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WE TG, B ERTILER (LA,
chemical warfare agent) DL, MEEA R, OB AK], BE
A, MmEH, <LeaHl, BEASCHETESLY. 1992
FIALF LR OB, AR, Wl O OZEI 3 028
FICHT 2 5MPEERSICBWTRIRENY, 1995 412
EERHFORIE RO EWE OB S T 2 BT
L, 1997 SR AR E LD LY, —E o LA
DOEYE, FRITENICELLRTWA., —7, 1994 EED
B, 1995 EOH M T A Y VFHLDD, 2001 SEDKE
%ﬁ%ﬁ%ﬁ%ﬁ#%&t,w%ﬂ%@ﬁiﬁ%ﬂﬁﬁé
MW7 0 OBRIEBELL L T 5, FoBithomsess
MISE LTY, WEHKG, DBHEEOLELE, BWICWE)
FEROME N EN S S, BSRMAEETH 575,
WS N S T 2 ERARROREEEM 22, £
WZHRE R BB T 0B RIEI RV, FEELIZINFT
2, HROEY - b5 RI3R AR LS B O MR & BEE L
TERYTY. BRI NZAGFHRMBOMIEEE LT,
B, MM, ROEREYE, (bANHT B R REE,
BIRVE, WAMENTRSN DD, EENED v, M
HWEND 2, BRIEEFE, BRBEOBBIENEON
BB LOREEARE SN, KBFxcl, lio~w=
2 7 VRALEFRIRMER/M OO E D TH Y, REBOAL
597 TR ROMBIEERRICIL b, 44V EEY 5
AANT FEA—F— (IMS) HMEEL b L TR
AW EBDND KA Y Drager safety B o # 2 B
BT oWT, RN B R & REE L 720 Tk
BT 5.

o

2 MBKRONE

21 RHMERS

Drager safety 8O # AHME 1, WMEH 7mm, &E
124 mm OHIRWT T AE I RS2 EHT LI D F L
EREL, TIAFEOMBELHEHSELL0THL. Kk

RRELSIIR : 277-0882 T REKITHAOE 6-3-1
PERUT: 100-8929 B TAHKESM 2-1-1

’ Fﬁ D

oL F |

T, TY VBT AF V] B, [F4rz—50V] B, 7
Vv ERReRLEW B, [>7AbkE A, V7
ALER] HE e, ST 2 ORKEREIRICIE, EHO
TH¥FaadRYTEHW, 1B FE—2Z T 100 mL DH A
PFIENDG, 1 EE-0 OFIEE (EEE2HEORE L
THPLET) F, W0DEEZLELTS.

2.2 & E

B & 39", %5 >~ % TNO Prins Maurits Laboratory
L 0EALZ, ¥ ¥ (Oisopropyl methylphosphonoflu-
oridate, GB), V<> (O-pinacolyl methylphosphonoflu-
oridate, GD), % 7~ (0O-ethyl N,N-dimethyl phospho-
ramidocyanidate, GA), VX (O-ethy1=S—diisopropy-
laminoethyl=methylphosphonothiolate), ¥ Z % — K% 2
{bis(2-chloroethyl)sulfide, HD| ROV A H A b1 (2-
chlorovinyldichloroarsine, L1) % w7z, Y7 a7 3
Z (DDVP), AV I, ADLMERZH W 250
RARYRY AF )V (DMMP) &, BIRALZEE Hw:.
-7 FNITF VLT 74 F (2-CEES), 1,4F+%
U, TRy FRERW V72V T TV
v (DO &, Rt s ML TEROBERGE /.
T OO, WO R & 7z,

23 HADEH

AR & B Y (b%#) (GB, GD, GA, VX, HD,
L1, DC) H#Z#EA] (DMMP, DDVP, 2-CEES, Wil
IFN, 1L4FFFH ) O nNTH VB 5 uL, BEAE
FEDXAVINDRAE 7 —VEH 5 ul, HHEREO R
R % 500 mL A AFRBEICEAL, MAEILsE, 72
ZIRM L7z F7, WALKERT AR VXS AR A A
Z 500 mL A AREEICEA LT, SBAEBYT AR L L
7z.

