an a1 ready remolded sample i n  the 
consol idometer w i  11 probably produce no measurable resul ts.  This 
suggests t h a t  the t e s t  i s  of l i t t l e  u t i l i t y  i n  determining the hydraul ic 
conducti v i  t y  o f  remol ded o r  compacted, f i ne-grai ned soi  1 s . Second, the 
consol i d a t i o n  r a t e  determines the length o f  the t es t i ng  period. For 
granular  so l l s ,  t h i s  r a t e  i s  f a i r l y  rapid. For f ine-grained so i ls ,  the 
r a t e  may be s u f f i c i e n t l y  slow t h a t  the previously described methods, 

Revi s i  on 0 
Date September 1986 



which g ive f as te r  resu l ts ,  w i l l  be preferable. Cohesive sol  1 s (clays) 
must be trimmed from undisturbed samples t o  f i t  the  mold, whi le  
cohesi on1 ess sands can be tested us1 ng disturbed, repacked samples 
(Freeze and Cherry, 1979). 

R 
3.7.2 I n  general, EPA believes t h a t  consol i da t i on  t e s t s  can provide /id 

useful i nformati on f o r  some s i tuat ions,  bu t  prefers  the previously 
described methods because they are d l  r e c t  measurements o f  hydraul i c 
conduct iv i ty.  Hydraul i c conduct1 v i  t y  val  ues determi ned us i  ng 
consol idat ion t es t s  are n o t  t o  be used i n  permit appl icat ions.  

3.8 Fractured media: Determining the hydraul i c  proper t ies  o f  f ractured 
media i s  arways a d i f f i c u l t  process. Unlike the case w i th  porous media, 
Darcyls Law i s  not  s t r i c t l y  appl icable t o  flow through fractures; although i t 
o f ten  can be appl l e d  empi r i ca l l y  t o  large bodies o f  f ractured rock t h a t  
incorporate many fractures. Descri b i  ng 1 ocal f 1 ow condi t ions i n  f ractured 
rock o f ten  poses considerable d i f f i c u l t y .  Sowers (1981) d l  scusses 
determinations o f  hydraul ic conduct iv i ty  o f  rock. This reference should be 
consulted f o r  guidance i n  analyzing f low through f ractured media. 

3.8.1 F i  ne-grai ned sediments, such as g l  aci  a1 ti 11 s, are commonly 
f ractured i n  both saturated and unsaturated sett ings.  These f ractures 
may be s u f f i c i e n t l y  interconnected t o  have a s i g n i f i c a n t  inf luence on 
ground water flow, o r  they may be o f  very 1 imi ted connection and be o f  
l i t t l e  p rac t i ca l  signif icance. 

3.8.2 Frequently, a laboratory t e s t  o f  a small sample o f  c lay  w i l l  
determine hydraul ic conduct iv i ty t o  be on the order o f  10-8 cm/sec. A 
piezometer t e s t  o f  the same geologic u n i t  over an i n t e r v a l  containing 
f ractures may determine a hydraul ic conduct iv i ty on the order o f  perhaps 
10-5 o r  10-6 cmlsec. To assess the extent o f  f rac tu re  interconnection, 
and hence the overa l l  hydraul ic conduct iv i ty o f  the un i t ,  several 
procedures can be used. Closely spaced piezometers can be ins ta l led ;  one 
can be used as an observation we1 1 whi le water i s  added t o  o r  withdrawn 
from the other. Al ternately,  a t r ace r  might be added t o  one piezometer, 
and the second could be monitored. These and other techniques are 
d i  scussed by Sowers (1981). 

3.8.3 For s i tua t ions  t h a t  may involve f low through f ractured media, 
i t  i s  important t o  note i n  permit appl icat lons t h a t  an apparent hydraul ic 
conduct iv i ty  determined by tes ts  on we1 1 s t h a t  in te rsec t  a small number 
o f  f ractures may be several orders others o f  magnitude lower o r  higher 
than the value required t o  describe f low through par ts  o f  the ground 
water system t h a t  i nvol ve d i f f e r e n t  f ractures and d i f f e r e n t  stress 
condi t ions from those used during the test .  

4.0 CONCLUSION 

4.1 By fo l lowing laboratory and f i e l d  methods discussed o r  referenced i n  
t h i s  report ,  the user should be able t o  determine the f l u i d  conduct iv i ty  o f  
materi a1 s used f o r  1 i ners, caps, and drains a t  waste-di sposal f a c i  1 i t ies ,  as 
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well as materials composing the local  ground water f low system. I f  f l u i d -  
conduct1 v i  t y  t es t s  are conducted and i nterpreted properly, the resul ts  
obtained should provide the level  o f  information necessary t o  sa t i s f y  
appl i cab1 e requi rements under Part 264. 
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METHOO 9100 

HYQRAULIC CONDUCTIVITY OF SOIL SAMPLES: 

FALLING--HE40 TEST WITH CONVENTIONAL PEMEAMETER 

S t a r t  (7 
Oven-dry and 
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wETnoo P ~ O O  

HYORAULIC CONDUCTIVITY Of SOIL SAMPLES: 

MOOIFIED COMPACTION PARAMETER METHOD 

S t a r t  (2 
sample: 

mix w i t h  water  
t o r  d e s i r e a  
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METH(I0 s t 0 0  

HYDRAULIC COnOUCTIVITY OF SOIL SAMPLES: 

TRIAXIAL CELL METHOO wITn eAm PRESSURE 

s t a r t  5' 
I 

Tr im  sampla 
t o  d iameter  

o r  t o p  cap 0 1  
t r i a x i a l  c a l l  
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and weigh 
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METHOD 9100 

HYORAULIC CONOUCTIVITY OF SOIL SAMPLES: 

PRESSWE-CHAMBER PARAMETER METWOO 

O ls tu rbed  
Prepare i n  a o l d  

Record 
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WVWIAULIC C-TIVItV Of  SOIL  SAMPLES: 

F I E L O  WWWS FOCl CXTACMELV T I W t  C O M A T I M  W C R  CONCINE0 C O w O I T I m  
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HYAAULIC CONOUCTIVITY OF S O I L  SAMPLES 

F I E L D  METHODS POA MODEAATELY PEAMEABLE MATERIALS W O E R  UNCONFINEO CONOITIONS 
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METWOO 9100 

HYORAULIC CONOUCTIVITY OF S O I L  SAMPLES: 

CXELO METMOO COA MOOERATELY PERMEABLE FORMATIONS UNOER CONFINE0 C W O I T I O N S  
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METHOD 9310 

GROSS ALPHA AND GROSS BETA 

1.0 SCOPE AND APPLICATION 

1.1 This method covers the measurement o f  gross alpha and gross beta 
p a r t i c l e  a c t i v i t i e s  i n  surface and ground waters. 

1.2 The method i s  appl icable t o  the measurement o f  alpha emitters having 
energies above 3.9 mega e lect ron v o l t s  (MeV) and beta emit ters having maximum 
energies above 0.1 MeV. 

1.3 The minimum l i m i t  o f  concentration t o  which t h i s  method i s  
appl i cab1 e depends on sample size, counting-system character ist ics.  
background, and counting time. 

1.4 Because, i n  t h i s  method f o r  gross alpha and gross beta measurement, 
the r a d i o a c t i v i t y  o f  the sample i s  not separated from the sol ids  o f  the 
sample, the so l ids  concentration i s  very much a l i m i t i n g  fac to r  i n  the 
s e n s i t i v i t y  o f  the method f o r  any given water sample. Also, f o r  samples wi th  
very low concentrations o f  rad ioac t i v i t y ,  i t  i s  essential t o  analyze as large 
a sample a1 iquo t  as i s  needed t o  g ive reasonable times. 

1.5 The largest  sample a l iquo t  t ha t  should be counted f o r  gross alpha 
a c t i v i t  i s  t h a t  s i ze  a l i quo t  which gives a so l ids  density thickness o f  3 5 mglcin i n  the counting planchet. For a 2-in. diameter counting planchet 
(20 cmz), an a l i quo t  containing 100 mg of n i t r a ted  dissolved so l ids  would be 
the maximum a l i quo t  s ize f o r  t h a t  sample which should be evaporated and 
counted f o r  gross alpha a c t i v i t y .  

1.6 When the concentration o f  t o t a l  so l ids  (TS) i s  known f o r  a given 
water sample and the alpha background and the counting e f f i c iency  o f  a given 
counting system are known, the counting time tha t  i s  needed t o  meet the 
required s e n s i t i v i t y  (3 pCi/L) can be determined by equations given i n  
Appendix C. 

1.7 For the counting o f  gross beta a c t i v i t y  i n  a water sample, the TS i s  
not as l i m i t i n g  as f o r  gross alpha a c t i v i t y  because beta pa r t i c l es  are not  
stopped i n  so l ids  as eas i l y  as are alpha par t ic les .  Very o f ten a s ing le  
sample a l i quo t  i s  evaporated and counted f o r  both gross alpha and gross beta 
a c t i v i t y .  I n  t h a t  case, the sample a l iquo t  s ize would be d ic ta ted by the 
so l ids  l i m i t a t i o n s  f o r  alpha par t ic les .  For water samples tha t  are t o  be 
counted f o r  gross beta a c t i v i t y ,  equations i n  Appendix C can also be used t o  
determine the necessary counting time t o  meet a s e n s i t i v i t y  f o r  gross beta 
a c t i v i t y  (4 pCi /L) . 

1.8 Radionuclides t h a t  are v o l a t i l e  under the sample preparation 
condi t ions o f  t h i s  method w i l l  not be measured. I n  some areas o f  the country 
the n i t r a t e d  water so l ids  (sample evaporated wi th  n i t r i c  ac id  present) w i l l  
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not  remain a t  a constant weight a f t e r  being d r i ed  a t  105'C f o r  2 h r  and then 
exposed t o  the atmosphere before and du r i  ng counting. Other r ad ioac t i  v i  t i e s  
(such as some chemical forms o f  radio iodine) may a lso be l o s t  dur ing the 
sample evaporation and d ry ing  a t  105'C. Those types o f  water samples need t o  
be heated t o  a d u l l  red heat f o r  a few minutes t o  convert the s a l t s  t o  oxides. 
Sample weights are then usual ly  s u f f i c i e n t l y  s tab le  t o  g ive  consistent  
counting rates, and a co r rec t  counting e f f i c i ency  can then be assigned. Some 
rad ioac t i v i t i e s ,  such as the cesium radioisotopes, may be l o s t  when samples 
are heated t o  a d u l l  red color .  Such losses are l i m i t a t i o n s  o f  the t e s t  
method. 

1.9 This method provides a rap id  screening measurement t o  i nd i ca te  
whether s p e c i f i c  analyses are requi  red. When the gross a1 pha p a r t i c l e  
a c t i v i t y  exceeds 5 pCi/L, the same o r  an equivalent sample sha l l  be analyzed 
f o r  a lpha-emit t ing radium isotopes (Method 9315) o r  an a l t e r n a t i v e  measurement 
o f  radium-226 alpha emission (Standard Methods f o r  the  Examination o f  Water 
and Wastewater, 15th ed i t ion,  Method 705 o r  706, respect ive ly) .  Gross beta 
p a r t i c l e  emissions exceeding 15 pCi/L i n  a sample sha l l  be analyzed f o r  
s t r o n t i  um-89 and cesi  um-134 (Standard Methods f o r  the Examination o f  Water and 
Wastewater, 15th ed i t i on ,  Methods 704 and 709, respect ive ly) .  I f  gross beta 
a c t i v i t y  exceeds 50 pCi /L, the i d e n t i t y  o f  the major rad ioac t i ve  const i tuents  
must be evaluated and the  appropriate organ and t o t a l  body doses determined. 

2.0 SUMMARY OF METHOD 

2.1 An a1 i quo t  of a preserved water sample i s  evaporated t o  a small 
volume and t rans fe r red  quan t i t a t i ve l y  t o  a tared 2-in. s ta in less  s tee l  
counting planchet. The sample residue i s  d r i ed  t o  constant weight, reweighed . 
t o  determine d ry  residue weight, and then counted f o r  alpha and/or beta 
rad ioac t i v i t y .  

2.2 Counting e f f i c i e n c i e s  f o r  both alpha and beta p a r t i c l e  a c t i v i t i e s  ' 

are selected according t o  the amount o f  sample sol  i d s  from count ing e f f i c i e n c y  
vs. sampl e sol  i d s  standard curves. 

3.0 INTERFERENCES 

3.1 Moisture absorbed by the sample residue i s  an in te r fe rence  because 
i t  obst ructs  counting and sel  f-absorption character is t ics .  I f  a sample i s  
counted i n  an i n te rna l  propor t iona l  counter, s t a t i c  charge on the  sample 
residue can cause e r r a t i c  counting , thereby preventing an accurate count. 

3.2 Nonuni formi t y  of the sarnpl e residue i n  counting p l  anchet i nter fe res  
w i t h  the  accuracy and p rec is ion  o f  the method. 

3.3 Sample dens i ty  on the planchet area should be no t  more than 10 
mglcm2 f o r  gross alpha and no t  more than 20 mglcm2 f o r  gross beta. 
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3.4 When counting alpha and beta p a r t i c l e  a c t i v i t y  by a gas-flow 
propor t iona l  counting system, counting a t  the alpha plateau discriminates 
against beta p a r t i c l e  a c t i v i t y ,  whereas counting a t  the beta plateau i s  
sens i t i ve  t o  alpha p a r t i c l e  a c t i v i t y  present i n  the sample. This l a t t e r  
e f fec t  should be determined and compensated f o r  dur ing the ca l i b ra t i on  o f  the 
spec i f i c  instrument being used. 

4.0 APPARATUS AND MATERIALS 

Gas-flow propor t iona l  counting system, o r  

4.2 S c i n t i l  l a t i o n  detec t ion system, o r  

4.3 Sta in less  s tee l  countina planchets. 

4.4 E l e c t r i c  hot p la te .  

4.5 Drying oven. 

4.6 Drying lamp. 

4.7 Glass desiccator. 

4.8 Glassware. 

4.9 Anal y t  i cal  bal  ance. 

5.0 REAGENTS 

5.1 A1 1 chemical s should be o f  "reagent-grade" o r  equivalent whenever 
they are  commercial l y  avai lab1 e. 

5.2 D i s t i  11 ed o r  deionized water (Type 11) having a resistance value 
between 0.5 and 2.0 megaohms (2.0 t o  0.5 rnhos)/cm a t  25'C. 

5.3 N i t r i c  acid, 1 N: Mix 6.2 mL 16 N HNO3 (conc.) w i t h  deionized o r  
d i s t i l  l e d  water and d i l u t e  t o  100 mL. 

6.0 SAMPLE COLLECTION, PRESERVATION, AND HANDLING 

6.1 A1 1 samples must have been co l lec ted i n  a manner which addrcsseq t $ e  
considerat ions discussed i n  Chapter Nine . o f  t h i s  manual. 

6.2 I t  i s  recommended t ha t  samples be preserved a t  the t ime o f  col lec-  
t i o n  by adding enough 1 N HNO3 t o  the sample t o  b r ing  i t  t o  pH 2 (15 mL 1 N 
HNO per  1 i t e r  o f  sample i s  usua l ly  suf f ic ient) .  I f  samples are t o  be 
co l  1 .ected wi thout  preservation, they should be brought t o  the laboratory 
w i t h i n  5 days and then preserved and held i n  the o r i g i n a l  container f o r  a 
minimum o f  16 h r  before analysis o r  t rans fe r  o f  the samplc 
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6.3 The container choice should be p l a s t i c  ra ther  than glass t o  prevent 
1 oss due t o  breakage dur ing t ranspor ta t ion and hand1 i ng . 
7.0 PROCEDURE 

Cal i brat ion:  

7.1.1 For absolute gross alpha and gross beta measurement, the 
detectors must be ca l ib ra ted  t o  obtain the r a t i o  o f  count r a t e  t o  
d is in tegra t ion  rate. Americium-241 (used f o r  alpha a c t i v i t y  i n  the 
co l labora t i ve  t e s t  o f  t h i s  method) has higher alpha p a r t i c l e  energy and 
radium-226 radionucl ides but  i s  close t o  the energy o f  the  alpha 
p a r t i c l e s  emitted by natural  l y  occurring t h o r i  um-228 and rad i  um-224. 
Standards should be prepared i n  the geometry and weight ranges t o  be 
encountered i n  these gross analyses. It i s ,  therefore, the prescribed 
radionucl i de f o r  gross a1 pha ca l  i bration. NBS o r  NBS-traceabl e 
ameri c i  um-241 i s avai 1 abl e from Standard Reference Materi a1 s Catalog , NBS 
Special Pub1 ica t ions  260, U.S. Department o f  Commerce (1976) and from 
Q u a l i t y  Assurance Branch, EMSL-LV, P.O. Box 15027, Las Vegas, Nevada 
89114. 

7.1.2 Strontium-90 and cesium-137 have both been used q u i t e  
extensively as standards f o r  gross beta a c t i v i t y .  Standard so lu t ions o f  
each o f  these radionucl ides are read i l y  avai lable. Cesium i s  v o l a t i l e  a t  
elevated temperatures (above 450.C). Some water suppl i es  have d i  ssol ved 
sol  i ds  (sa l ts)  that ,  when converted t o  n i t r a t e  sa l ts ,  are qu i t e  
hygroscopic and need t o  be converted t o  oxides by heating t o  red heat t o  
obta l  n sample a1 iquots t h a t  are weight-stable. Sample weight s t a b i l i t y  
i s  essent ia l  t o  gross alpha and gross beta measurements t o  ensure the 
accuracy o f  the self-absorption counting ef f ic iency factor  t o  be used f o r  
the  samples. S t ron t i  um-90 i n  equi 1 i b r i  um w i th  i t s  daughter y t t r i  um-90 i s  
the prescribed radionucl i de  f o r  gross beta cal i brations. 

7.1.3 For each counting instrument t o  be used, the analyst  should 
prepare separate a1 pha and beta p a r t i  c l  e sel f-absorption graphs showing 
water sample residue weight (mg) vs. the e f f l  ciency f a c t o r  (cpm/dpm) , 
using standard alpha and beta emi t ter  solut ions and tap water. For the 
alpha graph standard, alpha a c t i v i t y  i s  added t o  varying sizes o f  
a l iquo ts  o f  tap water such t h a t  the a l i quo t  residue weight i s  var ied 
between 0 and 100 mg ( f o r  a 2-in. counting p l  anchet) . A simi 1 a r  graph i s  
prepared w i th  standard beta a c t i  v i  t y  and tap-water a1 iquots , varying the 
residue weight between 0 and 300 mg ( f o r  a 2-in. planchet). I f  i t i s  
planned t o  use water-sample a1 iquot  volumes tha t  always contain 100 mg o f  
d r i ed  water sol ids,  then only t h e .  e f f i c i ency  fac to r  f o r  t h a t  residue 
weight needs t o  be established. 

7.1.4 Tap water al iquots,  w i t h  added americium-24.1 o r  strontium-90 
standard, should be a c i d i f i e d  w i th  a few mL 16 N HNO3, evaporated t o  a 
small volume i n  a beaker on a hot plate,  transferred quan t i t a t i ve l y  i n  5- 
mL por t ions o r  less t o  a tared counting planchet, evaporated t o  dryness, 
and f i n a l l y  d r ied  a t  105.C f o r  1 h r  (or  flamed t o  a red heat i f  dr ied  
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sol i d s  appear t o  be noticeably hygroscopic). Weight-stable a1 iquot 
residues should then be alpha and/or beta counted u n t i l  a t  least  10,000 
t o t a l  counts have been accumulated. A s ingle set o f  reference standards 
prepared I n  t h i s  way can be used f o r  each counting instrument f o r  
separate graph preparations and can be stored f o r  reve r i f i ca t i on  whenever 
needed. 

7.2 Transfer t o  a beaker an a l lquo t  o f  water sample o f  a volume tha t  
contains no more than 100 mg ( f o r  alpha only o r  alpha and beta determination) 
o r  200 mg ( for  beta only detennination) o f  t o t a l  water sol ids. Evaporate the 
a l lquo t  t o  near dryness on a hot plate. I f  water samples are known o r  
suspected t o  contain ch lor ide salts, those chlor ide sa l t s  should be converted 
t o  n i t r a t e  s a l t s  before the sample residue i s  t ransferred t o  a stainless steel 
p l  anchet (chlorides w i l l  a t tack stain1 ess steel and increase the sample 
sol ids,  and no correct ton can be made f o r  those added sol ids). Chloride sa l t s  
can be converted t o  n i t r a t e  s a l t s  by adding 5-mL port ions o f  16 N HNO3 t o  the 
sample residue and evaporating t o  near dryness. (Two treatments are usual l y  
su f f i c ien t . )  Add 10 mL 1 N HNO3 t o  the beaker and sw i r l  t o  dissolve the 
residue. Quanti t a t 1  vely t rans fe r  the a1 iquot concentrate i n  small port ions 
(not more than 5 mL a t  a time) t o  a tared planchet, evaporating each por t ion 
t o  dryness. 

7.3 Dry the sample residue i n  a drying oven a t  105'C f o r  a t  least  1 hr, 
cool I n  a deslccator, weigh, and count. Store the sample residue i n  a 
desiccator u n t l  1 ready f o r  counting. 

7.4 Some types o f  water-dl ssol ved sol Ids, when converted t o  n i  t r a t e  
sa l ts ,  are qui  t e  hygroscopic even a f t e r  being d r i e d  a t  105'C f o r  1 hr. When 
such hygroscopic s a l t s  are present w i th  samples t h a t  are put i n t o  an automatic 
countlng system, those samples gain weight while they are wai t ing t o  be 
counted, and inaccurate countlng data resul t .  When there I s  evidence o f  
hygroscopic s a l t s  i n  sample counting planchets, i t  i s  recommended tha t  they be 
flamed t o  a d u l l  red heat w i t h  a Meeker burner f o r  a few minutes t o  convert 
the n i t r a t e  s a l t s  t o  oxides before weighing and countin . (It I s  possible t o  
have a loss of cesi um dur ing the flaming o f  the samples. ! 

7.5 Count f o r  alpha and beta a c t i v i t y  a t  t h e i r  respective voltage 
plateaus. I f  the sample i s  t o  be recounted f o r  rever i f icat ion,  store i t  i n  a 
desi ccator. 

NOTE: As long as countlng chambers are capable o f  handling the same size 
planchet, alpha and beta a c t i v i t i e s  can be determined -at  t h e i r  
respective voltage plateaus i n  the designated counting 
instruments. Keep the planchet I n  the deslccator u n t i l  ready t o  
count because vapors from moist residue can damage detector and 
window and can cause e r r a t i c  measurements. I f  the gas-flow 
in te rna l  proport ional  counter does not d l  scrim1 nate f o r  the higher 
energy alpha pulses a t  the beta plateau, the alpha a c t i v i t y  must 
be subtracted f r o m  the beta plus alpha ac t i v i t y .  This i s  
p a r t i c u l a r l y  Important f o r  samples w i th  high alpha ac t i v i t y .  
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7.6 Calculations: 

7.6.1 Calculate the alpha rad ioac t iv l  t y  by the fo l lowing equation: 

A x 1 000 Alpha (pCl / l l te r )  = 2-22 x x V 

where: 

A = net  alpha count ra te  (gross alpha count ra te  mlnus the 
background count rate) a t  the alpha voltage plateau; 

C = alpha e f f l c lency  factor,  read from the graph (Paragraph 
7.1.3) o f  e f f l c lency  vs. mg o f  water sol Ids  per  cd o f  
p l  anchet area, cpmldpm) ; 

V = volume o f  sample a1 lquot  (mL) ; and 

2.22 = conversion fac tor  f r om  dpmIpC1 . 
7.6.2 Calculate the beta rad loac t l v l t y  by the f o l  lowlng equations: 

7.6.2.1 If there are no s ign i f i can t  alpha counts when the 
sample I s  counted a t  the alpha voltage plateau, the beta a c t i v i t y  
can be determined f r o m  the fol lowing equation: 

B x 1 000 Beta (pC l I l l t e r )  = 2m22 j) 

where : 

B = net beta count ra te  (gross alpha count ra te  mlnus the 
background count ra te  a t  the beta voltage plateau) , 

D = beta ef f ic iency factor, read f r o m  the graph (Paragraph 
7.1.3) o f  e f f l c l  ency vs. mg o f  water sol Ids  per cm2 o f  
p l  anchet area, (cpmldpm) . 

V = vol ume o f  sample a1 I quot (mL) . 
2.22 = conversion factor from dpmIpC1. 

7.6.3 When countlng beta rad loac t iv l  t y  I n  the presence o f  alpha 
radl  oact l  v l  t y  by gas-f 1 ow propor t l  onal count1 ng systems (a t  the beta 
p l  ateau) , alpha p a r t l  c l  es are a1 so counted. Because a1 pha p a r t l  c l  es are 
more read1 l y  absorbed by I ncreasl ng sample t h l  ckness than beta p a r t l  c l  es, 
the alphalbeta count ra t i os  vary w l  t h  lncreasl ng sample thickness. 
Therefore, It I s  necessary t o  prepare a cal  I brat lon curve by counting 
standards contal n3 ng amerl c l  um-241 w l  t h  lncreasl ng t h l  ckness o f  sol Ids  on 

Rev1 s l  on 0 
Date September 1986 



the alpha plateau and then on the beta plateau, p l o t t i n g  the ra t i os  o f  
the two counts vs. density thickness. The alpha ampl i f icat ion factor  (E) 
f r o m  t ha t  curve i s  used t o  correct  the amplif ied alpha count on the beta 
plateau. When s ign i f i can t  a1 pha a c t i v i t y  i s  indicated by the sample 
count a t  the alpha voltage plateau, the beta a c t i v i t y  o f  the sample can 
be determined by counting the sample a t  the beta voltage plateau and 
ca lcu lat ing the a c t i v i t y  f r o m  the fol lowing equation: 

B - AE x 1 000 Beta (pCi/ l  i t e r )  = ( 2.22 x'V 

where : 

B = as defined above. 

D = as defined above. 

A = as defined above. 

E = alpha amp1 i f i c a t i o n  factor, read from the graph of the 
r a t i o  of alpha counted a t  the beta voltage/alpha counted 
a t  the alpha voltage vs. sample density thickness. 

V = vol ume o f  sample a1 iquot  (mL) . 
2.22 = conversion factor  f r o m  dpm/pCi . 

7.7 Errors associated wi th  the resul ts  o f  the analysis should also be 
reported. 

8.0 QUALITY CONTROL 

8.1 A l l  qua l i t y  control  data should be maintained and available for easy 
reference o r  inspection. 

8.2 Employ a minimum o f  one blank per sample batch t o  determine i f  
contamination i s  occurring. 

8.3 Run one dupl i ca te  sample f o r  every 10 samples. A duplicate sample 
i s  a sample brought through the whole sample-preparation and analyt ical  
process. 

8.4 Spiked samples o r  standard reference materials shal l  be per iod ica l ly  
employed t o  ensure tha t  correct  procedures are being followed and that  a l l  
equipment i s operating properly. 
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9.0 METHOD PERFORMANCE 

9.1 I n  a co l laborat ive study o f  two sets o f  paired water samples 
containing known addit ions o f  radionucl ides, 15 laborator ies determined the 
gross alpha a c t i v i t y  and 16 analyzed gross beta ac t i v i t y .  The samples 
contained simulated water minerals o f  approximately 350 rng f i xed  sol  i d s l l .  
The alpha resu l t s  o f  one laboratory were rejected as ou t l ie rs .  

The average recoveries o f  added gross alpha a c t i v i t y  were 86, 87, 84, and 
82%. The prec is ion (random error)  a t  the 95% confidence 1 eve1 was 20 and 24% 
f o r  the two sets o f  paired samples. The method was biased low, but  not 
seriously. 

The average recoveries o f  added gross beta a c t i v i t y  were 99, 100, 100, 
and 100%. The prec is ion (random error)  a t  the 95% confidence leve l  was 12 and 
18% f o r  the two sets o f  paired samples. The method showed no bias. 

