58.710

1,555 C (Merck Index 11th Ed.), 1,455 C (Patty)
2,837 C

8.90 (20 ©)

1.000 mmHg (1,810 C)

(Ni)
(Fe Ni)
( 21-6-9 Fe60-69 Cr18-21 Mn8-10 Ni57 )
(NiO) NiO black nickel oxide green nickel oxide
(Ni(OH),)
(Nisy)
(NiS) a B
(NisS,) B -NisS,
greenp -form

(Ni(OCOCH,),)
(NiCO,)
(NiCl,)

(NiSO,) (

(Ni(NO,).)



(Ni(CO),)
100 (Stedman  Hikade 1980)

( ) 12 36,230 963
57,894

(National Academy of Sciences 1975)

International Agency for Research on Cancer (IARC, 1989)



American Conference of Governmental Industrial Hygienists (ACGIH)

(TLV)

Environmental Protection Agency (EPA-IRIS 1992)

(smelter) (refinery)
Clydach
( , ) Copper Cliff Port Colborne ( ) Kristiansand ( )
Huntington ( )
( )
10 mg Ni/m
Roberts  (1984) Port Colborne
(SMR=298) (SMR=9,412)
Clydach Peto (1984) (SMR=510) (SMR=26,667)
Copper Cliff (SMR=311) (SMR=3,704) Roberts
(1989a,b)




Huntington Enterline Marsh (1982)

(SMR=2,443)
( SMR=118 SMR=107.6) 20
Clydach Copper Cliff
Magnus (1982)
Kristiansand (SMR=360) (SMR=4,000)
(SMR=550) (SMR=2,700)
SMR
Outokumpu  /
0.02 (Karjalainen  1992)
Port Colborne
(Roberts  1984) Magnus  (1982)
(SMR=170)
(SMR=1,500)
New Caledonia
(Bourasset  1966; Sunderman 1977)
(Cox  1981; Redmond 1984; Cornell 1984) Bernacki  (1978)
Godboldt Tompkins (1979) Oak Ridge
814
1,600 3,044 0.13mg/m?

19




Andersen 1996 Falconbridge
1916 1940
379 1946 1983
4,385 1953 1993 203 (
68 standardized incidenceratio (SIR) 3.0 95 (Cl) 26 34
32 ( 1.8 SIR 18.0 95 C.. 12 25)
(P=0.05) 11 95
Cl. 02 51 51 9% CI. 13 205
Richard Doll (International Committee on Nickel Carcinogenesis in
Man, 1990 “ Dall " )
150
mesh

(International Committee on
Nickel Carcinogenesisin Man, 1990)

Clydach Kristiansand
Oak Ridge Gaseous Diffusion Plant
mg Ni/m?

Kristiansand

Clydach
50mg Ni/m® 10mg Ni/m?




Hanna Mining and Smelting New Caledonia

Sunderman
(1987) Clydach 10 100mg Ni/m?® Kristiansand
mg Ni/m? Hanna Mining and Smelting New Caledonia mg Ni/m?
Clydach 15
Kristiansand
Clydach
Copper Cliff
Port Colborne Clydach
Clydach
Kristiansand Huntington
Alloy
Clydach mg Ni/m? Kristiansand

mg Ni/m? Huntington Alloy mg Ni/m?

Kristiansand
mg Ni/m?
mg Ni/m?
10
Kristiansand
Clydach
Clydach




Clydach mg

Ni/m?
Kristiansand Clydach
Port Colborne
Port
Colborne Kristiansand
17 Port Colborne
Kristiansand Clydach Ontario INCO Outokumpu
Outokumpu (Karjalainen  1992)
Grimsrud ~ (2002) Kristiansend 1910 1994 5,389
(
<mg Ni/m3x > Odds 1.7 95 1.3 2.2
Clydach (Doll 1958)
Mond
(Mastromatteo 1967) Ontario Kristiansand (Pedersen
1973) (Seknyn Blohkin 1978)

Clydach 1930
(Doll  1977)




(Saknyn  Blohkin 1978)

) 70 mg/m?

90 150 mg

39 Gilman Ruckerbauer (1962)  Port Colborne
(20% 57% 6.3% )
15 mg/m? / / 21 (C57B1
20 ) ( 50 BethesdaBlack Rat 60 ) (Strain 13
32 10 ) (Hueper 1958)
IARC Working Group
(IARC 1989) Pott  (1987) 11
0.9mg 10 03mg 20
25 32 39 10
IARC
Working Group (1989)

Horie

(1985)

60 200 p g/m®

nickel oxide 53.2 mg/m?

