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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

SAM Revision 5.0 Xi September 29, 2009



Abbreviations and Acronyms

SAM Revision 5.0

Xii

September 29, 2009



Acknowledgments

Acknowledgments

Contributions of the following individuals and organizations to the development of SAM Revision 5.0 are
gratefully acknowledged. Please refer to older versions of SAM for historical acknowledgments.

United States Environmental Protection Agency (EPA)
» Office of Research and Development, National Homeland Security Research Center

Kathy Hall
Romy Lee
Alan Lindquist
Matthew Magnuson
TonyaNichols
Eugene Rice
Rob Rothman
Frank Schaefer
Sanjiv Shah
Sarah Taft
Oba Vincent
Stuart Willison

o Office of Research and Development, Nationa osure Resear aborato
Vegas

Stephen Pia (Environmental Sciencegivision)

(NERL), Las

e Office of Research and Qeve : posure Research Laboratory (NERL),
Cincinnati
Gerard Stelma ExpOsure Assessment Research Division)

posure Assessment Research Division)

fice of Air and Radiation, Office of Radiation and Indoor Air
eorge Dilbeck (Nationa Air and Radiation Environmental Laboratory)
John Griggs (National Air and Radiation Environmental Laboratory)
Daniel Mackney (National Air and Radiation Environmental Laboratory)

o Office of Water, Office of Ground Water and Drinking Water
Malik Raynor (Water Security Division)

o Office of Prevention, Pesticides, and Toxic Substances, Office of Pesticide Programs
Elizabeth Flynt (Stennis Space Center)

e Office of Enforcement and Compliance Assurance, Office of Criminal Enforcement,
Forensics and Training
Don Smith (National Enforcement Investigations Center)

SAM Revision 5.0 Xiii September 29, 2009



Acknowledgments

e EPA Regions
Katie Adams (Region 10)
Jack Berges (Region 9)
Diane Gregg (Region 6)
Ted Haigh (Region 5)
Stephanie Harris (Region 10)
Jesse Kiernan (Region 8)
Ed O'Neill (Region 6)
Steve Reimer (Region 10)
Michael Wasko (Region 4)
Larry Zintek (Region 5)

United States Department of Health and Human Services

e Centers for Disease Control and Prevention (CDC)
Kevin Ashley (National Institute for Occupational Safety and Health)

Clayton B'Hymer (Nationa Institute for Occupational Safety and Health

Raymond Biagini (National Institute for Occupational Safety and

Barun De (National Center for Zoonatic, Vector-Borne, and

Jay Gee (National Center for Zoonotic, Vector-Borne, and

Vincent Hill (National Center for Zoonotic, Vec
Alex Hoffmaster (National Center for Zoonotic,
Rudolph Johnson (National Center for Environme

Chung Marston (Natl onal Ce and Enteric Diseases)
' etection and Control of Infectious Diseases)
Or- Borne, and Enteric Dlseases)

ter for PPeparedness, Detection and Control of Infectious Diseases)
or Zoonotic, Vector-Borne, and Enteric Diseases)

rates Trujillo

d States Department of Agriculture
Mark Jenkins
Robert Phillips

United States Department of Commerce
Peter Moeller (National Oceanic & Atmospheric Administration)

United States Department of Defense
Jon Davis (U.S. Army, Medical Research Institute of Infectious Diseases)
Paul Grasso (U.S. Army)
Johnathan Kiel (U.S. Air Force)
Jose-Luis Sagripanti (U.S. Army Research, Development, and Engineering Command - Edgewood
Chemical Biological Center)
Elaine Strauss (U.S. Navy, Naval Surface Warfare Center Dahlgren Division)
Ronald Swatski (U.S. Army, Center for Health Promotion and Preventive Medicine)

SAM Revision 5.0 Xiv September 29, 2009



Acknowledgments

United States Department of Energy
Steve Goldberg (New Brunswick Laboratory)

United States Geological Survey
Donna Francy

State Agencies
Jack Bennett (State of Connecticut Department of Public Health)
Timothy Fitzpatrick (Florida Department of Environmental Protection)
Liang Lin (Florida Department of Environmental Protection)
Christopher Retarides (Virginia State Department of General Services)
Colin Wright (Florida Department of Environmental Protection)

National Laboratories
Staci Kane (Lawrence Livermore National Laboratory)
Carolyn Koester (Lawrence Livermore National Laboratory)
Timothy Straub (Pacific Northwest National Laboratory)
Environmental Management Support, Inc.
AnnaBerne

G. Fred Lee & Associates
Fred Lee

Hamilton Sundstrand
Richard Trubey

Texas A&M Univer

ry Umbaugh
shua Vinson

SAM Revision 5.0 XV September 29, 2009



Acknowledgments

SAM Revision 5.0

XVi

September 29, 2009



Table of Contents

Standardized Analytical Methods for Environmental Restoration

Disclaimer ..

Following Homeland Security Events

Revision 5.0

September 29, 2009

Contents

USE OF ThiS DOCUMENT ....ciiiceeteeeeee e e ettt e e e e e e e e et e e e s s sesaessreeeeessessaassreeeeeesessaessnrereeeseessastlhereee)

Foreword....

Abbreviations and Acronyms

ACKNOWIEAGMENTS ... e

Section 1.0:

Section 2.0:

Section 3.0:

Section 4.0:

Section 5.0:

522

523

524

525
526

5.2.7
528
529

INtroduction ........c.ccoceviveveneneceeee,
Background.....................
Scope and Applj

Points

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

SEALTONAIY SOUMCES. ......ueeuieierieeie ettt st b et b bt b e e s s e se st b e nn b nr s 35
EPA Method 200.7: Determination of Metals and Trace Elements in Waters and Wastes by
Inductively Coupled Plasma-Atomic Emission SPeCtroMELrY ........ccccevvveeeveveceesie e, 35
EPA Method 200.8: Determination of Trace Elementsin Waters and Wastes by Inductively
Coupled Plasma-Mass SPECLIOMELTY ........c.ccceecieerieerieesieesee s seeseeesteesreesreessessressseessesseens 36
EPA Method 245.1: Determination of Mercury in Water by Cold Vapor Atomic Absorption
SPECITOMELTY (CVAA) <ttt bttt b et e et e e 38
EPA Method 252.2: Osmium (Atomic Absorption, Furnace Technique)............cccceeveceeunee. 38
EPA Method 300.1, Revision 1.0: Determination of Inorganic Anionsin Drinking Water by
(Lo g @ g0 Tn 7= oTo="o] 1)U RSRPR 39
EPA Method 335.4: Determination of Total Cyanide by Semi-Automated Colorimetry ..... 40
EPA Method 350.1: Nitrogen, Ammonia (Colorimetric, Automated Phenate) .................... 40
EPA Method 507: Determination of Nitrogen- and Phosphorus-Containing Pesticidesin
Water by Gas Chromatography with a Nitrogen-Phosphorus Detector .............ccccevvveeenee. 41

SAM Revision 5.0 XVii September 29, 2009



Table of Contents

5.2.10

5211

5212

5213

5214

5215
5216
5.2.17

5218
5219

5234

5235
5.2.36

5.2.37

5.2.38

5.2.39

5.2.40

EPA Method 524.2: Measurement of Purgeable Organic Compounds in Water by Capillary
Column Gas Chromatography / Mass SPECIIOMELTY .........cccevrerirereieeieesese e 42
EPA Method 525.2: Determination of Organic Compounds in Drinking Water by Liquid-
Solid Extraction and Capillary Column Gas Chromatography / Mass Spectrometry ........... 42
EPA Method 531.2: Measurement of N-M ethylcarbamoyloximes and N-Methylcarbamates
in Water by Direct Aqueous Injection HPL C with Postcolumn Derivatization.................... 43
EPA Method 549.2: Determination of Diquat and Paraquat in Drinking Water by Liquid-
Solid Extraction and High Performance Liquid Chromatography with Ultraviolet Detection

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.............cc.........
EPA Method 614: The Determination of Organophosphorus Pesticidesin Municig
INAUSLITAl WaSIEWELES ........coiriireeieeieesesiesese e sal o N e
EPA Method 3031 (SW-846): Acid Digestion of Oilsfor Metals Anal ysi
Absorption or |CP SPECIrOMELTY ........cccveiveeieeieciereseeeenreereereesreee e P e eeeeve e eeens
EPA Method 3050B (SW-846): Acid Digestion of Sedlment .........
EPA Method 3520C (SW-846): Continuous Liquid-Li IOR..................]
EPA Method 3535A (S\N 846) Solid-Phase Extraci@@P... @ .- X ol ...

EPA Method 7471B (SW-846): Mercury in Solid or Semisolid Wastes (Manual Cold-V apor

LIS, 111 (U= OSSPSR PR URPRR PRSP 70
EPA Method 7473 (SW-846): Mercury in Solids and Solutions by Thermal Decomposition,
Amalgamation, and Atomic Absorption SpectrophOtometry .........cccocvveveevieven e, 71
EPA Method 7580 (SW-846): White Phosphorus (P,) by Solvent Extraction and Gas

L@ g0l 0F= (o]0 ir="o] V78S 71
EPA Method 8015C (SW-846): Nonhalogenated Organics Using GC/FID ... 72
EPA Method 8260C (SW-846): Volatile Organic Compounds by Gas Chromatography-
Mass SPECLIOMELTY (GC/MS)....oueiiiieicee ettt sttt s re et s re e 73
EPA Method 8270D (SW-846): Semivolatile Organic Compounds by Gas
Chromatography/Mass Spectrometry (GC-MS) .....co oot 74
EPA Method 8290A, Appendix A (SW-846): Procedure for the Collection, Handling,
Analysis, and Reporting of Wipe Tests Performed within the Laboratory ...........cccccveveneee. 77
EPA Method 8315A (SW-846): Determination of Carbonyl Compounds by High
Performance Liquid Chromatography (HPLC) ........cccccieieiiniiece e 81
EPA Method 8316 (SW-846): Acrylamide, Acrylonitrile and Acrolein by High Performance
Liquid Chromatography (HPLC) .......ccuiiiirieieieeeesesese e 81

SAM Revision 5.0 Xviii September 29, 2009



Table of Contents

5241

5242

5243

5.2.44

5.245

5.2.46

5.2.47

5.2.48
5.2.49

5.2.50

5251

.2.56
5257
5.2.58
5.2.59
5.2.60
5261
5.2.62
5.2.63
5.2.64
5.2.65
5.2.66
5.2.67
5.2.68
5.2.69
5.2.70
5271

EPA Method 8318A (SW-846): N-Methylcarbamates by High Performance Liquid
Chromatography (HPLC) ..ottt e e e eeeneas 82
EPA Method 8321B (SW-846): Solvent-Extractable Nonvolatile Compounds by High
Performance Liquid Chromatography-Thermospray-Mass Spectrometry (HPLC-TS-MYS) or

UItraviolet (UV) DELECHION........ooeeeeieeieie sttt sttt ae st e eee e eneenes 83
EPA Method 8330B (SW-846): Nitroaromatics and Nitramines by High Performance
Liquid Chromatography (HPLC) .....cc.ecieieieieece ettt st st 84

EPA CRL MS014: Analysis of Aldicarb, Bromadiolone, Carbofuran, Oxamyl and

Methomyl in Water by Multiple Reaction Monitoring Liquid Chromatography / Tandem
Mass SpeCtrometry (LC/MSIMS) ...ttt e sne e 85
EPA CRL MS015: Analysis of Thiodiglycol in Water by Single Reaction Monitoring

Liquid Chromatography / Tandem Mass Spectrometry (LC/MSIMS)......ccoovveeevvieenenns

EPA CRL MS016: Analysis of Diethanolamine, Triethanolamine, n-Methyldiethz
and n-Ethyldiethanolamine in Water by Single Reaction Monitoring Liquid
Chromatography / Tandem Mass Spectrometry (LC/IMSIMS) ..............d®.......... Q...
EPA CRL MS017: Analysis of Diisopropyl Methylphosphonate,
Dimethylamidophosphate, 1sopropyl Methylphosphonic Aci

EPA ILMO05.3 Cyanide: Analytical Methodsfor Total Cyan\@R ANalySiS\A.®.............
EPA Region 7 RLAB Method 3135.21: C

Samples Automated Colorimetric with M jgestion .........

10 [Inorgamc] Compendium Method 10-3 i

etermln on of Metalsin Ambient
Plasma (ICP) Spectrascopy .......c.coveeeevennens 90
etermination of Metalsin Ambient

Method, Toxic Organics - 15 (TO-15): Determ| nation of Volatile Organic
Compounds (VOCs) in Air Collected in Specially-Prepared Canisters and Analyzed by Gas

Chromatography/Mass Spectrometry (GC/MS).......cociiiinirereee e 95
NIOSH Method 1612: Propyleng OXITe...........ooeiueeeirinisiesiesie e 96
NIOSH Method 2016: FOrmaldenyde..........ccoovvereieiieieeeesese e 97
NIOSH Method 2513: Ethylene Chlorohydrin ...........ccoooeeiiiiiieieceee e 97
NIOSH Method 3510: Monomethylhydrazine.............coovereieeeninene e 98
NIOSH Method 5600: Organophosphorus PESLICIAES.........ccceeieereereriir e eree e 98
NIOSH Method 5601: Organonitrogen PeStiCIdES..........ccecviicieieieeie e 99
NIOSH Method B00L: ATSINE ...c.eeveieeeeiteseeieste e ete e e te e ste et este e ese e tesreesaessesneenes 100
NIOSH Method 6002: PROSPNINE .......c.ciiiiiiiiiiieieeeee e 100
NIOSH Method 6004: SUITUF DIOXITE ........cierereeeieeeeee e nnen 101
NIOSH Method 6010: Hydrogen Cyanide............cceeveveieeieie e 101
NIOSH Method 6013: Hydrogen SUITIE..........cceoiieeeierineneseseeeeee e 102
NIOSH Method 6015: AMIMONIA........ccoiiiiierire et e e seeeees 102
NIOSH Method 6402: Phosphorus Trichloride..........ccocvevvvieee e 103
NIOSH Method 7903: ACIdS, INOIGANIC ....cccveiieeeiesie e 103
NIOSH Method 7905: PROSPROTUS ......cc.viiiiiiiiiiieieeeieeeies st 104
NIOSH Method 7906: Fluorides, Aerosol and Gas, by IC ........cccccevvieeceii e 104

SAM Revision 5.0 XiX September 29, 2009



Table of Contents

5.2.72
5273
5274
5.2.75
5.2.76
5.2.77
5.2.78
5.2.79
5.2.80
5281

5.2.82

5.2.83

5.2.84
5.2.85

NIOSH Method 9102: EIementS 0N WIPES........ocieieieiriirieriesie e 105
NIOSH Method S301-1: FlUOroaCetate ANION........coceieeeeeeieeeeee et 106
OSHA Method 40: MethylaminNe.........cceieeieeieese e enee s 106
OSHA Method 54: Methyl 1Socyanate (MIC).......ccevueiririnirienierieeeeeese e 107
OSHA Method 61: PNOSOENE......ccuiitieeiieeeeie sttt see e e e neesneeneenee e 107
OSHA Method 1D-211: Sodium Azide and Hydrazoic Acid in Workplace Atmospheres. 108
OSHA Method ID216SG: Boron Trifluoride (BF3)......cccecveveiievecece e, 108
OSHA Method PV2004: ACIYIBMIAE ......coeieiiiiierieieieeeeee e 109
OSHA Method PV2103: ChlOrOPICIiN......ccuviviiieieeeeeesiesiesie e nre s 109

ASTM Method D5755-03: Standard Test Method for Microvacuum Sampling and Indirect
Analysis of Dust by Transmission Electron Microscopy for Asbestos Structure Number
ST = "o 0o ] oo T
ASTM Method D6480-05: Standard Test Method for Wipe Sampling of Surfaces

EIeCtron MiCrOSCOPY ....ccvrveeeeriereeeieenenienieseeeiesiesreeneeseeseessesneeseeseesces gl o)
SO Method 10312:1995: Ambient Air - Determination of Asbest i
Transmission Electron Microscopy Method ...........cccccccccec. ... ... ad®..........
Standard Method 4500-NH3 B: Nitrogen (Ammonia) Preld ]
Standard Method 4500-NHs G: Nitrogen (Ammoni aytiogeted PhenS@ M ethodglP. ... 112

Operating Procedures for Identifying Radiochemical Methods........................... 118

General QC Guidelines for Radiochemical Methods............ccooviveeevvieere s 121
Safety and Waste Management ...........ccovireeeie e et 122
MELNOT SUMIMEAITES. .....euvireeieeieieierieste ettt b bbb bt et ae b e 123
6.2.1 EPA Method 111: Determination of Polonium-210 Emissions from Stationary Sources .. 123
6.2.2 EPA Method 900.0: Gross Alpha and Gross Beta Radioactivity in Drinking Water........... 123
6.2.3 EPA Method 901.1: Gamma Emitting Radionuclidesin Drinking Water .........ccccoevveeneen. 124
6.24 EPA Method 903.0: Alpha-Emitting Radium I sotopesin Drinking Water..............ccceeu... 125
6.25 EPA Method 903.1: Radium-226 in Drinking Water — Radon Emanation Technique....... 126
6.2.6 EPA Method 906.0: Tritium in DrinkKing Water .........cccoveveevieien e 126
6.2.7 EPA Method 908.0: Uranium in Drinking Water — Radiochemical Method....................... 127
6.2.8 EPA Method EMSL-19: Determination of Radium-226 and Radium-228 in Water, Soil, Air
= aTo l =TTl oo Tor= I IS U= S 127
6.2.9 EPA Method EMSL-33: Isotopic Determination of Plutonium, Uranium, and Thoriumin
Water, Soil, Air, and BiologiCal TiSSUE .....ccuevvreeeiireeeie e eee st sie e se e sns 128
6.2.10 EML HASL-300 Method Am-01-RC: AMEricium in SOil ......c.cccoeveveeieieninieneseseseseenes 129
6.2.11 EML HASL-300 Method Am-02-RC: Americium-241 in Soil-Gamma Spectrometry...... 129

SAM Revision 5.0 XX September 29, 2009



Table of Contents

6.2.12 EML HASL-300 Method Am-04-RC: Americium in QAP Water and Air Filters - Eichrom’s

JLILE L === T o S 130
6.2.13 EML HASL-300 Method Ga-01-R: Gamma Radioassay ..........cccceerereeererenesesieneeiennens 130
6.2.14 EML HASL-300 Method Po-02-RC: Polonium in Water, Vegetation, Soil, and Air Filters

............................................................................................................................................. 131
6.2.15 EML HASL-300 Method Pu-12-RC: Plutonium and/or Americium in Soil or Sediments. 132
6.2.16 EML HASL-300 Method Sr-03-RC: Strontium-90 in Environmental Samples................. 132
6.2.17 EML HASL-300 Method Tc-02-RC: Technetium-99 in Water — TEVA® Resin............... 133
6.2.18 FRMAC Method Volume 2, Page 33: Gross Alphaand Betain Air ........cccooeeeevvicenenens 133
6.2.19 ORISE Method AP1: Gross Alphaand Betafor Various Matrices.........cccoovvveeeveieecienene 134
6.2.20 ORISE Method AP2: Determination of Tritium .........ccovevieiiieiie e, 135
6.2.21 ORISE Method AP5: Determination of Technetium-99..........cccoiviiiiieiireee e, 5

6.2.22 ORISE Method AP11: Sequential Determination of the Actinides in Environme
Using Total Sample Dissolution and Extraction Chromatography ...............da..... X8 ...

6.2.23 ORISE Method Procedure #9: Determination of 1-125 in Environment .
6.2.24 ASTM Method D3084-05: Standard Practice for Alpha Spectromegfh Water .........\
6.2.25 ASTM Method D3972-02: Standard Test Method for |sotopi [

RadioCheMISIY .....oovviiiceeeeeeecee P NP
6.2.26 Standard Method 7110 B: Gross Alpha and Gross ivi

1o IDIESSOIAY/S s ) IHURRRRRTRRSRRISRRRRTRT. WIS, N A 139
6.2.27 Standard Method 7120: Gamma-Emittingdddionuclides...... \@......c.c.... i 140
6.2.28 Standard Method 7500-Ra B: Radium: Prd U 141
6.2.29 Standard Method 7500-Ra C: Radium: E hethod ... 90 141
6.2.30 Standard Method 7500-Sr & Radioa ) and Strontium-90: Preci pitation

MEhO ..o e oo RO I e ettt eeeeeeeeeeeeeeennnenes 142

6.2.31 Standard Methg : iuTERadf@hemical Method............coooveeveveieeeiieeee 142
6.2.32 Standard N IUMBMISOLAIPC M ELhOd.........c.eeee i 143
Section 7.0: Seld@ed PathONEI MEthOORERAGIP..........oooooe ittt e e e e e e e as e e e e e e s sessrereeeeees 145

2.1 Bacillus anthracis [ANthrax] —BSL-3 ... 151

7.21.1  Literature Reference for B. anthracis (Public Health Reports. 1977. 92(2): 176-186)
................................................................................................................................ 152
7.2.2  Brucella spp. [BrucelloSiS] —BSL-3......c.o oot 152
7.22.1 ASM Sentinel Laboratory Guidelines for Suspected Agents of Bioterrorism:
BrUCEIIa SPECIES ...ttt nne s 153
7.2.3 Burkholderia mallei [Glanders] — BSL-3 and Burkholderia pseudomallei [Melioidosis] —
2 PSSR 153
7231 ASM Sentinel Laboratory Guidelines for Suspected Agents of Bioterrorism:
Burkholderia mallei and Burkholderia pseudomallei ..o, 153
7.24 Campylobacter jejuni [Campylobacteriosis] —BSL-2.......ccocoeiiiiiieiiieeeeere e 154
7.2.4.1  Standard Method 9260 G: Campylobacter Jejuni ........cccccoveveevcevcn e, 154
7.24.2 Literature Reference for Campylobacter jejuni (Molecular and Cellular Probes.
2006. 20(5): 269-279).....ccueieeeeeereerieisesestestesseseeseeseeeeseese e ase e ste e sseneeneeneeneanens 155

SAM Revision 5.0 XXi September 29, 2009



Table of Contents

7.25 Chlamydophila psittaci [Psittacosis] (formerly known as Chlamydia psittaci) — BSL-2;

BSL-3 for aerosols and [arge VOIUMES ..........cooiiiree e 156
7.25.1 Literature Reference for Chlamydophila psittaci (Journal of Clinical Microbiology.
2000. 38(3): 1085—1093).......ccuererrereerierisreiresresressesseseeseeeesesessessessessessessessesseseasens 156
7.2.6 Coxiella burnetii [Q-TEVEI] —BSL- 3. .ot 157
7.2.7 Escherichia coli O157:H7 — BSL-2 ...ttt 157
7.27.1  Standard Method 9260 F: Pathogenic Escherichia coli........cccccovveveveiecicieenenn, 157
7.2.7.2 Literature Reference for Escherichia coli O157:H7 (Applied and Environmental
Microbiology. 2003. 69(10): 6327—6333)......ccceruerererererreereerenesesseseseeseeseesessenses 158
7.2.8 Francisella tularensis [Tularemial —BSL-3........cccccceviiiieieiieeese e eree e 158
7281 CDC, ASM, APHL: Basic Protocolsfor Level A Laboratories for the Presumptive
Identification of Francisella tularensis. .........ccoceeeevieeni e C
7.2.9 Leptospira interrogans [Leptospirosis] —BSL-2........ccccceevvvieevenieciecvececcee e P«
7.29.1  Standard Method 9260 I: LeptoSpira .......ccceeceevereerereeieenerieeseeseesagth oo O
7.29.2 Literature Reference for Leptospira spp. (Diagnostic Microbig) acti
Diseases. 2009. 64(3): 247-255)......cccuvurcercenverenerenrerienes P e eeeeeneesireenen

7.2.10 Listeria monocytogenes [Listeriosis] —BSL-2........c.ccccccceec.al...NQ.......ad®.........
7.210.1 USDA Laboratory Guidebook: “FSIS Procedur i
monocytogenes Polymerase Chain Reactio

7.210.2

W5 General Qualitative Isolation and Identification
SAIMONEIA ... e s 165

Laboratory Assay: “Detection of Diarrheagenic Escherichia coli and Shigella
NG LIGHtCYCIEI®™ ...t 165

7. andard Method 9260 E: Shigella..........cccoveiriiininieeeeeeee e 166
4 Staphylococcus AUFEUS — BSL-2 ..o e 167
7.2.14.1 Standard Method 9213 B: StaphylOCOCCUS QUIEUS........ocveuveeeeirierierie e 167
.2.15 Vibrio cholerae [Cholera] — BSL-2........c.ccoiiiiiiieieeieeeese st 167
7.2.15.1 CDC Laboratory Assay: “TagMan Assays for Detection of V. cholerae ctxA, O1
rfD, @Nd OL39 ITD.” ... 168
7.2.15.2 Standard Method 9260 H: Vibrio cholerae.........cccoovvvevvveecese e 168
7.2.16 Yersinia pestis [Plague] —BSL-3......ccor it 169
7.2.16.1 ASM Sentinel Laboratory Guidelines for Suspected Agents of Bioterrorism:
YEISINIA PESTIS .ttt sttt b bt n e 169
7.3 Method SUMMEITES FOI VITUSES.......coiiiiiiiesie ettt st neas 170
7.3.1 Adenoviruses: Enteric and non-enteric (A-F) = BSL-2.......cccov i, 170
7.3.1.1 Literature Reference for Adenoviruses (Applied and Environmental Micrabiology.
2005. 71(6): 3L3L-3L36)....cueeuerrereeereereeresresressessessessessesseeesessessessessessessessessesessens 170
7.3.2  AsStroviruses — BSL N0t SPECITIEM. .......ccuiiririirierieieecieeee e 171
7.3.2.1 Literature Reference for Astroviruses (Canadian Journal of Microbiology. 2004. 50:
269-2T78) ...ttt bttt h bbbttt 171

SAM Revision 5.0 XXii September 29, 2009



Table of Contents

7.3.3  Caliciviruses: NOroViruSES — BSL-2........ccoviiiiiiiieiceeeesese et 171
7.3.3.1 Literature Reference for Noroviruses (Journal of Clinical Microbiology. 2004.
42(10): AB79—A08D).......cceieeuerrenerieeriese ettt 172
7.3.4  CaliCiVIrUSES. SAPOVIIUS — BSL-2 ..ottt 172
7.34.1 Literature Reference for Sapoviruses (Journal of Medical Virology. 2006. 78(10):
L347=1353) ..ttt 172

7.3.5 Coronaviruses. SARS-associated human coronavirus— BSL-2; BSL-3 for propagation... 173
7.35.1 Literature Reference for Coronaviruses (SARS) (Journal of Virological Methods.

2004 122: 29-36) ...ecveveerererieieieesieseseses e ettt ne s et e ae e nnenen 173
7.3.6 HepatitiSE VIrUS (HEV) —BSL-2 ....cuiceei ettt sttt s 174
7.3.6.1 Literature Reference for Hepatitis E Virus (Journal of Virological Methods. 2006.
) TR G5 ) USRS

7.3.7 InfluenzaHSNL VIrUS — BSL-3 ..ot

7.3.7.1 Literature Reference for Influenza HSN1 (Emerging Infectious Di . 3
11(8): 1303—1305) .. ccuereererrerreereeenneerersesseseeseeseeseeseesenessessessese g i)

7.3.8 Picornaviruses. ENterovirusSes — BSL-2.......ccccocevevererienienicnenereen ooz
7381 USEPA Manua of Methods for Virology, EPA/60Q 01 ...
7.3.8.2 Literature Reference for Enteric Viruses (Appli .

2003. 69(6): 3158-3164).....cccccecvvvvrivrrreee G N v N ool .. 176

7.3.9 Picornaviruses: Hepatitis A virus (HAV) —BSL-2...............} ... 177

7.3.10 Reoviruses: Rotavirus (Group A) —BSL ppeCified........... N 177
7.3.10.1 Literature Reference for Reovirus [

Methods. 2009. 155: 126-131) ... JR. ... S - cocovever e P 177

7.4  Method Summariesfor Prgii@fa.... " S@A...... NP ... ......coooiieccce e 178
7.4.1 Cryptosporidiurga@p. [@PtOSPOri di QS| —SL-2 ..o 178
.................. 178
............................................................................................................... 179
74.1.3 i B Cryptosporidium spp. (Applied and Environmental
i i 1999. 65(9): 3936-3941L).....cerueiererrerieriirie et 180
ence for Cryptosporidium spp. (Applied and Environmental
robiology. 2007. 73(13): 4218—4225)........ccccererereeeeeeenenieseeseeneeeeessessesnees 180
2 o (o] o= T = 1 ST 181
7.4% iterature Reference for Entamoeba histolytica (Journal of Parasitology. 1972.
58(2): B06—310)....cueeuerrirrereereereeeeeeessessessessessessesseseeeeeesease e ssessessesaeseeeneeneeneanens 181
7.4.2.2 Literature Reference for Entamoeba histolytica (Journal of Clinical Microbiology.
2005. 43(11): 5A9T-5497)....cceeeeeereereee et sttt sttt ene s 182
743 Giardia spp. [GIardiasiS] —BSL-2.......cocoeiiieieiiiiesesise e 182
7.4.3.1 Literature Reference for Giardia spp. (Transactions of the Royal Society of
Tropical Medicine and Hygiene. 1983. 77(4): 487—488).........ccccoeevevveveecreeeennn, 182
7.4.4  Toxoplasma gondii [TOXOPIaSMOSIS] — BSL-2.......cccviriniriniirieneeeeesesese s 183
7.4.4.1 Literature Reference for Toxoplasma gondii (Emerging Infectious Diseases. 2006.
12(2): 326-329).....ccueeueeieeiesie et ettt 183
7.4.4.2 Literature Reference for Toxoplasma gondii (Applied and Environmental
Microbiology. 2004. 70(7): 4035—4039) ........ccoeruerrriererenenresreseesee e 184
75 Method Summaries for HEIMININS ..........cooiiiie e 184
7.5.1 Baylisascaris procyonis [Raccoon roundworm fever] —BSL-2.........ccccocvvievvieiiieieseenns 184

7511 USEPA Environmental Regulations and Technology, Control of Pathogens and
Vector Attraction in Sewage Sludge EPA/625/R-92/013, July 2003: Baylisascaris
O] (01030 41 3O 185

SAM Revision 5.0 xXiii September 29, 2009



Table of Contents

Section 8.0: Selected BiotoXin MELNOGS. ........cceeiiiieisice et ee e 187
8.1 GENEral GUIABIINES ...t ettt e e et e esaesaeeeeseeeneeeesaeeneenes 188
8.1.1 Standard Operating Procedures for Identifying Biotoxin Methods............cccccoevveveenennen. 189
8.1.2 Generad QC Guidelinesfor BiotoxXin MethOds..........ccccveceriiiieiiniiceecesesee e 190
8.1.3 Safety and Waste ManaQemMeNt ..........coceiiiieieieeeeresie ettt s ae e e eneens 191
8.1.4 Laboratory Response NEtWOrK (LRN) ....coiciieiie et et 192

8.2 Method Summaries for Protein BiOtOXINS. ........ccoveiririreni e 193

S 2 R AN o | [P 193

8211 Literature Reference for Abrin (Journal of Food Protection. 2008. 71(9): 1868—
LBTA) et e a e et e et be s

8212 Literature Reference for Abrin and Ricin (Analytical Biochemistry. 20034 ;
87-89) ..ttt ne e nne e nnesnense s e SO e e
8.2.1.3 Literature Reference for Abrin and Shiga and Shiga-like Toxi
Toxicology. 2001. 88(5): 255-260) .......ccevevvreeverecceeere P e
8.2.2  Botulinum neurotoxins (SerotypesA, B, E,F) ool N -l ...
8.22.1 U.S FDA, Bacteriological Analytical Manual Qgid
NEUIOtOXINS. ...t 70 TR ... 196

8222 Lateral Flow Immunoassay KitS........cccoeierenenn.. e .. ........ 196
8.23 RICiN(RICININE).....ccooireiiieeerercerene e gl e O e e 197
8231 Literature Reference for Ricin (Jd
C1572) IURUNUNUURRRPRUIOOURT TR UUUSIURRRR SRR 197

8.2.3.2 Literature Refereng RACi tion (Journal of Analytical
Toxicology. q R, ESKY) o o 198
8.24 Shigaand Shigaid#e tORRS (StX, SIXRASIXER..........ocveeeecece e 199

........................................................ 199
0a and Shiga-like Toxin (Journal of Clinical
.............................................................. 199
8 , S O 200
Method 993.06: Staphylococcal Enterotoxinsin Selected Foods 200
aries for Small Molecule BiOtOXINS.........cocvieereieeene e 200
LI 11 = 3 ) SRS 201
83.1.1 AOAC Official Method 991.31: Aflatoxinsin Corn, Raw Peanuts, and Peanut
BULLET ...ttt e s b s re e b nee s 201
0T B AN 1 0 o SR 201
8.3.21 Literature Reference for a-Amanitin (Journal of Chromatography B. 1991. 563(2):
2SS I ) TSROSO 201
8.3.2.2 Literature Reference for a-Amanitin, T-2 Mycotoxin (Journal of Food Protection.
2005. 68(6): 1294—1301)....cceeueeereererrenreriesieseeseeseeseeseeseesessessessessessessessessessenesensens 202
LSS B N £ 7= (0] = VPSSR 203
8331 Literature Reference for Anatoxin-a (Biomedical Chromatography. 1996. 10(1):
QBT .ottt ettt R et A te et et et et Rt e Reenenrententente e eneeneas 203
8.3.4  BrevetoXing (B fOIM) .....coi ettt s sre e 203
8341 Literature Reference for Brevetoxins (Environmental Health Perspectives. 2002.
02 T 4 i ) SRS 203
8.34.2 Literature Reference for Brevetoxins (Toxicon. 2004. 43(4): 455-465) .............. 204
LSRG o T v @] o) [0 (| o PR STRSN 204
835.1 Literature Reference for a-Conotoxin (Biochemical Journal. 1997. 328(1): 245—
22510 ) USRS 204

SAM Revision 5.0 XXiV September 29, 2009



Table of Contents

8.35.2 Literature Reference for a-Conotoxin (Journal of Medicinal Chemistry. 2004.

() B 2 g 1 SRS 205
8.3.6  CyliNArOSPEIMOPSIN ... .eeeieeiieecieeseese e e e e e s e e s e s e e s e enee st e e teesteesreesreesaeesnseenseenseenneesneenses 206
8.3.6.1 Literature Reference for Cylindrospermopsin (FEM S Microbiology L etters. 2002.
206(2): 159—164)....ccueiueereieesierieiereeeeeee e ste e steseestesee e e ese e asenre e ntestententeeeneeneas 206
8.3.6.2 ELISA Kitsfor CylindroSpermMOPSIN.........ccueierreerireerieeseeseesesseesneeesseesseesseessees 206
8.3.7 DiaCetOXYSCIIPENOl (DAS) ...oiieieieitiee sttt ettt st e e te s reeaesreennenes 207
83.7.1 Literature Reference for Diacetoxyscirpenol (DAS) (International Journal of Food
Microbiology. 1988. 6(1): G—17) ...c.cceeierereere et 207
8.3.7.2 Literature Reference for Diacetoxyscirpenol (DAS) and T-2 Mycotoxin (Rapid
Communications in Mass Spectrometry. 2006. 20(9): 1422—-1428) .........cccccecuee. 207
8.3.8 Microcystins (Principal isoforms: LA, LR, LW, RR, YR) ..ccccoiiiiiiiiieeeeee e, 208

8.38.1 Literature Reference for Microcystins (Journal of AOAC International. 4
84(4): 1035—1044).....cceririiriiieerieieieenesesiese e sal e SO
8.3.8.2 Literature Reference for Microcystins (Analyst. 1994. 119(7);
SRS I = Tor 1) 0 )11 o F SRS ONSRSRSRRURRORTRTIRR SRR
8.3.9.1 Literature Reference for Picrotoxin (Journal of Phar ' [
Analysis. 1989. 7(3): 369-375)....c.ccccvcvrverereer sl ..o P

8.3.10 Saxitoxins (Principal isoforms. STX, NEOSTX, GTPEUCRX, dcCSTXYA...........4P.... 210
8.3.10.1 Literature Reference for Saxitoxin (Journa of AOA g :

528-532) ..cceveeeieieeeecneeee A - U VT o ...210

8.3.10.2 ELISA Kitsfor Saxitoxins........... ETUTTT. 210

8.3.11 T-2MYCOOXIN woceeeveieieeecieeiesieceereceeeee S AL e e 211
8.3.12 TetrodotoXin.......ccceeve.... xR ... o0, TR 211

............ ‘ ceerreeneeee- R e 241
........................................................................................ 212

Section 9.0: CONCRRIONS ...... M. - veeeee P ettt b et e bt s bbbt bbb e b e nre e 213
Appen d Chemical METNOUS..........oiiieeeeee e A-1
Appe@®x B: Selected Radiochemical MEtNOUS. ..o s B-1
Appendix C: Selected Pathogen Methods...........coiciiiiiiiiiii e ne e C-1
Appendix D: Selected BiotOXin IMETNOUS ........ccoiiiiriiiiiieieieeeerese e D-1

Figures

Figure 1-1. Environmental Evaluation Analytical Process Roadmap for Homeland Security Events......... 2
Figure 2-1. SAM Method SElECHION PrOCESS..........cceiiiiieeieiie ettt ste et ne st saeestesbeeaesresreennens 5

SAM Revision 5.0 XXV September 29, 2009



Table of Contents

Table 5-1.
Table 5-2.
Table 6-1.
Table 6-2.
Table 7-1.
Table 8-1.

Tables
Chemical Methods and Corresponding Text Section NUMDENS..........ccoceveveviescecsieenieenieens 14
Sources of Chemical MELNOUS. ..........oiiiiiceeeeceeceeee et aeeenre e 32
Radiochemical Methods and Corresponding Text Section NUumbers..........ccccvvveeenrieeenne 118
Sources of Radiochemical MEthOUS .........cc.oiieeiiie e 120
Sources of Pathogen MEthOAS ...........ooiiieiiiicc e e 147
Sources of BiotOXIN MEINOAS .........ccviiiiiiici et 189

SAM Revision 5.0 XXVi September 29, 2009



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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analyte in the sample
type of interest?

YES—,

Evaluate method against

NO
selection criteria

) J

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.

SAM Revision 5.0 9 September 29, 2009




Section 3 — Scope and Application

SAM Revision 5.0

10

September 29, 2009



Section 4 — Points of Contact

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
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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
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
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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
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
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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
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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

SAM Revision 5.0 40 September 29, 2009



Section 5 — Selected Chemical Methods

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
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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
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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

SAM Revision 5.0 92 September 29, 2009



Section 5 — Selected Chemical Methods

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 Considerations: The method is subject to interferences from phosphorus trichloride,
phosphorus pentachloride, and organic phosphorus compounds.

Source: NIOSH. 1994. “Method 6002: Phosphine,” Issue 2.
http://www.epa.gov/sam/pdfs/NI OSH-6002.pdf

5.2.64 NIOSH Method 6004: Sulfur Dioxide

Analyte(s) CAS RN

Sulfur dioxide 7446-09-5

Analysis Purpose: Sample preparation and analysis
Sample Preparation Technique: Treated filter extracted with carbonate/bicarbonate
Determinative Technique: 1C

Method Developed for: Sulfur dioxidein air
Method Selected for: SAM lists this method for preparation and
Detection and Quantitation: The working range of the method

Description of Method: Inthis method, sulfur dioxidegi
40to 200 L of air is drawn through a sodium carbonate-
remove particulates and sulfuric acid. The treated filter Sibe W|th acar nate/bi carbonate sol utlon

CAS RN
Cyanide, Total 57-12-5
Hydrogen cyanide 74-90-8

Analysis Purpose: Sample preparation and analysis
Sample Preparation Technique: Solvent desorption
Determinative Technique: Spectrophotometry

Method Developed for: Hydrogen cyanidein 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 3 to 260 mg/m?® for a 3-L sample.

Description of Method: Hydrogen cyanide is determined as a cyanide ion complex by this method. A
volume of 0.6 to 90 L of air is drawn through a soda lime sorbent tube. A glass-fiber filter is used to
remove particulate cyanides prior to the sorbent tube. Cyanide is extracted from the sorbent with reagent
water treated with sodium hydroxide. The extract is pH adjusted with hydrochloric acid, oxidized with N-
chlorosuccinimide/succinimide, and treated with the coupling-color agent (barbituric acid/pyridine). The
cyanideion is determined by visible spectrophotometry using a wavelength of 580 nm.
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Special Considerations: The method is subject to interference from high concentrations of hydrogen
sulfide. Two litersis the minimum volume required to measure concentration of 5 ppm.

Source: NIOSH. 1994. “Method 6010: Hydrogen Cyanide,” Issue 2.
http://www.epa.gov/sam/pdf /NI OSH-6010.pdf

5.2.66 NIOSH Method 6013: Hydrogen Sulfide

Analyte(s) CAS RN

Hydrogen sulfide 7783-06-4

Analysis Purpose: Sample preparation and analysis
Sample Preparation Technique: Solvent extraction
Determinative Technique: 1C

Method Developed for: Hydrogen sulfide in air
Method Selected for: SAM lists this method for preparation and
Detection and Quantitation: The working range of the method

Description of Method: Hydrogen sulfide is determin
40 L of air isdrawn through charcoal sorbent. A prefilt

analyzed for sulfate by IC.

Special Considerations: T

CAS RN

Ammonia 7664-41-7

Purpose: Sample preparation and analysis
ple Preparation Technique: Water extraction
Determinative Technique: Spectrophotometry

Method Developed for: Ammoniain 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 0.15 to 300 mg/m® for a 10-L sample.
Twice the recommended sampl e volume should be collected in order to achieve an action level of 70

pg/m>.

Description of Method: Ammoniais determined as indophenol blue by this method. A volume of 0.1 to
96 L of air isdrawn through a sulfuric acid-treated silica gel sorbent. A prefilter is used to remove
particulates. The sorbent is extracted with reagent water, the pH adjusted, and reagents are added to
generate the indophenol blue compound in the presence of ammonium. The extract is analyzed by visible
spectrophotometry. No interferences have been identified.
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Source: NIOSH. 1994. “Method 6015: Ammonia,” Issue 2.
http://www.epa.gov/sam/pdfs/NI OSH-6015.pdf

5.2.68 NIOSH Method 6402: Phosphorus Trichloride

Analyte(s) CAS RN

Phosphorus trichloride 7719-12-2

Analysis Purpose: Sample preparation and analysis
Sample Preparation Technique: Add reagent to samplesin bubbler solution and heat
Determinative Technique: Spectrophotometry

Method Developed for: Phosphorustrichloridein air
Method Selected for: SAM lists this method for preparation and analysis of air
Detection and Quantitation: The working range of the method is 1.2 to 80

of 11to 100 L of air is drawn through a bubbler containing reag
solution is oxidized with bromine to phosphoric acid and color agent (so
agent (hydrazine sulfate) are added. The solutionisan
by visible spectrophotometry. Phosphorus (V) compou i : ple solutions are stable
to oxidation by air during sampling.

CAS RN

10035-10-6

7647-01-0

Hydrogen fluoride 7664-39-3

Is Purpose: Sample preparation and analysis
ample Preparation Technique: Solvent desorption
Determinative Technique: 1C

Method Developed for: Inorganic acidsin air
Method Selected for: SAM lists this method for preparation and analysis of air samples.
Detection and Quantitation: The working range of this method is 0.01 to 5 mg/m? for a50-L sample.

Description of Method: Acids are analyzed as bromide, chloride, and fluoride. A volume of 3t0 100 L
of air isdrawn through a silica gel sorbent. The sorbent portions are extracted with a buffered
carbonate/bi carbonate solution and the extract is analyzed by IC.

Special Considerations: Particulate salts of the acids are an interference (trapped on the glass wool
filter plug in the sorbent tube). Chlorine and bromine are also interferences. Acetate, formate, and
propionate interferences may be reduced by use of aweaker eluent. If problems occur when using this
method for analysis of hydrogen fluoride, it is recommended that NIOSH Method 7906 be used.
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Source: NIOSH. 1994. “Method 7903: Acids, Inorganic,” Issue 2.
http://www.epa.gov/sam/pdf /N1 OSH-7903.pdf

5.2.70 NIOSH Method 7905: Phosphorus

Analyte(s) CAS RN

White phosphorus 12185-10-3

Analysis Purpose: Sample preparation and analysis
Sample Preparation Technigque: GC solid sorbent tube and solvent extracted (desorbed)
Determinative Technique: GC-FPD

Method Developed for: Phosphorusin air
Method Selected for: SAM lists this method for preparation and analysis of air

Description of Method: This method identifies and determines t
air by usinga GC-FPD. Fiveto 100 L of air is drawn thrgugh a GC solid
extracted (desorbed) with xylene. The method is appli
particulate phosphorus is expected, afilter could be u

GC column or by an MS.

Source: NIOSH. 199

lyte(s) CAS RN

drogen fluoride 7664-39-3

E Purpose: Sample preparation and analysis
aE¥ e Preparation Technique: Water extraction
Determinative Technique: 1C

Method Developed for: Fluoridesin aerosol and gas

Method Selected for: SAM lists this method for use if problems occur when using NIOSH Method 7903
for the analysis of hydrogen fluoride during preparation and analysis of air samples. (See Footnote 11 of
Appendix A.)

Detection and Quantitation: The working range of the method is 0.04 to 8 mg/m® for 250-L samples.

Description of Method: Hydrogen fluoride is determined as fluoride ion by this method. A volume of 1
to 800 L of air isdrawn through a 0.8-um cellulose ester membrane (to trap particulate fluorides) and a
cellulose pad treated with sodium carbonate (to trap gaseous fluoride). The pad is extracted with reagent
water and the extract is analyzed for fluoride by 1C.