10.0 REFERENCES 

10.1 None required. 
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METHOD 9315 

ALPHA-EMITTING RADIUM ISOTOPES 

1.0 SCOPE AND APPLICATION 

1.1 This method covers the measurement o f  the t o t a l  soluble alpha- 
emi t t i ng  radio1 sotopes of rad i  um, namely rad i  um-223, r ad i  um-224, and rad i  um- 
226, i n  surface and ground waters. 

1.2 Although the method does not  always g ive an accurate measurement o f  
the radium-226 content o f  the sample (when other radium alpha emit ters are 
present), i t  can be used t o  screen samples. When the t o t a l  radium alpha 
a c t i v i t y  of a d r ink ing  water sample i s  greater than 5 pCi/L, then the radium- 
226 analysis i s  required. I f  the leve l  o f  r ad i  um-226 exceeds - 3 pCi /L, the 
sampl e must a1 so be measured f o r  r ad i  um-228 (Method 9320). 

1.3 Because t h i s  method provides f o r  the separation o f  radium from other 
water-dissolved so l ids  i n  the sample, the s e n s i t i v i t y  o f  the method i s  a 
function o f  sample size, reagent and instrument background, counting 
e f f i c iency ,  and counting time. 

1.4 Absolute measurement can be made by ca l i b ra t i ng  the alpha detector 
w i t h  standard radium-226 i n  the geometry obtained w i t h  the f i n a l  precip i tate.  

2.0 SUMMARY OF METHOD 

2.1 The radium i n  the surface water o r  ground water sample i s  col  lec ted 
by coprec ip i ta t ion  w i t h  barium and lead su l fa te  and p u r i f i e d  by reprec ip i -  
t a t i o n  from EDTA solut ion.  C i t r i c  ac id  i s  added t o  the water sample t o  assure 
t h a t  complete interchange occurs before the f i r s t  p rec ip i t a t i on  step. The 
f i n a l  Bas04 prec i  p i  ta te ,  which i ncl  udes rad i  um-226, r ad i  um-224, and rad i  um- 
223, i s  alpha counted t o  determine the t o t a l  d i s in tegra t ion  r a t e  o f  the radium 
isotopes. 

2.2 The radium a c t i v i t i e s  are counted i n  an alpha counter where 
e f f i c i e n c y  f o r  determining radium-226 has been ca l ibra ted w i t h  a standard o f  
known radium-226 a c t i v l  ty. By making a cor rect ion f o r  the ingrowth o f  alpha 
a c t i v i t y  i n  radium-226 f o r  the elapsed time a f t e r  separation, one can 
determine radium a c t i v i t y  i n  the sample. Because some daughter ingrowth can 
occur before the separated radium i s  counted, i t  i s  necessary t o  make a c t i v i t y  
correct ions f o r  the count rate. A tab le  o f  ingrowth fac tors  f o r  various times 
a f t e r  radium separation i s  provided i n  Paragraph 7.14. 

3.0 INTERFERENCES 

3.1 Inasmuch as the radiochemical y i e l d  o f  the radium a c t i v i t y  i s  based 
on the chemical y i e l d  o f  the Bas04 prec ip i ta te ,  the presence o f  s i gn i f i can t  
natura l  barium i n  the  sample w i l l  r e s u l t  i n  a f a l s e l y  h igh chemical y ie ld .  

Revi s i  on 0 
Date September 1986 



3.2 Radi um isotopes are separated from other a1 pha-emi tti ng 
radionucl ides by t h i s  method. 

3.3 The alpha count o f  the separated radium must be corrected f o r  i t s  
p a r t i  a1 l y  ingrown a1 pha-emi tti ng daughters. 

4.0 APPARATUS AND MATERIALS 

4.1 Alpha sc i  n t i  11 a t ion  o r  a gas-flow proport ional alpha p a r t i c l e  
counting system w i th  low background (<1 cpm). 

4.2 Stainless steel  counting planchets. 

4.3 E lec t r i c  hot plate. 

4.4 Dryi  nq oven and/or drying 1 amp. 

4.5 Glass desiccator. 

4.6 Analy t ica l  bal ance. 

4.7 Centrifuqe. 

4.8  lassw ware. 

5.0 REAGENTS 

5.1 D i s t i l l e d  o r  deionized water (Type 11). 

5.2 Acetic acid, 17.4 N: g lac ia l  CHQCOOH (conc.), sp. gr. 1.05, 99.8%. 

5.3 Ammonium sul fate,  200 mg/mL: Dissolve 20.g (NH4)2S04 i n  a minimum 
o f  water and d i l u t e  t o  100 mL. 

5.4 Bari um car r ie r ,  16 mg/mL, standardized: 

5.4.1 Dissolve 2.846 g BaC12-2H20 i n  water, add 0.5 mL 16 N HNO3, 
and d i l u t e  t o  100 mL w i th  water. 

5.4.2 To perform standardization ( i n  t r i p l i c a t e ) :  P ipet te  2.0 mL 
c a r r i e r  so lut ion i n t o  a centr i fuge tube containing 15 mL water. Add 1 mL 
18 N H2SO4 w i t h  s t i r r i n g  and digest p rec ip i ta te  i n  a water bath f o r  10 
m i  n. Cool , centri fuge, and decant the supernatant. Wash p rec ip i t a te  
w i t h  15 mL water. Transfer the p rec ip i ta te  t o  a tared s ta in less s tee l  
planchet w i t h  a minimum o f  water. Dry under in f ra red  lamp, store i n  
desiccator, and weigh as BaSOq. 

5.5 C i t r i c  acid, 1 M: Dissolve 19.2 g C6H807*H20 i n  water and d i l u t e  t o  
100 mL. 
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where: 

C = sample net cpm (gross counts minus background div ided 
by the counting time i n  minutes). 

A = dpm o f  radium-226 added t o  sample. 

I = ingrowth fac tor  f o r  the elapsed time from Ra-BaSOq, 
p rec ip i t a t i on  t o  midpoint o f  counting time. 

7.2 To a 1,000-mL surface water o r  ground water sample, add 5 mL 1 M 
CgHg07*H2O1 1 mL 1 ead car r ie r ,  and 2.0 mL bar i  um car r ie r ,  and heat t o  boi  1 i ng. 

7.3 Cautiously, w i th  vigorous s t i r r i n g ,  add 20 mL 18 N H2SO4. Digest 5 
t o  10 min and l e t  the mixed BaSOq-PbSOq prec ip i ta te  s e t t l e  overnight. Decant 
and d i  scard supernate. 

7.4 Transfer the prec ip i ta te  t o  a centr i fuge tube w i th  a minimum amount 
o f  0.1 N H2SO4. Centrifuge and discard supernate. 

7.5 Wash the prec ip i ta te  twice w i th  0.1 N H2SO4. Centrifuge and discard 
washes . 

7.6 Dissolve the. p rec ip i ta te  by adding 15 mL basic EDTA reagent; heat i n  
a hot-water bath and add a few drops 6 N NaOH u n t i l  so lut ion i s  complete. 

7.7 Add 1 mL (NH4)2S04 (200 1ng1mL) and s t i r  thoroughly. Add 17.4 N 
CHQCOOH dropwise u n t i l  p rec ip i ta t ion  begins and then add 2 mL extra. Digest 5 
t o  10 min. 

7.8 Centrifuge, discard the supernate, and record time. 
NOTE: A t  t h i s  point, the separation o f  the Bas04 i s  complete, and the 

i ngrowth o f  radon (and daughters) commences. 

7.9 Wash the Bas04 prec ip i ta te  w i th  15 mL water, centri fuge, and discard 
wash. 

7.10 Transfer the prec ip i ta te  t o  a tared stainless steel  planchet w i th  a 
minimum o f  water and dry under i nfrared 1 amps. 

NOTE: Drying should be rapid, but not too vigorous, t o  minimize any loss  
o f  radon-222 tha t  has a1 ready grown i n t o  the prec ip i ta te.  

7.11 Cool, weigh, and store i n  desiccator. 

7.12 Count i n  a gas-flow in te rna l  proport ional counter o r  an a1 pha 
s c i n t i l  l a t i o n  counter t o  determine the alpha a c t i v i t y .  
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7.13 Calculation: 

7.13.1 Cal cul  ate the rad i  um-226 concentration, D (which would 
include any radium-224 and radium-223 tha t  i s  present), i n  picocuries per 
l i t e r  as follows: 

where: 

C = net count rate, cpm. 

E = counter ef f ic iency, f o r  rad i  um-226 i n  Bas04 predetermined 
f o r  t h i s  procedure (see Paragraph 7.1.2). 

V = 1 i t e r s  o f  sample used. 

R = f rac t iona l  chemical y ie ld.  

I = i ngrowth correct ion factor  (see Paragraph 7.14). 

2.22 = conversion fac to r  from dpm/pCi . 
7.14 It i s  not always possible t o  count the Bas04 prec ip i ta te 

immediately a f t e r  separation; therefore, corrections must be made f o r  the 
ingrowth o f  the radium-226 daughters between the time o f  separation and 
counting, according t o  the fol lowing table: 

Hours from separation 
t o  countinq 

Ingrowth correct1 on 
factor  
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8.0 QUALITY CONTROL 

8.1 A1 1 qua1 I t y  control  data should be maintained and aval l a b l e  f o r  easy 
reference o r  I nspectl on. 

8.2 Employ a mlnlmum o f  one blank per sample batch t o  determine I f  
contamlnatlon o r  any memory e f fec ts  are occurr l  ng. 

8.3 Run one dupl l ca te  sample f o r  every 10 samples. A dupl l ca te  sample 
I s  a sample brought through the whole sample-preparatlon process. 

8.4 Spl ked samples o r  standard reference material s shal l  be pe r lod l ca l l y  
employed t o  ensure tha t  correct procedures are being f o l  lowed and t h a t  a1 1 
equl pment I s operat l  ng properly. 

9.0 METHOD PERFORMANCE 

9.1 No data provided. 

10.0 REFERENCES 

10.1 None requl red. 
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CHAPTER SEVEN 

INTRODUCTION AND REGULATORY DEFINITIONS 

7.1 IGNITABILITY 

7.1.1 In t roduc t ion  

This sec t ion  discusses the  hazardous c h a r a c t e r i s t i c  o f  i g n i  t a b i l  i t y .  The 
regu la to ry  background o f  t h i s  c h a r a c t e r i s t i c  i s  summarized, and the  regu la tory  
d e f i n i t i o n  o f  i g n i  t a b i l  i t y  i s  presented. 'The two t e s t i ~ g ~ m e t h o d s  associated w i t h  
t h i s  c h a r a c t e r i s t i c ,  Methods 1010 and 1020, can be found i n  Chapter Eight. 

The ob jec t i ve  o f  t h e  i g n i t a b i l i t y  c h a r a c t e r i s t i c  i s  t o  i d e n t i f y  wastes t h a t  
e i t h e r  present f i r e  hazards under r o u t i n e  storage, disposal,  and t ranspor ta t ion  
o r  are capable o f  severely exacerbating a f i r e  once star ted.  

7.1.2 Reuulatorv D e f i n i t i o n  

The f o l l o w i n g  d e f i n i t i o n s  have been taken near ly  verbatim from the  RCRA 
regu la t i ons  (40 CFR 261.21) and the  DOT regu la t ions  (49 CFR 55 173.300 and 
173.151). 

Charac te r i s t i cs  O f  I ~ n i  t a b i  1 i t v  Requl a t i o n  

A s o l i d  waste e x h i b i t s  the  c h a r a c t e r i s t i c  o f  i g n i t a b i l i t y  if a 
representa t ive  sample o f  t h e  waste has any o f  the  f o l  1 owing propert ies:  

I t  i s  a l i q u i d ,  other  than an aqueous so lu t ion ,  conta in ing < 24% 
alcohol  by volume, and i t  has a f l a s h  p o i n t  < 60°C (14o0F), as 
determined by a Pensky-Martens Closed Cup Tester, using the  t e s t  
method spec i f i ed  i n  ASTM Standard 0-93-79 o r  D-93-80, o r  a Setaf lash 
Closed Cup Tester, us ing t h e  t e s t  method spec i f i ed  i n  ASTM standard 
D-3278-78, o r  as determined by an equivalent t e s t  method approved by 
the  Administ rator  under the  procedures se t  f o r t h  i n  Sections 260.20 
and 260.21. (ASTM standards are ava i l ab le  from ASTM, 1916 Race 
Street ,  Phi ladelphia,  PA 19103.) 

2. It i s  not  a l i q u i d  and i s  capable, under standard temperature and 
pressure, o f  causing f i r e  through f r i c t i o n ,  absorpt ion o f  moisture, 
o r  spontaneous chemical changes and, when ign i ted ,  burns so 
v igorous ly  and p e r s i s t e n t l y  t h a t  i t  creates a hazard. 

3 .  I t  i s  an i g n i t a b l e  compressed gas, as def ined i n  49 CFR 173.300 and 
as determined by the  t e s t  methods described i n  t h a t  regu la t i on  o r  by 
equivalent  t e s t  methods approved by the  Administ rator  under Sections 
260.20 and 260.21. 

4. It i s  an ox id izer ,  as def ined i n  49 CFR 173.151. 
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I q n i  tab1 e Com~ressed Gas 

For the  purpose o f  t h i s  r e g u l a t i o n  t h e  f o l l o w i n g  terminology i s  def ined:  

1. Com~ressed clas. The term "compressed gas" s h a l l  designate any 
ma te r ia l  o r  mix ture  having i n  t h e  conta iner  an absolute pressure 
exceeding 40 p s i  a t  21 'C (70°F) or,  regardless o f  t h e  pressure a t  
21 O C  (70°F), having an absolute pressure exceeding 104 p s i  a t  54 O C  
(1300 F) , o r  any 1 i q u i d  flammable ma te r ia l  having a vapor pressure 
exceeding 40 p s i  absolute a t  38'C (lOO°F), as determined by ASTM 
Test D-323. 

2. I m i t a b l e  com~ressed qas. Any compressed gas, a s  def ined i n  
Paragraph 1, above, s h a l l  be classed as an " i g n i t a b l e  compressed 
gas" i f  any one o f  t h e  f o l l o w i n g  occurs: 

a. E i t h e r  a mix ture  of 13% o r  l ess  (by volume) w i t h  a i r  forms a 
flammable mixture, o r  t h e  flammable range w i t h  a i r  i s  w ider  than 
12%, regardless o f  t h e  lower l i m i t .  These l i m i t s  s h a l l  be 
determined a t  atmospheric temperature and pressure. The method 
o f  sampling and t e s t  procedure s h a l l  be acceptable t o  t h e  Bureau 
of Expl o s i  ves . 

b. Using the  Bureau o f  Explosives'  Flame Pro jec t i on  Apparatus (see 
Note, below), t h e  flame p r o j e c t s  more than 18 .in. beyond t h e  
i g n i t i o n  source w i t h  va lve  opened f u l l y ,  o r  t h e  flame f lashes 
back and burns a t  t h e  va lve  w i t h  any degree o f  va lve  opening. 

c. Using t h e  Bureau o f  Explosives'  Open Drum Apparatus (see Note,. 
below), t he re  i s  any s i g n i f i c a n t  propagation o f  f lame away from 
t h e  i g n i t i o n  source. 

d. Using t h e  Bureau of Explosives'  Closed Drum Apparatus (see Note, 
below), t he re  i s  any explos ion o f  t h e  vapor -a i r  mix ture  i n  t h e  
drum. 

NOTE : Descr ip t ions  o f  t h e  Bureau o f  Expl o s i  vest F l  ame Pro jec t i on  
Apparatus, Open Drum Apparatus, Closed Drum Apparatus, and method o f  
t e s t s  may be procured from the  Associ a t  i on o f  Ameri can Rai 1 roads, 
Operat ions and Maintenance Dept . , Bureau o f  Expl os i ves , American 
R a i l  road Bu i ld ing ,  Washington, DC. 20036; 202-293-4048. 

Ox id i ze r  (as def ined i n  49 CFR 173.151) 

For t h e  purpose o f  t h i s  regu la t ion ,  an o x i d i z e r  i s  any ma te r ia l  t h a t  y i e l d s  
oxygen r e a d i l y  t o  s t imu la te  the  combustion o f  organic mat ter  (e.q., ch lora te ,  
permanganate, inorgan ic  peroxide, o r  a n i t r a t e )  . 
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7.2 CORROSIVITY 

7.2.1 Introduction 

The corrosivity characteristic, as defined in 40 CFR 261.22, is designed 
to identify wastes that might pose a hazard to human health or the environment 
due to their ability to: 

1. Mobilize toxic metals if discharged into a landfill environment; 

2 .  Corrode hand1 i ng, storage, transportation, and management equipment; 
or 

3. Destroy human or animal tissue in the event of inadvertent contact. 

In order to identify such potentially hazardous materials, EPA has selected 
two properties upon which to base the definition of a corrosive waste. These 
properties are pH and corrosivity toward Type SAE 1020 steel. 

The following sections present the regulatory background and the regulation 
pertaining to the definition of corrosivity. The procedures for measuring pH of 
aqueous wastes are detailed in Method 9040, Chapter Six. Method 1110, Chapter 
Eight, describes how to determine whether a waste is corrosive to steel. Use 
Method 9095, Paint Filter Liquids Test, Chapter Six, to determine free liquid. 

7.2.2 Requlatorv Definition 

The following material has been taken nearly verbatim from the RCRA 
regul at i ons. 

1 .  A solid waste exhibits the characteristic of corrosivity if a 
representative sample of the waste has either of the following 
properties: 

a. It is aqueous and has a pH ( 2 or 2 12.5, as determined by a pH 
meter using either the test method specified in this manual 
(Method 9040) or an equivalent test method approved by the 
Administrator under the procedures set forth in Sections 260.20 
and 260.21. 

b. It is a 1 iquid and corrodes steel (SAE 1020) at rate > 6.35 mm 
(0.250 in.) per year at a test temperature of 55'C (130mF), as 
determined by the test method specified in NACE (National 
Association of Corrosion Engineers) Standard TM-01-69, as 
standardized in this manual (Method 1110) or an equivalent test 
method approved by the Administrator under the procedures set 
forth in Sections 260.20 and 260.21. 
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7.3 REACTIVITY 

The r e g u l a t i o n  i n  40 CFR 261.23 def ines  r e a c t i v e  wastes t o  i nc lude  wastes 
t h a t  have any o f  t h e  f o l l o w i n g  p roper t i es :  (1) r e a d i l y  undergo v i o l e n t  chemical 
change; (2) r e a c t  v i o l e n t l y  o r  form p o t e n t i a l l y  explos ive mixtures w i t h  water; 
(3) generate t o x i c  fumes when mixed w i t h  water or,  i n  t h e  case o f  cyanide- o r  
su l  f i de -bear ing  wastes, when exposed t o  m i l d  a c i d i c  o r  basic cond i t ions ;  (4) 
explode when subjected t o  a  s t rong i n i t i a t i n g  force;  (5) explode a t  normal 
temperatures and pressures; o r  (6) f i t  w i t h i n  t h e  Department o f  Transportat  ion 's  
forb idden explosives, Class A explosives, o r  Class B explos ives c l a s s i f i c a t i o n s .  

This d e f i n i t i o n  i s  intended t o  i d e n t i f y  wastes tha t ,  because o f  t h e i r  
extreme i n s t a b i l i t y  and tendency t o  r e a c t  v i o l e n t l y  o r  explode, pose a  problem 
a t  a l l  stages o f  t h e  waste management process. The d e f i n i t i o n  i s  t o  a  l a r g e  
ex ten t  a  paraphrase o f  t h e  n a r r a t i v e  d e f i n i t i o n  employed by t h e  Nat ional  F i r e  
P ro tec t i on  Associat ion.  The Agency chose t o  r e l y  almost e n t i r e l y  on a  
desc r ip t i ve ,  prose d e f i n i t i o n  o f  r e a c t i v i t y  because most o f  t h e  a v a i l a b l e  t e s t s  
f o r  measuring t h e  var iegated c lass  o f  e f f e c t s  embraced by t h e  r e a c t i v i t y  
d e f i n i t i o n  s u f f e r  from a number o f  de f i c ienc ies .  

7.3.2 Requlatorv D e f i n i t i o n  

7.3.2.1 Charac te r i s t i c  O f  R e a c t i v i t y  Regulat ion 

A s o l i d  waste e x h i b i t s  t h e  c h a r a c t e r i s t i c  o f  r e a c t i v i t y  i f  a  
rep resen ta t i ve  sample o f  t he  waste has anv o f  t h e  f o l l o w i n g  
proper t ies :  

1. It i s  normal ly  unstable and r e a d i l y  undergoes v i o l e n t  change 
w i thou t  detonating. 

2. It reac ts  v i o l e n t l y  w i t h  water. 

3. It forms p o t e n t i a l l y  explos ive mixtures w i t h  water. 

4. When mixed w i t h  water, i t  generates t o x i c  gases, vapors, o r  
fumes i n  a  q u a n t i t y  s u f f i c i e n t  t o  present a  danger t o  human 
h e a l t h  o r  t h e  environment. 

5. It i s  a  cyanide- o r  su l f i de -bear ing  waste which, when exposed t o  
pH cond i t ions  between 2  and 12.5, can generate t o x i c  gases, 
vapors, o r  fumes i n  a  q u a n t i t y  s u f f i c i e n t  t o  present a  danger t o  
human h e a l t h  o r  the  environment. ( I n t e r i m  Guidance f o r  React ive 
Cyanide and Reactive Su l f ide ,  Steps 7.3.3 and 7.3.4 below, can 
be used t o  detec t  'the presence o f  r e a c t i v e  cyanide and r e a c t i v e  
s u l f i d e  i n  wastes.) 

6. It i s  capable o f  detonat ion o r  explos ive r e a c t i o n  i f  i t  i s  
subjected t o  a  st rong i n i t i a t i n g  source o r  i f  heated under 
confinement . 

SEVEN - 4 Revis ion 2  
Septenber 1994 



7. I t  i s  r e a d i l y  capable o f  detonat ion o r  exp los ive  decomposit ion 
o r  r e a c t  i o n  a t  standard temperature and pressure. 

8 .  It i s  a fo rb idden explosive, as de f ined  i n  49 CFR 173.51, o r  a 
Class A explos ive,  as de f ined  i n  49 CFR 173.53, o r  a Class B 
explos ive,  as de f ined  i n  49 CFR 173.88. 

7 .3 .3 .1  The c u r r e n t  EPA guidance l e v e l  i s :  

To ta l  r e l easab le  cyanide: 250 mg HCN/kg waste. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
7.3.3.2 Test Method t o  Determine Hydrogen Cyanide Released from 

Wastes 

1 .0  SCOPE AND APPLICATION 

1 . 1  Th is  method i s  app l i cab le  t o  a l l  wastes, w i t h  t h e  cond i t i on  t h a t  
wastes t h a t  a re  combined w i t h  ac ids  do no t  form exp los ive  mixtures.  

1 .2  Th is  method prov ides  a way t o  determine t h e  s p e c i f i c  r a t e  o f  
r e l ease  o f  hydrocyanic ac id  upon con tac t  w i t h  an aqueous ac id.  

1.3 Th is  t e s t  measures o n l y  t h e  hydrocyanic a c i d  evolved a t  t h e  t e s t  
cond i t i ons .  It i s  n o t  in tended t o  measure forms o f  cyanide o the r  than those 
t h a t  a re  evo lvab le  under t he  t e s t  cond i t ions .  

2 .0  SUMMARY OF METHOD 

2 . 1  An a l i q u o t  o f  a c i d  i s  added t o  a f i x e d  weight o f  waste i n  a c losed 
system. The generated gas i s  swept i n t o  a scrubber. The ana ly te  i s  
q u a n t i f i e d .  The procedure f o r  q u a n t i f y i n g  t he  cyanide i s  Method 9010, Chapter 
F ive,  s t a r t i n g  w i t h  Step 7.2.7 o f  t h a t  method. 

3 . 0  INTERFERENCES 

3 . 1  I n te r f e rences  a re  undetermined. 

4.0 APPARATUS AND MATERIALS (See F igure  1) 

4 .1  Round-bottom f l a s k  - 500-mL, three-neck, w i t h  24/40 ground-gl ass 
j o i n t s .  

4.2 Gas scrubber - 50 mL c a l i b r a t e d  scrubber 

4.3 S t i r r i n g  apparatus - To achieve approximately 30 rpm. Th is  may be 
e i t h e r  a r o t a t i n g  magnet and s t i r r i n g  bar combination o r  an overhead motor- 
d r i v e n  p rope l  1 e r  s t i r r e r .  

4.4 A d d i t i o n  funnel  - With pressure-equal iz ing tube and 24/40 ground- 
g lass  j o i n t  and Te f l on  sleeve. 
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4.5 F l e x i b l e  tub ing - For connection from n i t rogen  -supply t o  
apparatus. 

4.6 Water-pumped o r  oil-pumped n i t rogen gas - With two-stage 
regul  a to r .  

4.7 Rotometer - For moni tor ing n i t rogen gas f l ow  ra te .  

4.8 Ana ly t i ca l  balance - capable o f  weighing t o  0.001 g. 

5.0 REAGENTS 

5.1 Reagent grade chemicals sha l l  be used i n  a l l  t es ts .  Unless 
otherwise indicated,  i t  i s  intended t h a t  a l l  reagents s h a l l  conform t o  the  
s p e c i f i c a t i o n s  o f  t h e  Committee on Ana ly t i ca l  Reagents o f  t h e  American 
Chemical Society, where such spec i f i ca t ions  are ava i lab le .  Other grades may 
be used, provided i t  i s  f i r s t  ascertained t h a t  the  reagent i s  o f  s u f f i c i e n t l y  
h igh p u r i t y  t o  permit  i t s  use wi thout  lessening the  accuracy o f  the  
determination. 

5.2 Reagent water. A l l  references t o  water i n  t h i s  method r e f e r  t o  
reagent water, as def ined i n  Chapter One. 

5.3 S u l f u r i c  ac id  (0.01.N), H SO,. Add 2.8 mL concentrated H,SO t o  
reagent water and d i l u t e  t o  1 L. withdraw 100 mL o f  t h i s  s o l u t i o n  and d i l u t e  
t o  1 L t o  make t h e  0.01N H,SO,. 

5.4 Cyanide reference so lu t ion ,  (1000 mg/L). Dissolve approximately 
2.5 g o f  KOH and 2.51 g o f  KCN i n  1 l i t e r  o f  reagent water. Standardize w i t h  
0.0192N AgNO,. Cyanide concentrat ion i n  t h i s  s o l u t i o n  should be 1 mg/mL. 

5.5 Sodium hydroxide so lu t i on  (1.25N), NaOH. Dissolve 50 g o f  NaOH i n  
reagent water and d i l u t e  t o  1 1 i t e r  w i t h  reagent water. 

5.6 Sodium hydroxide s o l u t i o n  (0.25N), NaOH. D i l u t e  200 mL o f  1.25N 
sodium hydroxide s o l u t i o n  (Step 5.5) t o  1 l i t e r  w i t h  reagent water. 

5.7 S i l v e r  n i t r a t e  s o l u t i o n  (0.0192N). Prepare by crushing 
approximately 5 g o f  AgNO, c r y s t a l s  and d ry ing  t o  constant weight a t  40°C. 
Weigh 3.265 g o f  d r i e d  AgNO,, d i sso lve  i n  reagent water, and d i l u t e  t o  1 
1 i t e r .  

6.0 SAMPLE COLLECTION, PRESERVATION AND HANDLING 

6.1 Samples containing, o r  suspected o f  containing, s u l f i d e  o r  a 
con~binat ion o f  s u l f i d e  and cyanide wastes should be c o l l e c t e d  w i t h  a minimum 
o f  aerat ion.  The sample b o t t l e  should be f i l l e d  completely, excluding a l l  
head space, and stoppered. Analysis should commence as soon as possible, and 
samples should be kept i n  a cool,  dark place u n t i l  ana lys is  begins. 

