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® CASHIS : 7718-54-9
e KE W& : KE-25837
® [UPAC 9 : Nickel(+2) chloride
o AAHAAMNAEH7 A
7t R 4 & A7 a9
o AYA FY AR OF feAAFE 1w
AARNAN 37| o= 9898 Hehol B Ao vYehd
2 2 A =2 |« YA W2 AR FFES LHEAUS
FostA e W, g Ay wz2 A YseE e
e HEe Az AR
o AA FAFHA AVEF 2 AEEF A
ey Aol % §23L
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1% dEd AR

14, 3stEde] 4 HH
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® 1-1 d3pyA e AEAR

AVHEH ARE= & 1-19 2o g2 CASHE 9
UA(37211-05-5)2] 7% A7 el (valance state)7} 1+2 stz oz
A SdolH, AFHASE o] &HA| o} B HItoA AL A T

o
=
=

3}

(")l_

3E4dd % 3l A (Nickel chloride)
IUPACH Nickel(2+) chloride
CAS No. 7718-54-9
KE No. KE-25837
EAH4 NiCl,
A 129.6 g/mol
Cl

F=4 /

Cl—Ni
=9 o] Nickel chloride

Nickelous chloride




st 2 (Nickel chloride)

24. £,

24.7% W

SL

H <X

=
FT=E o

B3R L 673t= = A

@le) YA

£ 99% o]ide] A /\]g]:OE o] g3t
APAFOEE

(ERAMET-SLN, 1985; IARC, 1990)e.24] 4lggo 2% FUS

2=
T

ol

T

My oo
o2 4 12 o

3 d3lyA 63 EL o]l2F UA & 24.704 %(wiw)E sty F8
SHES Ayt © 2 NiCly4H,00) E}(Eramet 2002)(% 1-2).
AdA o7 fEHE g3luAe] £x= §3 9 A &84 g g=
o & Eo] d43yA 653 =E2 E-EL ofdlel ZthHEramet, 2002).
% 1-2. 93UA 6535 BE
2244 T HA(%) =49 T HA(%)
FLE(Cobalt) < 0.001 o} <3 (Zinc) < 0.0005
A (Iron) < 0.001 H] 2 (Arsenic) < 0.001
H(Lead) < 0.0005 7} = E-(Cadmium) < 0.001
2] (Copper) < 0.001 a9 B84 BeE < 0.01




AHUAL G4 £ 22N @ FHolH BAFE 1206 gmol, A=
985 Coll A <3}FSHTHATSDR, 2005). sty L o &3}

3.51 g/cm®o) 1
Yool =3 OL‘—tq(Prager 1995).
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RSE=PA

st # (Nickel chloride)

T8 =7 Hl 32
John R, 2017-2018; IARC, 1990; NiPERA
IR A Ao AAA Bo ’ ’ '
A =44 484 1996; ATSDR, 2005
e 1031 C John R, 2017-2018
B2 /E Sege 2IE
ol A 4= ATSDR, 2005; EC, 2008
ATSDR, 2005
71 | ARl o ox .
oﬂ/ﬂ == —J—zﬂ 34.%%7}
[IARC, 1990; NiPERA, 1996; EC, 2008; US
) F+E 642 g/L20C)
2 ga=| || ATSDR, 1997; TERA, 1999; John R,
F4E 675 g/L(25C)
2017-2018
=T 3.51 g/cni John R, 2017-2018
He=4 985 C Al A <3} John R, 2017-2018
100 pmv¥ke} Fi7bs st
JAZ BN | JdA=Z7E 2= Harlan Laboratories, 2010
AEEZ HE 1.28%
A= el LA
el | 2 AP & Jde FE7E AL YA &g
o134 | <13l &4 ofy ATSDR, 2005
Zuky | 2 237 obyd Zurd s Add Z87] S
2b8lAd | AEA B ol At T AEE 28] qle




EElg'-71II_I.§‘-°I.;
tal Res

National Institute of Envi

3l A

e | TR 827 H 3
TS . Deleebeeck

1 |- 28 : EC(720)=0.0

. - o] NOEC(32)=0.057 mg Ni/L .

A 8} A .
T(f W | 1| iEe: N orge € ?‘1"2%)%84’

bl - W= NOEC(7d)= 0.00328 mg NilL arametrix, 2004




: 23 (Nickel chloride)

3E 1-5. d3iyAe] AdAAA #ei 4

w8 B% | L FEa7 SE
ERCAR 3 g =(9h), LD5p=500 mg NiCl, - 6H,O/kg bw | Henderson
) (LD5p=123.46 mg Ni/kg bw) et al., 2012b
Sa=a 2=, LCs(4h)($H)=0.407 mg NiCl/L
= K (LCs0(4h)(9h)=0.746 mg NiCl, - 6H,0O/L)
_3_‘0]: E_;l(l ) )
(HU‘ZE) | % | LCu@n(Z2)=0.324 mg NiCl/L EFSL, 2015
- (LCs0(4h)(%7)=0.593 mg NiCl, - 6H,0O/L)
B Kalimo and
amaa | 2| AEATAEE JEPAIAD Lammintausta,
Z]'_l o/‘T‘ﬁ o 1984
/E!@' b A _ ] =t 6’_]'—0‘8 A
. Baur and
555 ¥ SE7) IRI=EE e
FE AN 1| ol vz A W AR Bakehe, 2014
ATSDR, 2005
Santucci et al.,
B 7wl A 1 A, Phe-2=(FFE ol &3 FF ARIA | 1998;
Toree AN@A FHIg-g dhAy Vennegaard et
al.,, 2014
NED Win vitr) A8 ot
- FAA o)A FA Hartwie and
- Al BA m e AP FA artwig an
S HEA 9 Beyersmann,
= . . . 1989
AA Nn vivo A9 .
- 2HAE 2ANT: B forabt and
- DNA Ao &4 3 ors e
ahor 1 | AR =sE A7As gk 9 ek | IARC, 1990
we S 2 ThsA o] AAE EC, 2008
A=A g FERD A Ao 2l
e wAo] LA wet BeHow BJ/3Z | ECHA, 2017a
|39
Ao A FIlES 29 =F Al
EZ7A 7] T ZEA 45 dAAE SA45 d2 EC. 2008
=73 1 | @983 2 AR5 dyEel A NTP. 1996¢
(Cle—t-)) F7HHEA R A 574D ’
LOAEC = 0.056 mg Ni/ni




2. ==HIIE f1% ANk AR
14, A=A

UALS Addor Ay B2FHo dom AZ+9 ¢F 0.008 %s 4T
Ao e 85 %, Al AH 1.5 %, &4 5~50 %9 UAL 53
Ao g2 WS HTHEFSA, 2015). YA L A= T3 dojAH, oF 19 44w
Eol o] & 7I53 AoE FAHHAD

HA yALS goks stz 24T ¢ AT, 34 FolA
S & NiD, +2 A7 e E 44 e &3 Zeste] dAadTh
GA7H-1, +1, +3 2 +4)% BASH(Cempel and Nikel, 2005). YZ
&3 A Ee 7 SEES P, dEE B9, #F3ENIS
NigSy) 2 4FsEE(NIO, NisO3) & &Eoll A9 =X &= sgEo|r 1 9=
3hE, At 2 AAelS 238t BalE F A FEEeIth

A 33Ee FE Ayt 5 3 A FYS yAdsE AFE
< AASt AzxstH, gl YA Adolyt wiFel disiA Hid \ie
S THAPEC, 2012).

2018 at=d &S 23l

F2 A3 240~260 & °olH, F T

rr

e

Ut
o}

H]

rr
LTS

e
o o

s

it

o2 N2

\

Az mEw Sy 43y F A=
< 360~380=°]th3E 2-D).

N
e
o i,

3E2-1 AR Ax - dF

(&9 Ed)
=44 A= T4 FA H I
a4 240~260 360~380 600~640 ‘183 JAlT=A=

duAde Ua dE, YA2E, FA4UA, UAziayels, 43U 5
g3to] Az@h AwAoT dHUAL 653

e @3UA oz Adn. 4y Ax e o 2o



A v E(matt)E o]-&3 d3A Az

dztyAL ol ot E(Eramet) AtlA YA FF& HE3t] A
ZgH(Eramet, 2002). 70~75 %<9 UAES i3 WE
HE F wkg7] BloA D4 A st @A) &Y
o YA, IHE gl HE d3teEm AgEs v /532
o yA, I8 E 9 H dE9 §4& dEHE ARESt & 2 B84
o

2RRE Pod 08 3, 2UE 3 BEEEE, W4, B3 G

rlr
(g o
)
A
=
ol
ol
)
S

st £l Az HHEPJ@W 84 37} @5—‘5‘}~ 71 &wl(tri-butyl
phosphate)& AM8-3te] FEH T} #7]8wl(tri-butyl phosphate)= 3HE(11)
S Feta 985AaE EA8Y 353 o] dAldA S ik e
UAst I8E 438 g9 2 Hx vjE dd HES /T &5 o
SPE() 899 7 7HA 89S 48 5 Ut

H3}x =5 dRE mE JES 98 A2E

oz ANudEY. A3
et UA 3459 Ar)Zslol= AHe-¥ tHEramet, 200D.

o ug
o
v
"
rlo
i)
o
Lo
(i,
ofl
fu)
1o
(@))
3
o
il
- P

718t dsiA Az Wy

- 7% YAgbriquettes)= T4 G4t &alsty dgUAES AL
AFUA L 6-3E AA v Ao 7 FujdkEramet, 2002).

- FAUA S ARESt] A3ty A S Azt Meyer-Wulf, 2002).

- OofAloH i Rh 9] Z| At A= UAZIRY O |ERRE A S A=zttt



(Eramet, 2002).

- oprlo} g opug| 7t A= ARt 120 @A &AL whgel oS
A3y 65353 Al x3tHAntonsen, 1981; IARC, 1990; Eramet, 2002).

- ofAlo} B gro = e YA g Sg=E7EH d3uUAS 4t
gafste] Akt o] o §54A 3 =+ 7IE YA F§Ee] 2%
® tHEramet, 2002).

- 93 UAd AAE AsAse T &

o =2 d3yA FiEo] A

oA YA Eoi AU EF
(Antonesen, 1996).
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S5sst=d Al d"go o g5 (Nickel chloride)

24, AE(E=)

steted FAIEA A3Q2016)= 38 A0z wet T3 oY yA
Tz SHFAFAA A= A=z, AT o A7t AH ol 5
£ A AA AFEFFo] obd oS nEstE Ao BAZRA Aol A
3l 2 ol EFHJAY, YA gtEe ARt 50 £ olstr Alx, FUst=
Ao A fsiAdel B A5 A4 o delM ALdEHA i AHE-Eol

)

n:SZ

T e S g

AHUAL A=A, PANEIA 2714 SER SEHUCH )
24 FAzAL A% QIONAE 528 85 9ol FRAAYA, A4 2
AFHA, BAA, FBA, AEA SO BFF §Esb HAH A DA
Fjol 55E PHUAe] SR AX- FUAY HAAEA B LA
TR 19 2-19 2

of 9l ALE R} Gl AH|X}

T 664 5804 %
+E
305 26.66% — BEEE e
Nickel sl Usnyies Thea
ki SR o350l E
dichloride 7. 871237 /5. 7|l =ERER]
L
(LAE/) 5395/ =
|| eedomiazsH

O 2-1 d8UAe] &= dF
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Aot oA dsluAL d7] =54, AJIE, 4384 EASN 22 A
FHog 5250 diDanish Product Registry, 2001). 528 4+¢] 1
& FHEAF Az, ‘AR, LEHo] Fm # %Xli—’?’, ‘AT
M otk 2ddolAes ‘dE, 45’ o AF8EtHKemi, 2002). 8
Zu H2HT72 %)F AN=F026 wolH e == 2 % HAe=
ThHEramet, 2002). Zul] AJ4toll ik ECMA (2002)2] FR &= 84 3
AA FBA LS dERAT.
Ao, A 542 d3id 845 EEH"T st sl H A ol A
A F5S Yaretr] /3 Eramet®] % % Joll A, WA mEE
H g F9e 98y d 39 2 UA 55 A4
do g AgHT o9} #HFtY dHiAL YA

N oo w2 o oy
ol
) rlr

N
N
il
rd

e

it
_&_Q-{n:jg
N o

T oH

N ox
>
o=
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=
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i
ofd
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A
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o
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>
ofy
o~
__)..1_"1
fu
>
N
off
o
k)

o] Ag4kolth. ECMA (2002)00 A A &3t Sl
Zo) el AgStE AU Fo% 7

%
BN j{%
oo
(A i
e 1o
B
2
)
. oo
% >
ﬁ e
e A

il
rjg

5]
>
rok
v)

g
ot
i
"

o
°
"
b

i)
N
N
L)
fu
o
ok
Lo
ng o
ot
°
N
%
Jo
ofo
2
o
30
¥ SO0
g
ot
L i
iR
rlo
o2
— -IU
off 4
1>
=2

o)

AR Y EA gk gh-g3ste] NiCly - 2CH(OCH3), & 2¢
g SgEs AP o] FFES UAY Wi IFEe
= < A% yA FH AYeE {F&t
(Antonsen, 1996). TE3F A3UA L A Eo AMREH= AR Ao AR
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S5sst=d Al d"go o g5 (Nickel chloride)

= oty AAke] 82 AF2Z thHEramet, 2001).
o $ ABUAe O A $371e Azl A
£ = ZuA UA Bdo] Az 982 AH&HtHEramet, 2002).
dAzlyAe] F8 &E5v FuiA AL, =E5d AF 2 UA I 3=

AgEm, YA Zue} =58 AFSS AZEIT oY AEE 342
o

oz Ayshel Farg)
UAS FANA o EFES o7 8 Az F, FAFUAL Fao o
s ol BAE Zadel AFAOE Ul WA Bx UAL ATV

2= A3
A A= AWor FARHL S AHdERE SHE Wl =49
(Meyer-Wulf, 2001).

201613 sistE=dFA AL st dstyAo] FUdA AR EHE &
B5F 97 Aol AL OIRES AV =EaA82 BE AFEEHI ATHEE 2-2
~3). @3ty A Iy FE5IA= F 1o/l oH, A F AFFS A=,
T, AR, ), FES BT o] 271 Eolt},

FUAL I HFFY dA=E FolE AHEH AE A5 AZE
‘98130 544 Eolglont Map Frsle] 2006dclE 1,614 Eo= oF 3
btk 1=y 201000l 143 Eo& F4stdTrl, ol enkd Sk
AE BATHZHE 2-2).

4
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tal Res

National Institute of Envi

zTooo
1,500
1,000
500
5 [ | ] L I
1998 20024 2006 2010 20144 2016t
EHE mQ mAR sEO| miE
a8 2-2. A3ty A L] A= U AGH I8
® 2-2. 9siyAe] £ 3
(&9: E/9)
|52 A= 4 T A& i T2
(2] A&AAAZA B B B B
(Adhesive, Binding agents) 0.06 100
(9] A1 9 AAA
(Cleaning/Washing agents) 109 104 200
2F
[10] =17 _ 2| 1w S 200
(Colouring agents)
"
[LL] = 3Kt S 09| 127|049 183 300
(Complexmg agents)
2] A=A _ S 2m| am S 200
(Conductive agents) ' ' '
47 =
[17] 4471 .Xﬂ 18.72 13.28 160.24 131.17 69.56 90.00
(Electroplatmg agents)
(34] g4 8 &4 B
(Laboratory chemicals) 0.02 0.50 0.50 0.40 1.00
A8 &2 B .
[46] A=A & 24 -1 <01 1255|1255 <001 2.00
(Semiconductors)
[55] 7]€} (Others) - - 21.37 10.98 491 13.00
Z ¥4 19 14 200 160 77 113

* 0.01E/d nyke R5EE %A
e 278 AR AEolA B
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S5sst=d Al d"go o g5 (Nickel chloride)

E2-3 d3Ae] dFE dR
(291 B/

£y A = 4 T AL - TFE
13 24 A=Y - - 7.30 7.73 318  12.00
AFAE 9 ZgAEAE
- - - 11.20 11.40 - 5.00
FE7EAE AZY A
- - 96.32 93.38 - 60.00
2 7 A9
Z1EF 71A 2 An] Az - - 2.00 2.00 - 1.00
T 2 FEISAY - 13.94 14.06 - 3211 12.00
A5 2 EfYy AzxY - - 11.44 11.44 - 1.00
AARE, AFH, 94,
our W EamH A2 - - 29.25 29.00 - 8.00
12 EEHE AH 2y - <0.01° 0.78 - 0.81 2.00
slstEd 2 gshAlE
18.72 0. 28.62 . 40. 15.00
]icgqqﬁ 9] 8.7 33 8.6 5.75 67 5
3 @4 19 14 201 161 77 116

*. 001E/Lﬂ u]u].o HE}ZE ]
%74]1_ 2223 AR Ao)A wred

umzzw ud B9E @% b4 ol

YA ojn] ol ALEd ¢ fle d=olH, M7&F ‘%l AEEF
dddE el wet AEEFI ojdo] AFoEREH YA FEFE AT

stal glere AMA AFS B3 U SFEY == Vs AES A9 /e
Aoz Aedn
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tal Res

National Institute of Envi

3. vj& 9 7]
= 3lstEd  wjE - o]F @ (Pollutant Release and Transfer Register,
PRTR)EAOIA B7F thd] dstiA Y Age glow, YA g 1 =2
A gRlE 4 g YA "9 7 §gHEo] 2001~20173@ 7IZF T dH o=
Hl &5 s A7 25 1,220~130,416 kgo 2, E3] A=W thrwiE=Zy 4%
A2k F7keke Ao2 YElPGTHE 2-4, 27 2-3~4). 201732 7% =) i
7 EujZeo] 52718 kgo2 F= thr]Z Hj=H Yk
U 33tEe] 8 55 SFAF AL f“ﬁ 2 7et UA FHAEFS
2

AT, 2o 2 UAL Fid 2ade By 3550l s

3 2-4. YA 9 O =] e - olsF

e | M2 Hl) & kg/d) u{g% o] 5 F(kg/d)
| |AF > o 2 a1 =
7] | A &A (kg/'d) ¥ H71& &A

2001 11 253 0| 130,416 0 219 621,625 621,844
2002 24 | 1,768 180 1,949 209,790 8,990 1,516,071 1,525,061
2003 31 1,050 170 1,220 71,682 20,926 1,140,344 1,161,270
2004 169 | 11,110 4,063 15,174 183,957 62,550 | 23,026,832 | 23,089,382
2005 189 | 12,690 8,804 21,499 57,690 | 114,281 1,661,548 1,775,828
2006 227 | 5,231 8,267 13,501 33,942 | 184,981 1,195,288 1,380,269
2007 250 | 6,924 | 12,601 19,525 35,848 | 358,132 1,967,653 2,325,785
2008 251 | 8,671 2,682 11,353 34,331 | 188,206 2,079,528 2,267,734
2009 253 | 8,234 410 8,644 270,346 | 109,129 2,814,980 2,924,109
2010 279 | 18,627 1,168 19,795 343,388 | 166,639 3,099,113 3,265,751
2011 324 | 12,566 1,809 14,375 161,707 | 158,087 | 4,536,990 [ 4,695,077
2012 331 | 15,561 1,756 17,317 153,043 | 229,796 4,440,973 4,670,769
2013 370 | 31,682 4,447 36,129 18,959 | 297,954 4,126,321 4,424,275
2014 375 | 35,604 6,764 42,368 20,534 | 170,021 4,005,187 | 4,325,208
2015 384 | 32,870 3,887 36,757 70,753 | 167,547 4,272,947 4,440,494
2016 398 | 47,320 3,232 50,552 451,200 | 197,517 3,653,161 3,850,678
2017 412 | 49,893 2,825 52,718 391,926 | 223,402 4,912,372 5,135,774
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S5sst=d Al d"go o g5 (Nickel chloride)

50,000

40,000

30,000

20,000

10,000

m O 7 E S ke )

01' 02' 03' 04' 05" O06' O7' 08' 09" 10" 11" 12' 13" 14' 15' 16" 17’

a9 2-3. YA 8 O FghEe] A=RE U driiEed 3%

60,000

50,000

20,000

10,000

0

B AU ESkg/H)

01' 02' 03' 04" 05’ 06" 07 08' 09' 10' 11' 12' 13' 14' 15 16’ 17

a9 2-4. YA 9 1 sgEe AR s sANMEE 3%
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2l s} 74 -II.%I- L
gl td sk
National Institute of Environmental Research

44, AT
L = wAE3

Y g3l I el A3 s FAdRS F 2-59 2ok

%25 UA 2 1 5g=e ) AR

1=
;—5 HE T & TFaUYE
s HAYEZL AA
- CMR’, STOT™ &4
=Sy 3k A= ’
sHdEed S AIA(7786-81-4), AH5HIZ(1313-99-1)
S - AR, FYAE AR AT
= 3 37 o
o%oﬂ y)ra} st igg@ o« =& A IA|
HE [[;g}ﬂ] jﬂ_ 22%11%11%395] - G4 A(7786-81-4), I3 A(7718-54-9)
FUUS % 7A(13770-89-3) L o= 01 % oA
DI O7-1130] | 5 es e
[ 2019-1-943] | VT TR
N - galsstEAE TAA AFo) el
e oSl | Bw@ 74
el - gAserEd AFE 25
AN ABAIAE AF
. Al g5} 8k A = o1 | E}‘fﬁ;—%g s}k F A1A
A| gmiqe | TRIANY | - ERTARLA@AD)
3| aanae | AEEEAE AZHERE < 1 mgkg (UA)
L - A, BAE R0 A1)
4 ME FHFAZALA)
47 2 s AAZANGAEF E AF7F
744k SHAFIANSAF | - 55 Ad FE2Y UA H=F
2 < 0.5 pg/ci/week
e A=) H Al3S igl
AAgwey | Agae | NIEERE NS
s reHEZY HiEs&E
- YUk W Es 8 U+
7187 e En BE HjESA A thal < 2 mg/Sm?
B o - ERYGEEALS A% 10 E o
A lEsteE AHEAE T+
2E wjEA A thal < 1 mg/Sm?
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« W EAIE ] A8
- AXE 7 o SRR ER
| EA A #87]F: 0.01 mg/m®

)

o M\

rob
o
oL

i

crRod B B ST
- AAAD: < 01 mgll
- 7]’ Z] = 3.0 mg/L
-4 Z]@l 3.0 mg/L
- EgAe: < 30 mgll

<
<

CEFodTeE

- 1A49: < 100 mg/kg

- 2A19: < 200 mg/kg

- 379 < 500 mg/kg

s EGoddiF ]

- 149 < 300 mg/kg

- 2A49: < 600 mg/kg

- 349 < 1,500 mg/kg

. %'H?JXP%‘ =EFRY F8U|E

- A W =2VE EFF

- AN7EBE A =2(TWA):
149%(7} d F7188HE) Olmg/m
YAEEA §7139%) 0.2mg/m’

ot " ofo [

. /&"’S"J@Eﬁ‘ﬂ A=

- AR o R AP A
74§18 HE
284 U8 E
UA(F%)
YA 7= B <d(Nickel carbonyl)

P AAGARAY AP TFY
- Ar1H o YA ESARAT
W7 2 0 2135

- AAHRANE B
U g 0 2] s, Ua skend

(BEAHRET SERYE2)

HE e Y o off x2

s FRAVEEFUE AZEF AR

M

- 7M. 8 A A E

yA &% < 0.5 pg/ci/week
- 7tSAF

yA &&= < 0.5 pg/ci/week
- Aggs

yA &&= < 0.5 pg/ci/week

_’|8_



33'2*”3}5.9.:
B
x HE T Faus
- HAH:
yA g% < 0.5 ug/ci/week
- A5 g5 AT
Ul £ < 0.5 pg/ci/week
o AR ofHolAF HATE
- fob8 ARAE
yA g% < 0.5 ug/ci/week
- - FHFAA ool §E:
o} 2] 3o th A+
Lof—a]ﬂo]l—ﬂmﬁo yaA g% < 05 ug/cm/WGGk
s - HHGFALZRE &2 H871D)
Category 1: 75 mg/kg
Category 2: 18.8 mg/kg
Category 3: 930 mg/kg
SLRF = o o SIAF HHVIE Tl TS FA
Dfl—]o]'—ﬁ-‘ﬁ }\]‘%%x] '\"_—JE-'— _ /\]‘_9_%]_ _/': %}\q__t_ %O_]E_‘_
4 - AFHES A% R A
= & AEA7E U@ Ud P
" wemne | 7% = #6E wuE D@
3 NER7b=E E WEEAY, D-AHE, D-AHE
=3 RETP o o]/\nLE Z].Ol‘:qi Z]ZH_]/R“/\
% e U2 NENY, EeluiEn
Z
% .7 ‘%l 7] - 2o 71E 2 74
&7 - 2% 2
14% %% Z < 0.1 mg/L
* Carcinogenic, Mutagenic, Reproductive : ¢4, AAAZ WHol U, A=A

** Specific Target Organ Toxicity :

EREH A5

_19_



: 23 (Nickel chloride)

2. =9 AR

Uz g g gghEel w3

® 2-6. YA 2 7 sgEe] 2o FAd

=2 AR & 2-637 ZTh

e}

=7} F8 U&
3=
THE Be A EE A e $Eo e PR 4YHE BE
ZT2E ZYHPFORREH wEHE YA HlE&o] 0.2 yg/ai/FE &=
st A5
sRel A4 8 A7 HAESe PAE REoery WEHE
yAol v& 05 ug/cf/F 2343= H$
UAo] old Ed2 FHHE AFS BEAU WHOE Hojx 29
o]t A&she EF, HE A P AU FFse SAFS F
FomRE WEHE YA w&ol 05 wlailF olslee AL B
Aatrlo] A v &, UAo] ofd EdE I'WE A5
- CMR &&
- A7 87+
27} 7HeEAd YA sighE | 84 YA 3 E | UAES
(mg/n) (mg/nt) (mg/m)
o 2 ~EZ 0} 0.05 (D 0.5 (O 0.5
*H 1 7] of 0.1 0.2 1
Qv 3 0.01 0.05 -
oldAH= 0.1 0.5 -
& 718 0.1 - -
He= 00 @ 001 @ 0.01 ®
ZFx - - 1M
=9 0.005* (R) 0.006* (R) 0.006 (R)
vda= 0.1 0.1 0.1
Fuoly o} 0.1 0.1 0.1
Eat: )| 0.1 02 O 1
294 - - 0.5
292 0.05 O 0.05 D 0.05 M
S 0.1 0.5 0.5
I: inhalable compounds(2 &2 &3l 2ot o2 E02e 2, 57IdA EXILs)
R: respirable compounds(@e| 7tAmEt0| O|R0{X|= F&EVIX| AT JHsd 27)

= Limit value is acceptable risk value(4:10,000)
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YA
tal Resex

National Institute of Environmental

arch

27}

F2 U&

- Eurpoean Commition (quality of water intended for human
consumption) : 0.02 mg/L(4Z)

) =

- ofglolg- el okl
+ 05 pglerfweck : TRk A7 B R ISR FATFOH0)
£ 02 pgiveck | THE B 7] E Slale] TE el He ol e

BE e ZYE OIRo)

- California Proposition 65 &2

-0k B

+ 7H8 WA Bt 3 AANEA 24

- AR HETEUATE D HFE)
« NIOSH : 0.015 mg/m
- OSHA : 1 mg/nt

- Hazardous Chemicals
o P A E 1318, AL AHE 1473

- Occupational exposure limits (UA 2 7] 33H=)
« OELWZA & 28444 313tE): 1 mg/nl
« OELUF&-A yA 3tE): 0.5 mg/nd

o Ao TAAEY e dA TH T AE

e
e

- ENCS(Existing and new chemical substances, 71& % Al3#3}8&34)
o 2L rAHE 1517
o AL AT 1417
o FrhA AS 1-813
o FshA fANS 1-242
o S AE 1-393

- ISHL_ACL
o A, A, g s, ezl 0.1 me/mi(powder, as ND

- H == (drinking water) =2 %] x4 =5
« WA 5 7 EjkE 002 me/L

- WHO 9 &=E(drinking water) 4271 0.07 mg/L(4#)

_2’|_



S5sst=d Al d"go o g5 (Nickel chloride)

3%, A 23l H 7}
1. #3Ad &

YA sgEe g5 meh A Y2 F5EE 42 9 Fraol dol
shoh A W UA o) 9] o] A4 UAe] 54 9F £ 28
7o nuHgon, ot UA FEY S} fEd DHF &

#A4S 73S 9 m g thSunderman and Oskarsson, 1991; ATSDR, 2005;
IARC 2012; ECHA 2017b). wietA £ AFoA= @A7tA gld dsiuA
o g faid FE5E As7F A A, FUA 5 bR UA 3t
$=ol ARE dF T8t Hasiin.

L S4SH, 94 2 2=

7t F
A A

U 3EL doZ2E(EX) FHY dAd FEEH FHE FU=Ed
o FYE U fdAE AR 9 s 55 7|#e SHHD o)y tgd
HAYZ] o8] F5Ech 100 um v|9ke] 798tz 2AAS 717 A=
FYso] 387 29 4 rhDanish EPA, 2008; ATSDR, 2005). %3 7]
Zoles & YAG~30 m7t FEEH 2 JAA~5 e ¥ AF F9s
S35t 71# 9 71#BA Yol JHABPHGordon and Amdur, 1991). 7}

A Ze A= 1 m) #He HAE Fdgoz o7t At ik 2 A7)

WFAY SFCHATSDR, 2005).

F o] =39 yA F oF 20~35 %7} dF FE, U

2 Fo7tAY, 7t E dledAY, 7IEd ZRda. 7H8Ad o]

(d3tu4, F4aya)e 3¢ d/E 33 dA &
FTHATSDR, 2005). ¥t 4kl 5 +&
FFol AdEHM, A A7 FS AZo] zt=
AA FAEH AL AA Sl el AA=HAG 7
HTHEC, 2008). 7Aool w2 YA sgtE(RksyA, of

o]

B =

E rlo
v
i
Lot
0%
m{n %

b

]I.?l_:

e o

1o

oM.

—o
) r.?L m]ot' N{N‘

=]
BE)|

s
a

_4

X}‘-l O_u
N o M&;
rL 2 o

Jor 2k
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ARG 7Aool =& YA FFE(F3UA, AU =8 &
FAH] oA =] YAHo] HEHo| VA FFE0] IFIIE B
A FrEe Ao ®2 e THATSDR, 2005).

In vitro N 2=®elA YA s3tEe] ME U 7S vas A7, 7184
yAa s3tEe] 7 va 34 UA, 738 YA FstE, AsiyA, YAa-
T 4tsE, 2AY YA FE Fo® m3ton M 480 B
2 FFES AHFE YA olg3EZ A A FHAHGoodman et al., 2011;
ECHA, 2017).

9
= B3
3

2} :
o AFHT YA A o]&ES 1 %ollA A 40 %
& 35 AHolA o EUATHEFSA, 2015).

Diamond et al. (1998)2 UZA F+E 2437 & A 598t =d2 A}
&3 = UAS 4HFALS e oF 12~27 % yAo] FEtoH
AF, F Ee g UAS FAIS e F5E&0] 1~6 %= YERTH

of tigk QA A= FJAHA g, 7HEA
UA sigtEd &ate Sty tig A7 2 7 RauEAh ¥ 52
Bl AR 67tESs @Y AT &% 5.6 mg NivkgE 9 Wl ¥
A AdFH A 1~5 %9 YATte] F5 ltk(Christensen and Lagesson, 1981;
IARC, 1990). W9 @2 ZFol FAUAS HH A, 2443 el 4~20 %<
g0 45 Cronin et al., 1980; IARC 1990; IPCS 1991).

1>
o

—

IR wE: F UMY F4UF AT 5 o fhREe] NP W E:
Az AEY Aoz AATHEC 2009, M) AR A AL

)5 o] &3 FAUAL] AFH W ATl 96A%F F F-f(donor) Y ol A
97 %, ZAZAA 06 %, TEA FAANAE F 1 % 35 AHTanojo
et al., 2001). IPCS (199Dl A <18 Fullerton et al. (1986)3 Samitz and
Katz (1976)2] A7+ AA IAFE AT A1 Ul AldolA 2 A=

_23_



dole & wgom, W% HE F U 57k 498 A€
welFelth Slsl4 WAL AU, GHUd =F F Aol
= 2%= 7FAsEATHEC, 2008).

58
SENE 0 A A Qe BB ok AAANEIRE F
JEEEIEE: S

478, MMADs)ell w} 2, TF7AM Rz Ud FF
U 313tEo g3xo wa g2 Booa e yA == 24

Aol & & 7 oF 98 % == 6 %7F AAlol& 753 Aow =A
= At Angerer et al., 1989; IARC, 1990; Raithel, 1987). &84 UZA 3=
o FFE&L /M UA EEEA HE vud e AoR IRIFUT
(IPCS, 1991; EC, 2008).