Special Considerations: If other aerosols are present, gaseous fluoride may be slightly underestimated
due to adsorption onto or reaction with particles, with concurrent overestimation of particul ate/gaseous
fluoride ratio.
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Source: NIOSH. 1994. “Method 7906: Fluorides, Aerosol and Gas by IC,” Issue 1.
http://www.epa.gov/sam/pdf /N1 OSH-7906.pdf

5.2.72 NIOSH Method 9102: Elements on Wipes

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)

Ethyldichloroarsine (ED)

Lead arsenate

Lewisite 1 (L-1) [2-chlorovinyldichloroarsine]

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

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

Lewisite oxide 1306-02-1
7487-94-7

7439-97-6

151-38-2
20816-12-0

arsenite 7784-46-5
lium sulfate 10031-59-1
Titanium tetrachloride 7550-45-0
Vanadium pentoxide 1314-62-1

Analysis Purpose: Sample preparation

Sample Preparation Technique: Acid digestion

Determinative Technique: EPA SW-846 Methods 6010C, 6020A, 7010, and 7473. Refer to Appendix
A for which of these determinative methods should be used for a particular analyte.

Method Developed for: Measurement of metals on wipe surfaces using ICP-AES

Method Selected for: SAM lists this method for preparation of wipe samples.

Detection and Quantitation: The range for arsenic is 0.261 t0105 pg/wipe; for thallium 0.136 to 50.0
pg/wipe; for vanadium 0.0333 to 25.0 pg/wipe.

Description of Method: Surface wipe samples are transferred to a clean beaker, followed by the addition
of concentrated nitric and perchloric acids. The beaker contents are held at room temperature for 30
minutes, then heated at 150°C for 8 hours. Additional nitric acid is added until the wipe mediais
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completely destroyed. The sampleisthen taken to near dryness and the residue dissolved and diluted
before being analyzed.

Special Considerations: 1CP-MS may also be used for the analysis of wipe samples; however, at this
time, this technique has not been evaluated for wipes.

Source: NIOSH. 2003. “Method 9102, Issue 1: Elements on Wipes.”
http://www.epa.gov/sam/pdfs/NIOSH-9102.pdf

5.2.73 NIOSH Method S301-1: Fluoroacetate Anion

Analyte(s) CAS RN
Fluoroacetic acid and fluoroacetate salts NA
Methyl fluoroacetate 453-18

Analysis Purpose: Sample preparation
Sample Preparation Technique: Water extraction
Determinative Technique: EPA Method 300.1 Rev 1.0

Method Developed for: Fluoroacetate anionin air
Method Selected for: SAM lists this method for prepa
Detection and Quantitation: The detectigasiait is esti

Description of Meth s devel opl speCifically for sodium fluoroacetate, but also may
be applicable to : g0d determines fluoroacetate salts as fluoroacetate
anion. A known ' . sed in validation of this method) is drawn through a

NIOSH. 1977. “Method S301-1; Sodium Fluoroacetate.”
.epa.gov/sam/pdf /NI OSH-S301-1.pdf

5.2.74 OSHA Method 40: Methylamine

Analyte(s) CAS RN

Methylamine 74-89-5

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

Method Developed for: Methylaminein 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 of the overall procedureis 0.35 g per sample (28 ppb
or 35 pg/m®). Quantitation limits of 28 ppb (35 pug/m®) have been achieved. Thisisthe smallest amount
of methylamine that can be quantified within the requirements of arecovery of at least 75% and a
precision (standard deviation of 1.96) of + 25% or better.

Description of Method: This method is used for detection of methylamine using HPLC with aFL or
visible (vis) detector. Samples are collected by drawing 10-L volumes of air at arate of 0.2 L/min
through standard size sampling tubes containing XAD-7 resin coated with 10% 7-chloro-4-nitrobenzo-2-
oxa-1,3-diazole (NBD chloride) by weight. Samples are desorbed with 5% (w/v) NBD chloridein
tetrahydrofuran (with a small amount of sodium bicarbonate present), heated in a hot water bath, and
analyzed by high performance liquid chromatography — fluorescence (HPLC-FL) or high performance
liquid chromatography — visible (HPL C-vis).

Source: OSHA. 1982. “Method 40: Methylamine.” Method originally obtained from
but is provided here for reference. http://www.epa.gov/sam/pdfsyOSHA -M ethod40.pg

5.2.75 OSHA Method 54: Methyl Isocyanate (MIC)

Analyte(s) CAS RN

Methyl isocyanate -83-9

Sample Preparation Technique:
Determinative Technique: HPLC

od determines the concentration of methyl isocyanate in air by using
. ples are collected by drawing a known volume of air through

0.3 mg of 1-(2-pyridyl)piperazine (1-2PP). Samples are desorbed with

by HPLC using aFL or UV detector.

a.gov, But is provided here for reference. http://www.epa.gov/sam/pdf OSHA -M ethod54. pdf

5.2.76 OSHA Method 61: Phosgene

Analyte(s) CAS RN

Phosgene 75-44-5

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

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

Description of Method: This method determines the concentration of phosgenein air by using GC with
an NPD. Air samples are collected by drawing known volumes of air through sampling tubes containing
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XAD-2 adsorbent that has been coated with 2-(hydroxymethyl)piperidine. The samples are desorbed with
toluene and then analyzed by GC using an NPD.

Special Considerations: The presence of phosgene should be confirmed by either a secondary GC
column or by MS

Source: OSHA. 1986. “Method 61: Phosgene.” Method originally obtained from www.osha.gov, but is
provided here for reference. http://www.epa.gov/sam/pdfs'OSHA -M ethod61. pdf

5.2.77 OSHA Method ID-211: Sodium Azide and Hydrazoic Acid in Workplace

Atmospheres
Analyte(s) CAS RN
Sodium azide 26628-

Analysis Purpose: Sample preparation and analysis
Sample Preparation Technique: Buffer desorption
Determinative Technique: 1C

Method Developed for: Sodium azide and hydrazoic 4
Method Selected for: SAM lists this method for prepa
Detection and Quantitation: The detectiamimil Was f(
0.003 mg/m® as sodium azide (NaN g
ppm as HN; or 0.011 mg/m® aggd

end converted to NaN; by the impregnated silicagel (1SG)
@ he collected azide on either mediais desorbed in aweak buffer

.78 OSHA Method ID216SG: Boron Trifluoride (BF53)

Analyte(s) CAS RN

Boron trifluoride 7637-07-2

Analysis Purpose: Sample preparation and analysis
Sample Preparation Technique: Sample collected in bubbler (no sample preparation required)
Determinative Technique: lon specific electrode (1SE)

Method Developed for: Boron trifluoride in air samples
Method Selected for: SAM lists this method for preparation and analysis of air samples.
Detection and Quantitation: The detection limit is 10 pug in a30-L sample.
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Description of Method: Boron trifluoride is determined as fluoroborate. A volume of 30to 480 L of air
is drawn through a bubbler containing 0.1 M ammonium fluoride. The solution is diluted and analyzed
with afluoroborate | SE.

Source: OSHA. 1989. “Method 1D216SG: Boron Trifluoride (BF3).” Method originally obtained from
www.osha.gov, but is provided here for reference. http://www.epa.gov/sam/pdfs'OSHA-1D216SG. pdf

5.2.79 OSHA Method PV2004: Acrylamide

Analyte(s) CAS RN

Acrylamide 79-06-1

Acrylonitrile 107-13-1
Methyl acrylonitrile 126-9

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

Method Developed for: Acrylamidein air
Method Selected for: SAM liststhis method for prepa
Detection and Quantitation: The deteclig i
desorption volume or 0.029 mg/m®
Applicable working ranges for
mg/m®, respectively.

analysis of §samples.

8 11g/mL (0.006 mg/m® for a 1-mL
Ome ba38® on a 120-L air volume).

volume are 0.017 - 1.5 mg/m® and 0.083 - 7.5

.80 OSHA Method PV2103: Chloropicrin

Analyte(s) CAS RN

Chloropicrin 79-06-2

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

Method Developed for: Chloropicrinin air

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

Detection and Quantitation: The detection limit is 0.01 ng, with a 1-pL injection volume. Thisisthe
smallest an310unt that could be detected under normal operating conditions. The working rangeis 33.2 to
1330 pg/m°.
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Description of Method: This method determines the concentration of chloropicrinin air by GC-ECD.
Samples are collected by drawing a known volume of air through two XAD-4 tubesin series. Samples
are desorbed with ethyl acetate and analyzed by GC-ECD.

Special Considerations: The presence of chloropicrin should be confirmed by either a secondary GC
column or by an MS. Chloropicrinislight sensitive, and samples should be protected from light.

Source: OSHA. 1991. “Method PV2103: Chloropicrin.” http://www.epa.gov/sam/pdfs'OSHA -
PV 2103.pdf

5.2.81 ASTM Method D5755-03: Standard Test Method for Microvacuum Sampli
Indirect Analysis of Dust by Transmission Electron Microscopy for A
Structure Number Surface Loading

Analyte(s)

Asbestos

Analysis Purpose: Sample preparation and analysis
Sample Preparation Technique: Direct transfer
Determinative Technique: Transmission electron mici

Method Developed for: Asbestosi

e the cassette to an aqueous suspension of known volume. Aliquots
filtered through a membrane, and a section of the membraneis prepared and

; using select area electron diffraction (SAED) and energy dispersive X-ray analysis
it a magnification of 15,000 to 20,000X.

ndirect Analysis of Dust by Transmission Electron Microscopy for Asbestos Structure Number Surface
Loading.” http://www.astm.org/Standards/D5755.htm

5.2.82 ASTM Method D6480-05: Standard Test Method for Wipe Sampling of Surfaces,
Indirect Preparation, and Analysis for Asbestos Structure Number Concentration
by Transmission Electron Microscopy

Analyte(s) CAS RN

Asbestos 1332-21-4

Analysis Purpose: Sample preparation and analysis
Sample Preparation Technique: Direct transfer
Determinative Technique: TEM
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Method Developed for: Asbestosin samples wiped from surfaces
Method Selected for: SAM lists this method for preparation and analysis of wipe (e.g., hard surfaces-
wipes) samples.

Description of Method: This method describes a procedure to identify asbestos in samples wiped from
surfaces and to provide an estimate of the concentration of asbestos reported as the number of asbestos
structures per unit area of sampled surface. A sampleis collected by wiping a surface of known areawith
awipe material. The sampleistransferred from the wipe material to an aqueous suspension of known
volume. Aliquots of the suspension are then filtered through a membrane filter, and a section of the
membrane filter is prepared and transferred to a TEM grid, using the direct transfer method. The
asbestiform structures are identified, sized, and counted by TEM, using electron diffraction and EDXA at
amagnification from 15,000 to 20,000X.

Source: ASTM. 2005. “Method D6480-05: Standard Test Method for Wipe Sampling of Sur
Indirect Preparation, and Analysis for Asbestos Structure Number Concentration by Tr iss
Electron Microscopy.” http://www.astm.org/Standards/D6480.htm

5.2.83 ISO Method 10312:1995: Ambient Air - Determinati
transfer Transmission Electron Microscopy Met

Analyte(s)

Asbestos

itivity of 0.5 structure/L can be obtained. Thisis equivalent to a
cture/L when an area of 0.195 mm of the TEM specimen is examined. The
at can be determined is 50 to 7,000 structures’mm? on the filter.

ate between individual fibers of the asbestos and non-asbestos anal ogues of the same amphibole
Y. The method is defined for polycarbonate capillan/pore filters or cellulose ester (either mixed
&8er s of cellulose or cellulose nitrate) filters through which a known volume of air has been drawn. The
method is suitable for determination of asbestos in both exterior and building atmospheres.

Source: 1S0. 2005. “Method 10312:; 1995: Ambient Air - Determination of Asbestos Fibres - Direct
Transfer Transmission Electron Microscopy Method.”
http://www.iso.org/iso/iso _catalogue/catalogue tc/catalogue detail.htm?csnumber=18358

5.2.84 Standard Method 4500-NH; B: Nitrogen (Ammonia) Preliminary Distillation Step

Analyte(s) CAS RN

Ammonia 7664-41-7

Analysis Purpose: Sample preparation
Sample Preparation Technique: Distillation

SAM Revision 5.0 111 September 29, 2009



Section 5 — Selected Chemical Methods

Determinative Technique: Standard Method 4500-NH3; G

Method Developed for: Nitrogen (ammonia) in drinking waters, clean surface or groundwater, and
good-quality nitrified wastewater effluent
Method Selected for: SAM lists this method for preparation of agueous liquid samples.

Description of Method: A 0.5- to 1-L sampleis dechlorinated, buffered, adjusted to pH 9.5, and distilled
into asulfuric acid solution. The distillate is brought up to volume, neutralized with sodium hydroxide,
and analyzed by Method 4500-NH3 G.

Source: APHA, AWWA, and WEF. 2005. “Method 4500-NH3 B: Nitrogen (Ammonia) Preliminary
Distillation Step.” Standard Methods for the Examination of Water and Wastewater. 21% Edition.
http://www.standardmethods.org/

5.2.85 Standard Method 4500-NH; G: Nitrogen (Ammonia) Automated

Analyte(s) S

Ammonia 7664-41-

Analysis Purpose: Analysis
Sample Preparation Technique: Standard Method 45!
Determinative Technique: Spectrophotometr

Method Selected for: i X i $8f aqueous liquid samples.
Detection and Qual R Of @yod is0.02to 2.0 mg/L.

ned as indophenal blue by this method. A portion of the
rocedure 4500-NH; B) is run through a manifold. The ammoniumin
disodium ethylenediaminetetraacetic acid (EDTA), sodium phenate,
sodium nitroprusside. The resulting indophenol blue is detected by colorimetry
ic measurement is made between the wavelengths of 630 and 660 nm.

APHA, AWWA, and WEF. 2005. “Method 4500-NH; G: Nitrogen (Ammonia) Automated
ethod.” Standard Methods for the Examination of Water and Wastewater. 21% Edition.
.Standardmethods.org/

5.2.86 Standard Method 4500-Cl| G: DPD Colorimetric Method

Analyte(s) CAS RN

Chlorine 7782-50-5

Analysis Purpose: Sample preparation and/or analysis

Sample Preparation Technique: Water samples are buffered and colorimetric agent is added.
Procedures in Analyst, 1999. 124: 18531857 are used for preparation of air samples.
Determinative Technique: Spectrophotometry
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Method Developed for: Chlorine in water and wastewater

Method Selected for: SAM lists this method for preparation and analysis of agueous liquid and drinking
water samples. It also should be used for analysis of air samples when appropriate sample preparation
techniques have been applied.

Detection and Quantitation: The method can detect 10 pg/L chlorine.

Description of Method: A portion of agueous liquid sample is buffered and reacted with N,N-diethyl-p-
phenylenediamine (DPD) color agent. The resulting free chlorine is determined by colorimetry. If total
chlorine (including chloroamines and nitrogen trichloride) is to be determined, potassium iodide crystals
are added. Resultsfor chromate and manganese are blank corrected using thioacetamide solution.

Special Considerations: Organic contaminants and strong oxidizers may cause interference.

Source: APHA, AWWA, and WEF. 2005. “Method 4500-Cl G: DPD Colorimetric Method.”
Methods for the Examination of Water and Wastewater. 21% Edition. http://www.stand

5.2.87 Literature Reference for Chlorine (Analyst, 1999. 124

Analyte(s)

Chlorine

Analysis Purpose: Sample preparation

Detection and Q itation: i 1 0.1 ug of chlorine; the collection efficiency was >90%;
recovery of chlori [ 05-g alig¥iots of the sorbent was not quantitative (~60%) but was

A procedure is described for determination of total combined gas-phase active
lorous acid [HOCI], and chloramines) and is based on a sulfonamide-

gel sorbent. For determination of the collected chlorine, amodified version of the
primetric procedure is used, which yielded a detection limit of 0.1 pug of chlorine. At flow rates

Bery of chlorine spikes from 0.05-g aliquots of the sorbent was not quantitative (~60%) but was
reproducible; the recovery is accounted for in samples by adding weighed amounts of sorbent to the
standards.

Source: Johnson, B.J., Emerson, D.W., Song, L., Floyd, J., and Tadepalli, B. 1999. “ Determination of
active chlorinein air by bonded phase sorbent collection and spectrophotometric analysis.” Analyst.
124(12): 1853-1857. www.epa.gov/sam/pdfs/Analyst124 pgl1853-1857.pdf

5.2.88 Literature Reference for Fluoroacetate salts (Analytical Letters, 1994. 27 (14):

2703-2718)
Analyte(s) CAS RN
Fluoroacetic acid and fluoroacetate salts NA
Methyl fluoroacetate 453-18-9
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Analysis Purpose: Sample preparation
Sample Preparation Technique: Ultrasonic extraction
Determinative Technique: EPA Method 300.1, Revision 1.0

Method Developed for: Sodium fluoroacetate in soil
Method Selected for: SAM liststhis procedure for preparation of solid and non-aqueous liquid/organic
solid samples.

Description of Method: Sodium fluoroacetate is determined at sub-microgram per gram concentrations
insmall (~1 g) soil samples. Samples are ultrasonically extracted with water, filtered, and analyzed by
Method 300.1.

Source: Tomkins, B.A. 1994. “ Screening-Procedure for Sodium Fluoroacetate (Compound 10
Sub-Microgram/Gram Concentrations in Soils.” Analytical Letters. 27(14): 2703-2718.
http://www.informaworld.com/smpp/content~content=a747219004~db=al | ~order=p

5.2.89 Literature Reference for Methamidophos (Chromatog . . 6): 233
237)
Analyte(s)
Acephate 30388-19-1

Methamidophos 10265-92-6

dophos) in water samples
is procedure for preparation and analysis of aqueous liquid and

such asj@ephate and methamidophos, in water with SPE (solid-phase extraction) and LC-MS-MS.
Sampl@¥are analyzed using a Cy;ganalytical column (150 mm x 3.2 mm |.D., 5um particle size) coupled
@i C s guard cartridge system (4 mm x 3.0 mm 1.D.).

Special Considerations: The procedure described above has been devel oped for the analysis of various
pesticides (methamidophos) in reagent water by LC-MS-MS. Madifications may be needed for
application to drinking water samples.

Source: Liu, F., Bischoff, G., Pestemer, W., Xu, W., and Kofoet, A. 2006. “Multi-residue Analysis of
Some Polar Pesticides in Water Samples with SPE and LC/MS/MS.” Chromatographia. 63(5/6): 233—
237. http://www.epa.gov/sam/pdfs/Chromatographia-63_pg233-237.pdf

5.2.90 Literature Reference for Methamidophos (Journal of Chromatography A, 2007.
1154: 3-25)

Analyte(s) CAS RN

Acephate 30560-19-1
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Analyte(s) CAS RN

Methamidophos 10265-92-6

Analysis Purpose: Sample preparation and analysis
Sample Preparation Technique: Solvent extraction
Determinative Technique: LC-MSMS

Method Developed for: Pesticides (methamidophos) in crops
Method Selected for: SAM liststhis procedure for preparation and analysis of solid, non-aqueous
liquid/organic solid, air, and wipe samples.

Detection and Quantitation: The limit of detection for this method is 0.01 mg/kg.

Description of Method: A liquid chromatography—tandem quadrupole mass spectrom

mode electrospray ionization tandem mass spectrometry to detect up to
in different crop matrices using a single chromatographic run. Pestigi

ulti-residue Method for the Target Analysis
-tandem Mass Spectrometry.” Journal of

CAS RN

Fluoroacetamide 640-19-7

ysis Purpose: Sample preparation and analysis
Sample Preparation Technique: Water extraction
Determinative Technique: GC/MS

Method Developed for: Fluoroacetamide and tetramine in blood, urine and stomach contents
Method Selected for: SAM liststhis procedure for preparation and analysis of solid, non-aqueous
liquid/organic solid, agueous liquid, drinking water, air, and wipe samples.

Detection and Quantitation: The detection limit of this method for fluoroacetamide is 0.01 pg/g.

Description of Method: Samples are extracted by microscale liquid-liquid extraction using acetonitrile,
ENVI-CARB, and sodium chloride. Samples are analyzed by GC/MS using a 30-m DB-5M S capillary
column (or equivalent) coupled with a 1.5 m Innowax capillary column (or equivalent) by a quartz
capillary column connector. If analyzing for fluoroacetamide alone, only the Innowax capillary columnis
needed.
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Special Considerations: The procedure has been developed for the analysis of fluoroacetamide and
tetramine in blood, urine and stomach fluid samples; modifications will be needed for application to
environmental samples.

Source: Xu, X., Song, G., Zhu, Y., Zhang, J., Zhao, Y., Shen, H., Cai, Z., Han, J., and Ren, Y. 2008.
“Simultaneous Determination of two Accute Poisoning Rodenticides Tetramine and Fluoroacetamide
with a Coupled Column in Poisoning Cases.” Journal of Chromatography B. 876(1): 103-108.
http://www.sciencedirect.com/science/journal /15700232

5.2.92 Literature Reference for Sodium Azide (Journal of Forensic Sciences, 1998. 43(1):
200-202)

Analyte(s)

Sodium azide

Analysis Purpose: Sample preparation
Sample Preparation Technique: Water extraction, filtration,
Determinative Technique: EPA Method 300.1, Revision 1.0

Method Developed for: Sodium azide in blood
Method Selected for: SAM lists this procedure for pre
water samples.
Detection and Quantitation: Thisgg
limit is estimated to be 30 pg/

using suppressed conductivity detection. Water

Description of Meth
[ 2 preparation of solid samples. Filtration steps should

extraction and fil

p://www.astm.org/JOURNAL SFORENSIC/PAGES/2933.htm
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Section 6.0: Selected Radiochemical Methods

A list of analytical methods to be used in analyzing environmental samples for radiochemical
contaminants during homeland security eventsis provided in Appendix B. Methods are listed for each
isotope and for each sample type that potentially may need to be measured and analyzed when responding
to an environmental emergency.

Please note: This section provides guidance for selecting radiochemical 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
combination listed in Appendix B. Please refer to the specified method to identify analyte/sarpg
combinations that have been verified. Any questions regarding information discussed inthis
should be addressed to the appropriate contact(s) listed in Section 4.

Appendix B is sorted alphabetically by analyte and includes the followingy
* Analyte(s). Theradionuclide(s) or contaminant(s) of interest.

achemica or molecular structure when there are m
In this section (Section 6.0) and Appendix B, the C
identified.
e Determinative technique. An angugie® sed for qualitative and

0ds. The recommended methods/procedures for sample
re the analyte of interest in aqueous and/or non-aqueous liquid
identified for qualitative and confirmatory determination.

ase sample methods. The recommended methods/procedures for sample
sis to measure the analyte of interest in soil and sediment samples. Methods
led for qualitative and confirmatory determination.

pce wipe sample methods. The recommended methods/procedures for sample preparation and
fysisto measure the analyte of interest in surface wipe samples. Methods have been identified for
Qualitative and confirmatory determination.

» Air filter sample methods. The recommended methods/procedures for sample preparation and
analysis to measure the analyte of interest in air filter samples. Methods have been identified for
gualitative and confirmatory determination.

e Qualitative determination method identifier. A unique identifier or number assigned to an
analytical method by the method publisher. The identified method is intended to determine the
presence of aradiological element or isotope. These methods are less precise than confirmatory
methods, and are used when greater sample throughput and more rapid reporting of resultsis
required.

» Confirmatory method identifier. A unique identifier or number assigned to an analytical method by
the method publisher. Theidentified method is for measurement of the activity from a particular
radioi sotope per unit of mass, volume, or area sampled.

Following ahomeland 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
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remediation. Dependent on site- and event-specific goals, investigation of background levels using
methods listed in Appendix B is recommended.

6.1 General Guidelines
The guidelines summarized in this section provide a general overview of how to identify the appropriate
radiochemical method(s) for a given analyte-sample type combination, as well as recommendations for

QC procedures.

For additional information on the properties of the radionuclides listed in Appendix B, TOXNET
(http://toxnet.nim.nih.gov/index.html), a cluster of databases on toxicology, hazardous chemicals,

Web sites provide some additional information pertaining to radionuclides of in
radiochemical methods. Emergency response documents recently develop

al Methods and Corresponding Text Section Numbers

CAS RN Method Section
900.0 (EPA) 6.2.2
NA FRMAC, Vol 2, pg. 33 6.2.18
@P0ss Beta NA AP1 (ORISE) 6.2.19
7110 B (SM) 6.2.26
Select Mixed Fission Products’ | VA
elect Mixed Fission Froducts Ga-01-R (HASL-300) 6.2.13
Am-01-RC (HASL-300) 6.2.10
Am-02-RC (HASL-300) 6.2.11
N Am-04-RC (HASL-300) 6.2.12
Americium-241 14596-10-2
Pu-12-RC (HASL-300) 6.2.15
AP11 (ORISE) 6.2.22
D3084-05 (ASTM) 6.2.24

" Please note that this category does not cover all fission products.
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Analyte / Analyte Class CAS RN Method Section
Am-01-RC (HASL-300) 6.2.10
Am-04-RC (HASL-300) 6.2.12
Californium-252 13981-17-4 Pu-12-RC (HASL-300) 6.2.15
AP11 (ORISE) 6.2.22
D3084-05 (ASTM) 6.2.24
Cesium-137 10045-97-3 901.1 (EPA) 6.2.3
Ga-01-R (HASL-300) 6.2.13
Cobalt-60 10198-40-0
oba 7120 (SM) 6.2.27
Am-01-RC (HASL-300)
Am-04-RC (HASL-300)
Curium-244 13981-15-2 Pu-12-RC (HASL-300)
AP11 (ORISE)
D3084-05 (ASTM)
901.1 (EPA)
Europium-154 15585-10-1 Ga-01-R (HASL-300)
lodine-125 14158-31-7
) 6.2.3
lodine-131
6.2.13
6.2.3
Iridium-192 6.2.13
7120 (SM) 6.2.27
901.1 (EPA 6.2.3
Molybdenum-99 ( )
Ga-01-R (HASL-300) 6.2.12
13981-16-3 EMSL-33 (EPA) 6.2.9
AP11 (ORISE) 6.2.22
15117-48-3
D3084-05 (ASTM) 6.2.24
Method 111 (EPA) 6.2.1
13981-52-7
Po-02-RC (HASL-300) 6.2.14
903.0 (EPA) 6.2.4
903.1 (EPA) 6.2.5
_ EMSL-19 (EPA) 6.2.8
Radium-226 13982-63-3
D3084-05 (ASTM) 6.2.24
7500-Ra B (SM) 6.2.28
7500-Ra C (SM) 6.2.29
Ruthenium-103 13968-53-1 901.1 (EPA) 6.2.3
Ruthenium-106 13967-48-1 Ga-01-R (HASL-300) 6.2.13
Selenium-75 14265-71-5 7120 (SM) 6.2.27
. Sr-03-RC (HASL-300) 6.2.16
Strontium-90 10098-97-2
7500-Sr B (SM) 6.2.30
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Analyte / Analyte Class CAS RN Method Section
. Tc-02-RC (HASL-300) 6.2.17
Technetium-99 14133-76-7
AP5 (ORISE) 6.2.21
. 906.0 (EPA) 6.2.6
Tritium (Hydrogen-3) 10028-17-8
AP2 (ORISE) 6.2.20
908.0 (EPA) 6.2.7
] EMSL-33 (EPA) 6.2.9
Uranium-234 13966-29-5
AP11 (ORISE) 6.2.22
Uranium-235 15117-96-1 D3084-05 (ASTM) 6.2.24
Uranium-238 7440-61-1 D3972-02 (ASTM) 6.2.25
7500-U B (SM) 6.2.31
7500-U C (SM)

preparation and analysis procedures and on methods available through col
please use the contact information provided in Table 6-

Table 6-1. Sources of Radiochemical Methads

Name

NEMI

CFR Promulgate
Methods

http://www.nemi.gov

Efer Network

http://www.epa.gov/ttn/emc/promgate.html

, ORD, Environmental

(EMSL)

itoring and Support Laboratory

http://www.sld.state.nm.us/Documents/for
ewd.pdf

Also available from National Technical
Information Service (NTIS)*, U.S.
Department of Commerce, 5285 Port
Royal Road, Springdfield, VA 22161, (703)
605-6000.

emical Analytical
cedures for Analysis of
Environmental Samples, March
1979. EMSL-LV-0539-17

EPA, EMSL

Available NTIS*, U.S. Department of
Commerce, 5285 Port Royal Road,
Springfield, VA 22161, (703) 605-6000.

EML Procedures Manual,
Health and Safety Laboratory
(HASL-300), 28" Edition,
February, 1997

Department of Energy (DOE),
Environmental Measurements
Laboratory (EML) / Now DHS

http://www.eml.st.dhs.gov/publications/pro
cman.cfm

Also available from NTIS*, U.S.
Department of Commerce, 5285 Port
Royal Road, Springfield, VA 22161, (703)
605-6000.

Federal Radiological Monitoring
and Assessment Center
(FRMAC) Laboratory Manual

DOE, National Nuclear Security
Administration (NNSA)

http://www.nv.doe.gov/nationalsecurity/ho
melandsecurity/frmac/manuals.aspx

Oak Ridge Institute for Science
and Education (ORISE)
Laboratory Procedures Manual

ORISE, Independent
Environmental Assessment and
Verification

http://orise.orau.gov/ieav/survey-
projects/lab-manual.htm

SAM Revision 5.0

120

September 29, 2009


http://www.sld.state.nm.us/Documents/forewd.pdf
http://www.eml.st.dhs.gov/publications/procman.cfm
http://www.nv.doe.gov/nationalsecurity/homelandsecurity/frmac/manuals.aspx

Section 6 — Selected Radiochemical Methods

Name Publisher Reference

Annual Book of ASTM ASTM International http://www.astm.org
Standards, Vol. 11.02*

Standard Methods for the APHA, AWWA, and WEF http://www.standardmethods.org
Examination of Water and
Wastewater, 21 Edition, 2005*

* Subscription and/or purchase required.

6.1.2 General QC Guidelines for Radiochemical Methods

Having data of known and documented quality is critical so that public officials can accurately assg
activities that may be needed in responding to emergency situations. Having such data requires

gualitative determinations versus confirmatory anal yses
identified. QC requi rements and data qualj

es (e g., blanks, dupllcates) and
plementation of the analytical methods for
through site clearance, such as those

during rapid sample screeni ng
documentatlon mlght ber

ents are described in many of the individual methods that are cited in
e referenced in SAPs developed to address specific analytes and
Individual methods, sampling and analysis protocols, or contractual statements
nsulted to determine any additional QC that may be needed.

Uired to assess the precision, bias, and reliability of sample results. All QC results are
control charts and reviewed for acceptability and trendsin analysis or instrument operation.

@Mery ses using radiochemical methods includes ongoing analysis of QC samples and tracking QC
parameters including, but not limited to the following:

Method blanks;

Calibration checks,

Sample and sample duplicates;
Laboratory control sample recoveries,
MS/MSD recoveries; and

Tracer and/or carrier yield.

Please note: The appropriate point of contact identified in Section 4 should be consulted regarding
appropriate QA/QC procedures prior to sample analysis. These contacts will consult with the EPA
coordinator responsible for laboratory activities during the specific event to ensure QA/QC procedures are
performed consistently across laboratories. EPA program offices will be responsible for ensuring that the
QA/QC practices are implemented.
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6.1.3 Safety and Waste Management

It isimperative that safety precautions be used during collection, processing, and analysis of
environmental samples. Laboratories should have a documented health and safety plan for handling
samples that may contain target CBR contaminants, and laboratory staff should be trained in and
implement the safety procedures included in the plan. In addition, many of the methods summarized or
cited in Section 6.2 contain specific requirements, guidelines, or information regarding safety precautions
that should be followed when handling or processing environmental samples and reagents. These
methods may also provide information regarding waste management. Laboratories should consult with
the responsible government agencies prior to disposal of waste materials. Other resources that can be
consulted for additional information include the following:

o OSHA - 29 CFR part 1910.1450. Occupational Exposure to Hazardous Chemicalsin Laboratori
http://www.access.gpo.gov/nara/cfr/waisidx_06/29cfr1910a_06.html

« EPA - 40 CFR part 260. Hazardous Waste Management System: General.
http://www.access.gpo.gov/nara/cfr/waisidx_07/40cfr260 07.html

o EPA -40CFR part 270. EPA Administered Permit Programs: The Haz
http://www.access.gpo.gov/nara/cfr/waisidx_07/40cfr270_07.html

« NRC- 10 CFR part 20. Standards for Protection Against R

« DOE. Order O 435.1: Radioactive Waste Manag
www.directives.doe.qgov/pdfs'doe/doetext/neword/

« DOE. M 435.1-1. Radioactive Wasted ¢ ice of Environmental Management.
July 9, 1999. Available at: http; . di . oetext/neword/435/m4351-
1.html

. DOE. Compendiu

ds for Measuring Radionuclides in Drinking
Policy and Assistance Air, Water and Radiation

), Federal eglster 66:27217-27266, May 16. Avallable at:
¥/ frwebgate.access.gpo.gov/cqi-bin/getdoc.cgi 2dbname=2001 register& docid=01-11408-
.pdf

« EPA. 2008. Resource Conservation and Recovery Act (RCRA) Orientation Manual. OSWER,
Washington, DC. EPA530-R-02-016. 259 pp. Available at:
http://www.epa.gov/osw/inforesources/pubs/orientat/

« MARLAP Manual. 2004. Chapter 17. Waste Management in a Radioanalytical Laboratory.
Available at: http://www.epa.gov/rpdweb00/docs/marl ap/402-b-04-001b-17-final .pdf

« National Research Council. 1995. Prudent Practices in the Laboratory; Handling and Disposal of
Chemicals, National Academy Press, Washington, DC. Available at:
http://books.nap.edu/openbook.php?i shn=0309052297

« National Council on Radiation Protection and Measurements (NCRP). 2002. Risk-Based
Classification of Radioactive and Hazardous Chemical Wastes, Report Number 139. 7910
Woodmont Avenue, Suite 400, Bethesda, MD 20814-3095

« Nuclear Regulatory Commission (NRC) / EPA. 1995. Joint Nuclear Regulatory
Commission/Environmental Protection Agency Guidance on the Storage of Mixed Radioactive and
Hazardous Waste., Federal Register 60:40204-40211
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6.2 Method Summaries

Summaries for the analytical methods listed in Appendix B are provided in Sections 6.2.1 through 6.2.32.
These summaries contain information that has been extracted from the selected methods. Each method
summary contains a table identifying the contaminants in Appendix B to which the method applies, a
brief description of the analytical method, and alink to the full version of the method or a source for
obtaining afull version of the method. The full version of the method should be consulted prior to
sample analysis.

6.2.1 EPA Method 111: Determination of Polonium-210 Emissions from Stationary
Sources

Analyte(s) CAS RN

Polonium-210 13981-

Analysis Purpose: Qualitative and confirmatory determination
Determinative Technique: Alpha spectrometry

Method Developed for: Polonium-210 in particulate mgtter samples coll
exhaust stacks
Method Selected for: SAM lists this method for quali confirmatol
and air filters.

from y source

alysis of surface wipes

Description of Method: This ion of polonium-210 in particulate matter

: PS. 2000. “Method 111: Determination of Polonium-210
Emissi http://www.epa.qov/sam/pdf S EPA-111.pdf

00.0: Gross Alpha and Gross Beta Radioactivity in Drinking Water

Purpose: Gross aphaand gross beta determination
ative Technique: Alpha/Beta counting

Viethod Developed for: Gross aphaand gross beta particle activities in drinking water
Method Selected for: SAM lists this method for gross alpha and gross beta determination in drinking
water samples.

Description of Method: The method provides an indication of the presence of aphaand beta emitters,
including the following SAM analytes:

e Americium-241 (CAS RN 14596-10-2) Alphaemitter
e Cdifornium-252 (CASRN 13981-17-4) Alphaemitter
e Cesium-137 (CAS RN 10045-97-3) Beta emitter
e Cobalt-60 (CAS RN 10198-40-0) Beta emitter
e Curium-244 (CASRN 13981-15-2) Alphaemitter
e Europium-154 (CASRN 15585-10-1) Beta emitter
e |ridium-192 (CAS RN 14694-69-0) Beta emitter
e Plutonium-238 (CAS RN 13981-16-3) Alphaemitter
e Plutonium-239 (CASRN 15117-48-3) Alphaemitter
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e Polonium-210 (CASRN 13981-52-7) Alpha emitter
e Radium-226 (CASRN 13982-63-3) Alpha emitter
e Ruthenium-103 (CAS RN 13968-53-1) Beta emitter
e  Ruthenium-106 (CASRN 13967-48-1) Beta emitter
e Strontium-90 (CAS RN 10098-97-2) Beta emitter
e Uranium-234 (CAS RN 13966-29-5) Alpha emitter
e Uranium-235 (CASRN 15117-96-1) Alpha emitter
e Uranium-238 (CASRN 7440-16-1) Alpha emitter

An aliquot of a preserved drinking water sample is evaporated to a small volume (3to 5 mL) and
transferred quantitatively to atarred 2-inch planchet. The aliquot volume is determined based on a
maximum total solids content of 100 mg. The sample aiquot is evaporated to drynessin the planchet oz
conaant weight, cooled and counted usi ng agas proportional or sci ntiIIati on counti ng system

(Th-230 and Sr-90) based on arange of total solids content in the 2-inch planch
method for specific recommendations and requirements for the use of cesiurnggl

a@nd Gross Beta
h in Drinkin

uclides in Drinking Water

Source: EPA, EMSL. 1980. “Method 900.0: Gross Al
Water.” Prescribed Procedures for Measurement of Rad
http://www.epa.gov/sam/pdfSyEPA-900.0.p8

joactivity in Drinking
ter, EPA/600/4/80/032.

CAS RN
10045-97-3
10198-40-0
15585-10-1
10043-66-0
Iridium-192 14694-69-0
Molybdenum-99 14119-15-4
Ruthenium-103 13968-53-1
Ruthenium-106 13967-48-1
Selenium-75 14265-71-5

Analysis Purpose: Qualitative and confirmatory analysis
Determinative Technique: Gamma spectrometry

Method Developed for: Gamma emitting radionuclides in drinking water
Method Selected for: SAM lists this method for qualitative and confirmatory analysis of select gamma
emittersin drinking water samples.

3 EPA lists standards for use when analyzing drinking water in the table at 40 CFR 141.25 (footnote 11).
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Description of Method: This method is applicable for analysis of water samples that contain
radionuclides that emit gamma photons with energies ranging from approximately 60 to 2000 keV. The
method uses gamma spectroscopy for measurement of gamma photons emitted from radionuclides
without separating them from the sample matrix. A homogeneous aliquot of water is placed into a
standard geometry (normally a Marinelli beaker) for gamma counting, typically using a high purity
germanium (HPGe) detector. Detectors such as Germanium (Lithium) (Ge(Li)) or thallium-activated
sodium iodide (Nal (T1)) also can be used. Sample aliquots are counted long enough to meet the required
sensitivity of measurement. To reduce adsorbance of radionuclides on the walls of the counting
container, the sampleis acidified at collection time. Due to its lower resolution, significant interference
can occur using the Nal(TI) detector when counting a sample containing radionuclides that emit gamma
photons of similar energies. When using this method, shielding is needed to reduce background
interference. Detection limits are dependent on sample volume, geometry (physical shape), and co
time.

Source: EPA, EMSL. 1980. “Method 901.1: Gamma Emitting Radionuclides in Drj
Prescribed Procedures for Measurement of Radioactivity in Drinking Water, ER
http://www.epa.gov/sam/pdf S/EPA-901.1. pdf

6.2.4 EPA Method 903.0: Alpha-Emitting Radium Isotopes in

Analyte(s)

Radium-226

Metho i S{@his method for qualitative determination in drinking water samples.

This method covers measurement of the total soluble al pha emitting
amely radium-223, radium-224 and radium-226 in drinking water. The method

friple is collected by coprecipitation with barium and lead sulfate, and purified by re-precipitation from
EDTA solution. Citric acid is added to ensure that complete interchange occurs before the first
precipitation step. The final barium sulfate precipitate is alpha counted to determine the total
disintegration rate of the radium isotopes. By making a correction for the ingrowth of radon and its alpha
emitting progeny for the elapsed time after separation, one can determine radium activity in the sample.
Presence of significant natural barium in the sample can result in afalsely high yield. Based on a 1000-
mL sample and 100-minute counting time, the minimum detectable level for this method is 0.5 pCi/L.

Source: EPA, EMSL. 1980. “Method 903.0: Alpha-Emitting Radium Isotopes in Drinking Water.”
Prescribed Procedures for Measurement of Radioactivity in Drinking Water, EPA/600/4/80/032.
http://www.epa.gov/sam/pdf 'EPA-903.0.pdf
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6.2.5 EPA Method 903.1: Radium-226 in Drinking Water — Radon Emanation Technique

Analyte(s) CAS RN

Radium-226 13982-63-3

Analysis Purpose: Confirmatory analysis
Determinative Technique: Alpha counting

Method Developed for: Radium-226 in drinking water
Method Selected for: SAM lists this method for confirmatory analysis of drinking water samples.

Description of Method: This method is specific for radium-226, and is based on the emanation gi

EDTA reagent, placed in a sealed bubbler and stored for ingrowth of radon-222.
radon-222 gasis purged into a scintillation cell. When the short-lived radon-

CAS RN

10028-17-8

itative and confirmatory analysis
e: Liquid scintillation

Methodi®eveloped for: Tritium (as T,O or HTO) in drinking water
elected for: SAM liststhis method for quaitative and confirmatory analysis of drinking water
Plleous/liquid phase samples.

Description of Method: An unpreserved 100-mL aliquot of a drinking water sampleis distilled after
adjusting pH with a small amount of sodium hydroxide and adding potassium permanganate. The
akaline treatment prevents other radionuclides, such as radioiodine and radiocarbon, from distilling with
the tritium. The permanganate treatment oxidizes trace organics that may be present in the sample and
prevents their appearance in the distillate. To determine the concentration of tritium, the middle fraction
of the distillate is used, because the early and late fractions are more apt to contain materials interfering
with the liquid scintillation counting process. A portion of this collected fraction is added to aliquid
scintillator cocktail, and the solution is mixed, dark adapted and counted for beta particle activity. The
efficiency of the system can be determined by the use of prepared tritiated water standards having the
same density and color as the sample.

Source: EPA, EMSL. 1980. “Method 906.0: Tritium in Drinking Water.” Prescribed Procedures for
Measurement of Radioactivity in Drinking Water, EPA/600/4/80/032. http://www.epa.gov/sam/pdf S'EPA -

906.0.pdf
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6.2.7 EPA Method 908.0: Uranium in Drinking Water — Radiochemical Method

Analyte(s) CAS RN
Uranium-234 13966-29-5
Uranium-235 15117-96-1
Uranium-238 7440-61-1

Analysis Purpose: Qualitative determination
Determinative Technique: Alpha counting

Method Developed for: Total uranium alpha particle activity in drinking water
Method Selected for: SAM lists this method for qualitative determination in drinking water

hydroxide by dissolving the hydroxide precipitate in hydrochlori
anion exchange column, washing the column with hydro i
hydrochloric acid. The uranium eluate is evaporated a form is Converted to
nitrate. Theresidue istransferred to a stainless steel pI counted for alpha
partl cle act|V|ty S nce uranium |s anatura clide reagents must be checked for

PA Method EMSL-19: Determination of Radium-226 and Radium-228 in Water,
Soil, Air and Biological Tissue

Analyte(s) CAS RN

Radium-226 13982-63-3

Analysis Purpose: Confirmatory analysis
Determinative Technique: Alphacounting

Method Developed for: Radium-226 and radium-228 in water, soil, air, biological tissues, and
biological fluids

Method Selected for: SAM lists this method for confirmatory analysis of soil/sediment, surface wipe,
and air filter samples.

Description of Method: Following acid digestion and filtration of soil, sediment, surface wipe, or air
filter sasmples, radium is precipitated with barium sulfate. Barium-radium-sulfateis dissolved in a
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pentasodium diethylenetriamine-pentaacetate (DTPA) solution and transferred to an emanation tube. The
radon is allowed to come to equilibrium for approximately 30 days. Radium-226 decays by apha
emission to radon-222. Radon-222 is separated and collected from the liquid by a de-emanation
technique. Theradon is counted by alpha scintillation 4.5 hours after de-emanation, at which time the
short-lived progeny have reached 97% of equilibrium. An applicable measurement range has not been
determined; however, samples that contain 0.1 pCi of Radium-226 have been analyzed.

Source: EPA, EMSL. 1979. “EMSL-19: Determination of Radium-226 and Radium-228 in Water, Sail,
Air and Biological Tissue.” Radiochemical Analytical Procedures for Analysis of Environmental
Samples. http://www.epa.gov/sam/pdf EPA-EM SL-19.pdf

6.2.9 EPA Method EMSL-33: Isotopic Determination of Plutonium, Uranium, a
Thorium in Water, Soil, Air, and Biological Tissue

Analyte(s)

Plutonium-238

Plutonium-239

Uranium-234

Uranium-235

Uranium-238

Analysis Purpose: Confirmato

water, air filters,
Method _Selected

ammonium hydroxide precipitations are performed in the presence of boric acid to remove fluoride and
soluble salts. The hydroxide precipitate is dissolved, the solution is pH-adjusted with hydrochloric acid,
and plutonium and uranium are adsorbed on an anion exchange column, separating them from thorium.
Plutonium is eluted with hydrobromic acid. The actinides are electrodeposited on stainless steel discs
from an ammonium sulfate solution and subsequently counted by a pha spectrometry. This method is
designed to detect environmental levels of activity aslow as 0.02 pCi per sasmple. To avoid possible
cross-contamination, sample aliquot activities should be limited to 25 pCi or less.

