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Disclaimer

Disclaimer

The Environmental Protection Agency (EPA) through its Office of Research and Development funded
and managed the research described here under Contract EP-W-06-046 to Computer Sciences
Corporation (CSC). This document has been subjected to the Agency’s review and has been approved for
publication. Note that approval does not signify that the contents necessarily reflect the views of the
Agency.

Mention of trade names or commercial products in this document or in the methods referenced in this
document does not constitute endorsement or recommendation for use.

Questions concerning this document or its application should be addressed to:

Rob Rothman

National Homeland Security Research Center
Office of Research and Development (NG16)
U.S. Environmental Protection Agency

26 West Martin Luther King Drive
Cincinnati, OH 45268

(513) 569-7187

rothman.rob@epa.gov

Questions concerning this document jon can be submitted using the SAM Web site:
WWW.epa.gov/sam. <
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Use of This Document

Use of This Document

The information contained in this document represents the latest step in an ongoing effort of the
Environmental Protection Agency’s (EPA’s) National Homeland Security Research Center
(NHSRC) to provide standardized analytical methods for use by those laboratories tasked with
performing confirmatory analyses of environmental samples in support of EPA restoration efforts
following a homeland security incident. The information also can be found on the SAM Web site
(www.epa.gov/sam), which provides searchable links to supporting information based on SAM
analytes and the analytical methods listed.

Although at this time, some of the methods listed have not been fully validated for a particul
analyte (e.g., analytes not explicitly identified in the method) or sample type, the methods

those cases where method procedures are determing Asuffici particular situation,

be an ongoing process as EPA
will strive to establish a consisten
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Foreword

Foreword

The U.S. Environmental Protection Agency (EPA) is charged by Congress to protect human health and
the environment and specifically, to protect the Nation’s land, air, and water resources. Since 1970, EPA
has been working toward a cleaner and healthier environment for the American people. To help meet this
mandate, EPA’ s research program provides data and technical support for solving environmental
problems today and for building the scientific base necessary to manage our ecological resources wisdly,
understand how pollutants affect our health and prevent or reduce environmental risks in the future.

Following the terrorist attacks of September 11, 2001, and the subsequent mailing of anthrax-tainted
letters, EPA’ s role with respect to homeland security was expanded. Presidential Directives identifd
EPA both as the primary federal agency responsible for the country’ s water supplies and for

decontamination following a chemical, biological, and/or radiological (CBR) attack. T i

clean up in the event of an incident [ [ ST his document provides a compendium of
' pnalytical demands associated with an

t requiring decontamination and restoration. The information contained within
ue to be revised as our research progress and new information becomes

-:‘_{ ;"fr* l?iu‘-‘l ;':5’)5 e ke } redlir

/ /
L d
Cynthia Sonich-Mullin, Acting Director
National Homeland Security Research Center
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Abbreviations and Acronyms

DAS
DAS-HG-HSA Diacetoxyscirpenol hemiglutarate human serum albumin
DAS-HS-HRP Diacetoxyscirpenol hemisuccinate horseradish peroxidase conjugate

DB-1
DBPR
DHS

DIC
DIG-ELISA
DIMP
DNA
2,4-DNPH

Abbreviations and Acronyms

Adenovirus 40
Adenovirus 41
Applied and Environmental Microbiology

Amplified-enzyme-linked immunosorbent assay

American Public Health Association

Association of Public Health Laboratories

AOAC International (formerly the Association of Official Analytical Chemists)
American Society for Micrabiology

ASTM International (formerly the American Society for Testing and Materials)
American Water Works Association

Buffered charcoal yeast extract

Buffalo green monkey kidney

Butylated hydroxytoluene

Bismuth sulfite

Buffered Listeria enrichment broth

Biosafety in Microbiological and Biomedical Labor.

Bovine serum albumin
Biosafety Level
Quinuclidinyl benzilate
Degrees Celsius
Chaocolate agar
Chemical Abstracts
Chemical, biologjca

us liquid-liquid extraction

Laboratory Program
pathic effect

Counts per second

Chicago Regional Laboratory

Cold vapor atomic absorption

2-Chlorovinylarsonous acid

Cold vapor atomic fluorescence spectrometry

2,4-Dichlorophenoxyacetic acid

4',6-Diamidino-2-phenylindole

Diacetoxyscirpenol

100% Dimethylpolysiloxane

Division of Bioterrorism Preparedness and Response
U.S. Department of Homeland Security

Differential interference contrast

Digoxigenin labeled enzyme-linked immunosorbent assay
Diisopropyl methylphosphonate

Deoxyribonucleic acid

2,4-Dinitrophenylhydrazine
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Abbreviations and Acronyms

U.S. Department of Defense

U.S. Department of Energy

U.S. Department of Transportation
N,N-Diethyl-p-phenylenediamine

Data quality objective
Diethylenetriamine-pentaacetate
Diisopropylaminoethyl methylthiolophosphonate
Electron capture detector

Electronic Code of Federal Regulations
Electrochemiluminescence
Ethyldichloroarsine
N-Ethyldiethanolamine

Estimated detection limit

Ethylenediaminetetraacetic acid

Energy dispersive X-ray analysis

Enterohemorrhagic E. coli enrichment broth

Enzyme immunoassay

Enzyme-Linked Immunosorbent Assay

Emission Measurement Center

Ellinghausen-M cCullough Johnson Harris Formulation
Environmental Measurements L aborat

Environmental Monitoring Methods In
Ethyl methylphosphonic acid

of Inv&&ligation
Administration
ean Microbiological Societies

in derivative of Conus geographus a-conotoxin

escence detector

Flame photometric detector

Fluorescence resonance energy transfer

Federal Radiological Monitoring and Assessment Center
Food Safety and Inspection Service

GA Tabun

GB Sarin

GC Gas chromatograph or Gas chromatography
GC-ECD Gas chromatography — el ectron capture detector
GC-FID Gas chromatography — flame ionization detector
GC-FPD Gas chromatography — flame photometric detector
GC-MS Gas chromatography — mass spectrometry

GC-MD Gas chromatography — multi-detector

GC-NPD Gas chromatography — nitrogen-phosphorus detector
GD Soman

GE 1-Methylethyl ester ethylphosphonofluoridic acid
Ge Germanium

Ge(Li) Germanium (Lithium)
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Abbreviations and Acronyms

GESTIS A German database (Gefahrstoffdaten banken) containing data and information on
hazardous substances and products

GF Cyclohexyl sarin

GFAA Graphite furnace atomic absorption spectrophotometer or Graphite furnace atomic
absorption spectrophotometry

GTC Guanidinium thiocyanate

HAdV Human adenoviruses

HASL Health and Safety Laboratory, currently known as Environmental Measurements
Laboratory (EML)

HAV Hepatitis A virus

HCoV Human coronavirus

HEV Hepatitis E virus

HD Sulfur mustard / mustard gas; bis(2-chloroethyl) sulfide

HHS U.S. Health and Human Services

HMTD Hexamethylenetriperoxidediamine

HM X Octahydro-1,3,5,7-tetranitro-1,3,5, 7-tetrazocine

HN-1 Nitrogen mustard 1; bis(2-chloroethyl)ethylamine

HN-2 Nitrogen mustard 2; 2,2'-dichloro-N-methyldiethyl
chloroethyl)methylamine

HN-3 Nitrogen mustard 3; tris(2-chloroethyl)amine

HPGe High purity Germanium

HPLC High performance liquid chromatograp

HPLC-FL High performance liquid chromatograp

HPLC-MS

5SS spectrometry
HPLC-PDA photodiode array detector
HPLC-UV [
HPLC-vis

HRP

Inductively coupled plasma — mass spectrometry

Information Collection Reguirements Rule

A dose which would be infectious to 50% of the population

Instrument detection limit

Inorganic Laboratory Method

Isopropy! methylphosphonic acid

Immunomagnetic separation

INCHEM INCHEM is ameans of rapid access to internationally peer reviewed information on
chemicals commonly used throughout the world, which may also occur as contaminants
in the environment and food. It consolidates information from a number of
intergovernmental organizations whose goal it isto assist in the sound management of
chemicals. http://www.inchem.org/

10 Inorganic

i.p. Intraperitoneally

IRIS Integrated Risk Information System (EPA)
ISE lon specific electrode

I1SG Impregnated silicagel

ISO International Organization for Standardization
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Abbreviations and Acronyms

L-1 Lewisite 1; 2-Chlorovinyldichloroarsine

L-2 Lewisite 2; bis(2-Chlorovinyl)chloroarsine

L-3 Lewisite 3; tris(2-Chlorovinyl)arsine

LB-M Lim Benyesh-Melnick

LC Liquid chromatograph or Liquid chromatography

LC/APCI-MS Liquid chromatography / atmospheric pressure chemical ionization — mass spectrometry
LC/ESI-MS  Liquid chromatography / electrospray ionization — mass spectrometry

LC-MS Liquid chromatography — mass spectrometry
LC-MSMS  Liquid chromatography tandem mass spectrometry
LC-TSP Liquid chromatography — thermospray

LFD Lateral flow device

LIA Lysineiron agar

LLD Lower limit of detection

LOD Limit of detection

LRN Laboratory Response Network

LSE Liquid-solid extraction

Ltd. A private company limited by shares

mADbs Monoclonal antibodies

MARLAP Multi-Agency Radiological Laboratory Analytica
MCAWW Methods for Chemical Analysis of Water and Waste (EP.

MDL Method detection limit
MF Membrane filtration
MIC Methyl isocyanate

MLD Minimum lethal dose
MOPS Morpholinepropang
MPA
MPN
MRM
mMRNA
MS
MS-M

pectrometry
spike duplicate

e solvent extraction

semisolid Rappaport-Vassiliadis

Molecular weight

Not applicable

: Nicotinic acetylcholine receptor
Nal(Tl) Thallium-activated sodium iodide
NBD chloride 7-Chloro-4-nitrobenzo-2-oxa-1,3-diazole
NBD-F 7-Fluoro-4-nitro-2,1,3-benzoxadiazole
NCPDCID National Center for the Prevention, Detection, and Control of Infectious Diseases
NCRP National Council on Radiation Protection and M easurements
NCTC National collection of type cultures
NEMI National Environmental Methods Index
NERL National Exposure Research Laboratory
NHSRC EPA National Homeland Security Research Center
NIOSH National Institute for Occupational Safety and Health
NIST National Institute of Standards and Technology
nM Nanomolar
NMAM NIOSH Manual of Analytica Methods
NNSA National Nuclear Security Administration
NoV Norovirus
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Abbreviations and Acronyms

Not otherwise specified

Nitrogen-phosphorus detector

U.S. Nuclear Regulatory Commission

EPA National Risk Management Research Laboratory
nano Siemens

National Technical Information Service
Nephelometric turbidity units

EPA Office of Air Quality Planning and Standards
EPA Office of Air and Radiation

Oak Ridge Associated Universities

EPA Office of Research and Development

Open reading frame

Office of Radiation and Indoor Air

Oak Ridge Institute for Science and Education

EPA Office of Solid Waste and Emergency Response
Occupational Safety and Health Administration
OSHA versatile sampler

EPA Office of Water

Oxford medium

Phosphate buffered saline

Polychlorinated dibenzo-p-dioxins

Polychlorinated dibenzofurans
Polymerase chain reaction
Photodiode array detectg

isaservi€e of the U.S. National Library of Medicine (http://www.pubmed.gov),
g citations from scientific journals

inyl chloride

Quality assurance

Quality assessment program

Quality control

Quantitative polymerase chain reaction

Registered trademark

Methylphosphonathioic acid, S-[2-(diethylamino)ethyl] O-2-methylpropy! ester (VR)
Resource Conservation and Recovery Act

Hexahydro-1,3,5-trinitro-1,3,5-triazine

Regional laboratory

Ribonucleic acid

Revolutions per minute

Ribosomal ribonucleic acid

Registry of Toxic Effects of Chemical Substances

Reverse transcription polymerase chain reaction

Select area electron diffraction

Standardized Analytical Methods for Environmental Restoration Following Homeland
Security Events

Standard Analytical Protocol
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Abbreviations and Acronyms

SARS
Sav
SBA
SIM
SM
SPE
Spp.
SRM
STEC
STEL
STX
Stx-1
Stx-2
SW
TATP
TBD
TCBS
TC-SMAC
TCLP
TDG

TEA

TEM
TETR
TFA

™

™
1,3,5-TNB
2,46-TNT

Severe acute respiratory syndrome

Sapovirus

Sheep blood agar

Selective ion monitoring

Standard Methods for the Examination of Water and Wastewater
Solid-phase extraction

Species (plural)

Single reaction monitoring

Shiga-toxigenic E. coli

Short term exposure limit

Saxitoxin

Shigatoxin Type 1

Shigatoxin Type 2

Solid Waste

Triacetone triperoxide

To be determined

Thiosulfate-citrate-bile salts-sucrose
Tellurite Cefixime-Sorbitol MacConkey Agar
Toxicity Characteristic Leaching Procedure
Thiodiglycol

Triethanolamine

Transmission electron microscope or T ion electron N@iEroscopy
Touchdown enzyme time release

Trifluoroacetic acid

Unregistered trad
Thayer-Marti

case™ soy agar with yeast extract
Triple sugar iron

Thermospray

Thermospray —mass spectrometry

TTN Technical Transfer Network

TTX Tetrodotoxin

TYI-S-33 Trypticase-yeast-iron-serum

UF Ultrafiltration

u.sS United States

USDA U.S. Department of Agriculture

USGS U.S. Geologica Survey

uv Ultraviolet

UVM University of Vermont

VCSB Voluntary Consensus Standard Body

VE Phosphonothioic acid, ethyl-, S-(2-(diethylamino)ethyl) O-ethyl ester
VG Phosphonothioic acid, S-(2-(diethylamino)ethyl) O,0-diethyl ester

vis Visible detector

VM Phosphonothioic acid, methyl-,S-(2-(diethylamino)ethyl) O-ethyl ester
VOCs Volatile organic compounds
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Abbreviations and Acronyms

VR
VX
WEF
WHO
XLD

Methylphosphonothioic acid, S-[2-(diethylamino)ethyl] O-2-methylpropyl ester (R 33)
O-ethyl-S-(2-diisopropylaminoethyl)methyl phosphonothiol ate

Water Environment Federation

World Health Organization

Xylose lysine deoxycholate
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Section 1 — Introduction

Section 1.0: Introduction

After the terrorist attacks of September 11, 2001 and the anthrax attacks in the fall of 2001, federal and
state personnel provided response, recovery, and remediation under trying circumstances, including
unprecedented demand on their capabilities to analyze environmental samples. In reviewing these events,
the Environmental Protection Agency (EPA) identified several areas where the country could better
prepare itself in the event of future terrorist incidents. The need to improve the nation’s laboratory
capacity and capability to analyze environmental samples following a homeland security event (i.e.,
chemical, biological, and/or radiological [CBR] crime/attack) was one of the most important areas
identified.

In response, EPA formed the Homeland Security Laboratory Capacity Workgroup to identify a

representatlves from the Offlce of Research and Development (ORD), Office of
(OAR), Office of Water (OW), Office of Solid Waste and Emergency Resp

samplesisrequired over ashort period of time. Having@o@iardi ould reduce confusion,
permit sharing of sample load between Iaboratorleﬁ imp ~ [ and simplify the task of
outsourcing analytical support to the co g gt andardized methods would also
improve the follow-up activities of g datae@hd making decisions. To this end,
workgroup members formed to address homeland security methods
issues.

The Analytical |dely different analytical methods are requi red for
various phases of i ays

eliminary site characterizations to determine the extent and type of
nfirmatory laboratory analysesto plan, implement, and evaluate the
iation. Figure 1-1 represents these analytical phases. EPA’s Standardized
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Figure 1-1. Environmental Evaluation Analytical Process Roadmap for Homeland
Security Events

Surveillance and Monitoring

Immediate Response/
Credibility Determination

Site Remediation

SAM
(Standardized Analytical Methods for Environmental
Restoration Following Homeland Security Events)

AM
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Section 2 — Background

Section 2.0: Background

In support of this document, EPA periodically assembles methods experts from within EPA and other
federal agenciesto review methods and, if necessary, revise the methods listed. SAM identifiesasingle
method or method group per analyte/sample type to ensure a consistent analytical approach across
multiple laboratories when analyzing environmental samples following an event. Method selection is
based on consideration of specific criteriathat emphasi ze method performance and include existing
laboratory capabilities, laboratory capacity, method applicability to multiple environmental sample types,
and method applicability to multiple SAM analytes. For some analytes, the preferred method is a clear
choice; for others, competing criteria make the choice more difficult. Final method selections are based
on technical recommendations from the SAM work groups. For analytes where limited |aboratory
testing/experience exists, such as chemical warfare agents, methods were selected based on thei

Since 2004, EPA’ s National Homeland Security Research Center (NHS
from across EPA and its sister agencies to develop this gggapendium of an
[S@h izati ediation and clearance
following future homeland security events. Partici pantsiie ives from EPA program
offices, EPA regl ons, EPA laboratories, cas and Prevention (CDC), Food and

(FBI), Department of Defense Iture (USDA), and U.S. Geological Survey
ideé ; biological agents of concern in the types of

ironmental Monitoring Method Index (EMMI)

PA Test Methods Index

EPA Office of Solid Waste SW-846 Methods

. EPA Microbiological Methods

. National Institute for Occupational Safety and Health (NIOSH) Manual of Analytical Methods
(NMAM)

. Occupationa Safety and Health Administration (OSHA) Index of Sampling and Analytical

Methods

AOAC Internationa

ASTM International

International Organization for Standardization (ISO) methods

Standard Methods for the Examination of Water and Wastewater

PubMED Literature Database

In September 2004, EPA published Standardized Analytical Methods for Use During Homeland Security
Events, Revision 1.0 (SAM, Revision 1.0, EPA/600/R-04/126), which provided alist of analytical and
sample preparation methods that were selected for measurement of 82 chemical analytesin
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Section 2 — Background

aqueous/liquid, solid, oily solid, and air samples, and 27 biological analytesin water, dust, and aerosol
samples. During 2005, SAM was expanded to include radioisotopes, several persistent chemical warfare
agent degradation products, a drinking water sample type, methods for determination of the viability of
biological organisms, and a separate section for biotoxin analytes. Where necessary, the methods
included in SAM Revision 1.0 were updated to reflect more recent or appropriate methodologies. Similar
efforts to those used for method sel ection during development of SAM Revision 1.0 were undertaken to
select and include methods for measurement of radioisotopes and chemical warfare agent degradation
productsin all sample types, for measurement of CBR analytes in drinking water, and to determine the
viability of biological organisms. These additional analytes and the corresponding methods selected were
included in SAM Revision 2.0.

During 2006, SAM was revised further to incorporate analytes included on updated federal agency li

clarify the intended use of the document. These changes were included in SAM
(Standardized Analytical Methods for Environmental Restoration Followi

analytes, one radlonucllde and one biotoxin, along wit
the updated documents as SAM Revision 3.1 (Novembd
a so devel oped a Web-based version of the SAM docu

search for specific needs and to submit g ding the information

NHSRC is continuing to con ups at least once per year, to evaluate and, if
necessary, update the an AM Revision 4.0 included the addition of a
wipe sample type for : alpol ymerase chain reaction (PCR) methods for
pathogens. SA is ) PN of a drinking water sample type for biotoxins. Both

Revisions 4.0 and

'EPA Science Advisory Board’s Homeland Security Advisory Committee:
http://yosemite.epa.gov/sab/sabpeopl e.nsf/WebCommitteess BOARD
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Figure 2-1. SAM Method Selection Process
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Is there a method that has been
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federal agency or Voluntary Consensus
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Use the following criteria as guidelines to asse
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Has the method been ev. erformance cri
NO (e.g., sensitivity, speci iti egatives, precigion,

Step 3

Is there an EPA, c
federal, or VCSB method 3 ity (i.e. ent, number of labs, cost) suitable

that has been developed for

measurement of the analyte
in another environmental & me getermining viability of an organism?

sample type?

and/or unique training required?

sample volumes required?

JAre analytical costs high?

Has the method already been selected for other SAM analytes?

Are modifications needed to accommodate the analytes or sample types?

<Select method for inclusion in SAM>

Repeat Steps 1 - 4 to identify methods that measure
analytes similar to the analyte of concern

If no methods are available, prioritize
for further research
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Section 3 — Scope and Application

Section 3.0: Scope and Application

The premise and purpose of this document is to standardize the analytical methods that will be used in
cases when multiple laboratories are called on to analyze environmental samples following a homeland
security event (i.e., CBR crime/attack). The document also isintended as atool that will be available to
assist state and local laboratoriesin planning for and analyzing environmental samplesfollowing a
homeland security event. The methods presented in this document should be used to:

. Determine the extent of site contamination (assumes early responders have identified contaminants
prior to EPA’s remediation effort), and

. Confirm effectiveness of decontamination in support of site clearance decisions.

The methods provided are limited to those that would be used to determine, to the extent possils

concern and their concentrations in environmental media. The methods include
procedures for confirming the identification of analytes and determining thej

document also is not intended to provide information r
Methods for addressing these needs are and will be the

Methods are provided in this document asceomms [ al yte/sample type combinations
ical ‘ f en), and D (biotoxin).

Summaries of each method are [ by the devel oping agency, throughout

s), 7.2 (pathogen methods), and 8.2 (biotoxin

e cases¥he methods included in this document have not been fully
pe combination(s) for which they have been selected. The

dardized analytical methods for use by those laboratories tasked with
ry analyses on environmental samplesin support of EPA restoration efforts
d security incident. The information also can be found on the SAM Web site

Although at this time, some of the methods listed have not been fully validated for a particular
analyte (e.g., analytes not explicitly identified in the method) or sample type, the methods are
considered to contain the most appropriate currently available techniques. Unless a published
method listed in this document states specific applicability to the analyte/sample type combination
for which it has been selected, it should be assumed that method testing is needed, and adjustments
may be required to accurately account for variations in analyte characteristics, environmental
samples, analytical interferences, and target risk levels.

Many of the SAM analytes have only recently become an environmental concern. EPA isactively
pursuing development and validation of Standard Analytical Protocols (SAPs) based on the methods
listed, including optimization of procedures for measuring target analytes or agents. In those cases
where method procedures are determined to be insufficient for a particular situation, EPA will
provide guidelines regarding appropriate actions. Thiswill be an ongoing process as EPA will strive
to establish a consistent level of validation for al listed analytes.
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Section 3 — Scope and Application

EPA recognizes that specification of a single method may limit laboratory capacity and techniques that
may be needed to evaluate difficult samples. In those cases where method procedures are determined to
be insufficient for a particular situation, EPA will provide guidelines regarding appropriate actions (see
list of contactsin Section 4). Where further development and testing are necessary, EPA is developing
and validating SAPs based on the methods that are listed in this document. Once validation is complete,
data regarding the resulting method performance and data quality objectives will be available. The SAM
document and corresponding SAPs will be reviewed frequently. EPA plans to continue to update the
SAM document to address the needs of homeland security, to reflect improvementsin analytical
methodology and new technologies, and to incorporate changes in analytes based on needs. EPA also
anticipates that addenda may be generated to provide guidelines regarding issues that currently are not
addressed by this document. Any deviations from the methods referenced in this document should
coordinated with the appropriate point(s) of contact identified in Section 4.

Participants in the chemical, radiochemical, pathogen, and biotoxin work groups, in
representatives from the EPA, CDC, FDA, DHS, FBI, DoD, USDA, and USGS
of existing methodologies and selected this set of methods for use by tho

methods may pose potential risks, including the following:

. Selecting technol ogies that may not be the most cogl
addressing the particular situation at hand;

. Selecting methodol ogies that may not be appropri
emergency because EPA did not ggi Daving
anal yte/sampl e type combi naig

. Preventing develop QL er measurement technologies.

To address these [ : ] PA plansto take several steps. These include the
following:

ument. Thisincludes required minimum standards of accuracy (bias
sitivity for the analysis of samples that support the data quality needs of the

Idelines for ensuring the analytical methods listed provide results that are consistent
and support their intended use asindicated in SAM;

orking with other government agencies and the private sector to establish alaboratory network to
ensure that |aboratories, selected to assist EPA and itsfederal, state, and local partnersin
responding to homeland security events, have the requisite expertise and systems to perform this
type of testing; and

. Continuing to work with multiple agencies and stakeholders to update SAM and supporting
documents periodically.

