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Analytical and On-site Detection Methods for Chemical Warfare Agents
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Chemical warfare agents (CWAs) are fast acting and sometimes lethal, even at low levels, and can be classified into
nerve gases, blister agents, choking agents, blood agents, vomit agents, tear gases, and incapacitating agents. As coun-
termeasures against CWA terrorism, detection and identification are important. In crisis management, monitoring of
CWAs in public places and security checks at territorial borders, big event venues, and executive facilities are performed
for protection against terrorism. In consequence management, on-site detection by first responders and laboratory anal-
ysis after on-site sampling and transfer are performed for minimization of terrorism damage, leading to personal protec-
tion, initial investigation, and emergency lifesaving. In incident management, laboratory analysis is performed to pro-
vide evidence at court trials for the prevention of future crimes. Laboratory analysis consists of pretreatment of on-site
and casualty samples and instrumental analysis using GC-MS. However, CWAs are easily degraded, and thus are
difficult to detect. Instead, it is useful to detect their metabolites and degradation products using zert-butyldimethylsilyl
derivatization GC-MS or direct LC-MS. Commercially available chemical detection equipment such as gas detection
tubes and ion mobility spectrometers are used for on-site detection. We have evaluated the detection performance of
such equipment and found that no equipment fulfills the required perfect performance of CWA detection sensitivity, ac-
curacy, response time, return time, and operation. To overcome the drawbacks, we have adopted the monitoring tape
method and counterflow introduction atmospheric pressure chemical ionization mass spectrometry and recommend the
combination of commercial detection equipment and these new technologies for simultaneous, rapid detection of all
CWA:s.
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Fig. 1. Detection and Identification of Causative Toxic Substances in Chemical Warfare Terrorism Countermeasure
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Structures of Chemical Warfare Agents
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(8) Saxitoxin

(9) Ricin

Fig. 3. Toxic Compounds Registered in the Law of the Prohibition of Chemical Weapons and the Regulation of Specific Substances

Table 1. Properties of Chemical Warfare Agents

Agent Vomit Blood Blister Nerve
CG AC CK HD L1 GA GB GD VX

M.W. 99 27 61 159 207 162 140 182 267
Melting point (°C) —118 —15 —17 15 —18 —49 —57 —42 -39
Boiling point (°C) 8 26 16 217 190 240 151 198 298
Vapor pressure (mmHg) 1565 816 1002 0.092 0.525 0.084 1.97 0.35 0.00014
Volatilization (mg/m3) 6X10° 0.9X10°¢ 3 X106 600 4500 560 23000 2000 1.6
Vapor density 1.42 0.69 1.22 1.27 1.89 1.07 1.09 1.01 1.03
LCtso(man) (mg - min/m?) 3200 4500 11000 1500 1500 300 150 60 40
ICts, (man) 1600 2000 7000 1000 300 100 75 25 5
Skin penetration 10—15 10—15 5—7
Odor - oﬁiwhey Almond Irritant Irritant Fruit Fruit

Water solubility (%) 0.9 o 6.4 0.8 0.05 12 0o 1.5 1—4
Effect Lung Respiration inhibition Eye, skin blister Miosis, respiration repression, vomiting, sweat

fast

fast slow
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Table 2. Possibility and Analytical Methods Applied to Detection and Identification of Chemical Warfare Agents and Degradation

Products in Various Samples

On-site environmental

Agent On-site air sample sample Biological sample
. . . Degradation
Air Trap-concentration Agent Degradation Agent metabolite Adduct
Choking agent GDT X X (aﬁtixsl)
HCN GC Alkaline/HS-GC HS-GC HS-GC
CICN/AsCl; GC/GDT X X
Der. GC-MS Der. GC-MS LC-MS, GC
Nerve gas A Tenax/GC-MS GC-MS LC-MS LC-MS (ChE)
Der. GC-MS Der. GC-MS LC-MS
HD A Tenax/GC-MS GC-MS LC-MS LC-MS (hemoglobin)
Der. GC-MS Der. GC-MS
HN A Tenax/GC-MS GC-MS LC-MS LC-MS
L1 X Dithiol/der. GC-MS GC-MS Der. GC-MS Der. GC-MS
. LC-MS LC-MS
Vomit agent X X GC-MS LC-ICP/MS LC-ICP/MS
Tear gas X X GC-MS A (0C) A (0C)