2344 5 784 UA gEe *F Fo] TgTA FFE A

-

3
o2 4. A=e) dsyAs 7| W HZH(ntratrachea instillation)
3 219 Aol =7] H3ke] 965 %7F AWM ES F8) A AFASH(Carvalho and
Ziemer, 1982), YA F< & 3AA7A H 70 %7F A EHE= Ao] gy
A THEnglish et al., 1981). Clary (1975)2] AFoAAME HA ZF 724744 Y
Aol 90 %7t FE(75 %) AHOE A=A
AT =Fo o3 UA 3dES AL Aol &ES UA 3EE uf

gt gee) AT Fel A EA UA ge gRE FrEs wd
JuUd B UAFEe] FFee Wyt do E: fuggos U,

oo ot W

A s d3Y A =F A YA 1~10 %7F oA wEA
5 A tHAmbrose et al., 1976; Ho and Furst, 1973; Tedeschi and
Sunderman, 1957, ECHA, 2018). U#A 3= H F&2 diUAY 4

%, AR A5 11 %, d3tAe] AF 98 %, otF3iyAe A
047 %, YAFE2 4% 0.09 %, A3ty A9 0.01 % A= 1/}5}
W oHHaber et al., 2000).

GAS AXA &2 Fisher-344 =0l o3 JFHom deAS Fost
2, Tl A#gle]l YA 3~6%7F Sl FRIFTHHo and Furst,

_24_



1973). €37 10 mge 473 A=o] S wo= 98%0] 42 BT
(Ishimatsu et al., 1995). 9% 4+ ¥H(gastric intubation) WHOZ wle-2o A
Ea359S Alodls Aol 1.7-10% &= A tHNielsen et al., 1993).

71U 25 o] &3 g3ty Ay =& A3A, 3 4, 12, 244

Zrol A o]%:e] A= Fre2 474 0.005, 0.07, 0.05 % = A9 &
&o wl$ e Zow AU (PCS, 199D).

U EX

AA

HIZ 2] A22 YA =59 ARy 53 A3 74, 2% 2 97
= o Wz g 1A EoKTipton and Cook, 1963). HI A
AZAR AEZ= YAl =Ed A4S AEY @3 2 &¥odARE UYAsE
7} By = tHTempleton et al., 1994; Sunderman, 1993). Tt 7 A9
Ae He A 2 FACA JHE 58 w59 YAHo] AEJATHECHA
2017). Al AA W yAs == #He 3Ad 2 FAA M 2 v
2,70 kg T H °F 0.5 mgo]tHWHO, 2000).
uA getEdd =8 Agate " yAo] HAFHE Aol Ut
(Andersen and Svenes, 1989; Angerer et al., 1989; IARC, 1990; Norseth,
1986; Raithel, 1987; Sunderman et al., 1986a; Svenes and Andersen, 1998).
TE&A80] F& YA g =EH FAFA A v Herel YA #2171
O =ttHTorjussen and Andersen, 1979). °o]& F¢ =% 3, F8&4lo] ¥
< UA &= v X*‘ﬂoﬂ A2E FHE FolddeS YERdTh
e UAde A

T tiH] 508 =ZH)o] =FFH FHA 14%‘- F57F wettH(Svenes and
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S5sst=d Al d"go o g5 (Nickel chloride)

Andersen, 1998).

FaA ds5UA(1.63 ¢ NIDE 298 28 A5 npal zA¢ae 8
A YA w5 3% H 0.286 mg Ni/LZ iz 24 A9 0.004 mg Ni/L
Boh w2tk YA W A w3l 60A1 AT =EE YAt &
H Y Uy 555 H 5.8 mg Ni/LE thx72 0.050 mg Ni/L¥t} =kt
(Sunderman et al., 1988a; TERA 1999; ATSDR, 2005). YA & 41 dl 3| ~E

a o-macroglobulinel]l ZA3tsled FriAldl de] ExFo Ao yAL
A Bf¥kS Tt Ao 2 YEHTHEC, 2008).

M
o
s
N
i
32

ATHEFSA, 2015; ATSDR, 2005).
yAe BNiCl, o g2 7|# U ZAAZ A
Y 12 A

=
AZE & AR o =7 FAHAGT. Hep FA-HzZH] I 3 9
UAd A< vbgdiglen, I g2 AA, tEE, AolAF oAt
(English et al., 1981). =3 Spraque-Dawley B Eo] 744 & YA 1.27 g
“NiCl, o Fel2 71380 =E3AZ A7 E Hot A 71 =& &
Aol #2lFE Qo m(Carvalno and Ziemer, 1982), 1 mg YZA L

2 713 W =53 dFoA s AA, 3, AL 2 A%, 9,

2!
gt o7 g@e F27Ni/gel &JlH A (Clary, 1975).

4



-macroglobulin¢! nickeloplasmin® ZAgd EA(AA 3 ) YA 26 %),
3 d2HY T A EEY A2FE FEoltHA E€F W YA 40
%)(Sarkar, 1984; Sunderman et al., 1986a).

g4 YolA YAy Aggsles 8 Side dEToItEC, 2008). 1A,
A, Lol SRR Do Al HA ofm Akl 3| ~HY X7 YA
o] 2 Agste A& delx ohHendel and Sunderman, 1972). Sarkar
(1984)= ¢HW, UA 9 L-3|xgdez FAE EIAE 45t ¢FA
ANA slzElder UAS AAseE ¢ REde AT L-3| =B
Adste] AREAGF EFAE AP AW AATES 54 F U
(EFSA, 2015). @A Wdd YA dREEE «
nickeloplasmin@} Agste] 2JQ14d 27} YAl usS o] FA v
(Sunderman, 1986b).

-macroglobulin <!

TE

A=} oA YA AE AFEAE AA} FARIA ¢RI ofrx

go 2 HE A WA olu:A A E velgtHHendel and Sunderman,
1972). ¥k o] &R E YAo] Adsts 54 F7F 1A &%
or, 85 % o]de] YAo] @i Ao A kskrh oo wEk YA
o A fAd Bt AE ol&F AT HHEAL EEH Tl {5t
o F-CHATSDR, 2005).

2t W=
UA

AFBAN AWz Fod URAL F2 Loz WidHY F5EA o2 Y
AL s T mjddd U2 A Al iR F5EA S=THATSDR,
2005). thyez widE= Aes F4Es T AAsNAY F2 2F1E
sl =EE UAo] AR AeAEs T HIEHA oAL S Afoltk
71t 2k B, B, 3 2 wEEE IR dlEETHIPCS, 1991 RMOA, 2016).
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S5sst=d Al d"go o g5 (Nickel chloride)

o 284 UA SFE W 584 UA SFEe =28 Aol 2l
N UAEET o A Uedth AU94E e @ A A7 U
Ao AA 7= 28F9A0 2 FAHE AT (EFSA, 2015; ATSDR, 2005).

TE

S} *F AR wg AA A2V gGEAR
At AUE F548 UALS == A29 A4 Qlo] i Lwiog w2y
tH(IPCS, 200D).

AT AFHE UL AZT F57F ¥ Wi FE dves AAdH.
AEE o] &3 AFoA, A=E o] &3 AFolA, A7 Foid YA 94~
97 %7} 24417+ W tiH S F3f i A2WE FaMe 3~6 %7F 244
U s = Ao® BauEvHHo and Furst, 1973).

TERLY JH W Fo dAFNAE 7HEAE UA SFEEEsIVAE =22
Faze Ao g wEEHARE JHEAo]l v YA IEGHYA, of
A AAAH AAS] HAAE © & HlEo] HHOE HEFHUS
(ATSDR, 2005). &4 U gFE2 7144 YA AERT Ho ¢ 2
g AFech AXFAA YA #H wrie 4ksiyAe] 1009 o)X, o3
slyzo] 59, atyAo] 1~39 =2 B EJATHNTP, 1996a-c).
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o
7y BT
A A
UAd AT =E A sk nRdd 47 dFels AR, 9, A3
A B ASAe] e FF ol ATk YA 54 A7 =ed ¥ MR B
of Hyd IFE AFHE B AAA FITHEFSA, 2015). YA BT =
= A FIAES sk de Aoz dEgoy, YAd aEkE AEe
B AT FE YA o8 4 EA wkEo]l yEhd 4 JTHEFSA,
2020)

‘4@# 32U A(1.63 g/L)E odE B npil AV|EF A Agase
TY, TR, BEE HdA FE J)H, 2F 2@ 9 dr]=o] yehygrt
(Sunderman et al., 1988a). 5429 A%} 4 A 32¢ &< AHHS
on 329 FPA BFoA F&Fo] #AFA= Ut UA =E2ETHFL

0.5~25 go 2 FAHHYY, €4 YA & 13~1,340 w/LelH, &4 F
UA 5= (0.15~12 mg/g @ otedo] Atk
ofa FAANA YRS EFste AdAY A TFET SFT(ARDS)
o2 QI%k /\}“LO] By 5 tHRendall et al., 1994). U F%= 382.1 mg/m ©l
908 ==9 F 13 Agstdeon F YA HAHZFS A9 1
H A

23 B Sxrt dl B4 F U =5 £ UMY #3094 IEE UA
o =AY W2Aw, TE, ok F& R FIAAHC] #EHAeH F
Aol T Al S0l AT S-S 9F 3 mg Ni/LY €% UA sxolA
A2 = At Webster et al, 1980; EC, 2008).

dH A= YA AT =9 AXNA AR A3 3 Fd oot
et B sk tHATSDR, 2005).

e

r_{

d

o)

_29_



S5sst=d Al d"go o g5 (Nickel chloride)

TE

OECD TG 423 w2} o3 HEE o] &st AFUA 6-3=9 5474
T54E Agstdt. 2 A3 LDy #k2 500 mg NiCl, - 6H:0/kg bw(123.46
mg Ni/kg bw)Z == ¢lth(Henderson et al., 2012b).

+&TE Tl =AU 4stE, QU 6rsE Be AU A 673HE
Z AHEd oA A L Y E(piloerection)} 22 H|5o|d &7} #z
Fom agol A= 2 AHred intestine)o] RIEJTh T3 SGFollA P=

£ 1,000 ppm sy 2573t =3k AMgEC] H=sHAl o THRTI, 1986).

FDRL (1984) dFollA LDspe 47 Z=< A$ 210 mg NiCly - 6H,0/kg,
AA Y A 175 NiCl, - 6H,0/kgel o™ o] & NiZ 2hitstd =313 FA 9
LDso> 242+ 51.0 2 42.5 mg Ni/kg® #t}. o] d++= EU 'H Bl FARSH
W gl GLPo whet =33 = Ao

Itskova et al. (1969)¢] ATFAA F#A AM=e] ¢ LDsp= 105 mg Ni/kg,
Al % 130 mg Ni/kgell e o]E NiCl, - 6H,0Z 34kl =337 &
29| LDspS ZH2E 432 2 535 mg NiCly - 6H,0/kg# 2THIE 3-1).
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EEI:I-71]I_I.§‘-°£
tal Res

National Institute of Envi

% 3-1 gEUAY FAATEL A7 o

i =F 7= S48 H| 3
e ANEF: A= 159, 200, 250, 320,
(Sprague Dawley) 400, 500, 630, 2000
o AE: 4 mg NiCl, - 6H,O/kg | LDso Henderson
o ANFHH: (39.26, 49.38, 61.73, | = 500 mg NiCl, - 6H,O/kg | et al.,
OECD TG 425 79.01, 98.77, (123.46 mg Ni/kg) 2012b
o AEEA: 123.46, 155.56,
NiCl, - 6H,0 493.84 mg Ni/kg)
e AFEF P= T LDs
(Sprague Dawley) = 210 mg NiCl, - 6H,O/kg
- A AR, A 50, 98, 194, (51 mg Ni/kg) FDRL.
o A|EHIA: 381, 750 mg 1984
OECD TG 401 NiCl, + 6H,0/kg A LDs
o AFEEA: = 175 mg NiCl, - 6H,O/kg
NiCl, + 6H,0O (42.5 mg Ni/kg)
T LDs
. A9 G = 432 mg NiCl, - 6H,0/kg
= o - .
. 4. oz S ) (105 mg Ni/kg) ltskova et
o« ATHE .
Nllggga]Hb o} 1Ds, al., 1969
S = 535 mg NiCl, - 6H,0/kg
(130 mg Ni/kg)
9Gd &% AT AAE AFA THEA U SRES SR g4 540l
Ae T, A SgE e B84 U sigES HEd AA% 54E

e A e sle s
o= mEt ME o =
w4 AT gk LDy &2 =0l w2t 39 mg N1/kg bwell A >11,000
mg Ni/kg bw 7kA] wf-¢- theFetA A= ATHEFSA, 2015; Danish EPA, 2008;
ECHA, 2017)(xZ 3-2).
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S5sst=d Al d"go o g5 (Nickel chloride)

3 3-2. YA 3= gA44754(ECHA, 2017a)

F47T LDso

5131 2 H| T
HA e (mg Ni/kg bw) I
Nickel (F%) > 1,472
Nickel sulfate 39~190
Nickel chloride 43~130
Haro et al., 1968
Nickel nitrate > 303

Itskova et al., 1969

Nickel acetate 116~325 Smyth et al., 1969

Kosova, 1979

Nickel carbonate 402~625
) ) FDRL, 1983a-h
Nickel hydroxide > 1,000 ATSDR, 2005
Nickel oxide, dihydroxide, trioxide, 5 2,000 Henderson et al., 2012b

sulphide, subsufide

Nickel oxide black X+ Nickel

. 8,796~> 11,000
oxide green
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i} A
AAZA @eAe] F4 AW e LD F4F & e vl
F57h 2 dojuA YomRGIR wE A §5

L

=]

e glod, A5s S
L 7

2 % WRH) =4do] vre Ao g oAFHTHEC, 2008).

A

o
©
n:[olt

AA7ZEA QA et A A ) 54 FUFAAZE SAHA Sl

=

PSL (2015) R iAo wr2w OECD TG 403 wz} # =(Sprague Dawley)
o dstyA 643stE 0.05 0.5 1, 2 mg/LS HIE FJd=E3td OECD TG
4030l wet FASAANES AT I A3 LGy hngte FAHY 4+
0.593 mg NiCl, - 6H,O/L(0.146 mg Ni/L), <A A<$ 0746 mg
NiCly - 6H,0/1.(0.184 mg Ni/L)o.2 BRI EHAJATHIE 3-3).

AL FYU=E Z2 7 W FFE B =A% AR 71H A
o] g7k o]&ZQl ZHA(Adalis et al., 1978), vl M E o] &
(Graham et al., 1978) &9 <F3&Fo] Uetutth oy, ¢ A+

]_

7THA =2 A A = AR £33 25 Este] AHET

2
o
2
AN
B

flo
]
~
off

STHEC, 2008).

= 33 9suAe] FHEYSAH AR o

i =EFE =A%k H) 31
e AYF A= 7 LCso(4 hr)
(Sprague Dawley) = 0.593 mg NiCl, - 6H,O/L
o A 73, 4HA 0.05, 0.5, 1, 2 (0.146 mg Ni/L) PSL. 2015
o FE4 20uE)//A4E | mg/L A LCs(4 hr) ’
. 154‘%] OECD TG 403 = 0.746 mg NiCl, - 6H,O/L
« AFEA: NiCl, - 6H,0 (0.184 mg Ni/L)
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S5sst=d Al d"go o g5 (Nickel chloride)

3. AT
7. % AFHEAA
A A

U e 1 e 9% AR A543 a5 gAY E4o] & 4 A
Atk AA Az @EH 20 % o] FAAUA Ao AF5E& sty
diy A E B3 ggFo] YEltHCanada, 1994).

Kalimo and Lammintausta(1984)= 3 A &(patch test)S o]&3le] d3tY
AQ5% &L 5% FE&MH FAYAG % FE&H)e gi AFAHS AFs
Atk AF A3, d3yA LA 4847 HM(occlusion) k=E=A I F #
& fFEstdon FayA FgHLe 2447 T2 4BAZE HA =EA T
H 2=5E frdske o] gRl= AT

Fullerton et al. (1989)& thokdl sz 9o H3lyA 65435 sto|m 24 o]

A% HEAGY EEEAY 5% FAUAL WAT & A=A FAs7] )
@ 49 WASAT 05~2%2 AUA sol=Ao] 5% FaA
MKE FE AFE AU Wanlberg 1990 FHAe] FAT 5
=% A" o FAUARG § AFHoletn B
55

AAAA FEA B FHUAY W AFH/RAY SHARE FAH
A ersieh
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Q1A
AAAA QA @ FHUAL = AFHHAE SHARE FUAHA
gkt
5
suzel tg SERDeIAL = ATYFAY AT Ao P
3w glov @At g4 84 AR BREE 34U 2
SE2RH FAHAE + Jrh SL (199904 E7E o]&3ste] OECD TG 4059

ERAFH DL SR Aol FAUAY = AT &
skoh. Leluk 20161 =) GLP Al @7 @8R A A AT L)
ECD TG 4050] we} #4riAe] = £AF4 Age 43

Ego] e ACR FAHUTCE 3-4)

L
R
T O &
g

1
X
o
'-|~

&

2

R
e R A AR (T T
@) r.{r
e
ih)
i)

o>

r
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on

= =

tet= 3 9ol 4

toh

st # (Nickel chloride)

# 3-4. 7H8A4 YA sg=o ASAF

44 AR Lof

At = Ay A W3
AEW: HEACIA) 5o, | 0% TSI 8% AW F + A | Kdlino and
e EA it Lammintausta,
w27k 24, 4843 NiCl, | . o
AEEA: NC, NSO, | NiSO, | S 0% 82 e e ] 184
S e T L AT EC, 2008
A HZAH(Qx
Eé; NiCll ?(61{}2])) 80% why) 5% SEE A A 05 - 2% 511]]1?91:23 “
QIR N0 Ve | qsnpa spiczae s A e | 0000
168 AIZF Ag] & 7L7tA #F
_ 23}
NEE BN s no goos @ SLI 1999b
(New Zealand albino) ECHA,
AE: OECD TG 405 g 2018
&4 v Asapay | 08| TS AT NiPERA
A& ;;H 2. 0.33 2008,
A ] 2R [<) o il .
142 NiSO, - 6H,0 Her = 067 EC, 2008
Ad 75:0.44
D Al 1= A=A
NDE B <A
(New Zealandalbino) QPRIS B - L0 AR |
164@ OECD TG 405 200 ZRE 367 AufEE 300 | o0
FA = AZARAA C | 102 AR 167 AR 267 :fﬂoj o0
ol AR 100 4T

il

/\] 7‘(:]_2 NISO4 * 6H20

EJ

1103 Z=peEt 200 A9 400
AviEs: 300
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4. N
7. %3 sy
1A
d3tyAL A HEAY AFSantucc et al, 1998)o 4 IR A Wk
S dodE Aoz dFHAY = & £ IAAE U= APH Y

1 24e FVE FMRTE A7

i
i)
1o
b
N o m’{N‘
o
oy
N,

A% R4 A F stu=E & 43A e
= 4 EZo]tiLaDou et al, 2007). ¢#E=714 H= 3

2 IV 3y ANFY dFo =2 YAd =2 ARAAA 7P E34A
e 97 FFojtt. YA sgES FHgske AR ople}, YA &

£}
FE =E2H dIRIAMNE g 274 HAE JRHA whgo] Ryt

k)
k=)
4
b
o,
&l
1t
:i
g,

UAe Agd o] mE AF F&e AT AR B IEHATHWHO,
2000), LHrloA YA Ha o #AAH =4 F stud= Frtstal Aok
o A= YA o3 A ar|d HEA 5 A E] 143 %olH
I EC] 10 %Y 10d ARG F7ieta e Ao= HuEJATHEFSA,
2015). Mortz et al. (2013)°l] oj&f xlPH A thde] AZSE AF=EHE
T 159 11.8 %olA UA= Qg Avldo] #FEHAT. YA AR 9
7he 84, 53 o B4 9 WE HIoqA YA o
EBll= Ao 2 FAHAdhSilverberg et al., 2002). o] &3 F &
= AdEd A4 #dd HT BT v o, o
L oFsFATHECHA, 2018). =3 7Y A99 o dAFoA=
A 2719 FHE T4 A Fo] EiEJAKThyssen et al, 2012; Caroe et
al.,, 2011; Schnuch, et al., 2011; Schnuch and Schwitulla, 2013; Vongyer and
Green, 2015; Smith et al., 2016; Fall et al., 2015).

s

o

1=,
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S5sst=d Al d"go o g5 (Nickel chloride)

yA 35 o4 27] F3F(Systemic Nickel Allergy Syndrome)o] UELb=
Hoz 48l rhDi Gioacchino et al., 2014). Jensen et al. (2003)e] <+
e YA tat A I31d HIEAH(patch test) A3, ¥7He 13
2k 40 iz 207 A @ANA FE FEjelA UAEGAUA 673HE)0]

gdHd 79 We == S AT @%EPEﬁ sttt 1 HeEs BT
yAe A+ AHHS 0,03, 1, 4 mg ojow, A BAS x3He Ji+3F

g B "o ¥AEL 1/10, 4/10, 4/10, 7/102 YEFFTHEFSA, 2020). thwtk
4 H= ¥R d(Acute Contact Dermatitis)® U2 HZ3e] #A7F FH9
stAl ERlE= Al wlal, dA7A ] o]§ ted AmnEeE YA A
23 A R g 2] 2FEFEONAS) 1] ABA-EE £587] o $H,
AES WEr] AsiAe o d4dsta FHESleA F3d A7 asit

(ECHA, 2017).

f

5

LA

At A g A eE AP Ha dA v 2E ddeE A 10
% FsUAS 100 mg7tA Foste] Ads 2

A AstA &2 vhe-2zol Hl8) o & 7

et al., 2014).

Goodwin (198D 71Y3 1o ik A3t HEA 5 AHgde] gk
AF T8 vasty] Yste, QIteAl &R ANAEER 19F dig 7Y
5 o] &3 HANSAEH GAFAAFEIAT) 2 +4 9 Draize tests 34
stttk A5 AN Ao AHEHA gkt s Aol Al AFWHE
Hwahs S48 Faro] tE i A9A Ao Hl&) e T2 59

HA7] dEoz AAAHTHE 3-6).
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#® 3-5. YA sieh=Eo v AR gk AA A7+ 2°KECHA, 2018)

Al EF
A% #3 (L‘Z;_;) NY AR 23 A% Wz
D FUA8S Yepd
2) SHAIE A<} vlwsle] Hkg-S Hl Al
. —Grouog }, H% Ho|x| ore Algte] 2= S ‘B
(Patch A1) -Group III, IV Iy N et al., 1998
T Gsh17 0,025 M. oH 5.3 Group 2(A] Jx} 0 ) 47 vg Nicl, 30/30 < é e
- - P Group 3A197} 25 ) 12 yg Nidl, 5/25 % ) 3
Group 4(AA} 25%) 12 g Nidl, 18/25 ° PRS-
- AAE FF FAD
AgAT agua | 10, 100 ppm Ni(% 3 A) UA xEdtollA Fxlo] o) Nielsen
(== A% - - 10 ppmel] 15 ©]% 100ppmel 15 | @54 ¥h&o] F7+3g et al., 1999
g 108 3+ &rtEe 9
A dH=27]d g AH FHES 118 %
- AA(dvl= 88hd sty FTE, | (YA FoA 808 %). 15 A ‘%_]'*3 2 6.7 %.
159 =837 el A5 ‘éolol Hof IdAg YA Mortz et al
gH AT UAF4 | - n=442 ZAF) 66, 33 2 11 wglent | LEE7]17F §3719) olEdA mRd3 dAeo) 2013 N
- X = 48AIZFSo A A, AR, vtz YA A ool AikE A
AP BE2 D34 A 538 ol el Flel YA L =r]et #EA
ol
- AA(ZFEE AF HaAW) Aol 12.3 %, B4 14 %olA HEAY FA. Krecisz
A UAZF<4E | - n=528 5.0% v H% iy U A g S 7240](10.0 %), FHo] @114 et al. 2012

- AP EA 7(—1_9_240 _n‘zi-

%), WEHZ56.2 %).
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on

sastea

st ="t . A5t A (Nickel chloride)

- g2 A 5.0 % 6H npag
- 48X =& 5 9x] AA,
3950 A=

Aol W Fe ol golw U
Japol Zaste o vehd

NE AR a4F 23 Hl 1
- AT A QD)
- n=21 U7 =39, ALY, 99 B2l 2 294
- 0.05-45 pgloi 3 ARl Z 9l EbetelA] YA %7k 0035
- 48 A%t uglcii o140 2 VhERd: cawkrodeer
- Finger-immersion technique - 5 pgfcicl] @3] =EFH T 2¥A ] YA L2 K
A AEVRY ATIF BR | 84 209F 69olA Ry whgo] Hury
A
Hol= shite] dEl 2 tig 35 A
g |- QAEAHA 186949 A<D | EFEA (BFPe opdo) ohEs A sRAT |
e onore | - 1=3203 froah B3 9l (@AM 2.53(1.59-4.04)). o o0t
TEEE 29 % s So) kA ere ool W kel Bajela | & A
yA A ste] ko] JaaA &ld.
- A (o] Z 3 ]
Bt R SARolAM A Haol frelsiA B
] (n=4334; 4 A NG, 347 9 | T geerl = 61 62771, Rui et al
. AP FLE, A5 Ee F 55 BF0 Aude Ze ’
sqeky | - A 50 % FHE uAY ’ dob 2] o] 2012b
s AR S e) verd
- JALI =YY AR EeR
oA H = AL, olg ot AF) 264 olste] oo YA AA FHELS 383
. | - n=19088 %(1996-1998)°11 41 29.0 %(2008-2010)% =LA Rul et al
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g sans

National Insfitute of Envi rch

Al HEZ
Ae gu | o=d ANd AR 23 A% Sk
(=2&4)
_ el OCD Zd#ke] =] Al gellA ity gk
7 - zel=o gel g Al el Chen et al.
SRAT | Sy |- 1520 E 12 3% 4R | FA EAbAel T 1d HELS Mwd | 2017
TOEE - HEAYA 0.2 mg/cm® | - A -
23, AYAE 108 % AUAL 32 %9,
~ Xlﬁ_ﬂ_% = (:g].a]—/ﬂ-cs—]/\l Znl, £33 =
o vt g@ﬂw>iﬂ°wwwV4A$%1f%gm poo0 et el
A B 1A - n=3 o] HhSo olukAol EAE Ea 7had. 2008
- AAEIFOI o} AF AABA) | 306% YA FeE=27E e, -
) _
Aelnaa | 25| - n=a97 2006~2008\1 ZHEHE 16.4% 27} Linausioen
TOTE | 59% = 349 979 F oh0 AF | 2014-20154 306 % Z7Hp<0.000D) "
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on

sastea

=

3-6. At 7 Aol thh

SE A7 8°KECHA, 2018)

st ="t . A5t A (Nickel chloride)

Wy =EFE Ay A= H 3
- APFE w2
BL/6, C3H/HeN, | _ ]
o CHIEN i, a0, wpa A vt AYBAR HHA G vhess] w3
o W, ol Fr%: 100 mg/ear H 2 2715 Jehy Vennegaard
o A e |2 mE1L 28 CD4+ % CD8+ T P77} A3 57} et al., 2014
(;q; RS T A a2 3 2R B
. AFEA: NiCl
o AdE: 7YY
) Ja%.]qﬁ 1) GMPT
1) GPMT S 025 % (WD, 2 % @) |1 OMPT: YASEAIE SE 4 = 1/10
9) SIAT (single 0.1 % (H2) 2) SIAT: 4 SE/AFE S5 4 = 0/10
mjection 2 dji e |2 ST 3 48 Draize A9 F4 SHAYD 5B F =00 |
5 0.1 %IHFAD g5 Faido] okstAY AL YehA] ggkon), s Al
test) i et al, 1981

3) &A= Draize A
3

Al &4 NiCly
AERE: A d

2 0.15 % EX)
3) 49 DraizeA d
=: 0375 % (FAD
1 0.15 % (A, 10 %(H-8)

[e)
T

[e)
T

g sEF B F

= st 53
H APRY 52 T2 APEHJTE, 71Ul 23 At
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g ol =EE Aol zsz:—xg uﬂw,% A3 B i ol

H] 3, id/%‘ 1y AlEle ddidezE R Aoz d¥Ad U

b 9 2EHAE 2 28 EHAANAA YA L YA 3}

At APA H2A 3 wio] B3 ETHATSDR,
2005). Nicklin and Nielsen (1994)2 o8& #gS& (D 54 7144 44
o7 93 FA g &A WA A 18 FAENS) (2) =& T 6-12A1%

T Uetys Ad s (@F-3A EF3A i) A vke), Q) Y ==

23 UA gES 25 53 2HAH A2 8 Fo] YA FEE
st t}. Hannu et al. (2007)

I AHEH AYAd fﬂél—% T AFol HiFHA
] =

S5 gAAdA 2HYAG S A BAHE

ol tid FUFLEHAE Fall IS 3449 A E 537_—3}0511:}, 70 %<
Ui, 35 3 ZLELS ez vF dAAH(prick test)= T A}
g27] jhg2 FARkse UElA &t @, yA, 25 e ILE

& |

Holl tigk 574 IgEoll tigk @4 AL FA=HA LAyt
| fdE BAoA dxF FH S| gRlEon

ol Yol HAE fdste d AE-wi/] #RFo] dF A8 F U

S A ASFEHCruz et al., 2006). L2} thE-E9] A4 5o A ﬁo]%éﬂr

UAdo] B3t =25e v, UZA IFEH 294 A4 2o #elF

FAAE ofrd & A=A gdkrHFernandez-Nieto et al., 2006b). Uz =

_43_



: 23 (Nickel chloride)

FLE O

]= 3%FcHShirakawa et al., 1990; Kusaka et al., 1991).

ZSE7

SED

AM= YA

714 A3

aL
(¢}

WHO (2000)<]

=i}
=

Danish EPA (2008), TARC (1990)
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AAAA QA hE FSUAL AT MEEC] SYARE HAHA ¢
ke,

oft
e

X
>
1>
1
1>
o
ol
o
-
o
u
K3
Lo
e
S,
[
o
rlr
=)
—o

\
K3
>
1o

T
Jz

Ja
o
2
2

iﬂ%%}i, /\]' h= E — oT = %
3t Ao Z YE S M(ATSDR, 2005; Danish EPA, 2008), <& 74A% =
F AT

AslyA e wrERFo AF=Ad A o A7 HaEgl ot NOAEL
AR AHgg AF AFAEE FEEA gkern, 19881 American
Biogenics Corporation®] 919 3% AALES 7]FC0Z 5 mg
Ni/kg bw/day2] LOAEL®] #<1% ATHEC, 2008).

AstyA A A 7 UA SEE Sste FAA 673-ENISO; -
6H:0)s HEo] A7 FoAT Hd AFOECD TG 451D A#A7} &A%t
2.2~11 mg Ni/kg bw/daye] ¥=2 AT A# T3 Az 2 L 4A
A 4~12 % BHe AT Z 7} dEHAG. dAY M =S F &F T
oA SAASE {3 &F EZHA AEE LV AFHJY {9
3 ASAe AMRE ZFU1E 71Fo2 LOAELS 6.7 mg Ni/kg bw/day,
NOAEL 2.2 mg Ni/kg bw/day® A7 = AtHHeim et al., 2007; CRL, 2005)
(& 3-7.
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k

3-7. 7H8A UA SFBEAUAS] MEATES Ay g

B Lt R A9 A7 Hl 1

50 mg/kg bw/day :
ASS7VE ()

e AlAZ

. H];o#; 01(54344/1\1) 30 mg/kg bw/day :
o =- o) A ZZFL8E 7 (2= i

o TEZ 60uly]/E/AY 0, 10’ 30, 50 AFS7VF 25 Heim et

« AI%%: OECD TG 451 | & NSO: * 6HO al, 2007
(o1 A7) kg bw/day NOAEL = 10 mg/kg bw/day | CRL. 2005

(2.2 mg Ni/kg bw/day)
LOAEL = 30 mg/kg bw/day
(6.7 mg Ni./kg bw/day)

=713k 2d

H‘

i} A9

A7 G e F¥ wEES SHARE HAHA Wgrork
9% A2 oF FH7h B doluhx ¢onE S4o] W o Jar

i %LE% ! QJQ(ECHA, 2017a).

Aol 100 mg/m o] UAS i F7] T Exlo ==d 745H ] AGA
o] FF X-rays HHAZF9 ILO IAEFH
A3, JAo 18 o410 ooz #A=53 HEe=
Rttt ogl dld AdFdA s tizTe] e §d, AW, 24 A
7} &0 gt BAE A kot (Muir et al 1993).

Berge and Skyberg (2003)= X #H &< ILO =A|EFHol wel =90l
YA AfF 3% Z5FA 1,046 0] AR ARRE B4R T O F 477145
%NA HAAFSol Ao, A% L F4A
ARdoA= 7 U == F3UAe 73 ==d w2t HAd RS

E

ro

25 BAG 2424 3

D
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Aol FS7tskes AoZ YelGtp = 0.04). o5k 9 4719 HAELS HY
NA Autzo g FolHE= WAEMU2 % IA B=2A &row, A
Zkd ko] WA E(13.6 %)RTE St

B9 YA FF Az FANA 1958@HH 1992d71A] FHo= 5 o]
AT 1,999 0] APAR o] R ZTEE BT A, SHFIA AE
(& AL ZESAEHI= 0.69 (95% AFF37E 0.51-09002 FAZHC=E
Fo3hAl BEA B g AciSorahan, 2004). ¥ FAeol FEUAd thik o
Y2555 2 2 4 mg Ni/m(E=E 54 YAZA 4~8 mg Ni/m)olth
(Sivulka, 2005).