Special Considerations: If it issuspected that the sample existsin refractory form (i.e., non-digestible
or dissolvable material after normal digestion methods) or if there is a matrix interference problem, use
ORISE Method AP11.

Source: EPA, EMSL. 1979. “EMSL-33: Isotopic Determination of Plutonium, Uranium, and Thorium in
Water, Sail, Air, and Biological Tissue.” Radiochemical Analytical Procedures for Analysis of
Environmental Sample. http://www.epa.gov/sam/pdfs/EPA-EM SL -33.pdf
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6.2.10 EML HASL-300 Method Am-01-RC: Americium in Soil

Analyte(s) CAS RN
Americium-241 14596-10-2
Californium-252 13981-17-4

Curium-244 13981-15-2

Analysis Purpose: Confirmatory analysis
Determinative Technique: Alpha spectrometry

Method Developed for: Americium in soil
Method Selected for: SAM lists this method for confirmatory analysis of soil/sediment samp

RC. Americium is collected with a calcium oxalate precipitation
exchange. Californium-252 and curium-244 are eluted wjth americium ici ed off the

column. After source preparation by microprecipitatiol , and curium-
244 are determined by al pha spectrometry analysis. Thd depends on the
sensitivity required of the measurement anddhe degree d It that is acceptable. The
lower limit of detection (LLD) for amg i ted for 1000 minutes. In cases

or dissolvablem
ORI SE Method A

Sourc ML, DO tly part of the DHS). 1997. “HASL-300 Method Am-01-RC:
ici in Soil.” E Procedures Manual, HASL-300, 28" Edition.
fifo, a.gov/ pdfEML-Am-01-RC.pdf

6.2.11 ML HASL-300 Method Am-02-RC: Americium-241 in Soil-Gamma Spectrometry

Analyte(s) CAS RN

Americium-241 14596-10-2

Analysis Purpose: Qualitative determination
Determinative Technique: Gamma spectrometry

Method Developed for: Americium-241 in large volume soil samples
Method Selected for: SAM lists this method for qualitative determination in soil/sediment samples.

Description of Method: This method uses gamma spectrometry for determination of americium-241 in
soil. Americium-241 decays with the emission of agammaray at 59.5 keV with a decay frequency
(abundance or yield) of 35.9%. The sampleis placed into an appropriately sized standard geometry
(normally aMarinelli beaker) after drying and grinding the sample for homogenization. Gamma-ray
attenuation corrections are required if the calibration source and the sample are in a different matrix or are
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of different densities. The LLD for 600 to 800 g of soil in aMarinelli beaker is 0.74 mBq for a 1000-
minute count.

Source: EML, DOE (EML iscurrently part of the DHS). 1997. “HASL-300 Method Am-02-RC:
Americium-241 in Soil-Gamma Spectrometry.” EML Procedures Manual, HASL-300, 28th Edition.
http://www.epa.gov/sam/pdf YEM L -Am-02-RC.pdf

6.2.12 EML HASL-300 Method Am-04-RC: Americium in QAP Water and Air Filters -
Eichrom’s TRU Resin

Analyte(s) CAS RN

Americium-241 14596-10-2

Californium-252 13981-17-

Curium-244

Analysis Purpose: Confirmatory analysis
Determinative Technique: Alpha spectrometry

Method Developed for: Americium (but not lanthanid
Method Selected for: SAM lists this method for confi
samples, surface wipes, and air filters.

Description of Method: This
do not contain lanthanides,

ement of americium isotopes in samples that
ement of californium and curium. The method

onto a Transuranic (TRU) Resin extraction column. Americium (and
separated and purified on the column and finally stripped with
solution. Microprecipitation is used to prepare for alpha spectrometry. The
reparation steps from EML HASL-300 Method Pu-10-RC for water samples.
ciumis 0.3 mBg when counted for 1000 minutes.

. If it is suspected that the sample existsin refractory form (i.e., non-digestible

Source: EML, DOE (EML iscurrently part of the DHS). 1997. “HASL-300 Method Am-04-RC:
Americium in QAP Water and Air Filters - Eichrom’'s TRU Resin.” EML Procedures Manual, HASL -
300, 28th Edition. http://www.epa.gov/sam/pdfSEM L-Am-04-RC.pdf

6.2.13 EML HASL-300 Method Ga-01-R: Gamma Radioassay

Analyte(s) CAS RN
Cesium-137 10045-97-3
Cobalt-60 10198-40-0
Europium-154 15585-10-1
lodine-131 10043-66-0

SAM Revision 5.0 130 September 29, 2009




Section 6 — Selected Radiochemical Methods

Analyte(s) CAS RN

Iridium-192 14694-69-0
Molybdenum-99 14119-15-4
Ruthenium-103 13968-53-1
Ruthenium-106 13967-48-1

Selenium-75 14265-71-5

Analysis Purpose: Qualitative and confirmatory analysis or gross gamma determination
Determinative Technique: Gamma spectrometry

Method Developed for: Gamma-ray emitting radionuclidesin avariety of environment
Method Selected for: SAM lists this method for qualitative and/or confirmatory
gamma emitters in aqueous/liquid, soil/sediment, surface wipes, and/or air filter

Description of Method: This method uses gamma spectroscopy for
emitted from radionuclides without separating them from the

Nal(Tl) also can be used. The sampleisplacedinto a
samples and sludge are placed into an appropriately siz
sample for homogenization. Air filters and surface wip

or pressed into a
uired sensitivity of measurement.
imately 40 Bq are measured, and
clides. Because of electronic limitations,

be avoided. High activity samples may be

L iscurrently part of the DHS). 1997. “HASL-300 Method Ga-01-R: Gamma
dures Manual, HASL-300, 28" Edition. http://www.epa.gov/sam/pdfEML-Ga-

" EML HASL-300 Method Po-02-RC: Polonium in Water, Vegetation, Soil, and Air
Filters

Analyte(s) CAS RN

Polonium-210 1-3981-52-7

Analysis Purpose: Qualitative and confirmatory analysis
Determinative Technique: Alpha spectrometry

Method Developed for: Polonium in water, vegetation, soil, and air filters
Method Selected for: SAM lists this method for qualitative and confirmatory analysis of drinking water,
aqueous/liquid, and soil/sediment samples.

Description of Method: This method uses alpha spectrometry for determination of polonium in water,
vegetation, soil, and air filter sasmples. Polonium equilibrated with Po-208 or Po-209 tracer isisolated
from most other elements by coprecipitation with lead sulfide. The sulfide precipitate is dissolved in

SAM Revision 5.0 131 September 29, 2009



Section 6 — Selected Radiochemical Methods

weak hydrochloric acid solution. Polonium is quantitatively deposited on anickel disc, and the plated
disc is counted on an alpha spectrometer to measure chemical yield and activity of the sample. The
solution from the deposition may be retained and analyzed for Pb-210. When counted for 1000 minutes,
the LLD for polonium is 1.0 mBq for water and 1.3 mBq for vegetation, soil and filters.

Source: EML, DOE (EML is currently part of the DHS). 1997. “HASL-300 Method Po-02-RC:
Polonium in Water, Vegetation, Soil, and Air Filters.” EML Procedures Manual, HASL-300, 28" Edition.
http://www.epa.gov/sam/pdf 'EM L -Po-02-RC. pdf

6.2.15 EML HASL-300 Method Pu-12-RC: Plutonium and/or Americium in Soil or
Sediments

Analyte(s)

Americium-241

Californium-252

Curium-244

Analysis Purpose: Confirmatory analysis
Determinative Technique: Alpha spectrometry

| soil and sediment sample sizes

a pha spectrometry of americium, curium, and californium. The LLD for
en counted for 2000 minutes.

ions: In cases where only small sample sizes (<100 g) will be analyzed, this method
ended for confirmatory analysis. If it is suspected that the sample existsin refractory form (i.e.,

g em, use ORISE Method AP11.
Source: EML, DOE (EML iscurrently part of the DHS). 1997. “HASL-300 Method Pu-12-RC:

Plutonium and/or Americium in Soil or Sediments.” EML Procedures Manual, HASL-300, 28" Edition.
http://www.epa.gov/sam/pdf EM L-Pu-12-RC.pdf

6.2.16 EML HASL-300 Method Sr-03-RC: Strontium-90 in Environmental Samples

Analyte(s) CAS RN

Strontium-90 10098-97-2

Analysis Purpose: Qualitative and confirmatory analysis
Determinative Technique: Betacounting
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Method Developed for: Strontium-90 in vegetation, water, air filters and soil
Method Selected for: SAM lists this method for qualitative and confirmatory analysis of soil/sediment,
surface wipe, and air filter samples.

Description of Method: Strontium is separated from calcium, other fission products, and natural
radioactive elements. Fuming nitric acid separations remove the calcium and most other interfering ions.
Radium, lead and barium are removed with barium chromate. Traces of other fission products are
scavenged with iron hydroxide. After strontium-90 and yttrium-90 equilibrium has been attained, yttrium-
90 is precipitated as the hydroxide and converted to oxalate for counting on alow-background gas
proportional beta counter. Chemical yield is determined with strontium-85 tracer by counting in a gamma
well detector.

Source: EML, DOE (EML iscurrently part of the DHS). 1997. “HASL-300 Method Sr-03-
Strontium-90 in Environmental Samples.” EML Procedures Manual, HASL-300, 28" Edij
http://www.epa.gov/sam/pdf 'EM L -Sr-03-RC. pdf

6.2.17 EML HASL-300 Method Tc-02-RC: Technetium-99 in

Analyte(s)

Technetium-99

iststhis i e and confirmatory analysis of drinking water

le containing Tc-99 is mixed with Technetium-95m (Tc-95m) added
isotopes of technetium are brought to an isotopic equilibrium and
ents by ferrous and ferric hydroxide coprecipitation. The precipitate is dissolved
passed through a commercially available resin column (TEVA® Resin) which is
etium in the pertechnatate form. The resin is washed with dilute nitric acid to

Ilation spectrometer for both Tc-95m and Tc-99.

Source: EML, DOE (EML iscurrently part of the DHS). 1997. “HASL-300 Method Tc-02-RC:
Technetium-99 in Water — TEVA® Resin.” EML Procedures Manual, HASL-300, 28" Edition.
http://www.epa.gov/sam/pdfEM L -T c-02-RC.pdf

6.2.18 FRMAC Method Volume 2, Page 33: Gross Alpha and Beta in Air

Analysis Purpose: Gross alphaand gross beta determination
Determinative Technique: Alpha/Beta counting

Method Developed for: Gross alphaand betain air
Method Selected for: SAM lists this method for gross alpha and gross beta determination in air filters,
and for direct counting of surface wipes.
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Description of Method: A thin-window gas-flow proportional counter is used for counting gross alpha
and beta radioactivity. The method supplies an approximation of the alpha and beta activity present in the
air or the removable surface activity dependent on the sample type. The method provides an indication of
the presence of alpha and beta emitters, including the following SAM analytes:

Cesium-137
Cobalt-60
Curium-244
Europium-154
Iridium-192
Plutonium-238
Plutonium-239
Polonium-210
Radium-226
Ruthenium-103
Ruthenium-106
Strontium-90
Uranium-234
Uranium-235
Uranium-238

per volume of air sampled,

cases where sample coll

Americium-241
Californium-252

(CAS RN 14596-10-2)
(CASRN 13981-17-4)
(CAS RN 10045-97-3)
(CAS RN 10198-40-0)
(CASRN 13981-15-2)
(CASRN 15585-10-1)
(CAS RN 14694-69-0)
(CASRN 13981-16-3)
(CASRN 15117-48-3)
(CASRN 13981-52-7)
(CAS RN 13982-63-3)
(CASRN 13968-53-1)
(CASRN 13967-48-1)
(CAS RN 10098-97-2)
(CAS RN 13966-29-5)
(CASRN 15117-96-1)
(CASRN 7440-16-1)

Alpha emitter
Alpha emitter
Beta emitter
Beta emitter
Alpha emitter
Beta emitter
Beta emitter
Alpha emitter
Alpha emitter
Alpha emitter
Alpha emitter

Purpose: Gross aphaand gross beta determination
ative Technique: Alpha/Beta counting

od Developed for: Gross alphaand betain water, soil, vegetation, and other solids

Method Selected for: SAM lists this method for gross alpha and gross beta determination in

soil/sediment samples.

Description of Method: This method provides an indication of the presence of alpha and beta emitters,
including the following SAM analytes:

Cesium-137
Cobalt-60
Curium-244
Europium-154
Iridium-192
Plutonium-238
Plutonium-239

Americium-241
Cadlifornium-252

(CAS RN 14596-10-2)
(CASRN 13981-17-4)
(CAS RN 10045-97-3)
(CASRN 10198-40-0)
(CASRN 13981-15-2)
(CASRN 15585-10-1)
(CAS RN 14694-69-0)
(CASRN 13981-16-3)
(CASRN 15117-48-3)

Alphaemitter
Alphaemitter
Beta emitter
Beta emitter
Alphaemitter
Beta emitter
Beta emitter
Alphaemitter
Alphaemitter
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e Polonium-210 (CASRN 13981-52-7) Alpha emitter
e Radium-226 (CASRN 13982-63-3) Alpha emitter
e Ruthenium-103 (CAS RN 13968-53-1) Beta emitter
e  Ruthenium-106 (CASRN 13967-48-1) Beta emitter
e Strontium-90 (CAS RN 10098-97-2) Beta emitter
e Uranium-234 (CAS RN 13966-29-5) Alpha emitter
e Uranium-235 (CASRN 15117-96-1) Alpha emitter
e Uranium-238 (CASRN 7440-16-1) Alpha emitter

This procedure provides screening measurements to indicate whether specific chemical analyses are

required for water, soil, vegetation, and other solids. Liquid samples are acidified, concentrated, dried in
aplanchet, and counted in alow-background proportional counter. Solid samples are dried and proc
to provide homogeneity, and a known quantity is transferred to a planchet and counted in a low-
background proportional counter.

ESSE(]

Special Considerations: Volatile radionuclides will not be accurately determin

Source: ORISE, Oak Ridge Associated Universities (ORAU). 2001. “
Betafor Various Matrices.” Laboratory Procedures Manual for th
Assessment Program. http://www.epa.gov/sam/pdfs'ORISE-APL.

6.2.20 ORISE Method AP2: Determination of Tr

Analyte(s) AS RN

Tritium (Hydrog

od: Thetritium in aqueous and solid samplesis distilled using an Allihn condenser.
ples, an appropriate volume of water is added to facilitate distillation. Certain solid samples

8 with a standard tritium solution to evaluate quenching and counting efficiency. After the sample
has been distilled, an aliquot of the distillate is added to a scintillation cocktail and the sample is counted
using aliquid scintillation analyzer.

Special Considerations: Other volatile radionuclides such asiodine and carbon isotopes may interfere
and may require that the sample be made alkaline using solid sodium hydroxide before distillation.
Organic impurities may interfere and may require the addition of an oxidizing agent to the sample as well
as spiking the samples with a standard tritium solution. The addition of a standard tritium solution to
each sample allows for counting efficiencies to be calculated for each individual sample.

Source: ORISE, ORAU. 2001. “Method AP2: Determination of Tritium.” Laboratory Procedures
Manual for the Environmental Survey and Site Assessment Program.
http://www.epa.gov/sam/pdf syORI SE-A P2.pdf
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6.2.21 ORISE Method AP5: Determination of Technetium-99

Analyte(s) CAS RN

Technetium-99 14133-76-7

Analysis Purpose: Qualitative and confirmatory analysis
Determinative Technique: Liquid scintillation

Method Developed for: Technetium-99 in sediment, soil, smears, and water at environmental levels
Method Selected for: SAM lists this method for qualitative and confirmatory analysis of soil/sediment,
surface wipe, and air filter samples.

CAS RN

14596-10-2
ifornium-252 13981-17-4
Curium-244 13981-15-2
Plutonium-238 13981-16-3
Plutonium-239 15117-48-3
Uranium-234 13966-29-5
Uranium-235 15117-96-1

Uranium-238 7440-61-1

Analysis Purpose: Qualitative and confirmatory analysis
Determinative Technique: Alpha spectrometry

Method Developed for: Americium, curium, plutonium, neptunium, thorium, and/or uranium in water
and solid samples

Method Selected for: SAM recommends this method for confirmatory analysis when a sample existsin
arefractory form (i.e., non-digestible or dissolvable material after normal digestion methods) or if thereis
amatrix interference problem. In the event of refractory radioactive material, SAM recommends this
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method for both qualitative determination and confirmatory analysis of drinking water, aqueous/liquid,
soil/sediment, surface wipes, and air filter samples.

Description of Method: Solid and unfiltered aqueous samples are dissolved completely by a
combination of potassium hydrogen fluoride and pyrosulfate fusions. Filtered aqueous samples are
evaporated to dryness followed by a pyrosulfate fusion. The fusion cake is dissolved and, for analyses
reguiring uranium only, two barium sulfate precipitations are performed, and the uranium is separated
using EDTA. For al other analyses, one barium sulfate precipitation is performed and al alpha emitters
are coprecipitated on barium sulfate. The barium sulfate is dissolved and the actinides are separated by
extraction chromatography. An optional section is presented for the separation of americium from the
lanthanides. All actinides are coprecipitated on cerium fluoride and counted with an alpha spectrometer

system.
Source: ORISE, ORAU. 2001. “Method AP11: Sequential Determination of the Actinidgg in
Environmental Samples Using Total Sample Dissolution and Extraction Chromatog, Lab

Procedures Manual for the Environmental Survey and Site Assessment Progra
http://www.epa.gov/sam/pdf /ORI SE-A P11. pdf

6.2.23 ORISE Method Procedure #9: Determination of 1-125 in [ ples

Analyte(s) CAS

lodine-125 14158-31-

In this method a direct comparison is made between the sample and a source
Institute of Standards and Technology (NIST) traceable standard. If itis

e sample preparation procedure or by a qualitative analysis on some device (high
intrinsic planar detector) that 1-125 is the only radionuclide contributing to the observed peak,
method can be used as a rapid quantitative method.

The sampleis prepared by matrix specific techniques and the final sampleis placed in a 16 millimeter
culture tube and counted in a 3" x 3" thin window sodium iodide (Nal) well detector attached to a pulse
height analyzer. 1-125 gamma counting rate is determined in the 25 to 35 keV energy range by pulse
height analysis. NIST traceable liquid standards are also counted in the same geometric configuration as
the samples to determine I-125 counting efficiency.

Special Considerations: Dueto the low photon energy of 1-125, the Compton scattering and x-ray
photons from other radionuclides may cause significant interferencesin this procedure.

Source: ORISE, ORAU. 1995. “Procedure #9: Determination of 1-125 in Environmental Samples.”
Laboratory Procedures Manual for the Environmental Survey and Site Assessment Program.
http://www.epa.gov/sam/pdf ORI SE-Procedure9-1995. pdf
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6.2.24 ASTM Method D3084-05: Standard Practice for Alpha Spectrometry in Water

Analyte(s) CAS RN
Americium-241 14596-10-2
Californium-252 13981-17-4

Curium-244 13981-15-2
Plutonium-238 13981-16-3
Plutonium-239 15117-48-3

Radium-226 13982-63-3

Uranium-234 13966-29-5
Uranium-235 15117-96-1
Uranium-238

Analysis Purpose: Qualitative determination
Determinative Technique: Alpha spectrometry

Method Developed for: Alpha particle spectrain watd
Method Selected for: SAM liststhis method for qualit
aqueous/liquid, soil and sediment, surface

ed or platinum disc). Electrodeposition and microprecipitation are preferred.
isthen measured in an alpha spectrometer according to manufacturer’s

he counting period chosen depends on the sensitivity required of the

e degree of uncertainty in the result that is acceptable.

Considerations: If it is suspected that the sample existsin refractory form (i.e., non-digestible
solvable material after normal digestion methods) or if there is a matrix interference problem, use
ORISE Method AP11 for sample preparation instead of the methods referenced in ASTM Method D3084.

Source: ASTM. 2005. “Method D3084-05: Standard Practice for Alpha Spectrometry in Water.” Annual
Book of ASTM Standards, Vol. 11.02. http://www.astm.org/Standards/D3084.htm

6.2.25 ASTM Method D3972-02: Standard Test Method for Isotopic Uranium in Water by
Radiochemistry

Analyte(s) CAS RN
Uranium-234 13966-29-5
Uranium-235 15117-96-1
Uranium-238 7440-61-1
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Analysis Purpose: Confirmatory analysis
Determinative Technique: Alpha spectrometry

Method Developed for: Alpha-particle-emitting isotopes of uranium in water
Method Selected for: SAM lists this method for confirmatory analysis of drinking water samples.

Description of Method: Uraniumis chemically separated from awater sample by coprecipitation with
ferrous hydroxide followed by anion exchange, and electrodeposition. When suspended matter is present,
an acid dissolution step is added to ensure that all of the uranium dissolves. The sampleis acidified, and
uranium-232 is added as an isotopic tracer to determine chemical yield. Uranium is coprecipitated from
the sample with ferrous hydroxide. This precipitate is dissolved in concentrated hydrochloric acid, or |s
subjected to acid dissolution with concentrated nitric and hydrofluoric acids, if the hydrochlorlc acidd
to dissolve the precipitate. Uranium is separated from other radionuclides by adsorption on a
exchange resin, followed by elution with hydrochloric acid. The uraniumisfinally electr
astainless steel disc and counted using alpha spectrometry.

Special Considerations: If it issuspected that the sample existsin refr
or dissolvable material after normal digestion methods) or if thereis
ORISE Method AP11.

Source: ASTM. 2002. “Method D3972-02: Standard
Radiochemistry.” Annual Book of ASTM Standards, Vo
http://www.astm.org/DATABASE.CART/HISTORICA

Analysis Purpo
Determinative T

ethod: Thismethod allows for measurement of gross apha and gross betaradiation in
ples. The method provides an indication of the presence of alpha and beta emitters, including
bwing SAM analytes:

e Americium-241 (CAS RN 14596-10-2) Alphaemitter
e Cdlifornium-252 (CASRN 13981-17-4) Alphaemitter
e Cesium-137 (CAS RN 10045-97-3) Beta emitter
e Cobalt-60 (CAS RN 10198-40-0) Beta emitter
e Curium-244 (CASRN 13981-15-2) Alphaemitter
e Europium-154 (CASRN 15585-10-1) Beta emitter
e |ridium-192 (CAS RN 14694-69-0) Beta emitter
e Plutonium-238 (CAS RN 13981-16-3) Alphaemitter
e Plutonium-239 (CASRN 15117-48-3) Alphaemitter
e Polonium-210 (CASRN 13981-52-7) Alphaemitter
e Radium-226 (CAS RN 13982-63-3) Alphaemitter
¢ Ruthenium-103 (CASRN 13968-53-1) Beta emitter
¢ Ruthenium-106 (CASRN 13967-48-1) Beta emitter
e  Strontium-90 (CASRN 10098-97-2) Beta emitter
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e Uranium-234 (CAS RN 13966-29-5) Alphaemitter
e Uranium-235 (CASRN 15117-96-1) Alphaemitter
e Uranium-238 (CAS RN 7440-16-1) Alphaemitter

This method recommends using a thin-window gas-flow proportional counter for counting gross apha
and beta radioactivity. Aninternal proportional or Geiger counter may also be used. An aiquot of
sampleis evaporated to asmall volume and transferred to atared counting pan. The sampleresidueis
dried to constant weight, cooled, and reweighed to determine dry residue weight, then counted for alpha
and beta radioactivity.

Special Considerations: Ground water samples containing elevated levels of dissolved solids will
require use of smaller sample volumes.

(Total, Suspended, and Dissolved).” Standard Methods for the Examination of Water
21* Edition. http://www.standardmethods.org/

6.2.27 Standard Method 7120: Gamma-Emitting Radion

Analyte(s) S RN
Cesium-137 1098R-97-3
Cobalt-60 10198-40-0
Europium-154 15585-10-1
14694-69-0
13968-53-1
13967-48-1
14265-71-5

itative and confirmatory determination
e: Gamma spectrometry

Method@®eveloped for: Gamma emitting radionuclides in water
elected for: SAM lists this method for qualitative and confirmatory analysis of select gamma
s in agueous/liquid samples.

Description of Method: The method uses gamma spectroscopy using either Ge detectors or Nal(Tl)
crystals for the measurement of gamma photons emitted from radionuclides present in water. The method
can be used for qualitative and confirmatory determinations with Ge detectors or semi-qualitative and
semi-quantitative determinations (using Nal (Tl) detectors). Exact confirmation using Nal is possible for
single nuclides or when the gamma emissions are limited to a few well-separated energies. A
homogeneous water sample is placed into a standard geometry (normally a Marinelli beaker) for gamma
counting. Sample portions are counted long enough to meet the required sensitivity of measurement. A
standard containing a mixture of gamma energies from approximately 100 to 2000 keV is used for energy
calibration.

Source: APHA, AWWA, and WEF. 2005. “Method 7120: Gamma-Emitting Radionuclides.” Standard
Methods for the Examination of Water and Wastewater. 21% Edition. http://www.standardmethods.org/

SAM Revision 5.0 140 September 29, 2009



Section 6 — Selected Radiochemical Methods

6.2.28 Standard Method 7500-Ra B: Radium: Precipitation Method

Analyte(s) CAS RN

Radium-226 13982-63-3

Analysis Purpose: Qualitative determination
Determinative Technique: Alpha counting

Method Developed for: Alpha-emitting isotopes of radium in water
Method Selected for: SAM lists this method for qualitative determination in agueous/liquid samples.

decay analysis. Lead and barium carriers are added to the sample containing alkaline citrate, t
acid is added to precipitate radium, barium, and lead as sulfates. The precipitateis purif

carrier in solution. Radium-223, -224, and -226 are identified by the r
productsin barium sulfate precipitate. The results are corrected b

m&nhation Method

CAS RN

13982-63-3

irmatory determination
e: Alphacounting

Methodi®eveloped for: Soluble, suspended, and total radium-226 in water
Belected for: SAM lists this method for confirmatory analysis of agueous/liquid samples.

Description of Method: Radium in water is concentrated and separated from sample solids by
coprecipitation with arelatively large amount of barium as the sulfate. The precipitate is treated to
remove silicates, if present, and to decompose insoluble radium compounds, fumed with phosphoric acid
to remove sulfite, and dissolved in hydrochloric acid. The completely dissolved radium is placed in a
bubbler, which is then closed and stored for a period of several daysto 4 weeks for ingrowth of radon.
The bubbler is connected to an evacuation system and the radon gas is removed from the liquid by
aeration and helium, dried with a desiccant, and collected in a counting cell. Four hours after radon
collection, the cell is counted. The activity of the radon is equal to the radium concentration. The
minimum detectabl e concentration depends on counter characteristics, background-counting rate of
scintillation cell, cell efficiency, length of counting period, and contamination of apparatus and
environment by radium-226. Without reagent purification, the overall reagent blank (excluding
background) should be between 0.03 and 0.05 pCi radium-226, which may be considered the minimum
detectable amount under routine conditions.
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Source: APHA, AWWA, and WEF. 2005. “Method 7500-Ra C: Radium: Emanation Method.” Standard
Methods for the Examination of Water and Wastewater. 21% Edition. http://www.standardmethods.org/

6.2.30 Standard Method 7500-Sr B: Total Radioactive Strontium and Strontium-90:
Precipitation Method

Analyte(s) CAS RN

Strontium-90 10098-97-2

Analysis Purpose: Qualitative and confirmatory analysis
Determinative Technique: Beta counting

Method Developed for: Strontium-90 or total radioactive strontium in drinking water
water

Method Selected for: SAM lists this method for qualitative and confirmator
and agueous/liquid samples.

concentrate the radiostrontium. The carrier, along with
other radioactive elements and inactive sample solids b

nitric acid solution. The carrier and radionuclides of strQii Qreci pitated”as strontium carbonate,
which is dried, weighed to determine rg s cAER P or radioactivity. The activity of
the final precipitate is due to radipad ause all other radioactive elements have been

ed by separating and measuring the activity of
yttrium-90, itsd es beta counting by a gas-flow internal proportional
counter or thin i portional counter. A correction is applied to compensate

6.2. tandard Method 7500-U B: Uranium: Radiochemical Method

Analyte(s) CAS RN
Uranium-234 13966-29-5
Uranium-235 15117-96-1
Uranium-238 7440-61-1

Analysis Purpose: Qualitative determination
Determinative Technique: Alphacounting

Method Developed for: Total uranium alphaactivity in water
Method Selected for: SAM lists this method for qualitative determination in agueous/liquid samples.

Description of Method: The sampleis acidified with hydrochloric or nitric acid and boiled to eliminate
carbonate and bicarbonate ions. Uranium is coprecipitated with ferric hydroxide and subsequently
separated. The ferric hydroxide is dissolved, passed through an anion-exchange column, and washed with
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acid, and the uranium is eluted with dilute hydrochloric acid. The acid eluate is evaporated to near
dryness, the residual salt is converted to nitrate, and the alpha activity is counted by a gas-flow
proportional counter or apha scintillation counter.

Special Considerations: If it issuspected that the sample existsin refractory form (i.e., non-digestible
or dissolvable material after normal digestion methods) or if there is a matrix interference problem, use
ORISE Method AP11.

Source: APHA, AWWA, and WEF. 2005. “Method 7500-U B: Uranium: Radiochemical Method.”
Standard Methods for the Examination of Water and Wastewater. 21% Edition.
http://www.standardmethods.org/

6.2.32 Standard Method 7500-U C: Uranium: Isotopic Method

Analyte(s)

Uranium-234

Uranium-235

Uranium-238

Analysis Purpose: Confirmatory determination
Determinative Technique: Alpha spectrometr

ha activity; determining the differences
in water
ory analysis of agueous/liquid samples.

n. The uranium is eluted with dilute hydrochloric acid. The acid eluateis
, and the residual salt is converted to nitrate and electrodeposited onto a
d counted by alpha spectrometry.

onsiderations: If it is suspected that the sample existsin refractory form (i.e., non-digestible
5s0lvable material after normal digestion methods) or if there is a matrix interference problem, use
ORISE Method AP11.

Source: APHA, AWWA, and WEF. 2005. “Method 7500-U C: Uranium: Isotopic Method.” Standard
Methods for the Examination of Water and Wastewater. 21% Edition. http://www.standardmethods.org/
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Section 7.0: Selected Pathogen Methods

A list of the most appropriate methods currently available for use in analyzing environmental samples for
pathogens is provided in Appendix C. Thislist represents an initial effort towards the goal of providing
standardized analytical procedures. These methods should be used to support remediation activities (site
assessment through clearance) following a homeland security event. The purpose of this section isto
provide summary information regarding the procedures listed. Methods are listed for each pathogen that
may need to be measured and analyzed following an event. Appendix C is sorted alphabetically within
pathogen categories (i.e., bacteria, viruses, protozoa, and helminths).

Protocols from peer-reviewed journal articles are listed where standardized methods for pathogens areag
currently available. Future steps include the development and validation of standardized methodg
literature references will be replaced as standardized, validated protocols become available

Pathogens that are categorized as Biosafety Level 4 (BSL-4), such as hemorrh
smallpox, will be handled only by reference laboratories with BSL-4 capabild

considered for possible inclusion in future document re eland security event, it is
assumed that only those areas with contamination greate commonly found in the
environment would be subject to remedi gid ) d event-specific goals, investigation

ased methods have been selected for many of the pathogens;
difficulty and time constraints, molecular techniques such as PCR will likely be
the start of site decontamination, viability may not be an issue and rapid mass
ch as PCR, may be more appropriate. After decontamination, viability may be

E culture confirmed by PCR, should be considered for processing large numbers of samplesin a
ely manner. Viability procedures are listed for each pathogen where available.

Users of this document should be aware that analysis of environmental samples poses specific problems,
and itislikely that a single analytical procedure will not be applicable to al sample types. The methods
listed in this document attempt to address a wide range of environmental samples (e.g., drinking water,
soil), each with specific physical and biological properties (e.g., pH, inhibitory substances, background
microorganisms). Within each sample type, a high level of variability may also exist. For example, soils
sampled in one geographical area may have qualities affecting analysis that are not present in soils from
other areas. Sample preparatory techniques, such asimmunomagnetic separation (IMS), may be useful
for reducing the impact of these variables. Analyzing representative quantities of environmental samples
also presents a problem and can result in reduced analytical sensitivity. In these cases, sample
concentration techniques, such as membrane filtration (MF) and ultrafiltration (UF), may be useful. In
addition to removing background microorganisms and inhibitory substances, IMS may aso be useful for
concentrating sample aliquots to ensure that the full sample volume can be assayed. This may increase
the sensitivity of methods such as PCR.
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Appendix C includes the following information:
» Pathogen(s). A specific causative agent (e.g., viruses, bacteria) of disease.
* Viability. Ability to reproduce.

* Analytical technique. Ananalytical instrument or procedure used to determine the identity,
guantity, and/or viability of a pathogen.

* Analytical method. The unique identifier or number assigned to an analytical method by the method
publisher.

« Solid (soil, powder). The recommended method/procedure for the pathogen of interest in solid
samples such as soil and powders.

» Particulate (swabs, wipes, filters). The recommended method/procedure to measur
interest in particulate sample collection devices such as swabs, wipes and dust-c
with vacuum collection.

he [Sgihogen of
sed

» Liquid/water (filter, grab). The recommended method/procedure {
liquid or agueous samples that have been concentrated or grab

* Drinking water (filter, grab). The recommended method/procedur erestin
potable water samples that have been concentrated gigrab samples.

ed in Appendix C also include options such as the potential for use of multiple
ary isolation, allowance for selection of a defined subset of alarger number of
chemical testing, or use of aternative devices for sample concentration. The

7.1 General Guidelines

This section provides agenera overview of how to identify the appropriate pathogen method(s) for a
given pathogen as well as recommendations for QC procedures.

For additional information on the properties of the pathogens listed in Appendix C, 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. Also informative
are CDC's Emergency Preparedness and Response Web site (http://www.bt.cdc.gov/) and the FDA
Center for Food Safety and Applied Nutrition (CFSAN) “Bad Bug Book”
(http://www.cfsan.fda.gov/~mow/intro.html). Further research on pathogens is ongoing within EPA.
Databases to manage this information are currently under development.
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7.1.1 Standard Operating Procedures for Identifying Pathogen Methods

To determine the appropriate method that is to be used on an environmental sample, locate the pathogen
in Appendix C: Pathogen Methods under the “Pathogen(s)” column. After locating the pathogen,
continue across the table and select an analytical technique. After an analytical technique has been
chosen (e.g., culture, PCR, immunoassay), select the analytical method applicable to the sample type of
interest (solid, particulate, liquid/drinking water or aerosol).

Once amethod has been identified in Appendix C, the corresponding method summary can be found in

Sections 7.2.1 through 7.5. Method summaries are listed first by alphabetical order within each pathogen
subcategory (i.e., bacteria, virus, protozoa, helminths) and then in order of method selection hierarchy
(see Figure 2-1), starting with EPA methods, followed by methods from other federal agencies, VCSB
and journal articles. Where available, adirect link to the full text of the method is provided with

contact information provided in Table 7-1.

Table 7-1. Sources of Pathogen Methods

Name Publisher

NEMI EPA, USGS

EPA Microbiology Home Page

http://www.epa.gov/nerlcwww/icrmi
cro.pdf

Information Collection Requirements
Rule (ICR) Microbial Laboratory Manua

EPA Manual of Methods for Vir http://www.epa.gov/nerlcwww/abo

ut.htm

# Risk Management | http://www.epa.gov/nrmrl/pubs/625
aboratory (NRMRL) r92013/625r92013.htm

eija.trees@cdc.hhs.gov

USDA FSIS http://www.fsis.usda.gov/Science/
Microbiological Lab_Guidebook/in
dex.asp
FDA, CFSAN http://www.cfsan.fda.gov/~ebam/b
am-toc.html
OSHA http://www.osha.gov
NIOSH Methods NIOSH http://www.cdc.gov/niosh/nmam/
Standard Methods for the Examination APHA, AWWA, and WEF http://www.standardmethods.org
of Water and Wastewater, 21 Edition,
2005*
Annual Book of ASTM Standards* ASTM International http://www.astm.org

Applied and Environmental Microbiology | American Society for Microbiology | http://aem.asm.org/
(AEM)* (ASM)

Journal of Clinical Microbiology* ASM http://jicm.asm.org/

Clinical Microbiology Procedures ASM http://estore.asm.org/viewltemDeta
Handbook, 2" Edition, 2004* ils.asp?ItemID=323

Molecular and Cellular Probes* Elsevier http://www.elsevier.com
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Name Publisher Reference
Canadian Journal of Microbiology* NRC Research Press http://pubs.nrc-cnre.gc.cal
Journal of Medical Virology* Wiley InterScience http://wwwa3.interscience.wiley.com

[cdi-bin/home

Journal of Virological Methods* Elsevier http://www.elsevier.com
Diagnostics Microbiology and Infectious | Elsevier http://www.elsevier.com
Disease

Emerging Infectious Diseases CDC http://www.cdc.gov/ncidod/EID/
Journal of Parasitology* American Society of http://www.bioone.org

Parasitologists

Transactions of the Royal Society of The Royal Society of Tropical http://www.rstmh o/
Tropical Medicine and Hygiene* Medicine and Hygiene

Diagnostic Procedures in Veterinary Academic Press
Bacteriology and Mycology

Sentinel Level Clinical Microbiology ASM
Laboratory Guidelines

Journal of Applied Microbiology* Blackwell Publish

m/jouMal.asp?ref=1364-
5072&site=1

ubscription or purchase 6 months after the

* Subscription and/or purchase required
publication date.

documented quality isacritical factor in the accurate

se to emergency situations. The generation of data of sufficient

tical laboratories: (1) have appropriately trained personnel; (2) acquire and

, equipment, and reagents; (3) conduct the appropriate QC procedures to ensure
ems are in control and operating properly; (4) properly document all analytical

2l or amount of QC needed depends on the intended purpose of the data generated. Variouslevels
may be required if the data are generated for presence/absence determinations versus quantitative
results. Specific data needs should be identified and QC requirements, based on those needs, applied
consistently across laboratories when multiple laboratories are used. The individual methods listed,
sampling and analytical protocols, or contractual statements of work should be consulted to determine if
additional QC procedures are required.

M ethod-specific QC requirements are described in many of the methods cited in this manual and will be
included in protocols developed to address specific pathogen/sample type combinations of concern. In
general, analytical QC requirements for pathogen methods include an initial demonstration of
measurement system capability, as well as the capability of the laboratory and the analyst to perform the
method with the required precision and accuracy.
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Ongoing analysis of control samples to ensure the continued reliability of the analytical results should
also be performed. At a minimum, the following QC analyses should be conducted on an ongoing basis:

Media and reagent sterility checks;

Positive and negative controls;

Method blanks;

Reference matrix spikesto evaluate initial and ongoing method/analyst performance, if available;
Matrix spikes to evaluate method performance in the sample type of interest;

MSD and/or sample replicates to assess method precision; and

Instrument calibration checks and temperature controls.

QC procedures and proper maintenance of ancillary laboratory equipment (e.g., thermometers,
autoclaves) should be performed as frequently as necessary to ensure the reliability of analytical

Please note: The appropriate point of contact identified in Section 4 should be consult

guidance for laboratory support. EPA program officeswill ber
practices are implemented.

7.1.3 Safety and Waste Management

ing, and analysis of

S and safety plan for handling
samples that may contain tar oratory staff should be trained in and
implement the safety pro [ [ gens in sampl es taken from areas

pathogens of the 10405
treated in such a 8PS on or virulence characteristics. These conditions may

i arising from intentional contamination incidents. A laboratory must
be mad [ umstances, and should carefully consider implementing additional

reeing to accept these samples.

that pose moderate hazards to personnel and the environment. BSL-3 is applicable when
performing manipulations of indigenous or exotic agents that may cause serious or potentially lethal
disease and also have the potential for aerosol transmission. BSLs are provided in the method summaries
in Section 7.2 whenever available. It isimportant to note, however, that some pathogens that are
normally handled at BSL-2 may require BSL-3 procedures and facilities if large volumes, high
concentrations, or potential aerosols are expected as a part of the analytical process. For more
information on BSL practices and procedures, the following references should be consulted:

«  Biosafety in Microbiological and Biomedical Laboratories (BMBL), 5" Edition, found at
http://www.cdc.gov/OD/ohs/biosfty/bmbl 5/bmbl 5toc.htm

o “Laboratory Security and Emergency Response Guidance for Laboratories Working with Select
Agents,” Morbidity and Mortality Weekly Report, Vol. 51, No. RR-19, 1-6, December 6, 2002, found
at http://www.cdc.gov/mmwr/pdf/rr/rr5119.pdf.

* Microbiology Biosafety for Level A Laboratories, found at
http://www.bt.cdc.gov/documents/PPT Response/tabl e3bbi osaf ety . pdf
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» Select Agent Rules and Regulations found at the National Select Agent Registry
(http://www.sel ectagents.gov/)and http://ecfr.gpoaccess.gov/cqi/t/text/text-
idx?2c=ecfr&tpl=/ecfrbrowse/Title09/9cfr121 main 02.tpl

The following sources provide information regarding waste management:

» EPA —Hazardous Waste Management (40 CFR parts 260) and EPA Administered Permit Programs
(40 CFR part 270), found at http://ecfr.gpoaccess.gov/cgi/t/text/text-
idx?sid=cac9da30cd241fa70d461e4a917eb75e& c=ecfr& tpl=/ecfrbrowse/Titled0/40tab 02.tpl

Other resources that can be consulted for additional information include the following:

*  OSHA —Hazardous Waste Operations and Emergency Response (29 CFR part 1910.120) foungds
http://www.osha.gov/pls/oshaweb/owadisp.show_document?p_table=STANDARDS& p ig

found at
http://www.osha.gov/pls/oshaweb/owadisp.show document?p table=ST2

e OSHA —Regspiratory Protection (29 CFR part 1910.134) found
http://www.osha.gov/pl s/oshaweb/owadisp.show document?g

http://ecfr.gpoaccess.qov/cqi/t/text/text-
idx?sid=585c275e19254ba07625d8c92fe925f & c=

preparedness responsy
state, federal, mi

LRN laboratories
scienti pport to

tive detection of biothreat agents and emerging infectious disease

mptive assays are part of sample type/analyte specific algorithms of assays

result. The algorithm for a confirmed result is often a combination of one or

5 tive results from arapid assay in combination with a positive result from one of the
dard” methods, such as culture. The standardized procedures, reagents, and agent-specific

s are considered to be sensitive and are available only to LRN member [aboratories. Thus, these

Blures are not available to the general public and are not discussed in this document.

It isimportant to note that, in some cases, the procedures may not be fully developed or validated for each
environmental sample type/pathogen combination listed in Appendix C, nor are all LRN member
laboratories necessarily capable of analyzing all of the sample type/pathogen combinations. Additional
LRN comparable assays (e.g., PCR) also are being devel oped or acquired that may be used in place of
LRN assays. Except for Coxiella burnetii, culture methods are available for all of these pathogens as
Sentinel Laboratory Guidelines

(http://www.asm.org/index.php?option=com_content& view=article& id=6342).

The agentsidentified below and listed in Appendix C are included in the HHS/USDA select agent list and
should be analyzed in accordance with appropriate regulatory compliance (42 CFR parts 72 and 73, and 9
CFR part 121) and safety and BSL requirements (see CDC's BMBL, 5" Edition,
http://www.cdc.gov/OD/ohs/biosfty/bmbl 5/bmbl 5toc.htm).
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Pathogen(s) [Disease] Agent Category
Bacillus anthracis [Anthrax] Bacteria
Brucella spp. [Brucellosis] Bacteria
Burkholderia mallei [Glanders] Bacteria
Burkholderia pseudomallei [Melioidosis] Bacteria
Coxiella burnetii [Q-fever] Bacteria
Francisella tularensis [Tularemia] Bacteria
Yersinia pestis [Plague] Bacteria
For additional information on the LRN, including selection of alaboratory capable of receiing
processing the specified sample type/pathogen, please use the contact information pr. belo

http://www.bt.cdc.gov/lrn/.

Centers for Disease Control and Prevention

Laboratory Response Branch

Division of Bioterrorism Preparedness and Response (DBPR)

National Center for the Prevention, Detection, and Con f Infectious Di (NC D)
Coordinating Center for Infectious Diseases (CCID)

Centers for Disease Control and Prevention (CDC)

1600 Clifton Road NE, Mailstop C-18
Atlanta, GA 30333
Telephone: (404) 639-2790

E-mail: Irn@cdc.gov

, and commercial laboratories with questions about
laboratory director or the Association of Public Health

. info@aphl.org

7.2 Method Summaries for Bacteria
Summaries of the analytical methods for bacterialisted in Appendix C are provided in Sections 7.2.1

through 7.2.16. Each summary contains a brief description of the method, intended method application,
performance data (if available), and alink to, or source for, obtaining a full version of the method.

7.2.1 Bacillus anthracis [Anthrax] — BSL-3

Method Analytical Technique Section
LRN Real-time PCR/Immunoassay 7.1.4
Public Health Reports. 1977. 92(2): 176-186. Culture 7211
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7.2.1.1 Literature Reference for B. anthracis (Public Health Reports. 1977. 92(2):
176-186)

Analysis Purpose: Detection and viability

Sample Preparation: Solid samples should be prepared according to EPA Method 1680;
particulate samples should be prepared according to “Evaluation of a Macrofoam Swab Protocol
for the Recovery of Bacillus anthracis Spores from a Steel Surface,” Hodges, L.R., Rose, L.J.,
Peterson, A., Nobel-Wang, J., and Arduino, M.J. 2006. Applied and Environmental
Microbiology. 72(6): 4429-4430 (www.epa.gov/sam/pdf /A EM-72(6)-pgs4429-4430.pdf).
Analytical Technique: Culture

Method Developed for: B. anthracis in soil and water samples
Method Selected for: SAM liststhis protocol for detection and viability assessment i
particulate, aerosol, liquid, and water samples. Further research is needed to d
standardize the procedures for environmental sample types.