GDT : gas detection tube, der. : derivatization.
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%. HS-GC ki3, Mk - s EREHEY OB
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%3030 ARyELL, konig WAL THE S22 F
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BHEE 7O N7 S L0l ERT. RHEEE
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Fig. 6. Head-space Gas Chromatography of Blood Cyanide

3 35 4 45 min

In closed glass vial (8.74 ml), 0.5 ml of human blood containing 0.2 ug/ml of cyanide was mixed with 0.5 ml of 4% (w/v) phosphoric acid containing 30 umol
of ascorbic acid, and incubated at 50°C for 30 min. Five hundreds ul of head-space was injected to a gas chromatograph which was operated under the following
conditions. Agilent 6980 GC; column: HP-PLOT Q (0.53 mm X 30 m, thickness 40 um), 120°C, carrier: He 5 ml/min, injection split (ratio, 5 : 1), 200°C; detec-

tion: NPD, 250°C.
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ChE {EPEZMIE L, 3 i A g DA & 2.
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TJ—CZEHEL, FEM T HI—LC-MS ik

WCKOMRT AT 50 h Ot aids s, 2
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HEWO AR RO EEENL, 7oL A% i
U, g TKMEL pHZHRHEEL, MFE2EDYE
TIRESHHT 5., MK, WEFERITISRER

%, pHZEHFHIZEL, P70l AY VT 5.
AR, 40°CTO—FU-INRL—F—ZH
THRIEZ-EL, GCHd 5. {LFH, GrH M
&, BIEYEOIFEMMELEM BRSNS, KHEHM
51, (LFEFI DMK RN E NS, ARG
fiE THNE S N R AN, ) 5 A%
AW/ 40°C 5 0FR T 07 F MK DM - [
EC&E%. Figure 8 IT/L¥H EBEMEM D21
>ouaxX NI LD—FERT. D EETY IV %
fE#E & L /= retention index &t — 27 DETA
F 24t (EI) HEAXRYZ ML, EXIZADRALY >
BFA T AEART MV ZEES CUISCHEE, MS
AR BIVIATIU—) LU THET 5.
EIZOBMMEEX, VA1 1L ZBRNTBBD
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% .19 Sl & Fig. 9 1RT. MMEEL, &xdE
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4-4. ERMEFHIMAK S BD 7 FE R
DILZERITH 2 MR X, N6 AKNE, KD fRL
THYED AFIVRARBE, F427Ya—)l,
T4 ) —=)V7 2 HICIR5D, GC-MS 7 HridARn]
BECTHD, FEMESTHEEEYEIZESE, GC-
MS St elRe & 78 5. 7IVFIE, T AT I)UE,
SUIAERISD WS NS0, 1D &35 513 E &7
BIMME, FEREmOLENE HEAXZ MLTO
KIS RGNS — > 2 EZ B L T, tert 7F )P A
FIV2 U )L (TBDMS) #FEMARGRIES 28R L T
W5, Figure 10 IZ K IGAF— L 2R, Kidkl 2z
&%, SOul D7 R RUIVITIRMRL, 50ul ©
N-methyl-N-tert-butyldimethylsilyltrifluoroacetamide
(MTBSTFA) %#fnZ, 60°C T 1KfMMEL, ZF0D
—i# % GC-MS #7135, VX Do A F IV K R
KB ITFIV(EMPA), B U > OHfEMAF IR

—— Extraction —

S Sample
B8 Pretreatment
in Hume Cupboard

Laboratory Analytical Procedure for Detection and Identification of Volatile Chemical Warfare Agents

AR A 7 AE )L (IMPA), V< > D5 i A
FIVHEARBEF3U)L (PMPA) FDATFIVR
ARCEBEE ) TIVFILTATIV (RMPA) 1, £/
TBDMS (KIZZ#:13 %. RMPA @73 f#¥ A F )L ik
AR > (MPA)1Z, ¥ TBDMS {KIC A& #id %, 22,360
FA Y7 a—)Li, ¥ TBDMS (KIZZE #3537

