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Papers Subjects Timepoint Outcome measures Major findings
Yokoyama etal., 18 exposed, 15 Sep-Nov Neurobehavioural tests and Lower performance on digit symbol and Higher scores on GHQ,
1998a non-exposed 1995 questionaires Fatigue, and PTSD tendency
Neurobehavioural tests,
Yokoyama etal., 18 exposed, 15 Sep-Nov questionaires, Brain evoked .
1998b non-exposed 1995 potentials, Computerized static Overlap with Yokoyama et al., 1998 and Murata et al., 1997
posturography, ECG
9 exposed males . . . .
Lietal, 1998 and 39 un- May-June Sister chromatid exchanges, Higher ﬂecu.ency of sister chromatid exchanges in exposed
1995 compared with un-exposed males
exposed males
. . The prolonged latencies of P3 and visual evoked potential in the
P 1 k 1
18 exposed and Sep-Nov 3, Visual evoked potential, exposed subjects compared with the non-exposed controls. The R-

Murata et al., 1997

Kadokura et al.,
2000

Nishiwaki et al.,
2001

Tochigi et al.,
2002

Simizu et al., 2002

Asukai et al., 2002

Yokoyama et al.,
2002

Matsuo et al.,
2003a

Matsuo et al.,
2003b

Yamasue et al.,
2003

Otani et al., 2003

Lietal., 2004

Tochigi et al.,
2004
Araki et al., 2005

Tochigi et al.,
2005

Miyaki et al., 2005

Okumra et al.,
2005

Kawana et al.,
2005

Kawada et al.,
2005

Abe et al., 2006

18 non-exposed

459 exposed
subjects

56 exposed
males and 52
un-exposed
males

34 exposed (8
PTSD)

37 exposed (11
PTSD)

658 exposed
subjects

9 females with
exposure

34 exposed (8
PTSD)

34 exposed (8
PTSD)

36 exposed (9
PTSD)

115 exposed
subjects

52 exposed
males and 44
un-exposed
males

34 exposed (11
PTSD)

21 exposed (8
PTSD)
34 exposed (8
PTSD)

80 exposed

303 exposed
subjects
Totally 1722
exposed
subjects

161 exposed
subjects

36 exposed (9
PTSD)

1995

Sep-95

1998

2000

2000

2000

Sep-Nov
1995

2000

2000

2000

2001

1998

2000

2000

2000

1998 and
2002

1996

2000-2003

2003

2000

brainstem auditory evoked
potential, ECG, ChE

GHQ, SDS, Questionaires

Neurobehavioural tests

CAPS, STAI, T-Cho, HDL-
Cho, UA, ChE

CAPS, IESR, STAI, WMSR,
Questionaires developped by
St. Lukus Hospital team

IESR

Computerized static
posturography

CAPS, STAI, WMNS-R, NIRS

CAPS, STAI, Skin conductance

response, NIRS

CAPS, STAI ChE, 3D-T1 MRI

IESR, Questionaires
developped by St. Lukus
Hospital team

Sister chromatid exchanges,

CAPS, IESR, STAI, WMSR,
Questionaires developped by
St. Lukus Hospital team

CAPS, STAL P3

CAPS, STAI, T-Cho, HDL-
Cho, UA, ChE

Neurobehavioural tests

Questionaires developped by
St. Lukus Hospital team
IESR, Questionaires
developped by St. Lukus
Hospital team

Questionaire

22
CAPS, DTI

R inteerval variability at 6 months later was correlated with ChE
level at exposure.

7.8% of the participants possibly satisfy PTSD diagnosis, and
showed higer GHQ and SDS scores.

A tendency for lower performance on backward digit span test in
the exposed compared with non-exposed controls.

Lower ChE level in PTSD subjects than in non-exposed subjects

Overlap with Tochigi et al., 2004

Testing reliability and validity of Japanese version of IESR

Included in Yokoyama et al., 1998

Lower attention and concentration in WMSR and OxyHb in NIRS
and their correlation in PTSD subjects compared with non-PTSD
exposed subjects

Increased prefrontal oxygenated hemoglobin during trauma-
related exposed and decreased deoxygenerated hemoglobin and
increased skin conductance response during trauma-related image
in exposed subjects with PTSD.