B LBy BAREOFEH U 7 A KERY
WOLENA LY ZAFTARRBIZAN, P72/ LT
ENVBES LT1L2MELED 10% WHEKEWR %2 <,
YT ALKRE (AC) FARAEFBL 2. RS, BEamem
DFEBEH ) 7 AKBHEE IOLBERICANR, Y7 VIS
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Fig. 1 Views of the gas detection tubes before (C)

and after (T) the detection of the vapors

1: “Phosphoric Acid Esters” tube, sarin (0.1 mg/mg);
2: “Thioether” tube, mustard gas (6 mg/m3); 3:
“Organic arsenic compounds and arsine” tube, lewisite
1 (38 mg/m’); 4: “Hydrocyanic Acid” tube, hydrogen-
cyanide (3 nlg/m?’); 5: “Cyanogen chloride” tube,
cyanogen chloride (2 mg/mﬁ). The black arrow indi-
cates the direction of the gas drawing. The green
arrows indicate the portion of the coloration in the
indicating layers.

TENVEEELTI2ED ED0OM 705 3 ¥ T KER
AT, BILy 7~ (CK) FAZHFEL 72,

2-4 IRFIEER

EENT, BE 24T, BE 38% ICRESNIEEMEST X
X D EERE N TIT o 72, ALFERIOMIIL, Driger safety
B ZMAE OB HSEBEEICE, SHBRRNOL 0%
VW, AAREE MG E S oM cHEL, BB
ERERWMEIL, ZORMEIELRI. AC KU CKIC
SWnTIE, EFEHEATANY D 10 L FEOLHO—T
DEMRPODOH I AEIZY ) 3V F a— 7 THARAE
OHF ZFIOEANCER L, 7F2a Ry 7ORAORE H A
MDA ARG L, 10 L &R0 Lol s
OEERRO%E, 7FauRy TOREEZA MO —2
B4, ALEHIA A B D ABAMEICBR L2, AC U CK
PAALEFNC D W T, [EZERIEEAT A A D @ 500 mL
H AREE O—F OFMEFRINVTOF I AEIZY) 3
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VF 2 =T CHARME DA ARBMOEICHEREL, 7F=
0K Y T OWATT % A ABME O A ARG RN HEH L,
500 mL 7 AEREE O OREFENANNV T2l E, T
FouRYTOMEER A bu—2 28, {LFERFT AL AT
B ICBR L. ZoBa, LERAHEOKMBERNON
H 5 ARG K& A ARNEDF ARG IR OHEAIZE LT
I, MEHEEFBEEEMIELLHIICLA

[V YBr 25 )] A ARmETE, ST X227+
2BRYFTIOHBIIL, RETABFHFLE T Fa2aR>Y
TR, FARME (Fig. 1) ©2MHOHERzMS 2
TH 45" T WiF, HEOHET > 7V (reagent ampule)
ZEY, BORYBALHERE (enzyme layer) 12584
BESE, 170MKEBLE. 7F20RY 72V ARME
OFAWFINZHEM T, ZORBBEPEERE (sub-
strate layer) [ZSE&ICRZESE, »2#RE (indicating
layer) ZESEHRWVEDITWEIL, 1 MKRELZ:. &
12, 7¥ 2Ry S TRIGHEAEIYERE (indicating layer)
ZEOEZEITHIIL, BARABHPREL | SHEHRTI
Bk & L7z,

[FArr—7N] HAARMETE, BBTAEZT 2
ORI TSEEEIL, KRETAERLETFaaRs 7
2O, HAMAED 2 ETORENER A E 2 TH 45° 37
HENE, WEORET v FL2EY, BURY BARZIER
BITEEIEBE S, PRy ChudEte L
7z.

(7 vy v Atk RG] AT ABMETIE, TR
WSS O 2 HETO BMENESZ M & 2 TR 45° 3T 0 #iey, PR
ORET I NEHRY, BEEZEONMICH AL, AHT
AT HF2a Ry T TSEETIL, FWRBIKEBDOERD
ELNEHEE L.