F=olA 7HeA YA e 718 YA FddEed =9 YA
E o= 3 AMYE AT mE" 19 oY =& 7
Ago] 3} AHHIZE S7H Ao 2 e tHBurges, 1980). 5089 T4,
1019 Atgo= Mz A2 R dAFdoen OE foses HUEHA
Fodth HZo IPd & Ao eE ZIE Wi 16 d F4 AE
F7FstaR oy, UA =53 vty 3F7] Sl izt A% #FoA
ol% %] ertth(Pang et al., 1996).

Vyskocil et al. (19948 3}stad W 7184 UA 33Eol wWol =% 14
o] Uy W 12%o] o4 AR ZEE AA ko] st s A nlA=
ZAHY. F8 ==dE AR dilyAoen tE TEE ®
A =4 skES EASHA Fskth EAH A AGAY] B ==V
& Ztzt 259, 15do|len FeFgAeA A¢$kd  w=27]F(Threshold
Limit Value, TLV)9] 0.05 mg/m &] 4~26 W& I3t ALFE
SHAFol FAH[T. Fd APGAY] 2 i UAsEE
10.3 ug/g creatinine® 2 ZAFE T AW W golAAY  (ysozyme)
N-acetyl- g -glucosaminidase (NAG)7} HA 2 A ol AIA F7istd e, g
2-mlol 2  ZFEEH(B2-microglobulin), NAG 2 #HEE A3 vz
(retinol-binding protein, RBP)e] oA ZGA}ol|AlA F7lstRth o] A=
273 715 tig 7HEA UA =] falddFS UERATH
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S5sst=d Al d"go o g5 (Nickel chloride)

T
E7E o]43 d3uUA FAEAHAE0.2~0.6 mg Ni/m* s== FHu) 87)
4) 23 2719 #H A Zol FalEde]l UERT a4 Y] W

LOAECS 0.2 mg Ni/m*e]H, o] <F 0.8 mg NiCl, - 6H,0/m’el 3 Z&+ch
(Johansson et al., 1980, 1986, 1987 and 1988). 18y sty Ae] HikE
of W& HAIFEl e A+ AAe FAHA Fshh

v oy SAZZIANTPOA = v, 584 ofgsiuA, 4ksiy
AL Z47F et vk 169, 135, 2d % &Y =28t 54 AlY
< T3 FAUA 673tE, oA, AsyA o7 ZAA/AY
of A yetwem H oA FH IFS WY dFoE FAHIG
(NTP 1996a-c; ATSDR, 2005; EC, 2008; ECHA, 2017a). 3@ X Lo A] 7}-84
uA setEQl $AUA 6rsEY A #H 95 2 AfFel gk LOAEC
= 0.056 mg Ni/mio]Rlom, 7Fg 32 F%2 0.027 mg Ni/ni oA HFe
g gy #H FA Z77 9o wiel NOAECE Ao H=A ¢kttt
(NTP 19960).

E]oit

o]
=]
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6. A4 B dEsA

7 AN

A7 EAZH. EC (2008)0ll 41 <185 1A
S0l tiEk 29 A ZAE Asskal Aot

>
o
:0:1’:
ox
°
o
o
o
[\
=)

Q
BOJ
<
tr
o
L)

ki

HIEYT. AT YLR FE 2E AR A §A, A4 Azt
re £ 4 Qe O 374 249 =4

A2 A E A U

oot

Vaktskjold et al. (2008b)> ZFdol el UA =& oFo mE AA{4
o APEES ATFSAT AR E SAVE AEE o] &% AFolA, JPA
ool YA wFo] Jdd A, YA ZFo] e Aol nste AAFA

_C'L
Ao exulzl EARCR fela BA BAHYTHOR: 138, 95 % CI
L R= A, AslAel 727
%% A7 9 44 wERo U@ Wy 24 Fo OR @S 1L1495% CI
0.95~130%t. 4mel Fdol Og R Felx AsE WelA A
(OR=1.15, 95 % CI 0.96 - 1.39

™

§\I

~—

TE

AslyAol gt A=A AF 1M ATt AT 240 B2 A 2
3, H T3l 42 mg Ni/kg bw/dayoll = A2%ol tgh F&ke AL
A Fskoem A g BT H A= dFS 2AE A ZUATHSmith et
al.,, 1993; RTI, 1986, 1988a-b)(:x 3-8). & &9 Ast#(43 mg Ni/kg)S
ATes A wkgzolA BARY 1Yol Frhske Aol #lEH A TKSobti
and Gill, 1989). 10 ¥ 20 mg/kg?] EFYAS wrEFA3 A3} HA &5

il
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A g Il i 8 A

kgol &F FFoAe= FJHA FAUT Rk o] ATl AEH FES F
7F Agtdolmng dsyAe]| of

and Srivastava, 2000).

=

AN A7 FA, A7) yelst

-
N

Ny davt 2L
|Fo F, 2AE FeprHeY o 22 E@ UEA] @Al E1FAT
(ATSDR, 2005; SCOEL, 2011; EFSA, 2015; ECHA, 2018).

SLI (200000 ©Jsf = 24t B2 ZAF 7k @29, 1, 2.5, 5.0, 10
mg/kg bw/day(0.2, 0.6, 1.1, 2.2 mg Ni/kg bw/day) ¢ &F4UA 633 5L
#FA(gavage)st 23 H1 v E=ToNAE FlAO < F2A o) A7)
DFoAA AEEoY A HHH Wyt dASA Zow, AHA

Lo ol Rt WEEH Y WEY A0 B ATHE 3-8)

B4 wa L 34 S Y 7

U HEEAEFH7EA)
1A

Chashschin et al. (1994)°] W= oA YUaA Fd ZHzte] AlAolol A
TZAR 718 Ty EC] TAHLE fFostA FUtete AR HIHUS
U U =29 EAs 9 A7 1739 Ao ERdd B3 FEA
ZIEHG AA, EdET] A Ao R W WHEH A7 A H

1 THOdland et al., 1999; EC 2008).

L

i

Vaktskjold et al. (2006)2] ¥4 A= HA2H 7|HF LTEAT HAE A
83t o448 YA AF 3 AgAre] Aot AN A2 78S ZAS
A7) 1&gl e B JFe Holx| kAN A 23] AdFH
Hel o], o] AdE IFE =F FoAe AV A9 §leBE F35)4

Ht
T
%

sldsol B Adedow UALEe A% A7154 Bl tae AT
B 5% 939 2AE ANEA gtk AT AR AL ol Utk
U wE3 44 A% A Aele] A#y A7k Aol BARe Kola
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Peninsula W <¢F 65,0009 ] A3l= MoncegorskA| oA Al = ATt 1973~
19971401] _1‘:_/\]9] o1/\] o:]/ﬂ = g]: 43 %7} z‘sﬂ;q 149:_1_] 7<40 :'_;d—oﬂ E%QOJO
H EA4 7|EFAd = 1973 ¥ 2001714 Moncegorsk &442] ¢F 98 %ol

3k 257} =35 A rh(Vaktskjold et al., 2006; Odland et al., 1999).
RE Eub oA tis] 71eAd UA SEEEUAE 42D 2 g4 tigk
AAH =2 AR ZAEAY o] ARE A2l FAY HJAHRE 7HEo

o4

Vaktskjold et al. (2006)2 A E4t, A 718, A4l Aoy J4al 7] 2
ool &4 =& 9 ARl i A3
ol E4Hd f1do] YA =EH oA
ZHI(OR) = 0.81; 95 % CI 0.52~1.26). &E31%lo] Uiz B2 &
A3 =7t 7 kA U THOR = 0.76; 95 % CI 0.40~1.47). YA =
o et Asx, 1EEE Uro] &4 Aldx Addo] UEhA &dtt

Vaktskjold et al. (2007)> LAl7|Ztel] nls] ZFA Ejojd H-d7d FFol(small
for gestational age, SGA)E Z4t& 3ol UA =ZT oA S7sHA &t
o3 BAGTHOR = 0.84; 95 % CI 0.75~0.93). SGAE= A <A+ v Al
AFol 1A WESH + A AF vvte A AFSE Aot =

A A", 2A 7], 4, ofdel #FEdE F4 @ AN T A& FEo=
AR 3 Aol thal) 2Aste] EAstAT. &4 23 A o) E
ST Z2 21, 18, 13 EAAI AAAR) IS vk 279 o] AlAobrt Al
2] = At}

Vaktskjold et al. (2008a)2 YA 2% oA HAHHA &
Z1go] Qe AAotE AT 9Fo 5-7}‘3}?(] U BIFPHOR =
0.96; 95% CI 0.76~1.21. 44 A8, A=4E 4, A& dAe &4 =
2 dFE P8 tiE BAS EAMST A FHOE o] AT
Moncegorskoll Al Z=2 7|3 <] #AEo] EUROCAT DBET F ] o] =
2 o2 Yeyt YAe =281 YA T FE Ad FAdA 25
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S5sst=d Al d"go o g5 (Nickel chloride)

TE

AstAe tiste] FF3 | dEFEAEIE AFE 3
O, AAEAAY AAZRE G ddEA FIFe] RuFQth

Smith et al. (1993)2 1AMt A=A AFNA A= ==
0, 1.3, 6.8, 31.6 mg Ni/kg bw/day =2 S&FE 53} L:%/\]git}, ol
Mrtge wrl 1157 AEE YA =250 7 #e] A7 #7473t
o ZPoﬂ 6.8 mg N1/kg bw/day %—TLOHH ﬂl% Z7VeFo) 6 % 71 §2vsHA
ZAaslg o oju|e] ZaegRle] 4x fojuetA ATt =& HEH A
AFTHs= AFH A Frov, ARbE A7) = =
TAACE FoF HUAE ERThE 2AHTelA AMEE A7) 4 ERE Ha
T 2ETAA SAFCE FoF HUAE Vel e A Apde= JRA
T =3 dsEel =Fd AAY F5 ST FRVIRE $o Aol
Al WAE Ad dfZQAA, FHE F8 BAS] YAHo] Al7A &A%
7, &2 BEfo "oy o] Wzt A= & & itk A 58 F
2o tigk NOAEL k3t A7l Ao 37FA] SA Ao thdk LOAELS %
1.3 mg Ni/kg bw/day°]ATHE 3-8).

SLI (2000)= OECD TG 416 we} 2o FAAS AREste] 24
D=y ste AR 1, 2.5, 5.0, 10 mgkg bw/day(0.2, 0.6, 1.1,
2.2 mg Ni/kg bw/day) ¢ 34ty 653ES 9T F(gavage)d At
2.2 mg Ni/kg bw/day =ZTlA F1 Ml 2 3/F47] Ao gz
ol vlsl] F7tske Aol FAHUTE F2 AltlelA s od JF= A=A
Erormg dhd ZAo] ALEH NOAELES R4A 0 =Z 1.1 mg Nikgez A
A E ATHEFSA, 2015)(3E 3-8).

dtyAde] &3 vhg-oA BA| FA4o] BEHE = 92 mg Ni/kg bw/day
o] &AM 718, Tad =3t 2 =74 o) HAEC] FUIEHAT EAE
Aol BZEEA & 46 mg Ni/kg bw/day =72 ml$-2olA= wAl ok

ol
2
N
N
b
ro
i
N

O

1~
¥

0
U
i
X
aked
>

Rl
=
5o

N
A o
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2bo] T2 ATHECHA, 2017a).
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Ni/kg bw/day

2> FIbAItoll Al = W58k gaFo] vehd
50, 250 mg/LAlAl M7)e] AbgEo] F71 Flbel A

=3 fEHH"HW]A 377} A Eo} HEAl AAR
0 10C = 257} o eFe v, wjebA ol Hk
A= x_ d otygsro 2 7lFE 4 S

S&sstE=d i d"st : A5t A (Nickel chloride)
E 3-8 @stuAe] A - wd S9AE 29
A =EFE F8 ¥ S Hl 1
D FO )
o A= 240 Qs 25 % 1000 ppme] F7t
£ AAHE
o AF 2 AF W3} 500 ppm(~42 mglkg)2] F ol A
0. o0 200, 500 o el AFol FAAOR FelsA Bt
mg/L 2 =79 95% 2 80 %)
AlgE A= 0, 7.3, 30.8, 51.6 | » /\]—E 28] 2 A 500 ppm(~42 mglkg®] FElA ]
A 4R, 3 mg Nikg bwiday) | Sk 3] A% folalAl 22zt oizze] 9% | NOAEL(ZAIS3)
A 24 AAFE) 2 80 %) 25 mg Ni/kg
PIRSEERtIALS! o A7) BAL HlA Ar) 8 A 2 A 2t | bwiday

g = JERHZZ dizzo] 90% @ 80%)

TEF: Jomiel/w/9d %”;] e . golom 3ol Fhd Weshy A4 S NOAEL( 2= | R1L 1_936’
AgdE4: NiCl; - 6H,0 Hrrn s 2 o150 ; 1988a-b;

- -1 ® ’%U\] Oﬂ ﬂlﬂ os]% ‘ﬂ'%ﬂ;{] e 42 mg Nl/kg EFSA. 2015:
5‘-—%735_: 751:I'LEI“O:1 —T’—qu' ‘\lé"—\ll' bw/day d >
(285 FH8% 9 Fl ECHA, 2017a
=271k © P0:0,60, o Qus HF H% A7) T, Wt IS | NOAEL(EIAEA)

FO: &4} A 1135 25, 42 mg dAEA gy 6 mg Ni/kg
TE FAS UF, Nifkg bw/day | IEE =ET) E4HF7) A}mg <7t bw/day
OFAL 30F7F ALw= | Fl:0, 6.2, o 500 mg/LellA Fladdholl A AEd Aj71e] 471 7+

2. 42 mg zapgen, BAFol ol wa folaA 7
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SEEdaed

National Insfitute of Environmental Research

3 =EFE F8 ¥ S H] 3
WAl B fol WS WAEA e
A = AF A3k Gl 50 ppm, 250 ppm oA YAl
713¢ FRte| AlFFTtEe] A
(50 ppm: 36.9 %, 250 ppm: 37.7 %)
NEE 2= IEE LETA Z2EY F Ta
(Long Evans) ool A AR APEIAY Z2 AR A=
RECIREE Holuhs A7l 57} sEolEA oz S7hs
A2 =2 23] (AR Gl P < 0.001, 0.04: G2, P< 0.03, 0.02)
ANFEA : NiCly6H,0 0, 10, 50, 250 IEE k3wl sk A WAle 7 oA we
wmae Ams | pbm NCLBHO 2T AT IS R el felA 3
o Qo 7rerSaw 1o .
T ey | 9T FH8% A ATAAE A7lel AR wsph giglen, | LOAELIESE) | Smith et al.
s=T TIEE 10, 133, 6.80, wA Aol e @ Mol 24 3 1ddel A | od T EC. 2008
2713t - 31.63 mg Nilkg A 57 RE FRA BAHOE folsh Zvp | WKS Dwiday !
AL 2 an) o)A bw/day sty e
AT L5t =3, = WA Adie] 10 ppm HERAAE & M ALY
o] ALHQl 2% 9] 3 A7 b AAMA B-2] 8 (borderline significant,
JA7I1ZHGL, G2) p0.06)= YEFH S
FH71ZHLL L2) Bt 7 Al ke Ayt dBFolR] Pgornw wagt
A&HOFE v & NOAEL #telvt LOAEL #& =Zsh7ddl= ofgf-¢ut,

A7l AL FRAel gk Al Wl S50 FARHCE
FrofstAY AAAES Fods B ER 258t
AYrKequivoca) LOAEL #+& 133 mg Nikg
bw/day= AF
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S5sst=d Al d"go o g5 (Nickel chloride)

7. A=A
1A
AR ARl g Asiae] AASAARE SR1EA Lk

E

He et al (2013)2 w}-9-2of A F3}& 0, 5, 50 mg Nikg bws 75
oslar 1, 3, 12, 24, 4847 & Ry FFUEE FAASHELE Z4sa &
EZEAPL TS SASATE = HEE) 2 o= 3 AR
A YA s %Xéé‘}‘}i@r IFEE Fo 1, 3, 1243 & FRIAsHe| 9
S who}l &7l A Q5= A 7Hescape latency)o] frolEtA E71Ekch &
TEG Bt A= s FoAToA F olEARTt Wokow 53 Fo 1,
3, 12A1%F

A= FelskAl Aasit A= Eroﬂi%ﬂ/HE T °ols 7%347}
'?‘

Asw Boze] ¥ B d¥yde] Ud e frut okt %3 m %

A wZo mE 47 Aol A= Ao AFFHT Ao Gy
3} 0, 10, 20 mg NiCly/kg bw(0, 4.5, 9.1 mg Ni/kg bw)S AN YC=E 4
T Bttt vk, AxA, 92 wHdA ZuMTFERZE WSSt
U rEZEL ol 2% tﬂi‘rﬁ}oiﬁ}. s ATl sfivk i &, A=
o, nEZT ol TAAY AR WL #EEA, AXA S WHEE e
oy AFE APTolMe Lﬁ‘rﬂ UebA] ekttt dxzAdA = de] wsirt
BE $XoA Yetal, aEEelA rlEZE oty 43 WSyt vt o
AoMe IFE AHETodA o] 3t W3l e FEAA HEZEE
ole] WMalr} &A= S tHjomone et al., 2018a-b).

0.2 %2 32791 mg Ni/kg bw/day)oll UALRE] o] FU7A] S &FE &
3 =Ed W= B FFU|R Ao FRIATY 4o HEEA

(]

_{

-
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990 U SR 5T Aiae] AEIH DNA 4 8 GaAlel e

be!
offt
o
td
<
o *
N
rE
o

dvte &

1Y

B Z59 THEFSA, 2015)(% 3-9). 12y %
S 2 3 AN FAS HE

A HSSB), DNA w9l 7}w(DPCL) 2 4t
FET 5 9So] BuHJATHEFRSA, 2015, Danish EPA, 2008).

?l_

#x 3-9. A =& FPA s 154 A7 29KEFSA, 2015)
o Ag L
A8 §3 =3 AQ AR A= H] 1
_ Zﬁ“?jxﬁl ENCIRSIREE) lﬂ el PEE .
O 2] T A & &k
Tgenotosic | g | T 012 uML Aol sepest | T
geffects) £ AHuHbuccal mucosa) o | YA FEol= )\o]'“?’_]' 1997"
gk AAY #AA 7} ﬂré}ﬂ A e
s 9 YAl w=4 DNA SSB 2 SCE Werfel
DNA &4 | 35, | 84 FdA =4 HE Z7HE oy ot al
A B A=Ak UA | DNA SSB ¥ SCE Hl= UAe] oJsko Zuj 1998.’
=4 Fos = Qe
7% =27
7
243} DNA g% N Hé}o =9} 4 ﬁ}?NA |
2ol e 1993-1994d =Yl A £ARg 3] kA o] Merzenich
:;H o o | 8247 e] A e w #2% (Fpg-sensitive | et al,
o= H, = . .
2571 9% | U T3 51te§) (OR, 2.15; 2001.
R tertiles 1:3, P<0.05).
1ol 2=
87 AR oz wa | A HEES
- _ Hlwake] 48 A
() g Wdo] DNA o 1
=4 2YHEY - frelsAl 37k
DNA 48 vo e 297 wZ& DNA | Danadevi
3= | fAAEA AY _
=uEge) | D0 | )}aﬂ 8 AR Comet | 2 vl olol et | et al,
AT ATz sy o e 28 2 | 2004

& 233 M Z(buccal
epithelial cells)oll ot

IS RL

U =22 Qg
Aos Add
i
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UA slgtEel =2d ARANA FHA @bl gk FAgurgo] FlE
on, ZHF AEF 7o =& ATl YZAo] DNA ©d7te &47 o
Eo] DNA &4 A, DNA &4 12 Aol 2 DNA & 7]H9 JAE
e 4 9lgo] HalE QITHNIPERA, 1996).

Chakrabarti et al. (20012 o}&3}ol o3k DNA ©@id 7ta o] FFAd o]
g skaol o) okr|EE Bt M'Bemba-Meka et al. (2005)2] 1+
NN Gk AAA Ee GSH ATAE A A dxzTo HA st
Re w @A 2 A ANE BFoA YA o] f=¥ DNA ©dris
Eel FASA Zadte Aol FlHNeH, ol YA Fo] Alxd 4
314 DNA &48 F238S Yepdt

Schwerdtle and Hartwig (2006)= <A = Az 7|Hte] AFE &3, v
H2k Fejel YA gstEo] AE FFRT A el EX o ZdA HEF
= U?}E‘r A&H o g WAlsl= DNA &4 BT 71dS Ak, o224
O 2 4o 7198 & AS5S AL

A =S S fphimurium D E. coliE ©]&3 BEAEAM] A FA
A A3RE Yt oy, sigd /7 AE 716ke] GAA o] A F ol
AMe HEE o 4 AAE HEPRATHEFSA, 2015; Danish EPA, 2008).
ol Afodle 548 32 FHdAvt 2dHolE fddte Zlo] F1E
THSkopek, 1995). ol& 7 &4 A7t A AW lET= FAA ol
2 DNA wWgstel e & §F314 Abdd 70 & d&S vehdnth 1
d 2, Chinese 3 2¥ #H HAFE AXF (V799 GPT FZAeA EHole &
Awo] WIx ol Z7HChristie et al., 1992)= DNA =l &3] wWslo] 7215
°2 yelom(Klein et al., 1994; Lee et al., 1995) o] DNA WE3 &= F
AA| A (Tumor suppressor gene)e] JA|e} o] = HAoZE HQI
(Costa and Klein, 1999).

dstA el A i vitro TS5 AP A3 DNA &85 #2333 DNA
TdAS Aty RuE Qo Guillamet et al, 2008; Lou et al, 2013;
Morales et al., 1985) Hte|g]olAlclA A3t WoldAH S A3 AHe=

0 02. P
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S o)A tHArlauskas et al., 1985; EC, 2008; EFSA, 2015)(3% 3-10). ©]& gt
A= o8 7HA YA 3dE 92 a50l=Y Aot AT (PCS,
1996; NiPERA, 1996). =3l dsiyAae X f
< Yetdth AmEAn g gAY AldHAA FAEe UEoeH
(IPCS, 1996; Lin et al,, 1991; Hartwig and Beyersmann, 1989) ~®E o=
skt o] FelxEtSwierenga and Basrur, 1968). g3ty ==
np-29} R MzoA] Mz A 3Hcell transformation)o] YA ATH= B
37} thHMiura et al., 1989; Zhang and Barrett, 1988).

IFF AEZFE 7N R 3 T AT, d3iyAR Ze A

[ex]

s FAUAC]l AAA o, AvAMALS, &

S= MEFoNA ofg ol

i

M
ot
i
il
=2
I

A ol Z AWE A BEHE == A2 FAFJATHEFRSA, 2015,
Danish EPA 2008). Chinese 328 ¥ A= H]E (V79) 7]dke] A
ol d AdolA 320 pMe FAYA wFo o8] FRA B AAA EQHA
dol #o% FEoE yedye Ae sk om(Ohshima S., 2003),
Syrian hamster ®jolA|EZ e} QA Hi4 wjF AlZe] 0, 1.0, 2.5, 5.0 pg/ml
o A 673tES =EAX A FE vjobAM oA o Apu} FAA
wg Nzl &7 oEHo=m  FUteke= Aol FAHJTHEC, 2008;
Larramendy et al., 1981).
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: 23 (Nickel chloride)

3 3-10. d3tyAe| in

vitro T3 =MoL A

data 2o

_ A3 3} -
v | Aged | Had F8 9% U
LE N |
Human
sy | ot g (omMol A | Guilamet
A ”_,Fi}% 0 “O“OTOI 001 01 1 DNA A9A &4 et al,
10mM NiCl, - FO L 2008
AN ==
Human B oFgl -0
lymphoblastoid MEZA 2L DNA Lou
FZUAY | sy HMy2.CIR A= Ak &4 Al et al.,
0.08-0.64 mM ROS Aoz Qlgh 2013
24, 8 N ==& A QA Z4ts) Ay
ONA %fgszosteosarcoma v ozHoT Morales
2a) sro) | HEUA 10('; TM DNA o]F7te &4 | et al,
e 48 Afé]. L_% _/l:%‘ 7];8_ O]/Bl- %}‘g 2016
S typhimurim Arlauskas
" t al.
29 N strains TA98 ¢t al,
= o A J .
gauol | ST 100, T 185 A@AS &4 o
A3 e TA 1537, TA 1538 BFeA
E Coli strain DG 1153 2015
Chinese hamster
y Ovary cells .
A A A . A 2 FAA Lin et al,
o) A1 asiyA 0, 1\}[OO, 500, 1000 Bolg g 1y 1991
U
24 N =&
) B
Chinese s§2~E ZNA =¥ Hartwig
7o _ AGEAE (V79) Sl and
A A dsiyA 0. 05. 15. 2.0 mM SCE ¥lx =7} B
AL , 0.5, 15, 2 (52 o= eyersma
= 5 A =& B nn, 1989

AZEH S ek,
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Y. AA Wln vivo) N3

GH| = vh-2o) FEUA S @3 AT APside W, ©¢Y/olF DNA A
A &4bo] fEEdtiDanadevi et al., 2004). AEE o] &3t HZ 23
H AR Y HstRe dAFoAe EFAZY AWAFA AUAYE A
7} oA o2 yElytHEI-Habit and Abdel Moneim, 2014). =3k 7 4

AT ZUAE A3 AsE Aol = DNA daA E4o]
°1¥ 1 th(Jia and Chen, 2008)(& 3-11).

Benson et al. (2002)2 13%F S¢F 0, 0.03, 0.11, 0.22 mg Ni/m® ¢] 34y
A 67t ol UA S FY =AM F, #H 2F A9 DNA &4 o
FE 39 A (comet assay)E &1t Ald A¥, + =4 25 0.22
i/m* F=o4 DNA ©d7ter &4o] A=A mekek 39| AX
=40l FFHJ oy FHEAAY] A S ES& AR FJAFHAT. 7HE
49 B8 YA StEd =Ed A= Az A= DNA ©d7t=
$=24o] @AY SFS th(Saplakoglu et al., 1997).

7 UA S5tE =Fd o2 EdWol ANde =3 (Drosophila
melanogaste)s °l&sted F2 FRPEJow, in vitro N Aot wzrHA

2 oF3l okA Hk-g-o] F2lEITtHEFSA, 2015; Danish EPA, 2008).

G, dstyA gl A tigk oA in vivo ATolA FAA o]
Aol ##E ¢l o m(Chorvatovicova, 1983; Mohanty, 1987; Sharma et al.,
1987; Dhir et al, 199D, ZfsEolAY HF W Fo A= 3z
o] dAA ol AY A= thAIE YA o]ATHDhir et al, 1991; Mohanty,
1987; Chorvatovicova, 1983).

dot

3
7
Z

_6’]_



SEEIER sl d"ot - 934 ZA (Nickel chloride)

3 3-11 EstUA in vivo RS540l A8 NAAE aoF

o A gl ogk 5
vy | Agea  J99 0 @2 M2
o FH s
(2H))
7 TE, « Ul o Z B 94 48 T2 .
& ol A 3 » 34,68 136, 272, 7oA D’NA& Danadevi

F=E2 5 | d3yA 54.4, 108.8 NiCl, el £arol et al.,
YA Y mgfkg bw Folsbl 27h 200z

25 . A T 24, 48, 72

AZE D 1F, 25 &
A
o 28 =7}

] . oAl F7)
¥ 854}, R . Q] o4 27}

ENG Ea © Bl e - DNA A9 &4 | El-Habit

FEE | g | ¢ 4080120 uMke | oy et al.,
FUAE, | 7 b.w./injection . AsrEHA 2T | 2014
PN AR o 13)/day, 3¢ == 83 o= =]

T . 4k3} ARl GSH

4% i

= .

Ee [ OEECTIES L g N sRaNE | i
DNA <A } ¢y DNA HgAd &4 and
e NiCl/kg bwiday . BHNLE A 2008

sho] b Z—r =
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o YA IgFEo =EHIAUS A HEA A7d TY Aol &
ITHATSDR, 2005).

T WYy AHE TLEHS @
Bencko et al. (1983, 1986)2 YA zfate]l W =2Ed FF0]
025 #9lslgt). Shirakawa et al. (19900 F&4% #HAFS 4= &

ro olo
T

4
s
ret
r o
—u
=
N
X
)
N
X
2
o
)
32
£

n:ll

7
A Gl BEAY A% FHWRSo]l et Hastg £ U
0GR ARES A% ARe He smel QA AT D98 A

o= HEAF JFdo]l yetd + JAtKChristensen and Moller, 1975;
Cronin et al., 1980; Gawkrodger et al., 1986; Veien et al., 1987; Jordan and
King, 1979; Sjovall et al., 1987).

EC (2008)2 YA o] 2(Ni*) o] YA =Fo] wE Wy g

i
i)
i)
o
re

B4 Zentn Rustan. old weh NS dsiuAY dgSyel B
A AA Je] AFAIE ok WA glod ASUAT 4
@ 7HeH UM BHE FAUAY WS ARZRE GshiA B
4o e Hsde FET 5 ULk

Lisby et al. (1999a)9] dA7toll w2, iAo ik X ZA747F A0l
58 A37F Qe AFANAA FE2H w2 g G A| E(Peripheral  Blood
Mononuclear Cell, PBMC)l| 34U A S »=ZEA171 23} 189 F 16 02 HE
TAxze F2] g &A437F #2HAT 1.0 mME 233t= YA F x4
= Az ZA4o] gglem, 0.1~100 xMe] FxolAE 18%H e AR = 16
Holl A gF-oFF 0 T M=z A3y} gelgUrt. $&£AF(Lishy et al,
1999l A= FakAo] CD4+ stfwrell &3 HIFHEF 9 7|9 THEZE =7
2871 Zlo] AT

Jensen et al. (2004)> UZA WS 7247 7T~10%W4 4719 IF02 UF
T FAA 653422 0, 03, 1.0 == 40 mgE AT Bqsgn UA =&
24X 7F & N AMEZ-S A3l PBMCE Zaste] 243 Az yA A
MAE 17e iz 2 o PBMC W fZ-9] H&o] 433 =4 YEsth

H
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1S Yeldth 5739 At S 3982 (Malo et al., 1982; McConnell et al.,
1973; Block et al., 1982) 35§ Al @olA FAoIUaL 2HAA FHO= e
YohMalo et al., 1985; Novey et al., 1983). &4 IgE Ao that WAL
274 &2 A& (Radio allergo sorbent test, RAST)-S 3+ AdlAE= &40
(Malo et al, 1985 F oAM= A=A FdthBlock et al, 1982;
McConnell et al., 1973). =3+ @9 & W] UA=E 3 HlHo] eI owH
2 FAUAS FUAN FEADANE 357 O] FHo 2 ey
Th(Niordson, 1981). ol&g Az YAo] YAo] H 2 o 5%
HAYEF EZFdd s HAes 73T F dsS yeEpdtMalo et al,
1985).

Bencko et al (1983, 1986)2 UZAd| AP o= mad AAAe} =5 A
g2 Uz Aol 4 WSR2 EA FFo| FosiA bdES FRlsidh
Shirakawa et al. (1990)2 ZIE=Z I3 FTIFE& A
asthma)o] TAZE ZYAfoll A, F4ky
A A GEH AFgE YA g So] FAVE AEFd HES Tl Y
Aol s Ao x AHSHA VAN A T 4TS & F ASS AAS

ATt

95tz W u|wH s

h =

TE

FIUA L =Zo] AFA Jss AAAZITE 2 7HA] A7 BaE g
THESFA, 2015). |3tUA S <5 Wl FAE &8 Ao =342 23, ¥
A HEx oA EEJdAHmitogen) HH-&Ado]l ERIEZA] @kgron) 10, 15, 20
mg/kg F=oNAl A A (natural killer, NKAEZ 4o YAFHOZ A =
= Aol golx A tKSmialowicz et al., 1987). o]21dF NKA|Zo] A oA ut
32 HES AYoldsole uA AMEzo| Tk d3UA =F dFNAE
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el AQHD’ Anto et al, 2009, Condevaux et al., 2001). Harkin et al.
(2003)2 ¥y #A-S 0, 0.12, 0.36, 1.1 =+ 3.3 mg/kg bwZ HAx=EAZ]
A3, &2 9 = AZbd o&F oz T-"dxFo] =213 Th-1(QEH &-

v) @ Th-2(0L-10) Ao]E7}¢l WAo] JAHE AL selsygcy =3, A
ASA AlE7H! TNF-« & A S JAletar AATadFLPS) A54 243
o A FHZA AolEFIS IL-109) A S Z7MA 7= Ao =Z el o)

oAe] FEATE T3 UHo] HAHEEo] dojuA] 42 MANANE WY
Zlo] Rtk YA FUAAEZEZ =9 JHA A
kil WAy 81 tHAdkins et al.,
1979; Haley et al.,, 1990; Johansson et al., 1980; Graham et al., 1978;
Morimoto et al., 1995; Spiegelberg et al., 1984). Yo AT =% U2 uj
o= AAgdshAlzet A - Alxzujs] o] Wslsktillback et al., 1994;
Dieter et al., 1988).
Haley et al. (1990)-2 U}—"rioﬂ LA, ofgsiyA, 4sluAsS =EA7)

Obone et al. (1999)+= F4HYAS 1333 A =247
AZd 9 545 FH7Heg, 3344 005 %9 =58 F T-A2, CD4+
% CD8+o] Hdl 47} A3 F7tetdth CD8+7t
RE &FolA CD4/CD8S M7} ZHastqith. A@da W=l LOAELS

°F 7.0 mg/kg/day=2 EFRTHUS EPA, 1988).
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S5sst=d Al d"go o g5 (Nickel chloride)

10. A
O]j.“

7} tHOntario), ¥ Z=(Harjavalta), =24 o](Kristiansand) % < <+(Wales,
Clydach)e] UZ A\4 P HA 4 AHUAE oz 1389 IA5E o
TEFH YA AQH w3 T AY FAdATE Rugel we YA
I YA 313E2 IARC Group 102 #7500 JHIARC, 1990; EC, 2008).
2ElE 2 &3 AGAE o= ITE AFE AdgPHAoY IF
(VD € 71E} SgEoE =250l YA 33Ee 38" FAH =
FAs 7)o += TAHE LS 7FRTIARC 2012).