Lower ACC gray matter density correlated with CAPS score not
with ChE level at exposure in exposed subjects with PTSD
compared with those without PTSD.

Various symptoms were also recognized at the study point.

Higher flecuency of sister chromatid exchanges in exposed
compared with un-exposed males and their correlation with ChE
decreases at the exposure

Higher stait and trait anxiety and lower performane on visual
memory in the victims with PTSD compared with those without
PTSD.

Lower P3 amplitude and its correlation with ACC gray matter
density

The ChE level both at exposure and 2000 showed correlations
with CAPS scores.

Lower psychomotor performance in exposed subjects than in un-
exposed subjects

Highly prevalent residual symptoms especially eye symptoms

Various time-couse of posttraumatic symptoms

Various types of insominia were recognized amondg the
participants.

Increased FA in cingulum in exposed subjects with PTSD
compared with non-PTSD exposed subjects.



(F1 »3%)

CAPS, WMSR, ChE, DTI, 3D- Smaller insular and surrounding white matter and hippocampus
T1 MRI, Questionaires and lower FA in an extensive area in exposed compared with non-
developped by St. Lukus exposed. The reduced volumes were correlated with somatic
Hospital team complaints and ChE levels in 1995.

Yamasue et al., 38 exposed, 76

2007 non-exposed 2000

Smaller amygdala volume correlated with lower ACC gray matter
2000 CAPS, STAI, ChE, 3D-T1 MRI intensity and CAPS score in exposed subjects with PTSD compared
with those without PTSD.

25 exposed (9

Rogers et al., 2009 PTSD)

Eye position, pupil, eye

movements, visual acuity, Various eye symptoms were recognized especiallly the following
2002-2010 accommodation, refraction, with high prevalence: asthenopia, visual loss, blurred vision,

intraocular pressure, slit-lamp  photophobia, and ocular pain.

biomicroscopy, and funduscop

305 exposed

Iwasa et al., 2012 .
subjects

IESR, Questionaires
2000-2009 developped by St. Lukus
Hospital team

Sugiyama et al., 747 exposed
2020 subjects

60-80 % reported somatic symptoms; 35.1 % reported traumatic
stress symptoms; and has not decreased

Abbreviations: PTSD: post-traumatic stress disorder; CAPS: Clinician-administered PTSD scale; STAI: Stait-Trait Anxiety Inventory; GHQ: General
Health Questionaire; IESR: Impact of event scale revised; SDS: Self-Rating Depression Scale; ECG: Electrocardiography; ChE: Cholineesterase;
WMSR: Wechsler Memory Scale Revised; P3: P300 event related potential; DTI: Diffusion tensor imaging; ACC: anterior cingulate cortex; NIRS: Near
Infrared spectroscopy; FA: Fractional anisotropy; UA: Uretic acid

FR2AFEEHDOY X b

Measures Papers reporting positive findings

Outcome measures

Murata et al., 1997; Tochigi et al., 2002 (Yamasue et al., 2003;

Cholineesterase level Yamasue et al., 2007); Li et al., 2004

P3 event related potential

General Health Questionaire
Wechsler Memory Scale Revised

Sister chromatid exchanges
Digit symbol test

Digit span test

Murata et al., 1997; Araki et al., 2005
Yokoyama et al., 1998a; Kadokura et al., 2000

Matsuo et al., 2003a (Shimizu et al., 2002; Tochigi et al., 2004;
Yamasue et al., 2007)

Lietal, 1998;2004
Yokoyama et al., 1998a
Nishiwaki et al., 2001

Visual evoked potential Murata et al., 1997

Computerized static posturography Yokoyama et al., 1998b
Ophthalmic tests Iwasa et al., 2012
Electrocardiography Murata et al., 1997
Skin Conductance Response Matsuo et al., 2003b
Prefrontal Oxygenated hemoglobin Matsuo et al., 2003a (2003b)
Prefrontal deoxygenated hemoglobin Matsuo et al., 2003b

3D-T1 MRI Yamasue et al., 2003 (2007)
Diffusion tensor imaging Abe et al., 2006 (Yamasue et al., 2007)

brainstem auditory evoked potential

Clinical and background assessments
Impact of event scale revised
Clinician-administered PTSD scale
Mini-international Neuropsychiatric interview
Stait-Trait Anxiety Inventory

Quetionaires developped by St. Lukus Hospital team
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# 1.