[V7bkE] AT ABAETE, AT A27 %2
oKy 7T EEFIL, REARET IR L,
P CERRYBZE L7

[27 AbEE] AV ABRNE T, FARNED 220
oS &S 2 TR 45 T 0 iy, WEORET » 7
VEREY, BJRYMAREZEREIIEEIRE SE, W
HAZETFauRy 7THIIL, BRBOGHSILER &
FREICE v 7 it B bdhudfiE & U, S Toaig s
FENbDFCTCOWRGIEF (0B T) 28R

2:5 FFUNAYLIRFS—EEMEE

() YEBI ATV B ABEEORERTIZELT,
HoAEROWL, BEBLWOEL, SmLD0.1M VY
YEEF MU T AEH (pHT) RHVWTEREZHML .
SmL®01MY YBF M7 AEW®R (pHS8.0), 0.1 mL
D 10mM 55-YFF A= PR EERE (DINB) Bl
W2, M o1 mL 204, 156 mM I LT F ) VF A
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2 WA UL Iz, 25C T 20 SRS S, 12
mM T ¥ YEW 0.1 mL A SIS % 1L L, 412 nm
DU (e: 13600) ZWELT, 7FYLay v T2
79—+ (BuChE) &M% k7%,

26 FvETU—-FERKE

[V B2 50| A ARMEDRER S LT,
HIAERGML, HEBEWMY L, 209 b0REE
WKImLOF vy E7) —BRKBH Ny 77— (74—%
— X8 TonSelect™ Low Mobility Cation Electrolyte) % 7l
ATHLIRA, BERLHE 54) %, ZombEERE
WY, 045um LV E—Z 7 4V F —TEH L. T OH
MO B S 100 FBEAFHICE L <, ML Tay
{E7F)nvay >y (100 BHRWH) kg vibay v
e (RHH) 2T, DWToRMGTEFy ¥ 5 ) —ERK
BT & AT 7.

& Agilent B Agilent™ ¥ ¥ Y5 ) —BRIKE Y X 7
L, HTh: Ja—AFYYAFxEFY — (60cm X 75
um, HHE 52em), Ny 77—
Mobility Cation Electrolyte, ¥EA: JEFJIEA, WE: 25C,
MR 350nm, V77V Y AEE: 214 nm (EHEK
Jeik), EIMIEIE: 20 kV.

IonSelect™ Low

27 HEVEERICHT 2R
RO &350, FEWEORY P %2175 72,

3 MRBUEE

3.1 LZEHBIAL ZEME

I AAE L, FEEESPREFEOBI»SBIBOE
EFAOERIC, FLHRKBEOEETADEZY ) &
WKHO LR TWA., # 300 HEOWE I 2 F AR
EVERDPEDORA =D =0 O HREN TV B3 3L A
EV—WEI BB EET R TEEDOTHY, (LFEHNH
LTHMP R DEBEONS. $4bb, RO
AC, BEHIOEE, FAF IZ0h$ 5 H AMME L, #
#, HTETHS. LarL, MEHOCR, #WES AL
WLV S ARSI LTI, —BA—7— 138 cES
HARMEEZREL THWw., FALY Driger safety #1id
{LEETED N 2 WREME OB LRFNI T 2 7 A s
ERUEL TS, [V VBT X7V] BH ARSI
HADKHANS, [F4 =TV BAARME IHE~ A
7 — FRULHAKIOBINS, [TV e GeE ey
AT ABAE IS AKON L B4, eFELEaWRL
2 AHIDOCFEROWANS, [ 7 MbkFE] BA AMEE
BT ALKFEORANS, [ 7 VLEFE] B 7 2R
BIRAL Y 7 Y oA, [3EER] BV ARME ZEES A
DRANZ, [RRA7 2 | HFZBEE T F 27 OB,

W, BAR, BELT, ALy, KER, MEF

RL =%Vt —7 F 4 8 Z MG OLSHK R A 357

TERIEREEEFEY ] I ARAMEIEREAS -
RULAFOMEICHAVS NS, KFHTTIE, # 5 HEE
DA ZABHEICE LT, EXE AW RmERT Eii L
7-.