6.2 It i s  suggested t h a t  samples o f  cyanide wastes be tes ted as 
q u i c k l y  as possib le.  Although they can be preserved by ad jus t ing  the  sample 
pH t o  12 w i t h  st rong base, t h i s  w i l l  cause d i l u t i o n  o f  the  sample, increase 
the  i o n i c  st rength,  and, possib ly,  change o ther  physical  o r  chemical 
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c h a r a c t e r i s t i c s  o f  t he  waste which may a f fec t  the r a t e  of release o f  the  
hydrocyanic ac id.  Storage o f  samples should be under r e f r i g e r a t i o n  and i n  the 
dark. 

6.3 Test ing should be performed i n  a ven t i l a ted  hood. 

7.0 PROCEDURE 

7.1 Add 50 mL o f  0.25N NaOH s o l u t i o n  (Step 5.6) t o  a ca l i b ra ted  
scrubber and d i l u t e  w i t h  reagent water t o  ob ta in  an adequate depth o f  1 iqu id .  

7.2 Close the  system and ad jus t  t he  f l ow  r a t e  o f  ni trogen, using the  
rotometer. Flow should be 60 mL/min. 

7.3 Add 10 g o f  t he  waste t o  be tes ted t o  the  system. 

7.4 With t h e  n i t rogen  f lowing, add enough s u l f u r i c  ac id  t o  f i l l  the 
f l a s k  h a l f  f u l l .  S t a r t  t he  30 minute t e s t  period. 

7.5 Begin s t i r r i n g  wh i l e  the  acid i s  en ter ing  t h e  round-bottom f l a s k .  
The s t i r r i n g  speed must remain constant throughout the  t e s t .  

NOTE: The s t i r r i n g  should not  be f a s t  enough t o  create a vortex. 

7.6 A f t e r  30 minutes, c lose o f f  the  n i t rogen and disconnect the 
scrubber. Determine the  amount o f  cyanide i n  the  scrubber by Method 9010, 
Chapter Five, s t a r t i n g  w i t h  Step 7.2.7 o f  the  method. 

NOTE: Delete the  "C" and "D" terms from the  spectrophotometric procedure 
c a l c u l a t i o n  and t h e  "E" and "F" terms from the  t i t r a t i o n  procedure 
c a l c u l a t i o n  i n  Method 9010. These terms are not  necessary f o r  t he  
r e a c t i v i t y  determinat ion because the  terms determine the  amount o f  
cyanide i n  the  e n t i r e  sample, r a t h e r  than on ly  i n  the  a l i q u o t  taken f o r  
analys is .  

8.0 CALCULATIONS 

8.1  Determine the  s p e c i f i c  r a t e  of release o f  HCN, using the  fo l lowing 
parameters: 

X = Concentrat ion o f  HCN i n  d i l u t e d  scrubber so lu t i on  (mg/L) 
(This i s  obtained from Method 9010.) 

L = Volume o f  s o l u t i o n  i n  scrubber (L) 

W = Weight o f  waste used (kg) 

S = Time of measurement (sec.) = Time N, stopped - Time N, s ta r ted  

X * L  
R = s p e c i f i c  r a t e  o f  re lease (mg/kg/sec.) = - 

W * S  

Tota l  re leasable HCN (mg/kg) = R x S 
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9.0 METHOD PERFORMANCE 

9.1 The operation o f  the system can be checked and v e r i f i e d  using the 
cyanide reference so l  u t  i on (Step 5.4). Perform the procedure us i  ng the 
reference so lu t i on  as a sample and determine the percent recovery. Evaluate 
the standard recovery based on h i s t o r i c a l  laboratory  data, as s ta ted i n  
Chapter One. 

10.0 REFERENCES 

10.1 No references are ava i lab le  a t  t h i s  time. 
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FIGURE 1. 

APPARATUS TO DETERMINE HYDROGEN CYANIDE RELEASED FROM WASTES 

Scrubber 
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7.3.4.1 The cur rent  EPA guidance l e v e l  i s :  

Tota l  re leasable s u l f i d e :  500 mg H,S[kg waste. 

7.3.4.2 Test Method t o  Determine Hydrogen S u l f i d e  Re1 eased from 
Wastes 

1.0 SCOPE AND APPLICATION 

1.1 Th is  method i s  appl icable t o  a l l  wastes, w i t h  t h e  c o n d i t i o n  t h a t  
waste t h a t  are combined w i t h  acids do not  form explosive mixtures.  

1.2 Th is  method provides a way t o  determine the  s p e c i f i c  r a t e  o f  
re lease o f  hydrogen s u l f i d e  upon contact  w i t h  an aqueous acid. 

1.3 Th is  procedure releases on ly  the  hydrogen s u l f i d e  evolved a t  the  
t e s t  condi t ions.  It i s  not  intended t o  measure forms o f  s u l f i d e  o ther  than 
those t h a t  are evolvable under the  t e s t  condi t ions.  

2.0 SUMMARY OF METHOD 

2.1 An a l i q u o t  o f  ac id  i s  added t o  a f i x e d  weight o f  waste i n  a closed 
system. The generated gas i s  swept i n t o  a scrubber. The analyte i s  
quan t i f i ed .  The procedure f o r  quan t i f y ing  t h e  s u l f i d e  i s  g iven i n  Method 
9030, Chapter Five, s t a r t i n g  w i t h  Step 7.3 o f  t h a t  method. 

3.0 INTERFERENCES 

3.1 In ter ferences are undetermined. 

4.0 APPARATUS AND MATERIALS (See Figure 2) 

4.1 Round-bottom f l a s k  - 500-mL, three-neck, w i t h  24/40 ground-gl ass 
j o i n t s .  

4.2 Gas scrubber - 50 mL c a l i b r a t e d  scrubber. 

4.3 S t i r r i n g  apparatus - To achieve approximately 30 rpm. This may be 
e i t h e r  a r o t a t i n g  magnet and s t i r r i n g  bar combination o r  an overhead motor- 
d r i  ven propel 1 e r  s t i r r e r .  

4.4 Add i t i on  funnel - With pressure-equal i z i n g  tube and 24/40 ground- 
g lass j o i n t  and Tef lon  sleeve. 

4.5 F l e x i b l e  tub ing - For connection from n i t rogen  supply t o  
apparatus. 
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4.6 Water-pumped o r  oil-pumped n i t rogen gas - With two-stage 
regu l  a to r .  

4.7 Rotometer - For moni tor ing n i t rogen gas f low ra te .  

4.8 Ana ly t i ca l  balance - capable o f  weighing t o  0.001 g. 

5.0 REAGENTS 

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

5.2 Reagent water. A l l  references t o  water i n  t h i s  method r e f e r  t o  
reagent water, as def ined i n  Chapter One. 

5.3 S u l f u r i c  ac id  (0.01N), HSO,. Add 2.8mL concentrated HSO, 
t o  reagent water and d i l u t e  t o  1 2 .  Withdraw 100 mL o f  t h i s  so3ution and 

d i l u t e  t o  1 L t o  make the  0.01N H2S04. 

5.4 S u l f i d e  reference s o l u t i o n  - Dissolve 4.02 g of Na2S 9H 0 i n  
1.0 L o f  reagent water. This so lu t i on  contains 570 mg/L hydrogen s u l f i d e .  
D i l u t e  t h i s  stock s o l u t i o n  t o  cover the  ana ly t i ca l  range required (100-570 
mg/L) 

5.5 Sodium hydroxide s o l u t i o n  (1.25N), NaOH. Dissolve 50 g o f  NaOH i n  
reagent water and d i l u t e  t o  1 L w i t h  reagent water. 

5.6 Sodium hydroxide so lu t i on  (0.25N), NaOH. D i l u t e  200 mL o f  1.25N 
sodium hydroxide s o l u t i o n  (Step 5.5) t o  1 L w i t h  reagent water. 

6.0 SAMPLE COLLECTION, PRESERVATION AND HANDLING 

6.1 Samples containing, o r  suspected o f  containing, s u l f i d e  wastes 
should be c o l l e c t e d  w i t h  a minimum o f  aerat ion.  The sample b o t t l e  should be 
f i  11 ed completely, excluding a1 1 head space, and stoppered. Analysis should 
commence as soon as possible, and samples should be kept i n  a cool, dark place 
u n t i l  ana lys is  begins. 

6.2 It i s  suggested t h a t  samples o f  su l f i de  wastes be tested as 
qu ick l y  as possib le.  Although they can be preserved by ad jus t ing  the sample 
pH t o  12 w i t h  s t rong base and adding z inc  acetate t o  the  sample, these w i l l  
cause d i l u t i o n  o f  t he  sample, increase the  i o n i c  strength, and, possibly,  
change o the r  physical  o r  chemical cha rac te r i s t i cs  o f  the  waste which may 
a f f e c t  t he  r a t e  o f  release o f  the  hydrogen su l f i de .  Storage o f  samples should 
be under r e f r i g e r a t i o n  and i n  the  dark. 

6.3 Test ing should be performed i n  a ven t i l a ted  hood. 
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7.0 PROCEDURE 

7.1 Add 50 mL o f  0.25N NaOH s o l u t i o n  t o  a c a l i b r a t e d  scrubber and 
d i l u t e  w i t h  reagent water t o  obta in  an adequate depth o f  l i q u i d .  

7.2 Assemble the  system and ad jus t  the  f l ow  r a t e  o f  n i t rogen,  using 
the rotometer. Flow should be 60 mL/min. 

7.3 Add 10 g o f  t h e  waste t o  be tes ted t o  the  system. 

7.4 With the  n i t rogen  f lowing, add enough s u l f u r i c  ac id  t o  f i l l  the  
f l a s k  h a l f  f u l l ,  wh i le  s t a r t i n g  the 30 minute t e s t  peri.od. 

7.5 Begin s t i r r i n g  wh i le  t h e  ac id  i s  enter ing  the round-bottom f l a s k .  
The s t i r r i n g  speed must remain constant throughout the t e s t .  

NOTE: The s t i r r i n g  should no t  be f a s t  enough t o  create a vor tex.  

7.6 A f t e r  30 minutes, c lose o f f  t he  n i t rogen and disconnect t h e  
scrubber. Determine the  amount o f  s u l f i d e  i n  the scrubber by Method 9030, 
Chapter Five, s t a r t i n g  w i t h  Step 7.3 o f  t h a t  method. 

7.7 Subs t i t u te  the fo l l ow ing  f o r  Step 7.3.2 i n  Method 9030: 'The 
t rapp ing s o l u t i o n  must be brought t o  a pH o f  2 before proceeding. T i t r a t e  a 
small a1 iquo t  o f  the  t rapp ing s o l u t i o n  t o  a pH 2 end p o i n t  w i t h  6N HC1 and 
c a l c u l a t e  the  amount o f  HC1 needed t o  a c i d i f y  the e n t i r e  scrubber so lu t i on .  
Combine the  small a c i d i f i e d  a l i q u o t  w i t h  the  remainder o f  the  a c i d i f i e d  
scrubber sol  u t i on .  

8.0 CALCULATIONS 

8.1 Determine the  s p e c i f i c  r a t e  o f  re lease o f  H,S, us ing t h e  f o l l o w i n g  
parameters: 

X = Concentration o f  H S i n  scrubber (mg/L) 
(This i s  obtained from Method 9030.) 

L = Volume o f  so lu t i on  i n  scrubber (L) 

W = Weight o f  waste used (kg) 

S = Time o f  experiment (sec.) = Time N2 stopped - Time N, s t a r t e d  

X * L  
R = s p e c i f i c  r a t e  o f  re lease (mg/kg/sec. ) = 

w a s  

To ta l  re leasable H,S (mg/kg) = R x S 
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9.0 METHOD PERFORMANCE 

9.1 The operat ion o f  the  system can be checked and v e r i f i e d  using the 
s u l f i d e  reference s o l u t i o n  (Step 5.4). Perform the  procedure using the  
reference s o l u t i o n  as a sample and determine the  percent recovery. Evaluate 
the  standard recovery based on h i s t o r i c a l  labora tory  data, as s ta ted i n  
Chapter One. 

10.0 REFERENCES 

10.1 No references are ava i l ab le  a t  t h i s  time. 

SEVEN - 13 Revision 2 
Septaher 1994 



FIGURE 2 .  

APPARATUS TO DETERMINE HYDROGEN SULFIDE RELEASED FROM WASTES 

ub ber 
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7.4 TOXICITY CHARACTERISTIC LEACHING PROCEDURE 

7.4.1 Introduction 

The Toxicity Characteristic Leaching Procedure (TCLP) is designed to 
simulate the leaching a waste will undergo if disposed of in a sanitary 
landfill. This test is designed to simulate leaching that takes place in a 
sanitary landfill only. The extraction fluid employed is a function of the 
alkalinity of the solid phase of the waste. A subsample of a waste is 
extracted with the appropriate buffered acetic acid solution for 18 + 2 hours. 
The extract obtained from the TCLP (the "TCLP extract") is then analyzed to 
determine if any of the thresholds established for the 40 Toxicity 
Characteristic (TC) constituents (1 i sted in Table 7-1) have been exceeded or 
if the treatment standards established for the constituents listed in 40 CFR 
5268.41 have been met for the Land Disposal Restrictions (LDR) program. If 
the TCLP extract contains any one of the TC constituents in an amount equal to 
or exceeding the concentrations specified in 40 CFR 5261.24, the waste 
possesses the characteristic of toxicity and is a hazardous waste. If the 
TCLP extract contains LDR constituents in an amount exceeding the 
concentrations specified in 40 CFR 5268.41, the treatment standard for that 
waste has not been met, and further treatment is necessary prior to land 
disposal . 

7.4.2 Summary of Procedure 

The TCLP consists of five steps (refer to Figure 3): 

1. Separation Procedure 

For liquid wastes (A, those containing less than 0.5% dry solid 
material), the waste, after filtration through a 0.6 to 0.8 pm glass fiber 
filter, is defined as the TCLP extract. 

For wastes containing greater than or equal to 0.5% solids, the 1 iquid, 
if any, is separated from the solid phase and stored for later analysis. 

2. Particle Size Reduction 

Prior to extraction, the solid material must pass through a 9.5-mm 
(0.375-in.) standard sfeve, have a surface area per gram of material equal to 
or greater than 3.1 cm , or, be smaller than 1 cm in its narrowest dimension. 
If the surface area is smaller or the particle size larger than described 
above, the sol id portion of the waste is prepared for extraction by crushing, 
cutting, or grinding the waste to the surface area or particle size described 
above. (Special precautions must be taken if the sol ids are prepared for 
organic volatiles extraction.) 

3. Extraction of Sol id Material 

The solid material from Step 2 is extracted for 18 + 2 hours with an 
amount of extraction fluid equal to 20 times the weight of the solid phase. 
The extraction fluid employed is a function of the alkalinity of the solid 
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phase o f  the waste. A special ex t rac tor  vessel i s  used when t e s t i n g  for 
vol a t  i 1 e analytes . 

4. F ina l  Separation o f  the Ext ract ion from the Remaining Sol i d  

Fol lowing ext rac t ion,  the l i q u i d  ex t rac t  i s  separated from the s o l i d  
phase by f i l t r a t i o n  through a 0.6 t o  0.8 pm glass f i b e r  f i l t e r .  I f  
compatible, the i n i t i a l  l i q u i d  phase o f  the waste i s  added t o  the l i q u i d  
ext rac t ,  and these are analyzed together. I f  incompatible, the l i q u i d s  are 
analyzed separately and the resu l t s  are mathematically combined t o  y i e l d  a  
vol  ume-weighted average concentration. 

5. Testing (Analysis) o f  TCLP Ext ract  

Inorganic and organic species are i d e n t i f i e d  and quan t i f i ed  using 
appropriate methods i n  the 6000, 7000, and 8000 ser ies o f  methods i n  t h i s  
manual o r  by equivalent methods. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

7.4.3 Requlatorv De f i n i t i on  

Under the  Tox i c i t y  Character ist ic ,  a  s o l i d  waste exh ib i t s  the 
charac te r i s t i c  o f  t o x i c i t y  i f  the TCLP ex t rac t  from a subsample o f  the waste 
contains any o f  the contaminants l i s t e d  i n  Table 7-1 a t  a  concentrat ion 
greater than o r  equal t o  the respect ive value given i n  t h a t  table.  I f  a waste 
contains ~ 0 . 5 %  f i l t e r a b l e  sol ids, the waste i t s e l f ,  a f t e r  f i l t e r i n g ,  i s  
considered t o  be the ex t rac t  f o r  the purposes o f  analysis. 

Under the  Land Disposal Rest r ic t ions program, a  r e s t r i c t e d  waste 
i d e n t i f i e d  i n  40 CFR 5268.41 may be land disposed on ly  i f  a TCLP ex t rac t  o f  
the waste o r  a  TCLP ex t rac t  o f  the treatment residue o f  the waste does no t  
exceed the values shown i n  Table CCWE o f  40 CFR 5268.41 f o r  any hazardous 
const i tuent  l i s t e d  i n  Table CCWE f o r  t h a t  waste. I f  a waste contains <0.5% 
fail te rab le  sol  ids, the waste i t s e l f ,  a f t e r  f i l t e r i n g ,  i s  considered t o  be the 
ex t rac t  f o r  the purposes o f  analysis. 
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TABLE 7-1. 

MAXIMUM CONCENTRATION OF CONTAMINANTS FOR TOXICITY CHARACTERISTIC 

Regulatory Level 
Contaminant (mg/L) 

Arsenic 
Bar i um 
Benzene 
Cadmi um 
Carbon t e t r a c h l o r i d e  

Chlordane 
Chl orobenzene 
Chloroform 
Chromi um 
o-Cresol 

m-Cresol 
p-Cresol 
Cresol 
2,4-D 
1,4-Di chlorobenzene 

l ,2 -D ich l  oroethane 
1 , l -D ich l  o roe thy l  ene 
2,4-Dini t r o t 0 1  uene 
Endr in 
Heptachl o r  (and i t s  hydroxide) 

Hexac h l  orobenzene 
Hexachloro-1,3-butadiene 
Hexachl oroethane 
Lead 
L i  ndane 

Mercury 
Methoxychl o r  
Methyl e t h y l  ketone 
Nitrobenzene 
Pentachl orophenol 

Py r id ine  
Sel eni  um 
S i  1 ver  
Tet rach l  o roe thy l  ene 
Toxaphene 

SEVEN - 17 Revision 2 
SeptettJer 1944 



Table 7-1  
(continued) 

Contaminant 
Regul a to ry  Level 

(mg/L) 

T r i  ch l  oroet  h y l  ene 
2,4,5-Trichl orophenol 
2,4,6-Trichl orophenol 
2,4,5-TP (S i lvex)  
V iny l  c h l o r i d e  

'1f o-, m-, and p-cresol  concentrat ions cannot be d i f f e r e n t i a t e d ,  t h e  t o t a l  
cresol  (D026) concentrat ion i s  used. The regu la to ry  l e v e l  o f  t o t a l  c reso l  i s  
200 mg/L. 

*@ant i  t a t i o n  1  i m i  t i s  greater  than the  ca lcu la ted regu la to ry  l e v e l  . The 
q u a n t i t a t i o n  l i m i t  t he re fo re  becomes t h e  regu la tory  l e v e l .  
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FIGURE 3 .  

TOXIC ITY  CHARACTERISTIC LEACHATE PROCEDURE FLOWCHART 
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FIGURE 3 
(continued) 
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CHAPTER EIGHT 

.I? METHODS FOR DETERMINING CHARACTERISTICS 
JuJ 

'PR9 
Methods for  determining t h e  character i  s i  t i c s  o f  I g n i  t a b i l  i t y  f o r  1 iqu ids ,  

C o r r o s i v i t y  f o r  l i q u i d s ,  and T o x i c i t y  a r e  included. Guidance f o r  determining 
Toxic Gas Generation i s  found i n  Chapter Seven, Sections 7 .3 .3  and 7 .3 .4 .  
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Id 
8.1 I g n i  t a b i  1 i t y  

mT 
The f o l l o w i n g  methods a r e  found i n  Sect ion 8.1: 

Method 1010: Pensky-Martens Closed-Cup Method f o r  Determining 
I g n i t a b i l  i t y  

Met hod 1020A: S e t a f l  ash Closed-Cup Method f o r  Determining 
I g n i  t a b i  1 i t y  
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METHOD 1010 

PENSKY-MARTENS CLOSED-CUP METHOD FOR DETERMINING IGNITABILITV 

1.0 SCOPE AND APPLICATION 

1.1 Method 1010 uses the Pensky-Martens closed-cup tester  t o  determine 
the f lash  point  o f  l i qu ids  including those tha t  tend t o  form a surface f i l m  
under t e s t  condf ti ons. L i  quids containing non-fi 1 terable, suspended sol ids  
sha l l  also be tested using t h i s  method. 

2.0 SUMMARY OF METHOD 

2.1 The sample i s  heated a t  a slow, constant ra te wl th  continual 
s t1  rr ing. A small flame i s  directed i n t o  the cup a t  regular in terva ls  wlth 
simultaneous in terrupt lon o f  s t i r r i ng .  The f lash polnt  I s  the lowest 
temperature a t  which appl lcat ion o f  the t e s t  flame lgn l tes  the vapor above the 
sampl e . 

For fu r ther  information on how t o  conduct a t e s t  by t h l s  method, see 
Reference 1 below. 

3.0 METHOD PERFORMANCE 

3.1 The Pensky-Martens and Setaflash Closed Testers were evaluated uslng 
f i v e  indus t r ia l  waste mixtures and p-xylene. The resul ts  o f  t h l s  study are 
shown below i n  'F along wi th  other data. 

Pensky- 
Sampl e Martens Setaf 1 ash 

12 143.7 2 1.5 139.3 2 2.1 
22 144.7 + 4.5 129.7 2 0.6 
32 93.7 z 1.5 97.7 + 1.2 
42 198.0 2 4.0 185.3 0.6 
52 119.3 2 3.1 122.7 2 2.5 

p-xyl ene2 81.3 2 1.1 79.3 - + 0.6 
p-xyl ene3 77.7 2 0.5a - - 
Tanker o i  1 125, 135 
Tanker 01 1 180, 180 
Tanker 01 1 110, 110 
DIBKIxyl ene 102 2 4b 

b75125 v l v  analyzed by four  laboratories. 
a12 determi nations over fi ve-day period. 
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4.0 REFERENCES 

1. D 93-80, Test Methods f o r  Flash Point by Pensky-Martens Closed Tester, 
American Society f o r  Testing and Materials, 1916 Race Street, Phi ladelphia, PA 
19103, 04.09, 1986. 

2. Umana, M., Gutknecht, W., Salmons, C., e t  a1 . , Evaluation o f  I g n i t a b i l  i t y  
Methods ( ~ i q u i d s ) ,  EPA/600/S4-85/053, 1985. 

3. Gaski 11, A., Compilation and Eva1 uation o f  RCRA Method Performance Data, 
Work Assignment No. 2, EPA Contract No. 68-01-7075, September 1986. 
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METHOD 1020A 

SETAFLASH CLOSED-CUP METHOD FOR DFTERMINING IGNITABI LITY 

1.0 SCOPE AND APPLICATION 

1.1 Method 1020 makes use of the Setaflash Closed Tester to determine 
the flash point of liquids that have flash points between 0' and llO°C (32' and 
230°F) and viscosities lower than 150 stokes at 25'C (77°F). 

1.2 The procedure may be used to determine whether a material will or 
will not flash at a specified temperature or to determine the finite temperature 
at which a material will flash. 

1.3 Liquids that tend to form surface films under test conditions or 
those that contain non-filterable suspended solids shall be tested for 
igni tabi 1 ity using Method 1010 (Pensky-Martens Closed-Cup) . 
2.0 SUMMARY OF METHOD 

2.1 By means of a syringe, 2-mL of sample is introduced through a leak- 
proof entry port into the tightly closed Setaflash Tester or directly into the 
cup which has been brought to within 3'C (5'F) below the expected flash point. 

2.2 As a fl ash/no-fl ash test, the ex~ected flash-point temperature may 
be a specification (e.g., 60'C). For specification testing, the temperature of 
the apparatus is raised to the precise temperature of the specification flash 
point by slight adjustment of the temperature dial. After 1 minute, a test flame 
is applied inside the cup and note is taken as to whether the test sample flashes 
or not. If a repeat test is necessary, a fresh sample should be used. 

2.3 For a finite flash management, the temperature is sequentially 
increased through the anticipated range, the test flame being applied at 5'C 
(9°F) intervals until a flash is observed. A repeat determination is then made 
using a fresh sample, starting the test at the temperature of the last interval 
before the flash point of the material and making tests at increasing 0.5'C (1'F) 
intervals. 

For further information on how to conduct a test with this method, see 
Reference 1 below. 

3.0 METHOD PERFORMANCE 

See Method 1010. 

4.0 REFERENCES 

1. D-3278-78, Test Method for Flash Point of Liquids by Setaflash Closed 
Tester, American Society for Testing and Materials, 1916 Race Street, 
Philadelphia, PA 19103. 

2. Umana, M., Gutknecht, W., Salmons, C., et a1 . , Evaluation of Ignitabil ity 
Methods (Liquids), EPA/600/S4-85/053, 1985. 
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3 .  Gaski l l ,  A . ,  Compilation and Evaluation o f  RCRA Method Performance Data, 
Work Assignment No. 2, EPA Contract No. 68-01-7075, September 1986. 
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8 . 2  C o r r o s i v i t y  

The f o l l o w i n g  method i s  found i n  Sect ion 8 .2 :  

Method 1110: Corrosi  v i  t y  Toward Steel  
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METHOD 1110 

CORROSIVITY TOWARD STEEL 

1.0 SCOPE AND APPLICATION 

1.1 Method 1110 i s  used t o  measure the cor ros iv i ty  toward steel o f  both 
aqueous and nonaqueous 1 i quid wastes. 

2.0 SUMMARY OF METHOD 

2.1 This t e s t  exposes coupons o f  SAE Type 1020 steel t o  the l i q u i d  waste 
t o  be evaluated and, by measuring the degree t o  which the coupon has been 
dissolved, determines the corrosi  v i  t y  o f  the waste. 

3.0 INTERFERENCES 

3.1 I n  laboratory tests, such as t h i s  one, corrosion o f  duplicate 
coupons i s  usually reproducible t o  w i th in  10%. However, large differences i n  
corrosion rates may occasionally occur under conditions where the metal 
surfaces become passi vated. Therefore, a t  1 east dupl i cate detenni nations o f  
corrosion ra te  should be made. 

4.0 APPARATUS AND MATERIALS 

4.1 An apparatus should be used, consisting o f  a k e t t l e  o r  f lask o f  
su i tab le sIze (usually 500 t o  5,000 mL) , a re f lux  condenser, a t h e m w e l l  and 
temperature regulat ing device, a heating device (mantle, hot plate, o r  bath), 
and a specimen support system. A typ ica l  res in f l ask  set up f o r  t h i s  type o f  
t e s t  i s  shown i n  Figure 1. 

4.2 The supporting device and container shal l  be constructed o f  
materials tha t  are not affected by, o r  cause contamination of, the waste under 
test .  

4.3 The method o f  supporting the coupons w i l l  vary wi th  the apparatus 
used f o r  conducting the test ,  but it should be designed t o  insulate the 
coupons from each other physical ly and e l e c t r i c a l l y  and t o  insulate the 
coupons from any metal1 i c  container o r  other device used i n  the test. Some 
comnon support materi a1 s i ncl  ude g l  ass, f 1 uorocarbon, o r  coated metal. 