Description of Method: This method describes procedures for
samples and may be adapted for assessment of particulate
and suspension in phosphate buffer with Tween® 80, soi

egative control, and blank. Ongoing analysis of QC samplesto
tical results should also be performed.

rations: B. anthracis is aselect agent requiring regulatory compliance (42 CFR
»and 9 CFR part 121); appropriate safety and BSL requirements should be
CDC’'sBMBL, 5" Edition,

tp://www.cdc.gov/OD/ohs/biosfty/bmbl 5/bmbl 5toc.htm).

Source: Rees, H.B., Smith, M.A., Spendlove, J.C., Fraser, R.S., Fukushima, T., Barbour, A.G.,
Schoenfeld, F.J. 1977. “Epidemiologic and Laboratory Investigations of Bovine Anthrax in Two
Utah Countiesin 1975.” Public Health Reports. 92(2): 176-186.

http://www.epa.gov/sam/pdf s'PHR-92(2)-pgs176-186.pdf

7.2.2 Brucella spp. [Brucellosis] - BSL-3

Method Analytical Technique Section

LRN Real-time PCR/Immunoassay 7.1.4

ASM Sentinel Laboratory Guidelines for Suspected

Agents of Bioterrorism: Brucella species Culture 7221
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7.2.2.1 ASM Sentinel Laboratory Guidelines for Suspected Agents of
Bioterrorism: Brucella species

Analysis Purpose: Detection and viability

Sample Preparation: Solid samples should be prepared according to EPA Method 1680;
particul ate samples should be prepared according to “Evaluation of a Macrofoam Swab Protocol
for the Recovery of Bacillus anthracis Spores from a Steel Surface,” Hodges, L.R., Rose, L.J.,
Peterson, A., Nobel-Wang, J., and Arduino, M.J. 2006. Applied and Environmental
Microbiology. 72(6): 44294430 (www.epa.gov/sam/pdf/AEM -72(6)-pgsa429-4430.pdf).
Analytical Technique: Culture

Method Developed for: Brucella spp. in clinical samples
Method Selected for: SAM lists these guidelines for detection and viability assessment i
particulate, aerosol, liquid, and water samples. Further research is needed to develop &
standardize the procedures for environmental sample types.

Description of Method: This method describes procedures for analysi
may be adapted for assessment of solid, particulate, and liquid
directly on chocolate agar (CA) or SBA and incubated at 35°
7 days. Colonies are punctuate (minute), non-pigmented,
Presumptive identification is made by culture exam nation, micr
Brucella spp. are small, non-motile, Gram-negaiile coccobaulll oxidase-, and
urease-positive. Cultures (isolates) that cannot
characteristics noted above may be referred toa
confirmation. Confirmation is pg
Brucella spp.

, FR part 121) appropriate safety and BSL requirements should also
CDC'sBMBL, 5" Edition,

. 2004. “ Sentinel Laboratory Guidelines for Suspected Agents of Bioterrorism:
rucella species.” http://www.epa.gov/sam/pdfs/A SM-Brucella.pdf

7.2.3 Burkholderia mallei [Glanders] — BSL-3 and Burkholderia pseudomallei
[Melioidosis] — BSL-3

Method Analytical Technique Section

LRN Real-time PCR/Immunoassay 7.1.4

ASM Sentinel Laboratory Guidelines for Suspected
Agents of Bioterrorism: Burkholderia mallei and Culture 7231
Burkholderia pseudomallei

7.2.3.1 ASM Sentinel Laboratory Guidelines for Suspected Agents of
Bioterrorism: Burkholderia mallei and Burkholderia pseudomallei

Analysis Purpose: Detection and viability
Sample Preparation: Solid samples should be prepared according to EPA Method 1680;
particul ate samples should be prepared according to “Evaluation of a Macrofoam Swab Protocol
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for the Recovery of Bacillus anthracis Spores from a Steel Surface,” Hodges, L.R., Rose, L.J.,
Peterson, A., Nobel-Wang, J., and Arduino, M.J. 2006. Applied and Environmental
Microbiology. 72(6): 4429-4430 (www.epa.gov/sam/pdfsyAEM -72(6)-pgs4429-4430.pdf).
Analytical Technique: Culture

Method Developed for: B. mallei and B. pseudomallei in clinical samples

Method Selected for: SAM lists these guidelines for detection and viability assessment in solid,
particulate, aerosol, liquid, and water samples. Further research is needed to develop and
standardize the procedures for environmental sample types.

Description of Method: This method describes procedures for analysis of clinical samples and
may be adapted for assessment of solid, particulate, and liquid samples. Samples are plated
directly on SBA and incubated at 35°C-37°C. At 48 hours, B. mallei forms gray, translug
colonies and B. pseudomallei forms small, smooth, creamy colonies that gradually chd

FR part 121); approprlate safety and BSL
DC'sBMBL, 5" Edition,

: inel Laboratory Guidelines for Suspected Agents of Bioterrorism:
lei and Burkholderia pseudomallei.” http://www.epa.gov/sam/pdfs/ASM-

ampylobacter jejuni [Campylobacteriosis] — BSL-2

Method Analytical Technique Section
SM 9260 G Culture and Immunoassay 7241
Molecular and Cellular Probes. 2006. 20: 269-279 Real-time PCR 7.24.2

7.2.4.1 Standard Method 9260 G: Campylobacter jejuni

Analysis Purpose: Detection and viability

Sample Preparation: Solid samples should be prepared according to EPA Method 1680;
particulate samples should be prepared according to “ Evaluation of a Macrofoam Swab Protocol
for the Recovery of Bacillus anthracis Spores from a Steel Surface,” Hodges, L.R., Rose, L.J.,
Peterson, A., Nobel-Wang, J., and Arduino, M.J. 2006. Applied and Environmental
Microbiology. 72(6): 4429-4430 (www.epa.gov/sam/pdf /A EM-72(6)-pgs4429-4430.pdf).
Analytical Technique: Culture and immunoassay
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Method Developed for: Campylobacter jejuni in water

Method Selected for: SAM lists this method for detection and viability assessment in solid,
particulate, liquid, and water samples. Further research is needed to develop and standardize the
procedures for environmental sample types other than water.

Description of Method: This method describes procedures for analysis of water samples and
may be adapted for assessment of solid, particulate, and liquid samples. Water samples (1 to
severad liter volumes) are filtered using a cellulose nitrate membrane filter. Filters are placed on
Skirrow’ s medium and incubated for 24 hours at 42°C under microaerophilic conditions.
Alternatively, samples are enriched in Campylobacter broth supplemented with antibiotics and
lysed horse blood under microaerophilic conditions at 37°C for 4 hours, then at 42°C for 24-48
hours prior to streaking on Skirrow’s medium. Identification is made by culture examination,
microscopy, motility testing, and biochemical testing. Biochemical tests include oxidase
catalase, nitrite and nitrate reduction, hydrogen sulfide production, and hippurate hydr
Confirmation is performed using commercially available rapid serological test ki

Source: APHA, AWWA, and WEF. 2005. “M
Methods for the Examination of

SUitable for viability

samples should be prepared according to “ Quantification of Bias
DNA Directly from Soils,” Frostegard, A., Courtois, S., Ramisse, V.,
n, D., Le Gdl, F., Jeannin, P., Nesme, X., and Simonet, P. 1999. Applied and
icrobiology. 65(12): 5409-5420 (www.epa.gov/sam/pdfYAEM-65(12)-

.pdf).
nalytical Technique: Real-time PCR

Method Developed for: Campylobacter jejuni in clinical samples

Method Selected for: SAM lists these procedures for detection in solid, particulate, aerosol,
liquid, and water samples. Further research is needed to develop and standardize the procedures
for environmental sample types.

Description of Method: Procedures are described for analysis of clinical samples and may be
adapted for assessment of solid, particulate, aerosol, liquid, and water samples. The method uses
real-time quantitative PCR (gPCR) for identification of C. jejuni that can be used in conjunction
with either the ABI Prism® 7700 or 7900 HT Thermal Cyclers. A high through-put method
using guanidinium thiocyanate (GTC) and glass beads is used for extraction of deoxyribonucleic
acid (DNA). C. jejuni usesthe CJF primer, CJR primer, and CJ probe for real-time quantitative
PCR. Results are evaluated against standard curves made with a 10-fold dilution series of C.
jejuni national collection of type cultures (NCTC) 11168 DNA in a background of cecum
(intestinal) DNA.
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At aminimum, the following QC checks should be performed and evaluated when using this
protocol: positive control, negative control, and blank. Ongoing analysis of QC samplesto
ensure reliability of the analytical results should also be performed. PCR QC checks should be
performed according to EPA Draft Quality Assurance/Quality Control Guidance for Laboratories
Performing PCR Analyses on Environmental Samples document www.epa.gov/sam/pdf/EPA-
QA-QC PCR_Oct2004.pdf or consult the point of contact identified in Section 4.

Source: Skanseng, B., Kaldhusdal, M., and Rudi, K. 2006. “ Comparison of Chicken Gut
Colonization by the Pathogens Campylobacter jejuni and Clostridium perfringens by the Real-
time Quantitative PCR.” Molecular and Cellular Probes. 20(5): 269-279.
http://www.sciencedirect.com/science/journal/08908508

7.2.5 Chlamydophila psittaci [Psittacosis] (formerly known as Chlamydia psitt
BSL-2; BSL-3 for aerosols and large volumes

Method Analytical Techgg

Journal of Clinical Microbiology. 2000. 38(3): 1085—
1093

7.2.5.1 Literature Reference for Chlamydophila'psitta
Microbiology. 2000. 38(3): 10854

Analysis Purpose: Detection and viability

e, X., and Simonet, P. 1999. Applied and
.epa.gov/sam/pdfS/AEM-65(12)-

hlamyddphila psittaci in clinical samples

. lists these procedures for detection and viability assessment in solid,
I, liquid, and water samples. Further research is needed to develop and
ocedures for environmental sample types.

esc of Method: Procedures are described for analysis of clinical samples and may be

apted for assessment of solid, particulate, aerosol, liquid, and water samples. The method uses

uchdown enzyme time release (TETR)-PCR for detection and identification of Chlamydophila
psittaci. DNA is extracted from chlamydia cultures (Buffalo green monkey kidney [BGMK]
cells), minced clinical tissues, and respiratory samples by mixing with a chelating resin, heating
first to 56°C for 15-30 minutes, then 100°C for 810 minutes. Primer sets specific for C. psittaci
are designed based on the DNA sequences of the 16S ribosomal ribonucleic acid (rRNA) and
16S-23SrRNA genes (CPS 100/101). PCR is conducted on a Perkin-Elmer 480 with products
separated by electrophoresisin 12% polyacrylamide gels with Tris-borate-EDTA buffer and
visualized with ethidium bromide. Chlamydophila psittaci samples are to be handled with BSL-3
containment and practices.

At aminimum, the following QC checks should be performed and evaluated when using this
protocol: paositive control, negative control, and blank. Ongoing analysis of QC samplesto
ensure reliability of the analytical results should also be performed. PCR QC checks should be
performed according to EPA Draft Quality Assurance/Quality Control Guidance for Laboratories
Performing PCR Analyses on Environmental Samples document www.epa.gov/sam/pdf S'EPA-
QA-QC PCR_Oct2004.pdf or consult the point of contact identified in Section 4.
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Source: Madico, G., Quinn, T.C., Boman, J., and Gaydos, C.A. 2000. “Touchdown Enzyme
Time Release-PCR for Detection and Identification of Chlamydia trachomatis, C. pneumoniae,
and C. psittaci Using the 16S and 16S-23S Spacer rRNA Genes.” Journal of Clinical
Microbiology. 38(3): 1085-1093. http://www.epa.gov/sam/pdfs/JCM-38(3)-pgs1085-1093. pdf

7.2.6 Coxiella burnetii [Q-fever] —BSL- 3

Method Analytical Technique Section

LRN (Sentinel Laboratory Guideline not available) gg’&:ﬁq?ﬂ”udnsaej‘s';;me 7.1.4

7.2.7 Escherichia coli O157:H7 — BSL-2

Method Analytical Techniqug

SM 9260 F

Applied and Environmental Microbiology. 2003.
69(10): 6327-6333

Culture and Immupo@

Real-time 3

7.2.7.1 Standard Method 9260 F: Pathogenic Escheric

Analysis Purpose: Detection and viability
Sample Preparation: Solid samplesshould be o cordlng td
particulate samples should be preas NG 0N of a Macrofoam Swab Protocol
for the Recovery of Bacillugg i ace,” Hodges, L.R., Rosg, L.J.,
Peterson, A., Nobel-W, ) 06 Applied and Envwonmental

N/ pdfs/AEM - 72(6)-pgs4429-4430.pdf).

oli O157:H7 in water and apple juice

lists this method for detection and viability assessment in solid,
samples. Further research is needed to develop and standardize the
vironmental sample types other than water.

Method: This method describes procedures for analysis of water and apple juice
may be adapted for assessment of solid, particulate, and liquid samples. The method
lows for two options, one being a modification of SM 9221B followed by plating and
iochemical identification. The second option, modification of afood method, allows for the
analysis of large sample volumes. A 200-mL water sample is centrifuged; the pellet is
resuspended in E. coli enrichment broth (EEB) and incubated for 6 hours. Tellurite Cefixime-
Sorbitol MacConkey (TC-SMAC) plates are inoculated with the enriched EEB culture, and
incubated for up to 24 hours. Colorless colonies on TC-SMAC are tested for indole production.
Presumptive positive colonies are then subjected to biochemical characterization. Confirmation
is through serological testing.

At aminimum, the following QC checks should be performed and evaluated when using this
protocol: positive control, negative control, and blank. Ongoing analysis of QC samplesto
ensure reliability of the analytical results should also be performed.

Source: APHA, AWWA, and WEF. 2005. “Method 9260 F. Pathogenic Escherichia coli.”
Standard Methods for the Examination of Water and Wastewater. 21% Edition.
http://www.standardmethods.org/
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7.2.7.2 Literature Reference for Escherichia coli O157:H7 (Applied and
Environmental Microbiology. 2003. 69(10): 6327-6333)

Analysis Purpose: Detection, not suitable for viability

Sample Preparation: Solid samples should be prepared according to “ Quantification of Bias
Related to the Extraction of DNA Directly from Soils,” Frostegard, A., Courtois, S., Ramisse, V.,
Clerc, S., Bernillon, D., Le Gall, F., Jeannin, P., Nesme, X., and Simonet, P. 1999. Applied and
Environmental Microbiology. 65(12): 5409-5420 (www.epa.gov/sam/pdf/AEM-65(12)-
pas5409-5420.pdf).

Analytical Technique: Real-time PCR

Method Developed for: E. coli O157:H7 in cultures or isolates
Method Selected for: SAM lists these procedures for detection in solid, particul ate, aergg
ligquid, and water samples. Further research is needed to develop and standardize the p
for environmental sample types.

Description of Method: Procedures are described for analysis of isol
for assessment of solid, particul ate, aerosol, liquid, and water
multiplex real-time PCR performed on a Smart Cycler® wit
identification of cultured E. coli O157:H7 isolates. Sam
reaction volume of 25 L. Primers and probes were designed to
toxin) genes and the single-nucleoctide polymorg
gene, using 6-carboxy-X-rhodamine (ROX), 6-
4,7,2' 7 -tetrachlorofluorescein (TET) as respec .
isolates, including 52 E. coli OL PS8 7/H” organisms. Specificity was

=glucoronidase)
M), and 6-carboxy-

100% for all three target gegg iti 9, and 100% for stx1, stx2, and
uidA O157:H7 targets ecti . Thi . not detect two strains of the closely related
E. coli O55:H7/H

At aminigau obuld be performed and evaluated when using this
protocol ol, and blank. Ongoing analysis of QC samplesto

ytical results should also be performed. PCR quality control checks
jng to EPA Draft Quality Assurance/Quality Control Guidance for
forming PCR Analyses on Environmental Samples document,
pdfYEPA-QA-QC PCR_Oct2004.pdf, or consult the point of contact

ource: Jinneman, K.C., Yoshitomi, K.J., and Weagant, S.D. 2003. “Multiplex Real-Time PCR
ethod to Identify Shiga Toxin Genes stx1 and stx2 and Escherichia coli O157:H7/H™ Serotype.”
Applied and Environmental Microbiology. 69(10): 6327-6333.
http://www.epa.gov/sam/pdf /A EM -69(10)-pgs6327-6333.padf.

7.2.8 Francisellatularensis [Tularemia] — BSL-3

Method Analytical Technique Section
LRN Real-time PCR /Immunoassay 7.14
CDC, ASM, APHL Basic Protocols for Level A
Laboratories for the Presumptive Identification of Culture 7281
Francisella tularensis
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7.2.8.1 CDC, ASM, APHL: Basic Protocols for Level A Laboratories for the
Presumptive Identification of Francisella tularensis

Analysis Purpose: Detection and viability

Sample Preparation: Solid samples should be prepared according to EPA Method 1680;
particul ate samples should be prepared according to “Evaluation of a Macrofoam Swab Protocol
for the Recovery of Bacillus anthracis Spores from a Steel Surface,” Hodges, L.R., Rose, L.J.,
Peterson, A., Nobel-Wang, J., and Arduino, M.J. 2006. Applied and Environmental
Microbiology. 72(6): 44294430 (www.epa.gov/sam/pdf/AEM -72(6)-pgsa429-4430.pdf).
Analytical Technique: Culture

Method Developed for: F. tularensis in clinical samples
Method Selected for: SAM lists this protocol for detection and viability assessment in Qg
particulate, aerosol, liquid, and water samples. Further research is needed to develop s
standardize the procedures for environmental sample types.

Description of Method: This method describes procedures for analysi
may be adapted for assessment of solid, particulate, and liquid
directly on a cysteine-supplemented media such as CA, Thay

minute, pleomorphic, faint-straining, Gram-neg \‘i pccobacillus
RO i

performed and evaluated when using this
k. Ongoing analysis of QC samplesto

d 73, anOACFR part 121); appropriate safety and BSL requirements should also
CDC sBMBL, 5" Edition,

, ASM, and APHL. 2001. “Basic Protocolsfor Level A Laboratoriesfor the
esumptive Identification of Francisella tularensis.” http://www.epa.gov/sam/pdfs/CDC-
tularemia.pdf

Leptospira interrogans [Leptospirosis] — BSL-2

Method Analytical Technique Section

SM 9260 | Culture and Immunoassay 7.29.1

Diagnostic Microbiology and Infectious Disease.
2009. 64(3): 247-255

Real-time PCR 7.2.9.2

7.2.9.1 Standard Method 9260 I: Leptospira

Analysis Purpose: Detection and viability

Sample Preparation: Solid samples should be prepared according to EPA Method 1680;
particul ate samples should be prepared according to “Evaluation of a Macrofoam Swab Protocol
for the Recovery of Bacillus anthracis Spores from a Steel Surface,” Hodges, L.R., Rose, L.J.,
Peterson, A., Nobel-Wang, J., and Arduino, M.J. 2006. Applied and Environmental
Microbiology. 72(6): 4429-4430 (www.epa.gov/sam/pdf /A EM-72(6)-pgs4429-4430.pdf).
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Analytical Technique: Culture and immunoassay

Method Developed for: Leptospira interrogans in water

Method Selected for: SAM lists this method for detection and viability assessment in solid,
particulate, liquid, and water samples. Further research is needed to develop and standardize the
procedures for environmental sample types other than water.

Description of Method: This method describes procedures for analysis of water samples and
may be adapted for assessment of solid, particulate, and liquid samples. Filter samples through a
0.22-um filter, retaining the filtrate as inoculum. If the sample isturbid, a succession of filters of
decreasing pore size may be used prior to the 0.22-um filter. A tube of Leptospira Medium Base
(Ellinghausen-M cCullough Johnson Harris formulation [EMJH]) supplemented either with
leptospire antibody free serum or with bovine serum albumin (BSA) and polysorbates, i

incubation continued for up to 6 weeks. Cultures are examined by darkfi
motile leptospires. Confirmation is performed by microscopic agglutin
antisera

At aminimum, the following QC checks should be perfo

n, D., LeGdl, F., Jeannin, P., Nesme, X., and Simonet, P. 1999. Applied and
icrobiology. 65(12): 5409-5420 (www.epa.gov/sam/pdfSAEM-65(12)-

echnlque Real-time PCR

ethod Developed for: Leptospira spp. in clinical samples

Method Selected for: SAM lists these procedures for detection in solid, particul ate, aerosol,
ligquid, and water samples. Further research is needed to develop and standardize the procedures
for environmental sample types.

Description of Method: Procedures are described for analysis of clinical samples and may be
adapted for assessment of solid, particulate, aerosol, liquid, and water samples. A TagMan®
probe for the lipL32 gene, which is present only in pathogenic strains of Leptospira, is used to
identify pathogenic leptospires and to exclude intermediate and non-pathogenic Leptospira
species. The assay correctly identified 32 pathogenic strains and excluded 6 intermediate and 13
non-pathogenic strains. Clinical samples (blood and urine) were spiked with L. interrogans
serovar | cterohaemorrhagiae cultures to provide afinal concentration of 1 x 10° |eptospires/mL
sample. Samples were serially diluted and DNA extracted from 200 uL of the sample using a
QIAmp DNA blood minikit (QIAGEN). DNA eluted into water was analyzed on both the
Lightcycler® 1.2 and the ABI 7500, and the protocol was found to be 100% sensitive and specific
for pathogenic Leptospira spp. The assay was able to detect aslow as 1 x 10" leptospires/mL
whole blood with a Ct value of 40.55 and down to 1 x 107 |eptospires/mL in plasmawith a Ct
value of 38.88. Using DNA from L. interrogans serovar | cterohaemorrhagiae, the lower limit of
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detection was found to be 20 (Lightcycler® 1.2) and 50 (ABI 7500) genomic equivalents per
reaction using the concentration at which 95% or more of the replicated reactions yielded a
positive result.

At aminimum, the following QC checks should be performed and evaluated when using this
protocol: positive control, negative control, and blank. Ongoing analysis of QC samplesto
ensure reliability of the analytical results should also be performed. PCR QC checks should be
performed according to EPA Draft Quality Assurance/Quality Control Guidance for Laboratories
Performing PCR Analyses on Environmental Samples document www.epa.gov/sam/pdf'EPA-
QA-QC PCR_Oct2004.pdf or consult the point of contact identified in Section 4.

Source: Stoddard, R.A., Gee, J.E., Wilkins, P.P., McCaustland, K., and A.R. Hoffmaster. 2009.
“Detection of Pathogenic Leptospira spp. Through TagMan Polymerase Chain Reaction
Targeting the LipL32 Gene.” Diagnostic Microbiology and Infectious Disease. 64(3):
http://www.sciencedirect.com/science/journal /07328893

Listeria monocytogenes [Listeriosis] — BSL-2

Method

USDA Laboratory Guidebook MLG 8A.03

FDA/Bacteriological Analytical Manual Chapter 10,
2003

.weannin, P., Nesme X., and S|monet P. 1999 Applled and
65(12) 5409-5420 (www. epaqov/saWpdfs/AEM 65(12)-

ique: Read-time PCR

Cloped for: L. monocytogenes in food samples
ethod Selected for: SAM lists these procedures for detection in solid, particulate, aerosol,
quid, and water samples. Further research is needed to develop and standardize the procedures
for environmental sample types.

Description of Method: Procedures are described for analysis of food samples and may be
adapted for assessment of solid, particulate, aerosol, liquid, and water samples. The method uses
real-time PCR for identification of L. monocytogenes. Samples are homogenized in modified
University of Vermont (UVM) broth and incubated at 30.0°C £ 2.0°C for 824 hours. PCR is
performed with the BAX® System. Additional enrichment may be required at 35.0°C + 2.0°C
for 18-24 hours, using morpholinepropanesulfonic acid (MOPS) buffered Listeria enrichment
broth (BLEB). LODs were determined to be better than 1 colony forming unit (CFU)/gina25g
meat or poultry sample, approximately 4.5 CFU/g in a 25 g pasteurized liquid whole egg blend
sample, and 1.0 x 10% CFU/mL in a500 mL brine sample.

At aminimum, the following QC checks should be performed and evaluated when using this
protocol: paositive control, negative control, and blank. Ongoing analysis of QC samplesto
ensure reliability of the analytical results should also be performed. PCR QC checks should be
performed according to EPA Draft Quality Assurance/Quality Control Guidance for Laboratories
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Performing PCR Analyses on Environmental Samples document www.epa.gov/sam/pdf S'EPA-
QA-QC PCR_0Oct2004.pdf or consult the point of contact identified in Section 4.

Source: USDA, FSIS. 2007. “FSIS Procedure for the Use of a Listeria monocytogenes
Polymerase Chain Reaction (PCR) Screening Test.” Laboratory Guidebook MLG 8A.03.
http://www.epa.gov/sam/pdfs'USDA-M L G-8A.03.pdf

7.2.10.2 FDA Bacteriological Analytical Manual, Chapter 10, 2003: Listeria
monocytogenes

Analysis Purpose: Detection and viability
Sample Preparation: Solid samples should be prepared according to EPA Method 1680;
particulate samples should be prepared according to “ Evaluation of a Macrofoam Swal
for the Recovery of Bacillus anthracis Spores from a Steel Surface,” Hodges, L

Analytical Technique: Culture and immunoassay
Method Developed for: Listeria monocytogenes in foo

particulate, aerosol, liquid, and water samples. ¢ er research is
standardize the procedures for environmental

Iquid, alYtl water samples. Prepared samples
agents. Cycloheximide is added and
Itures are streaked onto esculin-containing

adapted for assessment 0
are incubated for 4 houugi

incubated for 24 to 48 hours, and examined for morphological and biochemical
. monocytogenes is arod-shaped Gram-positive, motile bacterium. Itis

idly ified using commercially available biochemical typing kits. Confirmation is
formed with commercially available sera.

At aminimum, the following QC checks should be performed and evaluated when using this
protocol: positive control, negative control, and blank. Ongoing analysis of QC samplesto
ensure reliability of the analytical results should also be performed.

Source: FDA, CFSAN. 2003. “Chapter 10 — Detection and Enumeration of Listeria
monocytogenes in Foods.” Bacteriological Analytical Manual Online.
http://www.epa.gov/sam/pdfsFDA-BAM-Chapl0.pdf

7.2.11 Non-typhoidal Salmonella (Not applicable to S. Typhi) [Salmonellosis] — BSL-2

Method Analytical Technique Section
EPA Method 1682 Culture and Immunoassay 7.2.11.1
Journal of Applied Microbiology. 2007. 102(2): .
516-530 Real-time PCR 7.211.2
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7.2.11.1 EPA Method 1682: Salmonella spp.

Analysis Purpose: Detection and viability

Sample Preparation: Solid samples should be prepared according to EPA Method 1680;
particulate samples should be prepared according to “ Evaluation of a Macrofoam Swab Protocol
for the Recovery of Bacillus anthracis Spores from a Steel Surface,” Hodges, L.R., Rose, L.J.,
Peterson, A., Nobel-Wang, J., and Arduino, M.J. 2006. Applied and Environmental
Microbiology. 72(6): 4429-4430 (www.epa.gov/sam/pdf A EM-72(6)-pgs4429-4430.pdf).
Analytical Technique: Culture and immunoassay

Method Developed for: Non-typhoidal Salmonella in biosolids

Method Selected for: SAM lists this method for detection and viability assessment in solid,
particulate, liquid, and water samples. Further research is needed to develop and standardj
procedures for environmental sample types other than biosolids.

Description of Method: This method describes proceduresfor analysis of

Positive (turbid) tubes are spotted onto plates of modified

(MSRV) medium and incubated at 42°C for 16 to 18 hou iocin
and mal achite green to inhibit non-Salmonella species, while all Species to
grow. Pr&eumptlve colonies are isolated on xyl

confirmed using lysineiron agar (LIA), triple urea broth, followed by

serological typing using polyvalent O antisera.
d evaluated when using this
ike and blank. Ongoing analysis of QC
should also be performed.

not detect Salmonellq Typhi. MSRV and the

iterature Reference for Non-Typhoidal Salmonella (Journal of Applied
Microbiology. 2007. 102(2): 516-530)

Analysis Purpose: Detection, not suitable for viability

Sample Preparation: Solid samples should be prepared according to “ Quantification of Bias
Related to the Extraction of DNA Directly from Soils,” Frostegard, A., Courtois, S., Ramisse, V.,
Clerc, S., Bernillon, D., Le Gall, F., Jeannin, P., Nesme, X., and Simonet, P. 1999. Applied and
Environmental Microbiology. 65(12): 5409-5420 (www.epa.gov/sam/pdf/AEM-65(12)-
pas5409-5420.pdf).

Analytical Technique: Real-time PCR

Method Developed for: Non-typhoidal Salmonella from cultures or isolates

Method Selected for: SAM lists these procedures for detection in solid, particulate, aerosol,
liquid, and water samples. Further research is needed to develop and standardize the procedures
for environmental sample types.

Description of Method: Procedures are described for analysis of isolates and may be adapted
for assessment of solid, particulate, aerosol, liquid, and water samples. The method uses real-
time PCR for identification of Salmonella spp. PCR templates are prepared from 1.0 mL of
overnight bacterial cultures propagated overnight in TSB at 37.0°C. Cells are pelleted, washed
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twice with physiological saline, resuspended in molecular grade water, and boiled for 10 minutes.
PCR is performed on a SmartCycler® |1 System using primers and probes designed for the stn
gene. The protocol has been evaluated against 353 isolates, including 255 S. enterica
representing 158 serotypes, 14 S. bongori representing 12 serotypes, and 84 non-Salmonella
representing 56 species from 31 genera. The PCR method had 100% inclusivity, 96.4%
exclusivity, and alevel of detection of 3 CFUs per reaction for cultured Salmonella spp.

At aminimum, the following QC checks should be performed and evaluated when using this
protocol: positive control, negative control, and blank. Ongoing analysis of QC samplesto
ensure reliability of the analytical results should also be performed. PCR QC checks should be
performed according to EPA Draft Quality Assurance/Quality Control Guidance for Laboratories
Performing PCR Analyses on Environmental Samples document www.epa.gov/sam/pdf'EPA-
QA-QC PCR_Oct2004.pdf or consult the point of contact identified in Section 4.

Source: Moore, M.M., and Feist, M.D. 2007. “Real-time PCR Method for Sal
Targeting the stn Gene.” Journal of Applied Microbiology. 102(2): 516-53
http://www3.interscience.wiley.com/journal/118490299/abstract

1E)

7.2.12 Salmonella Typhi [Typhoid fever] - BSL-2; BSL-

Method Section
CDC Laboratory Assay: S. Typhi 7.2.12.1
SM 9260 B 7.2.12.2

: \ gl d be prepared according to “Quantification of Bias
Related to @i i tly from Soils,” Frostegard, A., Courtois, S., Ramisse, V.,
i al, F., Jeannin, P., Nesme, X., and Simonet, P. 1999. Applied and

. 65(12): 5409-5420 (www.epa.gov/sam/pdfSAEM-65(12)-

ethod Developed for: S. Typhi from cultures or isolates

ethod Selected for: SAM lists these procedures for detection in solid, particulate, aerosol,
liquid, and water samples. Further research is needed to develop and standardize the procedures
for environmental sample types.

Description of Method: Procedures are described for analysis of isolates and may be adapted
for assessment of solid, particulate, aerosol, liquid, and water sasmples. The assay uses real-time
PCR for identification of S. Typhi. Cell lysate templates are prepared by suspending a portion of
acolony in 300 uL of distilled water and boiling for 10 minutes. After centrifugation for 2
minutes, 1 UL of the supernatant is used in the PCR reaction. Alternatively, DNA may be
purified using a commercially available kit or automated DNA extraction system. PCRis
performed on a SmartCycler® using primers and probes designed for the Vi capsular gene (viaB),
the H antigen gene (fliC-d), and the tyvel ose epimerase gene (tyv). Thisassay isalso available
for the LightCycler® platform as three single target PCRs.

At aminimum, the following QC checks should be performed and evaluated when using this
protocol: positive control, negative control, and blank. Ongoing analysis of QC samplesto
ensure reliability of the analytical results should also be performed. PCR QC checks should be
performed according to EPA Draft Quality Assurance/Quality Control Guidance for Laboratories
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Performing PCR Analyses on Environmental Samples document www.epa.gov/sam/pdf'EPA-
QA-QC PCR_Oct2004.pdf or consult the point of contact identified in Section 4.

Source: HHS, CDC, Laboratory Assay. “Triplex PCR for Detection of S. Typhi Using
SmartCycler®.” Contact: Dr. Eija Trees, CDC, email: eija.trees@cdc.hhs.gov.

7.2.12.2 Standard Method 9260 B: General Qualitative Isolation and Identification
Procedures for Salmonella

Analysis Purpose: Detection and viability
Sample Preparation: Solid samples should be prepared according to EPA Method 1680;

particulate samples should be prepared according to “Evaluation of a Macrofoam Swab Prg
for the Recovery of Bacillus anthracis Spores from a Steel Surface,” Hodges, L.R., RQ
Peterson, A., Nobel-Wang, J., and Arduino, M.J. 2006. Applied and Environm
Microbiology. 72(6): 4429-4430 (www.epa.gov/sam/pdfAEM-72(6)-pg
Analytical Technique: Culture and immunoassay

Method Developed for: Salmonella Typhi in water

Method Selected for: SAM lists this method for detecti
particulate, liquid, and water samples. Further research is need dizethe
procedures for environmental sample types othg

tube is streaked onto bismuth sulfite (BS)
rs. Presumptive positive colonies are then

Ang QC checks should be performed and evaluated when using this
atlve control, and blank. Ongoing analysus of QC samplesto

ource: APHA, AWWA, and WEF. 2005. “Method 9260 B: General Qualitative | solation and
dentification Procedures for Salmonella.” Standard Methods for the Examination of Water and
Wastewater. 21% Edition. http://www.standardmethods.org/

Shigella spp. [Shigellosis] — BSL-2

Method Analytical Technique Section
CDC Laboratory Assay: Shigella Real-time PCR 7.2.13.1
SM 9260 E Culture and Immunoassay 7.2.13.2

7.2.13.1 CDC Laboratory Assay: “Detection of Diarrheagenic Escherichia coli and
Shigella Using LightCycler®”

Analysis Purpose: Detection, not suitable for viability

Sample Preparation: Solid samples should be prepared according to “ Quantification of Bias
Related to the Extraction of DNA Directly from Soils,” Frostegard, A., Courtois, S., Ramisse, V.,
Clerc, S., Bernillon, D., Le Gall, F., Jeannin, P., Nesme, X., and Simonet, P. 1999. Applied and

SAM Revision 5.0 165 September 29, 2009


www.epa.gov/sam/pdfs/AEM-72(6)-pgs4429-4430.pdf
http:7.2.13.1

Section 7— Selected Pathogen Methods

Environmental Microbiology. 65(12): 5409-5420 (www.epa.gov/sam/pdf/AEM-65(12)-
pgs5409-5420.pdf).
Analytical Technique: Real-time PCR

Method Developed for: Shigella from cultures or isolates

Method Selected for: SAM lists these procedures for detection in solid, particulate, aerosol,
liquid, and water samples. Further research is needed to develop and standardize the procedures
for environmental sample types.

Description of Method: Procedures are described for analysis of isolates and may be adapted

for assessment of solid, particulate, aerosol, liquid, and water samples. The assay uses real-time
PCR for identification of Shigella. Cell lysate templates are prepared by suspending a portiong
acolony in 300 pL of distilled water and boiling for 10 minutes. After centrifugation fg
minutes, 1 UL of the supernatant is used in the PCR reaction. Alternatively, DNA ma

QC checks should be
uidance for Laboratories

ensure reliability of the analytical results should
performed according to EPA Draft Quallty Ass

Source: HHS, [ : of Diarrheagenic Escherichia coli and
Shigella Usi . : ijaTrees, CDC, email: eijatrees@cdc.hhs.gov.

. ion and viability
tion: Solid samples should be prepared according to EPA Method 1680;

very of Bacillus anthracis Spores from a Steel Surface,” Hodges, L.R., Rose, L.J.,
erson, A., Nobel-Wang, J., and Arduino, M.J. 2006. Applied and Environmental
icrobiology. 72(6): 44294430 (www.epa.gov/sam/pdf JAEM - 72(6)-pgsa429-4430.pdf).
Analytical Technique: Culture and immunoassay

Method Developed for: Shigella spp. in water and solids

Method Selected for: SAM lists this method for detection and viability assessment in solid,
particulate, liquid, and water samples. Further research is needed to develop and standardize the
procedures for environmental sample types other than water.

Description of Method: This method describes procedures for analysis of water samples and
may be adapted for assessment of solid, particulate, and liquid samples. This method contains
two options for sample concentration: MF (liquid samples) and centrifugation (liquid and solid
samples) for analyses. Both options include inoculation of an enrichment medium (Selenite F
broth). Isolation of the target pathogen is achieved by plating onto XLD and/or MacConkey agar.
Biochemical identification consists of inoculating TSI and LIA dslants. Confirmation is performed
by dide agglutination tests using polyvalent antisera.
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At aminimum, the following QC checks should be performed and evaluated when using this
protocol: positive control, negative control, and blank. Ongoing analysis of QC samplesto
ensure reliability of the analytical results should also be performed.

Source: APHA, AWWA, and WEF. 2005. “Method 9260 E: Shigella.” Standard Methods for
the Examination of Water and Wastewater. 21% Edition. http://www.standardmethods.org/

7.2.14 Staphylococcus aureus — BSL-2

Method Analytical Technique Section
SM 9213 B Culture

7.2.14.1 Standard Method 9213 B: Staphylococcus aureus

Analysis Purpose: Detection and viability
Sample Preparation: Solid samples should be prepared accordin
particulate samples should be prepared according to “ Evaluati
for the Recovery of Bacillus anthracis Spores from a St
Peterson, A., Nobel-Wang, J., and Arduino, M.J. 2006. A
Microbiology. 72(6): 4429-4430 (Www.epa.gov,
Analytical Technique: Culture

Method Developed for: Staphylgeees
Method Selected for: SAN.4E
particulate, aerosol, liqui

viahility assessment in solid,
her research is needed to develop and

e tested Tor mannitol fermentation by the addition of a drop of bromthymol
or. Isolated colonies are examined for morphological and biochemical
. aureus is a Gram-positive coccus. Biochemical characterizationsinclude

At aminimum, the following QC checks should be performed and evaluated when using this
protocol: positive control, negative control, and blank. Ongoing analysis of QC samplesto
ensure reliability of the analytical results should also be performed.

Source: APHA, AWWA, and WEF. 2005. “Method 9213 B: Staphylococcus aureus.” Standard
Methods for the Examination of Water and Wastewater. 21% Edition.
http://www.standardmethods.org/

7.2.15 Vibrio cholerae [Cholera] — BSL-2

Method Analytical Technique Section
CDC Laboratory Assay: V. cholerae Real-time PCR 7.2.15.1
SM 9260 H Culture and Immunoassay 7.2.15.2
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7.2.15.1 CDC Laboratory Assay: “TagMan Assays for Detection of V. cholerae
ctxA, Ol rfb, and O139 rfb.”

Analysis Purpose: Detection, not suitable for viability

Sample Preparation: Solid samples should be prepared according to “ Quantification of Bias
Related to the Extraction of DNA Directly from Soils,” Frostegard, A., Courtois, S., Ramisse, V.,
Clerc, S., Bernillon, D., Le Gall, F., Jeannin, P., Nesme, X., and Simonet, P. 1999. Applied and
Environmental Microbiology. 65(12): 5409-5420 (www.epa.gov/sam/pdf/AEM-65(12)-
pas5409-5420.pdf).

Analytical Technique: Real-time PCR

Method Developed for: V. cholerae O1 and O139 from cultures or isolates

Method Selected for: SAM lists these procedures for detection in solid, particul ate, aergg
ligquid, and water samples. Further research is needed to develop and standardize the p
for environmental sample types.

Description of Method: Procedures are described for analysis of isol
for assessment of solid, particul ate, aerosol, liquid, and water
PCR for identification of V. cholerae. Cell lysate templates

DNA may be purified using acommercially avgi
PCR is performed on a LightCycler® as single
PCR using primers and probes designed for the
gene, and the 0139 antigen 0132 ,

tCycler® as multiplex
e O1 antigen Ol1rfb

DC, Laboratory Assay. “ TagMan Assays for Detection of V. cholerae ctxA, O1
. Contact: Dr. EijaTrees, CDC, email: eijatrees@cdc.hhs.gov.

.2.15.2 Standard Method 9260 H: Vibrio cholerae

Analysis Purpose: Detection and viability

Sample Preparation: Solid samples should be prepared according to EPA Method 1680;
particulate samples should be prepared according to “ Evaluation of a Macrofoam Swab Protocol
for the Recovery of Bacillus anthracis Spores from a Steel Surface,” Hodges, L.R., Rose, L.J.,
Peterson, A., Nobel-Wang, J., and Arduino, M.J. 2006. Applied and Environmental
Microbiology. 72(6): 4429-4430 (www.epa.gov/sam/pdf YA EM-72(6)-pgs4429-4430.pdf).
Analytical Technique: Culture and immunoassay

Method Developed for: Vibrio cholerae in water

Method Selected for: SAM lists this method for detection and viability assessment in solid,
particulate, liquid, and water samples. Further research is needed to develop and standardize the
procedures for environmental sample types other than water.

Description of Method: This method describes procedures for analysis of water samples and
may be adapted for assessment of solid, particulate, and liquid samples. Samples are enriched in
alkaline peptone broth by incubation for up to 8 hours. Thiosulfate-citrate-bile salts-sucrose
(TCBYS) agar plates are inoculated with the incubated broth and incubated for 24 hours. Yellow
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7.2.16

sucrose-fermenting colonies are presumptive for V. cholerae and are plated on tryptic soy agar
with 0.5% sodium chloride. Presumptive positive colonies are subjected to biochemical
characterization. Confirmation is performed using slide agglutination assays for serological
identification.

At aminimum, the following QC checks should be performed and evaluated when using this
protocol: positive control, negative control, and blank. Ongoing analysis of QC samples to
ensure reliability of the analytical results should also be performed.

Source: APHA, AWWA, and WEF. 2005. “Method 9260 H: Vibrio cholerae.” Standard
Methods for the Examination of Water and Wastewater. 21% Edition.
http://www.standardmethods.org/

Yersinia pestis [Plague] — BSL-3

Method Analytical Techni

LRN

ASM Sentinel Laboratory Guidelines for Suspected
Agents of Bioterrorism: Yersinia pestis

7.2.16.1 ASM Sentinel Laboratory Guid
Bioterrorism: Yersinia pestis

Analysis Purpose: Detection ang

‘ ing to EPA Method 1680;

particulate samples sho [ valuation of a Macrofoam Swab Protocol for
i i ‘ edl Surface,” Hodges, L.R., Rosg, L.J,,

I, Iiduid, and water samples. Further research is needed to develop and
ocedures for environmental sample types.

of Method: This method describes procedures for analysis of clinical samples and
ay be adapted for assessment of solid, particulate, and liquid samples. Samples are either plated
irectly on SBA or first enriched in a nutrient broth (e.g., TSB) prior to plating. Incubation isfor
at least 3 days at 28°C-30°C. Y. pestis produces 1.0-2.0 mm, gray-white to opague colonieson
SBA at 24 hours, with a*“fried egg” appearance with longer incubation. Thereislittle to no
hemolysison SBA. Inbroth, Y. pestis growsin flocculent clumps. Presumptive identification is
made by culture examination, microscopy, and biochemical testing. Y. pestis is abi-polar
staining, Gram-negative rod and is oxidase-negative, catalase-positive, urease-negative, and
indole-negative. Cultures (isolates) that cannot be ruled out as Y. pestis based on the
characteristics noted above are referred to an appropriate reference laboratory for confirmation.

At aminimum, the following QC checks should be performed and evaluated when using this
protocol: positive control, negative control, and blank. Ongoing analysis of QC samples to
ensure reliability of the analytical results should also be performed.

Special Considerations: Y. pestis isaselect agent requiring regulatory compliance (42 CFR
parts 72 and 73, and 9 CFR part 121); appropriate safety and BSL requirements should also be
followed (see CDC’'s BMBL, 5" Edition,

http://www.cdc.gov/OD/ohs/biosfty/bmbl 5/bmbl 5toc.htm).
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Source: ASM. 2005. “Sentinel Laboratory Guidelines for Suspected Agents of Bioterrorism:
Yersinia pestis.” http://www.epa.gov/sam/pdfs/ASM-Y pestis.pdf

7.3 Method Summaries for Viruses

Summaries of the analytical methods for viruses listed in Appendix C are provided in Sections 7.3.1
through 7.3.10. Each summary contains sample preparation information, intended method application, a
brief description of the method, performance data (if available), and alink to, or source for, obtaining a
full version of the method.

7.3.1 Adenoviruses: Enteric and non-enteric (A-F) — BSL-2

Method Analytical Technique

Applied and Environmental Microbiology. 2005.
71(6): 3131-3136

Tissue culture and Real-tj

7.3.1.1 Literature Reference for Adenoviruses (A
Microbiology. 2005. 71(6): 3131-3136)

Analysis Purpose: Detection and viability

Sample Preparation: Samples should be prep
USEPA Manual of Methods for V|rology (EPA
Analytical Technique: Tissue

dV) in cell culture lysate samples

a8f or detection and viability assessment in solid,
K. Further research is needed to develop and
sample types.

ocedures are described for analysis of cell culture lysates and may be
lid, particulate, aerosol, liquid, and water samples. The detection
broadly reactive fluorogenic 5' huclease (TagMan®) quantitative real-time PCR
ion of all six species (A—F) of HAdV on aR.A.P.I.D.® PCR system.

on and discrimination of adenovirus F species (Adenovirus 40 [AdV40] and

1 [AdV41]) can be achieved by using areal-time fluorescence resonance energy
ansfer (FRET)-based PCR assay.

