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Overview

ÅECBC Forensic Analytical Center (ECBC FAC)

ÅChemical Weapons Convention (CWC) 

ÅOrganization for the Prohibition of Chemical Weapons 
(OPCW)

ÅEnvironmental Proficiency Tests
ÅOverview

ÅTechniques employed by ECBC FAC
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Forensic Analytical Center

Å Edgewood Chemical/Biological Forensic Analytical Center (EC/B FAC) ï
located at Edgewood Area of Aberdeen Proving Ground, MD

Å Forensic chemical analysis for both chemical and biotoxinthreat agents, 
explosives, etc.

Å US Army and Department of Defense

Å US Department of Homeland Security (DHS)

Å FBI and other Government agencies

Å Sample analysis missions for various clients and Government agencies

Å US representative laboratory to the Organization for the Prohibition of Chemical 
Weapons (OPCW)

Å Compliance analysis facility for the US Army Chemical Agent Standard 
Analytical Reference Material (CASARM) Program and several demilitarization 
programs

Å Deploy and support mobile laboratories for chemical analysis
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Chemical Weapons Convention (CWC)

ÅEntered into force April 29, 1997

ÅProhibits the development, production, stockpiling and 
use of chemical weapons (CW)

Å190 Member States (98% of global population)

ÅSigned but not ratified:
ÅIsrael, Myanmar (1993)

ÅUnsigned:
ÅAngola, North Korea, Egypt
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CWC Schedules

ÅSchedule 1:  Classic CWAs
ÅSarin, soman, tabun, VX, sulfur mustards, lewisite(s), nitrogen 

mustards, saxitoxin, ricin

ÅSchedule 2: ñChemicals, except for those listed in Schedule 1, 
containing a phosphorus atom to which is bonded one methyl, 
ethyl or propyl (normal or iso) group but not further carbon 
atoms,ò

ÅSchedule 3: Toxic chemicals that often have large-scale 
industrial use as well
ÅPhosgene, Cyanogen chloride, Hydrogen cyanide
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Organization for the Prohibition of 
Chemical Weapons (OPCW)

ÅHeadquarters: The Hague, Netherlands

Å~500 employees

ÅImplementing body of CWC to ensure compliance and 
oversees destruction of chemical weapons

ÅProvides on-site inspection/verification activities

ÅProvides off-site verification and analysis via an 
international network of ñDesignated Laboratoriesò 

ÅAdministers ñProficiency Testsò to annually certify 
competence of Designated Laboratories

ÅAwarded Nobel Peace Prize in 2013
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OPCW Designated Laboratory

ÅPrimary role ïoff-site forensic analysis of authentic samples 
collected during OPCW inspections
ÅChallenge inspections ïkey role
ÅInvestigation of Alleged Use ïkey role (Syria)
ÅRoutine inspections ïlimited to ambiguities not resolved  by on-site analysis

ÅOther roles
ÅAssist OPCW in preparing and evaluating proficiency tests
ÅDevelopment and validation of analytical methods
ÅSynthesis of chemicals and collection of reference data
ÅTechnical training
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OPCW Laboratory Network
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US Designated Laboratories

ÅCongress mandates that all samples collected in the U.S. 
must remain in the U.S. 

ÅCWC requires samples be sent to at least two OPCW-
designated laboratories

ÅTo meet the above requirements, U.S. has two OPCW-
designated laboratories
ÅU.S. Army ECBC Forensic Analytical Center (FAC) 1998

ÅLawrence Livermore National Laboratory (LLNL) 2003
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Requirements for Designation

ÅMust score a minimum of 2 Aôs and 1 B on 3 consecutive 
tests and maintain on a rolling basis

ÅMust participate in at least 1 proficiency test per calendar 
year (2 offered per year)

ÅMust have an established quality system that is 
accredited by an internationally recognized body

ÅECBC/FAC has participated in 25 proficiency tests and 
received 22 Aôs since 1996. 
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Environmental Proficiency Tests

ÅSamples from 2 different matrices are provided, each containing:

ÅTest sample (spiking chemicals >1 ppm)
ÅControl sample (spiked at >5 ppm)
ÅBlank (no relevant chemicals)

ÅSamples received blind with random IDs

ÅObjective: identify scheduled chemicals, their precursors and 
degradation/reaction products (5-9 spiked chemicals per test)
ÅAlso must report any chemicals that are ñone reaction step away from a 
scheduled chemicalò
ÅNon-Scheduled Reportable Chemicals 

ÅTest time for analysis and reporting: 15 calendar days (report ~100 
pages)
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Test Sample Matrices

ÅCommonly used matrices
ÅOrganic (DCM, hexane, decane, toluene, C12H26, 

chlorobenzene, pump oil)

ÅAqueous

ÅSoil

ÅOther matrices previously used
ÅDeconsolutions, wipes, painted plates, emulsions, wall plaster, 

floor tile, agar gel, aluminum 
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Sample Interferents

ÅOrganic and soil
ÅDiesel fuel (~500 ug/mL, but as high as 1%)

ÅMineral grease, machine oil

ÅAqueous
ÅPolyethylene glycols (PEG, ~0.5 mg/mL)

ÅMetals/salts/acids (Borax, degreaser, CaCl2, MgSO4, fatty 
acids, 2-methoxyethanol, etc), paramagnetic (NMR)

ÅAll
ÅPesticides and other irrelevant compounds containing P, S, Cl 

and N
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GC/MS Chromatogram of a Test 
Sample
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Sample 128: Organic, Direct Split

25th OPCW Proficiency Test
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Strategies for Detecting Analytes
Under NonaneInterferent

ÅAMDIS library search

ÅSelective detectors (dFPD, AED)

ÅSample cleanup (SPE or solvent extraction)

ÅDifferent phase GC column (DB-1701)
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AMDIS
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Automated Mass Spectral Deconvolution & Identification System

Software supplied by NIST



GCMS (EI) Libraries 

ÅOPCW Central Analytical Database (OCAD)
Åscheduled compounds only

ÅMS (3940), GC-RI (3324), NMR (1391), IR (925)

ÅValidation Group Working Database (VGWD)
ÅOCAD + unscheduled agent degradation products

ÅNIST and other commercial libraries

ÅIn-house user libraries
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AMDIS Matches

ÅDivinylsulfoxide[DVSO](RT 7.05 min, RIc 885)

CH2=CHS(=O)CH=CH2

ÅSesquimustard[Q](RT 18.26 min, RIc 1731)

ClCH2CH2SCH2CH2SCH2CH2Cl

Å1,4-Dithiane(RT 9.87 min, RIc 1074)

C4H8S2

ÅMustard gas [HD](RT 11.53 min, RIc 1180)

ClCH2CH2SCH2CH2Cl
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GC-MS Chromatogram
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GCMS Chromatogram
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Strategies for Detecting Analytes
Under NonaneInterferent
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ÅAMDIS library search

ÅSelective detectors (dFPD, AED)

ÅSample cleanup (SPE or solvent extraction)

ÅDifferent phase GC column (DB-1701)



Initial d-FPD Screening
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ÅAMDIS library search

ÅSelective detectors (dFPD, AED)

ÅSample cleanup (SPE or solvent extraction)

ÅDifferent phase GC column (DB-1701)

Strategies for Detecting Analytes
Under NonaneInterferent



Sample Preparation Scheme
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Sample 128