0.6
20
18
(Glaser  1986)
(IARC 1989)
(Wehner 1975, 1979)

8.0 mg/m® green nickel oxide

histiocytoma

IARC Working Group

black

Haratake (1992)




NiPERA green nickel oxide black nickel oxide (Sunderman  1987)

50 1.1 mg Ni/m* 1.3 mg Ni/m?
12

US DHHS NTP Technical Report 451 99% green nickel oxide 0.5 2.0 mg

Ni/m? F344/N ( )
B6C3F, mg Ni/m?
mg Ni/m? mg Ni/m?
Pott  (1987) 11 0.3 ml
15 mg 10 124 37
10 38 12
IARC Working Group (1989)
Sunderman  (1987)
Ottolenghi  (1974) 122 104 Fischer344 0.97 mg/m?
78 108 %
241 31% 10
15

USDHHS NTP Technical Report 453 97% ( 2.4

+22 ym) 2.5 mg Ni/m? 16 13
F344/N ( )
B6C3F, 0.6

1.2 mg Ni/m?

Pott  (1987)

IARC Working Group (1989)

Haratake (1992)

Sunderman  (1987)




IARC (1989)  Environmental Health Criteria (IPCS 1991)
1994 US DHHS NTP Technical Report 454 98%
0.03 0.06 0.11 mg Ni/m? 112 F344/N
( 0.06 0.11 0.22 mg Ni/m®
112 B6C3F, (Dunnick  1995)
Stoner  (1976) Poirier  (1984) Strong strain A
Pott (1989, 1990) mg
50
( 25 ) 30
Wehner  (1981) 102
20
10 mg/m?
mg/m®
EPA (IRIS 1992)
Class A (human carcinogen) Class B2 (probable human carcinogen)
IARC (1989)

10



in vivo in vitro
in vivo
Outokumpu
(Kiilunen  1997a)
(SCE)
DNA
80 127
(Knudsen  1992) Gennart
(1993) 26
25 SCE CEA (carcinoembryonic antigen)
TPA (tissue polypeptide antigen) SCE
SCE
Senft  (1992) 21
19 0.05 mg/n?

13

USDHHSNTP Technical Report 451 453

green nickel oxide
B6C3F,

in vivo

in vitro
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Nishimura Umeda (1979) FM3A
DNA RNA
( CHO )
( )
( SHE )
(V79) SCE (Larramendy  1981) (Ohsima
2001) in vitro SCE
(IPCS 1991)

in vitro

DiPaolo Casto (1979) ( ) SHE

25 10 p g/ml
()
Costa Mollenhauer (1980) Costa  (1980) SHE
CHO SHE
(Costa 1979) SHE
(Costa Moallenhauer
1980; Rivedal Sanner 1980)
in vitro
US DHHS NTP Technical Report 453
Salmonella TA100 9

fluctuation assay (LaVelle Witmer 1981)

locus

L51784Y
NTP Technical Report 454
TK locus S9(-)
T51B
HGPRT locus

co-mutagenesis test (Ogawa
V79

1987)
CHO
(IPCS1991) Amacher Paillet (1980)

HGPRT

thymidine kinase (TK) locus

US DHHS
500 800 u g/mL L5178Y

Swierenga McLean (1985)
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(IARC 1989; IPCS 1991)

(1990)

mg Ni/m?

NIOSH

) EPA
EPA IRIS(1992)

in vivo
in vitro

(Environmental Health Criteria 108, |PCS 1991)

DNA SCE
1930
Doll
10 mg Ni/m?

0.015 mg/m?

()
( ) EPA
Andersen  (1996) Grimsrud ~ (2002)

EPA (IRIS 1992)

24x 10* (g g/m?

Relative Risk Model

Study

Relative Risk Model

Copper Cliff (Chovil
Clydach (Peto 1984)
Kristiansand (Magnus

Huntington WV (Enterline Marsch 1982)

1.5x 10°° 3.1x 10°°
9.5x 10°° 2.1x 10°°
1981) 1.1x 10° 8.9x 10°°
8.1x 10°° 4.6x 10
1982) 1.9x 10°° 1.9x 10

(midpoint of range) 2.4 x 10
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0.84 (mg/kg/day)’ 4x 10* 4x 107
mg/m’ x 10 x 107
Risk Level Concentration
10 x 10t p g/m?
10°° x 1072 p g/m?
10°® x 10 p g/m?