At aminimum, the following QC checks should be performed and evaluated when using this
protocol: positive control, negative control, and blank. Ongoing analysis of QC samplesto
ensure reliability of the analytical results should also be performed. PCR QC checks should be
performed according to EPA Draft Quality Assurance/Quality Control Guidance for Laboratories
Performing PCR Analyses on Environmental Samples document www.epa.gov/sam/pdf S'EPA-
QA-QC PCR_Oct2004.pdf or consult the point of contact identified in Section 4.

Special Considerations: For the viability assessment of adenovirus 40 and 41, given that they
can be difficult to grow in culture, cell lines such as G293 (Journal of Medical Virology, 11(3):
215-231) or CaCo-2 (Journal of Medical Virology. 1994. 44(3): 310-315) may be considered
when these viruses are suspected to be present. As detection of adenovirus in environmental
samples can be difficult, additional methods such as described in Effect of Adenovirus Resistance
on UV Disinfection Experiments: A Report on the State of Adenovirus Science (J. AWWA. 2006.
98(6):93—106) al'so may be useful.

Source: Jothikumar, N., Cromeans, T.L., Hill, V.R., Lu, X., Sobsey, M., and Erdman, D.D.
2005. “Quantitative Real-Time PCR Assays for Detection of Human Adenoviruses and
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Identification of Serotypes 40 and 41.” Applied and Environmental Microbiology. 71(6): 3131—
3136. http://www.epa.gov/sam/pdf/AEM-71(6)-pgs3131-3136.paf

7.3.2 Astroviruses — BSL not specified

Method Analytical Technique Section
Canadian Journal of Microbiology. 2004. 50: 269— Integrated cell culture/Real-time
S 7.3.2.1
278 reverse transcription-PCR

7.3.2.1 Literature Reference for Astroviruses (Canadian Journal of Microbiology.
2004. 50: 269-278)

Analysis Purpose: Detection and viability
Sample Preparation: Samples should be prepared according to the procedures d
USEPA Manual of Methods for Virology (EPA/600/4-84/013, April 2001).
Analytical Technique: Integrated cell culture/real-time reverse transcri

Method Developed for: Astrovirusesin clinical samples
Method Selected for: SAM lists these procedures for d
particulate, aerosol, liquid, and water samples. Further r
standardize the procedures for environmental sggaple types.

Description of Method: Procedur&s are descril
adapted for assessment of solid, pg . gnd water gamples The method

ivity. Water samples are collected by
0 a beef extract solution (1.5%, pH 9.5).

t extraction, and molecular weight [MW]-exclusion

ples are analyzed directly or indirectly (following cell culture) by a
e reversetranscription-PCR (i.e., reverse transcription followed by real-time
astrovirus-specific primer sets.

, the following QC checks should be performed and evaluated when using this
otocol: positive control, negative control, and blank. Ongoing analysis of QC samplesto
sure reliability of the analytical results should also be performed. PCR QC checks should be
performed according to EPA Draft Quality Assurance/Quality Control Guidance for Laboratories
Performing PCR Analyses on Environmental Samples document www.epa.gov/sam/pdf'EPA-
QA-QC PCR_Oct2004.pdf or consult the point of contact identified in Section 4.

Source: Grimm, A.C., Cashdollar, J.L., Williams, F.P., and Fout, G.S. 2004. “ Development of
an Astrovirus RT-PCR Detection Assay for Use with Conventional, Real-Time, and Integrated
Cell Culture/RT-PCR.” Canadian Journal of Microbiology. 50(4): 269-278. http://pubs.nrc-
cnrc.ge.calrp-ps/inDetail .j sp?jcode=cjmé& lang=eng& vol=50& is=4

7.3.3 Caliciviruses: Noroviruses — BSL-2

Method Analytical Technique Section

Journal of Clinical Microbiology. 2004. 42(10): 4679— | Real-time reverse transcription- 7331
4685 PCR T
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7.3.3.1 Literature Reference for Noroviruses (Journal of Clinical Microbiology.
2004. 42(10): 4679-4685)

Analysis Purpose: Detection, not suitable for viability

Sample Preparation: Samples should be prepared according to procedures described in the
USEPA Manual of Methods for Virology (EPA/600/4-84/013, April 2001).

Analytical Technique: Rea-time reverse transcription-PCR

Method Developed for: Norovirusesin clinical samples

Method Selected for: SAM lists these procedures for detection in solid, particulate, aerosol,
liquid, and water samples. Further research is needed to develop and standardize the procedures
for environmental sample types.

Description of Method: Procedures are described for analysis of clinical samples ang
adapted for assessment of solid, particulate, aerosol, liquid, and water samples. LS M8

commercia kit or asilica-based method. For Norovirus G-1, pri
sequence are used, and for Norovirus G-I1, primers based on
used. A SYBR® Green | system isused in the reaction f
curves for the quantification of norovirus are established using R
and S19, corresponding to G-1/4 and G-11/12, regae

At aminimum, the following QC checks should ed and ev ed when using this
protocol: positive control, negati e aiNg analysis of QC samplesto
ensure reliability of the anal i : '9red. PCR QC checks should be
ce/Quality Control Guidance for Laboratories
es document www.epa.gov/sam/pdfEPA -

/Iwww.epgiliov/sam/pdf s/fJCM -42(10)-pgs4679-4685.pdf

ses: Sapovirus — BSL-2

Method Analytical Technique Section

Journal of Medical Virology, 2006. 78 (10): 1347— | Real-time reverse transcription-
1353 PCR

7341

7.3.4.1 Literature Reference for Sapoviruses (Journal of Medical Virology. 2006.
78(10): 1347-1353)

Analysis Purpose: Detection, not suitable for viability

Sample Preparation: Samples should be prepared according to procedures described in the
USEPA Manua of Methods for Virology (EPA/600/4-84/013, April 2001).

Analytical Technique: Real-time reverse transcription-PCR

Method Developed for: Sapovirusesin clinical samples

Method Selected for: SAM lists these procedures for detection in solid, particulate, aerosol,
liquid, and water samples. Further research is needed to develop and standardize the procedures
for environmental sample types.
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Description of Method: Procedures are described for analysis of clinical samples and may be
adapted for assessment of solid, particulate, aerosol, liquid, and water samples. The method isa
TagMan®-based real-time reverse transcriptase PCR assay that uses an ABI 7500 system. The
assay has the ability to detect four of the five distinct sapovirus (SaV) genogroups (GI-GV). Sets
of primers, based on the multiple alignment of 27 gene sequences for the polymerase-capsid
junction in open reading frame 1 (ORF1), are used to detect human SaV Gl, GllI, GIV, and GV
sequencesin asingle tube. Sensitivity using control plasmids range from 2.5 X 10" to 2.5 X 10’
copies per tube. No cross-reactivity is observed against other enteric viruses, including norovirus
(NoV), rotavirus, astrovirus, and adenovirus.

At aminimum, the following QC checks should be performed and evaluated when using this
protocol: positive control, negative control, and blank. Ongoing analysis of QC samples to
ensure reliability of the analytical results should also be performed. PCR QC checks sho
performed according to EPA Draft Quality Assurance/Quality Control Guidance for Lg@®ratories
Performing PCR Analyses on Environmental Samples document www.epa.gov/ [

Polymerase Chain Reaction.” Journal of Medical Virolo
http://cat.inist.fr/?aM odel e=afficheN& cpsidt=18099754

7.3.5 Coronaviruses: SARS-associated huma irus — BS®; BSL-3 for
propagation

Analytical Technique Section

erse transcription-PCR 7.35.1

ti(;n: Samples should be prepared according to procedures described in the
f Methods for Virology (EPA/600/4-84/013, April 2001).
nique: Reverse transcription-PCR

ethod Developed for: Severe acute respiratory syndrome (SARS)-associated human
coronavirus (HCoV) in clinical samples
Method Selected for: SAM lists these procedures for detection in solid, particulate, aerosol,
liquid, and water samples. Further research is needed to develop and standardize the procedures
for environmental sample types.

Description of Method: Procedures are described for analysis of clinical samples and may be
adapted for assessment of solid, particulate, aerosol, liquid, and water samples. This method uses
aconventional single-tube reverse transcription-PCR procedure conducted on a Stratagene
Robocycler® and based on consensus primer sequences targeting conserved regions of
coronavirus genome sequences. End-point amplicon analysisis by electrophoresis and
subsequent visualization. The assay can detect the SARS-HCoV aswell as several other human
respiratory coronaviruses (HCoV-0OC43 and HCoV-229E). Species identification is provided by
sequencing the amplicon, although rapid screening can be performed by restriction enzyme
analysis.

At aminimum, the following QC checks should be performed and evaluated when using this
protocol: positive control, negative control, and blank. Ongoing analysis of QC samples to
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ensure reliability of the analytical results should also be performed. PCR QC checks should be
performed according to EPA Draft Quality Assurance/Quality Control Guidance for Laboratories
Performing PCR Analyses on Environmental Samples document www.epa.gov/sam/pdfs/EPA-
QA-QC PCR_Oct2004.pdf or consult the point of contact identified in Section 4.

Source: Adachi, D., Johnson. G., Draker, R., Ayers, M., Mazzulli, T., Talbot, P.J., and Tellier,
R. 2004. “ Comprehensive Detection and Identification of Human Coronaviruses, Including the
SARS-associated Coronavirus, with a Single RT-PCR Assay.” Journal of Virological Methods.
122: 29-36. http://www.sciencedirect.com/science/journal/01660934

7.3.6 Hepatitis E virus (HEV) — BSL-2

Method Analytical Technique S

Real-time reverse transcription-

Journal of Virological Methods. 2006. 131(1): 65-71 PCR

7.3.6.1 Literature Reference for Hepatitis E Virus (Jour
Methods. 2006. 131(1): 65-71)

Analysis Purpose: Detection, not suitable for viability
Sample Preparation: Samples should be prepared according to in the

liquid, and water samples. | i op and standardize the procedures
for environmental

ase-PCR assay using the R A.P.I.D.® PCR systemsto
major HEV genotypes that may be present in clinical and

: ers and probes are based on the multiple sequence alignments of 27
r the ORF3 region. Thirteen HEV isolates representing genotypes 1-4 were
specificity, al thirteen isolates were positive.

t aminimum, the following QC checks should be performed and evaluated when using this

rotocol: positive control, negative control, and blank. Ongoing analysis of QC samplesto
ensure reliability of the analytical results should also be performed. PCR QC checks should be
performed according to EPA Draft Quality Assurance/Quality Control Guidance for Laboratories
Performing PCR Analyses on Environmental Samples document www.epa.gov/sam/pdfs/EPA -
QA-QC PCR_Oct2004.pdf or consult the point of contact identified in Section 4.

Source: Jothikumar, N., Cromeans, T.L., Robertson, B.H., Meng, X.J., and Hill, V.R. 2006. “A
Broadly Reactive One-step Redl-time RT-PCR Assay for Rapid and Sensitive Detection of
Hepatitis E Virus.” Journal of Virological Methods, 131(1): 65-71.

http://cat.inist.fr/?aM odel e=afficheN& cpsidt=17367357

7.3.7 Influenza H5N1 virus — BSL-3

Method Analytical Technique Section

Emerging Infectious Diseases. 2005. 11(8): Real-time reverse transcription-

13031305 PCR 7371
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7.3.7.1 Literature Reference for Influenza H5N1 (Emerging Infectious Diseases.
2005. 11(8): 1303-1305)

Analysis Purpose: Detection, not suitable for viability

Sample Preparation: Samples should be prepared according to procedures described in the
USEPA Manual of Methods for Virology (EPA/600/4-84/013, April 2001).

Analytical Technique: Rea-time reverse transcription-PCR

Method Developed for: Influenza HS5N1 virusin clinical samples

Method Selected for: SAM lists these procedures for detection in solid, particulate, aerosol,
liquid, and water samples. Further research is needed to develop and standardize the procedures
for environmental sample types.

Description of Method: Procedures are described for analysis of clinical sampl% ang
adapted for assessment of solid, particulate, aerosol, liquid, and water samples.
step, real-time reverse transcriptase-PCR multiplex assay. It employs aml

protocol: positive control, neg i goWR analysis of QC samplesto

ensure reliability of the A&0 be performed. PCR QC checks should be
i : e/Quality Control Guidance for Laboratories
Performing P Samples document www.epa.gov/sam/pdf /EPA-

K.C.,Ng, A.Y.Y., Hoang, T.L., and Lim, W.W.L. 2005.
n.” Emerging Infectious Diseases. 11(8): 1303—1305.

ses: Enteroviruses — BSL-2

Method Analytical Technique Section
USEPA Manual of Methods for Virology .
EPA/600/4-84/013, 2001 Tissue culture 7381
Applied and Environmental Microbiology. 2003. L
69(6): 3158-3164 Reverse transcription-PCR 7.3.8.2

7.3.8.1 USEPA Manual of Methods for Virology, EPA/600/4-84/013, April 2001

Analysis Purpose: Detection and viability

Sample Preparation: Samples should be prepared according to the procedures described in the
USEPA Manual of Methods for Virology (EPA/600/4-84/013, April 2001).

Analytical Technique: Tissue culture with serum neutralization

Method Developed for: Enterovirusesin water

Method Selected for: SAM lists this manual for detection and viability assessment in solid,
particulate, aerosol, liquid, and water samples. Further research is needed to develop and
standardize the procedures for environmental sample types other than water.
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Description of Method: This manual describes procedures for determining the infectivity of
enteroviruses, including a neutralization test used to identify these viruses. The test uses
reference-typing sera directed against isolated waterborne viruses, and consists of simultaneously
inoculating virus and antiserum into a microtiter plate, incubating the virus-antibody mixture for
2 hours, adding a suspension of host cells to the mixture, incubating the host cells-virus-antibody
mixture for 3 days, and then examining the cells daily for 5 more days for the presence/absence of
acytopathic effect (CPE). Thetest usesthe Lim Benyesh-Melnick (LB-M) antiserum poals,
which consist of 61 equine antisera, including LB-M antiserum pools A—H for the identification
of 41 enteroviruses. Chapters 7 and 14 in this manual describe procedures for the collection and
preparation of virus samples. Sample preparation procedures described include concentration and
processing of waterborne viruses by positively charged IMDS cartridge filters and floccul ation.
These general procedures can be used for many viruses and may be adapted for analysis of
particulate, liquid, water, and aerosol samples.

At aminimum, the following QC checks should be performed and eval uat
protocol: positive control, negative control, and blank. Ongoing analysi
ensure reliability of the analytical results should also be perform

Source: EPA. 2001. “Chapter 12—Ident|flcat| Ente .
for Virology, EPA/600/4-84/013 48 .EpSRI0\ PN s/ E PA -600-4-84-013.pdf

f Methods for Virology (EPA/600/4-84/013, April 2001).
ique: Reverse transcription-PCR for detection and tissue culture for viability

eloped for: Enteroviruses, HAV, and Group A Rotaviruses in water

ethod Selected for: SAM lists these procedures for detection of enterovirusand HAV in solid,
articulate, aerosol, liquid, and water samples, but the procedures are not suitable for determining
viability of these pathogens. These procedures should also be used for detection and viability
assessment of rotavirus (Group A) in liquid and water samples. Further research is needed to
develop and standardize the procedures for environmental sample types other than water.

Description of Method: Procedures are described for analysis of water samples and may be
adapted for assessment of solid, particulate, aerosol, and liquid samples. The method is used to
detect human enteric viruses (enteroviruses, HAV, rotavirus) in ground water samples. Itisa
multiplex reverse-transcription PCR procedure optimized for the simultaneous detection of
enteroviruses, HAV, reoviruses, and rotaviruses. Water samples are collected by filtration and
viruses are eluted using a beef extract solution (1.5%, pH 9.5). Viruses are concentrated using
Celite® adsorption (pH 4.0), filtration, and Celite®-€elution with sodium phosphate (0.15 M, pH
9.0), followed by further concentration and processing to remove inhibitors (ultracentrifugation,
solvent extraction, and MW-exclusion filtration). Concentrated samples are analyzed by atwo-
step multiplex reverse transcription-PCR using virus-specific primer sets. Detection of amplicons
is by gel electrophoresis with subsequent confirmation by hybridization (dot-blot) using
digoxigenin-labeled internal (nested) probes.
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7.3.9

7.3.10

At aminimum, the following QC checks should be performed and evaluated when using this
protocol: positive control, negative control, and blank. Ongoing analysis of QC samplesto
ensure reliability of the analytical results should also be performed. PCR QC checks should be
performed according to EPA Draft Quality Assurance/Quality Control Guidance for Laboratories
Performing PCR Analyses on Environmental Samples document www.epa.gov/sam/pdf/EPA-
QA-QC PCR_Oct2004.pdf or consult the point of contact identified in Section 4.

Source: Fout, G.S., Martinson, B.C., Moyer, M.W.N., and Dahling, D.R. 2003. “A Multiplex
Reverse Transcription-PCR Method for Detection of Human Enteric Viruses in Groundwater.”
Applied and Environmental Microbiology. 69(6): 3158-3164.
http://www.epa.gov/sam/pdfsAEM -69(6)-pgs3158-3164. pdf

Picornaviruses: Hepatitis A virus (HAV) — BSL-2

Method Analytical Technique

Applied and Environmental Microbiology. 2003.
69(6): 3158—3164

See Section 7.3.8.2 for information on reverse transcripti Qg
Hepatitis A virus.

Reoviruses: Rotavirus (Group A) — BSL

Method

Applied and Environmen
69(6): 3158-3164
Journal of Virologd . ). : al-time reverse transcription-

Technique Section

7.3.8.2

7.3.10.1

e: Detection
tion: Samples should be prepared according to procedures described in Journal
ethods. 2009. 155: 126-131.

echnique: Real-time reverse transcription-PCR

ethod Developed for: Group A Rotavirusesin water

Method Selected for: SAM lists these procedures for detection of rotavirus (Group A) in solid,
particulate, aerosol, and drinking water samples, but the procedures are not suitable for
determining viability of these pathogens. Further research is needed to develop and standardize
the procedures for environmental sample types other than drinking water.

Description of Method: Procedures are described for analysis of drinking water samples and
may be adapted for assessment of solid, particulate, and aerosol samples. The method is used to
detect rotavirus in drinking water samples using one-step real-time reverse-transcription PCR.
Water samples (100 L) are concentrated up to 400 mL by UF and 100-mL volumes are further
concentrated using a 30-kDa Centricon® Plus-70 unit. Concentrated samples (approximately 1
mL each) are subjected to nucleic acid extraction using a guanidine thiocyantate-based buffer.
Ten percent of the RNA extract (corresponding to 2.5 L of the original water sample) is analyzed
using RT-PCR performed on an iCylcer iQ™ Real-Time Detection System with primers and
probe specific for the rotavirus NSP3 gene. The sensitivity of the assay was found to be six virus
particles per reaction (nuclease-free water) as determined using quantified rotavirus stocks and a
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plasmid DNA stock. Specificity testing did not identify any cross-reactivity of the assay with a
panel of 36 non-rotavirus enteric viruses.

At aminimum, the following QC checks should be performed and evaluated when using this
protocol: positive control, negative control, and blank. Ongoing analysis of QC samplesto
ensure reliability of the analytical results should also be performed. PCR QC checks should be
performed according to EPA Draft Quality Assurance/Quality Control Guidance for Laboratories
Performing PCR Analyses on Environmental Samples document www.epa.gov/sam/pdfS'EPA-
QA-QC PCR_Oct2004.pdf or consult the point of contact identified in Section 4.

Special Considerations: Complex matrices such as solid, particulate, source water, and aerosol
samples may require more extensive inhibitor removal procedures than those described in this
method. Sample preparation procedures as described by Fout et al. (Section 7.3.8.2) ma
used.

Summaries of the analytical methods for protozoa listea
through 7.4.4. Each summary contains sample type for

eloped, sample ;[y.pe to
iption of the method, performance

—BSL-2

Analytical Technique Section
IMS/FA 7.4.1.1
IMS/FA 7.41.2
Tissue culture 7413
nvironmental Microbiology. 2007. .
3(13): 4218-4225 Real-time PCR 74.14

7.4.1.1 EPA Method 1622: Cryptosporidium in Water by Filtration/IMS/FA

Analysis Purpose: Detection, not suitable for viability

Sample Preparation: Samples should be prepared according to proceduresin EPA Method
1622.

Analytical Technique: IMS and fluorescence assay (FA) microscopy

Method Developed for: Cryptosporidium in surface water

Method Selected for: SAM lists this method for detection in solid, particulate, liquid, and water
samples. Further research is needed to develop and standardize the procedures for environmental
sample types other than surface water.

Description of Method: This method describes procedures for analysis of drinking water
samples and may be adapted for analysis of solid and particulate samples. A water sampleis
filtered and the oocysts and extraneous materials are retained on the filter. Materias on the filter
are eluted, the eluate is centrifuged to pellet the oocysts, and the supernatant fluid is aspirated. A
solution containing anti-Cryptosporidium antibodies conjugated to magnetic beads is added to the
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pellet and mixed. The oocyst magnetic bead complex is separated from the extraneous materials
using a magnet, and the extraneous materials are discarded. The magnetic bead complex is then
detached from the oocysts. The oocysts are stained on well slides with fluorescently labeled
monoclonal antibodies (mAbs) and 4',6-diamidino-2-phenylindole (DAPI). The stained sampleis
examined using fluorescence and differential interference contrast (DIC) microscopy. Qualitative
analysisis performed by scanning each slide well for objects that meet the size, shape, and
fluorescence characteristics of Cryptosporidium oocysts. Quantitative analysisis performed by
counting the total number of objects on the slide confirmed as oocysts. This method is not
intended to determine viability, species, or infectivity of the oocysts.

At aminimum, the following QC checks should be performed and evaluated when using this
protocol: positive control, negative control, MS/MSD and blank. Ongoing analysis of QC
samples to ensure reliability of the analytical results should also be performed.

Source: EPA. 2005. “Method 1622: Cryptosporidium in Water by Filtration/I
http://www.epa.gov/sam/pdfs EPA-1622.pdf

7.4.1.2 EPA Method 1623: Cryptosporidium and
Filtration/IMS/FA

Analysis Purpose: Detection, not suitable for y
Sample Preparation: Samples should be prep [ uresin EPA Method
1623.

Analytical Technique: IMSand

Method Developed forgeC idi rdia in surface water
Method Selected i e detection of Cryptosporidium spp. and

his method describes procedures for analysis of water samples and
t of solid, particulate, and liquid samples. A water sampleis

, the eluate is centrifuged to pellet the oocysts and cysts, and the supernatant
. A solution containing anti-Cryptosporidium and anti-Giardia antibodies
nju magnetic beads is added to the pellet and mixed. The oocyst and cyst magnetic
complex is separated from the extraneous materials using a magnet, and the extraneous
aterials are discarded. The magnetic bead complex is then detached from the oocysts and cysts.
The oocysts and cysts are stained on well slides with fluorescently labeled mAbs and DAPI. The
stained sample is examined using fluorescence and DIC microscopy. Qualitative analysisis
performed by scanning each slide well for objects that meet the size, shape, and fluorescence
characteristics of Cryptosporidium oocysts and Giardia cysts. Quantitative analysisis performed
by counting the total number of objects on the slide confirmed as oocysts or cysts. This method
is not intended to determine viability, species, or infectivity of the parasites.

At aminimum, the following QC checks should be performed and evaluated when using this
protocol: positive control, negative control, MS/MSD and blank. Ongoing analysis of QC
samples to ensure reliability of the analytical results should also be performed.

Source: EPA. 2001. “Method 1623: Cryptosporidium and Giardia in Water by
Filtration/IMS/FA.” http://www.epa.gov/sam/pdf /EPA-1623.pdf
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7.4.1.3 Literature Reference for Cryptosporidium spp. (Applied and
Environmental Microbiology. 1999. 65(9): 3936-3941)

Analysis Purpose: Detection and viability

Sample Preparation: Samples should be prepared according to the proceduresin Applied and
Environmental Microbiology. 1999. 65(9): 3939-3941.

Analytical Technique: Tissue culture

Method Developed for: Cryptosporidium in animal samples
Method Selected for: SAM lists these procedures for detection and viability assessment in solid,
particulate, liquid, and water samples. Further research is needed to develop and standardize the

procedures for environmental sample types.

Description of Method: Procedures are described for analysis of animal samples and
adapted for assessment of solid, particulate, liquid, and water samples. A cell ¢ i
assay capable of detecting infectious oocystsis used to quantify viable oo
invasion and clustering of foci. Oocysts diluted in a standard 5- or 10-f

clustering are used to determine the most probable number (MP
stock suspension. For oocysts less than 30 daysgk.age, the correl
inoculum and the MPN calculation is 0.9726. NMASS@hationship bet the oocyst inoculum and
the MPN diverge as the oocysts age. The 50% i 1@slose (1D50) e cell culture systemis
approximately 10 oocysts.

B8 performed and evaluated when using this
protocol: posmve , k. Ongoing analysis of QC samplesto

ature Reference for Cryptosporidium spp. (Applied and
nvironmental Microbiology. 2007. 73(13): 4218-4225)

nalysis Purpose: Detection, not suitable for viability
Sample Preparation: Solid samples should be prepared according to “ Quantification of Bias
Related to the Extraction of DNA Directly from Soils,” Frostegard, A., Courtois, S., Ramisse, V.,
Clerc, S., Bernillion, D., Le Gall, F., Jeannin, P., Nesme, X., and Simonet, P. 1999. Applied and
Environmental Microbiology. 65(12): 5409-5420 (www.epa.gov/sam/pdf/AEM-65(12)-
pgsb5409-5420.pdf).
Analytical Technique: Real-time PCR

Method Developed for: Cryptosporidium spp. in drinking water samples

Method Selected for: SAM liststhis protocol for detection in solid, particulate, liquid, and
water samples. Further research is needed to develop and standardize the procedures for
environmental sample types other than drinking water.

Description of Method: Procedures are described for analysis of drinking water samples and
may be adapted for assessment of solid, particulate, aerosol, and liquid samples. The method
uses real-time PCR for identification of Cryptosporidium spp. C. parvum oocysts are seeded into
100-L water samples at an average concentration of 590,000 + 84,000 oocysts. One hundred
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7.4.2

liters of the seeded drinking water is concentrated by hollow-fiber UF, with the filter eluted with
a surfactant solution that is added to the retentate. A portion of the combined retentate is further
concentrated with a 0.2 um filter and one quarter of the filter used for PCR analysis. DNA for
PCR analysesis recovered by bead beating, lysis of cells with a guanidine thiocyanate based
buffer, and recovery and concentration of nucleic acids using spin columns. Real-time PCR is
performed on an iCycler iQ4 detection system using primer sequences and a TagMan® probe
specific for Cryptosporidium spp. Samples from 8 sites were examined, with an average recovery
efficiency of between 81% and 98%, with a cross-site average and standard deviation of 88% and
10% respectively.

At aminimum, the following QC checks should be performed and evaluated when using this
protocol: positive control, negative control, and blank. Ongoing analysis of QC samples to
ensure reliability of the analytical results should also be performed.

Special Considerations: Thismethod is only for genus-specific determinati

Analytical Technique Section

Journal of Parasitolgg . ture 7.4.2.1

Real-time PCR 7.4.2.2

e: Detection and viahility

tion: Samples should be prepared according to the procedures in Journal of
¥1972. 58(2): 306-310.

nalytical Technique: Culture

Method Developed for: Entamoeba histolytica in clinical samples

Method Selected for: SAM lists these procedures for detection and viability assessment in solid,
particulate, liquid, and water samples. Further research is needed to develop and standardize the
procedures for environmental sample types.

Description of Method: Procedures are described for analysis of clinical samples and may be
adapted for assessment of solid, particulate, liquid, and water samples. Entamoeba histolytica
cysts are placed in amodified trypticase-panmede liver digest-serum (TP-S-1) medium and
incubated for 10 hours. Live amoebae excyst through arupture in the cyst wall, whereas non-
viable amoebae remain encysted. Microscopic examination of an aliquot of the incubated
excystation culture allows calculation of the percent of empty (live) cysts and full (dead) cystsin
apopulation.

At aminimum, the following QC checks should be performed and evaluated when using this
protocol: positive control, negative control, and blank. Ongoing analysis of QC samplesto
ensure reliability of the analytical results should also be performed.
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Source: Stringert, R.P. 1972. “New Bioassay System for Evaluating Percent Survival of
Entamoeba histolytica Cysts.” The Journal of Parasitology. 58(2): 306-310.
http://www.epa.gov/sam/pdfs/JP-58(2)-pgs306-310.pdf

7.4.2.2 Literature Reference for Entamoeba histolytica (Journal of Clinical
Microbiology. 2005. 43(11): 5491-5497)

Analysis Purpose: Detection, not suitable for viability

Sample Preparation: Samples should be prepared according to the proceduresin Journal of
Clinical Microbiology. 2005. 43(11): 5491-5497.

Analytical Technique: Real-time PCR

Method Developed for: Entamoeba histolytica in clinical (fecal and liver abscess)
Method Selected for: SAM lists these procedures for detection in solid, partic

environmental sample types.

Description of Method: Procedures are described for anayg
adapted for assessment of solid, particulate, liquid, and w;
PCR assay that targets the 18S rRNA gene sequence of E
cell disruption and a commercial DNA extracti i
remove potential PCR inhibitors. TagMan® r
Thermal Cycler the purified product. The LOD
differentiates between E. histolytj

on a GeneAmp® 9700
e (SD % 4). The method

performed and evaluated when using this
k. Ongoing analysis of QC samplesto

Giardia spp. [Giardiasis] — BSL-2

Method Analytical Technique Section

EPA Method 1623 IMS/FA 7.4.1.2

Transactions of the Royal Society of Tropical
Medicine and Hygiene. 1983. 77(4): 487-488

Culture 7.4.3.1

7.4.3.1 Literature Reference for Giardia spp. (Transactions of the Royal Society
of Tropical Medicine and Hygiene. 1983. 77(4): 487-488)

Analysis Purpose: Detection and viability
Analytical Technique: Culture

Method Developed for: Giardia in cell culture samples

Method Selected for: SAM lists these procedures for detection and viability assessment in solid,
particulate, liquid, and water samples. Further research is needed to develop and standardize the
procedures for environmental sample types.
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Description of Method: Procedures are described for analysis of cell culture samples and may
be adapted for assessment of solid, particulate, liquid, and water samples. Trypticase-yeast-iron-
serum (TY1-S-33) medium supplemented with bovine bile and additional cysteineis used to
isolate and culture Giardia lamblia. G. lamblia isincubated for intervals of 72 and 96 hours at
36°C in borosilicate glass tubes. The cells form a dense, adherent monolayer on the surface of
the glass.

At aminimum, the following QC checks should be performed and evaluated when using this
protocol: positive control, negative control, and blank. Ongoing analysis of QC samplesto
ensure reliability of the analytical results should also be performed.

Source: Keister, D. 1983. “Axenic Culture of Giardia lamblia in TY1-S-33 Medium
Supplemented with Bile.” Transactions of the Roya Society of Tropical Medicine andgi¥o
77(4): 487-488. http://www.sciencedirect.com/science/journal /00359203

7.4.4 Toxoplasma gondii [Toxoplasmosis] — BSL-2

Method

Emerging Infectious Diseases. 2006. 12(2): 326—-329

Applied and Environmental Microbiology. 2004.
70(7): 4035-4039

7.4.4.1

Literature Referepg A (Emerging Infectious

for: SAM lists these procedures for detection and viability assessment in solid,
, and water samples. Further research is needed to develop and standardize the
vironmental sample types other than water.

escription of Method: Procedures are described for analysis of water samples and may be
apted for assessment of solid, particulate, liquid, and water samples. Water samples are filtered
through fluoropore membrane filters and concentrated by centrifugation. The filters can be
assayed by any of three methods. The first method involves performing abioassay in T. gondii-
seronegative chickens. Serum samples are tested by enzyme-linked immunosorbent assay
(EL1SA) and/or modified agglutination test until seroconversion, with the organs from
seropositive animals examined microscopically for T. gondii. Mice areinjected with brain and
heart tissue of seropositive chickens, with parasites found in the lungs of mice being confirmatory
for T. gondii. The second method is asimilar bioassay with pigs and cats. For the third assay,
DNA is extracted from the fluoropore membranes for PCR identification of isolates.

At aminimum, the following QC checks should be performed and evaluated when using this
protocol: positive control, negative control, and blank. Ongoing analysis of QC samplesto
ensure reliability of the analytical results should also be performed.

Source: deMoura, L., Bahia-Oliveira, L.M.G., Wada, M.Y ., Jones, J.L., Tuboi, S.H., Carmo,
E.H., Ramalho, W.M., Camargo, N.J., Trevisan, R., Graca, RM.T., daSilva, A.J., Moura, 1.,
Dubey, J.P., and Garrett, D.O. 2006. “Waterborne Toxoplasmosis, Brazil, from Field to Gene.”
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Emerging Infectious Diseases. 12(2): 326-329. http://www.epa.gov/sam/pdfs/EI D-12(2)-pgs326-
329.pdf

7.4.4.2 Literature Reference for Toxoplasma gondii (Applied and Environmental
Microbiology. 2004. 70(7): 4035-4039)

Analysis Purpose: Detection, not suitable for viability

Sample Preparation: Samples should be prepared according to the proceduresin Applied and
Environmental Microbiology 70(7): 4035-4039.

Analytical Technique: Real-time PCR

Method Developed for: Toxoplasma gondii in water
Method Selected for: SAM lists these procedures for detection of in solid, particul at g
and water samples. Further research is needed to develop and standardize the p ;
environmental sample types other than water.

Description of Method: Procedures are described for analysiso
adapted for assessment of solid, particulate, and liquid sampl
nuclease (TagMan®) real-time PCR assay for the detecti
specific (B1 gene) primers and probe. The assay uses an iCycler
System. Water samples (10 to 100 L) arefilterg

ion and mouse bioassay.

st Detection in Water.” Applied and Environmental Microbiology. 70(7): 4035-4039.
tp://www.epa.gov/sam/pdf s AEM-70(7)-pgs4035-4039. pdf

7.5 Method Summaries for Helminths

A summary of the analytical method for helminths listed in Appendix C is provided in Section 7.5.1. The
summary contains sample preparation information, intended method application, a brief description of the
method, performance data (if available), and alink to, or source for, obtaining afull version of the
method.

7.5.1 Baylisascaris procyonis [Raccoon roundworm fever] — BSL-2

Method Analytical Technique Section

Embryonation of eggs and

EPA/625/R92/013 :
microscopy

75.1.1
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7.5.1.1 USEPA Environmental Regulations and Technology, Control of
Pathogens and Vector Attraction in Sewage Sludge EPA/625/R-92/013,
July 2003: Baylisascaris procyonis

Analysis Purpose: Detection and viability

Sample Preparation: Samples should be prepared according to the proceduresin EPA/625/R-
92/013.

Analytical Technique: Microscopy and embryonation of eggs

Method Developed for: Baylisascaris procyonis in wastewater, sludge, and compost samples
Method Selected for: SAM lists these protocols for detection and viability assessment of

Baylisascaris procyonis in solid, particulate, liquid, and water samples. Further research is
needed to devel op and standardize the procedures for environmental sample types other
wastewater, sludge, and compost.

Description of Method: The protocol describes procedures for analysis

screened to remove large particles, the solidsin the screen
the supernatant is decanted. The sediment is subjected t

parasite ova, if present in the sample. Small p
small mesh size screen. The resulting concentr

'/ [www .epaiov/sam/pdf ' EPA -625-R-92-013.pdf
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Section 8.0: Selected Biotoxin Methods

A list of methods or procedures to be used in analyzing environmental samples for biotoxin contaminants
isprovided in Appendix D. These methods should be used to support remediation activities (site
assessment through clearance) following a homeland security event. Procedures have been compiled for
each biotoxin that may need to be identified and/or quantified following a contamination incident.
Analytical procedures are not currently available for all the analyte-sample type combinations included in
this document. Future research needs include identification of additional methods and development and
validation of the procedures listed. Appendix D is sorted alphabetically by analyte, within each of two
analyte types (i.e., protein and small molecule).

Please note: This section provides guidance for selecting biotoxin methods that have a high likel &
of assuring analytical consistency when laboratories are faced with alarge-scale environme
restoration crisis. Not all methods have been verified for the analyte/sampl e type combidgisti
Appendix D. Pleaserefer to the specified method to identify analyte/sample type
have been verified. Any questions regarding information discussed in this secig

to the appropriate contact(s) listed in Section 4.

Appendix D provides the following information:
* Analyte(s). The compound or compound(s) of intergst.

* CAS RN/ Description. A unique identifier for sub
identify atoxin or toxin isoform when there are ma
and/or a brief statement describing

* Analysis type. Testsare either
biological activity detergai#ion.

ulate (swabs, wipes, filters). The recommended method/procedure to measure the analyte of
est in particulate sample collection media such as swabs, wipes and dust-collecting socks used
With vacuum collection.

e Liquid/water. The recommended method/procedure to measure the analyte of interest in liquid and
water samples.

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

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 D is recommended.

Procedures listed in Appendix D for protein biotoxins are intended to address presumptive, confirmatory,
and biological activity determinations. Because the confirmatory procedures listed for the small molecule
biotoxins involve a determination of intact compound structure (an indication of biological activity
capability), only presumptive and confirmatory methods are listed for these biotoxins. Interms of this
document, presumptive methods, or methods that support a reasonable basis for accurate results, should
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be used in situations that require alarge number of samplesto be processed. Most of the presumptive
methods listed in Appendix D use immunoassay techniques and are designed for large scale sample
processing. The confirmatory method, or the method that corroborates the presumptive results, may be
used when presumptive analysis indicates the presence of the biotoxin. Several techniques are listed in
Appendix D as confirmatory and generally are more time consuming and expensive. The use of these
termsin this document is not intended to redefine LRN usage of these terms. The terms presumptive and
confirmatory as used by the LRN are described in Section 8.2.1. If it is necessary to determine the
biological activity of atoxin, either an assay (for proteins) or atechnique such as HPLC that determines
whether the structure of the biotoxin isintact and likely to be biologically active (for small molecules)
may be used. Biological activity analysis should be applied on an as-needed basis following analysis with
the confirmatory technique.

Numerous anal yti cal techniques using avariety of instrumentation (e.g., high performance liquid

The presence of disinfectants (e.g., chloring) and/or pre
slow degradation (e.g., pH adjustors, de-chlorinating agé
When present, the impact of these agent or

ation on the properties of the biotoxins listed in Appendix D, TOXNET
net.nlm.nih.gov/index.html), a cluster of databases on toxicology, hazardous chemicals, and
feas maintained by the National Library of Medicine, is an excellent resource.

Additional resources include:

» Defense Against Toxin Weapons, published by the U.S. Army Medical Research Institute of
Infectious Diseases (http://www.usamriid.army.mil/education/defensetox/toxdefbook.pdf) contains
information regarding sample collection, toxin analysis and identification, as well as decontamination
and water treatment.

»  Select Agent Rules and Regulations found at the National Select Agent Registry
(http://www.sel ectagents.gov/)

» The CDC has additional information regarding select agent toxins at the following Web site:
http://www.cdc.gov/od/sap/sap/toxinamt.htm

* SRC'sPHY SPROP and Chemfate, part of the Environmental Fate Database supported by EPA. See
http://srcinc.com/what-we-do/product.aspx?id=133.

* INCHEM at http://www.inchem.org/ contains both chemical and toxicity information.
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* The RTECS database can be accessed viathe NIOSH Web site at
http://www.cdc.gov/niosh/rtecs/default.html for toxicity information.

* TheForensic Science and Communications Journal published by the Laboratory Division of the FBI.
See http://www.fbi.gov/hg/lab/fsc/current/backissu.htm.

Additional research on biotoxin contaminants is ongoing within EPA.

8.1.1 Standard Operating Procedures for Identifying Biotoxin Methods

To determine the appropriate method that is to be used on an environmental sample, locate the biotoxin of
concern in Appendix D: Biotoxin Methods under the “Analyte(s)” column. After locating the biotoxin
continue across the table and identify the appropriate analysis type. After an analysis type has begg
chosen, find the analytical technique (e.g., immunoassay) and analytical method applicable to
type of interest (solid, particulate, liquid/drinking water, or aerosol) corresponding to th ti
anayte.

Once amethod has been identified in Appendix D, the corresponding met

method summary. For additional information on sampl
through consensus standards organizations, please uset

Name Reference
FDA, Bacteriological http://www.cfsan.fda.gov/~ebam/bam-
Online toc.html
International http://www.aoac.org
EPA, USGS http://www.nemi.gov/
ay* Blackwell Synergy http://www.blackwell-synergy.com/Ioi/pto
Science Direct http://www.sciencedirect.com/
Portland Press Ltd. http://www.biochemj.org/
ournal of Medicinal Chemistry* American Chemical Society | http://www.acs.org/
Journal of Food Protection* International Association for | http://www.foodprotection.org/
Food Protection
Journal of Chromatography B* Elsevier Science Publishers | http://www.elsevier.com/
Biomedical Chromatography* John Wiley And Sons Ltd http://www.wiley.com/
Environmental Health Perspectives* National Institute of http://www.niehs.nih.gov/
Environmental Health
Sciences
Toxicon* Elsevier Science Publishers | http://www.elsevier.com/
Federation of European Microbiological | Wiley-Blackwell http://www.wiley.com/
Societies (FEMS) Microbiology Letters*
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Name Publisher Reference

International Journal of Food Elsevier Science Publishers http://www.elsevier.com/
Microbiology*

Rapid Communications in Mass John Wiley And Sons Ltd. http://www.wiley.com/
Spectrometry *

Journal of AOAC International* AOAC International http://www.aoac.org
Analyst* Royal Society of Chemistry http://www.rsc.org/
Journal of Pharmaceutical and Elsevier Science Publishers http://www.elsevier.com/

Biomedical Analysis*

Journal of Clinical Microbiology ASM http://www.asm.org/

Journal of Clinical Laboratory Analysis* | John Wiley And Sons Ltd. http://www.wiley.co

Journal of Analytical Toxicology* S. Tinsley Preston

Lateral Flow Immunoassay Kits Environmental Technology
Verification (ETV) Program

* Subscription and/or purchase required.

8.1.2 General QC Guidelines for Biotoxin Met

&rrollowI™g emergency situations. Having

y QC to ensure that measurement systems are
Its of the analyses; and (3) properly
document measurem ss—specmc QC. Ensuring data quality aso
requires that lab Lig@IFd and the results of the data quality evaluation are

activities that may be needed in re
such data requires that |aboratQuss:

be required if the data are generated during presence/absence determinations
Ses. The s_pecific needs for o_Iata generation should be identified. QC

as those identified in this document, might require increased QC (e.g., demonstrations of method
sengitivity, precision, and accuracy).

While method-specific QC requirements may be included in many of the procedures that are cited in this
document, and will be referenced in any SAPs developed to address specific analytes and sample types of
concern, the following describes a minimum set of QC samples and procedures that should be conducted
for al analyses. Individual methods, sampling and analysis protocols, or contractual statements of work
also should be consulted to determine any additional QC that may be needed. QC tests should be run as
frequently as necessary to ensure the reliability of analytical results. In general, sufficient QC includes an
initial demonstration of measurement system capability as well as ongoing assessments to ensure the
continued reliability of the analytical results.

Examples of sufficient QC for the presumptive tests listed in Appendix D include:

* Method blanks;
» Positive test samples/ negative test samples;
o Cdlibration check samples;
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» Useof test kits and reagents prior to expiration; and
» Accurate temperature controls.

Examples of sufficient QC for the confirmatory tests listed in Appendix D include:

» Demonstration that the measurement system is operating properly
» Initial calibration
» Method blanks

» Demonstration of measurement system suitability for intended use
» Precision and recovery (verify measurement system has adequate accuracy)
» Analyte/sample type/leve of concern-specific QC samples (verify that measurement system has
adequate sensitivity at levels of concern)

» Demonstration of continued measurement system reliability
» MS/MSDs (recovery and precision)
» QC samples (system accuracy and sensitivity at levels of concern)
» Continuing calibration verification
» Method blanks

OSWER coordinator responsible for laboratory activitid
procedures are performed consistently across laboratorid
guidance for laboratory support. EPA progtg

develop QA/QC
suring that the QA/QC

8.1.3 Safety and Was

ants, and laboratory staff should be trained in and

luded in the plan. In addition, many of the methods summarized or
ific requirements, guidelines, or information regarding safety
followed when handling or processing environmental samples and reagents.
1de information regarding waste management. Other resources that can be
information include the following:

ican Biological Safety Association, Risk Group Classifications for Infectious Agents, available
p://www.absa.org/riskgroups/index.html.

BMBL, 5" Edition, found at http://www.cdc.gov/OD/ohs/biosfty/bmbl 5/bmbl 5toc.htm.
. Biological Safety: Principles and Practices, 4" Ed. ASMPress (http://estore.asm.org/).
« CDC-42CFR part 72. Interstate Shipment of Etiologic Agents.

« CDC-42CFR part 73. Select Agents and Toxins.

o DOT —49 CFR part 172. Hazardous Materials Table, Special Provisions, Hazardous Materials
Communications, Emergency Response Information, and Training Requirements.

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

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

o OSHA —29 CFR part 1910.1450. Occupational Exposure to Hazardous Chemicalsin Laboratories.
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o OSHA —29 CFR part 1910.120. Hazardous Waste Operations and Emergency Response.
« USDA —9CFR part 121. Possession, Use, and Transfer of Select Agents and Toxins.

Please note that the e-CFR is available at http://ecfr.gpoaccess.gov/.

