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CICAD No. 76 Inorganic Chromium(lll) Compounds

1. B4

HERE A 27 2 LA 5 2 O EBA LY BRAE SCE (CICAD) i, 7 4 v T v
R~V FDT 4 07 Rr@iE TS8R (Finnish Institute of Occupational Health) (E
b DRI D EHEZHY) & KE-E 7 ATy ROAERREREAFFEAT (Centre for Ecology
and Hydrology) (Bf55I24R DA YY) 23, HLFETER Lo, ASLEOIEMIX, 74T
RSB AR DMER LT 2/ 2 r AJs L DN =l 2 =2 AIZB 75 #EFE U X 2 FF IR 5 &
(Health Risk Assessment Report for Metallic Chromium and Trivalent Chromium) (Riihimaki &
Luotamo, 2006) . ¥3 & OCKEOBREEA EWE - F5E IR x1 KT (Agency for Toxic Substances
and Disease Registry : ATSDR) 23MERk L7 2 2 A D 7"z =7 7 1 71-(Toxicological Profile for
Chromium) (ATSDR, 2000) (225 TIThodL7z, A CICAD 1ERIC Y720 | etk O SCHkR R
Ao BAHE, BREZEOEBIZOWTIE 2004 F 12 A, BREFZEOHEBIC OV T
2005412 A CTh 5, JRERHZBET D1 %, Appendix 2 12”7, AKCICAD DET - LB
2 —IZBAT S 1FH A, Appendix 3 (TR, S v AMEEMIZEET 54 CICAD (%, 2007
3 H 26~29 HIZ7 4T v ROV ¥ CTHRIE SN RERFEZESSHBITB VT,
EERARHIE & L TR SN, 2 ORKRFZEZBESSHEDOSINFE % Appendix 4 (1277,
B 22 22 4P E i (International Programme on Chemical Safety (IPCS) ) 23MERL L 7=, &b
— R 7R R = Al 2 v MMEA WIS D E B E 2 e — R (IPCS, 2002b,
2004a,b,c,d, 2006) &, ASCEITEH L TV %, A CICAD O ZME L =Afi 7 = LD R L
BT LN, A7 7 2MEEMITHONT S, ZOMIBAIER HIUXT — 2 2 5#i 7T 5,
A7 v MBI LTI, BfE, CICAD No. 78 Z{EmH Th 2,

7 v AiE, BRI B EERIREICH D 7 0 A TH D, BEDTIX. BRRUE
ELTWD 7 a MHRITET T, ZMoOBEEZ E->TWVD, Zfli7 v L3~ DLEMH
TIRENTWDEN, ZOHR TR EELZOL, BIL7 v 200) EEEERME 2 0 A TH 5,

AR AT, EICHEOMREMEN LTy v AMCBRESND, REHLUSNORE
BT, 7l GH 7Y A b, KR, 7 A7) UHERE . 7o AEERERS. A
TV ARTF =BG iR 7T b WG IERE R ERNH D, =iy v Lh~D
WREMETR T, 7 v 204EE, BG, BAICBET S AFREETBICB N THEAELTVD
AREMEN B B

7\ NI, BARTENOEY., B, B MCBEIL, 22D HRICED E V), 5B
BRMEROWPFET D, 7 v AE, AR ERNGIZT TR, K2 EDH B
DHRBET AL 5T, KAPITHHEN D, 7 v ald, KEPTIEELE LTk
DI THAET Do

VORSrEm o LTV B TR EE O 2E L, Appendix L 2B T L,
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7 a LEEEERKIL, HIFRKFITHTESILTWDED, Z07 a bO—BIIRMlTh 5,
A2 7 DA E EEEICREET 2508 9 2E. KPICTHET 2 HHM ORI L 5,
BRI KRICAEAET A1, ZORFIRMEIC L > TAMEZ r2d8esh, =Mz
0AFRE SN D, WE SRSl 7 B A, KERSEEEE TR LTI 2 <
725, A7 v MIHERESE T CERERICE T IN T M7 e 22250, 20 L5 RiE
TEHEGMRIE, — IR F RIS EET B, KT Shie 2 B AOFRHEIT, B
ICIERE L CEE A 729, Sy 0o A0 BB, Crt, CroH*, Cr(OH)Y, B LT
Cr(OH); Th %,

RO v aE, FICREERBIED E UCEEL, BEHEHE ARy, s e

Dk, FRICEbER, Bt~ o Ty, KES. WIS Ko T, BEREICEE ORI
BEInNdZERTHEEND, HEPOFMEES v AoBEEIL, BEOWEREICAA X
b, EETVDLEMEMIL, OO 7 v b XY EREMICAMORD 7 1 5 EWRINT 5
MW, WIS AMMOED 7 v MFTRTEN T, LVEERKRETHD M2 b,

IR T DM 7 v A OAMERREIIR 1 SRR, AN TIIAMEZ 2 AE TS
T v L2720, feEeE L CKFICBIT2EEDOR 100 07 a ANEFET D & B
no,

KEF O Y v WL, BT 0.005~2.6 ng/m?, B A8 Cild 10 ng/m® A, #igs <
10~30 ng/m*® T %, ALPIFEAEFRMT T, X0 &V (500 ng/m®iB) 23 STV
%o KEOWJIKF O v AREEX, @5 1 ng/L Kiii~30 pg/L T, FHAEIT 10 pg/L T
H5, a~myﬂmﬁﬁm_owfm B o NPREOFIAEA 0.38 ug/L(0.01 pg/L A
~433 pg/l) EME SN TWD, @, WKFORZ v AR, 5 ug/L Z# X0, HiFE
KED =M 7 7 LAOFEPREET, 2 pg/L L FEHESNTND, 7B LAORENZALY
BWEA X, ABIBERENBER L T D AEERSH D, ZNETO M7 v LAOKER
FEVR, Bi7esb UL OBEKRERT < D 40 mg/ll Th 5,

— BN WK O 7 v AREEE, AR LD b, 125 2R, WEEK RO
B o AOWPEREIL 0.3 pg/L. #PHIX 0.2~50 pg/L TH D, IFKFO =47 o Lo
JEDWEE, 2~3 pg/L LE SN TWD, KEOBMEMESELFOR Y v AREIX, 1
~500 mg/kg TH 5, HEFORZ v LAREIT, HEOL LI > RZEDOFMKIZ L - T
REL D, T EKRETIE, HEZOMOMBWEIZEENTVDIRT o AORE
I%. 1~2000 mg/kg OFEFHIZH D . BT FENTHK 40 mglkg ThoTo, I—a v/ TlE, R
JEtdo s o NREOFR R, 7 v {bKFERAEET 60 mg/kg (3 mg/kg A ~6230
mg/kg) . AEEEHHTE C 22 mg/kg (1 mg/kg i ~2340 mg/kg) TH o 7=, BRI N5 Tk

INELYEWVRERHRESNTND,
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A7 v A, WHBEOMNEAME LR TH Y, RESLI/ NV a—20RFHEHb - TV &
EZoNTWD, EEOBFENSIT, #E (0.5%AM~2%) O =7 10 AR S 5 08,
RFICEEINTND 7 B AOENEFEIT D20 ERIENEN L, EERENSEZ 5 & IR
BT 5, KEWEEMZ v a7 o LORIIE, A S U5 5 ROR T (W APERE
F)DBE, BIHEND L0 LIPFREZRNSDIE ) NIRRT H D, FI 5%INEE R LINIC
BRI E A, Z DRI D DNTEVEE T, Bl o8 A 27z o TR
HIZit SN D B2 bivd, NEMEOBR LY o A1) TIE, LS 5 W3R 7 DO HL
DAL, IEFICD - VEITT B, KEMEO =7 v alix, MEICRELEL8, &
HEBR~ORFEITFE STy,

MAEPTIE, =ffi7 v LD BB EDFES AN ITE(R T AT 2 U 0)ICHEET 5
DL ARSG T2 v MFEEWE (LMWC) LFENR D AU ST F RIZHRET 5, 7 AT
(. TN, ENEL RN, B ST S, S v Ao—ERiE, HROMEICHET
LHERRRICERT 2560050, hRE2ERT 203D BIZTTHL, WNSE
=7 v AE, BRSPS, I b PR S D,

Z v FTIE, B o A OFE O AR RIER IR < . EHESEE (LDso 1) 1X. 5 g/kg
KEZBZ TS, HIEMREEZ 0 LA0OfR D LD fElX. 7 >~ b T 3530 mglkg A & it
ST\, g7 v 2B LT, 1540~3250 mo/kg (A B O #iPH DM H TV 5,

W ORBRT — 212k 5 & B b7 v L) & HEIEVEREE 7 v 221, RS & AR
WS 720,

NEVEORRAL 7 7 A, REBEMEEZGIEEZ 20, 7 niid, KETnsm
DRI B W THRER RN T T UMEGURIRER L UTHEE LG22, §~DIRZ%E 11355
Weh =i 7 v A ORIERR TR, AKEEMEO =AM v 2, ks v A B KO
it 7 o LDKF ORAMEVERIZ. RN E T2 ITR TS 2 AW dRE R 223 B TR S v Tn
Do b7 v MZBT D 2 HEORERTH . BEBMFERIC LD BMERIS A R STV D,
B RAEMEC BT D BRR AL, RICRERGEOERICEE LD TH D, =ffir =2 L
&L BRERLIC L o THR ISNTEME L OBEMEIT, 720 LEHITANE 7 7 A MEIRE T
FAEL TV D ATRMERN B D Z &R0, BEBER OWEFEF D, FEEITIT T TIT 7 1 AT
EENTZANZBWTHERINTOETH DL ARERH D Z &b, BRIZR> TS, =
iz v 2 EW > TV D HEE BT 2 EEIEFHIX, BThdeEbid, =i m
PLEY~OREFEI L > THREMMEDFETE SN2 2 & 2R3 I A2, BiIRE S TlX
oMo TWHgu,

Sy N, Bty v A& ETeZE5%0, 3, 100 7220 L% 30 mg/m® Dty 7 v 4 (CrY) i
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FECRARRER L72L 2 A, WTNORETH MRS THRWRIEDFR D /o3, MM
W7o LAOBMEIC, Cr'E LTRIDEKTRETRARELZLEZAS, LVEETEYIA
R SRIEME R L 2 BEOMEN, THER ESAER TR bR, BRLZ 7 A1)
DWATLIZFED BT /NS R JAEVEZAIE, REEMERL 7 O FHE GRA ) 12%6H3 2 il 0 FE4F
E%@ﬁﬁ®ﬁhf&@ =7 v AZEAOBFE TRV EEbvs, EEMEmR Y 1
DA B P B % SRR (NOAEC) 13, 3 mg/m?(Cr¥* & LC) & Sy, &k
HETHMHCREDORIERZENTBO b2, Z OREIFRPTAIREIZE L i3/
FEIRE (LOAEC) Th o7z, i bRV IREE mifiirrﬁﬁbfﬁﬂot;kﬂg 7
v FTiE, B2 7 A1) LOAEC(Cr¥* & LT 3 mg/m®) 1%, NOAEC [T L TWA Z &
DRI ND,

7y MZE b7 v AN ZIEFITEIRE CTREKR G L Th, AFREEIIE-72<RBDH
Niehole, EPRO AR WOIE, BBk 2 A>IN)OR AW IR HBEMEN 2 &
THATE %, KEMEOHEALZ v b % Hviz 20 8RR 0 R #5588 TlE. Sprague-
Dawley 7 v MIBWTIEL, 1 HY72 Y O 7 v ABEEN 7 mg/kg (KEICHEY T DKEmHE
TSIz, BBICEELLAFEREEIRD LN T,

M7 v MET AR U R (DNA) SEAANERT 2 ATREMEN D 228, EimmtlBRo
T —XZ in vitro & in vivo THK L TEY ., =7 v 20ERFVEICEST 2 B 2 GERLi
HHITWRUY,

S v AORBAMEEFHMET S ETRYTH S L Ebn -8B Tix, Sy v Ak
B L D, BDADORERD EFITRD DL TWRY, =i 7 0 5A~OIgEZ 1 5 TED
HIZIE, WS ODORAICET DIV AN ERTHZENRBENTWHDHEONRH D,
T — XTI, Sl v AR v LM DI D ANEY)E ~D [RIFFIRTE & DX RBIH D
BECY ARANAN

SONTZT =2 bi%, Zli7 v MIZIREBICHEE L RIES RN ENTRBIND, Y
%%ﬁmb#ﬁw Ll BHETEBINE 1 4o/ kR 0 R84 mERBR O fE R
o L, BB b7 v AT AETBEDE T2, fEMED =7 v LISV T,
W) 72 R AEFMERBR D IE R DT H ATV,

itz v A ~Ot NOBRFEICEHL THEb B DN EERT Y FARA b Ui f&aEl
X, 7V 7 7 o AL BRSO ~DOWAYERL 7O ERICEE L CTA L 5
Tt R TR - RIEAEH Cd 5, HEEMEREE 7 v S0%, A=Al 7 v A0 E RET
HEBbAMN, ZOWIEMEREEZ 0 hA~Dt FOBRERICE L THEUEEZ SN D EELR
T RARA v ME JRETH e Mgt & BB EECh D, 2 b ORI LT
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TR AL MEEE O TIRARENS LN TWDH S (Crr e LT, RIEMED =i 7 v 21t
BINZHONTIE 27 pg/m®, AAMED =Ml 27 v MEAWICHOWTIE 6 pgm®) . TS DHRE
F—IC, A7 v AOZEKTREEZ N2 Y ERloTWD, SR FFEHRE) O TH
> Th, ZXPRET. ZNLDOMAREL TH->TWD, FEEIEEICOWTE, 71
LT LEEEROMSLFRR EORMZEHN L T NTBW T, AIEMED =47 = A
WRREEAEZFHERTHZ LIRS ZEI THLN, T TITHEESR TV D ANITHERIND
70 KT VAR =X, FERGN DR LD ED 7 o MTERK LW D ATREER® 5,

SAfi7 v AR, —EOBAEMIT L 5 Tk, Zb 3 — 2 REROEEEIE AL 22 & O E DA
TaBRACBNT, HATHD, 7 e sid, BIOBBENAERESR TH DL Z LS
SNTEY, FITZNVa—2RLBNORBENEHDL > TWD, 72720, 7Ll rra—=x
ORBUZMETH H Z Lid, —BOEREMD TILERO LTV DN, TS OB %k
STZRBR TR & D LTV,

Sl v AMZONWTH LN EET — 2%, L U OKEEORE (s a A1), mEEE
za (), BLOWIEZ a LB ) k) ZH0NCEHEATWD, BEP T, =firem
D, X DDNTIRITIC WIBIEETIFE L TV D 72, KAEEMITE T D AWM 00 FHEED
fEvy,

B DUKMEBEE O AT 92D =AM 7 1 LD 96 B - 2R i (ECsp) 1%, 0.3~0.4 mg/L
Thol, bDMBEERBOETITNT D =fli7 1 40> 96 KFfE] ECs (. 2 mg/L & il &
LTV D, K IEFHEENY) O A BIERR B (LCs) D &IPHIZ, 0.1 mg/L (X ¥ =2, Daphnia
pulex) ~442 mg/L (I X 43, Asellus aquaticus) TV, A4 I 2> =2 (Daphnia magna) ® <
A T A 7 MBI D B AREE (NOEC) 1, 0.047 mg/L Th o7z, HEHEEEHEEY O
LCso (. 10~100 mg/L & #E SN TV 5, HAKMD 96 FFH LCsold, 3.3 mg/L(Z > &' —,
Poecilia reticulata) ~151 mg/L (=~ L >, Aristichthys nobilis) . #EPEf D 96 HFM] LCs 3.

31.5~53 mg/L & #iE SN Tuwb, =~ & (Oncorhynchus mykiss) Ti. 72 HEDA(FEIZE
9% NOEC 73 0.05 mg/L & #HES T2,

YOKBREED =i 7 v AOFHMEICBET 2HHEIX. T — % &y bR FHRENWD L BMRGEL
R0 HERGRN TR > CEHT 22 0N TE 5, BEENFHREEORESME LT, 10
ng/L &9 ZAli7 v APREEDNEH SN2, ZAUTIRKFED 99% 4 (5 HEE 50% CHRi#ET %
ETH D, WELEDZONTUIENET —Z BNz, HERGRNTIE CHREHE 2%
T2 N TEhehol, HERE, KEEFHEY, fEICO VUL, 7—% &y IR
FEAERLNRDSTZ, TDOH, G TE 2HBMEMEO T TR KVl (2 mg/L) % 1000
THEIY . BHNTE 2pgl VD Sl v AYEEE A EEMEOIRVESHE & L=,
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POKBREZIZ DWW CIE, (FHEMEDSHRRE OFFEHMEN 10 pg/l W9 =iz v ARETH D =
ED, HIERKICBE L TIE, I Y A7 MRV ERNRIBREND, 2L, T MR
DOHFIK TEI S 7z =AMl 7 v A OFEEIEA) 100 pg/L TH Y, FEEHE L 2 & &
MIC L o> T, BEMY 27 BFEETDEVWR D, BAK, FRHCEARD LTI D OBREKICE
FNTWD =l 7 v AOREN ER LIEGATR, 20 K9 2RBEKD B S Tz il oK
AR L TY R PRELD Z ERREIND, FEREICET 2B FEEHE,
T720H 2 pg/L &0 =fli7 v MRS KT O =A7 v AOREE T 5 & fE
EWNTHRIT DY A7 RN ERRB SRS,

BT %7 v Ahmo E2RREIE, A TH D, A7 ik, =7 v bl b
GERAEL7/ I N s s AR S v/ AN SR N Y Y g AN

tEd o7 v A0 FEIFIHERICET 25T —2 BNz, AT 5 =
iz el X7 &G T 52 & IXRETH S,

2. MEOHNE X UHER - EEHEE

7 a KX, B2 P H+6 OFFIOREER & b, E%&E%ﬁioﬁﬁ+3ﬁ BIO
+6 M TH 5, ZAHOIRFEIL, BIIFICR O LETH D, BRETTIE E AN/ A=
AN & L THEE L, Moo 7 v A3 KE #A%tﬁf%é

T EREELRWLS OO =47 v 2MEEMIZHONWT, T OMBIT —# % Table 1 (2. W
B AR % Table 2 12779,

P L ROEEAR M v MEEWIE. BRIE7 v A(N) EHEEMERR 0 ATH D,
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Inorganic Chromium(lll) Compounds

CICAD No. 76

Table 1: Identification data for trivalent chromium compounds (IARC, 1990; Kirk-Othmer, 2003; Ullmann’s, 2004; industry information).

Relative
molecular
Substance name CAS No. Synonyms Chemical formula mass
Chromite (pure) 1308-31-2 Chromium ore; chromite (mineral); chromite mineral; chromite ore; iron chromite FeOCr,03 223.84
Chromium(lll) oxide 1308-38-9 CI 77288; Cl pigment green 17; Casalis green; chrome green; chrome ocher; chrome ochre; Cr,03 151.99
chrome oxide; chromium acid green; chromium oxide; chromium oxide green; chromium
oxide pigment; chromium oxide X1134; chromium oxide greens; chromium sesquioxide;
chromium trioxide; Cosmetic hydrophobic green 9409; Cosmetic micro blend chrome oxide
9229; dichromium trioxide; green chrome oxide; green oxide of chromium; green chromium
oxide; green cinnabar; green oxide of chromium OC-31; green rouge; leaf green; oil green;
oxide of chromium
Chromium(lll) oxide, hydrated 12001-99-9 Chromium hydrate Cr,03-2H,0 188.05
Chromium(lll) sulfate 10101-53-8 Dichromium tris(sulfate) Cry(SO04)3 392.17
Chromium(lll) hydroxide sulfate 12336-95-7 Basic chrome sulfate; basic chromium sulfate; chromedol; monobasic chromium sulfate Cr(OH)SO4 165.06
Chromium(lll) potassium sulfate 10141-00-1 Chrome alum; chrome potash alum; chromium potassium sulfate; crystal chrome alum; KCr(SOy) 283.23
Chromium(1 potassum sufare, 7785590 POSESUTANOTUT Aol boessun oy Al posssum eomum ASURIcrsopsano 45999
dodecahydrate p (n P (n
Chromium(lll) hydroxide, trinydrate 1308-14-1 Chromium(lll) hydroxide; chromium hydroxide; chromium oxide gel; chromium oxide, Cr(OH)3-3H,0 163.02
hydrous; chromium trihydroxide
Chromium(lll) chloride 10025-73-7  Chromium chloride; chromium trichloride; chromium(lil) chloride, anhydrous; puratronic CrCls 158.36
chromium chloride; trichlorochromium
Chromium(lll) chloride, hexahydrate 10060-12-5 CrCl;-6H,0 266.45
Chromium(lll) nitrate 13548-38-4 Chromium nitrate; chromium trinitrate; nitric acid, chromium (3+) salt Cr(NO3)s 238.03
Chromium(lll) nitrate, 7.5 hydrate Cr(NQO3)3-7.5H,0 373.13
Chromium(lll) nitrate, nonahydrate Cr(NQO3)3-9H,0 400.15
Chromium acetate 1066-30-4 Chromium acetate; chromium(lll) acetate; chromium triacetate Cr(OCOCHs3)3 229.14
Chromium acetate, hydrate Cr(OCOCHs3)3-H,0O 247.15
Chromium(lll) fluoride, tetrahydrate 7788-97-8 Chromium trifluoride CrFs;-4H,0 181.05
Chromium(lll) formate 27115-36-2 Chromium formate; chromium triformate Cr(HCOOH)3 190.08
Chromium(lll) phosphate 7789-04-0 Arnaudon’s green; chromium phosphate; chromium monophosphate; chromium CrPO, 146.97
Chromium(lil) phosphate, monohydrate ~ 27096-04-4 ?{Fgfphosphate; phosphoric acid chromium(lll) salt; phosphoric acid, chromium (3+) salt CrPOLH,0 164.98
Chromium(lll) phosphate, dihydrate CrP0O,4-2H,0 183.00

CAS, Chemical Abstracts Service
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Inorganic Chromium(lll) Compounds

CICAD No. 76

Table 2: Physical and chemical properties of chromium and chromium(lll) compounds (IARC, 1990; Kirk-Othmer, 2003; Ullmann's, 2004; industry information).

Substance name

Physical form

Melting point (°C)

Boiling point (°C)

Solubility in water

Solubility in other
solvents

Chromite

Chromium(lll) oxide
Chromium(lll) oxide, hydrated
Chromium(lll) sulfate, hydrated

Chromium(lll) potassium
sulfate, dodecahydrate

Chromium(lll) hydroxide sulfate
Chromium(lll) hydroxide

Chromium(lll) hydroxide,
trinydrate
Chromium(lll) chloride

Chromium(lll) chloride,
hexahydrate

Chromium(lll) nitrate

Chromium(lll) nitrate, 7.5
hydrate

Chromium(lll) nitrate,
nonahydrate

Chromium(lll) acetate

Chromium(lll) acetate,
dihydrate

Chromium(lll) phosphate

Chromium(lll) phosphate,
dihydrate

Brown-black solid

Light to dark green, fine crystals
Blue-green powder

Green or violet crystals

Violet ruby-red to black crystals

Green powder
Red-brown hexagonal crystals
Blue-green powder

Violet crystalline scales

Green to violet crystalline powder

Pale green powder

Brown crystals

Deep-violet crystals

Grey-green powder
Red crystals

Violet crystalline solid

Violet crystalline solid

2435

90
89

1152

83-95

100

60

>1800

Depends on composition

4000

Decomposes
400

Composition varies

Sublimes at 1300

Decomposes

Decomposes at 100

Insoluble
Insoluble
Insoluble
84-120 g/I00 ml

Soluble in water (243.9 g/l) at
25 °C; 500 g/l in hot water

Soluble (700 g/l at 30 °C)
Insoluble
Insoluble

Insoluble in cold water, slightly
soluble in hot water

Soluble in water (585 g/l)
Soluble
Soluble
Soluble

Soluble
Slightly soluble

Insoluble

Slightly soluble in cold water

Insoluble in organic solvents
Insoluble
Insoluble
Insoluble

Slightly soluble in dilute
acids, insoluble in ethanol

Soluble in alcohol
Soluble in acids

Insoluble in ethanol,
acetone, methanol, and
diethyl ether

Soluble in ethanol, slightly
soluble in acetone, and
insoluble in diethyl ether

Soluble in acids, alkali,
ethanol, and acetone

Slightly soluble in ethanol,
soluble in acids

Soluble in most acids and
alkali but not in acetic acid
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CICAD No. 76 Inorganic Chromium(lll) Compounds

3. AHE

KREROK, T3 AWERFT O 7 a0 AoaHHEL, EIZR ARSI HE (AAS) . FERE
BT A RN HHHTE (ICP-AES) . E2IEFFEREG 77 XA~"E &5 H1ik (ICP-MS) % H

WTATOI DD, ZAli7 v AOBA A BN 7 v LOREA F U Fixk 3BT 572912,
AAS, ICP-AES F721% ICP-MS & L<fAGLETHWONSZu~ N7 T 7HEB N D

MBZEEI T D (Urasa & Nam, 1989; Sperling et al., 1992; Gjerde et al., 1993; Byrdy et al.,

1995; Inoue et al., 1995; Girard & Hubert, 1996; Goodarzi & Huggins, 2001), /<Ml 7 v A% 1,5-
VT 2 Z )V HNNRNY R EDOEASEKRE U THNRIEST 5 H5ES, £2EIA ALFREREIC

Ao Tng, =iz v 2id, NMREICEIL L%, 7 2=V AT ROgER L

L CRBRICHIETE 5,

LEREREX, Z2< %A, N7 rh iR/ AOERIZESNTEY, MHEOELY =
flizeseLTWd, LFREFEEICHT D00 EoFERMEIL, 3HRE h OG22
DINREEIRZ L ThH D, RETOAM 7 v L DORLEMIZEE R LAV TH 508,
TNEEEMICIHMET 5 2 S 1CiXIF L A EEER L DI TRV,

3.1 —IEIRIE CRUSIRIE RO

KIE O [E 757 22 A ARSEAT (NIOSH) 1X, REUF ORI 7 v L (7 v AREHE) % B850 E
F 55387 J51% (NIOSH Method 7703) % Bi%s LTV 5 (NIOSH, 1994c), FlEIE, FUEHRE
A V=N D ORBEF I, 55N ZEEND D7 v ARREOE MM, oYtEERIC X
DAY B ADERENL D, OO HFIETHERAEECH Y . BRI, Al
70 AN EARREEBICZFNIE ERITT SN DRI TE 5, #7120 REITIE, Wb
RT BT L UEILRE RO DR (NIOSH Method 7024) (NIOSH, 1994a) 7>, NIOSH
Method 7300 (Z#EHL L 7= ICP-AES 7 (NIOSH, 1994b) Z W% Z LN T& ., BMHRIT 7 «¢
JLE—27-0) 20ng Th 5,

Kb ora hOEEEBNE LT, Ha2FERBE I TV, HTARSCHEK, KUK
KRB, ETTEKFORMIZ 7 LOFHIED S 6 EHEREE BB (1SO) k&
18412:2005 (1SO, 2005) , 1SO #i#% 11083:1994 (ISO, 1994) IZHEHL L 7= & DL, 1,5-¥ 7 = =)L
TNRY REGE BRIl E L THOW D3N EIEIZEE ST 5, AAS with graphite furnace
(GAAS)#R 7 1 ADERIZIL, HERSHDUEAE L TR~ 71 v 7 L& W% B R
TR (GAAS) (1ISO Bk 15586:2003) (ISO, 2003)<X°, ICP-AES 74 (1ISO #i#% 11885:1996)
(1SO, 1996). % L <% ICP-MS 3% (1SO #if% 17294-2:2004) (1SO, 2004) = % Z L N T
Do
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CICAD No. 76 Inorganic Chromium(lll) Compounds

3.2 EYEHE=2 1Y Y

b hORRLIMIE, MR, ZOMOMET Oy v 2%k ERT D HIEICEBNTIE, 208
AL AAS BV LNTWD, AEWREIF O 7 0 ADOERICIE, ICP-MS ECHMEF b
HTEE (NAA) © WD Z & 23 T& 5 (Nicolaou et al., 1987; Lavi & Alfassi, 1990; Tomlinson et
al., 1994; Apostoli et al., 1997), AASIETERT %A, RF 7 v AOMBHREA L 0.03~0.1
ng/L T 5 (Riihimaki & Luotamo, 2006), NAA I CERTHHADRY 7 0 AOKRHRA
%, 1#EHH 720 10 ng TH 5 (Lavi & Alfassi, 1990), GAAS (EDOH A, MLiEH TOR R
RiZ, Ro s 7790 RHEZ 7 EHWEEAD 005 ug/L TH Y (Randall & Gibson,
1987; Kornhauser et al., 2002), T —~ o v 7 7 J v NEZHW=%H4. 0.02~0.2
ug/L T& % (Riihimaki & Luotamo, 2006) .

AHEFEMEOTEHNZ LV HE CRric ki HERFGE < OE) O A3 L T2 723 (Ellison et
al., 2000; CITAC/Eurachem, 2002) , & D7 fEH & LT, IO cliE st
LZRHIBRIEE S o TWE TV 5, [FHEEM 72 5 SR FEF E (Interlaboratory Comparison
Program for Metals in Biological Matrices, Canada, http://www.inspg.qc.ca/ctq/; German External
Quality Assessment Scheme for Analyses in Biological Materials, Germany, http://www.g-
equas.de/) iX. ZIMEITK L. B HH ORERZ M OMBRFTORE R & I o 252t L
Tn5,

JRAF 7 v LOREIZ, =AMV v A~DRELZEYFRNCE=F ) 7T DHDITLE LW
ECH D, REEHT@EE ., K, MEE. MY R X-100, 70D EHAA DY IER
THREND, RRABOMREZ EFET 5720, MIE L7 v AREL, HXIEEN7
LT F =R BT A MEICRE SN D Z LD D, xR [FERICHRE S5 mE)
05,

4. EFBEUREIZCE>TORER
4.1 BARFBLER

JaNIEAH D SN ETHY ., ma. HE Y. 3. KILEE, HAFITRAR
WCHFEELTWVWD, ABSARICIIMED M7 e AREFEN TS, 7 ahid, BARRIZ
IZEIZ 7 7 A & LU CTHFE L TV 5 (ATSDR, 2000)

KEEVEDHE AN T T w7 AR, KAHO7 e bOEBERARBERTH S, KIUED X A
N7 Ty I ARHAT T v 7 AL, BIIVROBEREP D7 0 AOHREERTH S
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CICAD No. 76 Inorganic Chromium(lll) Compounds

(Fishbein, 1981)

4.2 ANERIRER

SR T, FEMR 1200 5 D7 v ASSEABIE SN TWS, 209 B, K 90%DN A4,
1% ML E ORIE | 3% EEWAY . 1% A I S Tuv 5 (Keegan, 2001), —Aff
JuaLE, 7 lORBEERBICKIETSH D, ZOREN RS BRx Zelidhr 7 &l
MR EER CE D Z b, =iy v 20(EMITIL. ZESEL TERGBR S D, =
iz 2 2OMAEWD S B, fed KBS RE ST 2 ok, SRR 7 7 2 (R
3BT DM AEERE 1389 500,000 k) & Eg(k 7 = AN (53 1T DA A PFERE 11X
#788,500 k) THh % (Keegan, 2001),

S v AORKHABE L TEY DTS VDT, i L ThA, K LT, By
NRIB Rl aT—70) L 27 v ot & OEREKSICESNT WD, B LA
I, R, IR v AR AW LA, LENEMEES U v A7 v AN AV 5
Tz,

BE TIAFy s ars U — MlEM, EiffR0R ¥ Iy s BT AT, B
fBZ7 v A(MNOFEEZHNTWD DB D, T4 v R—fmk7e &R/ — Y
T TEICIE, B2 v DKM OB Z W TWDS b OS5, Bt v L3R
ELTHWONDDIX, BiFetdl, mHttE, ZEt, BXOMAERH LD TH 5,
FTEDOFREDEAITIS U T, BRx REROBE 7 v b Z2_X— R LIRS, fx 72 & T
HnbiTng, X, B o7 o AOREIX, 8%~50%THh o,

WL OO A7 v st GEIEMERER 7 o 2 (0), HAk7 v A00), FiEE 2 o A(10) 1E, b
M7 v lboX BT, AMiz v ABOREBME L THEAEIND Z RTINS, 3
i - XX, FlAEX, o, R7OH-F, FEREICIALND,

fefb 7 o (), KEE(EZ T (), BEOWL S0 =47 v stiix, bR TR
G SND 2D D, 7 v LEETEE ., 7 e MEESENORIESN D, 8
7a LT AHEERLA Z U0 b OKRFEREIZIB VT, SR CEALEOG AT O BRICH
WHhivd, Bk v AL, 7 A0MieEE T v ) Ty METHIET HBROJR
MEE LTHER SN,

e, TlE, Yebt 2l E8 S A0 OMYEIE LT, ikl v, =7 axfkd
Wy OKERAL 7 & (), Fiile 7 o A0, fEE 7 o A0, BiE 7 o A1) 72 &) MER ST
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CICAD No. 76 Inorganic Chromium(lll) Compounds
W, FEMYGENIIE, A7 v ZEEERD LA THEHR S D,

HE 27 o SR IR A < RIS B %EL AEPETIEMER S D720, kit & LT
RSN 5, MRS TIE, 7enjdd@E, Bes v () E2THE 7 o AR OTE T
MaEns, 7o ARREE, ##e LTRSS,

AL m A(N) ERREE 7 v A0, U A b E LTHERAIN TS (BRMES T,
BEREABAEIOMESY 7 A MBI AHHABERINTND), —FH, AHO
i v atikoral) s sl =aF U s v A, BRNES TR STV
WA, KER ETEATFEZ I Vv A TF IR T ARGEIZEWNT, BRI EHIATY
% (Riihiméki & Luotamo, 2006) , JHEMCHEENEFHOHS 7Y A FE L THHRS AT
Do

5. RIEDDOBE - 5% - Tt

7 a LML, BARTENOHY), B, B NIBEIL, 2200 TR D ARG
DERFAET Do < —HD 7 1 L3, *@ﬁ%@%#6%hf%5*0®ﬁﬁﬂﬁﬁb\
HPHE CH HMIRICE D, ZORKICBITT D7 1 A2, KIZLs THEIINSEHEAR
iﬁﬁﬁ@?é%@@MWLm%@&\@%%tk@%ﬁ%¢@%@ﬁ&©\%ﬁ%$®
I =D 7 g AP3KFIZBET 5 (FARBRNGORH R E) LEXBND, & —D
HARFEAER (KK &) 00 v ABIEFEEN DRAE L T, RRPICHET 2 7 a0 AOFERMN
bbH, ZOMWBRITIT, ZLORMZ m b EEL, BIFEDE & BITKPRAFICBEET 2,
KREHFDO 7 1 biE, —HREMICES L THERZEZ D0, 03720 2 < Oy 3 THUE T
o HWHEICBEI L T, RfErIERmMOEE & 72 5 (IPCS, 1988)

5.1 BESOBRHE L USH
5.1.1 X&

7 u M, ABIBERNSTET TR, KK EZEZLH O P HBET 1 XIT L - T,
REFITHH SN D, Biishizr v AOBEKREBIZOW T, ®AHEIZH2ICH 60
IZSALTWRWND | REEDEZ L > T, RRFEDEIG D7 o AL S 4L, ANREEIZ 722
HEMEIND, NMBREOZ v 2F, RAFICEEL TWAHRIZBZE L ZETH DD,
RN THE T L CTHEY & Bt L, 8t S TREIC Ak 72 5 (IPCS, 1988) .
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CICAD No. 76 Inorganic Chromium(lll) Compounds

7 uLE, REFTEFEE LTI O THEET 5, 78 ABKERO TRIRITHFET
5 Z LI TH D (Cary, 1982) , KF O FIRWEOBE) & pBllL, FIThiFOREI L
BREICEA SIS, RAPORL-IRWE X, WMEILAE & IS IC X o CHIE /K 2 Ik
By 2, 7as0Bs, BEKRKPOR FOEEFREI 01 um TH Y (Milford &
Davidson, 1985; Ondov et al., 1989) . HzMEyE&EHEE T 0.5 cm/F) T % (Schroeder et al., 1987).
Z ORI L AE T, EPERETZRIC X D MRS IS A FICE < (Schroeder et al., 1987), =&
W T ORTEBEECED FECOREMRPEEIC L > T, KirR7 v 2OWMEREDBEZ Y,
Fro, BENICLY ., BEEO 7 0 MEEMRRKTNORESN D DONMEESND &
Ezbnb, BHEREET DD BRENEZ > TWORWZER T OIEYYE OIRRFEIZR
% BRI SN TEVE W E ORE D) 1L, 7 v A2 TIE 150~290 Th 5
(Schroeder et al., 1987; Dasch & Wolff, 1989), MBIEILEZRIL, RiFORE S & & HITHEML,
Bk HRE & & 612 3% (Schroeder et al., 1987), ZE5EN ) F2ATRIARDS 20 um A D 7 v
LRI, TR D REWVRLAIZHER LT, EHICEilE L TV DR ELS 20 . B
BERKRELS B EEZOND, A X VT - Ar—=%7T 1 FEMITblzoTUThbii=H 111
DRI 7 T v 7 ZAORIE TIE, BIEMIZK 40~270 pg/m’ H O T, &ZFHERME
WIS 7 2 L s ST B (Morselli et al., 1999), F 72, 1992~1993 4= K [E -~ 4
Fa—t v VBB 527 v A0SR QB+ M) 1X, 2700 pg/mY4E L @E ST 5
(Golomb et al., 1997),

7 A TAECTEMBIZCEENTWDIRZ B0 5 6, AWFHICFIHATEERR DIX,
K AT%TH D Z L0, BREEMHIEIC L > ORENRTWS, AW HIHATREZR 7 1
ADH B K A0%ITAMZ B e LTHEEL, ZDIEE A EIE Cro” £721% Cro,” O T
bHbHEEZBHN5 (Coxetal., 1985),

SCHRFRA ClE, 27 v DR ASRHRE 2 & BN EI XN D Z L 2 nd 7 — 2%, /o
7o 7z (Pacyna & Ottar, 1985), 7 1 A & [AIERDE & REZ AT 2 — IR T O WA F
MLGHEHEL T, RKAF D7 o Ao kRMIT 10 H RN CTh 5 & #HEH S 415 (Nriagu,
1979) . KFiLhEl 2> & i) B~ ATV U B[R] AY 30 4ETd % (USEPA, 1979) Z & (2D W
T, WY 10 AR O RGFRLFIE, SR b iEEIC BB Lan EHER S 41 5,

5.1.2 X

7 1 b EREREK (NN O THAE) 23, HIFKPIZHRRSh TnD, Affiz v
DR FFWPEICEET 5008 9 2E, KPIIET DM ORIC L D, AEYN
RKEIFET D2H5EIE. TORAIRWEIC L > TN 7 v JTETC S, =li7 2 203K
HIND, WAESNRPoTo M7 v ME, RERSEEHEZR L TR 2D, 2
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CICAD No. 76 Inorganic Chromium(lll) Compounds