FA 27U ), KB O E AR THETE -
%I 5DT, APHAWKIZ 500 uM @ KCl 2L T
WHhZE2E<., #FAY— K HNI KU HN2 O 4%

BT FINLY )=V T I ROAFINT LTS
J—)V7 X 1%, ¥ TBDMS {KICZH#:13 %, HN3
DoifEM NI LY ) =)L 7 2 i, KU TBDMS
RIZEHRT S, T4 /=)L 7 2 VB KRB O
B CEE - HET 20T, EHZ 0.2mM O
HCl 2Rk L THEEAZEN <. HU 2 EXAY—R
72 D53 M) O TBDMS #E KLY D GC-MS 43 Hr
D —filZ Fig. 111279, KikEH 0.5 ml 7n 5 DR
BE 1L, RMPA T#20ng/ml, ¥4 7Y a—)b
TS5ng/ml, =% /—)Y I T 2.5—10ng/ml
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Fig. 8.

Total Ion Chromatogram of Chemical Warfare Agents and Related Compounds

GC-MS conditions follows. Agilent 6980 GC-5973B MS; column: HP-5 ms (0.25 mm X 30 m, thickness 0.25 um), 40°C (1 min) —20°C/min—290°C (5 min),
carrier: He 0.7 ml/min, injection split (50 : 1): 250°C, scan m/z 40—320, electron ionization (EI, 70 €V, 60 uA) . Injection amounts were 250 ng except for lewisite

1 (1ug).

Th-olz.

R Z Do ORI L T, 3 > FE:
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@ TBDMS #E#ER{L GC-MS S Hric BT, BRE
FILEI 1 9 2 R R Y MPA #2153 L &
RIESNDARAREIC/R DAY, EH 51345 L Tail
M3 2% hikE2ELL- RMPAR7E = MUV
THREBR SAX EHEMETH®EL, MPAIZRY
oo (TCA) THREBRZRHEE O TCA 2T —
TR A L SAX B THE L, GC-MS
IR Y )

AR D LC-MS 2£i&E O JAZEW,  AL2ERI 5 i)
HEHE LC-MS Al fE &7z o =8, EMzitRli~
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Fig. 9. Gas Chromatography-atomic Emission Detection of Chemical Warfare Agents

GC conditions follows. Agilent 6890B-JAS2370AA AED; column: HP-5ms (0.25 mm X 30 m, thickness 0.25 um), 40°C (1 min) —20 °C/min—290 °C (5 min),
carrier: He, 2 ml/min, injection split (50 : 1), 250°C, detection: atomic emission detection, transfer line 290°C, cavity 290°C, detection elements: carbon (193 nm),
sulfur (181 nm), nitrogen (174 nm), phosphorus (178 nm), chlorine (479 nm), fluorine (690 nm), Arsenic (189 nm).
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Fig. 10. tert-Butyldimethylsilylation Derivatization of Hydrolysis Products of Nerve Gases, Mustard Gas and Nitrogen Mustards
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Fig. 11. Gas Chromatography-mass Spectrometry of Hydrolysis Products of Sarin and Mustard Gas

Fifty ul of acetonitrile solution containing 100 ug/ml of methylphosphonic acid, 100 ug/ml of isopropylmethylphosphonic acid and 2000 ug/ml of thiodiglycol
was incubated with 50 ul of MTBSTFA at 60°C for 1 hr, and 2 ul was injected into the following GC-MS. Agilent 6980 GC-5973B MS; column: HP-5 ms (0.25 mm
%30 m, 0.25 um thickness), 90°C (1 min) =20°C/min—290°C, carrier: He 0.64 ml/min, injection split (30 : 1): 200°C, m/z 40—550, electron ionization (70 eV, 60

HA) .

EIU—FI5FII U hhT Lz, BT
CEZULBIKRO T N NI ST MAH
T, TV ORXTVL—AF Mot Liz—fl%
Fig. 12 12/R9. M R Bk B EL &9,
RYOT 4 TE—RTHEL, YU > (Sug/ml) %
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LERIAY — RIZHphinb, LERIDEAA SN &
BEIELZREST, T<ICHEENRBL, HET
LEEZENMES. L, BHEEFEAITIE, 20
WARIZN =0, [KBEOHT XITREL 58,