4.8x 10/ g/m®

Relative Risk Model
1.7 (mg/kg/day)™*

x 107 x 107 mg/m? x 10 x 107
Risk Level Concentration
10 x 107y g/m
10 x 102y g/m
107 x 103y g/m
) WHO
WHO (Air Quality Guidelines for Europe; WHO 1987)
(UR) « )
Air quality guidelines for Europe (WHO 1987) (UR)
Kristiansand 3 mg/m 1/4 3.7 0.164 mg/m 5.9x 10
Copper Cliff 100 mg/m 6 8.7 1.9  mg/m 1.5x 10
Clydach 10 mg/m 10.5 6.2 0.329 mg/m 5.7x 10
Kristiansand (Magnus  1982) 3.7
1970 0.1 0.8 mg/m® mg/n?
164
u g/m Kristiansand UR 5.9x 10 /u g/m?
Copper Cliff (Chovil ~ 1981)
8.7 100 mg/n?®
1.9 mg/m? UR 1.5x 10%u g/m?
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Clydach (Doll  1977) 105 10
mg Ni/m? 329 y gm?
6.2 (Doll  1977) UR 5.7x 10%u
g/m?

UR 1.5x 10* 5.7x 10y g/m?
ugm 4x 10*

(10° 0.025 p g/m?) 2000 WHO Air Quality Guidelines for

Europe Andersen 1996
2.5 mg/n?® 1.9 0.155 p g/m®
3.8x10%u g/m?
(NIOSH 1977)
USDHHSATSDR (1993) 21
(Sunderman  1988)
1.63g Ni/L 0.5 25¢g
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0.04mg/m?
(Cornell Landis 1984; USDHHS ATSDR 1993)

(Zidlin  1969; Jones Warner 1972)

(Vyskocil  19944a)

(Schubert  1987)

(Harbor ~ 2000b)

(Tolot  1956; McConnell ~ 1973) 20
(Morgan 1994)
(WHO 1987)
Hueper (1958)  15mg/m®
0.13mg/m?
(Curstedt  1983)
Tanaka  (1988) 0.2mg Ni/m?
Wehner  (1975) 53mg/m?

F344/N B6C3F,
USDHHS NTP Technical Report 451

USDHHS NTP Technical Report 453
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0.1mg/m? 12
(Bingham 1972) Clary (1975)

1.0mg/m?
0.1mg/m? 12
(Bingham  1972) 0.05mg/m? 13
(Dunnick  1989) USDHHSNTP Technical Report 454
Wehner (1981) 20 17 70u @
Ni/m? 70u g Ni/m®
(US DHHS ATSDR 1993) 8.6mg Ni/kg/day 91
(American
Biogenic Corp 1986) 25 mg Ni/kg/day
Schroeder  (1974) ppm
Ambrose  (1976) 100 1,000 2,500ppm ( 50 125mg Ni/kg BW)
1,000ppm
100ppm 2,500ppm Ni (63 mg/kg/day)
100ppm (2.5mg/kg/day)  1,000ppm (25mg/kg/day)
American Biogenic Corp. (1986)
35 100mg/kg/day CD 90 35 100
mg/kg/day
mg/kg/day
1.6mg Ni/m? 12 Benson (1988)
0.7mg Ni/m?
1.8mg Ni/m? 0.9mg Ni/m?
(Benson  1987) 0.4mg Ni/m?
1.8mg Ni/m® 7.9mg Ni/m? 13

(Dunnick  1989)
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)
EPA (IRIS) 2003

Reference Concentration (RfC)

)
USDHHSATSDR (1993) 21

No-observed-adverse-effect level (NOAEL) 0.8
mg Ni/m®  Lowest-observed-adverse-effect level (LOAEL) 1.6 mg Ni/m?