NHOsERITa A REEKTICET L, TOEZWPECBEIT 20, 3L, i
JNDEEDO—Hz72b LB %2 5i5 (IPCS, 1988), Whalley et al. (1999) 1%, —Affiz v D —
R Z D%, AIEMED =Afi 7 v A-FEMEEIROT L 72> T, BOBET 5 /MR H 5
ZEERELTVD, RO 7B AREETHEZ Y, NMli7 v AFET S, K
AT % (IPCS, 1988), WE/KH CTlL, RENMEIZRDIZHONT, =iy v 2OEIERE
< 7% (Fukai, 1967)

70 MEBII KD BIEIET S Z LTV, KO LEENEICKE BT 5n 558
LSz, Ko7 a ARKLKPICEET 2 FREMEITIERY, AficiEniz 7 v 2o R
X, RKEAICIERE L CIRE &b, MO TOED 7 1 A5, AIEEM & REMEO M T O T
KFWAFET D2 ENDH D, B7 o HED LM v AOEG X, — D T
W, AR v AR A EIE, Sz e sl AEHEO = v LK TH S, =l
7a AOEBEREFRIT, Cr¥. CrOH*, Cr(OH);’. X Cr(OH), Th D, ZiLb DA
DS B, CrHidf 3.6~3.8 LLFD pH TOREHTHY . Cr(OH) L. &V pH (K 10~
11.5 LI £ pH) TOMEETH 5, = ORID pH IR TIZ. CrOH* 734 6.3~6.5 £ T pH
TEBTHY . Cr(OH)L 23 6.3~7 735 10~115 £TO pH OIEIRH CESRTHL L E X
HiLD. Cr(OH)™. Cry(OH),™. Cry(OH) 72 ¥ D& FRE G FIET 545, b DES T
AR TERZ 505 2 LIXE 72K 2V, 2EMICRS & =iz o o5 %, pH 2
7~10 TIXEMIEIE & A E720 (Rai et al., 1987; Richard & Bourg, 1991), pH 754 5~6 7>
5 12 FTOKRTIE, KEB(LZ 2 2B RENDT2D, =7 0 AOEEMEITHH]
SND, SRUFFIZERAN) D HAFT 2 & Zfli7 v A REVEOEEE R Z T 2 2 &3 D
Do 70 LBREA/KEBEIL, A B F—00KER b7 7 A1) L0 HIERWTZD,
BERICER SN D & TR END (Rai & Dubey, 1989), =ffiz n A 4%, & Ku¥y
V. WM., T =T A, T A, FA T U, T oAb, Bk e £ OB
TE b, RRSAROBEBENL T & MR Z RS KT 5, KHETIE, =iz v 2133
EAEM, KT OREEDESCEREY. B LEROREITRAE S, BEME L L THEET
Lo TV U a—a )T, KEFOZ v L0 10%NEFIEE LT, &0 ITE
HE & U CHEFHICAAAE L TW/e(Cary, 1982), 7 7 VNV OFMIZE ATITIL, 72 L0
BRVERE L IRIFRED T 2:1 TH - 7= (Malm et al., 1988) ,

pH 7% 8 THIEMIN 2~3% & TNT-HKB L OVEKIZ, EH 5 Zffi7 v ADEE-K7HE
2373, 30,000 Likg & i &40CuV 5 (Young et al., 1992; Wang et al., 1997), FliEMEDE
D7 v s, BXOMERS L CEET S 7 0 A0, EE N (intramedia transport) 3% =
ER® D, KPONRMZ v LE, BN, KTOFEEDC L > TEITShTEM2 =
D272 D, IV PO v AOWREEHIL, 4.6~18 4 & HEE STV % (Fishbein,
1981; Schmidt & Andren, 1984)
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CICAD No. 76 Inorganic Chromium(lll) Compounds

5.1.3 T

TP o7 v A, EICRENERRIEY (Cr0znH,0) & L CTEfE L (USEPA, 1984), H £ Y
BEiEIEE < 22, 1 HEoREIERBRIC L > T, HEPFO 7 o AOBEIERFHL T
Do THED pH XML Th D72, EHERRAE T m 2 ARBIE ST, 7 e AT g
HTOT N LBEI L0 oTo, LENLOWEMENG 7 v MIRM SR oTeh, 2
TIEBZE L 7 a LAY L ERZ TR L TV =72 THh 5 (Lin et al., 1996), ZHHD
FERIX, BERICB T 57 0 A0BEMEE 4 FERICh o THAREERBRIC L > TH
7 54% (Sheppard & Thibault, 1991), 7 v AQEEBE SZ — 1T, 7 0 AIBENFIH
RO EZER L T LIV, IEHBMIZEA BRI AR LTS, 15
DK & Z DR OTYHIEAEHETEY ORMSKIED S Z 5 & wIEMESEIARD TER S 1.
TGO =AMl v AOBEMENHEE T D LB 2 Hid (Stackhouse & Benson, 1989), Z Dk
BHEEIX, B0 pH DMETT s LEtsnd EBEx b5, LEPFORI B LD B,
FEMED AR B A=A 07 B AL LTHET 2 6 OOEIG TR0, b o HgEd
TOBEEIZL D Vo2 9 Eu,

TP ORI S 0 AOBEWET, HEOWGEREICES S NS, THEIC K D8R ORE
Bix, $h > 7o FEY > > 7mal > #igh > =v o/ > a>Lk > B RNITAD
JIE TR ZV(King, 1988), T~ 7 o oW E L, FICHEOMESAREICL - TEA
S, TRV EEEITROD, HREOBISKSARMERICL T ELFESND, T
Fif (B 21, 77— A (FeOOH) D& MR (AR IZ s Sl 7 m A, ED X
IIREMTFTH, B & o TIIFIHARRETH 5 (Calder, 1988; Hassan & Garrison, 1996).
S e sE, Az e Ak b X5 BEICRE SN D &b s (Hassan &
Garrison, 1996)

THEF O, IREOZ v AR TH A v L%, NREOBRLZ v A(N)ICE
#id 5 & PSS (Calder, 1988), LHEHF O/ v AX, =7y Ll LTRKRTICEEIT
HAREMEN B D, HEREH OO L - T, 7 v AOFEERED B X ORI EY
DNTNHHIEKICBENTHZ L ND D, PO REMENOREAE DO RM 7 7 LFEES
A2 v AT, BRI T A ATREM S H B, O pH BEL 2510 T,
TR ORI v AOWEMEL R < D, — K. BRIERICEIT D L5 IRy pH Tk, &
BEHICAFAET 2 rIAtED =l 7 7 50Nl 27 7 MMEE P OV AMELRE S 2 "Rk &
Do
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CICAD No. 76 Inorganic Chromium(lll) Compounds

5.1.4 £

AEZTWAHEREMIL, =7 0 X0 A7 o L2 BRI 55, WIS 7= 75
s hiE, TVZERIRETHD 7 v HITEITC S35 (IPCS, 1988), FEM) DR 5
EESA~D 7 v L OBEMEITIR (Cary, 1982).,

5.2 BidhTcOEiR
5.2.1 X=

%¢@ﬁﬁ7mA I, AT T ANV VL VO R, e, HSOs, ATk o T, ZAf
ZA=FNle éﬂék%z%héo_ﬁ7nbﬂ&M?DAamu%®f&LTkﬂ¢
ﬁﬁ:bt BB~ s 1%L, EORE TREAFUITHFEL TND & =X 114
mAszﬂﬁﬁnA b s b AR & 5 (ATSDR, 2000), 7272 L, ik/\/k@)ﬂﬂ*
TR TIE, ZORIESEZ 2 FREMITK, EBRPICET A M 7 0 2005 =iz v 2~

OIRTTHPIH OHEEMIL, 16 FFf~40 5 B & #iiE S4Tu 2 (Kimbrough et al., 1999) ,

5.2.2 b/

BESBISIET Tld, SPA Ao Fe A AN L DA 7 7 b7 6 ZAli 7 v A~DIBIEITA
HUZHELT U, @ I~ e ch s, —hH., ARIEESCAEMH I X5 N6
B ADIERTIE, (350029 - < VT L, AEMEORECR, B X UOVKOBR bR CIREE
WERESND, BuuOGIE, — IS, RIS T L0 BFR0SEME T o1 5 253 < 17
T2, TESERENE ENTKPITET 2A8M 27 v A0E ML, 4~140 HETH -
7z (Saleh et al., 1989), 128 HH D@L TIE, HARKPOBRFHFZBIKIZL D, =7 o i
MO NN v A~OER LI S 41727 > 7= (Saleh et al., 1989), —Affi7 & AZ KT A
AT, MM v A7 B A~OBLITEEE T, BT 9 IS LT
W7o, 50 mg/ll DORFETEb~ L T2z b e, ZOBE7 e 23 ME#EI N T, Bk
NI 2 4RI 4 L 7= (Saleh et al., 1989), L7~ T, ZOBL7 vk A1X, KEKD
%mvyﬁyﬁﬁﬁﬁé%é%%%\ikhE@ﬁﬁm?EETiﬁwk$bﬂémm&
Dubey, 1989; Richard & Bourg, 1991), /KOMEFRMIRIZIIT 5 =47 0 LB 7 2 L~
DOEAbIX, pH 5.5~6.0 Tht b 58 < Biir7= (Saleh et al., 1989)0 7272 L, BRBIK O R ALER
2. ZOBE7T v AR D2 LIXEE A LR, BT, SRR O S 7 v AJRE
PENZ & &, RIBROFEBHNGAET DL ThHD, ZOEKYN My a L b iRE s
EERHT 25, FIRERER I L TGRIEH E LTERT 57290, =7 v A0m(k
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CICAD No. 76 Inorganic Chromium(lll) Compounds

DBEA % (USEPA, 1988), —AfiZ & A2NEA LTZ pH 5~7 OFEKEEFRUHETH L, =
fili 7 v A O LA & EREE SRR CAIN WAL, A7 v AN v ATEBL S D
"REMEDY B 5 (ATSDR, 2000)

HIFKF DY v LAOWFERERIL. OHIKIEOREEEITCEN & pH FIFICEL D,
ERAEPESE T TN 7 a2 ADMEZCTH D03, BTSSR T TIE N7 a ABMESTH
Do —IXAIZ, BAEPESRIRITEWVVETKE T, EIoESRFITEE O TR TRO biLD, B
SROH T KIT A pH 6~8 TH Y . AMEOBMLIREEIZISVTIE Cro, 237 1t L DEESS
FECH DM, ZAOBIIRBIZB W TIX Cr(OH), 787 1 ADEEBAFEIC /2 5, BRMEE 2 mE W
BAIE, CrOH), oo =Ml 7 v AFEREEACTH DM, KOT B U ERE WAL,
Cr(OH); X° Cr(OH), 23MEZA T % (Calder, 1988), #E/KH TiL, A7 v Aid@s, ZET
& % (Fukai, 1967)

5.2.3 T

PO/ v AOEMT, 7o LOLFEMAKICKRE L EAINDN, 2T EEORL
WTENMN E pH OB TH D, 1FEAEOHETIE, Z7uldEL LT v 20fRkE
THEL TS & P& S (Barnhart, 1997), BALAOZA:E T Tk, Afiz 2 475 Cro2=
HCrO, & L CHEFIZIFLE L TW A ATHEMEN & 5 (James et al., 1997), BFRAISETICH D
DT, HERICEET S ST R Ic Lo T, Aliz m AR 2 o AITEIL S
%o LR ITTPUNCHE Y R AT R X =R E EN TV DR TETH, A7 7 A
INEAE 7 0 MBI ESNDAREMENRH D, pH AMEWNE . A7 o L0 b =ffi 7 v A~DiF
TEOMENE &35 (Cary, 1982; Saleh et al., 1989; ATSDR, 2000), Z\/jZpELICHSL L, —
D B AR THEDAF R T ITANE 7 7 APMEET D Al o 5, Bk S WA
BRMHE, b~ KSPGFEET L HETIE, 27 v A0 R1l7 v A~OfE
{ERMRES D, RARHFEOKFIZL > TRELORED EH LEHEES ., B RiES
1% (Cary, 1982; Calder, 1988), AL D =i v A (7 I VEESERZe &) 1%, REEMHERILY
I Bt d v, 272 L, mRMENRRBICHER S TEY . pH 28 7.3 L F O
ToOEETIE, 27 v s bAN 7 o b ~OBRIFBIE <7 ) - 7= (Bartlett & Kimble,
1976), thoWMETIL, EEhO @b~ B ko T, EEFOFENE =N g L0
—ERAINI 7 v AT L SN D RN H D . OB LT m e AT pH AN 6 LV &R
DRSNS Z EAUREN TV D (Bartlett, 1991), RO =7 v 0%, 1§ & A ED,
W L OWAELCIEERIERIC LY EElbSh T b i, HERER CiIBEitto iy
b B UoBFIATE ABEBEO =M v ABKRZ L, OB ot ADEE L7
S>TW5, REO B~ T UPFHTE 2BEHMEO =i 7 v AREWeD, 72b 2
Rt~ o B BIFEL pH BEERSGME T T, BEF D7 o AOKESIIAMZ v L2

18/121



CICAD No. 76 Inorganic Chromium(lll) Compounds

R 72D Td 5 (Barth et al., 1965; James et al., 1997)

A L DR 7 v 206 =47 8 A ~DETICHOWTIE, @EEICTEY: S - BB
RFEFEW) Db % FHLRTREIZ T D HiT & L Cifia S41 TV 5 (Chen & Hao, 1998), 44
WK DA g 5D Z4li 7 g A~ORTISHELZ REFTRF L LT, AL~ RBE,
N7 v LAOPHRE, WA, pH, KRB, BLEITEMN, BLO, X7 =44
&1 F A DT DFIENRZET B D, @IREONAM 7 v 2T, 13 & A EOMAEMITHE
ThH DN, FAEHNTHELRITHE N TE 2 /Rt D & 2 Mt B 23 B fERE S 41Ty 5 (Chen
& Hao, 1998), JoFE#k, #HMiltT MY v A, b FodfEig) MU oA diiigkET b
) '7—7« CHERREE T N Y v A kA AU, BIOREOARKILEY (e FrXx ) Ui
VT, ANz v L6 =iz v A~OETIEARRBDO LN TEY . ®ELGRINE
j:%%f%ﬁTﬁ‘éiﬁ(%{K&{hk L Cifgam ATV 5 (Higgins et al., 1997; James et al., 1997),
INHEEZLT N TORLEATORA & G2, Hh s e HRISETTAIN S B
BRIV IAENDINT L > TRE S,

5.3 EYERE

FHEIZRB T DR M7 0 AOAEMPRMEIREITHN 1 SRV, RN TIEONMEZ 7 A3E TS
TEfliz v DT B0, @%@%W RSN n AOREIL, KPICBIT DRE
DK 100 512725 L Bbivd, RERICR OGNS =7 v AMEAMITKEMEIZZ L, &
BRARDIZEAEDFMETTI EEA@%%ﬁ%Mt@\3%7DAﬁmﬂ%E§@Uﬁi
D AREPEIX, FEHITIR,

Wi U o A7 v (), 7 v A(0N)-EDTA 5K, BE O g A0)-7Y ¥ UKz o0
T. KM O Chlorella pyrenoidosa ~® BV JA 23R BR 1T T % (Meisch &
Schmitt-Beckmann, 1979), 0.5 mg/L £7213 1 mg/L OIRED 7 v A2 5 HIEMRER 21T > 725G
R, IB 3 0DLEWOEWIRMEREIX, T Eh 558~580, 11~12, 224~254 Th -
770

N— =7 # % (Crassostrea virginica) ., I —1 v /XA A (Mytilus edulis) ., A4/ HA
(Mya arenaria) 72 & DOJEA “HH TIX. =7 0 L OEW BRI, 86~192 O TH
7= (USEPA, 1980, 1984; Fishbein, 1981; Schmidt & Andren, 1984), mmﬂﬁﬁ@%@\yy
= (Daphnia pulex) TO =Affi 7 v 2 OEY)FHIRHBEIZ, 7 I VBEMA KL, 2
DEMFRIRIHEOIER TIX, 7 I VL DFEERPEHR I D Z L2k - T, EHEO&E
OMAMEMET T2 ERRATH D, 7 I VBPFEET D &7 1 LAOEFEN KIgIZIED
95 Z &3, Stackhouse 35 LT Benson(1989) (2 L - TG & T 5, 10 mg/l DAL
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96 IR SN -4 X ¥ = (Daphnia magna) (Z351) % =ffi 27 v L O EEREEREL.
7 2 UERA 50 mg/l DFEE TIEET D Z &2 X B, 10,000 A28 3000 (2K T L7z,

KPP OEYEHIZ LD 7 0 AOAEDRIEIIEZ SN EBELbND,

7 a LAOGEHEREREmWEE (FI X, SIROMIER 7 v AP 2 THAAEO 1%, T
KGR CTHEAE A2 AT o 7o 172 &) CAEF L0 7 v AREIX, HiEo AR L
FEIZIEE L CEWZ E R RE SN TN LD, ML EVIAENTZHO Y 7 A TITE
A EPRRIZB W TRFF S, BB OH FICBEIT 5 D1, 1ZADDTHTLIRN
(Cary, 1982; IPCS, 1988), L7=23-> T, HHEH D7 v A YO L AR ER T
2% A REMEIXAER Y (Petruzzelli et al., 1987)

X 3 X (Eisenia andrei) TiX =i 7 & A OAEYIRFEIREAMENZ L A3, Van Gestelet al. (1993)
DREBRIZL - THEIN TS, ZORBRTIEZ, ANLLRICHBE Y v 2RSS NTz, &
fpbXEh o =7 v LR A 10~100 mg/kg & LT 3 @B OIRE & i L7255, e
MifREIE, 0.03~0.05 Th o7z, #7271 LOHFFREIMIL, 51~109 A L HEE ST,

FEDEYESHIC L > Tr v AN EMENE SIS 2 & 2T I RN 72 5720 (Cary, 1982),

6. BIEPORELE FORERE
6.1 BREFORE

7 v NI RIRICAFAET D, BREHICTFEET 2 KRD 7 1 A~ EE e lEE I,

KO EE T % (Fishbein, 1981), fi)7, 7 v Ak, AMOIEEHNIZ L > TEBREFICKE
W &S TW D, ABFERERI S TR TV ARWED, BZ7var 6 OF—ZD%<L 1%
B AE LTHESNTWDEN, 1FEAEOREREIFCIX, 27 v 2R3ERETH
% FIREMED R,

6.1.1 X&

KREORKH O v AJEEIE, — RIS, B 10 ng/m® AKii, #BTiH Y 10~30
ng/m® T % (Fishbein, 1984), K[EIBREE (R /T (USEPA) @ National Aerometric Data Bank (=
(X, 1977~1984 FOKEOHHIEFR L ORI IS IT 2 BREERKR T O 7 1 L) H
H I TS (USEPA, 1984; ATSDR, 2000), #&&f 2106 » FidE=4% 1 > 7 HISIZE T 5k
7 v NP ORMERE, 5~525 ng/m® Th o7, 7 10 LAPEEORTEL NS &) -
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= DIX, 1977 FEDH A A AF 22—~ EL (525 ng/m®) &, 1980 4ED A U —F > R
RILFET (226 ng/m®) D 2 Hi A T -7~ (ATSDR, 2000), 1984 £ T~ 173 %
Fro9 b, 7o APEEOENEEN 100 ng/m®* 282 7-D1X, 8 #FiOHRTH-T-
(ATSDR, 2000), 1978~1982 #(2, T XV A M a— "2 7 U A7 4 O 7 v AfREEREESY;
TR SN BE RGBT OR 7 o AJREEIL, oK 5500 ng/m® Th -7,

[l CHIf ., 22— "2 7 U AT 4 IZBIT DRERKQHT O v AREIX, FHFE) 400
ng/m® T - 7= (Wiersema et al., 1984), K[EBREE(R#TIZ, 1981 4l — S22 J 2T 4
D 2 OOMMTE=L Y V72T, 7 a MREOHHTTEHE 100 ng/m® & #EL TV D
(ATSDR, 2000).,

fEC 81T B KK o 7 v LWL, 0.005~2.6 ng/m® Td - 7- (Cary, 1982; Barrie & Hoff,
1985; Schroeder et al., 1987; Sheridan & Zoller, 1989), Saltzmanet al.(1985) i%. K[EHZBHTHERD
59 » FTiC T 5 1968~1971 E D KT 7 1 AJRE 2 | KEBRFEIRET 0 National
Aerometric Data Bank 2 % 1975~1983 D7 — & LIl L7=, ZOfE5, 1980 FEAHID
DRZF D7 7 LPREEIE, 1960 RS 1970 UL DRI L TV TRENEDS 8 5 & ffwm i
iz,

KREFO 7 0 LEEE, BT > TRA S, Ml CHIE S-S RIREIT 25~10 pg/m’
THY ., ZORETIHBMEDORILIZEEHEDLEEZ 5TV (IPCS, 1988), 1964 4F(Z
K[E > National Air Sampling Network 23U L7=7 — X2k 5 &, BERKTO 7 a0 LRE
1T, AR 15 ngim® Tdh o722, BHIRAA A 5K 350 ng/m® £ CTHEAH -7,
70 LAOWRET, 1ZEAEOHEFHEH T, L OFHHMTH, MHRARBETH -7,
KE DR OAER PR IL, 9~102 ng/m® LIENH 72, AAROKIICI T 5B,
17~87 ngim® & 45 & TV 5 (IPCS, 1988),, T ¥Miss il Tid, K& 7 0 AP A E K
WCThHDHAREMENH D, 1973 FICHE SN 7 v LB E X, fiRKIIFHEEBEHN 1~100
mg/m®, & 4>k THA% 100~1000 mg/m®, £k4 T-3575 10~100 mg/m®, #B i = BEHF 23
100~1000 mg/m*® T& - 7= (IPCS, 1988), K& HFMMEN —FEL N -1-DIL, 7 v LDk
BT CTd - 72 (IPCS, 1988), 7272 L. Efiy7e 7 v A5 TIGIE, fifREENRE I T
BY, 7Lz ER L TCTHAHTE D720, BUETIE, (FRZ5ISREITILFIFEALL
e, 7 a ABRERGIEAIE LTHEHSILTWD & GEEEDS OERWIZ L - TRRIE
GRS < g

Kieberet al.(2002) I%, 1999~2001 AT KE /) —A v T A4 FIN 7 4V b TEILL7Z
HRZAKIZDWT, A7 Al 7 v AOREKEMNEFEERE % 0.04 pg/l & L Tn5b,
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6.1.2 Hh K

KEOWRNIKF O 7 b AL, 8 1 pg/L Rim~30 pg/L OFiPHIZH » (USEPA, 1984;
Malm et al., 1988) . = 4ufi(% 10 ug/L T 5 (Smith et al., 1987; Eckel & Jacob, 1988), = —nu
VBN, #IFRKIZOWTIE, B2 o NEBEO FRE 0.38 pg/L(O 01 pg/L A~
433 pg/l) & A & CTuh4 (Salminen et al., 2005), WIAKIZOWTIL, @i, B2 o LAREE
25 ng/L 8z 5 Z Lix7e (Cary, 1982; Borg, 1987), 7 0 ADEENZN LY EmWEE
. ANBHIGERBER L TW D AR H D, 2D OED 7 v LR L TV 5 Hidik
&, HiFAKF O o AOBRBEIINRVELS, 1§E /u&“@%ft*ﬂr'@ 1~10 pg/L TH -
72 (IPCS, 1988), HEOH L AKIFMIKIZI T 5 27 v AR, JE#E STV K
23 1.2~94.4 ng/L, il S A7z Chifk 0.45 pm A) HIZ /K25 0.1~0.5 pg/L &5 ST s
(Zhang & Zhou, 1992), FE[ED 14 OWJINZIIT HEEAFET 7 LOFHRETX 0.3~6.8 pg/L,

Bk v L OPREEIE 0.1~4 pg/L & 4Ty 5 (Neal et al., 2000), Cranston & Murray
(1980) X, kED a2 L ETINNICEFELTWARIZ v L0 5, iz a & LTHEL
TWDH DL 2% TH D & HAE LT 5, Riedel & Sanders(1998) 1%, KER =
TMNO~—=T AT 7 L7 4 — /L XRaZIENT T 7 = T JOFJIKIZOWT, 1992 4 1
HICHATZ L 2 A, BIE7 v AEEIX 06~13 pg/L. 7 0 L5953 =47 v A0S
IX67% T o722, 1992 4 3 AL 2 A, ZOEAEIX0.03~02 ug/L IZIKF L2
EEWE LTS, Sumida et al. (2005) 1%, #7271 AOEYEREN, HARDESY)I &8O
FNAKIZOWTIZ 0.22 pg/l, &8 U B A 7 LTI b ORE%FE KT Tid 1.57 pg/ll, =fff
7 v LOEIE I, KRB TR 60%, FEKRETHR 70%Th o7z L@t LT,

Motomizu et al. (2003) 1, HAOHE | & BEENOFJIAKIZIETF L TV D7 1 Ld, iR
FEDS 0.41~0.48 pg/L, #27 v M2 EH D A7 v AOEIGH 5% L& L Tu5, Tang et
al. (2004) 1%, FEOFNIKIZHOWT, Zfli7 0 LOFHPEEMN 2 pg/L. A7 o Lo
BREN3 pg/L EBELTND, AV =T VOFHINTHRWH D LEFOKZ 2 L LY
726 80 m HEN - HUA TR, 7 1 ADOFEJREED 225 pg/L QFERE =i 7 = 2fE L LT 1.1
ug/L, WEBESMZ v AFEE LT 63 pg/L) TH Y. 300 m BEN-HLETIL, 7 7 ARENRKR
HI PR AT (0.05 pg/L Kiifi) T® - 7= (Djane et al., 1999), R—F v KO R v F A =
(Dunajec) )l Bz D 18D 72 L THO T Tid, ZAli7 v ARE LM 7 v AR
DRKNENZIZEI 852 png/L, 3.5 ng/L TH Y, HYEN TV Bialka JIl TiE, =fliv
BALRMZ a0 EHREN, T 052 pg/L, 0.1 pgl L@wEINTND
(Bobrowski et al., 2004), Giusti & Barakat(2005) i, « # U 7 D7 Z v % (Fratta) JI| Tix, =
iz v AOPEEN 0.5~97.5 ug/l T, F7Zed L T OB < DE Kb m-o 72
LA LT A, [AREIZ, Dominguez Renedo et al. (2004) (X, Ao o T MK CIT, =
i 7 = ZONYEPREED 104 pg/ll Tholz bW LD, o U Al b ik
BT, W7 v A0 T5~85% A7 2 A THY | ZAli7 v AOPREFEEILHE (TR H R
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Al (21 ng/L Kiiii) T o 7= Z E MR LN STV 5 (Beaubien et al., 1994), Liang et al.
(2003) 1%, FEOKEIZH 2 A TIE, ZMfi7 0 2O FHPREIL 0.57 pg/L T, Az v A
DHIS0%DIEETH 7= L HEL T\ 5,

PEEFEARDNGIL, =7 2 AP EKE TR STV 5, Ding et al. (2005) 1%, FEZEFEKH
D=Afi7 v AREZ 1 mg/l &#E LTW5, —J7, Kiptoo et al. (2004) 1%, &EX®H - & T
DEEKRP O =Ml v AJREEZK) 4 mg/ll & #i LT\ %, Tang et al.(2004) (X, THpEKH
D=Ai7 v L LN v AOFELRES | ZHLE4 60~126 pgl, 185~648 pg/L L& L,
Hashemi et al.(2004) i%. YRt THOBEKF O =7 v b L Xfli7 v LAOFHEEEZ, T
ZH 410 ug/L, 296 pg/L & #HE L T 5, Prasada Rao et al. (1998) 1%, - & TH¥FEKF D
A7 e ARl v ADPREE . ENEI 5~50 pg/L, 25~100 pg/L &ME LT\ 5,
7o L LEOBEKIZB W TR S EmW A7 v ARENRE SN TR, FHRERN 1~
44 mg/L T& - 7= (Prasada Rao et al., 1998; Dominguez & Arcos, 2002; Dominguez Renedo et al.,
2004)

—RENZ, VEPEAKFR O 7 v AR WKWK X0 122 ISR, WK O
7 v LOFEPREIX 0.3 pg/L, #iPHIX 0.2~50 pg/L T % (Cary, 1982), Florence & Batley
(1980) 1%, ¥EARH O =Afi7 v AOPEIL—HEAIIZ 0.002~0.05 pg/L TH Y, Affiz v 2o
BEEIX—RAIZ 0.1~13 pg/L TH D EHE LTV D, IFEAKETRJIIKRTIZ, — Iz, S
filiz v /=7 a AOHIFME T+ 5, FlxiE., Batley & Matousek (1980) iL, A—A K7V
T ORI L 72N K 0y B G AT IR OFREHZ DWW T, Sl v b LAl 2 v A DfE
FEIZZENZEH 0.03~0.22 pg/L, 0.13~0.68 pg/L T, RLEETHH-T-Z L2 ME LTV 5,
Prasada Rao et al.(1998) i%. A > REgVEEHSOUEF CTEE L 72 HKEE P O =4l 7 & AJREEN
0.08~0.26 pg/L Th 7= & RAFREDY 4 RE 288 2 72 MK EUR ) B I3ORT 7 7 A3
HEh7enWZ & BEO, BB 2 HI208 L2k o =i 7 v AR &Nl 7 a A
PRI, FNZEH0.04 pg/L, 0.05 pg/l ThHho72Z & A2WELTW5, Yalgin & Apak (2004)
X, Mrvao~ < Z#Cm L Avcilar OIRERKFO =7 v MREZ 2 pg/L 5L
TW5, ZHEFRRD =Ml 7 v LOFLEPREE (2~3 pg/L) 23, FEOIRFKIZEOD THE S
LT 5 (Yuetal., 2001; Tang et al., 2004) ,

HFED 2 SOFHE(Fa v hETr b ) A —) TRIRENZME KO B4y D7 0
LIEEIX, 100~3500 mg/kg T - 7= (Landsberger et al., 1983) ,

6.1.3 BEE

IR DR E T EE T O 7 1 AREEIL, 1~500 mg/kg T 5 (USEPA, 1984; Byrne &
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Deleon, 1986; Ramelow et al., 1987; Mudroch et al., 1988; Heiny & Tate, 1997), =T —1 v /3T
. INEE T O v MREORIEIL, 7 v (bKSERERIHE T 64 mg/kg (3 mg/kg A~
3324 mg/kg) . AEEEHIHTET 22 mglkg (2~1750 mg/kg) T&H ¥ . ILEFROEE T TiE, 7 v
bk E W5 C 59 molkg (5~2731 mg/kg) . Al Y% C 23 mg/kg (3~1596 mg/kg) T &
-7z (Salminen et al., 2005), KEHEFBORFKNOERIMLICEE RO 7 1o AJREEIX, 1994
75 3.8~130.9 mg/kg. 1995 475 0.8~98.1 mg/kg Td ~ 7= (Hyland et al., 1998), 4 % U 7T
DOAR—=JNO=MAIN TR S LI EEF O 7 1 AJREOFE)IL, 93 mg/kg To - 7= (Fabbri
et al., 2001), 1993~1994 fF\ZFMKIED T Z / NIE TR IS NI JBE T O 7 v LREDF-
%JiZ. 20.3 mg/kg Chi+£% 2 mm A DO 4y) T & - 7= (Giordano et al., 1999) ,

6.1.4 T

THF ORI v AREIR, BHEOL Lo REEORRIC L > TRELS B2 D, LilE

THOIERCR T REEREDS . RO 7 v AREEIX, BT mglkg bORSITRDL L

2% (Merian, 1984), il i, fEfAECHWEHRO HEICH W TR, 7 2 ARE TV

(Swaine & Mitchell, 1960), K[EWN CEE S 4v7c 18870 & O MIFR YR 1319 kI

TiE, ¥7 v AL 1~2000 mg/kg OFPHIZH D, 2 )L 37 mglkg T - 7= (USGS,

1984), HF X O +HHEHO 7 o LPEREIT. 5~1500 mglkg OFPAIZH Y . I 43 mglkg T
doiz(Cary, 1982), I —nr v/ TiE, RO o AREORRIEIL, 7 v bk FE R
2T 60 mg/kg (3 mg/kg i ~6230 mg/kg) . fiFfAfH 4T 22 mg/kg (1 mg/kg A ~2340
mg/kg) Td> - 7= (Salminen et al., 2005), KE A U —F > RN, X nA_X=T M, BILY
N=T = TINO W v ALY 2 5de. 20 » ATICd X S5pkx i bEE L 7= +
HOPFEETIE., 7o LEET, 49~71 mg/kg Téd - 7= (Beyer & Cromartie, 1987), A#1F5
JEHIDOE 7 0 A BE TR LT v X OETFTO HBICEEN TV 7 v AOFERET,
43 mg/kg T - 7= (Stilwell & Gorny, 1997), K[E @ National Priorities List (EIZZ LY A 1)

B IN TV AEFITO—2Tholo, IV T RIE Yy XfioNE—U—2 T
HINTHIOD HHEN BT, 7 1 ADNE R (43,000 mg/kg) TR S 7UCUV 5 (ATSDR, 2000),
TR O [EY A0SR AT EE7 | (EDTA HhiH ATHEZR) #8271 A O 3R FE1X, 0.053
mg/kg (FzE ) . 2D 5 H=fi7 v AOFIG X, 57%(0.03 mg/kg) & #HE SN TS (Hu &
Deming, 2005)

TARIBIROBEHR T > 7 1 APEEEIL, 5280 mglkg & W IOEGHHRE SN TR Y, FEFITEW
FHEMEDN 3 5 (USEPA, 1984)
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6.1.5 £

KENA T FMOANT > 2=l & NI 22— T D0 bR S iz
EEEM T T 7 SR ORI 7 v AREEIE, E T 79 mglkg (B2 EE ) . 34 mglkg (2
H) Tdh - 7= (Ramelow et al., 1987),

HEED 7 1 AEFE 1L 0.1 mg/kg Aiiti~6.8 mg/kg (FoEH) LE2 % Y (Byme & Deleon,
1986; Ramelow et al., 1989) . KEALHIERD 167 HOIWHIH HERIR SN /Z O 7 10 L 1T
0.03~1.46 mg/kg (*F-¥4 0.19 mg/kg) T - 7= (Yeardley et al., 1998) , /KR D )7 1 AR
JE1% 0.15~5.5 mg/kg (¥ &) (Ramelow et al., 1989) . KE DY 7 27 F v bIFEHE TR
SN ORFIED ) 7 1 AEE X 5~7.6 mglkg (Heiny & Tate, 1997) TH 7=, KED =
a—A—7H, TIVTE, BIOaxF 0y M=o —~T Ui OWRERIES T CER
U7z EO 7 v AJRFEIE, 0.3 mg/kg AKiifi~2.7 mg/kg (& &) Td - 7= (Greig & Jones,
1976),,

734~ (Pituophis melanoleucus) D2 D)7 v AL, 1.6~6.7 mg/kg (FLE &) T
& - 7= (Burger & Gochfeld, 1992),

R I D [T W, IR0 7 v AR, 0.2 mg/kg ARiii~1 mg/kg (#z H &)

(Hothem et al., 1995; Hui et al., 1998; Burger et al., 1999) . ATl )7 v AR L 0.1~4.4
mg/kg (2 E &) Td - 7= (Hui et al., 1998; Burger & Gochfeld, 1999, 2000), F7-. 1988~1997
FIKE, PEL BLOBRKFFERIRTRRS V2B OPIONE 7 v AL, 05~49.1
mo/kg (HZH &) TH o7, FHREDRIEEIZREEOI Yy Ry =—FO® 707 oy
(Sterna fuscata) T, FHJPRE O EEITHEOWUIINE O T 71 7737 5% (Ardeola bacchus) .
FNENHE I T 5 (Burger & Gochfeld, 1992, 1993, 1995a; Burger et al., 1994, 2000) ,

g—wu v AU 7Y (Lutra lutra) OATHRO 14 7 & APEEIE, 0.02~0.3 mg/kg (FzHE &) Th
- 7= (Mason & Stephenson, 2001),

6.2 EFDIREE
6.2.1 —RELFDIEZE

—EMIE, EICHFEOREYMEN L CTROMICE M7 o ACBES LTS, Z7aL0
P7Y A AT UE, ROBIREOHEA 5, A7 L AR O ERE ELRE 4261
ToHE, WEOZ o AR OERNICERT 2 RBERD L, ARERATLE, PEOZ R
LNMERERRICAD, 70 L) LEMEDN TV ST, 7 v 28R E N1k
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Bidh, BGICEAE SETHM T2 A7 U ZAgis (Bilsat7e &) 2135 & Rk EE
WEZ %, 7 LGhaeeflofiBHA 77 gkl 7o AN ERICHE SRS
ATREVEDN B D o

6.2.1.1 B

T4 RTIE BEAEORMD Y B AEAEIT 100 pgkeg K CTho7z, EROH
T, FRCEEEFIITT v AEFEDIEFITIELS, 10 pgkg L FTho7, MLk -
T, BMHPO7 v AREEDY ERTHRHREMER S D, Hlx1E, AT v L AL %
EH L CTHRABRIZINT T2 &, AFRO 7 v AREITIZIERIZ72 5 72 (Kumpulainen, 1992)
ARA  OEER R B P O 7 v NREEE, WERMA 4~T79 pgkg. BIH- BN 7~456
ngkg, LGN A ~625 pgkg, AU —7HMAARHH~40 pgkg T - 7= (Lendinez et
al, 2001), A—A U T TiE, FERCHIARG (2 aT72E)0r o bhEH5ENEL .,
Z I 59~4530 pgkg, 152~1840 pg/kg T - 7= (Wilplinger et al., 1995), 42/ FHyHd
D7 1 AEAEIT 20~171 pgkg, R, B, WO 0 AEAEIT 15 pgkg Kliti~44
ughkg Thoto, AL 2T, FEEBREHICBVT, ZRAG8HENEVLORH D
DRI TV D (Garcia et al., 2000), F72, AN 2 TIE, Btk X OVEERACEHF O
7o LEEX, TNERABE~17.6 pg/L. 3.6~60.5 ng/L T&H - 7= (Garcia et al., 1999),
REREIX, AL POBEREIO SHTICBNTHELNTEY, BZL®-ERICAT
VAN 7 a ASEH LT Z EIcL 20 THh D, B —ilkBhaid, 7 a A% 0.5~56
ug/L OIRFETE FH TV 7= (Anderson et al., 1992), 7 v AEHEO BHICIX, T, R,
RAE78 EONRMERFEN TS L T,

FEVEYKF D7 v DRI, A T, KK 16 3BREHFR O 7 v AR TR IR
A (0.1 pg/L AKis) T o722y, TIRO IR TN T +— 2 —15 Bt D7 v AR 4.2
~11.8 pg/L Toh 7= (Garcia et al., 1999), KEDOHBIAKF D7 v LPREEIX, 04~8 pg/L
OFPAIZH Y . N 1.8 pg/lL TH - 7= LHE ST 5 (ATSDR, 2000)