IHEMEEIENT, BREMBIERSH S, Lan
>, (bFHOfEE, RE, KREICX->T, M
BO#ERRIIED S,

LR ERITHRT H5BGRAE L TE, Hon
UCORRESINZEMICEE L CTEEE=Y Y > 77
% TERER) 2, TOOFEFERIIHWSNS. 1
FoE—EUT 4 —AXRT FOA—=F— (IMS) ®
ZHEIE RS (SAW) BHWSLNTWS. f)
BIEE DR RE T 2 /N O THE AU ) W A S0,
BB IR B A BIRIET 2 i R AL D TRIHRAY )
CUZ THFM ) EEEDZ, TO0ERERICHNS
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and Related Compounds

Agilent 1100 capillary LC system with an autosampler and an 1100 MSD ion-trap mass spectrometer; column: Zorbax StableBond C18 (150 0.5 mm, 5 um, 80
A), elution by 4.75% (3 min hold) to 85.5% (5 min hold) CH;CN in 5 mm NH,COOH (pH 3.0) in water by 5 min, 20 l/min, 40°C, ion-trap MS: m/z 90—400,

positive, electrospray ionization (capillary +3.5 kV, nebulizer N, 20 psi, dry gas N,

m, TUEAELSE, bOEOBEE - 1 - LR
LT ORI EEERANS DO I Y U —{LHED B
NEHINTWDS, £/, ESOTO0RERNE K
Bel C, BRETHIE M OBAILLE S 7 oot UL I s
NiRAEN TS,

b T OO FEZMITBNTIE, JBITHENS >
7o 7S B R Tl B ERRIIBIGR A = & 5
MNUDEZTHENT ), MEELQRERETIIHEEN
Hi72 0 &R 72 IRV ER U R W, B T (A O

8 1/min, 300°C ). Injection amount: 20 ug/ml; 0.5 ul (each 10 ng).

MA{TEIZ Table 3ICF &0, MENDOHPENT
AU TR ICEB I N, TOBBICAIT LY
BB ERI, RO RE LRGSO EIRT, AE
W o(E, 1B OFH, filE- oA - hEKFEOH
EEORERPHFERICKD, (LETORLE RS
5. KIZ, #S5HBOHK (BHEORW, HHEIE
W), S RBGRMERM ZHNT, KEnt
FHRIOMEEZHEE T 5. mRER I, EhRREEE
TEFEREREREHRT S, S5, 7O T
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Table 3. Detection and Identification of Chemical Warfare
Agents in Chemical Terrorism Countermeasure

On-site inspection
Damage (plural novel deaths and injuries) , suspicious
matter (cloud, smoke)
Poisoning symptom (miosis, ruber, erosion, vomit,
headache, cough)
Sense
Smell (almond, garlic, leek, new mown hey)
Peripheral nerve effect (miosis, cough, mucomembranous
ache, cold)
Trigger
Laser fluorescence spectrometry
Remote infra-red spectroscopy
On-site detection-preliminary
Multi-gas monitoring, photoionization detection, detec-
tion paper
Ion mobility spectrometry, flame photometric detection,
surface acoustic wavelength detection
On-site detection-identification
Mass spectrometry, GC-MS, gas detection tube
Laboratory identification
Preliminary screening, sample pretreatment, instrumental
analysis

Z7 14—, AN MIVHEKREZ AT 2 mMERES Y
BAEEICED, FleREdT 5. TL T, BGERH
ZERILL, S HEEIICIRIE L Toth 2 KHES
5. BEBRHMOHE, EEEH LA ORA -
REDHIEST, HIEFEERROME AP #EICHETH
5. fERERALTH#ESTRY, PiiEkzEAL,
FEBRMIET IR A T 5. HEREKEOY —Z2 70
RIE, WEH - BUGBHAT G OBRGUEREK D75 3RO
HERBICHARARTHB.
FREHOBGRANIV B ER BN EHLEFHZ L
TRBRBHBIZBWTITO DD THD, BGHRAE
WM OEERMEREE L TE, BAKRE (LAidd
NTRAIL W), BIHERE (RIEBFERED 1/
100 TEHZHLZW), BRAKE (BEETERZE
SUzWw), IRERE (BRICERZELZW, U
TIVIA LTERZH LV, BIEE (BEE B
BNEERL W), ERME (ERSHZE, EHeNI
BHIA S 2N IRBEEICEAT L TIEL W) EDRkEn
.