Dréger safety 87 AMRMEMAIRETIE, 1HOX o
=7 T100mLWGT57F20Ry7F72HNTWES,
AC DIEHEBRTIE 100 L OAEZEHS S 500 mL (5 \AA F
U—7, HED1/20m) W5 LTBY, RE|F AjRE
BB ZAOMBEELIZEAEEDL SR, CK DRAE
BTIZ 100LOFEHRPHHEK20L (Q0FA bu—2, &
WO 1/58) ZRFILTBY, WE A AEEIZFHAKT A
MRE LV ETEL 22 L BbNb. hofbEl ok
FERTIE 500 mL A ABREUE 25 800~ 1000 mL (8~ 10
HAMa—7, HHO16~21=) 2RIILTHEY, ¥
Gl AR [ R E R ISR A MBS KT L,
IAMRAE \EASNALFRNIEE AR, $72, b
FRNIMABOMEOERR (RIS [ClE L3 ',
500 mL 7 ABRHVE DB O T X5 FARRR 30
70778 YEREIALFRIPRE LT, HE LR A
BERTHARABEICEA SN VIR D H 5. I
RIZDSALILFFN B TR OB A58 & Hbh
B. L7208-C, REBRTIRERICEALY R &2 7 AR
HENBRTERVWEWVIBRIZD L), RAKRIEBEG
RERAEOE VDD TH o7 (Table 2~6).

3:2 [UYBRIZTIV] AHZARHMEORMIER

[V YBRT ATV ] HAABEE OBRAEHEL, Kok
BOTHbH., L7, VABBFOMBET A EWE L CTEEHE
JBIZWE &, BE LT I ANORE @7 s
FRER) Wiz L 140 MEEE (ML & 9 BuChE) IHtEo
FRERISA DI M 8 h b, MiRT ZAEOEMEE D
(RCEER - HEAS BT, By VEBILREER
FHEHNL, LFERNICEHEEEOTXTO BuChE & A 0f
MR BLE S 22078, G L oo 5w BHE H R A B o il
REAADEEITIE, BERO BuChE 3T XTIZMAES L
FUEHEIZIRA T 5. RIETHEITH L7 BuChE (& RICHEE
J& {7F a3y y (BuCh) &F) IK%kbh, BERS
MB15HFIE&-I EN 4%, BuChE PP F_RTHES T
i, 2EE BuCh 13 S\, BuChE &M IES
L, BuCh 3R & i, BEEE 2~ (ChE) 2R S
n, WHISEEE 25, ISHEDS 72/ —VLy F (B
HiPH pH: 6.4~8.2) 2 &LIERBIZELN, WA 22
951 L C BuChE {& M A E S BuCh 234% & o314
WET VA VLRSI, BRBIIRET LS. MR R 2
519 BuChE {fi 25 E X 9" BuCh 2575 1% X AU A%
B b i, rRBIEEG0EITHA.

DTNB WOt EEIC X 2 EDOKE, HHHRO L X

NI | -El ectronic Library Service



The Japan Society for Analytical Chemistry

BUNSEKI

Table 1 Butyrylcholinesterase activity in enzyme layer and

gas detection tube for “Phosphoric Acid Esters”

KAGAKU Vol. 56 (2007)

butyrylcholine and choline contents in substrate layer of

Efficiency date Butyrylcholinesterase activity/U Butyrylcholine/pg Choline/pg
19 months 0.194 £ 0.002 3242 32.8

2 months 0.141 * 0.046 4428 45.7
31 moths expired 0.069 + 0.031 2942 61.6

|

W4 OB FE T2 1E BuChE OFEESEO 5, &
E7 TV, BERMBE, FRBHBEICIEEEEED
LN o7z, Table 1 W ZFDOFERZRT. HHAARHIR
EOMET, HARMEOREMHEPRL 25I22NT,
BuChE {HHEAME 3 2 H[MARED H 7z, CERD turnover
number 8 (1790/sec)™ 2 5HEHE LT, Ax#IRAO A
ZRRAEWNIZIE 1.3~ 1.8 pmol ® BuChE (EHEY 721 =

v MEH) OFFICHE L. Fy T —BRIKE DN
DR, O BuCh & UF Ch i ik B 7.8 5 K U 5.9
SR E N, BERBME, R
X BuCh XU Ch 3#e i & nd', FHEBMHBES S
BuCh J U Ch 25t & L7z, Table 1 IZEORERZIRT.
EHARIMIR L OBLET, 7 ARMEORFEHE AR 2
522N T, BuCh O5FfEYITH S Ch OEEHLHEMT %
B AR ST,

