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1. B

A CICAD O 7 /vy (e b/KFNCET D b N ORI~ RIEOHE — 551X, Nofer
Institute of Occupational Medicine, Lodz, Poland @ Dr. S. Czerczak (Z & ¥ 1Eak S v,
2000 F 6 A E TR ENTT — AWML TV D, KERERETUS
Environmental Protection Agency)?® IRIS (Integrated Risk Information System)(US
EPA, 1994b)3 L O K Y ® MAK(Greim, 2001)25:BMO &R E LA Sz, Zh
LORERIBLOZDOET L E2—% Appndix 1 |2, K CICAD OB 7 L Ea—%
Appendix 2 {2777, A CICAD /X 200249 A 16~19 HIZ, A XUV ADEL T AT v R
TR SN RERAER ST, BTG & L ORR SN, BkRitEBS0RESM
# % Appendix 3 (277 F, IPCS BRID T L 2 —@FE TIER L7 7 L3 v OEBEAL Y
B a7 — RICSC 0222) (IPCS, 2001b) £ A4 CICAD (Z#5# 3 %,

A CICAD THRHET 2 HRILT NV v OFEMEREBIC L 2 BIER LY TD, Ty
TAEENTEML S AL, Mo b FEREICR D, B RBIOE FMEEM~DRIEIC L DL <
AP L OB #EIE~ORE) 350 IPCS(Q2001a)I LV L E 2 —SnTnb, ERB L
Ve # AT M L TEPAMEEZ TR L, ERRB IO MIBWTEEFEEL T &
9,

T (CAS H 5 7784-42- DI A FIED 2 WEIR T, bInic=r =7 8n3b



%, BRIFETRAEMOKFZEOKL., HDWVIEERB D EKORISIZE W RET S, A
BICHIT, ARBKUCER SN D & B HEE2 74 L, As(ID, As(IV)7e Efofg{t b 3 IREEIC
B SNOFV, ARUFER LY EL HEORIE ICEB L, KROKMEIC X DS
KON & D

EREGDERITOT Ny 2 IET 5I12iE, e RbEWT——n Y LV 2RET L2l
B— AT 4 VA — TR LT IR IR DT 2 — TSR 2 i 5 WlE Clias L7244,
BEAFIRFIROE RIECRIE, ~ b v 7 2EfiflL L=y rAva VD, RFETO
EENEPIL, 225V 7L 10L H 1~200 ug/m3 THho7z, 1 pg/md DR Tl
T D HERHITTR SN T TAFARTH S,

AT XD ARNERIC I Y | # e BRI b IR ORR R IR IO b RILEaW b
PREND ATRENED B 5,

ERANBRPRAPIL A E LT R e alE ot &R L RORISIZ LD EKTH D,
T & LTHsn, . 7 FI U LR EESEEROEHTORAEMRD & LTHRET D, AHERE

TWHERRFT 72 & & W o TLBREE T ThER SN D Z &N TIN5,

AT Y D LD EE Xy LB ERCY Y o R— 2B FEBOMER R— 2 70
O EAR TN A A — RRE CIAHEFICEH S Tnd

BRECTP T, o REEMITEBREND,

BREETPOREIZOWTOWREITR, E7o, WE LORBEREICET WG I3D 7220,

b FRE) TIERHCRIE ORERE DRI S D, RER, MERTOT v R
BN BRI D25 AT, BRSO Ol ER ~ D AL IEH T,

b MeEICB VT 3ot ZAsTID)B L5 i b ZAs(VICREHEN 5, 3o
ERIIATFNMEESNTE S AFAT VY VBB OV AF AT VY UBRIZR D, T



FITIRZ R L TRt S L5,

b F&2II U LT D84 RIS 2 BMEmMEIEmy, 7Ty o REOEMERE IR, &
%, &<ITRMERTH D, Eimzs 2L L, ~E/ VR, SNV TEREEL L
T b FOBMRTRIIZHEARE SN TEY , BELHEL THREL TN D, v TAD
LDso 1% 10 53f#] TiZ 250 mg/m3 T 5, ~ 7 AH% 16 mg/m3 % 6 Bk AT 5 & REED
M, 30 mg/m3, 1FEE T~~~ b7 Uy MEDIK I Z 5, Mg Mk B 7R 25k
IANEDT Y LEPHNEMIENER & Th o7z,

&, IR, BRIt AR & L COREZ S\ T OIFZERBE T — Z X720,

MR LBEETDLE, Ty FEYT AT 1.6 mg/m3 Ll ET, Syrian Golden 7/~ A %

—TlE 8.1 mg/m3 LA BT, Ffgek o JE>E SR ML ER AR OE 22 Ml 3 2 H iz, A
F~EZ B EUMER~ T A 8.1 mg/md ITBWTHBE SNz, 7> h, ¥U A, Syrian
Golden /™A A% — DI~ FKFE 2B ELOAEL)IEL 1.6 mg/md Thoiz, Mt
(NOAEL)IE 0.08 mg/m3 &F%E S7=23, AFER EI1EE 2 L7 W IR Bk 7
MCV)D ATy, RAEPEDZEALD, RBR L7299 bORIKEFEEICB VN THL YU A THIES
LT,

ME—DRRINTEZREBRICEDE, TR, Ty FCHEZSE T RBRRREE CIIRAE
FEHEAPIERE LW o T,

fgEho~T e $ AU U AREZ EFSE, B, O TEm, B
FEGISEIT, INo0RELL| SEITERBRREICOVTOMNLRIERIIAF TS 2
WV, DI OMEER 2 T LY U HETORRRTH D L OGN D 5, EEZRIFEEIX
EFNTHD,

BMORREIIREX THY . A v R-=—1 v b (Heinz-Ehrlich)/M&R<C [ 1L ERHE N % £
I, RPIZII~EZ by, ~ET U, RIMER, 7ZAEE., MERRWE ST,



KEE COREMBBRBZEBORMEIIHDIOREIN TV, b FOEBREIMIZEIT 5 RN
AAERLTRNERIZOWVTOT = 213780, RIS L 0 AR S b s ~D 2
I, B N, BEE. BR. REICHRAZTERT D,

NOAEL @ 0.08 mg/m37>6 ., AHEERRED 300 Z2 vy, BfE/ 4 — &b Tk
THE, FEEMED 0.05 pg/m3 BNELND,

2. WEH - ALFROMEE

Ty (CAS B 1 7784-42-DAsHa) T = =7 B 6o, HE TIHEFITRZ TV
SETH D (RABMIMEIL 1.5 mg/m3 ; Stokinger, 1981), Z D&RMARITZER LV EHL | HifE<
SIZHEM L, RROKMIT KV @RS | KO WREMED B 5, 225 DIEFEIRIUL 4.6~
8% T %, 7/ (arsine) Dix b — #7254 1d & {7k (arsenic hydride, arsenic
trihydride. hydrogen arsenide, arsenous hydride) T& %, 3 & 77.95. #5013 —62°C,
20CIZB I HRAEIL 1043 kPa TH D, XU B, ZoakR/LAZAE, TLa—Lse
TV F VITHEDNTE T B, K~OEfREIL 200 ml/L TH D, EDIENOWERR - {beid
FFPEIZ DWW TIEAR CICAD Hicisdl L 2 [EBM e e B Lt — FACSC 0222)IREh
TW5d,

725 DT L (20°C, 101.3 kPa) OEARBUILL FOmEY Th D -

1 mg/m3 = 0.309 ppm

1 ppm = 3.24 mg/m3

L JEfEE ST AL TRT &V D WHO OF#HIH - T, CICAD ¥ U — X Tl3ZE&H
TRAETHHETOEWEREICONT ST BT R TERT 5, FECERSCE SR
Z SI B R TR R L TCWAGAIL, ZENoZ2Z20EE5IHT 5, IRENMNESE T H0HR%
ERFEHAL TRRIN TV DAL, 1RE 20°C, J£77 101.3kPa & E L TR S #
BARBAEAWTHRE T 2, BEKROFIETFIT2HETLET D,



3. Wik

RARNEES COZER(T bbb, J7BEHE OMREB) DT Ly ORIFEICK LT, £<
DHENHBINTET, bo & bIRESHNOLNTWDDIL, yE, S ENEE
(Mazur et al., 1983), AR W %5y 61 (Denyszyn et al., 1978; NIOSH, 1985, 1994)
2 X BAOE ek (Keech & West, 1980)72 K T 5,

Mazur ©5(1983)D LD IEMEIE, 7Ly RNEY 77 VR E G L, AT D HEAD
BOGA R 22 800 nm THVEHDEIEIC IV MIET 2 2 &I2HhH D, ZE5EABHL, W~
Ber V) o LB 2/ RIE & LGl S5 2 S K VIE LT, MHIBRAIX 0.05
mg/m3 Tho7z, UL, ARIETIET VY ATRFRI 00T SIS D vz,

BEMA TR W5 YEIEIZ 38 T, Matsumura(1988) 13 aE D YLEE 12 A B IR SR TG 14 5 %
fEF L. Denyszyn ©(1978) & NIOSH(1985, 1994 1 XiEMER 2 H Lz, =& & baslgd
TTAY v EBAEL, ~ b v o 2EHFIE LT=y 7% vz, NIOSH(1985, 1994)
ZEbiIcera—2AT7 42 —Z W, e B AW —a VLR EFNZAS R NE ST
L7z, MHBRFUE Matsumura(1988) 0 51£ T 1 1 g/m3, Denyszyn ©(1978)D 55T 15
L D253 8T 2 ug/ms, NIOSH(1985, 1994) » 5Tl 10 L 225 kT 1~200 u
g/m3 Th -7z,

EES COEITOT NV U EREIT X BEDEC IV ETE S, T A
I XIEBRER & Ye A F 1T ARRIZEE O, X E AT L7e, 60 L Oz EHT
AIFEORHIRA L 4 1 g/m3 TH - 7=(Keech & West, 1980),