T 29]o] Kristiansandel] ¢ x]3 UA HHA ZFAAAE o= ZPH
[e)

dde AT E AFENYH YA s =23 dd A e ool B

1T 22H, AE B dE & FACdAS 7HEA U] YA

T2 EHen, YA A& FA4 3 ool ddd FACM= A3ty

Ao =E2HAT. & YA sF=9 =E FFo A3 954 E4& 4

3 =E MEH2E 75T 2%, YA s T 7HA4 UARGEAYA/E
]

T2 rEHe Aoz A JeHGrimsrud et al., 2000).

Andersen et al. (1996)2 Kristiansand®] 2AAE gz 4ksiyad =
<o sty BAT o= 784 YA thd =Fo] U1l ot H <t
A= SV Rust =57 £ HAEe A= A= 3.24H)
Ao, YA =5 goggtn dqidEes Al 34 AdAe Aol

=7k 1.8 = FFHAT. =3 YA =3 FH9 45 A8l I

3 g T o & HhgS doithe Ad=E AUTh
Grimsrud et al. (2002)2 919 A#}E o]&3styq =& FAANE BHASIL

% 2 oy s F& ATE WAL A8 UA, IR,

off A %OJOH s B Al =F 5 £ Sk dis) FAF R #ofet

Rl
Ee)

f
o)
o
N
i)

N
)
T
7
5
5
=}
8
K
foi
m
2
)
fal
ol
L
)
ot
i
(<)
i
:
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FEFe A3 Y= FAAE AT

F& A5 A3 A9 Fdol dis RANS wW #HY A=k 74
Al =% &3F-v-8 AA7F JeEbgtHGrimsrud et al., 2003). & U#A
Fo] =% FA1A(collinearity) 0. &2 <lsf 7}&4 2L 2k3}A H@«] EETE
< Bl s xS F IAAR, s YA tis)A -0k
AAZF FAHAE o] F AFol|A Grimsrud et al. (20052 H] 2, 4 H, &
b M 2RE, IRE T FHA IHOM o0& =g =28 = A% 44
2 9 AR Tl B ke FAHAE BAT Fod = VA YA =
2 I3 HYY A= S7PF ASES Basiit

Goodman et al. (201D)2] A-tollA QoFg %], ICNCM (1990)] <+ =
Grimsrud et al. (2000)2] AFAA o] =& FH X o] uwzbA Kristiansandel A
o Het Hsl=s s AdH Ad FHBAE HEFITHSMR 3.9; 95 % Cl
2.6-5.5 (ICN CM, 1990), SMR 5.1; 95 % CI 3.2-7.7 (Grimsrud et al., 2000)).

=Y YA FEboA oy YA setEol] tiste #HY Asi=E A3
Aol M= 7HEA YA} 554 YAl BT = F7hdl 7@ te A
o] YelstthEaston et al, 1992). T3t AT oA FhH AFNAE YA A
H IFAA HY Y= SUeid = Aol YERg Tt Anttila et al., 1998).

g

\Erl

Q%Z‘wﬂi AtA TN A THE A sIES & A HY A
7hsA o] B¢l gl o, Kristiansand ZZE AFoAE YA =320 2 3
1y l"&r*—i'f’ﬂ/ﬂ 9 2R A 8 YA F9 94&s 91 Ay

H 7S SEA BAEtEZ n Yo Uik AFedes BE YA FF

T =E2d wE AFAH B4S IPT wFo] AteErt FEEHA &kt

Andersen et al. (1996)2> 7H&A YA AkstyAe] et 72 == o
Hell= Abolo] §-wks BAE Hasiiith 7HA YA seEdl ik w4 =
= IFNA A=t 7P SJTHEESPIAYRIEIR) 817 95 % Cl 45~135). 4ks)
YAl 7P Bo] =28 ZHFAke] SR 36.6(95 % Cl 19.5~62.5)°]3Th.

Anttila et al. (1998)8 F=2Z 7184 YA o] =¥ AT Harjavalta
AETH AGAE Abolol A nIZFee si=rt 73 AS AT F
Z %2 F 20d ol =21 Al 240 sl SR -2 67.195% CI 8.12~

(
* o
=
0>‘~
(o]
13

[e%
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S5sst=d Al d"go o g5 (Nickel chloride)

242)°1A . Z& AJE g 7 HTY F3 dFolA(Pavela et al,
2017), wIZete] HsidS =59 Ee APAVE 13E o Anttila 59 F
2 AT Aztel At 86942l 29wl Ni-Cd wiEg] 34 2dAte] =
TE AFoAE 0369 ASA o Bls| 3709 w7 A ZE B E ATHEIR
= 8.32; 95% CI 1.72 - 24.3)(Jarup et al., 1998).

¥ South Wales®] Clydachel &= WA HHAFH AGAE o= 3
gH ZSE ATFNANE HIAYL o] S Ao 2 Bius¢lth(Easton et
al.,, 1992; Sorahan and Williams 2005; Grimsrud and Peto 2006). Easton et
al. (1992)2 1935'd odol 18&H FAHY ALEH] =& ASRE HE =5
A Aol Bty FARES BAS T A JHEA YA kEo] HA
ol fsi=ed Wi FLdd FaF AAGgE AS FlstATh. Grimsrud

]

and Peto (2006)°] w2 Z7] 20d F<2H1902@~1919\d) 53k 2 A49
E

et Aol dukle] nis] <F 6 wi, W & AAEEC] 376 Wl =A e
Wk E3 3 WHASE Qs =EFo] A4 E 1930d == 19539 o] %
dx AE&H ZFPAEL HY AEFELS 14 W, BZY AEFELS F 10 H)
o ZAow UG

SATHICNCM, 1990). 4tsl 2 sl YA F2 :=Z&%+ Copper Cliff 2 <2
24 7dv] 4 Port Colborne A9 =, &4 2 &4 AvldA fal=rt 5
7hek B, 7HEA F 284 YA 9] =Fo] w2 Conistone] 442 Adw 9
Port Colborne®] Z7]Es] HEAoME= w7 A7 itk Seilkop et al.
(2016)8] HA F& A= Copper Cliff Aol 4272 4w 2 Port
Colborne Aol HE, 24 % &4 Anle o] S7HES gldloy
Conister 42 AnloA+= AU Abdo] #2EA] et 1960 o] %< Port
Colborne®] A71&al FA A & A i
2000 Z7kA o] <& ATt A, &2 AGel TAG AFol e &Y
Apoll A H Y AAEEC] FAIA R FostA S7HeAtHSeilkop et al., 2016).
ICNCM(1990) B aiAolA AgH #Hee si= FHAGMRE 3id d+4
I B} o7t e Aoz 3 o] AUtk Copper Cliff(2.1:3.1),

=

o=
s



Port Colborne(1.8:2.4), Coniston(2.3:2.9). ¥17 & A&l tisiA %= Copper
Cliff(30:36), Port Colborne(62:78)%, ICNCM(1990)2] A7} Ha oz e
Hl &S YER AT

22} o]Ho] gl Port Colborne ZH7|E3] BA 2YS tjgoz %
Ak A3, b AAEES fRE SUHEloY SAA Y-S UERA &3k

THEMR 1.23; 95 % CI 0.95~1.56). ol:= &4 Ao FARE 2ol gle =
© 2B ZZE AAAAE AHELHATHEMR 111 : 95 % CI 1.0~

1.17).

AAF o= 7184 B B84
A7F dev 554 YA o 2
IATE AFNAE HZLe HYERTh
A AL R QlE) 78 3*7—‘1 FRkS Brhes A gekA] FUTHECHA, 2018).

H =E 87} ol9) ¥ =7HICNCM, 1990), $i(Anttila et al., 1998, Pang et
al., 1996), A7(Arena et al, 1998) 5o FdAZ <ol dig o] &
T AoeE g5 2avt oy, YA SEE =2 3% 93 AFEolA
= dolHe 9ol xR ¢ka YTHIARC 2012). IARC H7} o]F &

r.?LL

L d TS E(Seilkop et al, 2016)9] thste] 5oz A3k A}
7 sltke 27] #FS fulolEste] TE AT

FYxE A7E ofy nad gtk a9u guAS A A Y
12 BHHE U delAs wetdd BF A7s) ta 2ART

< éji'leTOH Fd== Az A %““4@, OP%@‘M% EE= *Jﬁrqﬂulﬂ] s
g o} upzoA #H dFo] A YTHNTP 1996a-c; Oller
et al., 2008; Ottolenghi et al., 1975; ECHA, 2017a). U2 3}3+& = 714 7}

S0l & tyAe] AF9 Hu 588 =F(maximum tolerated dose, MTD)
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%l 0.1 mg Ni/nf(NTP, 19960)& E3ste] 7 kEd® BT TS &
kAl gtoy, ofFsyA L T3} kE FEANE FTEFS FEAH
ol FatyAo] A= F mpezox WS ZEA FAY, #H el o
g AAE A H S8_F FEA £4 FoAR TF DA 2
IAE st o YRS LT F flee UENH. o7 Sy
0.1 mg Ni/m(Hth 3|&&HNA #H F o] B3 5 E}
H, vg&FAe] AT AZH-S 7%t NOAECS 0.03 mg Ni/m 2 &
A= ATHNTP, 19960).

A=A A 65735 ATFeEdd WE o 2 AFE P 42

N

#, A mge] F&ol TAFLE FosiA FUMSA oY =E-HES B
7F gl ke 23d7F Aol 11 mg Ni/kg bw/day o &9 154
= FoFo] drao] E1E A FdtHHeim et al., 2007)(&E 3-12).

ECHA (20172 98+ 2328y Ay e 7184 yA =34
Wk wg 91E 37 } Aole] Aol SelEithas s, FERDA

o] A3V} g EE 0] o] gt 74 Yol "rolio] o ] 7r7] w B
olgtar A3t . 7}‘9-/“ yAe =2 ¥ 549 wE A FEodx
Z 3t AMxo| EgsteE YA o]o] o] HHI|HS FIHE FE351H]

Zetd 71

ke i‘r@%-"% ool TRl ohefRk A4 7o) o2

1 4 =
2d ATE Fo A=A YA T w33 29l B ARA(F A
3} 5 - AT B 5) $42 8]l Add itk 54 yA
e AE S4e Sk, 57 71’ DNA &%< 57 &7Fs3 =4
Holz g AZITHECHA, 2017a)



(2014)2 otFsiyAol] FU-EH HASoA #H 27 5ol fxx ddS F
Asla #He] 9= 9 F2lstr] 98] BALF(broncho-alveolar lavage fluid)
A =AW L2748 APk A7 29 YA =2 g3 45 2

= =
A4 A5 5 B4 U W BE A2t e vy
A

i)
ret

b f=HA g o

ez X

= ’ AN

BAZ AW HHAA FASA 4§ /0L LAY WA §FEA
% iy

=t
Efremenko et al. (2017)& 34U A 64323 olsf3luAel =4 F-x8H=
H-S-S HlwEtgth kA gk ME Hkee oty A thal REaE

o4

HHH,) Al oo 24 Hlwd wmE £52 HEFES)
S BMD (0.05 mg Ni/ni)ollA HHHF-g-0] 1}

Az I S vtk A9, ol ALY = F TRV &

AsAES G FdAke] #d FFo] okt A

2= YA BgEd o T AL FA0] TASA e sEolM YA o]
_zr‘

Lo] FQ FAMI| ZFEI F£FOE TGEEA P o&Jrta AEXA
AT o] AFolA A gl ojgEA Y] wHEL-Zo] gk NOTEL(No
Observed Transcriptional Effect LeveD)2 0.03 mg Ni/ni(&% 73 FE)°I

=3

Scanlon et al. (2017)2 “Th& B2 374 W¢EAF 28 A2 DNA 94
o] & AFH R FEtA| gon, YA #HA Iy r|He] vAUSFLS E
A o=l Atk UA =E8 A5 AH=2 A3
Astd RGO ojojx|a, AtkhZF] o5 IS We A AAVE AH
ARl DNA 45 Yov|A &1 ¥ %S X8tk Aiahse 14g=
(high-fidelty) DNA E-& Asiste] T4 fF=o 71oAE 4+ JYoh.” gl dgFst
pei=g

e
=
(o}

=
N
>
E
o
NE,
o
ox
Jo

[o
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on

sastea

¥ 3-12. 7He4 YA BEe §2 o 2

4 B AR 2o

st ="t . A5t A (Nickel chloride)

e AEF =EF 3= F8 9F =A%k H| 3
D A
0 mg/kg/day : 3 36/60, < 14/60
10 mg/kg/day : 52 29/60, S+ 20/60
30 mg/kg/day : 52 30/60, S+ 26/60
50 mg/kg/day : 3 34/60, A 27/60
e D) A%
agee AFe g@-oEdon e, 249 AE we
RSty o, F &l folehA e NOAEL 2.2 m
;;&m@) 2.2, 6,7, 11 mg @@1wéﬂméﬁﬂmﬂaﬂ%%uwmy@myngmwwg
A Nikg bwiday | 3 &, 571 50 mglkglday@el A BAH o= frejgt| S8 U | Heim
OECD TG 451, | &= FEOE AFZF7HH(weight gain) 74 giL et al, 2007
EPA OPPTS | (Fischer | (0 30 50 mg} — = ECHA.
870.4200 344, otz | NISOrBHO 1 3) &=yt LOAEL 6.7 mg | 2018
870.420 - glday) ST GAANA ko) FAH O Fro@ Aol | ek O T8 | NPERA,
AR Bdsgio WAy e AP e shlske A | 8 N | 2008
Danes ohH EA4stH o felaiA dEhtA &e e A
BT 1) Serg /=5 3}

iz AR ATt Aol A

AAE e HAAEY @ud 20 AdsE
HBHGlE oz Ad

ok A7 84 Az 10 mg/kg/daye] Fxo)A
|2 (me))ol| BAFCE {93 F7hF U
o SN IAVE S

o
)

AN

AWy
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e NEF =F 5= F8 I =48 H) 1
5 @95, e U AWad A dEed AT
7ol folB ARL DI B
=
D A 8 AT
(9 =] e (=]
0, 0.027, HET 4 A NOAEC 0.027
0.056, 0.1 mg Ni/m*(2H%)
’ ) 2) 71 5-Al
R 022, 044 Mg | 5 9 o) w3 vheso) A pAe of | LOARC 0056
] A=A Ni/m o) W3] 30-37% O morow. dcel w mA | M8 Ni/m*(H<?) '
NiSO; - 6H,0 = gzao) Hla 33-41% O =oho Dunnick
S T Y= 0,012, 025, | = =T S [0} et al., 1995
TU@Nl2=) | (Fischer |05, 1, 2 mg o o} a] 5]/ 21 W =] 51 NOAEC NTP, 1996c
N 30, %) | Nisoaerzo | 9 SENEIEALNN o se) g, | 0056 mg Nim | ECHA2018
OECD TG 453 m®) H pel gurao Gwel MEM=E W B2t ‘;& of | (AR | NIPERA.
524 S da s e TEEE E AN 02 me Nl | 2008
60n}2]/2/48 | (B6C3F1, o e e . o wepe | (@% ARE | EC, 2008
w277k ES) DRSS S AR A A SRR g g SCOEL,
1045, 6412}/ [0} 2] ° b LOAEC 2011
d, 59/F 0,025, 05, | (o] 0.11 mg Ni/ni
1 mg/m’ RSN (o it
(0, 0.06, 2) 72 2 s(nterstitial infiltrate) 0.44 mg Ni/m
i 2T | 3) o) here g N
g%l%g) 5o | 4) gz4, 7|82 Z2Lymph node, bronchial hyperplasia) | = 7 "

5) F7- Aol 9%
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2dg B3 nud vho] wzw, YA B4 P B i
2 2 7

wergolt AT 0 A wgel @ W

FFE 9%, A, 417
A g A g ¥ Sol Ak FH kF F /Y wol nud I
o 9B P A7 2ol CHEFSA, 2015). Lol tfa AT o] Tyl
& fEsE R 9EA dAE gou AT F5 A UAd ugw )
Qo] Rl U4 WA whgo] fE 4= ATHEFSA, 2020).

<

24 oob7t 15 gof FAUAS A
THATSDR, 2005; Daldrup et al., 1983).
=& F3T(ARDS) .2 AEEE AE &= tHRendall et al., 1994).

g B4 271 & 71d BAA AEE YA ==FHAo °F 3 mg
Ni/Le] €% UA s=oA wzAw, 78, s, 5% 2 T #F
o B Fo Al Fo] AbebdtH(Webster et al., 1980; EC, 2008).

dF A= YA AT =9 A-A YUAZ AT aF7Ho o5t
Uebstthal 121549 CHATSDR, 2005).

ALg gauAs dsA(Le3 g NiILDE 299 25 nkal Zdx¢ o
z7 e AW YA FEE Hud A7/ EA$cHSunderman et al.,
1988a; TERA 1999; ATSDR, 2005). =% % 359 ¥4 A = Ht
0.286 mg Ni/LEZ thzz =Fizte] 0.004 mg NiLeh ®wste] =7 Lehghct
A Hy EF Rrle 60431 e, xEd AR 4 W YA
FTEE dE79 0.050 mg Ni/L3 Hlwste] H 5.8 mg Ni/LZ =4 #2 5
At

U e 1 e 9% AR A543 a5 A E4o] & 4 A
At} Kalimo and Lammintausta (1984)= HEAFS o] &3le] Aol A2

A A7 B

e
L ot
>
o
R
32
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AUA FEH25%, 5B FAUA FEAG RS AR AFAHES AT
stlon, HA = Al AR 484%F, AL 2443 5 484130
& A IR 2AFE FEEI THEC, 2008). Frosch and Kligman (1976)-2 3
YA S o] &3 B F Ao g AFolA kA 013 %7F A5 1
2 Yehy H4A A= A|(marginal irritant)o]l ™, 1 % A= A= HAF 42 4
g A=o] YEtgtal B ugth

UAL 5 A9y 4= 2 < 15 YA =29 Al A
%_‘HV—‘#EE dHE7AH AEF Fdo] ARG HuEHAT. Aot o
(@ FED)e] =AY &

F A5 YA == Ar=lAA 7HE &35t

(o4
~
B
o
"
o

rE
rO
td
_1
_I_4
A
i
=2
< =
g
2
&
il
N
oX,
&
e
&3

A4, ¥4, FHEd 92 JESH ZE 5F7] 3 7)o 3 (USAF
1990), Yy & YA sigtEol digh A = A v #eo] o
3 A JQTHECHA, 2017a).

EC (2008)o 4 185 <A AsoAxE YA sletae] A254d tig 21
o Agtd ZAE AF3tar drt Chashschin et al. (1994)2] ATolA YA
ARG 2lAotel 718 BAE F7IeHE AoZ HuFHgoY g
HEA A7 A AHJAHOdland et al., 1999; EC 2008). Vaktskjold et al.
(20060)9] & ATl = A7) 7@ thdk FAHAQ FaFo] JdeEbA] &
oy IEE =F o AHETE A9 glo] el Fo71 st

Ua gstE 34 Ad 9 YA Zd A =Fd AGAelA g Z
U4 F flel=r7E S71eke Aol oAy Hstd oA glE ATHECHA,
2018). FSEAT=  FE  JHUTHOntario), HA¥rE=Harjavalta), =290]
(Kristiansand) 2 g =F(Wales, Clydach)e] Yy AldA 2 AA &4 FAAE
o2 Y= AT

oF
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S5sst=d Al d"go o g5 (Nickel chloride)

AT 20179 4ksiyA 9 kAol X Risk Management of
Optional Analysis (RMOA)S ulo|Edte] 3T o] HuAoAEsE &
|4 2 7H8A UA seteE F dxFoE AHEyAg GauAd g
RMOAE 33t om o A8E 7|22 ZE YA 33E0 &3 o
e 5 ks A2 E23YTHRMOA, 2016; ECHA, 2018).

A 3gEe FFTrE =

|
do
gt
o
ol
>

¢
)
Ir
St
£
o
°
i

EE GrUAS o] &3 el A 2 BHNhS g 7z2= 3n
ATt olo B ByAe HAFTA I 7 EF¥o] ofd B84 2 JME
4 UA sgEE FEsd =2t @suA e 7HeAd YA SEE
&3tnz g4 YA SFE dd FEFTFES EEIATHE 3-13).
Aol g AT =&

AT EQZIA Y A%, SLI (00000 ATelA 3
of W& 24t AXASZABIIERE Lo 3
mg Ni/kg bw/day gtell B7FHAI4 200 (FW 10, &7+ 10, 59T A4
2)S WrYgste FYF=E4F (Derived No-Effect Level, DNEL) 0.0055
mg/kg/dayS A+A3FATHEC, 2008; Nielsen and Larsen, 2013). NOAEL &%
o] F Hijoll A AZAE FFol FlH o] HIUMA I FIFeATHE 3-14).
Ay ko g AR o A9, AFS g vESAA A3t EA st
A okol A3 NOAEL ¥ LOAELS =&% & gtk =3 YA o F4

£0o] 2% Mo R wjg- wop Ay Eo] o3 HAF P 7hs/dol e

o
I

Jo
it

B2 AuwEe] e SHHLA L HNEE SE5hA LUTHEC, 2008),

EC (009 w2, 05 pg Nifom?/F ols} s2el A Yol 2w o

& Aol mREe] tste] UAle] $EHE del A4 - AsHow P&

2 Fol= Z4o] Yojupx gthn nusigith UAgel AR - A5 0

2 wFE ¥ owgstE 95 Al telds AetA dgAge Bgshe
IS

_76_



Fd SAFTAE dukle] AS dx2 AEsHA &3, EU 54 - A
2 37 93] (Scientific  Committee on Toxicity, Ecotoxicity and the
Environment, CSTEE) (200DeA AAIStE A= 7] 5 vdd 557 9

F5E 20 ngm’ & HF FY SAFIA=E AAHSHT. CSTEES]
SR A A= ot e 2o
dA kg2 FAYA FUdEE AFNTP, 19960 A= HE w43 &
Z, 718A 3}, AAE 52 5o FFo] i LOAEC % 0.06 mg Ni/m® o]
Fegon o2 9B ARHoez ALEEATh 0.06 mg Ni/m® (60
g Ni/m®el LOAEL-S NOAELZE &4tsl7] 93 EAAASF 10& A &3
AY A HALH o7 wEEPorTE ALK wEF2 ks 95y
Al 624/6 X755 F7HE A&ttt T 2 T IS 1] 9
st B Alg 108 FU7HE A&t HFHoE 4EH %2 10 ng
Ni/m* o], o]& w4 Fgo] o
of =&AL tr] Tl EFH v UA SF=S9 HLIdH IdF
o g FAEE 19T F gloke AV Utk AgE 5 =& A
A7 7184 YA sghEe] ti7] S AA UAsEY AW 50% o=
AAEA 2= Aoz YEFOH(EC, 2000), ©]E &2 CSTEEE 10 ng
Ni/m® th2l 20 ng Niim*E tj7] & 7|&5 =2 33ty

2AFAe] B¢, 71€ 7 HRACHASEE) AdsE mE71FEe] o
AlEol gloer® o] FE IulE FY SAFIXNE AAsAT. = st
B4 9 584 AR 2E27F, (I8 xFFIA A2020-483)0 oJstd 3|
FEELS Y AT FAYS TIFLE st AR HE s =3kBhr-TWA)

¢1 0.1 mg Niim*e ¢34 =27|Fo =2 1Ast YrHEE 3-13).

ot
N
H

Hox

e
b
e
e
Y
N
t
2
>
p|£
38
o
N
)
I
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S5sst=d Al d"go o g5 (Nickel chloride)

caqy | A7 A3) ¥4 -
(mg Ni/kg/day) | (mg Ni/kg/day) | (mg Ni/m?)
*
Qwrel | 00055 - 000002 | B B
A - - 0.1 | ** ) YJabdnE )

* EC, 2008. Risk Assessment Report - Nickel and nickel compounds
** Scientific Committee on Toxicity, Ecotoxicity and the Environment (CSTEE), 2001
LR T E A A2020-48% [EEEAE B =83 dAY =27]E] UACHEASRHE) Shr-TWA

¥ 3-14. UA 532 AT SHFuA 9 43

& & o

54 ‘ ,
cuy G E T NOAEL (H4l%5ah) 11 | mg Nikg/day
A ZH A A o] && .

) - 11 Nifkg/da

By | AE ATEFR/AA ATESE (1001100 %) me Ni/kg/day
H7AIS

j;r dukel | #7H10), FUA0), ZHFFD | 0.0055 | mg Nikglday
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A ZEE A7E=HEH YA A7) =S wE #H 2 WAY el
HuEdes vge=z, YAy YA sighso] tiste] @A [ARCE= Group
1, v]= EPA+ Group 1AZ &7F3stal ot o]o we} EPA, WHO & ¢
Z7F D FAZFAME QA ZIE ARE Vo R 3 YA FY &9
et Al =8 Ak Ao

= EPAE Q1A =% dloJHE ZIvte = Yy FEZ(Nickel refinery dust)
o =9 4% FYHANHNEE 2.4x10"(ug/nh)(1.1x10°~4.6 10
(ng/mh)HZE F3FATHUS EPA, 1991a).

Canada (19940 37 wiAlE =3 dede] dig FHAEES vusidon,
TYoE A3 AEH ARES 5% M= F =
Z =E/FMAPE =AY &34 YA =
i3k TD 0.05= Falconbridge ZZE A& %7%6‘}04 A E o,
mg/ni 2 A=}

WHO (1999)= 19683 F-E] 19721 Ateloll 8= o] 1987d7HA] =29 0]
oA ZF-3 HAFAEe FH Lo B HuA FASH FY =Fo Uit
#t &9 A= 3.8x10™ (ng/ni)'E =E3ATH

3 Centre d " Etude sur 1~ Evaluation de la Protection dans le domaine
Nucléaire (CEPN)-& RIZta FEolA e S57] & ARE IAE YA o
g Hslid BUHE FdE AT AR mEol i JstAFolME AF H
AAZ HITHES AHE3ted 25 x 10%(ug/nd) o] &9 dsixE FAHXE 4
stk =3 YA AdA AR ARk TG Y] =49 - 35h=
= Aolg TR AT ZAH=HE EASH, sty o #H ek &
ANEE 4.0 x 10°(ug/nd)™" 2 4ASFHATHEC, 2000).

CSTEE (200D WHO (19994 HAT AAE AZ Ae YA
4= & 38><10‘4(ug Nim®)'& A5y, o] vlgte g 25 ng Ni/m®
7 25 ng Ni/m® o] =&2 2% A Ao YsI=s Atstd e 7
Z+ 1:100,0003 1,000,000 0.2 Z¥i3 HfHolgls oAS AAFATH

T ABHOE WE AFsT NGARERE 1 2 wguAge 2

E]oit

%r i
\
HHJ b
_\il,‘

o
>

5

o2l

b}

L
A =
o

il

L H
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S5sst=d Al d"go o g5 (Nickel chloride)

o

2 A ofgsiyAo] FriFe UA F HANA Hd 10% BEE
?‘&E}% Aol gldd wet tir] F UA =Fo 3 dFAg e
ol AAEE vl g wet EA Yehg F o Rusioh A
CSTEE:= YAl ntet gsixel thdk 20 ng Ni/m®e] Aggko]
Ao, 7] F YA 3FES ¢ adol thsf IS o
Al BE7} 7 gholeta A2 A3
SCOEL (201D-& Yol A wHoldAS ztA ¥ AL 4
FFE Uepdte o] Ax 2 FEREY gk AT ARE &
2 U F7813HES 25 CAEA dXge 2te 2dEDE E/IA
o HE AFoA YEld H dFoE2RE BT A =
B39 & S ZAZE 59 NOAECE AEsigor, g #e 7oz
3} Occupational Exposure Limits (OEL) Zko] #|¢t= it #l=E o] &3k 7}
|4 YA e FUEE AFAAWNTP, 1996c) NOAEC+ 0.03 mg Ni/m ©]
(3]

-

)
W
M

mﬁ
o

ox ofj rjut T
o fr X
ok

i | !
& 4>

Zi

Atk o] FS HHOE QA oA HIxI TLHESE UEd AR dgiE=
FEE 7 2o]E 1¥ e B A3 Equivalent Human Concentration (EHC)
%t 0.016 mg/m (Oller and Oberdoerster, 2010)0] ==&FH At A7]d 7=

=3 SA4FHE Aolg aHsigles W Ad HF OEL g2 0.005 mg
Ni/m (Z54 & (371982 ZFHT+Y4, 25 m)elth &4 UA sig=
2 F&UAo ffgk OEL %3+ 0.005 mg/nd (E2F34 E8)E ASHstAch

NiPERA (2017) =3+ YA o] @t o] ddAQl JAE Yetd= A
HAYZ] o&) wi7/l¥ = SCOELS] A|otS ZAZ, =9 wkyg L:%ZP
2HEH AA == Wi BAHE AAH Human Equivalent Concentration
(HEC) 2k A4ste] 0.01 mg Ni/mlE E=&3t3t. o] &% FHIARIO=
TERY HolHERY 4 YA FFE g 3 AA dFS A8k
AE AT =3 YA ggteE 8 YAFE] s §9 7Hsd DNEL ##
0.05 mg Ni/ni-& |3} T},

=< AGS (Ausschuss for Gefahrstoffe) (2017) o] =4 =3 U <4 2
7He YA siekEdl g ¥ dS5dEFY YAXNE JHEste, AR 4t
U 7] ==l & F %‘%‘ HE-S-o gk NOAEC 0.027 mg Ni/m &

13!

e

fu



71k =(NTP 1996c) HEC-NOAEC %<l 14.6 pg Ni/mf ¥} OEL %t 0.005 mg
Ni/m & =3t ol SCOELAIAM Abet gt Fdstr, ol uwhe} 5H
[e)

T we UAY T4 W 45 3 B U =E2dAAR F8L
= JAoE Asdn

ECHA 20172« Hgd7 AA2HEH YAy 2o 7184 U =23
o - v e 93 &7} Atole]l AAlo] ERIEJTtaE 3, of

o ARt hRE SH ol fi 7}4% yae] wepgol o
ek AAHA, 84 Ul T A S ME A4 Feloiels
2 Qlstel, AZo] Edats U o] o] o] mA|He] FFL FE]
ot FEA Qrhe glelth Yol Ay wWoldde zA @m DNA
B 7], DNA wl9sh 9 45} 2Eds 7)de] 43 e thrE 1
A9l 442 B3 FASHL FRATE Zo] oY AL 8 FERY S0
o) ATE T3 Bl Wk HEAT BEA U] Wk A 2w
44 1A mS oA siHstelol @rhs ozl AAHI UTHECHA,
e Ry shed Uas
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S5sst=d Al d"go o g5 (Nickel chloride)

34, A ==H7}
1. APdA ==
7h Az AR
2dg o83 =2F 4%
AsiAe) g YA =297 AUg s ® 3-159 e Zgat

wEW71E Ter 1 =% 599l MEASE B¢ #83i9om, mdvelon ds

YAlS ALgshE ZGAoA AA] AHEshes =2AUEILE e R 335k
o} MEASE 292 <43 F7]89 gk §Y 2 A1 =& HUkshr] fe A
ojtt. EHEAY 29X EYF FH|, F5o med, 3AHLE, Y ¥
AelEl PROCS 7|Z2o2 Aot dX w20 7S MEASEE FHsHA AFE:
H= EASE Al2Hle] =Wl AxHS ZHioz ity §¢Y =E9 A%

ry
ol
=
[o
=)
il
ST
Q
%
ol
ol
HE
%
ofN
[
Hir
o
K
>
B

ECETOC TRA<¢| PROC #H =
7 wd FAE AuAT PBRRE AP R SREV, 44
2ol dArlE B, APBRA) B, 5F7) HET L BB RPAES
vt wES WU AJBAING wE FEE WEI] 93he] A
= 2 Augez FEstgen, 7
=

ag A4gsan =& A

siet&Ed A= [ES 1]

cxw A AzE AT JoUA EF % ANEFA FERA
AQH AL [ES 2]

