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EURAR: NICKEL SULPHATE

A FRR SCEIT. nickel sulphate (CAS No: 7786-81-4)(Z B84~ 5 EU Risk Assessment Report,
(2009) D AT O D H B, FAL2HAT b N OREFEA~DOEEIZ O\ T ORI 2 FIFR
LI2bDTh D, I GHliE 230 1%
https://echa.europa.eu/documents/10162/4eb55951-12de-496¢-b741-35aafc8eeeb3

RO &,

4.1.2 E FORBREADEEIZ DT OFHE

Ke7va TR, M=y 7FAVPREBEASRETEBICON T, fHli-REt 21795, g
=y TNV ERBE L LT ThAZRBRIZOW T, BUFICdk~%, EU #HI 793/93 (255
. BIELE 2 —DORR LR TV OLMD =y b EMIZIiE, =y ve&d, k=
&wxﬁﬁiyﬁwxﬁ%iy#Wﬁﬁéoﬁ%:y?wu%®:y#wm%%%%ﬁ%
BE LT TR ERBoB RS, filk= v 7 L 2B ZNT 2 ECBfRLTL 57
RRMERH D, o=y r VL& % RE & L/Tﬁioﬂtnit%ﬁ I, EnEhoEmo
U R 7 Gt A £ 2>, [Background document in support of the individual Risk Assessment
Reports (il # DALFWE DV A 7 GRS HEZ2EZ T DNy 7 7T 00 RLE) Jond i
MICFEH SN TN D, D=y A bEM TR ONTRERIT, BRI H 2 AR LTSS
X, BEORB I a s THRRZZEBH Y, Fio, W= v 7 VICBET D BRI iR
C%ﬁ%&“ﬁ‘éT PERH 5,

il = > 7 VOIEHRIT, @RERPLEBICREINTWS, Zoftict, =y b=
T BT 5T — 403, REICARENTND, ZbDT—F D% <%, UK
HSE (e [E 22 42 7). 1987) . IARC (FEIBSAS AAFZERERE . 1990) . IPCS ([EBM b5 8 2 A
FHE, 1991, 1996) . US ATSDR CKEBREEA FEWE - F & LR &I 3R )T, 1995) . Nordic Expert
Group (ALFREEFIZ 7 v — 7 Ailtio, 1995) 72 XD, REMR L E 2 — DO THEIN TV D,
= TNV RIETRHEIZONT S, FEL <MFfS T % (Maibach and Menné, Eds.
1989), = v 7 VAPEFRBREIAFZEH 2 (Nickel Producers Environmental Research Association,
NiPERA) I%. Eurométaux (RN DIEERFESE R 2 KT 5 v B —fifk) & LF T, BINEZES
FITIC, =y T ARe=y F /UL B OIEERE ISR DGR B /ER L TV % (NIPERA, 1996),
% 7-. Toxicology Excellence for Risk Assessment(TERA, U A 7 FFAf (2 B3~ 2 B h 2100 e BR
BH) 1X. Metal Finishing Association of Southern California Inc., K[EEREE LT (US-EPA) B XL
O F 2 {44 (Health Canada) [ili 12, FIEME=w 7 AVEOBHMETFRIL E 2 —Z{ERR L T
% (TERA, 1999)

b ORI T D=y SV OAEFMLE VAT ZRHEET D DICRAI KRR T — 2 D% <1
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EURAR: NICKEL SULPHATE

FTTICHaiHiicsn T s L Bbhbdicd, KY X7 F#REE L, Eidor e a—%
JREIZRIH L, ZAUTMA TR (BB L AR S NbH b 0) ERF Lz, £070H, K
U7 FMHREETH A LEZRRS, LT LT _XCF =y 7 SNmbi gz, i
IZOWTIE, L OHE, BREATRHE L, LE =255 H LaFRIC OV,
(~XV5HIE LT, —KERERLT,

i R DFLHUT Y72 > TiE, p EAY 0.05 K THEFHAVICAH B8 RIS L TOH, [HEL
W) HEEE Wz,

41.2.1 FE2axrT40R, KEELUSR
41211 MRAX

412111 L/L

4121111  ®A

Wile = » 7 )V TR ABRER & 70 1 35E N REE 217 > CT= v 7 VORI & frat L7k o
HEiL, Boh Ty, LxL, LLTFIORT 2 oG, lig= v 7 /L ORI
HLEERHHIBRESELN TS,

1 7B IZW AGER (Benson et al. 1995) T, #EdD F344/N 7~ k(90 UL/BE) 23, Filit= > 7 /v
ANARF (=7 v ) 28508 ) RVE & R (MMAD) 75 2.0~2.4 umJ 12, 0, 0.12, 7z
1205 mg/m*(=> 4/ L LTO0,0.03 %£7-1%0.11 mg/m* ([ZFY) DT, 1 H 6 KF#., 5
HTIE 6 »[M. 2FR#E I, B6C3FL ~ 7 ZDEELHRIT O, W= v 7L A/KF
W2 0, 025, £7-1% 1.0 mg/m* (= 4 /L& LT 0, 0.06, 0.22 mg/m® (ZHH124) DI T, [H
BRICIREE STe, D= 7 /VIREN 2 5 AICELRER T, FIBEREICBVNTT v b
BILOYO RO THT I N—T 2R LTz, OV T I N—T 08 (ST 7 —7 A
) 1Z1F, BNiSO, ~D 2 B D BEIRE £ 1T\, $20> BRA SHIRLT-ORifi~D1ka5 8
F ORI L C=y IV ORIEW AR I TRENMEF SN, V77— A O#
IE, BN L L= T n Y AT O K S ICAMIRE Lk, TORAF ¥ o N—ITRE L,
FITE O &R SNtk 48 (0~30 H Oz 8 BN/ CHEhi) £ ¢, BT REELIT-7-, 1§
BRGNS 6 4 A ORERIT, SHiE= > 7 /VIRERED D OWRE) CHIOY 7 I —T %
L, BRDH07 VT 7 AR L5720, 2o 7 7 v—T0@ (%7 7 L—
7 C O#E) % PNiSO W AR L7z, Z OIS Lok T~ DIREO%, 7 7
—7 COEWIZ, V77 N—7 A DB L FERRICER LT, RIEWAREIZ L DM~D=

3/132



EURAR: NICKEL SULPHATE

v VAR RPN L 2A MR E L IREEO T v FBL U U AOMICRT 5=y
TR, WTRORRORAICEN T, AV 2BEOBRIHRR (s 5=y 7
B 110~248 pg) RiliCho7c, MOMBARIERETIE, 7 v b, vV 2OVTIRO
iz & bRF IR S N Do 7,

BNiISO, ~DIREE S ICBE L= T I —F ABLRC DT v hTid. ®BNiSO, 12K+
LRiD=v NV &ix, BT 7 N—7 A OB TIL 3.9~11.6 pg, 77 N—7 C OEMYT
139 9~14 pg Thoto, PNiSO, ~DAVERBIC L VMASNT= v 7 ME, 77—
7 A L C OXREER LU EBNISOBEHOWTRO T v METBWT Y, i b 2ok
Sz, BNiSO, ~DIRFED 32 HEDOHF 77— A OB, [F 29 A% 7 7L —
7 C OB TIL, *IREE L BBREOMICAEE L= v 7 L&, ®NiSO, ~DugiE & F it
L7Z HIZAHE L TV ED 1 %R T > 7o, FIHIHALT (initial lung burden, ILB) @ 99% LA
FiE. K 2~3 BRI TR SN, A DT 8 (0.5%ATM) 23, FilZFEF L.
i B K 30 Bichizo THRER A Lo o Tz, Y7 70— A BELOC OXFHERE
& NiSO, BEEBREL Tk, WTHOWEEREICHOWT Y, Ty FOfiNHD BNi o7 V7 5
VARLHBZEIA LN o T,

<~ 7 A0 ONiSO, ~DAMRE D% TIE, FT VL —F AD= T ADMIE, K1 pg T
D= (BNISO, BEFEH R WFIEL., 77— C O~ 7 ZADHICIE, 1.2~1.5 pg
D= FANPAE LT, $ T 7 N—7 A D~ 2 TiE, # 1.5 HOXEH T BNi o KEhsy
(78~96%) D3kt 47, H 7V N—F C D~ AT, £ 1.1~15 HOEEH T ®Ni
KRS (90%LA ) 23 Stz BRI X 0 B ORI, M5 B (77 1—7 A
DORBHEB L OEHER 716 17 B(H 7270 —7 A DERAER) LI " bhni-,
BT IN—T C DO URZEBNTL, TR VEWFHOEEHIL, 5~65 HCTholo, 7 v
NEERIZ, BT 70— A L C OXIRREL . NiSO, AL & Tk, WITIORERIZOW
Th, YTRADMNSEDCNI D2 V7 T RATHEETALNRI ST,

WL LT, Ty B IO~ 20lin 6o BNiSO, D T TE T, FOHRIL. K6
» AR OWEE= > 7 )VORERTRADLRH > T, MBI L EEBEL ST o T,

$ 9 1EDRERIT. Medinsky et al.(1987) (12X % & DT, MKED F344 5 » Mz, SNi ik
L7hiifig = > 7 v (R AR A SR L U728k B RE N ARG Sz, &5HExY 7
v b 1PEHT=Y 17, 190, 1800 nmole = v 7L (= v 7L LT 1EH=Y 1, 11.2, 1057
ug WA & LT RIRE 3 EERI L, 15 B9 20T v MG Lz, = v 7 iR
BT & MRS AT L7 (IR OB E L~V CHIE) . M= > 7 VIR L, 5%
4 B Clem a0 5% 24 BB L O 96 BRSNS TIHE T L7z, Mfilick 5=
IV TR, B 4 RER% TRGR D 8% (i EE) ~49% (eI &) . 24 FER#%
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EURAR: NICKEL SULPHATE

T 10% (e FH B AE) ~28% GcfIC ] &) . 96 WAL C 1.4% (e F &A1) ~12% (el &
) Thole, =v NV EEENENT &, &L=y 705 HEWEEI CHEME
SNDHEGOEEMNMET L, 62, finoo=y 77 V77 20T, =v
VBB BOBENNIEWERE Lz, Mk 2=y 7 v Oiilix, RIEH RO 36 KF
170 & fes FHERE D 21 B O#EIPHTH o 72, ONi O FEAPRIREKIZR TH Y . 17, 190
nmole #£ Ti% 50%7%%, 1800 nmole &£ Tl 80%A3 & FHIZ HEHE S 7=,

41.2.11.1.2 A

KD Wistar 7 > M2 10 mg O = 7 /v (5%T > 7 AR KR PR = » 7 V) % H
[IFRHIRE D 4% 5 L 72 BR Tk, RO & 514 24 B ORI 11% T & - 7= (Ishimatsu et al.
1995),

< U AHREE = 7 VAKFI D 1, 5 £721% 10 g/lL OEE 2 #5 U2k ¢ld, M
NG EE KRG OEME & HIC ER L, RBR&K TRFOIRFR 180 H B Tl % fiék
L 7= (Dieter et al. 1988, NiPERA 1996 X Y 2| /).

4121113 23574

TNE Ty NOMEERWTCRER T, ABREAKEEIRE LIoBE=y Ve =y v
& LC 40, 60, F7zi% 100 mo/kg AEICHH YT 2 HET, 156 AE77-13 30 AMEAES L
72, 15 B LN 30 RO % OIS . 30 ARG ORGERIZ, BAMBIRELA 2
AL, = TSI EN DRI EINGD Z LR Sz, FEC DWW TIE, 5 4.1.25.13
HAEZBOZ &, (Mathuretal. 1977, IPCS 1991 X Y 51/).,

Norgaard (1957, IPCS 1991 X W 5[H) X, ¥+ D5 cm x 5 ecm Ao &2 RELI-ENLEY b &
7 (2 L) 12, SNi (g = v 7 L EkK ) O 5%KIAHE 10 ul 2 L, 24 BEfE#%

I ER P L OMRIRIZ 31T D e 2 E U7, R, Mk, Bg. JHlRo i sE o FExtH45
LV (VR Gy TRE) v, =y I VIREAE Y E U XOEEND ORI E
NELZ ENRINT,

Wil = v 7 /LD S%/KIERZE/NE Y bOLEIZHEH LR Cid, AZETOH,

IV ORETNRBEDHER S NI, W=y Ve —FEIZT U U LR B Y 17,&(5%7}«@
) ZEH L2561, =y 7 VvOb T REEREPEROERS ETHLNIZTLD, T
ANZ i e, ‘7A STV DREERD, AEEEBRIE DL EE BT,
(Lindberg et al. 1989, NiPERA 1996 X Y 51H).
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EURAR: NICKEL SULPHATE

412112 ErDT—H
4121121 BA

T—2%, BHHILTVZRN,

4121122 #0o

Sunderman et al.(1989) 1%. f@EARRT v F 4 T2, Fil= v L =v 7L e LT 12
ng/kg AE (n = 4), 18 pg/kg (AE (n = 4), 50 pg/kg (AE (n = 1) OHET, HHAKTHRE G
BRL) . E AR LR G R 2) L, = v 7 ARIOBIEE TR, R 1T
1T, BAEERE L. KO LR R ORIE= » 7 VRS EERT % 12 FRRET 5185 E7L 3
I E TR ST BN, WER 2 T, ARIREL. ARROMBE= v 7RI L7 X
U ST NT oy P ST T A Y B O AT S 12 BRI D e S5,
= SV, TS SR ED 2 BRIP4 AR ETOME, R, 5L OHEEER
BELTHIE L, SMAXKTHEESE LEESOMBEFTOREE =y 7 VBRI, BEME N LT
P EUFEBADBREDTY 33 (5 ThoT. AN C= v 7 L OFAL I % HEE | 7=
B, B THEERLEZEAEN 0.7 = 04% THHo 70Tk L, BFAKCTER LZEAIX. 27
+ 17%Th o7,

56 mg D= 7L (ANEZLEARE LToAiEE = v 7V NAKFW) 2 22 GRe DR T 7 4 T
HERE O &G LR Cix, BRERTHREE) D, 1I~5%DIBEWINNH 5 Z L RRES
7- (Christensen & Lagesson 1981, IARC 1990 X v 51 ).,

=v /e LT 56 mg OHifig= v 7 VafEn&E LB cik, &5% 2. 3 Hicbizv,
= v 7 VHEI B O HERR S 4172 (Menné et al. 1978)

ZEERFI S = v 7 VAT S B2 RBR Tl B ED 4~20%70 24 B LANIZIR I HE
X 7= (Cronin et al. 1980, IARC 1990, IPCS 1991 X v 5 ).

Solomons et al. (1982) (%, Filg= v 7 /L S/KFi¥ 224 mg(= > 7/ 5 mg) ZAEHEH &L LT,
MR E 2 [, K, BEO 5 FOBEH(FH, a—b— fR . AL PYa—R =
Hea—FC) CERESE, M=y 7 VIBEZEEICHEL, B MBI =y Lo
EWTFIRIRE 2 HEE LT, = 7 VIRER, ZEER, B X O =y 7 VOFEZ LR
LW CTHBREZERIE 2% CIILE LN, BEEHEO= v 7 V2 KICTERI Y-
%I EH Uz, BBHZ G FETERSE LA VW TL, 5 MofgEto s bak « a—
FO%BRL & MIEFIRED ERIZDR 0 NS o T,
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EURAR: NICKEL SULPHATE

Gawkrodger et al. (1986) 1, = 7 /L ~OREEMED S OHEERE 16 L, Bl = » & /L-BoKFn
Wa ks L, M=y 7 VIREZHE L, WE=y 7 v-tkfiix, LR,
HIRRc=y 7L LT25mg % 2 Hidif cRE 8 N), £/2id=v7 1t L T56mg %
H[E# 5 (5 N) L7z, 5.6 mg OHEE 5%, £721% 2 BIHD 25 mg & 5% OZEih 72
IR DR RIS 31T 23 ME = > 7 /VIREE IR, FEh 2.6 pg/L & 2.7 ng/l Tholo, K
JE R DFEIR DY TR NE R OB g = > 7 VIR, #GRITIE 1.2 pg/L T,
77 'R (LB B 5% 72 R O R C ORI, 1.0 pg/L Th ol

4121123 B

Hostynek et al. (2001) @ invivo IR CiX, & NOEEIZBIT 5=y 7 A GEE= v 7L i
b=y NV M=y r)V Wil =y 7 V) OREZ, 7 —7FHBHEC IV E LR, 371
nglem® DR L 725 K 912, A X ) —VEBHR L UTRilR= v 7 L AKF OVEE 100 uL
. 7 hE—ZA L TORWIEERE ORI T-0 OB A 721375 4 (R g 2.83 cm?) 12
WA U7z, Rt E LT, SHBRE DR —EAL D B O IERREE S 7370 b 3B 2 B L
TRTORIESCHEICONWT, = T VEREDOHITZIT T2, HiliDOEEE (n = 3) TIX

30 I EDOKFRT, Wilk= > 7 VAT EOK) 89%0N K JF R A b FEIN S 4L, 5 OUREEE (n =
2) Tl BAitE 24 WReRIBANIZ, K9 B3%A R MmN bR STz, FFICED &, B
L7c=y VORI, REREICRET 20, AEEOR EEICRNIND,

412113 in vitro &%

Fullerton et al. (1986) @ in vitro 3Bk Ci%, & b D&k (W95 & Fikim 5 Hds) 2 Lz
=y TNVORBEEFNDIZO, LBV E RV, W=y 7V 2 AERETEA L, 1
M H7= 0 184 pg D= ZFANEA SN D L HICRHIRET, 1.8 om’ ORI ICHiE =
> VKBS R 2 AT LT, 1RGOEATIZES | BEP B SNIAD 5 E TK 50 FFff 4 2
L7z, #) 240 Wil Tld. &40 L7l = v 7 VKRN BRI T%D = v 7 Vs, BB
BHIZTBATL T,

b FOFERENT D ONI(BHSTHEAS | pCi/mL T, ABRATE K 28K L L7- 0.1, 0.01 72\
L% 0.001 mol/L DREEHE IR OYEHEL BLit L Z V= in vitro 35R) 1X, @A 17, 24,
90 i, WINb LT N TH o7z, WHID 5 RERIT, JEEITR & 2oz, BTN HE
TEHEANE, = 7V OPEEE DT M5 L 72 (Samitz & Katz 1976, IPCS 1991 L Y 51/).

Tanojo et al.(2001) %, 1 7 v — A /L—4LHCE VASE 2 AV, B O = v 7 v (kg
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EURAR: NICKEL SULPHATE

=y b=y v W=y s BilE= Y ) I OW T, kB FOFEEROINSE)Y
o 7= 2O fEE & @i+ 5Bk &% invitro TERE L2, R —iRIZIER= v 7 LN
IKF DKEIE (NITPREEAS 1%) 25, L7 Z —iIZITAR AV SR, R h—iE, Lt
TE =i, BEIOAEBICBWNT, =y 7 VREN OISz, 96 K, EHED S B,
I 97%M R —iE0 5, FI 1% LE 7 ¥ —iEn 5, 0.6%03 BN bR ST,

41212 o1 & HEitt
412121 V-2 0
4121211 ®RA

F344 7 > 3B LT B6C3FL ~ 7 A (- BEHEHE 5 VET°0) DL ARBR A T TEY | hit

fe = r VKR O =T v )L (ZBR B )V B8 1.9 £ 0.2 um) 12, 0, 3.5, 15,
F7213 30 mg/m® DPERE (=~ 7L LTO0,0.8, 3.3 7213 6.7 mg/m® 1IZAHY) T, 1 H 6 i,
5 HT16 HMOBE@EN T, 7> MBI MAam il g Po=y L& pg T

FoR) 1, 35mg/mP BETIE, HET5.1+07, MET7.6+0.7, 15 mg/m BETIE, HET9.4+2.1,
T 10524, 30 mgim* BETIE, HET 77227, MT92+48 Thoiz, v T AIIHEITS

e (i1 g o=y /L&, ug TER) L, 35 mg/m*#E78, 1T 3.53 + 0.94, T 3.69

+1.03 Toh - 7= (Benson et al. 1988),

F344/N 7 v b O (£-#f 90 L) Z v 7= A5k (Benson et al. 1995) Cik, it = v 7 LR
KFnpy (=7 va )L, 2E5E8 RV E R (MMAD) 25 2.0~2.4 pm) 12, 0, 012, 7%
0.5 mg/m*(=w 4L & LTO0,0.03 £721%0.11 mg/m® ICHH2Y) OPLEET, 1 B 6 R,

Tk 6 » . &HBEENTHONTZ, B6CFL ~ 7 ADRE LT Hiu, 0, 025 £72i%
1.0 mg DYEFED NiSO, 6H,0/m* (= v 4 /L& LT 0, 0.06 £7-13% 0.22 mg/m® (ZF124) ~, [Al
FRICIREE DM TN, MR EZERBRERO T v FBIL O~V RADMICBIT A=y 7V &
BN ?‘mf@/ﬁlmﬁ%&ﬁ BWT, HWiBREDORHRA icki 2 =y 7 uh 1.10~
248 pg) Kiii Th o7z, MOMBIFHHEFEHRAETIE, 7 b, T 2AOWT OGN b kL
Tl Sz oo,

NTP Ok (NTP, 1996a) TiL, F344 7 v MBI UB6C3FL v 7 A%, itk = > 7 L IS/KFN
Woxr m )L (MMAD 75 1.8~3.1+1.6~29 um) (T, 1 A 6 FFfi], 5 AT, 13 M X
132 RN IRER LT,

HEBEOLEIX. 7y FBIU~ U A (SR 6 PT92) %, 0, 012, 05, 72

8/132



EURAR: NICKEL SULPHATE

2 mg/m*(= v 4/ & LT 0, 0.027, 0.11, 0.45 mg/m® [ZAHY) DR T ABRE L7-, ffick
F = VIR, 05 BEO 2 mg/mP BEO T v FOHA, HETIE, 4. 9. 13 HOR
T, MECIT 13 HOREE T, HRREEL i L CHEICHINL Tz, iR ER OS54
MEDRRIZIT B = I VIREEAS, SEBRRE L b L CHBICHIIN L T e,

2AERIBEFEOBAIE. T v F& 0, 012, 025, £7213 05 mg/m* (= 4 E LT O, 0.027,
0.056 %7-1% 0.11 mg/m’ (ZH4) DSET, ~ 7 2% 0, 025, 05, £721F 1.0 mg/m* (=
AL LT 0, 0.056, 0.11 F7-1% 0.22 mg/m® (ZFH2Y) DR Tl ABREE L7-, Mfilckid 5=
v VARTEIX, 7T v A% (T > MISHMERE 7 )82, ~ 0 R XA BEMEMES IT3 D) B L O
15 » At (B BEMERE 5 ICTO)ITHIE LTz, 7 v FOMICEIT D=y VA RIT, BEER
BEMN BB & & hIcHIL, 7 » A% TIE 05 mg/m* BT, 15 » H1% Tl 0.12 mg/m?® 2L L
DFETHBHEOE IV AEICELS ol vV RIZBWTIL, M=y vamaEid, Bl
[RAA T o7,

Dunnick et al.(1989) i%, filg= v 7 /v OSAKF#, = v & LT, 0.027, 0.11, £7=1% 0.45
mgim®) % 7 v he~ U7 AR A SEZHBR T, 4, 9. 13 BREICER LI EBREm Ol
FH= VB ERHEME CREETH S 2 L 2R L, JhIE, = v 7 L OFEEN
2 HRWEWH Z LA L TEBY, Mk s=v 7 VENEFKREIGEL W &
ERLTWD, 1g OCIEE Liz=y i (ug) kT 58, 7y OGN~ 2L
D KIEIZ S -T2,

Medinsky et al.(1987) 1%, Mk F344 F » Mz, ONi 5% L7-Filg = v 7L (iR A K %
AR L L2 2, =7 LT, 112, 72131057 pg/PCici4 4+ 2 HE T, A%
RS Uiz, &G 8 DEBREIM AN L, 1 BEA AR L TR — VI A, A
W50 4, 7, 10, 16, 24, 36, 38, 60, 72 B LN 96 Wi OEEM T, JR & FEFIZHON
T ONi O &4T o7z, FRRICE 2 BERaT. 5 4, 24, 48, T2 BEEIHAICEZ L T,
WD ONi O EIT o7, *IGHRRRIE. ITIER. Bd. FUIRMR. BofR. MRbE. JBRE. .
WHEH, O, Wi, <. SEI. SR, SR, AR, RBREITINE, §5. KB b
M. BEbE, B ETHST,

4, 24 35 L0096 W OKE S T ONi JEEE S E o T2 DI, W, K. WHEE. BHNE. BEbE. Rl
MR, K. FUIRIRCTH - 72, BEME -0, BAL 5. 5. g HMcd
o7z, &h% 4 RFRIOKREET, itk 1 g H7c 0 OfFfFEIL, AEEG RO 49,
21, 8% T o7z, HKG5#% 96 FFRIOKER TIX, KRNITIRAFET 2 = v 7 /LD 50%iHE )3 il 12 5%
FLTWE, ONi O BEARPEREIIR THY ., = v/ LT1IBIO12 pg 25 S
FUTZBE IR 50%728, 105.7 pg Z 4% 5 S 72 RE Tl 80% A R ICHEIE S vz, R HEIED
PP, RRKHBETIE 4.6 KR TH o 35/ E T 23 K~ Bk L7, #lE~
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EURAR: NICKEL SULPHATE

ORI, YIRS &K 30% (1 B8 LN 11.2 pg #F) . BLN13%(105.7 pg ) Th-o7-,

BN ETREBE S TIThI I ORER Tl F344 7~ NI, 1 umol D= 7 V&3 %7
b, 263 pg OfilE= > 7 /LK (1052 pg/kg KE, = v 7L & LT 235 pgkg REIZHH
W) NEEE G S, BERENRE (K REMEE 3 DU 0) 1, ARG 1 HERIX T B
WL, il s=yrVAmEaflilE Lz, MickiTs=yrvamaE(ilito=
v 7 V% umol TFoR) 1%, $5-1 H%12130.14 + 0.06, #%5-7 H#&IZiX, 0.03 £ 0.01 TH
- 7= (Benson et al. 1986)

412121.2 #0o

Severa et al.(1995) 1%, fifg= v 7 /VIZIREE L7727 v h ORHEE K OESRICBIT 2= 7L
DA DOWTHE L=, =v /L& LT 100 mg/L @Y);%EZU) Wilg = v 7 VIR % 6 H» H [,
MERED Z > MCHOKEE Lz, =y 7V OFEEIZLD | KRB L OEICBIT 5=y
TNREED ER- Ulc, MEREE bIT, %/&/I/{%fﬂﬂi%mﬁ)ot DI, T CTH o7, M
D7y FTIE, =y 7VRERESVHOMNLIRIC, ATl > BiE = 2 = Wik > ki >
RTIHot-, METIEL, APl > B = & = My = fiE > R > i FERIETH
>7, 3 W ADIEETSH, 6 » HBRELZT » M & g ONEDSLY) . ik, JRIZE
T %=y rVREICA BRI RSN T2,

Obone et al.(1999) 1%, kD k# Sprague-Dawley 7 v~ NI, Hilig= v 7L N/Kf¥ % 0,
0.02, 0.05, F721£0.1% (=7 /L& LTO0, 44.7, 111.8 F7-1% 223.5 mg/L |ZFHY) DIEFET

AR S LTz, BeZIE, BBk o= v 7 /VIREEIREE O E & I EEI
@F“ B D=y 7 VOAEERNEREIEIMLZN, 3L ALOHEE, TALOHEINTA
BT eotz, 0.1%fiE= > 7 V(= v & LT 2235 mg/l) #fok# 5 L= Ol
BWAD= NV OERNERIZ, B0bLOLIEIC, BiK > BHE > B = M > Mk >
Dl = Mg CH -7,

~ U AR = v VKR O 1, 5. £72013 10 o/L IER A R S 5A oM o =
v VIRENR, BEREBIOREHFOREME & b2 EF L, BB TR OREE 180 H H
WIRAEZGEE LT, =y 7 VREITIFRE 0 b EBO TR @7z, MickiTb=y/7r
JUIRFE 1T HIE S 7203 7= (Dieter et al. 1988, NiPERA 1996 L Y 5(H),

Z v N 1PEIZoEHiR=v 7/ 25 mg =4 H 30 HRERO&KEG LR, =y 7V EEE
X, RE > RIEEE > BEEE > Bl > B > KE > g = Wi > F5 > Bhe > i =
> DRONEIZ E > 7= (Jiachen et al. 1986, IARC 1990 L v 3| ).,
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EURAR: NICKEL SULPHATE

F v b 1PLIZOE 25 pug Ofiit= v 7 /L% 30 HREE ARG LZEA. K&, SHgE, i
SHEEE . B, OB, MR, BIOBRICB T 2=y rAEA &I, BB E R TH
E 2@ 2> 7= (Huang et al. 1986, IPCS 1991 L v 51 /),

A X~k = 41 (0, 100, 1000, £ 721% 2500 ppm) % 2 FER ORI G- L7-ikBR Tk, &
W L7z= v 7 /vd 1~3%7H3 R I HEM X 4172 (Ambrose et al. 1976)

412122 ErDTF—%

W= 7V b= v 7 VICRE SN TV TZER O o & Lo/ 2 5t RI2iT o
AW FEHRE =2 ) Ik 2T, = VO RPPEIEO L 17~39 B & fEE S
FLCW 5 (Tossavainen et al. 1980, NIiPERA 1996 X 0 51 ),

Sunderman et al. (1989) I%. fEEERRT T 4 TICHi=v V%, =7 LE LT 12
ng/kg A5 (n = 4), 18 pg/kg (A5 (n = 4) 720 L% 50 pg/kg (A5 (n = 1) AR T, kb
(Fe 515 1), FRIFEHTICEMUTEE 5L 2) L, =y 70010 L YRltEhie % 3
Nz, B 1 TR, SEBREE. KTEDLESERAROB= v F NV EERLZ, B
o 12 BRI HIERE 3 Rif & T3 & vz, Bhk 2 ik, &8, &5
BOWB=y T NVEIRN LAY T TNy T EOEENRT A ) TOMBEERET 5
12 REFERT D DA & Shviz, =y 7 VIREED, filg= v 7 V5.0 2 AFinD 4 AR ET
BB E - Mg, R, BLOEEOREHZB T, HIESh-, MAKTERE LSS
DIRFORE = 7V, BHE N L TEE LESADORED Y 22 FThol,
RO T = 7 VOFEPRINEZHER LT RER, BRMEN L TRE L5672 0.7 + 0.4%
THHTZDITH L, KRG DOEAIL 27 + 17% Th -7z, FEEP~DOFHPEHERT, ok
BHDEGERT6 £ 19% THo-DITxt L, BYZI LR EDO5E13102 £ 20% TH > 72,
WL, BAT. B X O OEEERIIE, HGICHWEEEOENC L - THEREESL
2T 5 & ot WL Lic =y 7 /v Ot ERix, ) 28 + 9 e (17~48 (]
DHEIFH) Thole, B TOVY =y 27 )7 Z7 2%, &5E 1 T 83 £ 20
mL/min/1.73 m?, #5152 T 5.8 4. mL/min/1.73 m> Tdh -7,

Christensen & Lagesson (1981, IARC 1990 X ¥ 5H) 1%, FLMEAZ AR L L7zhitliz = > 7 /LK
LV, 56 mg D=7 VERT T 47 8 NCHEIROEE L, igho=yv/r
VIR, KER DS IMIEIZAFE Lz, MiER LMD = v 7 VIR, FEFITEWVIEDOHE
B (r=099) 2Lz, MiGHO=y 7 /L OAEEIE, 11 KF#]ToH o 72 (Reg) o 32 BT 1
A=AV RET), M=y 7 VREBLIORT =y 7 VR &I, &V IEDHHE
B (r=0.98) 7~ L7z,
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EURAR: NICKEL SULPHATE

Wilis = 7 VRKFW 2 ANE IR, =>4 v & LT 25 mg 2fEHEE (2 M) RE:3 A&
B2 NCHER N#E G LB Clix, 3 R ORE T, 2EICMmE= v 7 /L O INnN 7
SR, FOHPHIX, EFMGE 1 pg/L) D 30 F0 LT N5 EETEIEL OV TUV -,

Mg = 7 /VIREIL, ZO%RBU L7eh, 5% 48 R ORERTTIE, #RE 3 AT
THRRBIEFMHEZ LS T, MHICHBT D RmIEEIX, HRE OFEIZ R EE LT
7oo 24 FEJR~O = > &I, %7 L b IME LSS LT o Tz, Ml
BENREEZ R LIBRE L, R~ =y 7F VEEHER R K TH - 7 (B 5% 48 IR
FT 24 B Z & IZEIN L7z 2 DOREFTOEAWT IS B OxHRfED 10 520 ), —
75, MR S e/ N o To R DR ~D = v 7 VPR B L, TSN 2 FBIZE)
ST RE X v 27 - 7= (Gawkrodger et al. 1986)

6 NOME 7 NOBMHITHEE= > 7 VORI T=> /L% 56 mg &5 L7 B TlE, 1
~2 ARICHRIEEDS 3~4 {12 L7z, 3 HETH £, RP o=y rrah&id, &5
A&~ 2 5 ThHolz, HHIRIT, =y F VR AR GATE 3R ERICAERZET A DR
727> 72 (Menné et al. 1978)

ZENERFICHiEE = v 7 VA B I S H 7B Tk, 24 FEREIDINICER G &0 4~20%03 kP LD
HEHE X 17~ (Cronin et al. 1980, IARC 1990 L v 21 H).

= 7y b=y r Ve G TeKER (= 71 e LT 163 glL) Ziifk LT-AFER D

FETIX, 1 BEOMIE= > 7 /VIRED, HROEEB O T=> /L& LT 0.004 mg/L T

HoT=DIZK L, ¥ 0.286 mg/lL L 72> Tz, MiG= v 7O, T 60 K
MCThoTo, BEISNIAFEBORETIX, FHRP = FVIRER, SRR =y 71 &

LT 0.050 mg/L 7= - 7=DiZxt L, 5.8 mg/L TH -7z, JERDFED LNTEEEIZB VT,
HEE = v 7 VR DHEEUE X, 0.5~25 g TodH -7 (Sunderman et al. 1988, TERA 1999, US
ATSDR 1995 X W 51 H),

Wil = v 7 TREICRI S, MET7 VT I e L fli=y A F b LTRE
&4 % (Glennon & Sarkar 1982, NiPERA 1996 X v 51 H).

412123 RS

Wilik = > 7 )V ORRBGHERAT 2 et L2 BRoF#iL, BSohTunien, b=y s
BN T owmE T, RBBBITHRENTEY, £/, =y Ade bOp# s s+
HZEHRINTND, RIBEBITIC OV T, [Risk Assessment Report on nickel chloride
(b= 7o) 27 Fh#HEFE) J3 L U Background document in support of the individual
Risk Assessment Reports (il # D{LEM DV 2 7 GG E L2 BT DNy 7 7T 0 R
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EURAR: NICKEL SULPHATE

) JoHTERY EiFsnTnb,

412124 ROFANDIR Y AH

TERA(1999) I & % & EMHIfd~D = > 7V OIY AL, @JEA A ik RIZ K DI
VA, WA LTz BmME= > 7 U LB oitik, B X OEMaIEE O, 3 SOBFIC X
STEIVGED, MI~OERY AL, WEtE=y 7 bEW & A EE= > Vb G T
FTERY  RNEtE=y b EmiE, BERIZZ > THIRIZERD IAEN 523, AlfEtE= v
TALEIE, BIERTIEZRLS, A A Uk R £ 23R E2 I U2 IR & - TRIgIZERY
AEND, MIE~OELY IAFZIZ OV TIE, [Background document in support of the individual
Risk Assessment Reports (fl # D{LEM DV 2 7 Gl EE2 Ef T DNy 7 7T 7 R
FoFciwmrohTnd,

4.1.2.1.3 ERLER

M=y 7LD X axxr 07 AF, WA, [ERNARBES, OS5, BLUOREL
ORI OV THRRTENTW5,

412131 ;iR
4121311 BA

=y 7 VOWMANEITZENEARESICL V= rVORINZBETT5 2 2 HAY -
L7z oE#it, SonTcunzvyy, Lz, EBREWZ2 A= 2 tFoRBR» G, K=
o VOIS L ERN S HFRESE LN TWD, & MCETA T —Z 3B 50T
AQTAN

Benson et al.(1995) (Z X D Fiile = » 7 /L OW AR TIL, 7y BIO~ U RIZHBE= v 7
VAR DT v v [ZEKE RV E & e (MMAD) 23 2.0~2.4 pm) ZIRA S 7
LA, Ty MRYURATIEHMNO DB =y 7D )T 7 ANRKEL, 7y T
2~3 H O TRARIEE = > 7LD 99%, ~ 7 A TIE 1 H A O T 80~90%73
EE&Nlz, W=y 7 NVRKIOZTay Ve T y b U ACKERASETEH,
THOMIZES =y FVOFERBIIBIEEZ SNhote, £, HilE= v 7LV K 2
» HMESE L7256 L 6 » HRRE L7256 00Tl Th, ZOR®RICBASIILE
BNISO, D7 U 7 T v AT Uirdno T, Wilt= v 7 VTR SN -8 Ok,
FRRFEIOMRA T, il = > 7 VR IR SN2 oz, PR L WIRT O = 7 LR
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EURAR: NICKEL SULPHATE

WTHIE S o leizd, ZORBRNGIX, 7 U7 7 2 ARG M ~DOWIIZ L > T
HEUTb DO, FITEEN DR EEEIC L > ChlEEZ &SN bD0nzo
W, RIS O N0,

Medinsky et al. (1987) 12 £ A % & N sl 538 Cld, &G EOHEME &L HIZRT=v 7L
OHEME RN AN A 5 AU 7= A EAH] 2 BE Tl 50%, fes HERETIX 80%) = & D, Hilik—=
v 7V (CEIRA BRI K A2 SR & U7k TR B3, Bl & i HZ S AT AL R 12 %
NENTWD Z EIRENT,

Wile = > 7 VIR AR SN2 G IR SN =y S VO &EIT, HoiTnd T —4

POIFERT DI LIEXTERY, TIE~ORLFOWHEIL, P FDORKEZ(MMAD) #1X L

D & T DR HREEICAES S, KOEDDIMEF~D = 7 L OWRIUL, WAShi=v /7

MMEBWDOIRIRIEIC A S, WilE= > 7 is EOFRE= » r AL EWIx, WARE
DEHE. KIENLRINSND b0 L Bbivd, T4k, Medinsky et al. (1987) (2 L 23D

T—APLEMTONTEY ., ZORBRTIE, 5 LHE= > 7 /10 50~80% (F &Iz

KTF) DEED DRI ENAGD Z EDRENTNWD, =y 7V ~DORARRIZL D=

S TV ORI, KENRMKEGICE 2568 AR THL ERET D L., Hik=y 71 %

WA LT OKGEND D=y 7 )V ORIE, &K 80%IZKSZEHEXLND, SHIT,
Benson et al. (1995) (2 L D Hiifg = > 7 VO AGERTIL, 7 v b~ U AIZBIT LM 60

M=y V07 )7 7 AN, TR THLZ EBRINTVAS (T Y M TE 2~3
H O CTHK 99%, ~ 7 ATk 1 H A O 081 T 80~90%) . W AGRERIZIS 1T 5 fitine
5 O = > 7 VR (MMAD 75 2.0~2.4 pm OW A RTRE/RKI ) D2 ) 7T v AN, b
SRR BIERICE 2 b0 TIE AR, MICE D20 TH D EIRET S &, Filk=> 7L
WA LTS EDOMIND D=y 7V ORIUE, &K 9%IZESZEbEI LN (=v 7

AL LT, Ty FTIHRAK 011 mg/m’, 7 2 TlTix K 0.22 mg/m® DIEETELEGS), T

v hEXSR L Lo AR5k (Benson et al. 1988, NTP 1996) Tik, MilcBiF 5=y 7 /LA

WDy, WA L7222 ORiiE = v 7 /L OPRE DI > THEIML (= v & LT, D

&b 08mgmPET), F-, BREHHOBIMCE > THEINT S Z LARISNTND,

7 v bW b= > 7V OKE N AT 550k (Carvalho & Ziemer, 1982, English et al,
1981, Clary, 1975) CiE, # 5 L7=ifb= v 7LD 9 HERK TR 97%N50EN BN S b
ZEDNIRENTWD, FEHIZ W TIE, [Risk Assessment Reports on nickel chloride (#ifk=
v D U R 7GR E) 13 X O Background document in support of the individual Risk
Assessment Reports (fil # DILAE DV R 7 GG EEZ R4 T D5y 7 7I 00 R0 |
RO &,

fham e LTI, milt= v Liifb=y 7 VizonTilibnier —2nb, Zibofbs

14/132



EURAR: NICKEL SULPHATE

MEBRN LTS E D=y 7V OWIERIL, K 97~99% & @V ATREMEN B D Z L 3RS
TV, ZTZTC, BIEIZONTIE, MASINTZZRTO =y 7 ALEMORE R X UM%
BB O G ICH S DNUEFI TH D Z LI ETOILERD D, U A7 OMAHIEICE
LCid, ZZRE ) FRIERD 5 um K (A SHAG D) DR ORREE = > & /AR G
ENTHLAEICBITIREP LD =y VORI L LT, 100%& W I EZEAT 2 Z &I
75, ZEREIIFHIEAN 5 pm XV RE WA SIHERW) = v F LRI DWW T,
KBy DR EBOERIC L > TRIENBHR SN T, BHEICBE L TRIRSN D20,
KECTHELLZ2=y T VORPUIBHETEX 2B b5, LB o T, WMAINGR VKL
T OEFNZONTIE, KHEBREOIERIC L > TRED S 100%HERR X CH IBE 1B EI§
D LBl I, BRI OGS OER#EH &5,

FEAMIZ ST X, [Background document in support of the individual Risk Assessment Reports
(ffl = DILEMD Y A7 T EELEMT Ly 7 770 RCE) 220 2 &,

41.2.131.2 #0

b RERG e L2 ORBREBW T, fiilt=y 7V 2R AERLIZGE D=y 7 /L ORI
BRFARLNTND, LarL, EALORERT, filt=y r V2R A5 Lcgha 0 —ik
7e = r VIRIR 2 HEET 5 Z LI TE RV, HFRAE O BRI, RINOBREIT,
il = > 7V EHOKEG 5 O0, BENEEFIITOI D DG, R FELE LD
WCEETD20MNIEVERBEZTHZENRINTWDE, BRI T 4 T EMRIAThb
7B (Sunderman et al. 1989) Tik., #BrRENZEIEIRREDIES ., = v 7 L2 BHE L Ik S
L72BED = r VIR RN 5B DK 1%72 > 72D 1% L, fok&5 LB 27% Th -
7. BIDFBR (Christensen & Lagesson 1981, IARC 1990 X v 51f) Ti%, FAEAEAL LT
Wil = 7 VBT E SN TWAHR, ZOHADORIIIH 1~5%ThHh o722 LIRS TN
%o ZENERFICARFE = v 7 VA L2 5E 1T, 4~20% & W D @D ORI FERD 53T
V% (Cronin et al. 1980, IARC 1990 KV 5], £72. = 7V ORIE, KLV b RS L
— IR LIZBADOH N, HLNNEE TH-T-Z L RENTVS,

Z v MK = v 7V Z % DR S 7238058 (Ishimatsu et al. 1995) Tl. 5%7 » 7 A4 Fl
B KR Z AR E LT G2 Thiv, WINERIT 11% Th -7,

BEOREOLGA ORI = 7 /VOWINRIL, EEEFICHEE= v 7V 280K 5T 5 &
21% & m< 72 0G50, FHEZEERFICHB =y F V2R E IR T D L, 5 1~5%E
BIZib L) ThD,

KT T 4 T X812 7 -8R (Nielsen et al. 1999) Tix., %5 Li7== v 7 /U bLEWHN
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EURAR: NICKEL SULPHATE

FLH SN TWRWS, ZEERFC =y FV ARG 5 & 5RO 25.8%73 R 2
SN L, =y NV ERFITERG L TRET D L. RPPEHITIRGED 25% Th -
7z, Diamond et al.(1998, TERA 1999 X v 5IH) %, AEMEN)FHIET VA2V, & M &%t
LIATONIZ WL ODRORROT — HIZHESNWT, = v FVORIEEAHEE Lz, T Of
R, BWE L=y FVORINRT, ERRIC=y F VAR O ERS 25613 12~27%,
BHER(EITEFRHOE)ICTEY., K, 3V 7B IV RABRS Y
BT 1~6% & HEE Iz, FEMIZ DV TiX, [[Background document in support of the
individual Risk Assessment Reports (il * D{LE D U R 7 i EE L2 E T 5y 7 75
v RXE) RO L,

fEmme LTIk, fonkr—206, EERICHOKE S S =y 7 Vv OWIERITHERK
25~27T% L m <, HEZEMERRPLRBRF L M (FIFBFRHEOE) ICREENTE=y 71D
WAL ERITAH) 1~6% THHZ ENRBINTWVD, AT OREHEICEE LTI, WHEH%E’
il = 7 VIZIRBEIND EVWI T U A EZBEL, M=y 7L ~RORE I3
ODEBENSD= v rVOWRILHE L LT, 30%E WO EEZEAT DL L1225, m@ﬁ@
U A ERBE LG TV TRG, BHENLO=y ZFVOWILEE LT, 5%& 09l
EHWSZ & LT 5,

FEMEIZ DUV TIX, [Background document in support of the individual Risk Assessment Reports
(2 DALE OV 2 7 Tl EZHEL T T2y 7 790 R [ 2o &,

4.1.2.1.3.1.3 BR

PRI DONWTE R D L E X, RIE~D=y NV DiRE L, =y Vs EE %4 LT
WMHICEE SN D RLZEEE ZXBTILERH H, FEMIC VT, [Background
document in support of the individual Risk Assessment Reports ({fl # DAL G D V) R 7 G-l &
BEEMNTHNy I 770 FUE) JABROZ L,

T, B M ERITITONEE= >~ 7 /L ® in vivo Bk (Hostynek et al. 2001) Cld, %A
SRR E DR824 BRI b BEREIIRAF L TV Z VRSN TN D, K
WRBHSTGHETH, EHICLD L, ZNTAERBEOR FETHEL TS, B FORSE
(BEAR DD K2 % D 4 'E ) % FV 7= in vitro 55k (Tanojo et al. 2001) TiX, #BRWE % &40
L7t 96 RFEOIRERT, A ED 9 B 97%7 R —ik, £ 1%23 Lt 7% —ik, 0.6%7°
MEE T ENTZ, & FOREZF WMo in vitro 5 (Fullerton et al. 1986, Samitz
&Katz 1976, IPCS 1991 XV 5IH) Tl B oiLieT —Z 3RV BT 1 2 WX
(ZIED 2 0 OEFED D ATREME N 8 D T E VRSN TV D,
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EURAR: NICKEL SULPHATE

FEBRENM & %G & L7-RBRClX, 7~ b (Mathur et al. 1977, IPCS 1991 L v 51 ), €&
v F B LY B (Norgaard 1957, IPCS 1991 L W 1) IcB W T, FEEZ N L T= v 7 /L
WIN SUfG2D Z EARSNTWD, ELEY | %iﬂ“% & L7237k (Lindberg et al. 1989,
NiPERA 1996 LV 5IH) Tl =y 7 /VITHERIZRET 20HTHD Z LRI LTWY
%=y

= 7 VORI, E;ﬁﬁ?:yﬁllﬂ\@&f‘%%ﬁmliof%\éiﬁ”éo LL, BHSh-&
DRI ERESLAEFIFERF L, BNSNDDE DT THLEZEALND,

= SNVERBERBWE L L, b FExSE L GEEICITDLE in vivo ABR (Hostynek et
mzmnfi B S IR E O FHT, 24 BRI T O REREITIRAF L TV
'8 2HE L TV Z R ENTWD, FEMlIC oW TIE, [Risk Assessment Reports on
nickel metal(:: v T VAETRO ) A FHliE S E) JA SO Z b,

b b ORE A VNV in vitro BEBRCIE, A EORER R —IRPIZEFE L, DEROBR L
BTN BRIESTEY . B FAXRIZITOILZ in vivo B D H RS FF S T
Do Flo, FAUHO in vitro BERIT E 7, 1300 BEHANC X 2 WIUTIEA 72 D ORFHIA )
MBDAREMEN B D Z & 2R LT D, B>V TiE, [Background document in support of
the individual Risk Assessment Reports (il # DL G D U A 7 Gl EE L2 Ef 1T 5Ny 7 7
T R IO &,

fEmme LTk, Bfonkr—200, HEEMICE 2=y 7oL, SESER=y
TIALE TR Z 2 RN H D2 ODDLTNTH D | ﬁ%éhtgwk% B Ei]
RMAEBIIRAET D ENRENT WD, il =y 7/~ JFHEAL L 72355180 b
= VBRI S D I E RS 5120 \T~&ﬁ9&¢%éotF@&E%%PTﬁb
NicEtE = b e (g = > v b=y 7V g =y 7v, Bilig= > 7)) D
in vitro 5k (Tanojo et al. 2001) Tik, #H 72 &ED 9 B 98%2% R —iK 5% L,
J%HTﬁvtf&—ﬁﬂ%@méh\mﬁﬁﬁﬁEEK%%éMK:&ﬁ%éhfwé
EU 25MERL L 72 SR TR B AT FE &3 (Technical Guidance Document, TGD) 2 KiuiE, FEic

SN L' 72 —iRPIC i%ﬁb&#ot“aﬁ %&&Wéht%@kbf%m&
INEICEDRTNIER SR, U A7 OREHIEICEE LTt BilE= v 7 /W R Bl L
t%@®:y&wmwﬂ$tbﬁZ%Ewﬁﬁ%ﬁﬁﬁé_&_ﬁ&

FEMEIZ DUV TIE, [Background document in support of the individual Risk Assessment Reports
(il % DALEO V) A 7 dHlisR G E LR T DNy 7 7T 00 RE) 22RO Z L,
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EURAR: NICKEL SULPHATE

4.1.2.1.3.2 L HEH

7w Fextg e Lz 2 oWk A7 Bk (Benson et al. 1988, NTP 1996) Tix, Milckil 5=y
VAT, WA L7228 R P OWE= v 7 VORI > T L (= v 71 e LT, Akl
EHIEK 08 mgm® £T), E7o, BEHEOBEIMCE > THHMT 5 2 EAREN TS,
Benson et al. (1988) D#BR T, 7 v FOMilCEIT 5= v 7 /LEARA, 15 mg/m® THE#E L7~
A & 30 mg/m® TR L7-35 IEFEERCThH o TzTe®d, FiThO =y VAR EFIR
RRIZE#ET 5 ATH f%z’»réﬂ(b‘é %'J0>(3 B @) 7 B% (Dunnick et al. 1989) Tix, 7 v b
LU RITHIE= v A (= e LT, 0.02~04 mg/m®) ZASHT-E 25, 4, 9,
3 JARE ORF AT, WENMFE D %fé v VIRENRIETH D Z & PR S Tz,
%@:yﬁwéﬁﬁw CHER G LA, 5% 96 BRI TR, RNICETE L= v
D DB 0% L TW e, MilcBiFo=y 7 VvoitElix, 7y T~ X
LHELTH LN E -T2, B MIEAT 57 —ZI3/HG 510 TWRN,

—KAIZ, = v T AL EITIRENR TR S L. = T b B E WA G E 720
REWNERR G SN ERIY TIL, = 7 VIS T2 RIS TW 5, FEBR
BT D = v VORI DWW TR, BREERES (W AR UIESUE N AR % 523
iki%m&ﬁwﬁ CEDENSZLVRDOLNTVDEN, AERETEHARVWE I ICEDRS,
R~ @I 1 ppm K L. K2 &#Téhfwé #y&wwﬁﬁ$ﬁg
@Lﬁ#m%@%&ﬁui\WMT%é = rVIBEO EFIE, MTLO LN T L
NEL (NG TH-oTH), I THLROOLND, TOMOMETIZ, =y 7 VRED
EHIZIHEVRD LN, B MIBIT D=y F L OMFESMIZONTIEL, [HFlRSIEE A
EEesnnot,

WIS o= 7 g, BEREICEGRR S, WThoSa ThIRPICHRit s, &0

BERENT=y L, BIFED D ORISR0 1EE A IR I PR S

ND, b MIBWTIE, #ifR=y 7V 2RO ERLIZSE 0=y 7F VO RPPRERIT, %2

MERFC ORI 95 & e 58D 20~30%Th o 7=hy, BF & —fEr . EITRFRERH OU
BT D L EHED 1~5%Th -7,

il = v 7V L b= v 7F VICTIRBR SN TV IZERD - & TO/NBER 2521217 hbh
AW FEH T =2 ) Ik 5T, = VO RPPEEOFIHIE 17~39 K & fHEE S
n<Tnsd

WA SNz = VR - OREN S OPEH L, FFRZ LT, K[aENS ORIz L - T,
FREIREIC K BBREICL > TOWTNOOBT TIThh % RN 5 5.
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FEABIZ DU TIE, [Background document in support of the individual Risk Assessment Reports
(% DGOV A 7 S EFE LR T DNy 7 7700 RGE) 22RO Z L,

4122 ANEN
41221 SR

file = v 7 2 HOW T, FHEEME L OEREREZHW T, Z2< o3 IThITnd,
BMEFRMEOFRICREE S D & A SN RBROBRIZ. BROBRSEICE2b0LLE6NRT
WRWWY, ZiL6 % Table 4.1.2.2.1A 12 R LT,

412211 RA

il = v 7 V& AW ClEYNC FE i SN - ARBROE#RIL, Sonholz, KENAT
# 5.1z X 535k (Benson et al. 1986) DfE#IL. BHoHNTW5D, ZORERIT., MAIZL DA
PEFEME L RE NG X AAMEFME L OBEMEN TR TH L0, U 27 RIS T
RV AN

412212 2O

FDRL(1983)IZ & > T, GLP IZ¥EHL L 7= A Btk m sl i ST g, ZORERT
I, ABEMELE 5 PL3°-> D Sprague-Dawley 7 v MMz, =w /L& LT 22, 40, 70, 125, &
721% 223 mg/kg (R (WIS 98.8% D Fflk = » 4 L 7S/K A C 100, 178, 316, 562, 1000 mg/kg
RE) OHET, F—REOHBRWENHEROKE Sz, &5%, 7 v ME 15 ARIZ
blzoTHERIN, TD%k, &7 v MIOWT, WIRFIRMMThiT-, JERE LT,
TEEIPEIRT, TR, TRIRE, B X ONEBIRFHNRD Hiviz, LDs 1%, HETIE=y 1
L T 72 mg/kg R (Filig = » 7 L S/KFi#) Cid 325 mglkg RE) , ECld=v 71 & LT6l
mg/kg R E (FifR = » 7 /L /S/KF) Clid 275 mglkg RE) TH - 72,