[\ & O BEME100% =2000 )

N %

M
T 1009 50.5
e 991 49.6

(%) -
19 LLF 136 6.8
20~29 308 15.4
30~39 337 16.9
40~49 432 21.6
50~59 417 20.9
60~65 181 9.1
66 2L I 189 9.5

JEEMH
JeyiaE 88 4.4
ik 92 4.6
BE R 896 44.8
s 278 13.9
Blig2 368 18.4
FRE - puE 145 7.3
JUMI - i 133 6.7

BefEE OF I
i 927 46.4
s - 3EH 1070 53.5
PN 3 0.2
Bz T I

Tk -
ABE (FHR) 72 3.6
NBE (HIR) 21 1.1
SR - R E (EAFEEEZR 19 1
DB (HHR) 270 13.5
2B HIRR) 156 7.8
2B (EER) 46 23
LB (F DAt 147 7.4
Tk (EAR, L. Bl 43 22
HE - W 15 0.8
EAEELE - 7)—F R 110 55
BETRER) 291 14.6
IN—= |k s TIURA B 282 14.1
R K PEZE 8 0.4
A 206 10.3
Z Dl 24 12
JHEIER 290 14.5
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2. VU UHEEHS TN ED

B<H->Tn5 DLA->TND  HEVaLARN Fh& At
AE (%) NE(%) NE(%) NE(%) ANE(%)
1. HUFSD U o Fk
R (%):
~19 34(25) 67(49.3) 25(18.4) 10(7.4) 136(100)
20~29 51(16.6) 170(55.2) 69(22.4) 18(5.8) 308(100)
30~39 109(32.3) 178(52.8) 42(12.5) 8(2.4) 337(100)
40~49 280(64.8) 137(31.7) 11(2.5) 4(0.9) 432(100)
50~59 298(71.5) 113(27.1) 4(1) 2(0.5) 417(100)
60~65 128(70.7) 50(27.6) 2(1.1) 1(0.6) 181(100)
66~ 146(77.2) 42(22.2) 1(0.5) 0(0) 189(100)
&t 1046(52.3) 757(37.9) 154(7.7) 43(2.2) 2000(100)
2. AARH Y
FRER(R):
~19 16(11.8) 37(27.2) 35(25.7) 48(35.3) 136(100)
20~29 24(7.8) 113(36.7) 89(28.9) 82(26.6) 308(100)
30~39 59(17.5) 156(46.3) 81(24) 41(12.2) 337(100)
40~49 190(44) 184(42.6) 41(9.5) 17(3.9) 432(100)
50~59 246(59) 137(32.9) 24(5.8) 10(2.4) 417(100)
60~65 105(58) 62(34.3) 12(6.6) 2(1.1) 181(100)
66~ 127(67.2) 55(29.1) 7(3.7) 0(0) 189(100)
&t 767(38.4) 744(37.2) 289(14.5) 200(10) 2000(100)
3. A EVITHEEDND N
A %
gk Y
Kk 8 0.4
LN 15 0.8
B 8 0.4
Gz 7 0.4
BIEE B 1 0.1
Z DA 10 0.5
AV 1952 97.6
&l 2000 100.0
A Y
I 4 0.2
YN 1 0.1
BB 4 0.2
Giicy 3 0.2
BIAFE B 0 0
Z D 1 0.1
AV 1988 99.4
e 2000 100.0
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# 4. FEOGEEHEEIZRTT DB 2 (0=2000)