5-2. {LFARMEHMOME  BEPHI, %
Al FNT, iR O(EFAIBRAE A O IERE 2 5Fii
LTE. Y ZORRZHE, RABEEM O

HEZR T 5. AN, WO EkRRICHNS
RZa7IIVEEMTH D, 0 &)l o— 2k 2 &
BOMELE pHIERENBHINTHD, GAHl (B
U, YR, T %E) PRINENDE, —HD
BEREHENLZLEMA BR) ICRALL. HA
(RAZ—BHZ, WA H¥A b 1% BRI N5S
L, BO—HOMBEENLIELURAICHEAL .
VA (VX) Wi s &, pHELICEDEA
(k) ITHAL . KIS OFEIER & R
L CiabatE 2R U 7.

A ABAER, [UENIT7 0 )VIRDIEER O
B, ERICHWSAYZa7IEEMTHD, IV
) — RO Ry« RL—=" )L O H DA W
S5NTNS SV EFEON A ERISL TRBT il
MU AT INVEOEEANCEMRINTH 7 AEICE
ASNTHY, HHRRCHT S ZXE Oz BE L,
CxlER>7ETHERDOHG AR ZEA L THA
OFEE, ZEZ @B S OFAMEDES TZERH
OHERTOEMN, TREEITD. T RITH LT
M) BT ATIVHI, YAY—RARIZH LT IF
FIL—FI)VH), VA1 ML T 7>
FHERLLEDH FOERRAEZHNWS. 2R
W5 S S5ICENTRINE SRS S8 5 ENNE
BRHOBHY, RAMEETITEMEEEZTL, K
EIXB B 100 ug/m3 TH - 7=,

FPD i, K& OIL2EH 2 @ - R I
THINT 4 —BIEETHD, 752X - Proen-
gine -8 D AP2C VTR E 11TV 5. 32 {LZ & 917K
FHAZKOBEEEN, VO XERERTFNSHT
HRICZREL T, [LEROBRAIZITD. IEIZ,
PE—R (U AtaY) X3 SE—R FRELEH)
THY, BREFMRETZICHLTIEBROR 10ug
/m3, X AY— RHFZIZHL TIL 100 ug/m3 TH
. BRI <, mEEIRIL A1 b 12
B Th > 7z

PID I¥, KX O&EMETRAFYE (TIC) & I
BIRWICHBMRA TSN 7 1 —BEETHD, K
=l RAE Systems %10 ppbRAE 723t & 11T
2.5 Bl I N ALFERIMEIN I KO A F L E
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F—% — ORRAIRE TRIREISE U 7=

IMS 1, EBIHAINTWENF ¢ —RifpE
HIRAHZER TH O, {LFH 2 5B ARKUE T B #R



1294

Vol. 126 (2006)

FEICXOD A AL, (EFEHHRDEEH A A >
DRY T NEBERTOA A >BEE (jon mobility,
¥oms) ZMELTHRA - #2175, BROBH)
FERIRRIIE IV OBANSE NS — 2 i & W8 2855
LB OLEE (aspiration type) HIRFTEINTWVD
(7«4 > 5> K Environics OY ). 14 {bExn5
WHREIT Z TR SR E 1SS <, BB T4 100
ug/m* LR ThH o, s KN L TiE 1 mg/m?
R, MmEFNICR U TZBE NN > 72, #RHT X
WEIRERHUNTINE T 20, BBEERTHAED
H5.

SAW X, N>F 1 —HEHEMRAG T, BAE Sys-
tem 71D JCAD (ChemSentry™) 73Hiflk &1 T
Wa, LRSI, BEORLRLZRY Y —%
d—hkLkoH— (10fH) IClEHFSET, HRE
BN IE U C R FIE s o BBz b L, il
HIHZ LI, MEOBRA - #2755
TR, O AKIEHR, mEH - EEALEHD
FOREBELRRDEND. RABEIZM< (50 mg
/md LA b)), RERE, ERERITELS, 2<0F
PRI U TR IE 2 R U 72

FT/IR I, RLQADRINBILA R +)L 7% JE %
FNZHEIE U TREA 2 BAT - R5E 9 5 nliikay - 3
REETH D, 9 RGP ICEEEGFET DKD, —
Bt = DUET, L¥Al%E X X7 VIR ET
5 EFEL <, A OWIEEICEEL (R
Z 11000 cm ™! fFiE, YA — KA Z 900 cm!
A, VA3 B 1:800cm! A3, #HEE IS
PP 10mg/m3 TH-o /-,