/N ERBR O B E D 7= DI T 7= 38R (Covance 2003) T, 40> Sprague-Dawley 7 > b
(6 PT/#E) I, =v &l LTO0, 275, 55, F72iF 110 mg/kg A HE/H (FiEE 99.99% DA
= VAR TTC 0, 125, 250, 500 mg/kg AE/H) O T, 3 HIF., &kl O & 508 %E
fEENTWD, =7l LT55 mgkg (RE/H DOEED T » T, 2B HOEE%IZ 1T
DIETHMER SNz, BIERAERIT, MERDW, DT RIESHEET, 52 A3 254
AN Z2 B IIVERER Cldo o 7o, Fermn H B BE T ORMERRARSER X, MR W, DT 0 72RISEE
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EURAR: NICKEL SULPHATE

KT, B RLUEMI 3 2l CTh o7,

0%, 2 BEOHERERRIMTHONATEY, =y /Le LT 0, 165, 220, 275, 330,
F 7213 385 mg/kg AEE/ B (FEE 99.99% D fiilg = » & /L /N /KF#)C 0, 750, 1000, 1250, 1500,
1750 mg/kg REE/H) 28 3 HIH, ®Oeh S, =y & LT 275 mg/kg K/ H OFED
7 v R T, 1 EHOEGHZIZ 1 IEOREDN SIS N, 2 BIHOFEGHEORERT, L
KPR THRA, BEOFEERIUC L 58 ER. £ 7213% OB E & G- CHEE O #HME
DR ULIZZ LX) X, =7 E LT 220 mglkg {KE/HORET 1/6 P, 275
mg/kg REE/H OFET 5/6 PL, 330 mg/kg {KHE/H OFET 6/6 VL, 385 mg/kg (AHE/H ORFET 6/6
IETh-oTo, 3 BIHDOEGHOIFRT, ATHRGUATHRA, HEOBERBUC L 588E
B, ERZOEBMERGHECEEOEENEBLLIZ LICK 8L X, =L
& LT 165 mo/kg A5/ H OFE T 4/6 DL, 220 mg/kg (RE/H OFET 316 IE T - 7=, melEEGAK
FEARIE, VEEWECT, R E 72X PAIR, MR s, ANERIRER . BEEN, 2B, Al &7
SEUBND, #ANCKT 2, Bafi/iEREThoTz,

ERBECIX, =7 E LT0, 275, 55, 110 mg/kg IRE/H GHE 99.99% D it = v 77 /L
NAKF#)C 0, 125, 250, 500 mg/kg ARE/H) 2% 3 HRE, BOh sz, WIhoRizsy
Th, FETITHER SR o T, BMERRAAER T, TSR T OMER W T, aTPEH TR
Doz, EAERED 4 TLIZOWTIHE, S DICEMERRER & LT, B, AR
W, RHASCPAIRA RS S A7z,

Table 4.1.2.2.1A: Summary of acute oral toxicity studies

Species | End point | Dose Result Reference

Rat LDsq 50% aqueous solution 112 mg Ni/kg Kosova (1979 - quoted

from UK HSE 1987)
(500 mg NiSO,-6H,0/kg)

Rat LDsq 22,39,70, 124 and 220 |72 mg Ni/kg (325 mg FDRL (1983)
mg Ni/kg (100, 178, 316, | NiSO4-6H,0/kg) (males)
562, 1000 mg nickel

sulphate hexahydrate/kg) |61 mg Ni/kg (275mg
NiSO,-6H,0/kg) (females)

412213 V234

FRERBEIZ DN T, BET > MT, 0.25%4EF A KEZHAKE LR T, =y e L
T 40, 60, 100 mg/kg (ZAHY 3 DRl = > 7 v ok (hilg = 7 VSR A &3~ 3)
% 30 HWEH R U2 B OE R3S 50T 5 (Mathur et al. 1977a), H#EEIC X D
RIERSCE IO D e o Tz, ZOREBIL, MEE V ISR OFIEICHE > TiThbh T
BT, Wilg= v 7V DR LDs DHEITERHT 5 Z LT TE 20,
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EURAR: NICKEL SULPHATE

412214 FDMDREGIEE

Wilt= v %=y Le LT 6.7mglkg {AHE/H 72\ LI% 89 mg/kg (A&E/HDHET, 2 H
MIIEREN T 5 L= BROE @A 1 45 5 T 5 (Adler & Adler 1977), 6.7 mg/kg A/ H
OFH T, HE LT v MIRD Lo 723, 8.9 mg/kg RE/H O#H-TiL, 48 K
B ETIZOIED S H LD T v ML LT,

412215 BRI T S i

Wit = v 7 W L 5 2MEBMEICE T 27 — 2 1d, EIC, fiig= v 7 ANk Ef A L
RSN TV D, Filfg= > 7V ORMERE LDg (DWW TIL, =» /L& LT 61~72
mo/kg 1A (= v 7 VK O T 275~325 mg/kg A=) (FDRL 1983) 75 112
mg/kg R E (Wil = » 7 LSRR O 5 C 500 mg/kg) (Kosova 1979) & CTOHE S LI
TV, FDRL OFERIE, GLP IZ9t-> TIThhzikli, & 5V Thh 723 ER Th
D, VA7 OREHEICEAEINS, ZORBTIE, LY MO FREZEREL ., £
D LDsp 1Z, =w /L& LT 61 mglkg (R (Fifg= > 7 /L XAKF# O H & T 275 mglkg &
H)ThDH, VA7 OREHEIZIZ, ZOEPEHINDZ LITkRD,

Wile = v 7 L AKFE, MHEE VI o, TXn; R22) (AT & AE) 24 &G EYWE
& LTONEIENEER7- LT 5, FDRL ORBRICEIT DD LDso 23, HANIEE= v /7
e LTHRE SN SGEIT, 162 mgkg E72 0, [T; R25) (fRAiATe & 1) 3 _&fF
B L L ComER %@Jk?ﬁié e L PE AL E (O 2 Eﬁ‘?ﬁ@) ELTilREhTn5,
W= > 7 —AKAZOWTHBEN TS Dy ZBE L7285 E . [T, R2BIIHHES
nasEEzon5, R A7 L (Globally Harmonized System, GHS)O)%E&%?ME#
300 mg/kg RETH 2D Z LIZESL &, AR Z G LT X TOHKROIEE= > 7 /LR
IZ. FDRL OFRBRIZEB T HMED LDsp fEIZHESE . T TV —3 ORMHEWE I 5E I
HEBZLND,

Wit = 7 BT, MBE V IZFEHR OB AGBRIEICHEIL U TR M S -3 5R
RSN TELT, BERAFEEOT —XIZGE 6T, BiEE= v 7V IgR A %I
Lf%éﬂiénéﬂ‘*b'rm%%ﬁ:&) BIENBERT 2B L HRT 52 1T TERY, U R
7 DRAHIEIZIE, NTP(1996a) (12 X5 16 HREOKERGEERBRH A LN, FREMK
hk i\LAODﬁ%%Z*i“ (ZFfs & J0E) 1ICBT % LOAEC TH 5, =4/ & LT 0.7 mg/m’ 73
BHEN5D, ZoOWAREBRIT, KERERR (16 ARIC 12 [FORE) ThoH 7D, MEE

V ZECHEL O ik (HE] 4 ReIGRER) 1IC K 5 RICHIR LT, KV ERARHEENRESNDZ L
DTPREND, LEen->T, ZOXEBRERBROMEREZHHA T Z &13, ZLlliZEBEL
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EFETHDLEEZBLND,

KEBGERBROT — 213, DEICEBEIIELTDH I LT TERY, 2ER L, KIERE
(B 21X 16 A HIC 12 [ OBRER) O%aid, WEE V IZRso 7k (HE 4 FrigdR) (2 X 5
RER L LT, KO EEOHENBND Z ERTFHENDINLTHD, LrL, NTP O
16 H 8wt ARER (NTP, 1996a) Tk, [T; R23) DS E (1T, R25) 72 £ 67
5 EIRODOME) DB LZE 305D 1 DIRETT v OB ALNTEY | EEmHERD 7
v MO, METIL 100%, HETIE 40%75eBRHE THNICET LTW\W5, "iatkE=y 7 ks
Wnsik % 5 CRMEFRMEAZRBIT 2 LWV IOGHMIRENATEY, Lavh, O XD LA
DFEDITH, WU 720 @&,

BEBEIZOWTIE, T2 ELNTWARNWED, Atk LDy [EEH#HEET 52 LN T2
WV, La L, BRSO OWRINMEWZ L 2 E[ET 5 L, AlEEEoRE KV & T
ENd, MEICEDEEBIZONTIL, BEDOHBRITROERNERREND,

41222 ErZBITEZT—4

19 it = v 7 VTR E LTl Tz, 1883 4EDHE TIX, 65~195 mg DOk =
o V(SRR & LTI SN TW R S WO T BZ2 6L =y /v e LT 156~
44 mg IZFEH) 23, THICTANADIRRICEDLDNTE Y, MEERE L, IREICAR TH
Sl ENTW5D, —J, 325 mg(=v L& LT 73 mg) NG SN-HEAITE. DFEW,
M &K EERRRRAR, BEOKRME T 45| & 2 Lz LFt#i 41T\ 5 (Da Costa 1883,
Sunderman et al. 1988 £ v 5[/).,

2 WOt biad &b 5 g EHEI SN DR = > 7V A RRER L CAE T L7 408
WMEINTVDS, FEBITTSICERREBE 20 | I (RIEEH D H O® AT )
OREE, FLEE, BEALHOR, SR, M@nsl &k Z Sz, MEIR%, B0 IR LA 1T
ST, ML T D 8 RFHHBIZIET Lz, FIMORiA., SrEH S R R S v
(Daldrup et al. 1983)

TSR EOFFITIE, 32 AOEZRD > E LN, Hilg= > 7/ ifift=>rZiEiksni-
K= L TL63 glL) ZFBK L7 Z ERMESNTND, DN 20 ANTHEK, 1
M, MEEARPUER. TR, D FE WV, BRI, BUR. %, BUINRR EOERNBNAT, b
DIERIT, %< DBH TITEFFM THEL LS, 7 ATk 1~2 B ke L7, JER 2368
Lo & To= v /7 VEREIX, 05~0.25 9 tHESINTZ, ZOHEIL. RADKEE
70 kg & L7234, =v /v e LT 7.1~357 molkg KEICHIY 45, 154D ->& TICEH
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T OMREEES 1 B HOMIE=y 7 VIREIX, =v & LT 13~1,340 pg/L T, JRF=v 77
JVIBFEIX, VLT F=r1gdbiz, =v e LT015~120 mg THh o7z, BEBRET
1L, MRARImEREL, JRP T LTI MiEE Y AV EED ERENRENTE, TRTOH S
TLIE. Ao ReBBiEd e F<CICEE L, BE% 8 HE CITIIFERICERLE
(Sunderman et al. 1988) ,

41223 %R

= /e LT 61 mglkg AE (Bl =~ 7 /L S/KF T 275 mg) & W 9 2bERk 0k
LDso ffi7%, FDRL OFRBRIZHE T HHED LDsp fEN B/ LN TEY . 2 Y 27 RAEHIEIC
BHEND, BATO, Wilk= v 7% [Xn; R22] (kAiATe L AE) 2 L CAE LT 505
I%. %5 30 & ATP[Adaptation to Technical Progress (3iffif)72 S ~DEA) JIZB W T HER
EASAN

S

|

BMERATMEICET 27 — 213, Bon T, k= 7 voaER D EE, S0E%
T DHINNE, LY 16 HHOWARER CBIZE SN BEEE A B R, SrERA
B OWTHEAIT) 283 e Bbnd, (WFWHEO M EFRLICET 8 ER
2> (Technical Committee for Classification and Labelling, TC C&L) (%, filig= > 7 /L%, [Xn;
R20) (AT % EAF) 2 TAEMEICHEHT S Z LICAELTWD, ZO58IF, 5 30
K ATP OEFE | O FHIZEZEN TV D,

U A7 ORGHIEIZIE, NTP(1996a) (2 L2 16 HMOXERGEERBR AL, K
A & KOE~DF FR 2 (LM & RIE) ICBAT 5 LOAEC ThdH, =v /L& LT 07
mg/m® MR EN 5, ZOWARBRIZ, KERERBR (16 AKIC 12 FORE) Th o710
BB E V ICEEHE O ik (Bl 4 BERIRE) IC L 23 BR L etk L€, kW BERAFEI RS
HTENTREIND, LEEN-T, ZORERERBROMSREZEM T2 Z L1, Z2Mic
BELEFETHLEZEZLND,

il = 7oV A 27 FHl PER N GEMERER T, U B W E b s,

AMEREBIEICOW TR, T XSO TEL T, FMliZIT) 2 &N TEXRV, LaL,
ZDORBENL DOWINNZ LW L E2EBETHE, SMEREoRE RV E PRI,
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Bt - BEH

41231 BB

41.23.11

Wilg = > 7 2L O BRI & BIRFEPEIZ DWW T, W< 220

BEIERIH1E & BRFH1E

6% Table 4.1.2.3A ICEHKI LT,

FEREAIME X, MEE V ISR O HIETITh 3Bk THRET S 4T % (Springborn
Laboratories, Inc.: SLI 1991a), #ifit= v 7 /L i%, ZOREBRTIX. DT 072 RZIERIME GRLEE)

LaglEz Shenol,

iz 3HFORROIGEHRPELNTEBY, THLHD 5 H 2 £ TIL, 30 HROKIEHEH TP
., BRIE~DHELE

NHER I TV D,

Table 4.1.2.3.A: Summary of skin and eye irritation studies

EURAR: NICKEL SULPHATE

MR TR SN TR, £

Zealand White: 2
male, 1 female

0.67 (conjunctival
redness)

0.44 (conjunctival
oedema)

Species Result Grading Method Reference
(irritation scores)
Skin | rabbits, not irritant 0.42 (erythema) AnnexV | SLI 1999a
Adult New 0.00 (oedema)
Zealand White: 2
male, 1 female
Rabbits Pustules seen on 50% Wahlberg &
wounded skin but aqueous Maibach 1981
not intact skin solution
Rats skin atrophy, 40-100 Mathur et al.
acanthosis and mg Ni/kg |1977a.
hyperkeratinisation bw/day
repeated
application
for 30 days
Rats Erythema, eschar 50% Kosova (1979
aqueous — quoted from
solution UK HSE 1987)
daily for 30
days
Eye [rabbits, not irritant 0. 00 (corneal opacity) | Annex V| SLI 1999b
Adult New 0.33 (iris lesion)
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EURAR: NICKEL SULPHATE

FERoFIT, SLI(1999) 12k W GLP IZYE#L L Tlir FEi Sz 2 o S Tn
LM, FNOHORERIZ, M= F VR <L BRI, IBREEO WY
EU O EZ - L TR WZ LA R LTV 5,

L72>L. UK HSE(1987) (%, Wahlberg & Maibach (1981). Mathur et al.(1977). B X O
Kosova(1979) DR Z 51 L. ZhbDHWF =2 Tk, = v FVER BRI E XIT
TZEIREINTND EIRRTND, ZHHOREBRON 2 thicBWCid, 30 H B OKE#
HIZ X o TRENREO LN TN D, LLINbOT —X%, /% (EC 1999) (ICH S
T, BHITRIRT 2 Z LT TERY,

4.1.2.3.1.2 PEIR Z5 7 2 1

il = > o v ORFR g fIIEE 2 BRI R TR LB IEHRIT. HF 5T, Hig
I OIREZIZ X 0 1T ion < SO BR Tl Mo RIEF LU R DOZEMENGR
54u7- (Benson et al. 1988 (12 Ao =7 1 ' /LW A) . Dunnick et al. 1989 (13 i@ D A) |
Benson et al. 1989 (13 #F] D=7 1 Y LWL A) | 97T NiPERA, 1996 L W 5], ~ 7 X & F
v MZEWT, 16 AMDEIEE= v 7V ~DWABREZIZIT T, R ERZOZEER K OO RAE
WAECTZZ L3 HE STV S (NTP, 1996a), = ORBR THGET S o idBRE L= v 7L
L LT07mgm® T, ZHnsf N (Lowest Observed Adverse Effect Level, LOAEL) & 7
REND,

41232 EHMZBHTHZT—4
4.1.2.3.2.1 B S R 1

R REHISVE 2 B3 2 87 2 A BRI B -0 Thb R BRIZB W T, Wilig= > 7L
HEBRE I E D H TV 5 (Frosch & Kligman, 1976), Z ORBRTIE, KEx 722 E O
=v7n0lmL %, By FT2KELDRMMAMAOT + A7 IR FF ST, HEfilsfER
BIHICT YA v ST v o =05 ¢ 27 ZH0 11, FEEHZEMET — 7 % 7213 Dermicel®
T THREIZEE LTz, Fx S —HOFRIL., Ny FOGEE L WRYWEOH
KRB, BT g BT 5 2 L Thoto, BBREIL, K8 5~10 ADOALOEAEN
FHOBEANE LT, #BRyE . s AEsic 1 B 1Bl 3 HREEEAH i, BREZ 30 471,

RERBIAA 72 FEFOBFE L LCOMEEIT- 72, BRI, Ba2 o7 (HE) KHER L O
HOREIxE L TIT LTz, UG, 0~4 £ TO 5 BeBECRuii S av7z (1 ALEE, 2: & L7z
FLBEDHAN, 3: DR DFEIZB o &3, RIS L7 ORLEE, 477, #5E, K
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TR 5 56 b EDEEOMA M), FEOKRETIX. FERFEOREK G
MAHBIL, AT X 0.13%EIK TD 1 15 1% TD 41207 > T\, ilg=y 710
AE-SUGHBREZRI &, HEREFICATH o, FH T, RBERICOVT, 0.13%D
TR Tl TRARBR O RN | Usdx BRI 7278, 1% DR T TR I L gl | 23
RO EFH L TND,

BEOREIZBIT HEE L BEOREICBIT HE L ORI T Tnd, EL,
HO R BT DREMe it RITR IR TR, BEORETI3 H O CORRKES
MBI D BRI 200%TH Y . ZNDNEEHORIETIX, 013% Th -7, AEDEED
R I S L2 b9~ 2 B D R D BRMEIR FE D bR 1E, 154 5 CTh o7o, T OHERIE, SiHiE
PEAI, BRI, UEA. BLOBE2 G OB E 0T T, KkEfETéd -7z (Frosch &
Kligman, 1976),

Wilie= v 7 VO R ERIEMEL, BERIEEOMR 2 TR E LEERBRTHlE s Tn 5,

Kalimo & Lammintausta(1984) (%, fift=v 7/ &Hfb=> 7 VDX F 7T A N &4T-> TN
%o WRERIRERE]IZ 24 W72\ LI 48 B Th o7, 25%IRIEMAEH NS Z &b H D03,
T 2T 5% b=y VIR MER S, PAZESME T TRIZ D RIMUEIR A 2 2 L,
EERICTRR S TSR = » 7 LV OPERIE (5% & Tl Z e Ny F7 2 R T, BAZE
ST TR R ST,

Fullerton et al.(1989) 1%, /Ny F7 X F TIEEMITHWOND, VR D 28K E L7z 5%
il => 7 VORMIZZRVEL LD L LT, A FrbFviRollb=y 7 LRk s H
WT, BRx RIRETHRBRAZIT o7, TOMRE, FEMISGHR ST 5%hiit=> 7 V& M
W2y FT A MIBWTEH, A RaFZiRo 0.5%~2%%E b=y 7 /L ThO/Ny F7 A
MZBWTYH, HIBREORPLIEI /RS TN D,

Storrs et al.(1989) 1%, Tt U v &KL LTz 25%HE= > 7LD/ y FT A K EIT,
1123 NOHERFE D 5 5 8 ANRIIER 27" L7z LRi# L T 2,

Wahlberg (1990) (X, [ Ui Tl L7728t Hfb= v 7 V3= > 7 /v K0 & 58|
WA R ERELTWD,

192 OBEAEEDR 220y 25 NOWREFERR T 7 4 T2kt & LTl = > 7o~y F7 X
FMTOITN D, BHERTIL 5 EFT T, 5. 10, 20%JREOREE = » 7 /L DOfEHT &t 2
BT ChH Tz, = v 7 VIERZIEWBRE 1BV TR, 5~20%HiEE = v 7 VKA Cid, B
JE VRN E SO LA B V720 & a1 40Ty % (Seidenari et al. 1996) .
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412322 PEIR #5721

e = v 7 )L L BREEMERGE BUZ DWW T, £ < OIEBIREICB W TEOREM N GH T 5T
W5, BAL242THZBRO Z L,

HET LA —VEDOPFFR GBI D . SR S BET 2 b0 GE TR
U,

4.1.2.33 bt

TR ERHOTHIEE V ICFEOFIETITOIZRR T, Miig= v 7 VTR BRI % 7R
Xpinolz, LinL, B MZBUF ST —4 Tld, 20%% 2 2 IREORER= v 7 /Vid, K
JERNEEIR 2Bl T AR H D Z EDVRINTWS, 2Ok MIBIT LT — &1
ST, 5 30 Ik ATP Tik, Bt = v 7 /LiX, TXi; RIBITHFAI L, 20% &\ 5 FFERE
HEERFESINTND,

ilig = v 7ruid, FEBREIZB WO TR 27~ LTy, TC C&L X, Fifg=v >
IVEIRFEMEE L LT LW EICFEE LTV D,

BonlT—Z bt @%%mﬁ¢ T AR A M OB T 5 Z LT TERY, R
FRRNEME O P OHIWHE, EIC FORBRICE S SO TH LM, ZOHFEHRNHE LT
RN, IR 2R B %fé%%mﬁﬁﬁécbﬁb\:@%ﬁm@\@ (T,
R48/23) IZBH L TIREB SN DI Lo TRHILZAT ) DN L VWU ThHh o L&E2 bd, 2
PR L, FARMIC BT 245 (EC, 1999) 123 W T 532 — 7 R EEFEHE L b
HIRWRFERERLEDNRESNDLTDTH D,

4.1.2.4 AR

4.1.2.4.1 LEYERY ©

412411 FEIEREEIE

Wil = 7 VD R EREAEVEIC W TR, BTy 2 HAWTHEHEZ LS OB ThbhTn b
THnHDL, WL ONORERIZOWTII Table 4.1.24A IZEHK L TV 5,
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Table 4.1.2.4.A: Summary of skin sensitisation studies in animals

Species Result Method Reference
Guinea pig 11/22*, 417 Skin painting Lammintausta et
al. (1985, 1986)
Guinea pig 20/20, 7/20, 12/20 Optimization test Maurer et al.
(1979)
Guinea pig 13/14 Intradermal 1%, challenge 2% |Bezian et al.
(1965)
Guinea pig 21/30, 27/30 Open adm. + SLS + potassium alun | Zissu et al. (1987)
injections
Guinea pig Maximum response 40% GPMT Rohold et al.
positive after 3% i.d. I.d. induction 0.01%-3% aqueous | (1991)
induction Topical induction
0.25%-10% pet
Challenge 1% pet
Guinea pig 1% lanolin: 57-93% pos. Open epicutaneous Nielsen et al.
0 A1 N0 pretreatment SLS (1992)
3% lanolin: 60-100% pos. 0.3%-3% in lanolin or 0.3%-3% in
1% hydroxypropyl hydroxypropyl cellulose
cellulose: 67-75% pos. i.d. injections of adjuvant

filig = v 7 LV ASKFIZ DWW, -0 BRAS.
WXV TWD, ZNLFN 6 D

TR C R NS (0.01%~3.0%7K %

ENLFEY FOFIIP— a0k
IR &z

JEHEM (72U 2k e L7z 0.25%~10.0%054)) CRIEZFE L, Ky, V&V v %
SR & LTz 1% = v 7L TR LTz, 48 BRI O R T, RNES OBE, RIEHYE
W & & BSOSO IS EAR) 72 BIFRA3F8 8 & 4 (2 TIlERd o Hivd) . 3%kl =
v VT RNIEBIERE L7281 40% &V D b o & b @ W EERP RSNz, 1 %O
BEEOBEIZIL, ROSEENR o Tz, 35 HHIZU Y 2R E Lz 10%0iiE =
TN L AN FTHEZ L, U U 2R S Lz 2%DhiEE= > 7 /L THH
L. 72 BB L. MEHEMICotiziTo72 & 25, #ﬁﬁwﬁﬁgﬂﬂﬁﬁMﬁmén

770 F£72. BRICHTAUSDOHBRN 40% L &b EmN-oT-Di%, OIS 3%HE =
IV D Rz NS CRE % 75 854 72 [ 1 FH % fi \Z%ﬁﬁ%?ﬁtbkﬁa?%okmmmd
etal., 1991),

FELORER T, BEICKT D0 Z R TEOEIE D 40% LR LR L7c72, B
BEEEAENR I, ZHb0DEFNE VRN THD Z LI Lz, 1%7 7 U VERE
U U LOKEER CRIMLEE Z i L 72 E#%E D, EEHMOKEIC, 1%7 V7 U —AL(V
U UK pHS SAD 7V —2) 703k Fexi7a bl n— 2% ks Lz 0.3~
NDiE=y 7 /Va, 4 HEEBHBA L, 7Va"V M LTHBT VI =L T T
DNAEEENES Uiz, KEBEE Uz 2%ik=y 7 e Ut ) UERIRE L 1%0iEE
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=T, TREN L EMBEIC 2 BIERL L, MFOEREOFBELS I ORELEES
DL BAESERASL L7ZEISIE, 1%T7 V7 U —LEBRE Lz 1% Tlx 57~93%
(14 pirf 8~13 PB), [A U< 3%sR54 Cid 60~100% (15 PLH 9~15 L), & Rrf v 7o
B L a— A AR L LT 1% 5 ClE 67~75% (12 P 8~9 L) TH > 7=, @Ik
EFE ST D 10 BEFBICHER L7oRR, REEMT LV —RIGHAEED L34
U7z Z L 03 S u7= (Nielsen et al., 1992), Basketter & Scholes(1992) (%, 0.5, 1. 2.5%®
BT, ~ 7 A% LTRATY > EiikBR (local lymph node assay, LLNA) % %Efii L T 5,
Z D LLNA 2BV T, bt = v 7 VTR R 2 s LTz,

BN T, =y FIVICH T 2 REFHREADPERSND LD Z &0, W Do
BRCEERE S LTV % (Vreeburg et al. 1984, van Hoogstraten et al. 1992a 35 & U8 b, van
Hoogstraten et al. 1993, Ishii et al. 1993, van Hoogstraten et al. 1994, Troost et al. 1995; and Artik
et al. 1999), vV ARLENLE Y FEEH L2 ORBRTIZ, = v 7T+ DR
A TERDS . B OWREE 24T 5 AN FE i Sz = » Z L OfR 0512 K 0 %8 S iz (Ishii
et al., 1993; van Hoogstraten et al., 1992; Vreeburg et al., 1984), ~ 7 A TiX, EIED I HEEE
=y T NVTHERAZWE(T T4 I )T HZ L0, [FUHUR (Fifg= > 7 V) % FZ &
U 72 BR OB IEA S R MBS 23, AT IEIROBIERE RICHE S & | RS N7 2 & 3Bl
&7= (van Hoogstraten et al., 1993), Z4 5 OFRBRIL, = v 7 /VICHkT D 50 F A E ARk 7
DFREMEZTAET 2 Z ENHTH -2, MENICHE= v 7 Vi3~ U ZTBWTRE
BAEZHRT DA A T2 2 L 2R LTV D,

4124111 EYIEITIHEEREMICET SREBRDEHR

SESFRT e baricl a3 oRBENG ., iiE=y FVR, BT Y FETTAITE
WCRERIEZBRTHZ ENREINTND,

412412 FE IR 25 fE1E

BT D ERREAEME BT 27— 2 1E, HH TV,

41242 EFDT—4
41.2.42.1 FEE B EIE

=T NT UK —E, = TN, T NEEDRRRE IND LI o THEIND N,
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=y T NVICE D REFIREBIL, bolEb=v I A FVITRERTHEZZ 5N TN

(Menné 1994), = 7 A ~O—REEDIZE A L1, SRR (B ©7 2, 77 &4
U= V=V XDOREZ  ZDM=y VT 28572 ) & ORFEHEMIZ L > THl &
it2 = &+ 5 (European Environmental Contact Dermatitis Group, 1990), LU, BEEEEA/EIX

Wil = 7F ML > THIZRZ ENDAREERH Y | it = v 7V ~OBEIT 72, 3Bk
BN HFEFES TV D,

=N T LAXR—IE, BE, B VO FT A Mo TRiEhd, Z207
B, =y ANy TAAFRE LTI TN D EL DO/ F7 A SORERD
T—ENbDH, TORBROIZEAEN, = T VERBEEICEELZL DT, =y
=y MBS Ny 7 I RCGEITHRRT L2 ENTED, =TT
VX —FROBEZRET D7 DIIThbN =y 7 /Ny F7 A FO 3 FBERIZ O
T, AXLFEICEHNINTWD

4124211  ANBBBRE

Kligman (1966) i%. t MIBWTHBRWEIC L KERIENRBD DNDEMNE I D ERE~ND
OO, B NAO~F VIR - a U EEMNL LT, ZTOHEIE. LB 25 NEgiRE L L.
BAEBEIE IR L7 7 LV —i 38R ﬂﬁ%héi9;7#4/éﬂfmé Iz, Z
DFETIE, M= > 7V THEEINDHGEI12E. 10%HiEE= v 7 /L CD 48 Bz hi= 5
LB % 5 [BlfR 0 RTFNED WW%%%&LT%wEMTwé RLE X, DU (RiE s
IS BIEE) oF—EiTc, AZERETITbN, HREDBIESNIZNE Do
wfm\uM®%E®MM:y&w%%wT@¢ﬁtﬁé LICE VRN, 25 AH 12
ANIBWTEIENKAL L, BEEIIZOT —Z6, Bife= v 7/ it MOk LHEEE DK
VEVEZ R TIE & LTSN D ERIRL T\ 5,

4124212  BEERMBRE

Wilg = v FADPMEN SN D HEETCRIT 5 = v F VRO B 2 a2 72olid, =7
W5 X DRGREIZH 2T 2 0ENH L EBOND, Wilk=y T Vin=y T VboE
PEEIZBNT, BREFEHA SN TEZZ LITHMLNTWD A, ot = > 7 L&
EOREMA SN TE NI SN TR,

FRBREICBIT A= VBRI, 1889 4EIC4 TIZ Das Galvanizierekzem (8> - % T.0D
W) | & L TEE SN T 5 (Blaschko 1989), 1930 2% C., = v L HERIZ. = v 7L
WoXTOMTIFEB LS edol-, 1925 21X, Xy FTAMILoT=v 7T LILFE
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—NELXID > XFEEIIBITIHRERORRNTHD Z LRSIz, EEHEDOKEIZLD,
ZD% 10 FH T, =y I VEEOEBIZRE B et 7z, 7o ~v—27 Tl bz 621
AND= FVESZVEREDH B, =y b o>& L, T2 25 AT - 7= (Marcussen
1960), 1960 FLARE, BRI > EFEHEIZH T D = v VRS IEORE 1L, BOEHI e CTHE
B LT\ 2% (Mathur 1984), Schubert et al.(1987) 1%, 176 AD = v 7 VM B & 31,
ZDHH, BRWDOX LTI 2 AT Eo7 2 &R LTV A,

WG CHBT HMAED 1L IF, 74T FOAE 38 ERTOERD - & LA KRICHE N S
NTWD, = 7o EEHEGREEE. 0 BN R WG (28 2 297 8% (163
NI, =y T NVRERRLFORER. ViR, 7 v —FICBT oM & i LT,
e = 7V Z =Ny F 7 A MME, TRUE Test™ ETirbi, Rl onWTid, &%
B (BE 94 N, &k 69 N) 22DRIZEZG, FFEImIT, M2 411 sk, BPERN 43.1
% Chole, = 7 VICHEEREE S HIRIE, B4 ) 0T LME(10 ) &0 b
Mol 1 FE AN EDTHEEN, REFREZEML T, LD 35% & BPED 30%75, Hi
EFICRERP S D, FFBECHoToeHE LT, 7 NE—EEEROBEEREOH 5
AT 19%Th o7, LD 15%(8 N) & BHED 4% (2 N) 2, b= v 7r /LDy F7 A K
TT VAKX —GER LT, 2D ) HO 70%%, BIEEITEEICBWNT, RIZBZENE
Ll &b bBZE L, BROETBHEIZR T L=y V7 LIVX—REHERIL, 7
ATV ROV =y TRy FTRANEZTEBEICB T OMEBRLAKRTH -T2
(Kanerva et al. 1997)

4.1.2.4.2.1.3 7 LI —RIEDER

=TT LA —DOFERLELEIL, R = >y TV~ DR EREE & DV IR = > 7LD
ROEROWTIUCB W T HRERMICE Z 2 /8EENDH S, BOBIRE T L —KIGED
BEIZOWTOT—2IL, =y o=y 7 MMbaMmcBT 2y 7 7570 FE|T
MRS HZ LN TED,

KRGS DERIZET 5=y NV ORAZ it 5729, Uter et al.(1995) 1%, => 7 LA 4
> & LT 264~0.026 pglem’ DL FEHIPE THifE = v 7 L DA RS 2 3% 1T, 462 AD =
TV MERE Ny F T A M E{To 7= (Table 4.1.2.4.2.A), Andersen et al.(1993) X, = v
A Fr kLT 67~0.002 pglem® OFfilig= > 7 LD 10 BpEAH IS~ F (TRUE test £
M e 2 MOT T8RNy FEHNT, 72 NAO=y FVESWHEBEEZRE LT, ZAbD
RBOMERIL, [Ny 7 7T 00 REITELZINL TV,
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Table 4.1.2.4.2.A: Total/threshold reactions (modified after Uter et al. 1995)

Hg N| 1 Of all reactions ? No. N
cm’ Nicone %(+) | %(++) | %(+++) +-+++/thresh (tested)
264.0 5% 36.7 |50.0 13.3 39 462
105.6 2% 422 |47.1 10.7 17

52.8 1% 494 1425 8.1 37 379
26.4 0.5% 60.7 |31.4 7.9 70

5.3 0.1% 68.3 |26.0 5.7 65

2.64 0.05% 68.9 |24.6 6.5 30 399
0.53 100 ppm |83.8 |[16.2 - 19

0.264 50 ppm | 100 - -

0.053 10 ppm |100 - - 4 92
0.026 5 ppm - - -

0 Oppm  |-**) |- - 462

a) %s are calculated from all reactions to a given concentration ‘all reactions’ are equal to or more than the cumulative
frequency of threshold reactions, as patients without a determinable threshold 7 are included here.

patlents without a determinable threshold are those with a negative reaction (few) or a questionable reaction to the
next higher concentration
**) Uter (2003).

FHROREED Ny FT A ST, BEEWRILT D720 48 FERIEAZEREE TR = » 7 LS
WEWHILTW5D

= v 7 IVERIEA~D AR IR RBR b i S 71TV 5, Allenby & Basketter (1994) (X, = v 7 /b
& LT 1 ppm(0.0001%) D Dfiiile = v 7 VERIZ, 11E110 73, 1 H 2 [ET 1M, #%
BREDOTFLRES S, BELRT 2O, REREMED BT RET R U ARG
Nico 7TUNAX—RISOERE R Liz= v 7 VESVEHBRE TR D biieh o7z,

4124214 REORELERDERIE

EME&%‘E@WE’%@ T b bR (No Observed Effect Level, NOEL) DIEIX, VU
A7 DRMAHEICE > TEETH D, £z, WFWHDIRSMO I L, FERELEL
%ﬁﬁéﬁ‘é%é\ﬁi%\ NOEL DRENRLIT Y BETH 5,

41242141 ZE&

ZWEBTONNy F7 A NTHE, VB CZ2ERE LTz 25 E£720F 5%DREE = > 7 /L h3ME
HEND, BEBRICZORE(=y /71 E LT 132 £7213 264 pglem?) i3, = v 7 L7 LL
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X—D NS EFRET D2 LN TS, ZORIGIBITAEWEES &
IR REW, 2D, HolzT —Z2ICEKI L, =y VESZHEDO NICBIT 5HE
FOBME, 3720 b BB (NOEL) 2, BHPrRilo s 2E e LTRET D Z LI1XT
i, L, BREEREEIC WX, U AT OREHIE THEAT S0 LRI
BIMEZ . Uter et al.(1995) OF — X IZESWTHEE TX B aJREMEN H 5, Uter ORER Tl
IR DEDBEN, =k LT05 uglem® D 48 BEfI/ Sy F7 2 M TG Z R LT
% (329 A 19 A), WICT A R LRETIE, 92 AH 5 ADEHE, 0.26 pg/em® DIEED
= NVTCRIGERLTZ, LML, ZNUHOEFIT, DI T IR 1(+) OIS THMEE &
nckEy, i, %I@¢fi%%ﬁﬁ@@%éﬁf&é:&%%mem&wﬂ@ﬁ%
IRV, BREERREES 48 BEIRES 2 LB I < = v rVEEO S S, B
‘ﬁ@%W:yﬁWTVw%~%%;ﬁéﬂ%¢iﬁwk@\ﬁ%%&%ﬁwmﬂJ%:y
e LT03pglem’ L5 2 ERNRREEND,

41242142 BEE

BEICL DU A7 2 HET DX, KEORAN S 7= D OIE#E S (Robinson et al.,
2000) 12z C, RBOLZ VLT X, T7abb, BEHMMORISCHEBEH CTH - 720
EIYMBEBREICANDVLERNH D,

Wilg = > VO L ERGR AT 1o O T — 2 3G LN o T 7ed . KFEEE 5| &
B LGLMB=y 7 VOMEZHET 2 Z LIXTE RV, BIEOBMEIZIL, KERHEE
L LT, =v &b LT 03 pglem’ EEHSh - EROBBARMAT 2 2 EpRESHh
Do BARIZIE, BELV bRWREENVLETHL EMEIND 2D, ZORIEOHER
EIIHEOHEREL Y b LB/ INTND Z LI,

ZOREIC, FEOBMIME L BEORMEIL., = vl LT 0.3 pglem? LEH SR, 20
EIX, 0.006% LD O T NIZLWIREICHY T 5, FFEREEEICIE, 0.01% 03 REEI N5,
4124215 EERFEEICETSHE MIBTE2T—2 DR

M= 7t MIBIT D EERIEME THY ., RA3 DEREELTET- L T\ 5D,

BAESNT-HERE TlE, Wilit= v 7 Aoy F 7 2 M, BOBE THBEMKIGE 5] & i
T REEMERD D, BoNTET —FIHESL B, = o S VREEZEO NITR T D ER O RfE,
T72HH NOEL %, BIFRIMRIMO B LS L TRET D Z LIXTERWY, L, VRAZ

AHIEICIE, BRI EESE . BBIEH ShRE, Thbb=y e L

33/132



EURAR: NICKEL SULPHATE

T 03 pglem® EWHEEMEHTS 2 EMBREND, b L, BENHZERET TRV
WZIE, T UAX S EEETAEIEN Y 27 PMEL 5 etEn s 5,

Wil = F N~ ERB AT TR RO T — X2 B SN2 h o T-To, KGR IEZ 5%
EZLEomB=y 7 VOREEHET HZ EIFXTERY, LrL, VAT OBEHIEID
X, BERORIICESE . BRBRIOICEH S -ME, $4bb=y e LT 0.3 pglem’
EWVWOEEMERT S Z EREEIND,

R43 #4545 L WO BITOSIEIX, WU THD EBEZBND, £, REEEMICEL T,
i 1% wV&W®%m%fﬁﬁ%0m%&Té Eb. ZORENRBEY ORERIEICET S
—IRIRREREED 100 0D 1 THHZ b, EYThHIEEZLND,

4.1.2.42.2 PERZ5 R (E1E

REMEOME BOBRIEFIA, 5 HFRESN Wb, ZnbOERIX, EXD-> & E72134
B> & TRRIZBWT, filg=y 7 /VICREEI N Z EDRK E ST (Block et al.
1982, Malo et al. 1982, Malo et al. 1985, McConnell et al. 1973, Novey et al. 1983)

5 &b, FRRIEIR &g = > 7 VEHOKE IR AFEHET A FORERICESE, 2ln
TNz, ZOREIXRAFERERT A MTEBWT, 3 FEERENG BN 2, 1 BilixA
RPAISOGTE T 2, © 9 1 Bl E & AR O 5 O G 2R Uic, FEORAIEMET A B
T, 3BIMBEHETH VD (Malo et al. 1982, McConnell et al. 1973, Block et al.1982) . 2 {23z
PETdH 7= (Malo et al. 1985, Novey et al. 1983), HFHRAY IgE Hiffik, 2 il THiHE &4 (Malo
et al. 1982, Novey et al. 1983), & H & DOHERITHEIRFAIS S A A B, 16T iﬁﬁ%é’*”ﬁ
JEH PR TRO bV, BT Vv s W (radio-allergosorbent test; RAST %) (2
BB 1gE ORIE 1L, 2 %1 (Block et al. 1982, McConnell et al. 1973) %f&%b\f;@ﬁméﬂtbx
1 FlEREETdh o7 (Malo et al. 1985), F7z, (FAFMITOEOFO=» iz kv | B
PSR ZFIE LTER S, 1 BlfER S, ZOEMNX, Mifg= v 7L DRI K D RI8
IR CPEZ R L7z (Niordson 1981), ZHU 6 OfERIT, = v 7 AR FR s LU
FIEFHIEFIC L > T B2 FBHE T HAREMEN H 5 Z & 2R LT 5 (Malo et al. 1985),

4124221 HFIRFPEEEICEATHE MZBITE2T—F DR
ile = 77 Vid, & MBI DMERIREEME CTH Y . RA2 O FEFEEAR T L T\ 5,

FeEIREFEEZ IR T 51213, R /S TR,
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41243 #H®

= 7 /UiZ, B MZBWTIEEER X ORRIEYE .. EREWIZIB W T SR
VEME TH V. RA2 & RA3 DRI ER T - L T\ 5,

BES NI BBRE TlX, il = > Z VBN T Ny F T A ME1TH & RWIRE THitEK
JENE T D FREMENR D 5, BONET—2Z0bid, = v 7F MIEEZEZ AT 5 NG E
FEIEDREICHEL, BPRRILO & 5 BIE (NOEL) 2% ET 2 Z LI TE RV, L
L. VA7 OMEHEICIE, BRBRMICEHIAEE, 74bb=y /L LT 03
pglem® E WO MEZMEAT S 2 EMRREND, HFHAERETOREIL, 7T LAX—KIG%
BT DIIEN Y 27 PRV ATREME N B 5,

= VIR DBE BT AR ORI TCOFEEICE LTk, HAESMRE (No Observed
Adverse Effect Level, NOAEL) # W 45 Z LIXTE 2V, ZEOBRETRIGEZHESED
FEIZOW Tk, /3 & (Lowest Observed Adverse EffectLevel, LOAEL) & L T, 12
ng/kg RE &\ S MENESL T % (Nielsen et al. 1999), 72721, Z D&, 48 K=
v TV ERBRODIRNERETIE D LICBEOEMERFICI T 558N LOAEL ThDH Z LIt
BT AMENRDH D, EEREFE TO LOAEL XL VIRWATREMERH DN, BFIZ=v 7L A
FUMBAESNTOD ESBEA A OWRINNKRTT 5700, FEEERFOEBRFIC

LOAEL Ik Z6< K @< s Llbnsd, FFMICO>VTIR, =y rre = //7Mh/\
MRS DIy 7 7o RXE|ZZROZ L,

U A7 OMERIEIZIE, REBEMEICE L CRBRMICEH IN-BE, ¢T2bb=y /L
L LT03uglem’ L WO EAERT S Z L MEREN D,

Wil = 7L, T CIZ RA2IRA3 ITHFHEN T WS, ZOBEFEOSHEIL. R43 ITBT 5
FFE VR FUEIT 0.01%) OBINEIE & & 612, 5 30 Ik ATP THERE éz”LTI/\

4125 REERESEH
41251 BB

T if D L B 2 — (TERA 1999) T, Wil = > 7 L ~DW ABREE DA il & SO 7
THOLNIZEEND | RV AN EORENGRE 2, KUBEFREL TV D, ROBEDOY
Bl mOHIEZHEOH HEANTEIE T, FHOREREHSEESMERB S LD Ll ~TW5, &
REEIZB L Tk, —BEIC OV TOZE RN 2RI TV, LUTFIZ, [FHRAHE LK
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BEEREBEERBRONEZTHT D,

Wit = 7 VORKERGEFRIEICE L TiE, 3 DOTEELRBERKFNFIIC L ARERN.,
Bl HKESNLTND

W A &2 REHGEMEIC OV TIE, 13 BREBOEFER/ELN TS, (T b 16 H., 13
@) .65 H.9 % H., 2FEMRERICOWTIL, Table 41256 #&M, ~72M 16 H . 13
@) .6 5 A, 2 FEMERBRIC OV TIL, Table 4.1.25.H 2584, )

&N EIRERIC L DB OV TIE, 8 REROERBHE LN TN D (T > b :13 I — ok
Feh., 90 HH — 3R 33K V6 » A M —HOKEE-, 7 » A —sRHR O, 2 MR
Behi; A X2 M —IREERE S ~ v 021 A —iRAEE G-, 180 A —fok&E G, b o
25 7THRERIZ OV TIL, Table 4.1.2.51 5 [),

R BT MEIC OV TIE, 3 BREBOFERPHELNTWEN, Wb U A7 M H
Tt Eonhs,

412511 RA

KEEZR M7 1 77 2 (National Toxicology Program, NTP) . Ty MR~ U R ITHiE=
o 7 VRN A e, #EMER K OMBMERA SH TG A A UG D BRI OV T,

LG 7R A A SN L 72 (NTP, 1996a), 2EakER I ‘I%Ti/%é?bvuﬁﬁ‘*%iﬁ%t LTl
7o WEBRMVE OB BIEVEERAIE, 1.8~31um £ 1.6~2.9 um T, #EIL, 98%E TH -
Too REZ T a Tk, WBR=y 7 ARKIYOBEEEICET 57 — % 2H, BlEs
NI b EERBFEEEELRICL CORLEE, BE= v 7V NKIY ORR AT 57
— X%, 87 23412701 CREET D,

41.251.1.1 Sy rBLEUTYRIZEITS NTP 5B

41251111 v ,FTDI6 HEDRE

F344IN T v b (% REMERE 5 VE9°0) 2, Bl = > 7V /NKfMmc, =>rve LTOo, 0.7,

1.4, 3.1, 6.1, 12.2 mg/m® i (il = v &7 /L AKFIY (%ﬁ? 98%#4) & L i1 0. 35, 7. 15,
30, 60 mg/m®) DL TIRETE L7-, MBEEIT 1 B 6 B, M5 HoiL L, 16 AR TAR 12
AiThiLiz, 61T, MHEAMRERO - D2, BIliE F344/IN 7 > b ORE (K HEMERE 4~5 JT)
AR, FiE= > IV AAKFMC, =4 rE LT 0, 0.7, 3.1, 6.1 mg/m® 1Y (g =
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VAT E L TiE 0, 3.5, 15, 30 mg/m®) D E TR L7, REREEEICHOW T,
Table 4.1.25A IZEK LT\ 5,

FRBRTIEL 122 mg/m® (= > 7 VARFD) BEOKE 2 PL, 6.1 mg/m® BEOME 1 PLis KO 122
mg/m® BED AT OMER . FRERE THIRIENCIEL Lz, HRWEICIRE Shi- 3 CORET,
BRI PR ER L, ke & B ITKIRRE & LN EBICIME Ch - 7o, HECTIRESERER M
BEHEERIC, L AN ARICIRE CTH o 7o, T X CTOBER (WBWE ITRE I L
FOICBWT, 0.7 mg/m® BEAFRX . T v MIFEREEINOIES) L~ UK T 72 £ OBRRFT R
DB SN, o, TRTOBRBERICBW T, Mo -FaxtER&IL, RS E
BlIZEETH o7, BERRERD (20~50%) 12 H b 57, MiokxtE &L, 45~100%
WL TV, 512 #m(@% AN T, IO RIE (RUE X B DM ZETe) 23,
WERERT 7 TERD b, S, K& X LR OHEE, 12.2 mg/m® BEOMEICFED S, F
S EDIL_F FZ DZFEHE D Hz% HZTT T XTORT, MELMLOTRO LN, 6
(2. BAOIEY 1R OZEVEDS, 3.1 mg/m® BEOMEREICBIZL S =28, 12.2 mg/m® BEDOHE S | 6.1
B LU 122 mg/m® BEOMEIC TR S inoT-, Fo, KEXY U EICBIT 5 U N
RN, 3.1 mg/m BEDME, 1.4 3 X031 mg/mP BEDHEICER D Bz, M= 7 L
BRI IR EE ST T X CORICRBW T, MEEE HRIBEE LY @EE2 R Uiz, R/ RiE
BETHL= //711/& LT 0.7 mg/m® (il = v 7 /L AAKF & LT 3.5 mg/m®) 23, MEHERT
FIZHBWT, 20%DREEA . 45%0 i Offcf HEH M, R EEZOFEME, 3 KOO RIAE
2R84 2 e/ hetElR EE (LOAEC) Th o 72,

(\“(-4
v
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Table 4.1.2.5A: Summary of 16-day rat study (NTP, 1996a)

Exposu re level | Effects observed Response rate NOAEC/
mg Ni/m® LOAEC
mg Ni/m?®
0,0.7,1.4, 3.1, | Lung inflammation in males 0/5, 5/5, 5/5, 5/5, 5/5, 4/5 |- /0.7
6.1,12.2 Lung inflammation in females 0/5, 5/5, 5/5, 5/5, 5/5, 5/5 |- /0.7

Degeneration, bronchial epithelium in males | 0/5, 5/5, 5/5, 5/5, 5/5,0/5 |- /0.7
Degeneration, bronchial epithelium in females | 0/5, 5/5, 5/5, 5/5, 4/5,0/5 |- /0.7
Necrosis, bronchial epithelium in males S T -
Necrosis, bronchial epithelium in females 0/5, 0/5, 0/5, 0/5, 0/5, 4/5 | 6.1/12.2
Lymph node, bronchial hyperplasia in males | 0/2, 4/5, 4/4,5/5, 0/3, 0/5 [1.4/3.1

Lymph node, bronchial hyperplasia in females | 0/3, 3/4, 4/4, 4/4, 0/2, 0/4 |0.7/1.4

Lymph node, mediast. Hyperplasia in males | 0/2, 2/3, 3/3, 2/3, 0/3, 0/3 |-
Lymph node, mediast. Hyperplasia in females | 0/3, 3/5, 3/4, 2/3, 0/4, 0/2 |-

Atrophy of olfactory epithelium in males 0/5, 5/5, 5/5, 5/5, 5/5, 4/5 |- /0.7
Atrophy of olfactory epithelium in females 0/5, 5/5, 5/5, 5/5, 5/5,5/5 |- /0.7
Degeneration of resp. Epitelium in males 0/5, 1/5, 1/5, 5/5, 4/5, 0/5 | 1.4/3.1

Degeneration of resp. Epitelium in females 0/5, 0/5, 0/5, 5/5, 2/5, 2/5 | 1.4/3.1

41251112 S v ,FTHDI3 BfETHE

BHEMERE 10 T3 D0D F344IN T v b, Wilfg= v 7 ANKMIZ, =y /e LT 0,
0.027. 0.056, 0.11, 0.22, 0.44 mg/m? *ﬁ%’.(@ﬁﬁf’ﬂ:y#wmﬁu%k LTI 0,0.12, 0.25,
0.5.1.2 mg/m®) DIEFEET, 1 H 6 KEfE], 5 HOMEICT, 13 EERE L, S50,
AR O DI, BIEMEE 6 Vo0 F344IN T v FOBEZRIT. WifE= > 7 LK
iz, =v A re LT o0, 0.027, 011, 0.44 mg/m® kY (it = » 7 /L Ak & LTl
0,0.12, 0.5, 2 mg/m®) DL TIREE L=, WBERIC OV TIE, Table 41258 (28 LT
W5,

FHBRTIZ. 0.44 mgim® (= v 7 VHED BEORE 1 DB, SRR THIRIATCAE T L7223, fih
THERE S & BB T £ TTANTAER Lic, RREIRERE L REIN&EIL, 7 XTo
R (BB E RTS8 W T, MR L RIS Th o7, RERMR X, B
FRRERFT R A D2 o Tz, HFPEREE U L oSERERIT . BRERICBIE L2 NSO
. TNOOREL, HOT vy MZBW TR OHE Th o7, Miofhxh - F6x H &I
0.027 mg/m* BEA B < TN TOBERICHB VT, SRR Y A EICEVEIR S
niz,
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Iz 2 RAEMIRZ (Nila~ 27 v 7 7 — DR BIERIE, ME ORIE) 25, BREEIZEE L
TRO B, TRTORBREOMEREN 7128V T, AR LOEEE OB &N RSN
(0.22 mg/m* LL EDRETIE, HEICB W T, KEXY 3 H#iofths U v SEio U v oSk b
FH), 022 BLV 044 mg/m® BETIE, MEREICIWN T, BB OZEENED Sz, ffilc
BT D= VEEEIX, 011 & 044 mg/m® BREBEREOSA . HETIX 4, 9, 13 HOEE T,
METIT I3 A DKF T, KREEL Y bEfEZ R LT,

E DI, BIROAFEFIERMO B L LT, RMKEEFHC 011, 0.22, 0.44 mgim® #ED
RTOREN G, KGR OFIRIRE K T# 3 L ONEBIME) FITRIREUR A 5L L 72,
Fio, AR R ARBREOEREZIE Lz, O HREMN (5 %5 1% Be B O F8 % H B
BEEE . FEME IR FIC, 3T oD bEBE TRl @Rk 7 AR, BRI L7,
ZORER, BT RESCEMRAICIL. AREREEIRD L)ool

ORERTIL, fO@MHERIEDN, ROEERAFZEL L ORI, TS Y &&

ZHENE NI, v/ v T 7 —VOEREN, TRTOBRBRREIC wf%;énto:@
EEIZOWTIE, MISMEE UL & RIRT R &y F IR BRHEE & 75 %ﬁé
BERREMIRT XE DD, EmOxtg L 7e->Ti%, TERA O L E =—(1999) |Z i\
~ a7y —VEROAYFNERICE LT, AiEiREHT I TcEnEanT
W5, 77m77~v%ﬁ§¢ BERKSER IRV ELEZONRD, L,
~ 7 n7y—VOERIT, RIEORBBUEHEIZEFKR L TWDHD, U RV & o BEIC
BT, ﬁi%%@%@&LT&&z%hé&%&%%z%néo77m77—9$%
DOEMENEZRICET 2R ME LN TOARVIRILTIE, ZORBRNHIX, Z DR
K%#éNwEC¢LWEC%m®5_kiﬁLw *ﬁ_owfi%%#ﬁﬁz%@f
b5 LB, FRIZET %5 NOAEC/LOAEC (X, = v 4 /L& LT 0.056/0.11 mg/m® (fi
it = v A L ARAKF & LCIE 0.25/0.5 mgim®) T 5,
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Table 4.1.2.5.B: Summary of 13-week rat study (NTP, 1996a)