1 u g/m3 OJEE CHfGEIIZFLak T DHEFR TR I N T TCATARETH 5(G. Franz,
FME. 2002),

R, MR, BEZ, MO BREII e BRBEOEYFHIT=X ) TIZHWLILTWD,
UL, ZHHDOREFIEZT VY U BREBRICRERA TR, SO ER o b FEREA~



DOEBEREBILIEFERLE 2o TWAENE LIV, ZHHOFMNITI e BOREMREY T A
7 U 7(EHO)IZFE i &1 T\ 5 (IPCS, 2001a),

4. b FBIXOBREORZEIR

TN LS BFEOREES/N 7 7 ) TIC L Vo e FLGWH b AK S5 (Cheng &
Focht, 1979;Tamaki & Frankenberger, 1992), 1979 4=, Cheng & Focht |, b HFE{LEY
(BEBMf HEEBRIE, B/ ATFAT NI VB OATFAT IV )% 3T HRITI A |
TN DERKRE R, Psedomonas. Alcaligenes 3B ST, b et & dh b iz
WEBIT LT VY ERER U, BEMED FAKIBRN DSBS T=2 < OMED LT LY
> % 4ERT % (Michalke et al., 2000), LU, LRICEK D AFAT AV UEREE ) AT
TN CEENS DT VY DL, b B LAWY D EE R R T b D HEHEE
{b(70 B T 3~87%) & k3 % & FEF DT 52(0.4%LL T) T - 72(Goa & Burau, 1997),

TNYrDNBRFAERIL, &IPS, WEh, 8. U NI U AR EEBERIG
SEREICEDIBERLARWVARZIZILDE LT, T rZ20H 008 5V X E R
o F—v > Z7Hl L L TofiH(Wald & Becker, 1986; Badman & Jaffe, 1996;
Aposhian, 1997; Winski et al., 1997), #h&@4 MW e EBEMBEE BN TRETHD
Wald & Becker, 1986), bt RN #i & L CHEFIORBFEL TS, AREOT VY U %
ERTHZENRHDLDT, T REIETRITE 20 EAE23%4 0 (Johnson, 1953), 7 /L
ARSNEEMMAEHIC X o> TH AT S Marr & Smaga, 1987), 7V A EREEYHE
B L Wt BRERTEKRTHZ DR THIND,

Richardson(1990)i%, 7 /v v D#iE & HLoh RZEIRFEIEGRE O BIMR 2R~ RV ke
=N ERERSTELNEMARY RO~y bLARLT AV R L, BRflizaTo~
v N LV ADG Secopulariopsis brevicaulis WHNEEER TE 7o, 2 b DT IV VIHHERAEY)
X TOMIEAl L L TRV b e =— WA ST 5 10,104 F P EX T = /) F ¥
7 L3 (10,10-oxybisphenoxyarsine) N 7 /L ¥ VICAEHF I N TWAH Z ENE 2 bND
(Richardson, 1990),



T E, TERICIIKRRERE S BET VI = A L ORSERCEEIERIE T O v #bE
Y OBESACFI R THERT D, KE, X — S Z VT, FAVIZBWTHEIESNT
W4 (TARC, 1980).

TN ATRAET Y D LADOZE X X Y LEERY Y a0 _X—REHEEOMIEH K —
v 7 DT DI HEAR T3 CIREPH I & T b (Zukauskas & Gavriusinas, 2002),
HREA R (Lewis, 1993)°, BN H A A — FRIEORIK L LT, b rHEON T A Gkl

B SN TWAHSDB, 1999), k¥ mes s L CTHFE S N0, b=kt e vy
(Lewis, 1993; Suchard & Wu, 2001),

5. REETMOBE) - oA - B

TV v OB OBARE OB ECHMICBE L TARRT — 213780, Ty i3t~

DEFE . DHVINIELR P OmR L ORIz L0 45 L, B < v E LB 5 (Windholz,
1983), KHIZEBWTIE, BLMIIKDfR S T b F L&MW 72 5 (HSDB, 1999),
6. RETEERBIVOE hOREE

6.1 EREZHRE

BEYOT AN ZDOLODFEICET AT — 213720, BREFREL IPCS @
B 747 ) 7(EHOIZEZH I T\ 5(2001a),

VEETZRET NV UV OFERIET 2 EENT — 21373, BELORRIZET 1
WTTHIEFIZRESINTND, Table L IZAMET VY o HHFHEZG|EEZTO@E 50

10



IR BDFEBVREE LT ONOIEERISCG T2~ d, ZEEREEICET 2 HEHRNSATAT
BEARFHEIZ DWW TLL FICEIZE T,

TN AL, HER, $h. . W RI UL TUFEY, & B AXREDLL OHA
WIRAMELTEFEEZZATNDZ LD, EICEND DIREHERE THEIZ TIEA < AR
END, INHDOEREELIACEBICEAEMT S & 7Y U ERKT 5 (Stokinger,
1981; Suess et al., 1985), BRI L DK, High A > ¥, FATEE®RE, =y F 7
AL SRRSO Z I U & T 5% < OBRICB W T, FIETHHRERED T LV
TEIND,

7}&111

HEFLFH, ~A 7 mEOCERBER R RS e by ) U L AT 5 EFFEEDT
BB LT VD N RET D ATREMEN & % (Sheehy & Jones, 1993), 7 /L3 3G EEDIELE
T BAET Y DA BAERT D 2 & bR 41TV 5 (Scott et al., 1989), b HIB LT /L
o PR ORI NIOSH Method 6001(NIOSH, 1985, 1992 L 0 3 DD FE 15 ¥ Hi ik
THEEENTZ, eHZ T RbHT LY )OO TDICED S EAOREHIMR 3 X
OH 2RO FEA~OBBPFET DI L AR LTOVDR, TV oMo b FREOE &
IOV T STV 720 (Sheehy & Jones, 1993),

Hby ) fWBOT 0y R THICBWT, 7y X4 7RO T vy OREL 2.6
mg/m3 T, 572, (EEE2BDTROY 7 OEEOORE L —F LT, F¥
HZ 0.28 mg/m3 |2 T o 70, 71 o KL G582 O PR eIk T ORI 0.08 mg/m3 ThH
- 7=(Clay, 1977),

IhEEMRIE T 7 N OEEEOMNREIRICK T 2 7 V> R EITER M ~49 u
g/m3(8 FFfINE S EHIE) TH D Z b ol-, TV U BRBEORKNEIXN-EFEAELE
BHLOEE & ORERIC X D EXALE I FLek S v7=(Landrigan et al., 1982),

Jones & Gamble(1984)1In EHEM THEED 5 77 bHOT NV U BEZHEL T

WD, Ty X TR KGR ZE X TR S Au, IR oD i B T B R HE ~
0.18mg/m3 CT& - 7= (F¥ 43 u g/m3),

11



Table 1: Workplace conditions that may lead to arsine exposure?

Workplace

Particular conditions

References

Slag-washing plant

Chemical
manufacturing
company

Trucking company

Handling and
transporting
cylinders containing
arsenic compounds

Chemical plant, in
which a herbicide
was synthesized by
reacting methyl
chlaride with
sodium arsenite

Copper smelting
and refinery

“Bronzing” process

Chemical company
— cleaning a
clogged drain

Transistor industry

Zinc metallurgical
plants

Blackening opera-
tions on zincfalu-
minium alloy parts

Transmission repair
shop

Ferrous metal
foundry

Bumishing of
metals

Process of washing arsenic-contaminated slag during copper—aluminium alloy production. From
this slag, arsing can be generated by:
- hydrolysis of aluminium arsenide;
- the production of nascent hydrogen by finely separated aluminium in an alkaline medium; or
- an electrolytic action between the revolving iron drum and the aluminium.

An antifreeze concentrate containing water, caustic, and sodium arsenate was loaded into an
aluminium tank. A worker pericdically placed his head into the dome opening to check the fill level.
Arsine was evolved in a reaction between antifreeze concentrate and the aluminium tank.

An aluminium tank trailer was cleaned with a phospheric acid solution. The tank had been used

previcusly for storage of sodium arsenite solution. Most probably, arsenic was deposited on the
aluminium and was converied to arsine when acid was added.

A solution containing sodium hydroxide and arsenic trioxide was removed from an aluminium tank
by workers who entered the tank and flushed out the residue with water for about 30 min. Most
probably, arsine was evelved in the reaction of the aluminium wall of the tank with sodium
hydroxide and arsenic trioxide.

An aluminium ladder was placed into a tank with a moist mixture containing sodium arsenite. The
three ingredients necessary for the evolution of arsine gas were present in the tank: arsenic, water
andior acid, and aluminium. The workers saw “bubbling™ at the foot of the ladder.

A galvanized bucket was accidentally used instead of a plastic one to transfer sulfuric acid
containing both arsenic and antimony impurities. It was estimated that the interior of the
galvanized pail could produce 2300 mg of arsenic (in the form of arsing) as a result of reaction
with sulfuric acid solution.

During the technological process of bronze plating, the alloy containing zinc was by mistake
placed in the bronzing sclution, instead of brass. The solution was composed of arsenic and ferric
chicrides in concentrated hydrochleric acid. This reaction led to arsine formation.

Arsine was formed by the action of a drain cleaner containing sodium hydroxide, sodium nitrate,
and aluminium chips on an arsenic residue. It is not clear whether the arsenic came mainly from
the liquid in the storage tank (1% solution arsenical herbicide) or from arsenic residue in the drain,
which had collected arsenic trioxide.

The valve on one of the eylinders containing arsine was half openad and leaking during its delivery
to a semiconductor division and the process of unloading the cylinders.

Arsine was generated in a zinc refining furnace and during fumace repair.

Arsine was formed when zinc/aluminium alloy parts ware treated with acid solutions.

Aluminium transmission casings of trucks used for arsenical herbicide applications were cleaned
in a hot acidic detergent bath. Arsenic-containing pesticides were deposited on the casings after
spraying. The acidic detergent caused rapid evolution of arsine gas.

An immediate increase of arsing concentration was recorded when hot dross, which contained
arsenical impurity, was coated with water.

Small zinc-iin alloy components were treated with solutions containing hydrochloric acid and
arsenous anhydride. Arsenic compounds were reduced to arsine in the presence of nascent
hydrogen in an acid environment.

Kipling &
Fothergill, 1964

Konzen &
Dodson, 1966

Elkins & Fahy,
1967

Muehrcke &
Pirani, 1968

De Palma, 1969

Pinto, 1976

Clay etal., 1977

Parish et al.,
1979

Kleinfeld, 1980

Braszczynska et
al., 1983

Marchiori et al_,
1988

Risk & Fuortes,
1991

Moraetal., 1992

Romeo et al_,
1997

® Quantitative data are not available for the incidents described; rather, they are illustrative of situations where arsine exposures have been =o
high that acute intoxications have been produced.