KECBITA2EFEHKROEBREAZHEET D72 DICRBRNTTHTE Y (Anderson et al.,
1992), KFELIZ L > TR N 22 FEO BHFHTRERMIZONT, 7 e G/ ER Y
Franiz, Hxo/RBITTXTRINDETHONMBMThb=-, BETHLCTHEEZRE )
DT HAREEDOH L7 v AbEEN TS, BEEIL 2.0~5.6 ngMJ T, ¥ 32 +
03 pgMl Tho7-, BENLOZ v AEREIL, I U —BEE (A S 9.0 MI/H.
B A2 PE 7.7 MI/B) (Anderson et al., 1993) 12 F-SW\ T, A BT 18~51 pg/B . A&
T 15~43 pg/A EEH Sz, AU BFEORBFENSO 7 0 MEREZFHMA LIfERE L
Tid, A—A MU 7 TIEFEY 344 pg/H (28.5~44.7 pg/H) (Wilplinger et al., 1996) , /L%
— TILY + YR T 58 + 31 pg/H (Van Cauwenbergh et al., 1996) . A1 > Tl 16~
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117 pg/H (Garcia et al., 2001) T&k -7, Kumpulainen(1992)i%, 74> 7> K, AU =—F
VEBRLOAAL RZBITHEENDDO 7 v LBIEIL 50 ng/ AU T THLN, —FH, 77V
Vo A=H AT E ZLORBEREEICBNTIE, 20 2 {FToHDH EHmmL T
Do

KEBELRZ 47 R T, B FORILICEENTWD Y B AORIT ) 0.5 pg/L K
LEESNTRY, BATETCONIAROENICE Y AEND 7 1 ADRITEY 03 pg
HEKLS 22D 2 ER PRI TVS (Kumpulainen, 1992), 7272 L, A —A b U 7 TR
REBL 27 247 DR IS VT2 REFLO ICP-MS 3T Tl KV mVWMERR LN TR Y | 7 1 AjR
FEIE 0.8 pg/L Kditi~163 pg/L (44 24.3 pg/L) T& - 7= (Krachler et al., 2000)

6.2.1.2 HTYX

RRANELA OV T, il B AN &2 B AL, BEEOWEE AL L= b
DEIEHNT, 7Y AL bR THATETHS, 20 2 FEOHOM, X
D AEYERRIREEO SN E Y o MEK(Ea ) v a sl oaF U@ a b)) R, T
YA RO L LT CRER Y OIRE S EA STV, RS TNG 2 B A0
TV AL M 1 AOHERBIREAS ZAfi7 7 AL LT 200~600 pg THY, RAEES I
Al 1 HORERIZEA 100 ig O 7 17 5% A TN (EVM, 2003),

6.2.1.3 B RIAEIEE

WIVEEHDOAT VAR R 750y b BEOT A YITIL, 770 17~22%
B EAL TS (Kocadereli et al., 2000), #FIE Egs B2 HHERHIZIE M5 7 7 AZ-ONWT
7= 5 DBk (Kerosuo et al., 1997; Kocadereli et al., 2000; Agaoglu et al., 2001) Ci%, FHX
TOMBPFEONTND, 2 RO CHIE SAVZHER T O 7 v AREIZIIRE RENR
DOV, Fo, BESEOR AR IR S VR REHZ B W T, 7 v AREOHEINX
RO LN o Tz, WIBIERENOIEH L TROBRENS 7 28 A0EIT, BFENDLOD
BEELHBRLT, BZELIEHTEZEZEDRVETH D,

6.2.1.4 Xz

KEHFD 7 o MEEIZOWTIE, BZ Y3y 611 [CEHNSATWD, —&Ic, K&KH o
7 a LRSS L - TREZR Y | BRI TIIIEF IR, RER A S A 1
KL O 72 7 v LPEEE (0.01 pg/m® A3i~0.03 pg/m®) (ATSDR, 2000) % & &2, WA
kD7 v b ~ORFEEL 0.2 pg/H RGH~0.6 pg/H EHEE L TV 5,
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6.2.1.5 EEEE G

BT, R OR) 80%ICFB VT, K L LRI =AM 7 v A3 (R HEVERTEE 7 = &)
DMEH STV % (Graf, 2001), 728 LEEIZIEZ 1 A0 3% D E TE& 4TV 5 (Nygren
& Wiahlberg, 1998), 7 17 A7 LEERLTICIIAM 27 1 A BIRHERE TE £ TV 5 aTfEMER
HE SN TV 528 (Nygren & Wahlberg, 1998; Hansen et al., 2002) . T 7 iEDBEHES 226

IHMIE LW E I DT ELERAH TRV, B FOIFIZE ST, 7B AR LEND
AEYEDIERE S 7 0 AR T 2 R B D, F72 0 LIEOWE B YT O TR
W R OGO =M v ADOPREDN LR L RN H D 1 o HVEER
(Samitz & Gross, 1960) Ti&, b hDiTIZiR LIHEEOBEI N DE M LI 7 v A DO,
1 mLH 20~300 pg Tho7o LA STV 5, Fregert & Gruvberger(1979) 1%, T-3(H
EFRROBB 7T BUIZHONWT, 7 v 0WE S 3EZ pH 6.5 O N TITEHIZ 1 EMIZH
oo TREL CEHSE 7 v 2OWEEZITo T2, TORER, #7277 A% 11,000~36,000
ng/g, AHI L7227 v A1 100~1300 pg/g Th o7, ITFORER (Hansen et al.,, 2002) T,

NRE =y a—XOHEy% 37°C T 2 FEfll, pH 1~1.5 OHEEHICEIE L, IEH T 5 =
i 7 @ LOENPE Sz, 2 ROMPOEH L =7 oa M, ZhENnE 19 H72Y
370 pg & 560 ug Th o7z, HHHFOEROMLTFENGEEM Lz =i 7 v LD R fEFREIC
B DEEOREICEL TL, BN L IEHRT —Z BN E6knol,

FRRALNESL (7 A > % R—72 E)ITIE, FREAOREME 7 v LBEHZ v 2KF08) H3MEH S
NTn5, RSN TNDENDONDT A ¥ R—=DEDILEJHIC L T, 7 v LR
FE1% 2000 mg/kg LA ETH D = & 23R & 4u7= (Sainio et al., 2000), [7 A A A 7 /R0 24—
O A 72 1[853 O FHE1% 0.01 g Té Y (European Commission, 2003) . S 7 FH AR
FEIX1HLIEITHD, LRnosT, (NaEtE) 7 e Lo 1 HEBMEIL, &K T20 puglileh
D

i

AT L AGREIRL G, (BERE R, EAfGL . R & BN D AFEORE O B )07 v bo
EHICET 5T — 2L, S5 TuV7u,

6.2.1.6 BHESNEBT TS5

a0V b7 e AGEREIIAT UL AR O N TR N THREEIX, BRELY,
BEFEIC X DB 24 U= 0 3 5 alREMED & % (Case et al., 1994; Merritt & Brown, 1996) .
Hennig et al.(1992) i%, A 77 > N DFEARIFFTHI R RIED . SBOWH A e+ 5 & HE
ML TW5, Black et al.(1983) 1%, A THxPAfiH SIAMET 54/ &% 0.15~0.30 pg/em’/H .
1H®720 30 pg, FMIZL Tl mg EHEEL TS, FFIT, A XA A X0 N TR
ZEA L TWLEEIZENT, MilEkh o s v MREOHEMAHE SN TWD, IEFEICBT
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BA LT T b OWERME, FIREDESIC L > T, BENY 0 AOKNREEZTT 5
ATRERESC IR O BRI LTV 5,

6.2.2 BXEZ

=i 7 v 2MEEYORECTEL, RO DEEFITIX, FHLAEW~ DRk % 75 EE )3
Z HAHEMED & 5 (Kirk-Othmer, 2003; Riihimaki & Luotamo, 2006), LB HEIC L - T,
A7 v A BRI B A~OERER, B WIEBRROREREEOGERNH D, B
K78l LCix, 7 v L8505 7 v 2503 WE 2 8E T 2iEfRicknwe, =7
2 AT R U U LR PR R & UCTAERT 26T 6D, KM THER S LY
BRE BAER O B VORI T Tl FERKAIC A7 2 202681 027 v L%
AR ESLD,

PLFIZ, Zffi7 o A~ORERBE CEEZLZLDIZOWTERV K S, =iy o sk @mto
RV Z 1 MMEAITHONW TR, BEE~DOREN =M 0 M LB L B TE 513
CWRANZ I D EEZLNDTD, T2 TIERANAT 5,

6.2.2.1  BILo OA4(N)

b o A~OREFEIX, 7 0 AEORME - T, 7 v agkoflEd, Bls v A,
AL v A, 7 a AT ORERICEZ 2, ZRDAMIS, 7 e~ A Mb, 7o L8R
77, B b7 v LG A B0 O BRI, BREEREDIRAET D, @JE 7 1 AT
Wb, EbicBbain, RELPBLZ o AN TELONLD, LEB->T, @R7
B ARZEDERER D TROEBTH, BIbW~OBENEZ 5, FAET 22 PiRiEih:
TOREIHP/NSIWVIZE, Bt 0 AOBEESFE(EE N \—2y MRE) IIKREL 2D, 7
2 AGE (FRICAT v L AGH) B RGO BUECI TAB L, BESEZ 2 itEod 5 E
B CTh D,

Bk cix, B b2 o AN DO ZE PR BE~DIRBENE Z 5, mKYETZ 1 LR E 5|
FRTHEE SNIZOIE, 7 v LEEOBE (1 mg/m®) . (it kb 04855 (3.5 mg/m®), 7 1

~A MHOM (15 mg/m?) . Bt v AEEEHE 7213 L 2 v Ao B (0.6~0.7
mg/m®) . A7 > L ZEMOBFEE (1.2 mg/m®) &\ - 72385 T d % (Riihimaki & Luotamo, 2006),

6.2.2.2 FH=M O 0415

b R =7 v LS, Bed LISHW SR D EHMERIR Y 0 A TH D, TOMD
—fli 7 v MBS Y, 7 oAb, U RN, RRRYE . Kb e £) 13, R, BEAEA
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BEYLRA . BRAERE G A £ FEa O FRICH W B30TV 5 (Kirk-Othmer, 2003), Ziu 6 0k
B DZ% 1E BHRWFIECHE A ST 2 HHRANIE & A E/ LT, BN
B2 a ik, B LUAMCERD s ZIcbAneinng, #Hikrzvss, =7 v 28R
WoZITHWLND,

Feiad LOTRETIX, HEEMEMEE 2 0 A ~OW ANREBREITKLS, 72258 LTH 0.03
mg/m® & 4 KTV 4 (Riihimaki & Luotamo, 2006), 1 {4 o> =445 (Aitio et al., 1984) (=
LoE, BALAORBRD LTORF 7 a ARENEZELIHML, EHFLIXZZORKE LT,
ZENZTRE S D R LAIDOTIRD HIZAD | BRISAATEATREMEZ 28T TV D, 7@ L
DWFEE (N7 4 BIF) (EECTITBRBRAET 23, ZEHhRilErs o AOPRE 2 JIE L7I-iE R,
0.3 mg/m* U FTHY ., IS SNARNWKER 7 Th -7 &L i STV 5 (Stupar et al.,
1999), =ffiz v AER D > & TRAET L 2ERREY v AREIL, FFHITEN LTSN
Tu % (Riihimaki & Luotamo, 2006)

6.3 EMCBITIRE
6.3.1 —RE T

M7 v AT, WHAKEICE > TOMEMETE ThODLIEEZONDN (B v ar 91 25
M) . ZHUTHNEMEZ b AMEFEICHER SN D Z L 2 BT 5,

MEIZIZ 7 v DD 0 TIRWRE THET 2, BE. 7 v AOREIE, i L O
28 0.2 pg/L A, 2P BIORFITZNE D DT ITEN 0.5 pg/L KN IER & S
Tu % (Brune et al., 1993; Kumpulainen, 1995; Fagliano et al., 1997), 7=72 L. R HEE&EIZD
WTIIHFEOEBREIZELG SN D, ZOBREN RV EET D AREMR H 5 72 (N
T, ki, T, FEEh BX O — e EOBEHI, EEBEW) . REEE Rk
WCHRERDBRRLIZGEIC S 207 0 ARETN ) ZBET 2 aaEt2 & 5 (Gargas et
al, 1994), 7 v LDV 7Y A hEfERT S & RS —EBE ST 508 (D7 <
EH 1065, Tt TH % (Gargas et al., 1994) ,

RA Y CHEERE 7213 ERIRERIC L - TR LIEEFICB T, N2 v AR
ESINTEY, 133~277 nglg (REE) & W O EDE STV S 25 (Raithel et al.,, 1993), ~
VX —TIL, FEROFEFNZIBNT, 32~181 nglg & D EDHRE 41TV % (Vanoeteren et
al., 1986), MfilNZ v APREEIL, RA Y CTlRiG Yo B {13 (250~7070 ng/g (. HE &) ] D
3, FETH YL O fE{1F (60~150 ng/g (FZE &) ) LV @ E W) &N H Y (Kollmeier et
al, 1990), F7-, BEXEE. ®EIEEmVELZTRT Z L AHE S LTV 5 (Vanoeteren
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etal,1986), O/ : MoEEREIL, BERRL L VKI5 HFEL.)

T4 7y ROILRB LY 9 mRilo/NNEzis W TiX, IFisF o7 v AR 4~15 nglg
(W), Mg o7 o LN 7~29 ng/g (HLER) L HMESIHL TS (Vuori &
Kumpulainen, 1987) , FEJRIFE CTld7eWFH T L7z KA Y OEEE 4 41250 T, FFlEE,
g, B g 2 v LR, RN 14 nglg AR (FLEE) . 134 £ 117 ng/g (BLEE) |
39 ng/g A (FLE &) Th - 7= LA STV 5 (Michels et al., 1991)

I LGEHOA T T N (FRIC N TIRBEETCRBEE DA 77 v b)) A SR
ABOBRETIE, A 77> FOBRSCERENFERN T, Mg, Kb, BILOMkH s
BARENE LS LA LR H L, WS ODOFEF T, MFHRBLPRFD I o AR
FEA, EFEMEICHE LT 10 FLLEEM L 2 &ERHE I TH Y (Jacobs et al., 1996;
Schaffer et al., 1999) . [EEEDHEIRA 7" F > NEID OFERES (Hennig et al., 1992) , A >~
7 v R BEEN TV D liEEE (Michels et al., 1991; Case et al., 1994)“6‘%%&’¢é2hfb\5 T
SN B L~DZD LX) IeNEREEIL, ITFEDA 7T 2 b OGO T,
FAEBEEMNMET LTS EPREIND,

EAWC LV RAELITFICE, 2000359 0.7 pg/ll DRETEEN TV Z ENMEESNT
W5 (Stupar et al., 1999), & FORFLHF D7 v ARFEIZOWT, 7 4 T > R EKETERIL
SNTBUBFCIX Y 0.5 png/L Kl & @A STV 523 (Kumpulainen, 1992), 4—AX R U 7
TER Sz 27 3BT 0.8 pg/L Kii~163 pug/L (CF¥ 243 pg/l) L#fESh TV
(Krachler et al., 2000) ,

EP LR O 7 v AREE & AFin & ORRIZHOW T, KT 2MANELNTVD,
mmo%%ﬁzéﬂ%$%%ﬁ%&bkﬁ$@H IZ& o T, SN maEEB > Z i,
MiEF, T, BEIOEBEZETO 7 v ARENPERIETLTNDZ L, BEXOZAS 3
P OREIHBERA LN D Z EPREN TV (Davies et al., 1997), Efeiiica s & i
TEH 7 v AT 2% F LT,

7 v LDOKABGEAEIL, 04~6 mg LHEIN, KORETILDOEBRTAHD L, AL
0 HAERDIE S A0 (Dubois & Belleville, 1991), 7272 L. Z OHfeE#E O LRI, o
WHTEEIZEAS Wb DO TH Y | EHEREAICET 2 ZEOERNIRA BT, —HiERW e
P38 5 (Limetal., 1983), MiEH., RE, BLOEEZEFTO 7 0 AREIZOWTIE, WTh
b, 7 a LOENRAEOERE L LTE, BTS20V I &35 STV % (Offenbacher
& Pi-Sunyer, 1988; Mertz, 1993; Jeejeebhoy, 1999; Gunton et al., 2001),
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6.3.2 BREEELS

Ao Y v NI ST 7 v ASAEFERFEE . BLXORE SN W WEEE 2%t
GZ, ?J%EP?BJAY)%E#E}E/\%%L“CU\%(FoaetaI 1988), WEfE X TV WHBE Ot
Refh ORT 7 o AREEX, B Chlo7- 1 BB LI OWEAZ®E L, 0%Mﬁ8%@7V7
Fo=r b, WELTWE, 7 aASEEEFREORT 7 o AREIIAEIC 1 Homk
%ﬁ%$ﬁ0%~u1%@7v7%:y LIPSy o b | @%%#1%%@7v7%g
Y Thole, TTERTHRTZ v JMREO EARRD AL, 1 H OBEEERH 23
QWMM6%@7V7?:/\ﬂ&_%totm%%zk%ﬁFiMS%@7V7%:/
T& >7- (Foaetal., 1988),

T4 T RO a ASAEFEETIE, 70 LASKILOBRMEN O AT v L AOREE To4
TREMTOI TS, 78 LAOVHRPREIL, J2R8D 0.5 ng/L 76, BEHTO 2.1 pg/L
2ol o Tz, FRILTE, EABNCERR L2 225D, A7 v A3 S e o
TR BRERVSAR T3 ClE, B T 6.6 pg/m® DL D AT 7 1 A AV H & 7172 (Huvinen et al.,
1993),

B ER BE o O IEMEREE 7 v A0 A7 v MIRBE SN K2 L LICRIT 57 v ARE
X, BEF 4 pglg, JRHP LT pglg 7 VT F =2 25 pg IL Thoto, THHDOREET
KHRBEIZ IS T DIRE (B 0.16 pg/g. JRF 013 pg/lg 7 V7 F =2 {FHF 0.7 ugl) L0 &,
AEIZE D> 7 (Stupar et al., 1999), N7 BT OWEFEH TIX, R 27 v AREOFEIX
235 pglg 7 V7 F =0T, 7 AR UNLOMEEE TOM .11 pg/g) 0. HLMNTE
nolz,

Kornhauser et al. (2002) X > T, 2L LTHICBWNT, 2O L -HRH LotEs, Y
oW B OREEE | B L ORI IRBERRE 255 L LT, 7 2 AOENRA BN HIE S
iz, Mig & ROMBBIPRBM SN, BESRLENSTZOIX, 7 L-Hd LOjE
HET, MIEP 043 pg/L, RN 1.78 pg/L Th o 7o, RTHRHERE OYHHEIL, Mgt
23 0.13 pg/L, JRF 1.35 g/l TH o7z,

Randall & Gibson(1987) (2 & > T, Hllx @ 4 HFTOF 72 L TIGIZERW T, HIEMEREE 7 o
LHRD =i v A~OBEBEEZ T DR L TSR L, 1 B OBHRRE A Thi,
AR OFETHORS 7 0 AL 051~1.16 pg/L T. & H OF% 01 (0.56~2.57
pg/L) X0 b, SN o7z, o, iETRE L ORPREOFRIEIL, Zed LTI
B A (MIEH 0.49 pg/L, JRH 0.96 pg/L) A3, *FHREEIZIS 1T HME (MIEH 0.15 pg/L, JRH
024 pg/l) X0 b, AEIZENST,
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7. ERBME LV E FTORRBE - KFOLEK

M7 v LRAETFWED X ax T 4 7 AX, MEYCTFROME ., R 7R (FEITRIER) |
BLOEGREICKRE <A S D (Visek et al., 1953; Sayato et al., 1980; Anderson et al.,
1996; O'Flaherty et al., 2001) ,

7.1 AR, 54 ds & UVBEt
7.1.1 B2 O4(1)

Wit a2 5D FFvaxxT 4 7 AX, EICHERIER~OEEGDGEIZOWTHILIT
W3,

Wil 7 v DORLFIE, KRAMBEEICAREIETH D, LIhi-> T, B 2 @i+ 5o
WL B G 29T L CORIIE, RESHIREN D, FFRERRO b3k RT 17 XK
D FERNE L, RAKAFR LA B L | MiREZ VT 7 o AB X ORIEMIC L 58
BRIBIETH D, MERERIL 2 AT HONWTORMBITIZE A ERWD, &R ANTEET X
(MIG) 842 1E 2 IWIZ AT & LV ABID IR TRAET DML v AR OBk % 2B 3
LR D AMREERNE LN D RN H D,

Perrault et al (1995) DFABR Tl Ba{k 2 v AMORI T~ CRIEE D78 0.45 pum) OIRIBIE )
Y UOKEREICH T Sz, 30 HEIChZ o TRE S IV &UE Mlaed e n s, 1§

FHAEEIER 11 B TH 5 Z AR ST, @i dE - BE Ao 2K d O AR Ak - SRtk

REATIC LAuiE, 30 AMCH7o 0 | Bk v Ak + ORI AL 63, B ikiglc bl

TE NG 2IERD b o Tz,

Swensson (1977) OFERTIL, R 5 pm ARG L7 di 7 v ARRIEMR 7 40 mg 25, &
EEKEEAL LTIy NOREFIZEASNT, T7v ME 8 » AlZbiz> TEMICE
B AL, PNICERAET D000+ OB & FEOOLEEIC LV IE S iz, B i)
5. HAREEMNE, K6 A EREHB SN,

Kalliomaki et al. (1983) DiRER CTIL, 7 v hE AWV, BRRIEEN A/ AT o L AHEHEEIC
L. 1 H 1B, 85 H, &E 4 BEICHE- T, B ORORTEZ £l Li-, AEHE
X, B EMEITSE 7 v L (4~15%), $k v~ T, =v TN, FARPEEN, KL
BEDY 1 pm (T 7 72 MEORE T2 K0 REEPEHEARDTER SN TV D D AR E LTz,
ZORER, NI v AEH &S, BEMEE EHICEE L, 72202 V7 70 A 32
<L CEBENEK) 240 A EHERI S, —T7, BRERDY E L S 1T Y (Kallioméki et al.,
1986) . 7 A /L ¥ —ITHHEE Lo @B ATEME T X/ AT v L AGGSHEIE % thoE 7 i U TR
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BHAHKIZEBE L, MEEEZE L7 v POKEIZH T LGSR, 7 ra08k, =y /7
oo AL S ORTNEA R, BER 2 HRIZEEICRED Lo T 2 EREE S
TW5, MOBRBRTIZ, 7 V7T 7 ZAOREENME A2 DILFRIZE > TR - TR, kL
TDRANZEEMRE LT 2 DR E N A8, IBINORER Tk, Bl S - R O4 8k
TWT I, FFRIRRNOD 7 VT 7 ARRFITELS, FIAE LR RIEET R/
AT U AR O B BRI FENL, TR & TR s T2 ERRENT
W5,

AT VAR T T AT S L, 7 e A (FRICMMREREDOIE L L > TND)REDE
SlbENTBBEGATL 2 — L (BR) PR ETDH, 29 LEEEEIC 7 FHBEIhT
T AOIWHEEBIZEBIT S, MIEFB LORF D7 m MR, £ £ 103 pg/L, 10
pg/g 7 L7 F=rlm<, RO TR, RN mES 2 40 » A, JRHDY 129
# H T& - 7= (Petersen et al., 2000) ,

7.1.2 RO OLEL S =M OLEHE

Bon=T =23 L LT, KEEO =7 oot BARICIE, k7 o L0027 o
LBV TL(TaLIauny)oKRE, BEENRE Y oL, BIXOWEEY o A2ET5
HLDOTHD, —MKIZ, =fli7 v L%, WHERF (7% OBEN LS D2WE) I &0
BRESEARTICE TN TORWES, WINMEICZ L, MICEVAEICS WE ST
% (Schwarz & Mertz, 1957, 1959), WU H 35 X ORI L D = Al 7 v A, K5y 1 E OB T
LRk IRBAISE R A TR L T D 2 ENTRRIND, T D OENIEEERDORIEIL, BAED
AT Do TORND, BEIEEHARTER S D Z & T, =i 7 2OWRINmE X
M A~OHEN, MIBEOMBN TE D X IR D AREMENH D, —AMMi7 v 2ORH IR
FAAZEALT D &V ) FEIUE D5 TR,

7.12.1 #EOOIEZE

Sayato et al.(1980) D#BEATIE, T~ MT *CrCly(# m AL LT 0.1 mg/kg {K5) N EE %4
LTHEEISN, 28, R, BLOMMEFOKIHEMEN 30 Az TERRIE S,
“Cr OIRFEEIL, 2 BBAEG RO 1%, 30 HHN 03%Thorz, #5% 6 A%ET
DEH T OMEMET v ADOHKITHOWTIE, FREGITH 92 A Th o7z, 5% 20 A %
ToOMIZ, BAKEGED 99%HMEFIZ, 0.8%HRHIZHE S/, Donaldson & Barreras
(1965) DB TIE, T v MZ 1 ng @ *'CrCly A EFRAH A Z AL L CHE 2 L THRE
S, FFEOMABELNTWD, Thbb, 5% 7 HE TOMEB I ORT A~k HE
PR R, 2N 98% B LN 14%ThH -7,
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E MZBEWTEH, A TOEYFRFARICE L, REOMHENE S5 TW5, Donaldson &
Barreras (1965) D% Tld, 20 ng @ *'CrCly 78, #BR# 6 & \TIXZerp o nikb-Sh, 2
NI THRBICEE LT 2 — 7 20 LG ST, RS 24 R, B 6 BHRICH
Too TEEE I, MBI O v ANER SN, BB X OIRIZEBT 2 BIHEED T
BRIRE, OS5 T, N2 996%E 0.5%TH Y, &+ fRGkRES T, =z
1 93.7% ¢ 0.6% Tdh-7-, Anderson & Kozlowsky (1985) 1, WEIN SR | IIEEEIZKIFE L TZ
KT 22 LaRLTWD, #EORE T, BERED 10~15 pg/H L7 & OWINER
1359 2% T, FBEEA T D230 TRINGRIZMR L, EEEDK) 40 ng/H EL EDGE D
WIHEIZ, DT 04% Tho7o, TOHARIE, 7 v LOWIE A XTI —EIRD720D
D, b FOBITE T L HIEERE A BT 5O TH D,

At v LD BRI A LIFTERIT, ticbdH b, Ty TR, YCrCls 27 4 F
VR L RIFFICER G5 & 7 a AOWRIVEEEE ST SN, o vl b R 5
HE, 7alOWITBEEICHENT 5 Z EAREI TV S (Nelson et al., 1973), 7 v b2
*ICrCly Z#% 5. L 7= 3B (Davis et al., 1995) Tl&, 7 AL EVEEE, TRREZ 750 D04
WIEEREZRET D7 AEY Uid, 7 20ERINEZREL, —FH, KB{kT7rvi=w
L TR LGB THEBERIL., 7o 2O WINAZIETA2Z L RINTNS,
Sullivan et al.(1984) (%, *'Cr(ifkr o AL LC) OWINSRIL, 2 HED T v K OHBE)
SDOHMN, MIKDZ v FOGENS XY H 10fEEHWIZ EERLTWVD,

E RTIE, 7RI LE VBRI L > THELZ 0 AOWRINMEE S N-Z ERREENTND
(Offenbacher, 1994) , Offenbacher (1994) 1%, 7 ZA /LU BBIEIZ L > T v A% L— Mb
SH, Za AOREERA ELT, IVRIREAT < Rolzlim T b, Kerger et al.
(1996) DFRBRTIL, KTV T A TEAFRELT, AL VTV a—ATOEIZ QLB Y
LOFEFNRITICHRT D, =7 v 285K (Zfli 7 2 5-00) D ¥ aFxFRT ¢ 7 A&~
Too XRWE L LTty v aix Wiz, AR OREEMIL, Hlr v L0 R
iz v A-0) LK< (L7 7 A 0.13%, —ffiZ 7 A-0J 0.6%) . JRH TOWI I,
HAb 7 a AOFHN =AM v A-0) K 0D -T2 (b7 v 55 10 Befi, =427 7 5-01 9 17
Reft) . =7 = A-00 1%, i b7 v AEig UCAEMTFRIRERED 4 (5@ 7ohy, M
R O ITE L . IED DR~ 7 VT T U ARHNZ LRI TND, Z
DT EIE, RENLTZHRHERENZ LA L TWD, FELIT, BRI =7 =
DA AT, TR SRR EME MR N T O AR RI R ATRE 7 A v A5 R %
BOIITEHTERNEZZ 6N LTV 5D,

L7 7 8 AT B AERIZ OV T R ORI R SRL  Be L7Rk
Bens, 7 v RO, EEES S L 3 BIORMIKAICTER SN TS, ZORR,
EREORIIEIC OV T, 7 0 AMEABORREIC £ 56 B/EER0 s 275,
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KA, FFICEIEA~OIW VAR EIL, 7 a MEEMOREHIC L > TRESE R 5o TN
(Olin et al., 1994; Anderson et al., 1996) , 3 M DIRETF GHEFRIC & 2 B ~D LV A &%
e L7 & 2 A, W7 o MMEAW T, EEZ v A U v A (407 nglg) & BEfR 7 b A
(397 nglg) DELV IAZEDS, ¥k v A (74 nglg) LV &hoT-, RBT v S OB&ICK T
%7 v AREIX, 23 nglg Thotz, D7 v AEFEICOWTIE, FiliRZ 1 A CxfREE
W U CHERBEMPRO b, Bk e il e 2V U ATIEEDOL D 72
HEINERE D 572 7> 7= (Anderson et al., 1996) ,

Mertz et al.(1969) 1%, H ik S n=Hft 7 o 2 RSKF (CICrClye6H,0) %, IFIET v M
5 HRIROEE L, HER, FEMICRIT 2 IGHESEZBIE Lz, TORE, (FEmic
B DBTEEL, B2 6hETh, 7y FOBSTEEDO DT ) 045~157%T
bolz, 27120, KT 26T 28K Tr/arz&bE45L, (fEicET5 7
L DEFERENEINN L7~ (Mertz et al., 1969)

B RGN A AR L7z in vitro 3BR A3 T4 T Y (Dowling et al., 1989) ., —=AifiZ = ADWKIL
X, ZEMEBIC L > TR A ZEDRENTND, 272 L, T /VBBRETHEZOND
L 7B LOWRNMMEES L, BEEHRA~D 7 g AOERENME SN D AREEND D,
Dowling et al.(1990) iX, 7 X /237 v AL 1-& L CHERET 5 Z L I2 ko T, K &
DU v LEERPA U TRIRITIER T 2 L WO IGREZRRB L T\ 5, AR —>TH D
Va7 v AL, B o AMEEMIZHER LT, Ty NOZEIFIZEIT HEE S E W
TEMNRINTWS, Ty NEBBEEICLY, 7y NOZEBITBIT 5FBRBMENEE S
THV, a2V @y alro@EatEntEls o 2067 n A k0 10 FU EE, o,
HiAb 7 v A EREEE Y 1 A TIEEN RN D E VR STV S (Gammelgaard et al., 1999) ,

7.1.2.2 RAEZE

Suzuki et al.(1984) OFERTIL, 7 v bH, k7 v 2K RO T v /)L kit 1.5~1.8
um) (2. 10.7 mg/m® T 2 B2 LiZ 8 mg/m® T 6 FERIRE Sz, 2 R DIRE K -
T 7 HEIZDZ - T, AASTEIC K D EMIRIC, MIROAE Sy, Bk, FFi. O,
., BLORHEAOr 0 ANST ST, 2 FHRRERL 6 BIRBEHOm T ICBIT 52
g AORPEMHN S, MIZB T 57 0 AOMRFFRER & PeHEER S HER S vz, iR eI,
IR EZ IO CITIRGERE L REREHE ORICIZIE A L TN L, 2 O%REMRIZED
L7z, T 164 BEE (6.8 A TH o7z, 2 BERIBEREOMER T O 7 v AJEEIL,
R R B MR EE DK Th o123, T OKITMIEPIRE & IZEFRFE TH o7z, B
FEE% LD b HORE RIS T 25 TOREIL, M TOREICKT 2FG THT, B
T 1%38, T 1%599 ([l )7 & b B 408 > TEOIMEE M) . ATl & OB TH 0.5%, FHT
0.5%355, 41 THJ 0.25% T -7z,
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Henderson et al. (1979) ®#BERTlE, T—/LF b2 X2 —3 SCr TR SN -Hb 7 o A
DOFRHE T 7 L (RO TR 1.2 pm) 12, 2.8 mg/m® % 7213 77 mg/m® D T 30 4y
MR SN 7o, 2 B ORE T, ik L7270 aofliam i, KEBEREN 071 pg. mik
JEREN 204 ug Tho7- BRHEREE & OMICIELRFIOBMRNE O Hivz), FEik L7-27 7L
D ligids L OB IgIC B 2 AL, 2 FFEOREETIX, Wb HAMTED 4% THY |
1 HOKRRTIEBA LTz, MiAm &L, Uit 3 BEOMIZ 60%A Lz, i To
ICr ORI L, i & RS T, BIEE D bR o T,

W ABEZE DR L LT, Q&N FIESHOLTWD, Visek etal. (1953) 12 L 0 23720 LA
ANMCEMm S - TIE, 7 v Mok L, o'Cr TERR LMk y o AnRERKRE ST,
7 ua L, 7 HORNZ, B5%2MEHIC, 790 RPICHRt SNz, BF 6L, BEHEEZY
2ADIFZEAEIE, KJIEND AOE~EEH SN2 b0 EE 2 BN D, FEIX, WD ORI
X 5% AR THA S LHEL NS,

Baetjer et al. (1959) DFER TiE, 200 pg DALY 1 2KFH, E/E > MIRENEA
STz, EADERKIZ, FG5EO 69%3Mfi, 4%23 MK (FIZ M HE) 72 & ORFRIZWRI S vz,
24 WA . A5%DN T ARER S 41, 6% R ICHEM S dL. D BANITIR & Mg & M S 7,
AR 30 HBICE, #5580 30%8 72k F L, 60 HEICEH, BH5ED 12%03 )il
FAF L Tz,

Edel & Sabbioni (1985) ® &tk T, *'Cr THERE L7- =i v 4723, 0.1 ug £7213 10 pg O
BT, b7 v LD THED Sprague-Dawley 7+ k 4 JLIZZENEASNTZ, 0.1 pg &5
BT 24 W2, 10 pg BEGRRT 7 RIS, TR TOMERER S, 0.1 pg BEHRETIE,
B TR, 5 EOK 5% TR FICEIN S vz, i K& ITiE, Mkl g H7-v
WG LT TR TR E O 23% 7035647 L7225 (il & &8 TIREOK 05%TH Y, 72bbH
HEICLTH 1 g). Mi& K& SN OMME T OBSTEEE 3= TH Y . BEE. . OIE.
Mo, F&. BERG. A DITMH S o, MET OBEEED 5 5, 85%|3 i
12, 15%I AR S ZAFAE LTz, iR E Y % — MTRIT 5 *Cr 2434 L CHRIBN 3G % 78
Rz Z A R2%BEESEINT, 24%732 b KU T, 21%MR Y VY — A2, 10%23 A
MY IZEENTEY, 2055 33BN THERIRE CH 72, 10 ng @ 7 HREEGHET
X, SN L0955 36%RIRPICHRIES iz, —J7, #EMEITIL36%EEx 57 1
LRSS, Z0IE & A LTGS2 BB £ TRt S Tn D,

A FIC VICICl; Z RENER G LIZHATH, IR L O/ 38 — 1220 T, AR ORE
RPEFLN TV D (Wiegand et al., 1984) , KER{LEFIE 7 & Lz VS, TET > b TIT o 7258k
(Gaoetal., 1993) 2B\ T, MAEEHF O 1 AR, BMIZHE L THWZ E2VRSNT
W5, VBN BIE7 v AR ENR o7, WTRORES 6 B TR — 7 REIC

37/121



CICAD No. 76 Inorganic Chromium(lll) Compounds

L, RET 72 BN REOKEEICR S 2oz, IRIPIRENFE LSS, 1#
FEth 6 BRI T — 27T L TW 5, JRIPPEIHIIR D KA 24 K ORIZH G B DK
T RFUICHRME S EHEE S VD, B0 24 IRIORIZ, B L ORF D7 7 LR
FEREMIRT L. €0k, miEh & JRPREOIKTEEITA L, IREZRENLZ 3 H
FIZ™T T R 20% L 7o 7,

it U 7= W A5RBR (Henderson et al., 1979; Suzuki et al., 1984) Ti, K& N AEEAIZ T L
T, MDD 7 v BEEDNRMCEZ o727od, i b ORI KL, HikREZ VT
T AT SN LB D, 2L, EFLL0EEIETH, WAELE
=i 7 B AO—EITRHICTIN IS, £DH%, oK VHHINDL Z LRI NTED,
Al 7 v ADHERKGE DRI EmAKETHEE L TWDH I & EEAEL TV,

B DRI L THITHE T D EHRHE T4 (Aitio et al., 1984), 2 4 DOIEEEN, &
IR LT 2 7 LV ABRIZIE D IAR, 4 HOEERD, ZOT LV ABRDOECHAITZ DR %
ZTH - Tz, RO UKD =7 v LZEAEIT, 79/l LHESNLTWD, 7 1 ARREED
BENLTOVRNWI ER, VT 2= VAT REOSIZ K o THER S iz, ZEHZES 7 L
OFSE (W5 ATEEAREISY) 1E, HIT 30 pg/m® Rl Ch -7, 7120, TV AR E %D A
tel, BICAZDRERBHOBIENRAEL, EITHr»DZEbB L holz, T LR
BOARL—Z —i%, MHPBIGRFOT v MRERED > Ton, RESZTIRA MO
BIZBIT AT, ML TRHERAL VL THoTz, TV AEOAN L —4—2 D71
LPREEE, RMFAZEREN 6.8 ng/L & 11 pg/L, MIFHFRZNZI 13 pg/ll & 22 pg/L T
%Okobkﬁof 71 AIMAECRIE L C\W e, REFOA L —% =T, kP71
LJRFEICHE A . —BEOBE O E— 7 (K 62 pg/L) MR LAV, WAL —F—L 1
T RIUT < CHEFE A 32 T 72 WA RO O FEREE 1L, 10~15 pg/L ThH o7z, 10 HE O HERE
IR ORT 7 o AR, WAL —%—& 4 10 pgl Thoto, Fz, 40 HEOKE
%, WAL —Z—DRE 7 a ABEEIL, TNTEN 48 pg/L £ 6.2 pg/ll Tholz, E¥RK
THREDEHMEEA 10~15 pg/L Th ol RET D &, JRT 7 v LAOFEHITHK 30 HFTH
Do HBHEIL, TVABOA N — X — 2B D EEMEREE 7 v A0, EEICITE B
BCTEZI->TWDHEEZTND,

728 L T.oRIo %A (Randall & Gibson, 1987) Tid, #O&AIDOHLE H > Dtk Oit¥H
2> T, JRFZ 8 ABRENEEICHEML T oz, MiEFRRE &R FRETEWICH
BRRBD LI, EHLLOREIZONTY, K LEICHESE LW & OB

ST, BEHIEENEZ 2 L) 3B binehoT, R U L 0 kA 23T
NTEY, KRDLITGTOEEZ 9 » ARNCK T L7254 &, 15 » AR LU 33 » A
AR L7 24 TH, [FEROFERI /R STV 5 (Simpson & Gibson, 1992), F£7-. F72
DL TLGAZREL T 2~5 koo nB#E 6 400 BEREZRIL, 7 7 AREZH
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iE L 7c#iA (Stupar et al., 1999) T, FEROFERBGEOLNTWD, Thbb, B L 729718
FIZBIT2EEZT OV v AREZ, SHREEEFETH -7,

7123 AEEEREE
=7 v 2MEAW ORI B L - BB T — 21T, B O TR,

Mali et al. (1963) 1%, Hift7 v L3 L OWRE 2 1 L ClCr EEfk 7 1 L 1.2%) O F & % Mk 5k
BiTol2, ZORBRTIE, AFrFr o "=, BEHRT T 0 7 OREICHEY
T b, 6 Fefi, 12 FRf, F7213 24 KERRICA T o F v o =Rl Sh, Fv
YRR DOHESE DI v AR Sz, £, AERBOTICHHERE EERK N
VFEMBAOT DY Ky X2 —TE I LIL, BT v A0SR Thi, BEMNS
im%éﬂnAﬁ@méh&ﬂokt@\%ﬁ AT m DTS D3 R A i L 7R

ERERR LTS, W ONDIMEREE 24 FRRICOWT HRENM T,
M7 a NI e o7z,

Aitio et al. (1984) DFRER TIX, AT 7 4 7T OB 142, WA 0 20 TYZ 1 A
%YWL@%Efﬁﬁ@@LW®¢K\Hﬁ@iélﬁ%ELT%Eokom¢%i@%
HIZRIT 27 v AREZ, 24 RefEHANCHE Lz, 3B 7 o AREEC, #IE
Lo Tz, WREE L7 OFERIRD> S ER I U 72508 & | ﬁﬁ@@ﬁ#%@%%mbtﬁ
B o, 7o ABEDEITRD SNRNoT-, 72170, ZOHEDKEIX, 7 al0
Wﬁ@%ﬁ@*ﬁﬁ%mwm#E@bfﬁ&fn%@ﬁfé S N = ST

Wahlberg & Skog (1965) I%, *'Cr ##i#% L 7-{bAW A AW THEEIC LY . BLE Y MIBT
DA v LD R B A2 R LT, 0.239~0.261 mol/L DEHE Tl, 7 v LDk Kk
LT 330 pmol/em/¥, 5 IRl CORRIEDOEENT 2% Th 7, 7 r LB MY UL
X, 2 EEVEEEREEZ R L, ZOREEAWD L, BT 2WEOBE LA
BT 2 RBASE LN D0, B2 IEBRICRIN S 5 RICET A IHHIES D,

Gammelgaard et al. (1992) %, in vitro fZ &6k 2 50 L T\ 5, (b v 2 0KF (7
=& LT 0.034 mol/L F721% 0.17 mol/L, #&##Ei#& T pH 3.0 [ZFH%) | ffE 2 v A LK)
(7 wm 2k LT 0.034 mol/L, FEEHE T pH 2.8 I[CFHE) ., BXOEZ oAl Y 7 (7 1L
& LT 0.034 mol/lL) Z#BE & L CHW, &HoT ALt & v SO SEKE %
HAWTiThi/z, 190 R OIREHIHI#% (Z ORFRTH 2R ITITTE 27 REE D B2
U7 RRDHNTWDS), b7 v 25K E X OHEEE 7 v L IUKFIY~OIgREEIZ o0
Tk, LE7H b7 v LI EN e oTz, £, Hib7 v AR0KFW % 72 136
g7 v AFKFZEH L= 2ERETR 07 v AREIT, FU7 o ABETEY o LAED
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VO LAZEALIESAED, ZRFN 1050 1 L 15~30 4D 1 Thotl-, ks ol
ST HONTIE, BHEELZ 5 2L Th. REKETO 7 o AT L 220>
7.