© w58 AYA Axs A 93y T B A =54 §EEA]
A

3 AR [ES 3]
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F# 3-15. A3y A L =E3A YT B =& o F A
Adae| Bas 4 | 92 | 32 | wanin | Asad | SEAY | wass| dus |f9=Exd EH) gunea0
(PROC) | () i dejzy | BE AT

ES 1 liquid procs | so | 90 210 | Non-dipersive Nﬁ;ﬁﬂfg Incidental [LEV (generic] ECETOC(2009) | APF20 P?ggfefcltyeddggggsed
ES 1 liquid PROCA | 80 |> 240 minutes| Non-dispersive Nggngﬁfg Incidental [LEV (generic] ECETOC(2009) | APF40 ﬂg%ﬁ’gggddgé%%gd
Es1 | SOId 1N | procsa | 25 | < 15 minues| Wide dspersive h%ﬁ%g Extensive |LEV (generic] ECETOC(2009) | APF20 ﬂg%ﬁ’gggddgé%%gd
ES1 | SoIdigh | procsy | 25 | < 15 minutes| Wide dspersive hggdelfgg Extensive |LEV (generic] ECETOC(2009) | APF20 ljg%lfgggddgé%%id
ES 1 lqud | PROCI5 | 25 [ 15 minutes| Non-dispersive hggdelfgg Extensive |LEV (generic] ECETOC(2009) | APF20 ljg%lfgggddgé%%id
Es1 | SN | procag | 25 | <15 minues| Wide dspersive hgrifdﬁ%g Extensive |LEV (generic] ECETOC(2009) | APF20 %%Ifgggddgé%%id
ES 2 lud | proca | g0 | B 60| Non-dispersive Nggg&‘?{fg Incidental |LEV (generic| ECETOC(2009) | APF20 %%Ifgggddgé%%id
ES 2 liquid PROCs | 60 | 1o~ 80| Non-dipersive h%ﬁ%g Extensive |LEV (generic] ECETOC(2009) | APF20 ﬂg%ﬁ’gggddgé%%gd
Es2 | SoidMgh | procgs | e | 10 - 60| Wide dspersive h%ﬁ%g Extensive |LEV (generic) ECETOC(2009) | APF20 ﬂg%ﬁ’gggddgé%%gd
ES 2 lud | PrOCI3| g0 | B - 60| Non-dispersive h%ﬁ%g Extensive |LEV (generic] ECETOC(2009) | APF20 ﬂg%ﬁ’gggddgé%%gd
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S5slst=d Al d"do 0 gsd# (Nickel chloride)

X . 32| 32| L, 2EA0 | Lane | aue |ga=mezn BY L
U2l | 29 4H | ¥F = | =277 A8 ZE ) =EFE | A= a8 Ay wpy| BE YERSRT
(PROO) | () HE =A] 2T
ES 2 lqud | PROCI5 | e | B0 - 60} Non-dipersive h%ﬁ%g Extensive |LEV (generic] ECETOC(2009) | APF20 ﬂggﬁ’gggddgégvggd
Es2 | SOId Mg | procig | ape | <15 minutes| Wide dspersive h%ﬁ%g Extensive |LEV (generic) ECETOC(2009) | APF40 ﬂggﬁ’gggddgégvggd
Es2 | SOUd g | ppocag | ape | 13 minutes -1 Wide dspersive hgggfgg Extensive |LEV (generic] ECETOC(2009) | APF20 ljg%ll’gggddg?é%gid
ES 3 liquid PROCA | 80 |> 240 minutes| Non-dispersive N}?Qg(%i{fgct Incidental [LEV (generic] ECETOC(2009) | APF40 ig%ll’gggddgé%%‘;d
ES 3 liquid PROC5 | 50-60 | 13, Minutes - Non-dipersive h%ﬁ%g Extensive |LEV (generic| ECETOC(2009) | APF20 ﬂggﬁ’gggddgégvggd
solid, high | procsa 15 minutes - - Wide dspersive h%ﬁ%g Extensive |LEV (generic) ECETOC(2009) | APF20 ﬂggﬁ’gggddgégvggd
liquid | PROCI3 15 minutes - - Non-dispersive h%ﬁ%g Extensive |LEV (generic] ECETOC(2009) | APF20 ﬂggﬁ’gggddgégvggd
liquid | PROCI5 15 minutes - - Non-dispersive h%ﬁ%g Extensive |LEV (generic] ECETOC(2009) | APF20 ﬂggﬁ’gggddgégvggd
solid, high | procig < 15 minutes| Vide dspersive hgggfgg Extensive |LEV (generic] ECETOC(2009) | APF40 ljg%ll’gggddg?é%gid
solid, high | procas < 15 minutes| Vide dspersive hgggfgg Extensive |LEV (generic] ECETOC(2009) | APF20 ljg%ll’gggddg?é%gid

(FFAH) EAE 1296 gimol, =4 1L,031C, 5719 1 Pa, IR 1 > 25 %, A=A
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A mg N1/kg—bw/dayi e AT % =& AlFs 1Y 5‘}11
mg Ni/m*e] el gt A AT
HeTE 2834 ZFus 49 AP =5 =& ES 1(3sH&E4

&9 5.66E-02~1.20E+01 mg/m°, 73] 4.66E-04~6.40E-01 mg
Ni/kg-bw/day ¢] B2 o ==HAon, ES 27 =FA4De F¢Y 2.40E-01~
1.13E+00 mg/m® ,4 3 3.11E-04~1.28E+00 mg Ni/kg-bw/day ¢] M= o=
HAJck ES 3(EF 2 FAS =D A$ FY 2.40E-01~1.20E+01
mg/m®, 23 1.55E-03~6.40E-01 mg Ni/kg-bw/daye] M= o == AT
3-1.

AA RETE ZE39e W AYg el =E55EE ES 1EEd A%)
79 E 4.53E-05~6.41E-02 mg Ni/kg-bw/day, &2 2.72E-03~2.99E-02 mg
Ni/m® o] M9=2 =5t} ES 217 = 2A4)E A9 3.24E-05~1.28E-01
mg Ni/kg-bw/ day, &Y 1.22E-02~4.53E-02mg Ni/m*¢. & velyttt. ES 3
(£ 9@ FAH =FA4)= Zu= 1.55E-04~6.41E-01 mg Ni/kg-bw/day, &
A2 1.22E-02~2.99E-02 mg Ni/m’e] ¥ 52 o ZFJAcH1E 3-2).

e
2 of of

lo

&

52

=
2

24
ﬁ{
rlo
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Long-term Inhalative Exposure {mg Ni/m®)}

Total Dermal Loading {mg Nifkg-bw/day)

1.00E+00

1.00E-01

1.00E-02

LavEson
LO0E0L |

100802

1.00E-03

A00E-04

il

Wl W2 w3 W4 WS Wh Wl W2 W3 Wi W5 Ws W7 Wl W2 W3 W4 W5 We W7—‘

ES1 ES2 ES3

Exposure Scenario

@ Y FY =2

Al

W1 W2 W3 wa WS WeE Wl W2 W3 W4 W5 WS W7 Wl W2 W3 w4 WS wé w7
|

E51 ES2 E53

Exposure Scenario

(b) B A9 ==

% 3-1. MEASE =dof o3k A At = s =13 7EHE)
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SYsE

National Institute of Environmental Research

Long-term Inhalative Exposure {mg Ni/m?)

Total Dermal Loading {mg Ni/kg-bw/day)

1008400

TWA: 0.1 mg Ni/m?

LOOE-DL b = = o o o o

Uil il

W1 W2 w3 Wi ws WS W1 w2 W3 w4 W5 Wwe W7 W1 W2 W3 Wi Ws Ws

ES1 ESZ ES3

Exposure Scenario
(@ T FY =F
1.00E+00 |
1.O0E-D1
Lave0z
1.O0E-03

100E-04

N | )

W1l W2 W3 w4 W5 W6 W7 Wl w2 W3 w4 Ws wWe w7

1.00E-05 |

WL W2 W3 W4 WS we

ES1 ES2 ES3

Exposure Scenario
(b) 3 B9 =5
9 3-2. MEASE 2ol o3k A AdA REe(EET 2H8)
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S5sst=d Al d"go o g5 (Nickel chloride)

-

=

AA =W BAFE ALSEAE volElHo] 2 WA dslyAs v RG
U sgEo] e Al FUEHA Gtk AA T3 ATFAY R
Aol mEH, UAL g 9 FF OM shgFo] AT & gle 952 X
AEo] oy Az FA AAHAA EeEo i nHigrHoR FHE 7t
SAd0] thAF ol FE oA A, 2012; 2020). A A= o]HI &S HAF
1A 3% x7IE Foll B3 4481 & aAsted YA HAE &
= 348 AF 35 uglg olsk, M= 3-8 AF 30 wg/g ©lsk, 1§
S

UAS B t7], = 5 o= %@Uﬁiloﬂﬁb} T EAEH= mFaSEol

TEAY FolA 3~1,000 mg Ni/kg, A
oNME 2~10 pg/L(F=PolA 0.2~0.7 ng/LEI)2] HE Yehw 2| ol A
ol H FF 0.008 woltHUA A=, 2014).

duAde BxT YA eh=e] A5 dEE 84 F UA o2 FH=
AL AT wEbA B T S NEHor S AL A BV
sotH, AAZAA YA SgtE Az izt 2EdY As 52 ZUHY AR
TR FARE Aot B HuAMdXe SAuA B =E97F g @
3 5 UA FE= A B AMSt Heow ffEE st s
Rt

FE T B AR et 4 A LEd =20 dY REeFe
AHRE7) et & 3-163 e = dugF 2 =E3ATE ST
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£ 3-16. AuAS =& FEE =& d1YF
= -
ul A e =& ¢3dF
Cyp X IR, X ED
%%/\ 29 =) _ _ dw dw
| AF ADD(mg/kg— day) BIWS AT
. > (C, < IR;) < ED
}_\_]‘ 3T Al _zlq _ — f f
A2 | ADD(mg/kg— day) BIWA AT
_ C, X EDX ABS,,
ol | &<l ADE (mg/m®) = h
8 | w9l A & Al
apD | "M gag sy A 2hzk -
day
ADE | mg/ni dIdF AL EFTE ALk -
FA3, 2016
5FT T 2014
= 2l Fo)okERbA A, 2006;
. };] W ¥ = ! =
G| nghg | AE wzmx W%mgMgTE)’ Aol 5, 2014:
HAR S, 2010
Z49 5, 2009;
A7, 2010
Caw | mg/L SE&F EEFE Al Ty Isk, 2010
Co | mg/nd 0 &5 A< g3 A5k, 2018
IRe | glday | 21&H¥ dd HAHAZF 2158 A5, 2018
Rew | Liday | 85 94 AAF 1.5 T HeA 5, 2019
= =g Ak,
ED days =&7)% 9,125 9021a-b
ABSimn - EFFFAT 1 THeA I, 2019
BW kg A= 64.2 g3 A5k, 2019
= 334 75k,
3 FA
AT days A2 9,125 2021a-b
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: 23 (Nickel chloride)

35 44

o
=1

7}.

< mlarA

T(=FH&4 AsHd, 201000 =9, F 1407) Al

ez YA ¢

=
i

3-169] #E& 7Htew 5§

-
st

UrEhte)

2 4.67E-06~6.19E-05 mg/kg/day2] <]l

]

z

2=
T

g 4F 43

3-169] S 7IHEo 2 2]F 68F Adxdl o

-
At

% CTE(Central tendency

, RME(Reasonable maximum estimate)

=
TEFE

estimate)

2 CTE %t AH& Al 259E-08~1.77E-03, RME %t A& Al

2.59E-08~3.05E-03 mg/kg/day® B HATHLH 3-3). 21 E 68% 43 o] o

3.94E-03

==
i

2.41E-03, RME %t 7]

=
i

CTE Z¥ 7]

e

o

=
[¢}

FooFEI A 2006, 2ot

Food Exposure dose(mg/kg/day)_oral

mean
CTE
RME

o
ainsodxe

mean

= ¥ (me/ke/day)

H
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Z18A B ot YAL gy edE A, FAAUVIEAEE, 53
=4, &7

7l el =4, golshr| LAEAE IAH o, tir|edEZH ] Al
=587 2 WiEAIA Y A 8U|ERe 2Ast Bt Utk
T HE AT WS FAEQ018)E FxT A d7] T UA FE9
A= H2 0.0031 pg/m(0.0007~0.012 pg/ni) 5% WHZ Yeltorn, A
GEZ AHEE AL 0.0022 pg/m, F4F 0.0040 pg/m, o7+ 0.0027 ug/n,
Q1A 0.0038 pg/nmi, FF 0.0010 pg/nt, THA 0.0021 pg/mi, =4F 0.0031 ug/nd,
7471% 0.0057 pg/nmi, L= 0.0014 pg/md, ZE 0.0039 pg/ni, =% 0.0030

pg/ni, AE 0.0011 pg/md, A 0.0027 pg/nd, 74E 0.0055 pg/ni, 72 0.0042
pg/m o2 JERGTH
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S5sst=d Al d"go o g5 (Nickel chloride)

44, AA = 273
L Z4A}
7v Az AR
T4

dstyA Aol s TFHZE 53 FY FalAS(Hazard Quotient,
HQE EE AlvgelA 1 mgte 2 yelgth MEASE 298 o] g3te] 3
Ve A fel RS ghol 2.72E-02~4.53E-01 WY Z r3eEd @ EgF
AR =Z7)%, (LEEFTRIA A 2020-483)] w2 YATHEATFE)

BA

8%
o] 272N 7EH FZHTWA) 0.1 mg Nim)e 23st= FA4HL gl= A

AW

75

dslyza S MEASE < 283 Tier 1 23849 23 249 =& a= @
27t 7hs Ao g IRIF o, W AR FFER Qlste] UA {3
M Bl =EE SAFA g BE&HA GUT Ol FFES 1EEHA
whgE BE FANAMY Al A¥ =FFe] AT H493A gk 0.0055 mg
Ni/kg/dayRot= wrormz AsiuAS ARgshs 2gate] A9 g eE2 ¢l
& T flElee Tk Be ZloE AARHETHE 3-17).

3E 3-17. A3UA ARl i A=

& =4 . e o

AR 271X =EF Fral A+ H) 3
(#2) 2.72E-03 mg Ni/m’ 2.72E-02

%<9 | 0.1 mg Ni/m? (37 2.02E-02 mg Ni/m’ 2.02E-01 | Rdd2x

(#) 4.53E-02 mg Ni/m’ 4.53E-01
(82 3.23E-05 mg Ni/kg/day -
73 9] - (8 7) 2.84E-02 mg Ni/kg/day - mddEFs
(A ) 1.28E-01 mg Ni/kg/day -
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37}

%8) 4%
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¥
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GECIIES
mg/kg/daye] FHeIZ &R

7t =&

2 4.67E-06~6.19E-05

A2 YA 1L.10E-03~1.76E-02=

s

@ UAel 4Y 3

2~
o T

Keliel
=]
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s0l S2
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g
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g 4F 43

I, AF 68F AF

CTE # 71+ 241E-03, RME # 71+

Kol
| .

@_
A= vebli™ CTE g 7]

3]

4.37E-01, RME %k

==
LN

F &

3.94E-03 o]t}

o|J

)

71% 7.15E-01= A F AF el w

o 3-19).
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S5sst=d Al d"go o g5 (Nickel chloride)

=2 o 2% foA5 W
A= | F1XA
+d =, 2016;
(CTE) 2.41E-03 mg/kg/day | 4.37E-01 =FT 5 2014
0.0055 HF2IefELA, 2006
BT | mglkalda e s A
gikgrday A% 5, 2010
(RME) 3.94E-03 mg/kg/day | 7.15E-01 |  zogul = 2000;
21715, 2010

NS4 AR A8E wygoE fr] F YA AF v E25EE &
5+ 3.10E-06 pg/ni(7.00E-07~1.20E-05 pg/m)= YEFGTE A
=A% 2.00E-05 mg Ni/mi & &3t FajAFE =3

H A= 3.50E-02~6.00E-012] WHHAZ ZlFo] xR
STFORE AT e ThsAEE e ASE YEHTHE 3-20).

rO
o,

vz | =4 ] o

7g§ 7;(}3;] =EsE H3l A 5 v 2
(#4) 7.00E-07 mg Ni/m 3.50E-02

) 2.00E-05 | - . 287 7er)

olte)| =] — 3 _ )
(#d) 1.20E-05 mg Ni/m 6.00E-01
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47%. e i H 7t
14, e SFH7}

AR glE dsyAe] e felA G AmsE AHHA A9
2 BuxoAes YA 29 &=t el w3 dH8S 7ol
A3k (Sunderman and Oskarsson, 1991; ATSDR, 2005; IARC 2012; ECHA
2017p) A A R 22 7HEA YA EES ARE dF &8st B
skt

L A HA

4 =

A stz g g5x2i SAAE ARE 898t & 4-10 e
Atk ECsy %2 Pseudokirchneriella subcapitata®l~l 81.5 ug Ni/L(72 A|Zt,
Deleebeeck et al, 2004)3 247 pug Ni/L(7241%F, AECOM, 201D,
Desmodesmus  subspicatusel <l 79 ug Ni/L(96 A1ZF, Kuhn et al., 1990),
Selenastrum capricornutumell A} 163 ug Ni/L(724]%}, Janssen Pharmaceutica,
1992)0] Sl =R o ECyy % Macrocystis pyriferadl A 967 ug Ni/L(48 A
7+, Golder, 2007, Cited in DeForest and schlekat, 2013), NOEC &2
Selenastrum capricornutumol A 25 ug Ni/L7} <1 = o}
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A sl Myt dsd# (Nickel chloride)

#® 4-1. YA siekEol tig ge2i A

Al gk

Uy Ald a3t v 3
AEE Rarhkirdraidia subcitata
=2 Freshwater Growth rate
AlEH OECD TG 201 72 hr Deleebeeck
AEFF Static ECs0= 81.5 ng Ni/L et al., 2004
GLPo & . Yes ZAHETE
AlgEd . NiCh
AEE Rarkirdraidia subcitata
=2 Freshwater Growth rate
AlE OECD TG 201 72 hr AECOM,
AEFF Static ECso= 247 pg Ni/L 2011
GLPo # A5 SA4T=
AdEA NiCly
ANEF Desmodesmus subspicatus
mAEd s - Mortality
A DIN 38412, Part 9 96 hr Kuhn et al.,
AEFF Static ECso= 79 pg Ni/L 1990
GLPo # AR = Aas (Ni 274)
NEEHE A5
AAE Macrocystis pyrifera
W7} &4 :  Freshwater Growth rate chldzr,. 2007
ey EPA/600/R-95/136 48 hr 1(3eltFeore1:t o
AEFF Static ECip= 967 pg Ni/L Schlekat
GLPA & A58 A (Ni 7)) 2013) ’
A=A NiSO, - 6H-O
NEE Reutkirdraidia subcqitaa Growth rate
wAEE Freshwater 72 hr Janssen
Ay OECD TG 201 ECsy = 163 ug Ni/L Pharmaceutica
AFEFF Static (0.66 mg NiCly/L) 1992 ’
GLPo & AERS NOEC = 25 pg Ni/L
A= NiCl, - 6H,0O (0.1 mg NiCl,/L
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%, pH, &4 f71&
ot YA 313E fisk EC (2008)14 = o)& AHEHom Hiys)y

o] &%= =d(Biotic ligand ModeD3} W=

ra

o4
w/
O
e
ol
=2
R=)
i
0%
fuj
iy
ox
1o
o
oy
N
gt
U]
i
N
%0

il

Ao
Fo AUEAAR HolHuolaE AT gor, 1% =Rl 8
87el BlolHE Zh7kel FEol U@ % 64719 WA SHARD

2
do) A¥F HE2AL FNos wHEHo] FHHYHE 4-2)

A=)
e
[}

14

%

B e ]
3] ‘:51 H] K1
il NOEC %& ECy (ug/L) -
Scenedesmus accuminatus 42.3
Desmodesmus spinosus 71.5
Pediastrum duplex 717
Chiamydomonas sp 88.8
EC, 2008
Ankistodesmus falcatus 90.6
Pseudokirchneriella subcapitata 112.2
Coelastrum microporum 129.4
Chiorella sp. 130.6
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S5sst=d Al d"go o g5 (Nickel chloride)

4. $4 RHEFE

D EHE
FEEA

U sigtEel tig EHS 94548 AFARE st LGy #<S %
4-3° YEMNAJ . Daphnia magnal~ 510 pg/lL(48 AlZF, Biesinger and
Christensen, 1972), Ceriodaphnia dubiaol< 13 pug Ni /L8 AIZE,
Schubauer-Berigan, 1993), Ceriodaphnia dubiaolX 27.6 pug Ni/L(48A] L,
Parametrix Inc, 2004)7} <15 At}

3 4-3 YA el i FAFTEEHS) s454E &

U A d Az H| 3
Al Z Daphnia magna .
Mortalit

e Freshwater 48 hr ’ Biesinger and
NEEE - .

B . LCso= 510 pg/L Christensen,
Aeed . Stnc ARUEN 2, | 1972
GLP % : A2 UAEE & 2 c’H&)
ANEEA A5G o = T owwm
NEE - Ceriodaphnia dubia
mEA Freshwater .
A EPA-600/6-91-003, Z@Oiihty Schubauer-

EPA-600/3-88-034 LCo= 13 Ni/L Berigan,

N@ER . Static e et al., 1993
GLP o & : A5G oo
AlHEA NiCl,
NEE - Ceriodaphnia dubia
mEA Freshwater .

_ Mortality

M - _
A ig¥m 5—1385—89 48 hr Parametrix,
Nz Static LzC;g;ZZG ug Ni/L Inc, 2004
GLP o & : A5G oo
AlHEA NiCl,
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U sgtzol digk s SUAASA AY ARE ST A3 % 4-4%
2. ECy 442 Ceriodaphnia dubia A 28242 tisll 2.8 pug Ni/L (7 €,
Wirtz et al., 2004), Daphnia magnal~ A==l sl 8.8 ug Ni/L, 256 ug
Ni/L (21 ¥, Deleebeeck et al., 2005), 24212z A& ofsl] 90 ug Ni/L
(21 <, Kuhn et al, 19897} &A= ATt NOEC #t2 AbdEo] thsted 37
pug Ni/L (21 ¢, Deleebeeck et al., 2008), 3.28 ug/L (7 ¥, Parametrix Inc.
GLP, 2004)°] 215 AT,
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: 23 (Nickel chloride)

3E4-4 YA Aol i FHFEEEHS) TAASE &

i ANEdA 3t H| oL
ANEF Ceriodaphnia dubia
7] &4 ;. Artifical water A
A@™ . ATSM guideline Reproduction 4
s 7 day Wirtz et al,
EPA guideline ECy= 2.8 g NilL 2004
NEER . static g R
GLP & No oo
NEEH NiCl,
ANEZ Daphnia magna
w7l &Z4 :  Freshwater Mortality
NEY - OECD TG 211 21 day gtelelebe“k
N¥FRF :  Semi-static NOEC= 37 ug Ni/L 200%"
GLP &% : No s
ANEEH A5l =
ks Ceriodaphnia dubia
o 7} =2 Freshwater 4
NEL ASTM-FE1562 Reproduction .
OECD. 2000 7 day . Parametrix Inc.
NUEE : Semistatic NOEC- 328 ig Nill. | GLP, 2004
GLP o} Yes Tee
NEEA - A/l
NEF Daphnia magna
o] 7 &A Artificial water Reproduction
Al S OECD TG 211 21 day Deleebeeck
NEF7 Static ECyo= 8.8 ug Ni/L et al., 2005
GLP o & No Z2H]FTE
ANEEH NiCl,
NEF Daphnia magna
mj 7§ &2 . Reconstituted water Reproduction, Mortality
AlEH OECD TG 211 21 day Kuhn et al.,
NEEHF : Static ECy= 90 pg Ni/L 1989
GLP & . No ARE=
NPEH Ni(OAC),
NEF Daphnia magna
7l &2 :  Freshwater Reproduction
A - 21 day Deleebeeck
AFEFR/F Static ECyo= 256 ug Ni/L et al., 2005
GLP 3% : No 25T
ANd=2 NiCl,
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2 AX FHFFE

UA slgtEol dig A4 FHF5E9 g8/ME58 AFAEE FH&
of F 4-59 UeMNUY:.  Chironomus ripariuso)l A 762 mg Ni/kg(28 ¥,
Vangheluwe and Nguyen, 2014), Hyalella azteca®l~ 20 mg/kg(7 ¥, Costello
et al, 2016) ¥ 199 mg Ni/kg(28 <, Besser et al., 2013), Caenorhabditis
elegansl A 1,273 mg Ni/kg(LCsp, 96 AIZF, Rudel et al, 2013), A.
Teniuremusell | 150 mg Ni/kg(LOEC, 15 A|ZF, Chandler et al., 2014)¢] &<l
H A

EU RAR(EC, 2008)°l4 Al&3taL )
MR FFE Fsk= 15709 HlolE
g F 11309 AR EREH FH AxETF ZEXAS 7Nteg BAY

of AltE ATHEE 4-6).

rlr
o=
Buj
> il
oX
>
i
o
2
Ay}
=
o
[
ofy

H'F
o=
o=
[u:lru
>
o2
gﬂm
o
1>
off
ol
-3
o2 )
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fL & (Nickel chloride)

3E 4-5. YA el t AN FHFsE A4S &

e ANEA T v a1
NEF Chironomus riparius
uj7/l=4 : Natural sediment Development rate
AlEH OECD TG 218, EPA 2000 | 28 day Vangheluwe and
Al8EFF :  Flow-through ECyp= 762 mg Ni/kg | Nguyen, 2014
GLP o& : No ZRET
ANFEH - NiCl
AEE Hyalella azteca .
)71 &2 :  Natural sediment I;A(gatahty
/\]f:‘fjidez - ECloZ 20 mg/kg Costello et al.,
OLP % : AZg RS
ANE=4d . A58+ o = T oW
ANEF Hyalella azteca
)7} &2 : Freshwater Mortality
Al ASTM E1706-05 28 day Besser et al.,
A#%R : Flow-through ECp= 199 mg Ni/kg | 2013
GLP o& : No e
ANPEH - NiCl
NEF Caenorhabditis elegans
m] 7§ &4 : Natural sediment Mortality
Ay - 96 hr Rudel et al.,
AN&FHF :  Semi-static LCso= 1273 pg Nijg | 2013
GLP o3& : No dEF= (Ni &A)
AlgEZA . NiCl
A EE Amphiascus tenuiremis
m] 7§ &4 : Natural sediment Mortality
A ASTM E2317-04 15 day Chandler et al.,
AN&ZFF : Flow-through LOEC= 150 mg Ni/kg | 2014
GLP o§% : No A=
ANEd=4d . A58
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& 4-6. YEO|E mdo] o] §HE FAUSHAREEZER)
ETE
ik NOEC ;—%ﬂECm (ng/L) M

Ceriodaphnia dubia 5.1
Ceriodaphnia quadrangula 12.9
Peracantha truncata 16.3
Simocephalus vetulus 21.4
Ceriodaphnia pulchella 21.8
Alona affinis 25.1
Daphnia longispina 33.6

Clistoronia magnifica 36.7 EC, 2008
Daphnia magna 41.3
Juga plicifera 62.7
Hyalella azteca 74.7
Hydra littoralis 199.1
Chironomus tentans 287.7
Brachionus calyciflorus 497.8
Lymnea stagnalis 4.6
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S5sst=d Al d"go o g5 (Nickel chloride)

. o
FEEA

THE HolHE EUE AH2g UA A=Y oAF v484F48 LG
¥ 4-73% Y. Brachydanio rerio)A 0.5899 mg Ni/L(96 A|ZF, Alsop and
Wood, 1993), Rasbora sumatrana®l~  0.83 mg Ni/L(96 A3,
Shuhaimi-Othman et al.,, 2012), Oncorhynchus mykiss*| 4 15.3 mg Ni/L(96
AlZt, Pane et al., 2003), Pimephales promelasoll~ 0.4 mg Ni/L(96 Az,
Hoang et al., 2004), Chelon labrosusel4 118.3 mg Ni/L(96 A%}, Taylor et
al., 19857} &<l= At
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EEI:IJ#]I_I.

National Institute of Envi

O
..-
=

® 4-7. YA itz g o7 54548 &
A ANEA T H| 3
ANEF Brachydanio rerio
W7l EZ :  Freshwater Mortality
AW 96 hr Alsop and
ANEEF Static LCso= 589.9 ug Ni/L Wood, 2011
GLP o5 : A=QF R
AFEE . ASE8S
NEF Rasbora sumatrana
w7l &2& :  Freshwater Mortality
Al OECD TG 203 96 hr Shuhaimi-Othman
/\]@%% : Semi-static LCs0= 0.83 mg Ni/L et al., 2012
GLP o . A&gS ZAT=
/\]—3‘]1:%7‘{—-_] . NISO4
NEF Oncorhynchus mykiss
W7l &Z :  Freshwater Mortality
AW - 96 hr Pane et al,,
Al8EFF/ ©  Semi-static LCso= 15.3 mg Ni/L 2003
GLP o5 . A=QF R
AFEA . NiSO4
NEF Pimephales promelas
uj 7 & A Freshwater Mortality
Al & EPA-600/4-90/027 96 hr Hoang et al.,
]@%% : Semi-static LCs0= 0.4 mg Ni/L 2004
GLP A% . A&gS A=
NFEH NiCl2
NEF Chelon labrosus
o] & Saltwater Mortality
AEH - 96 hr Taylor et al.,
A&dFF :  Flow-through LCso= 118.3 mg Ni/L 1985
GLP A% : Yes ZAFTE
AFEE . AS8S
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S5sst=d Al d"go o g5 (Nickel chloride)

T =4

U sietEdd Wk ofF TAEAEAE AY ARE T & 4-89 UE
Witk NOEC #xe Pimephales promelasoll 4l 0.057 mg Ni/L(32 ¥, Birge et
al., 1984), Oncorhynchus mykiss?l A 62 ug Ni/L(32 <, Nebeker et al,
1985), Oryzias Latipesoll Al 134 pug Ni/L(32Y, Nebeker et al, 1985),
Brachydanio reriolA 40 pug Ni/L(16 ¢, Dave and Xiu, 1991),
Oncorhynchus mykissoll Al 173 ug Ni/L(17¥, Deleebeeck et al., 2007}k
1,100 pg Ni/L (38 ¥, Nebeker et al, 1984)7} &rQl= ittt ECyy @O ZE
Cyprinodon variegatusoll~ 20.7 mg Ni/L(28 ¥, Golder, 2007) 7} &A=
o},

EU RAR(EC, 2008)4 #A&stal = HH=HAR HolgHo] X F, o

w7+

o

Fol AGsHE 3719 HolHE 7 off FEC R3E % AE U &
25700 SAARRRE Yo AEF BEEAe /WoR wAHo A4

AT 4-9).
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SRR}t
tal Resex

National Institute of Environmental

arch

3E 4-8. YA 3g=ol tigh

oAF BHZA

#*

A NEgZ2 H| 3

NEF Pimephales promelas
A=A Freshwater Mortality, Length
A ASTM E-729 32 day Birge et
ANEEF Flow-through NOEC= 0.057 mg Ni/L al., 1984
GLP o5 AR+ R R
AFEA NiCl,
ANEZ Oncorhynchus mykiss
I EA Freshwater Mortality
@y - 32 day Nteb?ker
AN¥EF .  Flow-through NOEC= 62 ;g Ni/L §9835"
GLP A% : A58+ B R
ANEEH NiCl,
AEE Cyprinodon variegatus
AEd Freshwater Survival, Growth
AlEH ASTM 2004, APHA 1998 28 day Golder,
ANEEF Flow-through ECyo= 20.7 mg Ni/L 2007
GLP o & . Yes 25T
NEF Oryzias latipes
ANEA Freshwater Growth rate
@y - 32 day Nteb?ker
AN¥EF .  Flow-through NOEC= 134 yg/L §9835"
GLP oA . ARJ= A5 S (NI 24)
ANEEH NiCl,
ANEF Brachydanio rerio
W EA Freshwater L
NGy Swedish Standard SS 02 Ifgtghmg time

81 93 ay 4 nge and
NPEE Semi-static I)\LO;::E:—EM ug Ni/L Xiu, 1991
GLP o5 AR+ =ee
AEEA NiCl,
NEF Oncorhynchus mykiss
A=A Freshwater Mortality
Al OECD TG 215 17 day Deleebeeck
ANEEF Flow-through NOEC= 173 ug Ni/L et al., 2007
GLP o & . Yes 25T
NEEH - AEgS
ANEZ Oncorhynchus mykiss
ANEA Freshwater Survival, Growth
AlEH OECD TG 215 38 day Nebeker
ANEHFF Flow-through NOEC= 1,100 ug Ni/L et al., 1985
GLP o & . Yes Z4F=
ANAEEF NiCl,
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fL & (Nickel chloride)

F 4-9. B EO|4E o] o] §HE FAUNSHARIR)
B e ]
39 M 2
NOEC %& ECy (sg/L) -
Brachydanio rerio 78.1
Pimephales promelas 85.2 EC, 2008
Oncorhynchus mykiss 244.2
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EEI:I-71II_I.§‘-°£
tal Res

National Institute of Envi

2t " ECE gl oh)

A st dig rAdECTE g op 78 e H A AN AEAR
2 FH5] Ay dolH e & 4-103 ok ECs - Activated sludgeol]
A 33 mg/l(30 &, Cokgor et al., 2007), LCso %< Colpidium copoda®|*
1.19 mg/L ¢} Euplotes aediculatusol~< 0.03 mg/l(24 A%}, Modoni and
Romeo, 2006), ICsy #+-& Vibrio fisheriol Al 265 pg/L(Cso, 22 A1ZY, Hsieh et
al., 200071 &1 = At

£ 4-10. YA 3gE g @844 s 5A8 #t
i AN@g2a= H| 1L

A8 : Activated sludge Inhibition total
i ?HE@ - respiration
Al ISO 8192 30 min Cokgor et al.,

= .
ABET ECso= 33 mg Ni/L 2007
GLP o AE 8l Amgle (N =)
AFEEZ . NiNOj), v
ANEF Colpidium copoda
uj7§ &2 . Freshwater Mortality
A - 24 hr

AlEdEF/ ¢ Static LCso= 1.19 mg Ni/L
GLP o§%: No A5gls (NI 27)
AEEd 0 NiCl - 6H,0 Modoni and
AEE Euplotes aediculatus Romeo, 2006
uj7§ &2 . Freshwater Mortality
A - 24 hr
AlEEF/ - Static LCs0= 0.03 mg Ni/L
GLP % : No ARs=
AlgEd : NiClp - 6H,0
ANEF Vibrio fisheri .