EURAR: NICKEL SULPHATE

Exposure level | Effects observed Response rate NOAEC/
mg Ni/m® LOAEC
mg Ni/m®
0, 0.027, 0.056, | Inflammation, chronic active in males 0/10, 0/10, 0/10, 2/10, 10/10, 8/9 0.11/0.22
0.11,022,0.44 | | nlammation, chronic active in females 010, 0/10, 0/10, 4/10, 10/10, 10/10 | 0.056/0.11
Interstitial infiltrate in males 1/10, 0/10, 1/10, 5/10, 10/10, 9/9 0.11/0.22
Interstitial infiltrate in females 0/10, 0/10, 0/10, 6/10, 10/10, 10/10  |0.056/0.11
Macrophage hyperplasia in males 0/10, 10/10, 10/10, 10/10, 10/10, 9/9 |-/0.027
Macrophage hyperplasia in females 0/10, 8/10, 10/10, 10/10, 10/10, 10/10 | - /0.027
Lymph node, bronchial hyperplasia in males | 0/5, -, 0/8, 4/10, 8/10, 9/9 0.11/0.22
Lymph node, bronchial hyperplasia in females | 0/7, -, 0/10, 4/10, 9/9, 10/10 0.11/0.22
Lymph node, mediast. Hyperplasia in males | 0/5,-, -, 0/10, 9/10, 7/9 0.11/0.22
Lymph node, mediast. Hyperplasia in females |0/9, -, -, 0/8, 8/10, 9/10 0.11/0.22
Atrophy of olfactory epithelium in males 0/10, 0/10, 0/10, 1/10, 10/10, 9/9 0.11/0.22
Atrophy of olfactory epithelium in females 0/10, 0/10, 1/10, 2/10, 10/10, 10/20  |0.11/0.22

41251113 S v FTD2 EfFx5E8

F344/7 v b (£HE1E 63~65 P X O 63~64 J8) %2, fiiit= v 7 LK, = 7L
& LT 0, 0027, 0.056, 0.11 mg/m®HH4 (Filk= v &7 /LK & LTi% 0, 0.12, 0.25, 0.5
mg/m®) DPEE T, 1 B 6 K[l 5 B OBE T 104 W AIRE Lz, 7 » HRRC, &5
WERE 5 PCT DD T > MIOW TR FIIMREZITV, I, MOBREMERE 7 L3>
D7 v T, ML BIZBIT 2=y VARMBEOWEZITo7, 15 » ARRZIX, AEEHERE
5 ILF2D Ty MT, MIRFHIEBMA~DORE, & BERBT 2=y 7 VAR, BIOD
SR AR AT A O W CRHMIl A Tt Tz, sl RlZ oW T, Table 4.1.2.5C ICEH L
T3,

ERER, KE, BERAR. SLVMEFEHIFR

WEREND) O AETTRIT, R E ~WREE S 7B RERD) OV ICB W T Y, Ml &%t
MEEL RI%CTh o=, 2B 2 FEHOHIRTIE, 011 mg/m® BEOMED LA TEN, KIHERE &
g L CTHOT MR TdH - 72 (6% ~9%R) . sl T, T X TORBEHOM LT
0.027 & 0.056 mg/m® BEDMED Fe ki FHIRE L, *IREEL i L CRSTh - 72, Filig
= TIVRIKF ~DgER I BRES 5 & bl 2 BRIRPT A0 MR 2 LIERE D B AL s
>72, 15 H ARFOHEFHLCIX, MioHxt EEOHMN AT T OURGERE CHELRE & & I ZHE
BENN, AERBEINIEGEEEROR TH T,
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EURAR: NICKEL SULPHATE

RIEFHAR

fti IS Dlifiasi2id, Wilg= > 7 BRI & & 2 52 WP RITER D b it o7z,

RERAL TRE, SIEMERTRZ ORAERBMD, 3 COMRERE OMERE TS bz,
BYEISEIERIE, ~ 7 v 7 7 —UBAE, MlaZ o 70E, 35 X ORHEE D FE AR
0.056 35 L TX 0.11 mg/m® BEDMERE T, FHFEANCAHBEITHIN L Tz, 1@VERBEIESE,
fiiha & /37 i, F6 K OMRMEE O BERE 1T, MRERIREED EA-T D122 T L7, 18k
EEIERIEIC OV TR, 28T, MilaENIc~ s v 77—, HHER 8L OMREE
DS BRI L O SN D LRifi SN TV D, MHEEIC DWW TIE, TEES
K OWa s T HEfk L Té%@$%%%% ANTEREAHRRRE 27— O, ¥ L Ok
THREAR E I BE O S iEIZ B T B IRBPE OB LI O HEBL S FE STV 5, HlifdiEiEg
FRAZ DWW T, Eﬁfﬂ%ﬁﬁ%%ﬁ?%@[MWHWA®V7D77 DACG R A= SRTS
T2l L B8 M E 2 5 0) OFE T L2 b0 Li#lis i Tnd, [EXY o8
HiTOY o SBIEER DA RN A, 2 ERIRBROK TH, 0.11 mg/m® BEOMERETRD &
AUtz MR bR O FERE CERI AR N~ O b ) OFEEFRIT, 0.11 mgim® BEOHEMEIZ
BT, B TR, LY bARICE 2T,

7 RO PREEE Tk, SYEEEMERIE OB X COBBEEEOREICEED bz, M
®?yFK%\ﬁ%®@Wﬁﬁ$éﬂto

A EICB YT S04 :

15 » ARFO FRFHEIC W T, R SN2 T »~ ROz T 2 = v r VARTRIE,
SRHEL Y 2 o7z, 7 » ARFOFRFEALCTIE, RERERICBWTOR, o=y
NVAREPML Tz, 15 5 ARETIE, Milckid 5=y VARTEOEIL, BERED
EREEBITHEML Tz,

15 5 A & 7 » ARROHFRFHETIZ, =4/ & LT 0.027 mgim® (Filg= v & )L AKF &
L T 0.12 mg/m®) DR IKIRFEREE T, & L IBIERIEORIMEm N A SN THBY, 251
T, ZORECHEEENE LU AREEELZTRBL TS, L2L, TOREN
NOAEC X° LOAEC ZTRTHbDTHLINE I nZHr+ 2 Z LIZRETH L, £DT
B, RIE, BHEE, ~ 7 n 77 —UHGEICET LR ERETHL, =v e LT
0.056 mg/m® 78, LOAEC & H72&N5, 72720, T—#»nbit, LVEHETHLAEERE
EBNEZVBELZENRINTEY, HEEZET D,
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EURAR: NICKEL SULPHATE

Table 4.1.2.5.C: Summary of 2-year rat study (NTP, 1996a)

Exposure level | Effects observed, 24 months Response rate NOAEC/
mg Ni/m’ LOAEC
mg Ni/m®
0, 0.027, 0.056, | Inflammation, chronic active in males 14/54, 11/53, 42/53, 46/53 |0.027/0.056
0.11 Inflammation, chronic active in females 14/52, 13/53, 49/53, 52/54 |0.027/0.056
Macrophage hyperplasia in males (*) 7/54,9/53, 35/53, 48/53 0.027/0.056
Macrophage hyperplasia in females (*) 9/52, 10/53, 32/53, 45/54 | 0.027/0.056
Alveolar proteinosis in males 0/54, 0/53, 12/53, 41/53 0.027/0.056
Alveolar proteinosis in females 1/52, 0/53, 22/53, 49/54 0.027/0.056
Lung fibroses in males 3/54, 6/53, 35/53, 43/53 0.027/0.056
Lung fibroses in females 8/52, 7/53, 45/53, 49/54 0.027/0.056
Lymph node, bronchial hyperplasia in males | 0/51, 0/48, 3/47, 10/52 0.056/0.11
Lymph node, bronchial hyperplasia in females |2/50, 1/52, 0/51, 11/49 0.056/0.11
Atrophy of olfactory epithelium in males 0/54, 0/53, 3/53, 7/53 0.056/0.11
Atrophy of olfactory epithelium in females 0/51, 1/52, 1/53, 7/54 0.056/0.11

(*) There is no clear conclusion with regard to whether macrophage hyperplasia response should be interpreted as an
adverse effect.

41251114 VIOXITHDI6 AE#E

BREMERE 5 VL3> BBC3FL v 7 A%, fiilig= > 7 VK Fz, =>4 e LTo, 0.7,
1.4, 3.1, 6.1, 12.2 mg/m® #HY4 (Fifg = v & L AS/KFIY G 98%LA 1) & LTi% 0,35, 7,

15, 30, 60 mg/m®) DL TUREE L=, FHOAEHE L, 16 HETAR 12 MOBRE L L,

S BT, AiRARTRBROTDIZ, BIRMEEE 5 IE >0 B6C3FL ~ 7 A DREA RIS, ik —
o FIVARAKFMNC, = e LT 0, 0.7 mg/m A8y (Filg= » 7 /L AKF & LTiE 0,

3.5 mg/m®) DY CIREEE L7-, BEBRFERIC OV TIE, Table4.1.25D ICEHI LT 5,

FHBR T 1.4 mg/m® DL LD CIREE SN BED~ 7 AT T, BB TRNCEE Lz,
—J7. RHEEL 0.7 mgim® D~ AT NT, RBRIE T £ TAEE L, 14, 31, 6.1, 122
mg/m® BE TR, MERED FA& TR & (REE IR, SRR L D LA EICO 2L, F2 2
NEOBETIE, HIE., REWER T, PRI & W\ > 2 EERIEIR 25580 bz, 1.4 mgim®
LLEDOREOHEREIZ 33T B i OHMax - fHxTE BT, *HREHC LA RICEME TCH 7=, 0, 0.7,
1.4 mgim® BED~ 7 AD AT, JREMARAIORAE N EM ST 5, 0.7, 1.4 mg/m® B
HET, BCRIENZ STz, 1.4 mg/m® BEDMERE T &AL i O SR ZE 121, Flifa & &8
TR OBERRED b, S HITEPER R 0ZEES, 0.7 mo/m? BEOMEE CEE S,
0.7 mg/m* BED~ 7 ZIZEB T BiF = v 7 /VIREE, SBEEL Y bEEThH - 7,
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EURAR: NICKEL SULPHATE

ZORBRTIE, RNEERE, TAabb=v /Ll LT 0.7 mg/m® (= v L AKFIY &
LT 3.5 mg/m®) 23, HEENFHICOWTH, MiORIEICE T 5 LOAEC LS, =
NEVEVREBRETHSL, =v e LT 14 mgm (g = v 7 LRk E LT 7
mg/m®) Tld, &~ T ADFEL L WS, B SNREEIN RIS,

Table 4.1.2.5.C: Summary of 2-year rat study (NTP, 1996a)

Exposure level | Effects observed Response rate | NOAEC/ LOAEC
mg Ni/m’ mg Ni/m®
0,0.7,1.4 Lung inflammation in males 0/5, 4/5, 5/5 -/0.7

Lung inflammation in females 0/5, 5/5, 5/5 -10.7

Lymph node, bronchial hyperplasia in males | 0/4, 0/3, 0/4 -
Lymph node, bronchial hyperplasia in females | 0/2, 1/4, 0/4 -
Atrophy of olfactory epithelium in males 0/5, 5/5, 0/5 -/0.7
Atrophy of olfactory epithelium in females 0/5, 0/5, 0/3 -/-

41251115 vZIXIXDI3 B

BREMERE 10 PL°20D B6C3FL v U A%, Wilg= > 7 /L NKZ, =v e LT 0,
0.027. 0.056, 0.11, 0.22, 0.44 mg/m%ﬁé(m 2= LA/AKFI & LT 0, 0.12, 0.25, 0.5,
1,2 mg/m®) OILET, i 5 HOMEIC ERIREE LT, S 5Ic, MERERTRBRO 7250
%JMW%~6@¢O@Bm%1v¢X@ﬁ% . BiEE = AV SAKFIIC, = v A
L& LT 0, 0027, 0.11, 0.44 mg/m® #1245 (Rl = » 7 L /SKF# & LTIE 0,012, 0.5, 2
mg/m® AHY) DL CHRER L7-, RERRERIC OV T, Table41.25E IZEK LTV 5,

TRBR T, *TMRBEOME 4 PEEME 3 U5, 35T 0.027 mo/m® BEDOME 1 PEASRBRFR T RiTICAE
C L7228, BEICBEET 2 EBbNAET TiERNroTe, Do~ RO TiE, 3T
AR T F TR Lo, RAKREOFLME & RENEIL, T X CTORBEFIZBNT, %
B LRI TH o7, HRWEIZRE LIRS A b hoTe, M~ 2Tk,
DZ v FTHE SN0 & RO ME PRI GF R ERE L U o/ SERE O HIIN) 235880 B
T2, = U ATORBIIRMTH -7, 0.22 mg/m* BEDOMEL 0.44 mg/m® BEOREMETIZ, Jif
Dt BRSNS, MBEHCHANEEICEE TH - 72, 0.11 mgim® LI EOBEO I~ T
2. i~ 27 07 7 — VOB RS bz, 0.44 mg/m® BETIE. MHlCEB VLT, BHIE
B JOE DS TR S AL, [EVEMEIRE & SR 2SMERE T )7 1278 H 7z, 0.44 mg/m® BET
XS HIZ, BEOW EROFEMEDS, MM G CEE ST, ih=y rVREX, 044
mg/m?’ﬁi@&kﬁf“ IRREEL D bABICEE Ch o1,

E DI, BIROAFETMO B L LT, REEHFIC 011, 0.22, 0.44 mg/m® BT

43/132



EURAR: NICKEL SULPHATE

NTOEN D KEFTRERH O IR 2P, 3 L OEEE) A F#UB R R Iis
lo Filo, BORREEERBEOERZNE L, BEOMIBZFEIREM (538 15 B b O X
B EE | FEIGEHIR) IS, 3 TOMED SRR TRT, HktkR 7 B, FERE 2 RE
L7c. THHORR, HRESEMRGICIE, AELRZETRO bhkiroT,

ZORBRICE T o b EE A FEREIL MOBMRIETH o7, ML Y IR
mmole, v/ u7y—VOREN, MORENRELDL LY BIEWVIRETEZSZ &0
Mofe, TOEBIIOWTIE, BINMEERIGE TRED, EITREICRHEESZ H 725
DEHEFRRLTREDPN, #HimORER> TS, TERA O L B =—(1999) 2 &
WX ~27 e 77 —VHEBEOAEYTFHIERICEL T, REMRMREEEHERNE S
NTWod, ~v7n7y—VEFERKRIEL AERKCEARENZNVELEZDBND, L
L. v7 a7y —VHEFEL RIEOKBUIEHZIZEBR L TWATH, U AT OfHi & DR
HIZBWTIEL, AEFROKELE L TELZONARETELBAOLND, v/ T 77—
EHEOBMEMERICBET 2AMRERAIE LN TORWIRI T, ZoRBrLIE, 20
TR % NOAEC X° LOAEC #EH D Z LT LV, KIE, FHEIE, 35 K OFEMEIC
WTIEH LR AERETH D L ARSI, TIHIZET 5 NOAEC ¥ LY LOAEC I,
=4k LT 022 3510044 mgim® (Filig= v 7 L AKFIE LT 1B L2 mgim®) T
H5,

Table 4.1.2.5.E: Summary of 13-week mouse study (NTP, 1996a)

Exposure level | Effects observed Response rate NOAEC/
mg Ni/m LOAEC
mg Ni/m?®
0, 0.027, 0.056, | Inflammation, chronic active in males 0/6, 0/9, 0/10, 0/10, 2/10, 2/10 -
0.11,022,044 Inflammation, chronic active in females 0/7, 0/10, 0/10, 0/10, 1/10, 9/10 0.22/0.44
Interstitial infiltrate in males 0/6, 0/9, 0/10, 0/10, 2/10, 8/10 0.22/0.44
Interstitial infiltrate in females 1/7, 0/10, 0/10, 1/10, 1/10, 8/10 0.22/0.44
Macrophage hyperplasia in males (*) 0/6, 0/9, 0/10, 10/10, 10/10, 10/10 | 0.056/0.11
Macrophage hyperplasia in females (*) 0/7, 0/10, 0/10, 10/10, 10/10, 10/10 |0.056/0.11
Fibrosis in male 0/6, 0/9, 0/10, 0/10, 2/10, 10/10 0.22/0.44
Fibrosis in female 0/7, 0/10, 0/10, 0/10, 1/10, 8/10 0.22/0.44
Lymph node, bronchial hyperplasia in males 216, -, -, -, 6/10, 8/10 -
Lymph node, bronchial hyperplasia in females |4/7,-, -,- ,7/10, 10/10 -
Atrophy of olfactory epithelium in males 0/6, 0/9, 0/10, 0/10, 0/10, 10/10 0.22/0.44
Atrophy of olfactory epithelium in females 0/7, 0/10, 0/10, 0/10, 0/10, 5/10 0.22/0.44

(*) There is no clear conclusion with regard to whether macrophage hyperplasia response should be interpreted as an
adverse effect.
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EURAR: NICKEL SULPHATE

41251116 VIID2 FEGHE

KREMERE 80 P DD~ T A% iR = v 7 VRKFIIZ, = e LTO0, 0.056, 0.11,
0.22 mg/m* 454 (e = » 7 /L AKFad & LTI 0, 0.25, 0.5, 1 mg/m®) DIEET, 1 H 6 i
M. 5 HT 104 AW ABRTE Lz, 7 » AR, SRR 5 ITF >0~ 7 RZOW TR
AR AR A Z TV, S DIHIOA MR 5 IEF SO~ T AT, Ml BB TH=>
TFVARTREOBEIE 21T o7, 156 » ARFIZIE, SHEMERE 5 IEF>DO~ 7 XITH2NT, Z0D
15 » H THA U7z i@ 789386 L OYR B AR 7RI Z L O R 21TV & BRI D& FEREME 5 PT
TODV T AN, MiEBIRICBIT o=y  rVvAamEsfllE Lz, sRERIZ oW T
1. Table4.1.25F [ZEH LTV 5,

AEE, FE. BERME S VIMEFHFRR:

~ U ADAELFRIL, BERME ~RE S VR (RER) OV RICB T HEREE & xR
BEL RIS TH o7, FHREIL, 0.22 mg/m® BEOKEE T X TOREREOMEIC BT, 3B
2 FFHOMMYM, ML N TRETH o7z, HBME~OREIZEET L5 & Bbnd
B IR AL MR 2 G ITER D B oo 7,

RIEFHIET R :

2 FH OB TR, T X TOBRBEHDITE A L ORI RIEEMRENRD b, Z
NWHOREL, ~7 17y — UHGE, BMEEEMERIE, MRS S (il RO EALD |
Jiifa & 327 i, B XL OME~DORIEMALRTEZR EDBE2 R L Tz, [E LY il
BB~ 07 7= ORGER Y L SOMIBRLS, 2 EMORBROK THE, 022 mg/m® i
DIFE A EDEREL 0.11 mg/m® BEDIVC/OMEIZZRD HivT-, B R OZERA, 011 B &
00 0.22 mg/m® BEDHEE 0.22 mg/m® BEDIEZ . 2 FERIORER O TRHZZRD Bz, fhoss
BT, Wilg= > 7 VICEE L7 2 BT R b e o 7z,

A EICB T S04

15 » AR filiofset BRI, 0.11 3 X 18 0.22 mg/m® BEo i g &1 E 1ot & L=z s
T, AL L CHBICEE TH o7, ZORBRTIL, X COBRERE CHicI8MER
JEASFRD BTN D, BT S TR M - T2,

i D@MERFEICEIT 5 LOAEC 12, = v 4 /L& LT 0.056 mg/m® (fifiliz= > & L ASAKFid &
LT 0.25mg/m’) & &#15 73, NOAEC |TE®D bR,
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EURAR: NICKEL SULPHATE

Table 4.1.2.5.F: Summary of 2-year mouse study (NTP, 1996a)

Exposure level | Effects observed Response rate NOAEC/
mg Ni/m3 LOAEC
mg Ni/m3
0, 0.056, 0.11, Inflammation, chronic active in males 1/61, 2/61, 8/62, 29/61 0.056/0.11
0.22 Inflammation, chronic active in females 1/61, 7/60, 14/60, 40/60 0/0.056
Bronchialisation in males 1/61, 4/61, 19/62, 39/61 0.056/0.11
Bronchialisation in females 0/61, 9/60, 32/60, 45/60 | 0/0.056
Macrophage hyperplasia in males 6/61, 9/61, 35/62,59/61 | 0.056/0.11
Macrophage hyperplasia in females 7/61, 24/60, 53/60, 59/60 | 0/0.056
Interstitial infiltration in males 1/61, 0/61, 3/62, 17/61 0.11/0.22
Interstitial infiltration in females 0/61, 4/60, 16/60, 39/60 0.056/0.11
Alveolar proteinosis in males 0/61, 0/61, 0/62, 42/61 0.11/0.22
Alveolar proteinosis in females 0/61, 0/60, 11/60, 45/60 | 0.056/0.11
Lymph node, bronchial hyperplasia in males 2/46, 4149, 2/45, 17/54 0.11/0.22
Lymph node, bronchial hyperplasia in females | 15/50, 9/54, 16/58, 26/56 |0.11/0.22
Atrophy of olfactory epithelium in males 0/61, 0/61, 12/61, 37/60 | 0.056/0.11
Atrophy of olfactory epithelium in females 0/61, 2/59, 1/60, 17/60 0.11/0.22
4125112 HEEOHE R LR

Benson et al.(1995) i%. 1 F344/N 7 v b & B6C3F1 ~ 7 A |ZHilfE= v 7 )V & A S+,
%:‘Héﬁ%@&UT?V}@ME&%@%@@E%%%LKOv¢2%7y%@\1
H 6K, M5 HTHREG» AR, BET = o A—NTERFBEFEINT, HE=> 71~
DIREFEN, T v FTiE=v 41 e LT 0027, 0.11 mg/m® #824 (Filt= v 7 /L AR & L
TIX0.12, 0.5 mg/m®) DIEFET, ~ 7 A TlE=v 4 /L& LT 0.056, 0.22 mg/m®HH4 (Fifit =
v 7 VAT & LCI% 0.25, 1.0 mg/m®) D JE Tz, SHREN 2 5 ARV LIZ6
B AATONTZRE T, BT 527 V7 5 ZMEDT=D, BHEST LTy R~ 2%,
ONi THEERE LI-WiBE= v 7 A AKFIEZIE ¥Sr TEBLERIZAFLUIT v 7 X
(PSL) f#hL 7 IC MR EIREE L7, S BT, MOMDOT v hEe~ U R %, BHREN 2 %
A7 LIL 6 » ATTONTERES, BIORHBENTETL T2 s AW LIT 4 s AfRE L
TR CLHIE S, el ORI BB L ORI & G D = » 7 LV EDORIEEIT > T2,
T2 n ARVUIE 6 # ADRBELZ T TV T v b= 7 RICBWT, ®Ni ﬂ?%&%bfc
Wilig = v 2 VSRR CRMEIRER L2 % O SO 7 UV 7 7 v A2, RBIEERD
nﬁ#okovayﬁﬁ%®7)77yxmm\Zﬁﬂﬁ%%%iﬁfwt7yﬁfﬁ
WRB BT, 6 » AMRELZ ST TV T v N TIHERIZA N o T2, Hilg=
TNVRKFIZIRBE SN T v e T ADMIZ, =y 7 VOERBIIALNRN>T-, <
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EURAR: NICKEL SULPHATE

U AIZIE, T TR EEREOE L LA Do 7o, Ty Tl 7 v
77— VHIEAE R L OMBPENR e 23 A B LTz, St THERE L2k 70 2 U T T v A,
Wil = > /i 2 o A FgEE (kL 73 G- b il = » 7 /VICHkRE L CIRER) SN2 F v b
DEE TR HALTWD A, B 2 5 HFEERE (R = > 7 v ~DZ Ll EOgEE
MU)DT w MIHEEBE U hoTo b WH ZLICERTILNERD D, I DHIT, ik
=l 6 HRIBRE SN, TN AT LUk F2 &G Sh=7 v b ThH, iz U
T T v ADERITA BTV R, Benson (X, 57 B akBR) S FERIRFEET e BREE AN &
NTWBETDH, 1 FIORES TV FTOHRIBNTTZ VT T 0 AMEWDR A DAL & D R
T, ABIICHTI- b SR DD LRB L TWD, Z0ExIE, ¥Sr Tk L7z
Weki D7 VT T AR, Hilg= v 7 6 » ARG SNZT v be~v U A, £
b= 7V 2 £7201X 6 » AMBE SN T v MO~ U R, K0 \EEORHAED
HOIi=y ZVARENIZDZDICRENVICH b LT, BlEShkholc v ) FE
MHED LTS,

Benson et al. (1992) 1%, filZBA4 5 A b Fr0RHEE B I I TRl = > 7 /L D EZ DT
MEt L7z, MERED F344/N 5 v R & B6C3FL ~ W X%, Hifit=v /L& LT 0.12~2.0
mg/m*(= > # /L& LT 0.027~0.44 mgim® \ZAHY) DT, 1 H 6 B, # 5 A OMET
3 M., WAMEEE L7z, ZoOMEMREICIY ., IBIKFERESE (LDH) EX—% 7171
=X —E(BG)IEME, BIOREA(TP) L a7 —F U7 F F(CP) DN G 2 &
Nic, ZO/RRNG, ENENMITEIT 2 MBS £ 72 I3, SEMREEOH S, M
BT EEOHE, Mg =7 — 7 B ORBEESE SN E L2 ERNRBEN S, BG
HEANOFRREE X LDH BNk v H K& <. Zhid, BG HMAEEAEMROFEICL D LD T
B, HITHEF ISR LMD OBREKEIC L 2L O TIEAnZ &2 RLT
W5, T ATIEBMEIENTE LTS, T v MTEFAELeh o7,

Bmwnam(mwﬂi.?y%CﬁﬁﬁMGﬂﬁyﬁ%iﬁvﬁxﬁgﬁﬁMSE?Vﬁ%ﬁ%

 BREE = TV ARIKF DI BT AR PRI RS a5 720 = e LT 0,
0W7Oﬂ.0MnWm*&ﬂm%wyﬁwAmﬁ%kbin(MZOSNMWW%@%
FET1H 6K, 5 HOBEICT, 13EMOERELIT> 7o, ALFHIEUNIE, HREMW
D7 B ENY S 472 KUE SR ek 2 50k & U CHIIE S 47z, FHili Sz N7 A — &%
FLEEM K FEFESE (LDH), X=X 77 ua=4—¥ (BG), BLUREH(TP) Th-o7, &
Ml Hcks L OV E MER E /31T, KU SOl BedHE P BN S il THRE Sz, Mo
FRR R T b E i S o, FE T, HAINCEET 2 A EREIA N> T LR~ T
BY., 20D, MERITMERNE S T? IHREINTWD, HBLORREEHFOT v e~
U AT, LDH & BG OF LWHEAED Hiv, ZOH@EIE, BEKRTFH A ORGHFICH
BThole, TNOLOREREOT v T, MERICHAEROHMA RO bivic, A
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faOFREDZE LW, T > F TIHME~ERERFET, vV ATEPTBIUORIRERT,
IREARFERI DO FNCARBICRO bivc, 7y hOFB X OERERETIX, 4O
BORENHEFIZ LA L, v~/ 077y —VOESENBEEIKT L, 7y FTHE, Mol
PERAE & I E~OHIIDREA T L OERERICED v, v 7 17 7 — VEBEPHEERY
H~DRELZT-E2FETROONT, v UATIE, w7 n7 7y —VEELRE~OMI
R E L OERERCRD DAL, MOBMRIE & BHEES FIRERE CO AR S,
Ty hE T AMFIZENT, BG OHFEIX LDH ° TP OEmEm LY b RKIBTH -7, 181
IEEMERIE, ~7 v 77— UHE, X OME~ORMIEOREIL, MEEFOREIC X
D7y e~ T ADOEFIZRD BTz, BG, TP, #HHERK, BLO~r/u77—TIlib
NTEREFH PN B2 8L, 1BMEEMERIEORLE & B <HHEA L T,

fEHAZ Lo, Kosova(1979, UK HSE 1987 LV 5IH) OB TIX., 7 v NORifE= v/
SV (DRE) ~DIEGENR, = v 7L e LTO0, 1.1, 22 mgm’(TFilE= v 7L (fg= v 7L
ARIKFI & HEE S D) & LTIE 0,5.0, 10.0 mg/m®) DL T, MR 4 BRIT O » AR%E
MEENTWD, EAREET, MOV THRESNTEY, 22 mgm’ BB\ T, FRH
O, Ml REOIEE, MiaAEOZIEERIENRO TS, IENCHFRES LV
BRAE L L HE S TWA, 11 mgm BETIE, P m B en 2 b & (KRR 3
RENTND

4125113 RERASHICETIENS LUESR

il = v 7V OWAFEMEIX, v 7 ABLOT » MZEBWT, NTP(1996a) IZ L5 mEimE e b
DEED, ZORBTHRF SN TS, 7y ME, w7 ALY EMEREEBICK LT
PED I, PP ER R IT EERIERSRE C RA R B T (18 ERIE & BRHEIE) & B (R
R DZEHE) O ITIET T,

Table 4.1.25 G & 4125 HTlX, 7 v bBIXO~ T RIZBT DHiEE= v 7L O KIERAGK
BROMEZ R L TWVD, THUHDORBRNG, W=y 7V OWANRT v e~ U A @M
OfEEZ L7532 EAURE NIz, NTP 2L % 2 AMEERIL. & hO—AJEORERED
B, RLEHERBEKREZRFO, 7y T, HBRICBT 2 REBHERE, T/hbb=oy
v LT 0.027 mgim® OIEFETOBRET, 7 v A L 15 » A Rk ot R A E 5
@kﬁ&éﬂﬁé%@#ﬁ%ﬂtt@\NWEC%%ETé_&iT%ﬁ#otO%@t

« WITE 7 A B (T D S E & RRHENE) 237 S 72 0,056 mgim® (= » 27 LHED) &\ 9 IR
%E%meckbfﬁﬁbtovﬁxfmﬁ%ﬁ\i@%%ﬁ?%%éﬂf%@\
NOAEC DHEIZE S o T-, ¥ 7 AD LOAEC 1, = v 4 /L& LT 0.056 mgim® T -
T=o VA7 OREHEITIEZ, =l LT 0.056 mg/m® (Fifg= v 7 L AKfmeE LT
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EURAR: NICKEL SULPHATE

Table 4.1.2.5.G: Repeated dose inhalation studies with nickel sulphate in rats

increase in chronic
inflammation at
0.027 at the 7 and
15 months interim

evaluations

Duration Dose levels NOAEC LOAEC | Effect at Reference
As mg Ni/m? mg Ni/m? mg Ni/m* | LOAEC
16 days 0,0.7,1.4,3.1,6.1, | No dose level 0.7 Atrophy of NTP (1996a)
12.2 without effect olfactory
epithelium, lung
inflammation
13 weeks 0, 0.027, 0.056, 0.056 0.11 Chronic active |NTP (1996a)
0.11,0.22,0.44 inflammation
No dose level 0.027 Macrophage
without effect accumulation

13 weeks 0.027,0.11,0.44 |0.027 0.11 Chronic Benson et al.
inflammation (1989)

13 weeks 0.027,0.44 Increases in Benson et al.
indices of cell | (1992)
damage

2 or 6 months, plus [0.027, 0.11 Chronic Benson et al.

exposure-free alveolitis (1995)

interval of 0, 2, or

4 months

9 months 0,11,22 No dose level 1.1 Decreased Kosova (1979)

without effect bodyweight,
lung effects at
2.2
2 years 0, 0.027, 0.056, No definitive 0.056 Chronic lung NTP (1996a)
0.11 NOAEC due to inflammation,
increased lung fibrosis (both
weights and Sexes)
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EURAR: NICKEL SULPHATE

Table 4.1.2.5.H: Repeated dose inhalation studies with nickel sulphate in mice

Duration Dose levels as NOAEC LOAEC |Effectat Reference
mg Ni/m? mg Ni/m?® mg Ni/m® | LOAEC
16 days 0,0.7,1.4 No dose level |0.7 Atrophy of NTP (1996a)
without effect olfactory
epithelium, lung
inflammation
13 weeks 0.027,0.11,0.44 (0.11 0.44 Chronic Benson et al.
inflammation, (1989)
fibrosis
13 weeks 0.027, 0.44 Increases in Benson et al.
indices of cell (1992)
damage and
fibrosis
13 weeks 0, 0.027,0.056, |0.056 0.11 Macrophage NTP (1996a)
0.11,0.22,0.44 hyperplasia
0.22 0.44 inflammation,
fibrosis and
atrophy
2 or 6 months, 0.056, 0.22 No dose level |0.056 Minimal Benson et al.
plus exposure- without effect histopathological | (1995)
free interval of 0, changes
2, or 4 months
2 years 0, 0.056, 0.11, No dose level |0.056 Chronic lung NTP (1996a)
0.22 without effect inflammation in
females

FEFE M ANMERBIZBI % NOAEC ORIEIZ DWW TIE, BRINZE B4 (European Commission) @
BRI R KUCBE 3 2 J7 817 (2000) O H CIAHIC#mM S L TWD, ZOHT, vy he~vo

A CHEM Sz NTP(1996a) O 2 R AR, BRERKOFERZEZW I EETAIC L -
TofraftTng, MMNZEEZ(2000) 1%, LTFO XS IZfEwm2IT Wb, [ 7 ;T
= d LT 0.06 moim® DREIEIZ THI B R EZERRD 5T S, IFRHEIEIZ D
WC/E, D2 E/MFEBRICHEV T, 0.03 mgim® DJEE (= v s L L T) TOMREE THEIZ P
TITRIEN D580 HF S D3, B FHINEHE TIZR 0, L, HEZ > MZIZ, 15 v A D
FERS TIT DAL FIFFIIC F5 0 T, AiE E DR A S0 TS, T 6 DFFRP 5,
=5 d LT 0.03 mgim® D THEHEEZ A LS AP SR TOE I8, Z DM
JEIE, T MIZHIFS NOAEL S ARRULRINEEZER HADS, ZHUT, ifE= v o/ A
Y TER G X F1e NTP # ik /4, 7 X LOAEL 45 0.06 mg/m® (=>4 d L )T, T
F D LOAEL /25%5< 006 mgim® (=&t LT) L VIS, F >k fv?z@f“% Y
B Th NOAEL /Z#FETE 0= &2k d 5, | mlE, AgEitl JOBREICET 5
(EU @) #%Z B4 (CSTEE) (X, 1 6 OF7#HaICEIC T, Al DO#EF maf\@ﬂ,u A NION
=&l LT0.03 mgim &\ HIRBERICHOWT, [#56 7/ NOAEL fE# L T3S Eid
NE U] R LT A (CSTEE, 2001), & B2 2 O #ailscEICIE, 0.03 mgim® &\
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IBEFEEIZHOWTHEERSOERSEN R LERMLEH I TWS, TORHIC
ERCNTP. BVU 74 /L=7 EPA., ¥ LT TERA O VU R 7 MBI D= BT, 0.03
mg/m® % Z D#BRD NOAEC & L THEE L TV 5,

ASCEERRE L, COMEE T &V SEHZ LD TE S, CSTEE (2L 5 ElkoFFl L v
HEFLWT —Z &2 AFTE TR, ACEERNE X, CSTEE OHHIZFE L T 570,
=/ LT 0056 mg/m® &9 LOAEC &, 5% DU 27 OMAHEICB W TEEICA
b,

412512 2O
4125121 — =
41251211 Svw A

Z v h® 90 ARG NGBS, Wil = v LK FI AR L, 2 RS AERBR O
MEHERBE LT, GLP [ZHILL THEMiS N T\ 5, MR 10 IET2>0 7 v NOREE
Ry, =Ll LT 0, 11, 17, 22, 28, 33 mg/kg {AE/H (Bl = v 7 VKM & L
TI% 0, 50, 75, 100, 125, 150 mg/kg A5/ H) DA ETE G5 217> 72, BRI E A EEO
HECBHE R R EBAD DB DTz, EOAH 28 A RICHELZRMD L, iilit= v 7 /LK
il LT 125 & 150 mg/kg IAE/H TH-7=D %, TN 30 & 15 mglkg KE/H & Lz,
g = > 7 L RAKF# & LT 150 mg/kg IKE/H 285 L7=FEC, M 1 VS 44 H HIZSELE
LTS Z ENFER SN, ERITHECE R o7, ZORMBR T, %Vﬁﬁkbf\
P GARIHE S IEEMPER T3 A bz, ZOFT I, #50E 6 2 BER £ To/Iic
HLEAEICHN, MEHAEH CROLEE TH o7,

WRWE OG5 %%\ 727 » M TiX, MEHFR72REx EE O I L O EEO N
Fex 8B CROLNATE, LL, b OREL, RN ELEZHES LOTIEAR
Mmole, ZOMBRTHE LHERSNIZME— DR ELEIL., B ER G T 5 RER
D TI o T Gt HREE L Fb 8~13%DIX ), WHIRAYE 721X BAMEERIIC A Lo T2 KIT A 5
NipinoT-, IKESNOEENL NPT HEN 2o 772, LOAEL 1L, HER= v
ol LT 7 molkg RE/B (Filfg= ~ 7 ARk Fidm & LCid 30 mg/kg {AE/H (28 HHIZ
125 mo/kg IRE/H 2 HIS L7- A8 ), 1A 11 mg/kg K5/ B (Wil =~ 7V SKfni e L
CId 50 mg/kg (RFE/H) &I S du7z (SLL, BiRE O B AF AR, 2002 410 fR) o

Obone et al.(1999) 1%, HEDRKEA SD T v k 8 LB 72 HREC, Wilik= v 7V Sk % |
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=w /e LT O, 447, 111.75, 2235 mg/L f84 (Riifg= > 7 /L o5KFn# @ 0, 0.02, 0.05,
0.1%IK) DIREDOEKAK E LT, 13 A H BB EE7o, BEal, G — T 24 K]
JRAEABEL, BLEADEARE. N-TEFIL-PD-ZLahI=F—FPL y- 2 LFI T
VARTFH—BOIEEERE Lz, Ty MIKREER., B SIh, iRae 2 BRE
L. MEFEAIRT A= 2ol a ) v AT 7 —B it & & el E A TR T A — 2 &
EL., B EELIE L, WEEESORE 2 IR, B, DR, B BRI
g, MafR, B X OWGICOWTHEM Lz, K& SMlasedR 25 L., MiaEEOEE &
LCoHr Lz, MiffkAE Y x— MR L, SR LZHRE L, BREEO ST YR
— hHIRR L, FEBEREE L BEOESAEEZIE L, MR X OMARMERE A R — K
IZBWT, ERN T A —Z ZWE Lo, g & s Miavyiiy 2 Fuv T, DNA 815
EHINEIEIC L - TRl L7z, MRRICBIT 2=y XV E/ &L, BESINEICL YV HIE
L7,

BEBREN X R TG HIM& T E AR L, OB EOBRKIREITRED b o7,
I A ERE I, PR EIS O TN RN B R (8%) WA HivT-, i
LV IEHEORETIE., KE~DEEIIL LN -1,

WY EREREDONTIICEB W TS, A LRI IR F 72 1 X BRI 2 T A B i
o,

FElg kst « FExTE I, fm AR O 2 BT L (RSCEERE OHEE Tl 15%)
BIEOMTE R, Hikd L O m H & TN L 72 (EE 10%)

i EEIY, HIEBIOEEHEETHEIML HE 10%) ., HXTEEIL. K HEET
DRIIEEIM LTz,

REER &Digi, fseh BB O PR E I GHE S~ T TR L7z (HEE 5%) .
R ORI LAY, BRI E e G-~ T THIIN L 7 (HERE 5%)

JLfik & R o> U oo EREEAERA (T Ml & B AlfR) 1IC1E, A EE S 2WEERA LT,
N & MR D 1l 7 1T BT, Y, PR L i LT, FHER(=v e LT
111.75 mg/L) TIFHEEM, HmmHER (= v 71 LT 2235 mg/L) TidEd L7,

FHERE S REHAERICBWT, AERKREINT (/3 IZIET) ERFE T (14 12K T) 234
bz, EHENTIE, IPRBLEIFVPFEICHEMLEZAIIT 2 5), EFICIE 2
O RITRERIEEEIC L2 DO TH L AREMENH 5, MEEZOMRE TIZ. 7B U KRRAT
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7 X —BDATEEPA LI, KB MMTS IR P8 S iz, FEROBESRICIE
HEBIIH Lo, MET Y FALIY V22T F—P 3B LZ T R T,

ZORBRTIE, =y I AEKEROLLE LT, %E@inf4y%rﬁ%@%r%%
FElERZ En2hole, BT REERD S, kEAERICRO b, SHEGEOR
BE(ITbTNT, ﬁ%%waé/%?%ﬁm%ﬁbﬁﬂottb e DEEE
ICHELIRT 52 LIXTE R, RIEFRICHEERIRE Th 2 M & Ml o5 B
ZHIMAE TIL, BEREITRD bR hotz, PR EEITEML TR, SEmbEm
HlIR STV, Mo BEEE (U 288 i B8 IX, RESHhTWhARY, HiRs
gD B 36 XN T ML OEUZ —FR TRWEER A LN, FRIERGEEO—H L-HE
ERHZ BN, 26 ORBOHEMEFHERIIA N TH D, BB L Tk,
SFEEOBN, JRERD, BXOMFREFEEROBIMCL Y, FERENE L L0UR
SNTETHZEEFAETHD, L, WEHBRFEHEIDRO LT RNED, =
NS DERKROAECFEE B RICHRT 2 Z L3 T, JRERDIT, M= v 7 L)
GENTNDZ L TKRKOENREZLDIL, BELL EDIOITAKGERPEA L2 & LE
HLTWDEEBERXBND, HUKEOHIEITFEM L7z L MESINTWDN, HKERN DA
ENT=T =270,

ZORBRIZIT, WL OKRERD D, 1 BEHT- Y ORI EITb T 8 ILTHY, £z
KBITHEDOH T D, FHMRERRIBLEE, ITEIFAIRE., BXOCIROBAEITITHOI T\

o IREALARFAIREAL 23T R T OB IC OV TEM STV, @, EEGEER
ﬁ?i\ﬁﬁﬁm®%@ﬁﬁ=%@¢éﬁﬁ%ﬁb\ﬁ&f®%ﬁﬁiméﬂéo%ﬂf
LB, ZORBIINRD IS ERMEINTWD EHRTZENTE, Hiik= v 7FVOKIE
BLBEEOREICAERR TH L LB BND,

ZOREBRD LOAEL 1%, FEFICEE L VI DI TRV, EMFEICEERFERYEL
HIRED LD, A%DEREBA L Bl L OO EEOHEINIZE SV TESD b,
=/l LT11L75 mg/lL & &5, NOAEL i, =7/t LT447 mg/ll EREST
b ZOMBRTIE, BHELHKEZIE L EFHESN VLN, T—XIIARINT
W, OKEZY 0.1 Lkg KE/H TH D E WO REICHESL &, O LOAEL 3= 7L
& LT 11 mg/kg RE/H (FilEg = 7L oKkFn & LT 49 mg/kg {KE/H), NOAEL II=v
vl LT 45 mglkg RE/A (Wil = v 7V s/KFn) & LT 20 mglkg IKE/H) & 725,

Ambrose et al.(1976) 1%, RHNEEFGRBR A Ehii L T\ 5, BEFL L 721X 0 @ Wistar 7
h (ZBEMERE 25 VC9°0) (2, WilE= v 7 VKT 2 IREE RS- U7, faEtfh oRE I

y#»tbfo\ma1%&2w0mm:y&w&U(mme2wnwm¢im_m
Y BT EZ 100 glkg RE/H & AGE L TARSCEERENE L) Th o7, BBuRE Tix, &
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BHIZB T 2= > 7V RNKII DO FZEEOREIT R SN TRV, FHET L £h
Zi 0, 45, 450, 1121 mg/kg AE/A & 725, 513, ek 2 FHFEM Sz, SRR
WZEENDH = FVEICET 2HERITRE SN TRV, 3 » BT LI, SEEE 5 pLs
O BIME & ROBE 2B L7, AL SO, REEICBO TEFRITED) > 72 (68~
NRUDILTH), ZDh, Ei&ERERE, WIRAE X OBESEER 70k B2 AR 23 AT RETS -
cOIE, BHE 2~8 L7272 o7z, (Dl MRE. . AP, d5 JOMEEOBEEEZHIE L.
Jﬁf@ﬁ’:ﬁ%ﬁ%?ﬁ%ﬁ@:@tbf:o IHIT, M. BERE. H. M. K. BT, . KA. B
ORI, FLIRAR, B, B, B X ORISR B RO 21T o 2, (KEIT

xfﬁgﬁikttﬂix LC, 1000 ppm LA EOBEOMETIX 6 #H H 2> HAEITML< . 2500 ppm BEO
HETIZEL L & LRBRBAMGEF LA BICEN o7, 78 WK, PHEROKEN, MTIX
18%1ECIE 8%/ L TH Y, mAEOKREIL, T 32%KETix 35%H LTz, i
RFHREEBE (~EZrEY A~ 7 Uy b BROBHEMEESH) . BLORBRAEH
GRICWE L&A, BEICEE L2 bixA b N hotz, 527 -

méhfmxotm 1000 ppm F¥ e C T O AR ot B BN A B L, Do fiskod A s 8
DR R ECHIIN Uz, MR I EEMICEETH Y . =y 7V OIREHR G T
MEIZAT D XD R BIIfORIN o7, ZORBTIE, B CHREEREN-T-
72, 2 MO G ER0 K2 TREAR L OYR B FARE N ATRES > 720135 T h
o7z, L, MEIZHWT 18%DEREBU D DL, T EW I EE A FH
LB EINDH T EITHADE | NOAEL =71k LT 10 mglkg KE/A (Wifg= v 77 /VR
KFn & LT 45 mglkg RE/H) . LOAEL =/ /L & LT 100 mg/kg A=/ H (k= > 7
JVARIKF E LT 450 mglkg (AEE/H) &35 Z LITAlRETH B,

Itskova et al. (1969, UK HSE 1987 L W 5|H) X, 7 v MZ=v /L& LTO05, 5, 50, 500,
5000 pg/kg M:@H‘é’@ﬁﬁﬁé:wf/v% 7 o A, EAEEIROERS Lo, SEFERICER
IRAREEININH Y, Rem A ERE TR b, MRFEN/NT A — 2 DB ORIR TRt S
%Lf:ﬁu?%aﬁﬁﬂb\"?%~§7ﬁ_\ HEIIH ORIl FEERRA TIIME— DR B2 Z
E LT, BHEOFE L WS, 500 3 L0 5000 pg/kg ARERE TR zsb%zh AT HIEA
REiZ M 2 v, FTREEREZ LS YA b o7-, UK HSE 12 XhuE, BRBRE oA L
Z L, SORLFMERITIBRINTWERNSTe, TNHDOREDIZD, ZOREREZ Y
A7 G IRV,

OECD 7 A MW A RT7A 451 \ZHEHL L T Hiifg= v 7 )V S/KF) % Fischer 7 v T 2 4
il (BRI B2 5 L7380 A MERRBR 23 i S 41T 5 (CRL 2005), HERES 60 L3> D 7
v NOREERIT, = LrE LTO0, 22, 6.7, 11 mg/kg RE/H (g = v 7V SKF) &
L CI% 0, 10, 30, 50 mg/kg {AH/H) OHET, 1 H 1A, 104 BEEGE21To7, HRWE
FKICIAfR L, REZAE 1k H7-0 10mL & L CHAROBSE Lz, #ETIE, e
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bl U CREGH 2RI B2 R E NG 23, $mE 58 CHREKFENICEO bl
(ZNEA 5%, 11%. 12%), [FAERIC, MECTH . FEE Lt LT, SR AER 2 R EHN
P (ENERL 4%, 8%, 10%) 2 HILTZDS, FEHFRICHEE 720X, B LI 0EHE
HOLTH T, REHEMIMEIL, GEREE R L OMBBERE A L Tidnieholz, D
AFRIT, AEERENICED L, PR IOEMER IR FNICARE Th oo, Rk
TREOMEDFE T HRIT, =L LT 0, 22, 6.7, 11 mg/kg (KE/H DK HAERET, £
ZAU 23, 33, 43, 5% Tholo, HEOEFRITIL, BHICEE LIZHLNREEITA LN
7ol FELERIL, 0, 2.2, 6.7, 11 mg/kg AE/HFE T, £ €74 60, 48%, 50%. 57%)

FEREEIE O BRISERAIFT RIX, W LR E O & GAZEEE L7 O TiER v EHEr S
776

41251212 IX

Ambrose et al.(1976) I%, A X DOEMERER G Fht L T\ 5, MR 3 Lo e — 27 LRI, it
B = 7 VKW % ke & IR ST, fEREX, =y v e LT 0, 100,
1000, 2500 ppm (1 ppm Okl EE 7Y 0.075 mg/kg A E/ H O & ICFH 2495 (OECD 1999)
CRETDHE, = E LT 0,75, 75,188 mg/kg RHE/H O HEICHYIIZHE S, 2
FERIRE M THNIZ, 100 & 1000ppm FETIE, & ITHEIIAONR) T, ki B
I REBEMIMEIAE T, mHAETIE, WA SR SN, KEHED
%mmmmm\ﬂmmm#E&%%K%mLf%%%ﬁﬂ%éﬁé%%ﬁ&oko%ﬁ%
OHERETIE, 2 FH OB TIRFOMIE CELIRIENFEO bz, 3 » H MR THEM L -1
WA REOMHEIZ, ZEDRH 25 bOOEEBIUNTH -7z, EEHEHTIE, ~~ Uy
MEAMEME 2 R TR A D, REAEROA XTE, KO 2 » ARIZZRE R
Uiz, BEHERETIIE HIT, L BIOME EE&S, FEPrIcaBR¥Ema "L T
Wz Gt FRRE & B LT 18%), Z OREICEHWTIE, 6 PEf 5 PLiC SRMEMIE T oRH = L 2
T —/VRFENHEGR S, 2 TRICEB ORI Z AR bivlz, KB KO HERT
X, REEHRR IR EITRD bR oo, TORBRIZKIT S NOAEL (X, =v vk L
T 75 mg/kg RE/H . umawimmM@mEMT%ot%Eﬁ@ﬁw@ﬂiﬁ%%h
WCRL O, ZoRBIL, MUICHEE I & Bbha i, OB/ S W=,
Fﬁ%(%&ﬂ%ﬂ%@k)%@m&:y%v CEE ST TR T A5 Z L3 L < 2o TN D,

4.1.251.2.2 BEH

Vyskocil et al.(1994b) 1X, Wistar 7 v N (KHEHERE 20 PC9°0) 12, il = v 7L OKFIEAR
B1) % 0 £7-21% 100 ppm ORET 6 » HBIHOKEE Lz, 3 » HOFFC, HERE 10 IL9° >
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ZHBER L, =y 7 VEBRET, EHICLD, OKBRICESWTEES R, HEIX
3y ATHOD 2HMDOFEETIE, HET=v e LT6.9 molkg (AE/H. MET 7.6 mg/kg &
H/IAThoT, BRERII3 » A% L 6 » ARICIRRAZFM L TV D2, i B AR
HITT- TR, RIRE TlE, BEADIE), REREREMEOREL LTOT LT 2
V. HLEEBKERESE (LDH) 2 5 NT p2-2 7 7 U v (B2m) . 36 L ORI HERE D FEHE
ELTO N-TEFNB-D-7 /L ath I =2—F(NAG) &\ o737 X —Z BNHIE S iz,
EIRE R & AREBNE SN, MEEHLICH, KEBNE~DORBEIIR N0 o7,
WTADORERRIZIE N T S, RWE OWREE 2= T 7228 . MO BIEEREIT DT )
IZHEIIL Tz, 2L T, 6 » AR THEICED AN, RIE0V TRt oT
Tdo7eh, MEFFRICAE TH oo, IRMEEREDIRIZICE IS ON ol L
L. REREIEEEEDIEE CHLRT 7L T I EICIE, 6 » OIS THIICBWTHE
TREEINNRD Hitz, HEZRTDIRPT AT I OB, BEFFNICEER O TR
ol lx OWBREMOT — 2 2 Hb L, 6 H HORRIZEBWTH LM /R S
iz, HEICBWTHENHEFIICHER TR o =01k, HETHREINZ 2 SOxREE
WCBWTEELRSEN RSN EICERLTWS, LEBn>T, ZORBRTIE, Han
1B CThololod, JRPT AT I OEINCET 5 LOAEL IX, =y /1t LT 69
mo/kg RE/H . WEAS 7.6 molkg RE/H TH -T2, ZORBROEE S, L MO ITIZBW
T, RICKRERETLHDEVRH DL T D, R RAVFELIERT DIZHZ. 2D
RBOEFIEE L, Hx OWREBMOT — X EZAFL, ZOELOXOEKRTLHEZA
EHOMNILE D & LTz, 72, = v 7 VICEE S~ o#BREM A, 3 » A ORIE
KD 6 o HORERESIZNT T, 7T I VRIEOHEA R L TWenE 9 g Fi
DEIELTERT VT I UEDR—=AT A U PREFNTNIRNSTZT2D),

LosL, BT —21%, T TIRATRAETH o7, BETRINIHERIL, H#EF >~ FTIE
JRETNT I EICB L CRERIELDERALNTmnD, £, BEOHBICAL S
NDD)FHHFHICHEE TR END, ORIV LEFMEICRITL, 20D, Z
OFRBRD LOAEL 1%, DT —2ZEM L, RP7 A7 I HIMCEL, =y e LT
7.6 mg/kg (KE/H &35,