Public officials must accurately assess all of the activities that are needed concerning site contamination
following an emergency situation. These activitiesinclude initial assessment of potential site
contamination for determination of immediate public and environmental risk, determination of the extent
of contamination, and full remediation of the site. EPA recognizes that having data of known and
documented quality is critical in making proper decisions during each of these activities. Data quality
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objectives (DQOSs) must be established for each response activity’. These DQOs are based upon needs
for both quality and responsetime. During initial assessments, timeis of utmost importance and DQOs
must be established that weigh the need for rapid analytical response (e.g., using screening methods)
against the need for very high quality data (confirmational methods such as those listed in SAM). Many
of the methods listed in this document include quality control (QC) requirements for collecting and
analyzing samples. EPA will assess these QC regquirements to ensure analytical data quality supports
decisions concerning site remediation and release. These QC requirements may be adjusted as necessary
to maximize data and decision quality. Specific QC considerations and recommendations for analysis of
samples for chemical, radiochemical, pathogen, and biotoxin analytes are provided in each corresponding
section of this document (i.e., Sections 5.1.2, 6.1.2, 7.1.2, and 8.1.2, respectively).

2 |nformation regarding EPA’s DQO process, considerations, and planning is available at:
http://www.epa.gov/QUALITY /dgos.html.
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Section 4.0: Points of Contact

Questions concerning this document, or the methods identified in this document, should be addressed to
the appropriate point(s) of contact identified below. These contacts should be consulted regarding any

method deviations or modifications, sample problems

or interferences, QC requirements, or the use of

potential alternative methods. As previoudly indicated, any deviations from the recommended method(s)
should be reported immediately to ensure data comparability is maintained when responding to homeland
security events. In addition, general questions and comments can be submitted viathe SAM Web site

(www.epa.gov/sam).

General

Rob Rothman - Primary

National Homeland Security Research Center
U.S. EPA ORD (NG16)

26 West Martin Luther King Jr. Drive
Cincinnati, OH 45268

(513) 569-7187

rothman.rob@epa.gov

Romy Lee - Alternate

National Homeland Security Researgh
U.S. EPA ORD (NG16)
26 West Martin Luther Ki
Cincinnati, OH 4526
(513) 569-7016

Chemical Methods
Steve Reimer - Primary

U.S. EPA Region 10 - Manchester Laboratory
7411 Beach Drive East
Port Orchard, WA 98366
(360) 871-8718
reimer.steve@epa.gov

Radiochemical Me

569-7321
son.matthew@epa.gov

Kathy Hall - Alternate

National Homeland Security Research Center
U.S. EPA ORD (NG16)

26 West Martin Luther King Jr. Drive
Cincinnati, OH 45268

(513) 379-5260

hall.kathy @epa.gov

n Methods
2 Burgess - Primary

PA OSWER

Ariel Rios Building - 5104A
1200 Pennsylvania Avenue, NW
Washington, DC 20460

(202) 564-8006
burgess.michele@epa.gov

Sanjiv Shah - Alternate

National Homeland Security Research Center
U.S. EPA ORD - 8801RR

1200 Pennsylvania Avenue, NW
Washington, DC 20460

(202) 564-9522

shah.sanjiv@epa.gov

Biotoxins Methods

Matthew Magnuson - Primary

National Homeland Security Research Center
U.S. EPA ORD (NG16)

26 West Martin Luther King Jr. Drive
Cincinnati, OH 45268

(513) 569-7321

Mmagnuson.matthew @epa.gov

Sanjiv Shah - Alternate

National Homeland Security Research Center
U.S. EPA ORD - 8801RR

1200 Pennsylvania Avenue, NW
Washington, DC 20460

(202) 564-9522

shah.sanjiv@epa.gov
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Section 5.0: Selected Chemical Methods

Appendix A provides alist of methods to be used in analyzing environmental samples for chemical
contaminants during remediation activities that result from a homeland security event. Methods are listed
for each analyte and for each sample type that potentially may need to be measured and analyzed when
responding to an environmental emergency. Procedures from peer-reviewed journal articles are listed for
those analyte-sampl e type combinations where methods are not available. Once standard procedures are
available, the literature references will be replaced.

Please note: This section provides guidance for selecting chemical methods that have a high likelihood
of assuring analytical consistency when laboratories are faced with alarge scale environmental
restoration crisis. Not all methods have been verified for the analyte/sample type combl natl Qi
Appendix A. Please refer to the specmed method to |dent|fy analyte/sampletype combig

R identifier for chemical
pcular structure when

* Chemical Abstracts Service Registration Numbef
substances that provides an unambiguous way to |d
there are many possu ible systematic, ggae

yte of interest in non-agueous liquid/organic phase samples. An organic solid
eisasolid that completely dissolvesin an organic solvent and leaves no solid residue.

ueous liguid samples. The recommended method/procedure to identify and measure the analyte
of interest in aqueous liquid phase samples.

» Drinking water samples. The recommended method/procedure to identify and measure the analyte
of interest in drinking water samples.

» Air samples. The recommended method/procedure to identify and measure the analyte of interest in
air sasmples.

*  Wipe samples. The recommended method/procedure to identify and measure the analyte of interest
in wipes used to collect a sample from a surface.

Following a homeland security event, it is assumed that only those areas with contamination greater than
pre-existing/naturally prevalent levels commonly found in the environment would be subject to
remediation. Dependent on site- and event-specific goals, investigation of background levels using
methods listed in Appendix A isrecommended.
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Section 5 — Selected Chemical Methods

5.1 General Guidelines

This section provides a general overview of how to identify the appropriate chemical method(s) for a
given analyte-sampl e type combination, as well as recommendations for QC procedures.

For additional information on the properties of the chemicalslisted in Appendix A, TOXNET
(http://toxnet.nim.nih.gov/index.html), a cluster of databases on toxicology, hazardous chemicals, and
related areas maintained by the National Library of Medicine, is an excellent resource. Additional
resources include:

*  SRC's PHY SPROP (http://srcinc.com/what-we-do/product.aspx?d=133) and CHEMFATE, part of
the Environmental Fate Database supported by EPA (http://srcinc.com/what-we-
do/product.aspx 2 d=132& terms=Environmental +Fate+and+Exposure).

 INCHEM at http://www.inchem.org/ contains both chemical and toxicity informati

» The Registry of Toxic Effects of Chemical Substances (RTECS) database ¢
NIOSH Web site at http://www.cdc.gov/niosh/rtecs/defaul t.html for toxi

information (searchable on TOXNET).

» Forensic Science and Communications published b
http://www.fbi.gov/ha/lab/fsc/current/backissu.htm)

e Joint Research Centre/Institute for Health.& Consu

and Annex V.

Additional research on
information are cygr

iate method to be used on an environmental sample, locate the analyte of

te(s)” column in Appendix A: Chemical Methods under. After locating the
inue across the table to identify the appropriate determinative technique (e.g.,
prmance liquid chromatography [HPL C], gas chromatography — mass spectrometry [GC-MS)]),
ify the appropriate sample preparation and determinative method(s) for the sample type of
solid, non-agueous liquid/organic solid, agueous liquid, drinking water, air, or wipe). 1n some
BeECS, two methods (sample preparation and determinative) are needed to complete sample analysis.

Sections 5.2.1 through 5.2.92 below provide summaries of the sample preparation and determinative
methods listed in Appendix A. Once a method has been identified in Appendix A, Table 5-1 can be used
to locate the method summary.

Table 5-1. Chemical Methods and Corresponding Text Section Numbers

Analyte CAS RN Method Section
Chromatographia. 2006. 63(5/6):
233-237

Journal of Chromatography A.
2007. 1154(1): 3-25

5.2.89
Acephate 30560-19-1

5.2.90
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Analyte CAS RN Method Section
3570 (EPA SW-846) 5.2.22
Acrylamide 79-06-1 8290A Appendix A (EPA SW-846) | 5.2.38
Acrylonitrile 107-13-1 8316 (EPA SW-846) 5.2.40
PV2004 (OSHA) 5.2.79
531.2 (EPA OW) 5.2.12
Aldicarb (Temik) 116-06-3 3570 (EPA SW-846) 5.2.22
. 8290A Appendix A (EPA SW-846) 5.2.38
Aldicarb sulfone 1646-88-4
8318A (EPA SW-846) 5.241
Aldicarb sulfoxide 1646-87-3 MS014 (EPA CRL) 5.2.44
5601 (NIOSH)
3585 (EPA SW-846)
5030C (EPA SW-846)
Allyl alcohol 107-18-6 5035A (EPA SW-846)

8260C (EPA SW-846)
TO-15 (EPA Qf

4-Aminopyridine

Ammonia

4500-NH3 G (SM) 5.2.85
200.7 (EPA OW) 5.2.2
200.8 (EPA OW) 5.2.3
3031 (EPA SW-846) 5.2.16
803-55-6 3050B (EPA SW-846) 5.2.17
2440-38.2 6010C (EPA SW-846) 5.2.28
6020A (EPA SW-846) 5.2.29
1327-53-3 10-3.1 (EPA ORD) 5.2.50
10-3.4 (EPA ORD) 5.2.51
10-3.5 (EPA ORD) 5.2.52
9102 (NIOSH) 5.2.72
200.7 (EPA OW) 5.2.2
200.8 (EPA OW) 5.2.3
Arsine 7784-42-1 3050B (EPA SW-846) 5.2.17
7010 (EPA SW-846) 5.2.30
6001 (NIOSH) 5.2.62
9102 (NIOSH) 5.2.72
D5755-03 (ASTM) 5.2.81
Asbestos 1332-21-4 D6480-05 (ASTM) 5.2.82
10312:1995 (ISO) 5.2.83
Boron trifluoride 7637-07-2 ID216SG (OSHA) 5.2.78
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Analyte CAS RN Method Section

3520C (EPA SW-846) 5.2.18
3535A (EPA SW-846) 5.2.19
3541 (EPA SW-846) 5.2.20

Brodifacoum 56073-10-0 3545A (EPA SW-846) 5.2.21
3570 (EPA SW-846) 5.2.22
3580A (EPA SW-846) 5.2.24
8290A Appendix A (EPA SW-846) 5.2.38
8321B (EPA SW-846) 5.2.42
3520C (EPA SW-846) 5.2.18
3535A (EPA SW-846)
3541 (EPA SW-846)
3545A (EPA SW-846)

Bromadiolone 28772-56-7 3570 (EPA SW-846)

3580A (EPA SW-

BZ [Quinuclidinyl benzilate]

3580A (EPA SW-846) 5.2.24
8290A Appendix A (EPA SW-846) | 5.2.38
8321B (EPA SW-846) 5.2.42
| TO-10A (EPA ORD) 5.2.54
200.7 (EPA OW) 5.2.2
200.8 (EPA OW) 5.2.3
3031 (EPA SW-846) 5.2.16
3050B (EPA SW-846) 5.2.17
o S 6010C (EPA SW-846) 5.2.28
6020A (EPA SW-846) 5.2.29
10-3.1 (EPA ORD) 5.2.50
10-3.4 (EPA ORD) 5.2.51
10-3.5 (EPA ORD) 5.2.52
9102 (NIOSH) 5.2.72
531.2 (EPA OW) 5.2.12
3570 (EPA SW-846) 5.2.22
Carbofuran (Furadan) 1563-66-2 8290A Appendix A (EPA SW-846) | 5.2.38
8318A (EPA SW-846) 5.2.41
MS014 (EPA CRL) 5.2.44
5601 (NIOSH) 5.2.61
SAM Revision 5.0 16 September 29, 2009



Section 5 — Selected Chemical Methods

Analyte CAS RN Method Section
3520C (EPA SW-846) 5.2.18
3535A (EPA SW-846) 5.2.19
3541 (EPA SW-846) 5.2.20
Carfentanil 59708-52-0 3545A (EPA SW-846) 5.2.21
3570 (EPA SW-846) 5.2.22
3580A (EPA SW-846) 5.2.24
8290A Appendix A (EPA SW-846) 5.2.38
8321B (EPA SW-846) 5.2.42
524.2 (EPA OW) 5.2.10

3585 (EPA SW-846)

5030C (EPA SW-846)
5035A (EPA SW-846)
8260C (EPA SW-846)
TO-15 (EPA ORD)

Carbon disulfide 75-15-0

Chlorfenvinphos

PE200A ApBndix A (EPA SW-846) | 5.2.38

TO-10A (EPA ORD) 5.2.54
Chlorine 4500-Cl G (SM) 5.2.86
Analyst. 1999. 124: 1853-1857 5.2.87
3585 (EPA SW-846) 5.2.25
5030C (EPA SW-846) 5.2.26
2-Chlo anol 107-07-3 5035A (EPA SW-846) 5.2.27
8260C (EPA SW-846) 5.2.36
2513 (NIOSH) 5.2.58
3520C (EPA SW-846) 5.2.18
3535A (EPA SW-846) 5.2.19
3541 (EPA SW-846) 5.2.20
3545A (EPA SW-846) 5.2.21
3-Chloro-1,2-propanediol 96-24-2 3570 (EPA SW-846) 5.2.22
3580A (EPA SW-846) 5.2.24
8270D (EPA SW-846) 5.2.37
8290A Appendix A (EPA SW-846) 5.2.38
TO-10A (EPA ORD) 5.2.54
551.1 (EPA OW) 5.2.14
3545A (EPA SW-846) 5.2.21
3570 (EPA SW-846) 5.2.22
Chloropicrin 76-06-2 3580A (EPA SW-846) 5.2.24
8270D (EPA SW-846) 5.2.37
8290A Appendix A (EPA SW-846) | 5.2.38
PV2103 (OSHA) 5.2.80

SAM Revision 5.0 17 September 29, 2009



Section 5 — Selected Chemical Methods

Analyte CAS RN Method Section
3520C (EPA SW-846) 5.2.18
3535A (EPA SW-846) 5.2.19
3541 (EPA SW-846) 5.2.20
Chlorosarin 1445-76-7 3545A (EPA SW-846) 5221
3570 (EPA SW-846) 5.2.22
Chlorosoman 7040-57-5 3580A (EPA SW-846) 5224
8270D (EPA SW-846) 5.2.37
8290A Appendix A (EPA SW-846) 5.2.38
TO-10A (EPA ORD) 5.2.54

200.7 (EPA OW)
200.8 (EPA OW)
3031 (EPA SW-846)
3050B (EPA SW-846)
6010C (EPA SW-846)
6020A (EPA
10-3.1 (G

2-Chlorovinylarsonous acid (2-CVAA) 85090-33-1

EPA SW-84%
SW-846)

5.2.20
Chlorpyrifos 3545A (EPA SW-846) 5.2.21
3570 (EPA SW-846) 5.2.22
Chlorpyrifos oxon 3580A (EPA SW-846) 5.2.24
8270D (EPA SW-846) 5.2.37
8290A Appendix A (EPA SW-846) 5.2.38
TO-10A (EPA ORD) 5.2.54
3535A (EPA SW-846) 5.2.19
3545A (EPA SW-846) 5.2.21
) 535.89.7 3570 (EPA SW-846) 5.2.22
3580A (EPA SW-846) 5.2.24
8270D (EPA SW-846) 5.2.37
8290A Appendix A (EPA SW-846) | 5.2.38
Cyanide, Amenable to chlorination NA RLAB Method 3135.2I 5.2.49

335.4 (EPA OW) 5.2.7
Cyanide, Total 57-12-5 ILM05.3 CN (EPA CLP) 5.2.48
6010 (NIOSH) 5.2.65
3585 (EPA SW-846) 5.2.25
5030C (EPA SW-846) 5.2.26
Cyanogen chloride 506-77-4 5035A (EPA SW-846) 5.2.27
8260C (EPA SW-846) 5.2.36
TO-15 (EPA ORD) 5.2.55
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Analyte CAS RN Method Section

3520C (EPA SW-846) 5.2.18
3535A (EPA SW-846) 5.2.19
3541 (EPA SW-846) 5.2.20
3545A (EPA SW-846) 5.2.21

Cyclohexyl sarin (GF) 329-99-7 3570 (EPA SW-846) 5.2.22
3580A (EPA SW-846) 5.2.24
8270D (EPA SW-846) 5.2.37
8290A Appendix A (EPA SW-846) 5.2.38
TO-10A (EPA ORD) 5.2.54
524.2 (EPA OW)

3585 (EPA SW-846)

5030C (EPA SW-846)
5035A (EPA SW-846)
8260C (EPA SW-846)
TO-15 (EPA Q@

1,2-Dichloroethane 107-06-2

Dichlorvos

ndix A (EPA SW-846) 5.2.38
TO-10A (EPA ORD) 5.2.54

3535A (EPA SW-846) 5.2.19

3545A (EPA SW-846) 5.2.21

3570 (EPA SW-846) 5.2.22

Dicrotoghos 141-66-2 3580A (EPA SW-846) 5.2.24
8270D (EPA SW-846) 5.2.37

8290A Appendix A (EPA SW-846) 5.2.38

TO-10A (EPA ORD) 5.2.54

3520C (EPA SW-846) 5.2.18

3535A (EPA SW-846) 5.2.19

3541 (EPA SW-846) 5.2.20

. 3545A (EPA SW-846) 5.2.21

el range organics NA

3570 (EPA SW-846) 5.2.22

3580A (EPA SW-846) 5.2.24

8015C (EPA SW-846) 5.2.35

8290A Appendix A (EPA SW-846) 5.2.38

3535A (EPA SW-846) 5.2.19

3545A (EPA SW-846) 5.2.21

3570 (EPA SW-846) 5.2.22

Diisopropyl methylphosphonate (DIMP) 1445-75-6 3580A (EPA SW-846) 5.2.24
8290A Appendix A (EPA SW-846) 5.2.38

8321B (EPA SW-846) 5.2.42

MS017 (EPA CRL) 5.2.47

TO-10A (EPA ORD) 5.2.54
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Analyte CAS RN Method Section

3535A (EPA SW-846) 5.2.19
3545A (EPA SW-846) 5.2.21
3570 (EPA SW-846) 5.2.22

Dimethylphosphite 868-85-9 3580A (EPA SW-846) 5.2.24
8270D (EPA SW-846) 5.2.37
8290A Appendix A (EPA SW-846) 5.2.38
TO-10A (EPA ORD) 5.2.54
3535A (EPA SW-846) 5.2.19
3545A (EPA SW-846) 5.2.21
3570 (EPA SW-846)

Dimethylphosphoramidic acid 33876-51-6 3580A (EPA SW-846)

8290A Appendix A (EPA SW-844

8321B (EPA SW-846)

TO-10A (EPA ORD

Diphacinone
525.2 (EPA OW) 5.2.11
3541 (EPA SW-846) 5.2.20
3545A (EPA SW-846) 5221
Disulfoton 3570 (EPA SW-846) 5222
Disulf sulfoxide 2497-07-6 3580A (EPA SW-846) 5.2.24
8270D (EPA SW-846) 5.2.37
8290A Appendix A (EPA SW-846) 5.2.38
5600 (NIOSH) 5.2.60
3535A (EPA SW-846) 5.2.19
3545A (EPA SW-846) 5221
£05.26.3 3570 (EPA SW-846) 52.22
3580A (EPA SW-846) 5.2.24
8270D (EPA SW-846) 5.2.37
8290A Appendix A (EPA SW-846) 5.2.38
3535A (EPA SW-846) 5.2.19
3545A (EPA SW-846) 5221
) _ 3570 (EPA SW-846) 5.2.22
Eﬁégﬁo[gﬁgrﬁ’;‘t’gy'am'”oethy' methyl- 73207-98-4 | 3580A (EPA SW-846) 5.2.24
8290A Appendix A (EPA SW-846) | 5.2.38
8321B (EPA SW-846) 5.2.42
TO-10A (EPA ORD) 5.2.54
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Section 5 — Selected Chemical Methods

Analyte CAS RN Method Section
3535A (EPA SW-846) 5.2.19
3545A (EPA SW-846) 5.2.21
3570 (EPA SW-846) 5.2.22
Ethyl methylphosphonic acid (EMPA) 1832-53-7 3580A (EPA S\.N_846) >.2.24
8290A Appendix A (EPA SW-846) 5.2.38
8321B (EPA SW-846) 5.2.42
MS017 (EPA CRL) 5.2.47
TO-10A (EPA ORD) 5.2.54
3535A (EPA SW-846) 5.2.19

3545A (EPA SW-846)
3580A (EPA SW-846)

Ethyldichloroarsine (ED) 598-14-1
8270D (EPA SW-846)
TO-15 (EPA ORD)
9102 (NIOSH)
3520C (EPAZS
N-Ethyldiethanolamine (EDEA) 139-87-7

ndix A (EPA SW-846) 5.2.38

321B (EPA SW-846) 5.2.42

MS016 (EPA CRL) 5.2.46

TO-10A (EPA ORD) 5.2.54

3585 (EPA SW-846) 5.2.25

5030C (EPA SW-846) 5.2.26

75-21-8 5035A (EPA SW-846) 5.2.27
8260C (EPA SW-846) 5.2.36

TO-15 (EPA ORD) 5.2.55

525.2 (EPA OW) 5.2.11

3520C (EPA SW-846) 5.2.18

3535A (EPA SW-846) 5.2.19

3541 (EPA SW-846) 5.2.20

99294-92-6 3545A (EPA SW-846) 5.2.21
3570 (EPA SW-846) 5.2.22

3580A (EPA SW-846) 5.2.24

8270D (EPA SW-846) 5.2.37

8290A Appendix A (EPA SW-846) 5.2.38

TO-10A (EPA ORD) 5.2.54

3520C (EPA SW-846) 5.2.18

3535A (EPA SW-846) 5.2.19

3541 (EPA SW-846) 5.2.20

Fentanyl 437-38-7 3545A (EPA SW-846) 5.2.21
3570 (EPA SW-846) 5.2.22

3580A (EPA SW-846) 5.2.24

8290A Appendix A (EPA SW-846) | 5.2.38

8321B (EPA SW-846) 5.2.42
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Section 5 — Selected Chemical Methods

Analyte CAS RN Method Section
Fluoride 16984-48-8 300.1, Rev 1.0 (EPA OW) 5.2.6
. 0. Journal of Chromatography B.