R f

s Saltwater bi%(ljllllrcntilr(l)gscoence

Al Microtox Bioassay 99 hr Hsieh et al.,

- i

NEEF : Static ICso= 265 ig NillL 2004
GLI_D O:]‘l‘ Z]'—U—HI\\:I X}E%‘ig (Nl _»17%)
AN&EEZ : Niin 5% HNO; = =
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: 23 (Nickel chloride)

2. S HA
7l 3 E

U sigtEdd itk s34 EY SA4AY A5E 73S A, Phaseolus
o] &3t -9t dlo}(Seedling
emergence)o]l ™3k ECs > 100 mg Ni/kg (22 ¥, John et al., 1999)7} &2l %]
2o e NOEC 13.1 mg Ni/kg(30 <,
Willaert and Verloo, 1988), Avena sativadlx <=&° thst ECI0 41 mg
Ni/kg ©] SRJ=FJATHEE 4-11). =3 EU RAREC, 2008)2 EF 749 A=

$E mUYNA Y EF SHL HAY & UES HIEES EUY
[e]
Il"

aureuss

1A
==

o™ Spinicia olearacea®| A

Uy ANdd = ]
AlEE Phaseolus aureus
ml7lE2 . Artificial soil Seedling emergence
A OECD TG 208 22 day
Al¥gZ5 . Laboratory study ECso> 100 mg Ni/kg John et al, 1939
GLP of% .  Yes AES (NI ZA)
AN&EEZ . Nickel powder
Al Spinicia olearacea Yield
7] &4 . Natural soil(Sandy) 30 day
L - - , Willaert and
AgER - Laboratory study I;SEC_ 18~93 mg Nikg Verloo, 1988
GLP & z].g_%j\% o ;
AgE4 : Nickel powder s (N 2A)
AlEE Avena sativa
7§ &4 . Natural soil Grain yield
A& - 5 month De Hann et al.,
A" ZEF . Laboratory study ECy= 41 mg Ni/kg 1985
GLP A% Asgls A2 (NI 24)
AlFEEZ © Ni(OAQ),
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3 4-12. el E B ol&HE SAMNE SAHAAR

) Hy } 7 3
A@EA z pH | OoC | day Cb CEC w22 | 2 2 NOEC
71zt NOEC .
) % (mg/kga,) | (cmol/kg) @ (day) (mg/kgew) | (mg/kgay)

55 | 081 - 14 6 60 110 | ECl0yg 43 57

55 | 081 - 14 6 60 110 | ECl0y 47 61

52 | 238 - 14 1.7 60 110 | ECl0yg 49 63

62 | 081 - 14 6 60 110 | ECl0y 53 67
NiCly 63 | 081 | - i 6 60 10 | ECl0y 64 78 Fiistead
51 | 238 - 14 1.7 60 110 | EC10, 238 250 et al., 1969

, 64 | 238 - 14 1.7 60 110 | ECl0y 238 252

Avera sativa | 61 | 238 - 14 117 60 110 | ECl0yq 253 %67

72 | 232 - 14 13 60 110 | ECl0y 453 467

56 | 093 12 10 15 - 15 | ECl0 66 76

54 | 14 40 % 21 - 150 | ECl0yq 45 71
Ni-acetate 52 | 18 | 58 16 3 - 150 | ECl0 47 %3 De Haan
5 | 198 4 2 9 - 15 | ECl0yq 16 18 et al, 1985

54 | 3% 5 1 19 - 150 | ECl0 40 4

36 | 173 | 04 1 1.84 7 4 EC10, 31 2

A1 | 306 | % 52.75 7 4 EC10, 1101 1127
41 | 05 | 3 16 8.39 7 4 EC10, 90 16 | pofhamsted
N, Horaeun 42 | 1252 | 127 3 11.91 7 4 EC104 249 252 research,

vuleare 45 | 132 | 15 1 1.84 7 4 EC10, 46 47 -
51 | 247 | 39 2 431 7 4 EC10, 123 125
56 | 099 | 469 19 19.26 7 4 EC10, 2%1 280
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=3

tet=& sl HdEIE - g3t (Nickel chloride)

Z71E i}
R z pH | oC | day b @ | 2 SR | ey | " = % NOEC
7%t NOEC At
% %) (mg/kgs) | (cmol/kg) @ (day) (mg/kgaw) | (mglkgaw)
56 | 133 43 3 491 7 4 EC10; 128 131
6.1 43 5.3 39 28.87 7 4 EC10, 398 437
67 | 109 96 11 78 7 4 EC104 106 117
7 045 | 332 81 12.85 7 4 EC10, 211 200
76 | 114 | 199 19 19.44 7 4 EC10, 268 287
75 | 137 | 492 113 2357 7 4 EC10; 289 )
76 | 049 | 554 24 35.26 7 4 EC10; 587 611
76 | 053 | 198 18 13.35 7 4 EC10;, % 114
77 | 031 | 172 11 13.27 7 4 EC10;, 304 315
49 - - 16 8 - 63 EC10, 18 %
. 56 - - 17 41 - 63 EC10, 153 170 Gupta
NSOy | Lactuea sativa - % 10 - 63 | FCl0g | 257 283 | et 2, 1987
6.6 - - 21 20 - 63 EC10, 422 443
Lolium Frossard
NiSOy Sereme 6 17 - 19 31 - 5%6-64 | ECIO, 110 129 et al. 1980
45 | 132 15 1 184 7 3 EC10yq 10 11
41 | 05 | 253 16 8.39 7 23 EC10y¢) 16 2
| 36 | 173 0.4 1 14 7 2% EC10y 21 2 Rofhmsted
N, Lyg@’ﬁ” 56 | 099 | 469 19 19.26 7 28 EC10,q 28 47 research,
CXCUIEN 51 | 247 39 2 431 7 2 EC10y 42 44 2005
56 | 133 43 3 491 7 3 EC10y 52 %
67 | 109 96 11 78 7 23 EC10y 118 129
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¥

71

=) 2.%] = 1= Zokx -
AEEA > pH oC clay Cb CEC 7 =277 s NOEC < NOEC -
%) %) (mg/kgs) | (cmol/kg) @ (day) (mg/kgaw) | (mglkgaw)
42 | 1252 | 127 3 11.91 7 23 ECl10,) 1% 128
76 | 053 | 198 18 133 7 23 EC10 144 162
61 | 43 | 33 39 28,87 7 3 EC10,) 150 189
77 | 031 | 172 11 13.27 7 3 EC10,) 189 200
76 | 114 | 199 19 19.44 7 23 EC10,) 200 219
76 | 049 | 554 2% 3.2 7 3 EC10y 224 248
7 045 | 332 81 128 7 3 EC10y 20 31
75 | 137 | 492 113 2357 7 3 EC10y 504 617
41 | 306 | A % 52.75 7 3 EC10y 599 62
52 | 238 - 14 1.7 60 83 EC10, % 43
55 | 081 - 14 6 60 8 EC10, % 50
62 | 081 - 14 6 60 83 EC10, 39 53
51 | 238 - 14 1.7 60 83 EC10y 4 %
N, , 63 | 081 | - 1 6 60 8 | ECl0yg 44 58 Fiistead
Medicago 61 | 238 - 14 1.7 60 83 EC10y» 9 105 et al, 1969
sativa 64 | 238 - 14 1.7 60 83 EC10y R 106
76 | 23 - 14 13 60 83 EC104) 371 3%
72 | 232 - 14 13 60 83 EC10y 383 397
To
NiSO, 75 | 134 9 8 146 60 — NOEC, 80 83 .
NiSO, Rjggi”ﬁ”s 75 | 134 9 8 146 60 30 NOEC, 80 88 1965
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=3

stE2a Al "I - g5 & (Nickel chloride)

|
N34 z pH | OC | day Cb @ | 23 A e 2 NOEC
713 NOEC o
%) » | (mg/kgsw) | (cmolkg) | (@ (day) (mg/kgaw) | (mg/kgaw)
455 - - 3 74 10 K NOEC 10 13
NSOy Spinach y Willaert
81 - - 20 196 10 0 NOEC, 100 120 et al, 1983
Thigonella
NSO, | pemm- | 83 | 08 | 14 126 7 % | ECIO, Y % Da“fggeg a,
gracecurm
NG, oo s 79 %6 54 173 - 455 | ECI0 119 173 Metvally
8.2 0.7 151 40 126 - 45-50 EC10 19 59 et al., 1989
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. FAFEAFFE

A=A

A 3gEe 3 SA4FHFEE s484548 AP ARE FH%H %
4-139) YEWN A, Lumbricus terrestrisol A |3t =Zof w2
23.5 mg Nikg¥ A =Zo mE LDs # 20.5 mg Ni/kg (4843,
Furst et al.,, 1993)o] &2l= At} T3 Caenorhabditis eleganso A 4 A
Zo] w2 Ao 3 ECy &t 93 mg Ni/kg ¥ NOEC %k 62 mg Ni/kg,
A2 5o gk ECs %+ 52 mg Ni/kg¥t NOEC %+ 45 mg Ni/kg o] 215 <]

EU

My

br

oo

3 4-13. YA ggtEd U3 SE4FAFTE 34548 &

e ANEA T H| 1L
NEZF Lumbricus terrestris Z/éorﬁillty
iq;]j%%l e_lrtlflcal soil LDsy= 52 mg NiCl/kg Furet ot al
Aezs . L (= 23.5 mg Ni/kg) v
H S5 aboratory study LDyy= 54 mg NiSOu/kg 1993
B . a2 0] o
GLP =5-: A&3w (= 205 mg Ni/kg)
NEEA : NiCl, NiSO, ABQS (N2
Growth
18 hr
ANRAZE Caenorhabditis elegans 5851%2336? rgn Nlﬁ%{
ul7}&4 :  Natural soil = e g NIkg
AN SO 10872 Tee Huguier
AlgZ5F . Laboratory study . et al., 2013
GLP &% . No Iliseplllr;)ductlon
SN
AEEd s NSO, ECso= 52 mg Ni/kg
NOEC= 45 mg Ni/kg
ZHESE
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T =4

yA ggtEol 3 SAFHFTE MEEA AE ARE FHEY &
4-149) JYEMNAJAS. Folsomia candidao A A2 tigk ECy % 20.9 mg
Ni/kgx} Eisenia fetidaol~ 22le ok ECyy %t 47.6 mg Nikg (28 4,
Ghent Univ/Euras, 2005)°] &1= Ak, ®=3¢ Lumbricus rubellusoll A A4vg-oll
g ECy %t 859 mg Ni/kg (6~12 3, Ma, 1982), Eisenia venetadlx] X
(cocoon) Aol thdt ECyy %+ 91 mg Ni/kg (28 ¥, Scott-Fordsmand et al.,
1998), Enchyraeus albidusel 4] 2§24l gk NOEC %t 180 mg Ni/kg o] =<l
HATH42 ¥, Lock and Janssen, 2002).

EU RAR(EC, 2008)°A4+= S FHF5&
o} ol2u&F, UA F=o it ARE X333 AEH=H A5E AF

32l JYTHE 4-15).

.{
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4-14. YA 3o Ui s4FHAFs= WA &

i ANEA T ]
AlEE Folsomia candida
AEd - - Reproduction
AEH ISO 11268-2 28 days
AlgZ5 . Laboratory study ECyp = 20.9 mg Ni/kg
GlP o8 A3g e e R
/\]_Bx‘j%;f——_] . NlClg

Ghent Univ/

N#Z . Eisenia fetida Buras, 2005
uj & - Reproduction
AEH ISO 11268-2 28 days
Al¥gZ5F . Laboratory study ECyp = 47.6 mg Ni/kg
GlP o8 A3ge ZHET
/\]_Bx‘j%;f——_] . NlClg
AlEE Lumbricus rubellus
w7l &4 :  Artificial soil Mortality
A OECD TG 220 6-12 weeks Ma. 1982
A8&F ©  Laboratory study ECy = 859 mg Ni/kg ’
GLP A% Asgls ARs=
ANd=d 0 A5/
NEZF Eilsenia veneta
uiN&EZ . Artificial soil Cocoon production Scott-
AEd 28 days Fordsmand
Alg%FF :  Laboratory study ECy = 91 mg Ni/kg ot al. 1998
GlP A& =59 L HAAET .
AgEH . NiCl
NEZF Enchytraeus albidus
7| &4 . Artificial soil Reproduction
A@W . OECD TG 220 42 days %;g;‘seind
Alg %5 :  Laboratory study NOEC = 180 mg Ni/kg 9002 ’
GLP of: A=QS =2HEg
AlgEd . NiCl,
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EststE3 i HddI - g3t (Nickel chloride)

% 4-15. HEOGE RHd o] §HE SAFHEEE ZHAE

) Hy . 71 3
ANEEE Z pH 0oC clay Cb CEC 2R | FTA % NOEC
713t NOEC H)a
% % (mg/kgas,) | (cmol/kg) @ (mg/kgay) | (mg/kgu,)

45 | 13 15 1 184 7 23 ECior 465 476

36 | 173 04 1 184 7 3 ECir 4938 52.3

41 | 05 | 53 16 8.39 7 3 ECir 545 715

56 | 133 43 3 491 7 23 ECior 6.1 69.1

6.1 43 3.3 39 28,87 7 3 ECir 151 184

67 | 109 96 1 78 7 23 ECqr 172 183

- 51 | 247 39 2 431 7 3 ECir 182 184

Hsema felida | 7671 053 | 198 18 133 7 % FCyy 186 201

77 | 031 | 172 11 13.27 7 28 ECior 198 210
56 0.99 46.9 19 19.26 7 2 ECior 230 A7 Ghent
NiC, 76 | 114 | 199 19 1944 7 2 ECiy 233 260 Univ/
75 | 137 | 492 113 2357 7 3 ECir 239 37 Euras,
12 | 25| 127 3 1191 7 2 ECyy. 362 365 2005

41 | BB | A % 52.75 7 ) ECior 1110 1140

51 | 247 39 2 431 7 % ECqr 20.2 209

36 | 173 04 1 184 7 3 ECior 364 3.4

Folsomia 76 | 053 | 198 18 133 7 8 ECr 617 345

candich 56 | 099 | 469 19 19.2% 7 3 ECiy 101 108

45 | 13 15 1 184 7 3 ECiy 104 105

41 | 05 | 53 16 8.39 7 3 ECiy 120 141

56 | 133 43 3 491 7 3 ECiyr 180 183
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71

AleEz 3 217 | E2Ux 2
R < pH | oc | day o @ | | =R g | | RN .
% % (mg/kgs) | (cmol/kg) @ (mg/kga) | (mg/kgaw)
67 | 10 | 96 il 78 7 3 FCur 29 %82
7 1 05 | B2 81 28 7 2 ECy 34 163
12 | 125 | 127 3 1191 7 3 ECuy 527 531
11 | B6G | A % 5275 7 3 ECiy 558 575
77 1 031 | 172 11 137 7 2 ECyy 562 562
61 | 43 | 33 39 2887 7 2 Gy 622 635
76 | 114 | 199 19 19.44 7 2 Gy 662 677
76 | 049 | 554 o %526 7 2 By 1100 1140
6 | 58 | 10 0 145 2 | NOIG 1% 18 | Lock and
Eisenia fetida 6 58 10 20 14.5 42 NOEG: 180 180 Janssen,
6 | 58 | 10 20 145 8 | NOEG 30 20 2002
Scott-
Hsenia veneta| 55 | 23 | 5 6 79 2 Gy 8 g |H ngsga“d
1998
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S5sst=d Al d"go o g5 (Nickel chloride)

[e)
YAL FAs Ao =20l YHMcGeer et al., 2003). dF F& 4
Oo]:

AFe x2 oA =4 4 2 ow(Outridge and Scheuhammer, 1993), A
=& =74 (bioconcentration factors, BCH<} = &&% o] o A#AAAVF 1

~100 pg/l &w=A EA FAAA= tisl]l UebstiBrix and DeForest,
2000; McGeer et al., 2003). o]&= YA Fwo] 9 & AL NA =HHAT
= Zg stk (Muyssen et al., 2003).

Aol AeEssAde ddde=z Yo BCF #& g olmaiFd
Cerastoderma edulel| A1 26,500(BCF, Waegeneers and smolders, 20032 7}
A=A et 9& MACA S BCF 5 71 =2 #k& AlobxHle g o}
Anacystis nidulanso| A 8218 56130ty dutH o Z T2 o|uju]Fo gk
BCF& 340 vvHES3#k 27000122, C eduled) tidt BCF= ©& o]ujaj &

TAYE e e AMEEY] ol Aol Tk YA A
E =2 A A4 (bioaccumulation factor, BAF)E 0.300.2 Atz og IHEC,
2008).

U A=A

]
Ao g Bt Campbell et al. (20052 Ao wEm RHFE
zZ W YA 7|sHF TEE 045 pg Ni/g wet wtel Wk )z} &
o = 0.045 pg Ni/lg wet wt2 UEIRTE o] A& vigoE =&3
A o] Al4=(Trophic transfer factors, TTF) &2 0.1%, Lapointe and Couture
(2006)2] Az} A-8-3kt}. Outridge and Schuehammer (1993)o)] W= oAl
Z7 2 ZHF W UA =9 Hol Yo YA s=5 vlugt A3 F&F

WAL MgEAG O Fokdel me} gastgon, olg AR AxEe
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A Te AR HolAolAd Ude] AEHHel Uedts 3

Aot AEXAJY. ABA HFA AYsle SAE, AAFE, AF
oAl A W UA % =4 Adgoas YA YEFAAo] A&
¥gktH(Torres and Johnson, 2001). & UAL M ESFAHS Yeh)R o

14

Bl TTF#S 15 9A @& A& AFRHTHEC, 2008).
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tetE2 & sl g - g3t A (Nickel chloride)

on
toh

=
=

24, 4 &SFYEFE=(PNEC) AHH

7t AEO|EE

UAd e F45Fc 75 2L FEE EAEAGE Eo o)A
S/l wEt A= 2
£(Ca, Mg, Na 5)3 &3]¥ f7]ek&(Dissolved organic carbon, DOC)e] 3+
F2 e 229 AE 1Y HEF AERENED) IFE = & UTh
T3 FFY 5ol 2 Yol FAHEE pH, €ZEE, DOCA webi
gzt &, udRt 84 A& YsiA AuE=Ade AT DEbA =L

ol AFHOE Hustr] 93t Biotic ligand model(BLM, ©]s} “A=o]-&

< Geochemistry > < Physiology >

Organic complexes
poc «—m

OH-, HCOg, CO42, Inorganic complexes
50,2, etc )

Gill : Biotic ligand

(binding site)

AEolgx Edo w2 AHsAd2 ol dHe =
(d: of7tuhell A== A= &, A=ol&xc w2t Z2HHHDI Toro et

40| Biotic ligand
5] , d
al., 2001). F&olem Y3 9ol L(Ca”, Mg”, Na' %)

e FHoled AE
ol gl QoM BA BAZ AL Ut oYU M AFHoE AT
3 ARE Vo FFo EASE Agoles BHE ANEHE S
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e gaste Fholee ¥E £22 d3% 4 UAve Ao ATolgE
wdel JEA Adolth. 22 $F9 Aol BHEE AP ZH

2 ¢y Wxo A3dt g gHWS o] f3te] FA T}

yAe] AegsAel tigk A= dFetA AP =HJAT. EWHS(D. magna)l
3k YAl A=A (Deleebeeck et al, 2008)2 Ca¥x} Mgo]&o] Z7}3Hd
melt APBAE JeERUH PolAs A2 4¥HA Aok =3, 42 S
(D. pulen®] 75, YA izt A== Kozlova et al, 20092 DOC7} %
74ghell Wl Yol = Aoz ZAEJTHIY 4-2).

5 (A) 140
s P y=22.664x+18.911

&5 sox . onas 120 h 4
s 5 100 T
g 50 g V8.8139x+30 503 5’ !
= - R2=0.97 § ?
$ 40 Pl o 3 o
o N ® v =
g . 1 z
S 304 '/./ s 9 L ]
= * 4 & +
2 20 mo 48 %

0 20 #

2 0

05 1.0 15 20 25 30 0 9 18 27 36 45
(Ca®) or (Mg®*) (mM) DOC (mg/L)

2
=]

{Daphnia magnay {Daphnia pulex>
39 4-2. 7R YAl i@ MelS4 Aol % DOC 1he] e

O, mykiss)e] 735, UAe| g Ae)=4(Deleebeeck et al., 2007)7}
ol T4 E[HIete] A= A RAR] RAoZ ZAE vt o o=
Ew2l biotic ligandoll A <Faol3 YAo|o] FAs= Zo] ofyzt

2

e

E4=2] biotic ligandell Al ZdAst7] dj&<Ql Aoz FAsta vt pHel BA
= TR AZBAE 2t AoE BRuHAHIE 4-3).
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S&astE2 sl d™ot: A5t A (Nickel chloride)
35 40
30 4 yz7 2379x+7 8676 //../" y=0924x42 6977
R2=0.92 - 2
25 - sy R2<0.99
g 15 s 3 \\\1
§ 4 10 . ¢ #r A
g ¢ ~ _--"7 ¢ E \\\\
- 10 He - S S
: g - » 551+ ]
< 5 04—
. g 00 01 02 .
0 1 2 3 4 5 6 7 8
H'XuM) pH
<Oncorhynchus mykiss> *pNi = -log(Ni*" activity)

a9 4-3. o 7o YA e e Ed3 Faol2 5l pH 1] AadA

AEol 8 a2 A WAZA "7 (ntrinsic sensitivity)¥} 742 =4

ZHEnvironmental modulator)® ¥ tH(Verschoor, 2013). W& w17+ 0S
e & 50138 545 vehdH, 8743 =HAHEM )= @7 FH9 o]3)st
2 A4S vt

ol g F=xol oA APAA ALE A=A ASZREH 548 AH
o] 4 EAo] Wgd HHEAHS dS5E + vk AP BakE =4

N

ol A9 o]5tsta E/do] wrgHd EM lab waters AANFOEZN F
s

Aol WA SiE FEY 5 ATk A7l 54 AHe) FASA0) W
% EM site water& g3k a7 @85l Au54e 5T 5 Yok
Z3he JEES o o

e AEolgx wdl 3u EFFS U
n] 7iRkElo] JATHEC, 2008). =olA &
Cast Mgol2oltt. mAlZFo RHe F4o]e
g ool /7ol A kellA AR uie) o] B
Aol YAol o] AAst7] wiiEel Hol&o] obd pHetel #AE 113}
T2 AEold&x Edo] /AEHAT HAHZFE oFo HEol&E
wde 7y Pseudokirchneriella subcapitata®t Oncorhynchus mykissS )70
2 AEEen, #BARe AEolf&x ®EHL  Daphnia  magna,
Ceriodaphnia dubia, Daphnia pulexs ™’¢o.2 /ML= ATHIH 4-4). 95
ko] UA APt RusolXE Daphnia magna®y Ceriodaphnia

rr
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dubia®) g At en HEE YA Feolg&r Bl olgHE ¥

PdrE F 4-169] AHsHATH

» DR subcapitata)

72h—E,Cxy,. _7@ E(\> 1+K gy - ((a Kygar (Mg™), + Ko (H) |

=0 magna, C. dubia, D pufex)

I=EES
(Spe PH+O | | o e .. epe e .
EC50y,, { > 1+ K ((ﬂ—) +Kygar - (Mg )it Intrinsic Sensitivity i

o 4

+ 01/ (0 mykiss)

LC5055 stwﬁ ‘1"’1\( BL ((” \IgBL (Mg );

a9 44 AE RREE UA ABol8E mU T

# 4-16. AEo]&E R o] &H & BT

P subcapitata” | C dubia™ | D magna” | Merged of crustacean * | Q mpkis®
Sph
ope of o - 0.8587 0.1987 0.59%1 0.324
function)

C dibia = 2203

01 - 1581 5.646 5 ) -
05 - - - - 3002
ECso* _ _ _ _
By 357
logk 65 _ _ _ _
H-BL )
logk 20 353 353 353 36
Ca-BLL
logk 33 357 357 357 36

* De Schamphelaere et al., 2006; ** Deleebeeck et al., 2008.

el g mYL

o} o
@ =gelch o 4@ FAAE GFG VY=Y REFFE 0§37
[e)
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S5sst=d Al d"go o g5 (Nickel chloride)

o EFTel Hote AEEd st e 543 S48 WA e
Zt= Zler VMY 4 ERTEE AeEold8: Edo] JEEH An
0 e T AEEAAARY BE Aol ti A9 5olA Ay=
ol dF Thsstaal AAEIATE 18 4-5% PAHER, FAFAHFEE,
HFsEo 3 eSS EDY T 24 EAEo|th

BLM del algae (Raphidt

U, AEo|& = Ot SH4AE

UAel AEol&xE EdS ol8d & Ae AHs4AEE 4% Byt
oldel Ao EgEAMZAANE o] AAF AZolooryt gtk EU
RAREC, 2008)1A = AEC)EE RdE H83t7] st Hxo A=A
tlolE o] ~E FF3ATHE 4-17). —TL%% AEl =4 HlolEH|o] 29 =4
o] 24 oz RAFHYTHE 4-18).

#e T A EdAX

0
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£ 4-17. AR % mdo] o] §HE FHHSHAR
b | z2F3514
25 F0LA N orl g® F0A RS
(ng/L) (ug/L)
Brachydanio rerio (28:'51) Ceriodaphnia dubia 5.1
: . 85.2 Ceriodaphnia
Fish Pimephales promelas (n=3) quadrangula 12.9
: 244.2
Oncorhynchus myKkiss (n=17) Peracantha truncata 16.3
: 222.2 :
Xenopus laevis n=7) Simocephalus vetulus 21.4
Amphi : 287.8 Ceriodaphnia
bian Gastrophryne carolensis (n=5) pulchella 21.8
. 922.2 -
Bufo terrestris (n=5) Alona affinis 25.1
Scenedesmus ; S
Accuminats 42.3 Ibnr\;?ége Daphnia longispina 33.6
Desmodesmus spinosus 71.5 Clistoronia magnifica 36.7
Pediastrum duplex 717 Daphnia magna 41.3
Al Chlamydomonas sp 88.8 Juga plicifera 62.7
gae
Ankistodesmus falcatus 90.6 Hyalella azteca 74.7
P. subcapitata 112.2 Hydra littoralis 199.1
Coelastrum microporum 129.4 Chironomus tentans 287.7
Brachionus
Chiorella sp. 130.6 calyciflorus 497.8
Lemna gibba 19.7 Lymnea
Plant stagnalis 4.6
Lemna minor 344 &

¥ 4-18. fHe Az 2F =24

. pH| DOC Na Mg K Ca a SO Alkalinity
- gD | @gl) | (gD | @) | (g | gD | (mgl) | GeCaOD
%\E g 81| 316 | 6.18E-4 | 477E-04 | L3E-4 | LI7TE-03 | 6.63E-04 | 3ME-M | 538E-4
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on
Ju
o
1%
o
L2
do
ol

i Md"Eot 0 dstZ (Nickel chloride)

of

FHATNE YA AEolgE mdd o]lgd = e F 3159 A
EAAEE AFsta Uk ofF 3T 4 @& FAAA P promela= 3N, O
mykisse 170, B rerioe 37M°] SAARERE A=A SFAF 359 A5
X. laevis= 770, B. terrestriss= 571, G carolensis= 5712 SAAZZRE ALk
HAtk EWEF 8% SAFE D magna= 50/, D longispina= 47W, C
dubia= 157V, C quadrangula= 87V, C. pulchella= 37V, S vetuluss= 47W, P.
truncata= 47N, A affinisc N8 SAAS=ZRE ALkE otk &2aF H
azteca®l 3352 N SAARERY ALENL, 257 C fentanse 17N,

C magnificas 1719 H4AEZHE ALEEJT BE/F2 4 L. stagnalise

F9 AEFY mEEANM 31T A e F 207700 FHARE o8
J

o AAE AHE4AE0H FHATY FA7E =2dd AMYEC, 201Do0A

57 ol5eta B4 wel dSste] F UZE B4
ST 19 4-62 F UAE BE3X B9 oAZA, 20161
& Axel ta) S o|seta 4ol ¥

L =
I REI-FFEEIE BEA HES Aot Ao Eojxoz o FH 31

Fol WA A ol did AFAH HFS=Z  Anderson-Darling teste}

Kolmogorov-Smirnov test, Cramer von Mises testS A A|stR o ZF AHF

Atz Wik 186719 T WA= EXx= A HEES 25 3T
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R

National Institute of Environmental Research

Anderson-Darling test for normality
i Sign. level Critical Normal?
1 0.1 0.631 Accepted
0.05 0.752 Accepted
'” 0.025 0.873 Accepted
w 0.01 1.035 Accepted

Fraction Affected

Note: below n=8, this test may not perform well.

0 Cramer von Mises test for normality
B Sign. level Critical Normal?
02 0.1 0.104 Accepted
0 0.05 0.126 Accepted
0 0.025 0.148 Accepted
- 1
log10 toxicity data 0.01 0.179 Accepted

Note: below n=20, this test may not perform well.

a9 4-6. YAt AR T UHE 22

F0 HA% dd edBst e [Ed - 54 HA
%) (FPa st A6875, 20151D2 AA AL, o]
o 2gody BRI EOR AR AHE

2 e AT VA SFIFEERE FEo T

g 71urek A Fgko 24, A
SR

4-19).

£ 4-19. 3 - 54 HAE FEE ogGHIL VE
T 7
g = I I I \Y
sl YAmg/kg) 40 o)&} 87.5 oJ&} 330 oa} 330 =3}
i H@(mg/l@ 53 o]&} 87.5 o]&} 330 oa} 330 =3}
HI S HHE] AEER
- 15 xwgaoﬂ Ex0] e 7FsA A 9l
- 11 5F  AMRES B4 UeRd 714 IS
-l 57 AMEEC SAo) Uekd 74 Rlund &S
- V59 AXAE F40] e 74 ule =5
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s51d = Tz W F1x, =4 FHeffect
s

B

HETY Tzl Wl 2AEe] A%E B4R W) Agshs WAAY HAE
o] =

concentration)

off
e
bl
gt
ol
ol
X
<
Jo
N,
%

o
S
ol
ol

3 4-20. oj=e] BAE VE

7)o EdEz F* M= 94" F
Pz
Reference Consensus 2 SCO CSL
value
YA (mg/kg) 11 32 26 110

* ERTs Fe OFF AE HE USRI HBY B /EAE dAshy 7 HaE dwel bet
B FAE A G

T8 AR F 7P BeA)) AR Hyalella aztecal e 548
(ECip 199 mg Ni/kgINiClyoll EAE Ago] ALEE= H7FAIS(Assessment
factors) 10 (EC, 201D AHE3te] dEH-9PFes 199 mgkes == 4= Sioh
sHAEE 9 FEE =y sk HFEe UA wiAETE gl 39.5 mg/kg(=rHEHd
Fahel, 201D Hoh o} AejesidE e skt Algto] glenz &k -

& HHw 2997t Vel (FHS S A687E, 2015.1DA 7}
Z ByAog wdste | 5F @l 40 mgkgs AH ASFIFEEE AA
ShTh

- 130 -



3. B
7} BB EE 2Y

EC 20080 M= EdolA YA FEol&EE = :
of g YA HHSAAREE &8 w ok F /A A4S 13}

= Akt ik A WAL w=FEE Yo B4, ¥ wAE g ool
= Ae

2
A ZAANFL B AMEA F7HE A Fo & =4
sgu|E 7 AbEEn 28y @A YA LS AFHH o R
Zeelm weta APAY] 2AEG YA F4do] B g o], o]F B
Astoof ot

EfolA YA =353 #d A A 4(fixation factors)= spiking & 1<
I 540¢ Abele] T 94 ¥ sHed E-E&(isotopically exchangeable
fraction & 71Fo2 =&% ZLo]thEC, 2008). &, 540¥ w9+ :=3%53d Y
AL A YARG uZASs g 4do] don, A dirE = 1A
T WF SUtske AE ougit. ®=3, pHYY SUME S 3 ASTE S
Ao g ZAEATHTE 4-7). EU RAREC, 2008)oA4= UAFAH2 7

a5)E B4 ohule B4 AL

Fixation factor =1+ exp (1.4*(pH—17.0))

-
o/
4
3 /
—_ / S
k= -/
= /
= 2 - 4
= -
= )
>
i-: —
1 s % - -
>
o . . : . .
3.0 4.0 5.0 6.0 7.0 8.0

pPH CacCl:

O% 4-7. EFolA YA =33 v 14 As o pH 7He] AdaaAl
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4-8)(% 4-21).