8.1.4 Laboratory Response Network (LRN)

The agents and sample types identified below and listed in Appendix D are included in the HHS/USDA
select agent list and should be analyzed in accordance with the appropriate LRN protocols. Additional
information on select agents and regulations may be obtained at the National Select Agent Registry at:
http://www.sel ectagents.gov/.

preparedness responsibilities for federal agencies. The LRN is primarily a national
state, federal, military, food, agricultural, veterinary, and environmental |aboratQg
LRN laboratories are located in strategic international locations. The CDC
scientific support to member |aboratories as well as secure access to
for rapid (within 4 to 6 hours) presumptive detection of biothreat

confirmed result. The algorithm for a confirmed result
positive results from a rapid assay in combination with
methods, such as culture. The standardized procedures,

e presumptive
e of the “gold standard”

the sample type/analyte combinations.

Sample Type CAS RN/ Description

Protein composed of ~100 kDa
heavy chain and ~50 kDa light
Solid, Particulate, chain; can be complexed with
Liquid/water, Drinking Water | hemagglutinin and non-
hemagglutinin components for total
MW of ~900 kDa

9009-86-3 (ricin) / 60 kDa
glycoprotein composed of two

Solid, Particulate, subunits (~32 kDa A chain and ~34
Liquid/Water, Drinking Water | kDa B chain); an agglutinin of MW
120 kDa may be present in crude
preparations

Ricin

Solid, Particulate, 39424-53-8 (SEB) / Monomeric

Staphylococcal enterotoxin B (SEB) Liquid/Water, Drinking Water | protein of almost 28 kDa

Please note: Not all methods have been verified for the biotoxin/sample type combination listed in
Appendix D. Pleaserefer to the agent-specific method to identify the biotoxin/sample type combinations
that have been validated. Any questions regarding information discussed in this section should be
referred to the appropriate contact(s) listed in Section 4.
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For additional information on the LRN, including selection of alaboratory capable of receiving and
processing the specified sample type/analyte, please use the contact information provided below or visit
http://www.bt.cdc.gov/Irn/.

Centers for Disease Control and Prevention

Laboratory Response Branch

Division of Bioterrorism Preparedness and Response (DBPR)

National Center for Prevention, Detection, and Control of Infectious Diseases (NCPDCID)
Coordinating Center for Infectious Diseases (CCID)

Centers for Disease Control and Prevention (CDC)

1600 Clifton Road NE, Mailstop C-18

Atlanta, GA 30333

Telephone: (404) 639-2790

E-mail: Irn@cdc.gov

Local public health laboratories, private, and commercial laboratories with qu
should contact their state public health laboratory director or the APHL (c t
below).

Association of Public Health Laboratories

8515 Georgia Avenue, Suite 700
Silver Spring, MD 20910
Telephone: (240) 485-2745

Fax: (240) 485-2700

Web site: www.aphl.org

E-mail: info@aphl.org

or Prot Xins

ontain summary information only, extracted from the selected
of the method should be consulted prior to sample analysis.

CAS RN: 1393-62-0.
Description: Glycoprotein consisting of a deadenylase (25-32 kDa A chain) and lectin (35 kDa
B chain); an agglutinin (A2B2) may be present in crude preparations.

Method Analytical Technique Section
Journal of Food Protection. 2008. 71(9): 1868-1874 Immunoassay 8.2.11
Pharmacology & Toxicology. 2001. 88(5): 255-260 Ribosome inactivation assay 8.2.1.2
Analytical Biochemistry. 2008. 378: 87-89 Enzyme activity 8.2.1.3

8.2.1.1 Literature Reference for Abrin (Journal of Food Protection. 2008. 71(9):
1868-1874)

Analysis Purpose: Presumptive
Analytical Technique: Immunoassay
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Method Developed for: Abrininfood

Method Selected for: SAM lists these procedures for presumptive analysisin aerosol, solid,
particulate, liquid, and water samples. Further research is needed to develop and standardize the
procedures for environmental sample types.

Description of Method: Procedures are described for using mouse mAbs and rabbit-derived
polyclonal antibodies prepared against a mixture of abrin isozymes for three separate ELISA and
€l ectrochemiluminescence (ECL )-based assays in food products. The three assays vary by use of
antibody combination (e.g, assay configuration): (1) polyclonal (capture)/polyclonal (detection)
ELISA, (2) polyclonal/monoclonal ELISA, and (3) polyclonal/monoclonal ECL assay. The
LODs, with purified Abrin C and various abrin extractsin buffer, are between 0.1 and 0.5 ng/mL
for all three assays. The LOD for abrin spiked into food products ranged from 0.1 to 0.5 ng/mL
using the ECL assay. The LOD for abrin spiked into food products for the ELISA assay g

less than the concentration at which abrin may pose a health concern.

Special Considerations: Crude preparations of abrin may also contai
unigue to rosary peas and that can cross-react in the immuno
powder to the sample buffer may eliminate false-positive r
Bertocchi, A., and Garber, E.A. 2008. “Rapid Detection
Artifacts Associated with Wheat Lectin.” Journal of Immunologi
http://www.sciencedirect.com/science/journal /Qg

Source: Garber, E.A., Walker, JL.,and O Br|
Using EnzymeLlnked Immunosg C &I luminescence Technologies.”

Journal of Food Protection.
http://www.ingentaconggct. content/i A

cted for: SAM lists these procedures for biological activity analysisin aerosol,
lid, particulate, liquid, and water samples. Further research is needed to develop and
andardize the procedures for environmental sample types.

Description of Method: Thisin vitro assay isan RNA N-glycosidase enzyme activity assay for
the detection of purified abrin and ricin toxins (Types| and I1) or in jequirity seed (abrin) and
castor bean (ricin) extracts. Synthetic biotinylated RNA substrates with varied |oop sequences
are cleaved by either the ricin or abrin toxin and the RNA products are hybridized to
ruthenylated-oligodeoxynucleotides to generate an ECL signal. Assays require incubation for 2
hours at 48°C. Commercially available ECL-based reagents and RNase inactivators are used.
Control experiments for the jequirity seed experiments and the distinct GAAA/GdAGA ratio for
the castor bean assay demonstrate lack of non-specific cleavage for the assay. The undiluted
castor bean extract contained 22.0 + 0.7 mg/mL total protein and 4.1 + 0.3 mg/mL ricin
equivalents as determined by standard protein determination and by ECL immunoassay assays
respectively. The undiluted jequirity seed extract was similarly assayed, with aresultant 21.6 +
0.6 mg/mL total protein and 3.7 + 0.3 pg/mL equivalents of toxin. Dilutions were performed to
determine effective signal-to-background ratio and the linear range for calculation of toxin
activity. Resultant calculations for ricin activity equivalentsin the undiluted castor bean extract
were equivalent to those obtained with the ECL immunoassays: 4.4 + 0.2 mg/mL activity
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equivalents. In contrast, the undiluted jequirity seed extract contained a calculated level of 740 +
50 pg/mL activity equivalents, which greatly exceeded the immunoassay-based value.

Special Considerations: Thisenzyme activity assay does not test for cell binding; cell culture
assays are being devel oped to test for cell binding but are not currently available. The only
readily available assay to test for both the cell binding and enzymatic activity of the intact
(whole) toxin is the mouse bioassay.

Source: Keener, W.K., Rivera, V.R., Cho, C.R., Hale, M.L., Garber, E.A.E., and Poli, M.A.
2008. “Identification of the RNA N-glycosidase Activity of Ricin in Castor bean extracts by an
Electrochemiluminescence-based Assay.” Analytical Biochemistry. 378(1): 87—809.
http://www.sciencedirect.com/science/journal/00032697

8.2.1.3 Literature Reference for Abrin and Shiga and Shiga-like T
(Pharmacology Toxicology. 2001. 88(5): 255-260)

Analysis Purpose: Confirmatory for abrin; biological activity for
Analytical Technique: Ribosome inactivation assay

Method Selected for: SAM lists these proced iSi sol, solid,
particulate, liquid, and water samples. Further [ elop and standardize the
procedures for environmental sample types.

inhiMition of protein synthesis. The relative
biological [ [ g luminescence levelsin treated samples versus

e toxin concentration. Linear dose response curves are generated for
of trandlation at 0.5 nM. Coupling this procedure, or a modification

iderations: For abrin, aswell as shiga and shiga-like toxins, this assay does not
for cell binding; cell culture assays are being developed to test for cell binding but are not
urrently available. The only readily available assay to test for both the cell binding and
enzymatic activity of the intact (whole) toxin is the mouse bioassay.

Source: Hale, M.L. 2001. “Microtiter-based Assay for Evaluating the Biological Activity of
Ribosome-inactivation Proteins.” Pharmacology Toxicology. 88(5): 255-260.
http://www3.interscience.wiley.com/journal/120703798/abstract

8.2.2 Botulinum neurotoxins (Serotypes A, B, E, F)

Description: Protein composed of ~100 kDa heavy chain and ~50 kDa light chain; can be
complexed with hemagglutinin and non-hemaggl utinin components for total MW of ~900 kDa.

Method Analytical Technique Section
Immunoassay, Immunoassay
LRN (ELISA) and Mouse bioassay 8.1.4
FDA, Bacteriological Analytical Manual Online, January | Immunoassay (ELISA) and 8221
2001, Chapter 17, Clostridium botulinum Mouse bioassay B
Lateral Flow Immunoassay Kits Immunoassay 8.2.2.2

SAM Revision 5.0 195 September 29, 2009



Section 8- Selected Biotoxin Methods

8.2.2.1 FDA, Bacteriological Analytical Manual Online, Chapter 17, 2001:
Botulinum Neurotoxins

Analysis Purpose: Confirmatory and biological activity
Analytical Technique: Immunoassay (ELISA) and mouse bioassay

Method Developed for: Botulinum neurotoxins (Serotypes A, B, E, F) in food

Method Selected for: SAM lists this procedure for confirmation and biological activity
assessment in aerosol samples. Further research is needed to develop and standardize the
procedures for environmental sample types.

Description of Method: An amplified-enzyme-linked immunosorbent assay (amp-ELISA) and a
digoxigenin-labeled enzyme-linked immunosorbent assay (DIG-ELISA) are described fo

to 0.25 ng/mL) High concentration samples (greater th
absorbance for more than one toxin type. Further dilution of the

before challenging them with thei.p. injection of each dilution that gave the
the toxic preparation.

pecial'COnsiderations: Immunoassays with botulinum toxins may produce variable results
ith uncomplexed form of toxin.

Source: FDA, CFSAN. 2001. “Chapter 17 — Clostridium botulinum.” Bacteriological Analytical
Manual Online. http://www.epa.gov/sam/pdfs'FDA-BAM-Chapl7.pdf

8.2.2.2 Lateral Flow Immunoassay Kits

Analysis Purpose: Presumptive
Analytical Technique: Immunoassay

Method Developed for: Botulinum neurotoxins (Types A, B) and ricin in buffer or water
samples

Method Selected for: SAM lists these procedures for presumptive analysisin aerosol samples.
Further research is needed to develop and standardize the procedures for environmental sample
types other than water.

Description of Method: Test strips are self-contained, qualitative assays for screening
environmental samples for the presence of botulinum toxin and ricin. After the sampleis
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collected, it istransferred onto the test strip where dye-labeled antibodies detect trace amounts of
the contaminant, as indicated by the presence of two bands in the test result window. After 15
minutes, the results are read visually. Botulinum neurotoxin Type A can be detected at 5 mg/L
and Type B at 4 mg/L, 33% of thetime. Ricin toxin can be detected at 20 mg/L, with no cross-
reactivity to certain substances (i.e., lectin from soybeans).

An aternative lateral flow immunochromatographic device also can be used. This device uses
two antibodies in combination to specifically detect target antigen in solution. When a sufficient
amount of target antigen is present, the colloidal gold label accumulates in the sample window on
atest strip, forming avisible reddish-brown colored line. The presence of two bands indicates a
positive reading. Botulinum neurotoxin Type A can be detected at 0.01 mg/L and Type B at 0.5
mg/L, with no false negatives detected when interferents are present. Ricin toxin can be detected
at 0.035 mg/L, with 88% accuracy.

These two lateral flow immunoassay kits have been evaluated by the EPA ETV
(http://www.epa.gov/sam/pdfSETV-BADD091904.pdf and http://ww.
BioThreat092104.pdf) for the detection of botulinum neurotoxins Ty
Information regarding the evaluation of test strips can be acc

Special Considerations: Immunoassays with botulinu I i tswith
uncomplexed form of toxin. Addition of non-fat milk powder to eliminate

false-positive results (Dayan-Kenigsberg, Bertd@iS@aJ.A ., and Gar
Detection of Ricin in Cosmetics and Eliminatio if acts Associ
Journal of Immunological Methods.

8.2.3

rotein composed of two subunits (~32 kDa A chain and ~34 kDa B
nin of MW 120 kDa may be present in crude preparations.

RN: 5254-40-3.

all molecule, ricin marker.

Method Analytical Technique Section
LRN Immunoassay 8.14
Analytical Biochemistry. 2008. 378: 87-89 Enzyme activity 8.2.1.3
Lateral Flow Immunoassay Kits Immunoassay 8.2.2.2
Journal of AOAC International. 2008. 91(2): 376—-382 Immunoassay 8.2.3.1
Journal of Analytical Toxicology. 2005. 29: 149-155 LC-MS 8.2.3.2

8.2.3.1 Literature Reference for Ricin (Journal of AOAC International. 2008.
91(2): 376-382)

Analysis Purpose: Confirmatory
Analytical Technique: Immunoassay

Method Developed for: Ricin for food products

Method Selected for: SAM lists these procedures for confirmatory analysisin aerosol, solid,
particulate, liquid, and water samples. Further research is needed to develop and standardize the
procedures for environmental sample types.
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Description of Method: Thisimmunoassay is for the detection of various concentrations of
purified ricin in food products (e.g., juice, dairy products, vegetables, bakery products,
condiments). The immunoassay uses ECL detection in a 96-well plate format with a monoclonal
capture antibody against ricin (19A-2C6) and either a polyclonal or monoclonal detector
antibody. The samples and detector antibodies can be added sequentially or in combination
during the capture step. Using the polyclonal antibody, ricin was detected at concentrations as
low as 0.04 ng/mL. Simultaneous addition of sample and detector antibody allowed for a
shortened procedure with only a single 20 minute incubation with no false negatives caused by
“hook” effects at high concentrations of ricin. Quantitation can be performed either with the
sequential procedure or with the simultaneous procedure if it is know that the ricin concentration
isnot in the “hook” region. The simultaneous procedure should not be used when a sample
contains constituents that may react with the ruthenium tag. Polyclonal/monoclonal antibodies
are commercially available as an ELISA test kit.

Special Considerations: Crude preparations of ricin may also contain agglutini
unigue to castor beans and that can cross-react in the immunoassays.

Source: Garber, E.A.E., and O'Brien, T. W. 2008. “ Detection of
Electrochemiluminescence-Based Technology.” Journal of
http://www.atypon-link.com/A OA C/doi/abs/10.5555/j a0i

8.2.3.2 Literature Reference for Ricin
Toxicology. 2005. 29(3): 149-1

or beans sfound in crude preparaIi ons of ricin, and may be an
ion. Further research is needed to develop and standardize the

ed by electrospray ionization (ESI) tandem mass spectrometry. For MS analyses,
otonated molecular ions are selected in the multiple reaction monitoring mode and quantified
y |sotope dilution with **Cg-labeled ricinine as the internal reference. Urine pools enriched with
ricinine at two concentrations were used as quality controls for validation of the method in urine
samples. The calculated limit of detection was 0.04 ng/mL. In addition to the validation with
urine samples, testing was performed on a single human urine sample (forensic), acrudericin
preparation, and urine samples from an animal ricinine exposure study. For the human urine
sample, the concentration of ricinine was measured to be 4.24 ng/mL. After aseries of smple
extraction and filtration steps to provide a crude castor bean preparation, the final ricinine level
was 502 ng/mL. For the animal exposure study, rats were injected with ricinine at 1, 5, and 10
mg/kg, with mean 24-hour urine concentrations of 1010, 6364, and 17, 152 ng/mL, respectively.
Mean 48-hour urine concentrations were 40, 324, and 610 mg/mL. Stability of ricinine in human
urine was al so tested, with ricinine found to be stable in human urine samples when heated at
90°C for 1 hour and when stored at 25°C and 5°C for 3 weeks.

Source: Johnson, R.C., Lemire, SW., Woalfitt, Ospina, M., Preston, K.P, Olson, C.T., and Barr,
J.R. 2005. “Quantification of Ricininein Rat and Human Urine: A Biomarker for Ricin
Exposure.” Journal of Analytical Toxicology. 29(3): 149-155.
http://www.jatox.com/abstracts/2005/A pril/149-johnson.html
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8.2.4 Shiga and Shiga-like toxins (Stx, Stx-1, Stx-2)

CAS RN: 75757-64-1 (Stx).
Description: Protein composed of one ~32 kDa A chain and five 7.7 kDa B chains.

Method Analytical Technique Section
Pharmacology & Toxicology. 2001. 88(5): 255-260 Ribosome inactivation assay 8.2.1.3
FDA, Bacteriological Analytical Manual Online,
January 2001, Appendix 1, Rapid Methods for Immunoassay (ELISA) 8.24.1

Detecting Foodborne Pathogens

Journal of Clinical Microbiology. 2007. 45(10): 3377—
3380

Optical immunoassay 8.2.4.2

8.2.4.1 FDA, Bacteriological Analytical Manual Online, Appendix 1, 200
Methods for Detecting Foodborne Pathogens

Analysis Purpose: Confirmatory
Analytical Technique: Immunoassay (ELISA)

Method Developed for: Shigaand shiga-liketoxinsin f
Method Selected for: SAM lists this manual for presumptive
particulate, liquid, and water samples. Further r ch isneeded
procedures for environmental samples.

Description of Method: Shigatqx
toxins (Shigatoxin Types1[Q a0
coli (STEC). An ELISA_is¥@cribed for
to microwells coat i-Shiga tox

igella dysenteriae and Shiga-like
by various Shiga-toxigenic E.

on of these toxins. Diluted samples are added
re antibody. After incubation at room

d material. A second anti-Shigatoxin

On continued at room temperature. A washiis

nzyme conjugated anti-1gG visualization antibody,
from wirch the second anti-Shiga toxin antibody was derived, is
thenrinsed. Substrate is added, and after incubation to devel op the
. Theresults are interpreted spectrophotometrically.

8.2.4.2 Literature Reference for Shiga and Shiga-like Toxin (Journal of Clinical
Microbiology. 2007. 45(10): 3377-3380)

Analysis Purpose: Presumptive
Analytical Technique: Optical immunoassay

Method Developed for: Shigatoxin in foods

Method Selected for: SAM lists these procedures for presumptive analysisin aerosol, solid,
particulate, liquid, and water samples. Further research is needed to develop and standardize the
procedures for environmental sample types.

Description of Method: Procedures are described for arapid optical immunoassay for the
detection of Stx-1 and Stx-2 using acommercially available kit. Fecal samples (742 specimens)
are assayed for Shigatoxins with and without enrichment of the specimensin broth. Duplicate
assays are applied using either the rapid optical immunoassay or acommercially available ELISA
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kit. Samples producing positive results by immunoassay are confirmed by Vero cell cytotoxicity
assay. Senditivities of 96.8% are achieved for direct stool sample assays.

Source: Ted, L.D., Daly, JA., Jerris, R.C., Maul, D., Svanas, G., O'Brien, A.D., and Park, C.H.
2007. “Rapid Detection of Shiga Toxin-Producing Escherichia coli by Optical Immunoassay.”
Journal of Clinical Microbiology. 45(10): 3377—-3380. www.epa.gov/sam/pdfs/JCM-45(10)-
pgs3377-3380.pdf

8.2.5 Staphylococcal enterotoxins (SEA, SEB, SEC)

CAS RNs: 39424-53-8 (SEB), 37337-57-8 (SEA), 39424-54-9 (SEC)
Description: Monomeric protein of ~ 28 kDa (SEB), monomeric proteins of ~ 27-27.5 kD

(SEA and SEC)
Method Analytical Technique
LRN Immunoassay
AOAC Official Method 993.06 Immunoassay

8.2.5.1 AOAC Official Method 993.06: Staphylog
Foods

Analysis Purpose: Presumptive
Analytical Technique: Immunoassay

8 foods
Method Selected for: i [ ; resumptive analysis of staphylococcal
enterotoxins Type B4 pl_&s, angll yp@8A and C in aerosol, solid, particulate, liquid,

0d is an enzyme immunoassay (EIA) using a mixture of high-
r identification of toxin(s) in food samples. Samples are prepared by
ffer, centrifugation, and filtration of the supernatant through a syringe, with

nal pH of 7.0to0 8.0. Samplesare incubated in 96-well plates with the mixture
jugated to horseradish peroxidase (HRP), and visualized with a peroxidase

A Ssay results are determined visually or using amicrotiter plate reader. Test is
nsidered positive for staphylococcal enterotoxins if absorbance is >0.200 and is considered
egative if absorbance is <0.200. Specific toxin serotypes are not differentiated. This method
detects from 1.3 to 3.3 ng/mL staphylococcal enterotoxin in extracts prepared from food
containing 4 to 10 ng/mL staphylococca enterotoxin.

Source: AOAC International. 1994. “Method 991.06: Staphylococcal Enterotoxinsin Selected
Foods.” Official Methods of Analysis of AOAC International. 16" Edition, 4™ Revision; VVal. I.
http://www.aoac.org/

8.3 Method Summaries for Small Molecule Biotoxins

Summaries of the analytical methods for small molecule biotoxins listed in Appendix D are provided in
Sections 8.3.1 through 8.3.12. These sections contain summary information only, extracted from the
selected methods. The full version of the method should be consulted prior to sample analysis.

Each summary contains a brief description of the method, intended method application, performance data
(if available), and alink to or source for obtaining afull version of the method.
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8.3.1 Aflatoxin (Type B1)

CAS RN: 27261-02-5
Method Analytical Technique Section

AOAC Official Method 991.31 Immunoassay and HPLC-FL 8.3.11

8.3.1.1 AOAC Official Method 991.31: Aflatoxins in Corn, Raw Peanuts, and
Peanut Butter

Analysis Purpose: Presumptive and confirmatory
Analytical Technique: Immunoassay and HPL C-FL

Method Developed for: Aflatoxins (Type B1) in corn, raw peanuts, and peanut butte

standardize the procedures for environmental sample types.

Description of Method: This method isfor the detection
The sample is extracted with methanol-water (7 + 3), fil t<§&,

an affinity column containing mAbs specific for afIanxms B1,B
(CASRN 1385-95-1), and G2 (CAS RN 7241-%
from the column with methanol. For detection

LC. Method performance w . i r{@icrious commodities (e.g., corn) at aflatoxin

' as originally designed for the analysis of
aflatoxins (By, B up was necessary to remove food
components, ek NS, Eanup procedure may not be necessary for analysis of

OAC Official Method 994.08: Aflatoxin in Corn, Almonds, Brazil

, d PistacN\g® Nuts, (AOAC International. 1998. Official Methods of Analysis of

C Interna@ilinal, 16™ Edition, 4" Revision, Val. I1. http://www.aoac.org/) may be used as a
ementary@HPL C-FL method in order to provide more flexibility for analyses.

urce: AOAC International. 1994. “Method 991.31: Aflatoxinsin Corn, Raw Peanuts, and
ut Butter.” Official Methods of Analysis of AOAC International. 16" Edition, 4™ Revision;
ol. Il. http://www.aoac.org/

8.3.2 a-Amanitin
CAS RN: 23109-05-9

Method Analytical Technique Section
Journal of Chromatography B. 1991. 563(2): 299-311 | HPLC amperometric detection 8.3.2.1
Journal of Food Protection. 2005. 68(6): 1294-1301 Immunoassay 8.3.2.2

8.3.2.1 Literature Reference for a-Amanitin (Journal of Chromatography B. 1991.
563(2): 299-311)

Analysis Purpose: Confirmatory
Analytical Technique: HPLC with amperometric detection
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Method Developed for: a-Amanitin in plasma

Method Selected for: SAM lists these procedures for confirmatory analysisin aerosol, solid,
particulate, liquid, and water samples. Further research is needed to develop and standardize the
procedures for environmental sample types.

Description of Method: Procedures are described for the selective determination in human
plasma of a-amanitin using HPLC with amperometric detection. After extraction of plasmawith
disposable Cyg silica cartridges, the extracts are separated by isocratic reversed-phase
chromatography using a macroporous polystyrene-divinylbenzene column and a mobile phase of
0.05 M phosphate buffer-acetonitrile (91:9) at pH 9.5. Amperometric detection is performed by
applying an oxidation potential aslow as+350 mV (vs. Ag/AgCl) to aglassy carbon electrode, in
athin-layer flow-cell. The linear range for apha-amanitin is 3 to 200 ng/mL, and the relative
LOD in plasmais 2 ng/mL at asignal-to-noiseratio of 2. The intra-assay precision has beg
evaluated at levels of 10 and 200 ng/mL.

Source: Tagliaro, F., Schiavon, G., Bontempelli, G., Carli, G., and Mari
High-performance Liquid Chromatographic Determination with Amper
Alpha-amanitin in Human Plasma Based on its Voltammetric Stu
B. 563(2): 299-311. http://www.nchi.nlm.nih.gov/pubmed/2

8.3.2.2 Literature Reference for a-Am
Protection. 2005. 68(6): 1294-1

Analysis Purpose: Presumptive

mycotoxin in food and beverages
for presumptive analysis of a-amanitin and T-

ommercialy available ELISAs are described and assessed for

, amanitin, and T-2 toxin at levels below those described as a health concernin
lid food samples are prepared by washing the sample with sodium phosphate
ed by dilution with phosphate-buffered saline. Liquid beverage samples are

epared by dilution in sodium phosphate buffer. Amanitin samples are similarly prepared using
ater instead of buffer, and T-2 toxin samples are similarly prepared using 35% methanol in
water instead of buffer. The prepared samples are used with commercially obtained ELISA kits
according to the manufacturer’s directions, except for the incorporation of an eight-point
calibration curve and reading the plates at both 405 and 650 nm after 26 minutes of incubation at
37°C. Thisassay detectsricinin food products at 0.01 ug/mL with acceptable background levels.
Amanitin can be detected in food products at 1 ug/g with the ELISA. Background responses
occurred, but at less than the equivalent of 0.5 ppm for amanitin. The ELISA kit will successfully
detect T-2 toxin at targeted levels of 0.2 ug/g. The ELISA kit successfully detects T-2 toxin at
targeted levels of 0.2 pg/g; the immunoassay for T-2 toxin, however, shows significant
background responses and varies up to 0.1 ppm.

Source: Garber, E.A., Eppley, R.M., Stack, M.E., McLaughlin, M.A., and Park, D.L. 2005.
“Feasibility of Immunodiagnostic Devices for the Detection of Ricin, Amanitin, and T-2 Toxin in
Food.” Journal of Food Protection. 68(6): 1294-1301.

http://www.ingentaconnect.com/content/i af p/jf p/2005/00000068/00000006/art00027
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8.3.3 Anatoxin-a

CAS RN: 64285-06-9
Method Analytical Technique Section

HPLC-FL (precolumn
derivatization)

Biomedical Chromatography. 1996. 10: 4647 8.3.3.1

8.3.3.1 Literature Reference for Anatoxin-a (Biomedical Chromatography. 1996.
10(1): 46-47)

Analysis Purpose: Confirmatory
Analytical Technique: HPLC-FL (precolumn derivatization)

Method Developed for: Anatoxin-ain potable water
Method Selected for: SAM lists these procedures for confirmatory analysisin
particulate, liquid, and water samples. Further research is needed to develop
procedures for environmental sample types other than water.

Description of Method: Procedures are described for HPLC
eluted with methanol containing 0.2% TFA.

acetonitrile, and re-evaporated prior to derivati
concentrations of 0.1 pug/L with agood linear ¢

enzoxadiazole (NBD-F) and HPLC
Chromatography. 10(1): 46-47.

Analytical Technique Section

Immunoassay 8.34.1

oxicon. 2004. 43(4): 455-465 HPLC-MS-MS 8.34.2

8.3.4.1 Literature Reference for Brevetoxins (Environmental Health
Perspectives. 2002. 110(2): 179-185)

Analysis Purpose: Presumptive
Analytical Technique: Immunoassay

Method Developed for: Brevetoxinsin shellfish

Method Selected for: SAM lists these procedures for presumptive analysisin aerosol, solid,
particulate, liquid, and water samples. Further research is needed to develop and standardize the
procedures for environmental sample types.

Description of Method: Procedures are described for a competitive ELISA used to detect
brevetoxinsin shellfish. The assay uses goat anti-brevetoxin antibodies in combination with a
three-step signal amplification process: (1) secondary biotinylated antibodies; (2) streptavidin-
HRP conjugate; and (3) chromogenic enzyme substrate. Sample preparation for liquidsis
dilutionin PBS. Sample preparation for solids (oysters) is homogenization in PBS, or extraction
in acetone. The working range for the assay is 0.2 to 2.0 ng/mL for diluted and undiluted liquid
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samples, and 0.2 to 2.0 ng/mL for solid samples, corresponding to 0.8 to 8.0 ng brevetoxins/100.0
g shellfish. The method has been compared to the mouse bioassay and is equivalent in
sensitivity.

Source: Naar, J.,, Bourdelais, A., Tomas, C., Kubanek, J., Whitney, P.L., Flewelling, L.,
Steidinger, K., Lancaster, J., and Badan, D.G. 2002. “A Competitive ELISA to Detect
Brevetoxins from Karenia brevis (Formerly Gymnodinium breve) in Seawater, Shellfish, and
Mammalian Body Fluid.” Environmental Health Perspectives. 110(2): 179-185.
http://www.epa.gov/sam/pdf s EHP-110(2)-pgs179-185. pdf

8.3.4.2 Literature Reference for Brevetoxins (Toxicon. 2004. 43(4): 455-465)

Analysis Purpose: Confirmatory
Analytical Technique: High performance liquid chromatography tandem m
(HPLC-MS-MYS)

Method Developed for: Brevetoxinsin shellfish
Method Selected for: SAM lists these procedures for confj
particulate, liquid, and water samples. Further research i
procedures for environmental sample types.

Description of Method: Shellfish sample ho
centrifuged. The supernatants are combined, €

solubilized in 25% methanq [ : coI umi? Analytes are eluted with 100%
% ol for analysis. Analysis of prepared samples
pase of water and acetonitrile with acetic acid.

pes mult-i ple liquid chromatography/el ectrospray
S) profiles for metabolites of brevetoxins from oysters.

nalysis of Brevetoxin Metabolites in the Eastern Oyster (Crassostrea
on. 43(4): 455-465. http://cat.inist.fr/?aM odel e=afficheN& cpsidt=15668117

-Conotoxin
CAS RN: 156467-85-5
Method Analytical Technique Section
Biochemical Journal. 1997. 328: 245-250 Immunoassay 8.35.1
iglirlnal of Medicinal Chemistry. 2004. 47(5): 1234— HPLC-MS 8.3.5.2

8.3.5.1 Literature Reference for a-Conotoxin (Biochemical Journal. 1997. 328(1):
245-250)

Analysis Purpose: Presumptive
Analytical Technique: Immunoassay

Method Developed for: Purified a-Conotoxin Gl in phosphate buffer

Method Selected for: SAM lists these procedures for presumptive analysisin aerosol, solid,
particulate, liquid, and water samples. Further research is needed to develop and standardize the
procedures for environmental sample types.
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Description of Method: A biologically active fluorescein derivative of Conus geographus a-
conotoxin (FGI) is used in solution-phase-binding assays with two purified Torpedo californica
monoclonal antibodies (mADbs) to detect the toxin in laboratory samples. For competitive ligand-
displacement spin-column assays, FGI was premixed with various dilutions of unlabelled ligands
and then incubated with the two mAbs (5A1 and 8D2) at room temperature. Fluorescenceis
measured in ratio mode using cuvettes with excitation and emission monochromators set at
gamma = 490 nm and gamma = 525 nm, respectively. The binding of FGI to the mAbs had
apparent dissociation constants of 10 to 100 nM. The binding specificity and epitopes recognized
by the two mADbs against a-conotoxin Gl are aso characterized. Competitive displacement
assays showed that both mAbs specifically bound a-conotoxin Gl with high avidity. Cross-
reactivity with a-conotoxins M1 and S1 was not observed for either mAb in adirect ELISA.

With spin-column assay, however, 5A1, but not 8D2, cross-reacted at alow level (100 —
less avid) with these a-conotoxins. An antibody/a-conotoxin Gl molar ratio of 1:1 aff
complete protection in mouse lethal assays.

Source: Ashcom, J.D., and Stiles, B.G. 1997. “ Characterization of o-

8.3.5.2 Literature Reference for a-Con
2004. 47(5): 1234-1241)

Analysis Purpose: Confirmator
Analytical Technique: HPLGSM

ocedures are discussed for the detection of peptides within the a-
lar mass range using an HPLC-MS. A crude extract of Conus anemone venom

portion of the sample removed by centrifugation. A portion of the sample extract is
actionated by size-exclusion chromatography in order to prepare a sample containing small
eptides in the range of 1000 to 2500 Da. Chromatography conditions are elution with 30%
acetonitrile / 0.048% TFA at aflow rate of 0.5 mL/minute, with detection at 214 nm. Three
sulfated a-conotoxins (AnlA, AniB, and AnlC) can be identified by LC-MS that are within the
molecular mass range of other a-conotoxins (i.e., 1400-2200 Da). Peptides can be quantified by
reversed-phase HPL C using an external reference standard for each peptide.

Source: Loughnan, M.L., Nicke, A., Jones, A., Adams, D.J., Alewood, P.F., and Lewis, R.J.
2004. “Chemical and Functional Identification and Characterization of Novel Sulfated Alpha-
conotoxins from the Cone Snail Conus anemone.” Journal of Medicinal Chemistry. 47(5): 1234~
1241. http://pubs.acs.org/cgi-bin/abstract.cqi/memar/2004/47/i05/abs/jm0310100.html
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8.3.6 Cylindrospermopsin
CAS RN: 143545-90-8

Method Analytical Technique Section
FEMS Microbiology Letters. 2002. 216: 159-164 HPLC-PDA 8.3.6.1
ELISA Kits for Cylindrospermopsin Immunoassay 8.3.6.2

8.3.6.1 Literature Reference for Cylindrospermopsin (FEMS Microbiology
Letters. 2002. 216(2): 159-164)

Analysis Purpose: Confirmatory
Analytical Technique: High performance liquid chromatography — Photodiode array dete
(HPLC-PDA)

Method Developed for: Cylindrospermopsin in eutrophic waters

Method Selected for: SAM lists these procedures for confirmatory an
particulate, liquid, and water samples. Further research is needed t
procedures for environmental sample types other than water.

Description of Method: Cylindrospermopsin is detected'tising
detector (PDA) in environmental waters. The syggested solvent r
below 50% methanol and 30% acetonitrile. Coll

Cyg column with alinear gradient of 1 to 12% ( 9 24 minutes at 40°C, with
monitoring at 262 nm. The Use Of Cag ronn i

Source: Metc . i . .L¥and Codd, G.A. 2002. “Effects of Organic
[ iqui romatographic Analysis of the Cyanobacterial Toxin
Environmental Eutrophic Waters by Solid Phase

A Kits for Cylindrospermopsin

nalysis Purpose: Presumptive
nalytical Technique: Immunoassay

Method Developed for: Cylindrospermopsin in ground water, surface water, and well water
Method Selected for: SAM lists these procedures for presumptive analysisin aerosol, solid,
particulate, liquid, and water samples. Further research is needed to develop and standardize the
procedures for environmental sample types other than water.

Description of Method: Cylindrospermopsin is detected using a colorimetric immunoassay
(competitive ELISA) procedure. A sample (0.05 mL), enzyme conjugate (cylindrospermopsin-
HRP), and an antibody solution containing rabbit anti-cylindrospermopsin antibodies are added to
plate wells containing immobilized sheep anti-rabbit antibodies. Both the cylindrospermopsin (if
present) in the sample and cylindrospermopsin-HRP conjugate compete in solution to bind to the
rabbit anti-cylindrospermopsin antibodies in proportion to their respective concentrations. The
anti-cylindrospermopsin antibody-target complexes are then bound to the immobilized sheep anti-
rabbit antibodies on the plate. After incubation, the unbound molecules are washed and decanted.
A specific substrate is then added which is converted from a colorless to a blue solution by the
HRP enzyme conjugate solution. The reaction is terminated with the addition of a dilute acid. The
concentration of cylindrospermopsin in the sample is determined photometrically by comparing
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8.3.7

sampl e absorbance to the absorbance of the calibrators (standards) at a specific wavelength (450
nm). The applicable concentration range is 0.4-2.0 pg/L, with a minimum detection level of 0.4

Mo/L.

Source: NEMI. 2006.
http://infotrek.er.usgs.gov/plsapex/f 2p=119:38:7526698938332159::::P38 METHOD 1D:9507

Diacetoxyscirpenol (DAS)
CAS RN: 2270-40-8

Method Analytical Technique Section

International Journal of Food Microbiology. 1988.
6(1): 9-17

Immunoassay

Rapid Communications in Mass Spectrometry.

2006. 20(9): 14221428 LC/APCI-MS

8.3.7.1 Literature Reference for Diacetoxyscirpenol (D
of Food Microbiology. 1988. 6(1): 9-17)

Analysis Purpose: Presumptive
Analytical Technique: Immunoassay

Method Developed for: DASin food
Method Selected for: SAM lists thes pLmptive analysisin aerosol, solid,

detection of DAS in food samples.
munization of rabbits with DAS-hemiglutarate-

or use as enzyme-labeled toxin in the competitive assay.
using this assay is approximately 10 pg/mL. This assay will cross-
ive cross-reactivities of the assay are 597.5, 5.2, 100.0, 2.5, and

urce: Klaffer, U., Martlbauer, E., and Terplan, G. 1988. “Devel opment of a Sensitive
nzyme-linked Immunosorbent Assay for the Detection of Diacetoxyscirpenol.” International
Journal of Food Microbiology. 6(1): 9-17.
http://www.sciencedirect.com/science/journal /01681605

8.3.7.2 Literature Reference for Diacetoxyscirpenol (DAS) and T-2 Mycotoxin
(Rapid Communications in Mass Spectrometry. 2006. 20(9): 1422-1428)

Analysis Purpose: Confirmatory
Analytical Technique: Liquid chromatography/atmospheric pressure chemical ionization mass
spectrometry (LC/APCI-MYS)

Method Developed for: DASand T-2 mycotoxin in food

Method Selected for: SAM lists these procedures for confirmatory analysisin aerosol, solid,
particulate, liquid, and water samples. Further research is needed to develop and standardize the
procedures for environmental sample types.
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Description of Method: A LC/APCI-MS procedure based on time-of-flight mass spectrometry
(TOFMYS), with areal-time reference mass correction, is used for simultaneous determination of
Fusarium mycotoxins (to include DAS and T-2 mycotoxin) in foodstuffs. Mycotoxin samples are
extracted with acetonitrile/water (85:15) and centrifuged, and the supernatant is applied to a
column for cleanup. Prepared samples are separated by liquid chromatography with an aqueous
mobile phase of ammonium acetate and methanol detection is provided in exact mass
chromatograms with a mass window of 0.03 Th. The limits of detection range from 0.1 to 6.1
ng/g in analyzed foodstuffs.

Source: Tanaka, H., Takino, M., Sugita-Konishi, Y., and Tanaka, T. 2006. “ Development of
Liquid Chromatography/Time-of-flight Mass Spectrometric Method for the Simultaneous
Determination of Trichothecenes, Zearalenone, and Aflatoxinsin Foodstuffs.” Rapid
Communications in Mass Spectrometry. 20(9): 1422-1428.

http://cat.inist.fr/?aM odel e=afficheN& cpsidt=17697070

8.3.8 Microcystins (Principal isoforms: LA, LR, LW, RR, YR)

CAS RNs: 96180-79-9 (LA), 101043-37-2 (LR), 157622-02-
101064-48-6 (YR)

Method

Journal of AOAC International. 2001. 84(4): 1035—
1044

Analyst. 1994. 119(7): 1525-1530

8.3.8.1 Literature Refe

icrocystins-LA, -LR, -LW, -RR, -YR in algae products

lists these procedures for presumptive analysisin aerosol, solid,

, and water samples. Further research is needed to develop and standardize the
vironmental sample types.

of Method: ELISA and protein phosphatase inhibition assays are used to detect
icrocystins in blue-green algae products. Solid samples are prepared by homogenization in
ethanol (75% in water), with centrifugation to remove solids. |mmunoassays are performed on
the prepared samples using a commercially available ELISA test kit as described by the
manufacturer. Samples are quantitated by comparison with amicrocystins-LR standard curve.
Quantitation with the colorimetric protein phosphatase inhibition assay is based on a comparison
with amicrocystin-LR standard curve. ELISA and phosphatase assay results agree over a
concentration range of 0.5 to 35 pug/g. Neither assay is specific for a particular isoform.

Source: Lawrence, J.F., Niedzwiadek, B., Menard, C., Lau, B.P., Lewis, D., Kuper-Goodman,
T., Carbone, S., and Holmes, C. 2001. “Comparison of Liquid Chromatography/Mass
Spectrometry, ELISA, and Phosphatase Assay for the Determination of Microcystinsin Blue-
green Algae Products.” Journal of AOAC International . 84(4): 1035-1044.
http://cat.inist.fr/?aM odel e=afficheN& cpsidi=1135453

8.3.8.2 Literature Reference for Microcystins (Analyst. 1994. 119(7): 1525-1530)

Analysis Purpose: Confirmatory
Analytical Technique: HPLC-PDA
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8.3.9

Method Developed for: Microcystins-LA, -LR, -LW, -RR, -YR in raw and treated waters
Method Selected for: SAM lists these procedures for confirmatory analysisin aerosol, solid,
particulate, liquid, and water samples. Further research is needed to develop and standardize the
procedures for environmental sample types other than water.

Description of Method: Procedures are discussed to test the presence of microcystin-LR, -LY, -
LW, -LF (CAS RN 154037-70-4), and -RR in treated and untreated water samples.
Cyanaobacterial cells are separated from the water by filtration through 110-mm glass fiber grade
C (GF/C) discs. The cellular components collected on the discs are extracted three times with
methanol; the collected extraction fluids are combined and dried. The residue is resuspended in
methanol and analyzed by HPLC-PDA. Theliquid portion of the filtered water sampleis
subjected to trace enrichment using a C,g SPE cartridge, followed by identification and
determination by HPLC-PDA. This procedure can detect microcystin concentrations 3

microcystins.

Source: Lawton, L.A., Edwards, C., and Codd, G.A. 1994. “Ex
Liquid Chromatographic Method for the Determination of My
Waters.” Analyst. 119(7): 1525-1530.
http://www.rsc.org/Publishing/Journal SJAN/article.asp?doi=AN9

Picrotoxin
CAS RN: 124-87-8

Analytical Technique Section

HPLC 8.3.9.1

loped for: Picrotoxinin serum

ethod Selected for: SAM lists these procedures for confirmatory analysisin aerosol, solid,
articulate, liquid, and water samples. Further research is needed to develop and standardize the
procedures for environmental sample types.

Description of Method: Procedures are described for quantification of the two components of
picrotoxin (picrotin [CAS RN 21416-53-5] and picrotoxinin [CAS RN 17617-45-7]) in serum
samples. Serum samples are prepared by washing with n-hexane, followed by extraction with
chloroform. The chloroform is evaporated and the sample is reconstituted in acetonitrile-1 mM
ammonium acetate buffer (pH 6.4) 34.66 (v/v) for assay by reversed-phase HPLC. The effluent
ismonitored at 200 nm, and quantification is based on peak-height ratio of analyte to the internal
standard. A linear responseis obtained for both analytes (picrotin and picrotoxinin) in the range
0.210 20.0 pug/mL.

Source: Soto-Otero, R., Mendez-Alvarez, E., Sierra-Paredes, G., Galan-Valiente, J., Aguilar-
Veiga, E., and Sierra-Marcuno, G. 1989. “ Simultaneous Determination of the Two Components
of Picrotoxin in Serum by Reversed-phase High-performance Liquid Chromatography with
Application to a Pharmacokinetic Study in Rats.” Journal of Pharmaceutical & Biomedical
Analysis. 7(3): 369-375. http://www.sciencedirect.com/science/journal /07317085
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8.3.10 Saxitoxins (Principal isoforms: STX, NEOSTX, GTX, dcGTX, dcSTX)
CAS RNs: 35523-89-8 (STX), 64296-20-4 (NEOSTX), 77462-64-7 (GTX), 58911-04-9

(dcSTX)
Method Analytical Technique Section
Journal of AOAC International. 1995. 78: 528— HPLC-FL (post column
i 8.3.10.1
532 derivatization)
ELISA Kits for Saxitoxin Immunoassay 8.3.10.2

8.3.10.1 Literature Reference for Saxitoxin (Journal of AOAC International. 1995.
78(2): 528-532)

Analysis Purpose: Confirmatory
Analytical Technique: HPLC-FL (post column derivatization)

procedures for environmental sample types.

Description of Method: Procedures are descrig i saxitoxinin
shellfish using ion interacti on chromatography j -phase (Cg) column with
ent net charges are

. ngh sensitivity with detection limits ranging
of reduced band broadening and optimized reaction

. “Postcolumn Derivatization Liquid Chromatographic Method for
Toxins.” Journa of AOAC International. 78(2): 528-532.
/?aM odel e=afficheN& cpsidt=3469391

.3.10.2 ELISA Kits for Saxitoxins

Analysis Purpose: Presumptive
Analytical Technique: Immunoassay

Method Developed for: STX inwater and solid samples (e.g., shellfish)

Method Selected for: SAM lists these procedures for confirmatory analysisin aerosol, solid,
particulate, liquid, and water samples. Further research is needed to develop and standardize the
procedures for environmental sample types other than water.