Fig. 112 GB @ 0.1 mg/m’ St A A SR OMAIR R &R
T REHSERBELT, BRBIOROEENY PR
B BTz, Table 2 A AN OV HH O KAL A A FAH
OBAMEREZRT. GBIE, 0.002mg/m® LA EDIREIZE
WTEBMEER L7z, 0.0004~0.001 mg/m” D O
BV T, BUBTRAE FRE I Sz B I RL L7
A1 GUPICERIZED, BEEHELZ. BIEoLEe
OFEOBEEMEL, GB OREIRAFEETIRIZFEKETDH
572, 0.5 mg/m’ BEO GB #A L, MM 2 8
L2 ARBRIE R L7222, BEL o7, BB
B BEHET TIIs~6 72 E L. GD ORILH
ZRFCELTYH, 0.02mg/m’ UL LOBEIZE W THE
ol REBAVAZRMIELAAEEBELE o7 R
B CHIAI X 72 GD @ 0.1 mg/m’ BE DAL A A HEHZ
BLTIE, BlEZor. GA, VX DFALHT AHEHZH
LT, %4 0.1, 20mg/m’ LEOREIZBWTHEE %
o7z, BWHIE L THWSLNS DDVP, XY I VOKALS
ZHFCELTH, %% 1.0, 50 mg/m’ LEDOREILE
WTEMEE 2o 72, BWIBEO DMMP, EiRE, HR, 7
b7 VT REBRETH - 7.

DDVP OB RICDWTIE, EHFEAZFICRERI N
MANBES (DDVP: 0.05 ppm, 0.5mg/m’) &BBELR—
FHL7. GB ORAMMBEFRIZME L 0.002 mg/m® (0.32 ppb)
Tho 7225, GD OBAMBRAIL 0.02 mg/m® (2.5 ppb) T
»Y, a)ryTA75—¥ (ChE) HHEHENTGB LIFH

i\

BETHHH, GB LY EHBL, BEETHY, MERE
THAWE A L CRBN ERBIRRAS Lo 7z & Bbh
B. GA DKARAIX 0.1 mg/m’ THY, GD EEBDOY
M A, ChEEHEREN MRz EEbNE. VXD
MABRRIE 2 mg/m® ThHo7zh, BEETI RIS
CnPED 7 Bhbhs, AV INVHBIEERLZVHK
HWREREE E 2 L, AN A— FREEHAID BuChE 12
T HHENOREEZLMLTVEHDEELNLP.
M2 RTIBED GD B % KB ATHRBEET, pHEZ
BT S5 a12E, Bt 2o/ HREBREXEC
B LA AIE B BE1E, BtEE %5 GB iR
B (0.5 mg/m’) OFEHIR LT 2, HEDSH
it, BICHREoOSmPERKTHL L Bbhb. BETHS
BuChE 23214 - RG34 AUSHHRIC BB EE RTOT,
HE BuCh 231t - 5 L CREERAVER S 5 2 & 03MAREE
DEREHEESNS, Table 1 1ZRT L5, Y Ch
MREHEE &ML TBY, ERT HHBHBROEIIN
LT pHIERBCOEBEZIBL DL Bbhb.

33 [FHAIL—FIV] BHZABRMEOHRIEER

[FA4 T —5 V] A ABAE OMEEREL, 7ARH
HOFFIT—F MEEWERTI L THERABIIRESE, B
L7y 7IVAORE GEILE, rnu7Iy) 2Et
L, BEOMCERMEEL 5.