Direct Aliquot

12802302P

GC-MS(EI), 

GC-MS(CI), 

GC-FPD, 

GC-AED, 

GC-FTIR, 

P&T-GC-MS(EI),

 LC-ESI-MS, 

NMR

50:1 Dilution 

2% Nitric Acid

12802502ICP

ICP-MS

Silica SPE 

Cartridge 

Cleanup

Wash with 

2 x 1.0 mL 

hexane

Elute with 

2.0 mL acetone

Concentrate to 

0.4 mL

12804003Si

GC-MS(EI), 

GC-MS(CI), 

GC-FPD, 

GC-AED, 

 LC-ESI-MS

Acetonitrile 

Extraction

2 x 1.5 mL

Concentrate to 

50 ɛL

Add methylene 

chloride 

12806701

GC-MS(EI), 

GC-MS(CI), 

GC-FTIR

Chemical 1

GC-MS(EI): page 21

GC-MS(CI): page 25

Chemical 2

GC-MS(EI): page 35

Chemical 1

LC-ESI-MS/MS: page 31

Chemical 2

GC-MS(CI): page 39

GC-AED: page 43

Chemical 1

GC-FPD: page 29
Chemical 1 = DVSO
Chemical 2 = Q



GC/MS Chromatogram after Silica 
Solid Phase Extraction Cleanup
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GC-MS Chromatogram of Sample 
after Acetonitrile Extraction
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Strategies for Detecting Analytes
Under NonaneInterferent
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ÅAMDIS library search

ÅSelective detectors (dFPD, AED)

ÅSample cleanup (SPE or solvent extraction)

ÅDifferent phase GC column (DB-1701)



Analysis of Direct Split using 
VF 1701 MS Column 
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Identification of DVSO 
Supporting CI (isobutane) Data
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Identification of DVSO 
Supporting ESI-MS/MS Data
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06-May-2009  15:17:10  12802302P

m/z
25 30 35 40 45 50 55 60 65 70 75 80 85 90 95 100 105 110 115 120

%

0

100

ES050612 50 (0.867) TOF MSMS 103.01ES+ 
24285.01

77.01
59.00

103.03

ESI-MS/MS mass spectrum of chemical 1 in sample 128 (aliquot # 12802302P).

Precursor Ion



Other Techniques if Conventional 
Sample Cleanup Fails 

ÅGC-MS/MS and LC-MS/MS
ÅProduct or parent ion scan

ÅHRMS

ÅGCxGC/MS

ÅSPME-GC-MS
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Chloropicrin (PS) Detection in Pump 
Oil
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Aqueous Sample Preparation 
Scheme
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Sample 226

50:1 Dilution 

2% Nitric Acid

22602903ICP

ICP-MS

Methylene Chloride 

Extraction

2 x 5 mL

Neutral pH

3 x D2O Solvent 

Exchange

22604602SX

NMR

Direct Aliquot

22602703P

LC-ESI-MS,

P&T-GC-MS(EI),

CE,

NMR,

IC-CD

Centrifuge

Collect 

supernatantOrganic Fraction

Combine extracts

Dry via sodium 

sulfate column

Concentrate to

 0.7 mL

22603403EN

GC-MS(EI),

GC-MS(CI),

GC-FPD,

GC-AED,

LC-ESI-MS

Direct Aliquot

Evaporate 3.0 mL 

to near dryness

Add 1.0 mL 

methylene 

chloride

22607403

LC-ESI-MS

Chemical 9

LC-ESI-MS/MS: page 142

LC-ESI-MS

Chemical 8

GC-MS(EI): page 120

GC-MS(CI): page 124

GC-FPD: page 128

Chemical 8

LC-ESI-MS/MS: page 130

Aqueous Fraction

226-EB

Adjust pH with 

0.1 N HCl

Neutral pH

2.45 mL

Evaporate to 

dryness

22603504NLC

LC-ESI-MS
0.5 mL

Methylate

MeOH, benzene, 

TMS-diazomethane

22603419ENM

GC-MS(EI),

GC-MS(CI),

GC-FPD, 

GC-AED

2.45 mL

Evaporate to 

dryness

0.5 mL

Silylate

1:1 BSTFA in 

acetonitrile

22603415ENS

GC-MS(EI),

GC-MS(CI),

GC-FPD

Chemical 9

GC-MS(EI): page 134

GC-MS(CI): page 138

22603407EB

GC-MS(EI),

GC-MS(CI),

GC-FPD,

GC-AED,

LC-ESI-MS

Organic Fraction

Combine extracts

Dry via sodium 

sulfate column

Concentrate to

 0.7 mL

22603411EBS

GC-MS(EI),

GC-MS(CI),

GC-FPD

0.4 mL

Silylate BSTFA

Aqueous Fraction

226-EN

Adjust pH with 

0.1 N NaOH

pH 11.5

Methylene Chloride 

extraction

2 x 5 mL

Proof of absence of 

di-derivative of Chemical 9 

prior to derivatization

(EI050106)