7.1.2.4 BRI IR S8R

FIRAN GRS N O FE SN TV D, FRREIIANERRGETHY . =7 v L
DarA RRFERDTEE (Z 4L HITMMENECR THIE S LD Z LIZR2D)ICER LT, A%
AO7RAE RN U D aTREME S & 5 (Visek et al., 1953), L2>L., EICHE SN M7 v L
DOFIRN P 5388013, Bix RIRERIC I D 7 1 AO A & it L7 f 0 akBRC AR C
BONTZMANEMT Lo TEY, 70 LAO5MMIEFICHEFICRD b lclifizsix, I
ik, Bhigk, g, B TdHo7mZ & ER LTS (Hopkins, 1965; Onkelinx, 1977; Sayato et al.,
1980), 7 2 ARV AZIL. A O CHHZ B T % - 7= (Hopkins, 1965) .

AFEER~D 7 0 AOBATICE LT, ¥k o 2()OFIRN, BN, £7-03% TG
%Iz, FEREMEC =y v AREO EFAFED 5T 5 (Hopkins, 1965; Sipowicz et al.,
1997), ¥ DOA— T V42T 7 4 —iABk (Danielsson et al., 1984) Ti&, sk L=
b7 v DEFIRNES T2 & RIS ROMERSICRVIAEND Z BRI TN D,
Danielsson et al.(1982) D3R TIE, 4R 11, 13, 16 H HIZ, HHESEL 7 v &% RN TE
SL. 1 RERBRICIRIFICRIT 27 v AOGMBRHR BT, IIREREIC, 7 7 L0%H
DO LI, (R 11 B B O®REOHEA, IWERENS 7 v M3 S e otz Fi-,
iR 16 HHOBELGOHATH, BIFEHEOAIKRIL LIZES D, RWIRED 7 1 A3 KR
HENZICEE 722 0>- 7=, Wallach & Verch (1984) iR Ti%, #F4E 17 HH DT v M
PE=A 7 v ASEIRNTESIC K 0 5S4, BREE% 3 B RICEZR SN, BRI za0
ERRRO LN, EIET v hOTEIZIE 10~16 [HO IR IFEALAFTE LT3,
FNHOFERIC, FHTRELGEO 11.4%03 5 H S 47z,

RESaxxT 4 7 AETFTAEZRS>T-RERICHOWTIE, BV 32 7.3 T3,

7.2 =Y 0L EMERS & DRE

A7 v aiE, fiEFR T, hZ 2 A7 = U 2 (Hopkins, 1965; Sayato et al., 1980) °7 /L7 X
NRECT D, HEE DR L IETIC BT D (DS, E 8 ik
Ko~ h7T7 40— X0 EEAHT 5 CTu % (Cornelis et al., 1992), K45y (85%) A3 b
FUAT = VLR L, 8URT AT I LG L. K 6NN EDMOREL IR R E
\ZhEG oA LTz, Harris(1977) O BR Tlid, & 77— i S b7 A7 = U Ui
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SBES A, A2 v A28 in vitro ST T, REAEME A LEEAEML B OIS LT
HZENELTHEBEASRZ MLVTRESNE, LL, ZfliZeb-F7 A7) UfES
RICERE AN D &, BIRMICHESENAL A O 1 L L& X b -7, Moshtaghie et al.
(1992) DFBRTIL, 7 v AL, KEOKFIERL Y T U ETITY 2 VBOMFIE T T, 807
WTIVEBALT, B NTRRNI VAT 2 Y AT D (REEKER 2 EOIEGFET

IEFEA LAW) ZERNRINTNS, ~EZ o~ h— 2AEF k5L L85 (Lim et
al., 1983) CiL, SKEMMNEEI THD E. T AT =2V b7 a AREEEL. A LT
WNIRN Y DAOD%JA%STE“K DI ENRENTND, LEN-T, 7 uLingkofHEz
L EWIT, 837 v ORI EYIT D RREMER D D,

S v A, &S F 7 v AREAWE (LMWC) LIRENR S ) IXTF RICHAET 5,
LMWCr 13432358 1500 # /v k> T, sz bhD, 2% < OlifiasiZifd 5T 5 (Wada
et al., 1983; Yamamoto et al., 1989; Vincent, 1999) , LMWCr (%, 7 7 ADOWNIKRMAE O 0T
bHEEZLNTND (B v a2 91 #5M), Wada et al.(1983) Dkl Ti, LMWCr 7¢
W LI LY v AT, 500 pgkg//KEOHED 7 v L703 HAR R AR Y B I 2HRESR S
. ZOHROFLEMOIRPEEEEE 7 VT T U ARG, LMWCr & LTHE X
N7 m LAoPRtEE L, il v 20%E X0 bl <, 6 FEETOYRIEL, LMWCr Tl
66% CTdh - T=DITHKf L, Hifb7 v ATl 25% T -7, LMWCr 1%, WFLIED 7 o AP
[CEHEERHEEZ R LD EEZLNRD,

Lewalter et al. (1985) D&k ClX, MK IZH10 207 0 AD 54D in vitro THHX B
720 50 pg/L F721% 500 pg/L OIRFED 7 v KK mﬂ#%Mén 10 3 A > & 2 —
hERn, EOSHEER., BENFIR UL (GAAS) IC L 0 TR X ORMmEkF O 7 1
A#EESHROmpw;@%ﬁfﬁ\mﬁ¢kﬁMﬁ$@7DA%§ﬁ\%ﬂ%h48
ng/L B XN pg/L Rii T -7, 500 pg/L O TiE, it & RfEkpo 7 o L
ZTINEI 455 pg/L & 36 ug/L Tholz, TAILEUBERML T, 7800 AHIZE
B0l 500 pg/L OEHRIZEM S Lz MR ORMERZ B35 &, 4 B D xF
T, i'ﬁmfj‘zﬂlJ@&nN%rﬂiﬁf&u\w\M Thol, %%‘ . ZORERIZONT, Zr A
EENIEFITEWGEIZIEY 0 A A 3 DNRIMERE A il U, ERS 1 & a7
é@fi@v%%ﬁﬁﬁbfwéo

7.3 FXaFxFRTA4IORETI
7.3.1 Svhk

Onkelinx (1977) D#ER TlX. B2 25 HIHED T » FT PCrClye6H,0 23S EIF RS < 1L (& 5-
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7 v L 076 pg). Mg, . BHROBEEZ o AOREIC I Y, OB T,
HER OB, FERE 1 RE2S 11 B B £ TSz, Mg *Cr JEOREM %
AU a— XL o TREIBRIGERISE -8 2 A, —EERICHE S Pt 3 ooRig
iz etk OFEHARIE, £ 53 KO R 2 fo), FHIL, 3 a2 /= AV FET IV
ZEREMBLTEBY, Tofdar X— k22 ML, SEHORR E 722 MERE Eh T 5,
VD 2 DOas— AL NI, Al AR BB AZ I L CRea R — R A2 MR
FENTVWBEMBT— L ThB, *Cr ORZ VT T AL, ETUMET—ZICL W EST
BIWDRIZ VT ZUoALHEES VT T RGEII, BT, 20D 2 DITHY LN
U7 T A, bbb, EFICP- L0 & LI Al RE R RN TEAE (KN v 7)) ~D
BRICHY T LEEZ DN U T T RACHEHESNT, 7 VT T ADH b, 0L
FIEREAL TR, #EICLD HDOIF 10%RIETH720, BN 7~ 27 VT 5
VAL 30~40%Th o7z, FHIL. D DR L7258 = OB e dEHEE X, &
B L U COPeHEE OHEE CE 25 83 A, Mertz et al. 1965) X W B S/ &<, AR
U BEET BRI O AR & TN o Tm LR R TW S, EREND Bl ORE
T A DG BIE, FERRME LT, BlEiBES ZEI2, HEHZ V7 7 v AR OR
N7k D707 7 0 AR T T4 Z E0RINLTND,

Thomann et al. (1994) I EH GBRZ1T-> TRV, ZuAf@h U oAl Afizesl L
T 100 mg/L DIRFET, T MZ 6 HFPUKEE Sz, RORBKEOLA . N7 v A3
R T DRANCNR L =iz v MTBITLEND T, ZORBRNL/LNIT 2 L0
HHIIEE L Ebhsd, 20 20 BEICH 23 BOK TREE 42 A ORZER Tz
70 LADOERTIE, HEREEOTERS (K 87%) I3MRK LB Th Y, PeizE<, BHFo
EE 2 1 A O¥EREIT 100 HZB 2 TV =2 AV L7z, AFlEDs S OFEH X AT
Hofeny, Mg, B, B LOHHIT—METH o7, BT L o T B ADHY iAA
DHIBENTZEREL T, 3 T R—F AV FNETFANREREINTZ, a2 8=k A 1
FMECTHY . I TIRMEE N L Ca s =R A b 2 (B EIRRICRIT D iTEE) . =
Vo= R AN 3 (g, B, IR &2 v AN ThIL, S HICE IS PEHIC &
STr7rARKDND, &8 CEEEK 80 H) . B +HIRE CIE 100 H8) . ik CHs
10 H). Bk CEEa 10 7). Pk CEBE 10 B) BT 2RFES% O 7 v AEH, —HEo
BT A= F—IC L > THPICHATE D Z E RO N7, BIEHERND,
P 78— h A2 FC, EHIBICHED 7 0 A0SR NAKZ 5 2 LRI ENT
W5,

7.3.2 E A

Lim et al. (1983) ®#BR TiZ. *'CrClye6H,0 DIE T, 100~200 pg O =Affi 7 1 LA3, #ERE 3
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K OIEREARICHEEEN SN, BEEZ 0 AOFE=2 Y 703, 2HICHSOWT 6 » H
. MO WTHRE 60 HE TIThivz, MY v 2O 7 V7 Z 0 REEDS |

FERIUT TUAMN 3 DT THD I ENRINTZTD, FEHOIE, @, il B
FMEHE=T o /R—=F A AR E L, 2, fRa = A hzEdhofia s e
LElEE o AT AOMENB D ENET AV EER L, RFREELMESZ VT TR
I, 13 OFT =X RICENENATIEATH Z LI X o T, BHREOEEEHN AR S
iz, mlH = M A2 ME, TV OWNNA~OBITERM A 121 /5 E 5.2
SETCH O, TRIARE & AR TRk E o7, I = RN A NTE, S
DORNHN~OBATHRHN, TN 08 HE 22 AThHo7z, Tz — k2 2 F T,
FEATE 7 v N ITRENGRERR . AR, . 3 K OVFIRIC & DR EIC oA LT, KR
L= R AV NTE, WA 4.2 B, WHCEEEIN 315 HThoTo, T OEFEME
REI. SR & R CHP R & o 7o, FEEIX, WESNIZ7 v AOBITIRE & g 7
B2 AR OEFM (0.1 pg/L) 225, EFREBIZH D AD I L 3— RN A2 M A X%
MAEFIZHNT 0.3 pg, mET L /8— h A2 MZBWT0.13 pg, I S— kA2 M2
BWNWTO0.8 ug, il /R—Kh AL MZBWT 244 ug EHEE LTZ, ZORBORFIL, #&
HBIENREBEINOFIEE THHZ L ThHhd, £/, TNHOMENDE MIBIT 5 =4
LD IR AXKT 47 AREKEFTMLL D ETAEAICIE. BR oM TITERE
WZEED B 5 Z L A REBICE N RIT R B R,

O’Flaherty et al.(2001) 1%, =iz v A8 L ONAMZ 2 ML OROEBEICET % & M
B v axxr o7 A BREzLE2—L, MPBIORF 7 abo75—42h6, 4
PN Ry adxT 0 7 AT NVHOAEN 22y Ea—2 70 7T MR LT, &
OREOLE, 7 LA0BEIL, BrbWINSNIESZRE, &5 Ihizs A0k
RRE L ITEAMICEBR TH D Z LR ENT, HRE 7 £1CB 05, T /ML L7 =1f
7 v MEEHORINEIL, 0.7~2% Th - 7= (Raiifb L7 WIGHEE EEUT 025/ Th -72),
FEFIL, MEF I a L0y 7 7T 0 RN 0.05~0.15 png/L OFFHCTIE, Bl ClE
EN7 0 AORERFRIHEFE S NN, XD EWVEBE IR, 20 £ 0
Ja ARPEH SN E R TS, BEREFZIIRRELVOCEHWVIRED 7 0 A~D8
PEROBRELZET VT80, R VT 70 A2 1~2 UR LT D2 L&, 8134
TLTWD, RZ VT T RE, SRERIRTEIE % 12 B I C LB & 4 5 [RAMIEEYE 7 = A (R
M7 7 LK) 5%) ICBAT HETRT &, 2045 (20~40L/H) 12725,
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8. ERERMHEES LU in vitro HERR~DEE
8.1 Hi[ERRE
8.1.1 ). 3/27 4 =PA(Il)

Wistar 7+ k (R4 5 PC) (2, 5000 mg/kg IRE DL 7 v AR HEIH NG S vz, 3Bk
2 EBIZ, MEZ v b 2 PETHREHMNIHEH RO bivie, #EZ > TR, REHEINA~OZE
IR LN oTz, 14 AHOBRELRTIZHT LT v Mdwienotz, BREOHTE
A T, BEIIMTLRO b s oo, FHESER (LDs) 1X. 5000 mg/kg ARE A
[a]> TV 7= (Bayer, 1988) .,

Wistar Il 7 v b O”ESHE 10 VD) 10, ARKEEAEE Lo b o 258553, 10 glkg &
BEFE 72T 15 gkg AEOHETHEHRO&R G SN, 14 B ORBEFIET LEZT » M
72l MESHIIERIE, EOHRTH T, LDsld, 15 g/kg KE % E[A]> Ty 7= (Bayer,
1972),

Feft 2 v S3KICEET 9 BIh SHUc< Wied, AFEEITERWEEZ D, #EL
S DOFEREEE TORMEFMREROT — 213G 5TV,

8.1.2 FR=o OLIE

Wistar Il 7 v b O”E(FHE 10 V0) 10, HEEEMEREE 7 = A28 1.0, 3.1, 3.5, 40, 45, F72iX
5.0 glkg AAEOHE T, HREHEHERR OSSNz, 7 v ME, 14 BFRBEE SN, @
OO EEIE, RERBED . R, S, —RREOE T TH o7, LDy IE, 3.53
g/kg R & H S 7= (Bayer, 1978),

Smyth et al.(1969) DFRERTIX, 7 v MIBIT HEHRY v ATUKFIME L OMMEE 7 v LD
M LDs Y, ENZEH 11.26 g/kg RE & 3.25 glkg (RE L HE STV 5, Vernot et al.
(1977) OFRBRTIL, HET v MBI DR 7 1 AIUKFI O D LDs fEE23, 1540 mg/kg 4
HH (FiPH 1270~3010 mg/kg IR E) &b ST\ b,

Bryson & Goodall (1983) @Bk TlZ, NZC ~ 7 ADHEZEHNT, WL 200 =iz v Ak
Bl (REERYE., HALY | BRlRHE) OREENI G2 L 2 AMEE S~ b, 557 LDy
1%, ¥k v 58 17.3 molkg ARE, fidlE 7 o L% 17.8 mglkg A H (4 8.6~36.9 mg/kg
IRE) |, WiElE 7 = A KR AY 28.1 molkg (A (iPH 19.5~39.2 mg/kg (R H) Th o 7z,

0.239 mol/L DI DAL 7 v L/KIEIR 2 mL (G5 339 mo/kg (RE O HE) 23, E/LE v MMIE
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PENBEG- S UTe, 7 BLANIZ 10 DUt 6 PUASBEL L, — 7, XTHREE R /K DA 5) TIXIE
T L7277 v MIuw7eir- 72 (Wahlberg, 1965)

Sprague-Dawley 7 v  ORE(FHE 4~6 L) (2, 10, 15, F721% 20 mg/kg KED 7 v Lz,
Wil a 55 VU AOFETEIRNES Lz 2 A, £hZh 4 Pup 0 T, 6 P 2 T, 4
PErf 3 PL3sET L7c, BUEHITITIET ., TEREES INICREAE & SE T 03589 b7z (Mertz
etal., 1965),

ULDF—=2nb, B v AT, ARSI DFERITNRVIENS, FERD
(REWEN F 721X FRIR) B 512B L Tk, AEEERRO O HEL LR O G XV
H 2~3 HHES R D Z LR ENT VD, MAREGROREE G L 28 MEHEET —#1%
BHHI TV,

8.2 TS & CERESE
8.2.1 ). 7/27 4= PA(Il)

8.2.1.1  KEFHE

fefb 7 v 4 (500 mg Z /K T U CliE) 12 L B G~ ORI L B RMER, 73 X2 iz
2 DR THARONZ, 209 BH LWITORERIL, GLP B XN OECD #BA T A KT A
> 404 2 - TN S #17- (Bayer, 1977, 1988) , HIEMEIZER D 2o T2,

8.2.1.2  HRAIEIE

el 7 v 22 LD IR~ORE L ERIER, X2 Az 2 o cilbnz, =
D9 HF LW ORERIT. GLP 3L OECD BT A KT A4 > 405 IZht-> THEMI -
(Bayer, 1977, 1988) , HRFIFME D] EFEEIZEH AT 2 KISITRO vz o Tz,

8.2.1.3  IERZSFIE1E

Swensson (1977) OFERTIL, 7 v MI7 1 ASILO MR HEIRENT T 4L, Milck
HEIERTRRDNT, 7 v AKX, B b2 0 A0 50%E TV D10, Sk,
TN =0 LBRIEY), ~ 7 3220 AR b7 8 b E £\ 5, Sprague-Dawley 7 > h®
T (B RE 7T~10 PB) (2, 27 10 KBREE Ok T~ (Cr¥* 33%, b A 35 0.7% D 7, ik 5 pm K
T E T 40 mg &=, ABREAK LI mLIZBEE L TRE L, 7y ME 1, 2, 4 72138
n ABICER ST, BB XA mA R G S, &% OBHMRE T, MIZBEL
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T, WIRMZ, B L O ER, 27— &R LRE, BXOVREMETIE
LRI, £, WMOFTEY Vo E@IcB LT, WIRMZ L, HEE, WHEHEEENZEL,
BLag—rrEHaERflionz, BHICL o TAEUMBRIL, AR TIIEET
HoTeDITHR L, 7 v AL TR CH o7, ORGSR IZI \Mﬁ%%WDLAﬁﬁ
HERE3FE D BAVTZAS, A SERIE O SO TR S e o Tz, Mifd U B O fRG I

A CATAARD bz, 8 » HEOBHHNC L > T, IR O m@%h@#oko
EHEOIL. 70 LS ILOMRL &, T A BB iRbT X ol TRIEMEIE STV D
OBk T L RSO LD E LT LT 5,

8.2.1.4  EiEMH

it v DT D RAEMRBR O T — XIS 5TV R0,

8.2.2 FR=o OLIE
8.2.2.1  K/EFHIE

A 2w A A B R SRR BRI B 5 U TR S Lo ol SEEVERREE 2 v A
FNC & 2 BB AR B4 2 MBS £ TH 5, Y 2 IBoBEONMND, #75k
WY BAGT S AL, KAy FENE LT 24 RERIE T2 BATHALOREEDY 7 BB S
A7z (Bayer, 1979), Z O#EFE TIL, AW OB EMENEE 7 0 AFNTITHRIE S v &
fimm STV Dd

8.2.2.2  HRAIEIE

%ﬁﬁ?ﬁifi Y FLMERRRR 7 1 DANT W, [FIA 2 K5 EEE(Z 50 mg BAf L7530
RIZX4 2 —RHEEWE Tl W e fim L T\ 5, JERSCHEiEIL, 7 AflICh=» T
ﬁ%énkmwwwm%

8.2.2.3  IFIRESFHIE

b7 v L@ ZRREE 2 DU TF <72 Henderson et al. (1979) Mk TlX, Syrian /~ A
22—, HAb7 v AN OFEREET T v Y iz, 2.8 mgim® £7213 77 mgim® OFEE T,
0.5 FFfMREE S iz, =7 B Y VORI FEROPRAEIL 1.2 um Tho7o, MR OBERE T
5 K UMM R RHE ST D7z, 77 moim® BECIE, % 1 A HICY VY — AR D
b##@iﬂ#m@En BRI (21 B 2@ L CTEEMER A 7 7 X —EB Db $ )7 L5
SO b, BE% 1 B HOWHEMEMRTFIRETIE, v 7177 — Y ORFTRIZREREN
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DS, MMEMIE DN OEAMEIC) oIl LTV, ZEOHIT, 2D DORISEEBRMT
o5 LT,

8.2.2.4  [EEEMH

il L OO 7 v A ORAENE L | W DO AGERIETEZ I~ 572, Siegenthaler et al.
(1983) DFREATIX, 7 1A v hE&RT ¥ a3 kN (FCA) FIZHifb 7 v A 2 mg/mL 72 E 27 v
LR Y UL CMEZ 7 25)1 mgimL OWFhrEEET 5AHZ, 02 mL o5 E, EL
Ey b OEEEE SEEA NS LT, BAEy MO, B 1 B, Ebr e aEzRITE 0
LT U T LDOWT A 25 pg BNER 5 2 L2k o T, BRIED Sz, [FIRFS,
0.5%M k7 v AEIR ET21% 0.5%E 7 = AfEH U U AR (WTh 1% Y F X-100 %
AR L9 2) OWT Iy, SOHA ORISR 0.02 mL &R G Sivtz, Z OB,
BEROS RO HVD T, 1 [ElEET bz, BHEORERISHNEI TN D 4~6 HH
Bz, N7 T A EEHI O LABET Y UL Lo TENEIVREER S L, 24
R BRI B O RIEDRHIA T DTz, Bk 7 A CRESRS K ONBIGEE LT BT b
10 lED 5 5B, 7 PLiz, Hfkr v A X D2RBREERICKHT 2 RIG0G8O Hiv, 3 JLic, 'Y
B AES U T A DRI T B RIERRD bz, EELDONTTUICH LT
FOGAFRD BIIZENAE Y A 3 ILIE(E L1273, GRS O MREE DFEITF80 B2 A>T,
H7 u LDV UL TRIEBLOBIGE LZE/LEy b Th, EEMICHE CRERNE
O BT, B v AR ) Y A K BRI B KSR b 1L IED 9 b
7 PCiE, B m ATHEUEARD b, 4 Lk, B2 r ARkl U U SIS LU
D3FR D B 72 7vo 7= (Siegenthaler et al., 1983)

Pz

Al E IR D 7 v M EME HWTZEIEIC L - T, HiET D 1 DOWREEDPIEK I
LD, TE S RRDBEBOREENTER S LD DNZONWT, A CEEDPRE 21T -
TW5, 78 LFERAY 2 RER%E in vitro 72 5 TONT in vivo TRY T 0 738IRE LT A
T TN B FIEN UV BT (Siegenthaler et al., 1983), & DBIELHE BOPGRHAY
RN G, WEOWERENFIEL, ZRR=MMZ v AT D & 2D, LLUT Ofmilic
LV RSN, 1) Zflize bl oTEfiShz~rZ a7y —UiF, AMiZ e Ailk-T
Effishic~rn7y =Y X0 b, U m_ERAOBENTZHRREE =T, 2) =i = AMbE
Yix, # o7 B EREGERRT A ENTE, ZIUIEBBNT LA T D AT
=RALEHSTWD, 3) AMliZ 2 AlE, RIEIZBWTIE Ali7 v ACEBREINTLE D,

Gross et al. (1968) D#RBERTIX, E/LE v b 13PLiZxf L., b7 v akfws ., 1 #EEO
MfE A 22017 C 3 |l SEER N R TS Ui, BIEFEICHW D - EH AL, FCA 05
mL & 3.4 x 10° mol/L DAt 1 LAAKFM 05 mL 2 &t b D Th-7-, 3%, 4.2 x
10 mol/L DAt 27 & AAKF 0.1 mL 25, BB E 7213 B % i L 7= 58 2 R NTES S,
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BAEBEENHRA Dz, 48 BE#%, 13 JUH 10 PECHEEE OBYERUG DGR B, R
(FCA OZFES) TIHRISITRD b oTz, —F, FRBRTIX, Al 7 A~DEIEX

WAL 7 0 A~DEAEICE LTZRED 10 400 1 OEEOEZ a LAFEH Y 7 L0 RZNEFIC

Ko T LTz, B mA@BH Y U AEEESNZENLE Y b 26 TLITTRT, NS
L7ziE b7 a Moxt LTS E R Lz, k7 v AZEESN=ELE v b 10 T 3 [T
TiE. iR 1 (9.6 x 107 mol/L) 35 X OFifg 7 & 4 (2.4 x 10™ mol/L) D Rz NS X 0

POREMENER SN, FH T, FURABRFIET, ELEy MEEHES 0 2B LY
2B e A TRIEL X D & Lz, Kk > 7= (Gross et al., 1968) ,

Polak et al.(1973) DFBRCIX, E/LE >~ b 21 PLiZxt L, FCA SiEFI L7z 2 mg oifEfk 7 =

DR DBIENFER SN, BEICITEASDEEDIHNGI, T2bb, by v a0,
RERESR L OSHE O AN & A RIIEHROBHIE Uiz R FNICES S, S HICIEA A PR
EEMEAI (N Y b X-100) & MG O I8 A S iz, D%, ELE Y ME
Bk v AORREEE (1 B ZE) F3EREE (2 B2 &) Ik - T, BIEEEIh
7o ZOWMEETE k3T, BERIGSEZ D E TICK 6~8 HRMORZE L,
b7 v AOEHIZ X > THESIGEE Z o T BROEIG 1L, REELEEN 38%, FNEIR
BN 7T4% ThoTo, FMEOANMMZ v A (FEZ v LY U L) ZHWERERORERT, B
PERORDEE Z o T BROBIA 1L, R EED 95%, FNAEERED 100%Th -7, Hifk
7 MNIEDROSHERENE Y v MRS Y U AIHE L TR 21220 T, FHIE,
b7 v AOREEBMENEZ v LAV T AL VRN & THHTEL L LTINS,

Van Neer (1963) DFRER T, E/E > MI, 1 HE72IE2 BB EIZ 0.04%DHE 7 7 AR
0.1 mL % 3 RIS LT, BIEZROL S W72, BAEMERINIE, B v Agh U v L%
W R ERIZ L > TORMERTE (RIE 60%D RIS 2R Liz), Wilgs o L
EHOWIZSAIIRH TE R o7z,

Jansen & Berrens(1968) Wik CTlL, g7 v AKF L E 7 v Al UV v A OS2 a L)
2k, BE Y FOBIEMTOI, ENENOHEBRWEIZOWT, FCA & & BTl 2
[BOR FHF 21T 72 & 25, RIS F 2B ER L L7272 T2l 18 B DR MR
BRCHRERDIRVEERISDRBD LI 2 ERMEINTND

YL Eo#iis o, Sy v 2L, BRNEZIIE FEFICE > T, EvEy NOKRE
TORMEEZRNL S BB Z ENRINT D, 2 DORERTIL, KA GIZ X > THED
T VNGRS EL D L D125 L. 2Dk, Mk v b Hu 7okl iR
THMERISRFEO HILD L5 o7, WsBie b, BIENRAL L7ZELE Y b3 RT
TEDX D BIENED NI CTldlemnolc, NMiiZa ATHALIEZ v LRSI Y T A
IZHEE LT, =i v A OBIEEMEW O, =AM 7 7 2O R EFEmMEDMEV 2 & 1T
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BELTWD, 20, —EHORRTIE, HE7 m 20RNKREGICEI2EETH, BIES
NIENE Y MTBTDEMEFN, REEOE S 0 AgH U U ATOREDZE LD D
o lelod, BIOBERGEHNTHWD RN RSN D, =7 v LEORIZK T S F
FAXKT 4 7 ZAOMED, ZENEOEZIEICHEO DN EZDOERERE LTEZD
o,

8.3 EHE L UTHIRE
8.3.1 ). 3/27 4= PA(Il)
83.1.1 WRAMEF

Derelanko et al.(1999) (2 L V| B v A(INEBERME L LT, A K74 2SN,
13 AR AR S E i S T\ D, MERES 15 PEod CDF 7 v R23, 1 H 6 I, # 5
AT, Bty e A>(INO= T 2 Y LT, 44 +0.23, 15+ 1.2 72 LT 44 + 3.7 mg/m® D
TIRBEES -, Zhid, Crff e LT, # 3, 10, BXV 30 mg/m® D TOREICFY S
Do T 1Y AR DOZEKEN ) TRV E B A (MMAD) OFEE)IE, K 1.8~1.9 ym Th
D, oRE, MR ASINGELIR ThHoT AT ENTED, 350D 2 DT v NI
B TEBICEZ S, 520 350 1I12onTd, &572% 13 HEoRESRICH
7o o TROBBIENMT DTz, [ MR DT A — 2 Bb 257D, I HICT
v M0 ENSRDYT T4 MENRIT B, Bt v A1) ~0 5 H Mg I S vz,

fefb 7 v AN BIE L7238 10 8 L OV E ORRBEIL, EORBERE TLREO L)
ST, Eio. BEREOMREIIE, MREBEORER & F% Th o7z, Mokt LU
SEEN, FREREFOETHEML, MY o SEOEREEN, SiRERER TN
L7z, WIRAIRRE Tk, Wi L OWER Y v SEiOFZER, T X COBRER TR 5N,
BB A Tl MiRRBENIC W T, AR OB LIRER, Thbb, REREREAA
FF Loild~ s v 7 —VOEENRO bR, BAAFRIT, [ESEHCRE X
JEBAY > ffk, EMER Y EINEIC bR b, ZoEREEFEIT, MTRIRMIC
PO HITRRAE L OB D v, HBRWEICHKRT L b0 e HEE ST, TR
BEEEBERBERICB O, KRS~ I v 77— U0 ERE U7 ERAL 0 JE BH o it
(2, B~ OBMERIE LB RARD Hiv, TR TOBRBEEICH T, U o SR
FERRMFRD BTz, BFRILEY & WML RIEMEZL S L < Il PRROEFRIL, B H
it RO Hav, FAEREHIER T, EIEHIMAE R L CREEITHEL e, £
7o ARIREREHO—HMOMETS, Milah B RIENR D biviz, WIRE - BHMEE
FR BRI AT, R A, BRIRA(L s, R, M PRI Cld, omRiEIcBERL
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TG L RO DR - T, KB IR D /N7 A — 5 OfRet & T2 7 74
MRETIE, P IERE & IRERHE & O, KU Sl BEViK O MR R L) 8T A — &
[ZIBWT, MIEIFRED b Lo T,

LMo T, 7 v MIKREHEOBRLY 2 A0 % KERA S -56 O 8E, iR
%LT%D\T%L%ﬁ%iﬁluyﬂﬁ%ﬁ;wﬁﬁuyﬂmﬁmméﬁm%&wot
LD THoTe, FRICHIRES LOEREREN CIX. GRLEDN, BREOMBEMRIE & it
e PRI AL 2 - TR By, EHEMIMZICER L ARREREOETH, <
DODIEFITBIIRZALD RO G TN D, é%@&)77/xiﬁm;9 B,
EREPHCEO Y LG ICRD b 2 &0, BIEBIFE%ZIC @%mt_&#%\@
FOIVTTZURF, VU RRENTHHEDOTHSTZHH riﬁnmb\o 7 v MBI 58
71 LN D f/ Nt E (LOAEC) (X, 4.4 mg/m® & &=,

8.3.1.2  HOMRZE

Ivankovic & Preussman (1975) OFER CTlE, BE{t.7 7 A(11)7A3 2%35 K TN 5% DR EE T/ 2k
TIAEN, ZONRUNREEE LTCHERED BD 7w b (12~19 JB) 23 5 H T 90 HI#H5-2 B
7o WESNIEERICESL L, MY AT o A0)O&IT, Crrfe LT, 2%
FEITEC 568 molkg (AHE/H |, 1T 547 mg/kg (RE/H . 5% I3 T 1368 mg/kg A/ H | M
T 1216 mglkg (KE/H Th - 72, CrOEWIDALBEIZE 20D BT, T v hO—fREE,
RE, BEEAFRE, MEFRAE, B IOVRHEHERAEICE VT, B a A1)~
RN XEZI LB ON2ABEREIIMERBD Snen-oT-, b7 v A1)
Lo FEERBNR DS T=D0E, Bk 7 v LD KSR TEM SRR HENMERV 2 &
THHTE 5, BEM CIIEENEROAICEALZI END, L7 v 20N FE 2
MOt S22 LR ER TV

8.3.2 FR=o OLIE

8.3.2.1 RAEZE

HEVERRRE 7 0 A ARBRE L LT, kil (k272228311 ¢MUEFr haicks 13
T [ W A T Ll sk 23 S it < 71T 5 (Derelanko et al., 1999), HiZVERGEE 7 0 LD T
oY VIBEOEEIE, 17+4.3, 54+4.2, 168 +25.3 mg/m* T, Crr*é LTld, #hZEhE 3,
10, 30 mgim® Th o7z, =7 1 Y kI T-D MMAD D41, 4.2~4.5 um Th - 7=,

FIEOERBEIL., SREREEOMIZ W THRANC S MR R RO 0% iR
{ﬂ%)mu&b%nfdfﬁ)/)ﬁ_o B/%Egﬂ;qﬁﬁqj EP%J:UW{)%rH/%Egﬁi@#E fdeU \—I_J/)i%rﬁ/% ﬁi
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DOMETIE, FHREDS, RFRREEXL 0 R FRICEBEITE o7, EEHIFT, Pl Xl om
IR EEIRGEREORETIT, RESIREEL Y bHEHFICA BICERV IR e & | (KR IR
BEORETEH , RESTHREEL D b MITRVIREEAS B 7228, (R E I St FRAE & Rk
Tholo, MEDOFEEREIZHOWTIT, FIEHIREOBREFICIBWNT, EOREGERET b 6
BEL N 2o, BBIZLDBHE~OREIIRNE ) ThoTo, MIKFHIRAET, H
BLOERERGEREOMME L &2, BEAMmERE S i PEREOEINNRD bz, HIRIET:
RTA—=ZZONWTIE, BRERGBEHOM T, 7LDV FRAT7 7 2 —BEO EFRED
. PR IONGSEEIBEEHOM T, 2L A7 — LEOKFAED b,