4.4 The shape and form o f  the coupon support should ensure free contact 
wi th  the waste. 
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Figure 1. Typical r es in  f l ask  t h a t  can be used as a v e r s a t i l e  and 
convenient apparatus t o  conduct simp1 e immersion tests .  Configuration o f  the  
f l a s k  top i s  such t h a t  more sophist icated apparatus can be added as required 
by the spec i f i c  t e s t  being conducted. A = thermowell, B = r es in  f l ask ,  C = 
specimens hung on supporting device, D = heating mantle, E = l i q u i d  in ter face,  
F = opening i n  f l a s k  f o r  addi t iona l  apparatus t ha t  may be required, and G = 
r e f  1 ux condenser. 
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4.5 A c i r cu la r  specimen o f  SAE 1020 steel o f  about 3.75 cm (1.5 in.) 
diameter i s  a convenient shape f o r  a coupon. With a thickness o f  
approximately 0.32 cm (0.125 in.) and a 0.80-cm (0.4-in.)-diameter hole f o r  
mounting, these specimens w i  11 readi l y  pass through a 45/50 ground-gl ass j o i n t  
o f  a d i s t i  l l a t l o n  ket t le .  The t o t a l  surface area o f  a c i rcu la r  specimen i s  
given by the fol lowing equation: 

A 3.14/2(~2-d2) + (t) (3.14) (D) + (t) (3.14) (d) 

where: 

t = thickness. 
D diameter o f  the specimen. 
d = diameter o f  the mounting hole. 

I f  the hole i s  completely covered by the mounting support, the l a s t  term i n  
the equation, (t) (3.14) (d) , i s  omitted. 

4.5.1 A1 1 coupons should be measured carcful l y  t o  permit accurate 
calculat ion o f  the exposed areas. An area calculat ion accurate t o  21% i s  
usually adequate. . 

4.5.2 More uniform resul ts  may be expected i f  a substantial layer 
o f  metal i s  removed from the coupons p r i o r  t o  test ing the corrosivi  ty o f  
the waste. This can be accomplished by chemical treatment (pickling), by 
e lec t ro l y t i c  removal o r  by grinding wi th a coarse abrasive. A t  least 
0.254 m (0.0001 in.) o r  2-3 mg lcd  should be removed. Final surface 
treatment should include f in ish ing  with t120 abrasive paper o r  cloth. 
Final clean1 ng consists o f  scrubbing wi th bleach-free scouring powder, 
followed by r ins ing  i n  d i s t i l l e d  water and then i n  acetone o r  methanol, 
and f i n a l l y  by air-drying. Af ter  f i n a l  cleaning, the coupon should be 
stored i n  a desiccator u n t i l  used. 

4.5.3 The minimum r a t i o  o f  volume f waste t o  area o f  the metal 
coupon t o  be used i n  t h i s  t e s t  i s  40 mL/ d . 

5.0 REAGENTS 

5.1 Sodi um hydroxide (NaOH) , (20%) : Dissolves 200 g NaOH i n  800 mL Type - 
I1 water and mix well. 

5.2 Zinc dust. 

5 .3 Hydrochloric acid (HC1) : Concentrated. 

5.4 Stannous chloride (SnC12). 

5.5 Antimony chloride (SbC13). 
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6.0 SAMPLE COLLECTION, PRESERVATION, AND HANDLING 

6.1 A l l  samples should be col lected uslng a sampl l ng  plan t h a t  addresses 
the conslderatlons d l  scussed I n  Chapter Nl ne o f  t h l  s manual. 

7.0 PROCEDURE 

7.1 Assemble the t e s t  apparatus as descrl bed I n  Paragraph 4.0, above. 

7.2 F i l l  the container with the approprlate amount o f  waste. 

7.3 Begln ag l ta t lon  a t  a ra te  su f f i c ien t  t o  ensure tha t  the l i q u l d  I s  
kept we1 1 mlxed and homogeneous. 

7.4 Uslng the heatlng devlce, b r ing  the temperature o f  the waste t o  55.C 
(130'F) . 

7.5 An accurate ra te  o f  corroslon i s  not requlred; only a detemlnat lon 
as t o  whether the ra te  o f  corroslon I s  less than o r  greater than 6.35 mn per 
year i s  requlred. A 24-hr t e s t  period should be ample t o  determine whether o r  
not the r a t e  o f  corroslon I s  x .35 mn per year. 

7.6 I n  order t o  determine accurately the amount of materlal l o s t  t o  
corroslon, the coupons have t o  be cleaned a f t e r  lmnerslon and p r l o r  t o  
weigh1 ng. The clean1 ng procedure should remove a1 1 products of corrosion 
whlle removlng a mlnlmum of sound metal. Cleaning methods can be divided i n t o  
three general categorles: mechanlcal , chemical, and e l  ect ro l  y t l c .  

7.6.1 Mechanl ca l  c l  eanl ng Includes scrubbl ng, scrap1 ng , brush1 ng, 
and u l  t rasonlc procedures. Scrubbing w l  t h  a b r l  s t l e  brush and mi ld 
abraslve I s  the most popular o f  these methods. The others are used I n  
cases o f  heavy corrosion as a f i r s t  step I n  removlng heavlly encrusted 
corroslon products p r i o r  t o  scrubbing. Care should be taken t o  avold 
removl ng sound metal . 

7.6.2 Chemical cleaning lmplles the removal o f  materlal f r o m  the 
surface o f  the coupon by dlssolut lon I n  an appropriate solvent. Solvents 
such as acetone, dlchloromethane, and alcohol are used t o  remove 011, 
grease, o r  reslnous materials and are used p r l o r  t o  Immersion t o  remove 
the products o f  corroslon. Solutlons sul table f o r  removlng corroslon 
from the steel  coupon are: 

Sol u t l  on Soaking Time Temperature 

20% NaOH + 200 g/L zlnc dust 5 mln Bo i l ing  

Conc. HC1 + 50 g/L SnC12 + 20 g/L SbC13 Un t l l  clean Cold 
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7.6.3 E lec t ro ly t i c  cleaning should be preceded by scrubbing t o  
remove loosely adhering corrosion products. One method o f  e lec t ro l y t i c  
cleaning tha t  can be employed uses: 

Sol ution: 

Anode: Carbon o r  lead 

Cathode : Steel coupon 

Cathode current density: 20 amp& (129 amp11n.~) 

Inh ib i to r :  2 cc organic i nhi b i  tor11 i t e r  

Temperature: 74'C (165.F) 

Exposure Period: 3 min. 

NOTE: Precautions must be taken t o  ensure good e lec t r i ca l  contact with 
thecoupon t o  avoid contamination o f  the cleaning solution with easi ly  
reducible metal ions and t o  ensure tha t  i n h i b i t o r  decomposition has not 
occurred. Instead o f  a propr ietary inh ib i tor ,  0.5 g/L o f  e i ther  
d ior thoto l  y l  thiourea o r  qui no1 i n ethiodi  de can be used. 

7.7 Whatever treatment i s  employed t o  clean the coupons, i t s  e f fec t  i n  
removing sound metal should be determined by using a blank (i .e., a coupon 
tha t  has not been exposed t o  the waste). The blank should be cleaned along 
wi th  the t e s t  coupon and i t s  waste loss subtracted f r o m  that  calculated f o r  
the t e s t  coupons. 

7.8 A f te r  corroded specimens have been cleaned and dried, they are 
reweighed. The weight loss i s  employed as the pr inc ipal  measure o f  corrosion. 
Use o f  weight loss as a measure o f  corrosion requires making the assumption 
tha t  a l l  weight loss has been due t o  generalized corrosion and not local ized 
p i t t i n g .  I n  order t o  determine the corrosion ra te  f o r  the purpose o f  t h i s  
regulation, the fol lowing formula i s  used: 

Corrosion Rate (nunpy) = weiaht loss x 11.145 
area x time 

where: weight loss i s  . in milligrams, 
area i n  square centimeters, 
time i n  hours, and 
corrosion ra te  i n  m i  1 1 imeters per year (mmpy) . 

8.0 QUALITY CONTROL 

8.1 A l l  qua l i t y  control data should be f i l e d  and available f o r  auditing. 

8.2 Duplicate samples should be analyzed on a rout ine basis. 
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9.0 METHOD PERFORMANCE 

9.1 No data provided. 

10.0 REFERENCES 

1. Natl onal Assocl at1 on o f  Corms1 on Engl neers , "Laboratory Corms1 on 
Testlng o f  Metals f o r  the Process Industrles, ' NACE Standard TM-01-69 (1972 
Revislon) , NACE, 3400 West Loop South, Houston, TX 77027. 
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8.3 Reac t iv i t y  

Refer t o  guidance given i n  Chapter Seven, especia l ly  Section 7.3 .3  and 
7.3 .4 .  
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8.4 Tox ic i t y  

The fol lowing methods are found i n  Section 8.4: 

Method 1310A: Extract ion Procedure (EP) Tox ic i ty  Test Method 
and Structural  I n t e g r i t y  Test 

Method 1311: Tox ic i t y  Character ist ic  Leaching Procedure 
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METHOD 1310A 

EXTRACTION PROCEDURE I E P )  TOXICITY TEST METHOD 
AND STRUCTURAL INTEGRITY TEST 

1.0 SCOPE AND APPLICATION 

1.1 Th is  method i s  an i n t e r i m  method t o  determine whether a  waste 
e x h i b i t s  t h e  c h a r a c t e r i s t i c  o f  Ex t rac t  i o n  Procedure T o x i c i t y .  

1.2 The procedure may a lso  be used t o  s imulate t he  leaching which a  
waste may undergo i f  disposed o f  i n  a  san i t a ry  1  a n d f i l l .  Method 1310 i s  
appl i c a b l e  t o  1  i qu id ,  so l  i d ,  and mu1 ti phase samples. 

2.0 SUMMARY OF METHOD 

2.1 I f  a  rep resen ta t i ve  sample o f  t he  waste conta ins > 0.5% sol  ids ,  t he  
s o l i d  phase o f  t h e  sample i s  ground t o  pass a  9.5 mm s ieve and ex t rac ted  w i t h  
deionized water which i s  maintained a t  a  pH o f  5  2 0.2, w i t h  ace t i c  acid. Wastes 
t h a t  con ta in  < 0.5% f i l t e r a b l e  so l  i d s  are, a f t e r  f i l t e r i n g ,  considered t o  be the  
EP e x t r a c t  f o r  t h i s  method. Mono l i t h i c  wastes which can be formed i n t o  a  
c y l i n d e r  3.3 cm (d ia )  x  7.1 cm, o r  from which such a  c y l i n d e r  can be formed 
which i s  rep resen ta t i ve  o f  t h e  waste, may be evaluated us ing the  S t ruc tu ra l  
I n t e g r i t y  Procedure ins tead o f  being ground t o  pass a  9.5-mm sieve. 

3.0 INTERFERENCES 

3.1 Po ten t i  a1 i n te r fe rences  t h a t  may be encountered du r i ng  ana lys is  are 
discussed i n  t h e  i n d i v i d u a l  a n a l y t i c a l  methods. 

4.0 APPARATUS AND MATERIALS 

4.1 Ex t rac to r  - For purposes o f  t h i s  t e s t ,  an acceptable e x t r a c t o r  i s  
one t h a t  w i l l  impar t  s u f f i c i e n t  a g i t a t i o n  t o  t h e  mix tu re  t o  (1 )  prevent 
s t r a t i f i c a t i o n  o f  t h e  sample and e x t r a c t i o n  f l u i d  and (2) ensure t h a t  a l l  sample 
sur faces are cont inuous ly  brought i n t o  contact  w i t h  we l l  -mixed e x t r a c t i o n  f l u i d .  
Examples o f  s u i t a b l e  e x t r a c t o r s  are shown i n  Figures 1-3 o f  t h i s  method and are 
a v a i l a b l e  from: Associated Designs & Manufacturing Co., Alexandria, V i r g i n i a ;  
Glas-Col Apparatus Co., Terre Haute, Indiana; M i l l i p o r e ,  Bedford, Massachusetts; 
and Rexnard, M i  lwaukee, Wisconsin. 

4.2 pH meter o r  pH c o n t r o l l e r  - Accurate t o  0.05 pH u n i t s  w i t h  
temperature compensation. 

4.3 F i l t e r  ho lder  - Capable o f  support ing a  0.45-pm f i l t e r  membrane and 
o f  w i ths tand ing  t h e  pressure needed t o  accompl i sh separat ion. Su i t ab le  f i 1  t e r  
ho lders  range from s i g p l e  vacuum u n i t s  t o  r e l a t i v e l y  complex systems t h a t  can 
e x e r t  up t o  5.3 kg/cm (75 p s i )  of pressure. The type  o f  f i l t e r  ho lder  used 
depends upon t h e  p rope r t i es  o f  t he  mix tu re  t o  be f i l t e r e d .  F i l t e r  ho lders known 
t o  EPA and deemed s u i t a b l e  f o r  use are l i s t e d  i n  Table 1. 
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4.4 F i l t e r  membrane - F i l t e r  membrane s u i t a b l e  f o r  conduct ing t h e  
requ i red  f i l t r a t i o n  s h a l l  be fab r i ca ted  from a ma te r ia l  t h a t  (1) i s  no t  
p h y s i c a l l y  changed by t h e  waste ma te r ia l  t o  be f i l t e r e d  and (2)  does n o t  absorb 
o r  leach t h e  chemical species f o r  which a waste's EP e x t r a c t  w i l l  be analyzed. 
Table 2 l i s t s  f i l t e r  media known t o  t h e  agency t o  be s u i t a b l e  f o r  s o l i d  waste 
t e s t i n g  . 

4.4.1 I n  cases o f  doubt about physical  e f f e c t s  on t h e  f i l t e r ,  
contac t  t h e  f i l t e r  manufacturer t o  determine i f  t h e  membrane o r  t h e  
p r e f i l t e r  i s  adversely a f fec ted  by t h e  p a r t i c u l a r  waste. I f  no 
in fo rmat ion  i s  ava i lab le ,  submerge t h e  f i l t e r  i n  t h e  waste's l i q u i d  phase. 
A f i l t e r  t h a t  undergoes v i s i b l e  phys ica l  change a f t e r  48 hours ( i  .e., 
c u r l s ,  d issolves,  shr inks,  o r  swel ls)  i s  unsu i tab le  f o r  use. 

4.4.2 T o t e s t f o r a b s o r p t i o n o r l e a c h i n g b y t h e f i l t e r :  

4.4.2.1 Prepare a standard s o l u t i o n  o f  t h e  chemical 
species o f  i n t e r e s t .  

4.4.2.2 Analyze t h e  standard f o r  i t s  concent ra t ion  o f  
t h e  chemical species. 

4.4.2.3 F i l t e r  t h e  standard and reanalyze. I f  t h e  
concent ra t ion  o f  t h e  f i l t r a t e  d i f f e r s  from t h a t  o f  t h e  o r i g i n a l  
standard, then the  f i l t e r  membrane leaches o r  absorbs one o r  more 
o f  the  chemical species and i s  no t  usable i n  t h i s  t e s t  method. 

4.5 S t r u c t u r a l  i n t e g r i t y  t e s t e r  - A device meeting t h e  s p e c i f i c a t i o n s  
shown i n  F igure  4 and having a 3.18-cm (1.25-in) diameter hammer weighing 0.33 
kg (0.73 I b )  w i t h  a f r e e  f a l l  o f  15.24 cm (6 i n )  s h a l l  be used. Th is  device i s  
a v a i l a b l e  from Associated Design and Manufacturing Company, Alexandria, VA 
22314, as Par t  No. 125, o r  i t  may be fab r i ca ted  t o  meet these s p e c i f i c a t i o n s .  

5.0 REAGENTS 

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

5.2 Reagent water. A l l  references t o  water i n  t h i s  method r e f e r  t o  
reagent water, as def ined i n  Chapter One. 

5.3 Ace t i c  ac id  (0.5N), CHCOOH. This can be made by d i l u t i n g  
concentrated g l a c i a l  a c e t i c  ac id  ( 1 7 . h )  by adding 57 mL g l a c i a l  a c e t i c  ac id  t o  
1,000 mL o f  water and d i l u t i n g  t o  2 1 i t e r s .  The g l a c i a l  a c e t i c  ac id  must be o f  
h igh  p u r i t y  and monitored f o r  impur i t i es .  

5.4 A n a l y t i c a l  standards should be prepared according t o  t h e  appl i c a b l e  
a n a l y t i c a l  methods. 
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6.0 SAMPLE COLLECTION, PRESERVATION, AND HANDLING 

6.1 A l l  samples must be co l l ec ted  using a sampling p lan t h a t  addresses 
the  considerat ions discussed i n  Chapter Nine o f  t h i s  manual. 

6.2 Preservat ives must not be added t o  samples. 

6.3 Samples can be r e f r i g e r a t e d  i f  i t  i s  determined t h a t  r e f r i g e r a t i o n  
w i l l  no t  a f f e c t  the  i n t e g r i t y  o f  the  sample. 

7.0 PROCEDURE 

7.1 I f  the  waste does not  conta in any f r e e  1 iqu id ,  go t o  Step 7.9. I f  
the  sample i s  1 i q u i d  o r  mu1 t iphase, cont inue as fo l lows.  Weigh f i l t e r  membrane 
and p r e f i l t e r  t o  + 0.01 g. Handle membrane and p r e f i l  t e r s  w i t h  b lun t  curved- t ip  
forceps o r  vacuum tweezers, o r  by applying suc t ion  w i t h  a p ipe t .  

7.2 Assemble f i 1 t e r  holder, membranes, and p r e f  i 1 t e r s  f o l  1 owing the 
manufacturer's i ns t ruc t i ons .  Pl ace the 0.45-pm membrane on the support screen 
and add p r e f i l t e r s  i n  ascending order o f  pore s ize.  Do not  prewet f i l t e r  
membrane. 

7.3 Weigh out  a representat ive subsample o f  the  waste (100 g minimum). 

7.4 Al low s l u r r i e s  t o  stand, t o  permit the s o l i d  phase t o  s e t t l e .  
Wastes t h a t  s e t t l e  s lowly may be centr i fuged p r i o r  t o  f i l t r a t i o n .  

7.5 Wet the  f i l t e r  w i t h  a small po r t i on  o f  the  1 i q u i d  phase from the 
waste o r  from the e x t r a c t i o n  mixture. Transfer the remaining mater ia l  t o  the 
f i l t e r  holder  and apply vacuum o r  gent le  pressure (10-15 p s i )  u n t i l  a l l  l i q u i d  
passes through the  f i l t e r .  Stop f i l t r a t i o n  when a i r  o r  p ressur iz ing  gas moves 
through the  membrane. I f  t h i s  p o i n t  i s  not  reached under vacuum o r  gent le  
pressure, s lowly increase the  pressure i n  10-psi increments t o  75 ps i .  H a l t  
f i l t r a t i o n  when l i q u i d  f l o w  stops. This l i q u i d  w i l l  cons t i t u te  p a r t  o r  a l l  o f  
the  e x t r a c t  ( r e f e r  t o  Step 7.16). The l i q u i d  should be r e f r i g e r a t e d  u n t i l  t ime 
o f  ana lys is .  

NOTE: O i l  samples o r  samples conta in ing o i l  are t rea ted  i n  exact ly  the same way 
as any other  sample. The l i q u i d  po r t i on  of the sample i s  f i l t e r e d  and 
t rea ted  as p a r t  o f  t he  EP ex t rac t .  I f  the 1 i q u i d  p o r t i o n  o f  the sample 
w i l l  no t  pass through the f i l t e r  (usua l ly  the  case w i t h  heavy o i l s  o r  
greases), i t  should be c a r r i e d  through the EP ex t rac t i on  as a sol i d .  

7.6 Remove the  s o l i d  phase and f i l t e r  media and, wh i le  not a l lowing 
them t o  dry,  weigh t o  + 0.01 g. The wet weight of the  residue i s  determined by 
c a l c u l a t i n g  the  weight d i f f e rence  between the weight o f  the  f i l t e r s  (Step 7.1) 
and the weight o f  the  s o l i d  phase and the f i l t e r  media. 

7.7 The waste w i l l  be handled d i f f e r e n t l y  from t h i s  p o i n t  on, depending 
on whether i t  conta ins more o r  l e s s  than 0.5% sol ids.  If the sample appears t o  
have < 0.5% so l  ids ,  determine the  percent so l  i ds  exact ly  (see Note below) by the 
f o l l  owing procedure: 
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7.7.1 Dry the f i l t e r  and residue a t  80°C until two successive 
weighings yield the same value. 

7.7.2 Calculate the percent sol ids, using the following 
equation : 

weight of tared weight 
filtered solid - of f i l t e r s  

and f i l t e r s  
in i t ia l  weight of waste material x 100 = % solids 

NOTE: This procedure i s  used only t o  determine whether the solid must be 
extracted or whether i t  can be discarded unextracted. I t  i s  not used in 
calculating the amount of water or acid t o  use in the extraction step. Do 
n o t  extract sol id material t ha t  has been dried at 80°C. A new sample will 
have t o  be used for extraction i f  a percent solids determination i s  
performed. 

7 .8  If the solid constitutes < 0.5% of the waste, discard the solid and 
proceed immediately t o  Step 7.17, treating the liquid phase as the extract. 

7.9 The solid material obtained from Step 7.5 and al l  materials t h a t  
do not  contain free liquids shall be evaluated for pa;ticle size. If the sol id 
material has a surface area per g of material 2 3.1 cm or passes through a 9.5- 
mm (0.375-in.) standard sieve, the operator shall proceed to Step 7.11. If the 
surface area i s  smaller or the particle size larger t h a n  specified above, the 
solid material shall be prepared for extraction by crushing, cutting, or grinding 
the material so t h a t  i t  passes through a 9.5-mm (0.375-in.) sieve or, i f  the 
material i s  in a single piece, by subjecting the material to the "Structural 
Integrity Procedure" described in Step 7.10. 

7.10 Structural Integrity Procedure (SIP) 

7.10.1 C u t  a 3.3-cm diameter by 7.1-cm long cylinder from the 
waste material. If the waste has been treated using a fixation process, 
the waste may be cast i n  the form of a cylinder and allowed t o  cure for 30 
days prior t o  testing. 

7.10.2 Place waste into sample holder and assemble the tester .  
Raise the hammer t o  i t s  maximum height and drop. Repeat 14 additional 
times. 

7.10.3 Remove solid material from tester  and scrape off any 
particles adhering t o  sample holder. Weigh the  waste t o  the nearest 0.01 
g and transfer i t  t o  the extractor. 

7.11 If the sample contains > 0.5% solids, use the wet weight of the 
sol id phase (obtained in Step 7.6) t o  calculate the amount of 1 iquid and acid to  
employ for extraction by using the following equation: 
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where : 

W = Wet weight in g of solid to be charged to extractor. 

W, = Wet weight in g of filtered solids and filter media. 

W, = Weight in g of tared filters. 

If the waste does not contain any free liquids, 100 g of the material will be 
subjected to the extraction procedure. 

7.12 Place the appropriate amount of material (refer to Step 7.11) into 
the extractor and add 16 times its weight with water. 

7.13 After the solid material and water are placed in the extractor, the 
operator shall begin agitation and measure the pH of the solution in the 
extractor. If the pH is > 5.0, the pH of the solution should be decreased to 5.0 
+ 0.2 by slowly adding 0.5N acetic acid. If the pH is 5.0, no acetic acid - 
should be added. The pH of the solution should be monitored, as described below, 
during the course of the extraction, and, if the pH rises above 5.2, 0.5N acetic 
acid should be added to bring the pH down to 5.0 + 0.2. However, in no event 
shall the aggregate amount of acid added to the solution exceed 4 mL of acid per 
g of solid. The mixture should be agitated for 24 hours and maintained at 20- 
40°C (68-104") during this time. It is recommended that the operator monitor 
and adjust the pH during the course of the extraction with a device such as the 
Type 45-A pH Controller, manufactured by Chemtrix, Inc., Hi1 1 sboro, Oregon 
97123, or its equivalent, in conjunction with a metering pump and reservoir of 
0.5N acetic acid. If such a system is not available, the following manual 
procedure shall be employed. 

NOTE: Do not add acetic acid too quickly. Lowering the pH to below the target 
concentration of 5.0 could affect the metal concentrations in the 
1 eachate. 

7.13.1 A pH meter should be calibrated in accordance with the 
manufacturer's specifications. 

7.13.2 The pH of the solution should be checked, and, if 
necessary, 0.5 N acetic acid should be manually added to the extractor 
until the pH reaches 5.0 + 0.2. The pH of the solution should be adjusted 
at 15-, 30-, and 60-minute intervals, moving to the next longer interval 
if the pH does not have to be adjusted > 0.5 pH units. 

7.13.3 The adjustment procedure should be continued for at least 
6 hours. 

7.13.4 If, at the e n d o f  the24-hour extraction period, the pH 
of the solution is not below 5.2 and the maximum amount of acid (4 mL per 
g of sol ids) has not been added, the pH should be adjusted to 5.0 + 0.2 
and the extraction continued for an additional 4 hours, during which the 
pH should be adjusted at 1-hour intervals. 
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7.14 At the end of the extraction period, water should be added to the 
extractor in an amount determined by the fol lowing equation: 

v = (20) (wj - i6(w) - A 
where: 

V = mL water to be added. 

W = Weight in g of solid charged to extractor. 

A = mL of 0.5N acetic acid added during extraction. 

7.15 The material in the extractor should be separated into its 
component 1 iquid and sol id phases in the following manner: 

7.15.1 Allow slurries to stand to permit the solid phase to 
settle (wastes that are slow to settle may be centrifuged prior to 
filtration) and set up the filter apparatus (refer to Steps 4.3 and 4.4). 

7.15.2 Wet the filter with a small portion of the liquid phase 
from the waste or from the extraction mixture. Transfer the remaining 
material to the filter holder and apply vacuum or gentle pressure (10- 
15 psi) until all 1 iquid passes through the filter. Stop filtration when 
air or pressurizing gas moves through the membrane. If this point is not 
reached under vacuum or gentle pressure, slowly increase the pressure in 
10-psi increments to 75 psi. Halt filtration when 1 iquid flow stops. 

7.16 The 1 iquids resulting from Steps 7.5 and 7.15 should be combined. 
This combined 1 iquid (or waste itself, if it has < 0.5% sol ids, as noted in Step 
7.8) is the extract. 

7.17 The extract is then prepared and analyzed using the appropriate 
analytical methods described in Chapters Three and Four of this manual. 

NOTE: If the EP extract includes two phases, concentration of contaminants is 
determined by using a simple weighted average. For example: An EP 
extract contains 50 mL of oil and 1,000 mL of an aqueous phase. 
Contaminant concentrations are determined for each phase. The final 
contamination concentrat ion is taken to be: 

50 x contaminant conc. 1,000 x contaminant conc. 
in oil of aaueous ~ h a s e  

NOTE: In cases where a contaminant was not detected, use the MDL in the 
calculation. For example, if the MDL in the oily phase is 100 mg/L and 1 
mg/L in the aqueous phase, the reporting 1 imit would be 6 mg/L (rounded to 
the nearest mg). If the regulatory threshold is 5 mg/L, the waste may be 
EP toxic and results of the analysis are inconclusive. 
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8.0 QUALITY CONTROL 

8.1 A l l  qual i t y  cont ro l  data should be maintained and ava i lab le  for  
easy reference o r  inspect ion.  

8.2 Employ a minimum o f  one blank per sample batch t o  determine i f  
contamination o r  any memory e f f e c t s  are occurr ing. 

8.3 A1 1 qual i t y  cont ro l  measures described i n  Cnapter One and i n  the 
referenced ana ly t i ca l  methods should be f o l l  owed. 

9.0 METHOD PERFORMANCE 

9.1 The data tabulated i n  Table 3 were obtained from records o f  s ta te  
and cont rac tor  labora tor ies  and are intended t o  show the prec is ion of the e n t i r e  
method (1310 p l  us analys is method). 
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TABLE 1. EPA-APPROVED FILTER HOLDERS 

Manufacturer Size Model No. Comments 

Vacuum F i  1 t e r s  

Gel man 47 mm 401 1 

Nal gene 500 mL 44-0045 Di sposabl e p l a s t i c  u n i t  , 
inc lud ing p r e f i l t e r ,  f i l t e r  
pads, and reservo i r ;  can be 
used when so lu t ion  i s  t o  be 
analyzed f o r  inorganic 
const i tuents.  