GClZ, FHRHOEEZI=ZFa7I71AL, %t
WmEEEZM LI HRE - RERICLEBDTH
% .50 X & O. 1. Corporation #t # @ MINICAMS
1, 5 K& % a5 i S —# T % T GC ITiEA L
T 5. fREFRER SBRHIEE (FPD, XSD) DJix
BT EDWTLER OB 217D, 10 7 FRET
MR Z, OB AKIOY T ug/m® O % A fE &
ER-)

MSiZ, SRAOEBEZI=F17I71XL, X
Rk E LI, WA, #HHACLAEbO
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BUKA T L 2R ADICEEL, KTz
%, BENZAZBREL TNED, MHRIEFHNIE
— i EEEMICREI NS, GC-MS #i&T,

GC /i d 2 D CTRIEMEIZM L 5. KE Infi-
con - #1® Hapsite |4, Tenax jEfatkaE, BHE AN
7 BV OHERBEEEZH T 2.0 BUkA > T L >
BAICED, HENBBE1250°C LUF O 7R
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YAY — R ZADOEKE (Y7 pug/m’) KEN 10
SREETHRETH > 7.
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BtER), AR, 1EIRERER, BRIEMEEREE L
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(M) % Fig. 13IZRLE. bFHOHRTHHE
PO 2, U5 AKIZRAIT 2 Z &8
BAEHM OBBELREEINTWSA, BIRTIE,
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&, RN ARG EN R (—BALRFELHILKFR)
MIBNWZ EZMET 5. REYEOREES R
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Table 4. Comparison of Detection Performance among Various Chemical Warfare Agent Detection Equipment
. LOD* LOD LOD False Response Return .
Equipment Gas Nerve gas Blister agent alarm time time Operation
. A A O _
Detection paper X Liquid Liquid X soc O
: O O @) A _
Gas detection tube 0.2 mg/m’ 0.1 mg/m? 5 mg/m? A 1—5 min X
-, O A O A @)
Ton mobility spectrometer A 0.2 mg/m? 5 mg/m?3 A 3—20 sec sec—min Portable
. X A (non As) @) O
Flame photometric detector ND 0.1 mg/m? 1 mg/m3 X 2—5 sec sec Portable
Photoionization A X A > @) A
detector 100 mg/m? 100 mg/m? 100 mg/m3 5—10 sec sec Portable
Surface acoustic wavelength A X A % A X O
detector 50 mg/m3 50 mg/m3 100 mg/m3 15—30 sec 4—>5 min Portable
Fourier-transformed A A A A O _ A
infra-red spectrometer 10 mg/m? 10 mg/m3 sec Movable
GC with X . A _ A
preconcentration ND A (volatile) A (non As) o 10—15 min Movable
GC-MS with X A (non As) 0 X o A
preconcentration ND 0.1 mg/m? 0.1 mg/m?3 10—15 min Movable
* Limit of detection, ** Not detected.
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APCI with Counter-Flow Introduction (CFI)
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Fig. 15. Schematic of Counter-flow Introduction Atmospheric Pressure Chemical Ionization Mass Spectrometer
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Fig. 16. Recommended Combination of Detection Equipment for Thorough Detection of Chemical Warfare Agents

s EM L, EEFELENE, LT EHLEES ER
R, B0 EEEAE, sUEELERE, B WFERITICS 720 £ LT, FHAERBITLHT Ok

SREHRICHYLTHE, ZORRNHESNZD & e, BIREETHE, AELTIEE, B
DTHOEY. EEOFHRDOEHITEHB L LT % R, EERRNFOPRBRIERICTHEYE, T



1298

Vol. 126 (2006)

EEROE L. LDROEHEL BT T,

1y

2)

3)

4)

5)

6)

7)

8)

9)

10)

11)

12)

REFERENCES

National Police Agency, White Paper 1995,
1996.

Seto Y., Tsunoda N., Kataoka M., Tsuge K.,
Nagano T., ‘‘Natural and Selected Synthetic
Toxins — Biological Implications,’’ eds. by Tu
A. T., Gaffield W., American Chemical Socie-
ty, Washington, DC., 2000, pp. 318-332.
Stewart C. E., Sullivan Jr. J. B., “Hazardous
Materials Toxicology — Clinical Principles of
Environmental Health,’”” eds. by Sullivan Jr.
J. B., Krieger G. R., Williams & Wilkins, Bal-
timore, 1992, pp. 986-1014.