Fig. 12 HID @ 6 mg/m’ KA A SB DRRAIHE F %2 7R
T RERAGEREKRLT, BRBICZWIEWEORYED
5MN72. Table 312 HD 3 NZEHIOFAL A A B OB
fERAEZRYT. HD X, 1.2mg/m’ (0.14 ppm) M LDWREE
ZBWTHEMEEZRL, EARPESFICEES N RAIRA
(FAx—F): 1mg/m3) tBBtrh—%H LA B
BAORBMEE, BECKTLCEEL o772, 24 1
" 48 mg/m’ IO HD k%, EAMRE 1FELA
ARMEICR L7225, BRhER2-72. HDATFHD1
BOWEREFARERTICER L /IN—-T7XAF—FTH
% 9-CEES, 1454 ¥ 3BHERL, SREDOXY
-, VIFLI—FNVIEEETH - BT AWE D
CERHEETIC 2 oREREL.
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Table 2 Detection of nerve agents by gas detection Table 3 Detection of mustard gas and its simulants
tube for “Phosphoric Acid Esters” by gas detection tube for “Thioether”
Agent Concentra_t;on/ Alarm/trial Agent ()oncentra't;on/ Alarm/trial
mgm mg m
GB 0.0004 0/1% HD 0.6 0/2
0.001 1/4% 0.96 1/3
0.002 1/1 1.2 6/8
0.01 1/1 2.4 4/4
0.02 2/3 6.0 7/7
0.04 2/2 12 5/5
0.1 1/1 24 4/4
0.3 1/1 24" 0/1
0.5 2/2 43 3/3
05" 0/1 48 4/4
1.0 2/2 487 0/1
2.0 4/4 2-chloroethylethylsulfide 2.4 1/1
10 2/2 43 3/3
100 2/2 1,4-thioxiane 2.4 1/1
500 2/2 44 1/1
GD 0 0/1 methomyl 50 0/1
0.008 0/2% diethylether 20000 0/1
0.01 1/89 CHsOH 100000 0/1
0.015 0/1 :
0.02 9/9 a) Expired date exceeded one year
0.04 1/1
0.1 1/1
0.1” /3
2.0 2/2 Table 4 Detection of lewisite 1 by gas detection tube
Y 8
10 /1 for “Organic arsenic compounds and arsine”
500 1/1 -
d) .
GA 0.02 0/2" Agent Concentration/ Alarm/trial
0.05 1/3 mg m
01 L2 L1 0.76 0/2
0.2 0/1
= 1.9 2/4
0.5 1/1 .
3.8 4/5
2.0 1/1
5.7 1/1
10 1/1 76 8/8
VX 0.6 0/2% .
&) 19 8/8
1.0 0/2 ,
38 1/1
2.0 3/3 -
10 3/3 9 3/3
i DC 100 0/1
DDVP 0.1 0/1 i
0.4 0/1 CH;OH 100600 0/1
1 1/1
2 1/1
methomy!? 10 0/1
20 0/1 Y g e “ :
50 1/1 T%E/J\Etp@ﬁ/d(ﬁﬂéﬂ'ﬁ;k}im L(U_{%O)ﬂi:n{ I‘%
DMMP 2 0/1 T . TIVY YBEOEEICE, BE LT Y IV
2290 0/2 I , . N oo s
HCl 20000 0/2% DA (@fg/ﬁ‘ﬁ@) A R gL 7 L, #RAEEPOF
c) ¢ 5 = —f $=. % Nt
CH,CHO® 78100 0/1% B REGWEWTI LT, A FLAWHEE TR S
CH;OH 100000 0/1

NTNY Y RERL, BTRBOE/ KK L S L TIK
oEauf FEEKT 5.

a) Expired date exceeded one year. b) The vapor was satu-
rated with carbon dioxide. c¢) Vapor of acetaldehyde liquid

was examined for the detection experiment. d) Final pink KIFAMEE L, BRET VI IVHNORBEARELE T T,
coloration disappeared within 1 min for the negative result. g 10 b R - ST 8k s .
e) The reagent was disolved with methanol and then vapor- BREROT Vo 2 ERAT 5 2 EHWMRETH L 70%, HE
ized. DLLR DCRARLEILEWTHY, KEBRIIBWTIE

FEHFHHIE TR T 2 M e FRAAOFIEEZ L 7. %

B, BReFWMTIATE, SBEO L1 LU DC xR

8:4 [T7II L ERBEREY] AHRBMEDK  Tho7. Fig. 112 L1 O 38 mg/m® KALH A RE ORI

FFER FARERT. RMIAG LB T, BRBIIKEOBRHE
[Tz v ERRERALEY] AT ARMEOWRAEIE  © 57z Table 4 ICRAKEART. L1 ® 3.8 mg/m’

@, TAEBFOT VY VA (AsHs) ILEWEHRIIL  LDEOBEICBOTHEERZRL, SHHNEC®RS N
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KREBR (BRI EY: 3mg/m’) EBBLh—HL

72, BHoBEOEmEmER, BEIUKELCHEEL R

7. ERED A Y ) —VIFBETH o 7z AR ARG %

LAERHEE TIC20RELZE L. (A Le&HIDODCIE

100 mg/m® TEETH - 7275, @mETERILLIZ v

DIT, FARL-FAET AOBESAMBIIEL h o7

7zt Bbins.