4125123 thEsEt

Dieter et al.(1988) (X, ~ 7 RIZHBW T, Fhfimtt & st BHET B0 2 8%
R L. E0U L SENRMIIER = v 7 K 5205 OB LR IEN & 5 7
ERPET A0, RBREFE LT\ 5, Mo B6C3FL ~ 7 A (10 VE/fE) A Hilk= v 7L (K
FIEE DA 72 U)ITATE R O HE CHEEE L7=, 0, 1, 5, 10 g/L ORECTHBRME L+ &L
Kz, 180 AMAEMICERESE-, FRICESHEIL, =y /1 LT 0, 1157,
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285.7. 395.7 mg/kg (AE/H (= 7 /L& LTCO0, 44, 108, 150 mg/kg A=/ H | il = > 7 /LR
KR DOYEIE, = v /7L LCO0, 25, 64, 88 mg/kg RE/HIZMHHY) TH-o 7=, KIHEE,
MigFs K ORMRICI T 2 =y VR, B, SEEE, WEEFART R, e ROG,
BRI TR IEEE . AR EE, 35 X OMIIREERTEE R S, BB L~ U R iduie
Mol-, Hillt= /L& LT 2857, 395.7 mg/kg IKE/HRED~ 7 AIZH T B AKIEEEIL,
RIBEEL O bV hoT-, ZORIIE, 395.7 mglkg AE/ARECRBWTIL, ik (b3E
PO FIZ LD b0 B, mf=y7rnid, B\ERENS 4, 8, 16, 23 HOKFA
THIE SN TWD, FHMP =y 7L, B & RIS LT, 4~8 @ITHNT THIN
L7z, 8LV HBOR R TOFEIMA = > 7 /VIfilE, 23 BORER T 395.7 mg/kg A/ H
BHGRICB W TN A LN IO E RV T, W EOR G 42 % T lo T h oIz
THRERBEIMNIA DN ST, = FVOEBNRH LN EREEIL. BMTH -7,

RHE L EHEEORD N, MR EEO KA 2 RE . 395.7 mo/kg K5/ H R
fRo CRD BT, HRELRRZAOREIZARE 6 LI\ T Thbil, 1, mHEHOE~Y
AN, BRERRME R 7 n— B0l Sz, Lo L, (RH SO IREEClIMR S hvie
Molo, ML, BED Y /R ERBE R O & Rl & U ToFE M A, RTHREETIE 6
PE 1 PCDBTEEIZADNT-DITH L, BB REG SNZHETIE, WTFhiclsnT
HRRAE L 6 LT X TTRD bV, MIREN OB T RIX, R E O %2517
T2 R CHCHRBREEAFHFIICARICED LTVl LItk s TEMTF LR TND,
Wil = > 7 M X 2RO HEREIL, BHR CTEL W, MEHKET v A TiL, &
>V VARIER (SRBC) \Zxt 3% 77 — 7 i (PFC) Kis, U 2 7 SERBEFEECG . s e o
FF 2 Z 0% 7 — (NK) fiflaiE v, 3 X Ol hEsR i (Listeria monocytogenes) % F U 7o &L
FITHFT D HPUE2R EAHE STz,

BRERGE T v 2 A T B BB FEE B L OIS S 7e ERRR D, Wt
OREIZBNT S, B fllld~A FY= AZxd 25 U RIS IS BRI 3 A B
Ted, T M~ A b2 = AR BRI A Do T, S BICEHER T,
PFC JJis & Mg e 78 2 EE ISR HPRIICH B RIR TSR b7z, TEhiER-~27n 7 7 —
RN SOGIZHEE R B 72 F R UR N BRI E OB %2 T T T R THETIR Y
HAL, mAEM 2 BT, BRI EE IR TR b, MAERICBWTE Y v
PREREEEOG OIR T IXRB0 b2, ZORBROFZF L, o T 2 — X (L8N
W, Z OB EBHR~ORENSERNCAE LD LRI TS, L, K
PRALRR 2RO CHARZENE & AR E B OO NBIE SN TWD Z L ILESE, ZoRBO
LOAEL (%, #iifg= > /L& LT 115.7 mglkg AHE/H (= v 7 /L& LT 44 mglkg KE/H | #
5 IR E DIREE = » T VKR DA R, = v & LT 25 mglkg RE/H IZHE
W) EHIMr X iz, NOAEL [3HEE CTE7einolz, ZTORMBRIZEE THY ., ERICHTZD
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THiR= v 7 VDEBEZIMMT5DI@E L TWDH EEZBND,

Schiffer et al. (1991, TERA, 1999 L v 5| %, M SIL ~ ¥ X2, 2700 ppm D= v 7
JVRKFY) (= /v & LT 600 ppm) %, 4 FRIREEE G L7, In vivo & in vitro W74
OREIZBNT S, T MBI ) 2 BSOS DR A3 A B, B AR KA
PURIZ 3 2 BSOS ORI 1 | in vitro OJIIE TR iz, HHIREIL, ~ 7 ADHE
&% 200 g/kg RE/H SRET D &, =v /L& LTH 120 mg/kg KR8/ H O H&ITAHYS 3
Do

41.251.24 i{hoFEFER

Chatterjee et al.(1979) 1%, &7 v M=y V25 L, ZOMIcEZ I C &K
BEERSE, TOMREMIE L7, BEL LMD Wistar 7 v FOREC, =y 7 vE LT,

0 £7-1% 33 mg/kg KE/HDOHET, Filg=> /% 21 AMREKREG Lz, & 3HELRIT,
33 mg/kg RE/B D= 7 & 200 molkg (KE/H O T A 2 v o FRICER S LT,
= 7 VOB, 7y FORRERZE TS, WEE BEROERIIIER Th o7,
ZORBROMRIL, mAEOEX IV C amtHEO=y iz 526N TS T v b
WG T 52T, REREZT TR, FFEOHBEDIEMZ, 772 OREE CIEFICE
DIFHZEMTELZILERT D ThoTo, ZORBRTIX, RS &2 22 AT
NI A—=HDELIZBE L, =v 7 E LT 33mg/kg (KE/H &5 LOAEL 23 E i 5,

4125125 RELROKSICETIENSLUER

RORGIZLDEMEBEERBRIEX. 7y, vURX, BEIOA XIZBWTEBIN TV D,
ATFRIADSCIRE D 70 & O ROFMERAS TICBIER S, SbI1I2, RP7L7 2
> O (EREREIS T OFEEE) . \BEDIRKME R 7 u—8., I XU MHItE DN B4
iz,

Table 4125112, Z7v h, VA, BLOA XTBIT HHiE= v 7 V0O KAER D 8GR
D) HLEBELELONLAIHBROMELZ RLTWS, ZNHORRIZELY ., W=y 710k
A5, (KR (=7 v e LT 7.6~11.2 mglkg KE/H) Tid, DT EEED &R
R T I U E OB E R EL b L, mHE(=y v E LT 25~188
mg/kg AE/H) T, BEEREERD . WIROZFENE, BEORME R 7n—ERED LY
HERPELSIEEITZEIUREINTWS, Ambrose et al.® 2 FFfEBRIZ. & ho—4&
JTEDBRTE & OBEMEN R b BN, BER LV EHORBRICBOTLVIEAETALN
TWATH, HEEDEWVERE L 135 272\, Oboneetaliz k27~ &A= 13
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RERCIX, 02 EMRABR (= v 7L e LT 11.2 mgkg KE/H) L0 HIEWHET, b
IRARERD N STV D, Vyskocil et al. (1994b) D 3~6 » HBRTlX. 7 v h& A=
AR o> 13 B HEER (= v /v & LT 7.6 mglkg RE/H) IZIEFRET, JRPT LT I O
JAREN TS, Obone et al @588k & [FERIZ, SLI 0 2002 EDFERGICIE, T v b & FV
7290 A RFHIR O3BRICBW\WT, =7 d LT 7~11 mg/kg {8/ H O & T 8% DA HE
BONAETTZZ ENRENTNS, OECD 7 A A KT A 2 451 ([CHEHL L 7= 2 4E[ D%
WAMERBRTIZ, =7 d LT 22~11 mglkg RE/H O & CTRER Q&5 L2554,
MEREGF T 4%~ 12% DR EHNININHI N FLER ST\ D, Fem A &M 2 BECid, #EoATF3
2, R BN E T HEIREORE TR bz, BRmERENERRES 25
% FEREIEE O BERRESE AT I E2 S e/ - 72 (CRL, 2005) ,

AR OB H5-33MED LOAEL 1, RHE & SETEHE OB (CRL, 2005 (233 <) 230
T, =y e LT 67 mgkg KE/HIZRET 5, FLURENS, =y LE LT 22
mg/kg ARE/H &9 JHEE NOAEL & U TERM 2, 7272 L, IREHING (ML &) &
FELSRIENN (M) 25, FEFHICHBE CTRVWERERAHEZ > TWnWbH7ed, 2D NOAEL A
WIZNOAEL & A7 L TEWE I, RHEFEMENFZE > TV D,
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Table 4.1.2.5.1: Repeated dose oral studies with nickel sulphate
Duration and | Dose levels NOAEL LOAEL Effect at Reference
species mg Ni/kg bw/day | mg Ni/kg bw/day | mg Ni/kg bw/day |LOAEL
4 weeks, 120 No dose level 120 Decrease in Schiffer et al.
mice, food without effect indices of (1991)
immune function
13 weeks, 0,45,11.2,0r224 |45 11 4% reduction in | Obone et al.
rats, body weight (1999)
drinking water
90 days, 0, (7)11, 17, 22, 28, | No dose level (M1 8% reduction in | SLI draft not
rats and 33 without effect body weight dated (submitted
gavage 2002)
3 or 6 months, |0 or 6.9 (males) or |No dose level 7.6 Increased Vyskocil et al.
rats, 7.6 (females) without effect urinary albumin | (1994b)
drinking water
6 months, 0, 25, 64 or 88 No dose level 25 Reduced thymus | Dieter et al.
mice, (assuming without effect weight, thymus | (1988)
drinking water |hexahydrate was atrophy
given)
2 years, rats, |0, 10, 100, or 250 |10 100 18% reduction in | Ambrose et al.
food body weight in | (1976)
females
2 years, dogs, |0, 7.5, 75, or 188 75 188 Decreased body | Ambrose et al.
food weight gain, (1976)
lung granulomas,
bone marrow
hyperplasia
2 years, rats, |0,2.2,6.7,0r11 2.2* 6.7 Decreased CRL (2005)
gavage survival rate,
(females)
reduced body
weight gain

(both sexes)

* associated with a slight decrease in body weight gain (both sexes) and survival (females)

41.2.5.1.3

274

Mathur et al. (1977) 1%, 7 v MIHif= > 7 V2 EEEA L, K&, Tk, Bk B8 X 0%
BRI 2 MR B A L & AR BB 2 B2 LTz, BE T L72BET » hO#IE
L7-MUIREER RS (4 x 4 em) (2, WERME & 15 H B (5 8F 4 IE4°0) £7213 30 HH (457 4 T
FTO) AT LT, WEBRWE I, k= v 7 VARNKFIE, =y /L e LT 0, 40, 60, 100
mo/kg RE/HAHY O HEE 725 X 912 025 mL OEFEE/K TR L TR L 7=, BB

FORIERIZTEDT » MTh

O BRI T, RIRAIRRA & B2 RO R AL 25 B |

Fifide, B, REERICOWTHEMm SNz, 15 BEBESREL D S 30 BREIBEGRED N, BEE
IRECENENT-, =y /Ll LT 60 & 100 mg/kg RE/H O &R THEE= v 7 /L& B &
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Ni=7 v ORI, @Al 2SRt RIKEOKEREEME, REOEHENRD LI
Too =w L& LT 40 mglkg IR/ H 2840 SAV-RETIL, 30 HI®BA SNTZREO AT
TR AN BN, REIZIL 156 HREBA CIXZER A b Zzn>773, 30 HIEE
i TlX, =v /L& LT 60, 100 mg/kg (REE/H L 2 @A SV REIC, RS O M L%
JENED b7, B\ TiZ, =y 71L& LT 60 £7-1% 100 mg/kg (AHE/H % BAfh S
NI-BEC, 15 AM®BA T iﬂ?rfﬂiﬂ@@ﬁﬂ%kEEI%H%W@%:M&b HAv, 30 HE®BAATIZLY
FEORE (FIEHT S O FAREESE FUROIEIR & 5 o i) BN bz, BICE(RIZA B
Rinolz, ZORBRTIE, =>4 bE LT 40 mglkg RE/A &) HEDN, R KON
B DZEMEZEAIZEA 3 5 NOAEL, BB~ RT3 5 LOAEL &HIrS sz, Z Dk
BRicit, BT YA o RHMENBICW L OSSN D D, FlZE, BB NS
DHPHRERS>TEY, RESNEWH/EICLPREZIT - TRV, fEHERESCIRE
ZOWVWTOF#RL, ARLEITRENTORY, ZO7H, ZORBRIZ, U A7 ORAH
ELHTZ0 . FHEIEAZR IR,

I HIT, =y FNVORE~OREFENC L 2B L, ENFDOZ LW 2 fFoi
BR D IEH A ST 5 (Kosova 1970, UK HSE 1987 L 0 51/H), 14 AR DR~ A (25
F721% 50%IANIKR) 721, 30 B O F~0iE A (50%1A1R) DM Thi = ns, H kD%
IXH Dol MiZh, HEOREN WA EORENH LT, ZhbORERILY
A7 G IEE FH S 70,

4125131 RKRE~OREEARICETIENS LUHER

BB 7 ISR R B OB 8IS S0 CU 2LV, Mathur et al (1977) 0.3 BRClE, fRo#
H#BRClIA b ivie o 152 8 (R B ds K OV ZVEZE L) vdlis Sivie, LarL Z ok
BUICIIREDH D120, ZHOORMRITEEER S D LTINS IERR &G #ME
® NOAEL/LOAEL |IfE T & 72 o7z,

412514 F DD KRG

A E I EENTESRIC CRER G LB A OB = v 7 VO BENRILN TN D
(Knight et al. 1991, Mathur et al. 1977b, Mathur & Tandon 1979, Mathur & Tandon 1981,
Kasprzak et al. 1983), Zil 6D GEKIL, U A ZFHMlilCH /o> TEHETIERNWEZZD
NoH7d, ZZTIEHFELIGEEH LRV,
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41252 ErDT—4

PE OB R EETHEH < Do & LERRITEM S CERETIE, 1 FEB1 CTRE
BT oo E TITHWT, MEERERIC X AR T (SMR) 238N L 7= L s S
TU 5 (Burges 1980), Z DA DX GIE., AlEME= v 7 VDO IMTIRFTE S, 7 1 L0fho
= LA MICITRE SN TV RN B - & T Th o7, il am— b ORI
H/h &< (508 A - = T, JETH] 101 N), D U 27 ZRIZ DWW TR B TVZR0Y,

O (Pang et al., 1996) TiX, Z D ar— MIOWTZEDH% 16 FEOBHHET — & 23
MMz BRNDH, FEFRBA @@@%“W% LTI, FEREOKME L & PHE L OMIICHE
BRETRO LN o7, ZOMRMAETIT, FEEEMREEERIC X 2 THIXITE I
<, ZORWEOT =21, = v T /VREBPTICE W TRENES LORNEED = v 7 VIR
R SN HBE 2R E Lz, BIOREDT —% ¥4 1L T 5 (Roberts et al., 1989),
ZOREOHBEICB N T, FFEMEMPREEETORTHITEED LR THRY, =7
VDIEFE N MBI LTI, IS PRI E O EHRIIE ST,

B DOZIZBE L Tid, W< 2223k TR Y EiF 540 Tuvv%, Vyskocil et al. (1994a) 1%, &
DAL T TR = v 7 WAL SIS B B CIREE S Q=97 @E (B 14 AL &k 12
N) x5l LT, BlgEEOElEN~— I —OREZFEM Lz, EREERIL, i
= biifb=y XL Thole, OBERBLBEHEOH HILEWIL. BGICITE)N -
7=o AR~ — T —OREFRERIL. FMEE2EDE TRIRLEB LK 12 AOMREEORS
REFETH T, FHRRBHIFIL, BN 25 £, LMER 15 FTho7Tz, DT
IZBWT, FE#E L, 0.05 mg/m® & D BREEIRFUE (TLV) & 4~26 % LE 5 SR D= v
TR SN TW e, FEEORF =y 7VREIL, 77 F= 19 H720, FHL
THMN 5.0, A 103 pg Tholz, Bl b, LDH, TAT7 I, hFU AT v
DL PR PRI bIT A SN T, BYETIEREAR, B3z u7 Y v Brm), LT
J—NAEAEEARBP)ICH, KMETIRY VY F—AICbE IR N -T2, BT
UV F—ut N-TEFNLBD-ZNathI=4—F(NAG) ML, LMHTix, BE E
Br-m. NAG., RBP ML CTWe, R = 7 /R L OFERFMBEBEMSRA, Ztk(r =
0.462, p = 0.022) B LB (r = 04, p = 0.018) D B-m L L DfIC, X Bz, Bt
NAG & (r=0.405, p=0.019) & DRIZFRD bilz, b OFERIL, BIRAEHRE~D ]
W= rALEMIC X DR EREEL R L TS, FHIT, MO LR L TV DRI
INOLORBIEHEIIBNTOARI S EE X LD EfEm O T,

41253 o]

DLV E2—TiI, MEBOMGTHENAONIZ LD, WMARERIZLDERNA
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PR BI L. BiliR= v 7 LV OREHISE 2508 S RE L TV D, ROBEICE L i, &
BB A S TR0 UVDER B T, FRIRERIRIEBE MR S 3L D L IR RTWV D, BRI
B LTI, —REMEICOWVWTOE LT STV 720 (TERA 1999)

AT EAERE 1L, WilE= > 7 ~OIEREIC L 0 £ U D 3MEL, B\ERKICEKF LT
FEFEIN /2 A L) TERAD L E 2 —|Z[FE LT3,

Wil = 7rVEW A LTS, EREAIEMERE R TH Y | 1BERIESCERHMEIE & WO BT
HEREENGIEEZIND, HBEEOEWEBRIZ, NTPICXKD, 7y P2V 2 4
MR Ch o7, ZORBOT—% Tl KIKEE L~V (= v 47L& LT 0.027 mg/m?) T
Bl SN2 BOEYFRIEREARICHRT 2 2 L ARE 720, fEEr7 NOAEC %
WETDHZLIETERY, 2O, =y 4L E LT 0.056 mg/m’® (il = v 7 /L AKFY
& LT 0.25 mg/m®) %, JifiDARIE & SRfEEIC B9 % LOAEC & LT, Ux&@%A%*’ﬁ
AT+, Zo7r—21%, BHECOLAFEREZENEIVEGLIZLERLTEY, HEEZE
T5, ZhuT \ﬁﬁﬁﬁ_%ﬁéﬁﬁF%U%W§Eﬁjmm#%D%kLt\:yﬁw
BILO= v 7 IAEAMIC L D IERB A B SOV T CSTEE M To72iM it AL TV 5,

TERA DL b =a—(X, RAOBEOLE, B KLEELZ T HENGE Ch D LibmD
FTTW2, Ll WTFHORBR TS, BB 2200 B ARG IR S Tn iy,
7 v b TCIEE A RIEDORAEN B~ DR EEZ R LTS, MR B Z TR A O
TR SN2 o7, L L, ~ U AZH W 1 HoiBRCid. & H & TR o JRE &
FEARAE T TWD, KRG EIERE X, WilE= > 7 V3 BB R E 22 8% KT R tEn
HHZLICABELTVWDA, FERBHFEIFEILESN TW RN ELEH TS, Ro
R & RIEMBA~ DR 2 128G | SRIEREENREN TN D, RER~OEEIT,
RERVEZEEZTHEIVEVHAETRDLNA TS, —HFRFT AT I O8N
RERD Z7RTOLIZIER AR TEL TS,

Obone et al.(1999) {2 X % 13 MK EGHERCIEL, 4% DEERD & 8 E O E RO
MBHBI, ZHITIESE | Wik = v 7SRO 13 SOk 512381 5 LOAEL (%,
= /L& LT 11 mgkg {KE/H &8 Sz, NOAEL (Z=» 47 /L & LT 45 mglkg AR/
HToho7, Bl 90 HEMIRE D& GHETIL, =y LT 7~11 mg/kg {KHE/H T,
8% DR /D 234 U7z (SLI, Bifi o HAFASH, 2002 4212 #eH#) . Vyskocil et al. (1994b) 12 &
% 3~6 » AMOHOKEGRBRTIX, JRET VT I UHBINNR= v v & LT 7.6 mglkg IRE/

HOMBETHREINTWS, = 7V A/KI A Z » MRS L 7= Ambrose et al.
(1976) ® 2 F[EakER T, %Em@ﬁ%@%@#éuto%wtw HMEZH1T D 18% DK

FHVICEI L. NOAEL 13=v 4L L LT 10 mgkg A®E/H, LOAEL lZ=v 4Lt LT
100 mg/kg KB/ H L HEE STz, A X Z 72 Ambrose et al. (1976) ® 2 4E[JakBR CIx, 1K
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ERA . MRIEE, BBEEREEICE L. NOAEL A= /1Lt LT 75 mglkg AE/H .
LOAEL =7/l & LT 188 mglkg AEH/H &L ARSI TWD, UL, BEEMR /NS e
(MERE 3 P 2) B CTh o770, IKHBETELZHEN AR I INTWDAHEERD 5,
OECD 7 A " AA KT A v 451 ([ZYEML L 7= 2 SR OFNAMRBR CIZ, =y 7 vE LT
2.2~11 mg/kg A/ B Z5RHRE 0 L7258 E ., M T 4%~12%D AR EEINIMEI 234 U T
W5, mHEMA 2 BETIE, MEOAEFRIT, WEHEIA B T R T 23550
5#7= (CRL, 2005),

CRL(2005) DiERN 6 | REJRAD LA TR ESE, = v /e LT 6.7 mglkyg R/
H&wW) LOAEL & 2.2 mglkg RE/H &9 NOAEL 2AEH E4L, Ziubid e HIZLIRE,
O G BEICET 2 U A7 ORABHETEE IND Z LD, 722 L, (REEM
i) (HERE & b)) &SR SREEIN (M) 23, MFHFICAEBE CRWERERNLIEZ > TnDH 72,
Z O NOAEL AR YIZ NOAEL & A7 LTIV E I M, RHEEMENE > T\ D,

ANFENTIEH ST, BRI ITS NOAEL/LOAEL ZHEET HZ LIXTEX o
7=,

WiiE= v 7 %, BRHEE 2 & T D8 MEJE4, = v L& LT 0.056 mg/m® 7> 5 fififik
= VAAKF L LT 0.25 mgim® OREETORMIRABREE BN THI X Lz,
[T, RAB/23| & L COMFEM AT LT\ D, Wilg= > 7/, & 30 K ATP (2B T,
[T; R48/20 11T/ E S A, [T, RA8/23JICEI LT 1%i#8 &\ ) FrE R FE AL YE)Y . [Xn; R48/2011
B L T 0.1%8 &\ ) FFEIREREENRE I N TN D,

o= 7 LEMIET 2T —2 2R TH, W= 7 /W HOWNTOREmIS AT LT
SN (=T = b BT ANy 7 T v RXESR),

4126 ZEERHE

=y 7B LOMo =y 7 Vb5 OB EFEMIX, IPCS(1991), IARC(1990), UK
HSE (1987) . ECETOC(1989). US ATSDR(1997). NiPERA®(1996). TERA(1999) 72 ¥, %
SOMBIZE-TrEa—SRTWV5S, ZZITIE, ALINEZINLDOLE 22—,
HEDSET. BXOERIC L » TR ENMMOERICESHTHiEEZTT>, EddoL B
—IZED EFenTn2nn OB bR TH 5,

® NiPERA 1Z, HE DL E2—72 NiPERA & IZERIROBEHIC Lo TR SN TVWAZ L, BLOLE

= —DfEH NIPERA OB SO RfRZ VT L H XL TR EEB/RL TV D,
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4.1.2.6.1 Invitro SE&

4.1.26.1.1 DNA DG L EE

Table 4.1.2.6.1.A ([Z/R"T X 912, fiiit= > 7 /L% FH\ T DNA HBEEH 2 i1~ 7258k O 1F 8
NN ONELILTVD,

FIRINTWD LT, =y 7 VIR Tl AR E2FR L, £ hoRE
X R AR ClX DNA Ak & BASE L7 (Lechner et al. 1984), L7>L. DNA <> DNA 4
OIWrE, B MARAESEIIOSC e N BRI TIES I EE 2 S o T,

Table 4.1.2.6.2.1.A: In vitro studies with nickel sulphate on DNA damage and repair

Species (test system) [ Endpoint Result Reference Review

Fungi

S. cerevisiae D7 gene conversion Positive Singh (1984) NiPERA (1996), UK

(diploid strain) HSE, TERA

Mammalian cells

Human diploid DNA strand breaks, | Negative Fornace (1982) IPCS, IARC,

fibroblasts alkaline elution NiPERA (1996),

XP cells TERA

Human gastric DNA damage Negative Pool-Zobel et al. US ATSDR, TERA

mucosal cells (1994)

Human bronchial inhibition of DNA | Positive Lechner et al. IPCS, US ATSDR,

epithelial cells synthesis (1984) NIiPERA (1996),
TERA

41.26.1.2 BEFREAEFE
B T2 BB O 5T, Table 4.1.2.6.1.B IZEH SN TV 5,
4126121 [RE&EY

= 7V afBmE & L-RBROERIT 1 oA ELNTEY ., 20RBrIT, x A
F 7 A (Salmonella typhimurium) (TA 1535, TA 1537, TA 1538, TA98, TA 100) & K5
(Escherichia coli) WP2 uvrA (pKM 101) ((E1EHEKHR) &2 VT30 X 41TV 5 (Arlauskas
et al. 1985), RERIIifE= v 7L Dfth, 23FDOE&RIE L & biciTbhve, T—% & LTI
IRENTW W, file= > 7 i, @A L7 RGO T T, b OMIEKRICE T
BIRTERERZFR Ligh ol s b, £/, Filg=> 7L, T4 77—V
BUWTIEZHRAE B A 35 % L 72 5> 7= (Corbett et al. 1970, IPCS, IARC, UK HSE, NiPERA 1996
BQUEETVEDN
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4126122 EZEW

Witk = v 7 1%, H2FERERE (Saccharomyces cerevisiae) D7 £k % HIV - 18 IR 225R 28 S BR 1T 36
WLV TSR B A5 % L 72 o 72 (Singh, 1984, UK HSE,NIPERA 1996,US ATSDR,,
TERA L V3IH), & bV EEER TKE 2BV T, hprt s TOEIRIE R 2R &7
-7 (Skopek, 1995), & HIZ, fitfg= > 7 /L, MENENZ LORBRIZEBNT, U7
UONDAZ— RIS 7 T A VIR B Lo T, LinL, XY (@ EL YD
FEIRIEBGHRAE DR = » 7 VAFAE T CRIBICH & L2 Z &b, fili= > 7 /L3 428
RIFTHD Z ENRIEIN TV 5D (Rivedal & Sanner 1980, UK HSE,IPCS,IARC LY 51H),
DEOFRR T, Wil = > 7 VIO R ML THWERFMEZ R T 2 LB 60
ENTW5D, ¥ A LSI78Y U o 7 4 —<fliffa s I\ 7 i FLET R R B R (k) 12380 T
X, TV EEERE 23 A 5 40 (McGregor et al., 1988), F7-, b kU 1 S3EEk TK6 AL CTIL,
Wil = v 7L, $ERFRIE R O tk B FIEERRZ R Loy, IEF R O tk
BT REEBKREFER Lieholz, L L, ZROHDOT v EAIFMAEE S, RIERERIC
Mz, REREEIZORNVEDLZEBFERELRNT DAEERH D, Fr A =—X
NI A S —G12 HIE (T O gpt G T M2 EHNCEA STz hprt F £ =— RN B AL —
V79 HMiIfE) (2R L CiE, AR = > 7 uid, gpt B s 1 CREYE S & 7k L7z (Christie et al.
1992), LrL., ZOHORBRITIHBNT, Natk=y 7r/HbEWIZ L > TR I L7z gpt O
ANERIE, BEOERTORARERLTIIRL, BInFD DNA A F/ALRHEE L2 Z &I X
HHDTH-T2Z EAREIN TV D (Klein 1994; Lee et al. 1995) ,
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Table 4.1.2.6.1.B: In vitro studies with nickel sulphate on gene mutations

Species (test system) | End point Result Reference Review

Prokaryotes

T4 Bacteriophage forward mutation | Negative Corbett et al. (1970) |IPCS, IARC, UK
HSE, NiPERA
(1996)

S. typhimurium reverse mutation [ Negative Avrlauskas et al. IPCS, IARC, US

TA 1535, TA 1537, (1985) ATSDR, NiPERA

TA1538, TA 98, TA (1996)

100

E. coli WP 2 uvrA- reverse mutation [ Negative Avrlauskas et al. IPCS, IARC,

(1985) NIiPERA (1996)

Fungi

S. cerevisiae D7 reverse mutation | Negative Singh (1984) NiPERA (1996), UK

(diploid strain) HSE, US ATSDR,
TERA

Mammalian cells

Syrian hamster ouabain resistance | Negative Rivedal & Sanner IPCS, IARC, UK

embryo cells (1980) HSE

Syrian hamster ouabain resistance | Positive Rivedal & Sanner IPCS, IARC, UK

embryo cells (co-mutagenic with | (1980) HSE

BaP)

Mouse lymphoma
L5178Y tks+/tk-cells

thymidine kinase
locus

positive (weak) at
toxic levels

McGregor et al.
(1988)

IPCS, US ATSDR,
NiPERA (1996),
TERA

Chinese Hamster G12
cells (V79 hprt-
transfected with
bacterial gpt)

gpt+-/hprt- locus

positive (weak) ®)

Christie et al. (1992)

IARC, NiPERA
(1996)

Human lymphoblasts
TK6

hprt locus
tk locus

negative: hprt
negative: tknormal
positive: tksjow

Skopek (1995)

NiPERA (1996)

1): Due to DNA methylation of the gene (see text)

41.2.6.1.3

REE~DZE

Yot IR~ DB 2 -3k A2 . Table 4.1.2.6.1.CIZEH L TR LT,

41.26.1.3.1

stk 8 SR 3K #R (SCE)

Wil = v 7 v OIfER G /3 (R 22 H (SCE) FFFEREIC R LTIk, 10 fHDMISE L 723 O s
BonTWD, ZUOEORBRTIZ, vV RAARAMIE, vV A~/ nT77—Y FrA{=
—ANLAZ =RV T UNDAL =DM, & AR Y 2 o8ER R E OBk 2 IR D E
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MEnTins, Table 4.1.26.1.C IR X 912, 10 BRI ~TTHMEL WO RERBHE LT,
£72. AL Table (Z7RT £ 5120 WL O ORBRTIIHE-ISBERbRO bR, T
DRI T TIERN T2,

4.1.2.6.1.3.2 FBIKREE(CA)

Wile = 7 /L DY AR B (CA) FBIEEEIC DWW TR, 2 hosL LB O E# G 5
IWCW5S, YU T oL AZ =R, T Ml BRI, BE O FRIEY U RERICK
W, BENHRLNT-, Table 41.26.1.CITRLI-L DI, TRTORBRRICBNT, ¥
Yo7 U, AZHRT E O YR REE OHINNREED b,

4.1.2.6.1.3.3 Z DD RER

il = 7 VS SERSREPLE 2 R L. 2O ORAROBMRF L5 2RI LGS Z
& A%, Andersen (1985) MO kBR (IPCS, NIiPERA, 1996 X W 5|H) T/REN TV 5, Seoane &
Dulout(2001) (%, E b 2 fEAKRHESHIILZ VY, 0~800 uM O H & Chfifig= » 7 /L OB
KR b a7 e MERBR 2 i LT, @R REFRYE & BREEFH R E % X0
DT, R WSz, BEMEFEDE I TERIRSEO /MR A L, ks
BEZ A TNDEDERREIND, WilE= > 7 /VE, /IMEOHEKFR LI 2 7R L7273,
FOMMZIE, BRIRGMER K ORMEOE GO b ONEO bz, ZOEMIT, )RR
DHOBEALT, FEHFHIICO AR Th o7, b=y 7 MZOWTHERRDEEN S
TS, ENLLNTCHEIT, RILVHEBWE L SN R U LES 7 v AR X
DY, DRV ENST,
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Table 4.1.2.6.1.C: In vitro studies with nickel sulphate on chromosomal effects

Species (test system) |Endpoint |Result Reference Review
Mammalian cells: Sister chromatid exchange (SCE)
Mouse mammary SCE Positive Nishimura & IPCS, TERA
carcinoma cells Umeda (1979)
FM3A
Mouse SCE Positive Andersen (1983) IPCS, IARC, US ATSDR
macrophage cell line
P338D;
Don Chinese hamster | SCE Positive at LCso Ohno et al. (1982) |IPCS, IARC, UK HSE, US
cells ATSDR, NiPERA (1996),
TERA
Chinese hamster ovary | SCE Positive Deng & Qu (1981) | IPCS, IARC, UK HSE
cells at 0.75 mg/I
Syrian hamster SCE Positive Larramendy etal. |IPCS, IARC, UK HSE, US
embryo cells (dose response) (1981) ATSDR, NiPERA (1996),
TERA
Human peripheral SCE Positive Wulf (1980) IPCS, IARC, UK HSE, US
lymphocytes (dose response at 20, ATSDR, NiPERA (1996)
200 pumol/l)
Human peripheral SCE Positive Deng & Qu (1981) |IPCS, IARC, UK HSE
lymphocytes (dose response)
Human peripheral SCE Positive Larramendy etal. |IPCS, IARC, UK HSE, US
lymphocytes (dose response) (1981) ATSDR, NiPERA (1996),
TERA
Human peripheral SCE Positive Andersen (1983) IARC, US ATSDR
lymphocytes
Human peripheral SCE Positive Katsifis et al.
lymphocytes (dose response; (1996)
interactions with Cr(V1),
UV-light and X-rays.)

Mammalian cells: Chromosomal aberrations (CA)

Syrian hamster CA Positive (gaps, breaks, |Larramendy et al. IPCS, IARC, UK HSE, US
embryo cells exchanges, minutes, (1981) ATSDR, NiPERA (1996),
dicentrics) TERA
Rat lung epithelial CA Positive (exchanges) Brooks & Benson | NiPERA (1996)
cells (1988)
Human peripheral CA Positive Larramendy et al. IPCS, IARC, UK HSE, US
Lymphocytes (breaks, rings, minutes) | (1981) ATSDR, NiPERA (1996),
TERA
Mammalian cells: Other studies
Human peripheral Spindle Positive Andersen (1985) IPCS, NiPERA (1996)
lymphocytes disturbance
Human diploid kinetochor | Positive (kinetochore- | Seoane & Dulout
fibroblasts e-stained positive cells) (2001)
micronucle | weakly positive
us assay (kinetochore-negative
cells)
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4.1.2.6.1.4 Hfa i Eir

T E B 2B A . Table4.1.26.1D ICEH L TR LT,

Wilg = 7 VT o s EMIE & b MBIV, MBS A R LGS 2 L8, B
HEORBTRENTND, W=y 7r LY (@ B L7 EOMODIENR A ‘@{KAWE@
DR L7235A1cid, Ml 2 b DA ZIBXRIER S5 2 L IC K D HESREPRD

. WS ONORBRTIL, =y 7V OHRTOUBTHEDOFKERESHZE LN TVD (Table
41261D W), ZNLOMERIZ, W=y F AR, A=V —F—L T uE—F—0DM
FOERZRIFTZERARETH D Z LA /RL TV 5 (Rivedal & Sanner 1980, 1981, IPCS,
NIiPERA 1996, UK HSE, TERA LV 5IH), W< D7 DB TIX, =y 7L eizidz o
JEFHP OFRA R R ENTE Y | WiliE= v 7 VBB O 2 2 58 5 Al REME0S RIR S
AT % (Rivedal et al. 1980, IPCS, NiPERA 1996, UK HSE X W 51H), & 52, Hilk= v/
B, Fx A =—ANLAKX—VT9 Hlila & oOMFUEMIEEICS T, v v TG EN
L 7= MR A2 T2 2 &R TE D &0 ) G /R S 41TV % (Loch-Caruso et al.
1991, Miki et al. 1987, TERA X v 5 /).,

Table 4.1.2.6.1.D: In vitro studies with nickel sulphate on cell transformation and intercellular
communication

Species (test system) | Endpoint Result Reference Review
Mouse embryo cell transformation | Negative Miura et al. (1989) | US ATSDR,
fibroblasts NiPERA (1996),
TERA

Rat hereditary renal | initiation and Positive (both as Eker & Sanner IPCS, UK HSE
tumour cells (HRT) | promotion test initiator and (1983)

promotor)
Rat embryo cells transformed foci Positive Traul et al. (1981) |IPCS, UK HSE

infected with
Rauscher leukaemia

virus

Normal rat kidney transformed foci Positive Wilson & IPCS, IARC, UK

cells (NRK) infected max at 10 mg/l Khoobyarian HSE

with Makoney murine (1982)

sarcoma virus

Syrian hamster transformed foci Positive Di Paolo & Casto | IPCS, IARC, UK

embryo cells (SHE) (dose response) (1979) HSE, NiPERA

(1996), TERA

Syrian hamster transformed foci Positive at 19, 76 | Rivedal & Sanner | IPCS, IARC, UK

embryo cells (SHE) pumol/l — synergistic | (1980) HSE, NiPERA
effect with BaP (1996)

Syrian hamster transformed foci Positive — Rivedal & Sanner |IPCS, IARC, UK

embryo cells (SHE) synergistic effect | (1981) HSE, NiPERA
with BaP (1996)
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Syrian hamster transformed foci Positive with Rivedal et al. IPCS, IARC, UK

embryo cells (SHE) cigarette smoke (1980) HSE, NiPERA
extract only (1996)
(synergistic effect)

Syrian hamster transformed foci Positive Pienta et al. (1977) | IARC

embryo cells (SHE)

Syrian hamster transformed foci Positive Zhang & Barrett IARC, NiPERA

embryo cells (SHE) (1988) (1996)

Syrian hamster transformed foci Positive Kerckaert et al.

embryo cells (SHE) (1996)

Syrian hamster transformed foci Positive — enhanced | Casto et al. (1979) | UK HSE,

embryo cells (SHE)

transformation of
cells by SA7
simian adenovirus

NiPERA (1996)

Human growth control and | Positive Lechner et al. IPCS, IARC,

bronchial epithelial | morphology (1984) NIiPERA (1996),

cells TERA

Human foreskin anchorage Positive Biedermann & IPCS, IARC,

fibroblasts independence Landolph (1987) | NiPERA (1996),

US ATSDR

NIH3T3 cells inhibition of Positive Miki et al. (1987) |IPCS, IARC,
intercellular (dose response) TERA
communication

Chinese hamster V79 | inhibition of Positive Loch-Caruso et al. | TERA

cells

metabolic coupling

(1991)

4.1.2.6.15 in vitro fAER/ICE T S EE L A

ik = > 77 1%, S. typhimurium <° E. coli %ﬂﬂb\fc%ﬂi%ﬁ%’ﬁ?&i\ Ptk & S FERZ R LT,
Ll fHERAREo BRI 1 4720, @UlcFEmInizcbo TR, 7—4 b
ENTVRY, 5T, a2V DR EDIENOERBA A BT 2 MERRCIL, &5
BINDARERN, M SN DR & BRI RESEELZ T L2 LIRS NTVD
(Arlauskas et al. 1985; Pagano & Zeiger 1992; Beyersmann 1994; Binderup 1999), 2 Dk )
5. a0 ) 8 VE R T EE TAIT (2 L CoREmmEMEEZ/R L, @ O7 L —
BEVBT LA v Fa—va EZBNTEVROERFEEE R T EHALND Z &
5T EN T 5 (Pagano & Zeiger 1992; Binderup 1999), = MiBREA:T TA97 k& A,
Wil = 7 ViR E & U CER S s OB RIZ. o6 Tunian,

FERHIZ W T RZBARE R A 5| T 2 5T MER S e o 7o, IR C i S
T BInFRRER AL T OTINT, 2O THONTEEEE WO RERIT, BZH A
ZERAETR L0 B OBEHFER (YR RE DNA OAF U ICL D D EEZXBND,
L7e3o T, Bifg= v F VB RERERZFHEIT 2 &0 O BT E 25T,
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10 D FRER THEkYe 3 R AZH4 (SCE) 3t & W d fE G B av, 61280 2 tEoiER
TYRAIEFRF DML WO FEENE LN TWS, OO EIL, b Mk X O ELE
fMpmTOHLDOTH D,

WL ONDORBRN G, F ol LU S ORIV T, BitlE= > 7V AT B s

HBRTDODENEAT LI ENRINTND, XY () E'L g EDMDIEDN AMELEY)
LEDETHEE= Y 7V TOLBEIT 5 & MERNEIRD b7z (Rivedal & Sanner, 1980,
1981), W< ONORERTIE, Wilk= v 7L & 12X Z O OFFRNR PR S T
BY .| W= > VR D S iR D B ATREVED R S LTV S (Rivedal et al. 1980),
Miki et al.(1987) Dk & Loch-Caruso et al. (1991) OFEROFE R B 1L, Wilig= > 7 /L5
JaEMRIsEZEZ A LG5 Z LRI Tn 5,

NiPERA(2002) i%, ZH 6 DOMHELE L in vitro TOMBBAERIZZE~DO RISV T, B
o= r Vi = 2—H2—L LTV @R T eE—4%—L L CEHT AL EFRD
T % (Rivedal & Sanner, 1980, 1981; Christie & Tummolo, 1987), = ®O 7' nE—X% —{EH %
XFFT D L0, IFMREBEEREORB =y VX, Tl 72 ) VEADRA vEL Yy
—RNA (MRNA) 2 2 x> 1000 5482 TS T2 Z LB RSN TND, T'r
T4 —EHEAETDILAMOHRN T 7 2V UEREFBET D & 23, C3HI0TL2 il
Z W3R TR ST S (Parfett, 1992),

R e L, Bilit= v 7 LA SNEREHRT S L0 O HEERFERUL RV, Fifk= v
R AR 50T Vet PR ORI 53 SR B 2 S LT3
invitro TILHI B RERREBRILEAT 5.

4.1.2.6.2 In vivo SHER

4.1.26.2.1 DNA #%

DNA HEICRT 2R OfEH I, Table 4.1.2.6.2A ICEF I TW5,

il = > 7 VL, 7 v MFLEEMET DNA ARakz Ml L7=25, B LB Cldansl L s
Mmote, UL, ZOMRESEHBRIL, Mmrsl e 280t sncnin
(Amlacher & Rudolf 1981, UK HSE X v 3[H).

Benson et al. (2002) iE, WAIZ LD FNADIERIZE CTh A MICEBIT 5, Rtk L O
MDD = r AN L DN AERA D = X LAOREL S LSS A2 AT 570, v b
Z AW TCESER 7 in vivo iR A2 EfE L=, =2 RBEA > DWW oL, Rt o skl
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=y TR LR REME DR = » 7 VRKF) & O TR AR ERIZ K D REf s ive, &
BEME/ BB AMEOFHMICB W TR b EERZ Y RARA > ME, DNA #HIETHY . Zhit,
a2 Ay b7 vEAS DNA 53, DNA O 2 F Uk TORIEEGE ORI EIZ L V. DNA 8§
Gl L) DNA 15 & L TRt s,

ELHL0EML, 2 Ay T vEAIZEBNT, KEBREMNE W= v 7 o0 TiE
=v /L& LT 022 mg/m®) T DNA $8i& 5% L7z, 207 v A Tid, LA DNA
BEDOIRMEITFRD HiLen > 7-, DNA S8, filt= > 7L L0 b= > LDl
WEVIEART, ok BICHR SN, 13 B OBEBEO#% £ TR L TS h
oo ZHNHOFAIEL, =y 7 ARMOERE TIThz invitro R ER S L TEBY, BEDLH
I, BRIEHOT-OEESRE LD S RNEEERBO TP HIRNEEN &< 725 Z & ICER
THLDEEZOND, FIT/NEZ DNA ORI ARBD B, ZhBRaAy v T vEAD
FERIC B2 52 T2 FREMED & 5, DNA SHUIMI S BIER Siv7- o & [A) CHRERIR A Clk, RIE
DBOLNTND, TOZLICEVTHRE—VANEE, 23Xy N7 viA TEENED
TERIREMED D D, L L, TXCORERE T 800 Kiifi &\ ) B2 FRENEF LN TE
D, RERBEEZZTEHRIETZS DTN THLEBEXLND, ST, BLIEE)EH
Bl 25l i 2 Lic & v o IR, SHEIMAS RIEIC K 0 e8I U ic Tl an b
HEETIIRO b0 o Tz, B0 b BEEENEEIL. RIESCT A F— X &3
R CTH D AMREMER E, M2 T, RERCHA S/ DNA fifid, 2 Ay N7 & A Tff
M UMl CidZe <. M RAOFREYR— FTHESNLTWDZD, a Ay N T vk
A @ DNA Sl & D DNA 73fif & ZBhES 1T 2 Z LT TE 220,

Z @ Benson et al.(2002) DEERIT. = v XL DY RV FEMHFEETL Ea— STV AR
BREFEGWERDHY, ZNDORBRTIEL, =y 7 UHLEWR, RS L ORGEEOEL S
TH->Th, £L LT DNA OHERNRBEZHET L LIRS TVD, D in vivo
ARBRIT, b EERIRERRR (W) SAERIERE () 2355 & Sav, & BRI 72 8 R B i DA
THEiS Nz, ZORBRTIE, b=y 7V EiiBE= v 7V OREBAAERDENZON
TEXICFHR L TWDA, s E BT kA OBEFEEICESE Y TTWD, L
Uil = > 77 )V Ot 2 B U TIRIR 92 Z LIXTE vy,

Table 4.1.2.6.2.A: In vivo studies with nickel sulphate on DNA damage

Species/Strain Endpoint/test condition | Result Reference Review
Mammals
Mouse, CBA strain | Intraperitoneal Negative: Amlacher & Rudolf | UK HSE
Inhibition of kidney epithelium (1981)
DNA synthesis at Positive:
15-30% of LDsg hepatic epithelium
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Rats, F344 Inhalation significant increase at | Benson et al., (2002)
DNA damage (Comet highest dose after 13
assay) weeks but
0,0.125,0.5, 1 mg/m> | cytotoxicity cannot
0, 0.03, 0.11, 0.22 mg be ruled out
Ni/m®
4126.2.2 BnFRAZE

A T-229RE BB L i, invivo BB OIHFHRITE DTV U,

4.1.2.6.2.3 REE~ADEE

Yub (R~ DB S~~~ % . Table 4.1.2.6.2B~D IZEHK) L TR LT,

il =~ 77 VX, v a ¥ a v/ = (Drosophila melanogaster) (Z331F 5 KIKZEIRZE Fe % fakE
E LT T, PEES MBS IRE R AT Lc, ZoRBR TR, BREMEFR BIEIN,
T ORERL, WBRFE OVEYL O RIY K3 RS X 4172 (Rodrigues-Armaiz & Ramos 1986, IPCS, IARC,

UK HSE, US ATSDR, NiPERA 1996, TERA X YV 5|H).

Mathur et al.(1978) iX. T~ MIZHE

v P IVISIKEN) &

=y v EREERNES L
BARTFHIELH ML R~ T, R ER G 2 BT, AR
=vLELT3720WLIE 6 mokg AEDHARETHEHRE L, %
%@zl:;%'%“

iz ié@ﬁiﬁﬁéf?ﬁﬁ Lic, #HE 3 ILF oz, &G 7 HL 14 HRRIZEZKL

(CA) 7>

e L7o, Bk Zelidasic

WIS, B e YRR I3

e 7y T, BRI O ) A Y
& RRREEOEIMIC
FE IR L2
IR holz, 12D X
JAT—EBIRNT

DRI

SSRGS R ST,

B Y55 MS@JUT@}FEV & EARHEIC

LEEZDH L.

D

X, WIhoHER X OW oG58

b\f%

B D=y r g bIRE STz, CA ST Off R

é;hfb\iﬁb\o ZORBRTIR, LTFORERERPI RS TWD, =y LT 3 £t
X6 molkg KEOHEA 7 HE /21314 B G- Sh7-7 v Mo
é:h?‘mb)o 72, 14 HI# 6 mgkg REOHEAZ K I
Lo, #BRE & 51
BERETRD N7,
‘7‘*1%12133@\”“?3/\5”?5%1

ZREME & W ) FE RS STV DA,

AR L TWD E AT EIFE LV,

TR X ORRIZ
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Distribution of nickel (mg/g fresh weight) in rats exposed to nickel sulphate hexahydrate i.p.
(Mathur et al.1978).

Tissue Control 3 mg/kg 6 mg/kg

7 days 14 days 7 days 14 days
Testis 0.32+0.01 0.49+0.01 0.75+0.03 0.67 £ 0.06 1.03 £ 0.002
Bone 0.15+0.01 0.37 £ 0.009 0.72 £ 0.07 0.60 + 0.05 1.12+0.05

PERE R GHEONT BN TS, MRIEFELD S FE (P < 0.001) IZHEWRED R S 4L,
Fo, TABROMELY & 14 BROED T HAE (P < 0.001) IZ@mA->7-, NIPERA L, ZD
HBRICBIT D EEN, =v e LT21mgkg KE (B mgx7 H) 25 84 mg/kg RH (6
mg x 14 H) T, WIUX 100 TH-7mba A b LTWD, FROBEMEETRT, =
IVIBEEDRSSRREE L D 1 10 55 < . Sobti & Gill (1989) 3 L O Sharma et al. (1987) @ﬁmﬁt
B0 b BRI S ORI R T © 7o 4R EN ) TR BTV % (NIPERA, 2002)

Wik = 7L (#EK) % 73 mglkg A (= 7/ & LT 28 mglkg KHE) OHET, 4, 8, 12
RV LIE 16 BRI D35 L7oiBRCld, Yeta iR B (BRIRYL R, Wi r{b) O F8 A BEE DY
TNASERE E 4TV 5 (Sharma et al. 1987), fiH S 7= BRI E I ZHE R S 1u7z CAS Bk 5
(7786-81-4) 120>, ZNNEAKY Th o= LD, ZORBRTIL, BElh=>/r L&
= rZONTHRHRLINTWNEN, FEH SN TWAIFERPIEFICREOL TS, &
BRUTZHED 1 BEOATHY | REHIENTWD 3, s RS E D TR,

Fio, BHEOWERENED FEH S TUWZ2 U (NIPERA, 2003 D5 TIFARE 1L It ST
W5), BERENMIL. 4, 8, 12 £7/-1X 16 HOR, HHEEE2Z -, KEKEGHHWLOD
R CRBHREIZ AT - 7o, i STy, 1 PLizo& 100 fEHO 2 ifiuic o
WTRa 7T T, 2 a7 MIFE2ERIETITo 72 E D DICHONTRIFLTY
e, Fle, Fx v T EAATITMKLIENE I DICONTHE LRI TR, FERIE
FEMETIER L llx OFEMETLIVRIN TV, 1 AlE®H 720 OY ek BE O3 A
FEIZ, RHERET 0.02~0.06 fH CTHo7=DITKkt L, il = v 7V EHETIE 0.26~0.45 T
bol-, WBRWE L Lz 3 FEO=y 7 /ULEWMTIE, WIhb 12 A BICKEHEEDGE

DOV, M=y SRR EEE, b=y A RRbEREEL R L, BRLCHE
N1 BEORTHoTD, HE-RISBEIRIZET 2 BEENRIGFRIIGE O o7,

NiPERA (1996) CiZ, Z ORBROMER A B & #iE L T\ 5, NIPERA(2003) Tix, Z ok
Bz oWT, 1 BFELL O ERECTHEREMNPAFED B D &) BRI 72 LTV D723,
XX v T EHAATIIIELTIZNE D DR ARHTH D, HEREMWED+5 Tlhewv, R
HAEN 1 BB ThD., BRIBEICE DA a7 M ThiIl TNz LIz x, fiE
IR TH L LR L TWD, ZoRERIX, IARC, IPCS, US ATSDR, X' TERA ®
WTRO L E2—IZ bR I TRV, EE L SR 7 v — T Bk S -
SCEIZHUNE ST Zeu (van Benthem, 1997), Z ORkBR CTld, 4 ug/mL O#ERY)E CTAL
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HL7=AT 7 = A~ % T % (Anopheles stephensi) (236N T . Ye@ iz 23 & S0 L
bt sh g,

il = v 7 L O/NZRER D . KRB LRI O —8R & L CTEE STV 5 (Morita et al.,
1997), [ URBROF T, Hlb=> 7L OSKfY) LBib=y 7 VbR S Tnb, fit
e = v 7 VKR ORERIL, B3 H Shimada [KRW5 7 L—7 12k 0, D ddY
~ 7 A (5 PL/HE) & W CHEM S vz, #ERWE L. CAS Bék# 5 10101-97-0 (L L
TARKFThH D &RE SV, ABEEEKCEMI N, FBRWEIX, 0. 5. 10 2V LI
20 mg/kg fAE (= 7 /L& LTO0, 1.1, 22 BL V4.4 mglkg REICFEY) O HE T, 2 [RIfEHE
WNH#EH- X7z, 20 mglkg REOHEIZOWTIE, RAMRE LGS TWD, 24 R T
2 MOEERTOI, REEG 0 24 FEFEZIZERURH BRI L 72, 1,000 # oS 7R ek
BIZHOWT R a7 (T &21To70, ZORRIT, B < OLFEWEIZ O W TOILFENZE TH
L7, BRBROFLEANFIIRE SN D,

Frequency of micronucleated PCEs in bone marrow cells (Morita et al, 1997).