T RCOBBEFOMEREIC IV T, BEK TRHCER LR, [RIEIRZ IS ER Lo fEk
EbiT, ot i K OFERTEEO I, AENOHRIEFHZZ2EMARD bz, K
IR ClX, PRI OEIREBRERICH VT, BEK TRICER LR, [FIE R %
R LIl & b, I IREa~DEANRFED bz, BMEENMRE TIX, X Tog
BRECHOEMERIESR., T7hbb, MEEN~D~ a7 77— ek, U oREk
NaFRIE DO FERGAFEO BT, BIHEREMERIEN, 2 FZHEMEICHMA L TRD b, RIE
AR 1 B AR AR X 2 A REE D IR A R L LT e, TR T ORERET,
iz NT, v 7 v 7y — L ZEEMIOREZ R & T 2 N FEMERIESAL GO 6
iz, BUEIRIMRA Tl MEECHOIKEZE @ & B L7230 bivlz, [
PRI L OMERRD U o N EiCld, MR (v 7 n 7 7 — P OAE) B IOV //\n’*ﬂffgﬁi_%
Beas, U o AR AR L TR bivTe, EHEMIR# I B LB o izl Ml
%ﬁ%ﬁbfwkﬁMWyﬁa%'%@%ééiﬁ#ot@%%ﬁfﬂ#J%&Lt@%@%
BTl MR MERIE &8O RV M £ 721X EIEMERE O3 AR L \mAEE I, PR X
O iR EREERE CIIFERTH 0 | RIRERERF TIXDoTNIE 272, PR IOUGERER
FEREO[RIE IR B L8 Tl K& S P OMARERIGIE 2 RO B, &R IRE
BECRAFENEN -T2,

BRRETCIE, SEREIRIC, HRPEZ U LITRSHERNE DR R 2t 5 SPERIED RO S8,
E@ﬂﬁf‘a‘ﬂ?&@%m BRRHZIRIE L A ETHR L T e, TN TOBRERE T, MEEHO R AT &
R AR S . SREOEITMEME & L biZ~v 7 n 77— L EEMIAORTE (P 2R
*Wﬂ#mbgﬂto_@ﬁMi [FIAE AT % AT BE MR R HE D METE & v i FE MR R A OO I

TERO ALY, TUREERRERREOME & ik R EEREOMME T, FAERLHEEENE LS
1&?& LT,

L DIFAFZ DN TIE, et F 72 1T BRI ICRER LT RBNsEo b b

DIZBNT S, WEMMRZHI I LIIRIIRE O b ko Tc, KT oOEEME, JERZRV LI
REEWCBEI LT, 7o, BEZRW LIZINE O E &0 B FAIET RICB LTk, BRERICHE
FRLTCRBITRED b - Tz,
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5 A OBRBELMHZICEZRSNIZYT 74 METIH. 28 iR oma <, ek
B L O O & ERIE 28NN ERD bz, BE 78R & LRk 5 R
FES . MEFFICHEETIZZRWA, DTN L T,

HHEPERE 7 7 A~ORARIEFZE L~V TH D 17 mgm*(Cr¥* & LT 3 mgim®, 7 m b LT
0.7 mg/kg IR EE DU A EITHRY) A3, B MO8 (KERVD iR RAEE O Z(0) 12’
T 5 HEFEVEIRE (NOAEC) Tholz, —T7, FFERRIZIE W TIL, T DRIKERE L~V TH
SR RIEMEZAE NS BIEKFERICRD BN TS, L -> T, AFTAY 7R FER &5~ 4
IZB L CTiX, NOAEC ZHETE o7z,

Johansson et al.(1986a,b, 1987) ®FABR Tix, MDD v ¥ ¥4 L7 o ALK,
Y27 @ LY 0.6 mg/m® E721% 2.3 mg/m® TOME S5 H, 1 H 6 T 4~6 Wi E7/-134 » A
BREE L7z, Bi~DRBIZOWTORBREF SN, FERMAIT, #EWE T LTz
~ /a7y —VOMIBTLIEECEREL, v /a7y —VOREBENM(Y Y Y —LDK
ESOHKR, VY Y — L OEEEEN OEE R L) ThoTo, EICERERBRETIX, —
EROENLICEBNT, IBRKLIz~7 077 —VOMiRNERICINZ T, BREOREMERIED
Wbz, o, v/ v 77—V OBEBAREITEMNEO LA L BIEMEEOKR T HED 6
iz, B RIEROGTRIE LT, ZORBRTHEO ONIZE(bDL X, BEEEL VD
X0 b, BT H5AMEE BT 2 ENTE D,

8.3.2.2  HOMRZE

Anderson et al. (1997) ®RER TIL. 4 ##nD#ED Harlan Sprague-Dawley 7 > bk (45#f 8 L) |2,
0. 5. 25, 50, F7-1% 100 mglkg DIEEED Crras, k7 v LD T 20 HEEEEE G- S
7=, Cr*o 1 AEEEIX, 0.35~7 mg/kg 4 & (European Commission (2003) ™ Appendix VI (&
BH SN T HEOSREICE SO THRIITHY LTV L HET 2 2 L3 TE 2,

FHT, A AETIE, 7 o AERED 15 mo/kg REICHY T DO EEELE, L,
HEICBWT, 7y hOEKEZDTH 100 g & LTEY ., i Sprague-Dawley 7~ k D%
YEREE N 200~300 g THDH Z &b, EFITNINWE BN D, 7 v NOEHIKREZ
2009 & LCRHET D &, IcmHEIZ, 70 A48 E L LT 7 mokg REICHY T 5, (K
BLORE Dl EE~OFE L | IS B A~ O A R BB RE S v7z, W B
PR IX, BAHERO 4 JU L REED 4 PUiox L CE I, MEFEHRER LW
Mg DA ST (L7 Vv a—Z aL2RTa— MU ZU® Y B fFEES, i R#E
BR WL NI T LTF=2)0 11, 17, 24 BRI AThz, KEB X OESR EE
OEALY . FEO—MRER MBS . IR J OB OB EMAE R 2L HERO S /e
o7, EWERBFRIRHE CIX, T X OEIRIZR T 5. 7 v AR EE O H AR 72 880
WD BTz, WL ODDOERACFEN T A — X (LMK FERER, 7 AT X U@BT
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TR T 2T =B MG LT F = ) I, SRR B IR AL UL S LT,
S OZAIT A BRI HECRE UK A AR D e\ 2 b, IREEICBE L7 b O TiER
WEtlrs e, LEoRERICE ST, FEIL, MM v A0EEEME (NOAEL) & LT,
FRRORE (200 g 2 PR E & LIZSA 7 mglkg (KE) 28R L TW5D, 72720, RBR
WCHWTEEBM O DT E5 9 210, HlEE OB BRONTWDH 720, Z OffmlEir
IS Y (W

FHHOE 2 V7 7 JMZOVWTH, FRORBRM ThiLz, CrrrofEER Y AR BT,
WAL v LA LIZIERI U Th ooy, B2l ViR v 2OREIZ X 2T X O
WZBT 57 v AREOEINL, ks n A~DBEEDOLGE L L TR VBEETH ST
(Anderson et al., 1997), LU, ERIRAUFEARL, (AH, lBasE &, Rk Oliids 09 B
A, MR RT A —4 0 BXOEKRAEERAEICBW T, BEICERT 225G
HIRinoTe,

8.4 RHRE L HISAUM
8.4.1 ). 3/27 4= PA(Il)

1950, 1960, 1970 Az, =AMi7 v 2MEEWDOFRN AMEOFHE 2 B H & U728t o R BR )
T SN TWDER, ZnbORERIL, TNEICRBRT VA v EOoRSEEZA LT\, 2
NHEORBROFIRIE, WTiLd IARC(1990) F 7213 Riihimaki &Luotamo (2006) CTHERT 5
ZLEMNTED,

Laskin et al.(1970) (%, 7 v FOREXZIIHKT D2RENBAMEZRRDT20, ZEXANXL v b
HELEEZRARE L, WL a2 L AT e — L OMKEEEEORIL7 0 ARG L TER L
=Ly b, ATV L AROEE T TEEHEEORBNICAN, EXAEXNICEE
L7, BRI, k& 136 HTh o7z, Wb n AR SNIZT v b 98 [EOWTH
W, MiOEEITRO bNRrolc, FILFETZ R AR LY T ATIREE LT v T
I, RE XN ANERD LI,

Z ORBROIERD, Levy & Venitt(1986) (2 L - T, A U HIETIThNT-, T v b (I 48 L,
M52 D) iz, FEOa L AT a— )L ERE LML 2 A% 2 mg GRRE ALy b
NEESN, 7y M 2 FRAE S, £ L7 94 B0 T v Mot LR T
oo EOT v MY, RFTRRYEEEPAR ERNPAITRD o7, 72, &
W ERAREIZDNT b, XHREE (R T 2 L AERBLARE7- 1) 2 B ) & bl LT, F8AE RO
TR N7,
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Ivankovic & Preussman (1975) OikBR Tl, Bk7 o A(III)7§§ 1%, 2%, F£721% 5%DIEE T
BeZIAENT /UM, BD 7 v b (BHEMERE 60 PL9°-0) (2, ¥ 5 AT 2 4f# (fSﬁEEli}& 600
Eﬂﬁﬁéhtom%%eoﬂm7/%ﬁ%ﬁé#&5ﬁ%ﬁﬂ J oz, BREEREC

% 600 HMDOmER L7 v A(N)OFREIEIL, 360~1800 g/kg AE TH -7, ﬁ%’éﬁﬂ;ﬁf’aﬁf&\ =
v MIFET E72ITBIERAEIZ 22 5 F THRIBEE ClE Sz, BRBEREOMREREINCIZ, %
FREE L R L CAARO LT, EFHBHOT ML, 3 SOBRERT X TUZBW T, &t
HREE L A% CTh o 7o, WIRASHIR OB AR AW T, IRERICEMR L2 FT I3 63
D ORI, EFIZHOWTIEL, BB ITEDFIZEBWTHHE STy, 3
BRARHERRIE . FLASA 720 LT FERAEIE A, X C OB G IREEZ 5 Tr) TIRBE AR TR
LA, HEIFEFHNThH o7, ThHDOEORAEIX, BD 27 > MIHADO LD T
bbH, ZORRTHELONIZMBILT 2 AOMRIL, REETH DD, 1T E A ERIUTHIFRF
SNRNWZ LITHEET DMEDLRD D,

8.4.2 DMl O OLIEE k=Ml O.4GEE

Levy & Venitt(1986) DiBR Tix, 7 v  (5HEME48 L, ME52 L) 12, ThENFEO I L X
Ta—/LERA SN 0 LK E 17 v L7 U (IEEMERER 7 1 )2 mg
EEte, [EXSLy MAEEINZ, 7 v ME 2 F£HEHE S, £H57 v b 83 (L
71 LHE) I LY 95 L EAMERLE 7 v M) 12k L TR DM Tz, Wt &, KT
R BB ERNBRARRO N T v MIWiehroTe, £, R¥ERIBAEICS
WTh, X (R T v L ARSI 2 RE) &k LT, BAEROEIITRS b
Mol

Charles River 50 {14 Swiss = 7 A (It 54 It #f 50 PU) I, HEEEZ = L7255 mg/L ORE T,
W5 F CHKEG SNZRmBRICEW T, 27 2 AMIEBAMEITERD b Tz,
RERIT, ~UARTRTHLET 5 FE Thill biviz, WRRIEEIZ 36 » A Thotond, £
TFHARIAS 18 # H %88 2 12 1E1% 60% D 7~ T &> - 7= (Schroeder et al., 1964) ,

Long-Evans 7 » h (%-#EffERE 50 PLd°>LL )i, %ﬁmﬁ%f»%&ftif‘ WEfE 7 o A28 5
mg/L DL CHIOKE G Sviz, Bk Z DR L7 BlOEIA 1T, BERE I3 26.7%, M
78%ChH-7-D :ﬂb\ﬁ%ﬁfimzm%\M2MMT%oto@%@%@%K@\M
HEE BT, %*Ei&iﬂ‘ﬂﬁﬁifﬁ%fﬁéaﬁﬁ&) biVienolo, HIRINTZZ >y DS bEE
DR BT DX, BREETELE 39 DL 16 DL, BREEFEME 35 DL 18 DT, s FRFELE 35 PLrh 9
VT, xfHefFiE 53 [LEEP 15 PCCd - 7= (Schroeder et al., 1965) .

RWNAMED AT V== TNHEIR SN2 3D A R~ v A-filEE 2 %2 AW T, i
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ity anip e, —HOERILEMBHGT S, AlStrong SR~ w7 2 20 P (HfERES 10 PT)
W2, i o AN (BRI R Y B0 U &) 23, 3 o0 & (480, 1200, 2400 mg/kg
{KE) T, # 3 [\l AT 24 |, ERENEFHCE W EE S, v U A E HIEIOEH )
5 30 EE#ICER S, BilE7 v A()EGHIE, BRIESROBHAR Gk L OER S
BEICIEHE UC, B O 5 A B E OBINEFED Diie o 7203, BtE RO w7 L & 2 (20
mg) ¥ 5-Tlx. BTN AMEN TR S 7= (Stoner et al., 1976) ,

ZOMOEEER TIX, Hib7 v oK micoOWT, 7y NEEBEREICRB TS S nE—
AERANTHARSNTWD, F344 7 > k 15 L2, N-=FJL-N-t k¥ oF =L V7
U3 500 mg/L DT 2 HMBOKEE Sl tk, Bl Eken T, Bk 7 A28 600 mg/L
DOYEEEC 25 WMEIMOKE S S, by v Al 5 FEOSBILAMICE T, IBES
N7 v b T, BIRME 1 EhHEY T A— bz 0 O BIBREOEEEIC, FatFmic
BRSO b, 2L, BMlaEgoRAERIT, Hilb=y 7 VICIREI LT
v N TORH, HEIZED - 7~ (Kurokawa et al., 1985) ,

A7 v A, AR Tirib D kG383 A (transgenerational carcinogenesis) % 5| & il = 3 A]
BEMNH D Z L bR EN TV 5 (Anderson et al.,, 1994; Yu et al., 1999), Zhix. EHE
(Cr* & LT 52 mglkg AT O L7 v MDA, BT » MCHEERERNES Sz 2 Fo
RERICEEDSN TS, £D 5 HO 140 Anderson et al. (1994) DFRER TIE, AT EE
OEMARD BV, B H 14D Yu et al.(1999) OB TIx, HAFICRIBIEE, FORIRE
B, BLON—F—BIEE ORI Z . TGS OREM RO b T 5,

8.5 BEEEM L BEEFMER
8.5.1 in vitro &8

ZAfi 7 v 2EAMIT N T, RO in vitro B RFEERBRAHEE STV D, 1990 4
PIATIZ 3 # SN =R O@FEN 2 L B2 —72, De Flora et al.(1990) (2 & » Tfrbh iz,
2004 4 12 A LARNC AT HEE T o 7o B n B O 15 #IL 4~ T, Riihiméki & Luotamo
(2006) IZERI =TV D,

RIS Tk, KEMO =47 v b & GEE7 7 A00), EEE2 2 A>0)7e £) 1%, &
BEMERHEZRTZ PR LN E SN TS, BRI, 74 %2 U A (DNA) £11
RO, DNA S48, DNA SHHAUEZRL. DNA-Z X7 BAUEE L, DNA-T X /[
ZEREIERK. DNA-Z LA T4 &AL, ALER L 7= DNA ZHlfai & m F A L2 SacEs
DA TSRS BRI L KEFE FCTD DNA D 84X VT X 7T ) v ARk
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72 ENF & Z &5 (De Flora et al., 1990; Singh et al., 1998), FEBXAIZEHME2 =AM 7 o A

A A 1E, DNA BHEFPCTRICHEBELTWDL U VIR, HOWI7 T = HEEEMHAEERL
T, FRE, U UBE-7 v b)) VBEOSEBAE. V7 = - n A7 T = OIS
W& Rk 3 % (Singh et al., 1998), MRMIIZ, SHREIZEGIZ L > C, DNAKRY A 7 —EBLU AR
Eifie (RNA) R Y A 7 — B OSRENEE S3u, DNA ° RNA OGN ESND Z &2 b

B%, S v 2L 0FEE SN L~ L0 DNA 4513, BEENE T L7- DNA &%
RIS D05, SR T, AUEIC X D DNA RU A 5 —FPO/EMEIE, DNA B,
RNA KU A7 —BOEMAEIE, BXOUEERENE Z 5 (Snow, 1994), LR TIL, =
i 7 @ 2MEEWILEE . DNA (ZXFT 5 ROGER R 7 v b &% L 0 & < (Dayan &
Paine, 2001), —ffiZ = 5725 DNA EEGITHAFERT 5L WO FEREELKRL TWD, —7,
A7 v A%, BRI R Tix e < HifaH TR S DR AR R (BOGTERR SR, o5
sua b A7)V Fifliz e s Wi 7 v s, A7 v A7 ) O FTYEAT % (Singh et al.,
1998),

IR RER ClX, O =27 0 2MEAW ORI, BEEOREFRZ R L T2, De Flora
et al.(1990) 1%, ME % AW 5B HEMERBROF R AT L TRV, ik 7 Ao\ T 25
. fEEE 7 1 AN OWT 11 £, Bl 2 v A(MDIZOWT 11, B2 v A>)IZS0
TT7H, WiEEZ v () Y 7 JTOWT 14 14, AR v 2o T 2, &L
TW5, Znblizid, REHEHLROTFEE Fiew LIRIEFIE FIZB W TER SNz, KiE
(Escherichia coli) ., % X = F 7 % & (Salmonella typhimurium) . 3 X OVl %% (Bacillus
subtilis) z Fl W 722 R FEHORBRNE TN W5, b ORBROMEITL, 1ZE A LHI4
R EMETH o, BEOBAEOHREIL. 2RNICETFICE >, 1 OBk (Yagi &
Nishioka, 1977) Cix., KIFE (E. coli) ZHWT, AKREMED Y 7 v A1), B v A
(), KEEb7 v A(0N)ORERAT T 7=, DNA HIEITRD bhvieno iz,

AL OB ML 2 W 2 drOaBR Tk, k2 = A1) X, DNA #HERBR (T A0 ) %
HIE CHIE) X° DNA AR ERBRIZIB W T, 2 Tédh >7- (De Floraetal., 1990), 7272 L,
AR 1O (Blasiak & Kowalik, 2000) Tid, 22 A v h 7 —/LE—A L hOHEME LT
HIE Z4u %5 DNA 815 (— ARS8 s L OWHE RSN O B 23, 0.5~1 mmol/L DR D
fB7 2 A TRD 5N TWDH, 0.5~1 mmol/L OREOHE 7 o AN TiX, b HERHES
L CBE TR E R (6-T 4 7 7 = V2 BAR) 138 H S v 7e 5> 7= (Biedermann &
Landolph, 1990), 0.2~0.8 mmol/L DR DML 7 0 AX, F¥ A =— A NLAH —
V79 AT, DNA ZEREE DM % 5| X i = S 722> 7= (Bianchi et al., 1983),

U LI DB E M 2 N 7= b7 v A (IS & B fililk e fa 55 1R 72 6 (SCE) 7 J& ik BR 1T
14 {9 11 Ttk Td - 7~ (De Flora et al., 1990), Z#L5DORERDO WL DL, HibZ 1
L) DFREWRENIEF K- 2720, BEORE RITRER 72 O TR WA REMER &
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. BitETH o 3 HORBRTIE, Fr A =—ANLZAZ—HBRZABHNNSN T\, &
%%%ﬁ%@ﬁmi F v A == ANLAZ =V MdTHRD B, R 3.4 fFIHINL
72 SCE & . B OHETTIEIEN BI2L X 4L (Elias & Schneider, 1984) . ALPRIF[E % 24 W5
N5 36 W3S LN 48 FRRENCAEIX -2 L L 0 . SCE #F%0 &3 L OWFEFEBIrIZ BREE
WCHIIM L7z, A > Fa—T g VEEBIARWIEE, FRBEREWVIEE, MIEN~D W -
<Y LEEIEIZL ST, 7 Al OEBENEINT 2 Z L3RRI, Venier et al.
(1985) MkBR Tld, 2 MIMEHNZ D7D X D101 ¥ 2 _— 3 VR & 44~52 RFEIIC
RN Y (/A= N(]) [ E SR bfﬂ?%éﬁ%%?%’ﬁ%@S&i@%Mﬁ\??4
S ANAAZ IR THER IND Z ERBIEI N TS, EbZ a1z
SCE O, Fv A =—A L AZ—Don HiiTHFEH S TWVS (Ohno & Hanaoka,
1982), fHEEZ v A(IN), FilEZ v (), HEHEMERMEE 7 o A BEEZ 2 20010) 0 U 7 A%
SCE FRICIWTRatE, F7ITEAME T & R W R 27~ L7272 (De Flora et al., 1990),
7 L)L ->T, vUAVZ a7y —UHid, b MY oRER REHRHESF L Tl
SCE 23 /1 L 727 (Nakamuro et al., 1978; Andersen, 1983), T % A =— A/ A X —FJIHLHH
Ja TN L 722 - 7= (Levis & Majone, 1979) ,

HEO =7 0 MEEMIZ X D YBRRFEFERRL ., W< ONFEINTWD, KRE
DY L7 v AN TIE, BeBREFE ORI, ~ 7 ABF0H 3 MM TR O b2y,
Syrian 7~ A A X — RO AL TIEERD 5172 5> 7= (Raffetto & Parodi, 1977; Tsuda & Kato,
1977), F ¥ A =— AL A Z —PHEA ClE, Bt & BIPED M T OFERRFE D Hi T
% (Levis & Majone, 1979, 1981; Majone & Rensi, 1979; Bianchi & Dal Toso, 1980; Stearns et al.,
1995), b U NERE MW 2 OB TR, BHEORKRNR D biLe ol
(Nakamuro et al., 1978) . B 3{FOERTIL., BMEOFEE N RO H T3 (Kaneko, 1979;
Stella et al., 1982; Friedman et al., 1987), GIEDOFEEB RO SNT=3ED 5 6, 2 DBk

(Kaneko, 1979; Stella et al., 1982) TiX, 1V v M&H720 I U E/LLUT O#PHO P FE D H
WHN TV, 70 o 1 4EoiER (Friedman et al., 1987) Ti. FEFITILV 2.5 pg/mL & V9
REOHEALZ v AT in vitro T 68~72 REfIREE L7-fER, RFP—T74D05H640DU
RERT, PeEIREE S 1.6~43 I LTz, BRx BRI ILANC K- T, e@ikEEE o
FEABRE 1T LT,

= b:%{zls MRC-5 #HEIEMIAL CIE, b7 7 A1) (1~5 pmol/L, 24~26 MEfEJALEE) 1 X

« INEDFAEREFE N 11~22.5 52880 L 7= (Seoane & Dulout, 2001), ##% S 7=/ M
@jﬂs IVBFIEEETH Y BEOLS ERAERNEENTWD I b, BREMFHRIE
MAPRESND, 72720, BEKRIEDO/E SRV EINL TS Z &b, Yeta iR
FREMbRBEI NS, HHb7 2 A>T MRHESEMRO PSR EZ 1 MiaE (21
RFfE) ALEE L 723550 121F, 100 umol/L DIREIZIWNT, g 7ol fr 2 S 2 — 2 DI AN

57/121



CICAD No. 76 Inorganic Chromium(lll) Compounds

22 fFHM U722 &, ik a W T Ye R & SRR O R A TRl B A7z (Nijs & Kirsch-
Volders, 1986) ,

Bk a (LSO FEMED =ffi 7 0 2MMEEW T, iR R R T4 285 R R
SNTWD, HERZ v L) TIE, REKEFEOFEREN, F v A =— AN L7 —IIEA
B X Oe FU )BT ® LTV % (Nakamuro et al., 1978; Levis & Majone, 1979;
Bianchi & Dal Toso, 1980), —J7. Wilig” v A(I)TIL, YRR OFERN, Fr A =—
AN AL — ORI F L O 237-21 Al TR 53TV % 23 (Levis & Majone, 1981;
Rossner et al., 1981) . ~ 7 AFL23 A#AE (Umeda & Nishimura, 1979) & Syrian 7~ A A Z — IS
fid (Tsuda & Kato, 1977) TIXF2H H AL TV W (BB TR EE T A Ffi) , HFEMERRE 7 1
AN EREEEA Y A7 a LAN)ZELL S, F¥ A =—ZANARXZ IR CYL R
W& ih % L7208 (Levis & Majone, 1979, 1981) . fEfE 27 v ()X, F¥ A =—ANLAH —
PRELMads KOV B U o ERCYL AR R 25558 L 727> 7 (Nakamuro et al., 1978; Levis &
Majone, 1979; Bianchi & Dal Toso, 1980) ,

IKAEEPEDIAL 7 7 HZ(MNZHOW T, #ERE SN B ORER TIX, BITHEORIR 1S
SNTW5D, BRI, £7°, 6-F 47T = -MiEERROBREN, Fr A =—A A
A X —V19 Mifdd X O MREHEF MW TR ® 54TV 2 (Elias et al., 1986;
Biedermann & Landolph, 1990), %7z, SCE X OYEAREFE OFRN, T A =— XA
A B —VT9 L TR ® LTV 5 (Elias et al., 1983; Elias & Schneider, 1984), = 52, BE
HAHAY . Syrian /N A X —RHIIE T J &AL CTuV 5 (Elias & Schneider, 1984), =L T, /&
BIFERGFERIEOFE R S, B MERHEZE ML TR 57TV % (Biedermann & Landolph,
1990), 7272 L, v U A~ 17y — P388DL flifid Tl SCE OFFHIZAD b LT
(Andersen, 1983). Syrian /~A A % —BHK Hifig CIlX R IFEAFIERIE O RITRD Hi T
72U (Hansen & Stern, 1985), F ¢ A =— AN A X —V79 HllfaClE, ALBRERR A 24 FERY
P 36 FEfE]FS LU 48 RERICAEIZ S~ & . SCE RAME Y, FH &I K OWHHAHBIRIC | L
7= (Elias et al., 1983), 28 WfEIf&IZHBENFED LAV o> T IRWRE OFR (L7 v A1),
WRERINFIH] 2 SE R 5 & SCE MM L7z, BEbZ v ()i, RIREDSE. 28 RFHILELT
0T DA KT E o7y, B2 K< 35 &, SCE DM bR Z5| &k Z LT,
fEmtEOb 7 v AN O ~DRZEIL, BIEHICEVEZZ2 L) Tho7o, Bk =
LN OWRL 71X, W, MREF, ZEZICRD b, BBb7 2 A0N)OFERIX, kL
TRPo-L D EMEELTZaA(NEHTZEICEDZ ERRBEIND,

8.5.2 in vivo G&8

=iz v LAOBARFEIEEICET 5. EBREMW TO in vivo iRERIT. BIFOAHERR STV
50
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Bayer AG DR (Herbold, 1992) I k% &, E&{k7 = A(1)73 98.9% & EiLi-fidt”
T AR E . FERIC R (10 glkg (RE) CHERED NMRI < 7 212 BEIREIE 4 5- L (B0
a—l). 16, 24, BLRO 48 R RICHREHRINAIT o 72 & 2 A, BHEZ G MEAR M ERIZ/)N
BOEm biad oo, L7 o AN & BB, YR i ERE 5T 5 2 et R
MDD F 23| 2T LTHY ., S OBRERENS . B~ O MR 25k
INnb,

HAb 7 v A(QNIZOWT, FA 73 v a w3 (Drosophila melanogaster) % f v 72 B4
R ZE IR B - M 2 FRER DM D FEfE STV D 23, A RIXFRE T o o 7= (Graf et al.,
1992; Ogawa et al., 1994; Amrani et al., 1999; Katz et al., 2001), &7 = A(NIZOWThH,
A a vy a Ui W BEAH 0228 B - jH A 2 GRS 32 S TV B 78,
RIE B 7266 SR34GB 720~ - 72 (Yesilada, 2001) .

Sprague-Dawley 7 ~ hiZ#i b7 v A(l)% 80 mglkg AE O HE CIEMENE S L, 1 Bk,
> DNA O 7 VT VIEHZIT - CTil~7=& 25, DNA U117, DNA SH[#1284&. DNA-
Z R TEBEREIE, WITTNL L RO B 7R 7= (Tsapakos et al., 1983) ,

Sprague-Dawley 7 v RMZH b7 v (1) (80 mg/kg (AHE) ZJEIEN&Z G- Lz 2 A, 7k
Bipo < Y & LT ClHlgs L OVE RO A VAL gk X OO 7 v~ F
<° DNA & OFEADFRD B 7z (Cupo & Wetterhahn, 1985), #ifk7 o A(NDIZHKT 5 7 o
LD 7 v~ F o ~OfEEIEL, 40 REICH7Z 0 I L Tvvo 7o (2 BARE O FEHR R
REEIMET STV, BT, k7 o AN TOLEE, Z7a~F o NO 7 o A,
IREEIX, 24 WREE CREFARVICHIIN L 722, BAITER UTe, Ak v A()DOES NS 4,
24, BIO 40 FEEB ORI 27 VA VISE TR L& 24, iRV T BlEick
WTH, DNA-Z 37 B8R0, DNA 286, F LT DNA SHEIET O¥ENNTERD & 172
Mol

Sprague-Dawley 7 ~ ~ OEIZ, Hifk7 v L)<k F4) (895 mg/kg AR ER) % HEIFE 045 L
Tl ZA, Beh% 48, 72, BIO 96 KEEIOREET, IRER#YM THLHRLLAT AT E R,
TEFTATE R, BEOTE FORBYHEEOHEMAED biv, £/, &H5#% 72
MOKERT, ~a 7T ROWMMBRED b, ZILbOfRERNGIE, BBEA F L
ADRIE E % (Bagehi et al., 2002), JRIPGEHIZICEIT 2 26 O8I L, LB 24 IRFfH]
DORFRCIIMER S 2o 7o, WiER 48 Kl ORe R ClE, B~/ m 77— BEOY
gD I b= R 7 -7 v Y —AREBRIICED, A= =X T =4 Dk
ABOEMLAD LTV,

Ak 7 v A% 62.5, 125, LN 250 mg/kg KEOHAET 1 H 1 [E, 2 HE#EE L CIE

59/121



CICAD No. 76 Inorganic Chromium(lll) Compounds

e L-#BR Tl SleddY 7 R2BWT, BEOEHND 24 Bif#% O ST, &
BEZ YLMEAR MERIZ 35T 2/ MEDFHEFITFR S B 4172 75> 72 (Itoh & Shimada, 1996) .

Fabry (1980) Mkl Ti&, BALB/c v 7 A2, fllE2 v A(1)725 250~500 mg/kg AE D M &
THEERE G- S0, BRSRERIERIC T 2/ MEOFERITRD bR ol 2D
REROFEM 2 ERITE DN TR,

ARILETIE, AEOEA7 0 25RO Y 27 FHIIIITHRVWR, 2 bDfbEaMmE AW T
ITONIRBROT — 26 (I ZREEEREZ WS DG 2 L3 TE 5, Bal Uik
sulBrOtal Uy a s KconWT, KEEFRFEET 2 7T A5 (NTP)ICE -
T, invivo /MEERBR AT TN D, Fischer 344 7 v b OHREIZ, B2 U U7 v A3, 156,
312, 625, 1250, F7=1% 2500 mg/kg REOHE T, 24 FEfFET 3 BEHEHE D& 5 S
Too EBOEEND 24 K IZERI L2 BHiTic, /MRS biv/el- 72 (NTP, 2004),
val gy v A—/KRIZOWTIE, B6C3FL ~ 7 A DMEREZ VT, KRR MmERD
/IMZRBR2MT o472, 80~50,000 mg/kg OHET 90 HMIEEE G- S, mk&bD 24
PR SRR A BRI U7, AR, BETIR PR MEME TIIAMEE R & Il S 7u7z (NTP, 2004)
ZhUE, METIE, B2 Uiy A kO REHE T, MMEEAT D IESRIMERD Y
BN 16 fcim L2 22k b (P=0.039),

8.6 ARE-RESN

8.6.1 FRENDEE

8.6.1.1 AL OA4N)

b7 2 ()7 v & 13 AR (Derelanko et al., 1999) 1235\ T, JPHL /K55
HEA~OPE, FRHMEEOTR, BXOE T 7 A4 ~0FBLBFEA TV, B
b2 a ()i, FeMAEo 30 mg/m(Crt & LT 6.6 mg/kg RE D AFHEITHY) T,
DB E R, REREE, WEHHMATFIITR, BX U7 A—=—FD0onTiiconTh, &
fbERlEEZ S hhot,

733 8.3.1.2 Tib~<7/= Ivankovic & Preussman (1975) ORER CTix. 7 v MOk 9 PL b i
9 L%, Ea(b7 v A(N)IZ 60 HFEER IR SEe, T X TOMENER LT,

8.6.1.2 FH=M O 0415

WIPEREE 7 v 5D F v b 13 M A FEVERER (Derelanko et al., 1999) Ti, Wi &
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OHFEMMEE 7 v A TH, MBEROMITEEIZIIMEFIICHEEREITE D bt r o7
. Crte LT & 30 mg/m3(Cr¥* & LT 6.6 mg/kg (KE D A EICFY) Tl K
BOMIEEOHMMBTRD Gz, Z O, BEMERHRETRZ > T b7, ﬁkﬁg
DO BIRK Thd D AIEEMEDN R b EV, T3 T7 A — X2, BERICEMR L7223
L olz, MEIZEBWTE, JFRADEEITZE O bienroTz,

PRI L 7= MEE D Swiss ~ 7 2 & VN, M b7 v A SRR~ 12 8 g R 73 i X 4T
W5, BRI, 2000 mg/L E 771 5000 mg/l ¥R THOUKICEM L THRE Sz
(Elbeticha & Al Hamood, 1997), =AfiZ = A® 1 B &L, Cr* e L CHETIE 82 mg/kg (K
¥ L1204 mglkg fAH, M TI% 85 mg/kg RIS LN 212 mo/kg IR & HEE ST, MREEL
Toe U AEMREHE L TRV ORI DO~ 7 A L ZEL ST, ks v LK 0% G kE

DRBENRPTR DTz, FERFAE LT, BEE L TWRWME 2 SR R EE R O - & AR &
HGEO, ERMEE O . BEROMZIRE L CORWEEE ZRLSE7256 0. BR
BROAFIBF R OB BB b, BELZZT-8MIT, FET MO MR 35
LIV oTo, mIREREROBKEIL, IR XL VIR o7, 12 B OBRERICERS
Nz~ AT, HEHEBOMIERIZH L O0OB L (HEICH T 25 L OVE RO
FEEOBD MBS O EEOHIN & ISP O EEORD) 28, (KRS
BROERERBEREOW S, EI3&RERERZT TRO N, WL HERIST —
7 ETREERR TR T — 2 bR AHELRWED, T b OEOBERITRH
FETHD,

[ UAIFSE 7 v — 712 & D %38 D75k (Al Hamood et al., 1998) Ti, #LHEH D~ 7 & 25 JLiZ
WAk 7 v LORKF, 1000 mg/l OPRET, 4E4R 12 H B2 DAFBEAL T 2 A% 20
HE T, fok#gSni, ERYMPB L OEABMTO 1 BH70 o CrroHfe AT

ZNEI 36 mglkg (A & 31 mglkg KETH 7=, E/emA L LT, BEIEOFORET,

REORD, BLONEER, KR D NCUE RO EEORD AR Hiv, (7O T

E LT T 7 —7 (BSREhE = 8) T, RE., IO ER, BLOTEOMERE
DIALRRD B, fFOMED E 5 1 2oDH 7 70— (e = 10) T, BB 0 EEN
Wb, HAERMES HARICRELZ FLHBEN = 9%, BEL TORWHEE 1 XF2 TR
Fl SE7od, ZIRBICHEHFIICHE BERZIEER benoT-, FLHE(nN = 16) A 1REE L

TWRWHEE RS T2 & 2 A, IR L - MEO KRR RIS A IS L, BRI
BN L7223, M 1 VS 7= 0 OF RS L OVEFIRFEIIE Db B 7o T,

HEZ > b (18 10 PO) (28 k7 v A% 1000 mg/L O T 12 EMBOKES L, ZOBAEL
BooolfE & 1% 2 TAhL S+ 7- 735k (Bataineh et al., 1997) Ti, 4R L= $k, 1 EH 7=
D DEKRE, BLOWE 1 ILH 720 OAFRIFEOWTRIC S, BERZEGITRD bz
ST, WAL v LR AKFOTE THEIE LT ERET D &, Crr o 1 BEIREOHEEIX
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24 mglkg KEThH o7z, EGHEOREOIKE, RO EE (e EEITIER L), F2E
Ot L O E &, @R ROMTS LU EEN, AR L, 5HO-MET
. WRERANISHOABERER, BEHF TR LIZHEOR OB, BRROET 68

Hiu7z (Bataineh et al., 1997), DL E 3 {07k (Bataineh et al., 1997; Elbetieha & Al Hamood,
1997; Al Hamood et al., 1998) DWW\ FAUZEW T H ., AFEEE O B AR A -8 10 bT
FT DI TV,

~ U A% AW OGS L 552 ERERER (Zahid et al., 1990) Tix, =Ali7 = A X HHEH
~OFRR IR RS, MR L O R IR T~ BN RIS, -7EL, 2
ORBETIX, FECH LR RGNS e, AV IbEMR R TH D Z L
b, ZNHOMBOERIFEKAR L L THRIITH 5 (Riihimaki & Luotamo, 2006) .

Ty Mk L, $ib7 A EzF e ) UiEs v A, Crt e LCHER 5~100 mglkg
HFAD 4 BFEORET 20 HERR G S- (REREDOS G, 700 1 HEIET
Cr'l LTH 7 molkg KE) 78, HSHLE B~ FEIIED 572 )~ 7= (Anderson et al.,
1997),

Ernst, (1990) IZ & 2 EENEGBRTIX, 7> MIxt L, b7 vy, 1, 2, £7201% 4
mg/kg REDOHET 5 ARG G Sz, e 2 bR EIRE o &b
RO hoTe, FUHBELXAVOXRMZ a2 (7 bLfgEr R AL LT) T, Bl
B OZEN &R LIRS RO 0380 b,

8.6.2 BEEM

Ivankovic & Preussman (1975) O#ERCiL, E&b 7 o AN E iz > Z R -
EEMLIZMET » FOMAFIZ, IO RFTRITR D o7z, 7 a AEBIREDYY
1% 547 mg/kg REE/H F 7213 1216 mglkg R/ B . BEEOEKEILZ I TH -7,

BN 5 X A A ERERCliX. IREM. RirEtE. B X OO EN
PR BTV 5 (Matsumoto et al., 1976; lijima et al., 1983), L2>L. ZiuH0OiERIE. LDs
DU EWVEFICEHARETITONTE Y, £72, BEARSG TIThbATns Z b,
M7 v A X BRAECET DY A7 FHBICITAWS Z LI TER,
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9. Er~DEE
9.1 WA

WERITED =AMl 7 0 50309 AWFEIER & L TROEERLDOIX, A VAU Ofx 21
EXELZETHY ., RAKMCDCIRE., ¥ o 7 EORBUTHEN RS, B FTlE, 7K
UEEARMIE, A RV ARG, IBE T v T 7 A VAR R (IEERER I, 2 L A7 1 —1
BIXORNIZURY RO A, 78 AORZIZEMBA LTS (Mertz, 1993; Anderson,
1997), L L. Z e LAOMEEIMETH DD, HOZ o ARZOIREEICR D Z L1
ENTHD, 1L, REARLEKFHIZRITS 7 v 50K, 720 Uik 1| ARG
7 EDOREERFNICE T2 7 v AFEEOHINI LY | HERBRZHEL D Z LI LT
< L EBEEOFRMMTE - T 5 (Mertz, 1993; Anderson, 1997; Jeejeebhoy, 1999) ,

VEMETTRITIE, — I, B, PR, 3 X ONARRIC I 2 REF A FRET 9 5 15 M
FIME R HY . 2Nk BIRENDZREBEVPZL L THEISTE DL LR TWVD
(IPCS, 2002a), 7 = ADHE . BHIBHEICI T DIEFE MRS R O STk,
HORENOLO A7 o AOWRINEN 1 BRFERE L KFT 5 L5 ITHET S
(Anderson & Kozlowsky, 1985), t R T, &2 V7 7 U AH, MEFR @R 7 v AR
BT D0 OFEREE L L THEREL T\ 5 EB 2 515 (O’Flaherty et al., 2001), = Auid,
BEOLL, ST 7 2 AFEEWE (LMWCT) 12 XY i & T % (Wada et al., 1983),
LMWCr 1%, EICHFEPICRDOHN LAY IXTF R TH LN, Bk, Wl B, RE.
BLOWIZH, DRV OENMHMELTEY, £/o, RPN TIR, BFLL =iz 7 A
D EEIRMFIERE TdH % (Vincent, 2000), & OEEIRETIZ, LMWCr 2 &Te A 2 Y
Bt T, 7 e AOMREHEFEMERE S ToN T2 EZEZXbND, ZORTICX
%7 v LAOEFMEIE, 1 HE JOV I BLE R Tl 5 Tuv % (Morris et al., 1999) .