Description of Method: Saxitoxin is detected using a colorimetric immunoassay (competitive
ELISA) procedure. A sample (0.05 mL), enzyme conjugate (saxitoxin-HRP), and an antibody
solution containing rabbit anti-saxitoxin antibodies are added to plate wells containing
immobilized sheep anti-rabbit antibodies. Both the saxitoxin (if present) in the sample and
saxitoxin-HRP conjugate compete in solution to bind to the rabbit anti-saxitoxin antibodies in
proportion to their respective concentrations. The anti-saxitoxin antibody-target complexes are
then bound to the immobilized sheep anti-rabbit antibodies on the plate. After incubation, the
unbound molecules are washed and decanted. A specific substrate is then added which is
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converted from a colorless to a blue solution by the HRP enzyme conjugate solution. The reaction
is terminated with the addition of a dilute acid. The concentration of saxitoxin in the sampleis
determined photometrically by comparing sample absorbance to the absorbance of the calibrators
(standards) at a specific wavelength (450 nm). The applicable concentration range is 0.015-0.4
ng/mL, with a minimum detection level of 0.015 ng/mL.

Special Considerations: Thiskit is not intended for other types of saxitoxin. Cross-reactivity is
observed with the following saxitoxin types: dcSTX (29%), GTX 2, 3, and 5B (23%), sulfo GTX
1 and 2 (2.0%, dcGTX 2 and 3 (1.4%), NEOSTX (1.3%), dcNEOSTX (0.6%), GTX 1 and 4
(<0.2%). High concentrations (e.g., above 0.1 ng/mL for toxins with >20% cross-reactivity) of
these other types of saxitoxin may produce false positive responses.

Source: NEMI. 2006.
http://infotrek.er.usgs.gov/pls/apex/f 2p=119:38:8989971104293493:::: P38 METHOD¢®

8.3.11 T-2 Mycotoxin

CAS RN: 21259-20-1
Method

Techniq

Journal of Food Protection. 2005. 68(6): 1294-1301 Immunoassa;

Rapid Communications in Mass Spectrometry. 200

20(9): 1422-1428 C/APCI-MS

8.3.7.2

See Sections 8.3.2.2 and 8.3.7. ation
for T-2 Mycotoxin.

and LC/APCI-MS procedures

Analytical Technique Section
LC/ESI-MS 8.3.12.1
Immunoassay 8.3.12.2

3.12.1 Literature Reference for Tetrodotoxin (Analytical Biochemistry. 2001.
290(1): 10-17)

Analysis Purpose: Confirmatory
Analytical Technique: LC/ESI-MS

Method Developed for: Tetrodotoxin (TTX) from puffer fish and newt tissues

Method Selected for: SAM lists these procedures for confirmatory analysisin aerosol, solid,
particulate, liquid, and water samples. Further research is needed to develop and standardize the
procedures for environmental sample types.

Description of Method: Procedures are described for LC/ESI-MS analysis of TTXs in tissue
samples from puffer fish and newts by a combination of chromatography on a reversed-phase
column with long carbon chains (C30) and with the mobile phase containing an ion pair reagent
(ammonium heptafluorobutyrate). The relationship between the amount of applied standard TTX
and its peak area on the mass chromatogram (m/z 320) shows good linearity over arange of 50 to
1000 pmol. The detection limit of TTX in the SIM mode is estimated to be 0.7 pmol, with a
signal to noise ratio of 2:1.
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Source: Shoji, Y., Yotsu-Yamashita, M., Miyazawa, T., and Yasumoto, T. 2001. “Electrospray
lonization Mass Spectrometry of Tetrodotoxin and its Analogs: Liquid Chromatography/Mass
Spectrometry, Tandem Mass Spectrometry, and Liquid Chromatography/Tandem Mass
Spectrometry.” Analytical Biochemistry. 290(1): 10-17.
http://www.sciencedirect.com/science/journal /00032697

8.3.12.2 Literature Reference for Tetrodotoxin (Journal of Clinical Laboratory
Analysis. 1992. 6(2): 65-72)

Analysis Purpose: Presumptive
Analytical Technique: Immunoassay

Method Developed for: Tetrodotoxin in buffer
Method Selected for: SAM lists these procedures for presumptive analysisin
particulate, liquid, and water samples. Further research is needed to develg
procedures for environmental sample types.

Description of Method: Procedures are described for a col
immunoassay (CIEIA) for tetrodotoxin in biological samgig®
T20G10, isdirectly labeled with akaline phosphatase for usein
ng/mL (IC 50) and 2 to 3 ng/mL (IC 20) are aclyaed.

Source: Raybould, T.J., Bignami, G.S., Inouyd i .B. rnes, J.B., Grothaus,
P.G., and Vann, D.C. 1992. “A i has
Tetrodotoxin in Biologica SauP L gtory Analysis. 6(2): 65—72.
http://wwwa3.intersciencg wi .
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Section 9.0: Conclusions

Methods listed in Appendix A (chemical methods), Appendix B (radiochemical methods), Appendix C
(pathogen methods), and Appendix D (biotoxin methods) are recommended for use in assessment of the
extent of contamination and the effectiveness of decontamination following a homeland security event.

The primary objective of this document is not necessarily to identify the “best” analytica methods, but
rather to identify appropriate methods that represent a balance between providing existing, documented,
determinative techniques and providing consistent and valid analytical results. The method selected for
each analyte/sampl e type combination was deemed the most general, appropriate, and broadly applicable
of available methods. Thisisaliving document, which can be used as a guide by EPA and EPA-
contracted |aboratories tasked with analysis of environmental samples following a homeland secug
event. Recommended methods are subject to change based on procedure testing and advanc

technology.

Any questions concerning the information in this document should be directed t approprigte p

>
<V
o
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Appendix A: Selected Chemical Methods

Determinative

Non-aqueous

Aqueous Liquid

Drinking Water

Analyte(s) CAS RN Technique Method Type| Solid Samples Liq_uid/Org'cmic1 Samples Samples
Solid Samples
sample Prep | AGTRECT | “oumalof | Adapted rom
Acephate 30560-19-1 HPLC Chromatographia,
Determinative Chromatography A, Chromatography A, 63(5/6): 233-237
1154(1): 3-25 1154(1): 3-25
. Sample Prep | Water extraction | Water extraction PV2004
Acrylamide 79-06-1 HPLC
Determinative 8316 8316
(EPA SW-846) (EPA SW-846) (EPA SW-846)
Sample Prep | Water extraction Water extraction 3570/8290A Appendix A
Actrylonitrile 107-13-1 HPLC 8316 (EPA SW-846)
- 8316 (EPA SW-846) (OSHA) 8316
Determinative| — epa sw-g46) (EPA SW-846)
Sample Prep 8318A MS014 5601 3570{2?)%0&@?8’12;&)( A
Aldicarb (Temik) 116-06-3 HPLC — (EPASW-846) PA CRL) (NIOSH) 8318A
Determinative (EPA SW-846)
3570/8290A Appendix A
. 8318A MS014 531.2 5601 EPA SW-846
Aldicarb sulfone 1646-88-4 HPLC (EPA SW-846) (EPA CRL) (EPA OW) (NIOSH) ( 3318A )
(EPA SW-846)
3570/8290A Appendix A
. . MS014 531.2 5601 EPA SW-846
Aldicarb sulfoxide 1646-87-3 (EPA SW-846) (EPA CRL) (EPA OW) (NIOSH) ( 8318A )
(EPA SW-846)
_al 3585 5030C 5030C
Allyl alcohol 107-18-6 (EPR'SW-846) (EPA SW-846) (EPA SW-846) (EPA SW-846) TO-152 Not of concern
8260C 8260C 8260C 8260C (EPA ORD)
(EPA SW-846) (EPA SW-846) (EPA SW-846) (EPA SW-846)
Sample Prep 3535A/8330B 3535A/8330B 3570/8290A Appendix A
8330B 8330B (EPA SW-846) (EPA SW-846) Not of concern (EPA SW-846)
Determinative (EPA SW-846) (EPA SW-846) 83308 83308 8330B
(EPA SW-846) (EPA SW-846) (EPA SW-846)
Sample Prep 4500- NH, B
7664-41-7 | Spectrophotometry Not of concern Not of concern (SM) 350.1 6015 Not of concern
Determinative 4500-NH, G (EPA OW) (NIOSH)
(SM)
Sample Prep 3050B 3031 10-3.1 9102
2803556 | ICP-AES / ICP-MS (EPA SW-846) (EPA SW-846) 200.7/200.8 200.7/200.8 (EPA ORD) (NIOSH)
(analyze for 18 Determinative| 8010C/6020A 6010C/6020A (EPA OW) (EPA OW) 10-3.4/10-3.5 6010C/6020A
(EPA SW-846) (EPA SW-846) (EPA ORD) (EPA SW-846)
Sample Prep (EPA3()S5V?/?846) (EPA323\}-846) 200.7/200.8 200.7/200.8 (Ellv(/jx-géo) (Ngl(lJOSZH)
Arsenic, Total 7440-38-2 |[ICP-AES/ICP-MS : . : :
Determinative| 8010C/6020A 6010C/6020A (EPA OW) (EPA OW) 10-3.4/10-3.5 6010C/6020A
(EPA SW-846) (EPA SW-846) (EPA ORD) (EPA SW-846)
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Determinative

Non-agueous

Aqueous Liquid

Drinking Water

Determinative

(EPA SW-846)

(EPA SW-846)

(EPA SW-846)

(EPA SW-846)

Analyte(s) CASRN Technique Method Type| Solid Samples Liq'uid/Organicl samples samples
Solid Samples
L Sample Prep 30508 3031
Arsenic trioxide (EPA SW-846) (EPA SW-846) 200.7/200.8 200.7/200.8
. 1327-53-3 |ICP-AES/ICP-MS
(analyze for total arsenic) Determinative| 8010C/6020A 6010C/6020A (EPA OW)
(EPA SW-846) (EPA SW-846)
GFAA/ ICP-AES /| Sample Prep oW
Arsine 7784-42-1 - (EPA SW-846) Not of concern 200.7/200.8
ICP-MS o 7010
Determinative (EPA SW-846)
Sample Prep D5755-03 (soft D6480-05
Asbestos 1332-21-4 TEM surfaces-microvac) [ Not of concern (hard surfaces-wipes)
Determinative (AST™M) (ASTM)
Sample Prep
Boron trifluoride 7637-07-2 ISE Not of concern Not of concern Not of concern
Determinative
Sample Prep ROC/3535A 3520C/3535A 3570/8290A Appendix A
Brodifacoum 56073-10-0 HPLC (EPA SW-846) (EPA SW-846)
8321B 8321B
(EPA SW-846) (EPA SW-846) (EPA SW-846)
3541/3545A 3520C/3535A 3570/8290A Appendix A
Bromadiolone 28772-56-7 | HPLC / LC-Md (EPA SW-846) MS014 (EPA SW-846) (EPA SW-846)
(EPA CRL) 8321B 8321B
(EPA SW-846) (EPA SW-846)
3520C/3535A 3520C/3535A 3570/8290A Appendix A
BZ [Quinuclidinyl benzilate] : (EPA SW-3846) (EPA SW-3846) (EPA SW-3846) (EPA SW—3846)
o 8321B 8321B 8321B 8321B
(EPR"SW-846) (EPA SW-846) (EPA SW-846) (EPA SW-846) (EPA SW-846)
3050B 3031 9102
Calcium arsenate (EPA SW-846) (EPA SW-846) 200.7/200.8 200.7/200.8 (NIOSH)
. 7778-44-1 / ICP-MS
(analyze as total arsenic) Determinative| 8010C/6020A 6010C/6020A (EPA OW) (EPA OW) 6010C/6020A
(EPA SW-846) (EPA SW-846) (EPA SW-846)
Sample Prep 3570/8290A Appendix A
C-MS-MS 8318A 8318A MS014 531.2 (EPA SW-846)
T (EPA SW-846) (EPA SW-846) (EPA CRL) (EPA OW) 8318A
Determinative (EPA SW-846)
Sample Prep 3541/3545A 3580A 3520C/3535A 3520C/3535A 3570/8290A Appendix A
56708-52-0 HPLC (EPA SW-846) (EPA SW-846) (EPA SW-846) (EPA SW-846) (EPA SW-846)
Determinative 8321B 8321B 8321B 8321B 8321B
(EPA SW-846) (EPA SW-846) (EPA SW-846) (EPA SW-846) (EPA SW-846)
Sample Prep 5035A 3585 5030C
Carbon disulfide 75-15-0 GC-MS (EPA SW-846) (EPA SW-846) (EPA SW-846) 524.2 Not of concern
Determminative 8260C 8260C 8260C (EPA OW)
(EPA SW-846) (EPA SW-846) (EPA SW-846)
Sample Prep 3541/3545A 3580A 3520C/3535A 3520C/3535A 3570/8290A Appendix A
Chiorfenvinphos 470-90-6 GOMS (EPA SW-846) (EPA SW-846) (EPA SW-846) (EPA SW-846) (EPA SW-846)
8270D 8270D 8270D 8270D 8270D

(EPA SW-846)
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Determinative

Non-agueous

Aqueous Liquid

Drinking Water

Determinative

(EPA SW-846)

(EPA SW-846)

(EPA SW-846)

(EPA SW-846)

i Liquid/Organic i
Analyte(s) CAS RN Technique Method Type| Solid Samples q' g . Samples Samples Air Samples
Solid Samples
Adapte
Sample Prep lyst, 1
Chlorine 7782-50-5 | Spectrophotometry Not of concern Not of concern 4500-CIG 4500-CIG 853-18 Not of conc
(SM) (SM) :
Determinative 4500-CI G
(SM)
Sample Prep 5035A 3585 5030C
2-Chloroethanol 107-07-3 | GC-MS/GC-FID (EPA SW-846) (EPA SW-846) (EPA SW-846) PA 46) 3 ncern
Determinative 8260C 8260C 82 (NIOSH)
(EPA SW-846) (EPA SW-846) (EPAS
Sample Prep 3541/3545A 3580A 3520C/35 3570/8290A Appendix A
3-Chloro-1,2-propanediol 06-24-2 GC-MS (EPA SW-§46) (EPA SW-§46) g (EPA SW-584 T (EPA SW-5846)
D - 8270D 8270D 8270D 8270D RD) 8270D
eterminative
(EPA SW-846) (EPA SW-846) EPA SW-846) (EPA SW-846)
Sample Prep 3545A 3570/8290A Appendix A
Chloropicrin 76-06-2 | GC-MS / GC-ECD (EPA SW-846) (ESilgW) 521(')1\/\/) PV2103 (OSHA) (EPA SW-846)
Determinative 8270D 8270D
(EPA SW-846) (EPA SW-846)
: 3520C/3535A 3570/8290A Appendix A
_ - 6 -
Chlorosarin 1445-76-7 GC-MS (EPA SW-846) TO-10A (EPA SW-846)
8270D (EPA ORD) 8270D
(EPA SW-846) (EPA SW-846) (EPA SW-846) (EPA SW-846)
3541/3545A 3520C/3535A 3520C/3535A 3570/8290A Appendix A
- - - 6 _
Chlorosoman 7040-57-5 (EPA SW-846) (EPA SW-846) TO-10A (EPA SW-846)
8270D 8270D (EPA ORD) 8270D
(EPA SW-846) (EPA SW-846) (EPA SW-846) (EPA SW-846)
2-Chlorovinylarsonous acid 3031 10-3.1 9102
Y ) (EPA SW-846) 200.7/200.8 200.7/200.8 (EPA ORD) (NIOSH)
(2-CVAA) (degradation product of | 85090-33-1
Lewisite) 6010C/6020A (EPA OW) (EPA OW) 10-3.4/10-3.5 6010C/6020A
(EPA SW-846) (EPA SW-846) (EPA ORD) (EPA SW-846)
3541/3545A 3580A 3520C/3535A 3520C/3535A 3570/8290A Appendix A
. (EPA SW-846) (EPA SW-846) (EPA SW-846) (EPA SW-846) TO-10A (EPA SW-846)
Chlorpyrifos
Determinative 8270D 8270D 8270D 8270D (EPA ORD) 8270D
(EPA SW-846) (EPA SW-846) (EPA SW-846) (EPA SW-846) (EPA SW-846)
Sample Pre 3541/3545A 3580A 3520C/3535A 3520C/3535A 3570/8290A Appendix A
CMS P P| (EPA sw-846) (EPA SW-846) (EPA SW-846) (EPA SW-846) TO-10A (EPA SW-846)
Determinative 8270D 8270D 8270D 8270D (EPA ORD) 8270D
(EPA SW-846) (EPA SW-846) (EPA SW-846) (EPA SW-846) (EPA SW-846)
Sample Pre 3545A 3580A 3535A 3535A 3570/8290A Appendix A
P P| (EPA sw-846) (EPA SW-846) (EPA SW-846) (EPA SW-846) Not of concern (EPA SW-846)
8270D° 8270D° 8270D° 8270D° 8270D°

(EPA SW-846)

Cyanide, Amenable to chlorination

NA

Spectrophotometry

Sample Prep

Determinative

3135.21
(EPA RLAB)

Not of concern

3135.2|
(EPA RLAB)

3135.2|
(EPA RLAB)

Not of concern

3135.21
(EPA RLAB)
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Determinative

Non-agueous

Aqueous Liquid

Drinking Water

Determinative

(EPA SW-846)

(EPA SW-846)

Analyte(s) CASRN Technique Method Type| Solid Samples Liq'uid/Organicl samples samples
Solid Samples
. Sample Prep | - \io5.3 oN ILM05.3 CN 335.4
Cyanide, Total 57-12-5 Spectrophotometry — (EPA CLP) Not of concern (EPA CLP)
Determinative
Sample Prep 5035A 3585 5030C
Cyanogen chloride 506-77-4 GC-MS (EPA SW-846) (EPA SW-846) (EPA SW-846)
Determinative 8260C 8260C
(EPA SW-846) (EPA SW-846) (EPA S
3541/3545A 3580A 3570/8290A Appendix A
Sample Prep | eoa sw.sa6) | (EPA SW-846) (EPA SW-846)
Cyclohexyl sarin (GF) 329-99-7 GC-MS
Determinative 8270D 8270D 8270D
(EPA SW-846) (EPA SW-846) (EPA SW-846)
1,2-Dichloroethane Sample Prep (EPASOS?’V?/?\S%) TO-15
(degradation product of HD) 107-06-2 GC-MS T 8260C 8260C (EPA ORD) Not of concern
Determinaive | pa syy-g46) PA SW-846)
Sample Prep : 525.2 TO-10A 3570(/2?3%03@%32)“” )
Dichlorvos 62-73-7 GC-MS (EPA OW) (EPA ORD) 52700
(EPA SW-846) (EPA SW-846)
3535A 3535A 3570/8290A Appendix A
. (EPA SW-846) (EPA SW-846) TO-10A (EPA SW-846)
Dicrotophos 141-66-2 8270D 8270D (EPA ORD) 8270D
(EPA SW-846) (EPA SW-846) (EPA SW-846)
3520C/3535A 3520C/3535A 3570/8290A Appendix A
. ) (EPA SW-846) (EPA SW-846) (EPA SW-846) (EPA SW-846)
Diesel range organics Not of concern
8015C 8015C 8015C 8015C
(EPA SW-846) (EPA SW-846) (EPA SW-846) (EPA SW-846)
Diisopropyl methylphosphon 3580A 3535A 3570/8290A Appendix A
(IMP) 1445.75.6 (EPA SW-846) (EPA SW-846) MS017 (EPA SW-846) TO-10A° (EPA SW-846)
(degradation prog Determinative 83218° 83218° (EPACRL) 83218° (EPA ORD) 83218°
(EPA SW-846) (EPA SW-846) (EPA SW-846) (EPA SW-846)
Sample Prep 3545A 3580A 3535A 3535A 3570/8290A Appendix A
(EPA SW-846) (EPA SW-846) (EPA SW-846) (EPA SW-846) TO-10A (EPA SW-846)
Determinative 8270D 8270D 8270D 8270D (EPA ORD) 8270D
(EPA SW-846) (EPA SW-846) (EPA SW-846) (EPA SW-846) (EPA SW-846)
Sample Prep 3545A 3580A 3535A 3535A 3570/8290A Appendix A
33876.51-6 HPLC (EPA SW-846) (EPA SW-846) (EPA SW-846) (EPA SW-846) To-10A% (EPA SW-846)
Determinative 8321B° 8321B° 83218° 83218° (EPA ORD) 83218°
(EPA SW-846) (EPA SW-846) (EPA SW-846) (EPA SW-846) (EPA SW-846)
Sample Prep 3541/3545A 3580A 3520C/3535A 3520C/3535A 3570/8290A Appendix A
A (EPA SW-846) (EPA SW-846) (EPA SW-846) (EPA SW-846) (EPA SW-846)
Diphacinone 82-66-6 HPLC Not of concern
Determinative 8321B 8321B 8321B 8321B 8321B
(EPA SW-846) (EPA SW-846) (EPA SW-846) (EPA SW-846) (EPA SW-846)
Sample Prep <§’§f\lé334§4/2) (EPAgségv?/A84e) 525.2 525.2 5600 3570(/23036%3%?&)( )
Disulfoton 298-04-4 GC-MS / GC-FPD 32700 82700 (EPA OW) (EPA OW) (NIOSH) 32700

(EPA SW-846)
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o Non-agueous L o
Analyte(s) CASRN D?}:&TA??ZB Method Type| Solid Samples Liquid/Organic Aqusez:qs l';'squ'd Drlr;lzrr;g l\/evsater
d Solid Samples’ P P
Sample Prep 3541/3545A 3580A 3570/8290A A
Disulfoton sulfoxide 2497-076 | GC-MS / GC-FPD (EP’; 257‘8"{3846) (EP’; 257‘8"5846) (ngc')zw) (ngc')zw)
Determinative | epn sw.ga6) | (EPA SW-846)
Samole Pre 3545A 3580A 3535A
1,4-Dithiane 505.99.3 COMS PIETTED | EpASW-846) | (EPA SW-846) (EPA SW-846)
(degradation product of HD) Determinative 8270D 8270D 8270D
(EPA SW-846) (EPA SW-846) (EPA SW-
" . 3545A 3580A 35M/8290A Appendix A
EA2192 [Diisopropylaminoethyl Sample Prep ] ] y
methylthiolophosphonate] 73207-98-4 HPLC (EPA SW 3846) (EPA SW 3846) (EPA SW 3846)
(hydrolysis product of VX) Determinative 8321B 8321B 8321B
(EPA SW-846) (EPA SW-846) (EPA SW-846)
. . 3545A 3570/8290A Appendix A
Ethyl methylphosphonic acid Sample Prep ] y
(EMPA) 1832-53-7 [HPLC/LC-MS-MS (EPA SW 3846) EPA ORD (EPA SW ?46)
(degradation product of VX) Determinative (EPi3§3V8846) ( ) (EP23§$846)
Sample Prep 3545A 3535A 9102
Ethyldichloroarsine (ED) 598-14-1 GC-MS = (EPQZSTV(\)II-)846) (EJA?-SSD) (glz(;ig)
Determig (EPA SW-846 (EPA SW-846) (EPA SW-846) (EPA SW-846)
3541/3545A 3520C/3535A 3570/8290A Appendix A
N-Ethyldiethanolamine (EDEA) 139-87-7 (EPA SW-846) MS016 (EPA SW-846) TO-10A (EPA SW-846)
(degradation product of HN-1) b o ] (EPA CRL) 8321B (EPA ORD) 8321B
eterminativ (EPA SW-846) (EPA SW-846)
5030C 5030C
. (EPA SW-846) (EPA SW-846) (EPA SW-846) TO-15
Ethylene oxide 32600 32600 32600 (EPA ORD) Not of concern
(EPA SW-846) (EPA SW-846) (EPA SW-846)
3541/3545A 3580A 3520C/3535A 3570/8290A Appendix A
) oo, (EPA SW-846) (EPA SW-846) (EPA SW-846) 525.2 TO-10A (EPA SW-846)
Fenamiphos 22224-92:6 Deteinative 8270D 8270D 8270D (EPA OW) (EPA ORD) 8270D
(EPA SW-846) (EPA SW-846) (EPA SW-846) (EPA SW-846)
Sample Pre 3541/3545A 3580A 3520C/3535A 3520C/3535A 3570/8290A Appendix A
PIEFTED | EpAsw-846) | (EPA SW-846) (EPA SW-846) (EPA SW-846) Not of concern (EPA SW-846)
Determinative 8321B 8321B 8321B 8321B 8321B
(EPA SW-846) (EPA SW-846) (EPA SW-846) (EPA SW-846) (EPA SW-846)
Sample Prep
300.1, Rev 1.0 300.1, Rev 1.0
16984-48-8 IC — Not of concern Not of concern (EPA OW) (EPA OW) Not of concern Not of concern
Determinative
Sample Prep Adapted from Adapted from Adapted from Adapted from Adapted from Adapted from
Fluoroacetamide 640-19-7 GC-MS Journal of Journal of Journal of Journal of Journal of Journal of
~ .| Chromatography B,| Chromatography B,| Chromatography B, | Chromatography B, | Chromatography B,| Chromatography B,
Determinative | g7g(1): 103-108 | 876(1): 103-108 | 876(1): 103-108 876(1): 103-108 | 876(1): 103-108 876(1): 103-108
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Determinative

Non-agueous

Aqueous Liquid

Drinking Water

(EPA SW-846)

(EPA SW-846)

i Liquid/Organic
Analyte(s) CAS RN Technique Method Type| Solid Samples q' g . Samples Samples Air Samples
Solid Samples
Sample Pre| Arg(lji?é::jljgt)tr:rs Arg(lji?é:;jlir;t)tr:rs 5301 3570/8290A AD
Fluoroacetic acid and fluoroacetate] P P Y . ! Y . ! 300.1, Rev 1.0 300.1, Rev 1.0 NIOS
salts (analyze for fluoroacetate ion) NA Ic 27(14): 2703-2718 | 27(14): 2703-2718 (EPA OW) (EPAO
Determinative 300.1, Rev 1.0 300.1, Rev 1.0 300.1, Rev 1¥
(EPA OW) (EPA OW) (EPA OW)
Sample Prep 5035A 3585 5030C C
2-Fluoroethanol 371-62-0 GC-MS / GC-FID (EPA SW-846) (EPA SW-846) (EPA SW-846) 46) 3
Determinative 8260C 8260C 82 (NIOSH)
(EPA SW-846) (EPA SW-846) (EPAS
Sample Prep 3570/8290A Appendix A
8315A 8315A (EPA SW-846)
Formaldehyde 50-00-0 HPLC - — (EPA SW-846) Not of concern (EPA SW-846 ) 3315A
eterminative (EPA SW-846)
Sample Prep 5035A 5030C 3570/8290A Appendix A
Gasoline range organics NA GC-FID (EPA SW-846) (EPA SW-846) A SW-546) Not of concern (EPA SW-846)
Determinative 8015C 8015C
(EPA SW-846) A SW-846) (EPA SW-846)
3535A/8330B 3570/8290A Appendix A
H.exghydro—1,3,5—tr|n|tro—1,3,5— 121-89-4 HPLC (EPA SW-846) Not of concern (EPA SW-846)
triazine (RDX) 83308 83308
(EPA SW-846) (EPA SW-846) (EPA SW-846)
3535A/8330B 3535A/8330B 3570/8290A Appendix A
Hexamethylenetriperoxidediamine 283-66-9 (EPA SW-846) (EPA SW-846) Not of concern (EPA SW-846)
(HMTD) 83308 83308 83308

(EPA SW-846)

Determinative

Hydrogen bromide Not of concern Not of concern Not of concern (N7I?)033H) Not of concern
Hydrogen chloride Not of concern Not of concern Not of concern Not of concern (N7Ig(‘)$3H) Not of concern
Determinative
Sample Prep 6010
Not of concern Not of concern Not of concern Not of concern (NIOSH) Not of concern
Determinative
Sample Prep 79031
7664-39-3 IC Not of concern Not of concern Not of concern Not of concern (NIOSH) Not of concern
Determinative
Sample Prep 6013
Hydrogen sulfide 7783-06-4 IC Not of concern Not of concern Not of concern Not of concern (NIOSH) Not of concern
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Determinative

o Non-agueous Lo L
Analyte(s) CASRN Dflz_t:CrrTr:?ane Method Type| Solid Samples Liquid/Organic AquSe;JrlTJ]s ll;qwd Drlr;lgrr;g l\/evsater
d Solid Samples’ P P
Isopropyl methylphosphonic acid Sample Prep 35454 3580A 3535A
(IMPA) (degradation product of 1832-54-8 |HPLC / LC-MS-MS (Epgssz‘iVE;3846) (EP/;?’SZ\;V;%) (El\lgi%l;L) (EPA SW-846)
GB) Determinative
NAVE] Epasw-846) | (EPA SW-846)
Sample Prep 5035A 3585 5030C
Kerosene 64742-81-0 GC-FID (EPA8081V5‘,’(2846) (Ep'goslvs‘,’f%) (EPA SW-846)
Determinative| — epa sw-g46) | (EPA SW-846)
Sample Prep 3050B 3031 9102
Lead arsenate (EPA SW-846) (EPA SW-846) (NIOSH)
. 7645-25-2 [ ICP-AES /ICP-MS
(analyze as total arsenic) Determinative| ~8010C/6020A 6010C/6020A 6010C/6020A
(EPA SW-846) (EPA SW-846) (EPA SW-846)
Lewisite 1 (L-1)* Sample Prep 30508 ‘ 9102
. EPA SW-846 200.7/200.8 EPA ORD NIOSH
[2-chlorovinyldichloroarsine] 541-25-3 |ICP-AES/ICP-MS (6010C/6020A) (EPA OW) IEJ-3 4“0_3)5 GOSLOC/GOZ)OA
(analyze for total arsenic) Determinative (EPA SW-846) (EPA ORD') (EPA SW-846)
L 3050B 10-3.1 9102
Lewisite 2 (L-2) Sample Prep
[bis(2-chlorovinyl)chloroarsine] 40334-69-8 [ ICP-AES /ICP-MS B oC/o Z(E(I)D;/g)v?/)g IEEZAM(I)C?E)S 60(1%8:32)0A
(analyze for total arsenic) Determig (PA SW-848 (EPA ORD) (EPA SW-846)
Lewisite 3 (L-3) 3050B 10-3.1 9102
i ; ) . i (EPA SW-846) 200.7/200.8 200.7/200.8 (EPA ORD) (NIOSH)
[tris(2-chlorovinyarsine] 40334-70-1 |ICP-AES | g - 6010C/6020A (EPA OW) (EPA OW) 10-3.4/10-3.5 6010C/6020A
(analyze for total arsenic) Determinativl (EPA ORD) (EPA SW-846)
10-3.1 9102
Lewisite oxide (EPA SW-846) 200.7/200.8 200.7/200.8 (EPA ORD) (NIOSH)
(degradation product of Lewisite) 6010C/6020A (EPA OW) (EPA OW) 10-3.4/10-3.5 6010C/6020A
(EPA SW-846) (EPA ORD) (EPA SW-846)
9102
Mercuric chloride (analyze fo 7473 245.1 (NIOSH)
mercury) 7487-94-7 a0 (EPA SW-846) Not of concern (EPA SW-846) (EPA OW) Not of concern 747312
Determinative (EPA SW-846)
Sample Pre 9102
ple Frep 74732 Not of concern 74732 2451 10-5 (NIOSH)
(EPA SW-846) (EPA SW-846) (EPA OW) (EPA ORD) 74732

(EPA SW-846)

Sample Prep

Adapted from

Adapted from

Adapted from

Adapted from

Adapted from

Adapted from

Determinative

Journal of Journal of ; ; Journal of Journal of
10265-92-6 LC-MS-MS | Chromatography A,| Chromatography A, %gg%?g%;gg? Cﬁgr(%r/%e)ltozgg;gr;? Chromatography A,  Chromatography A,
Determinative | 1754(1): 3-25 1154(1): 3-25 : : 1154(1): 3-25 1154(1): 3-25
Sample Prep 3570/8290A Appendix A
8318A 8318A MS014 531.2 5601 (EPA SW-846)
Methomy 16752-77-5 |HPLC /LC-MS-MS | (EPASW-846) | (EPASW-B40) (EPA CRL) (EPA OW) (NIOSH) 3316A
eterminative (EPA SW-846)
Sample Pre 9102
Methoxyethylmercuric acetate 151-38-2 Spectrophotometry P P 7473 Not of concern 7473% 245.1 10-5 (NIOSH)
(analyze for total mercury) / CVAA | CVAFS (EPA SW-846) (EPA SW-846) (EPA OW) (EPA ORD) 7473

(EPA SW-846)
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o Non-agueous Lo L
Analyte(s) CASRN Determlpatlve Method Type| Solid Samples Liquid/Organic Aqueous Liquid Drinking Water Air Samples
Technique . 1 Samples Samples
Solid Samples
Sample Prep | Water extraction Water extraction 3570/8290A A
Methyl acrylonitrile 126-98-7 HPLC 8316 8316
Determinative 8316 8316 (EPA SW-846)
(EPA SW-846) (EPA SW-846)
Adapted from Adapted from
Sample Prep | Analytical Letters, | Analytical Letters,
Methyl fluoroacetate 300.1, Rev 1.0
(analyze for fluoroacetate ion) 453-18-9 IC 27(14): 2703-2718 | 27(14): 2703-2718
Determinative 300.1, Rev 1.0 300.1, Rev 1.0
(EPA OW) (EPA OW)
Sample Prep 3541/3545A 3580A 3570/8290A Appendix A
i GC-MS/ (EPA SW-846) (EPA SW-846) (EPA SW-846)
Methyl hydrazine 60-34-4
Spectrophotometry Determinative 8270D 8270D 8270D
(EPA SW-846) (EPAGR-846) (EPA SW-846) (EPA SW-846)
Sample Prep
Methyl isocyanate 624-83-9 HPLC Not of concern Not of concern OSHA 54 Not of concern
Determinative
Sample Prep (EPA3583V?IA846) TO-10A 3570(/|§§>ioévo%%r;dix A
Methyl paraoxon 950-35-6 GC-MS 32700 (EPA ORD) 32700
(EPA SW-846) (EPA SW-846) (EPA SW-846)
3535A 3535A 3570/8290A Appendix A
) (EPA SW-846) (EPA SW-846) TO-10A (EPA SW-846)
Methyl parathion 298-00-0 32700 32700 (EPA ORD) 32700
(EPA SW-846) (EPA SW-846) (EPA SW-846) (EPA SW-846)
Methylamine Not of concern Not of concern Not of concern OSHA 40 Not of concern
3541/3545A 3580A 3520C/3535A 3570/8290A Appendix A
N-Methyldiethanolamine (MDE. (EPA SW-846) (EPA SW-846) MS016 (EPA SW-846) TO-10A (EPA SW-846)
(degradation ¢ C Determinative 8321B 8321B (EPA CRL) 8321B (EPA ORD) 8321B
(EPA SW-846) (EPA SW-846) (EPA SW-846) (EPA SW-846)
Sample Prep 3541/3545A 3580A 3520C/3535A 3520C/3535A 3570/8290A Appendix A
(EPA SW-846) (EPA SW-846) (EPA SW-846) (EPA SW-846) TO-10A° (EPA SW-846)
Determinative 8270D 8270D 8270D 8270D (EPA ORD) 8270D
(EPA SW-846) (EPA SW-846) (EPA SW-846) (EPA SW-846) (EPA SW-846)
sample Prep 3545A 3580A 3535A 3570/8290A Appendix A
993135 HPLC (EPA SW-846) (EPA SW-846) MS017 (EPA SW-846) TO-10A% (EPA SW-846)
Determinative 8321B° 8321B° (EPACRL) 8321B° (EPA ORD) 8321B°
(EPA SW-846) (EPA SW-846) (EPA SW-846) (EPA SW-846)
Ssample Prep 3545A 3580A 3535A 3570/8290A Appendix A
Mevinphos 7786-34-7 GC-MS (EPA SW-846) (EPA SW-846) (EPA SW-846) 525.2 TO-10A (EPA SW-846)
Determinative 8270D 8270D 8270D (EPA OW) (EPA ORD) 8270D
(EPA SW-846) (EPA SW-846) (EPA SW-846) (EPA SW-846)
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Determinative

Non-agueous

Aqueous Liquid

Drinking Water

Analyte(s) CASRN Technique Method Type| Solid Samples | Liquid/Organic Samples Samples
Solid Samples’
Sample Prep 3545A 3580A 3535A 3535A 3570/8290A A
Monocrotophos 6923-22-4 GC-MS (EP2287V(;/|-3846) (EP?3287\2/|-3846) (EP2287V(\)/|;)846) (EPA SW-846)
Determinative | epp qw.gas) | (EPASW-846) | (EPA SW-846)
_ Sample Prep 3541/3545A 3580A 3520C/3535A
Mustard, nitrogen (HN-1) (EPA SW-846) (EPA SW-846) (EPA SW-846)
. ) 538-07-8 GC-MS
[bis(2-chloroethyl)ethylamine] o 8270D 8270D
Determinalve | epa sw-846) | (EPA SW-846)
Mustard, nitrogen (HN-2) Sample Prep 3541/3545A 3580A 3570/8290A Appendix A
[2,2'-dichloro-N-methyldiethylaming] 51.75-2 GC-MS (EPA SW-846) (EPA SW-846) (EPA SW-846)
N,N-bis(2- o 8270D 8270D 8270D
chloroethy)methylamine] Determinative | epp qw.gae) | (EPA SW-846) (EPA SW-846)
_ Sample Prep 3541/3545A 35804 3520C/3535A 3570/8290A Appendix A
Mustard, nitrogen (HN-3) 555.77.1 GOMS (EPA SW-846) (EPA SW-846) TO-10A (EPA SW-846)
[tris(2-chloroethyl)amine] Determinative 8270D 8270D (EPA ORD) 8270D
(EPA SW-846) PA SW-846) (EPA SW-846)
Sample Prep 3571 3570/8290A Appendix A
Mustard, sulfur / Mustard gas (HD)| 505-60-2 GC-MS (EP; j(\;gﬁ%) (EL(X%OF:"D) (EPQZ j(\;;ﬁ%)
(EPA SW-846) (EPA SW-846) (EPA SW-846)
3535A 3535A 3570/8290A Appendix A
Nicotine compounds 54115 (EPA SW-846) (EPA SW-846) (EPA SW-846) Not of concern (EPA SW-846)
(analyze as nicotine) 8270D 8270D 8270D 8270D
(EPA SW-846) (EPA SW-846) (EPA SW-846)
3535A/8330B 3535A/8330B 3570/8290A Appendix A
Octahydro-1,3,5,7-tetranitro-1,3,5,7 (EPA SW-846) (EPA SW-846) Not of concern (EPA SW-846)
tetrazocine (HMX) (EPA SW-846) 8330B 8330B 8330B
(EPA SW-846) (EPA SW-846) (EPA SW-846)
3541/3545A 3580A 3570/8290A Appendix A
Organophosphate pesticides / GC-NPD (EPA SW-846) (EPA SW-846) 614 507 5600 (EPA SW-846)
' - 8270D 8270D (EPA OW) (EPA OW) (NIOSH) 8270D
Determinative | =pr sw.ga6) | (EPA SW-846) (EPA SW-846)
Sample Prep 30508 10-3.1 9102
' S | GEAA (EPA SW-846) Not of concern 252.2 252.2 (EPA ORD) (NIOSH)
 for total osmium) Determinative 6010C (EPA OW) (EPA OW) 10-3.4 6010C
(EPA SW-846) (EPA ORD) (EPA SW-846)
Sample Prep 3570/8290A Appendix A
23135-22-0 |HPLC / LC-MS-MS 8318A 8318A MS014 531.2 5601 (EPA SW-846)
. (EPA SW-846) (EPA SW-846) (EPA CRL) (EPA OW) (NIOSH) 8318A
Determinative (EPA SW-846)
Sample Prep 549.2 549.2
Paraquat 4685-14-7 HPLC Not of concern Not of concern (EPA (5W) (EPA 6W) Not of concern Not of concern
Determinative
Sample Prep 3541/3545A 3580A 3520C/3535A 3520C/3535A 3570/8290A Appendix A
Paraoxon 311-45.5 Ge-MS (EPA SW-846) (EPA SW-846) (EPA SW-846) (EPA SW-846) TO-10A (EPA SW-846)
Determinative 8270D 8270D 8270D 8270D (EPA ORD) 8270D
(EPA SW-846) (EPA SW-846) (EPA SW-846) (EPA SW-846) (EPA SW-846)
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o Non-agueous L o
Analyte(s) CAS RN Determlpatlve Method Type| Solid Samples Liquid/Organic Aqueous Liquid Drinking Water
Technique . 1 Samples Samples
Solid Samples
Ssample Prep 3541/3545A 3580A 3520C/3535A 3520C/3535A 3570/8290A A
Parathion 56-38-2 GC-MS (EPA SW-846) (EPA SW-846) (EPA SW-846) (EPA SW-846)
Determinative 8270D 8270D 8270D
(EPA SW-846) (EPA SW-846) (EPA SW-846)
Ssample Prep 3535A/8330B
. . 8330B 8330B (EPA SW-846)
Pentaerythritol tetranitrate (PETN) 78-11-5 HPLC — (EPA SW-846) (EPA SW-846)
Determinative
Sample Prep 3545A 3580A 0/8290A Appendix A
Phencyclidine 77-10-1 GC-MS (EPA SW-846) (EPA SW-846) (EPA SW-846)
Determinative 8270D 8270D 8270D
(EPA SW-846) (EPA SW-846) (EPA SW-846)
Sample Pre 3541/3545A g \ 3520C/3535A 3570/8290A Appendix A
P P (EPA SW-846) (EPA SW-846) TO-10A (EPA SW-846)
Phenol 108-95-2 GC-MS
Determinative 8270D 8270D (EPA ORD) 8270D
(EPA SW-846) PA SW-846) (EPA SW-846)
Sample Prep d 3535A 3570/8290A Appendix A
(EPA SW-846) TO-10A (EPA SW-846)
Phorate 298-02-2 GC-MS
8270D (EPA ORD) 8270D
(EPA SW-846) (EPA SW-846) (EPA SW-846)
3535A 3535A 3570/8290A Appendix A
Phorate sulfone 2588-04-7 (EPA SW-846) (EPA SW-846) TO-10A (EPA SW-846)
Determinativy 8270D 8270D (EPA ORD) 8270D
) (EPA SW-846) (EPA SW-846) (EPA SW-846)
ample Pre 3535A 3535A 3570/8290A Appendix A
. p P (EPA SW-846) (EPA SW-846) (EPA SW-846) TO-10A (EPA SW-846)
Phorate sulfoxide
- minative 8270D 8270D 8270D (EPA ORD) 8270D
(EPA SW-846) (EPA SW-846) (EPA SW-846) (EPA SW-846)
Phosgene Not of concern Not of concern Not of concern Not of concern OSHA 61 Not of concern
Determinative
Sample Pre 3541/3545A 3580A 3520C/3535A 3520C/3535A 3570/8290A Appendix A
P P (EPA SW-846) (EPA SW-846) (EPA SW-846) (EPA SW-846) TO-10A (EPA SW-846)
Determinative 8270D 8270D 8270D 8270D (EPA ORD) 8270D
(EPA SW-846) (EPA SW-846) (EPA SW-846) (EPA SW-846) (EPA SW-846)
Sample Prep 6002
7803-51-2 | Spectrophotometry Not of concern Not of concern Not of concern Not of concern (NIOSH) Not of concern
Determinative
Sample Prep 6402
Phosphorus trichloride 7719-12-2 | Spectrophotometry Not of concern Not of concern Not of concern Not of concern (NIOSH) Not of concern
Determinative
Pi vl thyl phosphoni id Sample Pre 3545A 3580A 3535A 3570/8290A Appendix A
inacolyl methy! phosphonic acl P Pl (epa sw-846) (EPA SW-846) MS017 (EPA SW-846) TO-10A* (EPA SW-846)
(PMPA) 616-52-4 |[HPLC/LC-MS-MS 3 3 (EPA CRL) 3 EPA ORD 3
(degradation product of GD) Determinative 8321B 8321B 83218 ( ) 83218
(EPA SW-846) (EPA SW-846) (EPA SW-846) (EPA SW-846)
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Determinative

Non-agueous

Aqueous Liquid

Drinking Water

(analyze as azide ion)

Determinative

00.1, Rev 1.0

300.1, Rev 1.0

300.1, Rev 1.0

Analyte(s) CASRN Technique Method Type| Solid Samples | Liquid/Organic Samples Samples
Solid Samples’
Sample Prep 5035A 3585 5030C 5030C
Propylene oxide 75569 | GC-MS /GC-FID <EP’; ;'Gvovf“) <EP’; ;'Gvovf“) (EP‘QZSGV()V(':846> (EPA SW846)
Determinative | ep's\w.46) | (EPASW-846) | (EPA SW-846)
R 33 (VR) - ‘ Sample Prep 3541/3545A 3580A 3520C/3535A
[methylphosphonothioic acid, S-[2- (EPA SW-846) (EPA SW-846) (EPA SW-846)
(diethylamino)ethyl] O-2- 159939-87-4 GC-MS T 8270D 8270D
methylpropy! ester] Determinatve | epn sw.g46) | (EPASW-846) | (EPAS
Sample Prep EPAgg\ZVl 846 EPAgg\ZVl 846 % /Siiogvopsﬂ?dix 8
Sarin (GB) 107-44-8 GC-MS — ( pr— ) ( pr— ) ( pr——— )
Determinalve | o) sw-g46) | (EPA SW-846) (EPA SW-846)
‘ . . Sample Prep 3541/3545A 8 A 3520C/3535A 3570/8290A Appendix A
Semivolatile organic compounds, NA GC-MS (EPA SW-846) (EPA SW-846) TO-10A (EPA SW-846)
NOS Determminative 8270D 8270D (EPA ORD) 8270D
(EPA SW-846) PA SW-846) (EPA SW-846)
_ _ Sample Prep 10-3.1 9102
Sodium arsenite ' 7784465 | ICP-AES / ICP-MS 200.7/200.8 (EPA ORD) (NIOSH)
(analyze for total arsenic) (EPA OW) 10-3.4/10-3.5 6010C/6020A
(EPA ORD) (EPA SW-846)
Adapted from J. of [ Adapted from J. of
Sodium azide orensic Sciences, Forensic Sciences, | Forensic Sciences,
26628-22-8 43(1): 200-202" 43(1): 200-202 | 43(1): 200-202** | 1D-211 (OSHA) ID-211 (OSHA)