Dose harvest | % Mn-PCEs NCE/PCE ratio
mg/kg time h

mean |SE Mean SE
0 24 0.16 0.11 -
5 24 0.16 0.11 -
10 24 0.30 0.19 -
20 24 0.24 0.11 -

20 mg/kg R AR KN &V 9 FLaRIc B LTI, st FPIcE a2 /T CEIX R Y - 57
VY, YR IMER T 2 IE YR L ER DO FIE (NCE/PCE L) ~D B DWW TR AR &
NTELT, ZORBOERNOHHEEL Z L&y, KEMETIE, k=7
WL, T2 [ H OREENE G- 24 FFE#OBIEZE T, ddY ~ 7 ADEREIICB W TMIE AT
52U RMERDO AR ZF R L TR hoo ) tfmoOT T b, Z R, TERA
(1999) TiX L B = — X TV 72\, NiPERA(2003) 1%, #:ErEhPik & vi5rin e £ 5854k,
EBEGREHRER], BXOOMAHEYTHLZ &0, ZORBROAAMETE W &L
TW5, BEAEITZ. FOICEW UeeKimtE) (NIPERA, 2003),

il = 7 /v ® in vivo ‘BHE/EZRERDS, T v b~ O 5 TIE TV % (Covance
2003), Z OiERIX, FEE V B.12(OECD iREBA T A KT A > 474) OFIEIZHERL L CTIToi
7o HREDOWRIERZRKNICT H720I0, KE#RE ikt 3 HH. 24 KR 1 B8 5) 2340
Iz, BHREORIUT, Fk&500 24 Ke#IC 1 BT Thhi,
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ARBR OMRTE FH BT, M= v 7 LSk Fi & LT 125, 250 72\ LIE 500 mg/kg A/ H % 3
HRE (=v v & LT 275,55, 110 mgkg fAHE/H % 3 HE) & Siv7e, HERERBRICHEW
TlE, ‘Biife 2 (PCEINCE DA B2 1%, WilE= v 7 /L RKF & LT 750 £72
I% 1000 mg/kg (RE/H x 3 HOFEETIIFRO LN hoTlz, L L, ZOHERERRT
%, WilE= > 7RI & LT 750 mglkg (AH/H x 3 HOEEIZLY | AERBIEE(6
PErf 4 JCAETS) AR ENTW D, AT, FDRL ORBR TR ENT- LDg 1%, Hillt= > 7L
RNAKFM) & LT 325mglkg THY . ZOEITY A7 OBREHEIZHO LR TWD,

TR CIX, mEmHED 500 mg/kg (RE/HBIZAETITRD HNRD o723, mEERRIER
& LR PR N OURIEZR & 23 EsE Sv7e, M= v 7 VKL, O HETILEHE
W LA Bz R &3, G HFRICAER PCEINCE oD b5l &l S
enolz, EHIT, BiE= v ZVRKFIMIE, RE L 3 BSEOHEOWTICE T,
N2 Y f%ﬁ?ﬁ[ﬁi@n‘yﬁjr%ﬁ’\ﬂ: BREMER X Shehoi,

Treatment Dose Harvest time | % Mn -PCEs Ratio PCE:NCE
(mg/kg/day) mean S.E. mean S.E.
Vehicle (water) 24 h 0.07 0.02 1.14 0.14
Cyclophosphamide | 60mg/kg 24 h 2.22* 0.15 0.79** 0.03
Nickel sulphate 125mg/kg |24 h 0.01 0.01 0.93 0.14
hexahydrate bw/day
250mg/kg |24 h 0.07 0.03 1.13 0.11
bw/day
500mg/kg |24 h 0.06 0.02 0.91 0.10
bw/day

* Significantly greater than the corresponding vehicle control, p <0.01.
** Significantly less than the corresponding vehicle control, p <0.05.

ZOWMBRTIE, MTBIOEHTO=y FAVRELES L TWD, fERIZELITORIC
Y, =y VIR, AR TIERE RIS BISEIN LS, BT TSR R
mz e EEot,

Plasma (ppb) Bone Marrow (ppb)

Mean SD Mean SD
Vehicle Control <50 0 11.0 55
125 mg/kg/day 163* 80.9 13.2 2.7
250 mg/kg/day | 519* 272.4 27.9 24.1
500 mg/kg/day 1568* 786.2 38.5 43.4

* Significantly greater than the corresponding vehicle control, p <0.01.
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Sobti & Gill(1989) & £7=, /MZidl A Wilk—= > 7/, =y 7V, BIOHb=y 7
NEERE L LTEBL TWD, REE= > 7 uiE, KEBMEKE LT 73 mgkg (KE (= >
7V & LT 28 mglkg AAEE) O & T, Lacca ¥ 7 AZHERR OG- Sz, Z O#BRMEIC
fE/R SHLTz CAS Bk 5 (7786-81-4) b, THAMEEKM Th oo LIS D, BEMExt
FRBEIIRR T DTV, B BB O W TIEHRE S Tuhav, 1 BEdh 7z 0 okERE)
IR ENTORY, 51D 6 BLO 30 BEE#%IC, BN TR S, &EKT
b 5 EERIC, R EEAE AW TR FBREREAMER SN, 1 IBH 7Y [aE O 2
Aa 7T L=y, £, AaT7MHIRER T TITbenE 2 i rHTth s, =
DORERIL, AR T A FOMERIZ-SUTIE Robert & Bernard (1982) d 51512, YAz oW\ T
I% Schmid (1973, 1975) D FIEICHEHL L 7o & STV D P, LOFEMIC OV Tidatdk ST
AN

Frequency of micronucleated PCEs in bone marrow cells and in spermatozoa (Sobti & Gill, 1989).

Dose harvest | Mn-PCEs/1000 NCE/PCE ratio
mg/kg time
mean |SE Mean SE

bone marrow
0 6h 133 |0.272 -

30h 1.66 |0.272 -
73 6h 2.33. |0.272 -

30h 433 |0.272 -
Spermatozoa
0 5 weeks |8.66 0.547
73 5 weeks |[25.66 |0.982

INEDAEE RN (p < 0.05) 23, #5256 FfE#% & 30 Bl ok TR bz, £
7. 56 b MR, BFEERE O EREM(p <001 RO b, FRars
A TOREREFPRDOLN, TVval, R —7B, AEFR. BERRER., &FEFERE
LEHEN TS, BFIE, RBOFERIZONT, M5 BN TV - e R R 1B
THHAEESL TS EIRTUV A (Sharma et al. 1987), Z OiERIEX, US ATSDR,
NiPERA(1996) . TERA D4 L B2 —Tid, BMEZ/RIRELE L THRE S TWD, £z,
ORI, BB LIEEMEZ L — T mIFICER SN2 CEC HIE T 5 (van
Benthem, 1997), NIiPERA(2003) 1%, Z OFBRDFERIZOWT, FEAREMA 1 HETHED
BTV D MERIZEET 25 @A 220 HER SN DR COMBHEIA 1 BT TH D,
PRI LS5 T, REMEN 1 BRI THL ., KEREPPLN TR, A=
THTIPRERFTITbh TN EIcik3&, RHETHDHL ELTWD,
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FESRT O T BFH ORI Y kA2 x5 L& LT, CA I L SCE RN EE T 5,
FEEEEND R D5 REED T 7z (Waksvik & Boysen, 1982), T DR, £+ v 7D
BEIREIMMARD ST WG R ASHUTTRD B ALIR o Tz, BERF 1T~ CTIEE
JEH B X OYERIESE T, HEMICEEZRA L T DF XN R oTe, £, o D%
R BRI ST, IREA T CW e @i 2 2 BRSO TRF iThbivc, — O
X, B, REBE. MIBHICHEE LTV 9 ADOF@BENLERY . Flo—Bb= v L L il
b=y FVITIEBREN TV, b —FHORHE, BRO-TIIHEFEL Tz 10 Anbik
V. K 255 F(8~31 ) D], FIHE b=y Ei=y iz, =y e LT
0.2 mg/m*(0.1~0.5 mg/m®) D225 i TIREE STV, = OBED FH e 3 5.2
HO/L T, RFHIHIRD 18.3% N X ¥ v A H LT\ e, 7 AOFBEEEXEED L2 5%
FECIL, PIMAETIREIL 1 pg/l T, Fv v 72 H L WX P I 3.7% T
Holo, TNHOEBEERIL. FEIOERINIREZZ L ESTHLIICRESN
TV 7= (Waksvik & Boysen, 1982, IARC LV 51f),

Waksvik et al.(1984) %, [Al U T TMx ., A UARICZERTIEN 1 mgim* ML ko= v 7L
IZ 25 FELL IR S du, IRIIR ) 8 R oT- 9 NDTIEFE A L, HOIE, &
FERREZGTHZERMON TN HEED 7N — 70 LIRS L, AERERICIB N T
HEZ2 ug/ll OIMEF =y F OVBEAZR LTV, ZHb OB LZ97@E ik, AE(p
<0.05) 72X ¥ v FORAN LIV, AT IR 31T 2 Yeta sy R U1K O F A BT 4.1%
T, AR, ARTEE. IR A RS SETEIR L 11 AOFFIRFEIRE CTOD 05% & bt
1 L CAEIZ (p<0.001) #E0 L CTu 7= (Waksvik et al. 1984, IARC X v 5[H).,

NiPERA (2003) I%, Waksvik & Boysen (1982) <> Waksvik et al. (1984) D&%, i1 b D55 {H)
FICGBRRTFZFER L TONR=y FVIRETH L 2 L 2md Rl TR bngn L&
ZTW5, MEShET—ZITRFEIShTEY 7, #ExdS s Lz hi#E o
R, MR = VIR L OFBIBIRIZER O b TRy, UK HSE(1987) 2 L %
Waksvik & Boysen (1982) OFHA DR TlE, YA UIliEI= v 7 L3 EEIZIB VT HFEE
BUERIZIIHEELTEO6 T, 2RPHICEITS SCE b AERET RV eI, T
FRHEE OV o ERICYERE v » T OHEMBH SN0, il ~D = 7V O#EG
MEEBOBNIS LNLRNEZEZX LTS, IARC O L E =2 —TiX, Waksvik & Boysen
(1982) & Waksvik et al.(1984) DFRAEIZ O\ COfER 2, MOBET — % OFHIZULE, L T
W5, F2, IPCSOLE2—IZH 2 HDOFENINEH N TWD, USATSDR DL E =2 —

7 Waksvik & Boysen (1982) O ##s 0 HiA L 72 5 5t Q4L M1, Waksvik et al. (1981a & 1981b) 0 2 3B & I3 &
ANERUTHD LI b, NIPERA(2003) 1%, BEEEZZIT TV 2 70— (7 —7 1LERD -
ST N—7 2 R, WBHEEE) DT — 21T, 1981 FED 2 DOWMEEL 1982 OWEETANED
STWAHHBEMRH D 2 & 2R L TW5, IARC IX, D% Mutat. Res., 104, 395(1982) |[Z## S 7
AV TR OERKRICEB T, ZOFHE D OBBIRWAHAMEIC Sz LT 5,
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Tld. Waksvik & Boysen (1982) DFEIZHSOWTOE KITH 508, Fifb= v 7 /L OfEFRIZHS
WTORfEN SN TS, ZHS0RERIL, van Benthem (1997) (2 L 2K L7-BMZE 7L
— 7T O L E 2 —IZIZNE ST,

Deng et al.(1983, 1988) i%, = v 7 /MIIEE STV 7 AOBEXRD > E Linb U U EKkE
B L, fliskYe ) m@@&m@¢£ DOFAEFEZRAE LTz, ZRPO=y IV REI
0.0053~0.094 mg/m® (*F-#4 0.024 mgim®) Td> > 7=, xtiskBRE & LT, [ U T8 el &
PERZ G ST 10 AOFEFEZFIR LI, MOLKKFHBEICANOI, BiEL

ZAT T\ G L, Tk G R A WA DR AR B EE A3 HE N L T 72 (7.50 = 2.19 (SEM) xf
6.06 + 2.30(SEM) p < 0.05], ZHNHDIEIZHOWT, IARC DIE¥EE ST, BERZEIT/NE W
EIRARTWD, RPHIHIRICIT DY R T (F v o 7 B, Bk O 5B X
KPRRET 0.8% THHT=DIZXK L, =y 7 /o> X T TIE 4.3%IZHINN L T 7= (Deng et al.
1983, 1988, IARC L Y 51H).

Senft et al. (1992) (%, T = =2 LFIETHE= > 7V b= 7V EEFET DILF TIHDY
BEPORMEY VS ERERIL, YR B A2 0E L, 3BHE. Wiig= v 7 VDAL
#oo Tz 156 A, b=y 7V DAFEIZHED > Tz 6 A, 36 KOS IREERE 19 A
LERELT-, BBEEZIT OV 2 HE2AbEs &, PORRE (Xy v 7 Py kB IO
Gt (RO OFEXIHUT, RREEL L DN EE B (1.6 15) A Hiiz, CA
OFE L EAMIM E 23R, iE., BIZB T 5=y 7 /VRE & ORIZH] B h 72 BAAE R X
%b%hﬁﬁokWPHMl%Gi@ﬁ%)NPEMQ%@’ié%@%@?—&%ﬁT\
FITHiE = > 7 /VITIREE STz 15 ADEE O 70— 71281 D YR B 5 O F 8L
KTHRRED 405 £ 2.27% L X 52 £ 1.9%L %#%m&#iﬁw LRI,
Senft et al. (1992) 1%, >t FRRECTOYLEIRE T DR (4.05 + 2.27%, #PH 1~10%) (X, KR4V
VR T OYBERRFEOEEE L SN TS 20U TLY AEICEWEHRBLTBY .,
(BTG RRN =y BRI NTERE T o T O TR W EHRZ R~ L T 5,
NiPERA (2003) i%. Senft et al.(1992) DFRAA, 4O OFHEIHE ICY kR 2 FHHE Li=0
M=y TG THD E VI LEZ R L TWD LR T I EIETERNEEZEZTND
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Table 4.1.2.6.2.B: In vivo studies with nickel sulphate on chromosomal effects in plants and insects.

y?w-females

Species / Strain Endpoint / test Result Reference Review
system
Plants
Vicia faba mitotic effects Positive Komczynski et al. IPCS
(1963)
Insects
D. melanogaster sex-linked recessive Positive Rodrigues-Armaiz & | IPCS, IARC, UK
white-males lethal mutation Ramos (1986) HSE, US ATSDR,
BASC-females NiPERA (1996),
TERA
D. melanogaster sex chromosome loss | Positive Rodrigues-Armaiz & | IPCS, IARC, UK
X%y B/sc® Y-males | assay (weak) Ramos (1986) HSE, US ATSDR,

NiPERA (1996),
TERA

Table 4.1.2.6.2.C: In vivo studies with nickel sulphate on chromosomal effects in mammals

repeated dosing for 7
and 14 days

Species/Strain / Route of Result Reference Review

Endpoint/ test administration / Dose

system / No. of doses

Mammals — chromosomal aberrations (CA) in bone marrow and spermatogonia

Rat Intraperitoneal 3, 6 mg | Negative Mathur et al. (1978) [IPCS, 1ARC, US
Ni/kg ATSDR, TERA,

NiPERA (2003)

Mammals — chromosomal aberrations (CA) in bone marr

ow

Mouse (Lacca)

Oral

73 mg/kg

[28 mg Ni/kg]

for 4, 8, 12 or 16 days

Positive

equivocal

Sharma et al. (1987)

NiPERA (1996)

NiPERA (2003])

Mammals — micronucleus test (MN) in bone marrow

Mouse ddY

Intraperitoneal
2x0,5,10and 20
mg/ kg
[2x0,1.1,2.2and 4.4
mg Ni/kg ]

Negative

Morita et al. (1997).

NiPERA (2003).

Rat (Sprague-
Dawley)

Oral

3 x 125, 250, 500
mg/kg bw

[3x 28, 56,112 mg
Ni/kg bw

for 3 days

Negative

Covance (2003)

Mammals — micronucleus test (MN) in bone marrow and

spermatozoa

Mouse (Lacca)

oral
73 mg/kg
[28 mg Ni/kg]

Positive

equivocal

Sobti & Gill (1989)

US ATSDR,
NiPERA, TERA

NiPERA (2003)
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Table 4.1.2.6.2.D: In vivo studies with nickel sulphate in humans.

EURAR: NICKEL SULPHATE

CA, SCE, peripheral lymphocytes

Electrolysis
workers n=10
Control: Office
workers.

n=7
Roasting-smelting
workers also studied

soluble nickel: NiSQy,,
NiCl, exposure
0.1 - 0.5 mg Ni/m?

Positive (gaps) Negative
(breaks) Negative SCE

Cannot be used as
evidence.

Waksvik & Boysen
(1982)

UK HSE, IARC,
IPCS, (US ATSDR),
NiPERA (1996)
NiPERA (2003)

Retired nickel

25 years exposure to >

Positive gaps and breaks

Waksvik et al.

IARC, IPCS,

refinery workers,
n=9

1 mg Ni/m® -
combined NiSO,,

Negative SCE

(1984)

NiPERA (1996)

Control NiCl,, NiO and NisS,, |Cannot be used as NiPERA (2003)
n=11 evidence

Electroplating nickel exposure: mainly gaps, but also Deng et al. (1983, |IARC

workers 0.0053 — 0.094 mg/m® | breaks & fragments 1988)

n=7 small increase in SCE

Control

n=11

CA peripheral lymphocytes

Nickel sulphate
chemical plant

NiSO4
(0.31-2.86 mg Ni/m°)

Positive for combined
exposure groups

Senft et al. (1992)

NiPERA (1996)

n=15 NiO (gaps and breaks) NiPERA (2003)
Control (0.28-1.52 mg Ni/m®)
n=19 Cannot be used as
Nickel oxide evidence
production workers
(n=6) also studied
41.26.2.4 In vivo GHERICEIT & F 5L A

Benson et al. (2002) (2 X %

RERX. = LA D invivo BinmrEIC T 5T — 2 N— 2

WZBITD., mbEFENRT — 2 2R L T d, ZoRBRIL, EEEAZ DNA HIEOH%
ERIERT AN b — T AT LI FEEENHEE E 2 XBT 2 2 EMTE i, HERES
Nz, fBcEH N =y 7 UbEmiE, BLXZRUEE CRIELBEELELFR L
LEbns,

B0 B H-CIEREN & 5IZ L D in vivo IBR T, MK T DR/ GELN TN D, 2 fFodf
RERERBRO 5 B, RN 5#5 (Mathur et al., 1978) D IFEMEAR L TWAAR, ZD
ftiam 2 BT 27 —Z PR STV RV, # M #5700k (Sharma et al., 1987) D5 i%, &
FIZhle o THPE L 2 TV AH A, NIPERA(2003) 1%, Z DFESRZ RAfE L A2 LT 5,
b=y NV EIFR R | gy TADPREAERREIZEA L THLNIEETH L LR L
T3 in vivo BREBROERIZE L TRV, 3 HEO/NERBROERNE SN TV DR, ik
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VAT O 2 R oFRER (PN $E5-0> Morita et al., 1997 & #% 1#¢5-0 Covance 2003) Tif&
PEE WO FERDFONIZDITK L, 720 O 1 OO EGHRBR CTIIEGME &V 2 RS
ATV % (Sobti & Gill, 1989), Sharma et al. (1987) . Sobti & Gill (1989), L U Morita et al.
(1997) DFRERTIL, W bHElb=> 7 LD U A7 FHHIZOWT, XV FEMICHF ST
W5, Morita(1997) OFERIZ, FIET HMRPELNTZZ LIZONT, A28 o Rk
DFEWTHHAR O WTREMENRH D Z L 2R L TV 5D,

EMIBELTIE, 22 TIEET 3 HFoREZIRY EF72n, Wb = > 7L &t
= TNV DWGT~DFEENREZZHNDHDTho7-, Z0 3 {4 (Waksvik & Boysen 1982,
Waksvik et al. 1984, Deng et al. 1983, 1988) (X, IARC DL B =2 —Tik, HEMOH LT —4
EHRENTND, SHITHEY Bz Senft OFFE TIX, {LFETHOFEE BT D
MRRET ST %, NIPERA(2003) 1%, Waksvik & Senft OFHEDOWTNIZONTEH, = v
rVIREEDREE S VB IS RERRE AR LI 2 L 2RI RHLE L TR TE 2N
LEZ TS,

4.1.2.6.3 o]

FRTHRR LT =205, Bilig= > 7 /L2 invitro TEfsilE, R Raadnit s
R LWV BINREELAE O TV D, BB LU MW TIE, %< @ in vivo iR
DOIEHRBIF STV S, Benson et al. (2002) DRERIL, = v 7 UALEH D in vivo BAREEC
BT 57— _X—RZBIT D, ROUFBENRT =2 28R L TEY ., BMAERGORE, ki
= 7 g, (RIER CIRE CHififIcRE & BEEEE2F R T b0 L Bbhs, tho
BB ONW D00 bIlE, FETOHRRPTONTWD, FlEfThhie 2 Fo/MEaER
Do L, EERAKRG LROEE TR, SRIIBRETH-7o, b FaxdRe L TEmI L
FAEN DX, AR5 L S TR0,

AFHRIIZ B LTk, MR e iEmm 2 8T 2 K ) RlBoERIIA L TR LT, #B%Eo
EAICEL TE, MAEANMZEALELN TR, =7 A F U NERICET D &0 )
AEHLAMS: BTV D28, Mathur et al. (1978) kB Tk, HEMIE~DEEIZA SN0 ->
7z, Sobti & Gill (1989) DFRERTIL, HENRD LN TWEHR, TIUIRAKEE TIE2 <,
AT~ DOFMHEEHEZ KR Lo b D LEZ BND,

2004 4 4 A OEMEZFHETIX, fiit= v 7 V& h7 3V —3 0L BRFEYE; R68IIZ/HHHT
HZEIWZEHLT, BB LEZEME I LV—7OERBRD N, BEEMFE T LV—7 13,
Witk = v 7L, Hifb=v 7, =y 7 VoW T, [h7 3 —3 OERFWE; R68)
T RETHD LRI Wb, Zofmit. 2FBEICE Y., FHRIZEB VT in
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vivo BnmtEaE Ul E W I FEILZ ISV WD, LR T, AR Nn 22105
EVEIIBRANTE ARV, 27U, MEEME A — IR, BRI~ DB TR D 120
DB Z Eiid 5 2 &%, BEA TRV BT L T 5 (European Commission,

2004),

%ﬁlﬁ% ZCHiOMABLIZ DN T in vivo 2 Ay R T vEA ZBMICERT S22 L6, VRS
*JF'A‘E@EE!’J Z@%ﬁfﬁ%f“&bé LEZEZBND, BEORR THIIL, LRFEWE L
ST DLV I REmIIED LRV, £, BEORRIELNA TS, BEOM S L E
ALTHENIA ‘fiﬁ)xﬁaﬂ?fﬁﬁ%ﬁ5 TENRRETHDLET DI, GHLE LTRSS TH
HERIREND, LTENR-T, ZORBIZOWTEMREEZIT->TH, 22 TTo2U A
7 ORER 2 LS B DT RIERPIEONL Z LiTntZExbnd,

Wig = 7%, % 30 Ik ATP Tlix, 73V —3 OZLRFWE: RE8JIICHEINTWD

4.1.2.7 EMAM
41271 BMoT—42
412711 WA

KEEZF 7 7 77 A (NTP : National Toxicology Program) %, Hilg= v 7 /L//KFn#) D18
WA T > MR~ 7 RN RAFT BB OV T, U2 BRE 21T - 72 (NTP 1996a) .
M P - FE DS AMEDF G FRBR S T S LT, MR = v 7 L SOKFIM D DS A MERCBRZ B
HT—HIE, A7 va I TEHINTEY, bEERPEBIZOWV T, Table
41271A & Table 41271BIIE#HEN TV, MOMBIIETLITFT XX, ¥7 v a3
41251 %D &,

NTP OREBRT A L, @YD ThH-o7, RS, RBRWEoh St b5n
TWDHERIZ, BEMER®H D EEbND, 7 v F(F344/IN) B LU~ T A (B6C3FL) &, il —
o VKN (22K B IV E B PR 1.8~3.1 £ 1.6~29 um) 2, =v 7L e LTE
N2 0.11 mg/m® £ TE721% 0.22 mg/m® £ TOREE TR ABREE L7261 Tk, WTho#y
FHIZEBWCHIREICBE L 72 0ORBLUIA Lo T,

Table 4.1.2.7.1.A: Summary of inhalation carcinogenicity studies on nickel sulphate hexahydrate in
experimental animals.

Route of Species, group | Concentration, exposure Results References
administration |size and sex duration
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Inhalation F344/N rats 0, 0.03, 0,06 or 0.11 mg Ni/m® | No exposure related | NTP (1996a)
63-65 males, 6 hours/day, 5 days/week, neoplasms observed
63-64 females 2 years
per group

Inhalation B6C3F1 mice |0, 0,06, 0.11 or 0.22 mg Ni/m? | No exposure related | NTP (1996a)
80 males, 6 hours/day, 5 days/week, neoplasms observed
80 females per 2 years
group

Table 4.1.2.7.1.B: Summary of relevant primary tumour rates at terminal sacrifice (in lungs and in all
organs) reported in the NTP (1996a) inhalation study.

Organ: Male F344 rats Female F344 rats Male B6C3F1 mice Female B6C3F1 mice

Neoplasm Dose groups: ppm Ni | Dose groups: ppm Ni | Dose groups: ppm Ni Dose groups: ppm Ni
0 0.03 0.06 0.11 |0 0.03 0.06 0.11 |0 0.06 0.11 022 |0 0.06 0.11 0.22

Lung: Alveolar/ 0/54 0/53 0/53 2/53 |0/52 0/53 0/53 1/54 |5/61 5/61 3/62 5/61 3/61 3/60 2/60 0/60

Bronchiolar adenoma

Lung: Alveolar/ 1/54 0/53 1/53 1/53 |0/52 0/53 0/53 0/54 [9/61 13/61 4/62 3/61 4/61 3/60 9/60 2/60

Bronchiolar

Lung: 1/54 0/53 1/53 3/53 |[0/52 0/53 0/53 1/54 |13/61 18/61 7/2 8/61 7/61 6/60 10/60 2/60

Alveolar/ Bronchiolar

carcinoma or

Alveolar/ Bronchiolar

adenoma

All organs: 49/54 50/53 50/53 51/53 | 35/52 42/53 35/53 36/54 |24/61 16/61 25/62 16/62 |27/61 34/60 23/60 16/60

Benign tumours

All organs: 37/54 43/53 41/53 41/53 | 35/52 33/53 37/53 29/54 | 20/61 22/61 25/62 13/62 |26/61 27/60 26/60 26/60

Malignant tumours

All organs: 53/54 52/53 51/53 51/53 | 49/53 52/53 50/53 48/54 |38/61 35/61 41/62 27/62* |41/61 45/60 40/60 36/60

Malignant and benign

tumours

41.2.7.1.2 #O

W=y N Ty hoA XD L2 BB AERBROT — 2 B3 55 Tnd, Fiz,
Fischer 7 v b~ RO 5217 ->7-, OECD 7 A hH A KT A > 451 ([ZHEHL L 7= 508
AIMERBROERN 1 HHESRTWD, ZNSDRBROENAMERICHONTOT —H %,
Table 41.2.7.1.CICEHKI L=, MOIERICHOWTDOTF —Z k7 a2 41251 ZBBD

&o

Ambrose et al.(1976) IZ X 2FBRATIX., 7 v b, A X E BT, FHEITERO Lo T,

L

ML, ZORBRTIE, BRI (T v A X)DHEPRZ L, Ty FOEFETHECERN G

Mo T2 GERITHE STV 2 F OG- 200 #& 2 TREZR R L OYRELHLRR S
HIRRENFREE S 2 DITDTH -T2, FT-RBROT VA L EFERIZOWVTORFR S T
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MThoT,

CRL(2005) |Z X A #ErClE. HEHER 60 IEFTHoD T v FORENZ T S, =y L e LT O,
2.2, 6.7, 11 mg/kg IR/ H (Filig = 7 LK F# & LTI 0, 10, 30, 50 mg/kg &8/ H) D
MA&ET, 1 A 1\, 104 BE OGN TN, EBRWEITKICEMS L, KEFKAE 1
kg 720 10 mL & L Cofifilik D iG-S 4viz, MEEICBT 27 — &% OGN Clix, ROA
{ERARAIE DR AR, xR (0/60 PT) & kb (KA EREOME(9/59 L) THEFHFIIIC

REEIMAFEO BT, Z O :ﬁﬁiﬁkf‘ < U E (460 D) s X OVE & (3160
VC) TlX. At PRICH B 2K Lo T2, IRIERBEDOSZ — oy R0 0 iz R

VT\&%@%mﬁ%@@:owf
S HBIDESE) DFEAZRIT,
Ao, HRRIED 16/60 VLIt L, K& T 26/60 L, qﬂﬁﬁgf‘ 22/59 [t

MDT v ML

/u n1‘%ﬂ'3

b b, Tﬁ(ﬂ%f(?ﬁﬁﬁﬁﬁ%ﬁﬂ%ﬂi -

TR WA M TRRD 5

e JH &= C 10/58 LT

o=, AHE-PUCERIIA LN -T2, HEDOKEICB W T, R AL EEED R A
EMMN I DA, XFERFEED 0/60 PCizxt L, K& T 5/60 JC, FH&ET 2/60 P, SHET

4/58 JCToH > 7278, TS b - BRI

mu@%hiﬁﬁ)of\_o 7f:|: k L/'( E}ﬁ ’“:“

FNRAKFIO 1B 1 EREAESIE, I<ABNDEE, FNREEOWTILICOWTS
ARBTG5 S 2o T,

Table 4.1.2.7.1.C: Summary of oral carcinogenicity studies of nickel sulphate hexahydrate in experimental

animals.
Route of Species, group size | Concentration, exposure duration | Results Reference
administration | and sex
Oral, dietary Wistar rats 0, 100, 1000 or 2500 ppm Ni in feed | No treatment related | Ambrose et
neoplasms observed |al. (1976)
25 males and females | 2 years
per group
Oral, dietary Beagle dogs 0, 100, 1000 or 2500 ppm Ni in feed | No treatment related | Ambrose et
neoplasms observed |al. (1976)
3 males and females |2 years
per group
Oral, gavage Fischer rats 0, 2.2, 6.7, 11 mg Ni/kg bw/day No treatment related | CRL (2005)
60 males and females (gavage) neoplasms observed
per group 2 years
412713 274
PG T DORIE = » 7 NV DFER AMEZ G LTERBROT — 213, B TR,
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APRTESR A > 77 o b ETIFEERNESIC X DR = > 7L DI A
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(EV/ANEZ

ERHWERBRTHE SN TS, 20 ERICHOWLTIL, Table 4.1.2.7.1.D ICEHN LT,
RS OFAIT. BIENERB I OBRANA > 7T ML A5 TR Hiv, HRNES
WCE DG TITRRD Lo T,

Table 4.1.2.7.1.D: Summary of carcinogenicity studies of nickel sulphate in experimental animals by other
routes of administration than inhalation, oral administration, and dermal contact.

Route of Species, group Concentration, exposure | Results Reference
administration |size and sex duration

Intramuscular Wistar rats, Single dose of 5 mg of No local tumours at Gilman (1962 -
injections to one 32 males and nickel sulphate the injection sites, no | quoted from IARC
or both thigh females hexahydrate other treatment-related | 1990, TERA 1999)
muscles Observation for 603 days tumours

No control group

Intramuscular
implants (in
sheep fat pellets)

NIH black rats, 35
animals per group

Vehicle controls

3 implants (interval
unspecified) of 7 mg of
nickel sulphate (hydration
not stated)

Observation for 18
months

Implantation-site
sarcomas in 1/35

No tumours in controls
(0/35)

Payne (1964 —
quoted from IARC
1990, TERA
1999). Reported as
an abstract.

Intramuscular
injections

Wistar rats 20
males

Positive (nickel

subsulphide) and
negative (sodium
sulphate) controls

15 injections of 0.26 mg
of nickel as nickel
sulphate (hydration not
stated) every second day
during one month

Observation for 2 years

No injection site
tumours in treated
animals or in negative
controls

Local sarcomas in
positive controls
(16/20)

Kasprzak et al.
(1983 — quoted
from IARC 1990,
TERA 1999)

Intraperitoneal Wistar rats 50 injections of 1 mg Abdominal tumours in | Pott et al. (1989,
injections 30 females nickel as nickel sulphate | 6/30 (p<0.05) 1992)
heptahydrate twice (1 mesothelioma, 5 (Pott et al, 1092
: weekl sarcomas '
Controls: y ) cited in IARC and
1 ml saline x 3 1/33 (sarcoma) TERA 1999 as,
; 1990
1 ml saline x 50 \,ngZigvatlon for 132 0/34 )
2 ml saline x 4 3/66 (1 mesothelioma,
3 sarcomas)
412715 TOE—2—EfEICE T S8

Wil = v r VDR N AT 1T — 2 —(EHZ FZBRIHMIZ BV TRET L7eRBRoO T — 2 23, 3
HELNTWD, ZRHDORBROFERIZOWVWTIE, Table 41271E [CEH L, ZhbD
R, BHEEE 7L A EAORFTER G O%E . G EZ T BN S EENT
FEMWI DR 52 2 T o580, =y 7 VRENA T o —4 —{EflEZ R L2 &
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L7=Rn > T, ZNHORERIZHE SN
T, Wil =v VO NATrE—2—1ERICE L Tffmas B s 3 2 13 TE 220,

Table 4.1.2.7.1.E: Summary of promoter studies of nickel sulphate in experimental animals.

Route of

Species, group

Concentration, exposure

Results

Reference

administration |size and sex duration
Rats Initiation (*) followed by Ou et al. (1980 -
1 Topical 12 animals 1) 0.02 ml 0.5% nickel 1) Two tumours in the quoted from IARC
: L . 1990, TERA 1999,
insertion into the sulphate in 4% aqueous nasopharynx (one
- - IPCS 1991)
nasopharynx gelatin once a week (0.04 | papilloma, one early
mg Ni/week), for 7 weeks | carcinoma)
2 In drinking 2) 1 ml of aqueous 1% 2) Two tumours in the
water !
nickel sulphate (3.8 mg nasopharynx (one
Ni/day) for 6 weeks squamous cell
carcinoma, one
fibrosarcoma)
Controls: No tumours in any of
Initiated only or . the controls
nickel sulphate Observation for 371 days
only
Rats Initiation (*) followed by Liu et al. (1983 -
3) Topical 22 animals 3) 0.02 ml 0.5% nickel 3) 5/22 developed quoted from IARC
; e . - - 1990, TERA 1999,
insertion in the sulphate in 4% aqueous carcinomas (2 in the IPCS 1991)
oral cavity gelatin once a week (0.04 | nasopharynx, 2 in the '
mg Ni/week), for 7 weeks |nasal cavity, 1 of the [Reported in an
hard palate) abstract.
4) In drinking 4) 1 ml of aqueous 1% 4) No tumours
water nickel sulphate (3.8 mg developed
Ni/day) for 6 weeks
Controls:

Initiated only or
nickel sulphate
only

Observation for 371 days

No tumours in any of
the controls
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Route of Species, group | Concentration, exposure | Results Reference
administration [ size and sex duration
Feed Rats Initiation (*)on day 18 of Ou et al. (1983
gestation followed by: quoted from IARC
13 females

Pups of treated dams fed | 5/21 pups (24%) 1990, TERA 1999,
) ; IPCS 1991).

0.05 ml of 0.05% nickel developed carcinomas

sulphate (9.5 pg Ni/day) | of the nasal cavity Reported in an

daily for one month abstract.

increasing every month

with 0.1 ml (19ug Ni/day)

for further 5 months

Untreated pups of treated |3/11 pups (27%)
dams developed tumours
(one nasopharyngeal
squamous-cell
carcinoma, one
neurofibrosarcoma of
the peritoneal cavity,
one granulosa-thecal-
cell carcinoma of the
ovary)

Untreated pups of No tumours
uninitiated dams
Controls: No tumours (0/13)
Initiated dams

(*) Initiation: single s.c. injection of 9 mg/ml dinitrosopiperazine

41.27.1.6 EBEBYICH T BEDANEIZET BEEL 5
4127161 {A

il = » 7 VK (2258 1 PRy B PRy 1.8~3.1 = 1.6~2.9 um) Z#ERME &
LT, 7y he=wURIZEBTHWATBRNITHOIL TS (NTP 1996a), 7 v b (F344/N) 15
LU~ % (B6C3FL) %, il = v 7 /L AAKFMIC, =v s LTERER 011 mgim®
T, BEU0.22 mg/m® £ TORE T, 2 FEMWAIRE L7225, WFNOBWREIC S IRE I
B U 725 1358 B 7e >~ 7=, [Background document in support of the individual Risk
Assessment Reports (Z L ENDILFWED Y A 7 dHliiEFE2 BT Ly 7 770 R
IE) TR SN TWD L 21T, Hilg= > 7 /UZBT 5 NTP RO 2 tEfE Rz >\ T,
MEER) &I HRERNE VI ERNIE O A TND Z LITHETNETH D,

b= 7 )V & W & L 7B (NTP 1996b) & Hifif= v 7 L &2 WB'E & L 7= Bk
(NTP, 1996c) Tix. 7 v hBEA LTZIEA DB AMEIZOWNWT, ZNTi., HDHREDFE
72 & NTH SRR STV b, £z, Bb=> 7 A Tik, li~o 2BV TR
PR AERA LT D

Wle= > 7V, b= 7/, Hilifb= 7 /L2 WBRmE & Uiz NTP BREROFE RS, =
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TNV DA L RERITIR, EREW) 2 W AREE L7262, BN AMERTE D AER R
FEEWRHLOMNE I NEVI BB EEINTND, EL, ZORMERFITE2
FEEDOFST =21, BTV RY, FERIIZ-DWTIE, [Background document in
support of the individual Risk Assessment Reports (ZALZNDILFEWE D U A 7 FEliR S E 4
BT HNNw 7 7T RE) 22ROz b,

izix, BifE= v 7 VORI L DN AN HOWT, fma S o0Icm & Rl shd
FEREN) T — X 1X, HFHI TR,

AR E LTI, = F VB Gk 2 o= v r MEB DR N ATEIZ DWW TT — X 1315
SNTWVWDEN, ZIHDT—X Tk, EREMNFE= v 7V &2 WA L2858 ORN AME
WCOWTHEm A E < IZIE, Ao ThdEEZLLND,

41.2.7.16.2 #0o

BOBEGICE D= 7 IVDORNBAMENR, Ty FROA XEHW, A KT A4 TR
LTV 2 O HWERBI T~ bNTWD, 20 2 fFORBRTIZ, 7y b, 4 X EHIT,
JEGHIRE D BRI o T, WilE= v 7V 2R E L LT, OECD 7 A WA KT 4~
451 (ZHEL L CIThoiviz, T v hoo GERED RO SIS XD 2 BRI OFEN AR T,
FENAMETERLSBD LTV RY, D=y ALEMIZET 57 — 2 1%, Biie= > 7L
BT bR T ACHKEG LERBROLO LNELN TV WA, ZTORRTY, BE
(2B U 72 I DA ITER D H AL TR,

WL LTI, Wil = o 7 IOV TIR AR5 L DB ANED T — Z I35 TIFE L
BOBEINTEEZREM T, BNAMERE LB OONRDNST-Z ENRENTNS,
4.1.2.7.1.6.3 3574

EEREWM BV CTHRER= v 7V ORN A E . REEMIC L0 BET LR oT — 21X
EHR TV,

FOMD = T NACEMCET 5T — 2 1%, BEO N R E —DOFROKEIC o BLORL=
VBB LTERBRO LD LVE LN TR, FRUCL D &, BREoES,. nE,
BIXOWEIC, BEOREITRO N2 T,

fiam & LTI, BN TWD 7 — 2k, FREWICHEER S E 258 Ofiik= v 7 /L0
YAV S g R AY el e €2 A B
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4127164 FOHMOBREREEK

Z v MZBWTHEE= v 7V ORDAMEZ HRANERN A > 7T o b, F I3 EEN TS
WX VBRF LR T — 2 5o CTnbd, BEENERNBS LIOHANA 77 Mok
HEGOWAIT, BEORAEDNGRD LA, HRANESIC L5285 TR Lo
77,

ZOMD =y T IALEWICET 27 =2 nbid, ZNoDILEWD. DEOBIN &R,
EEREN) DR 2 ZREALCIES L72G A, RPN ZE L SED 2 RS TnD,

FamE LTk, Bonizr—2nb, =y rubamid, Do ErE ., EREMWM O
Bfx NIRRT L7e A, JRFTRIES 2 A L S5 2 EAREN TN D, B M,
W, REOHBEL, REEAMUSN ORI CHiEE= v 7 VICIRZE SN D Z L idenizn, 2o
&0 BRI L ITBRDB RN LITHE T RETH D, L, TNLOREBRICKIT S
Bt Ix, & MR DRI = v 7V ORMB AAEE TS S BRI, FELO EAT T O
—H L LTHERBEND ATREMDN & 5,

4.1.2.7.1.6.5 JOE—4—1ERICET 5

FRENDIZIBNT, = > 7V OEN AT nE— 2 —1EHZKE L1z 3 HFORBROT —
APFFONTVD, ZhbOERIL, RNEEZITAE~DRFEREGEDOSE, £idks
T T RE 0 O A ENIAFE N R G 2T 256, MR=y ZVRENRALT 1
T—F—1EHZR L2 & ZITZDDN L TND, L OREILEESIT72 Y 550,

b=y N, = Ve RBICEAT LT =200, T DEWITIZT v E— 2 —{EH]
WD LRI TND,

fEmme LTk, fonkr—426, fig=v 7L, =y L, BLO=v/r &R
X, BEDA = = —LE5bEb L, BRATRE—X —(EHZRTAREENRS D Z
EWIRBEIND, 72720, BN ERT — % Tk, tho = 7 ubE & RIS, ik
=y TNVDFEPAT BT —ERICE L Tz BT Z LT TE Ry, 512, it
= I IVDFEB AMEDFIICIB N T Z DXL ) RIERAEH TS 2 L ICIT#RH 5,
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412717 V7
RA

W= 7 NVOTF =2 G, Mhxlo=y r LB DIER AEZON T, EREMWIZE
FHT =2 PN TWDH, FEREMDIHIE= v 7L 2 WA SET5E6DOFEN AN
Wi 2 H<IZE, ENODOT—F TEIA D THDL LEZXDND,

FEOBREE

Z v &V, OECD T2 N A KT 4 > 451 ([ZHEHL L Gl iThn -5 i, Filg
= IVORAEGIC L AREPAMITIELSBD LN - T,

FERBREE

PREREEICBI L T BTV D7 — 2%, RBREMWIC R EHh S B 7= 58 Ot = v 7
DIENAMEZ TS 21D E D, 2L, =y 7 ~Of% AREE TIEFEN AN

TFRBD LN TNRNWR L BRRERIZHE D ADBERZERERIZRN LB DA L) AR
DPFET Do

41272 EMIEITIRE

E hORACETEREDL L. KEE= Y TN ThROLKSOEMRENRFE = >
TNE~OBFEICHET L2V R 2ZE LD THD, = v 7 /L ~OlgEgE 6Tk, K
WiE= > F VRO ERIFEEX, Mifg=y r L eififb=y v Th b, thizd %< OKENE
=T IEEMRH D (= TV =y T IULEMIZET 5Ny 7 75 0 v RXEOHE
HBHEZR), DI HOWN DONITZEND DBEEEFIZIB W TIEEL TWZRTREMER & 5,
L L, WTHICLTHERBAT AT ~DOZNGDOREL, BHEHTEHIEDLTNTHD
EBZEzbND, TR L, WRERE L HEAEM O KN, 2 2T R D RHMlc B VW THEE TR E
RTHY | MRFEFRE, ﬁﬁ%%\%i@%$®ﬁﬁya/ﬁa&éﬂéo

412721 DA IZET B RFEHIRE DB

= TIVICIREE SV GBI T DR ER S A DI E U R 7 & AN R L 7o Ok
1933 £, U =—/L XD Clydach IZ& 5 = v 7 EH TIHICOWTOHRETHY . DT
I, =TIV IV = VAR B SRR EERS & L C /2 (Bridge 1933), Rl & L 7-RERLIL. 20
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FRIZAR I (Doll 1958), NWADFIEY A 71X, b &b b=y 7Vl R= VAR
JRIRE STV, D%, VR VERIZES > TiThiv b e R G TefEH R ED
JREPEANTENEGT LI EEZLLND L D127V (Morgan 1958) . F7-. WX OFHA
(Mastromatteo 1967) & / /L7 = — D7 (Leken 1950, Pedersen et al. 1973, Magnus et al.
1982) Tix, Fifkis LU b=y 7 VIZBE L TWD EEZ LN TWVD,

Clydach @ TR 2 2D ORAIDANRERTIL, W23, FEE OB L
DO L > THEBINTWD, = > 7 /L ~OFY IR IgEE %5 T @3
WZIE, DRV ORNAY A7 ESMERPRO NI, Zb OG5 EEIX, MERHE R EE
HRP . iR = v VA RRPESEEMY . 38 K OMERR (R5EE) 1ESE38F9 (2 J8 L TV 7= (Morgan 1958)
R D 2 DOHMMOFEE L, ZEOWE= v 7V EETKERE I o TRY, Bk
&%ﬂﬂmfi BYENAUERIE LT ADIZE AL, OLICHIBE= v 7 /L OIFIEN TR
ST, BERE OIERCHED 5 5583 CTd > 7= (Warner 1984, Thomassen et al. 1999) ,

v = —0 2 RO (Pedersen et al. 1973, Magnus et al. 1982) T4, KigtE= v 7 /L)
FELCHET 2=y FVIBEREZIT CWZE MI&%@%Tmmhmﬁﬁ)xyﬂﬁﬁ
L2 ERRENTWD, 2D OEMICIIT DKEME= v 7V ~OIgEFEIL, EICHE=
VT MZ KD b DTN, 1952 FELREIE, HPNC L - TUIElk=y r v b EENTo b DIT?
ofc, TNHOAE, BT FOREL TR DO TH Tz, BT FOHFETIE, [
FROFFHOTFHTH, MRADORIEY 27 B & OBEMEITR S 51TV 720 (Roberts et
al. 1984),

fiti & Bl SPEAANDEAL OB A, = TV EETWEIRE SN BERIcls T, T
B VBRICERD b, L, ZOBRIMERZRON, HEBED= v 7 L ~DB#
X DY A7 EROEEROD, £ ORKET HMEREZ R T L OROMNITONT
X STV, IR0 LY = —ORSET TR, WESAOBRAHER S, By T
DI HAEHATTIX, BRADFIEY 27 O EHBHE STV 5 (Saknyn 1973)

2 O= v rVERITCIX, b=y 7 VTAEERE TIIEA ST enaH, BfFRO
bHKEM =y VT EE L THilE= v 7 /L Td - 7= (Clydach, 7 = — L X; Kristiansand,
/v = — 1910~1952; Harjavalta, 7 + >~ > K; Port Colborne, 774 1926~1942), #f
LT, I D OREHFTC Lo MEE O CTW 729 B#H X, W< o0 0FEO = v F ks
WIZRIE SN TWe, L L, =y FVIRBERFEL LT = >y 7LD b D Th o7
FERFIET D, AT, TNOOBEFT TR IN-ERT =y FVIREIR, Bifg=> /7
AP bEETH T,

ZZIORT LB a—id, b=y SRR~y OB EAT O = v /VIEBIET T DR
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WCBHHE L7t A EBIER AL, BEO=y FVERA v X Laktg s Lz 1 HofEE TH
DI A & BPENR AN ESNT NS, LE 2 —XRITIE, 4 »[EIZBITS 7 o ak
— FNRE L 1 HFORERRBFZEREN G T, 2025 6 X, = v 7 VST CORE
Toh 5 (Table 4.1.272.A~B), SHIZH 9 14F, 1991 FO=» 7 Ll L= v 7 /L4
FE8L (= > ) OAFEIZHER T 2 F7 85 12 B9 5 FH 4 (Shannon et al. 1991) [Z DWW\ T, B4

73 aIilBVWTOARFRLTND,

Table 4.1.2.7.2.A: Description of the cohort studies included in the evaluation.