Eisenia fetida Folsomia candida

4 -

I
y

y=0.9486x+1.6535

¥ ®
> y=0.9139x+1.496 < R?=0.5233
E3 R:=0.6865 g dd. £31
2 -
T2+ S 2 .
> + Chronic values > * Chronic values
£ £
% 14 y=0.768x+1.4918 4 Aged chronic values 14 4 Aged chronic values
“ R?=0.7416 i -
w w y=0.7707x+1.663
- = R2=0.6511
0 0 T ]

T T . y T T
0.5 1 15 2 0 0.5 1 15 2
log_CEC (cmol/kg)

o

log CEC (cmol/kg)

09 4-8. EoFolA] RS AT ool em G b WU A 37

3E 421 BEdolA YA 543 doludg T I 2l e

o z SR R A | e | SB% TR | me e
=i ; > AT 272 ﬁ
FEiseria fetida - o=
- ~ = =
merter | roodtion | o0 00810 | 095 | O61~129) | 072 | AR
ates Folsormia candida -
= ~ 77k =
rorocion | Fw 07LMLT0 | 117 | 0724169 | 07 i
Hordeum vilgare = | g o o157 | 112 | 083~14) | 083 | mE 4B
root elongation
Flants Lycgpersicon L esculertum
o - growtn | EC0 0712109 | 127 | 076~179 | 067 | 7 T
Nitrification EGp (y=L00x+142) | 1 | (051~148 | 06 | mE ojyE
Hjo] )=o)
) EEA Eglut
S“bitrat;aﬁced EGo (=134x+139) | 134 | (L08~L59 | 092 | amateinduced
Microbial &p respirationand
functions ATPcontent.)
YrELE
Maize induced ) A
respration BOn (L220¢+137) | 122 | O8~176) | 072 | yooe o)
2EYEE
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on

ssthet

& s "ot Hat A (Nickel chloride)

E 4-22. AEEE Tdof o]&HE EY VAE SAHAE
A oC clay Cb CEC 713 F7F NOEC| & NOEC
ga| W ] . . Al
(%) (%) (mg/kga) | (cmol/kg) (mg/kgaw) | (mg/kgaw)
NiSO; | ATP content 6 12 9 9 103 9y 77 % Wilke, 1983
51 247 39 2 131 2% h % 37
67 1.09 96 1 78 2% h 5 5%
77 031 172 1 1327 2% h 56 67
76 114 199 19 1944 2 h 116 13
Glucose 76 0.53 198 18 133 2% h 140 158 University of
respiration 76 0.49 55.4 24 35.26 24 h 167 191 Leuven, 2005
7 045 .2 81 128 2% h 210 33
56 0.99 169 19 1926 2% h %4 mn
75 137 49.2 113 %57 2% h 30 415
- 61 43 %.3 39 28,87 % h 376 415
) 7 0.93 2 8 15 15y 5% 63
i‘ﬁzﬁi 14 74 5 4 525 15y 55 5
O roleamy 5 186 60 39 N 15y 5% %
6 331 9 2 1 15y 5% 57
76 0.53 198 18 1335 % d 2 15
6.7 1.09 96 i 78 %8 d 30 4l Haanstra et al,
, 36 173 04 1 184 % d 12 13 1984
Maize 56 133 43 3 491 %8 d 55 58
respiration 7 045 3.2 81 1285 %d 8 169
6.1 43 %.3 39 28,87 % d 121 160
75 137 49.2 113 257 % d 203 316
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A oC clay Cb CEC 713 F7F NOEC| & NOEC
ga| W [H . . Hl
(%) (%) (mg/kgaw) | (cmol/kg) (mg/kgaw) | (mg/kgaw)
42 1252 127 3 1191 %8d U3 346
77 031 172 11 1327 %8 d 370 %1
76 049 554 2 5% %d M6 470
41 025 %3 16 839 428 d 2 %
51 247 39 2 431 48 d 37 39
56 099 469 19 1926 428 d 1 63
76 114 199 19 19.44 428 d 47 66
76 053 198 18 133 428 d 53 7
61 43 3 39 2887 428 d 62 101
o 67 1.09 96 1 78 428 d 67 78 University of
Nitrification 77 031 172 11 1327 428 d 67 78 Leuven, 2005
42 1252 127 3 1191 48 d 11 114
56 133 43 3 491 428 d 137 140
76 049 554 2 %2 428 d 169 193
41 3305 3 % 5275 428 d 170 1%
7 045 332 81 1285 428 d 214 25
75 137 192 113 2357 428 d 439 552
Respiration Doelman et al,
O roeny| M 74 5 4 525 8 w 21 295 )
75 1.86 60 39 30 15y % 129
Urease 7 09 2 8 15 15y 120 128 Doemﬁ;;t a,
44 744 5 1 525 15y 540 544
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B Aso B Oli‘rfﬂx—i £ 0l H’Jr?/‘r st F NAE BAMS
Atk i A A9l YA gt EFAEHELS dFste A
Axpel Zth 1 GAE 259 F 5old R =d i Ao pHE A&
slod aged-YHHE Al4tsts Aoty 2 dAE AEEZ CEC IFHARY
71€719F 1 ©Al9] aged-YAHE o] &3ted tld AHe Fol2w g

O

194 = Aged frinsic Sensitivity = /r’insic Sensitivity X Fixation factor

Fixation factor =1+ exp (1.4*(pH—7.0))
2A =
logl0 (Predicted chronic values (ug/L)) =

Fized slope X< logl0 (CEC (cmol/kg)) + Aged fm'nsic Sensitivity

34l = log—normal distribution of sensitivities for 25 species

ZF N7 Bx B4 oA ZA pH 73 15 CEC cmol/kg 7o) wkg=
25F2] WA FA ke o =3} log-normal distributionel] wWE=X] HES}
of ofzf ¥ 4-9o UYEtAH. Ao EolHow dFd 31Fe WAE =

el oist A4 ASS=E Anderson-Darling teste} Kolmogorov-Smirnov
test, Cramer von Mises testE HA|stR o™ 2 A A5 thdt 6,42770

o F NPE REE PTFH HN2ES BE SR

o
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el EgnstA

National Institute of Environmental Research

Pt by ARt st

I
Jog10 bexicrty dats

a9 4-9. YAd gk S48 F s

- 137 -

dpsibirsant TRarbingg Legt (o rrsrariality

0752 Accoptod
nara hocepled
FRLLE L) Accepbed

Mote: below ne @, this test may not porform well,

Crarmer won Miskees Tedl For normality

: Anceptod

0,126 Aocepted
0,148 Accepted
017 Accepted

Hote: below n=30. this test may not perform weell.

=
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S5sst=d Al d"go o g5 (Nickel chloride)

3. P ==%H7}
1. 83 AF
7' W&

FIUA L A7 =gA, FRA=Ae &2 AMREHY, 35=d §7
ZAH2010) N A A 2HAARA, A 2L AHA, 2AA], 234, A=A 59
thFet gmob SelEdth U sgEe 34 HAcA gry ge YA
FRHEHE HEEHY, S0 2 UAS FF 23S RS I A

-

7] F A 84%e U F4 Ad B AAZEer A7 Hlge =
gat, B B4, 3kt e 5o AdF wiEo] 16%E AATH. EGLe
2 WiEse 22 F=2 Ad 2 A sk S Ae A Aol A
FHEH, BEF B di7] & yAo] HlE &3fEH FAR 7Y F U
(WHO, 2000).

1~

ZI
AN YA mA 4 Fe S T2 mAAA Y F3E FEHE
Az vpgol]l o3 EAMHAWU, T o5 JAHAU, HlEd Zof
A8t o]s(transpor)dth. YA e Sz & %(deposition rate)= AZF - &
7H2 e wet HEAo]l ZthEC, 2008). UA Aol Z7)d wet 59
of o3 A S=7F 2EAHA ] T vir] B3 gEFe e, 0.3~
0.5 m =Z7]¢] A7 Zte H 7= 309 ol tKSchroeder et al., 1987
cited in ATSDR, 2005).

5% E o] 5L FE ES FHA dojun, EH 9
F=7F S A @ ol sk 4~<%(downward transportation)2 %
U etk oRk 713 WstE Qldl EF] pH, 4kshEd 3
S3ls 240l ®HslelA HH EF W 559 ol =3 TS
(EC, 2008). 9wtzlo = =9k U pH7l Z718tA HW 240

T

Zl_l'

— )l'E'
i

oi

fo me b

oot

=
5
HF =
|
&

o

=
&

o of

_04

p
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wet FEAdol A HE 4 JoHGiusti et al., 1993; cited in ATSDR, 2005).
Merian (1991)2 YA 3} w|&F Y49 l%* S EF9] pH Wstd wel g
Hog wwd A}, pH/l H8(6.7~8.8) AR Fe(4.2~6.6) 37

e EeA A SER0] A we Fhels AnAA YA

o olg FEE BT EAT

N
=% =49 fﬂﬁﬂ]"(Kp)E ArESHE AT
v AL AFsA @7l FAHAE AHES
2003). EC (2008)2 ¢ &< Ao 3% 54 A34E

bl AHgE & e YA EujASFE ofgel Zo] AFst o
OECD (2008) =3+ a3 ks <l&sted UA FE A g EujA s
2 Bt THE 4-23).

3 4-23. YA gg=o] EuiAs

Partition coefficient for Kp (L/kg logKp H| 3
water-soil 726 2.86
water-sediment 7,079 3.85 EC, 2008
water-suspended matter 26,303 4.42
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=

UA Aat $4F00A & BaEA dow, H8td <8 AHeg WE,
A%, A4, A=Az FP o8 84 TRl AAFAY e 78
o oFdT FEE A7EEARRL ASnE ATAMAYZH R
g3 FoslEE, YAe mardd 242 BREolof ATHEC, 2009).
23 23
25

ARA - FHY, LRRA - 1A BHe dnHom 718 27

2, YA A5 ddez ¥t BCF= al%f olmia7<l
Cerastoderma edulel| A1 26,500(BCF, Waegeneers and smolders, 2003)=2 7}
2 =t g2 AAlel tigk BCF T /M =2 @2 AlokxutE o}
Anacystis nidulanso| < 2] BCF 5,613¢]t}. dxHtdg o2 o & o]ujuFol dgh
BCF& 340V FSak 270)0182, C eduled] s+ BCF= o 2 o|wjajFu
T E e dEFRE AR ofHoh Aol Wid YA A=
ZH4A5BAP)E 0.300.2 Fulde=z ZEC, 2008).
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2. A AF=

A tig BAuA Fo sEE sstEdo] sjgel Ba A= %
AAAQINI o whet = AE RUEY Ae) 43 ARE SAs 4
Atk YA H32d ta Augadnsie $4x: s2d o
zngo] RAste olF Wil BARULY AEE ALtk YA 3
22 @R TR B dEEEE FHGE 2

A3l E7Hs sk

o

>
f

=
i

7y '

2 $do) UA mUHY ARE 52 AR dwerd AY o4
oz 918 3987 Jon &2 Ud %
3 A% 8670 Adel mUHY Ave ® 4-249 2T}

T2 AW BIRARAY wep FrteA gsta Jon, 25
A2 BRI} Thssta, A, FAE Az FRIE shesithe Aol
.1} DOC, ol & v&, Lol 5o 2HFe TPaA drke A
o] Aot webx §& YA, DOC, ¢ZgxE 5 Ha3 74 BRE £33}
= AB5(FATY AL, 2015~2016)2 F712 o] &34t
® 4-24. =9 UA +4 RYEHZP AE

EUHY A 5 %=(mg/L) H 1
732370 A H) 0.048 (N.D."~2.091)
RN G524 A1) 0.031 (N.D.~1.593) g =)
A 272470 A ) 0.031 (N.D.~1.583) 2017~2018
71570 A1) 0.008 (N.D.~1.583)
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S5sst=d Al d"go o g5 (Nickel chloride)

722191 981 (2015~2018)00 A= ) A AF 487 A Mol A 201593
8/t 20169ABIDe] BH UAS 2AGT 3 G AdIAE &
= F UAR olld Ud S40) 932 T + dE BAAACH, $E77)

B, 4 E, 85 Ca, Mg, Na )5 XA &0 Z35o] JATHE 4-25).

425 =) A AAeA e mUE ™ A3H2015~2016)

TE Ni pH DOC Na mg Ca Alkalinity
mg
o2 /L - mg/L mg/L mg/L mg/L
9 Hg g g g g CaCOyL
10 &9 0.21 7.06 1.22 9.27 3.21 16.2 375
25 B9 0.42 7.28 1.90 12.6 4.22 18.5 46.3
50 B84 0.70 7.53 3.32 214 5.29 23.3 58.3
75 B9 1,80 7.82 5.45 42.3 6.58 31.2 72.6
90 85 5.71 8.20 7.33 80.8 8.03 42.8 86.3
ZAF A71e] 2015 481" o] 1447 ZAF o REH Y 90 B9 549

UA s+ 4.02 pg/ll, 201610 48R ] 487 AL e E2RE 90 &9
UA F5& 438 pg/lL]l Ao ®E ZAEATH E=F, 20159 AB - gl o
390 B4 UA BEE 416 pg/l, 20163 AT ghol tig 90 295
°of YA TEx ME A5 AR FUA ZAEAG 2016 YA 90

F7F 20159 % Bop &F 5o Aog Holu {HoF Zolx FHZA
eForth 201558 2016\ 7HA] A A% AR 96700 g 90 EHlFE
52 pg/Lo 2 ZAE AT,
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. A3

A=t EHE tig U] &4 & Hrlstr] fsto HAE =
Ao A5E E83Ath B As5= 5374 KA 2"(http://water.nier.go.kr
findex.jsp)ell A &le] 7hssh™ 2015WHE 20173A71A] 23]/d F712] 97670
ZAF Frol FREAT. dEE ZARAA 2 201597 201610l 1622, 2017
ol 1654 o2 32 Ho] F7t=ATh

Eoko AMg ZALA] 2015UEE 2017W71R|9] 13)/d Fr|2 2AME &=
10,148709] A5E HEZ A3}, YAo] A" Axe F 9,38PE SRIFHAT
Y A EYS pH BXx 3 ZARIEY AA AAgoA4 3@ 7)1t 23]

A

o

7} 4.1 mglkg, 90 97t 42.9 mglkg, “&-53h= pHe 10 &9
F 5.90]% 90 &957F 872 ZAESITE S31ak2 14.1 mg/kge 2 SRIF STk

SI:)
)
=
S
f
EN
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fL & (Nickel chloride)

Ao 3

st=2d fsld"ot

ol

=
=

Lfo

Bk

S

(pH, Alkalinity,
Z|Hro 2

=
=

2317

<
T

o

12)

o
o]

A= ol
Al ZUE P E AR7E AREE AT A

1

kel
=

gkod o

S

1L &
DOC, Major Cations 5)°]
s o] &

7t

44, Ae sz 2%

AL

&

il

& A,

3

o -
= %

6.59 %=

o

T

* Chronic_PNEC
o Monitoring data

=) 9767) RO RRE 167

1000

}

9
pal

100

E
Are 140 234

6.99 %= ZALEATHE 4-10).
& 7] 90 B4 37.1 mg/kgt o

Ni concentration (ug/L)

[e)

L

[e]

=

o

)

o
=
o

FolAe]l yA w4 d

(9T,-ST, uIsa1s €6 Jo a8elane |enuue 9gT)

337t

stlom z3

S

13 4-10.
2015 FE 2017@71#] A 23] F7|=2

nste] 4HEE falx5E 093]tk

2. A4
ZALE AT

158 4-1D).

=

Aoz 39
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ol
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o
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YA 3gt=ol o
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als =10
gl td sk
National Institute of Environmental Research

0.8 1

0.6 1

o Monitoring data

041 — — Chronic_PNEC

Fraction
(167 sites in '15-'17 samples)

0.2 1

T
100 1000
Ni concentration (mg/kg)

a9 4-11 AZelM e YA B SFFFE=S =l A8 @ vl

ol ZAME 6,427 Aol AEHNCH, 74 AHe] AFT @S BEol
S Tl & AY BolHd v dFFIEFEES vusiidn. 45
FEEFeES 29T AHL 2260024 Il B 3.52 %A Bl
gk fsl *27F SAHAT Aol Ao 59 90 = 0552 FALE
Rom g Ao YA setEol iy A S WS or
AEHLH 4-12)

© Monitoring data

* Chronic_PNEC

Fraction
(6427 annual average in '15-'17 samples)

0.1 1 10 100 1000 10000 100000
Ni concentration (mg/kg)

T+ k¥l

ol

)

29 4-12. Bl el UA 9 o Z R esEel S s
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3 A

E

fL & (Nickel chloride)

2]
Al =(bioaccumulation factors)

=

b
vl A (Muyssen et al., 2004).

S A, e =

%7

2 g AoF ZAE vl o (McGeer et al., 2003).

AEY A5, YA 1~100 /L % B9 WolA A

s Ke)
&=

1=

H
Ll

]

A A Yl

P
T

o|J
A

fuy
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o
wjr
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o

A A

+
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d o

X
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ol#j o 2t}
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2 HEFo ok

P

A

b o]

D = freshwater — fish/mollusc —bird
¢}

2) = freshwater — fish/ mollusc —otter

oJAFES 11
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o
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o
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33'2’741'-@.-?:
tal Res

National Institute of Envi

hAASYAS £

2 4 9t EC (2008)-4 745, ot %
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S5sst=d Al d"go o g5 (Nickel chloride)

S 2 (2017). = Fo AR Y] F SEEEFE X0 % I+

Ty At (2010). F=x= F A v F Fell=d depdeh A+

TP E A 201D. HEAE A sE A AT

=P8 73k (2018). S AH AR

@8 A (2019). =l =E:AT WESE

THEE At (2021a). Est=d AsiAdH el FAIA R SOl B qf
A(=H3 7 A A #2021-13%).

T YA At (2021b). 3stEA o fsidol B3 AR AA S|AEA

A71F (2010), 7715 2 HIR7ls Aew 5 55 §F 24 =24 E
A18+3] 13(D): 21-25

224 (2014). Bioaccumulation of heaxy metals in the Mussel Mytilus
galloprovincialis in the Changseon area, Korea, and assessment of
potential risk to humal health, Fish Aquat Sci 17(3), 313-318

AFFFLHA (2000, AF T TEHF AHBAHGLARENE) AF F

o

13]1#], A|38H A|125 p 641-646.

A=, Holg (2014) 3871 WAFEA 13T =& A A A - o)
mzag U i 24987 319 pls-26

23R, 9%, A (2009), FFALt 3] k2 F=(Crassostrea gigas)

o Tu& = A3 A+ = H [/ A 25(3): 213-222

i3
ok
r
i)
e
Iz
()
(e}
—
&
DN
(@]
p_a
F_LL,
i
N
.l-l.l
r d
A
oy
of?
o2
BN
>
ok

Ao, Zest, ANl A=, AAE (2014), AEAHAA FEEHE HA

- 156 -



7o feATEE FEERAl B AT, FFAFHEE A, 46(3):
283-287

HAAR, AA-H, H2A, A

) 2, T (2010), A 2NA FEZ AAFY
Tus5 TE ]

A F P FHEr] A 39(12): 1873-1879
323t gFAFATYE  (KTR) (2016). Eye Irritation and Serious
Damage of nickel sulfate on Rabbit.
Adalis D, Gardner DE, Miller FJ (1978):

T
o,
e
H oo
o,
Hl
™

Eye

Cytotoxic effects on ciliated
epithelium. American Review of Respiratory Disease 118(2): 347-354.

Adkins B Jr, Richards JH, Gardner DE (1979). Enhancement of experimental
respiratory infection following nickel inhalation. Environ Res 20:33-42
AECOM (2011). Acute Toxi city of Selected Mixtures of Nickel, Cobalt,
Copper, and Iron to Freshwater Algae (Pseudokirchneriella subcapitata)
Exposed in Water under Static Test Conditions Series 5 (Nickel only).
NiPERA Durham, North Carolina, USA

Alsop D, Wood CM (2011). Metal uptake and acute toxicity in zebrafish:

common mechanisms across multiple metals. Aquatic
105(3-4): 385-393.

toxicology,

Ambrose AM, Larson PS, Borzelleca JF and Hennigar Jr GR (1976). Long
term toxicologic assessment of nickel in rats and dogs. Journal of Food
Science and Technology. 13:181-187.

Andersen A, Berge SR, Engeland A, Norseth T (1996). Exposure to nickel
compounds and smoking in relation to incidence of lung and nasal
cancer among nickel refinery workers. Occupational and environmental

medicine. 53:708-713.

Andersen [ and Svenes KB (1989). Determination of nickel in lung
specimens of thirty-nine autopsied nickel workers. International archives
of occupational and environmental health. 61:289-295.

Angerer J, Heinrich-Ramm, R, Lehnert G (1989). Occupational exposure to

cobalt and nickeL. Biological monitoring. International Journal of

- 157 -



S5sst=d Al d"go o g5 (Nickel chloride)

Environ-mental Analytical Chemistry 35: 81-88

Antonsen DH (1981): Nickel compounds. In: Kirk-Othmer Encyclopaedia of
Chemical Technology, 3rd. Edition, Vol. 15, Mark HF, Othmer DF,
Overberger CG, Seaborg GT, Grayson M. eds., John Wiley & Sons, New
York, 801-809.

Antonsen DH (1996): Nickel compounds. In: Kirk-Othmer Encyclopaedia of
Chemical Technology, 4th. Edition, Vol. 17. Kroschwitz JI (Exec. Ed.),
John Wiley. New York, Chichester, Brisbane, Toronto, Singapore

Anttila A, Pukkala E, Aitio A, Rantanen T, Karjalainen S (1998). Update of
cancer incidence among workers at a copper/nickel smelter and nickel
refinery. International archives of occupational and environmental
health. 71:245-250.

APEC (2012). Socio-economicstudy of impact of EU Nickel compounds
classification on APEC economics. p. 96-100

Arena VC, Sussman NB, Redmond CK, Costantino JP, Trauth JM (1998).
Using alternative comparison populations to assess occupation-related
mortality risk: Results for the high nickel alloys workers cohort. Journal
of occupational and environmental medicine. 40:907-916.

Arlauskas A, Baker RSU, Bonin AM, Tandon RK, Chrisp PT, Ellis J (1985):
Mutagenicity of metal ions in bacteria. Environ. Res., 36, 379-388.

ATSDR (Agency for Toxic Substances and Disease Registry) (2005).
Toxicological profile for Nickel. Atlanta, GA: U.S. Department of Health
and Human Services, Public Health Service.

Ausschuss  fiir  Gefahrstoffe (AGS) (2017). Technische Regeln fir
Gefahrstoffe: ermitteln und Beurteilen der Gefidhrdungen bei Tatigkeiten
mit Gefahrstoffen: inhalative Exposition (TRGS 402) GMBI 43, pp.
843-846

Baur X and Bakehe P (2014). Allergens causing occupational asthma: an

evidence-based evaluation of literature. International archives of

- 158 -



occupational and environmental health. 87:339-363.

Bencko V, Wagner V, Wagnerova M and Reichrtova E (1983).
Immuno-biochemical findings in groups of individuals occupationally and
nonoccupationally exposed to emissions containing nickel and cobalt. J
Hyg Epidemiol Microbiol Immunol 27:387-394.

Bencko V, Wagner V, Wagnerova M, Zavazal V (1986). Human exposure to
nickel and cobalt: Biological monitoring and immunobiological response.
Environ Res 40:399-410.

Benson JM, Burt DG, Carpenter RL, Eidson AF, Hahn FF, Haley PJ, Hanson
RL, Hobbs CH, Pickrell JA, Dunnick JK (1988): Comparative inhalation
toxicity of nickel sulphate to F344/N rats and B6C3F1 mice exposed for
12 days. Fundam Appl Toxicology 10, 164-178.

Benson JM, March TH, Hahn FF, Seagrave JC, Divine KK, Belinsky SA
(2002). Final report for short-term inhalational study with nickel
compounds. Study carried out for NiPERA by Inhalational Toxicology
Laboratory, Lovelace Research Institute, Albuquerque, NM, USA. June
2002.

Berge SR and Skyberg K (2003). Radiographic evidence of pulmonary
fibrosis and possible etiologic factors at a nickel refinery in Norway.
Journal of Environmental Monitoring. 5:681-688.

Besser JM, Brumbaugh WG, Ingersoll CG, Ivey CD, Kunz JL, Kemble NE,
Schlekat CE, Garmen ER (2013). Chronic toxicity of nickel-spiked
freshwater sediments: Variation in toxicity among eight invertebrate
taxa and eight sediments. Environmental toxicology and chemistry
32(11): 2495-2506

Biesinger KE and Christensen GM (1972). Effects of various metals on
survival, growth, reproduction, and metabolism of Daphnia magna.
Journal of the Fisheries Board of Canada, 29(12): 1691-1700

Birge WIJ, Black JA, Hobson JF, Westerman AG, Short TM (1984).

- 159 -



S5sst=d Al d"go o g5 (Nickel chloride)

Toxicological studies on aquatic contaminants originating from coal
production and utilisation: The induction of tolerance to silver in
laboratory populations of fish and the chronic toxicity of nickel to fish
early life stages. Research Report no. 151. US. Geological Survey,
Reston, VA

Block GT and Yeung M (1982). Asthma induced by nickel. JAMA.
247:1600-1602.

Bright P, Burge PS, O#Hickey SP, Gannon PFG, Robertson AS, Boran A
(1997). Occupational asthma due to chrome and nickel electroplating.
Thorax. 52:28-52.

Brix, K.V. and D.K. DeForest. (2000). Critical review of the use of
bioconcentration factors for hazard classification of metals and metal
compounds. Prepared by Parametrix, Inc. for ILZRO, ICA, and NiPERA.

Burges DCL (1980): Mortality study of nickel platers. In: Nickel Toxicology.
Brown SS, Sunderman FW Jr (Eds.) Academic Press. London, UK. pp.
15-18.

Cain BW, Pafford EA (1981). Effects of dietary nickel on survival and
growth of mallard ducklings. Arch. Environ. Contam. Toxicol.
10:737-745.

Campbell, L.M., R.J. Norstrom, K.A. Hobson, D.C.G. Muir, S. Backus, and
A.T. Fisk. 2005. Mercury and other trace elements in a pelagic Arctic
marine food web (Northwater Plynya, Baffin Bay). Sci. Total Environ.
351-352:247-263.

Canada (1994): CEPA [Canadian Environmental Protection Act] Priority
Substance list Assessment Report. Nickel and its compounds.
Government of Canada: Environment Canada, Health Canada. ISBN
0-662-22340-3.

Carse C, Andersen KE, Mortz CG (2011). Fluctuations in the prevalence of

nickel and cobalt allergy in eczema patients patch tested after

- 160 -



implementation of the nickel regulation in Denmark. Contact Dermatitis.
64(3): 126-31.

Cardarelli E, Fasola M, Martinoli A, Pellitteri-Rosa D. (2017). Long-Term
Changes in Food Intake by Grey Herons (Ardea cinerea), Black-Crowned
Night-Herons (Nycticorax nycticorax) and Little Egrets (Egretta garzetta)
Foraging in Rice Fields in Italy. Waterbirds, 40(4): 344-352

Carvalho SMM and Ziemer PL (1982). Distribution and clearance of ®Ni
administered as ®NiCl, in the rat: Intratracheal study. Arch Environ
Contam Toxicol 11: 245-248.

Cempel M and Nikel G (2005). Nickel: A Review of Its Sources and
Environmental Toxicology, Department of Environmental Toxicology,
Interfaculty Institute of Maritime and Tropical Medicine, Medical
University of Gdansk, Powstania Styczniowego 9B, 81-519 Gdynia,
Poland.

Chandler GT, Schlekat CE, Garman ER, He L, Washburn KM, Stewart ER,
Ferry JL (2014). Sediment nickel bioavailability and toxicity to estuarine
crustaceans of contrasting bioturbative behaviors-An evaluation of the
SEM-AVS paradigm. Environmental science & technology, 48(21):
12893-12901.

Chakrabarti SK, Bai C and Subramanian KS (2001). DNA-protein crosslinks
induced by nickel compounds in isolated rat lymphocytes: role of
reactive oxygen species and specific amino acids. Toxicology and
Applied Pharmacology. 170:153-165.

Chashschin VP, Arturina GP, Norseth T (1994). Congenital defects, abortion
and other health effects in nickel refinery workers. Science of the total
environment. 148:287-297.

Chen Y, Gao B, Cheng H, Li L (2017) Survey of occupational allergic
contact dermatitis and patch test among clothing employees in beijing.
BioMed Research International 2017.

- 161 -



S5sst=d Al d"go o g5 (Nickel chloride)

Chen Q and Wong JWC (2006). Growth of Agropyron elongatum in a
simulated nickel contaminated soil with lime stabilization. Science of the
Total Environment, 366(2-3): 448-455.

Christensen OB, Moller H. (1975): External and internal exposure to the
antigen in the hand eczema of nickel allergy. Contact Dermatitis 1:
136-141.

Christensen OB and Lagesson V (1981) Nickel concentration of blood and
urie after oral administration. Ann. clin. La. Sei, Il, 119-125

Chorvatovicova D (1983): The effect of NiCl,, on the level of chromosome
aberrations in Chinese hamster Cricetulus griseus. Biologia (Bratislava)
38: 1107-1112. (in Slovak with English summary).

Christie NT, Tummolo DM, Klein CB, Rossman TG (1992). Role of Ni(D in
mutation. In: Nieboer E, Nriagu JO, eds. Nickel and human health,
current  perspectives:  Advances in  environmental science and
technology, Vol. 25. New York: John Wiley & Sons, 305-317.

Cirla AM, Baruffinin A, Pisati G, Zedda S (1982). Allergic bronchial reactions
due to stainless steel welding fumes. Lavoro Umano. 30:17-20.

Clary JJ (1975). Nickel chloride-induced metabolic changes in the rat and
guinea pig. Toxicol Appl Pharmacol 31: 55-65.

Cokgor EU, Ozdemir S, Karahan O, Insel G, Orhon D (2007) Critical
appraisal of respirometric methods for metal inhibition on activated
sludge. Journal of Hazardous Materials, B139: 332-339.

Condevaux F, Guichard J, Forichon A, Aujoulat M and Descotes J (200D).
Compared effects of morphine and nickel chloride on NK cell activity
in vitro in rats and monkeys. Journal of Applied Toxicology 21(5): 431-
434.

Costa, M., and Klein, C. B. (1999). Nickel carcinogenesis, mutation,
epigenetics, or selection.

Costello DM, Hammerschmidt CR, Burton Jr GA (2016). Nickel partitioning

- 162 -



and toxicity in sediment during aging: Variation in toxicity related to
stability of metal partitioning. Environmental science & technology,
50(20): 11337-11345.

Covance (2003). In vivo rat micronucleus assay with nickel sulfate
hexahydrate. Study Number 7454-100 submitted to NIiPERA, 4. August,
2003. Covance laboratories Inc. 9200 Leesburg Pike. Vienna, Virginia
22182~ 1699. USA.

CRL (2005): A two-year oral (gavage) carcinogenicity study in Fischer 344
rats with nickel sulfate hexahydrate. Study no. 3472.7, carried out for
NiPERA, Charles River Laboratories, Inc

Cronin, E., Di Michiel, A.D., Brown, S.S. (1980) Oral challenge in nickel-
sensitive women with hand eczema. In: Brown, S.S. & Sunderman, EW.,
Jr, eds, Nickel Toxicology, London, Acdemic Press, pp. 149-152

Cruz MJ, Costa R, Marquilles E, Morell F, Mufioz X (2006) Occupational
asthma caused by chromium and nickel. Archivos de Bronconeumologia.
42:302-306.