DY X ORFED S BB S vz LMWCr 1, T v FORII#IRRT T, 7L a— 2Dk &
BTN a—2p 6 DIFEAEGKRZHRT 225, 7 v A0 L7 LMWCr T, &M R
P Z ENTRENTWS (Yamamoto et al., 1989), LMWCr [&, A > & U L@z M o
TIET AT F RO THEMEL, ZubA A4y 4 @ EMENCHES LT WA Y I7
F KTdh D71 LMWCT (272 % (Vincent, 1999, 2000; Clodfelder et al., 2001), HEfsn/=>
v b A URIRE IV 72358k (Davis & Vincent, 1997) Tlik, £ > AU » TiEM L E N
fod AV UZFRIZ LMWCT BFEE L, TORER, SREOF e Tar A r¥x)—
BIEEN ERT 2 Z EAURENTWD, LMWCT 13X, A > A U 2o 7 Ui o — i1
ThHhHEEADLNTWD, MHFA R AARED BRI, M7 v ARE O T 23
Do, ZEBELL, A VA Y MK LD 7 2 AORYIAZIZE D H DT
Ho, ZOMIATY v ABRFEE LT, IHEOHSH LMWCT 24T 5, LMWCT ([22OW\ T
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X A R URFROIEHENARRLE 2 ZEL S, ZORE. A AV DT T T i
L ZISHE S MIAOTEE 2R S 5 Z E N RIB STV D,

9.2 AxE

1 ANDLHEDS 400 mL D70 Uik (HEMERER 7 v L 48 g & A) Z248H L, Iik&EHT7e & o
SEBR A Z T =05, ABE D 36 BRSNS 3 v 7 THE Lz, MET, Bk
DOHMETS AMEB KR, BEAEHMMERER, Mo o5 ol & KE, B, ERENOIEK,
JREE 2 R L 23388 5 472 (Van Heerden et al., 1994)

9.3 FIBES & URBRAFE
9.3.1 ). 3/27 4= PA(Il)

B MIBWTIRIEZ v A)ORIFEE (B3 & OMR) LR 2 M5 U 7o sBRIIHERR S U
TNRu,

9.3.2 =Mool
9.3.2.1  FEH

M =l 7 o AHEICHRER ST b M ISR D R RIS IR R ME & s U 7R BRI,
FINTWRUY,

9.3.2.2  EiEH

A7 v DA S T LB E TRIGBIFEPSEZ 22 8213, HiThr tBbohs, &
HMERRRE 7 10 AT LN T R 2> TW D IBE 2 4705, ¥EBICEMR LIRS %
Z. B BE. BICTRIE L7z, b7 e A8 L OEZ v Al A Y 7 LADO/8y F 7 A KTk
L7 7 NIEEESNTND 2 ERHBI LI, BIOERT LV S ThD LD
BEINTWDLEEREMET VU VAT HEIES LTS 2 & 238 L 7= (Estlander et al., 2000)
AEWE D—208, BN E KT 2 BAERIS 2 TR S B RetEn d 5,. BIREIC
AT, Ko LTIk, HANEREE 7 0 22 X D RSRIEDSE Z 2 ATRetEN & 5 28, 28
BASCHR CHRE STV DT U AZ RN Z RS TW 5,
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ARMED =l 7 v AEIZ L > TT VAKX — MR ERIGHE Z 2 AlRetERN & 5 2 & A fEhi L
THRARMGEM O Z I, 7oA TR INTHEMGEOERICEELZLOTH D
(Oumeish & Rushaidat, 1980; Zachariae et al., 1996; Freeman, 1997), {XFA72EERHRE T T,
7 0 A~OBIEREOH BN RHOBEIZBN T, EEBEERDPRIE LR ST\,
B\ a LB ) UL M7 v L) ZEERYE & U TIT OV TR B 72 B Rk TR D F
JEROSP GO &0nn EROMMNGRIE L2 a Mo TUEERSI SR Shis
WV RBEROHER N R SN T WD, ATBITDEEIT. D 20~30 FERICAH Y B
HINTWDER, Z20%L1E, YAV R EDBEMERE TRV HDOTHY . He
FREFEALIEEEOEN L, TR IV DR 0ARSI TV % (Nygren & Wahlberg,
1998), 7272l =fliz v Ak $EEZ S &8 2T AREMED @V ORI 7 & LA RIS
BETEEIN T AREED H 5 FHI23 %\ (Hansen et al., 2002) &9 FE, HDHVITH
HINTFROFHN, FEBRZIT 7 v MEEES NI NZBIT 5FROCICEAT 260
THOTZAREMERH D L V) FHICL - T, BENAXIZS S RosTWD,

A7 & MR H Y FICKEEICEE L7227 v ARZEROBEEREN & 5 3 IEE R
BORWEEIZEB TS, B a AWK BLOEZ a Lkl VoA COSE7 7 L)
W2 X B/ BEAE (minimum  elicitation threshold: MET) 225, T8, (REIN TV D
(Hansen et al., 2003), HEHER72 7 4 o F ¥ o=y F T R MEIHE- T, Zfliz v s
FORMM 7 v AOFHCRFIDERL S, BFE 18 L OKEICHMA Sz, RSy FIcky 2
HEfRREEEh, HE2 2 HH, 3 HH., 7 HHIZ Tz, AE- UGN L, BEO
10% % U< 1E 50%3 5 GZ2 R Lz =i 7 1 A &Sl v AORENEH SN, £0
FER. ALY 1 ATV T, MET0005%9 0.18 pg/em? T 48 FEfi], METse,75%9 2.7 pg/em®
T A8 B ThH o7z, B B AEEH U 7 ATHOVTIE, MET10073%] 0.03 pg/em? T 48 FERE,
ME 5007340 0.15 pg/em?® T 48 BT o7-, ZORBRTIZ, =fliz m A b AM27 7 L,
[Fl—DBFIAKBE CRIGREZFRTDHZ ENRENT, 7 v 21250 T Hansen et al.
(2003) |2 & 0 s Sz MET O IL, 2 0RER L Y 10 ER (Allenby & Goodwin, 1983;
Nethercott et al., 1994) THE SN TWAHEE LY | XD MED -T2, ZOZEL, Bk
DIFENRY, (RIS DI DIRER N F — 2 OB L > THRE DR MENZEAL LIz aTREMED
HHZ LWL THIATE D00 LLR,

7 a LI Ko Thig EAGIE 8 Z SN di#E 4 L OFEFIPHE S TWD (Park et al,
1994), 4 £ D5 H 2 4lX, ®ED - TEENEFE RE SN 7 v M ORI R E
SHTWZRNWA, Afii7 v A TH DAt i bmvy) . 1 413k A v FREEERERE TR
7 v A~OREGEF, 1 LR EENEFE TR 2 A~DBEERTH DL, 4 £HDHH 2
% (IR - SHEEVERH 14 L' A MEFEWEREE) L, 10 mg/mL DR v L (A
WAZRFIH T 2K G v 7 7 A MTHIEE 2D . =47 v 2bEWITx LRI
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B OGEFHIRICEE T2 2 ERRS NIz, AIEICET hE—=2RHY, %ECET b
=W b ol FRVD 241, WTRLT FE—=RHY, Ny FT X KT 0.5%
DEIZ LBV U LGRS E R LTz, L, 4 ZOWTRIUC S, Bl ERIX
WO N7, 01, 1. BELUV10 mg/mL OFiEE 7 v AR (ABEEEE/KIZIET) = Z 1
Zh 10 3T O BER AL TR ET 5 K[E AR TON, 4 4L bR TORE Thi
BEIRHRD BTz, [ CRE SRR, 7 1 A~OREEREO 72 MR IREED 2 4
& NIRPERS BEBE 2 &4 TiThi, e 10 mg/mL O E THifE 7 0 L&A SEZ8, »
THOLEICS, BERUSITRRD biZe oz,

A7 v MMEEY~DBRFRIC X o TREEMN E2NFH 5 S 2 & 2o B R ariLli, Bl
FEDOLZAELN TRV, N7z o ADOBFICHREE SN-HECE (@l 2 E, EXD
SERET), BELLL@EI T Y v EUQE) BENTUEIC X - T, BREME B0 &
NG5 Z &AL TV 5 (Shirakawa & Morimoto, 1996), L72sL., A7 1 A~DRkE
WRiE 252 T CWOZERIRNG B DB 4 A2 oz, Hilg 27 v LKFIEEIR OVEFEIC
L DREIFHERERBRTIT, Ao BLISHFER SN, ZNbDZEnE, =iz m
DMEEIZONTIE, MRERERIEME & 729 Z LIXTE a0y,

9.4 =tEENE
9.4.1 FCEEL L UBREDHE

Ja LG, b7 b, BRXO=MY g 2 ~OWgEEZ 1Y 5 FEEITE O © 700 B I21¢E

FHLTWDLHBEEMZ IR, ECROFMEIMTONL TN D, BDADFAERE FLIZH

BEMTONTZN(B7 v ar 96 228) | BERAOLTIHEA b ®E SN TVD, THREG
R, B ILMEOIRE, PP R R RO T RO, 7 v AR T L R

DA PEFBIF 12 F\ T H (Moulin et al., 1990, 1993) . 27 > L AGHBLE OBIEE, 75 231,
B L 21T 9 97 2BV T (Svensson et al., 1989), 72 L THOHFEHEICB VN TH

(Puntoni et al., 1984; Stern et al., 1987; Costantini et al., 1989; Mikoczy et al., 1994; Stern, 2003) 7

D HIVTNRYY,

RAY Do 2T T, b7 v AOEREICHEF LId7@#E 54 4 & HILMERINE 7 v L D4
FEIZAESE Lo 7B 74 41220 T, SERT L ORI & A TEREERE EOBRH I DV Till K&
AT (1940 HEARBEFLABEIZ DWW O A L2/ ROME & . 7 v MEAW~OEER UL
HE N TS (Korallus et al., 1974a), HIE SN72gEET — % O— 03, B3k (Korallus
etal., 1974¢) ISR ENT W5, HHEMERIEE 7 10 AOEFEICHE L T @ 1. 2R
T/ uABOAEFEIZ bR 2D > TWeicd, ANl v AMZHIRE SN TN Z &I D,
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WL, ZOTHOEMER ZRIC LA TR - 2 IEEOFEEE & ERIEk, 3
RIZ DWW T OJFEELH, RUTHR D ESIA TR E - 72 JRIK & Z OB R EN TN D

LT — 2 biE, U A7 RRRFIERIZOWTOfmABE T Z LT TERy,
2L, FEFIL, EAO R TEMEPAZEME MY R (COPD) O AESRITFFICEESL - Tidnienz
Ll S v A REAENE (T7 LV —MIR ) OEFNE RS0 Dol 2 & &k
NTWD,

[ U THC B3 2 Bl oA 3 (Korallus et al., 1974b) Tk, I D130 fd HELR R BE 1288k
SNTERRRER) CEICESWT, BB AEGORAEICO VTS TV,
PERREE 7 & D OEPEIZHESE L7297 CTlx, HMARFEFICED D, e, [EXR, BLO
FRGEOBMERE & W SN FHOFIG B 0 AOAFEITHEE LT A 12k
LT, @WIENRT—ZNbmRRE e, ZOWMEETIT, BIEEMRE 7 v b OEEEF
B, 7 v AEROEFE T CTREZ BTz & v 9 RIS S Tunau,

[ U TIGICBIMR L7z 3 B o E (Korallus et al., 1974c) 1, ElO/E¥(T U 7 O @E
106 4 DERKEMEICET 5D Th D, ZOWMEFITIL, Bk, BEEE, Sikkd, M
BERE (B ERIE & (FVC) . 1 B & (FEV.) ). Mk - BEIR A L Pauf . mfds JOUR
7o AAEE (AASTEIC L D), BEOMHE XARICET 57 —2RE Lo b Tnb, &
FiL, AERRED ., THICB T 287 v A0HEMEREE 7 0 A~O— 1) 721%EE TlE

fiIfRIc b bleo TIgEA =T T, EARBHEEELI SR S v Efm-o T“Cb\?éo
ZOWEETIE, HEE 5 LICRTRBELNBRD LT EITEE RN B AR,
LirL, biko ﬁﬁf%w%htﬁ& IRERS D Z L&, HEIEVEREE 7 v A DOAFENE S
FEN7 a0 ABICHEABEINTWDHZED, iz v MEEWIZ L HHEEEY 27125
/ANEN u\ﬁ%ﬁéfﬁ %&a%mﬁ‘ LixTERY,

9.4.2 FERE~DEE

70 AERFEOBIE-PIBIL B L OV 8 A AT VL AOAFERIZRBIT A7 v A
DOIEFEICB LT, FERERRZ x5 & LT, F7E# OREWIFR4A (Ballal, 1986; Huvinen et al.,
1996, 2002a,b) 3Tz, Fio. [FEAED 7 M %E £ 725l O FH 4 (Bulikowski & Tyras,
1985) A3, Fi7esd L LT oAl 1 A A~DBRTE 2521 F CTOFE T2 58121,

7 a AN, B b7 v LB R KT 50%ETe, 7 42Ty RO v AEKILOFLILIFEEIX
3D LIBTaLGRIL, 35D 1 BENVT ZLT300 1 PMER/BEATHD . i
BHEIZ P EN D H D TH - 7= (Huvinen et al., 1996), b T\ S (Jx K 224 mg/m®) @
BYEBICIETE SILTWe A —F 0 D7 v AERERGER ClE, 1BMEAUE STRS0M 8 00 FE R 8N
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NFRH S (Ballal, 1986), — . 7 4 > T2 R TFZ 1 AERELHLRICHY L, K~
O GEILITTH 1 moim®, i T8 Tk 4.9 mg/m®) DR EEICHRR S 7= 584 ik

W ODDOIFREFER OFIER O E | WL DO iERE /ST A — X EOIK T RERD 5
#17= (Huvinen et al., 1996, 2002b), 7272 L, EABENEE L TWDH 2 Enb, Bk o i
DIFREZFEMEICOWT, WR 5% b EE T Z LT TE R,

7o LFAEFEORED T TIX, LVEPHICEMLY 0 A5 EMEBICREIND, BILX
Nic 7 v AR i, Ly Mb, BROBERET 5 TR, Gl r v A8k#m %
Weted 2 TRICB W T, =Mli7 v AGHMBICERE SN s v ASRA LSS 2 551
IR #a DO FEERIRBE DFHAT 23T 40 (Huvinen et al., 1996) . 5 4% O BH A T, [ UiF&N
fTiu7= (Huvinen et al., 2002b), 7 & ASKEE~OREFWIM I, Y 21 4 (FiPH 9~27 4F)
Thole, A7 v VAHGHBIEIEEENE R 95 A%, AL Lo, AR O I3
(Cr#E) I, ORI, Afli 7 v AWBFAET HIRPNE L IHES N T WD, F
W7 v AOEENTEZ T E LIIRER A5 T T e, BERE S X ORS¢t
EE~DRRIRTE R, T 2.4 mg/m® Th o7z, MR O KE EDHARIC F'%Jﬁ‘éT~5’
T, WA STV, BEBICIE, 7 m AR 10~20%(Crt e LT 240~480 pg/m®) & E
hfmé&%@énto%W% JLMAEE | FEMEE OBISIE, TRER 39%., 32%.
29% TH > 7=, BIEDOMRERT, MBREL D W< & o7, CrrgETid, fEEIC
BAGR L7 ORI (RIS, IR OPEAE, SO i TR & & L7 BRI BN 2 2 BN,
SRR & Il U CHEICS D o 7o, IiREA T, FVC LISNMI IRE & B2 69 FVC I,
BRERE IS\ T, B IR X D RIS TH o 7, MIEE X B TIE. NS RBREOHEIT Cr
BRI AEENRD 6T, /NS REEOHBUIMAE L bFm & & HITHEMN LT,
=72 L. CrrRETIE. FTAOEIEE OB WEBRE 1N E 0 -T2,

5 4E% D iBBIFHA (Huvinen et al., 2002b) T, RAIDOFHAERD CrRE 68 4 &, DA
FEDOXTHREE 81 AT HOWT, HiAENMTONZ, Wi s SBRREZ ORIE ., HYIOFHAE
L0 bR T Lz, CrRERIIMRE LT, B GEMES) 3o L OV (BIMME % ¢
WRIEE) OBEFED . MBEEORINT 5 7 —T Il L CEno T2, NiigEEIC W T, B2
S TR 2 N2 T 7 — T & R D & v — T o5 F THREF L7228, Crft & i
BEOFBEE CHTRD SN -T2, LER-T, 20 5 EMIChiz> T, WiiEz o
FEThol, CPOHED 1 4TI, I X STEHO/N SRR OEITHRRD b,
CrREic ?éf%i HIEFHE THEMFAETL —E L TR Y — > TRO 5N,

FNOEMIEEEIC LS5 D LRT 52 LIZTERNoT2, TDD, EHFIE, b
@E%%@ﬁ%%_;é%mkbfwé# SRR E 2 ISR ET 2 Z LI TE o
77

A3 ER (Huvinen et al., 2002a) T. B3 L O o fEEE 14 4 (CrHEE) & 25 L
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A EIEVEZE OUEFE 39 4 CRFIREE) 25 RIT. RIER O, SRR O SMBIR A,
K e 7 V7 7 A (o W) T AL BLOEOMWZ N FEM S iz, ROMIEZ
TIFBEERFTRITRO bNT, KikEY V7 7 o AEFEOME GO bRnoT, i
BB T, CrOUREE. HIRBEL D B EVBEEE T RYEdS K O MERE I AN R A 9 D M
RO BT, 7221, MEHARIA BT bk o7,

R—=T U RO®H LR L THITHBWT, T2 i S 41T % (Bulikowski &
Tyras, 1985), Wz SW7-2 v Lipsd LHEOWIE T 24 4 (B 12 44, &k 12 4) (TEEEH
JiE 2~20 4F) D3PS (MREERE) & Sz, FBIRA 21 40, SHBRBECERE Sz, EoRE
13, SERIPREED 2 mgim®, R DEMIEAIA 22 um LHE SN TND, EOBREIZITY o
LN 58%EENTEY ., T/Aabb, ZEhigilis o AEEIFH 0.1 mg/m® Th-72 (BRI
TWDHDIF M7 v ADH), FETIZEIT S 7 NEBHOFEERT 7 v MREN,
HESHETHE SN TR Y . BAR®ZEH T0.030 mg/L &HlE ST, FEERGRRT
X, 78 MIBIES N TV D HBE TR bR o T, MEEEOMRA TIX, HFET 24 4
14 2B MRS, 5 A IIBERREM RS, 1 41T b E—RRk LB MERE SR AR
HHT, SRRBEICOWTIE, MEEHO R EFTRITME S TR, KA o MLk 5k
BT, BT T DAFERREDN, MLV ARICENo 7o, @SB BN DR
B U 72 et IRERRE & BRI KR EORFEE(E b oD Emho eniFi i
TRV RO LN, &5I2, BT T, BomE B ICEERXDT N EFET 5
ZENHEIZHY, T HONWT, FFIT, ERRENEICERTLSb0E LTS, 2
NEDOHMAENS, Z7abd LEOKHEIZX > T, &8 (FICHEE ; 3R JF T
"pharynx" & & % 73, STk B 13 "larynx" TMEER | OFARE & o 2) DEMERIEN G| & Z &
Nl Z ENRBIn, EFIT, BONTEELZERREO=fM/r Al bsbDE L
TWBR, MG SN TWAZEHRERIEY 1 AR DK< CEEI389 0.1 mg/m®) . Bl i
(BHEFIZE EN T DA LT HOLR3EE Z2 i MEY , EM e £) I X 5 AThE
PEZ BRI C & DRFHLF R ST,

9.5 EBEEHE

b MBI D M E2ITeE 7 v AOBIREIED in vivo AL, K72 L TELY 1 A8k
T8, 7 v ASERERIL, &8 TAEFT, AL TAT T2 v AMTIEEREE S 7 J7 @ 1c B3
b0, 7ua AEERSE OFREFRICETL LD, BLXO, ALHBELLKEHIND Y
HACRE SNEECET 250 THD, 1ZEAEOFERITIE, BEIEHEICEZ T
V% (Riihimaki & Luotamo, 2006)

AT DOKRDLIHTI/albIauN"yr@iiErs et vl 2o Tz @aE (n =
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17) TiE, BB SN COARWRIIRGERE (n = 13) ICH# LT, BRI Y > <ERick T %
(42) Ye R 5 OB INEER D B 720y - 72 (Hamamy et al., 1987), BUE L T\ 5722 L L
Y DI E#E (n = 9) TIE, MU L TV D XRHREERF (n = 7)1ZHie U T, Yeta R B o SH
(R FRNCA E 2 5 (219 £5) 23580 b vz,

AZ YT T, RigH LD R LTRIEEGOTEE (n = 19), Kied L LIG O LT
DFEE (n = 17), BROWREHE SN TORWERFBEIE Tl Sz 2 DOxt i =
19 BLO n = IDICEWT, HEFARMIMY > SER TP O YRR 3 X OVIME OB AN~
517z (Sbrana et al., 1990; Migliore et al., 1991), K7 A THA{EELOH@E Tld, Yok
WaATOMIOVEIBEN 3.2 fF L HEHFIICAHBEREMPEO b, BRw LT5EO
BT M 0578 3F Tk, FEFEICHE B T WK E OB INNRB b, MMz
OBEOHEINE, FT7 LA TRIEESOH@E L. B L TGO M o5& 1
b b holo, 122 L, BinmthEDdH 2{bEMA B0 5RO G T TWD T2,
Al 7 v ADOFELETNT 5 2 & ITXREETH 2 (Riihimaki & Luotamo, 2006) .

BABBINTEDLAR CEEN, FraBXOFEL N B L Tirbi 384 (Gonzalez
Cid et al., 1991; Medeiros et al., 2003) [ H 4 TIEE D, ZORETIL, K2 LTHDO5E
HT, RHRE I L C, BlnmEEE— I —OHERDO FRBERO LTV D,

7mAﬁ@$F%L NI A2V T Or v AGTIGORIIFEM O T EE 28 A atmA L
e 2 A, WAKIBEE 14 & L B IREE 7 4 ZHE LT, BRI Y v oS ERP o Y,
{Zliﬁ%@%ﬁﬁf; . BT (FEHFRICAE TR W) EH238D b7z (Sbrana et al., 1990)
72U, WEEE O @RI, MY B ACHIRBE SN TV L AREMNH D, =Ml v Al
MR STV D & PRSI DR L O 057 @# (n = 7) Th, B LIES 05718
FH(n=8)Th, YPKBE LA T HMMOBEIZIL, AL OZRIIH NIRRT,

A7 v MZIREER SN FERER O 7 0 T v RASEE (7 v ASEELILO T EE 5 4
&7 a AR ORERE I K OB 0 972 14 44) Tk, xR O IR w%%39%&
i U C, AIMEE AT D RBOMROEINIEED Hiv/e s> 7= (Huvinen et al., 2002a),
AEFHLILTIE, 2R O EEEEE A 1 mg/m?, %7nAm@@A%ﬁ$E®¢%m
R 22 pg/m® Thot-, AMiiz v aid, BEL OB ShR) -7, Bikss L OB ©
\§%$®$ﬂﬁﬁﬁfﬁ24mwm %7DAA®$wR§%W12%HyfT%oto
7\ NE, BERE R L O TR OBMECIX, MliOREOEETH S,

KEANRY VBEOERT, JL1LRA T 707 v ASRIRAVERFRE O FEFEY) O KB 72 7 v M
FEFTCTH DB THIDITET, 7O P OERSLEY OB, R 7 v LAREN
0.5 pg/L L EDOFEEZIZOWTHAEITHIL TS (Taioli et al., 1995), ZiL5H DFEEHIC
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BT 5, HEZEIMEF O DNA-%Z > /X7 BH2ERE O (1.3%, n = 33) 1%, BREE STV
UNKFRRZE I bRl LT (0.8%., n=49) . #etFMIIIC A ZEIZE 0~ 7= (Taioli etal., 1995)

3 DAL (Case et al., 1996; Savarino et al., 2000; Doherty et al., 2001) /> 5%, &&E 7 7 L0
fEH S T N TRRBAE AT EE B2 DTV 2 BE T, o 05E &t
NT, kRx R H A TORCREFT ORAEBEN EA L2 LRI TWD, Zhboif
Flx, mMiEH 7 v MREO EAPRD LD Z ENZWND, MlE R FZE b DA
DM UTZRREA, 7 v b, 7 abPUSOeE, ETIEANTIRE DRk 4 & L
THH SR OWE TH D DD, & 2 WIFHRLF DI D RIEFISIZ L 5B D TH
HOME, 1To XD Lgw,

9.6 BN

A7 v ARBEE LTS ATREMED B D BN AR FIREOTEE, 7 v ARAEE, K
L, 7o ABREEEICR T DMERBRICEH L THRONTWD, 7 a LABKOAERERE T
XL IBILI N7 v ABRLRIR L v AR E . ANEEMEO A7 v AOMIZ, RTEE D S
7 a LOALFERE Y . EIRE CAE LTS (Huvinen et al., 1996), 7 v A% W=7z LIC
X, BUE, FIZEMOBEEMEMEEZ 7 AP HWHTWAH A, B R KRERATNZIE, N
iz v A28 ZiETHWSILTWe, Eio, K L LG TIL, 2SR A HIY
B BEEL BRILEHEISNTEY., ZOTRENAMEL LTALRA TS0 55
Z LT ET & TH D (Stern et al., 1987; Costantini et al., 1989; Mikoczy et al., 1994), 7 &
LB OAPETIL, HBEWEIZ=AM v (H27 v L) ThH DA, LUEO TR T,

7 va AR E B v ABEOETRMZ v A3 fbi, ZAli7 v L5FEE S v 2O
BA2XBT 52 LI, RABETIEZRWILTY, FENHEL T 5, 72BN
Wi, BUE, Rz e sd =7 2 AOMFRHNLITWDN, RliZ 2 AR EfE S
TS, =iz v Aid, HGND X I oThn 20 FIFE LRS- TELT, £
72, ZHUTEIR b TR, L7zhi-> T, B> & TaxRE LiziBEORE
TROONENADIY A7 X, ZOFEE M7 v b EBESITSHZ ST TER,

70 DGLIND 7 v ARG L EET DAV = —T U DH DH THIT, 1930 Fnb 1975 4
FTOMITAR S 1 FMEH L BMETEEER 2 ZIThbnz, DADETHRLE
TR OFHA (Axelsson et al., 1980) TliL., NAIT K DR ADREAROENITRD 5
Niginote, 78 LSOREE L~ VL, JET —Z B30z, HEEIZE SN TND,

ferrosilicon / /L7 = —"C, 1928 FLISEIC L FELLEY b AR X OV A REKDAEFEITIES L
T2 T _RTOBEFE 2512, AN THI TS (Langard et al., 1990), 7 v AERAFE
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USNDOT X TOFEEZFBEECRTE Lo L 2 A, 7 u AgEEBHE OERICE T,

JtiZZANZB L CTHERBRIY 27 BB O O, 72720, 7 1 ASOAFEBE TiThiv
1975 FOWPETIE, EETHOEKTICEENLHHRZ 7 LD 11~33%13Kli27 2 L Th o
2o XoT, ZOWENLIE, B MZBWT M7 v A~OBRBEBRNAEFIZEZTHE
D MOGERNKIT DEZ HGHZ LILTE ol

7 B LERRAT U ABDEFETEE 2 xG L Lo 7 7 o A TOi4A (Moulin et al., 1990)
TlE, BiRAIC LD EERKEZATTCEN TN, 7o L~DRHFEEOHELIY L, £
BRI5 B HEIRAL KSR & OBIEN N> 72, #HHEOFTA (Moulin et al., 1993) 23, A7 > L A4
AEPERF ORI ENR TR \ZBIR L2 S A DR Y 27 23 i 75 Z L 2 B & L THE S
TW5, $BEEDORLERCAT v L A O AER & Tk, %ﬁh@ﬁ%ﬁL% IO LI
oo To A, BREHIINC 30 UL RS L@ ik, ARREINEO bz, 727

L. ZOREETIIZHOATWE (Vb =y TN U T ARZ M ZERBEBRR

KFET2 &) ~DORIFFRENEL Z > TV D72, Z O#%FEOFTHA (Moulin et al., 1993) TiE, %F
E DK R 2T & oo Tz,

PR U727 7 A TORITOMEICK T DGR 28R — FTh o297 ##F 4900 42O\ T,
1%2$i?£%%§ﬁ%%éh@@%nam”mm)1&%@% ZIRDLSMEE I RN S A7z,
A3 A DFFEFEMIMIZL, 10 FFE & lp S, BEAEMITIC L VB Y L Bb 28RN 5
%Mtifwéfmﬁ%l%@ﬁdﬂs%ﬁk%ﬁ@%%& 2 X, R EffEr U RAT ¢
v 7 [EFSHT TR Sz, 3R — RN TCOSEF] - R LB R Tik, S AT 5l
FIFECRITRD Do, FHIF. ZOFETIE, WAL L7 a A (FIZ=AMG7 a i)
RF DL G~ DGR &@%M%&%?é EMTE oo bffiimL T\ D,

7o L T O BE BT 20300 A7 IZET A, Bk LR STy, 2k
ED 2 SO0 L TG TIThiLz, 7 L&) LOEFHHE 9365 4 a k5L Lzl k
A4 (Stern et al., 1987) Tl & 6 HJRHKIC K DI LA H NI A AT K 2 EEHIED,
FHREIYVBIEETH-T2, ZDaR— FMIOWNWT, F0O#% 11 ERIT DT > TEEIREE & %
JEE D IBEFFHA (Stern, 2003) 23 THo4L7= (Z O DOFT-725E T 1153 £4), £ DORER., FETHED
EREIT. MBI DT RELEREL Lttt — TR L LRBIZBIT MR ZRE,
FEALEKRICEALTROD N 2T, =, AZ VT TORRBRDLLEOHME
(Costantini et al., 1989) TiL. & TOENLON AN L CTHRE Y R 7 13780 LR o 7273,
W23 A0, BEBEDS Ay B A, BB AL B X OV EIMIEIC X D38BT, HFHEICa
BETIEH20WbTOR EARRBDOLN TS, AV 2—TFT L TOHEHE 2026 4O ak— h
TIE, 5 JEFIZTFICESS DO TH D03, WEHMANIEDO R AEROFE RN, Kiesd)
L T OB EEIRD bz, ZRMEEHE L BISEERSAIZONTEH, AR TRVIEE Y
27 HFRD BT (Mikoczy et al., 1994), B2 L T8 TITEE DR VB ~ DR ) ik
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A0, IROLOREMRENPOIL, M7 v AT A EmITHE RV, EidoA T
—7  COFAE (Mikoczy et al., 1994) Ti, #KEHMRRED U 2 7 BNi%, fAEL7=3>D
THOWTRICEBW TR ER W= ea 7z ) —ARER L TWD A REMEN G 5 &
DOHER N 72 STV D,

Mancuso (1997) 33 1. O} Gibb et al. (2000) 1%, 7 1 ARRHEOAEPEFSEE BT, ZAi7 1 A
~OBREED . ANl 7 v D~OWEEE & [FIERIZ, 23 A2 DN T OWE Y X 712> Tnd
NE D MOEERIZELY 1A TV 5, Mancuso (1997) 1%, [Fl—d 7 v ARG RIE T2 0
T, JEMFRI(1931~1937) DEfgi 2 A — b, 71 332 44 DI EE IO\ T, 1993 4F F TIBHF
A & SN L 7o, BAEICRE T AT — X IS bR o 7o, 1949 ARICHINE S s KK
IZHEESWT, BEEEEN SN, ZoEBIL. £9@E N o SBERICERE S
HPNCBWTIRZEZ 2 T2, REEOR 7 o A (R 267 7 L) BXOFREOR 7 a A
(FEARINZ M7 v L) OEDOIME L) TH D, MBI K DEERIL, REME (M) 27 =
L&AV ORAM) 7 v A~DOIRFE L ~UZE LT ER Lz, ZOBEMER, 7 v 2MbaW
DWTININ—FH DO, TbE =7 g LR fli7 2 AOWTINTEDEDNE S hE
FRDT20, FLEWIR D FERFEIE CER, 7 v MREIZ L > TRESHINT,
Mancuso (1997) X, WTNDOE D7 a LA TH, ERAMERH S Effiwm L TW\Wb, 727210
RICELDOONTRESMOT =200, =iz v b LA M7 v A%, EWIZE WA
HDHZENALNTHD, Mt HEYITH- TH, RERFEWEA T, W LYo
TEBIDOFBEE BT 5 Z L 1L TE RV ATREEA B % (Nurminen, 2005)

Gibb et al. (2000) 1, & %7 v AAEFETIHIC 1950~1974 O MICHRERH S vz 5
2357 A7 B Ak — MIEBIT 5, SETHEHZFHHA Lz, 1992 E@?E?;ET“L%}FLT%HE
DT BT, 1950~1985 A DRI [F] Ly THAL Z & IZHRIE S L7c 5 @iz |l LDV T
PP RS HER S v, BERE~ N Y v 7 ZA0MER S, E7z, ﬁ@:m—k@%
B 2Lz, A7 v AREREESREH S, THOMSE®ZIC, LT Lok ERE %
BRIL, ANMiiz v be =fli7 v A0 fThohl, LEo4= ) TIZBIT 5 =7 o i
EARMZ 0 ADREEE, BEOKRKY TV I F—F LlBEPE T, BRak— |
DOHERE Z LIz, =7 v L RREREEESHER Sz, ANEERN D BRI E . Z 1
LA~DIFFET K - THE UL 2 JIBEH O FRIR RS iR S uie, IRBED DR AFBLT D
FTORMOTIIL, 5 FL AL b, 3 FEOMERE RIS L Cox £F /L&MW
el A, BTNV Z GO D L N7 o L BFERER, 7 o 2REREEL X
OBtEEHD DI, BBLZRAZEOREE TN RETH L Z ENHBAL, Zh bl
ERFEEITIVTICH, i2AA U AZHINEOFZEZRBEEENRD bz, A7 o L2
FEMREE O L A7 = 2 RAEGREE B O & OMICiE, ROFHBIRRA RO b
(FHBEFR%L = 0.95), FH#F X, 2 FHEOLHI N — RETVEEMA Lz, —HIE, Afiz e
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LRFEBRFE RO, M7 0 ARFERFEEON . B OB EZHAANTZET L TH
Do fJ7iE, ANl v L BRREREGE E O, sEHR, B X OBEL A ANTET VR
iz, R—F7roFic, VA2 777 2—L 1T 3 SDOBRBELEEEZZDDH & N7
0 A RERGE RO EA BT S, BEAKEIET L, thoR@EilE &IC
X, FEHEREEEN KD, T2bb, SMiiY v AREREREEICIE. WAAY R 7B
e ORIEMERFRD bz, =7 v ARFIREEIZIL, Mi2sA Y 2 7 850 & o Bt
WRD LN o T, FBHIL, REICL > TEMI 2 MTHEBPAERD D L9 FEILIES
BT, FEEIC M7 B JMTREPAERH - TH, ANMliZ 7 A L0 IX50IRW & ffiwmD
7T % (Gibb et al., 2000) ,

9.7 REZHOEEH

MR =7 2 M X > TSI SNAEFEED Y X7 NED b TV A ERICEET
DT —2E, HHITVR,

10. RRENS S UHNOOEYM~DRE
10.1 wZatE

WAEYTIZ, =7 v bt 7 a— 2 RECHERRIER EOREDONRH 7 nt AZHE L
T 5 H O, FHREHES T TH D (Hughes & Poole, 1989), Huffman & Allaway (1973) 1%, 7 &
LHRED DO VERBER TIERN D L EZR LTV D,

S v AE, BMOBBEVEARERTHL I ENRESRTEY, P THL/La—2aR
HERE OB > T D (Mertz, 1969), 7272 L. NAS(1997) 12k v, 7 o AE—iDFE
BE) I a—ADRBHIVEATH D ZENRINTWNDH EHEINTVDED, £
LIS D8 T O RIZBH TH 5, kA DI, TIRO BB ~D 7 1 NN
2B 5 — XA R HES I SRR STy, 7272 L. U v Dkt & AL ORIED RIS
ITHID 2 SORPUCHIT 57 0 AOHGIZ, AR TEZEZONDL I ERHRINLTVND
(NAS, 1997), 7 v LAOFMEIIKTT 27 # OROSIZIZ—EBMER R S nas Rz E -
TIET X ORMAELTE LWHRICEL S, TORER, REHRE, HARE, B LOEM
PAEN T T D AlREMER & D Z & 2R T REILAS R I X T & T4 (NAS, 1997), v
X TIEZ B ARZIEITEDO DAL TORVDN, 2 L AT e — R 7 v —2FHICEB T
%78 LOE LWIERNSEE T (NAS, 1997), MIE~ORENES 0 LADREIC
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B 2EIX, BBRON TS, 7 v AOMRIKRECHET 27 0 A58 E KIE
ERNZEERELTCHDRENRDH— T, kR Vv a — 2 G IC7 n b %
MFT D&, WERENE, =3 LX—FH, g7 ) a—rrngFLdsmne, gako
MmAfE 7V a— ABENENT D2 E2WE L TOWDEHAED H D (NAS, 1997), F&E %515
ELTERETIE, N U LAOFEERZ WL DT 5 BT, R ORECEINE
ICREIME B AR EIND Z LN HH 2 LR SN TV D, 20 mglkg DIRED 7 1 A
ZHL 7 v A(N)OFE TEEHIAHFET S &, in vivo B X WVin vitro T, FEOHED AT &
L7 NaA—AOMMAENRERTDLEVIFMLHELNTND, 7272, RS v LD
IZ DN T, BRE T OFE O kR E BRI KT TR 2 RIE LBV T
FERN—E LTV (NAS, 1997)

10.2 KEEWY

=i 7 v MTHONWTHR LN mET — 2%, EL U TKEMEDO (k2 v 2(1), gz~
BAN), BLOHREZ n 5B ) U L) ZHOTERHSNLTWS, BEPTIE, =il = A
T, ZDNTEEITICS WBRBTIFEL TV D728, KAEEMITI T 5 AW 1R FREAME
Uy,

KAEEMCHRT 2 27 v A0S, Table 312ENT 25, H D 1 FEHOURKMERIEIC S
T Al 7 v LD 96 WFEFBEZ R (ECso) 1L, ARIZEIL, 0.3~04 mg/L ThH o7,

A7 v A OWFEPEEEREEIC D 96 B ECs 1%, AERICHE L, 2 mg/l EHEShTW5,
R AT HEED ) D 1B B SEIR FE (LCs) D &PHIZ, 0.1 mg/L[ 2> = (Daphnia pulex) ] ~442
mg/L[ X X A3 (Asellus aquaticus) ) T o7z, £7z, A4 I P = (Daphnia magna) ® 21 H
e s B Y (NOEC) (BHICBI L 01X 0.7 mg/l, T A 7% A 7 /VIZBEd 5 NOEC X 0.047
mg/L T - 7=, MLEEEFHEEIM D LCs X, 10~100 mg/L & HE I N TW5D, HAKMD 96
FER] LCso 1% 3.3 mg/L(Z v ¥ — (Poecilia reticulata) ] ~151 mg/L [ = Z L > (Aristichthys
nobilis) J. #EEM D 96 B[ LCsy I% 315~53 mg/lL tHEShTnWd, =Y~ R
(Oncorhynchus mykiss) Ti%, 72 B NOEC (AETFIZBI L T) A% 0.05 mg/L &#fh S Tunab,

S v AR, R X OUKAESEREENY Tlix. RIS 2 v A XD FwESMR, K
AEFHBY TLAETL, SMZ e L0FMEE. BB X VEKTOIE ) BNE
(Pickering & Henderson, 1966; US EPA, 1985), —Afi7 o oD @MEIL, 7 I UEEEE D EFIC
PEo TR T 95 2 & A3 EsB S 1T 5 (Stackhouse & Benson, 1989), #E¥HIZ%fd~ 5 —Ali7 1
LDOFEOFREIL., FICAEERETSH Y (Nollendorf et al., 1972), =iz v A2 L-> T, X
BRSO X X AR E Ok 2 I REHBFE PR &5 (USEPA, 1978), FUEOMRIZ =
i = ANEEIIRET 2 & MG S CTRE L, RO RERIL, B3R Stk
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720 | IREETREIE AR RE A3 B E S 415 (Moore, 1991)

Wals et al.(1994) 1%, 728 L T bt Lz =47 o 223, #/KE DR T O—FE Chelon
labrosus (ZMIFTHELA A LT, (FRSNTZEE (RERETOY 1 AR 46 mg/kg) 35 X
OVEEE (R w74 /7 U (Enteromorpha intestinalis) (7 = A2 9.4 mg/kg) . I — 12 > /3o A
(Mytilus edulis) (7 v AJEEE 6 mglkg) JIZ 2 » HFIREER L7-fals, lRE~OFERPE, T
U, BLXOWIR TR 2HBHEEIX. BO LN T, BEEINTAOFIEFIZ, HY
BEOEMPBO LN, 727U, BERENTZEIT CRIL 28O T O 7 o AR,

xRRERIC Ll U T 22 R AR LT ieino T,
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Inorganic Chromium(lll) Compounds

Table 3: Toxicity of trivalent chromium to aquatic species.?