Nucl epore 47 mm 4i0400 

M i  11 'l pore 47 mm X X l O  047 00 

Pressure F i  1 t e r s  

Nucl epore 142 mm 425900 

Micro F i l t r a t i o n  142 mm 302300 
Systems 

M i l l  ipore 142 mm YT30 142 HW 

Revision 1 
Ju l y  1992 



TABLE 2. EPA-APPROVED FILTRATION MEDIA 

Filter to be used Filter to be used 
Suppl i er for aqueous systems for organic systems 

Coarse   ref i 1 ter 

Gel man 61631, 61635 61631, 61635 

Nucl epore 210907, 211707 210907, 211707 

M i  11 i pore 

Medium pref il ters 

Gel man 61654, 61655 

Nucl epore 210905, 211705 

Mill ipore 

Fine prefilters 

Gel man 64798, 64803 

Nucl epore 210903, 211703 

Mill ipore 

Fine filters (0.45 urn) 

Gel man 

Pal 1 NX04750, NX14225 

Nucl epore 142218 142218= 

Mi 11 i pore HAWP 047 00, FHUP 047 00, 
HAWP 142 50 FHLP 142 50 

Sel as 

aSuscepti bl e to decomposition by certain polar organic sol vents. 
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TABLE 3. PRECISIONS OF EXTRACTION-ANALYSIS 
PROCEDURES FOR SEVERAL ELEMENTS 

Analys is  Laboratory 
Met hod Rep1 i c a t e s  Element Sample M a t r i x  

Arsenic 1. Auto f l u f f  
2 .  Barre l  sludge 
3.  Lumber treatment 

company sediment 

Barium 1. Lead smel t ing emission 
c o n t r o l  dust  

2. Auto f l u f f  
3. Bar re l  sludge 

Cadmi um 1. Lead smel t ing emission 
con t ro l  dust  

2. Wastewater treatment 
sludge from 
e l  ec t rop l  a t  i ng 

3. Auto f l u f f  
4 .  Barre l  sludge 
5.  O i l  r e f i n e r y  

t e r t  i ary pond s l  udge 

1. Wastewater treatment 
sludge from 
e l e c t r o p l a t i n g  

2 .  Pain t  pr imer 
3 .  Pain t  pr imer f i l t e r  
4 .  Lumber treatment 

company sediment 
5 .  O i l  r e f i n e r y  

t e r t  i ary pond sludge 

Chromi um 

Mercury 1. Barre l  sludge 
2 .  Wastewater treatment 

sludge from 
e l e c t r o p l a t i n g  

3. Lead smel t ing emission 
con t ro l  dust 
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TABLE 3 (Continued) 

Element Sample Matrix 
Analysis Laboratory 
Method Rep1 icates 

-- 

Lead 

Nickel 

Chromium(V1) 

1. Lead smelting emission 
control dust 

2. Auto fluff 
3. Incinerator ash 
4. Barrel sludge 
5. Oil refinery 

tertiary pond sl udge 

1. Sludge 
2. Wastewater treatment 

sludge from 
electroplating 

1. Wastewater treatment 
sludge from 
el ectropl at i ng 
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FIGURE 1. 
EXTRACTOR 

- C l  ogg i ng Support Bushing 

1-Inch Blade a t  30' t o  Horizontal 
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FIGURE 2.  
ROTARY EXTRACTOR 
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FIGURE 3 .  
E P R I  EXTRACTOR 
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F I G U R E  4 .  
COMPACTION T E S T E R  
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METHOD 1310A 
EXTRACTION PROCEDURE ( EP) TOXICITY TEST METHOD 

AND STRUCTURAL INTEGRITY TEST 

START (7 
7 1 Does 

waste contaln 
free llqulds? 

7.1 Weigh filter 
membrane and 

prefilter n 
7 . 2  Assemble filter 
holder. membranes. 

and prefilter. 

7 . 3  Weigh out 
subsample of waste 

7 4 Let solid phase 
settle; centrifuge 

if necessary 

7.5 Filter out 
liquld phase and 
refrigerate it 

7 . 6  Weigh wet solid 
phase 

+ 

7.7.1 Dry frlter 
and weigh 

1 

7 . 7 . 2  Calculate 
percent solrdr 

I 
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METHOD 1310A 
(Continued) 

7 . 8  Discard solids comprise ~ 0 . 5 %  

Area > 
3 1 cm2/g Area c 3 1 
or passes 
through 
9 S mm 
sieve 

particle size of 

I lin single I 

7 10 1 Cut or cast 
cylinder from waste material for 

material for extraction by 
Structural crushing, c u t t ~ n g .  

Integrity Procedure or grinding 

7 10.2 Assemble 
tester: drop hammer 

15 times 

7 10.3 Remove solid 
material; weigh: 

transfer to 
extractor 
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METHOD 1310A 
(Cont i nued) 

+ 

7 13 Agitate for 24 
hours and monitor 
pH of solution 

1 

7 13 Calibrate and 
adjust pH meter 

+ 

7.14 At end of 
extraction period. 
add deionized water 

7.11 Calculate 
amount of liquid 

and acid to use for 
entraction 

7 15 Allow slurries 
to stand; set up 
filter apparatus; 

filter 

7.16 Combine 
liquids from 

Sections 7.5 and 
7.15 to analyze for 

con taminants 

I 

--+ 

n I 7.17 Obtain I 
analytical method 
from Chapters 3 and 

4 

7.12 Place material 
into antractor: add 

deionized water 

7.18 Compare 
extract 

concentration 
maximum 

contamina tion 
l i m ~ t s  to determine 

EP toxiclty 

t 
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METHOD 1311 

TOXICITY CHARACTERISTIC LEACHING PROCEDURE 

1.0 SCOPE AND APPLICATION 

1.1 The TCLP i s  designed t o  determine the  m o b i l i t y  o f  both organic and 
inorgan ic  analy tes present i n  1  i qu id ,  so l  i d ,  and mu1 t i p h a s i c  wastes. 

1.2 I f  a  t o t a l  ana lys is  o f  t h e  waste demonstrates t h a t  i n d i v i d u a l  
ana ly tes  are n o t  present  i n  t h e  waste, o r  t h a t  they are present bu t  a t  such low 
concent ra t ions  t h a t  t he  appropr ia te  regu la to ry  1  evel s  could n o t  poss ib ly  be 
exceeded, t h e  TCLP need no t  be run.  

1.3 I f  an ana lys is  o f  any one o f  t he  l i q u i d  f r a c t i o n s  o f  t h e  TCLP 
e x t r a c t  i n d i c a t e s  t h a t  a  regu la ted  compound i s  present a t  such h igh  concentra- 
t i o n s  t h a t ,  even a f t e r  account ing f o r  d i l u t i o n  from t h e  o ther  f r a c t i o n s  o f  t he  
e x t r a c t ,  t h e  concent ra t ion  would be above t h e  regu la to ry  l e v e l  f o r  t h a t  compound, 
then t h e  waste i s  hazardous and i t  i s  no t  necessary t o  analyze the  remaining 
f r a c t i o n s  o f  t h e  e x t r a c t .  

1.4 I f  an ana lys is  o f  e x t r a c t  obtained us ing a  b o t t l e  e x t r a c t o r  shows 
t h a t  t h e  concent ra t ion  o f  any regu la ted  v o l a t i l e  ana ly te  exceeds the  regu la to ry  
l e v e l  f o r  t h a t  compound, then t h e  waste i s  hazardous and e x t r a c t i o n  us ing the  ZHE 
i s  no t  necessary. However, e x t r a c t  from a  b o t t l e  e x t r a c t o r  cannot be used t o  
demonstrate t h a t  t h e  concent ra t ion  o f  v o l a t i l e  compounds i s  below the  regu la to ry  
1  evel  . 

2.0 SUMMARY OF METHOD 

2.1 For l i q u i d w a s t e s  (b, t h o s e c o n t a i n i n g  l e s s  than 0.5%dry s o l i d  
m a t e r i a l ) ,  t he  waste, a f t e r  f i l t r a t i o n  through a  0.6 t o  0.8 pm glass f i b e r  
f i l t e r ,  i s  def ined as t h e  TCLP e x t r a c t .  

2.2 For wastes conta in ing  g rea te r  than o r  equal t o  0.5% so l i ds ,  t h e  
1  i qu id ,  i f  any, i s  separated from the  so l  i d  phase and stored f o r  l a t e r  analys is ;  
t h e  p a r t i c l e  s i z e  o f  t h e  so l  i d  phase i s  reduced, i f  necessary. The s o l i d  phase 
i s  ex t rac ted  w i t h  an amount o f  e x t r a c t i o n  f l u i d  equal t o  20 t imes the  weight o f  
t h e  s o l i d  phase. The e x t r a c t i o n  f l u i d  employed i s  a  f unc t i on  o f  the  a l k a l i n i t y  
o f  t h e  so l  i d  phase o f  t he  waste. A  specia l  e x t r a c t o r  vessel i s  used when t e s t i n g  
f o r  v o l a t i l e  analy tes (see Table 1 f o r  a 1  i s t  of v o l a t i l e  compounds). Fol lowing 
e x t r a c t i o n ,  t h e  1  i q u i d  e x t r a c t  i s  separated from the  so l  i d  phase by f i l t r a t i o n  
through a  0.6 t o  0.8 pm g lass  f i b e r  f i l t e r .  

2.3 I f  compatible (k, m u l t i p l e  phases w i l l  no t  form on combination), 
t h e  i n i t i a l  1  i q u i d  phase o f  t h e  waste i s  added t o  t h e  l i q u i d  ex t rac t ,  and these 
are  analyzed together .  I f  incompatible,  the  1  i qu ids  are analyzed separate ly  and 
t h e  r e s u l t s  a re  mathemat ica l ly  combined t o  y i e l d  a  volume-weighted average 
concent ra t ion .  
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3.0 INTERFERENCES 

3.1 Po ten t i  a1 i n te r fe rences  t h a t  may be encountered du r ing  ana lys i s  a re  
discussed i n  t h e  i n d i v i d u a l  a n a l y t i c a l  methods. 

4.0 APPARATUS AND MATERIALS 

4.1 A g i t a t i o n  apparatus: The a g i t a t i o n  apparatus must be capable o f  
r o t a t i n g  t h e  e x t r a c t i o n  vessel i n  an end-over-end fashion (see F igu re  1) a t  
30 + 2 rprn. S u i t a b l e  devices known t o  EPA are i d e n t i f i e d  i n  Table 2. 

4.2 E x t r a c t i o n  Vessels 

4.2.1 Zero-Headspace E x t r a c t i o n  Vessel (ZHE) . Th is  dev ice  i s  
f o r  use o n l y  when t h e  waste i s  being tes ted  f o r  t h e  m o b i l i t y  o f  v o l a t i l e  
ana ly tes  (h, those 1 i s t e d  i n  Table 1 ) .  The ZHE (dep ic ted  i n  F igure  2) 
a1 1 ows f o r  1 i qu id / so l  i d  separat ion w i t h i n  t h e  device, and e f f e c t i v e l y  
p r e c l  udes headspace. Th is  type o f  vessel a1 lows f o r  i n i t i a l  1 i q u i d / s o l  i d  
separat ion,  e x t r a c t i o n ,  and f i n a l  e x t r a c t  f i l t r a t i o n  w i thou t  opening t h e  
vessel (see Sect ion  4.3.1). The vessels s h a l l  have an i n t e r n a l  volume o f  
500-600 mL, and be equipped t o  accommodate a 90-110 mm f i l t e r .  The devices 
con ta in  VITON"' O-r ings which should be rep1 aced f requen t l y .  S u i t a b l e  ZHE 
devices known t o  EPA are i d e n t i f i e d  i n  Table 3. 

For  t he  ZHE t o  be acceptable f o r  use, t he  p i s t o n  w i t h i n  the  ZHE 
should be ab le  t o  be moved w i t h  approximately 15 p s i  o r  l e s s .  I f  i t  takes 
more pressure t o  move t h e  p is ton ,  t he  O- r ings  i n  t h e  dev ice  should be 
replaced. I f  t h i s  does no t  so lve the  problem, the  ZHE i s  unacceptable f o r  
TCLP analyses and the  manufacturer should be contacted. 

The ZHE should be checked f o r  leaks  a f t e r  every e x t r a c t i o n .  I f  t h e  
dev ice  conta ins  a b u i l t - i n  pressure gauge, p ressur ize  t h e  dev ice  t o  
50 p s i ,  a l l o w  i t  t o  stand unattended f o r  1 hour, and recheck t h e  pressure. 
If t h e  dev ice  does no t  have a b u i l t - i n  pressure gauge, p ressu r i ze  the  
dev ice  t o  50 p s i ,  submerge i t i n  water, and check f o r  t h e  presence o f  a i r  
bubbles escaping from any o f  t he  f i t t i n g s .  I f  pressure i s  l o s t ,  check a l l  
f i t t i n g s  and inspect  and rep lace O-r ings, i f  necessary. Retest  t h e  
device.  I f  leakage problems cannot be solved, t he  manufacturer should be 
contacted.  

Some ZHEs use gas pressure t o  actuate t h e  ZHE p i s t o n ,  w h i l e  o the rs  
use mechanical pressure (see Tab1 e 3) .  Whereas t h e  v o l  a t i  1 es procedure 
(see Sect ion 7.3) r e f e r s  t o  pounds pe r  square i n c h  ( p s i ) ,  f o r  t h e  
mechanical ly  actuated p i  ston, t h e  pressure appl i e d  i s  measured i n  
torque-inch-pounds. Refer t o  t h e  manufacturer 's i n s t r u c t i o n s  as t o  the  
proper  conversion. 

' VITON" i s  a trademark o f  Du Pont. 
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4.2.2 Bottle Extraction Vessel. When the waste is being 
evaluated using the nonvolatile extraction, a jar with sufficient capacity 
to hold the sample and the extraction fluid is needed. Headspace is 
allowed in this vessel. 

The extraction bottles may be constructed from various materials, 
depending on the analytes to be analyzed and the nature of the waste (see 
Section 4.3.3). It is recommended that borosilicate glass bottles be used 
instead of other types of glass, especially when inorganics are of 
concern. Plastic bottles, other than polytetrafluoroethylene, shall not 
be used if organics are to be investigated. Bottles are available from a 
number of laboratory suppliers. When this type of extraction vessel is 
used, the filtration device discussed in Section 4.3.2 is used for initial 
liquid/solid separation and final extract filtration. 

4.3 Filtration Devices: It is recommended that all filtrations.be 
performed in a hood.' 

4.3.1 Zero-Headspace Extractor Vessel (ZHE) : When the waste is 
evaluated for vol at i les, the zero-headspace extraction vessel described in 
Section 4.2.1 is used for filtration. The device shall be capable of 
supporting and keeping in place the glass fiber filter and be able to 
withstand the pressure needed to accomplish.separation (50 psi). 

NOTE : When it is suspected that the glass fiber filter has been ruptured, 
an in-line glass fiber filter may be used to filter the material 
within the ZHE. 

4.3.2 Filter Holder: When the waste is evaluated for other than 
volatile analytes, any filter holder capable of supporting a glass fiber 
filter and able to withstand the pressure needed to accomplish separation 
may be used. Suitable filter holders range from simple vacuum units to 
relatively con~plex systems capable of exerting pressures of up to 50 psi 
or more. The type of filter holder used depends on the properties of the 
material to be filtered (see Section 4.3.3). These devices shall have a 
minimum internal volume of 300 mL and be equipped to accommodate a minimum 
filter size of 47 mm (filter holders having an internal capacity of 1.5 L 
or greater, and equipped to accommodate a 142 mm diameter filter, are 
recommended). Vacuum filtration can only be used for wastes with low 
sol ids content (<lo%) and for highly granular, l iquid-containing wastes. 
All other types of wastes should be filtered using positive pressure 
filtration. Suitable filter holders known to EPA are shown in Table 4. 

4.3.3 Materi a1 s of Construction: Extraction vessels and 
filtration devices shall be made of inert materials which will not leach 
or absorb waste components. Glass, polytetrafl uoroethylene (PTFE), or 
type 316 stainless steel equipment may be used when evaluating the 
mobility of both organic and inorganic components. Devices made of high 
density polyethylene (HDPE) , polypropylene (PP) , or polyvinyl chl oride 
(PVC) may be used only when evaluating the mobility of metals. Borosili- 
cate glass bottles are recommended for use over other types of glass 
bottles, especially when inorganics are analytes of concern. 
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4.4 F i l t e r s :  F i l t e r s  s h a l l  be made o f  b o r o s i l  i c a t e  g lass  f i be r ,  s h a l l  
conta in  no b inder  mater ia ls ,  and s h a l l  have an e f f e c t i v e  pore s i z e  o f  0.6 t o  
0.8 pm, o r  equivalent .  F i l t e r s  known t o  EPA which meet these s p e c i f i c a t i o n s  are 
i d e n t i f i e d  i n  Table 5. P r e - f i l t e r s  must no t  be used. When eva lua t ing  t h e  
m o b i l i t y  o f  metals, f i l t e r s  s h a l l  be acid-washed p r i o r  t o  use by r i n s i n g  w i t h  1N 
n i t r i c  ac id  fo l lowed by th ree  consecutive r i nses  w i t h  deionized d i s t i  1  l e d  water 
(a minimum o f  1 L per  r i n s e  i s  recommended). Glass f i b e r  f i l t e r s  are  f r a g i l e  and 
should be handled w i t h  care. 

4.5 pH Meters: The meter should be accurate t o  + 0.05 u n i t s  a t  25 "C. 

4.6 ZHE Ex t rac t  C o l l e c t i o n  Devices: TEDLAR" bags o r  g lass,  s t a i n l e s s  
s t e e l  o r  PTFE g a s - t i g h t  syr inges are used t o  c o l l e c t  t h e  i n i t i a l  l i q u i d  phase and 
t h e  f i n a l  e x t r a c t  o f  t h e  waste when using t h e  ZHE device. The devices l i s t e d  are 
recommended f o r  use under t h e  f o l  1 owing cond i t ions :  

4.6.1 I f  a waste conta ins an aqueous l i q u i d  phase o r  i f  a waste 
does n o t  con ta in  a s i g n i f i c a n t  amount o f  nonaqueous l i q u i d  ( i . e . ,  (1% o f  
t o t a l  waste), t h e  TEDLAR bag o r  a 600 mL syr inge should be used t o  c o l l  e c t  
and combine t h e  i n i t i a l  l i q u i d  and s o l i d  e x t r a c t .  

4.6.2 If a waste conta ins a s i g n i f i c a n t  amount o f  nonaqueous 
l i q u i d  i n  t h e  i n i t i a l  l i q u i d  phase ( i . e . ,  >1% o f  t o t a l  waste), t h e  syr inge 
o r  t h e  TEDLAR" bag may be used f o r  both the  i n i t i a l  so l  i d / l  i q u i d  separat ion 
and t h e  f i n a l  e x t r a c t  f i l t r a t i o n .  However, analysts should use one o r  the  
other ,  no t  both. 

4.6.3 If the  waste conta ins no i n i t i a l  l i q u i d  phase ( i s  100% 
sol id) .  o r  has no s i g n i f i c a n t  s o l i d  phase ( i s  100% l i q u i d ) ,  e i t h e r  t h e  
TEDLAR bag o r  t h e  syr inge may be used. I f  the  syr inge i s  used, d i sca rd  
t h e  f i r s t  5 mL o f  l i q u i d  expressed from t h e  device. The remaining 
a l i q u o t s  are  used f o r  ana lys is .  

4.7 ZHE E x t r a c t i o n  F l u i d  Transfer  Devices: Any device capable. o f  
t r a n s f e r r i n g  t h e  e x t r a c t i o n  f l u i d  i n t o  the  ZHE wi thout  changing t h e  nature  of t h e  
e x t r a c t i o n  f l u i d  i s  acceptable (a, a p o s i t i v e  displacement o r  p e r i s t a l t i c  
pump, a gas t i g h t  syr inge, pressure f i l t r a t i o n  u n i t  (see Sect ion 4.3.2), o r  o the r  
ZHE device) .  

4.8 Laboratory Bal ance: Any 1 aboratory ba l  ance accurate t o  w i  t h i  n  
+ 0.01 grams may be used ( a l l  weight measurements are t o  be w i t h i n  + 0.1 grams). - 

4.9 Beaker o r  Erlenmeyer f l ask ,  glass, 500 mL. 

4.10 Watchgl ass, appropr iate diameter t o  cover beaker o r  Erlenmeyer 
f l a s k .  

* TEDLAR' i s  a reg is te red  trademark o f  Du Pont. 
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4.11 Magnetic s t i r r e r .  

5.0 REAGENTS 

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

5.2 Reagent Water. Reagent water i s  de f i ned  as water i n  which an 
i n t e r f e r a n t  i s  n o t  observed a t  o r  above t h e  method's d e t e c t i o n  l i m i t  o f  t h e  
ana l y te ( s )  o f  i n t e r e s t .  For  n o n v o l a t i l e  ex t rac t i ons ,  ASTM Type I1 water  o r  
equ i va len t  meets t h e  d e f i n i t i o n  o f  reagent  water.  For v o l a t i l e  ex t rac t i ons ,  i t  
i s  recommended t h a t  reagent water be generated by any o f  t h e  f o l l o w i n g  methods. 
Reagent water  should be moni tored p e r i o d i c a l l y  f o r  i m p u r i t i e s .  

5.2.1 Reagent wate r  f o r  v o l a t i l e  e x t r a c t i o n s  may be generated 
by pass ing t a p  water through a  carbon f i l t e r  bed con ta in i ng  about 500 
grams o f  a c t i v a t e d  carbon (Calgon Corp., F i l t r a s o r b - 3 0 0  o r  equ iva len t ) .  

5.2.2 A  water p u r i f i c a t i o n  system ( M i l  1  i p o r e  Super-Q o r  
equ i va len t )  may a l s o  be used t o  generate reagent  water f o r  v o l a t i l e  
e x t r a c t i o n s .  

5.2.3 Reagent water f o r  v o l a t i l e  e x t r a c t i o n s  may a l s o  be 
prepared by b o i l  i n g  water  f o r  15 minutes. Subsequently, w h i l e  ma in ta in ing  
t h e  water temperature a t  90 2 5  degrees C, bubble a  contaminant- f ree i n e r t  
gas (g. n i t r o g e n )  through t h e  water f o r  1 hour. Whi le s t i l l  hot ,  
t r a n s f e r  t h e  water t o  a  narrow mouth screw-cap b o t t l e  under zero-headspace 
and seal  w i t h  a  T e f l o n - l i n e d  septum and cap. 

5.3 Hyd roch lo r i c  a c i d  ( IN) ,  HC1, made f rom ACS reagent grade. 

5.4 N i t r i c a c i d  ( I N ) ,  H N O , , m a d e f r ~ m A C S r e a g e n t g r a d e .  

5.5 Sodi um hydrox ide ( I N ) ,  NaOH, made f rom ACS reagent grade. 

5.6 G l a c i a l  a c e t i c  ac id ,  CH,CH,OOH, ACS reagent grade. 

5.7 E x t r a c t i o n  f l u i d .  

5.7.1 E x t r a c t i o n  f l u i d  # 1: Add 5.7 mL g l a c i a l  CH,CH,OOH t o  
500 mL of reagent  water (See Sec t ion  5.2), add 64.3 mL o f  1N NaOH, and 
d i l u t e  t o  a  volume o f  1 l i t e r .  When c o r r e c t l y  prepared, t h e  pH o f  t h i s  
f l u i d  w i l l  be 4.93 + 0.05. 

5.7.2 E x t r a c t i o n  f l u i d  # 2: D i l u t e  5.7 mL g l a c i a l  CH,CH,OOH w i t h  
reagent  water (See Sec t ion  5.2) t o  a  volume o f  1 l i t e r .  When c o r r e c t l y  
prepared, t h e  pH o f  t h i s  f l u i d  w i l l  be 2.88 + 0.05. 
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NOTE : These extraction fluids should be monitored frequently for 
impurities. The pH should be checked prior to use to ensure that 
these fluids are made up accurately. If impurities are found or 
the pH is not within the above specifications, the fluid shall be 
di scarded and fresh extraction fl uid prepared. 

5.8 Analytical standards shall be prepared according to the appropriate 
analytical method. 

6.0 SAMPLE COLLECTION, PRESERVATION, AND HANDLING 

6.1 A1 1 samples shall be collected using an appropriate sampl ing plan. 

6.2 The TCLP may place requirements on the minimal size of the field 
sample, depending upon the physical state or states of the waste and the analytes 
of concern. An a1 iquot is needed for preliminary evaluation of which extraction 
fluid is to be used for the nonvolatile analyte extraction procedure. Another 
a1 iquot may be needed to actually conduct the nonvolatile extraction (see Section 
1.4 concerning the use of this extract for volatile organics). If volatile 
organics are of concern, another a1 iquot may be needed. Qua1 ity control measures 
may require additional aliquots. Further, it is always wise to collect more 
sample just in case something goes wrong with the initial attempt to conduct the 
test. 

6.3 Preservatives shall not be added to samples before extraction. 

6.4 Samples may be refrigerated unless refrigeration results in 
irreversible physical change to the waste. If precipitation occurs, the entire 
sample (including precipitate) should be extracted. 

6.5 When the waste is to be evaluated for volatile analytes, care shall 
be taken to minimize the loss of volatiles. Samples shall be collected and 
stored in a manner intended to prevent the loss of volatile analytes (e.q., 
samples should be collected in Teflon-1 ined septum capped vials and stored at 4 
"C. Samples should be opened only immediately prior to extraction). 

6.6 TCLP extracts should be prepared for analysis and analyzed as soon 
as possible following extraction. Extracts or portions of extracts for metal 1 ic 
analyte determinations must be acidified with nitric acid to a pH < 2, unless 
precipitation occurs (see Section 7.2.14 if precipitation occurs). Extracts 
should be preserved for other analytes according to the guidance given in the 
individual analysis methods. Extracts or portions of extracts for organic 
analyte determinations shall not be allowed to come into contact with the 
atmosphere ( ,  no headspace) to prevent losses. See Section 8.0 (QA 
requirements) for acceptable sample and extract holding times. 

7.0 PROCEDURE 

7.1 Preliminary Evaluations 

Revision 0 
July 1992 



Perform preliminary TCLP evaluations on a minimum 100 gram aliquot of 
waste. This a1 iquot may not actually undergo TCLP extraction. These prel iminary 
evaluations include: (1) determination of the percent sol ids (Section 7.1.1) ; 
(2) determination of whether the waste contains insignificant sol ids and is, 
therefore, its own extract after filtration (Section 7.1.2) ; (3) determination 
of whether the solid portion of the waste requires particle size reduction 
(Section 7.1.3) ; and (4) determination of which of the two extraction fluids are 
to be used for the nonvolatile TCLP extraction of the waste (Section 7.1.4). 

7.1.1 Preliminary determination of percent solids: Percent 
sol ids is defined as that fraction of a waste sample (as a percentage of 
the total sample) from which no 1 iquid may be forced out by an applied 
pressure, as described below. 

7.1 .l. 1 If the waste will obviously yield no 1 iquid when 
subjected to pressure filtration (h, is 100% sol ids) proceed to 
Section 7.1.3. 

7.1.1.2 If the sample is liquid or multiphasic, 
1 iquid/sol id separation to make a prel iminary determination of 
percent sol ids is required. This involves the filtration device 
described in Section 4.3.2 and is outlined in Sections 7.1.1.3 
through 7.1.1.9. 

7.1.1.3 Pre-weigh the filter and the container that will 
receive the filtrate. 

7.1.1.4 Assemble the filterholderandfilterfollowing 
the manufacturer's instructions. Place the fi 1 ter on the support 
screen and secure. 

7.1 .I .5 Weigh out a subsample of the waste (100 gram 
minimum) and record the weight. 