)
EPA Reference Dose (RfD) Ambrose  (1976)
NOAEL 100 ppm ( mg/kg bw) LOAEL
1,000 ppm (50 mg/kg bw) (IRIS 1992) American Biogenic Corp. (1986)
NOAEL mg/kg/day Ambrose  (1976)
( 44/50)
EPA Uncertainty Factor (UF ) 10
10
UF=300 Modifying Factor ( )=
RfD  5/300 0.02 mg/kg/day Haber  (2000b) Vyskocil  (1994b)
( ) ( )
0.008 mg Ni/kg/day RfD
)
ATSDR (US DHHS 1993) Dunnick  (1989) 13 (
) NOAEL 0.05 mg Ni/m?
(13 ) Minimal Risk Level (MRL) x 10° mg/m?
( 0.1 p g/n) 10 10
100 UF
LOAEL 0.1 mg Ni/m? USDHHSNTP Technical Report 453 (1996)
Haber  (2000a)
RfC 0.17 p g Ni/m? Benchmark Dose
(BMCLy,)  0.0017mg Ni/m? UF10
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Andren 1980)

10

17

Barrie 1981
10 (Nriagu 1979, Schmidt

11 (Nriagu 1979)
70

(Schmidt Andren 1980)

1,000 / WHO 1991

Barrie 1981

Nriagu 1979

Schmidt Andren

1980
75 315 20 4.8
10 60 3.8 2.5
1.5 20 1.6 0.82
0.3 15 0.19

0.18
27
0.009
46 160 26 8.5
11 1,000 /
17
9.7
7.2
5.1
1.2
0.9
0.7
0.66
0.3
0.048
0.04
42.85
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2001
1.5 11.5
2003
60 78
292
25
256
97.5
95
1999 0.038
0.29
(FeNi),Sq
Andren 1980)
Barrie 1981
60 100
20 80 Henry Knapp 1980
Dietz Wieser 1983
X
Henry Knapp 1980 100 200p m
90% Hulett 1980

Fe; xNixO,

Gerstle Albrinck 1982, Dewling 1980

20

PRTR

1,518
2003

(Schmidt



Henry 1982
WHO 1991
Radian Corporation 1984
20 57 6.3
Gilman Ruckerbauer 1962
Koponen 1981
1996 23
1997
1960 100ng/m?
1970 1976 50ng/m?
1966 910ng/m? 1996
24ng/m? 1974
23ng/m? 1996 11ng/m?®
1986
9ng/m? 12ng/m?
53ng/m?
1997
2002 250 290 1,600 3,100
1997 1999 9.5ng/m®  6.0ng/m®
12
2001 5.2ng/m? 23ng/m® 192
0.15 23ng/m? 9.7ng/m? 44ng/m® 52 1.5
44ng/m? 6.7ng/m? 26ng/m® 31 2.1 26ng/m?®
13
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12 ng/m?
1997 248 1,608 9.5 1.0 390
1998 270 2,801 7.3 1.4 72
1999 274 2,972 6.0 1.30 43
2000 285 3,063 6.4 0.50 47
2001 275 2,994 6.2 0.15 44
13 2001 (ng/m?)
275 6.2 0.15 44
192 5.2 0.15 23
31 6.7 2.1 26
52 9.7 1.5 44
40
35
30 —
25 [
20 (|
15 ] m]
5 (
0 | | | | J |_| | 1
o o o o o o = o
™ o) N~ o N ™ < Lo
—
S = S o = & & g
NG
ng/ma3)
2001
44ng/m? 2002 3.8
310ng/m? PRTR kg
1997 393ng/m®* 54 974ng/m?®
1998 38ng/m?® <15 120ng/m?® 2001 27ng/m?®
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2001

1998 72ng/m?
14ng/m?
15m? 6m?
78.0ng/ 31.2ng/
660ng/ 264ng/ 50kg 10kg
1.56 ng/kg 3.12
ng/kg 13.2 ng/kg 26.4 ng/kg 14
14 ng/kg

1.56 6.9 3.12 13.8

2.91 13.2 5.82 26.4
208u g/ 1985 246p g/

17 1,400u g/ 1989
0.01mg/L
2003
L L 20u g/ 10u g/
1994 2000 1,721 279
0.025mg/L 1994 2000 3,912
4 0.01mg/L 9.4
1710 0.025mg/L
L L 50p g/ 25 g/
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WHO (2000)

3.8x 10y g/m? 1987 x 10%u g/m?
10° 0.025u g Ni/n? EPA (IRIS 1992)
@
0.025u g Ni/m?
¢)
RfC 0.17 p g Ni/m?
(3) EPA (IRIS) 2003
RfC
IARC (1989)
NIOSH
RfC
2001
0.0052ug Ni/m? 192 0.00015 0.023.g Ni/n? 0.0067ug Ni/n?
31 0.0021 0.026ug Ni/m? 52 0.0097ug Ni/m? 0.0015
0.044ug Ni/n?

0.025u g Ni/m?
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