Fluoroacetamide 640-19-7 2008. 876, 103-108 5.2.91
300.1, Rev 1.0 (EPA OW) 5.2.6
3570 (EPA SW-846) 5.2.22

Fluoroacetic acid and fluoroacetate salts NA 8290A Appendix A (EPA SW-846) | 5.2.38
S301-1 (NIOSH) 5.2.73
Analytical Letters. 1994. 27(14): 5288
2703-2718 -
3585 (EPA SW-846) 5.2.25
5030C (EPA SW-846)

2-Fluoroethanol 371-62-0 5035A (EPA SW-846)
8260C (EPA SW-846)
2513 (NIOSH)
3570 (EPA SW-8

Formaldehyde 50-00-0

Gasoline range organics

8015C (EPA SW-846)
8290A Appendix A (EPA SW-846) 5.2.38
3535A (EPA SW-846) 5.2.19
3570 (EPA SW-846) 5.2.22
83-66-9 8290A Appendix A (EPA SW-846) 5.2.38
8330B (EPA SW-846) 5.2.43
%g%%ff 7903 (NIOSH) 5.2.69
74-90-8 6010 (NIOSH) 5.2.65
7664-39-3 7903 (NIOSH) 5.2.69
7783-06-4 6013 (NIOSH) 5.2.66
3535A (EPA SW-846) 5.2.19
3545A (EPA SW-846) 5.2.21
3570 (EPA SW-846) 5.2.22
Isopropyl methylphosphonic acid (IMPA) 1832-54-8 3580A (EPA S\,N_846) 5.2.24
8290A Appendix A (EPA SW-846) 5.2.38
8321B (EPA SW-846) 5.2.42
MS017 (EPA CRL) 5.2.47
TO-10A (EPA ORD) 5.2.54
3570 (EPA SW-846) 5.2.22
3585 (EPA SW-846) 5.2.25
Kerosene 64742-81-0 5030C (EPA SW-846) 5.2.26
5035A (EPA SW-846) 5.2.27
8015C (EPA SW-846) 5.2.35
8290A Appendix A (EPA SW-846) 5.2.38
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Section 5 — Selected Chemical Methods

Analyte CAS RN Method Section
200.7 (EPA OW) 5.2.2
Lead arsenate 7645-25-2 200.8 (EPA OW) 5.2.3
Lewisite 1 (L-1) [2-chlorovinyldichloroarsine] 3031 (EPA SW-846) >.2.16
Wisi - - vinyldi i
y 541-25-3 3050B (EPA SW-846) 5217
Lewisite 2 (L-2) [bis(2- 6010C (EPA SW-846) 5.2.28
- - 40334-69-8
chlorovinyl)chloroarsine] 6020A (EPA SW-846) 5.2.29
Lewisite 3 (L-3) [tris(2-chlorovinyl)arsine] 40334-70-1 10-3.1 (EPA ORD) 5250
10-3.4 (EPA ORD) 5.2.51
L . 1306-02-1
Lewisite oxide 10-3.5 (EPA ORD) 5.2.52
9102 (NIOSH) 527
245.1 (EPA OW)
Mercuric chloride 7487-94-7 7473 (EPA SW-846)
9102 (NIOSH)
245.1 (EPA OW)
Mercury, Total 7439-97-6

Methamidophos 10265-92-6
| P MROW) 5.2.12
3570 (EPA SW-846) 5.2.22
290A A ix A (EPA SW-84 2.
Methomyl 8290A Appendix A ( SW-846) 5.2.38
8318A (EPA SW-846) 5.2.41
MS014 (EPA CRL) 5.2.44
5601 (NIOSH) 5.2.61
245.1 (EPA OW) 5.2.4
7473 (EPA - 2.
151-38-2 3( SW-846) 5.2.33
10-5 (EPA ORD) 5.2.53
9102 (NIOSH) 5.2.72
3570 (EPA SW-846) 5.2.22
126-98-7 8290A Appendix A (EPA SW-846) 5.2.38
8316 (EPA SW-846 5.2.40
PV2004 (OSHA) 5.2.79
300.1, Rev 1.0 (EPA OW) 5.2.6
3570 (EPA SW-846) 5.2.22
Methyl fluoroacetate 453-18-9 8290A Appendix A (EPA SW-846) | 5.2.38
S301-1 (NIOSH) 5.2.73
Analytical Letters. 1994. 27(14):
27032718 5.2.88
SAM Revision 5.0 23 September 29, 2009




Section 5 — Selected Chemical Methods

Analyte CAS RN Method Section

3520C (EPA SW-846) 5.2.18
3535A (EPA SW-846) 5.2.19
3541 (EPA SW-846) 5.2.20
3545A (EPA SW-846) 5.2.21

Methyl hydrazine 60-34-4 3570 (EPA SW-846) 5.2.22
3580A (EPA SW-846) 5.2.24
8270D (EPA SW-846) 5.2.37
8290A Appendix A (EPA SW-846) 5.2.38
3510 (NIOSH) 5.2.59

Methyl isocyanate 624-83-9 OSHA 54

3535A (EPA SW-846)
3545A (EPA SW-846)

Methyl paraoxon 950-35-6 3570 (EPA SW-846)
3580A (EPA SW-846)

Methyl parathion 298-00-0

Methylamine 74-89-5

PA SW-848
W-846) 5.2.20
545A (EPA SW-846) 5.2.21
N-Methyldiethanolamine ( 3570 (EPA SW-846) 5.2.22
3580A (EPA SW-846) 5.2.24
8290A Appendix A (EPA SW-846) 5.2.38
8321B (EPA SW-846) 5.2.42
MS016 (EPA CRL) 5.2.46
TO-10A (EPA ORD) 5.2.54
3520C (EPA SW-846) 5.2.18
3535A (EPA SW-846) 5.2.19
3541 (EPA SW-846) 5.2.20
| o 3545A (EPA SW-846) 5.2.21
‘ )thyl ester ethylphosphonofluoridic 1189-87-3 3570 (EPA SW-846) 5222
3580A (EPA SW-846) 5.2.24
8270D (EPA SW-846) 5.2.37
8290A Appendix A (EPA SW-846) 5.2.38
TO-10A (EPA ORD) 5.2.54
3535A (EPA SW-846) 5.2.19
3545A (EPA SW-846) 5.2.21
3570 (EPA SW-846) 5.2.22
. . 3580A (EPA SW-846) 5.2.24
Methylphosphonic acid (MPA) 993-13-5 -
8290A Appendix A (EPA SW-846) | 5.2.38
8321B (EPA SW-846) 5.2.42
MS017 (EPA CRL) 5.2.47
TO-10A (EPA ORD) 5.2.54
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Section 5 — Selected Chemical Methods

Analyte CAS RN Method Section

525.2 (EPA OW) 5.2.11
3535A (EPA SW-846) 5.2.19
3545A (EPA SW-846) 5.2.21

Mevinphos 7786-34-7 3570 (EPA SW-846) 5.2.22
3580A (EPA SW-846) 5.2.24
8270D (EPA SW-846) 5.2.37
8290A Appendix A (EPA SW-846) 5.2.38
TO-10A (EPA ORD) 5.2.54
3535A (EPA SW-846) 5.2.19
3545A (EPA SW-846)
3570 (EPA SW-846)

Monocrotophos 6923-22-4 3580A (EPA SW-846)

8270D (EPA SW-846)

8290A Appendix A (EF

TO-10A (EPAZS

Mustard, nitrogen (HN-1) [bis(2-chloroethyl)-

ethylamine] 538-07-8
Mustard, nitrogen (HN-2) [2,2"-dichloro-N >2.21
m:fh;diétr;woe?rgim(e N,N-)b[is'(z-crlnforgect)hyn- 51-75-2 5222
methylamine] 5.2.24
5.2.37
Mustard, nitrogen (HN-3) [tris(2-c 8290A Appendix A (EPA SW-846) | 5.2.38
amine]
TO-10A (EPA ORD) 5.2.54
3570 (EPA SW-846) 5.2.22
3571 (EPA SW-846) 5.2.23
8270D (EPA SW-846) 5.2.37
8290A Appendix A (EPA SW-846) | 5.2.38
TO-10A (EPA ORD) 5.2.54
3535A (EPA SW-846) 5.2.19
3545A (EPA SW-846) 5.2.21
54-11.5 3570 (EPA SW-846) 5.2.22
3580A (EPA SW-846) 5.2.24
8270D (EPA SW-846) 5.2.37
8290A Appendix A (EPA SW-846) 5.2.38
3535A (EPA SW-846) 5.2.19
Octahydro-1,3,5,7-tetranitro-1,3,5,7- 2691-41-0 3570 (EPA SW-846) 5.2.22
tetrazocine (HMX) 8290A Appendix A (EPA SW-846) | 5.2.38
8330B (EPA SW-846) 5.2.43
507 (EPA OW) 5.2.9
614 (EPA OW) 5.2.15
3541 (EPA SW-846) 5.2.20
3545A (EPA SW-846) 5.2.21
Organophosphate pesticides, NOS NA 3570 (EPA SW-846) 5.2.22
3580A (EPA SW-846) 5.2.24
8270D (EPA SW-846) 5.2.37
8290A Appendix A (EPA SW-846) 5.2.38
5600 (NIOSH) 5.2.60
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Section 5 — Selected Chemical Methods

Analyte CAS RN Method Section

252.2 (EPA OW) 525
3050B (EPA SW-846) 5.2.17

Osmium tetroxide 20816-12-0 6010C (EPA SW-846) 5.2.28
10-3.1 (EPA ORD) 5.2.50
10-3.4 (EPA ORD) 5.2.51
9102 (NIOSH) 5.2.72
531.2 (EPA OW) 5.2.12
3570 (EPA SW-846) 5.2.22
8290A Appendix A (EPA SW-846 5.2.38

Oxamyl 23135-22-0 ppendix A ( )
8318A (EPA SW-846) 5.2.4
MS014 (EPA CRL) g
5601 (NIOSH)

Paraquat 4685-14-7 549.2 (EPA OW)

Paraoxon

Parathion

3535A (EPA SW-846) 5.2.19

) ) 3570 (EPA SW-846) 5.2.22
Pentaerythritol tetranitg -

8290A Appendix A (EPA SW-846) 5.2.38

8330B (EPA SW-846) 5.2.43

3535A (EPA SW-846) 5.2.19

3545A (EPA SW-846) 5.2.21

3570 (EPA SW-846) 5.2.22

lidi 77-10-1 3580A (EPA SW-846) 5.2.24

8270D (EPA SW-846) 5.2.37

8290A Appendix A (EPA SW-846) 5.2.38

TO-10A (EPA ORD) 5.2.54

[ 3520C (EPA SW-846) 5.2.18

3535A (EPA SW-846) 5.2.19

3541 (EPA SW-846) 5.2.20

3545A (EPA SW-846) 5.2.21

Phenol 108-95-2 3570 (EPA SW-846) 5.2.22

3580A (EPA SW-846) 5.2.24

8270D (EPA SW-846) 5.2.37

8290A Appendix A (EPA SW-846) 5.2.38

TO-10A (EPA ORD) 5.2.54
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Section 5 — Selected Chemical Methods

Analyte CAS RN Method Section
3535A (EPA SW-846) 5.2.19
Phorate 298-02-2 3545A (EPA SW-846) 5.2.21
3570 (EPA SW-846) 5.2.22
Phorate sulfone 2588-04-7 3580A (EPA SW-846) 5.2.24
8270D (EPA SW-846 5.2.37
Phorate sulfoxide 2588-03-6 ( - )
8290A Appendix A (EPA SW-846) 5.2.38
TO-10A (EPA ORD) 5.2.54
Phosgene 75-44-5 OSHA 61 5.2.76
3520C (EPA SW-846)
3535A (EPA SW-846)
3541 (EPA SW-846)
3545A (EPA SW-846)
Phosphamidon 13171-21-6 3570 (EPA SW-846)
Phosphine 7803-51-2
Phosphorus trichloride 7719-12-2

3570 (EPA SW-846) 5.2.22

Pinacolyl methyl phosph id (PMPA) 3580A (EPA S\_N_846) 5.2.24
8290A Appendix A (EPA SW-846) | 5.2.38

8321B (EPA SW-846) 5.2.42

MS017 (EPA CRL) 5.2.47

TO-10A (EPA ORD) 5.2.54

3585 (EPA SW-846) 5.2.25

5030C (EPA SW-846) 5.2.26

e 0 75-56-9 5035A (EPA SW-846) 5.2.27

8260C (EPA SW-846) 5.2.36

1612 (NIOSH) 5.2.56

3520C (EPA SW-846) 5.2.18

3535A (EPA SW-846) 5.2.19

3541 (EPA SW-846) 5.2.20

R 33 (VR) [methylphosphonothioic acid, S- 3545A (EPA SW-846) 5.2.21
[2-(diethylamino)ethyl] O-2-methylpropyl 159939-87-4 3570 (EPA SW-846) 5.2.22
ester] 3580A (EPA SW-846) 5.2.24
8270D (EPA SW-846) 5.2.37

8290A Appendix A (EPA SW-846) | 5.2.38

TO-10A (EPA ORD) 5.2.54

3570 (EPA SW-846) 5.2.22

3571 (EPA SW-846) 5.2.23

Sarin (GB) 107-44-8 8270D (EPA SW-846) 5.2.37
8290A Appendix A (EPA SW-846) | 5.2.38

TO-10A (EPA ORD) 5.2.54
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Section 5 — Selected Chemical Methods

Analyte CAS RN Method Section

525.2 (EPA OW) 5.2.11
3520C (EPA SW-846) 5.2.18
3535A (EPA SW-846) 5.2.19
3541 (EPA SW-846) 5.2.20

Semivolatile organic compounds, NOS NA 3545A (EPA SW-846) 5.2.21
3570 (EPA SW-846) 5.2.22
3580A (EPA SW-846) 5.2.24
8270D (EPA SW-846) 5.2.37
8290A Appendix A (EPA SW-846) 5.2.38
TO-10A (EPA ORD)
200.7 (EPA OW)
200.8 (EPA OW)
3031 (EPA SW-846)
3050B (EPA SW-846)

Sodium arsenite 7784-46-5

Sodium azide

80A (EPR SW-846)

ID-211 (OSHA) 5.2.77
Journal of Forensic Sciences. 5292
1998. 43(1): 200-202
3535A (EPA SW-846) 5.2.19
3545A (EPA SW-846) 5.2.21
3570 (EPA SW-846) 5.2.22
Soman 96-64-0 3580A (EPA SW-846) 5.2.24
8270D (EPA SW-846) 5.2.37
8290A Appendix A (EPA SW-846) 5.2.38
TO-10A (EPA ORD) 5.2.54
3535A (EPA SW-846) 5.2.19
3545A (EPA SW-846) 5.2.21
Strychnine 57.24.9 3570 (EPA SW-846) 5.2.22
3580A (EPA SW-846) 5.2.24
8270D (EPA SW-846) 5.2.37
8290A Appendix A (EPA SW-846) 5.2.38
Sulfur dioxide 7446-09-5 6004 (NIOSH) 5.2.64
Sulfur trioxide 7446-11-9 Method 8 (EPA) 5.2.1
3535A (EPA SW-846) 5.2.19
3545A (EPA SW-846) 5.2.21
3570 (EPA SW-846) 5.2.22
Tabun (GA) 77-81-6 3580A (EPA SW-846) 5.2.24
8270D (EPA SW-846) 5.2.37
8290A Appendix A (EPA SW-846) 5.2.38
TO-10A (EPA ORD) 5.2.54
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Section 5 — Selected Chemical Methods

Analyte CAS RN Method Section

3535A (EPA SW-846) 5.2.19
3545A (EPA SW-846) 5.2.21
3570 (EPA SW-846) 5.2.22

Tetraethyl pyrophosphate 107-49-3 3580A (EPA SW-846) 5.2.24
8270D (EPA SW-846) 5.2.37
8290A Appendix A (EPA SW-846) 5.2.38
TO-10A (EPA ORD) 5.2.54
3520C (EPA SW-846) 5.2.18
3535A (EPA SW-846) 5.2.19
3541 (EPA SW-846)
3545A (EPA SW-846)

Tetramethylenedisulfotetramine 80-12-6 3570 (EPA SW-846)

3580A (EPA SW-846)

8270D (EPA SW-846)

8290A Appeng

TO-10A

Thallium sulfate

10-3.1 (EPA ORD) 5.2.50

10-3.4 (EPA ORD) 5.2.51

10-3.5 (EPA ORD) 5.2.52

9102 (NIOSH) 5.2.72

3535A (EPA SW-846) 5.2.19

3545A (EPA SW-846) 5.2.21

3570 (EPA SW-846) 5.2.22

dialveo G) 111-48-8 3580A (EPA SW-846) 5.2.24
8290A Appendix A (EPA SW-846) | 5.2.38

8321B (EPA SW-846) 5.2.42

MSO015 (EPA CRL) 5.2.45

TO-10A (EPA ORD) 5.2.54

531.2 (EPA OW) 5.2.12

3520C (EPA SW-846) 5.2.18

3535A (EPA SW-846) 5.2.19

3541 (EPA SW-846) 5.2.20

Thiofanox 39196-18-4 3545A (EPA SW-846) 5.2.21
3570 (EPA SW-846) 5.2.22

3580A (EPA SW-846) 5.2.24

8290A Appendix A (EPA SW-846) | 5.2.38

8321B (EPA SW-846) 5.2.42

5601 (NIOSH) 5.2.61
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Section 5 — Selected Chemical Methods

Analyte CAS RN Method Section
3535A (EPA SW-846) 5.2.19
3545A (EPA SW-846) 5.2.21
1,4-Thioxane 15980-15-1 3570 (EPA SW-846) 5.2.22
3580A (EPA SW-846) 5.2.24
8270D (EPA SW-846) 5.2.37
8290A Appendix A (EPA SW-846) 5.2.38
3050B (EPA SW-846) 5.2.17
Titanium tetrachloride 7550-45-0 6010C (EPA SW-846) 5.2.28
6020A (EPA SW-846) 5.2.29

9102 (NIOSH)

3520C (EPA SW-846)
3535A (EPA SW-846)
3541 (EPA SW-846)
3545A (EPA SW-846)

Triethanolamine (TEA) 102-71-6

3570 (EPA SW-846) 5.2.22

Trimethyl phosphite 3580A (EPA SW-846) 5.2.24
8270D (EPA SW-846) 5.2.37
8290A Appendix A (EPA SW-846) | 5.2.38
TO-10A (EPA ORD) 5.2.54
3535A (EPA SW-846) 5.2.19
99-35-4 3570 (EPA SW-846) 5.2.22
118-96-7 8290A Appendix A (EPA SW-846) 5.2.38
8330B (EPA SW-846) 5.2.43
200.7 (EPA OW) 5.2.2
200.8 (EPA OW) 5.2.3
3031 (EPA SW-846) 5.2.16
3050B (EPA SW-846) 5.2.17
Vanadium pentoxide 1314-62-1 6010C (EPA SW-846) >.2.28
6020A (EPA SW-846) 5.2.29
10-3.1 (EPA ORD) 5.2.50
10-3.4 (EPA ORD) 5.251
10-3.5 (EPA ORD) 5.2.52
9102 (NIOSH) 5.2.72
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Section 5 — Selected Chemical Methods
Analyte CAS RN Method Section
3520C (EPA SW-846) 5.2.18
VE [phosphonothioic acid, ethyl-, S-(2- 21738-25-0 3535A (EPA SW-846) 5.2.19
(diethylamino)ethyl) O-ethyl ester] 3541 (EPA SW-846) 5.2.20
VG [phosphonathioic acid, S-(2 3545A (EPA SW-846) 5.2.21
phosphonothioic acid, S-(2- Ea. i
(diethylamino)ethyl) O,0-diethyl ester] 78535 3570 (EPA SW-846) 5.2.22
3580A (EPA SW-846) 5.2.24
VM [phosphonothioic acid, methyl-,S-(2- 21770-86-5 8270D (EPA SW-846) 5.2.37
(diethylamino)ethyl) O-ethyl ester] e .
8290A Appendix A (EPA SW-846) 5.2.38
TO-10A (EPA ORD) 5.2.54
3570 (EPA SW-846)
VX [O-ethyl-S-(2- 3571 (EPA SW-846)
diisopropylaminoethyl)methyl- 50782-69-9 8270D (EPA SW-846)

phosphonothiolate]

8290A Appendix A (EPA

TO-10A (EPA ORD

White phosphorus

12185-10-3

The following analytes should be prepared and/or analyzed I
insufficient recovery, interferences) occur when using the sa

for these analytes in Appendix A.

Allyl alcohol 5.2.54
BZ [Quinuclidinyl benzilate] 8270D (EPA SW-846) 5.2.37
3-Chloro-1,2-propanedig TO-15 (EPA ORD) 5.2.55
Chlorosarin TO-15 (EPA ORD) 5.2.55
Chlorosoman
Crimidine 8321B (EPA SW-846) 5.2.42
27 - 2.
1445-75-6 8270D (EPA SW-846) 5.2.37
TO-15 (EPA ORD) 5.2.55
33876-51-6 8270D (EPA SW-846) 5.2.37
73207-98-4
8270D (EPA SW-846) 5.2.37
1832-53-7
yarogen fluoride 7664-39-3 7906 (NIOSH) 5.2.71
Isopropyl methylphosphonic acid (IMPA) 1832-54-8 8270D (EPA SW-846) 5.2.37
Mercuric chloride 7487-94-7 7470A (EPA SW-846) 5.2.31
Mercury, Total 7439-97-6 7471B (EPA SW-846) 5.2.32
Methamidophos 10265-92-6 5600 (NIOSH) 5.2.60
Methoxyethylmercuric acetate 151-38-2 7470A (EPA SW-846) 5.2.31
7471B (EPA SW-846) 5.2.32
1-Methylethyl ester ethylphosphonofluoridic 1189-87-3 TO-15 (EPA ORD) 5.2 55
acid (GE)
Methylphosphonic acid (MPA) 993-13-5 8270D (EPA SW-846) 5.2.37
Pinacolyl methyl phosphonic acid (PMPA) 616-52-4 8270D (EPA SW-846) 5.2.37
Sarin (GB) 107-44-8 i
Soman (GD) 96-64-0 TO-15 (EPA ORD) 5.2.55
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Analyte CAS RN Method Section
3585 (EPA SW-846) 5.2.25
1,4-Thioxane 15980-15-1 | 2000C (EPA SW846) 5226
5035A (EPA SW-846) 5.2.27
8260C (EPA SW-846) 5.2.36

Method summaries are listed in order of method selection hierarchy (see Figure 2-1), starting with EPA
methods, followed by methods from other federal agencies, voluntary consensus standard bodies
(VCSBs), and literature references. Methods are listed in numerical order under each publisher. Where
available, adirect link to the full text of the method is provided in the method summary. For additional

information on preparation procedures and methods available through consensus standards organi zatigias

please use the contact information provided in Table 5-2.

Table 5-2. Sources of Chemical Methods

Name Publisher Reference
NEMI EPA, USGS
EPA OW Methods EPA OW

EPA SW-846 Methods

EPA OSWER

EPA ORD Methods

EPA Air Toxics Methods

OSHA Methods

|

Ritp://www.epa.gov/ttnamtil/

http://www.epa.gov/ttn/amtic/airtox.html

http://www.osha.gov/dts/sltc/methods/in
dex.html

NIOSH Methods

http://www.cdc.gov/niosh/nmam/

American Public Health
Association (APHA),
American Water Works
Association (AWWA), and
Water Environment
Federation (WEF)

http://www.standardmethods.org

bok of ASTM Standards*

ASTM International

http://www.astm.org

Substance Database BGIA http://www.dguv.de/bgia/en/gestis/stoffd
b/index.jsp
ISO Methods* ISO http://www.iso.org

Official Methods of Analysis of AOAC
International*

AOAC International

http://www.aoac.org

Analyst

Royal Society of Chemistry

http://www.rsc.org/Publishing/Journals/
AN/

Analytical Letters*

Taylor & Francis

http://www.informaworld.com/smpp/title
~content=t713597227

Journal of Chromatography A*

Elsevier Science Publishers

http://www.elsevier.com/

Journal of Forensic Sciences*

ASTM International

http://www.astm.org

Chromatographia Vieweg+Teubner http://www.chromatographia.de/
* Subscription and/or purchase required.
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5.1.2 General QC Guidelines for Chemical Methods

Having analytical data of appropriate quality requires that laboratories: (1) conduct the necessary QC
activities to ensure that measurement systems are in control and operating correctly; (2) properly
document results of the analyses; and (3) properly document measurement system evaluation of the
analysis-specific QC, including corrective actions. In addition to the laboratories being capable of
generating accurate and precise data during an emergency situation, they must be able to deliver resultsin
atimely and efficient manner. Therefore, laboratories must be prepared with calibrated instruments, the
proper standards, standard analytical procedures, standard operating procedures, and qualified and trained
staff. Moreover, laboratories also must be capable of providing rapid turnaround of sample analyses and
data reporting.

information regarding purchase and distribution of ultradilute ag
Terry Smith, EPA's Office of Emergency Management,

A minimum set of analytical QC procedures should be
chemical testing. Some method-specific QGgeguireme

methods that are cited in this documegi A\Ps devel oped to address specific
analytes and sample types of co sampling and analysis protocols, or
contractual statements of w bd t@lletermine if any additional QC might be

needed. Analytical Sk ; alysis of laboratory control samplesto
document wheth )
system accuracy [ Bl the levels of concern, various blanks as a measure of

ent of chemical analytes, appropriate QC includes an initial demonstration of
ability, as well as ongoing analysis of standards and other samplesto ensure the

gifonstration that the measurement system is operating properly:
Initial calibration; and
» Method blanks.

» Demonstration of analytical method suitability for intended use:
» Detection and quantitation limits;
» Precision and recovery (verify measurement system has adequate accuracy); and
» Anayte/matrix/level of concern-specific QC samples (verify that measurement system has
adequate sensitivity at levels of concern).

e Demonstration of continued analytical method reliability:

» Matrix spike/matrix spike duplicates (MS/MSDs) (recovery and precision);
QC samples (system accuracy and sensitivity at levels of concern);
Surrogate spikes (where appropriate);
Continuing calibration verification; and
Method blanks.

v vV v VY
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QC tests should be consistent with EPA’s Good Laboratory Practice Standards
(http://www.epa.gov/oecaerth/monitoring/programs/fifra/glp.html) and be run as frequently as necessary
to ensure the reliability of analytical results. Aswith the identification of needed QC samples, the
frequency of QC sampling should be established based on an evaluation of data quality objectives. The
type and frequency of QC tests can be refined over time.

Ensuring data quality also requires that laboratory results are properly assessed and documented. The
results of the data quality assessment are transmitted to decision makers. This evaluation is asimportant
asthe data for ensuring informed and effective decisions. While some degree of data evaluation is
necessary in order to be able to confirm data quality, 100% verification and/or validation is neither
necessary nor conducive to efficient decision making in emergency situations. The level of such revi ews
should be determined based on the specific situation being assessed and on the corresponding data g
objectives. In every case, the levels of QC and data review necessary to support decision makiggh
be determined as much in advance of data collection as possible.

Please note: The appropriate point of contact identified in Section 4 should be
appropriate quality assurance (QA) and QC procedures prior to sample an
consult with the EPA OSWER coordinator responsible for laboratory
to ensure QA/QC procedures are performed consistently across|
develop QA/QC guidance for laboratory support. EPA program offices
that the QA/QC practices are implemented.