Somani S. M., “Chemical Warfare Agents,”’
Academic Press, San Diego, 1992.

Marrs T. C., Maynard R. L., Sidell F. R.,
‘“Chemical Warfare Agents: Toxicology and
Teatment,”” John Wiley & Sons, Chichester,
1996.

Monistry of Energy, Trade and Industry,
(http: // www.meti.go.jp / polycy / chemical _
management/cwc/200kokunai/202horitu_gai-
yo.htm), Outline of The Law of the Prohibi-
tion of Chemical Weapons and the Regulation
of Specific Substances, 9 April, 2003.

Tayler P., ‘““Goodman & Gilman’s Pharmaco-
logical Basis of Therapeutics,’” 9th ed., eds. by
Hardman J. G., Limbird L. E., McGraw-Hill,
New York, 1995, pp. 161-176.

Seto Y., Kanamori-Kataoka M., J. Health
Sci., 51, 519-525 (2005) .

Society for Countermeasure against Biological
and Chemical Terrorism Disaster, ‘‘Biological
and Chemical Terrorism Countermeasure
Handbook,’” Shindan To Chiryo Sha, Tokyo,
2003.

Organization for the Prohibition of Chemical
Weapons, (http://www.opcw.org), Chemical
Weapon Convention, 29 July, 2005.

Rautio M., ‘““Recommended Operating Proce-
dures for Sampling and Analysis in the Verifi-
cation of Chemical Desarmament,’”’ The Min-
istry of Foreign Affair of Finland, Helsinki,
1994.

Hanaoka N., “Drugs and Poisons in Human
— A Handbook of Practical Analysis,”’ eds.

13)

14)

15)

16)

17)

18)

19)

20)

21)

22)

23)

24)

25)

26)

27)

28)

29)

30)

31)

by Suzuki O., Watanabe K., Springer, Berlin,
2005, pp. 69-90.

Hanaoka S., Nomura K., Wada T., J. Chro-
matogr. A, 1101, 268-277 (2006) .
Wittkiewicz Z., Mazurek M., Szulc J., J.
Chromatogr., 503, 293-357 (1990) .

Kientz C. E., J. Chromatogr. A, 814, 1-23
(1998).

Hooijschuur E. W. J., Kientz C. E., Brinkman
U. A. T., J. Chromatogr. A, 982, 177-200
(2002) .

Black R. M., J. Chromatogr. A, 1000, 253—
281 (2003).

The Pharmaceutical Society of Japan, ‘‘Stand-
ard Methods of Analysis in Poisoning with
Commentary 2006, Tokyo Kagaku Dojin,
Tokyo, 2006, pp. 283-294.

Tsunoda N., Seto Y., Rept. Natl. Res. Inst.
Police Sci., 50, 59-80 (1997).

Ando H., Miyata Y., “‘Drugs and Poisons in
Human — A Handbook of Practical Analy-
sis,”’ eds. by Suzuki O., Watanabe K., Spring-
er, Berlin, 2005, pp. 609-618.

Katagi M., Tsuchihashi H., ‘‘Drugs and Poi-
sons in Human — A Handbook of Practical
Analysis,”” eds. by Suzuki O., Watanabe K.,
Springer, Berlin, 2005, pp. 619-627.

Kataoka M., Tsunoda N., Ohta H., Tsuge K.,
Takesako H., Seto Y., J. Chromatogr. A, 824,
211-221 (1998).

Kaise T., Kinoshita K., Bunseki, 284-289
(2005) .

Read R. W., Black R. M., J. Anal. Toxicol.,
28, 346-351 (2004).

Noort D., Benschop H. P., Black R. M., Tox-
icol. Appl. Pharmacol., 184, 116-126 (2002) .
Tsuge K., Seto Y., J. Chromatogr. B, 776, 79—
88 (2002).

Tsuge K., Seto Y., J. Chromatogr. B, 838, 21—
30 (2006) .

Polhuijs M., Langenberg J. P., Benschop H.
P., Toxicol. Appl. Pharmacol., 146, 156-161
(1997) .