Ebombny  Ebbhen

Rk %t
ZATEERY ZANE kY
NE(%) NE(%) ANE(%) ANE(%)
1. B E 22 bEdkE L
1284(64.2) 668(33.4) 39(2) 9(0.5)
T, BRIFFT
2. AbSET v TR B fE R A PR GE
1318(65.9) 638(31.9) 36(1.8) 8(0.4)
S Eo7- i, {RfFT R
3. fEEFEORBFLIHED DI,
1205(60.3) 730(36.5) 57(2.9) 8(0.4)

RAFT <X

#£5 WYY CHEEOT —h A T OEENZOWTOE R(n=2000)

ELonenzIiE Ebbmninz

Wy % B L7200
LS ) IR L 220
NE(%) NE(%) NE(%) NE(%)
1. WIS B b 2 A& R OIL
913(45.7) 944(47.2) 103(5.2) 40(2)
£, RE
2. NEHERZ TR DB (RiE
BEEA. HRHS) CEABICHTZ 728(36.4) 999(50) 220(11) 53(2.7)
> TOEVEHER W
3. WEIZ B4 B BALRIE A BR &R
834(41.7) 971(48.6) 154(7.7) 41(2.1)
DRIR & RAF
4. BREERERAIC T B ERR O
B 790(39.5) 1028(51.4) 140(7) 42(2.1)
DIRAFED T2 D 1
5. BIfRT D BB & AR TREE 759(38) 1026(51.3) 170(8.5) 45(2.3)
6. 1 H—Fy b EDOT—hAT
677(33.9) 927(46.4) 318(15.9) 78(3.9)
A D OFERL - EE
7. WEEEMRE IR D& Y
685(34.3) 975(48.8) 283(14.2) 57(2.9)
TR
8. BEIOIGHIZE L THMFIC L
676(33.8) 1021(51.1) 247(12.4) 56(2.8)
HEEREREL, BF
9. BIRAN—RAZRIT. BEOA
" 594(29.7) 923(46.2) 383(19.2) 100(5)
10. #eEE OBPLHRA 630(31.5) 940(47) 339(17) 91(4.6)
11. BERFZFIER, sk 6 BRI T
655(32.8) 986(49.3) 288(14.4) 71(3.6)
5 X9 TD
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£ 6. RIFT HER - SBEFIZONTDOE X (n=2000)
EHEbnENn EhELENn
=979 ) ] &S]
FRES =57 @)
NE(%) NE(%) NE(%) AN (%)
T
LESET5 666(33.3) 1038(51.9) 247(12.4) 49(2.5)
EMNEFEL CTARIEA L LR 437(21.9) 1131(56.6) 324(16.2) 108(5.4)
3ERMHIMERR & L CEE 275(13.8) 849(42.5) 699(35) 177(8.9)
ERNE
AEH OB (WNT) CBRET—4 D
893(44.7) 917(45.9) 155(7.8) 35(1.8)
TRAF
SHEEZFDL OB &Y NEDORTT 933(46.7) 892(44.6) 140(7) 35(1.8)
6. 2WN BT o T-ERN, F R D ENRBIR
963(48.2) 899(45) 116(5.8) 22(1.1)
Fino OB &Y NEORLE
TRERE, BEE, BT, SHERESEO
REEIZH T s T A2 D OO EEY NED 981(49.1) 887(44.4) 114(5.7) 18(0.9)
AT
8.4 U AEMHKEARE DD DMLY NAE
967(48.4) 814(40.7) 178(8.9) 41(2.1)
DIRAF
9. U L HAERCA T A E RS E O Ff]
BURE () ool XY NEDRE  936(46.8) 910(45.5) 128(6.4) 26(1.3)
1%
10.00 9 U o FRIZ B3 5 R, B Rt
923(46.2) 907(45.4) 143(7.2) 27(1.4)
TV #58 - g7 & ORTF
1L U o FRI B3 5 BN O F il
904(45.2) 938(46.9) 130(6.5) 28(1.4)
(BEFm &) OR1F
12,09 U FR Y B oRERR, LR, B
951(47.6) 933(46.7) 96(4.8) 20(1)

PR, SKiE2AO QRSO R

F7. T—0A T L TR TE 288 - 5085 O E(10=2000)