5.1.3 Safety and Waste Managem ol

ng, and analysis of

ted health and safety plan for handling

. oratory staff should be trained in, and need to
. In addition, many of the methods summarized or

jde information regarding waste management. Other resources that can be
formation include the following:

e Code of Federal Regulations part 72 (42 CFR 72). Interstate Shipment of
QibgiCc Agents.

—42 CFR part 73. Select Agentsand Toxins.

Department of Transportation (DOT) —49 CFR part 172. Hazardous Materials Table, Specia
Provisions, Hazardous Materials Communications, Emergency Response Information, and Training
Requirements.

 EPA —40 CFR part 260. Hazardous Waste Management System: General.

e EPA —40CFR part 270. EPA Administered Permit Programs. The Hazardous Waste Permit
Program.

e OSHA —29 CFR part 1910.1450. Occupational Exposure to Hazardous Chemicalsin Laboratories.
e OSHA —29 CFR part 1910.120. Hazardous Waste Operations and Emergency Response.

Please note that the Electronic Code of Federal Regulations (e-CFR) is available at
http://ecfr.gpoaccess.qgov/.
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5.2 Method Summaries

Summaries for the analytical methods listed in Appendix A are provided in Sections 5.2.1 through 5.2.92.
These sections contain summary information only, extracted from the selected methods. Each method
summary contains a table identifying the contaminantsin Appendix A to which the method applies, a
brief description of the analytical method, and alink to, or source for, obtaining afull version of the
method. The full version of the method should be consulted prior to sample analysis.

5.2.1 EPA Method 8: Determination of Sulfuric Acid and Sulfur Dioxide Emissions from
Stationary Sources

Analyte(s) CAS RN

Sulfur Trioxide 7446-11-9

Analysis Purpose: Sample preparation and analysis
Sample Preparation Technique: Isokinetic extraction
Determinative Technique: Titrimetry

Method Developed for: Sulfuric acid, sulfur trioxide,
Method Selected for: SAM lists this method for prep.
Detection and Quantitation: Collaborative tests have
method is 0.06 mg/m? for sulfuric acid.

k' samples.
detectable limit of the

Description of Method: A ' iNgically. Sulfuric acid and sulfur dioxide are
i barium-thorin titration method. Sulfur

. Determination of Sulfuric Acid and Sulfur Dioxide Emissions from Stationary
http [Iwww.epa.gov/sam/pdf'EPA-M ethod8. pdf

5.2.2 EPA Method 200.7: Determination of Metals and Trace Elements in Waters and
Wastes by Inductively Coupled Plasma-Atomic Emission Spectrometry

Analyte(s) CAS RN

Ammonium metavanadate 7803-55-6
Arsenic, Total 7440-38-2

Arsenic trioxide 1327-53-3

Arsine 7784-42-1

Calcium arsenate 7778-44-1
2-Chlorovinylarsonous acid (2-CVAA) 85090-33-1
Lead arsenate 7645-25-2
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Analyte(s) CAS RN

Lewisite 1 (L-1) [2-chlorovinyldichloroarsine] 541-25-3
Lewisite 2 (L-2) [bis(2-chlorovinyl)chloroarsine] 40334-69-8
Lewisite 3 (L-3) [tris(2-chlorovinyl)arsine] 40334-70-1
Lewisite oxide 1306-02-1

Sodium arsenite 7784-46-5
Thallium sulfate 10031-59-1

Vanadium pentoxide 1314-62-1

Analysis Purpose: Sample preparation and analysis
Sample Preparation Technique: Acid digestion
Determinative Technique: Inductively Coupled Plasma-Atomic Emission Sp

water samples.
Detection and Quantitation: Method detection limits { j les have been found to
be 0.008 mg/L for arsenic, 0.003 mg/L for vanadium, a

© M@ -containing compounds only as the total metal
I-mixed, homogeneous sampleis accurately
erable analysis of a sample containing

After cooling, th
prior to analysis. ed analytesin afiltered agueous sample aliquot, or for the
ermination of analytes in drinking water where sample turbidity is <
), the sample is made ready for analysis by the addition of nitric
predetermined volume and mixed before analysis. The prepared sampleis

. Specific analytes targeted by Method 200.7 are listed in Section 1.1 of the

Source: EPA. 1994. “Method 200.7: Determination of Metals and Trace Elements in Water and Wastes
by Inductively Coupled Plasma-Atomic Emission Spectrometry,” Revision 4.4.
http://www.epa.gov/sam/pdfyEPA-200.7.pdf

5.2.3 EPA Method 200.8: Determination of Trace Elements in Waters and Wastes by
Inductively Coupled Plasma-Mass Spectrometry

Analyte(s) CAS RN
Ammonium metavanadate 7803-55-6
Arsenic, Total 7440-38-2
Arsenic trioxide 1327-53-3
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Analyte(s) CAS RN
Arsine 7784-42-1
Calcium arsenate 7778-44-1
2-Chlorovinylarsonous acid (2-CVAA) 85090-33-1
Lead arsenate 7645-25-2
Lewisite 1 (L-1) [2-chlorovinyldichloroarsine] 541-25-3
Lewisite 2 (L-2) [bis(2-chlorovinyl)chloroarsine] 40334-69-8
Lewisite 3 (L-3) [tris(2-chlorovinyl)arsine] 40334-70-1
Lewisite oxide 1306-02-1
Sodium arsenite
Thallium sulfate
Vanadium pentoxide

Analysis Purpose: Sample preparation and analysis
Sample Preparation Technique: Acid digestion
Determinative Technique: Inductively Coupled Pl

water samples.
Detection and Quan@#ti iC jlPqueous samples have been found to be 1.4 ug/L in
scanning mode, } i g@ioring mode. The recommended calibration rangeis 10

This method will determine metal-containing compounds only as the total metal
iquot of awell-mixed, homogeneous sample is accurately weighed or measured
or total recoverable analysis of a sample containing undissolved material,

ilized by gentle refluxing with nitric and hydrochloric acids. After cooling, the

verable determination of analytesin drinking water where sample turbidity is< 1 NTU, the sampleis
made ready for analysis by the addition of nitric acid, and then diluted to a predetermined volume and
mixed before analysis. The prepared sampleis analyzed using ICP-MS. Specific analytes targeted by
Method 200.8 are listed in Section 1.1 of the method.

Special Considerations: Laboratory testing is currently underway for speciation of lewisite 1 using GC-
M S techniques.

Source: EPA. 1994. “Method 200.8: Determination of Trace Elementsin Waters and Wastes by
Inductively Coupled Plasma-Mass Spectrometry,” Revision 5.4. http://www.epa.gov/sam/pdfEPA-

200.8.pdf
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5.2.4 EPA Method 245.1: Determination of Mercury in Water by Cold Vapor Atomic
Absorption Spectrometry (CVAA)

Analyte(s) CAS RN
Mercuric chloride 7487-94-7
Mercury, Total 7439-97-6
Methoxyethylmercuric acetate 151-38-2

Analysis Purpose: Sample preparation and analysis
Sample Preparation Technique: Acid digestion
Determinative Technique: Cold vapor atomic absorption (CVAA)

Method Developed for: Mercury in surface waters. It may be applicable to saline wat
effluents, and domestic sewages providing potential interferences are not present.

for this method is 0.2 pg Hg/L.
Description of Method: This method will determine m

acetate as total mercury. |If dissolved mercury is targetd
detect total mercury (inorganic and organic mercury), t

prior to
otassium permanganate

CAS RN

Osmium tetroxide 20816-12-0

Is Purpose: Sample preparation and analysis
ample Preparation Technique: Direct aspiration
Determinative Technique: Graphite furnace atomic absorption spectrophotometry (GFAA)

Method Developed for: Osmium in drinking, surface, and saline waters, and domestic and industrial
wastes

Method Selected for: SAM lists this method for preparation and analysis of agueous liquid and drinking
water samples.

Detection and Quantitation: Detection limit for osmium is 20 ug/L. The optimal applicable
concentration range is 50 to 500 pg/L.

Description of Method: This method will determine osmium tetroxide as osmium. Method 252.2 is not
a stand-alone method in that sections of the method reference Methods of Chemical Analysis of Water and
Waste, EPA/600/4-79/020, March 1983 (MCAWW). Samples are prepared according to the “direct
aspiration method” (See Section 9.1 of the Atomic Absorption Methods section of MCAWW,
http://www.epa.gov/sam/pdfsyM CAWW-9.1.pdf) except that the addition of sulfuric acid is omitted in the

SAM Revision 5.0 38 September 29, 2009



Section 5 — Selected Chemical Methods

final adjustment. If only dissolved osmium is determined, the sampleisfiltered before acidification with
nitric acid. For total osmium, the sample is digested with nitric and hydrochloric acids and made up to
volume. Samples are analyzed according to the “furnace procedure” (see Section 9.3 of the Atomic
Absorption Methods section of MCAWW, http://www.epa.gov/sam/pdfsyM CAWW-9.3.pdf), using
GFAA. A representative aliquot of sampleis placed in the graphite tube in the furnace, evaporated to
dryness, chaffed, and atomized. Radiation from an excited element is passed through the vapor
containing ground state atoms of the element. Theintensity of the transmitted radiation decreasesin
proportion to the amount of the ground state element in the vapor. A monochromator isolates the
characteristic radiation from the hollow cathode lamp and a photosensitive device measures the attenuated
transmitted radiation.

Special Considerations: Concerns have been raised regarding the use of nitric acid when analyzi
samples for osmium tetroxide; hydrochloric acid should be considered and evaluated as a poss
aternative.

Source: EPA. 1978. “Method 252.2: Osmium (Atomic Absorption, Furnace T
http://www.epa.gov/sam/pdf S/EPA-252.2. pdf

5.2.6 EPA Method 300.1, Revision 1.0: Determination of Inor ic Anio
Water by lon Chromatography

Analyte(s) C N
Fluoride 16984-48-8
Fluoroacetic acid and fluge NA
453-18-9
26628-22-8

“§Por fluoride, use direct injection. For fluoroacetic acid, fluoroacetate
etate, use Analytical Letters, 1994, 27(14): 2703-2718 (solid and non-agueous
les), NIOSH Method S301-1 (air samples), and EPA SW-846 Method

on steps from the Journal of Forensic Science, 1998. 43(1):200-202 (solid samples), filtration
ication steps from this journal (aqueous liquid and drinking water samples), and the

Determinative Technique: lon chromatography (IC)

Method Developed for: Inorganic anions in reagent water, surface water, ground water, and finished
drinking water

Method Selected for: SAM lists this method for preparation and analysis of aqueous liquid and drinking
water samples for fluoride, fluoroacetic acid, fluoroacetate salts, and methyl fluoroacetate. It also should
be used for analysis of solid and non-aqueous liquid/organic solid, air, and/or wipe samples for
fluoroacetic acid, fluoroacetate salts, methy! fluoroacetate, and sodium azide when appropriate sample
preparation techniques have been applied.

Detection and Quantitation: The detection limit for fluoride in reagent water is 0.009 mg/L. The MDL
varies depending upon the nature of the sample and the specific instrumentation employed. The estimated
calibration range should not extend over more than 2 orders of magnitude in concentration over the
expected concentration range of the samples.
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Description of Method: This method was developed for analysis of aqueous samples, and can be
adapted for analysis of prepared non-aqueous liquid/organic solid, solid, and air samples when
appropriate sample preparation techniques have been applied (see Appendix A). A small volume of an
aqueous liquid sample (10 pL or 50 pL) isintroduced into an ion chromatograph. The volume selected
depends on the concentration of fluoroacetate ion in the sample. The anions of interest are separated and
measured, using a system comprising a guard column, analytical column, suppressor device, and
conductivity detector. The separator columns and guard columns, as well as eluent conditions, are
identical. To achieve comparable detection limits, an ion chromatographic system must use suppressed
conductivity detection, be properly maintained, and be capable of yielding a baseline with no more than 5
nS noise/drift per minute of monitored response over the background conductivity.

Special Considerations: For sodium azide, if analyses are problematic, refer to column manufact
for aternate conditions.
Source: EPA. 1997. “Method 300.1: Determination of Inorganic Anionsin Drinki er by
Chromatography,” Revision 1.0. http://www.epa.gov/sam/pdf'EPA-300.1. pdf

ted

5.2.7 EPA Method 335.4: Determination of Total Cyani y@emi-Aut
Colorimetry

Analyte(s) RN

Cyanide, Total 57-12-5

Analysis Purpose: Sample pr

is method for preparation and analysis of drinking water samples.
ion: The applicable rangeis5 to 500 ug/L.

Special Considerations: Some interferences include aldehydes, nitrate-nitrite, and oxidizing agents,
such as chlorine, thiocyanate, thiosulfate, and sulfide. These interferences can be eliminated or reduced
by distillation.

Source: EPA. 1993. “Method 335.4: Determination of Total Cyanide by Semi-Automated Colorimetry,”
Revision 1.0. http://www.epa.gov/sam/pdf S EPA-335.4.pdf

5.2.8 EPA Method 350.1: Nitrogen, Ammonia (Colorimetric, Automated Phenate)

Analyte(s) CAS RN

Ammonia 7664-41-7
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Analysis Purpose: Sample preparation and analysis
Sample Preparation Technique: Distillation
Determinative Technique: Spectrophotometry

Method Developed for: Ammoniain drinking, ground, surface, and saline waters, and domestic and
industrial wastes

Method Selected for: SAM lists this method for preparation and analysis of drinking water samples.
Detection and Quantitation: The working range for ammoniais 0.01 to 2.0 mg/L.

Description of Method: This method identifies and determines the concentration of ammoniain

drinking water samples by spectrophotometry. Samples are buffered at apH of 9.5 with borate buffer to
decrease hydrolysis of cyanates and organic nitrogen compounds, and are distilled into a solution ofda
acid. Alkaline phenol and hypochlorite react with ammoniato form indophenol blue that is prgg
to the ammonia concentration. The blue color formed is intensified with sodium nitropruggide 3
measured spectrophotometrically.

Source: EPA. 1993. “Method 350.1: Nitrogen, Ammonia (Colorimetric,
2.0. http://www.epa.gov/sam/pdfs/EPA-350.1.pdf

5.2.9 EPA Method 507: Determination of Nitrog
Pesticides in Water by Gas Chromatogra

)

Analyte(s)

Organophosphate pestigk

ption of Method: A 1-L sampleis extracted with methylene chloride by shaking in a separatory
unnel or mechanical tumbling in abottle. The methylene chloride extract isisolated, dried, and
concentrated to avolume of 5 mL during a solvent exchange to methyl tert-butyl ether (MTBE). The
concentrations of pesticidesin the extract are measured using a capillary column gas chromatography
(GC) system equipped with a nitrogen-phosphorus detector (NPD). Specific analytes targeted by Method
507 are listed in Section 1.1 of the method.

Special Considerations: The presence of organophosphate pesticides should be confirmed by either a
secondary GC column or by an MS.

Source: EPA. 1995. “Method 507: Determination of Nitrogen- and Phosphorus-Containing Pesticidesin
Water by Gas Chromatography with a Nitrogen-Phosphorus Detector,” Revision 2.1.
http://www.epa.gov/sam/pdf S EPA-507.pdf
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5.2.10 EPA Method 524.2: Measurement of Purgeable Organic Compounds in Water by
Capillary Column Gas Chromatography / Mass Spectrometry

Analyte(s) CAS RN
Carbon disulfide 75-15-0
1,2-Dichloroethane 107-06-2

Analysis Purpose: Sample preparation and analysis
Sample Preparation Technique: Purge-and-trap
Determinative Technique: GC-MS

Method Developed for: Purgeable volatile organic compounds (VOCs) in surface water, groyg
and drinking water in any stage of treatment

Method Selected for: SAM lists this method for preparation and analysis of drinki
Detection and Quantitation: Detection levelsfor carbon disulfide and 1, 2-d|c
water have been found to be 0.093 pug/L and 0.02 ug/L, respectively. The
of this method is primarily column and matrix dependent, and is appr
wide-bore thick-film capillary column is used. Narrow-bore thin-§
capacity, which limits the range to approximately 0.02 to 20 pg/L.

Description of Method: VOCs and surrogates with lo solubility ar
sample matrlx by bubbllng an |nert gas through the aqu

, onents into a capillary GC column
interfaced to a mass spectrom i perature programmed to facilitate the
separation of the method ; ith the MS. Specific analytes targeted by

Source: EPA. 19 .2: MeaS#fement of Purgeable Organic Compoundsin Water by
hy/Mass Spectrometry,” Revision 4.0.

525.2: Determination of Organic Compounds in Drinking Water by
iquid-Solid Extraction and Capillary Column Gas Chromatography / Mass
bpectrometry

Analyte(s) CAS RN
Dichlorvos 62-73-7
Disulfoton 298-04-4
Disulfoton sulfoxide 2497-07-6
Fenamiphos 22224-92-6
Mevinphos 7786-34-7
Semivolatile organic compounds, NOS NA

Analysis Purpose: Sample preparation and analysis
Sample Preparation Technique: Liquid-solid extraction (LSE) or solid-phase extraction (SPE)
Determinative Technique: GC-MS
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Method Developed for: Organic compoundsin finished drinking water, source water, or drinking water
in any treatment stage

Method Selected for: SAM lists this method for preparation and analysis of aqueous liquid and/or
drinking water samples.

Detection and Quantitation: The applicable concentration range for most analytesis 0.1 to 10 pg/L.

Description of Method: Organic compounds, internal standards, and surrogates are extracted from a
water sample by passing 1 L of sample through a cartridge or disk containing a solid matrix with
chemically bonded C;5 organic phase (LSE or SPE). The organic compounds are eluted from the LSE
(SPE) cartridge or disk with small quantities of ethyl acetate followed by methylene chloride. The
resulting extract is concentrated further by evaporation of some of the solvent. Sample components are
separated, identified, and measured by injecting an aliquot of the concentrated extract into a high
resolution fused silica capillary column of a GC-MS system. Specific analytes targeted by M el
arelisted in Section 1.1 of the method.

Special Considerations: SPE using Cg resin may not work for certain compo
solubility. In these cases, other sample preparation techniques or differen

Methylcarbamates in
Derivatization

PUs Injection HPLC with Postcolumn

CAS RN

116-06-3

1646-88-4

1646-87-3

1563-66-2

Methomyl 16752-77-5

Oxamyl 23135-22-0

Thiofanox 39196-18-4

Analysis Purpose: Sample preparation and analysis
Sample Preparation Technique: Direct injection
Determinative Technique: HPLC

Method Developed for: N-methylcarbamoyloximes and N-methylcarbamates in finished drinking
water

Method Selected for: SAM lists this method for preparation and analysis of drinking water samples.
Detection and Quantitation: Detection limits range from 0.026 to 0.115 pg/L. The concentration
range for target analytes in this method was evaluated between 0.2 pg/L and 10 pg/L.

Description of Method: An aliquot of sample is measured in avolumetric flask. Samples are preserved,
spiked with appropriate surrogates and then filtered. Analytes are chromatographically separated by
injecting a sample aliquot (up to 1000 uL) into aHPLC system equipped with areverse phase (Cyg)
column. After elution from the column, the analytes are hydrolyzed in a post column reaction to form
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methylamine, which isin turn reacted to form a fluorescent isoindole that is detected by a fluorescence
(FL) detector. Analytes also are quantitated using the external standard technique.

Source: EPA. 2001. “Method 531.2: Measurement of N-M ethylcarbamoyloximes and N-
M ethylcarbamates in Water by Direct Aqueous Injection HPLC with Postcolumn Derivatization,”
Revision 1.0. http://www.epa.gov/sam/pdfs/EPA-531.2. pdf

5.2.13 EPA Method 549.2: Determination of Diquat and Paraquat in Drinking Water by
Liquid-Solid Extraction and High Performance Liquid Chromatography with
Ultraviolet Detection

Analyte(s) CAS RN

Paraquat 4685-14-7

Analysis Purpose: Sample preparation and analysis
Sample Preparation Technique: LSE or SPE
Determinative Technique: HPLC

Description of Method:
been specially prepar
acidic agueous sol
concentrations of 2|
ultraviolet (UV) . odiode array detector is used to provide simultaneous

jir mode. The LSE disk or cartridge is eluted with
ion-pair reagent is added to the eluate/extract. The

hod 549.2: Determination of Diquat and Paraquat in Drinking Water by
d High Performance Liquid Chromatography with Ultraviolet Detection,”
.epa.gov/sam/pdfs/EPA-549.2.pdf

¥ EPA Method 551.1: Determination of Chlorination Disinfection Byproducts,
Chlorinated Solvents, and Halogenated Pesticides/Herbicides in Drinking Water by
Liquid-Liquid Extraction and Gas Chromatography with Electron-Capture
Detection

Analyte(s) CAS RN

Chloropicrin 76-06-2

Analysis Purpose: Sample preparation and analysis
Sample Preparation Technique: Solvent extraction
Determinative Technique: Gas chromatography —electron capture detector (GC-ECD)

Method Developed for: Chlorination disinfection byproducts, chlorinated solvents, and halogenated
pesticides/herbicides in finished drinking water, drinking water during intermediate stages of treatment,
and raw source water

SAM Revision 5.0 44 September 29, 2009




Section 5 — Selected Chemical Methods

Method Selected for: SAM lists this method for preparation and analysis of agueous liquid and drinking
water samples.

Detection and Quantitation: The EDL using MTBE and ammonium chloride-preserved reagent water
on a 100% dimethylpolysiloxane (DB-1) column has been found to be 0.014 pg/L.

Description of Method: Thisisa GC-ECD method applicable to the determination of hal ogenated
analytes in finished drinking water, drinking water during intermediate stages of treatment, and raw
source water. A 50-mL sample aliquot is extracted with 3 mL of MTBE or 5 mL of pentane. Two pL of
the extract is then injected into a GC equipped with a fused silica capillary column and linearized ECD
for separation and analysis. This liquid/liquid extraction technique efficiently extracts awide boiling
range of non-polar and polar organic components of the sample. Thus, confirmation is quite important,
particularly at lower analyte concentrations. A confirmatory column is suggested for this purpose.

Special Considerations: The presence of chloropicrin should be confirmed by either a
column or by an MS.

Source: EPA. 1995. “Method 551.1: Determination of Chlorination Disi
Chlorinated Solvents, and Halogenated Pesticides/Herbicides in Drinkd
Extraction and Gas Chromatography with Electron-Capture Det
http://www.epa.gov/sam/pdf S/EPA-551.1. pdf

[vent extraction
omatography —flame photometric detector (GC-FPD)

Organophosphorus pesticides in municipal and industrial wastewater
. SAM lists this method for preparation and analysis of agueous liquid samples.

gPdes in industrial and municipal discharges using a GC with a phosphorus-specific flame
photometric detector (FPD) or thermionic bead detector in the nitrogen mode. A measured volume of
sample, approximately 1 L, is extracted with 15% methylene chloride in hexane using a separatory funnel.
The extract is dried and concentrated to avolume of 10 mL or less. GC conditions are described for the
separation and measurement of the compounds in the extract by flame photometric or thermionic bead
GC. Specific analytes targeted by Method 614 are listed in Section 1.1 of the method.

Special Considerations: The presence of organophosphate pesticides should be confirmed by either a
secondary GC column or by an MS.

Source: EPA. “Method 614: The Determination of Organophosphorus Pesticides in Municipal and
Industrial Wastewater.” http://www.epa.gov/sam/pdfsEPA-614.pdf
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5.2.16 EPA Method 3031 (SW-846): Acid Digestion of Oils for Metals Analysis by Atomic
Absorption or ICP Spectrometry

Analyte(s) CAS RN
Ammonium metavanadate 7803-55-6
Arsenic, Total 7440-38-2
Arsenic trioxide 1327-53-3
Calcium arsenate 7778-44-1
2-Chlorovinylarsonous acid (2-CVAA) 85090-33-1
Lead arsenate 7645-25-2

Lewisite 1 (L-1) [2-chlorovinyldichloroarsine] 541-25-3

Lewisite 2 (L-2) [bis(2-chlorovinyl)chloroarsine]

Lewisite 3 (L-3) [tris(2-chlorovinyl)arsine]

Lewisite oxide

Sodium arsenite

Thallium sulfate

Vanadium pentoxide

on of Method: This method is used to prepare samples for the determination of arsenic
ewisite, lewisite degradation products, calcium and lead arsenate, and sodium arsenite as total

valadium. A 0.5-g sample of ail, oil sludge, tar, wax, paint, or paint sludge is mixed with potassium
permanganate and sulfuric acid. The mixture is then treated with nitric and hydrochloric acids, filtered,
and diluted to volume. Excess manganese may be removed with ammonium hydroxide. Digestates are
analyzed by Method 6020A or 6010C (SW-846).