Seto Y., J. Chromatogr. A, 674, 25-62
(1994) .

Seto Y., Tsunoda N., Ohta H., Shinohara T.,
Anal. Chim. Acta, 276, 247-259 (1993).
Seto Y., Jpn. J. Toxicol. Environ. Health, 42,
319-325 (1996).



No. 12 1299
32) SetoY., Anal. Chem., 74, 134A-141A (2002). Bunseki Kagaku, 55, 191-197 (2006) .
33) SetoY., Shinohara T., Arch. Toxicol., 62, 37— 49) Sekiguchi H., Matsushita K., Yamashiro S.,
40 (1988). Sano Y., Seto Y., Okuda T., Sato Y., Forensic
34) Seto Y., Iura K., Kanamori-Kataoka M., Jpn. Toxicol., 24, 17-22 (2006) .
J. Forensic Sci. Technol., 10, 49-61 (2005). 50) Organization for the Prohibition of Chemical
35) Purdon J. G., Pagotto J. G., Miller R. K., J. Weapons, (http://www.opcw.org/resp/html/
Chromatogr., 475, 261272 (1989) . detect.html), Detection of Chemical Weap-
36) Kataoka M., Tsuge K., Seto Y., J. Chro- ons, 2006.
matogr. A, 891, 295-304 (2000) . 51) Driegersafety, (http://www.draeger.com/ST
37) Ohsawa I., Kanamori-Kataoka M., Tsuge K., /internet/Products/Detection/Tubes/draeger
Seto Y., J. Chromatogr. A, 1061, 235-241 _tubes.jsp), Drieger Tubes, 2006.
(2004) . 52) Proengin, (http://www.proengin.com/index-
38) Ohsawa I., Seto Y., J. Chromatogr. A, 1122, pro.htm), AP2C, 2006.
242-248 (2006) . 53) RAE Systems, ¢http://www.raesystems.com/
39) Kataoka M., Tsuge K., Takesako H., products/pid) , PID, 2006.
Hamazaki T., Seto Y., Environ. Sci. Tech- 54) Iceman G. A., Stone J. A., Anal. Chem., 76,
nol., 35, 1823-1829 (2001). 390A-397A (2004).
40) Kataoka M., Tsuge K., Seto Y., Jpn. J. Sci. 55) Harris C. M., Anal. Chem., 75, 355A-358A
Technol. Ident., 4, 67-75 (2000) . (2003) .
41) Noami M., Kataoka M., Seto Y., Anal. 56) Mukhopadhyay R., Anal. Chem., 76, 369A-
Chem., 74, 4709-4715 (2002) . 372A (2004).
42) Kataoka M., Seto Y., J. Chromatogr. B, 195, 57) Henry C., Anal. Chem., 69, 195A-200A
123-132 (2003) . (1997).
43) Read R. W., Black R. M., J. Chromatogr. A, 58) O.I.Analytical (http://www.oico.com/default.
862, 169-177 (1999). aspx?id=productline?PLID=21), GC Con-
44) Kanamori-Kataoka M., Seto Y., Jpn. J. tinuous Monitoring Systems, 2006.
Forensic Toxicol., 23, 21-28 (2005) . 59) Wise M. B., Guerin M. R., Anal. Chem., 69,
45) Seto Y., Iura K., Itoi T., Tsuge K., Kataoka 26A-32A (1997).
M., Jpn. J. Sci. Technol. Ident., 9, 39-47 60) Inficon, <(http://www.inficonchemicalidentifi-
(2004) . cationsystems.com / en / hapsitechemicaliden-
46) Matsushita K., Sekiguchi H., Seto Y., Bunseki tification.html), HAPSITE Smart Chemical
Kagaku, 54, 83-88 (2005) . Identification System, 2006.
47) Seto Y., Kanamori-Kataoka M., Tsuge K., 61) Wangl., Anal. Chim. Acta, 507, 3-10 (2004) .
Ohsawa I., Matsushita K., Sekiguchi H., Itoi 62) Nakano N., Nagashima K., Bunseki, 7-14
T., Iura K., Sano Y., Yamashiro S., Sens. Ac- (2001) .
tuat. B, 108, 193-197 (2005). 63) Takada Y., Bunseki, 328-332 (2006).
48) Maruko H., Sekiguchi H., Seto Y., Sato A.,