N %
o T 1923 96.2
FoTnan, L=< R/ TERN 28 14
FFoTwnwT, Bl 49 25
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F 8. ABHEFHIZ >\ T o H HEH

INBRSE las
B, —f&. JRAIAB 452
AR, B AEHROBLED D —HEEMZE D I 211
AT (A F =T — R OB 18
MR 2 5% 17
MR, FralshiEos 10
Fv N (BAIBLDLRNOT) 9
HZE, BERE DS 8
BE, EHEOR 8
A fim I PR 4
HETHITRL 3
BT AR 3
— X ANBANEL 3
— BN BARE O 7 3
NEIZ L > TIRE 2
ESMITEE 1
INBHNEE f#
—EBAR., NAEIZ LV IEAR 82
AR, TANTAR 70
TI AN — EANERICELRE L, FAIAR 69
W EE MG~ DOEE D b & AR 27
BEEE . BRI B 14
I, JRBIZEAR 10
Hr LWHDIIBBEEFEEREOIFEEDITD 9
A B TERVLODR 8
AR TAE IR 8
BT & v 3
B ic
AL, A AZEES,. AN, AL, JiramitL gL wy 21
PricfitivABH (TV 72 &) 11
EAFEEZHFMETRD T LW 6

BB LV EHORIEEZHE

. WFHOEE - FLEkS 2 AN 2L - RE T DRI L 72 5 IEHE O]
ENTHT 5% 2. H EFEER o A % 0=200)

AN %
Bk Th b 678 33.9
ELEE0EWVWZITERTHD 725 36.3
ELHMEVZIERATTH D 49 25
KX TdH 25 22 1.1
MBI 526 26.3
H H Fe 76 3.8
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Pressure (torr)
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Nerve Agents
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Temperature (°C)

2 PRRRAIDOIREE & fafnAR &L O B

#£21 VU HE

Alternate Designations: EA 1208; T-144 (German); Trilon 144 (German); Trilon 46 (German); T 46 German); TL-1618
(UCTL); T-2106 (British); MFI; IMPF; Sarin Il

Chemical Name: Isopropyl methylphosphonofluoridate

Synonyms: Fluorisoproopoxymethylphosphine oxide; Isopropyl methyrﬂuorughosphatel Isopropyl
methanefluorophosphonate; Isopropoxymethylphosphoryl fluoride; Propoxyl-"-methylphosphoryl fluoride; Phosphonofluridic
acid, methyl-, isopropyl ester; Isopropylester kyseliny methylfluorfosfonove (Czech); O-Isopropyl methylphosphonofluoridate;
Isopropyl-methylphosphoryl fluoride; Methylphosphonofluoridic acid isopropyl ester; Methylphosphonofluoridic acid 1-
methylethyl ester; Phosphine oxide, fluoroisopropoxymethyl-; Phosphoric acid, methylfluoro-, isopropyl ester;

Methylfluorphosphor oprop

(German)

CAS Registry Number: 107-44-8

RTECS Number: TA8400000

Physical and Chemical Properties

Structural Formula:

e
CHy—P—0—CH
CHs

Physical State

Colorless liquid T

Odor None when pure 2
Boiling Point 150°C (extrapolated) * |
FP/MP 56°C (FP) -

Liquid Density (g/mL)

Pure: 1.0887 @ 25°C]1.1182 @ 0°C (extrapolated) ®

Munitions grade: 1.0964 @ 25°C; 1.1255 @ 0°C (extrapolated) °

Vapor Density (relative to air)

4.8 (calculated)

Vapor Pressure (torr)

248 x 10° @ 25°C; 410 x 10" @ 0°C *

Volatility (mg/m®)

1.87 x 10° @ 25°C; 3.37 x 10° @ 0°C (calculated from vapor pressure) *

Latent Heat of Vaporization
(kcal/mol)

11.6 @ 25°C; 11.7 @ 0°C (calculated from vapor pressure) *

Viscosity (cP)

1.397 @ 25.0°C, 2.583 @ 0°C (extrapolated)”

[[Viscosity of Vapor (cP)