Cohort Study | Length of Follow-up | Type of Included in | Exposure |Data on
size employment analysis ICNCM data smoking
Refineries
Clydach | 2521 5 years 1907-1984 SMR yes yes no
“ 2524 5 years 1931-1985 SMR yes yes no
Regression
analysis
Port Colborne* | 2614 1 year 1950-1984 SMR yes yes no
Kristiansand I | 3250 1 year 1953-1984 SMR yes yes no
“ | 4764 1 year 1953-1993 SIR no yes yes
Regression
analysis
Kristansand IV | 5297 1 year 1953-2000 SIR no yes yes
Regression
analysis
Outokumpu, 1155 | 3months | 1953-1995 SIR no yes no
Harjavalta
Electroplaters
Great Britain 284 3 months 1945-1995 SMR no no no
Regression
analysis
*Non leaching, sintering, calcining
Table 4.1.2.7.2.B: Description of case-control study included in the evaluation.
Cohort Cancer Period of Length of Period of | Type of Exposure | Data on
site; study |employment |employment | diagnosis |analysis data smoking
Kristiansand 111 | lung cancer; | 1910-1994 |1 year 1953-1995 | conditional | yes yes
213 cases, Iogistic_
525 controls regression

T DOXFRITIL, 11,000 ANLL ED = 7 VESRET 7 @7 (3250 N1X /v o = — kS8R T
(Kristiansand 1) D573 ) D15 H. S 512 4,764 N % E# o =2 78— |k (Kristiansand 1) D1
WREEN., Zoar— MI, FUBHTIICOWTITbN RSO ak— T 5
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5,297 A (Kristiansand V) iz &£ T2, 2O OFHEITILIATIICAEZEEINTEY ., 4
IR — MZOWTOFA A, International Committee on Nickel Carcinogenesis in Man
(ICNCM : & NZxtT B=v 7 VOB AMEICET 5 EEZESR) O#HEE (Doll et al.
1990) IZfk ST 5, IBERFAESIMIL, 30 F4# %, ICNCM THE SN TS T RT
OREIZRET T — 20350 | EHE(LIE T (SMR)IZOWT, #ERIN G & D FEIZ L 0 98T
PATHOI TV, ICNCM OREDARI NI, 74TV RE VT =—=0b 2 D
ar— MRENSAZRINTND, /T x—0ak— M4 (Kristiansand 11 & 1V) 121,

BUEDOE RS B EA, IMBEB LN O T ORIEREZZR L Cofrdftbni=, /vy
= — D AR — hCEM ST A DRER A & oD =2 48— M (Kristiansand 1V)
WZiE, TR OE#H & RS A RIRET — 2 NG ENTWe, ZORET — X3,

1973 4F:~1994 FEDHRIGEREEIZ 35T 5,900 A& xR IZAT O E AR D = » 7 MgEGEED
HET—42, BEO 1990 FAREBEDOHEHFTIZ I 5L L7 1 Y Lo b5 5y
Hro — 2233 T % (Grimsrud et al. 2000), 1973 AELARTOIRER &I, 2O OWEET
— A 0D, FORICHE T2 EHEE TG S i AE EoZ A BE L, RERRE
ORI FAXIZ b Z R LT, SMBIC L v R S nie, LR ofEF RFRAICIX, M2
IZE D AF LR IEOFEMER OB EN TV D,

ICNCM O ETITOILIZ 08X, FE/ MO BIEOERNIIT 551 FI L OEERE
FIZEDSNTNWD, /AT 2—DOREDI B 1L 7 47 0 FROPFETIE, A B G
NS OT — X Z W CERE(r L (SIR : standardized incidence ratio) 24T 23 T42L T U
Do /N =—OMAETIE, TOEDOEMHEERIZE SV THEZRD TNLHDITK L, 7
4Ty FOFMAETIE, HIOERICKIT 2REREZZRL T\ D,

BHREAE DN RRER S0 8 D Z & 1%, Clydach DR TORYIDFERA 1930 4ELIFTTH 5
i DY 7 A — K L Port Colborne AFEFT DT RFED 2R — & fRE, §3TO
alR— MZBWT, IFEACRIEE R Do T,

4.1.2.7.2.2 BREFILT

International Committee on Nickel Carcinogenesis in Man (& MZxfd % = 7 /LD AAEIC
B4 5 EEZES) O#mEE (Doll et al. 1990) 1L, = v 7 /VITIREE SN TW L7 @#& 123817
LMY AT DLGHTIZ, BREEOREM R EZMAPAATZRINZAR I NTHEREETH
o7z, 1950 ELIRTOMRFERIT, (L PUHE TROEHR, HARRIEZ Y S IES IO TOY
B O%, 85 OEMIE OB RMEICET 2RI E S TTFRlshTn 5,

1950 4-~1970 £Fix, BMEEL = v F AV EEHGITT DITiE, BAEREOR T EREE & E R
7 A VS REBHERBUE TS BRI RE TH o 72, 1970 FLIEIL, 7 4 WV F —K o T afii 272
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BAHO=T vV VBRI FEN ., WS O0OREEFT LoD Lot T-, LBEIC
FoTik, BRENLTEYNSHAERTO=y rVOREZ L7 8, RTZ2EE
HATH T, ICNCM DO#HAEE (Doll et al. 1990) IZFE STV 2 HEE EHIMRZE B O I,
M= 7 VIREE L LT 100 mgim® 282 DIEHICHWEZBET 20 LH Y . Z Ok
L. WEREN 1~ 2 U gl Tch o7,

7w VB O 2 O = 7 ALE O HTIE. ICNCM OFFEIZITE £ TV
olc, TOREDH, =y FVORBRE(= Y T VeRE, b=y 7V hifk=> 7 K=
v V) DRI, L CEDOEETRE CHRREIND = v 7FVEAWE ORI KBS
VSRR, VAR AW e

ICNCM O#FEFIZFH D, = v 7 /TR SV TW e B#FH O 10 £HDIzE A LT, W
e INLKREE=y T UL EMIX, W= 7V ThoTe, ME=y 7 /ViL, HhiEET
Blb=y 7V a RS EDBRCER S, ZO% TR TKFERE =7 v Y VIR S
TW5, HERERmAES L, RO TREMTON D8R ~EEN 5, gE= v 7V,
ERAES O THIZB W T, Wik~ v N2k L CRBEbY % 1F 2 KR O 58
T, R r R b SN D Z EIC LV AR LTS,

ICNCM D& E (Doll et al., 1990) T L EN/—ak— b, BLXUOHOW S00fFE T
®EE SNk — MIHOWT, Hilft= v 7 VIR E% Table 4.1.2.7.2.C IZER L7=,

Table 4.1.2.7.2.C: Ranges of proportions and absolute concentrations of water-soluble nickel in cohorts
from the ICNCM report (1990) and some other studies

Cohort NiSO, Period Soluble nickel | Soluble nickel in air,
exposure | considered | as percent of |indicated level
total nickel | (mg*m?)
Clydach refinery, Wales (UK)
Hydrometallurgy + 1902-1979 |30-100% 0.7-2
Copper plant + 1902-1960 |5-10% 0.04-1.1
Pyrometallurgy and nickel plant + 1902-1984 |0-15% 0-0.75
Falconbridge operations, Ontario (+) 1933-1978 |0-50% <0.01
(Canada)
Hanna Nickel Smelting Company, - 1953-1977 |0 0
Oregon (USA)
Huntington Alloys, West Virginia (+) 1948-1984 |0-80% <0.05
Copper ClIiff sinter plant, Ontario + 1948-1963 |n.r. <4
(Canada)
Coniston sinter plant, Ontario (Canada) |+ 1914-1972 |n.r. 0-1
Port Colborne refinery, Ontario
(Canada)
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Cohort NiSO, Period Soluble nickel | Soluble nickel in air,
exposure | considered | as percent of |indicated level
total nickel | (mg*m?)
Leaching, calcining, sintering plant |+ 1926-1958 |[n.r. <3
Electrolysis department + 1950-1976 |n.r. generally: <0.3;
highly exposed: 1-3
Other + 1950-1976 |n.r. <0.2
Sudbury non-sinter areas, Ontario + 1950-1976 |n.r. <0.2
(Canada)
Kristiansand refinery (Norway)
Roasting and smelting departments™ | + 1946-1984 |0* 0*
Electrolysis departments + 1946-1984 |33-100% 0.3-1.3
Oak Ridge Gaseous Diffusion Plant, - 1948-1953 |0 0
Tennessee (USA)
Outokumpu Oy refinery (Harjavalta, + 1960-1985 |90%t
Finland) t 0.1-04 f
Societé Le Nickel mine and smelter + 1926-1982 (n.r. 0.1
(New Caledonia)
Henry Wiggin Alloy Company, + 1953-1985 |0-50% <1

Hereford (UK)

Monchegorsk nickel refinery, Kola
Peninsula (Russia)

Electrolysis department § + 1990s 55-99% 0.04-0.3
Roasting and smelting dep. § + 1990s 1.5-22% 0.04-0.7
+ reported exposure
(+) reported low exposure

no exposure +/— exposure reported in some departments

n.r. not reported

* more recent studies on exposure (Andersen et al., 1998; Thomassen et al., 1999; Werner et al., 1999b; and
Grimsrud et al., 2000) have indicated the presence of water-soluble nickel as nickel sulphate even in these
departments

exposures reported in Kiilunen et al., 1997a, epidemiology reported in ICNCM 1990 and Anttila et al., 1998

between 1960 and 1973 the air in the refinery probably was contaminated with nickel sulphides from the smelter
(Kiilunen et al., 1997a)

§ exposures reported by Thomassen et al., 1999

+H —+

ICNCM D53 (Doll et al. 1990) Tix, EHMMICE Y| M= > 7LD &I k%ﬁ#ﬁ
D ENRENTND, BAREBOHM TIL, ﬁ%y&witim# CERRITi It

., Frofte, RE. A, mREN L CEBENE LN, W=y SV = o
JRBIR O EERRED 1 D ThoTo (=7 /L® 30~100%), EiEFEEROEM T,

Refe, RSB, BERE. &R b, HERLHEN T, KEE= v U LB OR = v Tkt
THEIGILL VD72 (0~15%) 23, ZNTHR= v FVENRLN D, Wil = v 7 VRE
X, BIEREOBE O MR AREHOBIE L0 bR BN E B LNDIHANEL Ho
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7=, ZAiuZ, Clydach(”7 =—/L X UK). Copper Cliff, Coniston, Port Colborne (=2 % U 4,
NFZ)TCDIr—AThHb, /7 =—0 Kristiansand OREEAT Tld, REEEELFT & kEHEL R
(BT DRBEONRERE~ ~ U v 7 Z) D, :@5Tm®%ﬁ&i£@ofwto¢@b
B, ICNCM O#AEZFIZE W TE, 25 OMSGREICIEL, BH T 2 BOKEE=y 7
wwkﬁﬁbkﬂmﬁﬁbﬁﬂotkﬁﬁéﬂfw&

728, Kristiansand ( / /L7 = —) D = v VKT ICE 1T Dl EORFEIC OV TIE,
Grimsrud et al.(2000) (2 & V| 5,900 AD5 & 2 x5 & L&D T THFM STV 5S
ZOMEOMEEMIL 1973~1994 £ T, FBENRT 4 NI =R T2 H KT, BREHR
B fThoiiz, BEHREUIEIE H ORI IChTz > TThbil, Z0%B= v 7V ED S H
T, TOREE, URTOMBE LY &, BEEIIMUL TORNoTeZ LRSI NT,
1990 FARLABRITAT DT BEREHZ B 1T KB E= > v = Ve g, fitfk=> 7L,
BROWlL=y Ve VoI ABFRERIGATIZ LD . BIME#RA GO TEY , oG T
HONE RO TN DRDAMGEEMS T TND, Thbb, BEOBY TCHNRBMOBLY T
BV, KEME= > ZARINR ) DBAFAE L, ZDTDEKFOE= v 7 VIR, Kb
REHOBG D0, %< DRAMFHEXEIR G LD bE<RoTnd, EWHZLTHD,

Kristiansand OFEBATIZIB VT, = v 7 )VEMRIZHERYE 22% & bW 18% DIRAW % 5
TREAS 1952 AFICEAIND T, KBEME= v VX, =y 7 VR ERTHH-T=, L
L. SHOEMT, e L CEIREDEE= v 7V &2 & e BRI TIThbivz,

= v 7 VAEFEFR BRESE 2 (NIPERA) ~D#EEH T, EETT 1 T O I B E
T (IOM: Institute of Occupational Medicine) @ Aitken et al. (1998) (%, RfBECHEBRDO B ICk
WT, =7 YR ORAY A XL T2 HIEE KB = v AL FREOFI &N ER L
WS ATREIEI 3 Tl = > 7LD 26%% . W AFTREBI T IZ/R D Lie= v 7LD T2%% 5T
W Z EEHLMNZLTWD, WARREE X, ok bRV E Tl &I
B/ 5 % D (Ailtken et al. 1998 @ Table 5 2R), il OFRAE T, KiatE= v 710
PP RAIT - EWETHLZENRINTEY, Lo X I kA LB E L TIE
Bif-DORE EDKSOEMRIENET D0 ZERAREtEE LTEX LD,

S BT, Kristiansand FEBHPATICIST D, ~ v b ORI, KEEE. 3 X OB OKAEEBSE To
KM= 7V OHEEEIG D, Werner 512XV 1999 FFI2U < DA S LTV S (Werner
etal. 1999b), ZHIZk D&, ZHODIEERBICB T =T oy Lo KEE= 710
W, BHE/N—k 2 FT8~10%1, BEZLHB=y 7V ThhEINTND

1990 “EA#& IV 1Z1Z, Thomassen et al.(1999) 723, B 7D aF¥EI2H 5. fEhE, HusH,
BRSO AT » 7 CHANICHBEIEEZIT> TV D= v ZFVRSITIC BV T, SRS
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BT REZEML TWD, =y VORI, B L BHOEERL TRD 5
Ao KM=y )V O fmilR B, R O FCHERE SAvTc, /IR (RN FTREE43) D
MEIL, RS ATRRRLF O E & Dy IRARTREEINC BT 2 = v IV EIT, K
BE L AFERO I D T DSEBRETOMD E DG & 0 b @ oTz, T OREPT TORE R,
1960 4% & LA LIRT CREBESPT & IR Y/ — FERIEHEMT) . 7213 1970 427 5 1980 4£184]]
D G T / — REREERM & FBEMRRSERT) OMFIC W T, v v T LSO = v 7 VRSB T O
[FERDOERMNCIRIT 2B LA TH D LB DN, RIFTV . Th b DOBRERE N T #E D
BEREIC G- 2 D BT. TTEENE DL O Z EOBE TR I L7ZKFEL TN D &
Bbihs,

1997 4. Kiilunen et al.(1997a) i%. 7 « > 7 > K Harjavalta ® Outokumpu = - 47 /L k58 T 12
BT, BB OBICA U DKEM= v 7 VHEA~ORFEICE L, WE X OBED FRE
i L7z, TEZERMIL. RE (@B . WROKR, = v 7 VEMRIROBIY; > 5 ik
V. ZNHDOBFITIBN T, [EERZE KR UL E (2 L DB, 74 Vv Z—R T
(2L DB~ 2 7 NS D& OE BB, 36 L OVED IR A (R L OULIR) 25 F i
Ehiz, HELEGEINCBIT 2R = v F A OKEMEREE = » 7V OEIG X, EREOK
W=y SAFEOEIGH 11%H > R TROBG O EHE 2 k&, 5% Th o7, Hilk=
Y ME, ZOLETIIMEHA SN TE ST, MR ERIKEE= Y TILDITE &N iR
=N Thol,

Harjavalta = v 4 /L RS SHET O & AR I S U7 308 T, BREEIEE 13 0.17~0.80 mg/m® D i
THY., 1980 FERICHER D BIEENLE SN TN D, 1979~1981 FIfH ABNIHRE S iz
ABHE 6~28 FEI T, FH SIS AEPHMEIL 0.16~023 mgim® Th o7z, B, 20
HMIZ~A 7 KREMTH o7, 1990 FFRLFEIC~ R 7 OFMAICE BN BRI S vz kt©
1T, RROEHED 71 pg/m’ EEEET) & BEL TIRVWMEA RS-, i~ 2 2713, i
OB TIHERENTEY . <27 RIIOREREIZ, &KFEY 7 pygm® Tho7-, £h
THE 7T ANTIE, 01mg/m® 282 528k = o 7 VIBE RN ST 5,

Harjavalta = v 7 /WVIESKATIZ 35 1T 2 IR 1~ A XX, 12 pm EHEE S, MLV & EXGE
WCRVBAERIEENET D Z LR END, SHIZEFIL. R =y 7 Eix, AS
Nle=y NV T, FRICFOHRICIVIRVIAEN =y F v EETe, £V
AR ERML TS Z EERL TS, 2~4 BEOKRIRZIZIRFP = 7 VIBEN EH LT
ZEIZOWTIEL, KM=y FAEPNMERNICRFE S NS Z 2R T D& LTIRS Lz,
Z ORI, B E KR = v 7L EWICRE LT RRICBI DR EEBETEHLOT
& % (Benson et al. 1995, NTP 1996a) ,

BIOFHAIZFB T, Kiilunen et al. (1997b) 73, 7 4 > T2 RO = v 7)o & TOBRGFERI
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AR, o, OoZXFEEICBITABRBEIZOVWTOLRIORELAZ L E=2—LTW5, 1970
RS 80 AERIT/NT Ty ki 170 pg/m® &5 = o 7 LIREE S VRS TR ST
WE(T 42T RE AR, MOFHETIE, 1L AED 05~15pg/m’ &\ 5 R
EWELTWS, ®o&X TIZBWNT 1~5 ] ﬁ@%%%’ﬁ*zy&wﬁﬁwiﬁﬁ%
HITWDR, ZTORRIT, KEHED = 7 ML FREIZREE ST\ e > & LIZE T D
= v 7 VA FA L 7= Tossavainen et al. (1980) D1 7.2 X F9 2 - D TH - 7=,

Tossavainen (%, RHHEHEO NI 17~39 B THHZ 2R LTHBY., Zh b O
L BIZEDRREZ, & FPKEED =y AL FREICRE SND EEEPEZ L L &
AT HOERIRL TS, Tsai et al.(1996a) i%, 28O =v 7o X |FEFHE L, ANEMk
=T NASOBRBENECTNDHZ EEHLNILTWD,

4.1.2.7.2.3 B EHIT B DGR
4.127.23.1 Clydach, 7 xz—I/LX

FA = — /LA Clydach OWESRATIZIS T DA A & BERADFIEY A 72O T, 7
FEWNAFN R ENTVWS, ICNCM O#iEE (Doll et al. 1990) 1213, wm&m%b@if

FET LTz 2521 NDT —F G el OfFMA, REEEOHEM & TR STV D,
WW%ﬁh@%EUX?ﬁEﬁMQ?é@WK%ot_&ﬂ%%ﬂ_éﬂfwé RO
FEE L LTI, 216 AICHiZ A (SMR : 273, 95%(E#EX ] (CI) : 238~313) A%, 75 AIZE&LfE
73/, (SMR : 14033, 95% ClI : 11107ﬁv17682)ﬁ) WD BTz, 1930 FELIRNZ AN e S 4L
72 1348 NDFBEIZIBNT, s Al K55 1TEH 172 A (SMR: 393, 95% Cl: 336~456) ,
BENR I X BIETE8 74 A (SMR: 21120, 95% Cl: 16584~26514) fsd S 7z,

FERATICIBWT, 7EENEH S 1 FEO = v 7 /UL F IR S COAEEBS IThT
#T%okoﬂﬁ%ﬁ@ﬁ%fﬁwfwk%@%i FITHEE = » 7 VICHREE ST b

Bz oz, ZOBIGOEBKIZ 5 FLLEEDY | RAIOREEND 15 FLL R L2578
FH T, 5@@%#&6MR3%9%@G1%~W®k4ﬁ@§ﬁﬂhﬁw2%%3%%
Cl : 9891~93089) 23Rl S 4L, B U 2 7 238 BTz (Table 4.1.2.7.2.D), Z DAFHATO
%%ﬁﬁﬁ%m%ﬁé%ﬁh%ﬁ)xai\@Kﬁﬁ@ﬁ%u BV Z27 0 b%05E
OIS, BFERADFIEY A7 12O TIE, 2 DOIEEBIS TEITRD bk o7z,

Z @ Clydach ST CORBEREEEIZE S 7 a2 EHNG, b=y 71 e, HEICk
S TERRIb =y 7TV, KM=y TV K DB L GDE T, A L BIEDR A DFIE
VA7 ZHMERTLEBRTHL I ENRBINTND, L, FFIT, EERREICEBT
LMET —FPFEEL T RN, ZOMRICITEEZET 2 L@ L T\nd, 72285,
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Z O, Clydach ¥58iF D2 AT — # 1%, Easton & (2

ZBWTIE,
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BT BN ESVERALOENT A 7|
DOIRETE. 7213 b=y 7L &K= 7L ~DEE
LML TWS, ZOBSOEE TR

. KEE= v LD I~

BEER & B LTV 5 Al RE

(EA R

Hlb=v IS TEL T, K
EMEDIRED = v r WX, KR S HilE= > 7V Th -7z,

rv, %

2 Al

ST & O TR

Ziu7- (Easton et al. 1992), % &1, EFEA 7254 (ICNCM, Doll et al. 1990) TH H S 7-H#E
ERBREEL, 4 HO=y 7 VbEW~DRBEREET — 2 2V TothziTo7, &bl
5‘f$@§b‘$ET/DG oL, VRZEFKEES LIITERB= > 7V ~DIgEEFEE L Tk

CBlb=y ARt =y FANRR ERREND Y ATIE, HolcE LThH, D0

ﬁw
BHT

EDIRE T, FHE

I VTR ORERET —

=T NVIRBHETHEDOD LN TWS, 2070, ZOSHITOR R

M=

v (e = > 7 L)

98
N 28D ?E'B

ERTT— 2

ZHEERRLEDE LTRDLNT
INTINITREEERH D Z &ML TS, L L, REME= v 7 U bEWIc
ONTDOT—HE, R VIEEDONTWDE— T, &bl

. K

[U 227 O—F81 DK

I ACFEFEN Y A7 ICH G L TWAH Z L BRI L TWD LIRS T,

WEERLTWAZ L, 7. &61 :/}‘iﬁ< Lh 1 ODORRME=

Table 4.1.2.7.2.D: MOND/INCO (Clydach, South Wales, UK) nickel refinery—average nickel exposure
levels and cancer risks in ““high-risk’ departments in workers with 15 or more years since first exposure

Estimated airborne

concentration

Duration in department

(mg/m3Ni)a
— Ever >5 years
— (&)
) R4 —
Department ﬁ e g _;z'j Lung cancer |Nasal cancer b | Lung cancer |Nasal cancer b
c .2 - —
2 |5 % ; Obs |SMR Obs [SMR Obs [SMR Obs |SMR
S |t |g |8 (95% CI) (95% ClI) (95% CI) (95% CI)
< X |3 | o
=2 |0 |® |o
Furnaces, 56 |64 |26 |04 |9 409 3 24781 1 370 3 1000
1905-63
Linear calciners, | 5.3 |18.8|6.8 |0.8 |16 |725 7 44509 12 1244 6 78280
1902-30;
Milling and
grinding,
1902-36
Copper plant, - 13104 (1.1 |17 |317 5 13912 8 541 2 14541
before 1937
(185-507) (4507- (233- (1759-
32415) 1066) 52493)
1938-60 - 0.4 |0.01/0.01]- - - -
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Hydrometallurgy| 0.5 [0.9 [0.05|1.3 |7 |196 4 |18779 |5 |333 4 |36363
1902-79

(79-404) (5108- (108-776) (9891-

48074) 93089)

a From Doll et al. (1990). Estimated airborne concentrations of nickel species and mortality from or incidence of lung
cancer and nasal cancer by department.
Standardised mortality ratio (SMR) and 95% confidence interval (CI).

b The working group expressed reservations about the accuracy of these estimates.

41.2.7.2.3.2 Kristiansand, /)L™ = —

FA D ICNCM DOHEEIZ, /T = —ORESFT O BT ##E 3,250 A6 pkd adk— h
DT —=ENEFENTND, ZTOam— NI, JIRED 1946~1969 FITHEANJEH S 4L,

Dipd &b LVAEREN - HEHEICREINTEY, 1984 FFOKD D ETONADOFRAEFE
FOBECEE GBI S LTV D, JBEMIRI S, 77 AD 23 AU THLE L (SMR: 262, 95% Cl:
207~327), 3 ADSEEMN A THIL L7z (SMR: 453, 95% CI: 93~1324), F7=, X524 A
DRIEBIR o7, Bapk, KibE, OB ICHE S 2 L3, 5 FLL LEMROE
BZEED Y | RYIOEFEND 15 FLL RS L@ O T, 19 AOMBAAFETEH
(SMR: 476, 95% Cl: 287~744) 1 L' 2 NDEWEMN ST FH D3R S 7= (Table 4.1.2.7.2.E
ZH),

Table 4.1.2.7.2.E: Falconbridge (Kristiansand, Norway) nickel refinery — average nickel exposure levels
and cancer risks in workers with 15 or more years since first exposure

Estimated airborne Duration in department
concentration
(mg/m3Ni) 2
_ Ever >5 years
g T
Department g ‘E‘_; Lung cancer |Nasal cancer b Lung cancer |Nasal cancer b
L c
'c=L'; L= E = = Obs |SMR Obs [SMR Obs [SMR Obs [SMR
o g T RIE (95% CI) (95% CI) (95% CI) (95% CI)
— j o
= Oc|hc|on
Calcining, roasting,[0.3- |5.0- (0.3  |Negl.°|14 |225 5 |- 8 |254 5 |-
smelting; neverin 13 |10.0 (122-377) (109-500)
electrolysis
Electrolysis; never |Negl.-|Negl.- |Negl.-{0.3- |30 [385 2 |- 19 |476 2 |-
in calcining, 13 (13 |13 |50 (259-549) (287-744)
roasting smelting

a From Doll et al. (1990). Estimated airborne concentrations of nickel species and mortality from or incidence of lung
cancer and nasal cancer by department.
Standardised mortality ratio (SMR) and 95% confidence interval (Cl).

b Three deaths and four incident cases.

¢ Negl., negligible exposure.
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ST O & Z 10 b B TROIEEBIGICRIT 2 KEE= » r VIREE RS E D> 72728,
KIEME=w ik, BlEanz ) A7 ORETH D LiEmST bz, 2. Zo08n
5. KM= i b B AR CIRE SN TV ERET, RIBSAORIE D 27 N8t
EWVIHREETZDFHL LG DT, I BT, EREEICE D> TW B, KbE. KB
BERRAEEICHE D > TV BB L 0 b, R ADTIEY 27 BN@EhoT- 2 LRI S iz,

F7z, BREOBIGIZOWTIE, 1FEZOEEBRGOH TEWHIBE T 5 @E IcRB 0
T, 2 FORENRANRELTEBY, ZZCTRODLNT-EOKEE= v 7L ~DIRFERIZ X
D, BIENRAORIEY 27 BN LIZE W I ELAREN TV D,

KV EFEICH &z 2 vy = — O (Andersen et al.,, 1996) TiX, 1916 F-F Tl > CTF —
S OBENRRAL LIV, TRUBEOT — 23 G o7& 28 (4,764 N) x5 & LT,
KEPE= v IV ~OUgRFER, RIb=y 7V ~OUggEE, BE B L UERICOWT, 2X
BRSO ITONIZ, Sk DL OEBIZE L T2 Lz LT, KstE=>
TR B CIREEZ U CWERETIE, IR ADORIEY 22703 3 fFICHM L7 L3R
Sz (Table 4.12.7.2.F), b=y 7L ~OEREFETIZ, U A7 OEIMARLLGED HiLizo
HIEoTce ZORWIT LT, B L = » FrVIRER ORI R S V7, LART O
E RN Bt = TV e b BEREEI 2 5 LB 2 b7 (Doll et al. 1990) , Fit
b=y 7V K DB EIE SR olz, BBEBOWRE AL & Bb= > 7 /L3 LU
b=y 7 V~DIREEIL, 1T A EHSNe S BUVNTOR D BEEIZRAE L TV,

Table 4.1.2.7.2.F: Falconbridge (Kristiansand, Norway) nickel refinery — Relative risks (RR) of lung cancer

by cumulative exposure to water-soluble nickel and nickel oxide, considering the two variables
simultaneously by a multivariable Poisson regression analysis

Variable Mean exposure Cases (n) RR 95% ClI Test for linear
[(mg/m®)*years] trend

Water-soluble nickel P <0.001

[(mg/ms)*years]:

<1 0.1 86 1.0 Referent

1-4 2.3 36 1.2 0.8-1.9

5-14 8.8 23 1.6 1.0-2.8

>15 28.9 55 3.1 2.1-4.8

Nickel oxide P=0.05

[(mg/ms)*years]:

<1 0.4 53 1.0 Referent

1-4 2.5 49 1.0 0.6-1.5

5-14 8.3 53 1.6 1.0-25

>15 44.3 45 1.5 1.0-2.2

a From Andersen et al., 1996; adjusted for smoking habits and age; workers with unknown smoking habits excluded
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(three cases of lung cancer).

DI NY = —0Oar— MIEBWT, SEBIXRH 0 T THi T (Grimsrud et al.
2002), ZOHITIE, BBk EE~ N U » 7 2 (Grimsrud et al. 2000) 23, {E & O RFE
MR RAG AT 2OICH S, BEICE L TR EZIT o IR, KM=y 7 r~o
W &S A DFIE Y A 7 & ORNCIETE A &SROSR < RS iz, R EICBR R
S, MDEATO= L0 U A7 BEINT 5 aEMEZRINT 2 Z &ITTEheroTe
(Table 4.1.2.7.2.G),

Table 4.1.2.7.2.G: Falconbridge (Kristiansand, Norway) nickel refinery — Relative risks (Odds ratio) of lung
cancer by cumulative exposure to nickel, no lagging of exposure, with adjustment for smoking, in a nested
case-control study a

Nickel exposure Odds | 95% CI | Exposed Exposed Likelihood-
ratio cases controls ratio test

N (% of all) | N (%0 of all)

Water-soluble nickel, continuous, log.. | 1.7 1.3-2.2 |204 (96%) [472(90%) |P =0.0001
transformed

Rise in OR per unit of IN(CE,.s + 1)°

Ever versus never exposed to any form | 1.5 0.6-3.5 |204 (96%) |472(90%)
of nickel

a From Grimsrud et al., (2002).
b In = the natural logarithm; CE,,., = cumulative exposure to water-soluble nickel in (mg/m®)*years

Z @ Kristiansand #FBRATIZ DWW T Rl D 3O HTHER 3G H 41TV 5 (ICNCM, Doll et al.
1990, Andersen et al. 1996, Grimsrud et al. 2002) 23, 23 AFIE U A 7 ORI JFRA & 72> T
WOKREME= VD 2 A TIIRFE S TORY, 1952 ELLETIE, Bt = > 7 /L3 £ T
botle, Wib=y L, bl & B ORG = v 7 VEMR (18%IX /b & LT, 22%I%
Wit L LCO=y 7)) B hEE -7 1952 FITEAS Nz, —J7, SEMIEESRLGIZR T S
= T NMREBED LA L, ZOEIZ L DRELZ T Red ol (Wil = > 7V ERD F
%)

Z @ Kristiansand AT D 28— b TO RN ARIEIZE T 2 Hfr O FHE R (Grimsrud et al.
2003) [ZFB W TIE, BN AUDFIEY A 7%, BREE RO FFMN 21T > TH 72 7o i -13R g ~

Uy 7 A5 T, ZIUTEDSWTHEEBLS CO B & KEE= v 7 VR = v 7L
~O RFEREE & & OBLED BT 3L TUW 5 (Grimsrud et al. 2000), #EME, #i=H, 36 &
OWfilig = » 77 VAEFEDOVERE Z B (15 LA EC, Bl RS8R, BERCERS 1T L AR 1To 72
FEF BT, FEFISEWIIE R R S 4172 (SIR: 700, 95% CI: 370~1200), Z OFEIC
BWTIL, Wil = > 7 V~DOREN = > 7VIREOERRIEETCH o1, =y 7/ E
FRISFEARTE 572 1910~1952 FORIZ, = 7 /VEM, diRH., SRR REIMEED

S T2 (15 4RLL BT RSBE. B BERLIESEIT 1 HR0) I2B WV Th, ias A D3
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JiE U A7 BIEFITHIN L T 7= (SIR: 550, 95% Cl: 300~920), i & MR E B Ll
2T, RT Y ER o2 O TR Z Eii L2 2 A, =y 7 VIRERIZ K 5%
BICHERFEDNBO bvle, HEIEEEZ, Bb=y 720 b KEE=y 71 TLY
HIEICRD BTz, Ll ZOREOHITICEBW L, OO =y 7r W X 505
WZB LTI AAT 5 Z LI ATRE Th o 72,

4.1.2.7.2.3.3 Port Colborne, A+ 4

Port Colborne D ERIERET 2 %I 5 & LIzt T\ 5, Z D5 EE X, ICNCM O
WEEIZHD INCO LD AR — FO—HAK L THBY, & LT 1950~1984 4 F TiEHN
T Tnd, 1942 FFLLFT, 2D O @E L, fg=y Lz E L Liokatt=y 7
~OWREFRZZT TNz, 1942 b id, TRICHER NI AN b, s &byl
BEMDDECD LT oTm, =7V OK 60%B3 L & LT, 40%23 g & LT
fF1E LT\ 7= (Ullmanns  Encyklopadie 1979), TEAEVEETRFT O 5 @A 1231 2 SlEn A SIE
(4 ) >V 278N, 15 FMZOEEICHEDY | B BEk, FEREEIIT 1 FRTHL
DD S TWRWIHIIE ORE T, RBBFIT RSN, 20561 AL, RH. BER. B
FEEBORBRIL 3 v ARINT, EBAREEMMIZIZ, 20 UL EOFTE LT\ e, RHL BERk.
BEfE COMRBE IRV, BEEZ T RO T D 16 FELL EOBMIEEEFE TIX, B A
DOFIE Y A7 EEINTED ST, T2bBITHIN 19 AT, Zicik>5< SMR X 88
(95% CI : 53~137) Th o7z, F£iz. TN DODOFHBHERECRIEN A % FIE LI 137
o7z (Table 41.2.72H &), SHEOKENE= v 7 /WIZ 5 FLL EIEE S i, 2 H, %W
BEREVESEIZIESE LT DAY 5 FA T - 7o BMAEHE B O/ 728 (25 N) Tik, S
IC R DT IFBE SN o T2y, Bl A _iéﬁt%#SAﬁ%éﬁ\%ﬁib%S%
WA ASE TS R R STz,
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Table 4.1.2.7.2.H: INCO (Ontario, Canada) nickel refinery facilities — average nickel exposure levels and
cancer risks in workers with 15 or more years since first exposure

Estimated airborne concentration

Duration in department

Plant, (mg/m° Ni) ®
department Ever >5 years
Period g E § e | Lung cancer |Nasal cancer® [Lung cancer |Nasal cancer b
— [&) (]
s |E |€ |5 |2 |obs|sSMR |obs|SMR  |Obs|SMR |Obs|SMR
3 12 | |5 |= (95% ClI) (95% CI) (95% CI) (95% ClI)
<3 '~ — — =
> |16 |3 |8 |°
Coniston, Negl”|0.1- |1-5 |Negl. |1-5 8 (292 0 |- 6 (492 0 |-
sinter 0.5 (126-576) (181-
1073)
Copper CIiff,
sinter
1948-54 Negl. |25-60 |15-35 |<4 40-100 |63 |307 6 3617 33 |789 4 |13146
1955-63 Negl. [5-25 |3-15 |<2  [8-40 (238-396) (1327- (543- (3576-
7885) 1109) 33654)
Port Colborne,
leaching,
calcining, sinter
1926-35 Negl. [20-40 ({1020 |<3 30-80 |72 |239 19 (7776 38 [366 15 18750
1936-45 Negl. [3-15 [2-10 |<3  [5-25 (187-302) (4681- (259-502) (10500-
12144) 30537)
1946-58 Negl. [5-25 (3-15 |<3 8-40
Port Colborne, [<0.5 |<0.2 [<0.5 |<0.3 |<1 19 |88’ 0% |- 10%¢|89 0% |-
electrolysis ® (53-137)

a From Doll et al. (1990). Estimated airborne concentrations of nickel species and mortality from lung cancer and
nasal cancer by department. Standardised mortality ratio (SMR) and 95% confidence interval (CI);
Negl., negligible exposure;

¢ Two nasal cancer deaths occurred in men with >20 years in electrolysis and only short exposure (three months and

seven months) in leaching, calcining and sintering;
d Never worked in leaching, calcining and sintering;

e Workers with >10 years in electrolysis

1930~1957 4T Port Colborne ® = %7 /UAESHPT TN TN 58135 1236 1 2 FER A= 23 AUl
B8 L. Sutherland 2 EZ1T> TE Y (1959), MiNA L RENAD Y A7 HEINDFED Hiv
7o 2 EIZOWT, REEF & BEREF COERICER L, FEFICEHECTREME= v 7 vicig
BINTW=Z & EBRDN S D LT LT % (Doll et al. 1990), & 512, Bl & RZEDS ASERG
D 12 FiHp 2 BT, BEL ST DMOEBITHRN TV Z T X TRbE T, EiE
VEZEERF T OB O 528 3~10 5= o T2, WA AACEI LTk, 22 B 4 B3, BERS
JFCOVEERBRIT D, BRI COEBEN 19~22 F£THY ., ZD 4 i 2 fi
DHRPNRGFTO 2 ERMOBHEIREEZA L T, 7220, BBRAOTHEMEIL, FicBir
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HVEEIZ L AL T A 7-OIEHENTZbDTHHID, ZbDT —H 0Bk
o fmAeEE T LT TE 20,

41.27.23.4 Harjavalta, 74 >3 2 F

ZDT 4T v ROKERETO B EE 1155 A0 95 b, S TR #E 1L, 418 ATh-o
7= (Anttila et al., 1998), Z O¥EHHATIZ. 1960 4 (CRHEI3BRAG S, DS ASEIEREFI D BB
AN 1995 FFE TITbiLz, T OREEATAN TOREIXEICHE= > 7 /W L TTH Y,
1991 FZBWTI= v ZFVRFEDOWN D 90%% (5D T2, 25 EROBERAELF A, K
BT O FBE OREIZIBWT, i AZY 6 A(SIR : 261, 95% Cl : 96~567), SR M 2
A (SIR : 4110, 95% CI : 497~1480) 58 b #17- (Table 4.1.2.7.2.1), ZHH DDA 6 f5lF
FOEIENR A 2 BliE, 20 ORI Z IR U CGEBF LRSS TV e, BT 566
APB R DB ORETIL, Wil = v 7V ~OEDOBREN A LTV, iAo SIR X
139 T, SEN TR D LIV TR,

Table 4.1.2.7.2.1: Harjavalta, Finland. Levels of cancer risks *

Exposures Duration in department and latency time
(mg/m? Ni)
Ever > 20 years latency > 5 years employment
= \2 = Lung cancer |Nasal cancer [Lung cancer |Nasal cancer |Lungcancer |Nasal cancer
[<5) o X
£ 8= |3 Obs|SIR Obs|SIR Obs|SIR Obs [SIR Obs|SIR Obs|SIR
g 6’% = (95% CI) (95% CI) (95% ClI) (95% ClI) (95% ClI) (95% CI)
n s =
a zS |°
Smelter |Estimated |0.02-0.2{15 |139 0 |- 13 |200 0 |- 8 |101 0 |-
10% (78-228) (107-342) (43-198)
Refinery |Measured|0.1-0.4 (6 |261 2 |4110 6 (338 2 |6710 3 199 2 |7520
90% (96-567) (497- (124-736) (812- (41-580) (910-
14800) 24200) 27100)

* From Anttila et al., 1998.

1960~1973 FlZiL, B, 2. BLOEMLELN, R LEMWANTITOIL TR Y, AIEE
&I%@@zy&wmé%®/ BY~OBBENET TV, L L, FHIZ. BENRAL
JAS A DFIE ) A 7 BIITREHITCRE SN TBY . £ 2 TIEEICHBE= v 7 L ~DIkiE
WAL T\, BilE= v 7V NIERZRN A DIIE Y A7 @bz BRI S 5 & flm
T,
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fth D FEERFT

Saknyn & Shabynina(1970) & Saknyn(1973) 1%, YD 4 DO = 7 )VREHBFTICEB W T, %
BE DR ASETS RN L TUh7= (SMRs: 200, 280, 380, 400) = & Z#ii LT\ 5, EIC
Wil = v 7 v b= v 7 VIR ST 2B TRTEE IS T, MBS ADOFRIEY
A7 INRFIZE o 72 (SMR: 820) &5 ST 5,

BERHO-ET

= TN o XD L GIEE E NG L LEHEOE RN, BEGOA TS, Zhbo
FAEDIZTEALIZBNT, 7B ARBICLOIREORBEREL bR, =y B X
Uit = v 7 VBT 25N EE CTh o 72, LarL, 284 NOEEOERD > & Li %t
BLLENARERIF— FREIC OV T, DX A T ORBIC L D53 BEZ1F T
WD ATREMES 72 D /N E o 7= (Pang et al. 1996), Z =k — hiE, 1945~1975 4E|Z 4]
WWHEMSH, 272 ed 3 » AR LT\ 2B @ 28 A T, SETEICEL.

1993 FDfk i FTBERAENTOILZ, ML 11 FlOHGED Hiv, FIUTEED i
DADERE 72 SMR 1Z 108 TH Y | 1AL gz émtk IBWT, WIRAARIEY A7 O
HEREIMIGRD oierodz, 7272 L, BRARIEY A7 XML Tz (8 filERD b,
SMR: 322, 95% Cl: 139~634)

Tex OMBHIRY TIL, ZOPFEIL, BRI EQIER CTEIHE= v 7 /VICIRE S 1T
Hmw T nhoXTaxtGe Lz, ME—ORETHDH, 272 L, ZORMEIZ, xfHRE L
FBE N RF 7000 N AR 720D Th o772 L WO Rt E A LT
Too EEAEDOTEEIL, BEERE L2 T o) LERBTH Y (FIE 0.86 ), =
FBRBEREOT — 2L, HBH TR,

412724 DADFEFZIZET EEER

Clydach OIEAJESH & Kristiansand D EfFE TIRROFEZ 2BV T, FidA & BIEER AL OFHY

WERNY 27 BNROENTN, FRKRDODR &b —HE LT, 26 DOIEE D HigE= >
TNNRBEINTWeZ ERNFET oD, /vy = —OFE (Andersen et al. 1996) T, M
L = T L T AT o7& 2 A, ZEERIFHHT 3 EOY AT BRI
oo 7427 ROFREITHBEN /NS o 7228, Clydach & /vy = —OFFETH LN
fER A< BT TV D, K=y bGP EERBER TH D &V D faflL, /v
U —DEFIXRFHE CH LN RICE > TR b D o7, xRAYIC, Port
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Colborne DFEHHAT CiX. BERE COMBENIRNIHBIE IS, T L BIEN DY A 7 1Y
IMIFRD BN T2k TH o7z, BEDERD > & LaxfR e L-iiL, FEN NS
WS, BEIRERIN A D ) A7 BN & 3RO 72> 1=,

FHITDH L. ICNCM OFREBRO RIS & 72> 7= 3 S OKE8FT (Clydach, Kristiansand, 35 & OY
Port Colborne) D5 @#E % G CHh D L, MHETHB= v 7 VIgE L 3T 5 M
(Clydach D =CRESRAT & # 2 #% 5 Jiii%. Falconbridge & Port Colborne M EEARIESEER) 12
Euiﬁ%bfmt%@%wﬁfd:15%@%%@W%m%btﬁﬁ~4zkﬁ%ﬁhﬁ
LT (SMR : 231, 95% CI : 166~312) L., 8 AMEWEMN A TIE (F 72X EMEMN AFIE)
(SMR >1,500) L7= Z & A fi@ S 417z (Table 4.1.2.7.2.D~E & H &),

8T 7 @E 2R — MInFns, EASMOBE G, —FISHAAN THRET 2121
RN DT, FIZIE, HNEZATETZ 4 7> RESHFNCOW X 3 » AThHL,
VW& ZATIE Clydach fE8FTICHOWTIE 5 £ TH o7z, 2FD, 74T ROak—h
Zix, L OEMMTIBEPZENTOT, ZUOLOHETIZULIXLITEWHIINA Y X7 23R
LENTWDR, BENAAIZONTIEY ZZ7E&EITIRSATHRY, UL, 5 FLL L)
WTW e GBERE 2 75 & iR AR SN2 AL 6 AD 3 A L, SIR (X
261 725 199 I L TCWB, BFELE AT 2 —DFHEIZOWTIE, 1 F L&D HEE
2l N EHE & U CRE 2T o, B @& o7 — 2 WHER RICE 2 228130
ThpbD Lo TWe, /v 7 =—0OFHA (Andersen et al. 1996 35 2 OY Grimsrud et
al.2003) D53 HTIziE, AMER & NESTE 7 OZIRERIME ST 5

T4 7Y RERSTARTOREIZBNT, FEOETR-BEFOSMYELN, SMR
SIR DRI STz, 74T 2 FOFRETIZ, FWSET H 2 koS A MER S
i, —MEMTIIIEFICENRERTHLEPEN DY A7 3HTI2iE, Hilko S BE L
DHLELTWDHZ LD, EOZRELHEHTLIONRLVEELNE SN TND

Clydach ¥&8RFT O Tix. & 400 ANy DBHZ1T 27203 »> 7, I 1930 4ELIRTIC i
@KE%éhtﬁ@%T%b\@A%ﬁ#%b&#oﬁ%ﬁﬂkb\L%K%k&oto
I ORBREIZONWTIL, EFENHER CEREO B £ TIHEBMTbhTnb, 74
YU REINT 2 —Dakr— MIOWTIL, FIEERITEHAM T TS, SHIC

Z0 2 pEICBWTIE, TRTOHIZRBAIEGID, 2 AR GRF A TH D Z &0
bhoTnD, adR— N EDABEMET — 2 ORBEM T IE, A O A GR & S HES0n
TAThN Tz, EEIZEO DIVEGIR & TREGIE S R U EREB ISV TB 0 | 1B
72 HEE IS RIRE T d o 72,

Roberts et al. (1989) 1%, W F ¥ D ar— FOBHHAIZ SOV THEE L Cub, Port Colborne
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OHWFICE LTI, BIEAR TRROAEFRIA, 38— MOEENT 4287 AOHER
FHDHH 1820 A (42%) 53T OV TRIFEL TV, LaL, ICNCM OFFFEIZHT 5957 T
1. AR IR 72 B T 2 OIBE S . B OB 0% 0 F TIEAEFE L T
LRELTWS, TOFHEICLD L, FHECERISERIC RS DL, EEOECEK
DEBRNMENZ L LOFET, KT X5 SMR 2AEH SN D ATHEMED B 5,

Port Colborne Ti&, § CTOEFERERN 5 FKIM CEMAFEICRMNC DIV #b o> TWizgr
BEIZBNT, BPENRADOY AT NELS RS Z ENRIIL, FMBAD Y X7 Hnn
TR ENT, S5, [BHEOKEE=y 7 V~OBGEEZ T 1 7 V—7128 L, Efif
EEICREIIC DI Vb o TWe B @HE DY 7 7 —7Tlix, MDDV A7 BN R
Eniz, LnrL, Zhoo5@E X428, Port Colborne Theh U A7 OFWEL & LR
MESNTWD, 2, BERL, BERE OVEREEM T (5 FRN Tldd 2 03 IREE A 1T Tz,
Z D7z, Port Colborne D7 —# % b L ZHEE 7= D ima B E HT OIXREETH 5,

23 A B 2 SR A CHMLEE RS SN NG ST, NHEEMEDOBERNFET D 2 ERE0N,

FERRFT CORERMN S Bt ORI O D OFELTHIZ Y A7 OBMIC— B3R
Ende, B @E &k U, SRR OB O J REER N E WD & AR AL
TF LA Eho7=, Andersen et al.(1996) (2 K D4 Cld, BUET — & LIR@EEOHETE
EEHDTHNMPITON TN D, ZOWETIE, WEE=y 7 (FITiE= v 7 L) IR
L7ZAERIBREY 27 R &7, Andersen et al. (1996) OFHAICIX, WS #E L /v
U= —DO—fREF O T 1960 FROFE TEIEEE D & - 7o NEHNEAREH O Bk & %
MABDEE I V=T IZONTO, MIBAREBRLOSTNEEZN T\, =y 7 ~d

R IT, BRI FEMRIEH W ISRV, YA BN S LW, 2D ORI

T@JxﬂgnﬁE(Grlmsrud et al. 2002) DFERIZ L > TEMFT LN TWD, T OFERIRFHA T
X, BERBREICB W CHEEMICHNE Sz, D0 EEEOR = v ZOVBEICE SN T,

%%V&»ﬂﬁﬁéﬂfﬁ@ MUEDEBIZONT S LD BB EINTWD, F2,
IS TS BA G- LT\ D & T ALY & 5705, TRERBEO TP ONCEHEETHD
(Doll 1996), = 7 /WAESFT OFARE R 1T, BEO BT THT 5 Z LITTE R0,

= MR OMEBNORE D AMEREEIL, = v 7 VESIT S EE O 2k — N 0% < BNRA
@%ﬁifwt:&ﬁ%f&&ofwé Ll WilE= v 7V OFmBE L TiE, it
= IV I VRBEOBBRIETH D=0, FRCBEEMEO S WY T I — T 0 F
T2, 20770 —7RNIZBWTH, Blbk=yr L, =y &R, B0 k=
o I HRE ST ATREVE D & 5 558 SN T8, D ~DIREE L~ — R A9 ITAE A
oto%m%/#w%mm%y#wm@& ZIEE MK F N D ~OBRBEHM b EVBAIE
DAMFERZ SNDERMEIT, M=y 7V EVET DT Ry L Ebh
Do
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R DIEBTCBIT D R 2 co= v I VREOREE AR LI 25 2 &, %
BN &> THIEE N a b 8m £ TR  TH O, 4R, BoEZERI LTV, 1k
TR B> Th, LER, YRR, BIOMENRFTIRESERDZ ZENE X
HIv, DD, ALK DO K& X7 Y| BBEORHEICKRE2EN L5 EN 5D,
L7=mMo T, HHIBREREN —E L TW L —TWNICBIT 2R NA Y 27 & FEXH
BRREFEIZEDZbDTH> THRRCRBRERICL - TT =220 L, Goh/- &
FOGBAFRD AR & & BITRTHN, = v I /VIREOMESHMED IEF ISR HED & 72 2 B AEGHT
FIZHOWTOlKREY &, EHICET S, #RPDND T E T, £ 95 LIETEREDIRTE O
AR (EMNELIEENER) L2000, BREON, ERIEFFAEORZIC
KDLl I THBH IR NITOWNTARIEN I NEITERD N, BFEIZOV
THOLNRERNZEROH D AR — METHEBTRICY 27 2T 5 2 i3, BIRENC
LEER D,

Grimsrud et al.(2000) 23T > 7 BEEEEREROPFEIZLD ., /v = —DHEHTT TOR= v 7L
B ICNCM OFFEIZHT 5 THIRE LY b 2RNIEN o7 2 LB REN TV
(Doll et al. 1990), Table 4.1.2.7.2.3 1%, & ABINREFE EHIEME D L U @IER 20T IS < &
N = —DOEMEERMICKT 5=y FVIRRREMIS 25 2 2R LTWD, Eif
VESEI P COKIRME= v 7 VBB, $AD X I TR = TV DY 7 N AT
T. 0.3~1.3 mg/m® 7> 5% 0.1 mg/m* 12D LT\ %, KEEME= w7 /b~ BRI R )3 ik
EECH o @E L, ZREF LKL, MAADOY 273 3 EFHTHDL Z &0,
Andersen et al.(1996) DM B FHITE TWA A, U A7 NS KEtE= v 7 1o
WEEIL, DAANZE X DN TWIE D ko7 ) Z L2725, Grimsrud OIE it R
BT, KEME= Y TV~ OUREBRIEN A ) AT IR BAKAFIE D B A 7= 2 L Vi
ST,

FIEEDBEMEN 7 4 T 0 ROPFHETHRD NN, B F XD ak— MIOWTIEZED
X9 I A STV,

Table 4.1.2.7.2.J: Details of concentration of total nickel and soluble nickel in air in selected nickel
refineries and departments

Refinery Reference Time Measurements Typical | Typical
period level of |level of

total soluble
nickel nickel
(mg/m’) | (mg/m?)

Clydach, ICNCM 1902-1930 | Virtually no measurements |2 0.7-2

hydrometallurgy area, | (Doll et al.,

NiSO4and CuSOa4 1990)
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Kristiansand, Copper | ICNCM 1946-1984 | Stationary and personal 0.3-1.6 (0.3-1.3
tank house, (Doll et al., measurements as basis for
electrowinning 1990) expert estimates (ranges)
Grimsrud et 1945-1977 |Personal measurements and|0.13 0.10
al., 2000 speciation analyses from the
1990s
Kristiansand, Copper | ICNCM 1946-1984 | Stationary and personal 0.6-5.6 |0-1.3
leach (Doll et al., measurements as basis for
1990) expert estimates (ranges)
Grimsrud et 1945-1977 |Personal measurements and|0.87-1.47 | 0.43-0.72
al., 2000 speciation analyses from the
1990s
Outokumpu, Nickel |Kiilunenetal., |1979-1981 | Personal measurements and |0.16-0.23 | 0.14-0.18
tank house, 1997a speciation analyses
electrowinning
Kristiansand, Nickel |ICNCM 1946-1984 | Stationary and personal 0.3-1.9 (0.3-1.3
tank house, (Doll et al., measurements as basis for
electrorefining 1990) expert estimates (ranges)
Grimsrud et 1945-1977 |Personal measurements, 0.12 0.10
al., 2000 speciation analyses from the
1990s
Kristiansand, Copper | ICNCM 1946-1984 | Stationary and personal 0.9-3.9 (0.3-1.3
cementation etc. (Doll et al., measurements as basis for
1990) expert estimates (ranges)
Grimsrud et al. | 1945-1977 | Personal measurements, 0.18-1.16 | 0.14-0.52*
2000 speciation analyses from the
1990s
Port Colborne, Nickel | ICNCM 1950-1984 | Stationary and personal less than | less than
tank house, (Doll et al., measurements 0.5 0.15
electrorefining 1990)
Monchegorsk, Nickel | Thomassen et |1990s Personal measurements with | 0.05-0.3 |0.04-0.3
tank house, al., 1999 speciation analysis
electrorefining

* In the Copper cementation department the air concentration of metallic nickel was taken to be equally high
as the level of water-soluble nickel

J IV = —OREBET O ERREET P T,
LCHEEL W EHEESN TV D, 1956 “FLLAIL
DA A7 DPHER STz, F DM

Grimsrud et al. (2000) (Z
MALFRE L L CHER ST R TO= vy 7 LOEIE

ZEZ D= LD 80%LL ENFIIEMEDIERE &
CHRER SN EE IRV T, S
1%, BRI KA IIEBE = L Th o7,

CEOERENTRE~ N v 7 AT, VT = — OB TKIE
. ZERFPOKEE= Y F AN T LD

BEEEDNTOWZRARFHIHM & Z o, BEESMIZE VT, 10%2L EEHEE STV D,
L, I bHOHEEX, Warner (1984) & Thomassen et al.(1999) D FL#ZBHET D H DT,
F 2. ERHNTIEE NULARTIZZAZE S HU TV 72 Andersen et al. (1998) OFFASFE RIS N G
DThoT, KibE & REHIEREIM CHER S NIKEME= v 7 vid, EICHiiE= > 7 /LT,
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HRCHERE Oh RSB OB O i FREZe 8T, BAKEBUEEIMMICIT A E L RS0
BETHEL T\, ZHDOMEE, BRECHEBEEETMICENTTYH, BAFAEICH
W= 7 VN EEREREZ R L TCWAZ L2 REB LTS,

Shannon et al. (1991) DFHE TIX. = v 7 IO & FEHW (= > F) DAEPEIZHEE L TV
T2 A (RN T, g = v 7V~ OIRERIE, 2, 3 OIEEIM CGEAJFBHEE R & O
R ERIL LB SERR) CLEZ RN EB 2 b TV, LarL, M=y T+ 57
D~y b EZIT AN D RS (Kristiansand, Norway) Tld, AKH 722 WLER O Fl O F5 21 1 A
L. Bt & Vo e EEDOHMICBIT 2 EKHP D=y 7 vd 5 b 12%H KB
FEDIETIEMET D &% 2 b= (Grimsrud & al. 2000), L ¥EEFAT O (Doll & al., 1990,
Grimsrud & al. 2000, Thomassen et al. 1999) (Z}&-3< & | Hifb= v 7 L@t = v 7 ViZis
SN DBERAEEDOTMICIHNT S, il = vy FADBENRT L EEZEZX BN, LIchi-> T,
WEEMENANBI S SN2 &iF, FGEHLE LTEFVH OO, Z 2 Thhif= > 7 /LH
MERTE, MO REE=y FVERELE OMBBETR EBEE L TWDHEEZD I ENTE D,

412725 DA BZIZE T EE#

T TOFMERGICIE, 4 y[ENDD T oD ak— MEENGEND, FON 6T 4 »
D=y r VIR OT — 2 IZHESE, 1 FlE=y 7 VERD > E LOT —Z TSN T
W5, IBHIT, ENDLDO=y TEHFTO 9B, 1 POV T OEF RGH A b x4 &
T2, THHOFEIL, FiEE= > 7/ ~OUREEIZEE L7 ilins A & BIED A DOITERIFIE
U AZIZET 2EFRREHLZ 1R LT D, = T VBT OV TOT X TOFRAITIL,
=y VBB EOWENGENTEBY, /vy =—0 2 OREICIIMET —Z BN EEh
TWa,

FNODOREEFTON 1 5 FTICOWTIE, BREEOHEEMEIXIZE I EEROREMEIZHEDS N
T2\ (Clydach) . #8 = 7 /LD E SHIE &8 ABIRIE DR G DI E SV HEEME b &
v (Kristiansand, Port Colborne, Harjavalta) . = D354, i HASHFEMEI B O OLIE A BIEE D
T2 ThD, 12121, 1970 FLIETOM ARG D 7 — Z 13y, 1970 4ELLRTIZDOWT
T, 1 FE A EOHEEMED . BIHEREE TORBRLCIALBE TRICE T 2 ik DV T %,
[FERIZ. FFED T N—T D= 7 AbE (@R, BEb. b, 3 KOKEME= v 7o) oF
AlE, FICLETRIZBWDTRD DN EOME A L TWD S Sz, /v D
= —@ 27— b (Kristiansand) & x4 & U7 EGIRHRFEA L. Z2HO@EARIME T — 2 125
SBSNTWND, ZHHDOEARRET — 2 1L, —HITHBNADRERIENR B 5 & 3Bk S L7 /E
EHM TGS TWD, KiatE=y 7 VOEIGIZET 287727 — Z1%, 1990 HFRDK
BETOME S =7 0y LOSnbEE ST,
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VARTE, FBPTICR T D= v 7 ~DOIEEIT, FITEMIESEE & U sE R
THED LB, ZOBDOSHT T, EEECBEROIEREHM T HEHA TERWVR
ETOBRBENELTNDLZ RSN, B FHH LT 00T ROBMRIEETMIZEBT
DIKEEIE= v 7 L ~DOBRFEILE 1T, #HTRSATEY, =y 4L e LT 0.1~04 mg/m’
DT o7l /T =—OREBFTD 1978 FLARTOKEME= v 7 VIREEIE. ICNCM (2 &
D, EIZ03~13 mgm’ DETH o= EHEE SN TVDEN, LV EEOHEEIZ LE, 01
~0.7 mgim* O Th-T-EEZBND, 7 =—/LXDEHATIC OV T, BAkE#E I
BT BAKEME= v 7 VRIS DT E - 72 (0.7~20 mgim®) L E 2 b D, v 7 Ok
BT O W T ORI OFA T, BREEEIFNC T 2KEME= v 7 /VIREEDY 0.04~0.3
mg/im® T o722 L DR EH, TAUL 1978 ELLRTDO A F 20 ) V7 = —D = v /7 VEMRE
M COMEE RS ThHo T2,

TV A JINTz—, T4 T RO 3 pFOREHITT R TUTEBNT, Wi A & S
ﬁh@ﬁ%ﬁL%Uxaﬁﬁ%éhto:@ﬁ%Uxﬁﬁ\m@ﬁ:yﬁw«®%%K%
BLTEY, BEHMICKEFEL W, To—L XL LT 2— |20 TIE, KM=
5”“@ﬁﬁ%%%ik\%ﬁhuxﬂﬁ%%ﬁﬁﬁbfwﬁoé%ﬁ\/W7I~@%
H D 2 EDOFHA (Andersen et al. 1996 35 X O Grimsrud et al. 2002) Tl W2 & #imrt= v 4

VB L T L2 AIS, KiEE= o 7 L ~D BREIRFEEN K b E WS EH 2BV T,
3~4 FED Y AT PIRS Tz, BEEENPAOEEMLIX, O akr— FMAERIZBWTiThbh
T AH AR E CTHBEICHE SR S iz, I F OBEMEHFTIC OV TOREBRIL, o
3 K HTORESFTOFEAERO L 5 I TIX e < KEME= » 7V ~OIgERIZ X 5 Hfin
ARBIEN /DY A7 N RET D55V EHLZ e R T 5 DA TH o7,

AFZE I NT = —DORHETO = v 7 VBB TlX, ThTh 1942 4 & 1952 4£LU
FRICHiRE = > 7 &b = v 7V ~DIREEENAE T D X 512 o722, 1926 4L 1910
LI, ZOEMICBIT D KE = v 7V ~DOBREIL, EICHBR= >y 7 VLD b0 TH
ST JIVT = —OREHFTIZOWTIL, WilE= > 7V IMEB KM= v T VIBRETE o T2
BB ADY A7 DB@inole 2 & & iRE7R5E03 8 %, Clydach & Harjavalta O F58#
FHZBWTEH, DAICEE L72KEE=y 7 v D2 4 7, Hilk=y 7L Tholo & X
bND, ZHOOEHFTTIE, Hilb=y Z LRI (3 b TR ETOM
HiZo) -0 Th b,

BRO-E LaRGE LR EORETIE, BHEEWOIBEN/E LN TWDEIN, bk
NHFEIZOWNWT LRGN TE LT, BET — X L0, HilR2ERITIEE A SR
IREN TV,
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41.2.7.2.6 DA BEZEIZE T BH#EH