Mora ©(1992) DRERFTOT V¥ REICET D MEIC LD & fEEREHROT Ly v
BEZ FL—7 URiE 2 AW CEFEHE Lz & 2 A, BBRKKTOT Vv R 0.2
~0.8 mg/m3 T, FLIEITKEE S EBFFIAIC 200 mg/m3 12 BH U, @138 ORI 5
T D iR IR 1~1.5 FFE )T 0.081 mg/m3 Th -7,

PSSR T IRBICAERESND B R X U AR D 72 DR HEEIZIER LTI A DD
FEE T Y oER DI, EEOZEKTOT NV 3 HE 2 OFRERIZ K D LT
bole, TV U RENEEDND SEHEORT T VL REIT 0.6, 0.7, 1.0,
2.0 mg/L ThHo7z, DT 7 N TOHBEDORF TV REITEE 0.05~0.2 mg/LL T

1.0, 1.0,

12



Ho T2 (Z DR TH LN HFE~DOEET 9.2 Hi% M) (Johnson, 1953),

Uldall 51970012 X 2 iBAHENRIR TH > 7 2 PisF T D MED B DG4 TR T D
FEE 3 NOBMERFIZOWTORENRDH D, T iTBE oL &7 Z#ITHira iR
LR SN L Z 2 bz, TEiif#id o v RREITNT 1.6~8.2 mg/kg, EEZT
2~8 mgkg ThHotz, MU THT, HHIERBEEOEEZTOLEREIT 1 mgkg ThHo
oo THUDOREITBMEMBFEZICHE SNTZOED, 7Ty HREITLAENS b R Ui T
BEINTEBY, Ty ~ORBIHEERMOTE ZLIZRONTIINRNE 5 TH
Do

7. FEREMW L b OENEIRE b UM O

EBREIB IO S TOT IV OEIRE H NI HOW TR, EEICET 2507
WEHR LABI S TunZeyy, B hTORRE RITEET 5 IHROMIEIZIBW T, FHRRCIR M
FLELTHONMENTWAZ LIZHEETRETHA I,

7.1 @

DRV LREIOE D TH LD ERBIRERSEHINTERRICEID L, v T RIZT LT % 0.40
y~24 FEf. 25~2500 mg/m3 T A SH7= L Z A Y 64% 03I X 7= (Levvy, 1947),

Blair 5(1990b)i 1 H 6 F§f#1¢ 90 HfH, 0.08, 1.6, 8.1 mg/m3DT L > % T v hD
Ml BT L=, B o e FEREEWE Lz, T O BRETZERTOT LY v
BEEEBIZES L, BEX VO AE N>, 8.1 mg/m3 T 90 H % 3~4 H TOHF
il ot FREL6~8 nglg THoGIRTIZBXLZ 1.5 uglg),

TN P RICRET DL EIRED b EXATIR, I, EIETAH b7, 940 mg/m3

% 5 riRiEtt O b R IIFE T 4.6 mg/kg(EiMEE), T 3.6 mgkg, BlET 1.2
mg/kg TH-o72, 960 mg/m3, 20 /2 TFE ClE. b REELREMIIFK T 22 mg/kg, A

13



T 9.9 mg/kg., BT 8.9 mg/kg T - 7=(Levvy, 1947),

TN AR, BOICRNOHHEND, TAV VTR B LIV RAZBIT o H
OHEHNZONT, WL ERT b Y 7 AR OPRMAS R & i U7z, BRI B G S 7ol b
B O b RITHFEEBIBAIC R S, FR RIS 24 IRICIIR G ED 10%IC A 72720
ZERDoT, ZHUTK LT, T % 20 43, 180 mg/m3 W AR LA, b
FIT LV E P S H, 24 REfEITR T H K 45% 035517 L 7= (Levvy, 1947),

7 v MZT i 4~80 mg/m3 & 1 RfE] 28 S 72356 0 B GHEW L. 3 il b 57,
SMioesHE, £/ AFATIVIUEE, PAFAT LAY UETH T, BRI LIIT VL
JREAL PR SN o722 ETHH(1.2 815 R), 60 mg/m? &R x5 & IR R
EILTEmML, Tl FBREGBMEFIL TV D Z L AR LTS Buchet et al.,

1998).

72 t b

TV ATRGE & TR SRR E D, B MR D ERIEBIIAFAT
HECT® % (Thienes & Haley, 1972; Venugopal & Luckey, 1978),

T HRERITERAI OB A HIXME RIS e BRI E N D Bmrie T vy R T,
ZamDt FONFIE, Bk, PR, EBEENRTBE CIXVEOERZNEEICAWE X
5 (Lazariew, 1956),

Ty BT IR o T AMPERE T OS5 Ok, Mk, IR CeFEnmt s, Buw
7RO E, B ROREITNIT 400 1 g/LEBE 5 < uekg Z KT %), JRT 260 u
g/L, Mm% T 434 pg/ll Th-olc, BRAEWICE RIS NRhoTe, ZilEE L 2T
BB L TR R 51 T2 (Teitelbaum & Kier, 1969),

e 77 N TOHBEDOT VT P EOEM T — ADEA . B RIINET 11.8

mg/g, MET 7.9 mg/g, BK T 3.2 mg/g. N T 0.6 mg/g, JRT 0.6 mg/g, Mk CHEHE
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23 S 7z (Fowler & Weissberg, 1974),

Sentie 7 L o EROS A T O b FRIREN 15 mghkg T 0 | BECME T 1
mg/kg Ll T - 7=(Macaulay & Stanley,1956),

WA LTeT o IR PSSR S iz th, Bl 3 flioeRL D
(Pershagen et al., 1982), b HEZHEMND 1~2 Hi%., b MRPIC 5o ERNLLND Z
ETRENDEHIT, 3D FO—EIXI LI LI 5o e L 725, (Romeo et al.,
1997), 3D EFIIA T IMEIINE ) AT ATV U, PATFAT AV RERD,

e DIFRED b FITEITR AR L CHEE S 415 (24 KE TR 60%)(Apostoli et al.,
1997), 7Y U BREHOE MENO b EREICET 2 EHRITIATTE R0, BREMESME
T oHEOR, RPHRI RS R RIS D DIXRBEREYID 5 HflTh D, IR7 VT 7
YAIMAE 1kg H72Y 7.8 mlh TH D, MOREOER DY) CIIAE 1 kg H72 D 5.27
mlh Thd, B TOEROLE LR, EEL BRHA~DORER, ZEALOHE. ¥
AFNT N, B AFATNY A 3fie T, DEO SN RN MR TR
& 7=, (Apostoli et al., 1997; Romeoet al., 1997), £7-. Apostoli & H[FEHFZEHE 5(1997)
FRMET LY hBHEOE FORPICT VR ) REA COFEEZRE L THWDER, 20
ENEYHRTHLZLHERAONDELTND,

T AN DY) =D FA LB IZFOFEBERRIL 1~2 5)OBRIchE L=
EIEFOGA JRPREF LV FEYH T0.72mg/LIZE#EL 4 HH £ TIZ0.01 mg/L
1238 L 7= (Kleinfeld, 1980).

FHE O TCHEKE Vel 2 DIKBIET RN UL ET NI =0 LF v T a2 Eieluili M
We 2 NOJEE ORMET L o HEIZOWT, Parish 519790 WENRH DH, 2 ADF
B X atEE MR & E A RO DABL LT, IR D RIREZ AR 3 HUNIZHHT
L 7= i e OS5 #T %) & 2 A, RH T 0.85, 0.97 mg/kg, M T 0.18, 0.20 mgkg
Tholme HIKEDOIL THEEL TWWfho 2 A TiE, JRF T 0.30 mg/kg. 0.12 mg/kg.
1L HC 0.082 mg/kg Alifi. 0.96 mgrkg A T o 72,
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7.3 HAEKRNE=HZV T

PR, iR, BEZ, TMHPOERREFIeZERBOLEMKNE=X I U TIZHO BN TWS,
UL, TIDIET vy BTk L CREEA TR K, i b BRI L D535 HE DOfG
BATHIVIAA TV D03 E LivZe v (Vahter, 1988; Aitio et al., 1996),

RO e FREL, @HET LY O EOREFEL LTHVLR TN D, Ty
IZEEE L2t P T, b RORPYREE L RCE O RRIREOMIZIEOMENH D & #Hilk S
N5 (Elkins & Fahy, 1967, Landrigan et al., 1982; Apostoli et al., 1997), R+ D
ERDOANRY = a0, ARNE=F Y T OMRP DA BRRERE T 212000
F4ECd % (Aitio et al., 1996),

nE MRS TS O @H O & IR & TV 3 BRFE R ORI I3 5270 BAFR 23 A

5N 7-(N=47, y=0.84, P=0.001) (Landrigan et al. 1982), Z DEHEN D, 22K P DT L

i

VUBEN 15.6 pg/md Ll EOSAIR. RO E FIREIX 0.67 pmol ZHiz S & R
H oz,

MEF O RREIXT L BBORIEL L QUIEETE R, & MUK O KES D
bt B EEWITECONIIERT 2D T, MR O e BIRENRT Vv DFEE % BT 5 DX
FERFRIZ IR % (Romeo et al., 1997),

3OO e RITME Y LRI EDr 7 F L DF A — NI EFEE L TEETICERIN
DT, HHEBOT VY U BBEO KT DR PICK LT, BET O FEEITRY
BEDOE=Z Y TIIHNDBND, LAL, RRTDOEFE~OFREEL LTEZ T OE
FREOHEIEZRAR D D, BETOL R, IRBEORHREE SN RLBEAD
BN TOYIRARHNC L D b8 L 20T 2EHTE 2 HEITRVWNETH D,