Proof of absence of

mono-derivative of Chemical 

9 prior to derivatization

(ES042938)

8: Thiodiglycol

9: Ethyldiethanolamine



Soil Sample Preparation Scheme
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Soil Sample and

Soil Blank

S/03

SB/03

1% TEA in Methanol

Extraction

2 x 5 mL

Methylene Chloride

Extraction

2 x 5 mL

Water Extraction

2 x 2 mL

CD
3
OD Extraction

2 x 5 mLWater Extraction

2 x 2 mL

Water Extraction

2 x 2 mLDirect Aliquot

S01301P

SB01302P

P&T-GC-EI-MS

Filter

Concentrate

to 0.2 mL

S01303ENC

SB01304ENC

LC-ESI-MS,

MALDI-TOF
Filter

S01305EN

SB01306EN

CE

50:1 Dilution

1% Nitric Acid

S01701ICP

SB01702ICP

ICP-MS

Combine and

Filter extracts

Concentrate

to 1 mL

0.5 mL

S02901EN

SB02902EN

0.5 mL

Evaporate to

dryness

0.2 mL

Silylate

1:1 BSTFA in

acetonitrile

S02904ENS

SB02905ENS

GC-EI-MS, GC-CI-MS,

GC-FPD, GC-AED,

GC/GC-TOF-MS,

LC-ESI-MS, GC-FTIR

GC-EI-MS, GC-CI-MS,

GC-FPD, GC-AED,

GC/GC-TOF-MS

0.1 mL

Evaporate

to dryness

Reconstitute

to 0.1 mL in

methylene

chloride

S02907EN

SB02908EN

Combine extracts

and filter

Dry via sodium

sulfate column

Concentrate

to 0.7 mL

S03301EN

SB03302EN

GC-EI-MS, GC-CI-MS,

GC-FPD, GC-AED,

GC/GC-TOF-MS,

LC-ESI-MS, GC-FTIR

Residual soil

Air dried

Water extraction

2 x 5 mL

Combine extracts

and filter

Concentrate

to 1.0 mL

0.5 mL

Evaporate to

dryness

0.5 mL

Evaporate to

dryness

0.5 mL

Silylate

1:1 BSTFA in

acetonitrile

S03304ENS

SB03305ENS

GC-EI-MS, GC-CI-MS,

GC-FPD, GC-AED,

GC/GC-TOF-MS

0.5 mL

Methylate

methanol, benzene,

TMS-diazomethane

S03307ENM

SB03308ENM

GC-EI-MS, GC-CI-MS,

GC-FPD, GC-AED,

GC/GC-TOF-MS

Combine extracts,

dry via sodium

sulfate column, and

filter

Concentrate to

0.6 mL

S04101

SB04102

NMR

Combine extracts

and filter

Dilute to 0.4 mL

with CH
2
Cl

2

S07101ENSSCX

SB07102ENSSCX

GC-EI-MS,

GC-CI-MS,

GC-MSD, GC-FPD

GC-EI-MS,

GC-CI-MS

Chemical 3

GC-EI-MS:  Page 39

GC-CI-MS:  Page 43

Chemical 3

GC-FPD:  Page 47Chemical 4

GC-EI-MS:  Page 49

GC-CI-MS:  Page 53

Chemical 4

LC-ESI-MS:  Page 57

SCX

Cartridge

Cleanup

0.2 mL

Silylate

1:1 BSTFA in

acetonitrile

Evaporate eluate

to dryness

Chemical 5

GC-EI-MS:  Page 61

GC-CI-MS:  Page 65

  GC-MSD:  Page 69

Dilute to 0.5 mL

with CH
2
Cl

2

3: DMMP

4: EMPA

5: EPA
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