Chromium Concentration (mg

Organism End-point salt chromium/I) Reference
Microorganisms
Freshwater
Green alga (Selenastrum 24-h ECsp - >1 Turbak et al. (1986)
capricornutum)
96-h ECs (growth)  Chloride 0.4 USEPA (1985)
96-h ECs (biomass) Chloride 0.3 Greene et al. (1988)
14-to 21-day ECsp — 0.6 Turbak et al. (1986)
(biomass)
Protozoan (Tetrahymena 9-h ICsp (growth) Chloride 50 Sauvant et al. (1995)
pyriformis)
Marine
Diatom (Ditylum brightwellii) 96-h ECs Chloride 2 Canterford & Canterford (1980)
Invertebrates
Freshwater
Snail (Amnicola sp.) 96-h LCs - 8.4 Rehwoldt et al. (1973)
Annelid worm (Nais sp.) 96-h LCs - 9.3 Rehwoldt et al. (1973)
Water flea (Daphnia magna) 48-h LCso Nitrate 17-59° USEPA (1985)
24-h ECso Chloride 22 Kihn et al. (1989)
(immobilization)
21-day NOEC Chloride 0.7 Kuhn et al. (1989)
(reproduction)
21-day LCs Chloride 2 Biesinger & Christensen (1972)
21-day ECsg Chloride 0.6 Biesinger & Christensen (1972)
(reproductive
impairment)
Life cycle NOEC Nitrate 0.047 and 0.129° USEPA (1985)
Water flea (Daphnia pulex) 96-h LCs Chloride 0.1-6° Stackhouse & Benson (1989)
Water hoglouse (Asellus aquaticus)  96-h LCso Chloride 442 Martin & Holdich (1986)
Amphipod (Gammarus sp.) 96-h LCs - 3.2 Rehwoldt et al. (1973)
Amphipod (Crangonyx 96-h LCs Chloride 291 Martin & Holdich (1986)
pseudogracilis)
Crayfish (Austropotamobius 96-h LCx Chloride 3.4 Boutet & Chaisemartin (1973)
pallipes)
Crayfish (Orconectes limosus) 96-h LCs Chloride 6.6 Boutet & Chaisemartin (1973)
Mayfly (Ephemerella subvaria) 96-h LCs Chloride 2 Warnick & Bell (1969)
Caddis fly (Hydropsyche betteni) 96-h LCs Chloride 64 Warnick & Bell (1969)
Caddisfly (unidentified) 96-h LCx - 50 Rehwoldt et al. (1973)
Stonefly (Acroneuria lycorias) 7-day LCx Chloride 32 Warnick & Bell (1969)
Damsel fly (unidentified) 96-h LCx - 43.1 Rehwoldt et al. (1973)
Midge (Chironomus sp.) 96-h LCx - 11 Rehwoldt et al. (1973)
Marine
American oyster (Crassostrea 48-h LCs Chloride 10.3° Calabrese et al. (1973)
virginica)
Polychaete (Ophryotrocha diadema) 48-h LCs - 100 Parker (1984)
Polychaete (Neanthes 293-day NOEC Chloride 50.4 Oshida et al. (1981)
arenaceodentata) (behaviour and
reproduction)
Brown mussel (Perna perna) 1-h ECy (filtering Chloride 2 Watling & Watling (1982)
rate)
Crab (Sesarma haematocheir) zoea 96-h LCx - 56 USEPA (1985)
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Table 3 (continued)
Chromium Concentration (mg
Organism End-point salt chromium/I) Reference
Fish
Freshwater
Rainbow trout (Oncorhynchus 96-h LCs Nitrate 24.1 Hale (1977)
mykiss) 96-h LCso - 11.2 Bills & Marking (1977)
96-h LCs Nitrate 4.4 Stevens & Chapman (1984)
72-day NOEC Nitrate 0.05 Stevens & Chapman (1984)
(survival)f
Goldfish (Carrasius auratus) 96-h LCs Potassium 4.1 Pickering & Henderson (1966)
sulfate
96-h LCs - 98 Wong et al. (1982)
Common carp (Cyprinus carpio) 96-h LCs - 14.39 Rehwoldt et al. (1972)
Fathead minnow (Pimephales 96-h LCs Potassium 5_;|__67,4h Pickering & Henderson (1966)
promelas) sulfate
Bluegill (Lepomis macrochirus) 96-h LCs Potassium 7_5_71,9h Pickering & Henderson (1966)
sulfate
Pumpkinseed (Lepomis gibbosus) 96-h LCs - 179 Rehwoldt et al. (1972)
Banded killifish (Fundulus 96-h LCs - 16.99 Rehwoldt et al. (1972)
diaphanous)
Striped bass (Roccus saxatilis) 96-h LCs - 17.7% Rehwoldt et al. (1972)
White perch (Roccus americanus) 96-h LCs - 14.48 Rehwoldt et al. (1972)
Bighead (Aristichthys nobilis) 96-h LCs - 151 Wong et al. (1982)
Guppy (Poecilia reticulata) 96-h LCs Potassium 3.3 Pickering & Henderson (1966)
sulfate
American eel (Anguilla rostrata) 96-h LCs - 13.99 Rehwoldt et al. (1972)
Marine
Mummichog (Fundulus heteroclitus) 96-h LCsg Chloride 31.5 Dorfman (1977)
Yellow eye mullet (Aldrichetta 96-h LCs Nitrate 53 Negliski (1976)

forsteri)

ECso, median effective concentration; ICso, median inhibitory concentration; LCso, median lethal concentration; NOEC,

no-observed-effect concentration
a

Visible precipitate.

- T a@ ™ 0o o o o

Salinity 6—24%o.

10.3 EEA AW

Newly fertilized eggs to 30-day post-swim-up.
Temperature = 28 °C (not significantly different from tests performed at 15 °C).
Hardness ranging from 20 to 360 mg calcium carbonate/l.

All freshwater tests conducted at a hardness of <100 mg calcium carbonate/l unless otherwise stated.
Hardness ranging from 52 to 215 mg calcium carbonate/I.
Hardness 52 and 100 mg calcium carbonate/I.
Humic acid concentration ranging from 0 to 50 mg/l.

TS BE L TABERRIS 2 7 v A0 mMEDR . =AY v A E IR TR IR AR IR O
ZWET D HETHRE SN, 77 LRMEME L, A7 v L (1~12 mg/kg) 1IZ X D%
77 LBEMERE L0 b2 oo, FRROBE TIX, =7 v AT X2 F TR O S
7e- 7= (Ross et al., 1981)
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FLHIRBR DR R H 1%, 256~100 mo/kg (FzE &) OIRE D =Afli7 v 5T, HIEBAEWITER 4

IR (FEOZERME, "PER, R, B L OBRIEEOZ(L R E) NFRINH Z &R
R ST 5 (Tabatabal, 1977; Drucker et al., 1979; Chang & Broadbent, 1981, 1982; Ross et al.,
1981), EWIEABRCIX. 10 mo/kg (BZE&E) O “fliz v A& Mz LIk ->T, 7Y —/L R
VT 7 =B OIEENEEEZ T, 150 mglkg Tl H3EFE 23 280 mg/kg TlEA A7 7 #

—PIEMEN, TN E %% 117~ (IPCS, 1988), Crommentuijn et al.(1997) (2 X -> T, +
Bo7ot AT 527 e AOFER L Ea—SnTWD, TU—LVALT 7 X —F,
LIER ., BFRERL, "X 772 —8 BRIEHR, VLT —EBoEELETe, 51 ol
BROFERPHRE SN TVWD, RBRTHE LN (T, R/ #MERE (LOEC) & L THRRIIZ,
1~3332 mg/kg (R ) DHIPHIZ & - 7 (R/IME, H R L B2, 7V — AL T 7 2 —FIZ
BT 5, WTFHORERTS ., AIEtEo =i 7 v 2b&8 (L7 v L0100) 23 5

ITWD, BINES Y A 7 3l (EU, 2005) TlX, 7— 4RI DL E2—0 6%k I T
FY . NOEC NEHGLNILEITIZ L DMEN . KRD 20%LL FIZHEN S LT REID
B9 % LOEC 235 b 7454 1L NOEC & LT LOEC2 DERFRA SN T 5, Fohi
il 37 HDENSG, S HIS&EEMTONA T, [F URBRICOW TERERH O R WIT 23R L
TofE SR, BAEHIT 30 HOEDT — &ty RGO, RWT, EHFRSMEIEIZ LY,
HCs(50)fii (/K ¥ 50% T, AMFED 5% A FRIRE) & LT, 59 mg/kg (F2E &) &V 5

EN S S 7z,

saLE, HOOHEMTITAFET D0, MOV TFETHD LWV IFEHITR ST
2V, 7 AT, BREOREOWNTNND HRININGED, MBI 57 v 04k
WAL, WL OPOERIC L - THELZZIT 5, 2, 1O pH, tho IR 7000
B L — MeaW e OMAEER, ZBLRFEB LOBREORE 2 EOREE 5T 5 (Black,
1968; IPCS, 1988), 7 1 AZ X B @M BT n o v X (Afk) TH DA, Zhidek
RRETHEI D, 27 v A EXNM7 7 A%, FEEH TF CTIc BV CRIZEICIER
WNo3Ai 3 225 (NRCC, 1976) . 1Z& A EDOREBROFE R HIE, —BH L TAMZ 2 ADT573,

A7 v AL FERTRN D E RIS LTV S (IPCS, 1988), A7 v ADAFENEIL,

ZOLAE LTOERNBAET 208, —FH, =i v 5%, fkx AL ST BANRE
BT HOWERD DD, TRICK VP CHERELZISEZ L, —HMoSEHERY
FLET 2, miRE G, Zfi7 v MIeMEmBEREE AT 25 2 & 2% % (Shanker et al.,
2005), tEEFO =l 7 v APREEDS 200 mglkg (FZE &) DGAITIEL, A 2B oY), L& A
TT 4 v ¥ a OILENKIFIZ (23~36%) J#/ L 7= (Sykes et al., 1981), LHEHO =ffi7 o A
RN 150 mg/kg (FZE &) DL EOHEITIE, B0V EWFEIL, I K-> TIEF
DEHE SN Z &35 %5 (Janus & Krajne, 1990), & 2Bk Tix, = A5 (Florence-Aurore i
ff) & < bk (John Moran f§hff) 23, =Affi7 7 A% kkx ZRRE (2 AXOEAIT L 1 kg b7
Db L T10~500mg, b~ FOEFAITEEE 1kg H7=0 7 v AL LT 20~1000 mg) C
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M- THETHETCONTZ, =iy v AR v A0 T ben, Z7ualkb L Th
BE1kgbHeh 7 abmi200 mg Ll EORECEL@ETEE, tHE1kgb /s
#1100 mg UL EORECETeT A VMEERETIE, 2 AXOREOHLNRBD N, R
EIEDRRL 7 v LDOTEO =Ali 7 v L2 X2 58E, B LTV (Moulinier & Mazoyer,
1968) ,

TEVEBTeE Tz 8 MR OB MR Tl =& LokmisE (Bbkr = A(m)@ﬁ% 46,000
mg/kg D =Afi7 7 L) IZBWTH, v~ 2 2 X (Eisenia foetida) D/EFIZ, A E2HEBITRD
B L7272 (Hartenstein et al., 1981), Sivakumar & Subbhuraam (2005) 1%, ¥~ I I X
(Eisenia foetida) (22T, ZfliZ 7 A 14 HE LCs S 1656~1902 mg/kg Td 5 & ik
LTW5%, ZORMRDHEIFITIC L > T, HHEOITESE D 2%, HEOK & &N
EI“C“Z?)%B &%?“Eéh?‘:o Van Gestel et al.(1993) OB Tix, # A\ T8 1 kg 4720
100 mg BA EOIREED =i 7 v AZ 3 AR ST KL+ I X X (Eisenia andrei) [Z
W, BIERGE DA E IR TR DAL, EAE DA E 72K T, aﬁ%ﬁbf:qﬂf“ﬁ&
B OPRFE (1000 mg/kg) TOAHBD LTz, ZORERMN S, NOEC X, ®ifptiE 1 kg 4720
32mg Tho7-,

THER 7 v MTHEEE S 7z B RAETEME 386 i Caenorhabditis elegans @ 24 B LCs 13, #2
—Ali7 = 1T 967 mg/L(18.6 mmol/L) . UERfEA 4> T 946 mg/L(18.2 mmol/L) & % & e &
LT 5 (Tatara et al., 1998) .

FAOWIELCREARNSRE Lz, 7 a0 20mMICET 53 BRIT. IEFICTENBROND,
10 pg/g (&) OIRE T =AM 7 v LA 2R G SO > F A o F a vk, HIREEL Y
PEIREN A BT L7z, IR KGR & b SRITIT B DT O b 1172 7> - 72 (Frobish,
1980), Eisler(1986) % X O~ Outridge & Scheuhammer (1993) (2 & ¥ . Haseltine et al. (1985) ®
REROFERD L E2—SNTWVD, ZORBRTIE, 10 pg/g(FEE) ORET=ffi7 = A
IREFR G- ST A Y B 4 (Anas rubripes) DEEBIZEB W T, JREBIEED ER L KE
BILOEFREOKTRRD LN, —TF7, 10 pglg 720 LT 50 pg/g OIRE CIREER G-
ToRRSITIR, AR, B B X ORI PRI AE I EITGR O b v o Tz,

& 7 v 77 A (Larus argentatus) O#fECi, filfiz 7 7 A (25 mg/kg RE) 2 HEIEEN G L
ol ZA BEEITENCE L WA ERENED b7z (Burger & Gochfeld, 1995b), 7 X7
(Coturnix coturnix japonica) Z v 7= 5 H ] DOIREFE 55U TlX, LCsxld, Milt7 u 2B X

WHiEE 7 v 51 ) U LN =7 v AL LT5000 mgkg #, 7EF AT & h> 7 a L=l
71k LT 2476 mglkg T - 7= (Hill & Camardese, 1986), BIDOFERTIX, ~ #E (Anas
platyrhynchos) (28T 57 F L7 b7/ o 5 AR LCs 1%, =iz 7 & LT 5000
mg/kg 8 & A STV D (Hill etal., 1975),
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11. 2 1okl
11.1 BEE~DOZE O
1111 AEMDOHELFE-RIGFE

B RExfg e L, RO =M v LB LHESCHRBRIE, PFraxxT 7R
BT 2 b OCEERINCHEEOHERE 2B L= b D/ &L WL D OBk ENRAE I
ROND, WENRHE DX, HE-PISEREZF T 27200 +07k7T — 235607k
W, B b7 o AN OEE BT RARA 2 ME, KERAREICBT S, i~0
WEOEMB LOBARICEE L7z, REGHETH D, WEMEMEES v A (T V—TL
L COREMIEE =T 7 0 AEE2RET D LB ) 0oEERFEEOT L FAFRA > M
N T ONEMERER g & . RS COBMBIETH D,

W S =7 v A%, EIRPICHEE S, i ERIc b g s s,

7 v MCBT D7 v A>)ORE A SVERPEIZIER 1K< . LDs ffilX 5 g/kg RELLET
b5, FERIZ, FIEME N2 v AEOR D SMEENE IRV, EEREMEEE 7 7 2080 LDsy
@ﬁ\%%mM@W%&%%éhf“é@w&lwwoit\%@7ﬂA@ﬁDLmﬂEi
1540~3250 mg/kg /A CT& % (Smyth et al., 1969; Vernot et al., 1977), FE#E RS (BN
TITERIRN) ik, =i v A, Ty FB XU~ T RIZBW T, %Dﬁ&&t@2~3ﬁ
RWHET, B ELZ R, RARECREE CORMEEET — 213, oMk =
iz v 2MEEWIZONTH, FohiRhoTe,

Y ORBRT —ZIc LD L. Bb7 v ik L OMEEEREE Y 2 A1, &F@@%%ﬁﬁ
WPES 720, Syrian NAR X —TlE, EREOHE(LZ v AORKEZT a0 v )L ~DigiEIC

of\%%@ﬂﬁﬁﬁﬁkaoﬁ@%@®%6\ﬁ%@%@7mbwﬁﬁ®%ﬂfm

7 v b OMERERRACHNEIER & SIENE U, Bk v AOWM AT, £ 9 LIS
BRETH-oT-,

KRAREMET, B, @R 70 bOREEE S TWHIR L7 o AL, KEBIEEEZ S X
[P A AN

iz v DD S B MY v Ads KONREE 2 v LK, BN E 72135 R &2 v
T HERRBR C, EEy FORBICEELZGI SR Z L, iR v b, Bifgs = L
OkFnm) . BEfEZ v &, BL OV 2 VR v A%, FEERIEMESEEM TH - 72 (Van Neer,
1963; Gross et al., 1968; Jansen & Berrens, 1968; Polak et al., 1973; Siegenthaler et al., 1983), ¥
b7 v L%, E/EY MTBWT, RRIZEM L TURIEER L72HaIl b BHERUR 7R
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L 7= (Polak et al., 1973; Siegenthaler et al., 1983), —Afi7 & Ak, FJEIZBW T, 7 o LAE{E
DIAE I NT T REHRE U CHBET 5, Lol =i v MEAEWIE. ¥R EIRE
PEDMERNTZ D, N7 v MBS L0 & EAEMEDMER N,

AIEPED =i 7 B 2T K> TP L AF—MRIEFUSE Z 2 /[ RetkEn b 2 2 & 2 4Eh LTz
ERRAUREILIE, 7 0 A TR SN EERBOEFERICEE L OBRKESI TH D, EIE
ENTBEEFITONT, 2D 20~30 FICHE SN ERFHAEIX 100 fh2Bx T, £
DELIE, VYU AN REDBEMERETEMLIELDOTHY , N FREMEH L
REHZOFEPI L —EFET D, 2L, IRHIOWTIE, BEIWEOH 2 Zfli7 o 50 Jdin
i@%wﬁﬁf&$¢mzinfwt%@@\t&iﬁ%ﬁf%ﬁﬁ&mAﬁ@ihfw
b LRV E WS FE HDHVIE, BEEEROHREEFIL, FEERICT, 3T
LATEESNTWENCBIT2EREKIS TH L AREENH D L) FHREITL - T, ﬁn‘a,ﬁﬁ\
BEERIZ 7 > TV D,

A7 v MRS S TV D HEE TRERIEEPEZ 22 L3 MThd BN,

A7 v A~DOWREE & TR . =l v MMEA Y~ DIRTEIZ K o THEEM R B2 % &
Nz Z & BRTEEIME, BEES TIZR > Ty, 72720, Aflir o A ~DORE2EuRE
KT B RN S DOBE 4 LExtRe LR T, EHE L LMERY v 2% v
KB SRR T, M ESORFEIE ST,

=AM v DEE W~ ORREGETZ I K DR~ OB MR e BB 2 T L2 A IR, Bk L
MREDINE RIS To, R, Rt ORI 2 =23 2 R ERIEIR D FIE=R A7 Th
ofce ToEL, WEEREICK T 2MBEREIIEMTHL 2B R T DL, HEEITRD
HIVTZ Z OFFGNE DR AR DOIRK 2, =i 7 2 AORTIFT H Z EILTE RN,

F v MW 90 HREEMERBR T, Mibr o AR EXAERZ 2 v,
7% 1368 mg/kg ARE/H b OEHE TRER G IS, AFREEITRO NPT
(lvankovic & Preussman, 1975), SZENRD LN/ -7-Z ik, L7 v A0 O A4
Wr R RE MR Z & TRIATE 5, KREEPEOH L7 v bz fv iz 20 8 RS R AT
HREECIZ, 1 Bb7z0 OFEEN 7 mokg REICHY T 5 ke HERTYH ., Sprague-
Dawley 7 v MMIAERFEILRD S h - 7= (Anderson et al., 1997) .,

3 MW AFEERBR CIL, Bk v A(NN)ICEE SN T v M, 2O EFEREEX
BOBHITWRW, 72720, Tk, Bibr o A()OREL Y BEOREEE(AT]
TSNz, T, BICHRER L OERERGE (CrT e LT, £hEh 10 mgim® &
30 mg/m®) THAFICFRWD LIz, (KHREREBEEE(Cr L LT 3 mg/m®) THRH LN TN D
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(Derelanko et al., 1999), Zil 5 O DORIEMZ T, FHE LI AREMRL 712 xh 3 2 Mo
FRFR RIS E KM LT b D THDAREERH Y . W< 0 LilFET 5 =7 v AIZHE
AOEETITRNWEEZEZBND, K BIERVIRGRIRE CRMARFTANRDO N Lk,
F v MTBWT, B2 = (111D LOAEC(Cr** & LT 3 mg/m®) 1%, NOAEC |ZiF#: L T
D ENTRBEEND,

Z v b EAWZREED 13 F AR RER (Derelanko et al., 1999) Ti, HEFEMERERE 7 o 2
OB X - T, B{b7 a 2(N)OHAE LD b EENDJAFHMIC L SRIERIGD, Kl &
i CRRD SN TND, SEEMEOMEE GRS Hiv, THECr L LT 10 mg/m®) BEO IR
FOWEME(Cr* L LT 30 mg/m®) BEDMERE CIRTE AN LTz, 2R IS DIEES T,
P B AT RAC B 1L L QIR bR o T, EBIEY CrroRBERETHDS 3
mg/m® (MEEMERREE 2 7 4 & LT 17 mg/m®) 23, 2B+ 5 NOAEC Thotz, 7272
L. il LORGBICEIT 2 RIEMEIT, HIRREETHLREO LN TWDD, ZOHEIL,
ST 224 5 LOAEC Th o7,

Al 7 7 A% DNA EAREAER T D[RR S 208, EInEERBROT —Z 13 in vitro & in
vivo TH L TRV, Zfli7 v A0 RFEMHEICBIT 2 M 25 RIS D Av TV R0,

By m AN, 7y FEAVTRELNAS L Y MEAIC K DB S 2 FRR
"%ﬁ(l_evy & Venltt, 1986) G:%U\T\ %%E@f;%%j{ﬂi%%gl %j@:j—: L 6i7—£75)/)71,:0 if:\
% CRAT £ 5-58 (lvankovic & Preussman, 1975) 1235 T, Wn7R 2 BB OR AR LN S
o7,

Wik 7 o 2, A B~ v & (SR~ 7 A) (2 30 BRI > TEF 24 [BIERENZE S L
A TYH, EEAEA Uo7 (Stoner et al., 1976), 7 v & H iz 2 4R OB (Levy
& Venitt, 1986) Ti&, A7 > L AGEHEE AT, a L AT o —) V2R E U7z MR
g7 v b(7 v s LA 03887 o SR O v b ERE XS LAY,
JRPTEY 7R G DA S R ERAVAE DT AER B b5l & 2 Enied o7 (Levy & Venitt,
1986).

TERIEIZ LD WMAFED A HERBRITAT O TRV BRb 7 & A(IN), HEEEPERREE 7 v A
B LU v LK B4 2 [E IR GRBIE, BB AMEOFEICIZZ Y TH D,
T B OREINEERER O3, KR LRI T 2 /TR 2258 23 AR OFEILIZAGE &
Niahpolehy, Az o MeaWwiE, RPTHRRYE ERMEbEZG I SR Z L. ZuZidmer
RIS ZHED DL HEDRNBDONRRD BTN D,

S v ASOBREBNE Z HABEOFITIE. WS OONRADY AN ERT L2 LR
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BINTWDAIHDNRH LN, EFPT—F T, iz ue bl r28L, SMizaleld
DI ANEYE ~DRIFFRTE & OXBIR DT B, 7 v ABEOAFETBFIZET 5
FHEN ST, N7 v A~ORER L OWEICE L CRE AT & Zfi7 v 223
AU A7 QI E OBIENTED SN ENRE LTS (Gibb et al., 2000), Affi7 =
LRES 7 v MTIRE SN DREORAE TIX, WA Y R BEMT 5 2 & VI L7228,
N7 7 A~OEFGE L ZMli7 0 A~OIREBZERXFIS TR, 7 ABXO=]h7 2 A
LAWIE. IARC(1990) IZ L » CRMis TRV, &F 7 n AB LU= M7 v 2D/LEHO
FRAMEZDOWT, & NRPEMINCIT D SR 720 (T —T 3) Lifam STV 5,

7 v b &z 13 8% A F R ER (Derelanko et al., 1999) Ti&, ZAfi 7 7 A~D W AR
%, ILEWITEE LI TN T A — 2 PR/ EE~ORZBITRD b o1, £
7z, b7 v L)% 2 BRFEDOIEFIZE VAR VL TR G Lz, BUERZ 90 H R
M3 (Ivankovic & Preussman, 1975) Th ., 7 v M OBIHSAR~DO A FREBEITE 72 <R
WL T,

T b AMIEMEREE 7 v T, Cr¥t e LTk 30 mg/m® OB T 1 H 6 FEfE. 13 B A
BB IHTEL A, B39 A—2BLOKER/INIEERIC, BEICHE LR EITRD
7Dy 7 (Derelanko et al., 1999), —ffi7 v A OSZIEHRE~D IR T 2 OB IL,
WL OO H Y . =Afi 7 v AOZIREE~DFEFHMICH WD Z &R TE 2R,

Ivankovic & Preussman (1975) D#BR Tid, HET ~ MIEE{b7 = A28 2 B oo Ji & (Cr¥* &
L C#HI 560 F£7-1% 1300 mg/kg K E/H) T 90 HEREFREG S =h, HAEFICEHFIZRD
Lotz ZORERIT., HWT=8ENOLT N THY . EENT — X B ELNR)-
720

AEPED =i 7 & DHEIZHOWTE, YRR AEFIERRO T — 2 3 56 RinoT,

11.1.2 ERRESL f VT REDREEE

HEHE D =AM 7 0 2MEAMIZHOWTIE, BbZ o AN ZIZ U & T 5 REEORE L, KA
MO EXBTHMERD D, Wb o IDIZONTIE, b FOBREICEEL WD &
EBEZDODNDEERTY RBRA L M, 707 7 AERAR NI HEND &) BT,
WA S NG DR DS ERT 5 2 LIS 5. B2 BT E L ORIETH
%D, —EHOAEEME =AMy 0 A A RET D & g S LIRS 7 v A2 OV T, &
OB ICBEROH D EE T RRA » ME, R MER st & REREECTH 5,

£ IEfEIZRT

i

—IREEENZ DWW T, BRI D =il 7 v MMEED 0 KA IR g~ DR
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flid 272DI120F, BRERKH 7 v AOWFEREICET 27— BB 5, LavL, 3@5%‘5
DEZA, f/ﬂiﬁj(ﬂqjﬁﬂb@ﬂ:%@@%ﬁki 7 v LAORHIROEBEEZ T 5120
TRV, RS RKF~OBE), HADEAL, 2% < OFEESER 72 R (ReET % ()?)
KoT, FIT b7 v A>INARKFITHEBEESNTWDL D EFRENDLD, BRET 2t
A&k oT, 78 bO—EBEEL S IVTAIIRRBIZ 2 D ATREME S & 5, — ML, 25X
ZAULT, AEMED =7 v AEO =7 v Y UICIRE S5 Ret Sy, 72770, UTF
DFETIE, =Mi7 v ADFELZ, BEOGIRE L TWND,

M7 v AT, BETLEO—DTh L0, FrEBINEIIIFITA RN (1 B0 E+ po).
bt FTIE, EICAERO M7 n LA (Ea ) Ui a s =aFrompgrsalb)n, 7Y

Ay hE LTHTEERED 10 FEEEN EORAE L~V TRFEIZHER S TW D03,
INETICWD R DFEEH LB LT R, BiaHWERBRTH, ROEESh
Te =7 v AEFEMENZ EBRRES TN D,

11.1.2.1 B2 L) DRA

Ty hEAV, B v A()EEBRYE L U, 13 @M oEEIR 252007 13 B oW A
FMERBR T, CrP & LT 3~30 mg/m® D EHFIPHIZ T, AR, FilCIiRE OF
TeME D RIEVEZS(LANER® & 417~ (Derelanko et al., 1999), Z DB TIZ, LOAEC . Cr*'e
LT 3 mg/m® Td -7, Riihimaki & Luotamo (2006) TiL, WhEIREE (ZI5 1T B ML A3 %
SNz, BIETEDLNZ LOAEC 1T NOAEC (ZiTHi LT\ 5 LIS, £/, RN
BMTHY, BZOLLIFEFRRNRLOTHDH-H, LOAEC 725 NOAEC ~DIMEIZ, FF
MAREITE A S oz, RFTREETH L Z L b RIIREL AL TRE
. Ele. 7y MIM~OWARIC L HBREICH L UEZEOSWEmETH LD, T
v hb B F~OSMFICIE, FEMARER 2 ANE A Sz, BAZEEEE L CREEfRE 3 Mﬁ
SR, BREREIC R T AMNAIEE X, e LTO05mgmd LHitEnT,

Riihimaki & Luotamo(2006) CiX, HIFchgERIZB 3 DM AREITRE SN o7, 72720
Cr*L LT 3 mg/m® L9 LOAEC I3, iR Tix, Ccr¥& LT 054 mg/m® r“tw(s
mg x 6/24 IE[E)/H = 5/7 HINE), TEMRDE DM E 2 3% 0E 3 256 & A UARMLC X
LOAEC 725 NOAEC ~DAMEIZRHIAREITE T S+, FFARZZE Lﬁ%ﬂfﬁi& 2
WHAIND, 72720, —BERICBST 2EAEEZEZE LT, FHifRE 10 @A sh 5,
Z® LOAEC (Cr’*& LT 054 mgim®) (CHFEMERERD 20 295 &, MIAamE, 372
bH e e LT 27 pgm® & W) BUERE SR D,
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11.1.2.2 1R MGHS OLDRA

7y MR, EIEERRE Y v AR E L L, 13 RO REHIF 2580772 13 #EEo
W AGRBRCIE, Cr*e LT 3, 10, BXLU 30 mgim® D 3 BEFEDOWTNOBREEE T, il
JADIEMERIE &, ik KOXGEIZE T 2 BMEOMEM E 721 TWSEEERAEN . H &K%
WCRRD BTz, BRPEGEIZRED DAL 2L B ORIEMEZEAL O KER > 1E, 13 B O [E1HE HA R
HZ, TORBICRE o7z, ZORERTIE, PRI ~DORFTHIREIZRET 5 LOAEC 73,
Cr*L LT 3mg/m® & &417-, Riihimaki & Luotamo (2006) T3, kIR 64 2 M2 e
MEE STz, LOAEC 726 NOAEC ~DAMFIZIZ, FHIlERE 3 28 S iz, Rt 72
EETHDLHZ &bx%@ﬁ'ﬁ%ﬂ: IREL VW ETIRSN DO, FEESMEIC S FHlRE 3 28

WH STz, BEERERICBITAEAEZEZZRE LT, MR 2 @Iz, LEXD,
TRENR TR IR féﬁﬁ#’é‘rb&%f; %, e LT o02mgim® LB ST,

Riihimaki& Luotamo (2006) Tl @il C BT A MARE IR E SN o7, 72720
Cr* & LT3 mgim® &9 LOAEC I3, E#elR Tid, Cr* e LT 0.54 mg/m® 124 L (3 x
6/24 x 5/7), ZORFEIX, BH7T i@ﬁ?ﬁiﬁf FE gR I C i L CAEL D L ARSI NDHIK
HIEINIHNCEST % NOAEC Th o7z, HAMENINEZ 1 AT XD HEKRAREEIL, RaR
~D RPN EETH 5, LOAEC 7»5 NOAEC ~DAMEIZIL, RHEitRE 3 23 S b,
JRPTRR BT 2 E MBI RIIRE S Ve PRREN D720, FREIMEIZ b FEmAR
B3 BEHEND, FAEELZBEL T, S OIZFHIfRE 10 2EH I b, 20 LOAEC
(Cr¥* & LT 0.54 mg/m®) ([ZHFEMIRE D 90 5 35 & a2 BRBEIREE OMIA I
ThbbCrrE LTopugm® & W IHENRELND,

FEREREAEMEIZ DWW CIE, AR =iy v 238, 7 v Aped LEB OO FAE & ol
AL T DA, EERIEMEZ T 2 TR EiE e D IRnWEEZ b, LarL,
T TIEIESNTND ANTIR, RERENGENLEBEMEOSH S =7 a3, 71k
T LR —EFHRT H AT, TF, Nl v AESZEREICBIT S =M n A0
MET JREE 23 HIE S 4172 (Hansen et al., 2003), AL KAuE, 48Rl & =fliz m AL L
T 0.18 pg/em® DB THAL Y B AZFEICHEMT 5 L. BED Y H 10%ARIE LTz,

11.1.3 YR O DBEHEN

KEBLRT—o v BT D RETHR Y 0 AR, BT TIE 10 ng/m® Kl & FEFIC
&< . BHTEETHY 10~30 ng/m®, AR R ETH IR B0 Tl 0.1~1 pg/m® IZET 55450
BD, LIR->T, RERPIREIL, —MICTHARE L BHUR< . SIROUE < TH MitA R
EEA TE D,
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ROBRERICOWTIE, A 1 HEEORTEIZLERFE TE LT =4 NN, £0
U A7 OWMEHEN ZRT 2 ENRTEAR,

11.1.4 B R DEHEIZH ST HEEM

S v M X DERT LV —FRIERICOWTIE, 2LV OREEERDH L, ZMis b
DX DEFET LAX—OFH (T TICRMZ 2 AMEESNTWDAICB T L7 L X
— SO IZONWTIE, T TICREINTWS, =7 v saoAFEMEL, +oICHR
LTV, Fo, A 1 BRABREOREICKNER, EHTEL7—ZITAH1-6
7200,

11.2 BEADOEEDM

WA TIX, —HOMAEWOIRN, ZMMir v bk, 7 a—AREeREREE LR 8D,
BEORH T r RN EL T 5, BT, =i 2 MIMELHEARBERTHD Z &N
WEINTEY, TN a—ARENORFIEAD> TS, 72720, 7v FTIiX
ENICERE L7 r 2B St, BEICEBINZRBREGTICBWT, Z7rAR 7L
I—AMRFHIMATH D Z EDRENTNDN, OB TIEL, (ToX2 0D LT,

M7 v DZONTHELNTWSEMET — 21X, F& L OKEMEORSE 7 = 401),
fiflee 7 o L (1), %i@ﬁﬁﬁz@? RAAY L) ZHNTHEHBIATHWS, RERTIE, =
7 a LNE, ZDNTHETICS WIBRETHEE L TV D72, KAEEWITEIT 540 5HIFIH
REAME Y,

KEAMCET 28T — % %, Figure 1 [ZEKT 25, HDUKMERBEIZEIT 2 =7 =
LD 96 W ECso i, ARICE LT, 0.3~04 mg/L TH o710, HHUFHEEERIEICB T 5=
iz @ 5D 96 Wi ECs i, ERICEIL T, 2 mg/L &t ST 5, KEFHEEY D
LCso O #iPH %, 0.1 mg/L[ X ¥ > = (Daphnia pulex) ] ~442 mg/L [ = X A 3 (Asellus
aquaticus) ] TH VY . T A 7 A 7 WIZET H NOEC i, 0.047 mg/L(A4 4 X 2> = (Daphnia
magna) ) T o7z, MHERFEHEEI D LCsld. 10~100 mg/L &G ST\ 5, WAKAD
96 MFfH] LCso 1% 3.3 mg/L[Z v ' — (Poecilia reticulata) ] ~151 mg/L[ = 27 L > (Aristichthys
nobilis) . EFEM D LCs & L CIE. 315 BLU53 mg/l & WO EENRHRE SN TVDS, =
v~ A (Oncorhynchus mykiss) Tid, 72 HH NOEC (A FIZRI L) 2%, 0.05 mg/L & i =i
TWn5,
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Figure 1: Toxicity of trivalent chromium to aquatic organisms.
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oD, [FREMENPRED =7 v AOHE#HE S LT, 0.01 mg/L (10 ug/L) 23EH 7z
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KO Z LT d, AEBIOEFHEEMICK T2 26 DEIX, 2 E4 26 mg/ll & 52
n@L@@EK%@#é%@fkéo%%thmmwﬁ%%%ﬁwﬁmﬂﬁﬁﬁno%@
M2 &, HOKIZBET 5 =i 7 = 5O ERL TR (PNEC) & LT, 5 pg/L 235
SNBHN, ZOfEE, ERHTIEZHVTELNEOR S TH D,

WPEAEM I HOWTIEFMET — Z N0z, MR TFECHEMEZEH T 2 &
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APPENDIX 1 — ACRONYMS AND

AAS
ATSDR

bw
CAS
CICAD

DNA
dw
ECso
EDTA
FCA
FEV1o
FIOH
FvC
GAAS

GLP
HCs
IARC
ICso
ICDA

ICP-AES

ICP-MS

Ig
IPCS
ISO

LCso
LDso
LMWCr

LOAEC

LOEC
MET
MMAD
NAA
NIOSH

NOAEC
NOAEL
NOEC
OECD

(ON]
PNEC
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ABBREVIATIONS

atomic absorption spectrometry

Agency for Toxic Substances and Disease
Registry

body weight
Chemical Abstracts Service

Concise International Chemical Assessment
Document

deoxyribonucleic acid

dry weight

median effective concentration
ethylenediaminetetraacetic acid
Freund’s complete adjuvant

forced expiratory volumein1s

Finnish Institute of Occupational Health
forced vital capacity

graphite furnace atomic absorption
spectrometry

Good Laboratory Practice

hazardous concentration for 5% of species
International Agency for Research on Cancer
median inhibitory concentration

International Chromium Development
Association

inductively coupled plasma atomic emission
spectroscopy

inductively coupled plasma mass
spectrometry

immunoglobulin
International Programme on Chemical Safety

International Organization for
Standardization

median lethal concentration
median lethal dose

low-molecular-weight chromium-binding
substance

lowest-observed-adverse-effect
concentration

lowest-observed-effect concentration
minimum elicitation threshold

mass median aerodynamic diameter
neutron activation analysis

National Institute for Occupational Safety
and Health (USA)

no-observed-adverse-effect concentration
no-observed-adverse-effect level
no-observed-effect concentration

Organisation for Economic Co-operation and
Development

orange juice

predicted no-effect concentration
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RNA ribonucleic acid APPENDIX 2 — SOURCE DOCUMENTS

SCE sister chromatid exchange

USA United States of America Riihimaki V, Luotamo M, eds (2006) Health risk

USEPA United States Environmental Protection assessment report for metallic chromium and
Agency trivalent chromium. Paris, International

WHO World Health Organization Chromium Development Association

" wet weight (http:/iwww.icdachromium.com/).