B D7D E EPT AL A RE LT b MIRBRRIEOTUCE T 5 b HIRED

FRABRELND, BEbw Y807 0 o ZABICHEE L W H@E T vy gl e
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o7z 2 JEGI D e a7z (Clay et al., 1977), % OPEWFEIR O 22 KERHR EURE[H] 35~40 47
MOT VY U RREIE 0.08 mg/md Tholz, bFRBEILEET 10.8~76.1 mgkg, [EE
T 8.6~63.1 mg/kg, f5D/NT 15~188 mgrkg, LD T 37.1~60.9 mgkg TH -7,
OFATES W 5 WO T 1 o ZAPHERE L W B#F L7 v R s OFERI
HHNT, b REEIIKLS . BE T 3.33~16.0 mg/kg, [EET 5.61~38.5 mgkg, 5D
JNC 9.03~53.3 mg/kg, EFEDINT 1.06~5.79 mg/kg Th-7-, {EFH T FICHRTEL
TWRWAR A D & FIREE L8 52T 1 mg/kg A, N Tl 3 mg/kg Aiii T - 7= (Vahter,

1988),

8. EBRMHLER L O in vitroGERE N)RER R~ D B

WA LTz B EE % Table 2 12, LCso & Zi#& I & OBIfR % Table 3 1277,

NI B AERMEII B IS MERICER T 5, in vitro(8.6 HiZ M) T b IR & &%
T4, v MBLOS XOFEMEE 0.56 mmol/L D7 /L > OFFEET. 2 B EEARE
% L5 20% DR MM 22 X 7= (Hatlelid et al., 1995),

Morgan(1992)i%. Fisher-344 7 > ., B6C3F:, C57BL/6 ~ 7 A, Syrian Golden />
DA —=ZHNTT Ny ORBIERBHEICOW TN, 2 TORMTHTEN 100% Th-o

72D1% 81 mg/m3, 6 FFfIREGE L& ThoT-,

Peterson & Bhattecharyya(1985)i%., 7 /L3 16~84 mg/m3, 1 WM DOEREFEIZKTT 5
< U ADEMERE DRSOV TN, 24 RERICBT 5 ~~ 7 U v MEOJREAD 1T 25E
REO EH EEHREZE L, 30 mg/m3 LI ETHEMICERE T, REREOE{IT~~ b

7 Uy MEDZALIZAHEE L T,

B6C3F1~ 7 ATliL, 1.6, 8.1, 16 mg/m3, 6 RFff] DO AZEFE ClalE S H 5 & HIRE
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Table 2: Acute toxicity of inhaled arsine in different species.

Exposure Dwuration of
concentration exposure
Species Parameter [mg.fma} {min)
Rat LC=n 390 10
Mouse LCa=n 250 10
Dog L= 350 a0
Rabbit LCs=n 630 10

Table 3: Dependence of acute inhalation LCsp of arsine on the
duration of exposure in mice. 2

LCso {mg/m’)

Dwuration of exposure (min)

2500
1000
200
250
100
25

0.40
1.18
2.4
12
20
1440

a

From Lewwy (1947).

Bk 2B bITBE I N o T2, BFEICEEOH D MEEOFEZRENTETO

BT N—TTHOLNT, 16 mg/m3 T 6 K2R Lo~ 7 2T 2 H#%E LW AR K

A5 7= (Blair et al., 1990b),

8.2 XiHE#TE

TN R ASRIEFRET H &, BET VY REOLA L FRERICIME B IR

T, L, R DD ONE 7 B B L DB EREL S, S (Stokinger,

1981),

K E O E N ER B R A 78T (Hong et al., 1989; Rosenthal et al., 1989; Blair et al.,

1990a,b)IZHBiF 5D, ~ 7 A, T v b, Syrian Golden /~ A A X —(Z%9° % 1~90 HHIZH

T2BT Ny v OWAZRFRIZBE T 5 —HEOWIENR, Ty v O — REEDOIRILE 72> T
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W5(10.1.1 Hiz ),

TV RARA Y b E LU TR O A Z T2~ 7 A TOMFIET, 0.08, 1.6, 8.1 mg/m3D
T 1 H 6 REH, 1B 5 B, 5~90 HM## L7=(Blair et al., 1990a) & Z A,
R OB M m IR CH L ® b, MR MERE, FRRMERERE MCV)R X 7R I ER~
T/ r b EMCH)AHEML T\, BREAMKEL THOAMITOE L RLRN-7208, 1
PRILERFDOAEER AL Th > 72, A F~EZ B EVRED BRI 8.1 mg/m3 THILE
ENT-, ZOBEICEL S L NOAEL i3 1.6 mg/m3, LOAEL (% 8.1 mg/m3 T& % (Blair et
al., 1990a),

Blair ©(1990b)I%. D B6C3F1 ~ v A 12 14, 90 HH. Fisher-344 7 v MZ 14, 28,
90 Hft], Syrian Golden /~AAZ—{Z 28 HFE], 1 H 6 IKffE], 1HMIZ 5 HE T v o %
T LT, T BRI ES T 1.6, 8.1, 16 mg/m3, 90 H#TiX 0.08, 1.6, 8.1 mg/m3
Z Tz,

T O %G T 29013 X O 3101 D fiids 2 R E AN~ T- & 2 A CE L IR,
JELER 0D Fr (2 BN T B 3T, ARSI DA 1%, 1.6 mg/m3 % 28 HIMZE LI-ET » MZ
BWTORBEERSINZ, IFEEO—EMEDOZRWH#N 8.1 mg/m3 UL FTHZ ST,

F v MZBWT, AREKEEOHIMEEOAE RN, 1.6 mg/ms LI CTitdk S
AL, 1.6mg/m3, 90 H[H##E Tix, MET 35%., HET 20% DB A LTz, ~ETT Y v
WA, MuEm o, BB 16 mg/m3 THIE S L7z,

~NEZuEy, ~= b2 Uy b RMERKOBD 2 EE I, B LT ST ORI
E1.0.08~8.1 mg/m3 TII~FE 7 12 BN 4~18%A LTz, Lo L KIS 55 .
BBEHREEHE 8 BHD VT 4 BHOMo 2 v —T7 T3l snisnoiz, &l 1.6
mg/m3 Pl ETORE THEE S, ~F7 10 E R T~16%D LTz, FH R IR
(MCV)R FE R MLk~ 7 v B 8 (MCH), ARMERT D7 X 7 L7 U il KBS TEME
1.6 mg/m3 Ll EREFEEL7-T v FCTLEA L, ik OMRMEROEEDERML D 2
L &R LTV A (Blair et al., 1990b),
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Blair ©5(1990b)I%, A EE(0.08 mg/m3) TEKREMMNHA LD LD Lfkiwm31T 7=,
ZOfERRIL. TV & 80~81 HMBEEE SNTHET, ~E  m ey RifEMEE, ~
<~ FZ7 U b2 4~5%P<0.05)8D L TWDWHETIZA LD bNAhoT2)Z LicHkSD
<bDThHD, LinL, M7 > M2 90 HHEE L 3 B, ~~ M7 Uy h~DRHIX
BEESNIR o7, [AREIC, 90 HRIRE L1 4 BRSO LIZIEhD 7 v — 7 Th 8%
BESNIRoTz, LEMN-T, 0.08 mg/m3iET v MZHE W T LOAEL Tl < NOAEL
LRI END, LOAEL IE 1.6 mg/m3 Toh 5,

VU AZBN T, HREFEOTR A E RO A B 2N 1.6 mg/m3 LI F2EE L7/
TR S 4L, 1.6 mg/m3 TIX 20~30% Th > 7z, MEZIBWTHREERD Z &2 14 HERIH
LKEN, 90 Ak, MEEORINL, REREEHN 3 BB L4 AD 7 —T 8B Tl
72D HORERED 8.1 mg/m3 TOREE Th - 7=, RERMEREED —E L2k 8.1
mg/m3 L ETEIE SN, 7 VT U UEENOKEERIENED FAIE 1.6 mg/m3 TR
Ao, 81 mg/m3ll ETC—HALTRAON, FiNERNOBHEREA, 8.1 mg/m3 T 90
HRI(90 A M Cld kMR 2R Lo~ v A TR S i,

AR D ZEFTE /X7 — (1.6, 8.1, 16 mg/m3 T 14 HEWL A, 5\ T 0.08, 1.6, 8.1 mg/m?3
T 12 AR, 1 H 6K, 1 JEHEIC 5 HE)(Hong et al., 1989)% W 7=, [AR DM~ &
2B DR BRI B W T B 2 8 & DT 12 8 ) ThemIREE O 8.1 mg/m3
THRERCBE SN, ZOREIT 2 BT E o7, FHRMEKERE MCV)O 2% P <
0.05)#4N% 0.08 mg/m3 T 12 WM EFEEBIZ S 7z, Blair 5(1990b) &t fRAJIZ, [l
Dl B (24 %) 35 K OHxHEE §:(25%) O3 I 23 e S AKIR E D 0.08 mg/m3 T 12 JH [#] R 1%
[FEHIM 4 HORECHIZE S (P<0.05)7=23, BIEHIM A 17 HIER L2 TITIERIZR -
Tz, HHT &L, MEENRAR DRI CE L AMHE L, 12 R REEREE IR 4
A OXIRRECIMED - 72 2 & Th 5 (EEIIR 2 17 FIER L BECIIER L~V E TR -
72)s

Z OMBROEFRIAICRMRT 201, BHMaEE, Mk~ n7y—Yan=—jF
RHE(CFU-GM). #R 35K = v = — Al (CFU-E)(Hong et al., 1989)°ff 4« D U 7 Bk
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S O xITF(E B (Rosenthal et al., 1989)IZ D\ T Th D, B HEMIILE O 2T EIEE
SNz o7z, CFU-GM I3 14 HH&EE T bIERETH L 1.6 mg/m3 LI LT 14 AHE
T, HEKRGFPRED DN 8% UL EA LN, 12 HEOEMEZ CIEA LN oT,
CFU-EiZ1.6 mg/m3Lh ETHRET D L AR RBEKFIIC 11%L & K& b Lns,
12 BRI Z MG L CTHRERIIRL D Z LT oT,

JEfg T D U L SEROEN T BT I o T2y, B TCOREBR T NV—7TOMMT o) o
PRERDEIEITID U= Gt BREE TlE 83.4%. 16 mg/m3 D 7 /L —7F Tl 45.6%12), g
O THIEOESIZETOT N Vv EETNL—FIZBWTHEU L 5 I L=23, B fia:

EVRE. 14 HREBRFEZ V—T7 DOH T LT-(Rosenthal et al., 1989),

TR IMERAFEMCV) DARAEVE, AHEY 72 2% O HN(Hong et al., 1989) /3 B2 L 2=
549, Hong (1989 DHFZFE THIZR S 72 0.08 mg/m3 TIHEE~DEHEN, 20 [HEDOE
RETHLRBRORERAZ LN EWV D Blair 5(1990b) OFARER & L FHEE R L
TWEDT, =7 AZHE VT 0.08 mg/m3 1L LOAEL TiZ72 < NOAEL T v . LOAEL
1% 1.6 mg/m3 Th 5 & ffim S A7z,

Syrian Golden /~A A & —{Z3UNT, FHXHIMRE B O HEEAFEE NS 8.1 mg/m3 LA E
(B L cRigk S, SR L72 9 b ORARFE TR L (1.6 mg/m3)H> b Fe R M Bk i
M EKAERAD % RiLEkKFP D7 I V7 U Ui KEERIEMEIIH Bt ER AR L
72 8.1 mg/m3 L ECIEMliEER L, BFATE7, 25026 Syrian Golden /> A A&
% —® LOAEL % 1.6 mg/m3 L #E7F L7z, Z OEIFIA~ 72 5 H ORIKHEE 220 T, NOAEL
IR T & 22 ) o 7= (Blair et al., 1990b),

R DT L v (Nau, 1948; Lazariew, 1956) % VN 7= LARTOHMFFE T, IO M2
BT HERIGEGENA X EELEY P THRESH TV,

8.3 FENAME

EBREDIZ L DTN L ORMBANEICET DT — X ITMER STV, B E LT
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—ARINTFFRIZL D &, 26 Hlliid C5TB1/6J ~ 7 A e g U o AZHEDKIZIN A
TG00 wg/l)EET 5 EE . M, I CHERAENEIN L, Z OOl T b Mg A
WHUHEIM U, 7y MY AFAT Y UEEEREKICNZ TS 2 & B O
FEED R RARAFIEREINANGE 8 S 417-(IPCS, 2001a),

8.4 PE I L UMR~DRIBAEM F6 & OAE

TN DREJER X OMR~ORBLIER, RER X ORGEIZB T DIEEICTT 246 A7 8)
WOT— 2 X720,

8.5 ‘EhHE M

Swiss(CD-1)~ 7 A & Fischer-344 7 » MIWEHE6 H2>5 15 H £ T0.08,1.6,8.1 mg/m3
DTN EWASHETZ, T v MW TAES.1 mg/ms 7 /L—7) & SRR ER & 0D
DB CH BN, BEFBHEIIR N>, v T RAIZHBNTIE, 81 mg/m3 WA
U 7o MEB T R 7 M 2 FEE L 7228, ZEAFRROEL, IR O FEEIRE, [FIE T O BRI AF
OB TR T ORI & #7205 72 (Morrissey et al., 1990),

T EDHOTOBBRECBE LA A2 eiden, M e SHI35emA 45|
T Z SRV, PARORE LB BN, WhsRkGL RO ZE R E In vitro THE
RHEFEZGIEZEZ L, AF /e DNA OBEEIZEEL KIFT, ROEATZHIRIZL 505,
i b {2473 in vivo TYARILE 2 35% 3 5 &\ 5 (IPCS, 2001a),

8.7 wMED AL =X L MNEMRE

t FBIXUOEMICBIT ATV OFED A T =R LB X OERARERITEE LSO

TV, [T ADPDERIEE A b L 2R ZE LT 5 23 (Pernis & Magistretti, 1960; Blair

et al., 1990a; Hatlelid et al., 1995, 1996; Harlelid & Carter, 1997). iz AL~ K1 L
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FEDOIENZ XL D A B =R L% 73 LT3 (Levinsky et al., 1970; Winski et al., 1997),

Hatlelid & Carter(1997Mi%. 7 /Lo v OIEMIEMEITZLL T ORXIZHE-> T, @l {k/kFERL X
WT Ny E~EZ B OMIMARIZ L DERILEIA R LA Eb D BV EES &)
E LT,

H2As-H + HbO2 — H2As* + Hb-O2-H

WIZZNEDERDINL, A F~FEZ o LBBET VY 24T D0, @R bkE
& HoAs-Hb & 5\ X HoAs-haem & W o 72 e B & LT D00 EH L O RIGET
HAHEMEDR B D,

H2As* + Hb-O2-H — v FEfHIn#+ H202

ZORRRAMIIIIERE B AT u U EEEL, AU EDOERREEB IO
TR & 5| & Z 9 alREME N B 5 (Hatlelid & Carter, 1997),

PNE S B DENE, B L7251 DEE & 2 b OFRIMERAIAE (Heinz bodies) DN
I ~OFEGIINE T A B O L R EM O UL S 23, ~LEk0m kI~
VDR E R L EE XL E R o 20T v R Y VRO L, BEE RS 7= AT < B O R,
A A ABRLOIRALZ L Z 3 (Hatlelid et al., 1996), #f&MIC, Heinz (A3 KO3 i
PRMERAIINE D & A X % HE U, IR ORAE ) 2 H S 5 (Weed & Reed, 1966), =
DX, ~ET U ONRBRNEZS ERITIENH 5,

WS OMDIFFETINE T H L DALV T e RYNVEERA~E T v e Ot Z[iEd 25 2
EWNRENTWD LS, FNETF A DALT v RV 5EE R i BRI 4 HERE 4
% 12O Td 5 (Blair et al., 1990a), in vitro D#FFET, t hARIMERMIEF D 7L %
FAUVREOBDIIT VY OBEMIER EBEEDOH H Z LR A WE E iz (Pernis &
Magistretti, 1960), Blair ©(1990a)lX in vitro T, 7 /v 2% S ¥ IRIMERF D 71
BT A LrUL D 60%) EFgk LT-, Lo L., Hatlelid 5(1995)13# O#FIETA X DR
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MERFI D 7 Z F A DT, WICHEAT T2 Z L bRRICEZ S22 bl &

~UT,

TNy oD AT e R VKT A B = X LD Levinsky et al., 1970)i2 ki
X, 7/ NatK+-ATPase DALV 7 RUAKERIGLTH MY O A- Y 7 LR
TAH= AL BE L, TOBRRMEKOZEL I NELZ5 S, A7k RYLE
E 3D T AT OENTE < mbEN TS, UL, NatK+ATPase Z# /=720 A X
DOFRMERDS T Vv > ORGP M % 2 Z L 7= (Hatlelid et al., 1995), Z® Z &,
Na+tK+ATPase (L. FRIERBEDRINDIZA D —E5TH D Z & &2 LT 5 (Hatlelid

et al., 1995; Winski et al., 1997),

Winski 5199N1%, 7L v o BBERMET, B U U LDORLE, 7 ) U LADRA, ~v
27Uy MED EFIZ & o THEN 7 BEOMMIREIE I L OURILERAFE O ELH CURAI R BF %
BlE2 LT, £/, ATP LV O LWEADIEe <, ATPase IZ7 Vv ICBAF SR o
7=, Winski 5199NITZ DFER, T2 NIRRT LT RMEROIEMIT, ERZRFEETH
LD, TNV ~EZr b REIC LS EEZ SNEBERECK D L L,

TNy R L DBEAET, WEE~T 7 0 oo ERM ORI X D L —fRICE
ZHNTNDD, Ty EREIRO RERIARSS L OYRME I EERERH 2 K E 9 2 & AFEH
SN T 5 (Ayala-Fierro et al., 2000),

9. b b~

T D MIT DT, 1815 4RIC KA Y OWFFEE BT T Vs o T A %W,
A UTEE72 72720 9 BIZHADEL 72 0 3BT LEIRIZSEGE S 117z (Vallee et al., 1960),
Z D%, 1974 FE TIZ 454 DT Vv AR S 72 (Elkins & Fahy, 1967;
Guajardo et al., 1967; Levinsky et al., 1970; Fowler & Weissberg, 1974; Wilkinson et
al., 1975), £ D55 207 filiL 1928 75 1974 FEIRER SHEER 4.5 f)), £ D 25%I13E
M7t DO TH o 7= (Fowler & Weissberg, 1974), 1974 4F X 0 BijlX, B E ~OERH 2

24



FRIC L - THl & 2 SN D BERIED — AR SEIRI TH » 72, 1974 705 1986 FEDHIZE 5
W2 30 Bl s S GERT 2.5 1), B 13720 > 72(Guajardo et al., 1970; Hocken &
Bradshaw, 1970; Levinsky et al., 1970; Wilkinson et al., 1975; Conrad et al., 1976;
Frank, 1976; Pinto, 1976; Levy et al., 1979; Parish et al., 1979; Rathus et al., 1979;
Kleinfeld, 1980; Williams et al., 1981; Dlhopolcek et al., 1882; Gosselin et al., 1982;
Rogge et al., 1983; Phoon et al., 1984; Togaybayev et al., 1984; Hesdorffer et al., 1986;
Wald & Becker, 1986; Marchiori et al., 1989; Hotz & Boillat, 1991; Mora et al., 1992;
Pairon et al., 1992; US EPA, 1994a,b; Romeo et al., 1997),

EELBORKPOT VY REICET 2T — X 13Nz L6 ®iziR), 10~32
mg/m3 & HIRE IR AT 5 & R EER AT S 503, 810 mg/m3, 30 53 D B 1 X B iy
ThHb L & a6 L7723 E 235 5 (Steel & Feltham, 1950), Morse & Setterland
(1950)1Z 7 /L3 v 230~970 mg/m3 [FFEITFEOD L L LT,

9.1.1 HEHIEEE

% < OFFETEBER 1~24 W GEF LEFH LN TT v & o FmOBRRAER 2S5 5 2
EHPIRENTVD o IBREIMITRE R X ORERMIIKTE L TWD, HIH DR ITER.
BE. B, FERINEE, O FV, R, HEKPMRMR ETH D, RITZBERBER 4~6
RFFH THEAR IR Y | BOWOMINE O B 13 B @i 1% 24~48 W TR 541 % (Kipling &
Fothergill, 1964; Jenkins et al., 1965; Anthonisen et al., 1968; De Palma, 1969;
Guajardo et al., 1970; Levinski et al., 1970; Fowler & Weissberg, 1974; Rogge et al.,
1983), WIHES O 2 £ 5 RO, JE2A, SR, PR 22 2 956 b H 5 (Klimecki
& Carter, 1995), Bl S 7 2416 OREICHIRT 2225 O 7 /L3 R E R EE DO Fif