7.1.1.6 Allow slurries to stand to permit the solid 
phase to settle. Wastes that settle slowly may be centrifuged 
prior to filtration. Centrifugation is to be used only as an aid 
to filtration. If used, the 1 iquid should be decanted and filtered 
followed by filtration of the solid portion of the waste through 
the same filtration system. 

7.1.1.7 Quantitatively transfer the waste sample to the 
filter holder (liquid and solid phases). Spread the waste sample 
evenly over the surface of the filter. If filtration of the waste 
at 4 "C reduces the amount of expressed liquid over what would be 
expressed at room temperature then allow the sample to warm up to 
room temperature in the device before filtering. 

NOTE : If waste material (>I% of original sample weight) has obviously 
adhered to the container used to transfer the sample to the 
filtration apparatus, determine the weight of this residue and 
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s u b t r a c t  i t  from t h e  sample weight determined i n  Sec t i on  7.1.1.5 t o  
determine t h e  weight o f  t he  waste sample t h a t  w i l l  be f i l t e r e d .  

Gradual ly  apply  vacuum o r  g e n t l e  pressure o f  1-10 p s i ,  
u n t i l  a i r  o r  p ressu r i z i ng  gas moves through t h e  f i l t e r .  I f  t h i s  
p o i n t  i s  n o t  reached under 10 p s i ,  and i f  no a d d i t i o n a l  l i q u i d  has 
passed through t h e  f i l t e r  i n  any 2 minute i n t e r v a l ,  s l ow ly  inc rease 
t h e  pressure i n  10 p s i  increments t o  a maximum o f  50 p s i .  A f t e r  
each incremental  increase o f  10 ps i ,  i f  t h e  p r e s s u r i z i n g  gas has 
n o t  moved through the  f i l t e r ,  and i f  no a d d i t i o n a l  l i q u i d  has 
passed through t h e  f i l t e r  i n  any 2 minute i n t e r v a l ,  proceed t o  t h e  
nex t  10 p s i  increment. When t h e  p ressu r i z i ng  gas begins t o  move 
through t h e  f i l t e r ,  o r  when l i q u i d  f l o w  has ceased a t  50 p s i  ( i . e . ,  
f i l t r a t i o n  does n o t  r e s u l t  i n  a- '/  a d d i t i o n a l  f i l t r a t e  w i t h i n  any 2 
minute per iod) ,  s top  t h e  f i l t r a ~ i o n .  

NOTE: Instantaneous a p p l i c a t i o n  o f  h i  h pressure can degrade t h e  g lass  
f i b e r  f i 1 t e r  and may cause premature p l  ugging . 

7.1.1.8 T h e m a t e r i a l  i n  t he  f i l t e r  ho lde r  i s d e f i n e d a s  
t h e  s o l i d  phase o f  t h e  waste, and t h e  f i l t r a t e  i s  d e f i n e d  as t h e  
1 i q u i d  phase. 

NOTE : Some wastes, such as o i l y  wastes and some p a i n t  wastes, w i l l  
obv ious l y  con ta in  some ma te r i a l  t h a t  appears t o  be a 1 i q u i d .  Even 
a f t e r  app ly ing  vacuum o r  pressure f i l t r a t i o n ,  as o u t l i n e d  i n  
Sec t ion  7.1.1.7, t h i s  ma te r i a l  may n o t  f i l t e r .  I f  t h i s  i s  t h e  
case, t h e  ma te r i a l  w i t h i n  t h e  f i l t r a t i o n  dev ice  i s  d e f i n e d  as a 
s o l i d .  Do n o t  rep lace  t h e  o r i g i n a l  f i l t e r  w i t h  a f r e s h  f i l t e r  
under any circumstances. Use on l y  one f i l t e r .  

7.1.1.9 Determine t h e  weight o f  t h e  l i q u i d  phase by 
s u b t r a c t i n g  t h e  weight  o f  t h e  f i l t r a t e  con ta ine r  (see Sec t ion  
7.1.1.3) f rom t h e  t o t a l  weight o f  t h e  f i l t r a t e - f i l l e d  conta iner .  
Determine t h e  weight o f  t h e  s o l i d  phase o f  t h e  waste sample by 
s u b t r a c t i n g  the  weight o f  t h e  l i q u i d  phase f rom t h e  weight  o f  t h e  
t o t a l  waste sample, as determined i n  Sec t ion  7.1.1.5 o r  7.1.1.7. 

Record t h e  weight o f  t h e  l i q u i d  and s o l i d  phases. 
Ca l cu la te  t h e  percent  s o l i d s  as fo l l ows :  

Weight o f  s o l i d  (Sect ion 7.1.1.9) 
Percent s o l i d s  = x 100 

To ta l  weight o f  waste (Sect ion 7.1.1.5 o r  7.1.1.7) 

7.1.2 I f  t h e p e r c e n t  s o l i d s  determined i n  Sec t ion  7.1.1.9 i s  
equal t o  o r  g r e a t e r  than 0.5%, then proceed e i t h e r  t o  Sec t i on  7.1.3 t o  
determine whether t h e  so l  i d  mater i  a1 r e q u i r e s  p a r t i c l  e s i z e  r e d u c t i o n  o r  
t o  Sec t ion  7.1.2.1 i f  i t  i s  no t i ced  t h a t  a smal l  amount o f  t h e  f i l t r a t e  i s  
en t ra ined  i n  w e t t i n g  o f  t h e  f i l t e r .  I f  t h e  percent  s o l i d s  determined i n  
Sec t ion  7.1.1.9 i s  l e s s  than 0.5%, then proceed t o  Sec t ion  7.2.9 i f  t h e  
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n o n v o l a t i l e  TCLP i s  t o  be performed and t o  Sect ion 7.3 w i t h  a f r e s h  
p o r t i o n  o f  t h e  waste i f  t h e  v o l a t i l e  TCLP i s  t o  be performed. 

7.1.2.1 Remove t h e  s o l i d  phase and f i l t e r  f rom the  
f i 1 t r a t  i on apparatus. 

7.1.2.2 Dry t h e  f i l t e r  and s o l i d  phase a t  100 + 20 "C 
u n t i l  two successive weighing y i e l d  t h e  same value w i t h i n  + 1%. 
Record t h e  f i n a l  weight.  

NOTE: Caut ion should be taken t o  ensure t h a t  t h e  sub jec t  so l  i d  w i l l  no t  
f l a s h  upon heat ing .  It i s  recommended t h a t  t h e  d r y i n g  oven be 
vented t o  a hood o r  o the r  appropr ia te  dev ice.  

7.1.2.3 Ca lcu la te  t he  percent  d r y  s o l i d s  as fo l lows:  

(Wt. o f  d r y  waste + f i l t e r )  - t a r e d  w t .  o f  f i l t e r  
Percent d r y  s o l i d s  = x  100 

I n i t i a l  w t .  o f  waste (Sect ion 7.1.1.5 o r  7.1.1.7) 

7.1.2.4 I f  t h e  percent d r y  s o l i d s  i s  l ess  than 0.5%, 
then proceed t o  Sec t ion  7.2.9 i f  t h e  n o n v o l a t i l e  TCLP i s  t o  be 
performed, and t o  Sec t ion  7.3 i f  t h e  v o l a t i l e  TCLP i s  t o  be 
performed. I f  t h e  percent  d r y  s o l i d s ' i s  g rea te r  than o r  equal t o  
0.5%, and i f  t h e  n o n v o l a t i l e  TCLP i s  t o  be performed, r e t u r n  t o  t h e  
beginning o f  t h i s  Sect ion (7.1) and, w i t h  a f r e s h  p o r t i o n  o f  waste, 
determine whether p a r t i c l e  s i z e  reduc t i on  i s necessary (Sect ion 
7.1.3) and determine t h e  appropr ia te  e x t r a c t i o n  f l u i d  (Sect ion 
7.1.4). I f  o n l y  t h e  v o l a t i l e  TCLP i s  t o  be performed, see t h e  note 
i n  Sec t ion  7.1.4. 

7.1.3 Determinat ion o f  whether t h e  waste requ i res  p a r t i c l e  s i z e  
r e d u c t i o n  ( p a r t i c l e  s i z e  i s  reduced du r i ng  t h i s  step) : Using t h e  s o l i d  
p o r t i o n  o f  t h e  waste, evaluate t h e  so l  i d  f o r  p a r t i c l e  s ize.  P a r t i c l e  s i z e  
r e d u c t i o n  i s  requ i red ,  unless t h e  so l  i d  has a sur face area per  gram o f  
m a t e r i a l  equal t o  o r  g rea te r  than  3.1 cm2, o r  i s  smal ler  than 1 cm i n  i t s  
narrowest dimension (k, i s  capable o f  passing through a 9.5 mm (0.375 
i nch )  standard s ieve) .  I f  t h e  sur face area i s  smal le r  o r  t he  p a r t i c l e  
s i z e  l a r g e r  than descr ibed above, prepare t h e  so l  i d  p o r t i o n  o f  t h e  waste 
f o r  e x t r a c t i o n  by crushing,  c u t t i n g ,  o r  g r i n d i n g  t h e  waste t o  a sur face 
area o r  p a r t i c l e  s i z e  as descr ibed above. I f  t h e  so l  i d s  are prepared f o r  
o rgan i c  vo l  a t i  l e s  e x t r a c t i o n ,  spec ia l  precaut ions must be taken (see 
Sec t ion  7.3.6). 

NOTE: Sur face area c r i t e r i a  are meant f o r  f i lamentous (e.q., paper, c l o t h ,  and 
s i m i l a r )  waste m a t e r i a l s .  Actual  measurement o f  sur face area i s  no t  
requ i red ,  nor  i s  i t  recommended. For ma te r i a l s  t h a t  do no t  obv ious ly  meet 
t h e  c r i t e r i a ,  sample s p e c i f i c  methods would need t o  be developed and 
employed t o  measure t h e  surface area. Such methodology i s  c u r r e n t l y  no t  
a v a i l a b l e .  
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7.1.4 Determi na t i on  o f  appropr ia te  e x t r a c t i o n  f l u i d :  I f  t h e  
s o l i d  content  o f  t he  waste i s  g rea te r  than o r  equal t o  0.5% and i f  the  
sample w i l l  be ex t rac ted  f o r  n o n v o l a t i l e  cons t i t uen ts  (Sect ion  7.2), 
determine the  appropr ia te  f l u i d  (Sect ion 5.7) f o r  t he  nonvol a t i l e s  
e x t r a c t i o n  as f o l  1  ows : 

NOTE : TCLP e x t r a c t i o n  fo r  v o l a t i l e  cons t i t uen ts  uses o n l y  e x t r a c t i o n  . 
f l u i d  #1 (Sect ion 5.7.1). Therefore, i f  TCLP e x t r a c t i o n  f o r  
nonvol a t i l e s  i s  no t  requi red,  proceed t o  Sect ion 7.3. 

7.1.4.1 Weigh out  a small subsample o f  t h e  s o l i d  phase 
o f  t he  waste, reduce the  so l  i d  ( i f  necessary) t o  a p a r t i c l e  s i z e  o f  
approximately 1 mm i n  diameter o r  less ,  and t r a n s f e r  5.0 grams o f  
t h e  so l  i d  phase o f  t he  waste t o  a 500 mL beaker o r  Erlenmeyer 
f l a s k .  

7.1.4.2 Add 96.5 mL o f  reagent water t o  t h e  beaker, 
cover w i t h  a watchglass, and s t i r  v i go rous l y  f o r  5 minutes us ing  a 
magnetic s t i r r e r .  Measure and record  the  pH. I f  t h e  pH i s  (5.0, 
use e x t r a c t i o n  f l u i d  # l .  Proceed t o  Sect ion 7.2. 

7.1.4.3 I f  the  pH from Sect ion 7.1.4.2 i s  >5.0, add 
3.5 mL I N  HC1, s l u r r y  b r i e f l y ,  cover w i t h  a watchglass, heat t o  50 
"C, and h o l d  a t  50 "C f o r  10 minutes. 

7.1.4.4 Le t  t h e  s o l u t i o n  cool t o  room temperature and 
reco rd  t h e  pH. I f  the  pH i s  (5.0, use e x t r a c t i o n  f l u i d  #1. I f  t h e  
pH i s  >5.0, use e x t r a c t i o n  f l u i d  #2. Proceed t o  Sect ion  7.2. 

7.1.5 I f  t h e  a l i q u o t  o f  t h e  waste used f o r  t h e  p r e l i m i n a r y  
eva lua t i on  (Sect ions 7.1.1 - 7.1.4) was determined t o  be 100% s o l i d  a t  
Sec t ion  7.1.1.1, then i t  can be used f o r  t h e  Sect ion 7.2 e x t r a c t i o n  
(assuming a t  l e a s t  100 grams remain), and the  Sect ion 7.3 e x t r a c t i o n  
(assuming a t  l e a s t  25 grams remain).  I f  the  a l i q u o t  was subjected t o  the  
procedure i n  Sect ion 7.1.1.7, then another a l i q u o t  s h a l l  be used f o r  t h e  
v o l a t i l e  e x t r a c t i o n  procedure i n  Sect ion 7.3. The a l i q u o t  o f  t h e  waste 
subjected t o  t h e  procedure i n  Sect ion 7.1.1.7 might be appropr ia te  f o r  use 
f o r  t h e  Sect ion 7.2 e x t r a c t i o n  i f  an adequate amount o f  s o l i d  (as 
determined by Sect ion 7.1.1.9) was obtained. The amount o f  so l  i d  
necessary i s  dependent upon whether a s u f f i c i e n t  amount o f  e x t r a c t  w i l l  be 
produced t o  support t h e  analyses. I f  an adequate amount o f  so l  i d  remains, 
proceed t o  Sect ion 7.2.10 o f  t he  n o n v o l a t i l e  TCLP e x t r a c t i o n .  

7.2 Procedure When V o l a t i l e s  are no t  Involved 

A minimum sample s i z e  o f  100 grams (so l  i d  and 1 i q u i d  phases) i s  recommend- 
ed. I n  some cases, a l a r g e r  sample s i z e  may be appropr iate,  depending on the  
so l  i d s  content  o f  t he  waste sample (percent so l  ids ,  See Sect ion 7.1. I ) ,  whether 
t h e  i n i t i a l  l i q u i d  phase o f  t he  waste w i l l  be m i s c i b l e  w i t h  t h e  aqueous e x t r a c t  
o f  t h e  so l  i d ,  and whether inorganics,  semivol a t i l  e  organics, pes t i c i des ,  and 
he rb i c ides  are a l l  ana ly tes  o f  concern. Enough s o l i d s  should be generated f o r  
e x t r a c t i o n  such t h a t  t he  volume o f  TCLP e x t r a c t  w i l l  be s u f f i c i e n t  t o  support  a l l  
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o f  t h e  analyses requ i red .  I f  t h e  amount o f  e x t r a c t  generated by a s i n g l e  TCLP 
e x t r a c t i o n  w i l l  n o t  be s u f f i c i e n t  t o  per fo rm a l l  o f  t h e  analyses, more than one 
e x t r a c t i o n  may be performed and t h e  e x t r a c t s  from each combined and a l i q u o t e d  f o r  
ana l ys i s .  

7.2.1 I f  t h e  waste w i l l  obv ious ly  y i e l d  no l i q u i d  when subjected 
t o  p ressure  f i l t r a t i o n  (&, i s  100% so l  i d ,  see Sec t ion  7.1. I ) ,  weigh ou t  
a subsample o f  t h e  waste (100 gram minimum) and proceed t o  Sec t ion  7.2.9. 

7.2.2 I f  t h e  sample i s  l i q u i d  o r  mu l t i phas i c ,  l i q u i d / s o l i d  
sepa ra t i on  i s  r equ i red .  Th is  i nvo l ves  t h e  f i l t r a t i o n  dev ice  descr ibed i n  
Sec t i on  4.3.2 and i s  o u t l i n e d  i n  Sect ions 7.2.3 t o  7.2.8. 

7.2.3 Pre-weigh t h e  con ta ine r  t h a t  w i l l  r ece i ve  t h e  f i l t r a t e .  

7.2.4 Assemble t h e  f i l t e r  ho lde r  and f i l t e r  f o l l o w i n g  t h e  
manufacturer 's  i n s t r u c t i o n s .  Place t h e  f i l t e r  on t h e  suppor t  screen and 
secure. Ac id  wash t h e  f i l t e r  i f  eva lua t i ng  t h e  niobil  i t y  o f  meta ls  (see 
Sec t ion  4.4). 

NOTE: Ac id  washed f i l t e r s  may be used f o r  a l l  n o n v o l a t i l e  e x t r a c t i o n s  
even when meta ls  a re  n o t  o f  concern. 

7.2.5 Weigh ou t  a subsample o f  t h e  waste (100 gram minimum) and 
r e c o r d  t h e  weight .  I f  t h e  waste con ta ins  (0.5% d r y  s o l i d s  (Sect ion 
7.1.2), t h e  l i q u i d  p o r t i o n  o f  t h e  waste, a f t e r  f i l t r a t i o n ,  i s  de f ined  as 
t h e  TCLP e x t r a c t .  Therefore,  enough o f  t h e  sample should be f i l t e r e d  so 
t h a t  t h e  amount o f  f i l t e r e d  l i q u i d  w i l l  suppor t  a l l  o f  t h e  analyses 
r e q u i r e d  o f  t h e  TCLP e x t r a c t .  For wastes con ta in i ng  >0.5% d r y  s o l i d s  
(Sect ions 7.1.1 o r  7.1.2), use t h e  percent  s o l i d s  i n fo rma t i on  obta ined i n  
Sec t i on  7.1.1 t o  determine t h e  optimum sample s i z e  (100 gram minimum) f o r  
f i l t r a t i o n .  Enough s o l  i d s  should be generated by f-il t r a t i o n  t o  support  
t h e  analyses t o  be performed on t he  TCLP e x t r a c t .  

7.2.6 A l l ow  s l u r r i e s  t o  stand t o  pe rm i t  t h e  s o l i d  phase t o  
s e t t l e .  Wastes t h a t  s e t t l e  s l ow l y  may be c e n t r i f u g e d  p r i o r  t o  f i l t r a t i o n .  
Use c e n t r i f u g a t i o n  o n l y  as an a i d  t o  f i l t r a t i o n .  I f  t h e  waste i s  
cen t r i f uged ,  t h e  l i q u i d  should be decanted and f i l t e r e d  fo l lowed by 
f i l t r a t i o n  o f  t h e  s o l i d  p o r t i o n  o f  t h e  waste through t h e  same f i l t r a t i o n  
system. 

7.2.7 Q u a n t i t a t i v e l y  t r a n s f e r  t h e  waste sample (1  i q u i d  and so l  i d  
phases) t o  t h e  f i l t e r  ho lde r  (see Sec t ion  4.3.2). Spread t h e  waste sample 
even ly  over  t h e  sur face  o f  t h e  f i l t e r .  I f  f i l t r a t i o n  o f  t h e  waste a t  4 "C 
reduces t h e  amount o f  expressed l i q u i d  over  what would be expressed a t  
room temperature,  then  a l l o w  t h e  sample t o  warm up t o  room temperature i n  
t h e  dev ice  be fo re  f i 1 t e r i  ng . 

NOTE : I f  waste m a t e r i a l  (> I% o f  t h e  o r i g i n a l  sample weight )  has obv ious ly  
adhered t o  t h e  con ta ine r  used t o  t r a n s f e r  t h e  sample t o  t h e  
f i l t r a t i o n  apparatus, determine t h e  weight o f  t h i s  res idue  and 
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s u b t r a c t  i t  from the  sample weight determined i n  Sect ion  7.2.5, t o  
determine the  weight o f  t he  waste sample t h a t  w i l l  be f i l t e r e d .  

Gradual ly  apply vacuum o r  gen t l e  pressure o f  1-10 p s i ,  u n t i l  a i r  o r  
p r e s s u r i z i n g  gas moves through the  f i l t e r .  I f  t h i s  p o i n t  i s  n o t  reached 
under 10 p s i ,  and i f  no a d d i t i o n a l  1 i q u i d  has passed through t h e  f i l t e r  i n  
any 2 minute i n t e r v a l ,  s lowly  increase the  pressure i n  10 p s i  increments 
t o  a maxim~lm o f  50 p s i .  A f t e r  each incremental increase o f  10 p s i ,  i f  the  
p r e s s u r i z i n g  gas has n o t  moved through t h e  f i l t e r ,  and i f  no a d d i t i o n a l  
l i q u i d  has passed through the  f i l t e r  i n  any 2 minute i n t e r v a l ,  proceed t o  
the  nex t  10 p s i  increment. When the  p ressu r i z ing  gas begins t o  move 
through t h e  f i l t e r ,  o r  when the  l i q u i d  f l ow  has ceased a t  50 p s i  ( i  .e., 
f i l t r a t i o n  does n o t  r e s u l t  i n  any add i t i ona l  f i l t r a t e  w i t h i n  a 2 minute 
per iod) ,  s top the  f i l t r a t i o n .  

NOTE: Instantaneous a p p l i c a t i o n  o f  h igh  pressure can degrade t h e  g lass  
f i b e r  f i l t e r  and may cause premature p lugging.  

7.2.8 T h e m a t e r i a l  i n t h e  f i l t e r h o l d e r  i s d e f i n e d  as t h e s o l i d  
phase o f  t h e  waste, and t h e  f i l t r a t e  i s  de f ined as t h e  1 i q u i d  phase. 
Weigh t h e  f i l t r a t e .  The l i q u i d  phase may now be e i t h e r  analyzed (See 
Sect ion  7.2.12) o r  s to red  a t  4 "C u n t i l  t ime o f  ana lys is .  

NOTE: Some wastes, such as o i l y  wastes and some p a i n t  wastes, w i l l  
obv ious ly  conta in  some mate r ia l  t h a t  appears t o  be a l i q u i d .  Even 
a f t e r  apply ing vacuum o r  pressure f i l t r a t i o n ,  as o u t l i n e d  i n  
Sect ion  7.2.7, t h i s  ma te r i a l  may n o t  f i l t e r .  I f  t h i s  i s  t h e  case, 
t h e  ma te r ia l  w i t h i n  t h e  f i l t r a t i o n  device i s  de f i ned  as a so l  i d  and 
i s  c a r r i e d  through the  e x t r a c t i o n  as a so l  i d .  Do n o t  rep1 ace the  
o r i g i n a l  f i l t e r  w i t h  a f r e s h  f i l t e r  under any circumstances. Use 
o n l y  one f i l t e r .  

7.2.9 I f  the  waste conta ins <0.5% d r y  s o l i d s  (see Sect ion 
7.1.2), proceed t o  Sect ion 7.2.13. I f  the  waste conta ins  >0.5%dry s o l i d s  
(see Sect ion  7.1.1 o r  7.1.2), and i f  p a r t i c l e  s i z e  reduc t i on  o f  t he  s o l i d  
was needed i n  Sect ion 7.1.3, proceed t o  Sect ion 7.2.10. I f  t h e  waste as 
rece ived passes a 9.5 mm sieve, q u a n t i t a t i v e l y  t r a n s f e r  t h e  s o l  i d  ma te r i a l  
i n t o  the  e x t r a c t o r  b o t t l e  along w i t h  the  f i l t e r  used t o  separate the  
i n i t i a l  l i q u i d  f rom t h e  s o l i d  phase, and proceed t o  Sect ion  7.2.11. 

7.2.10 Prepare t h e  so l  i d  p o r t i o n  o f  t he  waste f o r  e x t r a c t i o n  by 
crushing,  c u t t i n g ,  o r  g r i n d i n g  the  waste t o  a sur face area o r  p a r t i c l e  
s i z e  as descr ibed i n  Sect ion 7.1.3. When t h e  sur face area o r  p a r t i c l e  
s i z e  has been appropr i  a t e l y  a1 tered,  q u a n t i t a t i v e l y  t r a n s f e r  t he  so l  i d  
m a t e r i a l  i n t o  an e x t r a c t o r  b o t t l e .  Inc lude the  f i l t e r  used t o  separate the  
i n i t i a l  l i q u i d  from the  s o l i d  phase. 

NOTE : S iev ing  o f  t h e  waste i s  n o t  normal ly  requ i red .  Surface area 
requirements are meant f o r  f i lamentous (e .q ,  , paper, c l o t h )  and 
s i m i l a r  waste ma te r ia l s .  Actual measurement o f  sur face area i s  n o t  
recommended. I f  s iev ing  i s  necessary, a Te f l on  coated s ieve  should 
be used t o  avoid contaminat ion o f  t h e  sample. 
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7.2.11 Determine the  amount of ex t rac t i on  f l u i d  t o  add t o  the 
e x t r a c t o r  vessel as f o l  1 ows : 

20 x percent sol  i d s  (Sect ion 7.1.1) x  weight o f  waste 
f i l t e r e d  (Sect ion 7.2.5 o r  7.2.7) 

Weight o f  - - 
e x t r a c t i o n  f l u i d  100 

Slowly add t h i s  amount o f  appropriate ex t rac t i on  f l u i d  (see Section 
7.1.4) t o  the  e x t r a c t o r  vessel. Close the  ex t rac to r  b o t t l e  t i g h t l y  ( i t  i s  
recommended t h a t  Tef lon  tape be used t o  ensure a t i g h t  seal ) ,  secure i n  
r o t a r y  a g i t a t i o n  device, and r o t a t e  a t  30 + 2 rpm f o r  18 + 2 hours. 
Ambient temperature (&, temperature o f  room i n  which ex t rac t i on  takes 
place) s h a l l  be maintained a t  23 +.  2 'C dur ing  the ex t rac t i on  per iod.  

As a g i t a t i o n  continues, pressure may b u i l d  up w i t h i n  the ex t rac to r  
b o t t l e  f o r  some types o f  wastes (e,q., l imed o r  calcium carbonate 
conta in ing  waste may evolve gases such as carbon d iox ide) .  To 
r e l i e v e  excess pressure, the  ex t rac to r  b o t t l e  may be p e r i o d i c a l l y  
opened (e.q., a f t e r  15 minutes, 30 minutes, and 1 hour) and vented 
i n t o  a hood. 

7.2.12 Fol lowing the  18 5 2 hour ex t rac t ion ,  separate the  
ma te r ia l  i n  the  e x t r a c t o r  vessel i n t o  i t s  component l i q u i d  and s o l i d  
phases by f i l t e r i n g  through a new glass f i b e r  f i l t e r ,  as ou t l i ned  i n  
Sect ion 7.2.7. For f i n a l  f i l t r a t i o n  o f  the  TCLP ex t rac t ,  the g lass f i b e r  
f i l t e r  may be changed, i f  necessary, t o  f a c i l  i t a t e  f i l t r a t i o n .  F i l  t e r ( s )  
s h a l l  be acid-washed (see Sect ion 4.4) i f  evaluat ing the  m o b i l i t y  o f  
metals. 

7.2.13 Prepare the TCLP ex t rac t  as fo l lows:  

7.2.13.1 I f  the waste contained no i n i t i a l  l i q u i d  
phase, the  f i l t e r e d  1 i q u i d  mater ia l  obtained from Sect ion 7.2.12 i s  
def ined as the  TCLP ex t rac t .  Proceed t o  Sect ion 7.2.14. 

7.2.13.2 I f  compatible (m, m u l t i p l e  phases w i l l  no t  
r e s u l t  on combination), combine the f i l t e r e d  1 i q u i d  r e s u l t i n g  from 
Sect ion 7.2.12 w i t h  the  i n i t i a l  l i q u i d  phase o f  the  waste obtained 
i n  Sect ion 7.2.7. This combined l i q u i d  i s  def ined as the  TCLP 
ex t rac t .  Proceed t o  Section 7.2.14. 

7.2.13.3 I f  the i n i t i a l  l i q u i d  phase o f  the waste, as 
obtained from Sect ion 7.2.7, i s  not  o r  may not  be compatible w i t h  
the  f i l t e r e d  l i q u i d  r e s u l t i n g  from Section 7.2.12, do not  combine 
these 1 iqu ids .  Analyze these 1 iquids,  c o l l e c t i v e l y  def ined as the 
TCLP ex t rac t ,  and combine the  r e s u l t s  mathematically, as described 
i n  Sect ion 7.2.14. 