I TTo BT — T AFHMmIC L 0, FIRNAREENRAL L =y VIEETICE
w(@%f“éiﬁﬁ%%:V#Wm@%%&_%lﬁ%Lﬁ#%é EMEFEES NI,
R K O BE DRI CTRAE Lim= v FVIRERICB W T, M= v 7 L OEIE 03 ik
BErolzZ b, 2O OEEBIGICBWTE XY, M=y ZABRENRALY AT %
ED DRI/ V155 T & DR S LT,

4.1.2.7.3 HRAEICEET 52K 74 ST
41.2.7.3.1 BE

Wifb=> 7 VA EZ IO D 3 »FTD= v 7 /UGS (JEE T = — /L XD Clydach &8,
J V7 = — Kristiansand #5838 AT. 38 L7 1 > T > R D Harjavalta (2 & 2 K8FT) (22T
ITONTEFHREN D | Hkx REOREE= v 7 MEEMDOFIEb ST b DD, I
ittt = 7 WAZIRER ST W BF 2B W T BN ASRCEIENRAD U 27 BNEIMLT-Z
EDEE STz, 1) 4 D Port Colborne F&8RT D EMAFZE T 120 T, PR
LHiEE = > VA~ OIREE & OBEMEIT, B TIE R0 o7,

Clydach Ti%, Wias A & BPEN AT K DI Y A7 OIS, WilkE= > 7 /VSgERIZ 1T
D=y rVOBBIRIBIECH o T2, ﬁﬁ%ﬁ%ﬁf@<ﬁ@%_mw%ﬂtom =7
JLSDOIEFET, tMOEETM ORI TEY, T—¥ %7 n A EH LA, Bb=
T NRL = T VI EE DIRFEZ % 1T T2 EFE BN T, BDADOU A ZIZE L,
HE-FOCBEBRPAROONL Z NG S, X A 7D = r WV ~DIREEICET 5
P, FIIMOEm Y R 7 REM TOERICET DB Z T o RS TH. HE-X
ISR R STz, BB EORET —ZIIFE LRV, & A7 PBERENO 726
SNT=Z LI LT ST en o7, 5 FLU L, EITHBE= v 7 VITEE I TV
= v VBT O S BEREC BT, MiAA DU 27 NEENRT — 20 b Pl S iz
LV 3 fEmnotz, Hlb=y it AETRICBWTHER ST\ otz BE
WL TOFEILTE ooy, ZORNBAD Y A7 BEINE, BJE & 5 A K - TRl
HTHICIEHEVICHLRETELLD TH -T2, RUBICBITDEENADY 271
RN W T TSNS REED 100 5L EEHE S TWD, %H#A@JX7
WEENE DR DT M LT Ty,

Kristiansand ¥ Tix. 1910~1952 £, EBMIEETMICB W TIL., Wilig= v 7L~
DIEBEN LB H > T2, /LT = —OREET O E SERICBIT AR ADY 271X, 7
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Nz —ENORBRLE LT, 3 FICEF L TWe, ak— MR TIE, 8ERALO
YA, —BREMICPEINDREED 18 5T, FIT 1952 HFLIFTZEH S iz 57 iE
(229 LTee o bivlc, ME-OSBEHRICE L Tid, EMEESMICT LT
HARNCEEB U TR A U A7 B3I L7 2 E R STz, iR ARBRERT —2 b i
D U A7 B REREORBERE @) &g LT, EMEETBEN LV &SN X7 52 f
T 5 ZEMPRBI NIz, 1945 FELFTCHID CTREA SN 5@hE 1L, TO%RICEMR Sz
BE LY bEmWNY 272G L TW5 EBbii, 1952 FLHRTOWIRIZEET 5 2o OfE R
X, WAD Y AT LHifR= > 7/ ~OIggE L OBEMEIZ OV T, SREZRRELZ #8728 LTV

Wil = FVICRE S N7 —Z TIERWVR, BRECHFLNZEBNT —21X, Znb
DHRZ BT TV D,

1952 4, EIRIEEBM OV O TLROEENH Y | fitlk= v 7 /LD 80% 13 k="
WCEEHZ b, TTH 1952 025 1970 ERUICH T TR Sz @& 2T,
1952 FLARMZJEH S 729782 L RREOMIA A U 27 O ERABHER ST\ D, BlRoHT
TIiL, P, B (WERREROA ) | B L O b= 7L~ BRI ISR L TR AT
ST TAH K=y (= 7 e ib=y 7)) ~O RIEGEE R L s L
MIC, AE-RISERARD bz, [ am— MTOWTHEM S 7z il O5EG] % R
BT, 4 DO=v T LFFEA~OBTERBEERD - RBE~ N v 7 ANLEBE S,
E 2 NDOEEEREFIC R 2B ENEE A2 EA L T, HEBLOZT v Y Lo ksl
INTIZFE S WA Th T b, Bl A & KB E= w7 v & O E-IOSBEBRIZ oW
TOLRIO RN, Z O CHMEGR I, O T, WS (EISEE) B L <E
WA T, KBNS D = v 7 MEEREA~OREICE T 2% LT,

Harjavalta O ¥58HFF T 6. Clydach <° Kristiansand ¢ 2 -S> OFE#FT & FIfkIZ, wiflb= > 7L
FEFRA B o TUie, S A & BER A D U A 7 BEIIE, m&%/&»#imm@m%
FECToh o LMBREICWETBER Tt SN, MEO=y 7L ~DIRERIZT OV T,
F RN DD, ZOMBRAY AT SR TIEL, BB A7) 2 &N T
XMoo l, DADEGEBENDholcZ bbb, HE-ISERIIME S LT
720N,

Port Colborne ¥&8FT DO EMIEET @A 1L, 1942 FFF TEITHIIE = v 7 /VICHREE I, [FE
u%imﬁ~y&wkﬁm:y&w®/ ARETREEZIT TN, 2L, ZORCBIT A
WEED AN L DT OFRRN %, Wilig= v 7 /L ~DOIREEE 1T uié&'@’—é\_k X T&E o
776

BRRICER LT T — 2%, At = 7k & (il = > 7V 7a &) ~DOigiE L&
Lip bl 3 ODRx DAk — MIBITHMERIENA Y A7 8INE O, FHEERENR
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B ONRBEMNER S D Z & ZFEH LTV 5,

4.1.2.7.3.2 By

Wilie = > 7 VKT & W T BRI AGRER DS, HEtED T v h &~ D R 2B W T Thh T
W5, BREERE L IREEOEN) & O TSGR AR O AT o7& 2 A, =y 7 Lk
M EDHEDAMITIRD DN o Tz, mWAEEEDOZD, k= v 7V TERIND
RER=v VAR, L THEEORW=y U EAm RO HEIZEZ T 20
ST, =/ E LT 011 mgim® O THRMb= v 7 /UZ 2 5T v N &g L7k
TIEHBHEE VI BRERBB OO L, =7/ E LT 011 mg/m® OFF U E Chiik=
o VR FN R LR it B WO RSSO,

Wit = v 7r A OfAERGIZE L TR, 2 ot Wwikike | 1 4D OECD 7 A M A KA
v 451 ICHEHL L CHEUNCAT DRI OW T, fRITRETH - 7-, e, Fue—
H—VERZR~TZ 3 FOROEGRBROER1RH Y | MENBIIAMRH T2, T et
— 2 —VER &R D RERNE LI, OKEE= v ZFUALAEY TR ENTERERN RS
iz, MoOEERBIZE L TX, 7 v MIBWT, BENESRENAIEEE S EE 27
ZEDIREN, AW Ly FEHOIAATESGAICH B DRREOREN AIEENHRE S
TWD (HEEDOHR), —F, M=y 7V OKMYRLEARY %2 T~ MTHRNE S L 75k
DIERNB ML TVDER, ERIZEETH -7,

EIBRDS AATIEREEE (IARC) DIESERIRIE. = v T AR EICR DA H 5 Z & 27§73k
HITHOTNTHD LfFmOT TV D, FrIChiiR= v 7 VOB 2 BRI IR > TR
LTt BPAMEOR bRERTZ ZEHLE, T v MTEBERAER LIZSEI88o o hTn
Do TOREDNEBIIHAONTH T2, ZTORERIIL, & MBI 23D AR
ERFEED 22, T OERENE GEBRIT 1990 FFD b DT, Ei LY % T HEE S Lo hiE
=y TV ORAGRBRCH AN GHER T, BIEL WV O RRPF LTV D,

¥R TOER TR SN EE ML, b D TORENTZEBMEE W O EZRAHEDR R L.
NTP O AGRER CRENTZEME W I FER L OBOEEZL & ORI 2 M BEE L T
I/\%)o

NTP O AGRERIL, Bk, EREEN: & REEICBE T 2 B ¥Z B4 (CSTEE, 2001) 123\ T,
ZERORERKIGYICET 2 3N > THF#E S 7z, CSTEE &, INTP OiERIC
BWTHIRE= v 7V ANKFMNC RN AMENRD G o Toinb &S - T, KiEE= v 7
AT FED AMED FTREMEIS RN L FFHLSIT 5 2 L IZ TE RV, = v Z VDI AR,
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EHEME E LTO=y A F 0 ORI MENIEE KT L, Lo Thkx o=
FNALZEFE ORI N AR, 2005 DAL O AW 2R R| I RE & it A f &I BEE 5
EEZOND, | LR,

Sanner and Dybing I, LV @mEBECTRBRIN WD, flg= v 7 VIR NAMEE R LT
7259 L) RfiR% = L (Appendix 7.5 Z2H1) | ZAUZ DWW T Oigm» B ST\ D,

NiPERA [, XV ERETRBRINTWEHETH, wilg= v 7 ANKmIE, £ BIK
T TIERD AN Z RE RN -T2725 9 £ 9 B0 BfR %221 LT\ % (Appendix 7.6 £
), 7y he~xuxTiTbhivic NTP OWAGRERIL, Wil = v 7 /L IRKF)~DIEREE )
Z v b & T ANTRIEOBMEIE & WV o o MR SR A DI S E TR B D Z L & B
MR LTV D, BHERIEZ S & 23 DL EORE CHilg = v 7 /LSRRI I8 PET, ARG
waInsd e, b=y, FEOCRIL=y N, ZNaDfily & ORI AWE
GEBIR ) ~FIRRE SN2 E . BBAMERRE D AR H D, Z O RAFIL,
& DPEFHIFRAE O R & —F L T\ 5 (NIPERA, 2002),

KM= F T L DRNANER O A = X A, 52RICIEMRE ST, BAELISk
W2, DADRAEZTERE, RETEXDKEMN = r VI K B8 EDIER N ® 2 AlREMEN &
ZDO

4.1.2.7.3.3 1EBREFIZE T & &5

= T NVOFEBINERIE, Z<ORBRICBWTRF SN TE e, ERDIE, KEE= Y
TNE, A =vz—4—1EHIV b LAV e — 42— 1EHEFT LI LN REINTE
0. KEME= Yy FOVIZEER P ADE TIERWATREER S 5 LIRE S TE e, L,
AR W TIL, BRAEREF 23T 2 Z 21X TERY, EDRAFERETICE L.
Bz BT VRBR STV DR, BRI CTIISERZ2MEIICIEE > TV e, NIiPERA (2
LBELRET LONL DA, Appendix 7.7 (28R LTz,

412734 Vet

TR, M=y a2l 73 —1: b M THAENPAEDRROLND | L HE
TEHDOICTRRBRANPELNTND, ZHEOMRHLIT, 2004 4E 4 A, FiE LIZHME S
N—=TDOERFHETLEa2—INTWD, BEHEMRITNV—T1F, wilg=y 7V eiift=v 7
JZDNWT, B MR L TERPAMEEZRTE (DT 2 —1 ORBAMWE) & Hipd <
XTHDLEDORMCELTVD, BoNT—XiE, ZNOOME~DE FOIREEE & ifin
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ADIEA L DREBUREMENLT 2D+ Th D ST, ZOftima FFd 5 REil
D, TN ADT =2 L0 B, BERAICET 2T — 205551 TVW 5 (European
Commission 2004) .

N ANCB L CZ o a8 IChioo TR, EFET —F 0N, Kett=y 7 vibaEw
2B IT 2RRRE-SOSBEREZ R L T0D EORFERELNTWD, £, B FHA
REHEMME O T — & 2RI L T ZRENEERNCA TS, BRIC—EER D
HERBDOOIL, IHIZ, BB EDOIEFIZEVEEMENE ST — X DD FiA D & A7
ST, AERNRE Z LIMEEBRGOESEI PRI ND Lo IZh->TkY | BEED
HEN L VN2> TS Z e, £ L TKEMmE DO TRENNE SN TNDZ Enb,
BFoNI A OEFEMEILR ELTWD, NatE=y 7 b E Y~ DO IR EEOME 72 & D A8
G F~DOAN 372 TR famEHIZER U, FEEOKERZGH T DT DI
KL TWD EvD Z Lid7ev (European Commission 2004)

W= 7 ANt MIRENAMEEZ RS Z IOV THIERIFELAE STV DA, A
PEDIIRNE WS FEHLE | OECD 7 A M A RT A > 451 |ZHEHL L TIT oL ichifg = v 7 v
DT v b ~OFE N EHFRBR T/RENTWD (CRL, 2005), EBTEICEHL CTHELNATWET
— XX, EREMICBIT OBy TV OREPAEEZFHMET A, T ED, 2L,
W= 7 Va2 RO L THRBAMEITRD il & BREEEICRN ADEK
BRIT N EB X DN LU RN FAET D,

W= v 7 Vid, WAL ORIEIC L 585 TIIRDAM OB &N 72 <, TC C&L X, #i
= rVZlhT a3 —1 ORNAUMEDE: RIOEAICL Y BAZE|IERITBENLD
D) NCHETHZLICAELTND S,

4.1.2.8 4EEH
4.1.2.8.1 a5
4.1.2.8.1.1 LIBEEINDEE

Wistar 7 v bk Z2 7z =T BR 2 520 < 41T D . Ambrose et al. (1976) (2 K 0 i
WZHE SN TW5D, SHMERE 30 ILT D DBEAL T » MT, M=y 7Lk E, =
v & LT 0, 250, 500, 1,000 ppm DIEEET 11 FHEFREH G Uiz, SBEOME 20 PC%

8 /BT, 530 K ATP OB E | ORBHFEICE TN TV,

119/132



EURAR: NICKEL SULPHATE

B[R —REN O#E & 2Rl S B 72, R 7 AT, ZThaifiz#z TiR% T 3 [lfT-
7o ZEBCICHE U 7o, IEIRGIEL, AAAH T PEGIRFs L OERERIER. 4% 1. 5. 21 H

U DA, BEO—EX 720 OFEM OBEFLIFRIAE 2508k L7z, Fla OATF(T
ITBEFLEEIC B L CHlfR L=, #(Po) 7 v M, Flb HREED 0, HORE S H 7,
Flb 35 J O F2b HARDAZEE, BIHAR &[RRI FEhE L 72 (B FE 17~20 PLA 2RI L 7o),
F3b DEEFLT » N (BHEMERE 10 PT90) 121X, FEMZ2 R B RO A 4 Ji L 7=, 1BEE
DT — X OWE TR\, BEEIIKENRHEE T LrbN B, SLI @ —HEAREER
Tl MM 25~28 g/ A, MEDS 18~20 g/ H DEIRIZ R L T\ 5, Tk v F¥kE% 350

. TBfIE% 18~28 g/lL/H L A7pd b KRENRIBEZEREIT, => 7L e LTO0, 13~20,
%~m\&~%nwmfﬁﬁﬁk%ﬁéhﬁwF077F@¢Eﬁ\%W%ﬁfbfﬁmﬁ
MU, FHTHETIE 13%., HETIE 8%DB At ShTna, ZiEFRIE, Fla Tl
250 35 & 081000 ppm AT, F2b HHAXTiE 1000 ppm BET & DO 0NAE T L7z GFBREED 70~
79%& K 60%), Ll #MEHFRICH ERZAZTIE AR o7, Flb, F2a, F3a, B &
O F3b AT, AR CRELZ I -8MOZREL, SBREOEEFEKETH- 7, R
BROFEFRIIEDS & HERERETI~D 2RI T 5 NOAEL (X 1000 ppm(= 7 /L& LT 52
~80 mg/kg KE/A) & b b M, MET —Z ™D 7o, 2O NOAEL IZIEAHESENE
WEbILD,

Sprague-Dawley 7 v k&, #Rikd —HREERO TiakBr & LT, —#H &3 ek
DI S TS (SLI 2000a) . HEfE 8 PL9™ > DRI, Fithg = > 7 /LKA AY 0, 10, 20,
30, 50, 75 mg/kg IAEE/H O & TR O &G Sz, B5I3ERA O 2 EFFTH» 5 %
i Sz, FLR~oFE%, HE% 21 Aot sz, 2o OHETIX, FO 04
3, (REEMME, RIRFIRITR. X OVEMEN~OREBIIERO Lo o7, Lol
BEEOEDE N DI, IS DORERICHESE, 75 mgkg (AE/H (=v 7L e LT
16.8 mg/kg IR/ H) Z B O A M 22y NOAEL & L CHENLT 5 Z S IXTE 72,

OECD 7 A b A KT A 2 416 (ZHEHL L T, 1999 4F 1 A 23k X v 7z AR A5 BR ik
Sprague-Dawley 7 > M, Wilit= v 7 VK45, 1, 2.5, 5.0, 10 mg/kg ARE/H O &
TR A G- S 472 (SLI 2000b), i (FO) AR DEMIL, ZOMEMICK G 22T, £D
BN, 27 &b 1 RIOW RS, £ 723 Eo 7RG NAE EN T,
AFERE ). KE- OB FEIE A MIF K OMERRI &5®%@iﬁ%ﬂ@#okoik\ﬁ
T OAEFRERER~ORBLED LRI T2, . B 5B U 7 e A
ﬁm%w%Mf\Hm\é%ﬁﬁk;@@@”ﬁmr@ﬁﬁ%mﬁﬁf% B 50 EL

KON oT, ZORBRIT, EOUICERIN, ENEL S THL20, RamHREICE

WThH, FO BV DR DFMEORBEL RSN o722 &b, 5 HEDORE T OECD
TARTA RTA L E2WHIZL TR, TORD, ZORBROFERNL I, WHik= > 7L
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73 10 mg/kg RE/H (= v 77L& LT 2.2 mg/kg fREE/H) O NOAEL £V & EWAHEIZBWT
AEFHRE TR B RAT T RIREMEICBI LT, fiama 8 Z & IXTE R,

Waltschewa et al. DB Tlix, HET ~ b2y, = v AL LT 5.6 mglkg &/ H OFfE =~ /7
V(25 mg/kg (RE/H) % 4 » AR OEG- S, T OBRBIEMOME L & b 24 B —
[Z AU 5 7= (Waltschewa et al. 1972, UK HSE 1987 X Y 51H), #HR L= %k, i IaE
DO/ & [FJESET2METIT 3/10 B2 72hy, = v 7 /VIZIREE S o & [FlE S 71Tl
0/10 L7257z, M BB LEHEME L HE SN TWDHTod, ZORBRTIE, #Z v b
DT E SRR = > 7V DB 2 2 e v RetE S R S iz, LOAEL Z=v e L
T 5.6 mg/kg {AEE/H T, NOAEL (3 S 7o Tz,

¥ AR = v (= b LT 28 molkg (RESH) BN 0ES L7CRUIBRT,
5 5 A% R OG0 B v/~ (Sobti & Gill 1989)

il = (= 7 E LT 16 mgim)ic, 7 v e~ 2%, 16 AOHIMD I ©
12 A, 1 B 6 RRMEEE Lo ABRBRCIlL, BREMENE U Z EngEIh T
% (Benson et al. 1988, RTI 1995 LV 5|[H), F#HF L, TORBEREIT, =y L HE
BB I b BZ O EBRICLHI LD THSD &R LTV 5 (Benson et al. 1987), =
ORERIL, Dunnick et al. B3 HE L TV AR CTOMAEEZHET 2V MADO—HELT b
DTHoT-(LLTHHR),

Sy b~ A&, =v/A Ll LT 0.02~0.45 mg/m® OILEE DR = v 7 L ASKFIIC,
1H 6 Mfil, 5 BOMET 13 AHEE L= T, BToliE, % 5 QNSImEE,
B X OMEMIEZ AT A ~0R BT822 S L7e - 7= (Dunnick et al. 1989, NTP 1996a), ME#Z(Z
B L 72 SE RO T <, REHINE~DOREN DT MIH LT,

6.2 mg/kg (RE/H OilE= > 7% F v  (3~5 JL/FE)ICHR, £720X 1 B 1 [HOMEET
30 HIM. K TFES LR TIX. BAERICH DBREOIMHINA LI, —RER s o
T, KA IR R O [E1E 23 R 5107 (Hoey 1966, 1ARC 1989 X v 51 H),

60 mg/kg A/ H OffifE= > 7 VKT % 30 HRERREE G ST v MW T, iR
DOFEHE ZEMEN RS ST 5 (Mathur et al. 1977, IPCS 1991 L9 51[), Z DT,
100 mg/kg AE/H T 30 HE&E G L-54. LV EE(LL7-, 40 mg/kg {KHE/H 30 AR
H U786 L 100 mglkg (RH/H T 15 BE#H& 5 L7256 TiE, MORE S L LR -T2,
ZORBRTIE, Ty MBRERENOHBRWE E D Z EEGIE LT LIRS TV RN
D, INOORBIRABREICLIAREELLD EBE LN,

Forgacs et al.(1998) |, ~ 7 A% in vivo & 721 in vitro THiEE= » 7 /LK ETR LT
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#%. invitro TI7A T 4 v EMIIICE DT A RAT U (T)EAZRIE L, BEOFELH
Nz, ZORBRTIX, CFLP w7 X(Z, M= v 7 /LtAKM%AH 10, 20, 40 mg/kg (K (=
v/ LTC21, 42, 8.4 mg/kg (AE) ODHET, F721%0.9%E(T N U ¥ LKA 1.0
mL OFET, KEHRG G HBEIZ 4RO FES) S, 7 A MAT v U HEfEEARRIX
EOOLIRWEEL 720, b MEEMEMERAM A VE > (hCE) FIHMEIZ T 27 A M AT
0 U PEAROGOIR TR, =L e LT 4.2 moglkg A8/ H UL E TSR S -8 5157
ﬁ%ﬁgﬁw@48ﬁWP§%Tm®%nto%i%ﬁ% L Nk PSRN Y - 1)
HEIZIX, =y I VI L2 RITERD b o7z, BIEO RME 12 H EERAFE DR
LMD LI LSME, BE LIZSEICBW T, 2 ITR b ho iz,
TAT 4 v EEOT A N AT v VREARASOBEBENR B ZHARD 0, JEMES K
RICHIE S ILDIRED hCG DOAFIE FEITIEGFET T, WBHREEMREZ =y LA F v
(&&AmomM&ﬁ*48ﬁW%%Lto%sz%my%WFéﬁmm%%m@#ok
23, hCG WD T A M AT a U PEAIX, 125 yM LLED =y A A LR L1z

2, HAEEREH LﬁTLto_®%@®ﬁﬁﬁﬁf$%ﬁﬁ?6t@\%OkmmuMm
= T NA T DIFEE T ETTIEFEE TITB N T, %ﬁﬁﬁﬁ?ﬁ%%ﬁ%btowm
UM D= 7 v A F 2 DIFE FTh7e< &b 4 B ORZE LI-54. hCG gD T 2 -
AT 8 VEAIK TR b, ﬁ\%OMATi\ﬁTéﬁ5_19ﬁ<k%16ﬁ
FIRME L Eie, MlEFRIEL, RBENEMREEIC L > TRE SN, MlAEFRIT

250 UM D= VA F 2 DAFEF TIEEDL 57, 1000 UM D= 7 LA F 2 DIFE T T
48%%ﬁ%b%2t ATH, DT RIETFRREO LN T Thotz, 2 b DR
O, —EECHERMRFEEZMLAECRWVWHET, v VA% invivo TELIIY T AD
“3/(74 v Bl % invitro TAETH E, ZTDTA T 4 v BEHIROREEEWIZIB T, K
IZE 2T A MATa VEAPRHEKRGFIICIKTT 2 2 LorEniz, R B> TR
REERBOT — 2 B Id, ?4?4yt%@@?x%x%myﬁém®%@ N5 N
O GFIHEFELTHE Y, MRHEENAFEE TR ERN &N, ZoRBRIZ, =y /7
NSOBEBENRTAT 4 v EIRBICBIT AT A NAT o VEAICEEEZ 52502 LR L
TWDOR, ERBNPK T THY ., £lo, ®ET =200z, ZOfEE% NOAEL
R LOAEL O EIEN T 5 Z LITTE R0,

41.2.8.1.2 BLEEM
= v 7 V& WSR2 AR R A FERBROERITE ST 7,

Z v bEHWTE ZHAAERER A E i S TR Y . Ambrose et al. (1976) (2 X Y fHERIC A
INTWD, SHEMERE 30 I S>OBERL T v MT, WEE= v 7F IV NKFIEZ, =y 7k

122/132



EURAR: NICKEL SULPHATE

LT 0, 250, 500, 1,000 ppm DOfET 11 BFENREEHR G L, BEHEOT — X I3TMmE S
TV, KENRIBFEEIT, =7/ & LTO0, 13~20, 26~40, 52~80 mg/kg A&/
HERMENTZ(412811 B v a2, REICEL72BM O, EIRGIER. EFT
HIBEGIE S L OBERERIEL, &% 1. 5, 21 HIZBIT 2EF R, BLO—E 4720 Off#)
Y OBEFLIRFR R E 2 Fodk U7z, Fla AEAAIBERLRFIC B LTl L7z, B (Po) 7 v MiZ
Flb X Z1ED 7=, HORE S ¥z, Flb 3L F2b RO ZEIE, HH L FRkICE
i U7= (RE 17~20 PU AQBLIcfit L7=), F3b DEfERL T » b (F#fMERE 10 PT4°2) (21X,
7o B MR 2 M L 72, FO 7 v hOKRET, BARRETORRD L, HTIHF
BT 8%DI BWIE SN T WD, SEEFEROBM Fla ko= r v &2 &5 snzs
B, BLO Flb 8 500 35 L TF 1000 ppm FETH HITZ0, ENLABEO AR OB D
FETCRIT, BT LN > 72, 1000 ppm BETIE, S CHEILEERKREIC, T
T 21%DW N, > EMEE L > GO LI, ZORBROFEF L, WIRASH KO
FERL MEARTEMEORELITA S, F3b R\ TITh 7 B A& C b 2
FRBD NPT L BE L TWDN, RILE 7257 — X TR IN TR,

HEHRIT A FE R STV enWZ & & —H 2 & TR I LITHRBIREN TN A
ZEMnD, ZORBROFMIEHER H DIZ/ o> TS, HEHFERMN T2 5, Fla o=
v NG Z T -2k E Flb @ 500 35 XU 1000 ppm BEIZIS W TREB®D BT SEPEFER b
I, HRFEICAETHDH 2 EARENTND (LLFO Table 4128.1.A 2#), b
DFEFRND, ZORERD LOAEL 1%, RIEHEL L, §72b 5 250 ppm(=v 7L e LT
13~20 mg/kg IRE/H) EHIBr <5,

Table 4.1.2.8.1.A: Statistical analysis of the number of pups born dead in the 3-generation reproduction
study by Ambrose et al. (1976).

Dose Litters Born Born Born, Born Born % Born
alive dead total per |alive per |dead per |dead per
litter litter litter litter
Fla 0 14 113 5 8.4 8.1 0.4 4.2%
250 11 72 17* 8.1 6.5 15 19.1%
500 14 96 13* 7.8 6.9 0.9 11.9%
1000 12 93 16* 9.1 7.8 1.3 14.7%
Flb 0 14 143 3 10.4 10.2 0.2 2.0%
250 16 164 6 10.6 10.3 0.4 3.5%
500 14 109 27* 9.7 7.8 1.9 19.9%
1000 15 93 31* 8.3 6.2 2.1 25.0%

* p—values from 0.0-4.7%, Fishers exact test (rapporteur analysis)

Sprague-Dawley 7~ N CHERRED =D DO —HAGRBRAE S TR0, Mk 8 ILF oD
KBECK L. 0, 10, 20, 30, 50, 72\ Ui 75 mglkg R H Ol = v 4 /L A AT A
Hil#e A 5 = 4172 (SLI 2000a), FO B IIARKLBRAG D 2 AT OG- 2 9k L, F1
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RICITHAER 21 A b5 A2M LT, 23 4 BRI, HAFEEESISRIRL, 8
WMl HEKRBILE Lz, ZTHODMAETIE, FO Ao AFR REMINE, MR, B
FOHREHRAT RAICEBITRO b ole, BEEZZITIEHT v b OfFE) DB K% -
JEHEME TR (T 2bb, HRE - HAERFAFFE) OFARTIX, 30, 50, 75 mg/kg A/
ARECEB VT, FEHFRICH BERBMA R &7z, 10, 20 mg/kg ARE/H OEFE T HENA
IRENTEDN, MEHFINCEERZETII o7z, M4 720 O ATF TSI, 75 molkg
RE/BARETARICHAD LT\, #2350 B B OfFOETE G 13, 50 mg/kg KEE/
AREGHZRE, 522 T2 TAREISEML Tz, ZOHERERBROF RIS
FAEAFHETIZRE 95 LOAEL 28 10 mglkg fRHE/H (= > 71 & LT 2.2 mglkg (AHE/H) TH 5
ZEPRESNIEH, NOAEL [XFFE S L2072,

Table 4.1.2.8.1.B: One-generation range-finding study (SLI, 2000a)

Dose 0 10 20 30 50 75
Postimplantation/ 0.4+0.3 2.6+1.9 1.6+0.6 2.3+0.8* |2.7+0.5** |4.8+0.8**
perinatal lethality®

No. dead/live, day 0 1/128 12/100** |10/106** |10/92** |4/89 23/80**

a) meam+sem; * p< 5%; **p<1% (SLI 2000a)

OECD 7 A MW A KT A v 416 IZHEHL L CHfin S vz ARG CIX, 7 » MOHilg

=y VKK A 1, 25, 50, 10 mg/kg KE/H (=>4 /v& LT 02, 06, 1.1, 22
mg/kg R E/H) O HE T, JREIRE 0% 5 L7= (SLI 20000), FO ®Z v Mk, BT, iaﬁa
L AR, BEOE 1 (FY) ~ORAL Il 2 %5 L=, F1 {%@J%/\i =%
W BRARIZ 72 5 £ TORERBIRM, 2B, F2 #ACE MR- HET 2 WIF, £ LT R
R~OFEAMM, B2 L7z, 85 4 AEIC, FEWERELIRIRL, —EY470

AR 8ILE L7, ZHHDOMHETIE, FO REZIT FL DR FI X ORI E
BITRD R oTz, FLIFEMIZEBIT S HE% 0 B & TOERE - FEMSLTE (T 72b
B AR - MAEREFFH) 1X. 10 mg/kg RE/HBECEMEZ R L7203, Hat#mIcaE
TRFETIIIR o T2 RHREE T 09 IETH 7= DITHE L, 10 mg/kg {AE/H T 2.1 L, < -7kA
> h=—HRE T p = 8.6%[FRE:p = 0.086]) . F2 {FEWMNIZIS 1T 235 K% - JE EEHIFE =R DI

F2 XHBEDfE L Ak CTh o7z, FEFIXZORRENG, REHETH S 10 mg/kg (K&EH/H (=
v/ E LT 22 mglkg RE/A) 2, Z OB CHRE L7I-REIHR L= RARA v b GER

B JEPEMISE TR L OB A ET) ICBT D NOAEL ThDH Z RS niz Lk _RTWn5%,

Table 4.1.2.8.1.C: Two-generation study, F1 offspring (SLI, 2000b)
Dose 0 1 25 5 10

Postimplantation/ perinatal | 0.9+0.2 1.5+0.4 1.2+0.3 1.3+0.2 2.1+0.4
lethality®, day 0
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Postimplantation/ perinatal | 1.0+0.2 1.2+0.2 1.2+0.3 1.4+0.2 2.3+0.4**
lethality®, day 4 (%) (7.1+1.5%) |(8.1+1.4%) |(8.7+2.0%) |(11.0+2.2% |(15.8+2.8%)*
)

a) meam+sem; * p< 5% (Rapporteur statistics); **p<1% (Sommer et al., 2002)

A B LRI B JHERISEC RSB AET D720, 7 o~ — 7 BRELT (EPA) 1X. NIPERA 7 %[
LCWDERNDEEY 4 HE ECToOER L-2RICBT 252 /L Lz, =y 7L
& LT 2.2 mglkg (RE/ HHEIC IS D8R JAEEBIE T RIT, —JEF 4720, 229+ 0.43(F
¥) + fEAERE)PLC, *RBETIE, 1.00+ 022 )ECTH D, M-I ClL, ~> kA v b=
—RREICEY ., 5.8%E V) pEAESNTVS,

AR A BRI W TEREIRB RO 21T O BRICIZ, 2037 A—21%, %<
DA, —EFST-0 OBREFEL LCHEIND, FREOFHE T, BEEY 4 HE TOHR
B JRPEM T RER TS L, BT 71 + 15%(CF% + EHEEE) =v 7 e LT
2.2 mg/kg (AH/HFET 1568 + 2.8% L 70D, ZDAET, v~V AA vy F=—REICLD L, #
FHERICAE (p=4.4%[R1F:p=0.044]) TH 5,

ZOT =X, FEMIH TR A LN - T HERNEEE TR FHREET 25
PEf 11 P8, =L b LT 2.2 mgkg IRE/ARECT 28 )CHR 8 L), 2 b 2 BEDT — X 43 Af
X, FIUBRAZTRLTWWRWNWE ) TH D (K1),

v AR A y RE—REIHEH L7eT — 21, FEE DRSNS TV W ERE S 1L
DM, I HKERILERHTHY, FUBREAG LWL EBESND, 2FV, +
Vel FE—REIR, T TRINTET —XITE oL, R A RE T IETIE RV
REMEN D D, ZD7, Fisher D1 A ZFREIC L D 0H bAiTHON T, *FHREETIX 25 O4E:
RGO 5 6 3 PLLL EDOBKNH>T-DIT 0 T, =v /& LT 22 mglkg RE/H BT
28 DILHRBID 5 5 3 VLLL EDHKN & 7= DiX 8 5] (29%. #ilH 4~7 L) T -7z, Fisher
DA ZFHRETIL, T OEICHFHIAEMERRO bz (p EIX 0.5%[FRE:0.005])

30%LA_E DRI A I & AT AR BB GREFREEC 25 AEERBID 5 H 0 fl, =7 rk LT 22
mg/kg AR/ HRET 28 IEUEEI D 5 B 8 i) IZOUNT Fisher DA A ZRMBEEITS &, Lo
BRI OWTIT o720 L FFROFER G B, 1T p EIE 0.5%[FREF:0.005] Th -7,

ZORBOE MOV TORERIZE L TiX, Sommer et al. (2002) 12k »> T, 5745
ST TN, TOERICHETEEEZMAT-3CEN, fEEE L TAREEICEENT
W% (Appendix 7.8 i), 7 —X X, OO H 5 BREET VIO THHT S, #t
FHEAL & U Cid, ARREIEME R S, ERMR L LT, BENB LOHEZ DT
BOFEREAN, =v /e LT 22 mgkg KE/IHOHEZEEG LIZRFETROD L, £
OFFEMT, KRR L i L7254 (p = 0.8%[ERE:p = 0.008]) B L O HEEE L 55 2, 3, 4
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DBEBREOWRAET — 2 LB L2354 (p = 0.04%[FRIE:p = 0.0004]) [CHER STz, ZH 5
DN TIE, X E L TIREROMEZE O TNDH, =y /L& LT 2.2 mglkg KE/
a2 LB CAh LN EEM ORI L O EZ O T Oy OFEMEL, /NG

MLTLESTWDLAREMED® D,

8 fFORERICELS < W RIHREECR T 5 0 A H OF K% - HEERTITHEA O FEHMHEIL, —I8H
720 0.88~231 HOFHTHY, =v Lt LT 2.2 mgkg RE/H ZHF5 LI-FEHCBIT S
X, 21 &, ZOHPHICINE>TWD, LnL, ZOFEMBEHCB T 525K EE I8
W= 0 OETFFEIE, ML T2 OhiE %y#wf®%*ﬁﬁﬁ% BILHLY HEo

Z(FPREZROZ L), PIIROmOREYIL, %%ﬁﬁ?ﬁﬁﬁﬁﬁ%ﬁ\%b\@ﬁﬁ)& N
RELTHEFOEFEERS>TWLARENR D D, T, £ O FMEEIC

‘Id:

BEHZRIE, T O T HARBIC Té%%%%ﬂ%?éi?ﬁ%ﬁﬂﬁ%@?%é&iﬁ
rRENR, FRFRIRBAC 51 5 R ORI, RIS EER b0 Th 5 &

YLD, LIER->T, ZOMEPREHICET 2R OFHEICHEN S 5,

Table 4.1.2.8.1.D: Historical control values from 8 studies compared to Control group in SLI (2000b) 21-

year study.
Implantations per litter | Live pups per litter Loss per litter
Historical control values (8 | 14.8-17.3 13.0-15.5 0.9-2.3
studies)
Control group in 2- 13.6 12.6 0.9
generation study

FIG 1. Post-implantation/Perinatal lethality (until day 4) in the 2-generation study
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mL., 7=, F1 #RICK T 25 K% BPES R R LM FZRICERICEM L2 &
DR ET,

F2 AT OERE HEMETRITIT, MirFROICAEREEIR O b2 hoTe, L
L. ZoHRof#Es F1 R LRIENTEY ., L NICHAERME 2T HARICIEE
L7z F1 HAEFERBL TV, L7aBN-> T, BB L TRbEWVIEZEEZA LT
Tehd LR WEWOT — 203 F2 OFEMT —ZIZEENTW R To RN H 5 (2
DRI 5 H 22 D EHT OV T Appendix 7.9 2 5 08)

—REY T2 0 OEAFIZEE L TIT DIl R e HERHIENT CIE. FL (23810 D 25 K 1% - J& FE HISE
CROWMBHEFHINCERE TH D Z LRI, 2 FLIZHALINIZEEN F2 ITIEA L
Nieipolo b W HAIZE L Tl EIROBE TN TS, b OREHENTE LU0
EAERICHES < & 10 molkg RE/H (= 70 e LT 22 molkg (RE/H) &) &%,
72 NOAEL & A 7pd Z LI T&E ARV, L~ T, ZORERTH NOAEL IE. 5 mg/kg &
H/H(=v Ll LT 11 mgkg (KE/H) &35, 2o H#HARBRTIE, REHETH FO
O IMEN S X Z & oo, E LG HEDR T OECD 7 A M4
A RTA4 2 416 Ml STV, 7272 L, FRl i Tb - HERED D o— G
BROFER, FRHABMENRD N WHE THEKRE BELECENEM LT Z LAREN
TWb, EEABETREFEESFHE R I TR0 &V D RETRA TR 27T 25
LI, ZOGARTFRSINGDL EEZ DD,

Morvai et al. (1982) DEHKIEIZ L 5 L. FRORBRUBINIC, W= 7N, Ty ki~
ZZBWTIRFEECEA R EZ R L, v FICBW R EEEZ T L, BRRELZ D
LT ERREINTNS, LrL, ZhboRBROEMEZ, AREOPIZAHTZ
LIXTERY, ZOEMNEICIL, FERB IR T v FOBEZ, 10 HMER, 72138
B O 6~15 A O/, #ifik= /% 100 mg/kg K&/ H (= 7L & LT 22 mg/kg
RE/B) O ECHARRD#ELE L tifish s, FEHIEL. = 7R, MbireEtt s
HMEOE B L SR Lz s Emf i Tns, ZORBRTHRESNTOHRERIZED
& 100 mg/kg REE/H (= 7Lk LT 22 mglkg IR/ B) O & T, e RMEE NS Xz
SNDHAREMERH D, LL, BHECHEINLTWDLLETTHLED, ZNUHDOHAEE
FREICREIE T 5 Z LI TE AR,
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4.1.2.8.2 ErDT—4
4.1.2.82.1 BIEEEN D E

T—2E, BHILTVZRN,

4.1.2.82.2 BLEEM

0> T D=y 7 VRS CIR ARSI D o T e B 2 xS & LT R I
S RMEBTTER & HARTEROBIMMA S & TV 5 (Chashschin et al. 1994), & DAFHE
EHRICIE, TRERZFAICHEI OGN TE LT, IREMZR LD TIE RV EE X RIT Tk
RV, RAEEZVLELTHIREFHEEZFRL TS Z ENLRBICESTZ 1LV, &
FOHBRPEFENTND, BAWEHE VO HEENS, BUGITEMER THY . IBEORT
FTIEKRER D, AEE=y iz kb0 LB sy, EBEO =y 7 AL RIS

HIERIIE DTV, = 7L~ OSEE IR I, ﬁm%%%mfﬂozmwn &
RIS T 013 mgim® TH 7= Z AW LMNTENT, = v F VBB SN TV
PEIZ 1T 5 BRI E & EER AT FE DR AR H 1T, ﬁ%ﬁ%%%fl%%wmqu B
FEHEHAY T 16.9%(60/290 N) Th o7z, = v 7 /L ~DOREREED 72\ 342 ANDE O HlE D
TERR B O < ZoMEST B TRERL L 7o BRI W T, BARIRPE & TR DR AERIL, £
NEI 85%L 58N THho7c, ZHODHRIMMEL a7 B DOIAERENIL, MEHFIICHE
Thole (A ZFE). LrL, REFROEIREZ & D X 5 Il L7z iz 20 To
FEMIEHILZ LS, Flm, BE, B & OSSR OB T ICB T A IEHIT IR & T
WV, E BT, MOBRESMEE LT, BEARNLVA, BEWT ) — K& BT 5955,
R ANDOBEFE R EVNFAE L, 2D PETEEGEICE LY 52 - /iR S 5, Z07-
b, ZORAETIE, K 02 mg/m® OAEME= v I LREE S TW ISR S B
PE & TR DRAERMPREENTND OO, FHET A 3 LOCMENEDAMHIZ &

0. ZTNHDORITIERN RS D TIH W EHrIn b,

Vaktskjold et al.(2006) &, Z D%, BEFHMIZES ar— FRETF A viTih> T, =
> 7 VRGBT TN TN T2 oM s 8 oS AR R 36 1) 2 AR BE R a7 TR L“Db\7fdﬁ?§%53éﬁﬂlz
Too AT ATE E WO BEEEIIL LN, FEE LRI TNE L o112, mEETO
BREEGINE L A SRS To 7o, ZORROMIRIT, HEI/TONLHXETH D,

4.1.2.8.3 BHLER

it = 7Vt N OAFEIZRITTREIZE L L, [HFERAEL TRy, vy 7 O
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AT TR AR B #E D > T T B 2 %P5 & LR T, £9 0.2 mg/m® o]
e = 7 V~IREE STV IR 31T D BARVRIE & 78 O F8 A RIS R ST
DM, FET VA VB LORENRICAHERH D720, fEEZRI R L1 XA S,

B aER O EIC DO\ T, Tables4.1.2.83.A & 4.1.2.83.BICEK L7,

Table 4.1.2.8.3.A: Summary of studies on fertility and reproductive organs

Test type/ Route of | Species | Doses NOAEL |NOAEL Endpoint Reference
Exposure exposure Parental | repro
period
3-generation | diet rat 0, 250, 500, [500 ppm |[1000 ppm? Fertility Ambrose et
1000 ppm Ni | (40 mg | (52-80 mg al. (1976)
as nickel Ni/kg Ni/kg bw/day)
sulphate bw/day)
hexahydrate
1-generation |gavage rat 10, 20, 30, 75 75 mg/kg Fertility SLI (2000a)
range finding 50, 75 mg/kg | ma/kg bw/day?
bw/day bw/day |(16.8 mg Ni/kg
(16.8 mg | bw/day)
Ni/kg
bw/day)
2-generation | gavage rat 1,25,510 |10 >10 mg/kg Fertility and SLI (2000b)
mg/kg mg/Kkg bw/day sperm quality
bwi/day as bw/day | (2.2 mg Ni/kg
nickel (2.2 mg | bw/day)
sulphate Ni/kg
hexahydrate | bw/day)
Repeated gavage rat 25 mg/kg 25 < 25 mg/kg Sperm count Waltschewa
dose, 4 bw/day mg/kg bw/day etal.
months bw/day | (5.6 mg Ni/kg (1972)*
(5.6 mg | bw/day)
Ni /kg
bw/day)
Repeated inhalation | rat 1.6 mg <16mg [<1.6mg Ni/m® | Testicular Benson et al.
dose, 6 h/day, nickel/m? Ni/m® degeneration (1988)*
12 days over (emaciati
16 day period on)
Repeated inhalation | rat, mice |0.45mg ? 0,45 mg Ni/ms | Sperm Dunnick et
dose study, Ni/ms morphology al. (1989),
13w and motility, NTP (1996a)
vaginal
cytology
Single dose | sc rat 6.2 mg/kg ? < 6.2 mg/kg Reversible Hoey
or 30 days bw/day bw/day sperm effects (1966)*
nickel
sulphate
Single dose | oral mice 28 mg Ni/kg |? <28 mg Ni/kg | Abnormal Sobti & Gill
spermatozoa (1989)
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Test type/ Route of | Species | Doses NOAEL |NOAEL Endpoint Reference
Exposure exposure Parental | repro
period
30 days dermal rats 40, 60,100 (? 40 mg/kg Testes effect Mathur et al.
mg/kg bw/day (1977)*
bw/day (ca. 10 mg
Ni/kg bw/day)
* Secondary source evaluation based on UK HSE 1987, RTI1 1995, IARC 1990, IPCS 1991
Table 4.1.2.8.3.B: Summary of studies on developmental toxicity
Test type Route of | Species | Doses NOAEL NOAEL Reference
exposure Maternal Developmental
toxicity toxicity
3-generation | diet Rat 0, 250, 500, 1000 |500 ppm (40 mg |< 250 ppm Ambrose et
ppm Ni as nickel | Ni/kg bw/day) (13-20 mg Ni/kg al. (1976)
sulphate bw/day)
hexahydrate Neonatal mortality
in F1
1-generation |gavage Rat 10, 20, 30, 50, 75 |75 mg/kg bw/day | < 10 mg/kg bw/day [ SLI (2000a)
range-finding mg/kg bw/day as | (16.8 mg Ni/kg | (2.2 mg Ni/kg
nickel sulphate bw/day) bw/day)
hexahydrate Neonatal mortality
2-generation | gavage Rat 1,25,5,10 >10 mg/kg 5 mg/kg bw/day SLI (2000b)
mg/kg bw/day as | bw/day (1.1 mg Ni/kg
nickel sulphate (2.2 mg Ni/kg bw/day) Peri-
hexahydrate bw/day) postnatal mortality
in F1, but not F2 at
10 mg/kg bw/day
(2.2 mg Ni/kg
bw/day)

s = 7 VB L, 2 o051 L DL HAREMREBR, BLOHEREDT-OITHE

i Stz 1 Eo—RERBROEHR S ST D (Ambrose et al. 1976, SLI 2000a, SLI
2000b), ZH 6 ORE ARG L DR TIT, AT ~DORBIITRI N> T, WA
g X 57 —Z13E 5N Ty, Ambrose et al. (1976) (2 Xk 2 3Bk L O— 1S H
B% sl (SLI 2000a) Tik, NOAEL & LT, ZhEih=v /& LT 52~80 mg/kg {AH/
H3 X100 16.8 mg/kg (AHE/H & W HEA/RENTWS, LaL. Ambrose et al. DFRBRD J71,
Wi T — 2N HERERBRO T 1X, ARS8 OENIFADODTNTH
% (8 VL/B), TDI=, HbIEHENED S D NOAEL X, OECD 7 A M HA K74 1 416 I
YEHL U C U4 il S A7z HARERER (SLI 20000) THEALNZETH Y, T72bb, Z0OR
BICKIT 2EARED, =y LT 22 mgkg KE/H TH D, LIED D 27 OBEH
EINIXZ OfEZEBEICAND 2, NOAEL IBZLL ZOEEIVENWEZZHRETH D,

NENARFSRREBRICBNTTIEH AN, B, WA, ETFTOWTIORKIZLAEET
b, Ty FETTURT, HEOAFEBRE~DEENRESIN TS, ZNHORBRN S ATk
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PEE LTHEZBND LOAEL 1%, RHIRE LW ARE TENETN, =7/ & LT 56
mg/kg RE/H 3B LT 1.6 mglkg RE/H CTH 5, 1 HFOKEEGHEERRCTIL, WARE T
DFET-ORNG W ~D BT % NOAEL 2., = w4 /L& LT 045 mgim® & LTW5,
OECD 7 A b WA KT A 416 ITHEHL U ClAESEHE S Av7z —HAREER (SLI 2000b) ClE. #
F DB G DD E A E ~DEEITRD bR o T, ZDI=® NOAEL 1, #BRick
T AR, bbb, =7 LE LT 22 mglkg RE/IH L S TS, LUBEDOY 27
DOIBEHIEIZIT, HEOATHZRE ~ DRI 2 W AEFE O NOAEL(=> /7L & LT 045
mg/m?) & R N #5.00 NOAEL (= v 7 /v & LT 2.2 mglkg {KTE/A) 2 & EICANLD,

OECD 7 A M A KT A 416 (ZHERL U CHlrAE 32 = v 7z —HAEER (SLI 2000b) (2351 %
e IR, AR o TRIZE S 7 A FEMIIRHE 2% - AR SE T 0 - B RFPE I I
DWTHRE SN, TORERE LT, ZOREHEIZEWT, FO BiIIZ@mEoWn e s
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7.5 BACKGROUND DOCUMENT ON THE SENSITIVITY OF THE
NTP STUDIES

The conclusions of the inhalation studies recently published by US National Toxicology Program (NTP 1996b, ¢
and a) were: Nickel subsulfide; clear evidence of carcinogenic activity in male an female rats, nickel oxide;
some evidence of carcinogenic activity in male an female rats, and nickel sulfate hexahydrate; no evidence of
carcinogenic activity in male an female rats.

The present document will address the lack of alveolar/bronchiolar neoplasms in the rats exposed to nickel
sulfate hexahydrate and discuss whether this compound would have been expected to induce tumours if the
tumour inducing potency of the sulfate were the same as that of the subsulfide or oxide. The document is based
on NTP (1996b), NTP (1996¢), NTP (1996a) and Dunnick et al. (1995).

Exposure levels of the nickel compounds

Table 7.5.1 shows the exposure levels of the nickel compounds used in the 2-year carcinogenicity studies. The
nickel concentration at the highest level of nickel sulfate hexahydrate corresponds to the low dose with nickel
subsulfide. The nickel concentration at the next higher dose of nickel subsulfide (which was the highest dose
used) is nearly 7 times higher than the nickel concentration at the highest dose of nickel sulfate hexahydrate. The
nickel level at the lowest exposure concentration of nickel oxide was almost 5 times higher than the nickel
concentration at the highest exposure level of nickel sulfate hexahydrate.

Table 7.5.1 Exposure levels of nickel compounds or nickel in 2-year rat studies and mean bodyweight
of the exposed male and female rats in per cent of that found in the control groups

Nickel sulfate Nickel subsulfide Nickel oxide
Dose hexahydrate (73.3% nickel) (76.6% nickel)
(22.3% nickel)
(mg/m*) (mg/m*) (mg/m*)
Low dose Compound 0.125 0.15 0.62
Nickel 0.03 0.11 0.5
Mean body weight (per cent of
controls) (males, females) 99, 97 98, 96 100, 96
Medium dose  Compound 0.25 1 1.25
Nickel 0.06 0.73 1.0
Mean body weight (per cent of
controls) (males, females) 101,97 85,78 95,92
High dose Compound 0.5 - 2.5
Nickel 0.11 - 2.0
Mean body weight (per cent of
controls) (males, females) 98, 94 93,90

Survival of rats exposed to nickel sulfate, nickel subsulfide, and nickel oxide were in general similar to those of
the controls. The final mean body weights of the exposed rats relative to the controls are included in the table 1.
The relative mean bodyweights at the highest doses used for the rats exposed to nickel sulfate were 98% and
94% for the males and females, respectively, for nickel subsulfide the mean bodyweight was 85% and 78% for
males and females, respectively, and for nickel oxide the mean bodyweights were 93% and 90% for males and
females, respectively, compared to the untreated controls.

Increase in lung weights

Lung weights in exposed animals were greater than controls, and this was considered to be related to
inflammatory lung reactions that occurred in response to nickel exposure. Table 7.5.2 shows the increase in lung
weights after 7-months. The results at 7-months were used since the exposure increase in lung weights were
greater during the first 7 months than during the subsequent 8 months. The average of the absolute lung weights
in the male and female controls, respectively, were used in the calculation of the increase in lung weights. No
significant increase (P# 0.01) in the lung weights were found among the rats exposed to nickel sulfate. The lung
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weights of the rats exposed to nickel subsulfide were significantly increased in all groups. The lung weights were
also significantly increased among the rats exposed to the medium and high dose of nickel oxide. At 15-months
the lung weights in the high-exposure nickel sulfate rats was 33-41% higher than in the controls; the high-
exposure lung weight in the nickel subsulfide rats was 300% higher than controls; in the nickel oxide studies the
high-exposure lung weight in rats was 86-94% higher than controls.

The finding that the lung weights increased more in the nickel subsulfide and nickel oxide exposed rats than in
the nickel sulfate exposed animals correlated with a more severe inflammatory response in the lungs after
exposures to the first two substances (Dunnick et al., 1995).

Table 7.5.2. Increase in lung weight after 7-months

INCREASE IN LUNG WEIGHT
(2
DOSE Nickel sulfate Nickel subsulfide Nickel oxide
hexahydrate
Low dose Male - 0.63* 0.10
Female - 0.52% 0.08
Medium dose  Male - 1.73* 0.71%*
Female - 1.36* 0.42%*
High dose Male 0.14 - 0.84*
Female 0.22 - 0.55*

*Significant (P #=0.001)
Lung nickel burden

Analysis of the nickel lung burden data showed a considerable accumulation of nickel in the lungs of
the nickel oxide exposed animals (Table 7.5.3). Thus, at the same level of nickel exposure, the lung
nickel burden in the nickel oxide exposed animals was about 20 times higher than in the nickel
subsulfide-treated animals. On the other hand, the lung nickel burden in the nickel subsulfide exposed
animals was 6 times higher than that found in the nickel sulfate exposed rats at the same nickel
exposure level. The nickel lung burden reflects the half-life of the compounds in the rat lung. Thus, the
half-life of nickel oxide is approximately 120 days while nickel subsulfide has a half-life of 5 days and
nickel sulfate of 1 - 3 days.