IZOWTORBFRITITEAEAFTER,

WitEEmIiTe b TOHR L — 7R HT R Th 5 (Levinsky et al., 1970; Fowler &
Weissberg, 1974; Wald & Becher, 1986), FIED~E 7 1 U RIEITRIEZFHR L, b
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UIRE L7221 7 LIE LIZSEIC £ 5 (Uldall et al., 1970; Fowler & Weissberg, 1974;
Klimecki & Carter, 1995), X35 X OKRMHRER S 72

oz

781

I

%%} % (Anhonisen et al.,
1968; De Palma, 1969; Risk & Fuortes, 1991), F ik ECAVENEREE L 71y
hEEOSER & L TlE & CTu b (Vallee et al., 1960; Stokinger, 1981; Matthews, 1989),

0
Rl

I

9.1.2 %I

BMEDT VY DG IR

L LT, 18R E®E (Muehrcke & Pirani, 1968), Ifiiig

T2t (Muechrcke & Pirani, 1968), Z3M:AM#E% (De Palma, 1969; Frank, 1976;
Gosselin et al.,1982)<CiEf, $5EL, FLIEEA:, Pkl RMFRRE 7o & O DB E R
& % (De Palma, 1969; Levinski et al., 1970),

Muehrcke & Pirani(1968)i%. 7/ v CTHEE SNZHEERIED b T v 7 EHEEF O BED
JERES:

LI OWNWTHE L CTWAD, TAV L HELER-T6 » A%, F0HREI3E

JIES
L ORI S o TV, BIEEFREE 23 & A%, RFTPEREIEHEES & OB R
L5 BEOBRLABR SN,

Gosselin H(1982)13 552 3 » AR ALV b, THOF AR ZIRAMBRIZ DOV T

7_
IR L TWD, RIMRESIZREND 6 » AR TH 7285 Sz (De Palma,

1969;Levinsky et al., 1970),

ZEDT IV R BE LT 2 N\OBE T, MEOHFIARZ, iEmEAk, Wk, 7%
B ELH TAH LN, 10 B Efke: L7~ (Levinski et al., 1970),

s

]

b

TV v BB ORE IS B W TR s~ 0 7 7 — OB RS

iz, MiOYEEEE D OMER M FIZALE 2 » A%IZ L 9 Bl S 72 (Romeo et al.,
1997),

Pint 5(1950)1%, — @I TLERKECG) DZLD 10 » Ak L7 5 LT 5,

26



D72 AV HR(Mee's lines) 73 7 /L ¥ RHRE % 10 H F~3 ] TZ% < DIEF THIZE S
H7=(Vallee et al., 1960; De Palma, 1969; Levinsky et al., 1970),

More H(1992)1X7 /L v hmBREICB W CAaMOEME 20 H BICHFR 2RO TV D,

9.2 REHI#FE

EMRRIIAM T EHERAE CHRINZ L O L BER%Z 5] X Z 4 (Klimecki & Carter,
1995), @MEHIEE L DI b ZREV T, RAHFRRIEE OJEBL & 1T DELE(Stokinger, 1981),
B ERE (Mueller & Benowitz, 1989)<Ci& 135 L OV i (Kensler et al., 1946; Risk

& Fuortes, 1991) D3 DIEIETH 5,

&% T AT T D% D 7 VT A BR R LTS G B OE i ORI LR EE O B
B TS Z 23Dy 72 (Bulmer et al., 1940),

W7 vy c B L, RP e FED 0.2 mg/L RiOH HIETIHR STV, il
WRBTICb~EZ B ey LV DRTRA LN, 26 DRFREEIERSHOT LY
VIR 0.16 mg/m3 UL RIS T 5 LHEE SN TWDH A, ZORRORILIT R STV
W FRBNCHSR Y AT DMV AT 5 &, WEBT.O~NE 1 ey L3R 2 IZIEFEIC

& - 72 (Johnson,1953),
9.3 figdr~DE
9.3.1 IfiRFs K ONE AR

BRE LA O 2% 7 AT IS NWIRIMIZ 7 v > 3 ORI T H 5 (Fowler &
Weissberg, 1974; Gosselin et al., 1982), t ~LiKDOZAKIL, EREM TH LN &
—% L, Aifl, RMEROEEFEGHERMEE R, A v X-m— L v ek, RIERARFE,

FEARMER, ZRMERARE, AR M EREE-CHE AR M ERYE £2) 0 A MERHE £ 70 & ¢, AR ilEsE~t 2
ney, RN U LARED LR A D (Jenkins et al., 1965; Teitelbaum & Kier, 1969;
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Levinsky et al., 1970; Fowler & Weissberg, 1974; Wilkinson et al., 1975; Parish et al.,
1979; Kleinfeld, 1980; Bogdanicka, 1988; Klimecki & Carter, 1995), 7 /L &I &
LEEOTHTITIE L A EERRIEMD O, ~~ b7 Uy MER 0, IiFE~E7 vt
VIRFEN 70 g/L Td - 7-(Wilkinson et al., 1975),

Wilkinson & (1975)iZ i/ MRELDB>CHERAR MEREL D 1% D L~ ~DBD S 2
WINE EHeE, 20 BRI 45% I LI-Z L2 HELTWD, 12K, ~E/ ey
LU Lig o Tz,

TV CEERMERR I O S SOSBERIC OV T OB HIZR O N TV 5, BEEOEM(~~
FZ7 V> b 025 IR P A& R T atEhHOLE, IRPEHRL~ULE 3940 pg/L, M EHE
LoyLid 1150 pg/L(RHEE BEZ 24 KA 508k L7, JRP O b R E(REE L% 24
FERDIZZER T OT L U REB XZ 1.6 mg/m3 IZFYS 9 2 & #HEE 172 (Romeo et al.,
1997),

]

9.3.2 &

AMFE T, BT r ey ~EVT U 2 RIER, # 08 7 B H(Kipling &
Fothergill, 1964)DIE/NZ A bA~E 7 B E UG JRFUICED G5 H235H 5 (Uldall et al.,
1970; Fowler & Weissberg, 1974), HED~F 7 1 U RITIRMEAZE, ZIROMER S 2
H k%7 5 (Klimecki & Carter, 1995), MEJRITFEFER 2 ALNICHET 52 &0 5, &
JEOT Ny U HEmNG &R T BAREEE T 5 & ICE S (Fowler & Weissberg, 1974),
Al 7> DR AR F5 F D Frfe e D TERE 1. BERERY AL AN s £ 41T 5 (Muehreke &
Pirani, 1968; Teitelbaum & Kier, 1969),

2HOT N HERBEDOPBET, 1 FITRMEZIRICE2EARE, o 1 I TEMED
R DK TS 572 & 72 o 7= (Pedersen et al., 1968), & DMk EITZ RIE TR 6 55D 1,
HZIRTHKI 33D LI Lz, BOMKEDZ(ITIENT 24 R ICBIE S, FAim
RPEBRRFRIIE R L. M AT T 5, BEEDK NI o BELEE & BR1H 5
(Pedersen et al., 1968),
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Muehcke & Pirani(1968)i%, 32 %D 7 v 7 HEFOT L K DB OEE L 23
r ALL B ERARRBEFRCHISE, Bl LT, HIRFIIKB LT MY D ATH 7 DT VR
= U LBERFRERT . BEP O BRRE LAER LT VY NS RE L, BIRITRGE 24 B
MBICBIE ST D, BRBEREVOBEITE REREO W B bBIE SN D o T, F

JRIEEH], B RERIR D RIS BB EITIE O IRENBIE S vz, b BERREEIXE KX
B O F K ONEM R B, IRE IS8T 2 2 KT THE, B1EM:, MAEETH-
oo AL RS OHINRILFTE 66 HE THIEF DO L 9 IIEA X o To, &EE 6 7~ A4,
BETEIR EmERM L Ro7, 23 » A%, JRFTHER BRSSO B LB S i,
BEITEBHEBARITE LA

Ty R TCIRNRE LEGA, BT E L7220 EETHRITIZIE 100%TH A H, &
EIZIE LUVREIENRIE E 72D, T70b b, RO il @ mipE ch b LR
i b Muehrcke & Pirani, 1968; Teitelbaum & Kier, 1969; Hesdorffer et al., 1986).

9.3.3 JIT M

T HEORRE LT, BEEOHEEN LIXLITRD 5115 (Vallee et al., 1960;
Anthonisen et al., 1968; Fowler & Weissberg, 1974; Stokinger 1981; Togaybayev et al.,

1984),

BYEDT VL E T, APEREC IR O LI 25 24 K2 12789 115 (Vallee et al.,
1960), 7N o BAEFEORBE 1 r AROMWEFTDOT 7= 7 A7 27— LX
JVIZIER Cd - 7= (Parish et al., 1979), & 2 ZFBEHITIL, 6 » A, JFIZARE ATEEDD
JESR DN o 7203, 5288 12 » A% IIXERRAIZIE S Td - 72 (Hocken & Bradshaw, 1970),

Ty o ERBRE ORFFRICE W T, Teitelbaum & Kier(1969)137 A/XT X BT 3/
NFoAT2TF7—8, TI7=20 7027278, ATk st —ELr 1o LA
DT, WL, MIRENT. ¥ ANH T 0 — OG5 BEEEFEIELICERIC)
ol £7-, AT v P —8 Lo EFIIRNEREE 26 OfEFZ ORIz L 5
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ZENbroT,

9.3.4 R

AR K ORI RCR A~ OB T, FUYFREE, B, KECMRRE R EOIERE L
T, SR RFEA AR B9 5 (Anthonisen et al., 1968; De Palma, 1969; Risk &

Fuortes, 1991),

TV s R RIS OSEIRIE 10 H (Wilkinson et al., 1975)2°5 6 # A (Frank,
1976) DRI 2 THIBLT 2, PEMEL AR A OB BE O RS2 B M e 3 Tt 7
LT RO 6 NDOTEE THRE SN2, 2D OREROB L S I38ETE O R & HiEE
LT, MR T I = U W APk D ZiE 238 5 232 72 - 72 (Frank, 1976),