7.2.14 Fol lowing c o l l e c t i o n  o f  t he  TCLP ex t rac t ,  the  pH o f  the  
e x t r a c t  should be recorded. Immediately a1 iquo t  and preserve the  ex t rac t  
f o r  analys is .  Metals a l i q u o t s  must be a c i d i f i e d  w i t h  n i t r i c  ac id  t o  
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pH (2.  I f  p r e c i p i t a t i o n  i s  observed upon a d d i t i o n  o f  n i t r i c  a c i d  t o  a  
small a l i q u o t  o f  t h e  ex t rac t ,  then t h e  remaining p o r t i o n  o f  t h e  e x t r a c t  
f o r  metals analyses s h a l l  no t  be a c i d i f i e d  and t h e  e x t r a c t  s h a l l  be 
analyzed as soon as poss ib le .  A l l  o the r  a1 i quo ts  m ~ ~ s t  be s tored under 
r e f r i g e r a t i o n  (4  "C) u n t i l  analyzed. The TCLP e x t r a c t  s h a l l  be prepared 
and analyzed according t o  appropr iate a n a l y t i c a l  methods. TCLP e x t r a c t s  t o  
be analyzed f o r  metals s h a l l  be ac id  d igested except i n  those instances 
where d i g e s t i o n  causes l o s s  o f  metal1 i c  analytes.  I f  an ana lys i s  o f  the  
undigested e x t r a c t  shows t h a t  t he  concentrat ion o f  any regu la ted metal 1  i c  
ana ly te  exceeds the  regu la to ry  l e v e l ,  then the  waste i s  hazardous and 
d i g e s t i o n  o f  t h e  e x t r a c t  i s  n o t  necessary. However, data on undigested 
e x t r a c t s  alone cannot be used t o  demonstrate t h a t  t he  waste i s  no t  
hazardous. I f  the  i n d i v i d u a l  phases are t o  be .analyzed separate ly ,  
determine the  vol  ume o f  the  i n d i v i d u a l  phases ( t o  + 0.5%), conduct the  
appropr ia te  analyses, and combine the  r e s u l t s  mathemat ical ly  by us ing  a  
simp1 e  vo l  ume-weighted average: 

( '4) (Cl) + (V2) (C2) 
F ina l  Analyte Concentrat ion = 

v, + v 2  

where: 

V, = The volume o f  t he  f i r s t  phase (L) .  
C, = The concent ra t ion  o f  t he  analyte o f  concern i n  t h e  f i r s t  phase (mg/L) . 
V2 = The volume o f  t he  second phase (L) .  
C2 = The concent ra t ion  o f  t h e  analyte o f  concern i n  the  second phase 

(mg/L). 

7.2.15 Compare t h e  ana ly te  concentrat ions i n  t h e  TCLP e x t r a c t  
w i t h  t h e  l e v e l s  i d e n t i f i e d  i n  the  appropr iate regu la t i ons .  Refer t o  
Sect ion 8.0 f o r  q u a l i t y  assurance requirements. 

7.3 Procedure When Vol a t i  l es are Involved 

Use the  ZHE device t o  ob ta in  TCLP e x t r a c t  f o r  ana lys is  o f  v o l a t i l e  
compounds on ly .  E x t r a c t  r e s u l t i n g  from the  use o f  t he  ZHE s h a l l  n o t  be used t o  
evaluate the  m o b i l i t y  o f  n o n v o l a t i l e  analytes (e.g., metals, pes t i c ides ,  e tc . )  . 

The ZHE device has approximately a  500 mL i n t e r n a l  capaci ty .  The ZHE can 
thus accommodate a  maximum o f  25 grams o f  s o l i d  (def ined as t h a t  f r a c t i o n  of a  
sample from which no add i t i ona l  l i q u i d  may be fo rced ou t  by an appl i e d  pressure 
o f  50 p s i ) ,  due t o  t h e  need t o  add an amount o f  e x t r a c t i o n  f l u i d  equal t o  20 
t imes t h e  weight o f  t h e  so l  i d  phase. 

Charge the  ZHE w i t h  sample on ly  once and do no t  open t h e  device u n t i l  t h e  
f i n a l  e x t r a c t  ( o f  t h e  s o l i d )  has been co l l ec ted .  Repeated f i l l i n g  of t h e  ZHE t o  
ob ta in  25 grams o f  s o l i d  i s  no t  permitted. 

Do no t  a l l ow  the  waste, t he  i n i t i a l  l i q u i d  phase, o r  t he  e x t r a c t  t o  be 
exposed t o  the  atmosphere f o r  any more t ime than i s  abso lu te l y  necessary. Any 
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manipulat ion o f  these mater ia ls  should be done when co ld  (4 "C) t o  minimize l o s s  
o f  v o l a t i l e s .  

7.3.1 Pre-weigh the (evacuated) f i l t r a t e  cool l e c t i o n  conta iner  
(See Sect ion 4.6) and set  aside. I f  using a TEDLAR bag, express a l l  
l i q u i d  from the ZHE device i n t o  the  bag, whether f o r  t he  i n i t i a l  o r  f i n a l  
1 iqu id /so l  i d  separation, and take an a1 iquot  from the 1 i q u i d  i n  the bag 
f o r  analys is .  The containers l i s t e d  i n  Sect ion 4.6 are recommended f o r  
use under the  cond i t ions  stated i n  Sections 4.6.1 - 4.6.3. 

7.3.2 Place the  ZHE p i s t o n  w i t h i n  the  body o f  the ZHE ( i t  may be 
h e l p f u l  f i r s t  t o  moisten the  p i s t o n  O-rings s l i g h t l y  w i t h  ex t rac t i on  
f l u i d ) .  Adjust the p i s t o n  w i t h i n  the ZHE body t o  a height  t h a t  w i l l  
minimize the  distance the  p i s t o n  w i l l  have t o  move once the ZHE i s  charged 
w i t h  sampl e (based upon sample s i z e  requirements determined from Section 
7.3, Sect ion 7.1.1 and/or 7.1.2). Secure the gas i n l e t / o u t l e t  f lange 
(bottom f lange) onto the  ZHE body i n  accordance w i t h  the  manufacturer's 
i ns t ruc t i ons .  Secure the  g lass f i b e r  f i l t e r  between the  support screens 
and se t  aside. Set l i q u i d  i n l e t / o u t l e t  f lange ( top  f lange) aside. 

7.3.3 I f t h e w a s t e i s 1 0 0 % s o l i d ( s e e S e c t i o n 7 . 1 . 1 ) , w e i g h o u t  
a subsample (25 gram maximum) o f  t he  waste, record weight, and proceed t o  
Sect ion 7.3.5. 

7.3.4 I f  the  waste contains < 0.5% d r y  so l i ds  (Sect ion 7.1.2), 
t h e  l i q u i d  p o r t i o n  o f  waste, a f t e r  f i l t r a t i o n ,  i s  def ined as the  TCLP 
ex t rac t .  F i l t e r  enough o f  the  sample so t h a t  t he  amount o f  f i l t e r e d  
l i q u i d  w i l l  support a l l  o f  the  v o l a t i l e  analyses required. For wastes 
conta in ing  2 0.5% dry  s o l i d s  (Sections 7.1.1 and/or 7.1.2), use the 
percent s o l  i d s  in format ion  obtained i n  Sect ion 7.1.1 t o  determine the  
optimum sample s i ze  t o  charge i n t o  the  ZHE. The recom~nended sample s ize  
i s  as fo l lows:  

7.3.4.1 For wastes conta in ing  < 5% sol  i d s  (see Sect ion 
7.1. I), weigh out  a 500 gram subsample o f  waste and record the  
weight. 

7.3.4.2 For wastes conta in ing 3 5% so l  i ds  (see Sect ion 
7.1. I ) ,  determine the amount o f  waste t o  charge i n t o  the  ZHE as 
f o l  1 ows : 

2 5 
Weight o f  waste t o  charge ZHE = x 100 

percent sol  ids  (Sect ion 7.1.1) 

Weigh out  a subsample of the  waste of the appropriate s ize  and 
record  the  weight. 

7.3.5 I f  p a r t i c l e  s i ze  reduct ion o f  the  s o l i d  p o r t i o n  o f  the  
waste was requ i red  i n  Section 7.1.3, proceed t o  Section 7.3.6. I f  
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p a r t i c l e  s i z e  reduc t i on  was n o t  requ i red  i n  Sect ion 7.1.3, proceed t o  
Sect ion 7.3.7. 

7.3.6 Prepare the  waste f o r  e x t r a c t i o n  by crushing, c u t t i n g ,  o r  
g r i n d i n g  the  so l  i d  p o r t i o n  o f  t he  waste t o  a sur face area o r  p a r t i c l e  s i z e  
as descr ibed i n  Sect ion 7.1.3. Wastes and appropr ia te  r e d u c t i o n  equipment 
should be r e f r i g e r a t e d ,  i f  poss ib le ,  t o  4 "C p r i o r  t o  p a r t i c l e  s i ze  
reduct ion .  The means used t o  e f f e c t  p a r t i c l e  s i z e  r e d u c t i o n  must n o t  
generate heat i n  and o f  i t s e l f .  I f  reduc t i on  o f  t he  s o l i d  phase o f  t he  
waste i s  necessary, exposure o f  t he  waste t o  t h e  atmosphere should be 
avoided t o  the  ex ten t  possib le.  

NOTE : Siev ing  o f  t h e  waste i s  n o t  recommended due t o  t h e  p o s s i b i l i t y  t h a t  
vo l  a t i  1  es may be 1 o s t  . The use o f  an appropr i  ate1 y graduated r u l e r  
i s recommended as an acceptable a1 t e r n a t i v e  . Surface area 
requirements are meant f o r  f i lamentous (a, paper, c l o t h )  and 
s i m i l a r  waste ma te r ia l s .  Actual  measurement o f  sur face area i s  n o t  
recommended. 

When t h e  sur face area o r  p a r t i c l e  s i z e  has been a p p r o p r i a t e l y  
a l t e red ,  proceed t o  Sect ion 7.3.7. 

7.3.7 Waste s l u r r i e s  need no t  be al lowed t o  stand t o  permi t  t h e  
so l  i d  phase t o  s e t t l e .  Do no t  c e n t r i f u g e  wastes p r i o r  t o  f i l t r a t i o n .  

7.3.8 Q u a n t i t a t i v e l y  t r a n s f e r  t he  e n t i r e  sample ( l i q u i d  and 
s o l i d  phases) q u i c k l y  t o  t h e  ZHE. Secure t h e  f i l t e r  and support screens 
onto t h e  t o p  f l ange  of t he  device and secure the  t o p  f l ange  t o  t h e  ZHE 
body i n  accordance w i t h  the  manufacturer 's i n s t r u c t i o n s .  T igh ten  a1 1 ZHE 
f i t t i n g s  and p lace the  device i n  t he  v e r t i c a l  p o s i t i o n  (gas i n l e t / o u t l e t  
f l ange  on the  bottom). Do n o t  a t tach  the  e x t r a c t  c o l l e c t i o n  device t o  the  
top  p l a t e .  

NOTE : I f  waste ma te r ia l  (> I% o f  o r i g i n a l  sample weight)  has obv ious ly  
adhered t o  the  conta iner  used t o  t r a n s f e r  t h e  sample t o  t h e  ZHE, 
determine the  weight o f  t h i s  res idue and sub t rac t  i t  from the  
sample weight determined i n  Sect ion 7.3.4 t o  determine t h e  weight 
o f  t h e  waste sample t h a t  w i l l  be f i l t e r e d .  

A t tach  a gas l i n e  t o  t h e  gas i n l e t / o u t l e t  va lve  (bottom f lange)  
and, w i t h  t h e  1 i q u i d  i n l e t / o u t l e t  va lve  ( top  f lange)  open, begin app ly ing  
g e n t l e  pressure o f  1-10 p s i  (o r  more i f  necessary) t o  f o r c e  a l l  headspace 
s low ly  ou t  o f  t he  ZHE device i n t o  a hood. A t  t he  f i r s t  appearance o f  
l i q u i d  from the  l i q u i d  i n l e t / o u t l e t  valve, q u i c k l y  c lose  t h e  va lve  and 
d i scon t i nue  pressure. I f  f i l t r a t i o n  o f  t he  waste a t  4 T reduces the  
amount o f  expressed l i q u i d  over what would be expressed a t  room tempera- 
t u r e ,  then a l l ow  the  sample t o  warm up t o  room temperature i n  t h e  device 
before f i l t e r i n g .  I f  the  waste i s  100% s o l i d  (see Sect ion  7.1 . I ) ,  s lowly  
increase t h e  pressure t o  a maximum o f  50 p s i  t o  f o rce  most o f  t he  
headspace out  o f  t he  device and proceed t o  Sect ion 7.3.12. 
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7.3.9 At tach the  evacuated pre-weighed f i l t r a t e  c o l l e c t i o n  
conta iner  t o  the  1 i q u i d  i n l e t / o u t l e t  valve and open the valve. Begin 
apply ing gent le  pressure o f  1-10 p s i  t o  fo rce  the  l i q u i d  phase o f  the 
sample i n t o  the  f i l t r a t e  c o l l e c t i o n  container.  I f  no add i t i ona l  1 i q u i d  
has passed through the  f i l t e r  i n  any 2 minute i n t e r v a l ,  s lowly increase 
the  pressure i n  10 p s i  increments t o  a maximum o f  50 ps i .  A f t e r  each 
incremental increase o f  10 ps i ,  i f  no add i t iona l  l i q u i d  has passed through 
the  f i l t e r  i n  any 2 minute i n t e r v a l ,  proceed t o  the  next 10 ps i  increment. 
When 1 i q u i d  f l o w  has ceased such t h a t  continued pressure f i l t r a t i o n  a t  50 
p s i  does not  r e s u l t  i n  any add i t i ona l  f i l t r a t e  w i t h i n  a 2 minute period, 
stop the f i l t r a t i o n .  Close the 1 i q u i d  i n l e t / o u t l e t  valve, d iscont inue 
pressure t o  the  p is ton ,  and disconnect and weigh the f i l t r a t e  c o l l e c t i o n  
conta iner .  

N3TE : Instantaneous appl i c a t i o n  o f  h igh  pressure can degrade the glass 
f i b e r  f i 1 t e r  and may cause premature p lugging . 
7.3.10 The mater ia l  i n  the  ZHE i s  def ined as the  sol  i d  phase o f  

t he  waste and the  f i l t r a t e  i s  de f ined as the 1 i q u i d  phase. 

NOTE : Some wastes, such as o i l y  wastes and some pa in t  wastes, w i l l  
obviously conta in  some mater ia l  t h a t  appears t o  be a l i q u i d .  Even 
a f t e r  apply ing pressure f i l t r a t i o n ,  t h i s  mater ia l  w i l l  not  f i l t e r .  
I f  t h i s  i s  the case, the mater ia l  w i t h i n  the  f i l t r a t i o n  device i s  
def ined as a sol  i d  and i s  c a r r i e d  through the TCLP ex t rac t i on  as a 
s o l i d .  

I f  the  o r i g i n a l  waste contained (0.5% dry  s o l i d s  (see Sect ion 
7.1.2), t h i s  f i l t r a t e  i s  def ined as the  TCLP e x t r a c t  and i s  analyzed 
d i r e c t l y .  Proceed t o  Sect ion 7.3.15. 

7.3.11 The 1 i q u i d  phase may now be e i t h e r  analyzed immediately 
(See Sections 7.3.13 through 7.3.15) o r  s tored a t  4 "C  under minimal 
headspace cond i t ions  u n t i l  t ime of analys is .  Determine the  weight o f  
e x t r a c t i o n  f l u i d  #1 t o  add t o  the  ZHE as fo l lows:  

20 x percent sol  i d s  (Sect ion 7.1.1) x weight 
o f  waste f i l t e r e d  (Sect ion 7.3.4 o r  7.3.8) 

Weight o f  e x t r a c t i o n  f l u i d  = 
100 

7.3.12 The fo l lowing Sections d e t a i l  how t o  add the  appropriate 
amount o f  e x t r a c t i o n  f l u i d  t o  the  s o l i d  mater ia l  w i t h i n  the ZHE and 
a g i t a t i o n  o f  t he  ZHE vessel. Ex t rac t ion  f l u i d  #1 i s  used i n  a l l  cases 
(See Sect ion 5.7). 

7.3.12.1 With the  ZHE i n  the  v e r t i c a l  pos i t ion ,  at tach 
a l i n e  from the e x t r a c t i o n  f l u i d  rese rvo i r  t o  the  l i q u i d  i n -  
l e t / o u t l e t  valve. The 1 i n e  used s h a l l  conta in f resh ex t rac t i on  
f l u i d  and should be pref lushed w i t h  f l u i d  t o  e l im inate  any a i r  
pockets i n  the  l i n e .  Release gas pressure on the ZHE p is ton  (from 
the  gas i n l e t / o u t l e t  valve),  open the 1 i q u i d  i n l e t / o u t l e t  valve, 
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and begin t r a n s f e r r i n g  e x t r a c t i o n  f l u i d  (by pumping o r  s i m i l a r  
means) i n t o  the  ZHE. Continue pumping e x t r a c t i o n  f l u i d  i n t o  the  
ZHE u n t i l  t he  appropr ia te  amount o f  f l u i d  has been in t roduced i n t o  
the  device. 

7.3.12.2 A f t e r  t he  e x t r a c t i o n  f l u i d  has been added, 
immediately c lose  t h e  1 i q u i d  i n 1  e t / o u t l  e t  va l ve  and d isconnect  t h e  
e x t r a c t i o n  f l u i d  l i n e .  Check t h e  ZHE t o  ensure t h a t  a l l  va lves are 
i n  t h e i r  c losed p o s i t i o n s .  Manually r o t a t e  the  device i n  an 
end-over-end fashion 2 o r  3 t imes. Repos i t ion  t h e  ZHE i n  the  
v e r t i c a l  p o s i t i o n  w i t h  t h e  l i q u i d  i n l e t / o u t l e t  va l ve  on top .  
Pressur ize the  ZHE t o  5-10 p s i  ( i f  necessary) and s low ly  open t h e  
1 i q u i d  i n l e t / o u t l e t  va lve  t o  b leed ou t  any headspace ( i n t o  a hood) 
t h a t  may have been in t roduced due t o  t h e  a d d i t i o n  o f  e x t r a c t i o n  
f l u i d .  Th i s  b leeding s h a l l  be done q u i c k l y  and s h a l l  be stopped a t  
t h e  f i r s t  appearance o f  l i q u i d  from t h e  valve.  Re-pressurize t h e  
ZHE w i t h  5-10 p s i  and check a l l  ZHE f i t t i n g s  t o  ensure t h a t  they  
are  closed. 

7.3.12.3 P l a c e t h e Z H E i n t h e r o t a r y a g i t a t i o n a p p a r a -  
t u s  ( i f  i t  i s  no t  a l ready the re )  and r o t a t e  a t  30 + 2 rpm f o r  18 + 
2 hours. Ambient temperature (h, temperature o f  room i n  which 
e x t r a c t i o n  occurs) s h a l l  be maintained a t  23 2 2 "C d u r i n g  a g i t a -  
t i o n .  

7.3.13 Fo l lowing the  18 + 2 hour a g i t a t i o n  per iod ,  check the  
pressure behind t h e  ZHE p i s t o n  by q u i c k l y  opening and c l o s i n g  the  gas 
i n l e t / o u t l e t  va lve  and n o t i n g  the  escape o f  gas. I f  t h e  pressure has n o t  
been mainta ined (i .e., no gas re lease observed), t he  dev ice  i s  l eak ing .  
Check t h e  ZHE f o r  l eak ing  as s p e c i f i e d  i n  Sect ion 4.2.1, and per fo rm t h e  
e x t r a c t i o n  again w i t h  a new sample o f  waste. I f  the  pressure w i t h i n  t h e  
dev ice  has been maintained, t h e  ma te r ia l  i n  t h e  e x t r a c t o r  vessel i s  once 
again separated i n t o  i t s  component l i q u i d  and s o l i d  phases. I f  t h e  waste 
conta ined an i n i t i a l  l i q u i d  phase, t he  l i q u i d  may be f i l t e r e d  d i r e c t l y  
i n t o  t h e  same f i l t r a t e  c o l l e c t i o n  conta iner  (-, TEDLAR~ bag) h o l d i n g  t h e  
i n i t i a l  l i q u i d  phase o f  t he  waste. A separate f i l t r a t e  c o l l e c t i o n  
con ta ine r  must be used i f  combining would c rea te  mu1 t i p l e  phases, o r  t he re  
i s  no t  enough volume l e f t  w i t h i n  t h e  f i l t r a t e  c o l l e c t i o n  conta iner .  
F i l t e r  through t h e  g lass  f i b e r  f i l t e r ,  us ing  the  ZHE device as discussed 
i n  Sect ion  7.3.9. A l l  e x t r a c t  s h a l l  be f i l t e r e d  and c o l l e c t e d  i f  t h e  
TEDLAR" bag i s  used, i f  t h e  e x t r a c t  i s  mu l t iphas ic ,  o r  i f  t h e  waste 
conta ined an i n i t i a l  l i q u i d  phase (see Sect ions 4.6 and 7.3.1). 

NOTE : An i n - l i n e  g lass  f i b e r  f i l t e r  may be used t o  f i l t e r  t h e  m a t e r i a l  
w i t h i n  the  ZHE i f  i t  i s  suspected t h a t  t h e  g lass  f i b e r  f i l t e r  has 
been ruptured.  

7.3.14 I f  t h e  o r i g i n a l  waste contained no i n i t i a l  l i q u i d  phase, 
t h e  f i l t e r e d  l i q u i d  ma te r i a l  obta ined from Sect ion 7.3.13 i s  def ined as 
t h e  TCLP e x t r a c t .  I f  the  waste contained an i n i t i a l  1 i q u i d  phase, t h e  

Revis ion 0 
J u l y  1992 



f i l t e r e d  l i q u i d  ma te r i a l  obtained from Sect ion 7.3.13 and t h e  i n i t i a l  
1  i q u i d  phase (Sec t ion  7.3.9) are c o l l e c t i v e l y  de f ined  as t h e  TCLP e x t r a c t .  

7.3.15 Fo l low ing  c o l l e c t i o n  o f  t h e  TCLP e x t r a c t ,  immediately 
prepare t h e  e x t r a c t  f o r  ana lys is  and s to re  w i t h  minimal headspace a t  4 'C 
un t  i 1 analyzed. Analyze t h e  TCLP e x t r a c t  according t o  t h e  appropri  a te  
a n a l y t i c a l  methods. I f  t h e  i n d i v i d u a l  phases are t o  be analyzed 
separa te ly  ( ,  a re  no t  m isc ib le ) ,  determine t h e  volume o f  t he  
i n d i v i d u a l  phases ( t o  0.5%), conduct t he  appropr ia te  analyses, and combine 
t h e  r e s u l t s  mathemat ica l ly  by us ing a  simple volume-weighted average: 

(Vl) (Cl) + (V2) (C2) 
F i n a l  Analy te = 
Concentrat ion VI+ v 2  

where: 

V, = The volume o f  t h e  f i r s t  phases (L).  
C, = The concent ra t ion  o f  t h e  ana ly te  o f  concern i n  t he  f i r s t  phase (mg/L) . 
V, = The volume o f  t h e  second phase (L) . 
C2 = The concent ra t ion  o f  t h e  ana ly te  o f  concern i n  t he  second phase 

(mg/L). 

7.3.16 Compare t h e  ana ly te  concentrat ions i n  the  TCLP e x t r a c t  
w i t h  t h e  l e v e l s  i d e n t i f i e d  i n  t h e  appropr ia te regu la t i ons .  Refer t o  
Sect ion 8.0 f o r  qua1 i t y  assurance requirements. 

8.0 QUALITY ASSURANCE 

8.1 A  minimum o f  one b lank (us ing  t h e  same e x t r a c t i o n  f l u i d  as used f o r  
t h e  samples) must be analyzed f o r  every 20 ex t rac t i ons  t h a t  have been conducted 
i n  an e x t r a c t i o n  vessel.  

8.2 A  m a t r i x  sp ike  s h a l l  be performed f o r  each waste type  (e.q., 
wastewater t reatment  sludge, contaminated s o i l ,  e tc .  ) unless the  r e s u l t  exceeds 
t h e  r e g u l a t o r y  l e v e l  and t h e  data a re  being used s o l e l y  t o  demonstrate t h a t  t h e  
waste p rope r t y  exceeds t h e  r e g u l a t o r y  l e v e l  . A minimum o f  one ma t r i x  sp ike must 
be analyzed f o r  each a n a l y t i c a l  batch. As a  minimum, f o l l o w  t h e  ma t r i x  sp ike 
a d d i t i o n  guidance prov ided i n  each a n a l y t i c a l  method. 

8.2.1 M a t r i x  sp ikes are t o  be added a f t e r  f i l t r a t i o n  o f  t he  TCLP 
e x t r a c t  and be fore  preservat ion.  M a t r i x  spikes should no t  be added p r i o r  
t o  TCLP e x t r a c t i o n  o f  t h e  sample. 

8.2.2 I n  most cases, m a t r i x  spikes should be added a t  a 
concent ra t ion  equ iva len t  t o  t he  corresponding regu la to ry  1  eve1 . I f  the  
ana l y te  concent ra t ion  i s  l e s s  than one h a l f  t h e  regu la to ry  l e v e l ,  t he  
sp ike  concent ra t ion  may be as low as one h a l f  o f  t he  analy te concentra- 
t i o n ,  bu t  may no t  be n o t  l e s s  than f i v e  t imes the  method de tec t i on  1  i m i t .  
I n  o rder  t o  avoid d i f f e rences  i n  m a t r i x  e f f e c t s ,  t h e  ma t r i x  spikes must be 
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added t o  the  same nominal volume o f  TCLP e x t r a c t  as t h a t  which was 
analyzed f o r  t h e  unspiked sample. 

8.2.3 The purpose o f  t h e  m a t r i x  spike i s  t o  moni tor  t h e  
performance of t he  a n a l y t i c a l  methods used, and t o  determine whether 
m a t r i x  i n te r fe rences  e x i s t .  Use o f  o the r  i n t e r n a l  c a l i b r a t i o n  methods, 
mod i f i ca t i on  o f  t h e  a n a l y t i c a l  methods, o r  use o f  a1 t e r n a t e  a n a l y t i c a l  
methods may be needed t o  accura te ly  measure t h e  ana ly te  concent ra t ion  i n  
t h e  TCLP e x t r a c t  when the  recovery o f  t he  m a t r i x  spike i s  below t h e  
expected a n a l y t i c a l  method performance. 

8.2.4 M a t r i x  spike recover ies  are  ca l cu la ted  by t h e  f o l l o w i n g  
formul a: 

%R (%Recovery) = 100 (X, - X,)/K 

where: 
X, = measured value f o r  t h e  spiked sample, 
Xu = measured value f o r  t h e  unspiked sample, and 
K  = known value o f  the  spike i n  the  sample. 

8.3 A1 1  qua1 i t y  con t ro l  measures described i n  the  appropr i  a te  a n a l y t i c a l  
methods s h a l l  be fo l lowed.  

8.4 The use o f  i n t e r n a l  c a l i b r a t i o n  q u a n t i t a t i o n  methods s h a l l  be 
employed f o r  a  metal1 i c  contaminant i f :  (1) Recovery o f  t he  contaminant from the  
TCLP e x t r a c t  i s  n o t  a t  l e a s t  50% and the  concentrat ion does n o t  exceed t h e  
r e g u l a t o r y  l e v e l ,  and (2) The concent ra t ion  o f  t he  contaminant measured i n  the  
e x t r a c t  i s  w i t h i n  20% o f  the  appropr iate regu la to ry  1  eve1 . 