7.19x 10° @ 25.0°C| 551 x 10° @ 0°C”

Surface Tension (dynes/cm)

25.9 @ 25.0°C, 28.8 @ 0°C (extrapolated)”

Flash Point

Nonflammable *

Decomposition Temperature

Complete decomposition occurs within 2 1/2 hr @ 150°C °

Solubility

Completely miscible with water and common organic solvents 2

Rate of Hvdrolvsis

#2.2

Varies with bH and temperature® at 20°C_ t.»=27 min. @ oH 1 t.» = 3 1/2 hr @ oH

YU CPEHEOSRE R

HH

HAL [}

A

g/mol 140.09

i

g/mL 1.0087

ST ARG

cP 7.19%10°

1

C 150
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#3 BV T AOYMEE L &

HH BT A EAE
i g/mole 140.09
REMECR L cP 7.19%x10°3
10 Sy o fkc i & L 12.0 (RIREE)

£ 4 BABHFTORET -4

fEA B i L JELA)
[C] [m/s]

1994/6/27 20:00 23.3 0.9 Bl i
1994/6/27 21:00 23.0 0.4 [if]
1994/6/27 22:00 20.9 3.2 AevE
1994/6/27 23:00 20.4 0.5 A P
1994/6/28 0:00 20.4 0.9 FA
1994/6/28 1:00 20.6 0.0 TR
1994/6/28 2:00 20.7 1.3 Bl | oyii%)
1994/6/28 3:00 19.7 2.7 AevE
1994/6/28 4:00 19.8 1.8 Bl | oyii%)
1994/6/28 5:00 19.6 1.2 ik
1994/6/28 6:00 19.5 2.3 Bl | oyii%)
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K5 FHXORmEE & BER R

e R B B EEIRFfH] i R B B EEIRFfH]

[mg/ms3] [43] [mg/ms3] [43]
1 56.3 9.6 11 0.488 14.6
2 1.17 17.3 12 0.0255 17.1
3 13.1 11.4 13 0.00152 30.4
4 5.50 12.3 14 0.00128 33.2
5 0.475 15.7 15 0.00198 19.8
6 0.00137 26.9 16 0.000349 50.3
7 0.0922 20.2 17 0.000485 37.0
8 0.000181 28.1 18 0.0155 44 .4
9 0.358 22.7 19 0.00156 46.8
10 3.89 14.7
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X6 IREEEE

OREIR S (A, #GPH)

W R I [ [47] 10 30 60 120
B2 % & [mg-min/ms3] 60 86 110 140
[ FE[m?2] 6,519 11,514 9,514 8,142
Bt &
HE [m] 147 233 228 169
Fg4k [m] 128 225 214 160
B2 % & [mg-min/ms3] 45 60 80 100
[ FE[m?2] 1,205 4,069 3,958 2,523
EE DR
HE [m] 151 262 252 231
Fg4k [m] 137 253 273 241
B2 % & [mg-min/ms3] 0.6 0.9 1.1 1.4
[ fE[m?2] 28,759 97,278 105,507 104,668
08B D B
HE [m] 417 651 656 643
Fg4k [m] 428 713 721 716

W 5% & O FE i > T, &8 TPOTENTIAL MILITARY CHEMICAL/BIOLOGICAL
AGENTS AND COMPOUNDS| LY 5lH L7,
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2 FHXORmEE & BER R

e R B B EEIRFH] e R B B EEIRFH]

[mg/ms3] [43] [mg/ms3] [43]
1 0.646 175.7 11 0.0647 170.8
2 0.0387 137.8 12 0.00902 172.8
3 0.205 172.3 13 0.00878 58.9
4 0.276 155.8 14 0.703 181.3
5 0.0509 175.1 15 0.0184 138.5
6 0.0414 182.3 16 0.0122 151.8
7 0.0353 180.7 17 0.00557 184.6
8 0.0103 183.6 18 0.0122 181.1
9 0.0340 179.1 19 0.00612 180.6
10 0.163 147.5
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EE DR
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08B D B
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Fg4k [m] 320 426 541 558
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