35 [V 7 1LKkFE] AN ARHMEDRIFER

(37 AALKFE] AT ZAREE ORAER I, 7 A
o> AC IR L CHRRIE o3 s kg e OGS L TR
fbRkFEEREL, BRBHOAF VLY FERESED.
Fig. 112 AC® 3mg/m® (FRHFE T 2.5 ppm ([ZHE) K
LA AR OMEFERE RS, REAS L HEL T, fEn
J& DA AR A & RERHED SN, HEEPHRD
SN BIREIX 1.5~2.0 ppm TH -7z, Table 52 AC D

Table 5 Detection of hydrogen cyanide by gas detec-
tion tube for “Hydrocyanic Acid”
Agent Concentraution/ Alarm)/trial Indication level/
mg m Ppm
ACGC 0.2 0/1
0.3 2/2 T
0.4 1/1 T
0.5 2/2 T
1.0 3/3 1
2.0 5/5 1.5
3.0 2/2 3
10 3/3 4~75
19.2 1/1 10~15
20 1/1 FL”
50 1/1 FL
100 1/1 FL
240 1/1 FL
1000 2/2 FL
8000 1/1 FL
CK 100 0/1
CHsOH 100000 0/1

a) Coloration was observed at tiny portion of indicating layer.
b) Coloration extended over full length of indicating layer.
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BAFERZRT. 0.3 mg/m’ YL EDOREIZBWTHEER
L7z, BEIKAELT, BBEEELRD, 20 mg/m3 2L
FORETHRRBIE TR E oo, IREFRIE,
ML ACIRE L BBUCRRENPZETH 72, ACD
BABE AR 1Z(Z1Z 0.3 mg/m” (0.25 ppm) THH, HH
BAE RS N HEREEE (2~ 30 ppm) OR/NEEE (2
ppm) ViAMDY HEAELZEITNEBBCAFERI L)
57z, 100 mg/m’ O CK, FREN 2/ —ViZEHETH
ol BT AWS |2 SR EF T, SREDACK
BCIZBIgATRETH D, MIBRFBEREORHETIE 1
SREEREL.

36 [ 7 ALIEFR] AH ARMEORFFER

[v7 vAblE] BV AMME OBRMEEL, HE LA
TUTFNVHORE (Y TYy, NV EY— V) &IRE
Wiz L, AARETF O CKERFILT, sl v
VIUTNMTFE FEERL, RICAVEY—VERERUGLT
Yy olbEMEERT 5.

Fig. 112 CK @ 2 mg/m’ (FIREET 0.73 ppm (A1)
BALH AR O R RS, REM L LEE & B
LT, 6REIFE 7 BB L. Table 612 CK DR
Mg R%RT. 075 mg/m’ (0.28 ppm) LLEDREIZE
WCHEERL, TORMBRIIEATATEICRRI N
WEHP (0.25~5ppm) OE/PMEHBEOEEL BBLRA—K
L7z, EIREL T, B0RE2RT E CoORS IR
L7z, 100 mg/m® ® AC, RREDX Y/ —VIZBEETH
o7z RBA ARG SHERHEE TS, SRED CKR
R CIEEIBMTEETH D, MLBFRBEREOBH TIES
SRERELI:.