Wilkinson 5(1975)i%d % 7 /Ly HEEF OGO Y EIEE 2 MG L Tnd, Zh
B OFERIZ AR M7 X A ORI VIR LT, &FE% 10 HH, B&F T
R, PROROBBEE, %> OB %A 72, 30 H B, BLAEAE
FIIBTHER R Te o Tz, FAOZERITITAL HIiEAL E TRESS, BREOZE(LITMUE DX
RIZRR B Tz R S L OSEBIRICF 1 228l R IR I = F ol IR T L7z,
PR PR 1T 7 I ICRIB LR TZAY, 6 » A T XS TIREECH - 7,

Gsselin 5(1982)1%, 7/ U HEH OREE 3 » A% O N OIBRITIESIAFRERIZ O
TEMOHEZ LT\ 5,

9.3.5 MKIS X OMEER R

TNAY R EBICBITHERE L THhEEMAESCEAEFERRAEN/RE SN TWND
(Vallee et al. 1960; Stokinger, 1981; Matthews, 1989),

TV AT RE I BB 72 5 B % ]2 1T 7 (Rosenman, 1979), Pinto 5(1950)i% 13 A
DBEWEDT N B EICTOWT, MARMRB LOFIMRAT NS, 13 AZD 95 5 4 ADE

30



CRRFE M TR BMEOHES TH 5 L @E LT, SR LERE (FEICms )

U LMJEZ KT 2 ST #33 LU T KOZ b EHBOZ(L)NEIED T L o HigE

T STV 5 (Pinto et al., 1950; Konzen & Dodson, 1966; Pint, 1976; Parish et al.,

1979; Togaybayev et al., 1984; Klimecki & Carter, 1995), Pinto & LFEIAFFEE ©(1950)

2L D9 NDAETFEICET 5 HEOMIEIC L D & 5 2 B CEENIEF 7 RIBIZER S M.

ELWLEROZITEBEMU LR L Cunie, —6ITik, BImRZ s 10 » Hicbhz

S>THIEINT,

9.4 fEEENE

T IV v DEFEFIEICOWTAH A &Il S D TEHRIZ R,

9.5 FENAM

T IV VAR NTFEDS A 2 7R 9 AU B3 2 RS TR e,

R, ZXFO e FILEWICRTT D L. HEKRFICHAADFERSN D, iAo

DY A7 OFFHHNAE R EAIE. 1 4EMIZ 75 mg/m3 DRERBEHRALOOLNLN,

T e FIREEN L) 50 u g/m3 DZERA~D 15 4EM#ETEITH Y+ 5 IPCS, 20014a),

HORK P O MRS e EA~O 2RI, & DO, B, Bt BEoRAZS ST, i

EEMENA DY A7 O EFIL, fREKH O e RRENZNEH 30~50 B 10~50 u

g/L =tk — MEETBIE S5 IPCS),

10. SZESGEAMm

10.1  fEFE~DZEOREM

TN BT DA CICAD IZBW RSN AERIT., BHERFEOZEBI IO ONTELY
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B, ERNTT VY Tk S o B EREIC7/2 5, ICPS(2001a) 3T, EHELL H
(LA ~D B g D BN ARCBILEIE~DEE)NIZ OV TR L7z, BB HELS

W3t M L TERBAMEEZRL, FBRRE MIBREEEFFET D,

10.1.1 ~Y— FORER L OH B G

Ty P EOEMZEILE MR, FFCRILERTH D, TAVATRMEFHE R L. ~F
JaberR, HOTBEELZGIEE T, BEMRhEconTEEoidnd o, L
HZ OFRE TR L T D,

E M BIOERIBIMICBNTT LY ORNAMEICET AT —Z i, LLT Y
At BRAMEONAY— RERTZERMLNTWD b RBEEWITEEI KD D VTR AL
FVRBLIE-BAONDSDLFEL 3MC 4 lioREED £ FRI@mbInD,

Ty DBIGEMEICET 27— X380, Ty OBLAERDII N7 T 1) 7ML
) DD TR B2/ U2 WDS . In vitro TIIYOREEZFZRENH YV . Invivo T
FEERENY)CE b TIIRARERZFHE R L7200,

IBHEMOT v hE~v A, 28 AfONLA L —DOR AR (Blair et al., 1990a,b), 12
B O~ 7 A DR AGRER(Hong et al., 198)DFERMNE, T DITAL T v b,
Syrian Golden /A X —~OEBITERIEWNNIR < | BEORBBEOS T FR
A > NI BILOHEMN, FRIEROTZRERE, MEEOHRN, REMRLRERREE CTH 5
ZEMER SN, 2D OB R MERER 250 I o3 i o0 TTHEIC X B Mg 25k
ZHizbd,

7w MZBWT, xR E & O A EERAAEO A ERHIN2 1.6 mg/m3 U EoT vy v
kiR LIoMEECRUgR S Tz, ~EYT U WA, MO E ML & SEE R E DY 16
mg/m3 CEIEZ SN, T~ FTiE, Alfl2Y 1.6 mg/m3 LA ETEIZR Sz, 7 ~ FTid,
~NEZEy, ~v b7 Uy b, RILERE D 4~5% DK T 2K EE 771 —7°(0.08 mg/m3)
TH:FE 80~81 HHICHZREINT-, UL, 90 HOREK T, BEHM3HH L4 H
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D, 2 MOBRBBHOMETII~~ 27 Uy FOKRTRALNRD 5T, ZILHOPTRIZE
BUMEN 7202 & BERE 0.08 mg/m3 TORTROBRMABMENHEN TRV &, HE
B BRARA T 7e 2 L (20 fEORMBBRETH~~ 7 U v bR 10% AT 5,
0.08 mg/m3 %7 v b TiX LOAEL TiZ72< NOAEL Th % & 72 &7z, LOAEL /% 1.6
mg/m3 CTh 5,

¥ 7 AZOUWT, XA E O H BN 1.6 mg/m3 L1 TR L 72 #ECrlsk
SNz, MEOKFETE0.08 mg/m3) TOMEREOHMN 1 B THE Sz, LnL, [FFR
DO~ X &, ZFEHE P EEROMOBER TIX, MEEOHEIMTER L S 6O &R
FED 16 mg/m3 TORFETH -7z, FBERIMEREDO—E L7228 8.1 mg/m3 LA EIZ 5
&L cllsisn, 7T LT ) VEBBUKEERTEMED AN 1.6 mg/m3 I &R LT
) TN R S av7z, g o/ NIFE N EN 9 S0 2% 8.1 mg/m3 |2 &FE L7~ 7 A THl
LI, AT 8.1 mg/m3ICH&HE LB TR I N7z, 12 D 0.08 mg/m3 D F##E
#%. MCVCEHFRIMEREFE) D 2%(P<0.05) DHIINAMED ~ 7 A TR S8, MORGERK
L7 710 72 AR B IS 2 kit e o 7z, BREOMILE ICZ{LIXBlE s i o 7z,
CFU-GM(RIER/~ 7 v 7 7 — Y an =—#iiE) & CFU-EGRIEER 2 v = —Epiiiu)
B, RER LT bORIKIEE S /bbb 1.6 mg/m3 LI ET 14 AMORE S Lz,

MCV OAAENE, Al D 2 %N A FIEM &5 2 5417, Hong et al.(1989) DR T
#BlE2 S 72 0.08 mg/m3 Bz T O E A~ T Blair et al.(1990b) DFERD 20 %D &
#E CRERDER L L\ ) B L LWFEN & - 72D T, 0.08 mg/m3 (X LOAEL TiX72
< NOAEL T& Y, LOAEL |Z 1.6 mg/m3 & fiiafhi Sz,

Syrian Golden /~A A% —|ZEW T, 8.1 mg/m3 LI 25 U 7= Mk < F B E o
HROFBEREMATER I, R L7295 b ORIKEERE (1.6 mg/m3)h» b FRI R M. EK &
T BRI 2 RINERO T 2 7 V7 U B KEERIE T B B 5 2R LT,
8.1 mg/m3 LA ECHgI IR L, BT ATE 7, Z1HH 5 Syrian Golden NAAZ —D
LOAEL % 1.6 mg/m3 EH#EE L=, ZAUTHE LT 5 HLORIKEE /20T, NOAEL I3ff
MTERNoT,
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IS DD TR R A2 Table 4 (233, Ziub DR S NOAEL & LT 0.08
mg/m3, LOAEL & L T 1.6 mg/m3 BN XFFSi1 5,

10.1.2 T v DOIESHMER E R U

NOAEL 0.08 mg/m3 ) LIERMNAMED T KR A > FOfREHEAE L -
fEEHE=NOAEL - FEHFR%E e &R 1
=0.08 mg/m3 + 5/7 + 6/24/300

=0.05 ug/m?

EROAHEERT-1Z 300 (B hOFEAMOENC 10, AFEFO/MEIC 3 [AFERIZH T
HERMADEHEN 2 BOBENNINENEFFESN TV L] REM LTV A RWERE LT
—H == 2O R, ZRIZ 7 2 AR o K] o7 TEHERT L LT 10)
&Lz, R 5/T L 6124 IZEBRMIBRFTNT A —F —h AL A7 MNREGRICHDET

10.1.3 U A7 OB EF

BT — DKM TR, U R OMEHER 22T 252 LI TER, FRICIESR
SRTEICBNT, BETHEMILE LWL T LY U REORENEGE L T 5,

10.1.4 NY— FOREIZBIT D R EESR

Ty OENTHCE T 57 7 —F O REIC L > TRZ2 > TW5, #ic, A
(2B 2 HEZRFRER T 0.08 mg/m? & 5 Z&FFIREZ A NOAEL, LOAEL &6 5 &%/ d
HMENVIRTHD, ZOZLIE, ZORETRONT/NEREEOERITOVTHFHY
W5 —EbHoNRNE NS T L TIERLS, D LAEIEEZH LT LD
NOALE/LOAEL 767 7u—F 45 Z L DRAEZKML TND, Ty v OfREHED
EIZARD Y &2 2 HELUSEMRICES MO FIEN LV #ETTH 2580820 Eidnz
RNTHA I,

“HEHDOBLRAMEER O IRE LITEFHEDIER N AMED T RRA b DI
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Table 4: Basis for the derivation of a guidance value for arsine?