Source: EPA. 1996. “Method 3031 (SW-846): Acid Digestion of Oilsfor Metals Analysis by Atomic
Absorption or ICP Spectrometry,” Revision 0. http://www.epa.gov/sam/pdfs/EPA-3031.pdf

5.2.17 EPA Method 3050B (SW-846): Acid Digestion of Sediments, Sludges, and Soils

Analyte(s) CAS RN
Ammonium metavanadate 7803-55-6
Arsenic, Total 7440-38-2
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Analyte(s) CAS RN

Arsenic trioxide 1327-53-3

Arsine 7784-42-1

Calcium arsenate 7778-44-1
2-Chlorovinylarsonous acid (2-CVAA) 85090-33-1
Lead arsenate 7645-25-2

Lewisite 1 (L-1) [2-chlorovinyldichloroarsine] 541-25-3
Lewisite 2 (L-2) [bis(2-chlorovinyl)chloroarsine] 40334-69-8

Lewisite 3 (L-3) [tris(2-chlorovinyl)arsine] 40334-70-1

Lewisite oxide

Osmium tetroxide

Sodium arsenite

Thallium sulfate

Titanium tetrachloride

Vanadium pentoxide

te, lewisite degradation products, calcium and lead arsenate, and sodium arsenite as
ic; thaI I|um sulfate as total thallium; tltanl um tetrachlorlde as tltanlum osmium tetroxide as

Bsted with nitric acid and hydrogen peroxide. Sample volumes are reduced, then brought uptoa
inal voI ume of 100 mL. Samples are analyzed for total arsenic, total thallium, total titanium, or total
vanadium by Method 6010C or 6020A (SW-846); use Method 6010C (SW-846) for total osmium; use
Method 7010 (SW-846) for arsine.

Special Considerations: Concerns have been raised regarding the use of nitric acid when analyzing
samples for osmium tetroxide; hydrochloric acid should be considered and evaluated as a possible
aternative.

Source: EPA. 1996. “Method 3050B (SW-846): Acid Digestion of Sediments, Sludges, and Sails,”
Revision 2. http://www.epa.gov/sam/pdfsEPA-3050b. pdf
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5.2.18 EPA Method 3520C (SW-846): Continuous Liquid-Liquid Extraction

Analyte(s)

CAS RN
Brodifacoum 56073-10-0
Bromadiolone 28772-56-7

BZ [Quinuclidinyl benzilate] 6581-06-2
Carfentanil 59708-52-0

Chlorfenvinphos 470-90-6

3-Chloro-1,2-propanediol 96-24-2
Chlorosarin 1445-76-7

Chlorosoman

Chlorpyrifos

Chlorpyrifos oxon

Cyclohexyl sarin (GF)

Diesel range organics

Diphacinone 82-66-6
N-Ethyldiethanolami 139-87-7
22224-92-6
437-38-7
60-34-4
105-59-9
1189-87-3
538-07-8
_ustard, rlitrogen (HN-Z) [2,2’-dichloro-N- _ 51-75.2
diethylamine N,N-bis(2-chloroethyl)methylamine]
Mustard, nitrogen (HN-3) [tris(2-chloroethyl)amine] 555-77-1
Paraoxon 311-45-5
Parathion 56-38-2
Phenol 108-95-2
Phosphamidon 13171-21-6
ey S
Semivolatile organic compounds, NOS NA
Tetramethylenedisulfotetramine 80-12-6
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Analyte(s) CAS RN
Thiofanox 39196-18-4
Triethanolamine (TEA) 102-71-6

VE [phosphonothioic acid, ethyl-, S-(2-

(diethylamino)ethyl) O-ethyl ester] 21738-25-0
VG [phosphonothioic acid, S-(2-(diethylamino)ethyl) 8535
O,0-diethyl ester]
VM [phosphonothioic acid, methyl-, S-(2- D1770.86.5

(diethylamino)ethyl) O-ethyl ester]

Analysis Purpose: Sample preparation
Sample Preparation Technique: Continuous liquid-liquid extraction (CLLE)
Determinative Technique: EPA SW-846 Method 8015C, Method 8270D,
Appendix A for which of these determinative methods should be used f

Method Developed for: Organic compounds in agueous sampl

analyzed using EPA CRL MS014; a d A
analyzed using EPA CRL MS018. 7 [ and agueous liquid samples should be

Description of : i i o theisolation and concentration of water-insoluble
and dightly solu [ i Btvariety of chromatographic procedures. A measured
volume of sample, laced intd a continuous liquid-liquid extractor, adjusted, if necessary,

residual Mmoisture, concentrated, and exchanged as necessary into a solvent
up or determinative procedure used for analysis.

ons: Some of the target compounds will hydrolyze in water, with hydrolysis rates
on various factors such as sample pH and temperature. For more information on the

on and analysis of thiofanox, see application note:

.pi ckeringl abs.com/catal og/pdfs/M A 112%20expanded%20Carbamates. pdf

Source: EPA. 1996. “Method 3520C (SW-846): Continuous Liquid-Liquid Extraction,” Revision 3.
http://www.epa.gov/sam/pdf s/EPA -3520c. pdf

5.2.19 EPA Method 3535A (SW-846): Solid-Phase Extraction

Analyte(s) CAS RN
4-Aminopyridine 504-24-5
Brodifacoum 56073-10-0
Bromadiolone 28772-56-7
BZ [Quinuclidinyl benzilate] 6581-06-2
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Analyte(s) CAS RN
Carfentanil 59708-52-0
Chlorfenvinphos 470-90-6
3-Chloro-1,2-propanediol 96-24-2
Chlorosarin 1445-76-7
Chlorosoman 7040-57-5
Chlorpyrifos 2921-88-2
Chlorpyrifos oxon 5598-15-2
Crimidine 535-89-7
Cyclohexyl sarin (GF) 329-
Dichlorvos -73
Dicrotophos 141-66-2
Diesel range organics NA
Diisopropyl methylphosphonate (DIMP) 1 5-6
Dimethylphosphite 868-85-9
33876-51-6
82-66-6
505-29-3
73207-98-4
1832-53-7
598-14-1
N-Ethyldiethanolamine (EDEA) 139-87-7
Fenamiphos 22224-92-6
Fentanyl 437-38-7
Hexahydro-1,3,5-trinitro-1,3,5-triazine (RDX) 121-82-4
Hexamethylenetriperoxidediamine (HMTD) 283-66-9
Isopropyl methylphosphonic acid (IMPA) 1832-54-8
Methyl hydrazine 60-34-4
Methyl paraoxon 950-35-6
Methyl parathion 298-00-0
N-Methyldiethanolamine (MDEA) 105-59-9
1-Methylethyl ester ethylphosphonofluoridic acid (GE) 1189-87-3
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Analyte(s) CAS RN
Methylphosphonic acid (MPA) 993-13-5
Mevinphos 7786-34-7
Monocrotophos 6923-22-4
Mustard, nitrogen (HN-1) [bis(2-chloroethyl)ethylamine] 538-07-8
Mustard, nitrogen (HN-2) [2,2’-dichloro-N- 51-75.2
methyldiethylamine N,N-bis(2-chloroethyl)methylamine]
Mustard, nitrogen (HN-3) [tris(2-chloroethyl)amine] 555-77-1

Nicotine compounds

Octahydro-1,3,5,7-tetranitro-1,3,5,7-tetrazocine (HMX)

Paraoxon

Parathion

Pentaerythritol tetranitrate (PETN)

Phencyclidine

Phenol
Phorate 298-02-2
Phorate 2588-04-7
2588-03-6
13171-21-6
616-52-4
159939-87-4
NA
Soman (GD) 96-64-0
Strychnine 57-24-9
Tabun (GA) 77-81-6
Tetraethyl pyrophosphate 107-49-3
Tetramethylenedisulfotetramine 80-12-6
Thiodiglycol (TDG) 111-48-8
Thiofanox 39196-18-4
1,4-Thioxane 15980-15-1
Triethanolamine (TEA) 102-71-6
Trimethyl phosphite 121-45-9
1,3,5-Trinitrobenzene (1,3,5-TNB) 99-35-4
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Analyte(s) CAS RN
2,4,6-Trinitrotoluene (2,4,6-TNT) 118-96-7
VE [phosphonothioic acid, ethyl-, S-(2-
(diethylamino)ethyl) O-ethyl ester] 21738-25-0
VG [phosphonothioic acid, S-(2-(diethylamino)ethyl) 78-53.5
0,0-diethyl ester]
VM [phosphonothioic acid, methyl-, S-(2- 21770-86-5

(diethylamino)ethyl) O-ethyl ester]

Analysis Purpose: Sample preparation
Sample Preparation Technique: SPE
Determinative Technique: EPA SW-846 Method 8015C, Method 8270D, Method
8330B. Refer to Appendix A for which of these determinative methods should
analyte.

for apartid

Method Developed for: Organic compounds in ground water, w,
Leaching Procedure (TCLP, Method 1311) |eachates
Method Selected for: SAM lists this method for prepg

organic compounds NOS should be prepared and analy Z88i by YS@é 2. drinking water
samples for thiofanox should be prepar o d 531.2; aqueous liquid samples
for DIMP, EMPA, IMPA, MPA, a #red and FPlalyzed using EPA CRL MS017;
aqueous liquid samples for ED, be prepared and analyzed using EPA CRL
M S016; aqueous liquid ! p prepared and analyzed using EPA CRL
MS014; aqueous ligu o, ° sl d be prepared and analyzed using EPA CRL

d describes a procedure for isolating target organic analytes from

es using SPE media. Sample preparation procedures vary by analyte group.

pH adjustment, a measured volume of sample is extracted by passing it through
or cartridges), which is held in an extraction device designed for vacuum filtration

Special Considerations: Tetramethylenedisulfotetramine may require SPE extraction using acetone or
methy| ethylketone. Water samples that contain a high level of particulates or alarge amount of humic
products may not be extractable by SPE. Some of the target compounds will hydrolyze in water, with
hydrolysis rates dependant on various factors such as sample pH and temperature.

Source: EPA. 1998. “Method 3535A (SW-846): Solid-Phase Extraction (SPE),” Revision 1.
http://www.epa.gov/sam/pdfs/EPA -3535a.pdf

5.2.20 EPA Method 3541 (SW-846): Automated Soxhlet Extraction

Analyte(s) CAS RN
Brodifacoum 56073-10-0
Bromadiolone 28772-56-7
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Analyte(s) CAS RN
BZ [Quinuclidinyl benzilate] 6581-06-2
Carfentanil 59708-52-0
Chlorfenvinphos 470-90-6
3-Chloro-1,2-propanediol 96-24-2
Chlorosarin 1445-76-7
Chlorosoman 7040-57-5
Chlorpyrifos 2921-88-2

Chlorpyrifos oxon

5598-15-2

Cyclohexyl sarin (GF)

Diesel range organics

Diphacinone

Disulfoton

Disulfoton sulfoxide

N-Ethyldiethanolamine (EDE,

22224-92-6
437-38-7
60-34-4
105-59-9
1189-87-3
538-07-8
stard, rntrogen (HN-Z) [2,2’-dichloro-N- _ 51-75.2
ethylamine N,N-bis(2-chloroethyl)methylamine]
stard, nitrogen (HN-3) [tris(2-chloroethyl)amine] 555-77-1
Organophosphate pesticides, NOS NA
Paraoxon 311-45-5
Parathion 56-38-2
Phenol 108-95-2
Phosphamidon 13171-21-6
ietylaminoyety] 0.2 metyipropy este] 159930-87-4
Semivolatile organic compounds, NOS NA
Tetramethylenedisulfotetramine 80-12-6
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Analyte(s) CAS RN
Thiofanox 39196-18-4

Triethanolamine (TEA) 102-71-6

VE [phosphonothioic acid, ethyl-, S-(2-

(diethylamino)ethyl) O-ethyl ester] 21738-25-0

VG [phosphonothioic acid, S-(2-(diethylamino)ethyl) 78-53-5

0,0-diethyl ester]

VM [phosphonothioic acid, methyl-, S-(2- 21770-86-5

(diethylamino)ethyl) O-ethyl ester]

Analysis Purpose: Sample preparation

Sample Preparation Technique: Automated Soxhlet extraction
Determinative Technique: EPA SW-846 Method 8015C, Method 8270D,
Appendix A for which of these determinative methods should be used f

Description of Method: Approximately 10 g of solid
anhydrous sodium sulfate and placed in an extracti

pounds will hydrolyze in water, with hydrolysis rates
and temperature.

‘ (SW-846). Automated Soxhlet Extraction,” Revision O.
pdf S'EPA-3541. pdf

PA Method 3545A (SW-846): Pressurized Fluid Extraction (PFE)

Analyte(s) CAS RN
Brodifacoum 56073-10-0
Bromadiolone 28772-56-7
BZ [Quinuclidinyl benzilate] 6581-06-2
Carfentanil 59708-52-0
Chlorfenvinphos 470-90-6
3-Chloro-1,2-propanediol 96-24-2
Chloropicrin 76-06-2
Chlorosarin 1445-76-7
Chlorosoman 7040-57-5
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Analyte(s) CAS RN
Chlorpyrifos 2921-88-2
Chlorpyrifos oxon 5598-15-2
Crimidine 535-89-7
Cyclohexyl sarin (GF) 329-99-7
Dichlorvos 62-73-7
Dicrotophos 141-66-2
NA

Diesel range organics

Diisopropyl methylphosphonate (DIMP)

1445-75-6

Dimethylphosphite

Dimethylphosphoramidic acid

Diphacinone

Disulfoton

Disulfoton sulfoxide

1,4-Dithiane

EA2192 [Diisopropy. 73207-98-4
1832-53-7
598-14-1
139-87-7
22224-92-6
437-38-7
opropyl methylphosphonic acid (IMPA) 1832-54-8
Methyl hydrazine 60-34-4
Methyl paraoxon 950-35-6
Methyl parathion 298-00-0
N-Methyldiethanolamine (MDEA) 105-59-9
1-Methylethyl ester ethylphosphonofluoridic acid (GE) 1189-87-3
Methylphosphonic acid (MPA) 993-13-5
Mevinphos 7786-34-7
Monocrotophos 6923-22-4
538-07-8

Mustard, nitrogen (HN-1) [bis(2-chloroethyl)ethylamine]
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Analyte(s) CAS RN

Mustard, nitrogen (HN-2) [2,2’-dichloro-N-

methyldiethylamine N,N-bis(2-chloroethyl)methylamine] 51-75-2
Mustard, nitrogen (HN-3) [tris(2-chloroethyl)amine] 555-77-1
Nicotine compounds 54-11-5

Organophosphate pesticides, NOS NA
Paraoxon 311-45-5

Parathion

Phencyclidine

Phenol

Phorate

Phorate sulfone

Phorate sulfoxide

Phosphamidon

Pinacolyl methyl phosphonic acid (PME&

159939-87-4

NA
96-64-0
57-24-9
77-81-6
107-49-3
Tetramethylenedisulfotetramine 80-12-6
Thiodiglycol (TDG) 111-48-8
Thiofanox 39196-18-4
1,4-Thioxane 15980-15-1
Triethanolamine (TEA) 102-71-6
Trimethyl phosphite 121-45-9
et e
VG [phosphonothioic agid, S-(2-(diethylamino)ethyl) 78-53-5
0,0-diethyl ester]
e
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Analysis Purpose: Sample preparation

Sample Preparation Technique: Pressurized Fluid Extraction (PFE)

Determinative Technique: EPA SW-846 Method 8015C, Method 8270D, or Method 8321B. Refer to
Appendix A for which of these determinative methods should be used for a particular analyte.

Method Developed for: Organic compounds in sails, clays, sediments, sludges, and waste solids
Method Selected for: SAM lists this method for preparation of solid samples.

Detection and Quantitation: This method has been validated for solid matrices containing 250 to
12,500 pg/kg of semivolatile organic compounds, 250 to 2500 ng/kg of organophosphorus pesticides, 5 to
250 pg/kg of organochlorine pesticides, 50 to 5000 pg/kg of chlorinated herbicides, and 1 to 2500 ng/kg

of polychlorinated dibenzo-p-dioxins (PCDDs) / polychlorinated dibenzofurans (PCDFs).

sample is heated to the extraction temperature, pressurized with the appropriate
extracted for 5 minutes (or as recommended by the instrument manufacturer

step being employed.

Special Considerations: Sodium sulfate can cause clo
earth may be preferred. Phencyclidine and VX require
Some of the target compounds will hydrolyze in water,

such as sample pH and temperature.

Source: EPA. 1998. “Method 354

ale Solvent Extraction (MSE)

CAS RN

79-06-1

107-13-1

Aldicarb (Temik) 116-06-3
Aldicarb sulfone 1646-88-4
Aldicarb sulfoxide 1646-87-3

4-Aminopyridine 504-24-5

BZ [Quinuclidinyl benzilate] 6581-06-2
Brodifacoum 56073-10-0
Bromadiolone 28772-56-7
Carfentanil 59708-52-0
Carbofuran (Furadan) 1563-66-2

Chlorfenvinphos 470-90-6

3-Chloro-1,2-propanediol 96-24-2

Chloropicrin 76-06-2
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Analyte(s) CAS RN
Chlorosarin 1445-76-7
Chlorosoman 7040-57-5
Chlorpyrifos 2921-88-2
Chlorpyrifos oxon 5598-15-2
Crimidine 535-89-7
Cyclohexyl sarin (GF) 329-99-7
Dichlorvos 62-73-7

Dicrotophos

141-66-2

Diesel range organics

Diisopropyl methylphosphonate (DIMP)

Dimethylphosphite

Dimethylphosphoramidic acid

Diphacinone
Disulfoton 298-04-4
2497-07-6
505-29-3
73207-98-4
1832-53-7
139-87-7
22224-92-6
Fentanyl 437-38-7
Fluoroacetic acid and fluoroacetate salts NA
Formaldehyde 50-00-0
Gasoline range organics NA
Hexahydro-1,3,5-trinitro-1,3,5-triazine (RDX) 121-82-4
Hexamethylenetriperoxidediamine (HMTD) 283-66-9
Isopropyl methylphosphonic acid (IMPA) 1832-54-8
Kerosene 64742-81-0
Methomyl 16752-77-5
Methyl acrylonitrile 126-98-7
Methyl fluoroacetate 453-18-9
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Analyte(s) CAS RN

Methyl hydrazine 60-34-4

Methyl paraoxon 950-35-6

Methyl parathion 298-00-0
N-Methyldiethanolamine (MDEA) 105-59-9
1-Methylethyl ester ethylphosphonofluoridic acid (GE) 1189-87-3
Methylphosphonic acid (MPA) 993-13-5
Mevinphos 7786-34-7
Monocrotophos 6923-22-4

Mustard, nitrogen (HN-1) [bis(2-chloroethyl)ethylamine]

Mustard, nitrogen (HN-2) [2,2’-dichloro-N-
methyldiethylamine N,N-bis(2-chloroethyl)methylamine]

Mustard, nitrogen (HN-3) [tris(2-chloroethyl)amine]

Mustard, sulfur / Mustard gas (HD)

Nicotine compounds

Octahydro-1,3,5,7-tetranitro-1,3,5,7-td 2691-41-0
NA
23135-22-0
311-45-5
56-38-2
78-11-5
77-10-1
108-95-2
Phorate 298-02-2
Phorate sulfone 2588-04-7
Phorate sulfoxide 2588-03-6
Phosphamidon 13171-21-6
Pinacolyl methyl phosphonic acid (PMPA) 616-52-4
P
Sarin (GB) 107-44-8
Semivolatile organic compounds, NOS NA
Soman (GD) 96-64-0
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Analyte(s) CAS RN

Strychnine 57-24-9

Tabun (GA) 77-81-6

Tetraethyl pyrophosphate 107-49-3

Tetramethylenedisulfotetramine 80-12-6

Thiodiglycol (TDG) 111-48-8
Thiofanox 39196-18-4

15980-15-1

1,4-Thioxane

Triethanolamine (TEA)

Trimethyl phosphite

1,3,5-Trinitrobenzene (1,3,5-TNB)

2,4,6-Trinitrotoluene (2,4,6-TNT)

VE [phosphonothioic acid, ethyl-, S-(2-
(diethylamino)ethyl) O-ethyl ester]

VG [phosphonothioic acid, S-(2-(diethylamingaat
0,0-diethyl ester]

21770-86-5

50782-69-9

12185-10-3

Method Developed for: Extracting volatile, semivolatile, and nonvolatile organic compounds from
solids such as soils, sludges, and wastes
Method Selected for: SAM lists this method for preparation of wipe samples.

Description of Method: Samples are prepared by shake extraction with an organic solvent in sealed
extraction tubes. Careful manipulation of the sample, solvent, drying agent, and spiking solutions during
the procedure minimizes loss of volatile compounds while maximizing extraction of volatile,
semivolatile, and nonvolatile compounds. Sample extracts are collected, dried, and concentrated using a
modification of the Kuderna-Danish concentration method or other appropriate concentration technique.
By increasing the number of theoretical plates and reducing the distillation temperature, extracts are
concentrated without loss of volatile constituents. Samples should be prepared one at a time to the point
of solvent addition (i.e., do not pre-weigh a number of samples then add the solvent). Samples should be
extracted as soon after collection as possible, and exposure to air before sample extraction is minimized
as much as possible.
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Source: EPA. 2002. “Method 3570 (SW-846): Microscale Solvent Extraction (MSE),” Revision O.
http://www.epa.gov/sam/pdfs EPA-3570.pdf

5.2.23 EPA Method 3571 (SW-846): Extraction of Solid and Aqueous Samples for
Chemical Agents

Analyte(s) CAS RN
Mustard, sulfur / Mustard gas (HD) 505-60-2
Sarin (GB) 107-44-8

VX [O-ethyl-S-(2-diisopropylaminoethyl)methyl-

phosphonothiolate] 50782-69-9

Analysis Purpose: Sample preparation
Sample Preparation Technique: MSE
Determinative Technique: EPA SW-846 Method 8270D

Method Developed for: HD, GB, and VX in concrete, charcoal, wood,
soil

Method Selected for: SAM lists this method for prep
aqueous liquid, and drinking water samples.

, brine, > sand, and

f solid, non- us liquid/organic solid,

isincl U8 for VX that back-extracts the compound from heavy
e assay. Anoptiona column cleanup procedure is described to

Y Method 3571 (SW-846): Extraction of Solid and Aqueous Samples for Chemical
ev|3|on 0. http://www.epa.gov/sam/pdf S/EPA-3571. pdf

.24 EPA Method 3580A (SW-846): Waste Dilution

Analyte(s) CAS RN
Brodifacoum 56073-10-0
Bromadiolone 28772-56-7
BZ [Quinuclidinyl benzilate] 6581-06-2
Carfentanil 59708-52-0
Chlorfenvinphos 470-90-6
3-Chloro-1,2-propanediol 96-24-2
Chloropicrin 76-06-2
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Analyte(s) CAS RN
Chlorosarin 1445-76-7
Chlorosoman 7040-57-5
Chlorpyrifos 2921-88-2
Chlorpyrifos oxon 5598-15-2
Crimidine 535-89-7
Cyclohexyl sarin (GF) 329-99-7
Dichlorvos 62-73-7

Dicrotophos

141-66-2

Diesel range organics

Diisopropyl methylphosphonate (DIMP)

Dimethylphosphite

Dimethylphosphoramidic acid

Diphacinone
Disulfoton 298-04-4
2497-07-6
505-29-3
73207-98-4
1832-53-7
598-14-1
anolamine (EDEA) 139-87-7
Fenamiphos 22224-92-6
Fentanyl 437-38-7
Isopropyl methylphosphonic acid (IMPA) 1832-54-8
Methyl hydrazine 60-34-4
Methyl paraoxon 950-35-6
Methyl parathion 298-00-0
N-Methyldiethanolamine (MDEA) 105-59-9
1-Methylethyl ester ethylphosphonofluoridic acid (GE) 1189-87-3
Methylphosphonic acid (MPA) 993-13-5
Mevinphos 7786-34-7
Monocrotophos 6923-22-4
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Analyte(s) CAS RN
Mustard, nitrogen (HN-1) [bis(2-chloroethyl)ethylamine] 538-07-8
Mustard, pitrogen (HN-Z) [2,2’-dichloro-N- _ 51-75.2
methyldiethylamine N,N-bis(2-chloroethyl)methylamine]
Mustard, nitrogen (HN-3) [tris(2-chloroethyl)amine] 555-77-1
Nicotine compounds 54-11-5
Organophosphate pesticides, NOS NA

Paraoxon

Parathion

Phencyclidine

Phenol

Phorate

Phorate sulfone

Phorate sulfoxide

Phosphamidon

13171-21-6

616-52-4
159939-87-4
NA
26628-22-8
96-64-0
57-24-9
Tabun (GA) 77-81-6
Tetraethyl pyrophosphate 107-49-3
Tetramethylenedisulfotetramine 80-12-6
Thiodiglycol (TDG) 111-48-8
Thiofanox 39196-18-4
1,4-Thioxane 15980-15-1
Triethanolamine (TEA) 102-71-6
Trimethyl phosphite 121-45-9
VE [phosphonothioic acid, ethyl-, S-(2-
; . 21738-25-
(diethylamino)ethyl) O-ethyl ester] 38-25-0
VG [phosphonothioic acid, S-(2-(diethylamino)ethyl) 78-53-5

0O,0-diethyl ester]
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Analyte(s) CAS RN

VM [phosphonothioic acid, methyl-, S-(2-

(diethylamino)ethyl) O-ethyl ester] 21770-86-5

Analysis Purpose: Sample preparation

Sample Preparation Technique: Waste dilution

Determinative Technique: EPA SW-846 Method 8015C, Method 8270D, or Method 8321B. Refer to
Appendix A for which of these determinative methods should be used for a particular analyte.