8.4.1. The method o f  standard add i t ions  s h a l l  be employed as the  
i n t e r n a l  c a l i b r a t i o n  q u a n t i t a t i o n  method f o r  each m e t a l l i c  contaminant. 

8.4.2 The method o f  standard add i t ions  requ i res  prepar ing 
c a l i b r a t i o n  standards i n  the  sample m a t r i x  r a t h e r  than reagent water o r  
b lank  s o l u t i o n .  It requ i res  t a k i n g  f o u r  i d e n t i c a l  a l i q u o t s  o f  t h e  
s o l u t i o n  and adding known amounts o f  standard t o  th ree  o f  these a l i q u o t s .  
The f o r t h  a l i q u o t  i s  the  unknown. Preferably,  the  f i r s t  a d d i t i o n  should 
be prepared so t h a t  t he  r e s u l t i n g  concentrat ion i s  approximately 50% of 
t h e  expected concentrat ion o f  t h e  sample. The second and t h i r d  add i t i ons  
should be prepared so t h a t  the  concentrat ions are approximately 100% and 
150% o f  the  expected concentrat ion o f  the  sample. A l l  f o u r  a l i q u o t s  are  
maintained a t  t he  same f i n a l  volume by adding reagent water o r  a  blank 
so lu t i on ,  and may need d i l u t i o n  adjustment t o  main ta in  t h e  s igna ls  i n  t h e  
1  i n e a r  range o f  t h e  instrument technique. A1 1  f o u r  a1 i quo ts  are analyzed. 

8.4.3 Prepare a  p l o t ,  o r  sub jec t  data t o  l i n e a r  regression,  of 
inst rument  s igna ls  o r  ex terna l  - ca l  i brat ion-derived concentrat ions as the  
dependant v a r i a b l e  ( y -ax i s )  versus concentrat ions o f  t h e  add i t i ons  o f  
standard as the  independent v a r i a b l e  (x -ax is ) .  Solve fo r  t he  i n t e r c e p t  of 
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t he  abscissa ( the  independent var iable,  x -ax is )  which i s  the  concentrat ion 
i n  the  unknown. 

8.4.4 A1 te rna te l y ,  subtract  the  instrumental s ignal  o r  external  - 
c a l i b r a t i o n - d e r i v e d  concentrat ion o f  t he  unknown (unspiked) sample from 
the instrumental s igna ls  o r  external  -cal  i b r a t  ion-der ived concentrat ions o f  
the standard addi t ions.  P l o t  o r  subject t o  l i n e a r  regression o f  the  
cor rec ted instrument s ignal  s  o r  external  -ca l  i brat ion-der ived concentra- 
t ions as the  dependant va r iab le  versus the  independent var iable.  Derive 
concentrat ions f o r  unknowns using the  i n t e r n a l  c a l i b r a t i o n  curve as i f  i t  
were an external  c a l  i b r a t  i on  curve. 

8.5 Samples must undergo TCLP ex t rac t i on  w i t h i n  the  fo l l ow ing  t ime 
periods: 

NA = Not appl i cab1 e  

SAMPLE MAXIMUM HOLDING TIMES [Days] 

From: From : From: 
F i e l d  TCLP Preparat ive 
c o l l e c t i o n  ex t rac t i on  ex t rac t i on  

Tota l  
TCLP Preparat ive Determinat ive e l  apsed 
e x t r a c t i o n  ex t rac t  i on  analys i  s  t ime 

I f  sample ho ld ing  t imes are exceeded, the  values obtained w i l l  be considered 
minimal concentrat ions. Exceeding the  hold ing t ime i s  no t  acceptable i n  
es tab l i sh ing  t h a t  a  waste does no t  exceed the regu la tory  l e v e l .  Exceeding the 
ho ld ing  t ime w i l l  no t  i n v a l i d a t e  charac ter iza t ion  i f  the waste exceeds the 
regu la to ry  1  eve1 . 

V o l a t i l e s  
Semi -vo l  a t  i 1 es 
Mercury 
Metal s  , except 
mercury 

9.0 METHOD PERFORMANCE 

9.1 Ruggedness. Two ruggedness studies have been performed t o  determine 
the  e f f e c t  o f  var ious per turbat ions  on s p e c i f i c  elements of the TCLP pro toco l .  
Ruggedness t e s t i n g  determines t h e  s e n s i t i v i t y  o f  small procedural va r ia t i ons  
which might be expected t o  occur dur ing  r o u t i n e  labora tory  appl i c a t i o n .  

14 
14 
28 

180 

9.1.1 Metals - The fo l lowing cond i t ions  were used when leaching 
a  waste f o r  metals analys is :  
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N A 
N A 

14 
4 0 
28 

180 

28 
6 1 
56 
360 



O f  t he  seven method v a r i a t i o n s  examined, a c i d i t y  o f  t he  e x t r a c t i o n  
f l u i d  had t h e  greates t  impact on the  r e s u l t s .  Four o f  13 metals from an 
A P I  separator s l  udge/el ec t rop l  a t  i n g  waste (API/EW) m ix tu re  and two o f  
t h ree  metals from an ammonia 1  ime s t i l l  bottom waste were ex t rac ted  a t  
h igher  l e v e l s  by the  more a c i d i c  b u f f e r .  Because o f  t he  s e n s i t i v i t y  t o  pH 
changes, the  method requ i res  t h a t  t he  e x t r a c t i o n  f l u i d s  be prepared so 
t h a t  t he  f i n a l  pH i s  w i t h i n  + 0.05 u n i t s  as spec i f ied .  

Varying Condit ions 

9.1.2 Vol a t  i 1  e  Organic Compounds - The f o l l  owing cond i t i ons  were 
used when leach ing a  waste f o r  VOC analys is :  

Liquid/Sol i d  r a t i o  

Ex t rac t i on  t ime 

Headspace 

B u f f e r  #2 a c i d i t y  

Acid-washed f i l t e r s  

19:l vs. 21: l  

16 hours vs. 18 hours 

20% vs. 60% 

190 meq vs. 210 meq 

yes vs. no 

None o f  t h e  parameters had a  s i g n i f i c a n t  e f f e c t  on t h e  r e s u l t s  o f  
t h e  ruggedness t e s t .  

F i l t e r  t ype  0.7 p m  g lass f i b e r  vs. 0.45 prn 

B o t t l e  type b o r o s i l  i c a t e  vs. f l i n t  g lass  
LP 

L iqu id /So l i d  r a t i o  

Headspace 

B u f f e r  #1 a c i d i t y  

Method o f  s t o r i n g  e x t r a c t  

A1 i q u o t t i n g  

Pressure behind p i s t o n  

9.2 Preci  s ion.  Many TCLP p rec i  s i  on (reproduci b i  1  i t y )  s tud ies  have been 
performed, and have shown tha t ,  i n  general,  t he  p r e c i s i o n  o f  t h e  TCLP i s  
comparable t o  o r  exceeds t h a t  o f  t he  EP t o x i c i t y  t e s t  and t h a t  method p r e c i s i o n  
i s  adequate. One o f  t he  more s i g n i f i c a n t  con t r i bu t i ons  t o  poor p r e c i s i o n  appears 
t o  be r e l a t e d  t o  sample homogeneity and i n t e r - l a b o r a t o r y  v a r i a t i o n  (due t o  t h e  
nature  o f  waste m a t e r i a l s ) .  

19: l  vs. 21:l 

0% vs. 5% 

60 meq vs. 80 meq 

Syringe vs. ~ e d l  arO bag 

yes vs. no 

0 p s i  vs. 20 p s i  
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9.2.1 Metals - The results of a mu1 ti-laboratory study are shown 
in Table 6, and indicate that a single analysis of a waste may not be 
adequate for waste characterization and identification requirements. 

9.2.2 Semi-volatile Organic Compounds - The results of two 
studies are shown in Tables 7 and 8. Single laboratory precision was 
excellent with greater than 90 percent of the results exhibiting an RSD 
less than 25 percent. Over 85 percent of all individual compounds in the 
multi-laboratory study fell in the RSD range of 20 - 120 percent. Both 
studies concluded that the TCLP provides adequate precision. It was also 
determined that the high acetate content of the extraction fluid did not 
present problems (u, col umn degradation of the gas chromatograph) for 
the analytical conditions used. 

9.2.3 Vol at i 1 e Organic Compounds - El even 1 aboratories 
participated in a collaborative study of the use of the ZHE with two waste 
types which were fortified with a mixture of VOCs. The results of the 
collaborative study are shown in Table 9. Precision results for VOCs tend 
to occur over a considerable range. However, the range and mean RSD 
compared very closely to the same collaborative study metals results in 
Table 6. Bl ackburn and Show concluded that at the 95% level of signifi - 
cance: 1) recoveries among laboratories were statistically similar, 2) 
recoveries did not vary significantly between the two sample types, and 3) 
each laboratory showed the same pattern of recovery for each of the two 
sampl es. 
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Table 1. 
Vol a t i  1 e ~ n a l y t e s ' , ~  

- - -  

Compound CAS No. 

Acetone 
Benzene 
n-Buty l  a1 coho1 
Carbon d i s u l  f i d e  
Carbon t e t r a c h l o r i d e  
Chl orobenzene 
Chloroform 
1,2-Dichloroethane 
1,1 - D i  c h l  o roe t  h y l  ene 
E thy l  ace ta te  
Ethy l  benzene 
Ethy l  e t h e r  
I sobutanol 
Methanol 
Methylene c h l o r i d e  
Methyl e t h y l  ketone 
Methyl i sobuty l  ketone 
Tet rach l  o roe t  h y l  ene 
To1 uene 
I ,  1 , 1 , - T r i c h l  oroethane 
T r i  c h l  o roe thy l  ene 
T r i c h l  o r o f l  uoromethane 
1,1,2-Trichloro-1,2,2-trifluoroethane 
Viny l  c h l o r i d e  
Xyl ene 

' When t e s t i n g  f o r  any o r  a l l  o f  these analytes, t h e  zero-headspace 
e x t r a c t o r  vessel s h a l l  be used ins tead o f  t h e  b o t t l e  e x t r a c t o r .  

* Benzene, carbon t e t r a c h l  o r ide ,  c h l  orobenzene, chloroform, 
1,2-dichloroethane, 1 , l -d ich lo roethy lene,  methyl e t h y l  ketone, 
t e t r a c h l  oroethylene, and v i n y l  c h l o r i d e  are t o x i c i t y  c h a r a c t e r i s t i c  
cons t i t uen ts .  

Revis ion 0 
J u l y  1992 



Table 2. 
S u i t a b l e  Rotary A g i t a t i o n  ~ p p a r a t u s '  

Company Loca t ion  Model No. 

A n a l y t i c a l  Tes t i ng  and 
Consu l t i ng  Services, 
I nc .  

Associ  a ted  Design and 
Manufactur ing Company 

Environmental Machine and 
Design, Inc .  

IRA Machine Shop and 
Labora to ry  

Lars  Lande Manufactur ing 

M i l l i p o r e  Corp. 

Warrington, PA 4-vessel  e x t r a c t o r  (DC20S) 
(215) 343-4490 8-vessel  e x t r a c t o r  (DC20) 

12-vessel e x t r a c t o r  (DC20B) 
24-vessel e x t r a c t o r  (DC24C) 

A1 exandr i  a, VA 2-vessel  (3740-2-BRE) 
(703) 549-5999 4-vessel  (3740-4-BRE) 

6-vessel  (3740-6-BRE) 
8-vessel  (3740-8-BRE) 

12-vessel (3740-12-ERE) 
24-vessel (3740-24- BRE) 

Lynchburg, VA 8-vessel  (08-00-00) 
(804) 845-6424 4-vessel  (04-00-00) 

Santurce, PR 8-vessel  (011001) 
(809) 752-4004 

Whi tmore Lake, MI 10-vessel  (IOVRE) 
(313) 449-4116 5-vessel  (5VRE) 

6-vessel  (6VRE) 

Bedford, MA 4-ZHE o r  
(800) 225-3384 4 2-1 i t e r  b o t t l e  

e x t r a c t o r  (YT310RAHW) 

1 Any dev ice  t h a t  r o t a t e s  t h e  e x t r a c t i o n  vessel i n  an end-over-end fash ion  a t  30 
+ 2 rpm i s  acceptable.  - 

Revis ion 0 
J u l y  1992 



Table 3. 
Su i tab le  Zero-Headspace Ex t rac to r  Vessel s' 

Company Locat ion Model No. 

A n a l y t i c a l  Tes t i ng  & 
Consu l t ing  Services, I nc .  

Associated Design and 
Manufactur ing Company 

Lars Lande ~ a n u f a c t u r i n g ~  

M i l l i p o r e  Corporat ion 

Envi ronmental Machine 
and Design, I nc .  

Gelman Science 

Warrington, PA 
(215) 343-4490 

Alexandria, VA 
(703) 549-5999 

Whitmore Lake, M I  
(313) 449-4116 

Bedford, MA 
(800) 225-3384 

Lynchburg, VA 
(804) 845-6424 

Ann Arbor, M I  
(800) 521 -1520 

C102, Mechanical 
Pressure Device 

3745-ZHE, Gas 
Pressure Device 

ZHE-11, Gas 
Pressure Device 

YT30090HW, Gas 
Pressure Device 

VOLA-TOX1 , Gas 
Pressure Device 

15400 Gas Pressure 
Dev i ce 

1 Any device t h a t  meets t h e  s p e c i f i c a t i o n s  1 i s t e d  i n  Sect ion 4.2.1 o f  t h e  method 
i s  s u i t a b l e .  

Th i s  dev ice  uses a 110 mm f i l t e r .  
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Table 4. 
Su i tab le  F i l t e r  ~ o l d e r s '  

Company 
Model/ 

Location Catalogue No. Size 

Nucleopore Corporat ion Pl  easanton, CA 425910 142 mm 
(800) 882-771 1 4 10400 47 mm 

Micro F i  1  t r a t  i on Dub1 in ,  CA 302400 142 mm 
Systems (800) 334-7132 31 1400 47 mm 

(415) 828-6010 

M i  11 i pore Corporat ion Bedford, MA YT30142HW 142 rnm 
(800) 225-3384 XX1004700 47 mrn 

' Any device capable o f  separat ing the  1  i q u i d  from the so l  i d  phase o f  the  waste 
i s  su i tab le ,  p rov id ing  t h a t  i t  i s  chemical ly compatible w i t h  the waste and the  
cons t i t uen ts  t o  be analyzed. P l a s t i c  devices (not  .1 i s t e d  above) may be used when 
on ly  inorgan ic  analytes are of concern. The 142 mm s ize  f i l t e r  holder i s  
recommended. 
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Table 5. 
Su i tab le  F i l t e r  ~ e d i a '  

Company Locat ion Model 

Pore 
Size 
(pm) 

M i l l i p o r e  Corporat ion Bedford, MA AP40 
(800) 225-3384 

Nucl eopore Corporat ion P l  easanton, CA 211625 0.7 
(415) 463-2530 

Whatman Laboratory C l i f t o n ,  NJ GFF 
Products, Inc .  (201) 773-5800 

Micro  F i  1 t r a t  i on Dubl in ,  CA GF75 
Systems (800) 334-7132 

(415) 828-6010 

Gelman Science Ann Arbor, M I  66256 (90mm) 0.7 
(800) 521 -1520 66257 (142mm) 

1 Any f i l t e r  t h a t  meets the  s p e c i f i c a t i o n s  i n  Sect ion 4.4 o f  t h e  Method i s  
s u i t a b l e .  
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Table 6. Mu1 t i  -Laboratory TCLP Metals, Prec is ion  

NOTE: = Mean r e s u l t s  from 6 - 12 d i f f e r e n t  l abo ra to r i es  
U n i t s  = mg/L 
E x t r a c t i o n  F l u i d  #1 = pH 4.9 

#2 = pH 2.9 

Waste 

Ammon i a 
Lime S t i l l  
Bottoms 

API/EW 
Mix tu re  

Foss i l  
Fuel F l y  
Ash 
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%RSD Range = 17 - 118 
Mean %RSD = 74 

Ex t rac t i on  
F l u i d  

# 1 
# 2 
# 1 
#2 
# 1 
# 2 

# 1 
#2 
# 1 
#2 
# 1 
#2 

# 1 
#2 
# 1 
#2 
# 1 
#2 

Metal 

Cadmi um 

Chromi um 

Lead 

Cadmi um 

Chromi um 

Lead 

Cadmi um 

Chromi urn 

Lead 

- 
X 

0.053 
0.023 
0.015 
0.0032 
0.0030 
0.0032 

0.0046 
0.0005 
0.0561 
0.105 
0.0031 
0.0124 

0.080 
0.093 
0.017 
0.070 
0.0087 
0.0457 

S 

0.031 
0.017 
0.0014 
0.0037 
0.0027 
0.0028 

0.0028 
0.0004 
0.0227 
0.018 
0.0031 
0.0136 

0.069 
0.067 
0.014 
0.040 
0.0074 
0.0083 

%RSD 

60 
7 6 
93 
118 
90 
87 

6 1 
77 
40 
17 
100 
110 

86 
7 2 
85 
57 
85 
18 



Tab1 e 7. S ingle-Laboratory Semi -Vol a t i  1 es, Prec i  s i o n  

NOTE: U n i t s  = pg/L 
E x t r a c t i o n s  were performed i n  t r i p l i c a t e  
A l l  r e s u l t s  were a t  l e a s t  2x t h e  de tec t i on  l i m i t  
E x t r a c t i o n  F l u i d  # 1  = pH 4.9 

#2 = pH 2.9 

Rev is ion  0 
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L 

Waste 

Ammoni a 
Lime S t i l l  
Bottoms 

API/EW 
M i x t u r e  

Mean %RSD = 12 

Compound 

Phenol 

2-Methyl phenol 

4-Methyl phenol 

2,4-Dimethyl phenol 

Naphtha1 ene 

2-Methyl naphtha1 ene 

D i  benzofuran 

Acenaphthyl ene 

F l  uorene 

Phenanthrene 

Anthracene 

F l  uoranthrene 

Phenol 

2,4-Dimethylphenol 

Naphthalene 

2-Methyl naphtha1 ene 

E x t r a c t i o n  
F l u i d  

# 1 
#2 
# 1 
# 2 
# 1 
# 2 
# 1 
#2 
# 1 
#2 
# 1 
#2 
# 1 
#2 
# 1 
#2 
# 1 
#2 
# 1 
# 2 
# 1 
# 2 
# 1 
# 2 

# 1 
#2 
# 1 
#2 
# 1 
# 2 
# 1 
# 2 

- 
X 

19000 
19400 
2000 
1860 
7940 
7490 
321 
307 

3920 
3827 

290 
273 
187 
187 
703 
663 
15 1 
156 
24 1 
243 
33.2 
34.6 
25.3 
26.0 

40.7 
19.0 
33.0 
43.3 

185 
165 
265 
200 

%RSD 

S 

2230 
929 
297 

52.9 
1380 
200 

46.8 
45.8 

413 
176 
44.8 
19.3 
22.7 

7.2 
89.2 
20.1 
17.6 
2.1 

22.7 
7.9 
6.19 
1.55 
1.8 
1.8 

13.5 
1.76 
9.35 
8.61 

29.4 
24.8 
61.2 
18.9 

Range = 

%RSD 

11.6 
4.8 

14.9 
2.8 

17.4 
2.7 

14.6 
14.9 
10.5 
4.6 

15.5 
7.1 

12.1 
3.9 

12.7 
3.0 

11.7 
1.3 
9.4 
3.3 

18.6 
4.5 
7.1 
7.1 

33.0 
9.3 

28.3 
19.9 
15.8 
15.0 
23.1 

9.5 

1 - 33 



Table  8 .  Mul t i -Labora tory  Semi-Volat i les ,  Precis ion 

Ammonia Lime BNAs # 1  10043 7680 76.5 
S t i l l  Bottoms (A) #2 10376 6552 63 .1  

BNAs # 1  1624 675 41.6 
# 2  2074 1463 70.5 

# 2  73 9  342 46.3 

Mean %RSD = 54 

NOTE: U n i t s  = pg/L 
X = Mean r e s u l t s  from 3  - 10 l a b s  
E x t r a c t i o n  F l u i d  # 1  = pH 4 . 9  

#2 = pH 2.9  

%RSD Range f o r  I n d i v i d u a l  Compounds 
A, # 1  0  - 113 
A, #2 28 - 108 
B, # 1  20 - 156 
6,  #2  49 - 128 
C ,  # 1  36 - 143 
C,  #2 61 - 164 
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Table 9. Mu1 ti -Laboratory  (11 Labs) VOCs, P r e c i s i o n  

NOTE: U n i t s  = pg/L 

1311- 32 

Waste 

Mine 
T a i l  i ngs  

Ammon i a 
Lime S t i l l  
Bottoms 

Rev is ion  0 
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Mean %RSD = 75 

Compound 

V i n y l  c h l o r i d e  
Methylene c h l o r i d e  
Carbon d i s u l f i d e  
1 , l -D ich lo roe thene 
1,l -D i ch l  oroethane 
Chloroform 
1,2-Dichloroethane 
2-Butanone 
l,l, 1-Tr i ch lo roe thane  
Carbon t e t r a c h l o r i d e  
T r i  ch loroethene 
1,1,2-Tr ichloroethene 
Benzene 
1,1,2,2-Tetrachl oroethane 
To1 uene 
Chl orobenzene 
E t h y l  benzene 
T r i c h l  o r o f l  uoromethane 
A c r y l o n i t r i l e  

V i n y l  c h l o r i d e  
Methyl  ene c h l o r i d e  
Carbon d i  s u l  f i d e  
1,1 -Di c h l  oroethene 
1 , l -D i ch l  oroethane 
Chloroform 
l ,2-Di  c h l  oroethane 
2-Butanone 
l,l, 1 - T r i c h l  oroethane 
Carbon t e t r a c h l o r i d e  
T r i  ch loroethene 
1,1,2-Tr ichl  oroethene 
Benzene 
1,1,2,2-Tetrachl oroethane 
To1 uene 
Chl orobenzene 
E t h y l  benzene 
T r i  c h l  o r o f l  uoromethane 
A c r y l  on i  tri 1 e 

- 
X 

6.36 
12.1 

5.57 
21.9 
31.4 
46.6 
47.8 
43.5 
20.9 
12 .O 
24.7 
19.6 
37.9 
34.9 
29.3 
35.6 

4.27 
3.82 

76.7 

5.00 
14.3 
3.37 

52.1 
52.8 
64.7 
43.1 
59.0 
53.6 

7.10 
57.3 

6.7 
61.3 

3.16 
69.0 
71.8 
3.70 
4.05 

29.4 

S 

6.36 
11.8 
2.83 

27.7 
25.4 
29.2 
33.6 
36.9 
20.9 

8.2 
21.2 
10.9 
28.7 
25.6 
11.2 
19.3 
2.80 
4.40 

110.8 

4.71 
13.1 
2.07 

38.8 
25.6 
28.4 
31.5 
39.6 
40.9 

6.1 
34.2 

4.7 
26.8 

2.1 
18.5 
12.0 
2.2 
4.8 

34.8 

%RSD Range = 

%RSD 

100 
98 
5 1 

127 
8 1 
6 3 
7 0 
85 

100 
68 
8 6 
56 
76 
7 3 
3 8 
5 4 
6 6 

115 
144 

94 
92 
6 1 
7 5 
4 9 
44 
73 
67 
76 
86 
60 
70 
44 
6 6 
2 7 
17 
5 8 

119 
118 

17 - 144 
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Extraction Vessel Holder 

Bottom 

Figure 1. Rotary Agitation Apparatus 

Liquid InletIOutlet Valve 

1 
Pressurized Gas 4 j 
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Figure 2. Zero-Headspace Extractor (ZHE) 
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METHOD 1311 

T O X I C I T Y  CHARACTERISTIC LEACHATE PROCEDLIRE 

START 0 
sub-sample of 

waste 

solids with 0.6 solids in the solids with 0 . 6  u 1 - 0 8 u; glass 1 1 - 0 8 1 i/ 
fiber filter fiber fllter 

Solid 

Yes 

Reduce 
particle size 
to < 9 . 5  mm 

Extract w/ 
appropriate fluid 

1 )  Bottle extractor 
for non-volatile. 
21 ZHE device for 

volatiles 
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METHOD 1 3 1 1  (CONTINUED) 

T O X I C I T Y  CHARACTERISTIC LEACHATE PROCEDURE 

R e v i s i o n  0 
July 1 9 9 2  

+ 
Store llquld 

at 4 C 

Measure amount of 

Dlscard 
sollds 

Separate llquld and analyze 
So11d extract from [mathematically 

sollds w/ 0 6 - comblne result w/ 

0 8 um glass result of extract 

flber fllter analysrs) 

Y es 

T 

Combrne 
extract w/ 

llquld phase 
of waste 

- 

1 
Analyze 
llquld 

1 
STOP 









APPENDIX 

COMPANY REFERENCES 

The f o l  1 owl ng 1 i st ing o f  frequent1 y-used addresses i s  provided f o r  the 
convenience o f  users o f  t h i s  manual. No endorsement i s  intended o r  imp1 ied. 

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 

Alpha Products 
5570 - T W. 70th Place 
Chicago, I L  60638 
(312) 586-9810 

Barneby and Cheney Conpany 
E. 8th 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 

Burdick & Jackson Lab Inc. 
1953 S. Harvey Street 
Muskegon, MO 49442 

Cal gon Corporati on 
P.O. Box 717 
Pittsburgh, PA 15230 
(412) 777-8000 

Conostan D l  v i  s i  on 
Conoco Speci a1 i t y  Products, Inc. 
P.O. Box 1267 
Ponca City, OK 74601 
(405) 767-3456 

COMPANIES - 1 
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Corning Glass Works 
Houghton Park 
Corning, NY 14830 
(315) 974-9000 

Dohrmann, D i v i s i on  o f  Xertex Corporation 
3240 - T Scot t  Boulevard 
Santa Clara, CA 95050 
(408) 727-6000 
(800) 538-7708 

E. M. Laboratories, Inc. 
500 Executive Boulevard 
Elmsford, NY 10523 

Fisher S c i e n t i f i c  Co. 
203 F isher  Bu i l d i ng  
Pit tsburgh, PA 15219 
(412) 562-8300 

General E l e c t r i c  Corporation 
3135 Easton Turnpi ke 
F a i r f i e l d ,  CT 06431 
(203) 373-2211 

Graham Manufactory Co., Inc. 
20 Florence Avenue 
Batavia, NY 14020 
(716) 343-2216 

Hami 1 ton  I ndus t r i es  
1316 18th S t ree t  
Two Rivers, W I  54241 
(414) 793-1121 

ICN L i f e  Sciences Group 
3300 Hyland Avenue 
Costa Mesa, CA 92626 

Johns - Manvi 11 e Corporation 
P.O. Box 5108 
Denver, CO 80217 

Kontes Glass Company 
8000 Spruce S t ree t  
Vineland, NJ 08360 

M i  1 1 i pore Corporation 
80 Ashby Road 
Bedford, MA 01730 
(617) 275-9200 
(800) 225- 1380 
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National Bureau o f  Standards 
U . S. Department o f  Commerce 
Washington, DC 20234 
(202) 921-1000 

Pierce Chemical Company 
Box 117 
Rockford, I L  61105 
(815) 968-0747 

Sc ien t i f i c  Glass and Instrument, Inc. 
7246 - T Wynnwood 
P.O. Box 6 
Houston, TX 77001 
(713) 868-1481 

Sci en t i  f i c Products Company 
1430 Waukegon Road 
McGaw Park, I L  60085 
(312) 689-8410 

Spex Industr ies 
3880 - T and Park Avenue 
Edison, NJ 08820 

Waters Associates 
34 - T Maple Street 
Milford, MA 01757 
(617) 478-2000 
(800) 252-4752 

Whatman Laboratory Products, Inc. 
C l i f ton ,  NJ 07015 
(201) 773-5800 
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