NOAEL LOAEL
Species, sex Study duration [mg_rma) [mg,rma) Reference
Mouse, female 14-50 days 0.08 1.6 Hong et al., 1989; Rosenthal st
al., 1989; Blair et al., 1990a,b
Mouse, male 1490 days 0.08 1.6 Blair et al., 1990k
Rat, female 14-90 days 0.08 1.6
Rat, male 1490 days 0.08 1.6
Syrian Golden hamster, female 28 days - 16
Syrian Golden hamster, male 28 days - 1.8°

® nal studies, the critical end-point was haemolysis and its sequelae (anaemia, increased splenic weight, etc ).
Lowest concentration studied.

DSNTNDLIEThD, TNy DFERERFHRMESENBAMEIZOWNT, B b, EERARLE
HHIZOWTHIFRNAZ2, L LAERS, TAY Vb sfhor EfElc/ 5L e R
WXL THRBAMZ R L, EFRCE MNIBEEEZHERT 5,

b ~ORFEIZH L TEICETDERIZLWDITE L,

11. EFEEHEREIC X 5 2 E TOFHE

TARC(1980, 1987)IF MM b Fb M ZFHE L., “LHRK L e FLEW" IOV T, Tk MZ
X UTENAMEZRT ] o3 7eRE il & | TEBREI T U TRD AL RS RO FEHL
N5 & DfEImE e mEifEmLl e F & E FAWIT e MR L THEDAMZRTY
HTHDH(Group 1] &7eoT-, ZORHMEIZH 7= > TIARC (X, Z DMl bFmE 7 v —
TERERLELTHASNDZ DO THY, LT Lb 7 —TH O~ OB L Chili
ENDHO TRV & LT 4 (TARC, 1987),
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APPENDIX 1 — SOURCE DOCUMENTS

US EPA (1994b): Toxicological review on arsine

Copies of the document may be obtained from:

EPA Risk Assessment Hotline
513-569-7254 (telephone)
513-569-7159 (fax)
rih.iris@epa.gov (e-mail address)

www.epa.gov/iris (IRIS web site)

This document received internal peer review by US Environmental Protection Agency
(EPA) scientists, an external review by well qualified scientists, and consensus review
by EPA Program Offices and the 10 Regional Offices. Summaries of significant

comments from external peer review are included in an appendix to the document.

Greim (2001): Critical data evaluation for MAK values and classification of

carcinogens

The scientific documents of the German Commission for the Investigation of Health
Hazards of Chemical Compounds in the Work Area (MAK) are based on critical
evaluations of the available toxicological and occupational medical data from extensive
literature searches and from well documented industrial data. The evaluation
documents involve a critical examination of the quality of the database indicating
inadequacy or doubtful validity of data and identification of data gaps. This critical
evaluation and the classification of substances are the result of an extensive discussion
process by the members of the Commission proceeding from draft documentation
prepared by members of the Commission, by ad hoc experts, or by the Scientific
Secretariat of the Commission. Scientific expertise is guaranteed by the members of
the Commission, consisting of experts from the scientific community, industry, and

employer associations.
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APPENDIX 2 — CICAD PEER REVIEW

The draft CICAD on arsine was sent for review to institutions and organizations
identified by IPCS after contact with IPCS national Contact Points and Participating

Institutions, as well as to identified experts. Comments were received from:

A. Aitio, International Programme on Chemical Safety, World Health Organization,

Geneva, Switzerland

M. Baril, International Programme on Chemical Safety/Institut de Recherches en

Santé et en Sécurité du Travail du Québec, Montreal, Quebec, Canada

R. Benson, Drinking Water Program, US Environmental Protection Agency, Denver,

CO, USA

J.P. Buchet, Industrial Toxicology and Occupational Medicine Unit, Catholic

University of Louvain, Brussels, Belgium

R. Cary, Health and Safety Executive, Bootle, Merseyside, United Kingdom

P.C. Chan, National Institute of Environmental Health Sciences, National Institutes of

Health, Research Triangle Park, NC, USA

R. Chhabra, National Institute of Environmental Health Sciences, National Institutes

of Health, Research Triangle Park, NC, USA

C. Cooke, Health and Safety Executive, Bootle, Merseyside, United Kingdom

dJ. Descotes, Poison Centre, Hopital Edouard Herriot, Lyon, France

H. Gibb, National Center for Environmental Assessment, US Environmental

Protection Agency, Research Triangle Park, NC, USA

dJ. Gift, National Center for Environmental Assessment, US Environmental Protection

Agency, Research Triangle Park, NC, USA
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R. Hertel, Federal Institute for Health Protection of Consumers and Veterinary

Medicine, Berlin, Germany

C. Hiremath, National Center for Environmental Assessment, US Environmental

Protection Agency, Research Triangle Park, NC, USA

J. Kielhorn, Fraunhofer Institute of Toxicology and Aerosol Research, Hanover,

Germany

D. Lison, Industrial Toxicology and Occupational Medicine Unit, Catholic University of

Louvain, Brussels, Belgium

R. Liteplo, Existing Substances Division, Environmental Contaminants Bureau,

Health Canada, Ottawa, Ontario, Canada

R. Lomax, Health and Safety Executive, Bootle, Merseyside, United Kingdom

M.H. Sweeney, Document Development Branch, Education and Information Division,

National Institute for Occupational Safety and Health, Cincinnati, OH, USA

M. Vojtisek, Centre of Industrial Hygiene and Occupational Diseases, Prague, Czech

Republic

K. Ziegler-Skylakakis, European Commission, DG Employment & Social Affairs,

Luxembourg
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APPENDIX 3 — CICAD FINAL REVIEW BOARD

Monks Wood, United Kingdom,
16—19 September 2002

Members

Dr R. Benson, US Environmental Protection Agency, Region VIII, Denver, CO, USA

Mr R. Cary, Health and Safety Executive, Bootle, Merseyside, United Kingdom

Dr R. Chhabra, National Institute of Environmental Health Sciences, Research

Triangle Park, NC, USA

Dr S. Chou, Agency for Toxic Substances and Disease Registry (ATSDR), Atlanta, GA,
USA

Dr S. Czerczak, Nofer Institute of Occupational Medicine, Lodz, Poland

Dr S. Dobson, Centre for Ecology and Hydrology, Monks Wood, Abbots Ripton,

Huntingdon, Cambridgeshire, United Kingdom

Dr G. Dura, National Institute of Environmental Health, Jozsef Fodor Public Health

Centre, Budapest, Hungary

Dr L. Fishbein, Fairfax, VA, USA

Dr H. Gibb, National Center for Environmental Assessment, US Environmental

Protection Agency, Washington, DC, USA

Dr Y. Hayashi, Division of Chem-Bio Informatics, National Institute of Health

Sciences, Ministry of Health, Labour and Welfare, Tokyo, Japan

Dr R.F. Hertel, Federal Institute for Health Protection of Consumers and Veterinary

Medicine, Berlin, Germany
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Dr A. Hirose, Division of Risk Assessment, National Institute of Health Sciences,

Tokyo, Japan

Mr P. Howe, Centre for Ecology and Hydrology, Monks Wood, Abbots Ripton,

Huntingdon, Cambridgeshire, United Kingdom

Prof. J. Jeyaratnam, Colombo, Sri Lanka

Dr J. Kielhorn, Fraunhofer Institute of Toxicology and Aerosol Research, Hanover,

Germany

Prof. Y.-X. Liang, School of Public Health, Fudan University, Shanghai Medical

College, Shanghai, People’s Republic of China

Dr R. Liteplo, Existing Substances Division, Environmental Contaminants Bureau,

Health Canada, Ottawa, Ontario, Canada

Ms M.E. Meek, Existing Substances Division, Safe Environments Programme, Health

Canada, Ottawa, Ontario, Canada

Mr F.K. Muchiri, Directorate of Occupational Health and Safety Services, Nairobi,

Kenya

Dr O. Sabzevari, Department of Toxicology & Pharmacology, Faculty of Pharmacy,

Tehran University of Medical Sciences, Tehran, Iran

Dr J. Sekizawa, Division of Chem-Bio Informatics, National Institute of Health

Sciences, Tokyo, Japan

Dr F.P. Simeonova, Sofia, Bulgaria

Dr J. Stauber, CSIRO Energy Technology, Centre for Advanced Analytical Chemistry,

Bangor, Australia
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Dr M.H. Sweeney, Document Development Branch, Education and Information

Division, National Institute for Occupational Safety and Health, Cincinnati, OH, USA

Dr K. Ziegler-Skylakakis, European Commission, DG Employment & Social Affairs,

Luxembourg

Resource Persons

Dr C. Cowles, Health and Safety Executive, Industrial Chemicals Unit HD, Bootle,

Merseyside, United Kingdom

Dr C. Elliott-Minty, Health and Safety Executive, Industrial Chemicals Unit HD,

Bootle, Merseyside, United Kingdom

Dr K. Fuller, Health and Safety Executive, Industrial Chemicals Unit HD, Bootle,

Merseyside, United Kingdom

Observers

Mr A.G. Berends, Solvay S.A., Brussels, Belgium; European Chemical Industry
Council / European Centre for Ecotoxicology and Toxicology of Chemicals

(CEFIC/ECETOC)

Mr W. Gulledge, American Chemistry Council, Arlington, VA, USA

Mr C. Newsome, Dow Chemical Company Limited, West Drayton, Middlesex, United
Kingdom; European Chemical Industry Council / European Centre for Ecotoxicology

and Toxicology of Chemicals (CEFIC/ECETOC)

Mr M.A. Pemberton, Wilmslow, United Kingdom; European Chemical Industry
Council / European Centre for Ecotoxicology and Toxicology of Chemicals

(CEFIC/ECETOC)
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Mr W. Stott, Dow Chemical Company, Midland, MI, USA; European Chemical
Industry Council / European Centre for Ecotoxicology and Toxicology of Chemicals

(CEFIC/ECETOC)

Mr J.M. Waechter, Jr, The Dow Chemical Company, Midland, MI, USA; European
Chemical Industry Council / European Centre for Ecotoxicology and Toxicology of

Chemicals (CEFIC/ECETOC)

Secretariat

Dr A. Aitio, International Programme on Chemical Safety, World Health Organization,

Geneva, Switzerland

Mr T. Ehara, International Programme on Chemical Safety, World Health

Organization, Geneva, Switzerland

Mr H. Malcolm, Centre for Ecology and Hydrology, Monks Wood, Abbots Ripton,

Huntingdon, Cambridgeshire, United Kingdom

Ms C. Vickers, International Programme on Chemical Safety, World Health

Organization, Geneva, Switzerland
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