Method Developed for: Organic compounds in non-aqueous waste samples
Method Selected for: SAM lists this method for preparation of non-aqueous liquid/organic solid
samples.

Description of Method: This method describes solvent dilution of a non-agueous
cleanup and/or analysis. One gram of sample is weighed into a capped tube an
10.0 mL with an appropriate solvent.

Special Considerations: The method is designed for wastes th

Source: EPA. 1992. “Method 3580A (SW-846): Wast¢
http://www.epa.gov/sam/pdfs/EPA -3580a.pdf

5.2.25 EPA Method 3585 (SYV-3g iqM for Volatile Organics

CAS RN
107-18-6
75-15-0
107-07-3
506-77-4
,2-Dichloroethane 107-06-2
Ethylene oxide 75-21-8
2-Fluoroethanol 371-62-0
Gasoline range organics NA
Kerosene 64742-81-0
Propylene oxide 75-56-9
The following analytes should be prepared by this method (and determined by the corresponding SW-846 Method
8260C) only if problems (e.g., insufficient recovery, interferences) occur when using the sample
preparation/determinative techniques identified for these analytes in Appendix A.
1,4-Thioxane 15980-15-1

Analysis Purpose: Sample preparation
Sample Preparation Technique: Waste dilution
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Determinative Technique: EPA SW-846 Method 8015C or Method 8260C. Refer to Appendix A for
which of these determinative methods should be used for a particular analyte.

Method Developed for: VOCsin non-agqueous waste
Method Selected for: SAM lists this method for preparation of non-agueous liquid/organic solid
samples.

Description of Method: This method describes solvent dilution of a non-aqueous waste sample prior to
direct injection analysis. Itisdesigned for use in conjunction with GC or GC-MS analysis of wastes that
may contain organic chemicals at a concentration greater than 1 mg/kg and that are soluble in the dilution
solvent. Highly contaminated or highly complex samples may be diluted prior to analysis for volatiles
using direct injection. One gram of sample isweighed into a capped tube or volumetric flask. The
sampleis diluted to 2.0 to 10.0 mL with n-hexadecane or other appropriate solvent. Diluted

injected into the GC or GC-MSfor analysis.

Special Considerations: For usein analysis of wastes that may contain organic casata

concentration greater than 1 mg/kg and that are soluble in the dilution solvent.

Source: EPA. 1996. “Method 3585 (SW-846): Waste Dilution for
http://www.epa.gov/sam/pdfs/EPA -3585.pdf

evision Q

5.2.26 EPA Method 5030C (SW-846): Purge-an

Analyte(s) CAS RN
107-18-6
75-15-0
107-07-3
506-77-4
107-06-2
75-21-8
371-62-0
Gasoline range organics NA
Kerosene 64742-81-0
Propylene oxide 75-56-9
The following analytes should be prepared by this method (and determined by the corresponding SW-846 Method
8260C) only if problems (e.qg., insufficient recovery, interferences) occur when using the sample
preparation/determinative techniques identified for these analytes in Appendix A.
1,4-Thioxane 15980-15-1

Analysis Purpose: Sample preparation

Sample Preparation Technique: Purge-and-trap

Determinative Technique: EPA SW-846 Method 8015C or Method 8260C. Refer to Appendix A for
which of these determinative methods should be used for a particular analyte.
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Method Developed for: VOCsin aqueous and water miscible liquid samples

Method Selected for: SAM lists this method for preparation of agueous liquid and/or drinking water
samples. For carbon disulfide and 1,2-dichloroethane, EPA Method 524.2 (rather than Method 5030C)
should be used for preparation of drinking water samples.

Description of Method: This method describes a purge-and-trap procedure for the analysis of VOCsin
aqueous liquid samples and water miscible liquid samples. Aninert gasis bubbled through a portion of
the agueous liquid sample at ambient temperature, and the volatile components are transferred from the
aqueous liquid phase to the vapor phase. The vapor is swept through a sorbent column where the volatile
components are adsorbed. After purging is completed, the sorbent column is heated and backflushed with
inert gas to desorb the components onto a GC column.

Special Considerations: Heated purge may be required for poor-purging analytes.

Source: EPA. 2003. “Method 5030C (SW-846): Purge-and-Trap for Aqueous Sampl
http://www.epa.gov/sam/pdfs/EPA-5030c. pdf

5.2.27 EPA Method 5035A (SW-846): Closed-System Purg -Trap
Volatile Organics in Soil and Waste Samples
Analyte(s) S RN
Allyl alcohol 1 -6
Carbon disulfide 75-15-0
107-07-3
506-77-4
107-06-2
75-21-8
371-62-0
NA
Kerosene 64742-81-0
Propylene oxide 75-56-9

he following analytes should be prepared by this method (and determined by the corresponding SW-846 Method
8260C) only if problems (e.g., insufficient recovery, interferences) occur when using the sample
preparation/determinative techniques identified for these analytes in Appendix A.

1,4-Thioxane 15980-15-1

Analysis Purpose: Sample preparation

Sample Preparation Technique: Purge-and-trap

Determinative Technique: EPA SW-846 Method 8015C or Method 8260C. Refer to Appendix A for
which of these determinative methods should be used for a particular analyte.

Method Developed for: VOCsin solid materials (e.g., soils, sediments, and solid waste) and oily wastes
Method Selected for: SAM lists this method for preparation of solid samples.

Description of Method: This method describes a closed-system purge-and-trap process for analysis of
VOCsin solid samples containing low levels (0.5 to 200 ng/kg) of VOCs. The method also provides

SAM Revision 5.0 66 September 29, 2009



Section 5 — Selected Chemical Methods

specific procedures for preparation of samples containing high levels (>200 pg/kg ) of VOCs. For low-
level VOCs, a5-g sampleis collected into avial that is placed into an autosampler device. Reagent
water, surrogates, and internal standards are added automatically, and the vial is heated to 40°C. The
volatiles are purged into an appropriate trap using an inert gas combined with sample agitation. When
purging is complete, the trap is heated and backflushed with helium to desorb the trapped sample
componentsinto a GC for analysis. For high-level VOCs, samples are either collected into avial that
contains a water-miscible organic solvent or a portion of sample isremoved from the vial and dispersed in
awater-miscible solvent. An aliquot of the solvent is added to reagent water, along with surrogates and
internal standards, then purged and analyzed using an appropriate determinative method (e.g., Method
8015C or 8260C (SW-846)).

Source: EPA. 2002. “Method 5035A (SW-846): Closed-System Purge-and-Trap and Extraction for
Volatile Organicsin Soil and Waste Samples,” Draft Revision 1. http://www.epa.gov/sam/pdfs'E

5035a.pdf

5.2.28 EPA Method 6010C (SW-846): Inductively Coupled Plasma -

Spectrometry

Analyte(s) CAS RN
Ammonium metavanadate 3-55-6
Arsenic, Total 7 8-2
Arsenic trioxide 1327-53-3
Calcium arsenage 7778-44-1
85090-33-1

7645-25-2

541-25-3
hloroarsine] 40334-69-8
(2-chlorovinyl)arsine] 40334-70-1

ewisite oxide 1306-02-1
Osmium tetroxide 20816-12-0
Sodium arsenite 7784-46-5
Thallium sulfate 10031-59-1
Titanium tetrachloride 7550-45-0
Vanadium pentoxide 1314-62-1

Analysis Purpose: Analysis

Sample Preparation Technique: EPA SW-846 Method 3050B (solid samples), Method 3031 (non-
aqueous liquid/organic solid samples), and NIOSH Method 9102 (wipe samples)

Determinative Technique: ICP-AES

Method Developed for: Trace elementsin solution

Method Selected for: SAM lists this method for analysis of solid, non-aqueous liquid/organic solid, and
wipe samples. Osmium tetroxide and titanium tetrachloride are not of concern in non-agueous
liguid/organic solid samples.
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Detection and Quantitation: Detection limits vary with each analyte. Estimated instrument detection
limits (IDLs) for arsenic and titanium are 30 pg/L and 5.0 pg/L, respectively. The upper end of the
analytical range may be extended by sample dilution.

Description of Method: This method determines arsenic trioxide, lewisite, lewisite degradation
products, calcium and lead arsenate, and sodium arsenite as total arsenic; osmium tetroxide as osmium;
thallium sulfate as thallium; titanium tetrachloride as titanium; and ammonium metavanadate and
vanadium pentoxide as total vanadium. Soil samples (prepared using SW-846 Method 3050B), non-
agueous liquid/organic solid samples (prepared using SW-846 Method 3031), and wipe samples (prepared
using NIOSH Method 9102) are analyzed by ICP-AES.

Special Considerations: Laboratory testing is currently underway for speciation of lewisite 1 usin -
MS techniques.

Source: EPA. 2007. *Method 6010C (SW-846): Inductively Coupled Plasma-Atomic
Spectrometry,” Revision 3. http://www.epa.gov/sam/pdf s EPA-6010c.pdf

5.2.29 EPA Method 6020A (SW-846): Inductively Coupled

Analyte(s)
Ammonium metavanadate

Arsenic, Total
Arsenic trioxide 1327-53-3
Calcium 7778-44-1
85090-33-1
7645-25-2

541-25-3

40334-69-8
40334-70-1
Lewisite oxide 1306-02-1
Sodium arsenite 7784-46-5
Thallium sulfate 10031-59-1
Titanium tetrachloride 7550-45-0
Vanadium pentoxide 1314-62-1

Analysis Purpose: Anaysis

Sample Preparation Technique: EPA SW-846 Method 3050B (solid samples), Method 3031 (non-
agueous liquid/organic solid samples), and NIOSH Method 9102 (wipe samples)

Determinative Technique: ICP-MS

Method Developed for: Elementsin water samples and in waste extracts or digests
Method Selected for: SAM lists this method for analysis of solid, non-aqueous liquid/organic solid, and
wipe samples. Titanium tetrachloride is not of concern in non-agueous liquid/organic solid samples.
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Detection and Quantitation: In relatively simple sample types, detection limits will generally be below
0.1 pg/L. Lesssensitive elements, such as arsenic, may have detection limits of 1.0 pg/L or higher. The
upper end of the analytical range may be extended by sample dilution.

Description of Method: This method will determine arsenic trioxide, lewisite, lewisite degradation
products, calcium and lead arsenate, and sodium arsenite as total arsenic. The method also will determine
thallium sulfate as total thallium, titanium tetrachloride as titanium, and ammonium metavanadate and
vanadium pentoxide as total vanadium. Soil samples (prepared using SW-846 Method 3050B), non-
aqueous liquid/organic solid samples (prepared using SW-846 Method 3031), and wipe samples (prepared
using NIOSH Method 9102) are analyzed by ICP-MS. IDLs, sensitivities, and linear ranges vary with
sample type, instrumentation, and operation conditions.

Special Considerations: Laboratory testing is currently underway for speciation of lewisite

M S techniques.

Source: EPA. 1998. “Method 6020A (SW-846): Inductively Coupled Plasma- ectrometr
Revision 1. http://www.epa.gov/sam/pdfsEPA -6020a.pdf

5.2.30 EPA Method 7010 (SW-846): Graphite Furnace AtBmic orptio
C

Spectrophotometry

Analyte(s) N

Arsine 7784-42-1

Analysis Purpose: Anays

ue: EPA -846 0dB050B (solid samples) and NIOSH Method

vironmental samples including, but not limited to, ground water,
astes, extracts, soils, sludges, sediments, and similar wastes

M lists this method for analysis of solid and wipe samples.

tion: Detection limits vary with each sample type and instrument used. The
e extended by sample dilution.

#es (prepared using SW-846 Method 3050B) and wipe samples (prepared using NIOSH Method
1902) are analyzed by GFAA. A representative aliquot of the sampleis placed in the graphite tube in the
furnace, evaporated to dryness, charred, and atomized.

Source: EPA. 1998. “Method 7010 (SW-846): Graphite Furnace Atomic Absorption
Spectrophotometry,” Revision 0. http://www.epa.gov/sam/pdf EPA-7010.pdf

5.2.31 EPA Method 7470A (SW-846): Mercury in Liquid Wastes (Manual Cold-Vapor

Technique)
Analyte(s) CAS RN
Mercuric chloride 7487-94-7
Mercury, Total 7439-97-6
Methoxyethylmercuric acetate 151-38-2
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Analysis Purpose: Sample preparation and/or analysis

Sample Preparation Technique: Acid digestion (solid and aqueous liquid samples) and NIOSH Method
9102 (wipe samples)

Determinative Technique: CVAA

Method Developed for: Mercury in mobility-procedure extracts, aqueous wastes, and ground waters
Method Selected for: SAM lists this method for use if problems occur when using EPA SW-846
Method 7473 for these analytes during preparation and analysis of agueous liquid samples. (See Footnote
13 of Appendix A.)

Detection and Quantitation: The detection limit for the method is 0.2 pg/L.

Description of Method: A 100-mL agueous sample is digested with acids, permanganate sol utig
persulfate solution, and heat. The sampleis cooled and reduced with hydroxylamine-sodi
solution. Just prior to analysis, the sample is treated with Sn(Il), reducing the mercur
reduced sample is sparged and the mercury vapor is analyzed by CVAA.

Special Considerations: Chloride and copper are potential interferen

Source: EPA. 1994. “Method 7470A (SW-846): Mercury in Liq
Technique),” Revision 1. http://www.epa.gov/sam/pdf S EPA-7470a.pdf

emisoli astes (Manual Cold-

CAS RN

7487-94-7

7439-97-6

151-38-2

0d Developed for: Total mercury in soils, sediments, bottom deposits, and sludge-type materials
Method Selected for: SAM lists this method for use if problems occur when using EPA SW-846
Method 7473 for these analytes during preparation and analysis of solid and wipe samples. (See Footnote
13 of Appendix A.)

Description of Method: A 0.5-gto 0.6-g sample is digested with agua regia, permanganate solution, and
heat. The sampleis cooled and reduced with hydroxylamine-sodium chloride solution. Just prior to
analysis, the sample is treated with Sn(l1), reducing the mercury to Hg(0). The reduced sampleis sparged
and the mercury vapor is analyzed by CVAA.

Special Considerations: Chloride and copper are potential interferences.

Source: EPA. 1998. “Method 7471B (SW-846): Mercury in Solid or Semisolid Waste (Manual Cold-
Vapor Technique),” Revision 2. http://www.epa.gov/sam/pdfSEPA-7471b.pdf
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5.2.33 EPA Method 7473 (SW-846): Mercury in Solids and Solutions by Thermal
Decomposition, Amalgamation, and Atomic Absorption Spectrophotometry

Analyte(s) CAS RN
Mercuric chloride 7487-94-7
Mercury, Total 7439-97-6
Methoxyethylmercuric acetate 151-38-2

Analysis Purpose: Sample preparation and/or analysis
Sample Preparation Technique: Thermal decomposition (solid and aqueous liquid samples) and
NIOSH Method 9102 (wipe samples)

Determinative Technique: Spectrophotometry

Method Developed for: Total mercury in solids, agueous samples, and digest
Method Selected for: SAM lists this method for preparation and analysis
wipe samples.

Detection and Quantitation: The IDL is0.01 ng total mercury.
method is 0.05 to 600 ng.

Description of Method: Controlled heating in an oxyJgii8 jti rnace is used to liberate
mercury from solid and aqueous samples. The wmple [ i
decomposed W|th| n the furnace. The decgas z ied by flowi ing oxygen to the

If equipment is not available, use CVAA Methods 7471B (EPA SW-846) for
(EPA SW-846) for aqueous liquid samples.

8. “Method 7473 (SW-846): Mercury in Solids and Solutions by Thermal
psition, Amal gamation, and Atomic Absorption Spectrophotometry,” Revision 0.
.epa.gov/sam/pdfs/EPA-7473.pdf

5.2.34 EPA Method 7580 (SW-846): White Phosphorus (P,) by Solvent Extraction and Gas

Chromatography
Analyte(s) CAS RN
White phosphorus 12185-10-3

Analysis Purpose: Sample preparation and/or analysis

Sample Preparation Technique: Solvent extraction (solid, non-agueous liquid/organic solid, agueous
liquid, and drinking water samples) and EPA SW-846 Method 3570/8290A Appendix A (wipe samples)
Determinative Technique: GC-NPD
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Method Developed for: White phosphorusin soil, sediment, and water

Method Selected for: SAM lists this method for preparation and analysis of solid, non-aqueous
liguid/organic solid, agueous liquid, drinking water, and wipe samples.

Detection and Quantitation: MDLsfor reagent water, well water, and pond water were calculated to be
0.008, 0.009, 0.008 pug/L, respectively. MDLsfor sand, a sandy loam soil (Lebanon soil), and soil from
the Rocky Mountain Arsenal (U.S. Army Environmental Center soil) were calculated to be 0.02, 0.43,
0.07 pg/kg, respectively. This procedure provides sensitivity on the order of 0.01 pug/L for water samples
and 1 pg/kg for soil samples.

Description of Method: Method 7580 may be used to determine the concentration of white phosphorus
in soil, sediment, and water samples using solvent extraction and GC. Water samples are extracted by
one of two procedures, depending on the sensitivity required. For the more sensitive procedure, a 50Q

extract isinjected into a GC equipped with an NPD. Wet soil or sediment samples
extracting a 40 g wet-weight aliquot of the sample with a mixture of 10.0 mL d
10.0 mL isooctane. The extraction is performed in aglassjar on aplatfor
pL aliguot of the extract is analyzed by GC-NPD.

Special Considerations: The presence of white phosphorus should be
GC column or by an MS.

ed Organics Using GC/FID

CAS RN

NA

NA

64742-81-0

aqueous liquid and drinking water samples), and Method 3570/8290A Appendix A (wipe samples).
Refer to Appendix A for which of these preparation methods should be used for a particular
analyte/sampl e type combination.

Determinative Technique: Gas chromatograph —flame ionization detector (GC-FID)

Method Developed for: Various nonhal ogenated VVOCs and semivolatile organic compounds in water
samples

Method Selected for: SAM lists this method for analysis of solid, non-agueous liquid/organic solid,
aqueous liquid, drinking water, and wipe samples.

Detection and Quantitation: The estimated MDLs vary with each analyte and range between 2 and 48
po/L for aqueous liquid samples. The MDLs in other matrices have not been evaluated. The analytical
range depends on the target analyte(s) and the instrument used.

Description of Method: This method provides GC conditions for the detection of certain
nonhal ogenated volatile and semivolatile organic compounds. Depending on the analytes of interest,
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samples may be introduced into the GC by a variety of techniques including purge-and-trap, direct
injection of agueous liquid samples, and solvent extraction. An appropriate column and temperature
program are used in the GC to separate the organic compounds. Detection is achieved by aflame
ionization detector (FID). The method allows the use of packed or capillary columns for the analysis and
confirmation of the non-halogenated individual analytes.

Special Considerations: The presence of the analytes listed in the table above should be confirmed by
either a secondary GC column or by an MS.

Source: EPA. 2000. “Method 8015C (SW-846): Nonhal ogenated Organics Using GC/FID,” Revision 3.
http://www.epa.gov/sam/pdfs EPA-8015c.pdf

5.2.36 EPA Method 8260C (SW-846): Volatile Organic Compounds by Gas
Chromatography-Mass Spectrometry (GC/MS)

Analyte(s)

Allyl alcohol

Carbon disulfide

2-Chloroethanol

Cyanogen chloride

1,2-Dichloroethane 107-06-2

75-21-8

371-62-0

75-56-9

s liquid/organic solid samples), and Method 5030C (aqueous liquid and drinking water samples)
Determinative Technique: GC-MS

Method Developed for: Applicableto nearly all types of samples, regardless of water content, including
various air sampling trapping media, ground and surface water, agueous sludges, caustic liquors, acid
liquors, waste solvents, oily wastes, mousses (emulsified oil), tars, fibrous wastes, polymeric emulsions,
filter cakes, spent carbons, spent catalysts, soils, and sediments.

Method Selected for: SAM lists this method for analysis of solid, non-aqueous liquid/organic solid,
agueous liquid, and drinking water samples. For carbon disulfide and 1,2-dichloroethane only, EPA
Method 524.2 (rather than 8260C) should be used for analysis of drinking water samples.

Detection and Quantitation: Using standard quadrupole instrumentation and the purge-and-trap i

Description of Method: Volatile compounds are introduced into a GC by purge-and-trap or other
procedures (see Section 1.2 in Method 8260C). The analytes can be introduced directly to awide-bore
capillary column or cryofocused on a capillary pre-column before being flash evaporated to a narrow-bore
capillary for analysis. Alternatively, the effluent from the trap is sent to an injection port operating in the
split mode for injection to a narrow-bore capillary column. The column is temperature-programmed to
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separate the analytes, which are then detected with a M S interfaced to the GC. Analytes eluted from the
capillary column are introduced into the MS via a jet separator or a direct connection.

Source: EPA. 2006. “Method 8260C (SW-846): Volatile Organic Compounds by Gas
Chromatography/Mass Spectrometry (GC/MS),” Revision 3. http://www.epa.gov/sam/pdf S/EPA -

8260c.pdf

5.2.37 EPA Method 8270D (SW-846): Semivolatile Organic Compounds by Gas
Chromatography/Mass Spectrometry (GC-MS)

Analyte(s)
Chlorfenvinphos
3-Chloro-1,2-propanediol*
Chloropicrin®
Chlorosarin
Chlorosoman
Chlorpyrifos
Chlorpyrifos oxon
Crimidine® 535-89-7
329-99-7
62-73-7
141-66-2
868-85-9
298-04-4
2497-07-6
1,4-Dithiane 505-29-3
Ethyldichloroarsine (ED) 598-14-1
Fenamiphos 22224-92-6
Methyl hydrazine 60-34-4
Methyl paraoxon 950-35-6
Methyl parathion 298-00-0
1-Methylethyl ester ethylphosphonofluoridic acid (GE) 1189-87-3
Mevinphos 7786-34-7
Monocrotophos 6923-22-4
Mustard, nitrogen (HN-1) [bis(2-chloroethyl)ethylamine] 538-07-8
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Analyte(s) CAS RN
Mustard, nitrogen (HN-2) [2,2’-dichloro-N- 51.75.2
methyldiethylamine N,N-bis(2-chloroethyl)methylamine]
Mustard, nitrogen (HN-3) [tris(2-chloroethyl)amine] 555-77-1
Mustard, sulfur / Mustard gas (HD)4 505-60-2
Nicotine compounds 54-11-5
Organophosphate pesticides, NOS NA

Paraoxon

Parathion

Phencyclidine

Phenol

Phorate

Phorate sulfone

Phorate sulfoxide

Phosphamidon

13171-21-6

159939-87-4

107-44-8

NA

96-64-0

57-24-9

77-81-6

Tetraethyl pyrophosphate 107-49-3

TetramethylenedisuIfotetramine2 80-12-6
1,4-Thioxane® 15980-15-1

Trimethyl phosphite? 121-45-9

VE [phosphonothioic acid, ethyl-, S-(2-

(diethylamino)ethyl) O-ethyl ester] 21738-25-0

VG [phosphonothioic acid, S-(2-(diethylamino)ethyl) 78-53-5

0O,0-diethyl ester]
VM [phosphonothioic acid, methyl-, S-(2-

(diethylamino)ethyl) O-ethyl ester] 21770-86-5
VX [O-ethyl-S-(2-diisopropylaminoethyl)methyl- 50782-69-9

phosphonothiolate]*
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Analyte(s) CAS RN

The following analyte should be determined by this method only if liquid chromatography-mass spectrometry (LC-
MS) [electrospray] procedures are not available to the laboratory. Sample preparation methods should remain the
same.