Table 7.5.3. Nickel lung burden after 7-months

NICKEL LUNG BURDEN
(ng nickel/g lung)
DOSE Nickel sulfate Nickel subsulfide Nickel oxide
Hexahydrate
Low dose Male - 6 175
Female - 6 173
Medium dose  Male - 9 388
Female - 9 477
High dose Male 1 - 701
Female 1 - 713
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Lung tumour induction

Table 7.5.4. Total number of lung adenomas and carcinomas. The number of animals available in
each group for evaluation of tumours varied between 52 and 54.

ADENOMA/CARCINOMAS COMBINED
DOSE Nickel sulfate Nickel subsulfide Nickel oxide
hexahydrate

Control Male 14 1 1
Female 1 1 1
Sum 2 2 2

Low dose Male 0 6 1
Female 0 6 1
Sum 0 12

Medium dose  Male 1 11 6
Female 0 9 6
Sum 1 20 12

High dose Male 3 - 4
Female 1 - 5
Sum 4 11

AThe average of the controls in the three groups has been used

There was a significant dose-related increase in adenoma/carcinomas combined both in male and
female rats exposed to nickel subsulfide (Table 7.5.4). There was a significant increase in adenoma-
/carcinomas combined both in male and female rats exposed to the two highest doses of nickel oxide.
The number of tumours at the two highest doses were similar. There was no significant increase of
lung tumours in rats exposed to nickel sulfate hexahydrate. No lung tumours was found in the low
dose groups, one carcinoma was found among the males in the medium dose groups, and two
adenomas and one carcinoma was found among the males and one adenoma among the females in the
high dose groups.

Number of tumours as a function of nickel-exposure, increase in lung weight, and
nickel lung burden

Fig. 7.5.1 shows the number of lung adenoma/carcinomas combined in male/female rats combined as
a function of the Ni-exposure in rats exposed to nickel sulfate, nickel subsulfide, and nickel oxide. The
results clearly demonstrate that nickel subsulfide is significantly more potent in inducing lung tumours
than nickel oxide and nickel sulfate. On the other hand, it would not be expected that nickel sulfate
should induce lung tumours at the doses tested if it had the same tumour inducing potency as nickel
oxide.
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Fig 7.5.1. Number of alveolar/bronchiolar tumours (adenoma +carcinoma) after
inhalation exposure to nickel sulfate hexahydrate, nickel subsulfide, and nickel

oxide as a function of the nickel concentration

Number of tumours as function
of increase in lung weight
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Fig. 7.5.2. Number of alveolar/bronchiolar
tumours (adenoma + carcinoma) in male rats
after inhalation exposure to nickel sulfate
hexahydrate, nickel subsulfide, and nickel oxide
as a function of the increase in lung weight after
7-months.

Tumours

Number of tumours as function
of increase in lung weight

(FEMALES)
104
5_
O IO .INiSO4I T T T
0.00 0.25 050 0.75 1.00 1.25 1.50

Increase in lung weigth (g)

Fig. 7.5.3. Number of alveolar/bronchiolar
tumours (adenoma + carcinoma) in female rats
after inhalation exposure to nickel sulfate
hexahydrate, nickel subsulfide, and nickel oxide
as a function of the increase in lung weight after
7-months.

The number of lung tumours as a function of increase in lung weight are shown in Figs 7.5.2 and 7.5.3. Both
among the males and females the number of tumours are directly proportional to the increase in lung weight. No
increase in lung weight was found among the rats exposed to the low and medium dose of nickel sulfate. The
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results with the high dose of nickel sulfate fall slightly above the line for males and slightly below the line for the
females.

In Fig 7.5.4 is shown the number of tumours as a function of nickel lung burden. Since the nickel lung burden in
the animals exposed to nickel oxide was about 30 times higher than among the animals exposed to nickel
subsulfide the data for nickel oxide would clearly fall below the line if they were included. However, the data
clearly demonstrate that nickel sulfate fall on the same line as nickel subsulfide.

Based on the data presented it would have been expected that nickel sulfate could be equally potent as nickel
subsulfide in inducing lung tumours in the rats if the tumours are related to the increase in lung weight during the
first 7 months or nickel lung burden.

The exposure concentrations for nickel sulfate were selected based on the minimal to mild inflammatory lung
lesions observed in the 13-week toxicity studies. As pointed out above the increase in lung weights is considered
to be related to inflammatory lung reactions. Thus, the possibility should be considered that the nickel sulfate
hexahydrate exposure could have been higher without experiencing more toxic effects than that observed in the
experiments with nickel subsulfide and nickel oxide.

Number of tumours as function
of Ni lung burden
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Fig. 7.5.4. Number of alveolar/bronchiolar tumours (adenoma
+ carcinoma) in male and female rats combined after
inhalation exposure to nickel sulfate hexahydrate and nickel
subsulfide as a function of the increase in nickel lung burden
after 7-months

On the other hand, it was noted that nickel sulfate was more acutely toxic than nickel subsulfide or nickel oxide,
causing death of animals at exposure concentrations of 2 mg/m’ (Dunnick et al., 1995). Thus, the maximum
increase in the nickel sulfate hexahydrate concentration could not have been increased by more than a factor of
two to three due to its acute toxicity.

It was pointed out by members of the Technical Reports Review Subcommittee that it would have been possible
to use higher exposure concentration of nickel sulfate hexahydrate.

Conclusion.

The number of lung tumours in the NTP nickel inhalation studies was found to increase linearly with the
observed increase in lung weight. Thus, the results could be seen to fall on a straight line for all three nickel
compounds tested. The increase in lung weight is assumed to be caused by inflammatory processes in the lung.
Moreover, the number of tumours found for nickel sulfate and nickel subsulfide increased proportionally with
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the nickel lung burden. It is concluded that nickel sulfate may have the same tumour inducing potency as nickel
subsulfide and nickel oxide when using concentrations giving the same increase in lung weight, and the same
tumour inducing potency as nickel subsulfide when using concentrations giving the same nickel lung burden.
Thus, it is likely that nickel sulfate would have shown carcinogenic activity if tested at a higher concentration. It
was pointed out by members of the Technical Reports Review Subcommittee that it could have been possible to
use higher exposure concentration of nickel sulfate hexahydrate than the one used.
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7.6 NIPERA COMMENTS ON THE NEGATIVE NTP STUDY WITH
NICKEL SULFATE HEXAHYDRATE AND ITS SIGNIFICANCE
WITH REGARD TO MODE OF ACTION FOR WATER SOLUBLE
NICKEL COMPOUNDS

The relevancy of the negative NTP studies with nickel sulfate hexahydrate to evaluate human cancer
risk was raised in the appended comments by Sanner and Dybing (Appendix 7.5). First, it was
suggested that the maximum tolerated dose (MTD) was not reached in the NTP two-year bloassay
and that if concentrations higher than 0.5 mg/m® of nickel sulfate hexahydrate (0.11 mg Ni/m®) would
have been tested, a positive tumor response would have been observed. This conclusion was based
on lung weights and lung burdens after 7 months of exposure. Based on their analyses, Sanner and
Dybing dismiss the negative studies by relevant route of exposure in two different animal species.
NiPERA'’s response to these comments can be found below together with further discussion on how
the negative animal data can be reconciled with the human and in vitro data.

1) Sanner and Dybing indicated that concentrations tested in the NTP rat study were not
adequate, a higher (2-3-fold) concentration should have been tested

Sanner and Dybing suggested that the MTD was not reached in the NTP study and that a
concentration three times as high (0.3 mg Ni/m® instead of 0.1 mg Ni/m®, MMAD 2.2 um) could have
been tested. As is typical, the two-year bioassay concentrations were selected based on the results
from the subchronic studies, and those results showed similar toxicities for 0.1 mg Ni/m?® of nickel
sulfate hexahydrate or nickel subsulfide. Nevertheless, the tumorigenic responses in the two-year
study were quite different, with a positive response for lung tumor induction for nickel subsulfide and a
negative response for nickel sulfate. In the two year study, nickel subsulfide seemed to cause more
lung toxicity than nickel sulfate (at same exposure levels) and it is fair then to consider what would
have happened if higher concentrations of nickel sulfate hexahydrate would have been tested. Itis
known from studies by Dunnick et al. (1989) and Benson et al. (1988), that the dose-response curve
for whole animal toxicity (i.e., mortality) in rats is very steep. A recent short-term inhalation study of
nickel sulfate hexahydrate and nickel subsulfide in rats conducted by J. Benson at Lovelace Research
Institute (Benson et al., 2002), has confirmed that a higher dose (than 0.1 or 0.2 mg Ni/m® of nickel
sulfate hexahydrate) in the two year bioassay would have resulted in an unacceptable level of toxicity-
based mortality. J. Benson is the same investigator who conducted the cancer bioassay for NTP. The
original design of Benson’ s recent study included exposure of rats to nickel sulfate hexahydrate at
0.03, 0.1, and 0.4 mg Ni/m? for 13-weeks (a much shorter exposure than the 2 years of the NTP
bloassay) However, after the first week of the study, an adjustment to the nickel sulfate
concentrations had to be made because 12/39 rats (31%) exposed to the highest concentration of
nickel sulfate hexahydrate (2 mg/m 0.4 mg Ni/m®, MMAD 1.9 pum) had d|ed The hlghest
concentration of nickel sulfate hexahydrate was then reduced to 1 mg/m® (0.2 mg Ni/m®), and new
animals were added to the study. These toxicity results confirm a steep dose-response for
toxicity/mortality and indicate that for a two-year study (rather than a 13-week exposure period) a
concentration at or below 0.2 mg Ni/m® would need to be selected. Otherwise, decreased survival
would d|m|n|sh rather than increase, the chances of detecting tumors. These results confirm that the
0.5 mg/m (0.1 mg Ni/m? ) exposure level used in the two-year NTP bioassay was indeed at or no more
than two-fold below the maximum tolerated dose (or minimum toxicity dose). A report on the results
from the short-term inhalation study will be available by 3 quarter 2002. Further discussion of the
NTP bioassay study design and results (including selection of the MTD) can be found in Haber et al.
(2000, pages 219-220).

2) Sanner and Dybing suggest that a 2-3-fold higher exposure level of nickel sulfate
hexahydrate would have been positive based on: D-R for lung tumors versus lung
weight and D-R for lung tumors versus lung burdens

Based on the above toxicity discussion, at the most, a two-fold higher exposure level of nickel sulfate
hexahydrate could have been tested in rats. If a two-fold higher exposure was tested (0.2 mg Ni/m?
instead of 0.1 mg Ni/m?® ), there is no suggestion based on existing lung weight or lung burden data that
a positive tumor response would have been seen (Table 1).

211



R312 0807_hh_chapter0124567

Table 1. Results from the NTP rat carcinogenicity study (NTP Reports 1996)

Ni sulfate Males absolute lung Females absolute Male lung burden | Female lung burden

(mg Ni/m3) weight lung weight (Mg Ni/lung) (Mg Niflung)
(3,7, 15 months) (3,7, 15 months) (3,7, 15 month) (3,7, 15 month)

0 1.35 (1.24); 1.67;2.12 1.02;1.25; 1.37 0(0.08); 0;0 0;0;0

0.03 1.25;1.62;2.48 1.02; 1.22; 1.58 0.15; 0; 0.37 0;0;0.26

0.06 1.51; 1.65; 2.50 1.16;1.22; 1.49 ND; 0;1.12 ND; 0; 0.74

0.11 (1.64, 1.89; 3.00 1.34;1.45; 1.82 (1.49; 1.43; 3.58 1.40;1.32; 3.03

0.22 1.91; nd; nd 4.8, nd; nd

Figures in italics from Benson et al 2002

Ni subsulfide Males absolute lung Females absolute Male lung burden | Female lung burden

(mg Ni/m3) weight lung weight (Mg Ni/lung) (Mg Niflung)
(3,7, 15 months) (3,7, 15 months) (3,7, 15 month) (3,7, 15 month)

0 1.15;1.87;2.27 0.85;1.31; 1.52 0;0;0 0;0;0

0.1 1.56; 2.38; 3.31 1.23;1.75; 2.52 8;12; 14 6;9;9

0.73 nd; 3.48; 6.84 nd;2.59; 4.14 ND; 28; 21 ND; 23; 29

Ni oxide Males absolute lung | Females absolute Male lung burden | Female lung burden

(mg Ni/m3) weight lung weight (3,7, 15 month) (3,7, 15 month)
(3,7, 15 months) (3,7, 15 months)

0 1.18;1.72; 2.20 0.98;1.14; 1.56 0;0;0 nd; 0; 0

0.5 1.35; 1.85; 2.15 1.03;1.31;1.79 86; 326; 696 nd; 226; 471

1.0 1.47; 2.43; 3.30 1.13;1.65; 2.41 ND; 930; 2439 ND; 792; 1703

2.0 1.70; 2.59; 4.09 1.55;1.78; 3.02 276; 1817, 4573 nd;1279; 2810

If lung weights for 0.1 mg Ni/m® nickel sulfate are compared to those corresponding to the lowest
concentrations at which positive tumor responses were observed for nickel subsulfide and nickel
oxide, they are found to be equivalent (differ by less than 10% males and 30% females) (values in
bold). Yet, nickel sulfate did not result in significant tumor induction while the other two compounds
did. This supports the fact that lung weights (as surrogate for lung inflammation) can be indicative of a
contributing factor to tumor formation but are not directly correlated with a tumor causing effect.
Therefore, speculations about what “could have happened” if higher lung weights had been achieved
for nickel sulfate are not justified when the data from all time points are used.

With regard to lung burdens, the lung burdens as a function of exposure levels to Ni (mg Ni/m®) can be
plotted for the different time points (Figure 1). The data indicates that at < 0.22 mg Ni/m? (2-fold higher
nickel sulfate exposures than the hlghest level tested in NTP), the nickel lung burdens would still be
below those seen for 0.11 mg Ni/m°® of nickel subsulfide for comparable lengths of exposure. These
results are in agreement with results showing that nickel lung burdens did not increased linearly with
high nickel sulfate exposures (Benson et al., 1988) and did not increase linearly with time of exposure
(Dunnick et al., 1989). The Benson et al. (1988) results may be due to the observed increased
clearance (decreasing T1/2) at higher soluble nickel exposures (Medinsky et al., 1987). Even if the
bioavailability of nickel from nickel sulfate was as high as it is for nickel subsulfide, there would not be
sufficient nickel in the lungs of the rats to reach the levels found in the animals that showed a positive
response for nickel subsulfide. The lack of relevance of lung nickel burdens for pred|ct|ng lung cancer
risk is further illustrated by the fact that lung burdens for rats |nhaI|ng 0.5mg Ni/m*® of nickel oxide
were much higher than those for rats inhaling 0.1 or 0.7 mg Ni/m*® of nickel subsulfide, yet not
treatment-related induction of tumors was observed in the nickel oxide exposure group.

It is clear then that nickel sulfate hexahydrate does not have the same cancer potency as nickel
subsulfide (at equal nickel exposure levels, 0.1 mg Ni/m?, nickel subsulfide was positive and nickel
sulfate hexahydrate was negative).

It is clear that if nickel sulfate had the same potency as nickel OXIde nickel sulfate would not have
been expected to be positive at 0.1 mg Ni/m® (tested), 0.2 mg Ni/m® (2-fold higher) or 0.5 mg Ni/m® (5-
fold higher). If nickel sulfate had been tested at 1 mg Ni/m® (which is the concentrations at which
nickel oxide gave a positive response), all the rats would have been dead and there would be no
tumors. Therefore, to speculate that nickel sulfate is carcinogenic because “it could have been positive
if tested at higher and lethal concentrations” is not justifiable. Because of the higher overall toxicity of
nickel sulfate hexahydrate in animals, animals cannot be exposed to concentrations high enough to
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result in tumors in the absence of other exposures. The relevance of these results for humans is
discussed below.

—&— 3 m sulfate male
—ll— 7 m sulfate male

15 m sulfate male

3 m sulfate m Benson
—¥— 3 m sulfate female
—®— 7 m sulfate female
—+— 15 m sulfate female
—=— 3 m subsulfide male

7 m subsulfide male

15 m subsulfide male
- 3 m subsulfide female
7 m subsulfide female

15 m subsulfide female

0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8
mg Ni/m3

3) It has been suggested that even if the animal inhalation results are accepted as
negative, the exposures experienced by humans with excess cancer risks were higher
than those experienced by animals and that is why humans got tumors even if animals
did not.

The DRA document pointed out that the highest concentration to which rats were exposed in the NTP
bioassay was 0.1 mg Ni/m? (MMAD 2.2 um) while workers in some of the cohorts studied by the Doll
et al. (1990) experienced soluble nickel exposures above 0.1 mg Ni/m? (workplace dust).
Furthermore, it was suggested that the differences in exposure levels could explain why rats did not
get tumors in the NTP study while some workers did in the epidemiological studies.

To consider this point, it is crucial to note that the aerosol used in the NTP studies was carefully
prepared to have a narrow range of particle sizes with a mass median aerodynamic diameter (MMAD)
of 2-3 um. In contrast, the particle size distribution of the aerosols in the workplace is broader and
characterized by coarser particles (e.g., MMAD> 30 - 50 um, “inhalable aerosols”). Particles in the 2
pMm range comprise less than 10% of the workplace total. Therefore to do a proper comparison
between animal and human exposures, the particle size of the aerosols as well as
deposition/clearance differences between animals and humans must be taken into consideration (U.
S. EPA, 1994). An animal to human extrapolation study based on deposition/clearance models for rat
and human lungs allows calculation of equivalent exposures (Hsieh et al., 1999; Yu et al., 1998; Yu et
al., 2001). These results indicate that after accounting for particle size distribution, the soluble nickel
exposure levels that did not induce tumors in rats are indeed higher than or equivalent to (in terms of
nickel lung burden) those experienced by workers in the nickel refinery epidemiological studies. Figure
2 shows that the highest concentration used in the rat study (0.5 mg Ni sulfate/m?®, 0.11 mg Ni/m®,
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MMAD 2.2. um) is equivalent to 2-3 mg Ni/m® of workplace dust. The workplace soluble nickel
exposure values showed in Table 4.1.2.7.2.C of the DRA are below this range, consistent with the fact
that if humans are as sensitive as rats to the toxic effects of nickel sulfate, levels above 2-6 mg Ni/m®
(equivalent to animal 0.22 mg Ni/m*®, MMAD 2.2. pUm; twice as high as tested in NTP study) would not
be tolerated by the workers without severe respiratory symptoms. So workers have experienced a
range of soluble nickel exposures that were not shown in the rat studies to induce tumors. However,
based on the rat data, workplace exposure above 0.1-0.2 mg Ni/m® may induce sufficient respiratory
tract inflammation to enhance the tumorigenicity of inhalation carcinogens such as sulfidic or oxidic
nickel, acid mists, soluble cobalt compounds, or cigarette smoke.
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5) Sanner and Dybing suggest that nickel sulfate hexahydrate is an animal carcinogen
(negative NTP rat inhalation study due to low exposure tested). Then, there must be
other positive studies with nickel sulfate or other soluble nickel compounds that
support this notion.

Contrary to the situation for nickel subsulfide, there are more than a dozen animal studies that were
negative after exclusive exposures to soluble nickel salts (Table 2). Besides the NTP inhalation
studies, five oral studies in mice, rats, and dogs (Schroeder et al., 1964; Schroeder et al., 1974;
Schroeder and Mitchner, 1975; Ambrose et al., 1976; Kurokawa et al., 1985) have also been negative.
Less relevant routes of exposure such as intramuscular injection also gave negative results in rats
(Gilman, 1962; Payne, 1964; Kasprzak et al., 1983; Kasprzak, 1994). In an intraperitoneal injection
study in rats, a relatively weak positive response for soluble nickel compounds at the injection site was
reported by Pott and collaborators (1992). The positive finding was not reproduced in another
intraperitoneal injection study conducted by Kasprzak et al. (1990).

There is only one study, an intraperitoneal transplacental study that can be considered positive (Diwan

et al., 1992). This study is a transplacental rat carcinogenicity study in which rat dams were injected
intraperitoneally with nickel acetate and the surviving pups were examined for tumors. In this study,
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intraperitoneal injection of nickel acetate by itself did not induce kidney tumors in the offspring of
treated female rats. These results confirm the lack of kidney carcinogenicity seen with nickel acetate
alone by Kazprzak et al. (1990). Surprisingly, the Diwan et al. study shows increased pituitary tumors
in offspring of nickel acetate treated rats (42%) than in offspring of those exposed to sodium acetate
(13%). It should be noted that the historical data for the Fischer 344 rat indicate an average of 23
percent and 45 percent pituitary adenoma incidence for males and females, respectively (Haseman et
al., 1990). The observed increases in pituitary tumors in offspring of animals treated with nickel
acetate may be explained by the toxic effects of the Ni** ion (quite evident in this study with 88% pup
mortality) rather than to a carcinogenic effect. Toxicity can interfere with hormonal function. It has
been shown that in the rat, pituitary tumors can occur as a consequence of hormonal disruption
(Mennel, 1978).

The lack of pituitary tumors in other studies (with soluble and insoluble nickel compounds) such as the
transplacental study by Sunderman et al. (1981), intraperitoneal study by Kasprzak et al. (1990), oral
studies by Ambrose et al. (1976), Schoeder and Mitchener (1975), and the inhalation NTP studies
(NTP 1996 a,b,c) are consistent with this explanation, raising doubt about the relevance of this study
for evaluating human carcinogenic potential.

Table 2. Carcinogenicity Studies of Soluble Nickel Compounds

Reference Material Range or Highest Species Result
Exposure

Inhalation Studies

NTP 1996 NiSO46H20 0.5 mg/m3 Rats -

NTP 1996 NiSO46H20 1.0 mg/m3 Mice -

Oral Studies

Schroeder et al 1964 Ni acetate 5 ppm Ni Mice —

Schroeder et al 1974 Ni acetate 5 ppm Ni Rats —

Schroeder & Mitchener 75 Ni acetate 5 ppm Ni Mice -

Ambrose et al 1976 NiSO46H20 2500 ppm Ni Rats -

Ambrose et al 1976 NiSO46H20 2500 ppm Ni Dogs

Kurokawa et al 1985 Ni Cl2*6H20 600 ppm Ni Rats

Intramuscular Studies

Gilman 1962 NiSO4+6H20 100 mg Ni/kg Rats —

Payne 1964 NiClz 26 mg Ni/kg Rats -

Kasprzak et al 1983 NiSO46H20 19 mg Ni’kg Rats -

Kasprzak 1994 NiSO4+6H20 15 umol/site Rats —

Kasprzak 1994 NiSO4 anhy 60 umol/site Rats -

Intraperitoneal Studies

Kasprzak et al 1990 Ni acetate 5.3 mg Nilkg Rats —

Diwan et al 1992 Ni acetate 5.3 mg Ni/kg Rats + for pituitary*

[transplacental]

Pott et al 1992 NiCl2*6H20 50 mg Ni Rats +— (4/32)
NiSO46H20 +1— (6/30)
Ni acetate +— (5/31)
Controls (0-1/33)

Ultimately, more than a dozen animal studies conducted to date, yield no evidence for the
carcinogenicity of soluble nickel salts by themselves, supporting the negative results from the NTP
inhalation study with nickel sulfate hexahydrate.

6) How can negative animal data be reconciled with positive association seen in
epidemiological studies?

Workers in epidemiological studies were never exposed solely to soluble nickel salts but always to a
mixture with more insoluble nickel compounds, soluble cobalt compounds, acid mists, arsenic
compounds, cigarette smoke, etc.

Epidemiological studies reveal that only respiratory tumors have been consistently associated with
inhalation exposure to certain nickel compounds. Based on data from ten different cohorts, the report
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of the International Committee on Nickel Carcinogenesis in Man (ICNCM, 1990) concluded that more
than one form of nickel can give rise to lung and nasal cancer and that much of the respiratory cancer
risk seen among nickel refinery workers could be attributed to exposure to a mixture of oxidic and
sulfidic nickel, at very high concentrations (>10 mg Ni/m3). The ICNCM also concluded that the
carcinogenicity of soluble nickel acting alone could not be ruled out, but the evidence to support this
hypothesis was unclear and somewhat contradictory. The ICNCM report suggested that an
explanation for the contradictions was that soluble nickel exposure increases the risk of respiratory
cancer by enhancing risks associated with exposures to less soluble forms of nickel.

The association between soluble nickel exposures and increased respiratory cancer risk continues to
be seen in more recent updates of some of these cohorts (Andersen et al., 1996, Anttila et al., 1998;
Grimsrud et al. in press). However, since mixed exposures (to more insoluble nickel compounds,
cobalt compounds, acid mists, cigarette smoking, etc) are present in these cohorts, it is not possible to
use these data alone to determine whether soluble nickel exposures by themselves can cause cancer
or if they merely act to enhance the risks of known carcinogens.

The only epidemiologic studies of workers exposed almost exclusively to soluble nickel are those of
nickel platers (Sorahan et al., 1987; Pang et al., 1996). These studies are small (in terms of workers),
but they provide no evidence to suggest that soluble nickel exposure at or below 0.1 mg Ni/m®
increase respiratory cancer risk.

In addition, there are animal studies that suggest that although soluble nickel compounds are not
carcinogenic by themselves they may be able (at certain concentrations) to enhance the
tumorigenicity of carcinogenic substances. For these effects to occur, exposures to soluble nickel
have to be high enough to induce chronic toxicity and cell proliferation. Interestingly these effects are
manifested in lung (after inhalation) and kidney (after oral ingestion) which are the target sites for
toxicity.

In the Kasprzak et al. (1990) study, the administration of a soluble nickel compound by itself did not
induce any kind of tumor, while the administration of the non-genotoxic carcinogen sodium barbital
resulted in kidney tumors in male rats. When the soluble nickel compound was administered prior to
sodium barbital, a higher number of kidney tumors (male rats) were induced. This phenomenon was
later explained by the enhanced susceptibility of male rat kidneys to the sodium barbital effects,
possibly involving the a-2 microglobulin mechanism (Kurata et al., 1994). EPA and other regulatory
agencies agree that this type of tumor should not be considered in carcinogenicity hazard assessment
for humans. The results from Kasprzak et al. (1990) are consistent with a possible “enhancing” role
for soluble nickel in the kidney rather than an initiator/complete carcinogen role. These results are
also in agreement with the results from the Kurokawa et al. (1985) study, in which oral administration
of nickel chloride did not induce any kind of tumors, but it enhanced the formation of kidney tumors by
N-ethyl-N-hydroxyethylnitrosamine (EHEN) in male rats. There are a few studies with nickel sulphate
quoted in IARC that although not well described, tend to support the above findings from other soluble
nickel compounds.

Tumor Promoter Studies with Soluble Nickel Compounds

REFERENCE MATERIAL RANGE OR HIGHEST SPECIES REsuLT
EXPOSURE
Oral Studies
Kurokawa et al 85 e NiCl26H20 600 ppm Ni J Rats e -
o EHEN+NiCl 600 ppm Ni o+ forkidney
Intraperitoneal Studies
Kasprzak et al 90 e Niacetate 5.3 mg Ni/kg J Rats . -
e NaBB e + forkidney
e Niacetate + e + forkidney
NaBB*
Diwan et al 92 e Niacetate 5.3 mg Nilkg Rats e —forkidney
[transplacental] + for pituitary*
e Niacetate + e +forkidney (3) &
NaBB* + for pituitary”

The NTP inhalation studies of rats and mice indicate that exposure to soluble nickel compounds can
induce respiratory toxicity manifested by inflammation and fibrosis in rats and mice. Chronic inhalation
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of soluble nickel at concentrations above those that cause chronic inflammation does not appear to
produce tumors but it may enhance the carcinogenicity of concomitant exposures to respiratory
carcinogens such as nickel subsulfide, certain nickel oxides and/or cigarette smoke. Exposures to
concentrations of soluble nickel compounds below the threshold for respiratory toxicity would not be
expected to enhance carcinogenic effects of other substances.

7) How can the genotoxicity of soluble nickel compounds observed in in vitro studies be
reconciled with the general lack of carcinogencity of soluble nickel compounds in
animal studies

In general, studies of genotoxicity in bacteria or cultured cells have indicated that nickel compounds
can induce chromosomal aberrations and cellular transformation but not gene mutations. Most nickel
compounds (and perhaps metallic nickel) have the ability to induce these effects albeit at different
concentrations. Soluble nickel compounds require higher concentrations than particulate nickel
compounds to see the same effects. The lower genotoxic potency of soluble nickel compounds is
attributed to the ineffective cellular uptake of the nickel ion from soluble nickel compounds compared
to the effective phagocytosis mechanism for more insoluble nickel compounds.

Current models for nickel-mediated induction of respiratory tumors suggest that the main determinant
of the respiratory carcinogenicity of a nickel compound is likely to be the bioavailability of the Ni (II) ion
at nuclear sites of target epithelial cells (Costa, 1991; Oller et al., 1997; Haber et al., 2000). Only
those nickel compounds that result in sufficient amounts of bioavailable nickel ions at nuclear sites of
target cells (after inhalation) will be respiratory carcinogens.

The factors that will influence Ni (Il) ion bioavailability in epithelial cells of the lung are: presence of
particles on bronchio-alveolar surface, mechanism of lung clearance (dependent on solubility),
mechanism of cellular uptake (dependent on particle size, particle surface area, particle charge), and
intracellular release rates of Ni (ll) ion. Those nickel compounds that are: (1) insoluble enough to
allow accumulation of particles at the cell surface, (2) have an intermediate lung clearance rate that
allows them to persist in the lung, (3) have a high uptake of particles into epithelial cells via
phagocytosis, and (4) have increased release rates of Ni (Il) ion inside the cells, will result in greater
accumulation of Ni (ll) ion at nuclear target sites. Inhalable size particles of nickel subsulfide
represent a good example of a high Ni (II) bioavailable dust for respiratory carcinogenesis.

By contrast, water soluble nickel compounds will not be present as particles on the cell surface (rather
there will be Ni (1) ions and counter ions), will experience rapid clearance from the lung (decreasing
the availability of Ni (Il) ions for transport into the cell), will have inefficient transport into the cells
through the cell membrane (e.g., magnesium channels, Hausinger, 1992), and will avidly bind to
proteins inside and out of the cells (Harnett et al., 1982). The end result is that even inhalation of very
high concentrations of soluble nickel compounds will not lead to high enough bioavailability of Ni (I1)
ions (at nuclear target sites of lung epithelial cells) to induce tumors.

Only inhalation studies can be used to evaluate the interaction of all the above mentioned factors that
determine Ni (Il) ion bioavailability at target sites. The NTP animal studies (NTP 1996 a,b,c) are
consistent with the nickel ion bioavailability theory described above.

The DRA document cites the Haber et al. (2000, pages 220-224) discussion of a mode of action that
suggests that soluble nickel compounds may have a different mode of action at low (non carcinogenic)
and high (carcinogenic) doses. This is a theoretical possibility that is consistent with the model
described above. In vivo, however, the high concentrations of soluble nickel compounds needed to
induce tumors (rather than simply to promote cell proliferation) are unlikely to be reached because
humans or animals would be expected to experience severe respiratory toxicity before high enough
levels are achieved at target nuclear sites. The available animal data support this contention.

The in vitro data can be reconciled with the negative animal data because in vitro studies do not
account for organ clearance. Therefore, if concentrations of soluble nickel are high enough in the
Petri dish, given enough time, some nickel ions will eventually reach the nucleus of the cells. In vivo,
this is not the case. The inefficient cellular uptake of nickel ions is complemented by the rapid
clearance of soluble nickel compounds. Because of the toxicity of soluble nickel compounds, exposed
animals are likely to die before a high enough concentration of nickel ions (i.e., the concentration
needed to induce tumors) can be reached in the nucleus of respiratory target cells.
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The model discussed above fits not just the available respiratory data for various categories of nickel
compounds, but also fits with the lack of carcinogenicity for soluble nickel via oral exposure. After
ingestion, a fraction of the free nickel ion will be absorbed from the gastrointestinal tract into blood. In
blood, the nickel ion circulates mainly bound to albumin or amino acids. Bioavailability of nickel ions at
nuclear sites of systemic target cells will be limited by some of the same factors that operate in the
lung: inefficient cellular uptake, rapid kidney clearance, high affinity for blood amino acids and
proteins. Therefore, the lack of systemic carcinogenicity of oral nickel is consistent with the respiratory
mechanism of tumor induction by nickel compounds.

8) Can animal-based respiratory toxicity data (used as a surrogate for tumor promotion
effects) predict excess cancer risks seen in workers exposed to soluble nickel
compounds?

If soluble nickel compounds can enhance the respiratory carcinogenicity of inhalation carcinogens, this
enhancement will occur at concentrations above those that cause chronic lung inflammation, (i.e.,
chronic cell proliferation). Seilkop and Oller (2002) have used respiratory toxicity data from the NTP
inhalation study with nickel sulfate hexahydrate to predict excess cancer risk in workers exposed to
equivalent concentrations to those that induce chronic lung inflammation in rats.

Table 3 shows the estimated range of workplace inhalable exposures to soluble nickel (0.5 -1.0 mg
Ni/m?, for model with best fit) that could result in enhanced tumorigenicity (SMR = 200) of other
exposures. These exposure levels can be compared with soluble nickel exposures at Kristiansand
shown in Table 4 (from Grimsrud et al., 2002).

Table 3. Occupational Exposure Limits and High Risk Concentrations Derived from Fitted Animal
Dose-Response Curves (from Seilkop and Oller, Respiratory Cancer Risks Associated with Low-level
Nickel Exposure: An Integrated Assessment Based on Animal, Epidemiological, and Mechanistic
Data, submitted to JOEM)

Nickel Compound, Model Model Fit Occupational “High Risk”
Animal Endpoint Observed (Obs) and Expected (Exp) Responses Exposure Limit Concentrations
Concentrations | Associated with
Dose n Data | Model' p- Associated with 104 SMR=200¢
(mg value2 Risk? (mg Iphalable
Ni/m3) (mg Inhalable Ni/m?) Ni/m?)
Nickel Oxide Weibull 0.0 107 2 15 0.56 05-1.1 9-19
Lung Tumors, 0.5 106 1 15 (8-18) (12-24)
Male and 1.0 106 12 12
Female Rats[41] Gamma 0.0 107 2 1.5 0.56 06-14 9-19
0.5 106 1 15 (6-14) (11-23)
1.0 106 12 12
Nickel Sulfate Weibull 0.0 106 28 27.0 0.72 0.1-0.2 0.5-1.0
Lung Inflammation, 0.03 106 26 27.0 (1.0-1.4) (1.1-2.0)
0.06 106 91 91.0
Male and Female Gamma 0.0 106 28 26.0 0.50 02-04 0.6-1.1
Rats[42] 0.03 106 26 28.2 (0.5-0.7) (0.7-1.3)
0.06 106 91 90.7
Nickel Subsulfide Linear 0.0 106 2 44 0.002-0.010 1.8-6.1
Lung Tumors, 0.11 106 12 7.3 0.03 (0.004- 0.015) (2.8-94)
Male and Female 0.44 106 20 22.1
Rats[40]
Nickel Subsulfide Hill 0 5 268 263 NAS 0.02-0.06 0.6-2.0
DNA strand breaks, 0.04 4 256 263 (0.8-2.8) (1.2-4.0)
Male Rats [57] 0.11 5 316 316
0.44 5 339 339

" Model prediction. ° p-value for X* (1 df) goodness of fit test.
3 Range reflects upper and lower limits of estimated animal to human exposure extrapolation factors
(Table 6) applied to lower 95% confidence limit on exposure corresponding to 10" increased risk in
animals. Parenthesized range reflects animal to human extrapolation of maximum likelihood estimate
of exposure corresponding to 10" risk in animals.
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4 Range reflects upper and lower limits of estimated animal to human exposure extrapolation factors
(Table 6) applied to lower 95% confidence limit on exposure corresponding to a 6x107 increased risk
in animals, which approximates the 75-year lifetime background lung cancer risk in U.S. white
males[36] and Canadian males[37]. Thus, the exposure corresponding to an increased risk of 6x107
would double the human background risk, producing an SMR of 200. Parenthesized range reflects
animal to human extrapolation of maximum likelihood estimate of exposure corresponding to 6 x 107
increased risk in animals.

°®NA — model has as many parameters as data points; goodness of fit statistic could not be calculated

Table 4. Exposure estimates for Kristiansand’s nickel refinery (based on data from Table 3 Grimsrud

et al., 2002).

Years Total Ni | Inhalable % Inhalable Inhalable
Ni soluble soluble Insoluble
Crushing, grinding 1910-94 | 0.7-14 1.4-2.8 0.12 0.2-0.3 1.2-2.5
Old smelter building | 1910-29 4.0 8 0.10 0.8 7.2
no. 1 30-50 4.0 8 0.10 0.8 7.2
51-77 2.6-4.4 5.2-8.8 0.10 0.5-0.9 4.5-7.9
Calcining smelting 51-77 1.5-3.4 3.0-6.4 0.10 0.3-0.6 2.7-5.8
dep 78-94 0.5 1.0 0.12 0.1 0.9
Roasting dep 1910-77 1.9-5.3 3.8-10.6 0.10 0.4-1.1 3.4-9.5
78-94 0.4 0.8 0.15 0.1 0.7
Copper leaching 1910-94 | 0.1-1.5 0.2-3.0 0.49 0.1-1.5 0.1-0.15
Copper electrolysis | 1910-94 | 0.03-0.2 | 0.06-0.4 0.80 0.05-0.3 0.01-0.08
Copper 1927-77 | 0.6-1.2 1.2-2.4 0.45 0.5-1.1 0.66-1.3
cementation
Electrolysis 1927-77 | 0.2-0.5 0.4-1.0 0.80 0.3-0.8 0.1-0.2
purification 78-94 0.03-0.2 | 0.06-0.4 0.98 0.06-0.4 <0.01
Nickel electrolysis 1910-77 | 0.1-0.2 0.2-04 0.87 0.2-0.3 0.03-0.05
78-94 0.03-0.1 | 0.06-0.2 0.83 0.05-0.2 0.01-0.03

Soluble exposure ranges in bold are all consistent with SMRs of 200 due to the tumor enhancing
effects of soluble nickel. Elevated SMRs (100 < SMR <200) may be predicted for soluble nickel
exposure ranges in italics. Based on this analysis, the epidemiological data for Kristiansand would be
consistent with soluble nickel compounds acting as tumor promoters.

Together, the negative animal data, in conjunction with the epidemiological and mechanistic data
suggest a possible enhancing rather than a direct carcinogenic role for soluble nickel compounds.
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7.7 NIPERA COMMENTS ON MECHANISTIC CONSIDERATIONS
ON NICKEL ION CARCINOGENICITY

(The following text is an extract of the comments provided by NiPERA in April 2002 as agreed at the Industry-
Rapporteur meeting on carcinogenicity in April 12" 2002 ).

Current models for nickel-mediated induction of respiratory tumours suggest that Ni (II) ion bioavailability will
be the main determinant of the respiratory carcinogenicity of a nickel compound (Costa, 1991; Oller et al., 1997,
Haber et al., 2000). Only those nickel compounds that result in sufficient amounts of bioavailable nickel ions at
nuclear sites of target cells (after inhalation) will be respiratory carcinogens. The factors that will influence Ni
(IT) ion bioavailability in epithelial cells of the lung are: presence of particles on bronchio-alveolar surface,
mechanism of lung clearance (dependent on solubility), mechanism of cellular uptake (dependent on particle
size, particle surface area, particle charge), and intracellular release rates of Ni (II) ion. Those nickel compounds
that are: (1) insoluble enough to allow accumulation of particles at the cell surface, (2) have an intermediate
lung clearance rate that allows them to persist in the lung, (3) have a high uptake of particles into epithelial cells
via phagocytosis, and (4) have increased release rates of Ni (II) ion inside the cells, will result in greater
accumulation of Ni (II) ion at nuclear target sites. Inhalable size particles of nickel subsulfide represent a good
example of a high Ni (II) bioavailable dust for respiratory carcinogenesis.

By contrast, water soluble nickel compounds will not be present as particles on the lung surface (rather there will
be Ni (II) ions and counter ions), will experience rapid clearance from the lung (decreasing the availability of Ni
(IT) ions for transport into the cell), will have inefficient transport into the cells through the cell membrane (e.g.,
magnesium channels, Hausinger, 1992), and will bind to proteins inside and out of the cells (Harnett et al.,
1982). The end result is that even inhalation of very high concentrations of nickel sulphate hexahydrate will not
lead to high enough bioavailability of Ni (II) ions to induce tumours. These predictions are consistent with the
negative results in the NTP rat inhalation study and with the lack of systemic carcinogenicity of oral nickel.
These results do not contradict the positive in vitro studies. In vitro there is no clearance. If concentrations are
high enough and exposures long enough, eventually some Ni ion will reach the nucleus and cause a positive
genotoxic effect. This is precluded in vivo by the rapid clearance and the whole animal toxicity/mortality that is
evident at lower doses than those that can induce tumours.

The NTP inhalation studies of rats and mice clearly indicate that exposure to nickel sulphate hexahydrate can
induce respiratory toxicity manifested by inflammation and fibrosis in rats and mice. Chronic inhalation of
nickel sulphate hexahydrate at concentrations above those that cause chronic inflammation may enhance the
carcinogenicity of concomitant exposures to respiratory carcinogens such as nickel subsulfide, certain nickel
oxides and/or cigarette smoke (non genotoxic mechanism). This is in agreement with the findings from the
epidemiological studies. Exposures to concentrations of soluble nickel compounds below the threshold for
respiratory toxicity would not be expected to enhance carcinogenic effects of other substances.
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7.8 FURTHER STATISTICAL ANALYSIS OF THE SLI 2000B 2-
GENERATION REPRODUCTIVE TOXICITY STUDY

Modified from an abstract to the International workshop on statistical modelling.

Generalized linear model with overdispersion

— a case study of the toxicogical effect of nickel sulphate hexahydrate on
postimplantation-perinatal mortality rate in rats

Helle M. Sommer, Ph.D., M.Science, statistician, The Danish Veterinary and Food Administration; Ulla Hass,
Ph.D, M. Science, reproductive toxicologist, The Danish Veterinary and Food Administration
Poul Thyregod, Associate Professor in Statistics, Danish Technical University

Keywords toxicity study, generalized linear model, binomial distribution, intralitter correlation, overdispersion.

This case study is based on the results of an oral (gavage) two-generation reproduction toxicity study in Sprague-
Dawley rats with nickel sulphate hexahydrate (SLI 2000b).

In obtaining reliable results from toxicity studies one of the cornerstones is the choice of the statistical test
method. Depending on the choice of method, different results may be obtained, however, some methods are
usually more appropriate than others. In this presentation, an approach based upon binomial proportions (a
generalized linear model with overdispersion) is described and compared to the method suggested by the
industry (a Mann-Whitney test on the mortality rate per litter). A primary characteristic of the binomial
overdispersion model is that it accounts for the structure of the type of data and for the important issue of the
litter effect, and hence is believed to have greater power.

Toxicity study

Toxicity studies are performed to provide information concerning the toxic effects of a test substance, in this
case the toxic effect of the presence of the substance in food / drinking water. The purpose of the study was to
evaluate the potential effect of nickel sulphate hexahydrate on the integrity and performance of the male and
female reproductive systems and the effects on peri-postnatal mortality rate. In this presentation, focus is on the
mortality of the offspring due to maternal exposure during pregnancy and lactation. In order to determine the
dose of the substance (given to the parents) that has an effect on the perinatal mortality of the offspring, the study
was designed with a control group (group 1) and four test groups with increasing doses (group 2-5). The
estimation of / decision on the dose that causes no toxic change, e.g., the no-observed-effect level, lies outside
this presentation.

Each group contained between 25 to 28 female rats, which were given the substance orally dissolved in water at
dosage levels of 1.0, 2.5, 5.0 or 10.0 mg/kg/day (group 2-5 respectively). Dosing began at 10 week prior to
mating and continued until the day prior to scheduled euthanasia. Control animals were given water under the
same experimental conditions. After the euthanasia of the maternal rats after weaning of the offspring, the peri-
postnatal lethality in each litter was calculated (total number of implantations minus total number of live pups on
the 4™ day after birth in each litter).

The response is given, as the number of dead versus the total number of implantations in the litter. Each litter
varies in size from 4 to 19, however there were no significant correlation between the size of the litter and the
mortality rate. An example of the structure of the data is given in Table 1.

Group 1| Group 2 Group 3 Group 4 Group 5
(control) 1 mg/kg/day 2.5 kg/kg/day 5 mg/kg/day 10 mg/kg/day
Litter 1 0/6 2/12 2/16 3/14 3/16
Litter 2 1/17 2/13 0/14 1/13 1/12
and so on ... litter 28
“Mean mortality rate”|0,074 0,084 0,090 0,101 0,169
(percentage)
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Statistical analysis

The response data can be described by binomial distributions (number of dead versus total number of implants).
The data material can be analysed in pairs (e.g. a certain group versus the control) or as a regression due to the
increasing dose. In both cases the analysis is carried out in the generalized linear model with a logistic link
function (In(p/(1-p) =) due to the binomial distributed response data. The canonic parameter § could now be
described by the linear function:

¢ =B+gi,j=12...5  (comparing of groups)
or
9 =B+vyd;,j=12...5 (regression)

where f is the intercept, g is the deterministic effect from the groups, v is the slop of the regression line and d is
the dose level. A goodness of fit test for the level model and for the regression analysis revealed a bad fit (P =
0.0005) and it could be concluded that there was more variation in the system than could be explained by the
model and thereby by the binominal distribution.

The intralitter correlation among responses from offspring in the same litter was suspected to be significant
meaning that the biological variability between litters should not be ignored. Since the biological variability
between litters turned out to be significant, the linear functions given above are insufficient in describing the
system. This lack of fit is the so-called ‘litter effect’, and the tendency for fetuses from the same litter to respond
more alike than fetuses from different litters has long been recognized. Consequently, the conventional binomial
distribution provides poor fit to this kind of data, known as the “extra binomial variation” phenomenon, or
overdispersion, and hence, in the framework of generalized linear models, this extra binomial variation could be
modelled by introducing a dispersion parameter in the model. The dispersion parameter, ¢, describes how many
times larger the actual variance is compared to the variance of the binomial distribution.

Results
The main result shows a significant raise in the peri-postnatal mortality rate in the offspring due to maternal
exposure of nickel sulphate hexahydrate before and during pregnancy. This result was found both

1) when analysing for total homogeneity comparing all 5 groups and

2) when comparing group 1 against 5 and

3) when comparing 1, 2, 3, and 4 against group 5 and

4) when using the regression analysis for all 5 dose levels.

The reason for pooling group 1 — 4 is due to the industry’s concern of the control group, which in their opinion
showed an unrealistically low mortality rate compared to historical control values.

The dispersion parameter was found to be 1.3, meaning that the actual variance is 30% larger than what could be
explained by the binomial distribution due to biological variability between the litters.

The significance level (P-values in Wald tests) for the mortality rate for analysis 1), 2), 3) and 4) for modelling
with and without the overdispersion was found to be:

Analyses | P-value without overdispersion P-value with overdispersion
1) 0.0004 0.0115
2) 0.0002 0.0078
3) <0.0001 0.0004
4) <0.0001 0.0004

Programming in SAS

All analyses under the generalized linear model were performed using SAS Insight (fit option) with the number
of dead offspring set as response variable (Y), and the group indicator as explanatory variable (X). The Response
Distribution was chosen to binomial and the logit (or canonical) Link Function was chosen. The dispersion
parameter (Scale) was set to Deviance and Quasi-likelihood was chosen as estimation method. The Binomial
number of trials was set to the size of the litters.

Discussion

In the framework of experimental design, the litters act as blocks, and hence a possible litter effect might be
modelled as a random effect. In studies of maternal exposure during pregnancy, the litter effect could be
included by a hierarchical distribution structure. To account for the litter effect, the literature has suggested that
the beta-binomial distribution be used as a means to describe the extra binomial variation (e.g. Williams 1975,
Haseman and Kupper 1979).
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Lee and Nelder (2000) note that for generalized linear models, the variance functions under an adjustable
dispersion parameter differs from that under a random effect model, and furthermore introduces a combined
approach in a so-called hierarchical generalized linear model.

However, in the present study it was found that the small span of dosage levels did not warrant such an
approach. Moreover an investigation of the deviance residuals did not suggest that a more detailed modelling
was relevant.

Comparing with the Mann-Whitney method.

In the sector of industry, the Mann-Whitney U-test is the test analysis that is most often employed for these kinds
of results from toxicity studies. Under this test, no significance was demonstrated for the present data set when
comparing group 1 to group 5. However, the Mann-Whitney test simply does not use all information that lie
within the data set and this fact contributes to a blurred picture compared to the generalized linear model and
therefore the Mann-Whitney tests has less power to detect potential differences.

We find that the use of the Mann-Whitney test is not very appropriate for the present toxicity study. As itis a
nonparametric test, it does not use information concerning the distribution of the data nor of the known sizes of
the litters. The assumption on identical distribution of data in each group is clearly violated because of the
varying litter sizes. Moreover a Mann-Whitney test assumes that there are no tied ranks (Altman 1991) which is
not achieved for the present set of data. If there are many identical data values, complicated correlations should
be applied to the large sample formula.
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7.9 INFLUENCE OF A POTENTIAL NICKEL SENSITIVITY ON THE
FREQUENCIES OF POSTIMPLANTATION/PERINATAL
LETHALITY IN F1 AND F2 OFFSPRING

The influence of a potential genetic predisposition to nickel sensitivity/resistance on the frequency of
postimplantation/perinatal lethality in F2 offspring can be estimated based on the frequency of
postimplantation/perinatal lethality in F1 offspring. If it is assumed that there is a genetic predisposition to nickel
resistance, it is reasonable to assume that the predisposition to vulnerability is recessive as only some of the
offspring in the litters showed the effect in the F1 generation, and that inheritance is Mendelian.

The FO generation and the F1 offspring will comprise homozygotes for nickel resistance and nickel sensitivity
and heterozygotes for nickel resistance (AA : Ab:Ab : bb; A = dominant, resistance; b = recessive, sensitive). If,
as a worst case, all of the F1 homozygous recessives were eliminated prior to weaning, the population would
consist of heterozygous recessives and homozygous dominant resistants (AA; Ab: Ab), all with a resistant
phenotype. At pairing of the F1 adults, the resulting F2 generation would again consist of AA, Ab and bb
individuals. The bb individuals would be affected by nickel, and there would be additional perinatal mortality,
greater than that seen in the controls.

The extent of the mortality would be determined by the relative frequencies of the gene types. The frequency of
this hypothetical recessive gene (or genes) is not known. If the additional mortality at 2.2 mg Ni/kg bw/day in F1
is due to heritable sensitivity, then the frequency of recessive homozygotes must be relatively low. If a lethal
recessive gene has a homozygous frequency of 1% in the first generation, the frequency in the second generation
will be 0.83%, while a frequency of 9% in the first generation will lead to a frequency of 5.33% in the second
generation. In other words, in successive generations, a rare recessive lethal gene is expressed at approximately
the same frequency. This explains why rare recessive heritable conditions such as Wilson’s disease and
Huntington’s chorea do not die out in the human population. However, the additional mortality in F1 is around
9% (control 7.4%, exposed 16.9%) and therefore the frequency of recessive homozygotes in the second
generation is estimated to be around 5.3%. This implies that hypothetical sensitivity to nickel could not be totally
eliminated by exposure at a single generation, but the frequency of sensitive offspring would be reduced from
9% to 5.3%. The mortality in F2 is 10.5% (37/252) and compared to the control value from F1 (7.4%) this gives
an additional mortality of 3.1% in F2. This is somewhat lower than the expected 5.3%, however, due to the
number of litters used and the variability in the end point, it cannot be expected to have an exact match.

Another test of this hypothesis can be made on this study since the study report allows investigation of paternity
(see Table 4.1.2.8.3.A in chapter 4). The F1 adults are numbered according to their FO parents (e.g. an F1 adult
arising from FO dam 308 is numbered 308-14). It is therefore possible to determine if the surviving offspring
from litters at 2.2 mg Ni/kg bw/day passed on any susceptibility to the F2 offspring. Examination of the resulting
lethality data demonstrates no obvious pattern at first glance (Table 7.9.A), even where both parents came from
‘susceptible’ litters. There are three cases where both F1 parents were from litters with high losses (> 25% loss)
and the results in F2 are one case with low loss (11%) and two cases of high losses (29.4% and 100% loss), i.c.
the frequency of affected litters is 67% (or 50% if the single case of total litter loss is excluded). The probability
that litters will be affected when both parents are from affected litters is 44.4%. Consequently, the observations
in the three litters of parents from affected litters, although based on low number of animals, is in agreement with
the hypothesis.
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Table 7.9.A: Comparison of Perinatal Mortality between F1 litters and F2 litters

F1 (N =28) F2 (N=24)
Group 5 Dam No. [Pre, peri and post natal Group 5 Dam  |Group 5 Sire No.|Pre, peri and post natal
loss (%) FOF1 litter No. loss(%), F1F2 Litter
308 18.8 308-14 336-02 21.4
318 8.3 318-04 337-04 8.3
318-10 352-08 0.0
319 35.7 319-10 358-04 0.0
327 16.7 327-04 362-02 12.5
331 0.0 331-08 364-03 20.0
333 10.0 333-06 378-08 5.6
336 13.3 336-08 394-05 20.0
337 333 337-07 395-06 7.1
352 14.3
358 18.8 358-09 399-02 0.0
362 0.0
364 0.0 364-13 415-02 0.0
378 429 378-10 434-02 29.4
394 0.0 394-11 435-03 17.6
395 6.7 395-15 437-03 0.0
396 0.0 396-16 437-05 11.8
399 0.0
405 35.7 405-08 441-02 11.1
415 0.0
434 36.8 434-10 626-02 12.5
434-08 331-06 20.0
435 6.3 435-13 627-07 0.0
437 375 437-08 308-02 0.0
438 6.3 438-15 318-03 6.3
441 313 441-10 319-07 100.0
448 0.0 448-04 327-02 13.6
452 40.0
626 15.4
627 15.4 627-11 333-04 11.1

Numbers in bold indicate where there was F1 Perinatal Mortality > 25% (i.e., 1 in 4 mortality in a litter).
F1 adults arising from these litters and mortality in F2 litters where both parents are from these litter are also
shown in bold.

The assumption of some heritability is important for the argument that the lack of significant perinatal mortality
in the F2 generation is due to the death of susceptible individuals in the F1 generation. The calculations above
demonstrate that the increase in offspring mortality in the F2 generation will be of a smaller magnitude than seen
in the F1 generation, i.e. reduced from 9% in F1 to 5.3% in F2. The increase in F2 is around 3% and based on the
number of litters included and the variability in the end point it is not surprising that this increase is not
statistically significant. Therefore, it can be concluded that the finding of a significant effect in F1 but not in F2
may not be an inconsistency, but can be explained by the selection of the F1 parents (i.e. excluding sensitive,
homozygous recessives).
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