3+7 HABHMEDRSER

A L 7ALF AR OBAD 1 55 HHEEFLRE (LCt)
X, GB, GD T 70~100, GA T 200~ 400, VX T 30,
HD T 1500, L1 T 1200~ 1500, DC T 10000, AC T
2000~ 4500, CK T 11000 mg min/m’ T %", FEER#S

Table 6 Detection of cyanogen chloride by gas detection tube for “Cyanogen Chloride”

Concentration/ . Number of strokes
Agent _3 Alarm/trial ) .
mg m for coloration appearance
CK 0.25 0/2 20
0.5 0/2 20
0.75 4/4 16~18
1.0 2/2 12~14
2.0 2/2 6~8
5.0 1/1 2~3
10 3/3 1
100 1/1 1
AC 100 0/1
CH;0H 100000 0/1
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TFITAHNLE=F

RO AT ARINE OWMIIR T FRCSFCHEE & b oK
<o AAREE L DB L EFI A Eb NS 7 U
B COERBRMEEOBE TIAENEBRbNs. LiL,
THIRE OB & U CHY CIET 5 I3 EdYEM ©
HY, POWHEEPPLEESE DL, I [V VBT
V| R ARAE DR G, KEAAZWFIL%b IS
BMGBRIEZLELTHI0TH L. BELZHB L, Bl
MRIIBEE 2 L 2RBLTwA, [V VB A5 )]
BAABHETE, WY A OREILHE T X v,
ChE {1t 2 BHET 2 WEAHAT S, Bz ez ik
WEL TSI LDHRTES, [FAro—FN] BH A
BIETIE, A7 — PP RAOEKEIIEL, o5k
A<, HD A EG CEAPRANTE 2 0BG, &
KEIEY CHREBOB V14T 4 FH v E0FF 2 —F 0
LEME RS 2 2 L1 X Y BEEMIC 1D 1 % 2410
BIENTEL., [TV v EABeHELLEY] HY Ak
METWE, 7¥2¥ A4 b, VY7z=nzuu7iiy,
DC HDOHFHE TR L AHOELT IZTEH 1L < Bk
RILT7EVNE L TRAFIZHGH LR WIRY 7 A BEE <
BAESh L2 Lidhl, BREOE VLD (#545190C)
DRATE TS 5. ALFEHOBABRYE TIE, IMS M40
WHEICE VILFER BRI ENEI, BRI
ODHABIMEEZ BB L@ b,

[V 7 PALKFED FF ARG TIE, B 8
H O (RAATZAZBT%72F) THY, 10mg/m* L Lo
RETIE 1 EOWET | THBREFICAC OBV EETH 5.
(27 UALER] B ZABAWE TS, BRI
(BUNRET VTV EEVIERBE M LKRAS A%
519 5720) THY, 10mg/m’ LLEDEETIZ 1 RO
51T CK DENNFETH B, IMS A B S DS 5
AL AC R CK # BB ICHAT 5 2 L IR TH
IO NS RGN OB OBLIRD % A di A
&, Ry MY = VORI T O E) O BIEHRmT I
[27 LKRFES HRO LY 7 > HAARNES %<
ZaTVERIETHW Z AR E B s, S EME L
TwRwD, TABCEROFRAY Y, EBFECHT 235
RANMDEHOFTAMMEZ RS LA HEXNL, 1|
DHBGIEEN BV CHRIBFICH ARIE 2 EE LTRE| L
T ARIE OBREAGENANEZHHE 5525, BETH
TSI RE B O 6] A7 AR % T T B 2R 2 M
B2ZELMETHD. ZORE, ACKRMEIZIIMHD 2 —
=S HAHEXRELTBY, 2hEEALTL 4
B THIGTE 5.
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The detection performance of Drager safety gas detection tubes for chemical-warfare agents
was investigated using authentic compounds. “Phosphoric esther” tubes gave limit of detection
(LOD) values of 0.002 (sarin), 0.02 (soman), 0.5 (tabun) and 2.0 (VX) mg/m with about 5 min
of operation. “Thioether” tubes gave an LOD value of 1.2 mg/ m® (mustard gas) after about 2
min of operation. “Organic arsenic compounds and arsine” tubes gave an LOD of 3.8 mg/m’
(lewisite 1) after about 2 min of operation. “Hydrogen cyanide” tubes gave an LOD of 0.3
mg/ m® (HCN) with less than 1 min of operation. “Cyanogen chloride” tubes gave an LOD of
0.75 mg/m’ (CICN) with about 3 min of operation. False positive detection was also observed
for various simulants.

Keywords : chemical-warfare agents; on-site detector; detection performance; gas detection
tube.
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