BZ [Quinuclidinyl benzilate]1 6581-06-2
Diisopropyl methylphosphonate (DIMP) 1445-75-6
Dimethylphosphoramidic acid 33876-51-6

EA2192 [Diisopropylaminoethyl
methylthiolophosphonate]1

73207-98-4

Ethyl methylphosphonic acid (EMPA)* 1832-53-7

Isopropyl methylphosphonic acid (IMPA)*

Methylphosphonic acid (MPA)*

Pinacolyl methyl phosphonic acid (PMPA)l

2t problems occur with analyses, lower the injection tempera
% If problems occur when using this method, it is recommende
preparation methods should remain the same.
* For this analyte, refer to EPA SW-846 Methg
3 thod 8260C and appropriate
corresponding sample preparati ie., A for solid samples, Method 3585 for non-aqueous
id and drinking water samples) be used.

ples), Method 3520C/3535A (aqueous liquid and drinking water
ppendix A or NIOSH 9102 (wipe samples). Refer to Appendix A
ion methods should be used for a particular analyte/sampl e type combination.
e: GC-MS

aqueous liquid, drinking water, and/or wipe samples. Please note: drinking water samples for dichlorvos,
disulfoton, disulfoton sulfoxide, fenamiphos, mevinphos, and semivolatile organic compounds NOS
should be prepared and analyzed by EPA Method 525.2; aqueous liquid and drinking water samples for
organophosphate pesticides NOS should be prepared and analyzed by EPA Methods 614 and 507,
respectively; aqueous liquid and drinking water samples for chloropicrin should be prepared and analyzed
by EPA Method 551.1; all other analyte/sample type combinations should be analyzed by this method
(SW-846 8270D).

Detection and Quantitation: The EDLs vary with each analyte and range between 10 and 1000 pg/L for
aqueous liquid samples and 660 and 3300 ug/kg for soil samples. The analytical range depends on the
target anayte(s) and the instrument used.

Description of Method: Samples are prepared for analysis by GC-MS using the appropriate sample
preparation and, if necessary, sample cleanup procedures. Semivolatile compounds are introduced into
the GC-M S by injecting the sample extract into a GC with a narrow-bore fused-silica capillary column.
The GC column is temperature-programmed to separate the analytes, which are then detected withaM$S
connected to the GC. Analytes eluted from the capillary column are introduced into the MS. For the
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determination of 3-chloro-1,2-propanediol, dimethylphosphoramidic acid, EA2192, EMPA, IMPA, MPA,
and pinacolyl methyl phosphonic acid, a derivatization step is required prior to injection into the GC-MS.
The phosphonic acids require derivatization with a trimethylsilyl agent and 3-chloro-1,2-propanediol
requires derivatization with a heptafluorobutyryl agent.

Special Considerations: Refer to footnotes provided in analyte table above for special considerations
that should be applied when measuring specific analytes. Procedures for derivatization are described in
the following references:

Black et al. 1994. “ Application of gas chromatography-mass spectrometry and gas chromatography-

tandem mass spectrometry to the analysis of chemical warfare samples, found to contain residues of the
nerve agent sarin, sulphur mustard and their degradation products.” Journal of Chromatography A.
662(2): 301-321. http://www.sciencedirect.com/science/journal/00219673

Brereton, P., Kelly, J., Crews, C., Honour, S., and Wood, R. 2001. “Determination of 3-
Propanediol in Foods and Food Ingredients by Gas Chromatography with Mass
Collaborative Study.” Journal of AOAC International. 84(2): 455-465. http://
link.com/A OA C/doi/abs/10.5555/jani.2001.84.2.455

Divinova, V., Svglkovska, B., Dolezal, M., and Velisek, J. 2004.
Chloropropane-1,2-diol by Gas Chromatography with Mass Spectrometri [ terated 3-
Chloropropane-1,2-diol as Internal Standard.” Czech
http://www.epa.gov/sam/pdfs/Czech J Food_Sci-22(5)

Retho, C., and Blanchard, F. 2005. “ : 1,2-diol asits 1,3-dioxolane
derivative at the ug kg-1 level: Appid p ood Additives & Contaminants:
ent. 22(12): 1189-1197.

hod 8270D (SW-846): Semivolatile Organic Compounds by Gas
ectrometry (GC/MS),” Revision 4. http://www.epa.gov/sam/pdfEPA -

EPA Method 8290A, Appendix A (SW-846). Procedure for the Collection, Handling,
Analysis, and Reporting of Wipe Tests Performed within the Laboratory

Analyte(s) CAS RN
Acrylamide 79-06-1
Acrylonitrile 107-13-1
Aldicarb (Temik) 116-06-3
Aldicarb sulfone 1646-88-4
Aldicarb sulfoxide 1646-87-3
4-Aminopyridine 504-24-5
BZ [Quinuclidinyl benzilate] 6581-06-2
Brodifacoum 56073-10-0
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Analyte(s) CAS RN
Bromadiolone 28772-56-7
Carfentanil 59708-52-0
Carbofuran (Furadan) 1563-66-2
Chlorfenvinphos 470-90-6
3-Chloro-1,2-propanediol 96-24-2
Chloropicrin 76-06-2
Chlorosarin 1445-76-7

Chlorosoman

7040-57-5

Chlorpyrifos

Chlorpyrifos oxon

Crimidine

Cyclohexyl sarin (GF)

Dichlorvos

Dicrotophos

Diesel range or NA
1445-75-6
868-85-9
33876-51-6
82-66-6
298-04-4
isulfoton sulfoxide 2497-07-6
1,4-Dithiane 505-29-3
R
Ethyl methylphosphonic acid (EMPA) 1832-53-7
N-Ethyldiethanolamine (EDEA) 139-87-7
Fenamiphos 22224-92-6
Fentanyl 437-38-7
Fluoroacetic acid and fluoroacetate salts NA
Formaldehyde 50-00-0
Gasoline range organics NA
Hexahydro-1,3,5-trinitro-1,3,5-triazine (RDX) 121-82-4
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Analyte(s) CAS RN

Hexamethylenetriperoxidediamine (HMTD) 283-66-9
Isopropyl methylphosphonic acid (IMPA) 1832-54-8
Kerosene 64742-81-0
Methomyl 16752-77-5

Methyl acrylonitrile 126-98-7

Methyl fluoroacetate 453-18-9

Methyl hydrazine 60-34-4

Methyl paraoxon

950-35-6

Methyl parathion

N-Methyldiethanolamine (MDEA)

1-Methylethyl ester ethylphosphonofluoridic acid (GE)

Methylphosphonic acid (MPA)

Mevinphos

Monocrotophos 6923-22-4
538-07-8
51-75-2
555-77-1
505-60-2
54-11-5
2691-41-0
Organophosphate pesticides, NOS NA
Oxamyl 23135-22-0
Paraoxon 311-45-5
Parathion 56-38-2
Pentaerythritol tetranitrate (PETN) 78-11-5
Phencyclidine 77-10-1
Phenol 108-95-2
Phorate 298-02-2
Phorate sulfone 2588-04-7
Phorate sulfoxide 2588-03-6
Phosphamidon 13171-21-6
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Analyte(s) CAS RN
Pinacolyl methyl phosphonic acid (PMPA) 616-52-4
oo s
Sarin (GB) 107-44-8
Semivolatile organic compounds, NOS NA
Soman (GD) 96-64-0
Strychnine 57-24-9
Tabun (GA)

Tetraethyl pyrophosphate

Tetramethylenedisulfotetramine

Thiodiglycol (TDG)

Thiofanox

1,4-Thioxane

Triethanolamine (TEA)

Trimethy! phosphite 121-45-9

99-35-4

118-96-7
21738-25-0

78-53-5

othioic acid, methyl-, S-(2-
(diethylamino)ethyl) O-ethyl ester] 21770-86-5
[O-ethyl-S-(2-diisopropylaminoethyl)methyl- 50782-69-9
phosphonothiolate]

White phosphorus 12185-10-3

Analysis Purpose: Sample preparation
Sample Preparation Technique: Solvent extraction

Determinative Technique: EPA OW Method 300.1 Revision 1.0; EPA SW-846 Methods 7580, 8015C,
8270D, 8315A, 8316, 8318A, 8321B, and 8330B. Refer to Appendix A for which of these determinative

methods should be used for a particular analyte.

Method Developed for: Evaluation of surface contamination by 2,3,7,8-substituted PCDD and PCDF

congeners

Method Selected for: SAM lists this method for preparation of wipe samples.
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Description of Method: A surface area of 2 inches by 1 foot iswiped with glass fiber paper saturated
with distilled-in-glass acetone. One wipeisused per designated area. Wipes are combined into asingle
composite sample in an extraction jar and solvent extracted using a wrist action shaker.

Special Considerations: The solvent systems described in this method extraction have been evaluated
for PCDD and PCDF congeners only. Other analytes may require different solvent systems for optimal
sampl e extraction.

Source: EPA. 2007. “Method 8290A, Appendix A (SW-846): Procedure for the Collection, Handling,
Analysis, and Reporting of Wipe Tests Performed within the Laboratory,” Revision 1.
http://www.epa.gov/sam/pdfs EPA-8290a. pdf

5.2.39 EPA Method 8315A (SW-846): Determination of Carbonyl Compounds by
Performance Liquid Chromatography (HPLC)

Analyte(s)

Formaldehyde

Analysis Purpose: Sample preparation and/or analysis

Sample Preparation Technique: Solvent extraction (g
and EPA SW-846 Method 3570/8290A Appendix A (w
Determinative Technique: HPLC

(approximately 25 g), is buffered to pH 3 and derivatized with 2,4-
,4-DNPH). Using the appropriate extraction technique, the derivatives are

s in the extract by absorbance detection at 360 nm. If formaldehyde is the only analyte of
e aqueous liquid sample and/or solid sample extract should be buffered to pH 5.0 to minimize

Source: EPA. 1996. “Method 8315A (SW-846): Determination of Carbonyl Compounds by High
Performance Liquid Chromatography (HPLC),” Revision 1. http://www.epa.gov/sam/pdfSEPA -

8315a.pdf

5.2.40 EPA Method 8316 (SW-846): Acrylamide, Acrylonitrile and Acrolein by High
Performance Liquid Chromatography (HPLC)

Analyte(s) CAS RN
Acrylamide 79-06-1
Acrylonitrile 107-13-1
Methyl acrylonitrile 126-98-7
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Analysis Purpose: Sample preparation and/or analysis

Sample Preparation Technique: Direct injection (agueous liquid and drinking water samples), water
extraction (solid and non-aqueous liquid/organic solid samples), and EPA SW-846 Method 3570/8290A
Appendix A (wipe samples)

Determinative Technique: HPLC

Method Developed for: Acrylamide, acrylonitrile, and acrolein in water samples

Method Selected for: SAM lists this method for preparation and/or analysis of solid, non-agueous
liquid/organic solid, agueous liquid, drinking water, and wipe samples.

Detection and Quantitation: Acrylamide hasan MDL of 10 pg/L; acrylonitrile has an MDL of 20 pg/L.

Description of Method: Samples are analyzed by HPLC. A 200-uL aliquot isinjected onto aCig
reverse-phase column, and compounds in the effluent are detected with a UV detector. Solid agg

Chromatography (HPLC)

Analyte(s)
Aldicarb (Temik 116-06-3
1646-88-4
1646-87-3
1563-66-2
16752-77-5
amyl 23135-22-0

ple preparation and/or analysis
d reparatlon Technique: Solvent extraction (solid, non-agueous liquid/organic solid samples),
SW-846 Method 3570/8290A Appendix A (wipe samples)

inative Technique: HPLC

Method Developed for: N-methylcarbamatesin soil, water, and waste matrices

Method Selected for: SAM lists this method for preparation and/or analysis of solid, non-agueous
liquid/organic solid, and wipe samples.

Detection and Quantitation: The estimated MDLs vary with each analyte and range from 1.7 to 9.4
pg/L for aqueous samples and 10 to 50 pg/kg for soil samples.

Description of Method: N-methylcarbamates are extracted from aqueous liquid samples with methylene
chloride, and from soils, oily solid waste, and oils with acetonitrile. The extract solvent is exchanged to
methanol/ethylene glycol, and the extract is cleaned using a Cy5 cartridge, filtered, and eluted on a Cyg
analytical column. After separation, the target analytes are hydrolyzed and derivatized post-column, then
quantified fluorometrically. The sensitivity of the method usually depends on the level of interferences
present, rather than on instrument conditions. Waste samples with a high level of extractable fluorescent
compounds are expected to yield significantly higher detection limits.
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Source: EPA. 2000. “Method 8318A (SW-846): N-Methylcarbamates by High Performance Liquid
Chromatography (HPLC),” Revision 1. http://www.epa.gov/sam/pdf 'EPA-8318a.pdf

5.2.42 EPA Method 8321B (SW-846): Solvent-Extractable Nonvolatile Compounds by
High Performance Liquid Chromatography-Thermospray-Mass Spectrometry
(HPLC-TS-MS) or Ultraviolet (UV) Detection

Analyte(s) CAS RN
Brodifacoum 56073-10-0
Bromadiolone 28772-56-7

BZ [Quinuclidinyl benzilate]1 6581-06-2

Carfentanil

Diisopropyl methylphosphonate (DIMP)2

Dimethylphosphoramidic acid®

Diphacinone

EA2192 [Diisopropylaminoethyl
methylthiolophosphonate]*

Ethyl methylphosphonic acid (E 1832-53-7

N-Ethyldiethanolami 139-87-7

437-38-7

1832-54-8

105-59-9

993-13-5

616-52-4

111-48-8

Thiofanox 39196-18-4

Triethanolamine (TEA) 102-71-6

The following analyte should be determined by this method only if problems (e.g., insufficient recovery,
interferences) occur when using SW-846 Method 8270D. Sample preparation methods should remain the same as
those listed in Appendix A.

Crimidine® 535-89-7
! LC-MS (electrospray) procedures are preferred for these analytes; however, if this technique is not available to the
laboratory, GC-MS procedures using derivatization based on SW-846 Method 8270D may be used. Sample
preparation methods should remain the same. Both electrospray LC-MS and GC-MS derivatization procedures are
currently under development.
2 If problems occur with the analysis of DIMP using EPA SW-846 Method 8321B, use SW-846 Method 8270D.
® This analyte needs to be determined using a wavelength of 230 nm.

Analysis Purpose: Anaysis
Sample Preparation Technique: EPA SW-846 Method 3545A/3541 (solid samples), 3580A (non-
aqueous liquid/organic solid samples), 3520C/3535A (agueous liquid and drinking water samples), and
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Method 3570/8290A Appendix A (wipe samples). For thiofanox, EPA Method 531.2 (rather than
Method 3520C/3535A) should be used for preparation of drinking water samples. Refer to Appendix A
for which of these preparation methods should be used for a particular analyte/sample type combination.
Determinative Technique: HPLC

Method Developed for: Solvent-extractable nonvolatile compounds, including dyes, organophosphorus
compounds, phenoxyacid herbicides, and carbamates in solid, water, aqueous, and non-aqueous samples
Method Selected for: SAM lists this method for analysis of solid, non-aqueous liquid/organic solid,
aqueous liquid, drinking water, and wipe samples. Aqueous liquid samplesfor DIMP, EMPA, IMPA,
MPA, and PMPA should be analyzed using EPA Chicago Regional Laboratory (CRL) MS017; agueous
liquid samples for EDEA, MDEA, and TEA should be prepared and analyzed using EPA CRL MS016;
agueous liquid samples for bromadiolone should be prepared and analyzed using EPA CRL MS014;
aqueous liquid samples for thiodiglycol should be prepared and analyzed using EPA CRL M SO

Description of Method: This method provides reversed-phase HPL C, thermospray
conditions for detection of the target analytes. Sample extracts can be analyzed
the TSP or onto aLC-TSPinterface. A gradient elution program is used to
Primary analysis may be performed by UV detection; however, positive

external or internal standard approach. TSP-M S detection may b
ionization (discharge electrode) mode or a positive ionization mode, with
use of MS-M S techniquesis an option. The analytica i i ending on the
target analyte and instrument used.

Source: EPA. 1998. "
Performance Liquid @

tractable Nonvolatile Compounds by High
ass Spectrometry (HPLC-TSP-MS) or Ultraviolet

CAS RN

4-Aminopyridine 504-24-5

exahydro-1,3,5-trinitro-1,3,5-triazine (RDX) 121-82-4
Hexamethylenetriperoxidediamine (HMTD) 283-66-9
Octahydro-1,3,5,7-tetranitro-1,3,5,7-tetrazocine (HMX) 2691-41-0
Pentaerythritol tetranitrate (PETN) 78-11-5
1,3,5-Trinitrobenzene (1,3,5-TNB) 99-35-4
2,4,6-Trinitrotoluene (2,4,6-TNT) 118-96-7

Analysis Purpose: Sample preparation and/or analysis

Sample Preparation Technique: Solvent extraction or direct injection (solid and non-aqueous
liguid/organic solid samples), EPA SW-846 Method 3535A (aqueous liquid and drinking water samples),
and EPA SW-846 Method 3570/8290A Appendix A (wipe samples)

Determinative Technique: HPLC
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Method Developed for: Trace analysis of explosives and propellant residues in water, soil, or sediment
Method Selected for: SAM lists this method for preparation and/or analysis of solid, non-agueous
liguid/organic solid, agueous liquid, drinking water, and wipe samples. Aqueous liquid and drinking
water samples are prepared using Methods 3535A or 8330B prior to analysis.

Detection and Quantitation: The detection limits, ranges, and interferences depend on the target
compound

Description of Method: This method isintended for the trace analysis of explosives and propellant

residues by HPL C using adual wavelength UV detector in awater, soil, or sediment matrix. All of the
compounds listed in this method are either used in the manufacture of explosives or propellants, or they
are the degradation products of compounds used for that purpose. Samples are prepared for analysis by
high performance liquid chromatography — ultraviolet (HPLC-UV) using the appropriate sample
preparation technique (solid phase extraction by 3535A or solvent extraction by 8330B) and, i{4j
sample cleanup procedures. Direct injection of diluted and filtered water samples can be

ultrasonic bath, filtered and chromatographed.

Source: EPA. 2006. “Method 8330B (SW-846): Nitroaromatics, Ni
Performance Liquid Chromatography (HPLC),” Revision 2. http:

8330b.pdf

5.2.44 EPA CRL MS014: Analysis of Aldicarb, S@lone, Carb®turan, Oxamyl and
[ [ iqguid Chromatography /

CAS RN

116-06-3

1646-88-4

1646-87-3

28772-56-7

1563-66-2

Methomyl 16752-77-5

Oxamyl 23135-22-0

Analysis Purpose: Sample preparation and/or analysis
Sample Preparation Technique: Solvent extraction
Determinative Technique: Liquid Chromatography Tandem Mass Spectrometry (LC-MS-MYS)

Method Developed for: Determination of aldicarb, bromadiolone, carbofuran, oxamyl and methomy! in
water

Method Selected for: SAM lists this method for preparation and analysis of agueous liquid samples.
Detection and Quantitation: The limit of detection for aldicarb, bromadiolone, carbofuran, methomyl
and oxamyl is 100 ng/L. The reporting limit for aldicarb, carbofuran, methomyl and oxamyl is 1 pg/L.

Description of Method: Target compounds are analyzed by direct injection without derivatization by
LC-MS-MS. Samples are shipped to the laboratory at 4°C (£ 2°C), spiked with surrogates, filtered using
asyringe driven filter unit, and analyzed directly by LC-MS-MSwithin 7 days. If stored prior to analysis,
samples must be stored at < 4°C (x 2°C). The target compounds are identified by comparing the sample
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primary and confirmatory multiple reaction monitoring (MRM) transitions to the known standard primary
and confirmatory MRM transitions. The retention time for the analytes of interest must also fall within
the retention time of the standard by + 5%. The target compounds are quantitated using the primary
single reaction monitoring (SRM) transition and external standard calibration.

Source: EPA, Chicago Regional Laboratory (CRL). 2008. “MS014: Analysis of Aldicarb,
Bromadiolone, Carbofuran, Oxamyl and Methomyl in Water by Multiple Reaction Monitoring Liquid
Chromatography/ Tandem Mass Spectrometry (LC/MS/MS).” http:\\www.epa.gov/sam/pdfSEPA -

M S014.pdf

5.2.45 EPA CRL MSO015: Analysis of Thiodiglycol in Water by Single Reaction Monit
Liquid Chromatography / Tandem Mass Spectrometry (LC/MS/MS)

Analyte(s) CAS RN

Thiodiglycol

Analysis Purpose: Sample preparation and/or analysis
Sample Preparation Technique: Solvent extraction
Determinative Technique: LC-MS-MS

Method Developed for: Determination of thiodiglycol t
Method Selected for: SAM lists this melagekar prepa @@l v/'sis of aqueous liquid samples.

Ma/L.

Description of Meth
MS. Samples argghi
driven filter unit

2°C), spiked with surrogates, filtered using a syringe
MSwithin 7 days. The target compound isidentified

08. “MS015: Analysis of Thiodiglycol in Water by Single Reaction Monitoring
romatography / Tandem Mass Spectrometry (LC/IMS/MS).”
.epa.gov/sam/pdfs/EPA-M S015. pdf

5.2.46 EPA CRL MS016: Analysis of Diethanolamine, Triethanolamine, n-
Methyldiethanolamine and n-Ethyldiethanolamine in Water by Single Reaction
Monitoring Liquid Chromatography / Tandem Mass Spectrometry (LC/MS/MS)

Analyte(s) CAS RN
N-Ethyldiethanolamine (EDEA) 139-87-7
N-Methyldiethanolamine (MDEA) 105-59-9
Triethanolamine (TEA) 102-71-6

Analysis Purpose: Sample preparation and/or analysis
Sample Preparation Technique: Solvent extraction
Determinative Technique: LC-MSMS
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Method Developed for: Determination of diethanolamine, triethanolamine, n-methyldiethanolamine and
n-ethyldiethanolamine in water samples

Method Selected for: SAM lists this method for preparation and analysis of aqueous liquid samples.
Detection and Quantitation: The limit of detection for n-ethyldiethanolamine and triethanolamineis 5
Mo/L; the reporting limit is 25 pg/L. The limit of detection for n-methyldiethanolamineis 20 pg/L, with a
reporting limit of 25 pg/L.

Description of Method: Target compounds are analyzed by direct injection without derivatization by
LC-MSMS. Samples are shipped to the laboratory at 4°C (+ 2°C), spiked with surrogates, filtered using
asyringe driven filter unit and analyzed directly by LC-MS-MSwithin 7 days. Target compounds are
identified by comparing sample SRM transitions to the known standard SRM transitions. The retention
time for the analytes of interest must also fall within the retention time of the standard by + 5%. T
target compounds are quantitated using the SRM transition and external standard calibration.

Source: EPA, CRL. 2008. “MS016: Analysis of Diethanolamine, Triethanolamine,
M ethyldiethanolamine and n-Ethyldiethanolamine in Water by Single Reaction
Chromatography / Tandem Mass Spectrometry (LC/MS/MS).” http:\\ww

M S016.pdf

5.2.47 EPA CRL MSO017: Analysis of Diisoprop
Dimethylamidophosphate, Isopropyl Me

1445-75-6

1832-53-7

1832-54-8

993-13-5

616-52-4

Method Developed for: Determination of diisopropyl methylphosphonate, ethyl hydrogen
dimethylamidophosphate, isopropyl methylphosphonic acid, methylphosphonic acid and pinacoly!
methylphosphonic acid in water

Method Selected for: SAM lists this method for preparation and analysis of agueous liquid samples.
Detection and Quantitation: The limits of detection and reporting limits for this method vary for each
analyte and range between 0.10 to 20 pg/L and 5 to 100 pg/L, respectively.

Description of Method: Target compounds are analyzed by direct injection without derivatization by
LC-MSMS. Samples are shipped to the laboratory at 4°C (+ 2°C), spiked with surrogates, filtered using
asyringe driven filter unit and analyzed directly by LC-MS-MSwithin 1 day. The target compounds are
identified by comparing the sample SRM transitions to the known standard SRM transitions. The
retention time for the analytes of interest must also fall within the retention time of the standard by + 5%.
Target compounds are quantitated using the SRM transition of the target compounds and external
standard calibration.
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Source: EPA, CRL. 2008. “MS017: Analysis of Diisopropyl Methylphosphonate, Ethyl Hydrogen
Dimethylamidophosphate, |soproyl Methylphosphonic Acid, Methylphosphonic Acid and Pinacolyl
Methylphosphonic Acid in Water by Multiple Reaction Monitoring Liquid Chromatography / Tandem
Mass Spectrometry (LC/MSMS).” http:\www.epa.gov/sam/pdfEPA-M S017.pdf

5.2.48 EPA CLP ILM05.3 Cyanide: Analytical Methods for Total Cyanide Analysis

Analyte(s) CAS RN

Cyanide, Total 57-12-5

Analysis Purpose: Sample preparation and/or analysis
Sample Preparation Technique: Acid digestion followed by distillation
Determinative Technique: Spectrophotometry

Method Developed for: Metalsin water, sediment, sludge, and soil
Method Selected for: SAM lists this method for preparation and/or an
wipe samples.