Determinative

(EPA SW-846)

(EPA SW-846)

(EPA SW-846)

(EPA SW-846)

(EPA OW) (EPA OW) (EPA OW)
mple Prep 3580A 3535A 3535A 3570/8290A Appendix A
Soman (GD) (EPA SW-846) (EPA SW-846) (EPA SW-846) TO-10A° (EPA SW-846)
8270D 8270D 8270D (EPA ORD) 8270D
(EPA SW-846) (EPA SW-846) (EPA SW-846) (EPA SW-846) (EPA SW-846)
3545A 3580A 3535A 3535A 3570/8290A Appendix A
Stychnine (EPA SW-846) (EPA SW-846) (EPA SW-846) (EPA SW-846) Not of concern (EPA SW-846)
8270D 8270D 8270D 8270D 8270D

(EPA SW-846)

Tabun (GA)

Determinative

(EPA SW-846)

(EPA SW-846)

(EPA SW-846)

(EPA SW-846)

Sample Prep 6004
lioxide Not of concern Not of concern Not of concern Not of concern (NIOSH) Not of concern
Determinative
Sample Prep Method 8
7446-11-9 Titrimetry Not of concern Not of concern Not of concern Not of concern Not of concern
o (EPA OAQPS)
Determinative
sample Pre 3545A 3580A 3535A 3535A 3570/8290A Appendix A
P P (EPA SW-846) (EPA SW-846) (EPA SW-846) (EPA SW-846) TO-10A (EPA SW-846)
77-81-6 GC-MS
8270D 8270D 8270D 8270D (EPA ORD) 8270D

(EPA SW-846)
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Determinative

Non-agueous

Aqueous Liquid

Drinking Water

Analyte(s) CASRN Technique Method Type| Solid Samples Liq'uid/Organic1 Samples Samples
Solid ngples
Sample Prep (EPA3 5:Q,‘lv?//}me) (EPA3 ng(\)//}me) (EP: Ssgv?fme) (EP: Ssgv?fue) o o ow
Tetraethyl pyrophosphate 107-49-3 GC-MS
Determinative 8270D 8270D 8270D
(EPA SW-846) (EPA SW-846) (EPA SW-846)
Sample Prep 3541/3545A 3580A 3520C/3535A
Tetramethylenedisulfotetramine 80-12-6 GC-MS (EPA SW'§46) (EPA SW'§46) (EPA SW_?%)
Determinative 8270D 8270D 8270D
(EPA SW-846) (EPA SW-846)
Thallium sulfate Sample Prep (EPA3035V(\J/|-3846) (EPAgg\:j\/l-846) (NIOSH)
) 10031-59-1 [ICP-AES /ICP-MS
(analyze for total thallium) Determinative| 8010C/6020A 6010C/6020A 6020A/6010C
(EPA SW-846) (EPA SW-846) (EPA SW-846)

o Sample Prep 3545A g A 3570/8290A Appendix A
Thiodiglycol (TDG) 111488 |HPLC /LC-MS-MS (EPA SW-846) TO-10A (EPA SW-846)
(degradation product of HD) L 8321B (EPA CRL) (EPA ORD) 8321B

Determinaive | pa syy-g46) (EPA SW-846)
Sample Prep 3570/8290A Appendix A
Thiofanox 39196-18-4 HPLC (ESZlcsz) (N‘El’gOSlH) (EP’;;V;’;“G)
(EPA SW-846) (EPA SW-846)
3535A 3535A 3570/8290A Appendix A
1,4-Thioxane EPA SW-846 EPA SW-846 EPA SW-846
(degradation product of HD) 15980-15-1 : 8270D™° ) : 8270D™ ) Not of concern : 870D )
(EPA SW-846) (EPA SW-846) (EPA SW-846)
9102
Titanium tetraChlorlde. Not of concern Not of concern Not of concern Not of concern (N|OSH)
(analyze for total titanium) 6010C/6020A
(EPA SW-846)
3541/3545A 3580A 3520C/3535A 3570/8290A Appendix A
Triethanolamine (TEA) 102-71-6 (EPA SW-846) (EPA SW-846) MS016 (EPA SW-846) TO-10A (EPA SW-846)
(degradation product of HN-3) . 8321B 8321B (EPA CRL) 8321B (EPA ORD) 8321B
Determinative | epp qw.gae) | (EPA SW-846) (EPA SW-846) (EPA SW-846)
Sample Prep 3545A 3580A 3535A 3535A 3570/8290A Appendix A
ohosphite S (EPA SW-846) (EPA SW-846) (EPA SW-846) (EPA SW-846) TO-10A (EPA SW-846)
Determinative 8270D’ 8270D’ 8270D7 8270D7 (EPA ORD) 8270D7
(EPA SW-846) (EPA SW-846) (EPA SW-846) (EPA SW-846) (EPA SW-846)
Sample Prep 8330B 83308 éf’:?ff’gga (;i?fg/\?vsggg) 3570(/|§§>10ng %ﬁdix 8
trobenzene (1,3,5- 99-35-4 HPLC A (EPA SW-846) (EPA SW-846) 33308 33308 Not of concern 33308
(EPA SW-846) (EPA SW-846) (EPA SW-846)
Sample Prep 8330B 8330B (;i?fg/\?vsggg) (géffg/\?vsggg) 3570(/|§§>10ng %ﬁdix 8
2,4,6-Trinitrotoluene (2,4,6-TNT) 118-96-7 HPLC e (EPA SW-846) (EPA SW-846) 33308 33308 Not of concern 33308
(EPA SW-846) (EPA SW-846) (EPA SW-846)
‘ _ Sample Prep 3050B 3031 10-3.1 9102
Vanadium pentoxide (EPA SW-846) (EPA SW-846) 200.7/200.8 200.7/200.8 (EPA ORD) (NIOSH)
. 1314-62-1 |ICP-AES/ICP-MS
(analyze for total vanadium) Determinative| 8010C/6020A 6010C/6020A (EPA OW) (EPA OW) 10-3.4/10-3.5 6010C/6020A
(EPA SW-846) (EPA SW-846) (EPA ORD) (EPA SW-846)
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o Non-agueous L o
Analyte(s) CASRN Dflz_teecrm:?aj:;/e Method Type| Solid Samples Liquid/Organic Aqusez:qs l';'squ'd Drlr;lzrr:]g l\/evsater
d Solid Samples’ P P
VE [phosphonothioic acid, ethyl-, S Sample Prep 3541/3545A 3580A 3520C/3535A 3520C/3535A 3570/8290A Al
(2-(diethylamino)ethyl) O-ethyl 21738-25-0 GC-MS (EP/; ;’7"(‘)’:46) (EP/; ;’7"(‘)’:46) (EP’;;\’(\)’;%’ (EPA SW-846)
ester inati
] Determinative | ep s\w.g46) | (EPASW-846) | (EPA SW-846)
L . 3541/3545A 3580A 3520C/3535A
VG [phosphonothioic acid, S-(2- Sample Prep : ] ]
(diethylamino)ethyl) O,0-diethyl 78-53-5 GC-MS (EP/; 257‘?.";46) (EP/; 257‘?.";46) (EPA SW-846)
ester inati
] Determinalve | epa sw-846) | (EPA SW-846)
. . 3541/3545A 3580A 0/8290A Appendix A
VM [phosphonothioic acid, Sample Prep : ] y
methyl-, S-(2-(diethylamino)ethyl) | 21770-86-5 GC-MS (EP/;;V(;/DB%) (EP/;;V(;/DB%) (EP’;;\’S’D&‘G)
O-ethyl ester inati
ylester] Determinative | epp qw.gas) | (EPA SW-846) (EPA SW-846)
3571 1 3570/8290A Appendix A
VX [O-ethyl-S-(2- Sample Prep 3 ) y
diisopropylaminoethyl)methyl- 50782-69-9 GC-MS (EPA SW 18346) (EPA SW-846) (EPA SW g%)
phosphonothiolate] Determinative 8270D 8270D
(EPA SW-846) (EPA SW-846)
Sample Prep 3570/8290A Appendix A
White phosphorus 12185-10-3 |GC-NPD / GC-FPD (EPA7S\?\5)-846) (N7I(93085H) (EPA7?3;\3846)
(EPA SW-846)

Footnotes

1
An organic solid sample is a solid that completely dissolves i

2

If problems occur when using this method, it is recom
% LC-MS (electrospray) procedures are preferred for
Sample preparation methods should remain th

* For this analyte, HPLC is the preferred techni
° For this analyte, SW-846 Method 8270D must b
6

If problems occur when usi

e to the laboratory, GC-MS procedures using derivatization based on SW-846 Method 8270D may be used.
procedures are currently under development.

d that SW-846 Method 8321B be used as the determinative method. Sample preparation methods should remain the same.
846 Method 8321B, use SW-846 Method 8270D.

ed that NIOSH Method 7906 be used.
f Lewisite 1 using GC-MS techniques.
1B (EPA SW-846) for solid samples and 7470A (EPA SW-846) for aqueous liquid samples.

-846 Method 8271 for GC-MS conditions.
acidification steps from the Journal of Forensic Science, 1998. 43(1): 200-202 should be used for the preparation of solid samples. Filtration and acidification steps from this journal
aqueous liquid and drinking water samples. The acidification step from the journal should be used with EPA SW-846 Method 3580A for preparation of non-aqueous liquid/organic solid

atic, refer to column manufacturer for alternate conditions
18 1t problems occur when using this method, it is recommended that SW-846 Method 8260C and appropriate corresponding sample preparation procedures (i.e., 5035A for solid samples, 3585 for non-aqueous
liquid/organic solid samples, and 5030C for aqueous liquid and drinking water samples) be used.
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Appendix B: Selected Radiochemical Methods

Analyte Class Determmatwe Drinking Water Samples Aqueous and Liquid Phase Soil and Sediment Samples Surface Wipes Air Filters
Technique Samples
Alpha/Beta AP1 _ )
Gross Alpha counting 900.0 (EPA) 7110 B (SM) (ORISE) MAC, Vol 2, pg.
Alpha/Beta AP1
Gross Beta counting 900.0 (EPA) 7110 B (SM) (ORISE)
Gamma Ga-01-R Ga-01-R
Gamma spectrometry 901.1 (EPA) (HASL-300)
Select Mixed Fission Gamma Ga-01-R Ga-01-R
901.1 (EPA
Products’ spectrometry ( ) (HASL-300) (HASL-300)
Drinking Water Samples Aqueous and Liquid Phase Air Filters
Determinative Samples
Analyte(s) CAS RN thativ
Technique Qualitative ) Qualitative ) Qualitative )
.. ,|Confirmatory .. 2 Confirmatory .. ,|Confirmatory
Determination Determination Determination
Americium-241° | 14596-10-2 Alpha/Gamma D3084-05 Am-04-RC D3084-05 Am-04-RC D3084-05 Am-04-RC
mericium- spectrometry (ASTM) (HASL-30Q (ASTM) (HASL-300) (ASTM) (HASL-300)
o Alpha D3084-05 Am-01-RC* D3084-05 Am-04-RC D3084-05 Am-04-RC
3 -17-
Californium-252°| 13981-17-4) (0 ometry (HASL-300) (ASTM) (HASL-300) (ASTM) (HASL-300)
Ga-01-R Ga-01-R Ga-01-R Ga-01-R Ga-01-R Ga-01-R

Cesium-137 110045-97-3 (HASL-300) | (HASL-300) | (HASL-300) | (HASL-300) | (HASL-300) | (HASL-300)

Ga-01-R Ga-01-R Ga-01-R Ga-01-R Ga-01-R Ga-01-R
(HASL-300) (HASL-300) (HASL-300) (HASL-300) (HASL-300) (HASL-300)

Cobalt-60

(SM) (SM)

Am-04-RC D3084-05 Am-04-RC D3084-05 Am-01-RC* D3084-05 Am-04-RC D3084-05 Am-04-RC

Curium-244 : (HASL-300) (ASTM) (HASL-300) (ASTM) (HASL-300) (ASTM) (HASL-300) (ASTM) (HASL-300)
901.1 7120 7120 Ga-01-R Ga-01-R Ga-01-R Ga-01-R Ga-01-R Ga-01-R
(EPA) (SM) (SM) (HASL-300) | (HASL-300) | (HASL-300) | (HASL-300) | (HASL-300) | (HASL-300)

Procedure #9 | Procedure #9] Procedure #9 | Procedure #9] Procedure #9 | Procedure #9| Procedure #9 | Procedure #9| Procedure #9° |Procedure #9°

(ORISE) (ORISE) (ORISE) (ORISE) (ORISE) (ORISE) (ORISE) (ORISE) (ORISE) (ORISE)

lodine 901.1 901.1 Ga-01-R Ga-01-R Ga-01-R Ga-01-R Ga-01-R Ga-01-R Ga-01-R® Ga-01-R®
spectrometry (EPA) (EPA) (HASL-300) (HASL-300) (HASL-300) (HASL-300) (HASL-300) (HASL-300) (HASL-300) (HASL-300)

ridium-192 14694-69-0 Gamma 901.1 901.1 7120 7120 Ga-01-R Ga-01-R Ga-01-R Ga-01-R Ga-01-R Ga-01-R
spectrometry (EPA) (EPA) (SM) (SM) (HASL-300) (HASL-300) (HASL-300) (HASL-300) (HASL-300) (HASL-300)
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Aqueous and Liquid Phase

Soil and Sediment Samples Surface Wipes
Samples

Drinking Water Samples
Determinative

Technique Qualitative ) Qualitative ) Qualitative ) Qualitative ) Dualitative
Confirmatory .., |Confirmatory .., |Confirmatory s
Determination Determination Determination

Analyte(s) CAS RN

Determination®

Gamma 901.1 901.1 Ga-01-R Ga-01-R Ga-01-R Ga-01-R

Molybdenum-9914119-15-4f =+ ometry (EPA) (EPA) (HASL-300) | (HASL-300) | (HASL-300) | (HASL-300)

Alpha D3084-05 EMSL-33 D3084-05 EMSL-33 D3084-05

. 3 _ .
Plutonium-238" |13981-16-3 (0 ometry (ASTM) (EPA) (ASTM) (EPA) (ASTM)

Alpha D3084-05 EMSL-33 D3084-05 EMSL-33 D3084-05

. 3 _ _
Plutonium-239 | 15117-48-3| 0 ometry (ASTM) (EPA) (ASTM) (EPA) (ASTM)

Polonium-210 113981-52-7 Alpha Po-02-RC Po-02-RC Po-02-RC Po-02-RC Method 111 Method 111 Method 111
spectrometry | (HASL-300) | (HASL-300) | (HASL-300) | (HASL-300)}il (* (HASL-300) (EPA) (EPA) (EPA)
. Alpha counting / 903.0 903.1 7500-RaB_ | 7500-RaC EMSL-19 EMSL-19 D3084-05 EMSL-19
Radium-226  [13982-63-3| ~ . i ometry (EPA) (EPA) (SM) (ASTM) (EPA) (ASTM) (EPA)
Gamma 901.1 901.1 Ga-01-R Ga-01-R Ga-01-R Ga-01-R Ga-01-R

Ruthenium-103 | 13968-53-1

spectrometry (EPA) (HASL-300) (HASL-300) (HASL-300) (HASL-300) (HASL-300)

Ruthenium-106 |13967-48.1 Gamma 90 Ga-01-R Ga-01-R Ga-01-R Ga-01-R Ga-01-R
spectrometry (HASL-300) | (HASL-300) | (HASL-300) | (HASL-300) | (HASL-300) | (HASL-300)
. Gamma Ga-01-R Ga-01-R Ga-01-R Ga-01-R Ga-01-R Ga-01-R
Selenium-75  [14265-71-51 oo trometry (HASL-300) | (HASL-300) | (HASL-300) | (HASL-300) | (HASL-300) | (HASL-300)
strontium-90 |10098.97- 7500-Sr B 7500-Sr B Sr-03-RC Sr-03-RC Sr-03-RC Sr-03-RC Sr-03-RC Sr-03-RC
(SM) (SM) (HASL-300) | (HASL-300) | (HASL-300) | (HASL-300) | (HASL-300) | (HASL-300)
Tc-02-RC Tc-02-RC Tc-02-RC AP5 AP5 AP5 AP5 AP5 AP5
(HASL-300) | (HASL-300) | (HASL-300) (ORISE) (ORISE) (ORISE) (ORISE) (ORISE) (ORISE)
906.0 906.0 906.0 AP2 AP2 AP2 AP2 Not Not
(EPA) (EPA) (EPA) (ORISE) (ORISE) (ORISE) (ORISE) applicable® applicable®
Kpha counting / 908.0" D3972-02 7500-U B’ 7500-U C D3084-05 EMSL-33 D3084-05 EMSL-33 D3084-05 EMSL-33
spectrometry (EPA) (ASTM) (SM) (SM) (ASTM) (EPA) (ASTM) (EPA) (ASTM) (EPA)
Uranium-235° | 15117-96.2| APha counting / 908.07 D3972-02 7500-U B 7500-U C D3084-05 EMSL-33 D3084-05 EMSL-33 D3084-05 EMSL-33
ranium- spectrometry (EPA) (ASTM) (SM) (SM) (ASTM) (EPA) (ASTM) (EPA) (ASTM) (EPA)
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Drinking Water Samples

Aqueous and Liquid Phase

Soil and Sediment Samples

Surface Wipes

Determinative Samples
Analyte(s) CAS RN .
Technique Qualitative ) Qualitative ) Qualitative ) Qualitative Dualitative
.. ,|Confirmatory .., |Confirmatory .., |Confirmatory s
Determination Determination Determination Determination
. Alpha counting / 908.0’ D3972-02 7500-U B’ 7500-U C D3084-05 EMSL-33
3 - -
Uranium-238" | 7440-61-1 spectrometry (EPA) (ASTM) (SM) (SM) (ASTM)

Footnotes

1
Please note that this category does not cover all fission products.

2 In those cases where the same method is listed for qualitative determination and confirmatory analysis, qualitative determination

used for confirmatory analysis.
% If it is suspected that the sample exists in refractory form (i.e., non-digestible or dissolvable material after normal digestion methods) or if there

qualitative determination or confirmatory analysis of alpha radioactivity.

“ In cases where only small sample volumes (S100 g) are available, use HASL-300 Method Pu-12-RC.

° This procedure should be used only for filters specifically designed for iodine.

6
Because tritium is not sampled using traditional air filters, this matrix is not applicable.

7
This method was developed for measurement of total uranium and does not distinguis
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Appendix C: Selected Pathogen Methods
Not all methods have been evaluated for each pathogen/sample type/environmental matrix combination in Appendix C. Each laboratory using t
operate a formal quality assurance program and, at a minimum, analyze appropriate quality control samples (Section 7.1.2). Also, if requi

ethods must

as necessary for analysis of a particular sample type.

Pathogen(s) Analytical Analytical Solid* Fl’)artl . dust iquid/Water ( roévi?;oeldia
[Disease] Technique Method (soil, powder) (swabs, wipes, dus i|ter, grab) g. N
socks) filter, liquid)
Bacteria
Public Health Reports Public Healt Public Health Requires
) ) Culture 92(2): 176-186 Reports 92(2 C ion of Reports 92(2): modification of
[BaC'h"US i’ﬂmthfacls ' 176-186 176-186 analytical method
Anthrax !
'T?’:;B?OZESCES/ Parable assays
i Culture idelines for Suspected Agents of Bioterrorism: Brucella species
Brucella spp. ASM
(B. abortus, B. melitensis, B. suis)
[Brucellosis] LRN comparable assays

Ory Guidelines for Suspected Agents of Bioterrorism: Burkholderia mallei and B. pseudomallei

Burkholderia mallei ASM

[Glanders]

LRN comparable assays

Sentinel Laboratory Guidelines for Suspected Agents of Bioterrorism: Burkholderia mallei and B. pseudomallei
ASM

LRN comparable assays

Requires Requires
Culture SM 9260 G modification of modification of SM 9260 G SM 9260 G Unlikely to be viable
analytical method analytical method

; Requires Requires
| Immunoassay SM 9260 G modification of modification of SM 9260 G SM 9260 G Unlikely to be viable
[Campylobactemo analytical method analytical method
Requires Requires Requires Requires Requires
Real-time PCR Molecular and Cellular modification of modification of modification of modification of modification of

Probes 20(5): 269-279

analytical method analytical method analytical method analytical method analytical method
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Particulate?

Chlamydophila psittaci
(formerly known as Chlamydia psittaci)
[Psittacosis]

38(3): 1085-1093

analytical method

analytical method

analytical

Pathogen(s) Analytical Analytical Solid* b . dust Liquid/Water Drinking Water,
[Disease] Technique Method (soil, powder) |V SS'OV‘é'Ifse)S' us (filter, grab) (filter, gr.
Journal of Clinical Requires Requires Requires
Tissue culture Microbiology modification of modification of modification of

Journal of Clinical

Requires

Requires

Coxiella burnetii
[Q-fever]

processing the sample. In some cases, methods th

Real-time PCR/
Immunoassay

Escherichia coli O157:H7

Culture

SM 9260 F

Requires
modification

PCR Microbiology modification of modification of
38(3): 1085-1093 analytical method analytical methg al method
Culture If analysis of this pathogen is required, contact the LRN able of receiving and|

SM 9260 F

Unlikely to be viable

Immunoassay

SM 9260 F

SM 9260 F

Unlikely to be viable

Real-timegdd

Requires
modification of
analytical method

Requires
modification of
analytical method

Requires
modification of
analytical method

Requires
modification of
analytical method

Francisella tularensis
[Tularemia]

Culture

CDC/ASM/APHL

for Level A Laboratories for the Presumptive Identification of Francisella tularensis

LRN comparable assays

ogans Serovars
eamorrhagiae, Autre}
he, Bejro, Pomona)

Requires

Real-time PCR

and Infectious Disease
64(3): 247-255

modification of
analytical method

modification of
analytical method

modification of
analytical method

SM 9260 | SM 9260 | modification of SM 9260 | SM 9260 | Unlikely to be viable
analytical method
Requires
SM 9260 | SM 9260 | modification of SM 9260 | SM 9260 | Unlikely to be viable
analytical method
Diagnostic Microbiologyj Requires Requires Requires Requires Requires

modification of
analytical method

modification of
analytical method
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Particulate?

analytical method

analytical method

Pathogen(s) Analytical Analytical Solid* b . dust Liquid/Water Drinking Water,
[Disease] Technique Method (soil, powder) |V SS'OV‘é'Ifse)S' us (filter, grab) (filter, gr.
FDA/Bacteriological | FDA/Bacteriological Requires Requires
Culture Analytical Manual Analytical Manual modification of modification of
Chapter 10, 2003 Chapter 10, 2003 analytical method analytical
S FDA/Bacteriological | FDA/Bacteriological Requires

Listeria monocytogenes ; ) S
[Listeriosis] Immunoassay Analytical Manual Analytical Manual modification of

Chapter 10, 2003 Chapter 10, 2003 analytical methg

USDA Laboratory Requires Requires Requires

Real-time PCR Guidebook modification of odification of modification of
MLG 8A.03 analytical method analytical method analytical method
Requires
Culture EPA Method 1682 EPA Method modification of Unlikely to be viable
method analytical method
Non-typhoidal Salmonella Requires
(Not applicaple to S. Typhi) Immunoassay EPA Method modification of modification of Unlikely to be viable
[Salmonellosis] analytical method | analytical method
Requires Requires Requires Requires
Real-time PCR modification of modification of modification of modification of

analytical method

analytical method

Salmonella Typhi
[Typhoid fever]

munoassay

SM 9260 B

Requires
modification of
analytical method

SM 9260 B

SM 9260 B

Unlikely to be viable

modification of
analytical method

Requires
modification of
analytical method

SM 9260 B

SM 9260 B

Unlikely to be viable

Requires
modification of
analytical method

Requires
modification of
analytical method

Requires
modification of
analytical method

Requires
modification of
analytical method

Requires
modification of
analytical method

Requires

Requires

analytical method

analytical method

SM 9260 E modification of modification of SM 9260 E SM 9260 E Unlikely to be viable
analytical method analytical method
Requires Requires
Immunoassay SM 9260 E modification of modification of SM 9260 E SM 9260 E Unlikely to be viable
analytical method analytical method
. Requires Requires Requires Requires Requires
Real-time PCR coe Laé)l(])iragl)lg/ Assay: modification of modification of modification of modification of modification of
9 analytical method analytical method analytical method analytical method analytical method
Requires Requires Requires
Staphylococcus aureus Culture SM 9213 B modification of modification of SM 9213 B SM 9213 B modification of

analytical method
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Particulate?

Yersinia pestis
[Plague]

Real-time PCR/
Immunoassay

Pathogen(s) Analytical Analytical Solid* b . dust Liquid/Water Drinking Water, N
[Disease] Technique Method (soil, powder) |V SS'C‘]"é'Ifse)s' us (filter, grab) (filter, grg :
Requires Requires
Culture SM 9260 H modification of modification of SM 9260 H
analytical method analytical method
Vibrio cholerae O1 and 0139 R.e'quw.es R.e'quw.es
Immunoassay SM 9260 H modification of modification of
[Cholera] . .
analytical method analytical methg
. Requires Requires Requires
Real-time PCR CDC Laboratory Assay: modification of modification of
V. cholerae . )
analytical method analytical method
Culture Sentinel Labor;

Viruses

Adenoviruses:
Enteric and non-enteric (A-F)

Tissue culture®

Requires
modification of
analytical method*

Requires
modification of
analytical method*

Requires
modification of
analytical method*

Requires
modification of
analytical method*

Environmd
Microbiology
3131-3136

Astroviruses

nadian Journal

Ptical method*

Requires
modification of

analytical method*

Requires
modification of

analytical method*

Requires
modification of

analytical method*

Requires
modification of
analytical method*

Requires
modification of

analytical method*

Requires
modification of

analytical method*

Requires
modification of

analytical method*

Requires
modification of

analytical method*

Requires
modification of
analytical method*

Canadian Journal of
Microbiology 50(4):
269-278

Requires
modification of
analytical method*

Requires
modification of
analytical method*

Requires
modification of
analytical method*

Requires
modification of
analytical method*

Requires
modification of
analytical method*

me reverse

Journal of Clinical

Journal of Clinical

Requires

Requires

Requires

Requires

RS: Sapovirus

Real-time reverse
transcription-PCR

Virology 78(10):
1347-1353

modification of
analytical method*

modification of
analytical method*

modification of
analytical method*

ruses: Noroviruses B crintion-PCR Microbiology 42(10): Microbiology Vol. modification of modification of modification of modification of
P 4679-4685 42(10): 4679-4685* | analytical method* | analytical method* | analytical method* | analytical method*
Journal of Medical Requires Requires Requires Requires Requires

modification of
analytical method*

modification of
analytical method*

Coronaviruses:
SARS-associated human coronavirus

Reverse
transcription-PCR

Journal of Virological
Methods 122(1): 29-36

Requires
modification of

analytical method*

Requires
modification of

analytical method*

Requires
modification of

analytical method*

Requires
modification of

analytical method*

Requires
modification of
analytical method*

Hepatitis E virus (HEV)

Real-time reverse
transcription-PCR

Journal of Virological
Methods 131(1): 65-71

Requires
modification of

analytical method*

Requires
modification of

analytical method*

Requires
modification of

analytical method*

Requires
modification of

analytical method*

Requires
modification of
analytical method*
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Particulate?

Pathogen(s) Analytical Analytical Solid* b . dust Liquid/Water Drinking Water,
[Disease] Technique Method (soil, powder) |V SS'OV‘é'Ifse)S' us (filter, grab) (filter, gr.
Real-ti Emerging Infectious Requires Requires Requires
eal-ime reverse modification of modification of modification of

Influenza H5N1 virus

transcription-PCR

Diseases 11(8):

cal method*

1303-1305 analytical method* | analytical method* | analytical
Methods for viology | REqUes Requires
Tissue culture EPAIG00/4-84/013, mIocti.lflclatlor:hofd4 m|c>cti.|f|c|at|or: of 00/4-84/013,
. . . April 2001 analyical metho analyical me April 2001
Picornaviruses: Enteroviruses - -
Applied & Applied &

Reverse
transcription-PCR

Environmental
Microbiology 69(6):
3158-3164

analytical methqd

Requires
modification of

4

modification of
analytical method*

nvironmental

Requires
modification of
analytical method*

Picornaviruses:
Hepatitis A virus (HAV)

Reverse transcription-
PCR

Applied &
Environmental
Microbiology 69(6):

3158-3164

Reoviruses:
Rotavirus (Group A)

Tissue culture

Requires
modification

3158-3164"

Applied &

Environmental

Microbiology 69(6):
3158-3164"

Requires
modification of

analytical method*

modification 0
analytical method*

Applied &
Environmental
Microbiology 69(6):
3158-3164*

Applied &
Environmental
Microbiology 69(6):
3158-3164*

Requires
modification of
analytical method*

Requires
modification of
analytical method*

Applied &
Environmental
Microbiology 69(6):
3158-3164*

Journal of Virological
Methods
155(2): 126-131

Requires
modification of
analytical method*

Protozoa

Cryptospg
[Crypig

e culture

Applied &
nvironmental

Requires
modification of
analytical method

Requires
modification of
analytical method

Requires
modification of
analytical method

Requires
modification of
analytical method

Unlikely to be found

EPA Method 1622
and/or Method 1623

Requires
modification of
analytical method

Requires
modification of
analytical method

EPA Method 1622
and/or Method 1623

EPA Method 1622
and/or Method 1623

Unlikely to be found

Real-time PCR

Applied &
Environmental
Microbiology 73(13):
4218-4225

Requires
modification of
analytical method

Requires
modification of
analytical method

Requires
modification of
analytical method

Applied &
Environmental
Microbiology 73(13):
4218-4225

Unlikely to be found
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Particulate?

analytical me

Toxoplasma gondii
[Toxoplasmosis]

Animal infectivity

Emerging Infectious

Requires
modification

Pathogen(s) Analytical Analytical Solid* . Liquid/Water Drinking Water,
[Disease] Technique Method (soil, powder) (swabss'c‘]"é'lfse)s' dustl ilter, grab) (filter, gr
. Requires Requires Requires
Culture Journal OT Parasitology modification of modification of modification of
58(2): 306-310 . . .
analytical method analytical method analytical
Entamoeba histolytica
Journal of Clinical Requires Requires
Real-time PCR Microbiology modification of modification of
43(11): 5491-5497 analytical method analytical methg
Trans. R. Soc. Trop. Requires Requires
Culture Med. Hyg. 77(4): modification of odification of Unlikely to be found
Giardia spp. 487-488 analytical method analytical method
[Giardiasis] Require Requires
IMS/FA EPA Method 1623 modificatio modification of EPA Method 1623 | Unlikely to be found

Diseases 12(2):

Emerging Infectious
Diseases 12(2):

Unlikely to be found

326-329 326-329
Requires Enﬁﬁglrfgeﬁtal Enﬁﬁglr:i?eﬁtal
Real-time PCR modification of . . . . . .| Unlikely to be found
analytical method Microbiology 70(7): | Microbiology 70(7):
4035-4039 4035-4039

Helminths

Baylisascaris procyonis
[Raccoon roundworm infection]

A/625/R-92/013

Requires
modification of
analytical method

EPA/625/R-92/013

EPA/625/R-92/013

Unlikely to be found

General Remediation Effi

44(3): 319

Biological indicator (spore) stri

Manufacturers' Instructions

Phsidered when these viruses are suspected to be present.

4 samples should be prepared according to procedures found in USEPA Manual of Methods for Virology EPA/600/4-84/013, April 2001.

SAM Revision 5.0, Appendix C

ruses) should be prepared for culture according to "Swab Materials and Bacillus anthracis Spore Recovery from Nonporous Surfaces," Rose, L., Jensen,
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Appendix D: Selected Biotoxin Methods

Note: The presence of disinfectants (e.g., chlorine) and/or preservatives added during water sample collection to slow degradation (e.g., pH adjustors, de-
could possibly affect analytical results. When present, the impact of these agents on method performance should be evaluated if not previously determi

preparations

Biological
Activity

Botulinum neurotoxins
(Serotoypes A, B, E, F)

Protein composed of
~100 kDa heavy

g activity’

Liquid Water

Drinking Wate,

Adapted from Journal
of Food Protection
71(9): 1868-1874

. Aerosol . Particulate
Analyte(s) CAS.RN/ Analysis Type Analypcal (filter/cassette, liquid . Solid (swabs, wipes, d
Description Technique S (soil, powder)
impinger)
Protein
Adapted from Journal | Adapted fro
1393-62-0 (abrin) / Presumptive | Immunoassay’ | of Fogd Protection of Fogd Protection Rod Protection
Glycoprotein consisting 71(9): 1868-1874 71(9): 1868-1874
of a deadenylase (25-32
. kDa A chain) and lectin
Abrin (35 kDa B chain); an Ribosome Pﬁ:frﬁgiilfgom A goted from
agglutinin (A2B2) may | Confirmatory inactivation Toxicolog%/y T ay
be present in crude assay 88(5): 255-260

Adapted from
Pharmacology &
Toxicology
88(5): 255-260

Adapted from
Pharmacology &
Toxicology
88(5): 255-260

Biochemistry
378(1): 87-89

Adapted from
Analytical
Biochemistry
378(1): 87-89

Adapted from
Analytical
Biochemistry
378(1): 87-89

Adapted from
Analytical
Biochemistry
378(1): 87-89

Chapter 17

Activity

Adapted from FDA
Bacteriological
Analytical Manual,
Chapter 17

If analysis for this agent is required in solid, particulate, or liquid samples, contact

the LRN at (404) 639-2790 for information of the closest LRN laboratory capable

of receiving and processing the sample. The terms presumptive and confirmatory
as used for LRN methods are described in Section 8.1.4.

LRN

subunits (~32 kDa A
chain and ~34 kDa B
chain); an agglutinin of
MW 120 kDa may be
present in crude
preparations

5254-40-3 (ricinine) /
small molecule, ricin
marker

Adapted from lateral

If analysis for this agent is required in solid, particulate, or liquid samples, contact

LRN

Presumptive Immunoassayl flow immunassay kits the LRN at (404) 639-2790 for information of the closest LRN laboratory capable
Y of receiving and processing the sample. The terms presumptive and confirmatory
as used for LRN methods are described in Section 8.1.4.

Complementar Adapted from Journal | Adapted from Journal | Adapted from Journal [ Adapted from Journal | Adapted from Journal
Prer;um tive d LC-MS of Analytical of Analytical of Analytical of Analytical of Analytical
(ricinir?e) Toxicology Toxicology Toxicology Toxicology Toxicology

29(3): 149-155 29(3): 149-155 29(3): 149-155 29(3): 149-155 29(3): 149-155
Adapted from Journal | Adapted from Journal | Adapted from Journal [ Adapted from Journal | Adapted from Journal
Confirmatory | Immunoassay | of AOAC International | of AOAC International | of AOAC International | of AOAC International | of AOAC International

91(2): 376-382

91(2): 376-382

91(2): 376-382

91(2): 376-382

91(2): 376-382

Biological
Activity

Enzyme activity’

Adapted from
Analytical
Biochemistry
378(1): 87-89

Adapted from
Analytical
Biochemistry
378(1): 87-89

Adapted from
Analytical
Biochemistry
378(1): 87-89

Adapted from
Analytical
Biochemistry
378(1): 87-89

Adapted from
Analytical
Biochemistry
378(1): 87-89
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Analyte(s)

CAS RN/
Description

Analysis Type

Analytical
Technique

Aerosol
(filter/cassette, liquid
impinger)

Solid
(soil, powder)

Particulate
(swabs, wipes, dust
socks)

Staphylococcal enterotoxins
(SEB)

39424-53-8 (SEB) /
Monomeric protein of
~ 28 kDa

Confirmatory

(AOAC)

ing and processing

Adapted from Journal | Adapted from Journal | Adapted from Journal | Ada om Jo¥
Presumntive of Clinical of Clinical of Clinical linical of Clinical
P immunoassay Microbiology Microbiology Microbiology Microbiology Microbiology
45(10): 3377-3380 45(10): 3377-3380 45(10): 3377, 45(10): 3377-3380 5(10): 3377-3
75757-64-1 (Stx) /
Protein composed of Adapted from FDA Adapted from FDA Adapted f FDA apted fro
Shiga and Shiga-like Toxins ) ) Immunoassay Bacteriological Bacteriological B, cal terjg
one ~32 kDa A chain Confirmatory : ;
(Stx, Stx-1, Stx-2) 5 Analytical Manual, Analytical Manual, | Manual,
and five 7.7 kDa B ; ) : )
chains Appendix 1 Appendix 1 ppendix 1 Phendix 1
Ribosome Adapted from Adapted from Adapted from
Biological inactivation Pharmacology & harmacol Pharmacology &
Activity Toxicology Toxicology Toxj Toxicology
88(5): 255-260 88(5): 255-260 -260 88(5): 255-260
LRN
Adapted from 993 analysis for this agent I ired in solid, particulate, or liquid samples, contact
Presumptive | Immunoassay p RN at (404) 639-279 information of the closest LRN laboratory capable

ample. The terms presumptive and confirmatory

TBD

TBD

TBD

TBD

TBD

TBD

Staphylococcal enterotoxins
(SEA, SEC)

Adapted from 993.06

Adapted from 993.06

Adapted from 993.06

Adapted from 993.06

Activity

(AOAC) (AOAC) (AOAC) (AOAC)
TBD TBD TBD TBD
Biological TBD TBD TBD TBD

Small Mo

Adapted from 991.31

Adapted from 991.31

Adapted from 991.31

Adapted from 991.31

Adapted from 991.31

a-Amanitin

23109-05-9

68(6): 1294-1301

68(6): 1294-1301

68(6): 1294-1301

Presumptive | Immunoassay (AOAC) (AOAC) (AOAC) (AOAC) (AOAC)
) Adapted from 991.31 | Adapted from 991.31 | Adapted from 991.31 | Adapted from 991.31 | Adapted from 991.31
Confirmatory | HPLC-FL (AOAC) (AOAC) (AOAC) (AOAC) (AOAC)
Adapted from Journal | Adapted from Journal | Adapted from Journal | Adapted from Journal | Adapted from Journal
Presumptive Immunoassay of Food Protection of Food Protection of Food Protection of Food Protection of Food Protection

68(6): 1294-1301

68(6): 1294-1301

Confirmatory

amperometric
detection

Adapted from Journal
of Chromatography
563(2): 299-311

Adapted from Journal
of Chromatography
563(2): 299-311

Adapted from Journal
of Chromatography
563(2): 299-311

Adapted from Journal
of Chromatography
563(2): 299-311

Adapted from Journal
of Chromatography
563(2): 299-311
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. Aerosol . Particulate
Analyte(s) CAS.RN/ Analysis Type Analypcal (filter/cassette, liquid . Solid (swabs, wipes, dust Liquid Water
Description Technique S (soil, powder)
impinger) socks)
Presumptive TBD TBD TBD TBD
Anatoxin-a 64285-06-9 HPLC-FL Ad_apted from Ad_apted from
Confirmator (precolumn Biomedical Biomedical
y de?ivatization) Chromatography B Chromatography B
10(1): 46-47 10(1): 46-47
Adapted from Adapted from ApeDted from
. Environmental Health nvironmental Health
Presumptive | Immunoassay . )
Brevetoxins Perspectives Perspectives
(B form) 79580-28-2 110(2): 179-185 110(2): 179-185 110(2): 179-185
) Adapted from Toxicgu Adapted from Toxicon Adapted from Toxicon
Confirmatory | HPLC-MS-MS | 3 4). 455464 43(4): 455-465 (4): 455-465 43(4); 455-465
Adapted from Adapted from Adapted from
Presumptive | Immunoassay Biochemical Journal | Biochemical Journal
328(1) 328(1): 245-250 328(1): 245-250
-Conotoxin 156467-85-5
¢ X Adapted from Journal | Adapted from Journal | Adapted from Journal
Confirmatory : of Medicinal Chemistry|of Medicinal Chemistry|of Medicinal Chemistry]
47(5): 1234-1241 47(5): 1234-1241 47(5): 1234-1241 47(5): 1234-1241
Adapted from Adapted from Adapted from Adapted from
ELISA kits for ELISA kits for ELISA kits for ELISA kits for
Cylindrospermopsin 143545-90-8 Cylindrospermopsin | Cylindrospermopsin | Cylindrospermopsin [ Cylindrospermopsin

Diacetoxyscirpenol (DAS)

2270-40-8

Immunoassay

. 159-164

Adapted from FEMS
Microbiology Letters
216(2): 159-164

Adapted from FEMS
Microbiology Letters
216(2): 159-164

Adapted from FEMS
Microbiology Letters
216(2): 159-164

Adapted from FEMS
Microbiology Letters
216(2): 159-164

Adapted from

International Journal of]
Food Microbiology

6(1): 9-17

Adapted from

International Journal of

Food Microbiology
6(1): 9-17

Adapted from

International Journal of]

Food Microbiology
6(1): 9-17

Adapted from

International Journal of

Food Microbiology
6(1): 9-17

Adapted from

International Journal of

Food Microbiology
6(1): 9-17

Confirmatory

LC/APCI-MS

Adapted from Rapid
Communications in

Mass Spectrometry
20(9): 1422-1428

Adapted from Rapid
Communications in

Mass Spectrometry
20(9): 1422-1428

Adapted from Rapid
Communications in

Mass Spectrometry
20(9): 1422-1428

Adapted from Rapid
Communications in

Mass Spectrometry
20(9): 1422-1428

Adapted from Rapid
Communications in

Mass Spectrometry
20(9): 1422-1428

101043-37-2 (LR)
157622-02-1 (LW)
111755-37-4 (RR)
101064-48-6 (YR)

Presumptive

Immunoassay/
Phosphatase
assay

Adapted from Journal
of AOAC International
84(4): 1035-1044

Adapted from Journal
of AOAC International
84(4): 1035-1044

Adapted from Journal
of AOAC International
84(4): 1035-1044

Adapted from Journal
of AOAC International
84(4): 1035-1044

Adapted from Journal
of AOAC International
84(4): 1035-1044

Confirmatory

HPLC-PDA

Adapted from Analyst
119(7): 1525-1530

Adapted from Analyst
119(7): 1525-1530

Adapted from Analyst
119(7): 1525-1530

Adapted from Analyst
119(7): 1525-1530

Adapted from Analyst
119(7): 1525-1530

Picrotoxin

124-87-8

Presumptive

Immunoassay

TBD

TBD

TBD

TBD

TBD

Confirmatory

HPLC

Adapted from Journal
of Pharmaceutical and
Biomedical Analysis
7(3): 369-375

Adapted from Journal
of Pharmaceutical and
Biomedical Analysis
7(3): 369-375

Adapted from Journal
of Pharmaceutical and
Biomedical Analysis
7(3): 369-375

Adapted from Journal
of Pharmaceutical and
Biomedical Analysis
7(3): 369-375

Adapted from Journal
of Pharmaceutical and
Biomedical Analysis
7(3): 369-375
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. Aerosol . Particulate
Analyte(s) CAS.R'\.” Analysis Type Analypcal (filter/cassette, liquid . Solid (swabs, wipes, dust
Description Technique S (soil, powder)
impinger) socks)
Saxitoxins
o . Adapted from ELISA | Adapted from ELISA | Adapted from ELISA
Principal isoforms: 35523-89-8 (STX) Presumptive | Immunoassay Ki L . . . .
ts for Saxitoxins kits for Saxitoxins kits for Saxitoxin
Saxitoxin (STX) 64296-20-4 (NEOSTX) ' troxt ' froxt ' tox
Neosaxitoxin (NEOSTX) 77462-64-7 (GTX)
Gonyautoxin (GTX) None given (dcGTX) HPLC-FL Adapted from Journal | Adapted from Journal

Decarbamoylgonyautoxin (dcGTX
Decarbamoylsaxitoxin (dcSTX)

58911-04-9 (dcSTX)

Confirmatory

(post column
derivatization)

of AOAC International
78(2): 528-532

of AOAC International
78(2): 528-532

dapted from Journal
of Food Protection
68(6): 1294-1301

Cofimunications in
Mass Spectrometry
20(9): 1422-1428

Adapted from Rapid

Communications in
Mass Spectrometry
20(9): 1422-1428

Adapted from Journal | Adapted fr
Presumptive | Immunoassay of Food Protection of Food Pr:
68(6): 1294-1301 68(6): 1294-1301
T-2 Mycotoxin 21259-20-1 Adapted from Rapigal Adapted from Rapid
Confirmatory | LC/APCI-Ms | Communications
Mass Spectrome
20(9):
Adapted fr
Presumptive | Immunoasgg of Clinical Laboratory
Analysis 6(2): 65-72
Tetrodotoxin 9014-39-5 Adapted from Adapted from

Adapted from Journal
of Clinical Laboratory
Analysis 6(2): 65-72

Adapted from Journal
of Clinical Laboratory
Analysis 6(2): 65-72

Analytical
Biochemistry
290(1): 10-17

Adapted from
Analytical
Biochemistry
290(1): 10-17

Analytical
Biochemistry
290(1): 10-17

Adapted from
Analytical
Biochemistry
290(1): 10-17

enzymatic activity of the intact (whole) toxin is

3 .
Immunoassays may produce variable results
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