The Health Risk Assessment Report for Metallic Chromium
and Trivalent Chromium (Riihimé&ki & Luotamo, 2006) was
prepared by the Finnish Institute of Occupational Health (FIOH)
for the Commission of the International Chromium Development
Association (ICDA) and the International Stainless Steel Forum.
The report was published by ICDA in 2006. Copies can be
obtained from the ICDA Secretariat (see
http://www.icdachromium.com/).

The following scientists from FIOH contributed to the
development of the Health Risk Assessment Report for Metallic
Chromium and Trivalent Chromium: Dr Vesa Riihiméaki (principal
investigator), Dr Kerstin Engstrom, Dr Riitta Jolanki, Dr Mirja
Kiilunen, Dr Kimmo Louekari, Dr Marita Luotamo, Dr Hannu
Norppa, Dr Markku Nurminen, Ms Hanna Paananen, Dr Tiina
Santonen, and Dr Antti Zitting. The document went through a
peer review by the project steering group, which consisted of
representatives of academia, FIOH scientists, and the chromium
industry.

ATSDR (2000) Toxicological profile for
chromium. Atlanta, GA, United States
Department of Health and Human Services,
Public Health Service, Agency for Toxic
Substances and Disease Registry.

The Toxicological Profile for Chromium was prepared by
the Agency for Toxic Substances and Disease Registry (ATSDR)
through a contract with the Syracuse Research Corporation. The
profile was published in final form in September 2000. Copies of
the profile can be obtained from:

Division of Toxicology

Agency for Toxic Substances and Disease Registry
Public Health Service

United States Department of Health and Human Services
1600 Clifton Road NE, Mailstop E-32

Atlanta, Georgia 30333

USA

Ms Sharon Wilbur, ATSDR, Division of Toxicology and
Environmental Medicine, and Drs Lisa Ingerman, Mario Citra,
Mark Osier, and David Wohlers, Syracuse Research
Corporation, contributed to the development of the toxicological
profile as chemical manager and authors. The profile has
undergone three ATSDR internal reviews, including a Health
Effects Review, a Minimal Risk Level Review, and a Data Needs
Review. An external peer review panel was assembled for the
update profile for chromium. The panel consisted of the
following members: Dr William Berndt, University of Nebraska
Medical Center; Dr Max Costa, The George Washington
University Medical School and School of Public Health; and Dr
Elizabeth Snow, New York University Medical Center. These
experts collectively have knowledge of chromium’s physical and
chemical properties, toxicokinetics, key health end-points,
mechanisms of action, human and animal exposure, and
quantification of risk to humans. All reviewers were selected in
conformity with the conditions for peer review specified in
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http://www.icdachromium.com/)
http://www.icdachromium.com/)

Section 104(i)(13) of the United States Comprehensive
Environmental Response, Compensation, and Liability Act, as
amended.

Scientists from ATSDR reviewed the peer reviewers’
comments and determined which comments were to be included
in the profile. A listing of the peer reviewers’ comments not
incorporated in the profile, with a brief explanation of the
rationale for their exclusion, exists as part of the administrative
record for this compound. A list of databases reviewed and a list
of unpublished documents cited are also included in the
administrative record.

The citation of the peer review panel should not be
understood to imply its approval of the profile’s final content.
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APPENDIX 3 — CICAD PEER REVIEW

The draft CICAD on inorganic chromium(lll) compounds
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. An
open invitation to participate in the peer review process was also
published on the IPCS web site. Comments were received from:

M. Barril, Institut de recherche Robert Sauvé en santé et en
securité du travail, Montreal, Quebec, Canada

R. Benson, United States Environmental Protection
Agency, Denver, CO, USA

S. Bull, Chemical Hazards and Poisons Division, Health
Protection Agency, London, United Kingdom

R. Chhabra, National Institute of Environmental Health
Sciences, Research Triangle Park, NC, USA

G. Darrie, International Chromium Development
Assaociation, Paris, France

H. Gibb, Sciences International Inc., Alexandria, VA, USA

R. Hertel, Federal Institute for Risk Assessment (BfR),
Berlin, Germany

J. Kielhorn, Fraunhofer Institute for Toxicology and
Experimental Medicine, Hanover, Germany

M. Nordberg, Institute of Environmental Medicine,
Karolinska Institute, Stockholm, Sweden

J. Stauber, CSIRO Centre for Environmental Contaminants
Research, Sydney, New South Wales, Australia

F. Sullivan, United Kingdom

D. Willcocks, National Industrial Chemicals Notification and
Assessment Scheme, Sydney, New South Wales, Australia

K. Ziegler-Skylakakis, Secretariat of the Commission for
the Investigation of Health Hazards of Chemical
Compounds in the Workplace Area (MAK Commission),
Freising-Weihenstephan, Germany
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APPENDIX 4 — CICAD FINAL REVIEW
BOARD

Helsinki, Finland
26-29 March 2007

Members

Dr A. Aitio, Finnish Institute of Occupational Health, Helsinki,
Finland

Professor H. Bouwman, School of Environmental Sciences and
Development, North-West University, Potchefstroom, South
Africa

Dr C. De Rosa, Agency for Toxic Substances and Disease
Registry, Atlanta, GA, USA

Dr S. Devotta, National Environmental Engineering Research
Institute, Nagpur, India

Dr S. Dobson, Centre for Ecology and Hydrology, Monks Wood,
United Kingdom

Dr L. Fructengarten, Centro de Controle de Intoxicacoes de Sao
Paulo, Sao Paulo, Brazil

Dr H. Gibb, Sciences International Inc., Alexandria, VA, USA

Dr R. Hertel, Federal Institute for Risk Assessment (BfR), Berlin,
Germany

Mr P. Howe, Centre for Ecology and Hydrology, Monks Wood,
United Kingdom

Dr S. Keith, Agency for Toxic Substances and Disease Registry,
Atlanta, GA, USA

Dr J. Kielhorn, Fraunhofer Institute for Toxicology and
Experimental Medicine, Hanover, Germany

Ms M.E. Meek, Health Canada, Ottawa, Ontario, Canada

Dr T. Santonen, Finnish Institute of Occupational Health,
Helsinki, Finland

Dr B. Sonawane, National Center for Environmental
Assessment, Office of Research and Development,
Environmental Protection Agency, Washington, DC, USA

Dr J. Stauber, CSIRO Centre for Environmental Contaminants
Research, Sydney, Australia

Dr M. Sweeney, Division of Surveillance, Hazard Evaluations &
Field Studies, National Institute for Occupational Safety and
Health, Cincinnati, OH, USA

Dr P. Watts, BIBRA Information Services Ltd, Sutton, United
Kingdom

Ms D. Willcocks, Australian Department of Health and Ageing,
Sydney, Australia
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Secretariat

Dr J. Bartram, Assessing and Managing Environmental Risks to
Health, World Health Organization, Geneva, Switzerland

Mrs S. Marples, International Programme on Chemical Safety,
World Health Organization, Geneva, Switzerland

Ms L. Onyon, International Programme on Chemical Safety,
World Health Organization, Geneva, Switzerland

Mr M. Shibatsuji, International Programme on Chemical Safety,
World Health Organization, Geneva, Switzerland
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APPENDIX 5 — OUTLINE OF THE SPECIES
SENSITIVITY DISTRIBUTION METHOD
(DUTCH STATISTICAL EXTRAPOLATION
METHOD) USED TO DERIVE GUIDANCE
VALUES FOR TRIVALENT CHROMIUM FOR
THE PROTECTION OF AQUATIC SPECIES

Introduction

The traditional approach to using single-species toxicity
data to protect field ecosystems has been to apply standardized
assessment factors, safety factors, or application factors to the
lowest toxicity figure for a particular chemical. The magnitude of
these safety factors depends on whether acute or chronic
toxicity figures are available and the degree of confidence that
one has in whether the figures reflect the field situation. Most of
the factors are multiples of 10, and larger factors are applied
where there is less certainty in the data. For example, a factor of
1000 is generally used for acute data.

Concerns have often been raised as to the arbitrary nature
of assessment factors (Chapman et al., 1998) and the fact that
they do not conform to risk assessment principles. OECD (1992)
recommended that assessment factors be used only when there
are inadequate data to allow statistical extrapolation methods to
be used.

The following sections briefly outline the statistical
extrapolation method used to derive the trivalent chromium
guidance values for the protection of freshwater aquatic
organisms for this CICAD. Much of the text is taken directly from
the Australian and New Zealand Guidelines for Fresh and
Marine Water Quality (ANZECC/ARMCANZ, 2000).

Use of statistical extrapolation methods

New methods using statistical risk-based approaches have been
developed over the last decade for deriving guideline (trigger)
values. These are based on calculations of a statistical
distribution of laboratory ecotoxicity data and attempt to offer a
predetermined level of protection, usually 95%. The approach of
Aldenberg & Slob (1993) has been adopted in the Netherlands,
Australia, and New Zealand for guideline derivation and is
recommended for use by the OECD. It was chosen because of
its theoretical basis, its ease of use, and the fact that it has been
extensively evaluated. Warne (1998) compared in detail the risk-
based and assessment factor approaches used in various
countries.

The Aldenberg & Slob (1993) method uses a statistical
approach to protect 95% of species with a predetermined level
of confidence, provided there is an adequate data set. This
approach uses available data from all tested species (not just
the most sensitive species) and considers these data to be a
subsample of the range of concentrations at which effects would
occur in all species in the environment. The method may be
applied if toxicity data, usually chronic NOEC values, are
available for at least five different species from at least four
taxonomic groups. Data are entered into a computer program
and generally fitted to a log-logistic distribution. A hazardous
concentration for p per cent of the species (HC,) is derived. HC,
is a value such that the probability of selecting a species from
the community with a NOEC lower than HC,, is equal to p (e.g.
5%, HCs). HCs is the estimated concentration that should protect
95% of species. A level of uncertainty is associated with this
derived value, and so values with a given confidence level (e.g.
50% or 95%) are computed in the program by attaching a

CICAD No. 76 Inorganic Chromium(lll) Compounds

distribution to the error in the tail. The ANZECC/ARMCANZ
(2000) guidelines use the median of 50% confidence.

HC:s is estimated by dividing the geometric mean of the
NOEC values for m species by an extrapolation factor T (OECD,
1995), where:

T =exp®*¥

and where s, is the sample standard deviation of the natural
logarithm of the NOEC values for m species; and k is the one-
sided tolerance limit factor for a logistic or normal distribution
(from computer simulations).

The Aldenberg & Slob (1993) extrapolation method is
based on several critical assumptions, outlined below. Many of
these are common to other statistical distribution methods:

¢ The ecosystem is sufficiently protected if theoretically 95%
of the species in the system are fully protected.

. The distribution of the NOECs is symmetrical (not required
in the ANZECC/ARMCANZ [2000] modification).

. The available data are derived from independent random
trials of the total distribution of sensitivities in the eco-
system.

. Toxicity data are distributed log-logistically, i.e. a logistic
distribution is the most appropriate to use.

. There are no interactions between species in the eco-
system.

. NOEC data are the most appropriate data to use to set
ambient environmental guidelines.

. NOEC data for five species are a sufficient data set.

Modification of the Aldenberg & Slob (1993)
approach

The Aldenberg & Slob (1993) approach assumes the data
are best fitted to a log-logistic distribution. For some data sets,
however, a better fit is obtained with other models. By using a
program developed by CSIRO Biometrics, the data are com—
pared with a range of statistical distributions called the Burr
family of distributions, of which the log-logistic distribution is one
case. The program determines the distribution that best fits the
available toxicity data and calculates the HCs with 50% confi-
dence (ANZECC/ARMCANZ, 2000); this method has been used
to calculate the HCs for trivalent chromium.

Application to the data set for trivalent
chromium

For the freshwater risk assessment, acute LCs, values
were converted to chronic NOEC values using an acute to
chronic ratio of 10 following ANZECC/ARMCANZ (2000)
guidelines. Chronic ECss and LCses were converted to chronic
NOECs by applying a factor of 5, according to ANZECC/
ARMCANZ (2000) guidelines. It would have been better to use
experimentally derived acute to chronic conversion factors;
however, these were not available for trivalent chromium.

Freshwater guidance value

Twenty-nine freshwater data were used from Table 3 (see
section 10.2), and from these data were calculated chronic
NOECs (see Table A5-1). Non-standard test end-points or end-
points of uncertain significance were not included.

Using the calculated chronic NOECs, the HC5(50), i.e. the
hazardous concentration to protect 95% of species with 50%
confidence—a “safe” value to ensure protection against chronic
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Table A5-1: Toxicity end-points and calculated chronic
NOECs used in the derivation of a freshwater guidance
value for trivalent chromium.?

CICAD No. 76

Inorganic

Table A5-1 (continued)

Chromium(lll) Compounds

Calculated
Chromium chronic
Calculated End- concentration NOEC (mg
Chromium chronic Organism point (mg Cr/l) Cril)
End- concentration NOEC (mg Fish
3:3?;;9’28 point (g Cr/l) cri) Rainbowtrout  72-day 0.05 0.05
(Oncorhynchus  NOEC
Green alga 96-h 0.4 0.08 mykiss)
(Selenastrum ECso . b
capricornutum) Goldfish 96-h LCso 20 2
(Carrasius
Protozoa auratus)
Ciliated 9-h 1Cso 50 5 Commoncarp  96-h LCso 14.3 1.4
protozoan (Cyprinus
(Tetrahymena carpio)
pyriformis)
Fathead 96-h LCso 5.1 0.5
Invertebrates minnow
Snail (Amnicola  96-h LCso 8.4 0.8 (Pimephales
sp.) promelas)
. Bluegill 96-h LCsp 7.5 0.75
Ann_elld worm 96-h LCs 9.3 0.9 (Lepomis
(Nais sp.) macrochirus)
Water flea Life cycle 0.047 0.047 Pumpkinseed 96-h LCso 17 17
(Daphnia NOEC (Lepomis
magna) gibbosus)
Water flea 96-h LCsp 0.6° 0.06 Banded killifish ~ 96-h LCso 16.9 1.7
(Daphnia pulex) (Fundulus
diaphanous)
Water hoglouse  96-h LCsg 442 44.2
(Asellus Striped bass 96-h LCsp 17.7 1.8
aquaticus) (Roccus
saxatilis)
Amphipod 96-h LCsg 3.2 0.3
(Gammarus White perch 96-h LCs 14.4 1.4
sp.) (Roccus
americanus)
Amphipod 96-h LCso 291 29.1
(Crangonyx Bighead 96-h LCsg 151 15.1
pseudogracilis) (Avristichthys
nobilis)
Crayfish 96-h LCsg 3.4 0.3
(Austro— Guppy (Poecilia 96-h LCs 3.3 0.3
potamobius reticulata)
pallipes) .
American eel 96-h LCsp 13.9 1.4
Crayfish 96-h LCsp 6.6 0.7 (Anguilla
(Orconectes rostrata)
limosus) ECso, median effective concentration; ICso, median inhibitory
concentration; LCso, median lethal concentration; NOEC, no-
Mayfly 96-h LCso 2 0.2 observed-effect concentration
(Ephemerella .
subvaria) Tests conducted at a hardness of <100 mg calcium
carbonatel/I.
Caddis fly 96-h LCso 64 6.4 Geometric mean of LCso values for this species for the same
(Hydropsyche time period.
betteni)
Caddisfly 96-h LCxo 50 5 toxicity for most freshwater species—was 0.06 mg chromi—
(unidentified) um(lIl)/l. However, the moderate-reliability guidance value of
0.06 mg/l is not protective of chronic toxicity to D. magna
(S/i‘;pggg’uria Z‘Cday 32 6.4 (NOEC: 0.047 mg/l) and rainbow trout (NOEC: 0.05 mg/l), and
lycorias) %0 S0 a protection level of 99% should be applied. Therefore, a
moderate-reliability guidance value for the protection of 99% of
Damsel fly 96-h LCsp 43.1 4.3 freshwater species with 50% confidence was derived at 0.01 mg
(unidentified) chromium(ll)/1 (Figure A5-1).
Midge 96-h LCso 11 11

(Chironomus
sp.)
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Fig. A5-1: Probability curve for trivalent chromium in the
freshwater environment using actual and derived data from
Table A5-1.
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CHROMIUM HYDROXIDE SULFATE ICSC: 1309
October 2004
CAS # 12336-95-7 Basic Chrome Sulphate
RTECS # GB6240000 Monobasic chromium sulphate
EC/EINECS # 235-595-8 CrOHSO,

Molecular mass: 165.1

TYPES OF HAZARD / ACUTE HAZARDS / PREVENTION FIRST AID / FIRE

EXPOSURE SYMPTOMS FIGHTING

FIRE Not combustible. In case of fire in the
surroundings: use appropriate
extinguishing media.

EXPLOSION

EXPOSURE STRICT HYGIENE!

Inhalation Cough. Sore throat. Local exhaust or breathing Fresh air, rest.

protection.

Skin Protective gloves. Protective Rinse skin with plenty of water

clothing. or shower.

Eyes Safety goggles. First rinse with plenty of water
for several minutes (remove
contact lenses if easily
possible), then take to a doctor.

Ingestion Nausea. Abdominal pain. Do not eat, drink, or smoke Rinse mouth. Do NOT induce

Vomiting. Diarrhoea. during work. vomiting. Give one or two
glasses of water to drink. Refer
for medical attention.

SPILLAGE DISPOSAL PACKAGING & LABELLING

Vacuum spilled material. OR Sweep spilled substance into

covered containers; if appropriate, moisten first to prevent

dusting. Do NOT let this chemical enter the environment.

Personal protection: P2 filter respirator for harmful particles.

EMERGENCY RESPONSE STORAGE

Provision to contain effluent from fire extinguishing. Store in an area
without drain or sewer access.

|PCS &‘ P = Prepared in the context of cooperation between the International
. {7 AW ) St Programme on Chemical Safety and the Commission of the
::r’]rfg::rt%%]glon @ {ﬁ]ﬁ?} gl_\‘ ' A/V a X European Communities © IPCS, CEC 2005

Chemical Safety W i s SEE IMPORTANT INFORMATION ON BACK

o
c
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CHROMIUM HYDROXIDE SULFATE

ICSC: 1309

IMPORTANT DATA

PHYSICAL STATE; APPEARANCE
GREEN POWDER

CHEMICAL DANGERS
The substance decomposes on heating producing toxic fumes.
The solution in water is a weak acid.

OCCUPATIONAL EXPOSURE LIMITS

TLV: (as Cr metal & Cr(lll) compounds) 0.5 mg/m? as TWA; A4 (not
classifiable as a human carcinogen); (ACGIH 2008).

MAK: IIb (not established but data is available); sensitization of skin
(Sh); (DFG 2008).

INHALATION RISK
A harmful concentration of airborne particles can be reached quickly
when dispersed.

EFFECTS OF SHORT-TERM EXPOSURE
The substance is irritating to the respiratory tract.

EFFECTS OF LONG-TERM OR REPEATED EXPOSURE
Repeated or prolonged contact may cause skin sensitization.

PHYSICAL PRO

PERTIES

>900°C
1.25g/cm3

Melting point:
Density:

Solubility in water, g/100 ml at 20°C: 200

ENVIRONMENTAL DATA

The substance is toxic to aquatic organisms.

NOTES

Chrometan, Tanolin, Neochrome, Chromedol and Chromosal are trade
updated in February 2009: see Occupational Exposure Limits, Storage,

names. Do NOT take working clothes home. Card has been partially
Ingestion First Aid.

ADDITIONAL |

NFORMATION

LEGAL NOTICE
which might be made of this information

Neither the CEC nor the IPCS nor any person acting on behalf of the CEC or the IPCS is responsible for the use

© IPCS, CEC 2005
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CHROMIUM(III) CHLORIDE (ANHYDROUS) ICSC: 1316
October 2004

CAS # 10025-73-7 Chromic chloride

RTECS # GB5425000 Chromium trichloride

EC/EINECS # 233-038-3 Trichlorochromium

CrCl,
Molecular mass: 158.4

TYPES OF HAZARD / ACUTE HAZARDS / PREVENTION FIRST AID / FIRE

EXPOSURE SYMPTOMS FIGHTING

FIRE Not combustible. In case of fire in the
surroundings: use appropriate
extinguishing media.

EXPLOSION

EXPOSURE

Inhalation Cough. Local exhaust or breathing Fresh air, rest.

protection.

Skin Protective gloves. Remove contaminated clothes.
Rinse skin with plenty of water
or shower.

Eyes Redness. Safety goggles. First rinse with plenty of water
for several minutes (remove
contact lenses if easily
possible), then take to a doctor.

Ingestion Do not eat, drink, or smoke Rinse mouth.

during work.

SPILLAGE DISPOSAL PACKAGING & LABELLING

Sweep spilled substance into containers; if appropriate,

moisten first to prevent dusting. Personal protection: P2 filter

respirator for harmful particles.

EMERGENCY RESPONSE STORAGE

|PCS 2 Prepared in the context of cooperation between the International
International i Programme on Chemical Safety and the Commission of the
Programme on %, > European Communities © IPCS, CEC 2005
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CICAD No. 76 Inorganic Chromium(lll) Compounds

CHROMIUM(II) CHLORIDE (ANHYDROUS) ICSC: 1316
IMPORTANT DATA

PHYSICAL STATE; APPEARANCE INHALATION RISK

VIOLET CRYSTALS.

A harmful concentration of airborne particles can be reached quickly

OCCUPATIONAL EXPOSURE LIMITS when dispersed.

TLV: (as Cr metal & Cr(lll) compounds) 0.5 mg/m?3 as TWA; A4 (not
classifiable as a human carcinogen); (ACGIH 2008). EFFECTS OF SHORT-TERM EXPOSURE

MAK: 1Ib (not established but data is available); (DFG 2008). May cause mechanical irritation to
the eyes

and

the respiratory tract.

PHYSICAL PROPERTIES

Boiling point (decomposes): 1300°C

Melting point: 1152°C
Density: 2.87 g/lcm3
Solubility in water: none

ENVIRONMENTAL DATA

NOTES

The recommendations on this card do not apply to water soluble forms of chromium chloride. See ICSC 1532 Chromium(lll) chloride
hexahydrate.

ADDITIONAL INFORMATION

LEGAL NOTICE Neither the CEC nor the IPCS nor any person acting on behalf of the CEC or the IPCS is responsible for the use
which might be made of this information

© IPCS, CEC 2005
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CICAD No. 76 Inorganic Chromium(lll) Compounds

CHROMIUM (11l) HYDROXIDE HYDRATE ICSC: 1455
July 2003

CAS # 1308-14-1 Chromic (lll) hydroxide hydrate

RTECS # GB2670000 Cr(HO),4.nH,O

EC/EINECS # 215-158-8 Molecular mass: See Notes

TYPES OF HAZARD / ACUTE HAZARDS / PREVENTION FIRST AID / FIRE

EXPOSURE SYMPTOMS FIGHTING

FIRE Not combustible. In case of fire in the
surroundings: use
appropriate extinguishing
media

EXPLOSION

EXPOSURE

Inhalation

Skin Protective gloves. Remove contaminated
clothes. Rinse skin with plenty
of water or shower.

Eyes Redness. Pain. Safety spectacles. First rinse with plenty of water
for several minutes (remove
contact lenses if easily
possible), then take to a
dactar

Ingestion Do not eat, drink, or smoke Rest. Refer for medical

during work. attention.

SPILLAGE DISPOSAL PACKAGING & LABELLING

Sweep spilled substance into containers; if appropriate,

moisten first to prevent dusting. Carefully collect remainder,

then remove to safe place. (Extra personal protection: P2

filter respirator for harmful particles.)

EMERGENCY RESPONSE STORAGE

IPCS &l y. \ Prepared in the context of cooperation between the International

’ AW * e Programme on Chemical Safety and the Commission of the
International @ {i I O\E} v V s o
Programme on Q\ .‘L‘.‘y \ls"‘y * Lk European Communities © IPCS, CEC 2005
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CICAD No. 76 Inorganic Chromium(lll) Compounds

CHROMIUM (lll) HYDROXIDE HYDRATE ICSC: 1455

IMPORTANT DATA

PHYSICAL STATE; APPEARANCE ROUTES OF EXPOSURE

BLUE TO GREEN POWDER OR BLACK PARTICLES. The substance can be absorbed into the body by inhalation and by
ingestion.

CHEMICAL DANGERS

The substance decomposes on heating to chromic oxide. INHALATION RISK
Evaporation at 20°C is negligible; a nuisance-causing concentration of

OCCUPATIONAL EXPOSURE LIMITS airborne particles can, however, be reached quickly especially if

TLV: (as Cr metal & Cr(Ill) compounds) 0.5 mg/m3as TWA; A4 powdered.

(not classifiable as a human carcinogen); (ACGIH 2008).

MAK: Ilb (not established but data is available) (DFG 2008). EFFECTS OF SHORT-TERM EXPOSURE

May cause mechanical irritation to the eyes

PHYSICAL PROPERTIES

Solubility in water: none

ENVIRONMENTAL DATA

NOTES

The name Chromic acid is used for this product, as well as for Chromic (V1) acid (CAS 7738-94-5) and for Chromium (V1) oxide (CAS 1333-82-0
see ICSC 1194).The molecular weight may vary depending on the degree of hydration. Card has been partially updated in February 2009: see
Occupational Exposure Limits.

ADDITIONAL

INNIEOQODRMATIONL

LEGAL NOTICE Neither the CEC nor the IPCS nor any person acting on behalf of the CEC or the IPCS is responsible for the use
which might be made of this information

© IPCS, CEC 2005
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CICAD No. 76 Inorganic Chromium(lll) Compounds

CHROMIUM(III) NITRATE NONAHYDRATE ICSC: 1530
October 2004

CAS # 7789-02-8 Chromic nitrate

RTECS # GB6300000 Chromium trinitrate

UN # 2720 Nitric acid, chromium(lll) salt

EC/EINECS # 236-921-1 Cr(NO,),* 9H,0

Molecular mass: 400.2

TYPES OF HAZARD / ACUTE HAZARDS / PREVENTION FIRST AID / FIRE

EXPOSURE SYMPTOMS FIGHTING

FIRE Not combustible but enhances NO open flames. In case of fire in the

combustion of other surroundings: use appropriate
substances. Gives off irritating extinguishing media.

or toxic fumes (or gases) in a

fire.

EXPLOSION Risk of fire and explosion.

EXPOSURE STRICT HYGIENE!

Inhalation Cough. Sore throat. Local exhaust or breathing Fresh air, rest.

protection.
Skin Protective gloves. Protective Remove contaminated clothes.
clothing. Rinse skin with plenty of water
or shower.

Eyes Safety goggles. First rinse with plenty of water
for several minutes (remove
contact lenses if easily
possible), then take to a doctor.

Ingestion Abdominal pain. Diarrhoea. Do not eat, drink, or smoke Rinse mouth. Do NOT induce

Nausea. Vomiting. during work. vomiting. Refer for medical
attention.

SPILLAGE DISPOSAL PACKAGING & LABELLING

Sweep spilled substance into sealable containers; if UN Classification

appropriate, moisten first to prevent dusting. Personal UN Hazard Class: 5.1

protection: P2 filter respirator for harmful particles. Do NOT UN Pack Group: Il

let this chemical enter the environment.

EMERGENCY RESPONSE STORAGE

Transport Emergency Card: TEC (R)-51G02-1+l1+l1I Separated from combustible and reducing substances. Provision to

contain effluent from fire extinguishing. Store in an area without drain or
sewer access.

|PCS &{ v‘_;-:-.—‘ = Prepared in the context of cooperation between the International

’ r.‘} AW e Programme on Chemical Safety and the Commission of the

gternatlonal Q\@ {l]g\% "\"l "A’V S European Communities © IPCS, CEC 2005

rogramme on ,p..,qy WYL o
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CICAD No. 76 Inorganic Chromium(lll) Compounds

CHROMIUM(III) NITRATE NONAHYDRATE ICSC: 1530
IMPORTANT DATA

PHYSICAL STATE; APPEARANCE INHALATION RISK

DEEP VIOLET CRYSTALS A harmful concentration of airborne particles can be reached quickly

CHEMICAL DANGERS when dispersed.

The substance is a strong oxidant and reacts with combustible and EFFECTS OF SHORT-TERM EXPOSURE

reducing materials. The solution in water is a weak acid. The substance is irritating to the respiratory tract.
OCCUPATIONAL EXPOSURE LIMITS EFFECTS OF LONG-TERM OR REPEATED EXPOSURE
TLV: (as Cr metal, Cr(lll) compounds) 0.5 mg/m?3 as TWA; A4 (not Repeated or prolonged contact may cause skin sensitization.

classifiable as a human carcinogen); (ACGIH 2008).
MAK: IIb (not established but data is available); sensitization of skin
(Sh); (DFG 2008).

PHYSICAL PROPERTIES

Decomposes below boiling point

Melting point: 66°C
Density: 1.8 g/lcm3
Solubility in water: very good

ENVIRONMENTAL DATA

The substance is toxic to aquatic organisms.

NOTES

Do NOT take working clothes home. The recommendations on this Card also apply to Chromium(lll) nitrate anhydrous. Card has been partially
updated in February 2009: see Occupational Exposure Limits, Storage.

ADDITIONAL INFORMATION

LEGAL NOTICE Neither the CEC nor the IPCS nor any person acting on behalf of the CEC or the IPCS is responsible for the use
which might be made of this information

© IPCS, CEC 2005

117/121



CICAD No. 76

Inorganic Chromium(lll) Compounds

CHROMIUM(IIT) OXIDE

ICSC: 1531
October 2004

CAS # 1308-38-9 Chromic oxide
RTECS # GB6475000 Dichromium trioxide
EC/EINECS # 215-160-9 cr,0,

Molecular mass: 152

TYPES OF HAZARD / ACUTE HAZARDS / PREVENTION FIRST AID / FIRE

EXPOSURE SYMPTOMS FIGHTING

FIRE Not combustible. In case of fire in the
surroundings: use appropriate
extinguishing media.

EXPLOSION

EXPOSURE PREVENT DISPERSION OF

DUST!

Inhalation Cough. Local exhaust or breathing Fresh air, rest.

protection.

Skin Protective gloves. Rinse skin with plenty of water
or shower.

Eyes Redness. Safety goggles. First rinse with plenty of water
for several minutes (remove
contact lenses if easily
possible), then take to a doctor.

Ingestion Do not eat, drink, or smoke Rinse mouth.

during work.

SPILLAGE DISPOSAL

PACKAGING & LABELLING

Sweep spilled substance into containers; if appropriate,
moisten first to prevent dusting. Personal protection: P2 filter

respirator for harmful particles.

EMERGENCY RESPONSE

STORAGE

IPCS

International
Programme on
Chemical Safety \WH QO

Prepared in the context of cooperation between the International
Programme on Chemical Safety and the Commission of the
European Communities © IPCS, CEC 2005
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CICAD No. 76 Inorganic Chromium(lll) Compounds

CHROMIUM(lII) OXIDE ICSC: 1531
IMPORTANT DATA

PHYSICAL STATE; APPEARANCE INHALATION RISK

LIGHT TO DARK GREEN POWDER A harmful concentration of airborne particles can be reached quickly

when dispersed.

OCCUPATIONAL EXPOSURE LIMITS

TLV: (as Cr metal, Cr(lll) compounds) 0.5 mg/m3 as TWA; A4 (not EFFECTS OF SHORT-TERM EXPOSURE
classifiable as a human carcinogen); (ACGIH 2008). May cause mechanical irritation to
MAK: IIb (not established but data is available) (DFG 2008). the eyes

and

the respiratory tract.

PHYSICAL PROPERTIES

Boiling point: 4000°C
Melting point: 2435°C
Density: 5.22 g/cm3
Solubility in water: none

ENVIRONMENTAL DATA

NOTES

Chromium oxide green and Chrome oxide are trade names. Card has been partially updated in February 2009: see Occupational Exposure
Limits.

ADDITIONAL INFORMATION

LEGAL NOTICE Neither the CEC nor the IPCS nor any person acting on behalf of the CEC or the IPCS is responsible for the use
which might be made of this information

© IPCS, CEC 2005
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CICAD No. 76 Inorganic Chromium(lll) Compounds

CHROMIUM(III) CHLORIDE HEXAHYDRATE ICSC: 1532
October 2004
CAS # 10060-12-5 Chromic chloride hexahydrate
RTECS # GB5450000 Chromium trichloride hexahydrate
CrCl,* 6H,0
Molecular mass:
266.5

TYPES OF HAZARD / ACUTE HAZARDS / PREVENTION FIRST AID / FIRE

EXPOSURE SYMPTOMS FIGHTING

FIRE Not combustible. In case of fire in the
surroundings: use appropriate
extinguishing media.

EXPLOSION

EXPOSURE STRICT HYGIENE!

Inhalation Cough. Sore throat. Local exhaust or breathing Fresh air, rest.

protection.
Skin Protective gloves. Protective Remove contaminated clothes.
clothing. Rinse skin with plenty of water
or shower.

Eyes Safety goggles. First rinse with plenty of water
for several minutes (remove
contact lenses if easily
possible), then take to a doctor.

Ingestion Abdominal pain. Diarrhoea. Do not eat, drink, or smoke Rinse mouth. Do NOT induce

Nausea. Vomiting. during work. vomiting. Give one or two
glasses of water to drink. Refer
for medical attention.

SPILLAGE DISPOSAL PACKAGING & LABELLING

Sweep spilled substance into sealable containers; if

appropriate, moisten first to prevent dusting. Personal

protection: P2 filter respirator for harmful particles. Do NOT

let this chemical enter the environment.

EMERGENCY RESPONSE STORAGE

Provision to contain effluent from fire extinguishing. Store in an area
without drain or sewer access.

|PCS LY Prepared in the context of cooperation between the International
- &( {l } {7 AW Programme on Chemical Safety and the Commission of the

International g\ 110 A " V o

Programme on w My A,/ European Communities © IPCS, CEC 2005
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CICAD No. 76 Inorganic Chromium(lll) Compounds

CHROMIUM(III) CHLORIDE HEXAHYDRATE ICSC: 1532
IMPORTANT DATA

PHYSICAL STATE; APPEARANCE INHALATION RISK

GREEN CRYSTALLINE POWDER A harmful concentration of airborne particles can be reached quickly

CHEMICAL DANGERS when dispersed.

The solution in water is a weak acid. EFFECTS OF SHORT-TERM EXPOSURE

OCCUPATIONAL EXPOSURE LIMITS The substance is irritating to the respiratory tract.

TLV: (as Cr metal, Cr(lll) compounds) 0.5 mg/m?3 as TWA; A4 (not EFFECTS OF LONG-TERM OR REPEATED EXPOSURE
classifiable as a human carcinogen); (ACGIH 2008). Repeated or prolonged contact may cause skin sensitization.
MAK: Ilb (not established but data is available); sensitization of skin
(Sh); (DFG 2008).

PHYSICAL PROPERTIES

Melting point: (see Notes) 83 - 95°C
Density: 2.76 g/lcm?3

Solubility in water, g/100 ml at 20°C: 59

ENVIRONMENTAL DATA

The substance is toxic to aquatic organisms.

NOTES

Do NOT take working clothes home. Melting points vary depending on crystal structure. Card has been partially updated in February 2009: see
Occupational Exposure Limits, Ingestion First Aid, Storage.

ADDITIONAL INFORMATION

LEGAL NOTICE Neither the CEC nor the IPCS nor any person acting on behalf of the CEC or the IPCS is responsible for the use
which might be made of this information

© IPCS, CEC 2005
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