Description of Method: The method allows for either
1-gto 5-g solid samples mixed with 500 mL of reagent
ple preparation. Aqueous liquid
Sulfld& are removed Wlth

n 7 RLAB Method 3135.2I: Cyanide, Total and Amenable in Aqueous
d Solid Samples Automated Colorimetric with Manual Digestion

Analyte(s) CAS RN

Cyanide, Amenable to chlorination NA

Analysis Purpose: Sample preparation and analysis
Sample Preparation Technique: Acid digestion followed by distillation
Determinative Technique: Spectrophotometry

Method Developed for: Cyanide in drinking, ground, and surface waters, domestic and industrial waste
waters, sediments and solid waste

Method Selected for: SAM lists this method for preparation and analysis of solid, aqueous liquid,
drinking water, and wipe samples.

Detection and Quantitation: The applicable range is 0.003 to 0.500 mg/L cyanidein the distillate. This
range can be expanded by sample dilution, either by using less sample for distillation or diluting the
distillate.
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Description of Method: This method detects inorganic cyanides that are present as either smple soluble
salts or complex radicals. 1t may be used to determine values for both total cyanide and cyanide
amenable to chlorination (also known as available cyanide). Cyanide in the sample released as
hydrocyanic acid by refluxing the sample with strong acid. The hydrocyanic acid is distilled and
collected in an absorber-scrubber containing sodium hydroxide solution. The cyanideion in the
absorbing solution is then determined by automated colorimetry. For determination of cyanide amenable
to chlorination, a portion of the sampleis chlorinated using sodium hypochlorite at apH > 11 to
decompose the cyanide. Cyanide levels are then determined in both the chlorinated sample portion of the
sample and a portion of the sample that has not been chlorinated using the total cyanide method.
Cyanides amenable to chlorination are then calculated by difference between unchlorinated and the
chlorinated aliquots of the sample.

Special Considerations: Alternate cyanide analyzer equipment may be used, provided it is used
according to the procedures described and the |aboratory can demonstrate equivalent performa

Source: EPA Region 7. 2008. “RLAB Method 3135.2]: Cyanide, Total and Amen
Soil Samples Automated Colorimetric with Manual Digestion.” http://www.ep

3135.21.pdf

5.2.50 IO [Inorganic] Compendium Method 10-3.1: Selection,
of Filter Material

Analyte(s) C N
Ammonium metavanadat 7803-55-6
7440-38-2

1327-53-3

7778-44-1
85090-33-1

7645-25-2

541-25-3
40334-69-8
ewisite 3 (L-3) [tris(2-chlorovinyl)arsine] 40334-70-1
Lewisite oxide 1306-02-1
Osmium tetroxide 20816-12-0
Sodium arsenite 7784-46-5
Thallium sulfate 10031-59-1
Vanadium pentoxide 1314-62-1

Analysis Purpose: Sample preparation

Sample Preparation Technique: Acid extraction

Determinative Technique: EPA Method |0-3.4 or Method 10-3.5. Osmium tetroxide should be
analyzed by Method 10-3.4.

Method Developed for: Particulate metalsin air.
Method Selected for: SAM lists this method for preparation of air samples.
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Description of Method: This method supports determination of arsenic trioxide, lewisite, lewisite
degradation products, calcium and lead arsenate, and sodium arsenite as total arsenic. Thallium sulfateis
determined as total thallium and ammonium metavanadate and vanadium pentoxide are determined as
total vanadium. A subsample (one-ninth of the overall filter) is obtained by cutting a strip from the filter
used to collect the sample. Thefilter strip is extracted using a hydrochloric/nitric acid mix and
microwave or hotplate heating. The extract is filtered, worked up to 20 mL, and analyzed using either
Method 10-3.4 or Method 10-3.5.

Source: EPA. 1999. “10 Compendium Method 10-3.1: Compendium of Methods for the Determination
of Inorganic Compounds in Ambient Air: Selection, Preparation and Extraction of Filter Material.”
http://www.epa.gov/sam/pdfEPA-10-3.1.pdf

5.2.51 10 [Inorganic] Compendium Method 10-3.4: Determination of Metals in A
Particulate Matter Using Inductively Coupled Plasma (ICP) Spectro

Analyte(s)
Ammonium metavanadate
Arsenic, Total
Arsenic trioxide
Calcium arsenate
2-Chlorovinylarsonous acid (2-C\(4 85090-33-1
7645-25-2
541-25-3
40334-69-8
40334-70-1
1306-02-1
20816-12-0
odium arsenite 7784-46-5
Thallium sulfate 10031-59-1
Vanadium pentoxide 1314-62-1

Analysis Purpose: Analysis
Sample Preparation Technique: EPA Method 10-3.1
Determinative Technique: ICP-AES

Method Developed for: Metalsin ambient particulate matter
Method Selected for: SAM lists this method for analysis of air samples.

Description of Method: This method determines arsenic trioxide, lewisite, lewisite degradation
products, calcium and lead arsenate, and sodium arsenite as total arsenic. Osmium tetroxideis
determined as total osmium, thallium sulfate is determined as total thallium, and anmonium
metavanadate and vanadium pentoxide are determined as total vanadium. Ambient air is sampled by
high-volume filters using Method 10-2.1 (a sampling method) and the filters are extracted by Method 10-
3.1. Detection limits, ranges, and interference corrections are dependent on the analyte and the
instrument used.
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Special Considerations: Laboratory testing is currently underway for speciation of lewisite 1 using GC-
MS techniques. Concerns have been raised regarding the use of nitric acid when analyzing samples for
osmium tetroxide; hydrochloric acid should be considered and evaluated as a possible alternative.

Source: EPA. 1999. “10 Compendium Method 10-3.4: Compendium of Methods for the Determination
of Inorganic Compoundsin Ambient Air: Determination of Metals in Ambient Particulate Matter Using
Inductively Coupled Plasma (ICP) Spectroscopy.” http://www.epa.gov/sam/pdf'EPA-10-3.4.pdf

EPA. 1999. “10 Compendium Method 10-2.1: Compendium of Methods for the Determination of
Inorganic Compoundsin Ambient Air: Sampling of Ambient Air for Total Suspended Particul ate Matter
(SPM) and PM 19 Using High Volume (HV) Sampler.” http://www.epa.gov/sam/pdfEPA-10-2.1.pdf

5.2.52 10 [Inorganic] Compendium Method 10-3.5: Determination of Metals in A
Particulate Matter Using Inductively Coupled Plasma/Mass Spectroig

Analyte(s)
Ammonium metavanadate
Arsenic, Total
Arsenic trioxide
Calcium arsenate
2-Chlorovinylarsonous acid (2-C\(4 85090-33-1
7645-25-2
541-25-3
40334-69-8
40334-70-1
1306-02-1
7784-46-5
hallium sulfate 10031-59-1
Vanadium pentoxide 1314-62-1

Analysis Purpose: Anaysis
Sample Preparation Technique: EPA Method 10-3.1
Determinative Technique: ICP-MS

Method Developed for: Metalsin ambient particulate matter
Method Selected for: SAM lists this method for analysis of air samples.

Description of Method: This method determines arsenic trioxide, lewisite, lewisite degradation
products, calcium and lead arsenate, and sodium arsenite astotal arsenic. Thallium sulfate is determined
astotal thallium and ammonium metavanadate and vanadium pentoxide are determined as total vanadium.
Ambient air is sampled by high-volume filters using Method 10-2.1 (a sampling method). Thefilters are
extracted by Method 10-3.1. Detection limits, ranges, and interference corrections are dependent on the
analyte and the instrument used.
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Special Considerations: Laboratory testing is currently underway for speciation of lewisite 1 using GC-
M S techniques.

Source: EPA. 1999. “10 Compendium Method 10-3.5: Compendium of Methods for the Determination
of Inorganic Compoundsin Ambient Air: Determination of Metals in Ambient Particulate Matter Using
Inductively Coupled Plasma/Mass Spectrometry (ICP/MS).” http://www.epa.gov/sam/pdfs/EPA-10-

3.5.pdf

EPA. 1999. “10 Compendium Method 10-2.1: Compendium of Methods for the Determination of
Inorganic Compoundsin Ambient Air: Sampling of Ambient Air for Total Suspended Particul ate Matter
(SPM) and PM 1 Using High Volume (HV) Sampler.” http://www.epa.gov/sam/pdfEPA-10-2.1.pdf

5.2.53 10 [Inorganic] Compendium Method IO-5: Sampling and Analysis for Vap
Particle Phase Mercury in Ambient Air Utilizing Cold Vapor Atomic
Spectrometry (CVAFS)

Analyte(s) SR

Mercury, Total 7439-97-0

Methoxyethylmercuric acetate 1-38-2

Bre 30 pg/m® for particulate mercury and 45 pg/m? for
range, and interferences are dependent on the

Vapor phase mercury is collected using gold-coated glass bead traps at a flow
s are directly desorbed onto a second (analytical) trap. The mercury desorbed

w trap is desorbed, and the mercury is determined by CVAFS.

Special Considerations: There are no known positive interferences at 253.7 nm wavelength. Water
vapor will cause a negative interference.

Source: EPA. 1999. “10 Compendium Method 10-5: Compendium of Methods for the Determination of
Inorganic Compoundsin Ambient Air: Sampling and Analysisfor Vapor and Particle Phase Mercury in
Ambient Air Utilizing Cold Vapor Atomic Fluorescence Spectrometry (CVAFS).”
http://www.epa.gov/sam/pdfEPA-1O-5.pdf
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5.2.54 EPA Air Method, Toxic Organics - 10A (TO-10A): Determination of Pesticides and
Polychlorinated Biphenyls in Ambient Air Using Low Volume Polyurethane Foam
(PUF) Sampling Followed by Gas Chromatographic/Multi-Detector Detection

(GC/MD)
Analyte(s) CAS RN
BZ [Quinuclidinyl benzilate]* 6581-06-2
Chlorfenvinphos 470-90-6
3-Chloro-1,2-propanediol? 96-24-2
Chlorosarin® 1445-76-7
Chlorosoman® 7040-57-5

Chlorpyrifos

Chlorpyrifos oxon

Cyclohexyl sarin (GF)

Dichlorvos

Dicrotophos

Diisopropyl methylphosphonate (DIM

Dimethylphosphite

1445-75-6

868-85-9
33876-51-6
73207-98-4
1832-53-7
139-87-7
22224-92-6
propyl methylphosphonic acid (IMPA)1 1832-54-8
Methyl paraoxon 950-35-6
Methyl parathion 298-00-0
N-Methyldiethanolamine (MDEA) 105-59-9
1-Methylethyl ester ethylphosphonofluoridic acid (GE)2 1189-87-3
Methylphosphonic acid (MPA)* 993-13-5
Mevinphos 7786-34-7
Monocrotophos 6923-22-4
Mustard, nitrogen (HN-1) [bis(2-chloroethyl)ethylamine] 538-07-8
Mustard, nitrogen (HN-2) [2,2’-dichloro-N- 51.75.2
methyldiethylamine N,N-bis(2-chloroethyl)methylamine]
Mustard, nitrogen (HN-3) [tris(2-chloroethyl)amine] 555-77-1
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Analyte(s) CAS RN
Mustard, sulfur / Mustard gas (HD) 505-60-2
Paraoxon 311-45-5
Parathion 56-38-2
Phencyclidine 77-10-1
Phenol 108-95-2
Phorate 298-02-2
Phorate sulfone 2588-04-7

Phorate sulfoxide 2588-03-6

Phosphamidon

Pinacolyl methyl phosphonic acid (PMPA)1

R 33 (VR) [methylphosphonothioic acid, S-[2-
(diethylamino)ethyl] O-2-methylpropyl ester]

Sarin (GB)?

Semivolatile organic compounds, NQ

Soman (GD)? 96-64-0
77-81-6
107-49-3
80-12-6
111-48-8
102-71-6
121-45-9
e e o
VG [phosphonothioic acid, S-(2-(diethylamino)ethyl) 78-53-5
0O,0-diethyl ester]
e s e
VX [O-ethyI-S-(Z-diisopropylaminoethyl)methyl- 50782-69-9
phosphonothiolate]
The following analyte should be determined by this method only if problems (e.g., insufficient recovery,
interferences) occur when using Method TO-15.
Allyl alcohol 107-18-6

L For this analyte, HPLC is the preferred technique; however, if problems occur, Method TO-10A must be modified to

include a derivatization step prior to analysis by GC-MS.
2 if problems occur when using this method, it is recommended that the canister Method TO-15 be used.
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Analysis Purpose: Sample preparation and analysis
Sample Preparation Technique: Solvent extraction
Determinative Technique: GC-MSor HPLC

Method Developed for: Pesticides and polychlorinated biphenylsin ambient air

Method Selected for: SAM lists this method for preparation and analysis of air samples.

Detection and Quantitation: The limit of detection (LOD) will depend on the specific compounds
measured, the concentration level, and the degree of specificity required. Thismethod is applicableto
multicomponent atmospheres, 0.001 to 50 pg/m® concentrations, and 4 to 24-hour sampling periods.

Description of Method: A low-volume (1 to 5 L/min) sample collection rate is used to collect vapors on
a sorbent cartridge containing PUF in combination with another solid sorbent. Airborne particles a

sorbent cartridge with 5% diethyl ether in hexane and determined by GC-MS. For com
HPLC coupled with a UV detector or electrochemical detector is preferable. If anal
dimethylphosphoramidic acid, EA2192, EMPA, IMPA, MPA, and PMPA requi
trimethylsilyl agent prior to injection into the GC.

Special Considerations: Refer to footnotes provided in analyte
that should be applied when measuring specific analytes. See Specia Col
for information regarding derivatization of compounds.

CAS RN

alcohol 107-18-6

Carbon disulfide 75-15-0
Cyanogen chloride 506-77-4
1,2-Dichloroethane 107-06-2
Ethyldichloroarsine (ED) 598-14-1
Ethylene oxide 75-21-8

The following analytes should be determined by this method only if problems (e.g., insufficient recovery,
interferences) occur when using Method TO-10A.

3-Chloro-1,2-propanediol 96-24-2
Chlorosarin 1445-76-7
Chlorosoman 7040-57-5
Diisopropyl methylphosphonate (DIMP) 1445-75-6
1-Methylethyl ester ethylphosphonofluoridic acid (GE) 1189-87-3
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Analyte(s) CAS RN
Sarin (GB) 107-44-8
Soman (GD) 96-64-0

Analysis Purpose: Sample preparation and analysis
Sample Preparation Technique: Samples are collected using canisters.
Determinative Technique: GC-MS

Method Developed for: VOCsin air

Method Selected for: SAM lists this method for preparation and analysis of air samples.
Detection and Quantitation: This method applies to ambient concentrations of VOCs above Q4if#
and typically requires VOC enrichment by concentrating up to 1 L of a sample volume; hguveva

sample volumes.

Description of Method: The atmosphere is sampled by introduction
stainless steel canister (electropolished or silica-coated). A samp
train comprising components that regulate the rate and duration of sampli
passivated canister. Grab samples also may be collectedad fter the air
valveisclosed, an identification tag is attached to the CHll 8 i (S transported to the
laboratory for analysis. To analyze the sample, aknow ' [

canister.

After the concentration
carrier gas stream,
temperature) tr
and analyzed by

ir Method, Toxic Organics-15 (TO-15): Compendium of Methods for the

ption O 1 oxic Organic Compounds in Ambient Air, Second Edition: Determination of Volatile
ompounds (VOCs) in Air Collected in Specialy-Prepared Canisters and Analyzed by Gas
glography/Mass Spectrometry (GC/MS).” http://www.epa.gov/sam/pdfEPA-TO-15.pdf

5.2.56 NIOSH Method 1612: Propylene Oxide

Analyte(s) CAS RN

Propylene oxide 75-56-9

Analysis Purpose: Sample preparation and analysis
Sample Preparation Technique: Coconut shell charcoa solid sorbent tube
Determinative Technique: GC-FID

Method Developed for: Propylene oxidein air
Method Selected for: SAM lists this method for preparation and analysis of air samples.
Detection and Quantitation: The working rangeis between 8 and 295 ppm for air samplesof 5L.
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Description of Method: A sample tube containing coconut shell charcoal is used for sample collection
with aflow rate of 0.01 to 0.2 L/min. One milliliter of carbon disulfide is added to the vial and alowed to
sit for 30 minutes prior to analysis with occasional agitation. Analysisis performed on a GC-FID. No
interferences have been found.

Special Considerations: The presence of propylene oxide should be confirmed by either a secondary
GC column or by an MS.

Source: NIOSH. 1994. “Method 1612: Propylene Oxide,” Issue 2.
http://www.epa.gov/sam/pdfs/NIOSH-1612.pdf

5.2.57 NIOSH Method 2016: Formaldehyde

Analyte(s)

Formaldehyde

Analysis Purpose: Sample preparation and analysis
Sample Preparation Technique: Solvent extraction
Determinative Technique: HPLC

Method Developed for: Formaldehydein air
Method Selected for: SAM lists this method for prepa

the®letermination of formaldehyde using HPLC
ontaining silica gel coated with 2,4-DNPH, at arate

been observed to consume the 2,4-DNPH reagent and to degrade the

d other aldehydes can react with 2,4-DNPH; the derivatives
romatographically from the formaldehyde derivative.

sam/pdfS'NIOSH-2016.pdf

B3 NIOSH Method 2513: Ethylene Chlorohydrin

Analyte(s) CAS RN
2-Chloroethanol 107-07-3
2-Fluoroethanol 371-62-0

Analysis Purpose: Sample preparation and analysis
Sample Preparation Technique: Solvent desorption
Determinative Technique: GC-FID

Method Developed for: Ethylene chlorohydrin (2-chloroethanol) in air
Method Selected for: SAM lists this method for preparation and analysis of air samples.
Detection and Quantitation: The working range of the method is 0.5 to 15 ppm for a 20-L air sample.
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Description of Method: Samples are drawn into a tube containing petroleum charcoal at arate of 0.01 to
0.2 L/min and transferred into vials containing eluent (carbon disulfide, 2-propanol, and n-pentadiene as
an internal standard). Vials must sit for 30 minutes prior to analysis by GC-FID. No interferences have
been identified. Humidity may decrease the breakthrough volume during sample collection.

Special Considerations: The presence of 2-chloroethanol should be confirmed by either a secondary
GC column or by an MS.

Source: NIOSH. 1994. “Method 2513: Ethylene Chlorohydrin,” Issue 2.
http://www.epa.gov/sam/pdf /NI OSH-2513. pdf

5.2.59 NIOSH Method 3510: Monomethylhydrazine

Analyte(s) CAS RN

Methyl hydrazine (monomethylhydrazine) 60-3

Analysis Purpose: Sample preparation and analysis
Sample Preparation Technique: Samplesare collected into ab
Determinative Technique: Spectrophotometry

ochlori

Method Developed for: Monomethylhydrazinein air
Method Selected for SAM liststhis method for prepa

sample.

Description of Method: i er containing hydrochloric acid using a flow

ences include other hydrazines, as well as stannousion,
hydrogen sulfide. Negative interferences may occur by oxidation of
s, oxygen (especially in the presence of copper (1) ions) and

.epa. qov/sarﬁ/ pdfNIOSH —?;510. pdf

o0 NIOSH Method 5600: Organophosphorus Pesticides

Analyte(s) CAS RN
Disulfoton 208-04-4
Disulfoton sulfoxide 2497-07-6
Organophosphate pesticides, NOS NA

Analysis Purpose: Sample preparation and analysis
Sample Preparation Technique: Solvent desorption
Determinative Technique: GC-FPD

Method Developed for: Organophosphorus pesticidesin air
Method Selected for: SAM lists this method for preparation and analysis of air samples.
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Detection and Quantitation: The detection limit depends on the compound being measured. The
working range for each analyteis provided in Table 5 of the method. These ranges cover from 0.1 to 2
times the OSHA Permissible Exposure Limits (PELS).

Description of Method: This method is used for the detection of organophosphorus pesticides using GC
withaFPD. Samples are prepared by desorbing the XAD-2 resin with 2 mL of toluene/acetone (90/10
v/v) solution. The method also may be applicable to the determination of other organophosphorus
compounds after evaluation for desorption efficiency, sample capacity, sample stability, and precision and
accuracy. Theworking range for each analyte is provided in Table 5 of the method. These ranges cover
from 0.1 to 2 times the OSHA PEL s (see Table 5 of the method). The method also is applicable to Short
Term Exposure Limit (STEL) measurements using 12-L samples.

Special Considerations: Severa organophosphates may co-elute with either target analytesor in
standards causing integration errors. These include other pesticides, and the following: tributy,

phosphate, tris-(2-butoxy ethyl) phosphate, tricresyl phosphate, and triphenyl phosphate.

Source: NIOSH. 1994. “Method 5600: Organophosphorus Pesticides,” Issue 1
http://www.epa.gov/sam/pdf /N1 OSH-5600. pdf

5.2.61 NIOSH Method 5601: Organonitrogen Pesticides

Analyte(s) C N

Aldicarb (Temik) 116-06-3

Aldicarb sulfone 1646-88-4

1646-87-3

1563-66-2

16752-77-5

23135-22-0

39196-18-4

Preparation Technique: Solvent desorption
inative Technique: HPLC

Method Developed for: Organonitrogen pesticidesin air

Method Selected for: SAM lists this method for preparation and analysis of air samples.

Detection and Quantitation: The detection limit for aldicarb is 1.2 pug per sample and 0.6 g per sample
for carbofuran, methomyl, and oxamyl. The working ranges for aldicarb, carbofuran, and oxamyl are
listed in Table 2 of the method, and range from 0.5 to 10 times the OSHA PEL.

Description of Method: This method can be used for the determination of organonitrogen pesticides
using HPLC with a UV detector. Samples are prepared by desorbing the XAD-2 resin with 2 mL of
triethylamine-phosphate solution, rotating end-over-end for 45 minutes, and filtering. The method also
may be applicable to the determination of other organonitrogen compounds and to a broad range of
pesticides having UV chromophores, e.g., acetanilides, acid herbicides, organophosphates, phenols,
pyrethroids, sulfonyl ureas, sulfonamides, triazines, and uracil pesticides. Because of the broad response
of the UV detector at shorter wavelengths, there are many potential interferences. Those tested include
solvents (chloroform and toluene), antioxidants (butylated hydroxytoluene [BHT]), plasticizers (dialkyl
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phthalates), nitrogen compounds (nicotine and caffeine), impuritiesin HPLC reagents (e.g., in
triethylaming), other pesticides (2,4-Dichlorophenoxyacetic acid [2,4-D], atrazine, parathion, etc.), and
pesticide hydrolysis products (1-naphthol). Confirmation techniques are recommended when analyte
identity is uncertain.

Special Considerations: The presence of the analytes listed in the table above should be confirmed by
either a secondary HPLC column or by an MS.

Source: NIOSH. 1998. “Method 5601: Organonitrogen Pesticides,” Issue 1.
http://www.epa.gov/sam/pdfs/NIOSH-5601. pdf

5.2.62 NIOSH Method 6001: Arsine

Analyte(s)

Arsine

Analysis Purpose: Sample preparation and analysis
Sample Preparation Technique: Coconut shell charcoal solid ent
Determinative Technique: GFAA

Method Developed for: Arsineinair
Method Selected for: SAM liststhism

Description of Method: gl pnic\ 0.1- to 10-L volume of air is drawn through
a sorbent tube containj . pent'1s extracted with anitric acid solution, and
arsenic is determ;

od 6002: Phosphine

Analyte(s) CAS RN

Phosphine 7803-51-2

Analysis Purpose: Sample preparation and analysis
Sample Preparation Technique: Solvent desorption with hot acidic permanganate solution
Determinative Technique: Spectrophotometry

Method Developed for: Phosphinein air
Method Selected for: SAM lists this method for preparation and analysis of air samples.
Detection and Quantitation: The working range of the method is 0.02 to 0.9 mg/m?® for a 16-L sample.

Description of Method: In this method, phosphine is determined as phosphate. A volumeof 1to 16 L
of air is drawn through a sorbent tube containing silicagel coated with mercuric cyanide. The sorbent is
extracted with a potassium permanganate/sulfuric acid solution and washed with reagent water.
Following treatment with the color agent and extraction into organic solvent, phosphate is determined by
visible spectrometry.
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Special C