CSTEE (2001). Opinion on: Position paper on ambient air pollution by nickel
compounds. Final version October 2000. Opinion expressed at the 22nd
CSTEE plenary meeting, Brussels, 6/7 March 2001.
(http://europa.eu.int/comm/food/fs/sc/sct/out93_en.html).

D’ Anto V, Eckhardt A, Hiller K-A, Spagnuolo G, Valletta R, Ambrosio L,
Schmalz G and Schweikl H (2009). The influence of Ni(Il) on surface
antigen expression in murine macrophages. Biomaterials 30(8): 1492-
1501.

Daldrup T, Haarhoff K and Szathmary SC (1983). Toedliche nickel
sulphate-intoxikation, Berichte zur Gerichtlichen Medizin. 41:141-144.
(Cited in ATSDR 1988).

Danadevi K, Rozati R, Saleha Banu B, Grover P (2004). In vivo genotoxic

effect of chloride in mice leukocytes using comet assay. Food Chem.

- 163 -


http://europa.eu.int/comm/food/fs/sc/sct/out93_en.html

S5sst=d Al d"go o g5 (Nickel chloride)

Toxicol. 42: 751-757.

Dang YP, Chhabra R, Verma KS (1990). Effect of Cd, Ni, Pb and Zn on
growth and chemical composition of onion and fenugreek.
Communications in Soil Science and Plant Anaylsis 21(9&10): 717-735.

Danish EPA (2008). Nickel and nickel compounds: Background Document in
support of individual risk assessment reports of nickel compounds
prepared in relation to Council Regulation (EEC) 793/93: Final version
March 2008, Chapters 0, 1, 2, 4, 5, 6 & 7 — human health only.

Danish Product Registry (2001): Data from Registry for 7718-54-9 nickel
chloride. February 1998.

Dave G and Xiu R (1991). Toxicity of mercury, copper, nickel, lead, and
cobalt to embryos and larvae of zebrafish, Brachydanio rerio. Archives
of Environmental Contamination and Toxicology 21(1): 126-134.

De Schamphelaere K, Van Laer L, Deleebeeck N, Muyssen B, Degryse F,
Smolders E, Janssen C (2006). Nickel speciation and ecotoxicity in
European natural surface waters- development, refinement and
validation of bioavailability models.

De Haan S, Rethfeld H, and Van Driel W. (1985) Acceptable levels of
heavy metals (Cd, Cr, Cu, Ni, Pb, Zn) in soils, depending on their clay
and humus content and cation-exchange capacity. Instituut Voor
Bodemvruchtbaarheid, Oosterweg 92, Postbus 30003, 9750 Ra Haren
(Gr.).

Deleebeeck NME, De Schamphelaere KAC, and Janssen CR. (Ghent
University). (2004), The effect of pH on the toxicity of Ni to the green
alga Pseudokirchneriella subcapitata. Laboratory of environmental
toxicity and chemistry. (ppl.-6). ECBI/26/95

Deleebeeck NME, De Schamphelaere KAC, Heijerick DG, De Laender F and
Janssen CR (2005). Development and validation of biotic ligand models

for predicting nickel toxicity to fish, daphnids and algae. University of

- 164 -



Gent, 150p.

Deleebeeck NM, De Schamphelaere KA, Janssen CR (2007). A bioavailability
model predicting the toxicity of nickel to rainbow trout and fathead
minnow in  synthetic and natural waters. Ecotoxicology and
Environmental Safety 67(1): 1-13

Deleebeeck NM, De Schamphelaere KA, Janssen CR (2008). A novel method
for predicting chronic nickel bioavailability and toxicity to Daphnia
magna in artificial and natural waters. Environmental Toxicology and
Chemistry: An international Journal 27(10), 2097-2107

Deleebeeck NM, De Schamphelaere KA, Heijerick DG, Bossuyt BT, Janssen
CR (2008). The acute toxicity of nickel to Daphnia magna - predictive
capacity of bioavailability models in artificial and natural waters.
Ecotoxicology and environmental safety 70(1): 67-78

Dhir H, Agawal K, Sharma A, Talukder G (1991). Modifying role of
Phyllanthus embilica and ascorbic acid against nickel clastogenicity in
mice. Cancer Letters. (Shannon, Ireland) 59:9-18.

Di Toro, Domonic M, Allen HE, Bergman HL, Meyer JS, Paquin PR, Santore
RC (2001). Biotic ligand model of the acute toxicity of metals. 1/
Technical basis. Environmental Toxicology and Chemistry: An
International Journal 20(10): 2383-2396

Diamond GL, Goodrum PE, Felter SP, Ruoff WL (1998). Gastrointestinal
absorption of metals. Drug Chem Toxicol 21(2): 223-251

Dieter MP, Jameson CW, Tucker AN, Luster MI, French JE, Hong HL,
Boorman GA (1988): Evaluation of tissue disposition, myelopoietic, and
immunological responses in mice after long-term exposure to nickel
sulfat in the drinking water. J. Toxicol. Environ. Health. 24: 357-372.

Doelman P and Haanstra L (1984). Short-term and long-term effects of
cadmium, chromium, copper, nickel, lead and zinc on soil microbial

respiration in relation to abiotic soil factors. Plant and Soil, 79, 317-

- 165 -



S5sst=d Al d"go o g5 (Nickel chloride)

327.

Doelman P, Haanstra L (1986). Short- and long-term effects of heavy
meals on urease activity in soils. Biology and Fertility of Soils, 2,
213-218.

Dunnick JK, Elwell MR, Benson JM, Hobbs CH, Hahn FF, Haly PJ, Cheng
YS, Eidson AF (1989): Lung toxicity after 13-week inhalation exposure
to nickel oxide, nickel subsulfide, or nickel sulfate hexahydrate in
F344/N rats and B6C3f1 mice. Fundam Appl Toxicol 12: 584-594.

Eastin WC and O’ Shea TJ (1981). Effects of dietary nickel on mallards. J.
Toxicol. Environ. Health 7: 883-892.

Easton DF, Peto J, Morgan LG, Metcalfe LP, Usher V, Doll R (1992)
Respiratory cancer mortality in Welsh nickel refiners: which nickel
compounds are responsible? In: Niebor E, Nriagu JO (Ed) Nickel and
Human Health: Current Perspectives. Advances in environmental
sciences and technology. Wiley & Sons, New York. 603-619.

EC (European Commission) (2000). Ambient Air Pollution by As, Cd and Ni
Compounds. Position paper Final Version October 2000. Working Group
on Arsenic, Cadmium and Nickel Compounds.

EC (European Commission) (2008). European Union risk Assessment Report
-NICKEL;  NICKEL CARBONATE; NICKEL CHLORIDE; NICKEL
DINITRATE; NICKEL SULPHATE RISK ASSESSMENT Humans exposed
indirectly via the environment and combined exposure - exposure
assessment and risk characterization

EC (European Commission) (2011). Technical guidance for deriving
environmental quality standards Guidance document No.27

ECHA (2017a). Proposal by the European Chemical Agency (ECHA) in
support of occupational exposure limit values for nickel and its
compounds in the workplace

ECHA (2017b). Guidance on information requirements and chemical safety

- 166 -



assessment. Chapter R.11: PBT/vPvB assessment

ECHA (2018). In support of the Committee for Risk Assessment(RAC) for
evaluation of limit value for nickel and its compounds in the workplace.
ECHA/RAC/A77-0-0000001412-86-189/F

ECMA [European Catalyst Manufacturers Association] (2002). Confidential
information on the catalyst industry submitted by individual companies
in response to letter from Poul Anselme, CEFIC ECMA Manager, of 29.
Aprial 2002.

Efremenko A, Campbell J, Dodd D, Oller A, Clewell H (2014) Time-and
concentration-dependent genomic responses of the rat airway to inhaled
nickel subsulfide. Toxicology and applied pharmacology. 279:441-454.

Efremenko A, Campbell J, Dodd D, Oller A, Clewell H (2017) Time-and
concentration-dependent genomic responses of the rat airway to inhaled
nickel subsulfide. Environmental and molecular mutagenesis. 58(8):607-18

EFSA (European Food Safety Agency) (2005). Opinion of the scientific panel
on dietetic products, nutrition and allergies on a request from the
Commission related to the tolerable upper intake level of nickel.
European Food Safety Authority. EFSA Journal. 146:1-21.

EFSA (European Food Safety Agency) (2015). Scientific Opinion on the risks
to public health related to the presence of nickel in food and drinking
water; EFSA Panel on Contaminants in the Food Chain (CONTAM).
EFSA Journal. 13(2):4002.

EFSA (European Food Safety Agency) (2020). Update of the risk assessment
of nickel in food and drinking water. EFSA Journal, 18(11), e06268.
El-Habit OH and Abdel Moneim AE, 2014. Testing the genotoxicity,
cytotoxicity, and oxidative stress of cadmium and nickel and their
additive effect in male mice. Biological Trace Element Research, 159,
364-372.

English JC, Parker RD, Sharma RP, Oberg SG (1981). Toxicokinetics of

- 167 -



S5sst=d Al d"go o g5 (Nickel chloride)

nickel in rats after intratracheal administration of a soluble and
insoluble form. Am Ind Hyg Assoc J 42: 486-492.

Eramet (2001). Information on nickel chloride production and use. Document
prepared for the Danish Competent Authority.

Eramet (2002). Eramet Comments and proposals to working draft of nickel
chloride risk assessment. ChristianPlazanet, Eramet. 14. October.

ERAMET-SLN [Entreprise de Recherches et d’ Activites Métaux - Société
le Nickel] (1985): Electroplating. Nickel Chloride Hexahydrate. Liquid
Nickel Chloride. Paris. (quoted in IARC, 1990).

Estlander T, Kanerva L, Tupasela O, Keskinen H, Jolanki R (1993).
Innediate and delayed allergy to nickel with contact urticaria, rhinitis,
asthma and contact dermatitis. Clinical and Experimental Allergy.
23:306-310.

Fall S, Bruze M, Isaksson M, Lidén C, Matura M, Stenberg B, Lindberg M
(2015). Contact allergy trends in Sweden - a retrospective comparison
of patch test data from 1992, 2000, and 2009. Contact Dermatitis.
72:297-304.

Fargasova A, Bumbalova A, Havranek E. (1999). Ecotoxicological effects and
uptake of metals (Cu’, Cu®, Mn%*, Mo%, Ni*, V*) in freshwater alga
Scenedesmus quadricauda. Chemosphere, 38(5), 1165-1173.

FDRL (Food and Drug Research Laboratories). (1983a). Acute oral LD50
study in rats. FDRL study no.7702A, submitted to NiPERA.

FDRL (Food and Drug Research Laboratories). (1983b). Acute oral LD50
study in rats. FDRL study no. 7684A, submitted to NiPERA.

FDRL (Food and Drug Research Laboratories). (1983c). Acute oral LD50
study in rats. FDRL study no.7702E, submitted to NiPERA.

FDRL (Food and Drug Research Laboratories). (1983d). Acute oral LD50
study in rats. FDRL study no.7702C, submitted to NiPERA.

FDRL (Food and Drug Research Laboratories). (1983e). Acute oral LD50

- 168 -



study in rats. FDRL study no.7684B, submitted to NiPERA.

FDRL (Food and Drug Research Laboratories). (1983f). Acute oral LD50
study in rats. FDRL study no.7684C, submitted to NiPERA.

FDRL (Food and Drug Research Laboratories). (1983g). Acute oral LD50
study in rats. FDRL study no.7684E, submitted to NiPERA.

FDRL (Food and Drug Research Laboratories). (1983h). Acute oral LD50
study in rats. FDRL study no.7702D, submitted to NiPERA.

FDRL (Food and Drug Research Laboratories) (1984). Acute oral LD50 study
in rats (OECD). Study No. 7684D. Waverly, NY:Food and Drug Research
Laboratories, Inc., FDRL Study No. 7684D.

Fernandez-Nieto M, Quirce S, Sastre J (2006a). Occupational asthma in
industry. Allergologia et immunopathologia. 34:212-223.

Fernandez-Nieto M, Quirce S, Carnés J, Sastre J (2006b). Occupational
asthma due to chromium and nickel salts. International archives of
occupational and environmental health. 79:483-486.

Frosch PJ, Kligman AM (1976) Modification of procedure described in the
chamberscarification test for irritancy. Contact Dermatitis. 2:34-324.

Frossard R, Stadelmann FX, Niederhauser J (1989). Effects of different
heavy meals on fructan, sugar and starch content of ryegrass. Journal
of Plant Physiology 134: 180-185.

Fullerton A, Andersen JR, Hoelgard A, Menné T (1986). Permeation of
nickel salts through human skin in vitro. Contact Dermatitis 15,
173-177.

Fullerton A, Menné T, Hoelgaard A (1989). Patch Testing with Nickel
Chloride in a Hydrogel Contact Dermatitis, 20: 17-20.

Furst A, Chien Y, Chien PK (1993). Worms as a substitute for rodents in
toxicology: acute toxicity of three mnickel compounds. Toxicology
Methods, 3(1): 19-23.

Gawkrodger DJ, Cook SW, Fell GS, Hunter JAA (1986): Nickel dermatitis:

- 169 -



S5sst=d Al d"go o g5 (Nickel chloride)

The reaction to oral nickel challenge. Br J Dermatol 115: 33-38.

Gawkrodger D, McLeod C, Dobson K (2011) Nickel skin levels in different
occupations and an estimate of the threshold for reacting to a single
open application of nickel in nickel-allergic subjects. British Journal of
Dermatology. 166:82-87.

Ghent University/Euras., (2005) NiPERA ResearchProject - Bioavailability and
ageing of nickel in soils: Invertebrate toxicity testing. Testing laboratory:
GhentUniversity (UGent) -Laboratory ofEnvironmental Toxicology and
Aquatic Ecology.

Giusti L, Yang Y-L, Hewitt CN, Hamilton-Taylor J, Davison W (1993). The
solubility and partitioning of atmospherically derived trace metals in
artificial and natural waters: A review. Atmos Environ 27A:1567-1578.

Golder (2007). Toxicity of nickel to giant kelp (Macrocystis pyrifera) and
sheepshead minnow (Cyprinodon variegatus) Final Report. Submitted to
Nickel Producers Environmental Research Association, Durham, NC,
USA.

Goodman JE, Prueitt RL, Thakali S, Oller AR (2011). The nickel ion
bioavailability model of the carcinogenic potential of nickel-containing
substances in the lung. Critical reviews in toxicology. 41:142-174.

Goodwin BFJ, Crevel RWR, Johnson AW (1981). A comparison of three
guinea-pig sensitization procedures for the detection of 19 reported
human contact sensitizers. Contact Dermatitis 7(5): 248-258

Gordon T and Amdur MO (1991). Responses of the respiratory system to
toxic agents. In: Amdur MO, Doull J, Klaassen CD, eds. Casarett and
Doull’s toxicology. 4th ed. New York, NY: McGraw-Hill, Inc., 383-406.

Goss-Custard (1977). The ecology of the Wash. Ill. Density-related behavior
and the possible effects of a loss of feeding grounds on wading birds
(Charadrii). J. Appl. Ecol. 14:721-739.

Graham JA, Miller FJ, Daniels MJ, Payne EA, Gardner DE (1978). Influence

- 170 -



of cadmium, nickel and chromium on primary immunity in mice.
Environ Res 16:77-87.

Grimsrud TK, Andersen A (2010). Evidence of carcinogenicity in humans of
water-soluble nickel salts. Journal of Occupational Medicine and
Toxicology. 5:7.

Grimsrud TK, Andersen A (2012). Unrecognised risks of nickel-related
respiratory cancer among Canadian electrolysis workers. Scandinavian
journal of work, environment & health. 38:503-515.

Grimsrud TK, Berge SR, Resnabb F, Norseth T, Andersen A (2000).
Assessment of historical exposures in a nickel refinery in Norway.
Scandinavian journal of work, environment & health. 26:338-345.

Grimsrud TK, Berge SR, Haldorsen T, Andersen A (2002). Exposure to
different froms of nickel and risk of lung cancer. American journal of
epidemiology. 156:1123-1132.

Grimsrud TK, Berge SR, Martinsen JI, Andersen A (2003). Lung cancer
incidence among Norwegian nickel-refinery workers 1953-2000. Journal
of environmental monitoring. 5:190-197.

Grimsrud TK, Berge SR, Haldorsen T, Andersen A (2005). Can lung cancer
risk among nickel refinery workers be explained by occupational
exposures other than nickel? Epidemiology. 16:146-154.

Grimsrud TK, Peto J (2006). Persisting risk of nickel related lung cancer
and nasal cancer among Clydach refiners. Occupational and
environmental medicine. 63:365-366.

Guillamet E, Creus A, Farina M, Sabbioni E, Fortaner S, Marcos R (2008).
DNA-damage induction by eight metal compounds in TK6 human
lymphoblastoid cells: Results obtained with the alkaline comet assay.
Mutation Research/Genetic Toxicology and Environmental Mutagenesis
654(1): 22-28.

Gupta SK, Hani H, Santschi E. Stadelmann FX (1987). The effect of graded

- 171 -



S5sst=d Al d"go o g5 (Nickel chloride)

doses of nickel on the yield, the nickel content of lettuce and the soil

respiration. Toxicological and Environmental Chemistry, 14, 1-9.

Haanstra, L. and DoelMan, P. (1984). Glutamic acid decomposition as
sensitive measure of heavy metal pollution in soil. Soil Biology and
Biochemistry, 16(6), 595-600.

Haber LT, Erdreicht L, Diamond GL, Maier AM, Ratney R, Zhao Q, Dourson
ML (2000). Hazard identification and dose response of inhaled
nickel-soluble salts. Regulatory Toxicology and Pharmacology. 31:210-
230.

Haley PJ, Shopp GM, Benson JM, Cheng YS, Bice DE, Luster MI, Dunnick
JK, Hobbs CH (1990). The immunotoxicity of three nickel compounds
following 13-week inhalation exposure in the mouse. Fundam Appl
Toxicol 15:476-487

Halstead RL, Finn BJ, MacLean AJ (1969). Extractability of nickel added to
soils and its concentration in plants. Canadian Journal of Soil science
49(3), 335-342

Hannu T, Piipari R, Tuppurainen M, Nordman H, Tuomi T (2007).
Occupational asthma caused by stainless steel welding fumes: a clinical
study. European Respiratory Journal. 29:85-90.

Haro RT, Furst A, Falk HL (1968): Studies on the acute toxicity of
nickelocene. Proc. Western Pharmacol. Soc. 11: 39 - 42.

Hartwig A and Beyersmann D (1989). Enhancement of UV-induced
mutagenesis and sister-chromatid exchanges by nickel ions in V79 cells:
evidence for inhibition of DNA repair. Mutation Research/DNA repair
217(1):65-73

He M-D, Xu S-C, Zhang X, Wang Y, Xiong J-C, Zhang X, Lu Y-H, Zhang
L, Yu Z-P and Zhou Z, (2013). Disturbance of aerobic metabolism

accompanies neurobehavioral changes induced by nickel in mice.

- 172 -



NeuroToxicology, 38, 9-16.

Heim KE, Bates HK, Rush RE, Oller AR (2007). Oral carcinogenicity study
with nickel sulphate hexahydrate in Fischer 344 rats. Toxicol Appl
Pharmacol; 224(2):126-137.

Hendel RC and Sunderman FW Jr. (1972). Species variations in the
proportions of ultrafiltrable and protein-bound serum nickel. Research
communications in chemical pathology and pharmacology. 4:141-146.

Henderson RG, Cappellini D, Seilkop SK, Bates HK, Oller AR (2012a). Oral
bioaccessibility testing and read-across hazard assessment of nickel
compounds. Regulatory Toxicology and Pharmacology. 63:20-28.

Henderson RG, Durando J, Oller AR, Merkel DJ, Marone PA, Bates HK
(2012b). Acute oral toxicity of nickel compounds. Regulatory Toxicology
and Pharmacology. 62:425-432

Ho W, Furst A. (1973). Nickel excretion by rats following a single
treatment. Proceedings of the Western Pharmacology Society.
16:245-248.

Hoang TC, Tomasso JR, Klaine SJ. (2004). Influence of water quality and
age on nickel toxicity to fathead minnows (Pimephales promelas).
Environmental Toxicology and Chemistry: An International Journal, 23(1),
86-92.

Hostynek JJ (2006). Sensitization to nickel: etiology, epidemiology, immune
reactions, prevention, and therapy. Reviews on Environmental Health.
21:253-280.

Hsieh CY, Tsai MH, Ryan DK, Pancorbo OC (2004). Toxicity of the 13
priority pollutant metals to Vibrio fisheri in the Microtox® chronic
toxicity test. Science of the total environment, 320(1): 37-50.

Huguier P, Manier N, M¢line C, Bauda P, Pandard P (2013). Improvement of
the Caenorhabditis elegans growth and reproduction test to assess the

ecotoxicity of soils and complex matrices. Environmental toxicology and

- 173 -



S5sst=d Al d"go o g5 (Nickel chloride)

chemistry, 32(9): 2100-2108.

IARC (2018) JARC MONOGRAPH - 100C(Nickel and Nickel compounds)

IARC (1990). TARC monographs on the evaluation of carcinogenic risks to
humans. Volume 49: Chromium, nickel and welding. Lyon, France:
International Agency for Research on Cancer, World Health
Organization, 257-445.

IARC (2012). Nickel and nickel compounds. In: Chemical agents and related
occupations [ARC monographs on the evaluation of carcinogenic risks of
chemicals to humans, vol. 100C. 2012. http://monographs.iarc.fr/ENG/
Monographs/vol100C/monol100C-10.pdf

ICNCM  (1990). Report of the International Committee on Nickel
Carcinogenesis in Man. Scandinavian Journal of Work, Environment &
Health. 16:1-82.

[jomone OM, Olatunji SY, Owolabi JO, Naicker T and Aschner M, (2018a).
Nickel-induced neurodegeneration in the hippocampus, striatum and
cortex; an ultrastructural insight, and the role of caspase-3 and
alpha-synuclein. Journal of Trace Elements in Medicine and Biology, 50,
16-23. https://doi.org/10.1016/j.jtemb.2018.05.017

[jomone OM, Okori SO, ljomone OK and Ebokaiwe AP, (2018b). Sub-acute
nickel exposure impairs behavior, alters neuronal microarchitecture, and
induces oxidative stress in rats’ brain. Drug and Chemical Toxicology,
41, 377-384. https://doi.org/10.1080/01480545.2018.1437173

[Iback NG, Fohlman J, Friman G (1994). Changed distribution and immune
effects of nickel augment viral-induced inflammatory heart lesions in
mice. Toxicology, 91(2): 203-219.

Inco (2002). Industry comments on draft risk assessment. Letter from
Christian Plazanet, Eramet to J. Hart. 25. October 2002.

Ishimatsu S, Kawamoto T, Matsuno K, Kodama Y (1995): Distribution of

various nickel compounds in rat organs after oral administration. Biol.

- 174 -



Trace Elements Res. 49 (1), 43 - 52.

Islam MS, Ahmed MK, Habibullah-Al-Mamun M (2017). Heavy metals in
sediment and their accumulation in commonly consumed fish species in
Bangladesh.  Archives of environmental & occupational health
72(1):26-28

[PCS (1991). Environmental Health Criteria 108: Nickel. World Health
Organisation, Geneva. 383 p.

IRIS (2018) Chemical Assessment Summary-Nickel refinery dust; no CASRN

Itskova Al, Elakhovskaya NP, Kolbasovsa OV, Lychnikova TD, Sysin AN
(1969): The toxicity of soluble nickel compounds taken by mouth.
Pharmacol. Toxicol. 32: 102-105.

Jarup L, Bellander T, Hogstedt C, Spang G (1998). Mortality and cancer
incidence in Swedish battery workers exposed to cadmium and nickel.
Occupational and Environmental Medicine. 55:755-759.

Jadhav S, Sarkar S, Aggarwal M, Tripathi H (2007) Induction of oxidative
stress in erythrocytes of male rats subchronically exposed to a mixture
of eight metals found as groundwater contaminants in different parts of
india. Arch.Environ.Contam.Toxicol. 52: 145-151.

Janssen Pharmaceutica N.V. (1992) The effect of nickel chloride on the
growth rate of the unicellular green alga Selenastrum Capricornutum.
Report No. AAsc/0007

Jensen CS, Menne T, Lisby S, Kristiansen J, Veien NK (2003). Experimental
systemic contact dermatitis from nickel: a dose-response study. Contact
Dermatitis, 49: 124-132.

Jensen CS, Lisby S, Larse JK, Veien NK, Menné T (2004). Characterization
of lymphocyte subpopulations and cytokine profiles in peripheral blood
of nickel-sensitive individuals with systemic contact dermatitis after oral
nickel exposure. Contact dermatitis, 50(1): 31-38.

Jia J and Chen J (2008) Chronic nickeliinduced DNA damage and cell death:

- 175 -



S5sst=d Al d"go o g5 (Nickel chloride)

The protection role of ascorbic acid. Environ.Toxicol. 23: 401-406.

Jiachen H, Yifen L, Guazhen L., Guosan Z, Chengen M, Zengxi L, Shaoyu
S, Zifeng Y (1986) The distribution of trace elements in rats (Chin.).
Acta zool. sin., 32: 35-39

John R (ed.) (2017-2018). CRC handbook of Chemistry and Physics. 98" ed.
Boca Raton, FL: CRC Press Inc.

John RP (1999). METALLIC NICKEL POWDER: A TOXICITY TEST
DETERMINE THE EFFECTS OF THE TEST SUBSTANCE ON
SEEDLING EMERGENCE AND GROWTH OF TERRESTRIAL PLANTS.
Nickel Producers Environmental Research Association (NiPERA), Inc.

Johansson A, Camner P, Jarstrand C, Wiernik A (1980). Morphology and
function of alveolar macrophages after long-term nickel exposure.
Environ Res 23:170-180

Johansson A, Camner P (1986). Adverse effects of metals on the alveolar
part of the lung. Scan Electron Microsc 2:631-637.

Johansson A, Lundborg M, Skog S, Jarstrand C, Camner P (1987). Lysozyme
activity in ultrastructurally defined fractions of alveolar macrophages
after inhalation exposure to nickel. Br J Ind Med 44:47-52.

Johansson A, Curstedt T, Jarstrand C, Camner P(1988). Effects on the
rabbit lung of combined exposure to nickel and trivalent chromium. J
Aerosol Sci 19:1075-1078.

Jordan WP and King SE (1979). Nickel feeding in nickel-sensitive patients
with hand eczema. J Am Acad Dermatol 1:506-508.

Kahloula K, Adli DEH, Slimani M, Terras H and Achour S, (2014). Effect of
nickel chronic exposure on the neurobehavioral functions in Wistar rats
during the development period. Toxicologie Analytique et Clinique, 26,
186-192.

Kalimo K and Lammintausta K (1984). 24 and 48 h Allergen Exposure in
Patch Testing. Comparative Study with 11 Contact Allergens and NiCl2.

- 176 -



Contact Dermatitis. 10:25-29.

Kawanishi S, Inoue S, Yamamoto K (1989). Site-specific DNA damage
induced by nickeld) ion in the presence of hydrogen peroxide.
Carcinogenesis. 10:2231-2235.

Kawanishi S, Oikawa S, Inoue S, Nishino K (2002). Distinct mechanisms of
oxidative DNA damage induced by carcinogenic nickel subsulfide and
nickel oxides. Environmental Health Perspectives. 110(Suppl 5):789-791.

Kemi [Swedish National Chemicals Inspectorate] (2002). Information from the
swedish Product Register. Letter from Bent-Ove Lund to Danish
Rapporteure of 1. January 2002.

Kiillunen M, Utela J, Rantanen T, Norppa H, Tossavainen A, Koponen M,
Paakkulainen H and Aitio A, (1997). Exposure to soluble nickel in
electrolytic nickel refining. Annals of Occupational Hygiene. 41:167-188.

Klein CB, Kargacin B, Su L, Cosentino S, Snow ET, Costa M (1994). Metal
mutagenesis in transgenic Chinese hamster cell lines. Environmental
Health Perspectives. 102(Suppl 3):63-67.

Kosova LV (1979): Toxicity of nickel sulphate. Gig. Tr. Prof. Zabol. 23:
48-49 [In Russian]. Quoted from UK HSE (1987).

Kozlova T, Wood CM, McGeer JC (2009). The effect of water chemistry on
the acute toxicity of nickel to the cladoceran Daphnia pulex and the
development of a biotic ligand model. Aquatic Toxicology 91(3): 221-228

Krecisz B, Chomiczewska D, Palczynski C, Kiec-Swierczynska M (2012)
Contact allergy to metals in adolescents. nickel release from metal
accessories 7 years after the implementation of the EU nickel directive
in poland. Contact Derm. 67: 270-276.

Kuhn R, Pattard M, Pernak K-D, Winter A (1989). Results of the harmful
effects of water pollutants to Daphnia magna in the 21 day
reproduction test. Water Res. 23(4): 501-510

Kusaka Y, Nakano Y, Shirakawa T, Fujimura N, Kato M, Heki S (1991)

- 177 -



S5sst=d Al d"go o g5 (Nickel chloride)

Lymphocyte transformation test with nickel in hard metal asthma:
another sensitizing component of hard metal. Industrial Health.
29:153-160.

LaDou, Joseph, and Robert Harrison, eds. (2007) “Current diagnosis and
treatment.” Occupational & Environmental Medicine. United States of
America: McGraw-Hill Education

Larramendy ML, Popescu NC, and Di Paolo JA. (1981). Induction by
inorganic metal salts of sister chromatic exchanges and chromosome
aberrations in human and Syrian hamster cell strains. Environ. Mutagen.
3: 597-606.

Lammintausta K, Kalimo K, Jans CT (1985): Experimental nickel sensitization
in the guinea pig: comparison of different protocols. Contact Dermatitis
12, 258-.

Lee YW, Klein CB, Kargacin B, Salnikow K, Kitahara J, Dowjat K,
Zhitkovich A, Christie NT and Costa M (1995). Carcinogenic nickel
silences gene expression by chromatin condensation and DNA
methylation: a new model for epigenetic carcinogens. Molecular Cell
Biology. 15:2547-2557.

Liang J and Schoenau JJ (1995). Development of resin membranes as a
sensitive indicator of heavy metal toxicity in the soil environment.
International Journal of Environmental Analytical Chemistry 59: 265-275.

Lin X, Sugiyama M, Costa M (1991). Differences in the effect of Vitamin E
on nickel sulfide or nickel chlorideinduced chromosomal aberrations in
mammalian cells. Mutation Research/Genetic Toxicology 260(2):159-164

Linauskiene K, Malinauskiené L, Blaziene A (2016). Time trends of contact
allergy to the European baseline series in Lithuania. Contact Dermatitis.
76: 350-356.

Ling JR and Leach RM Jr (1979). Studies on nickel metabolism: interaction
with other mineral elements. Poultry Sci. 58:591-596.

- 178 -



Lisby S, Hansen LH, Menné¢ T, Baadsgaard O (1999a). Nickel-induced
activation of T cells in individuals with negative patch test to nickel
sulphate. Archives of dermatological research, 291(5), 247-252.

Lisby S., Hansen LH, Menné T, Baadsgaard O (1999b). Nickel-induced
proliferation of both memory and naive T cells in patch test-negative
individuals. Clinical and experimental immunology, 117(2), 217.

Lock K and Janssen CR (2002). Ecotoxicity of Nickel to Eisenia fetida,
Enchytraeus albidus and Folsomia candida. Chemosphere 46(2): 197-200

Lofts S and Tipping E (2000) Solid-solution metal partitioning in the Humber
rivers: application of WHAM and SCAMP. SciTotal Environ. 251-252,
381-399.

Lou J, Jin L, Wu N, Tan Y, Song Y, Gao M, Liu K, Zhang X, He J (2013).
DNA damage and oxidative stress in human B lymphoblastoid cells after
combined exposure to hexavalent chromium and nickel compounds. Food
and Chemical Toxicology 55: 533-540.

M’Bemba-Meka P, Lemieux N and Chakrabarti SK (2005). Role of oxidative
stress, mitochondrial membrane potential, and calcium homeostasis in
nickel  sulfate-induced  human  lymphocyte  death in  vivo.
Chemico-biological interactions, 156(1), 69-80

Ma Y, McLaughlin M, ZhuY, Kirby J, Guo X, Li B, Chen S, Cozens G,
Fiebiger C. (2010). Metals in Asia Final Report to NiPERA, Inc. CSIRO
Land and Water Science Report series ISSN: 1834-6618, March, 2010

Ma WC (1982). Influence of soil properties and worm-related factors on the
concentration of heavy metals in earthworms. Pedobiologia;(German
Democratic Republic) 24(2).

Malo JL, Cartier A, Doebner M, Nieborn E, Evans S, Dolovich J (1982).
Occupational asthma caused by nickel sulphate. Journal of Allergy and
Clinical Immunology. 69:55-59.

Malo JL, Cartier A, Gagnon G, Evans S, Dolovich J (1985). Isolated late

- 179 -



S5sst=d Al d"go o g5 (Nickel chloride)

asthmatic reaction due to nickel sulphate without antibodies to nickel.
Clinical and Experimental Allergy. 15:95-99.

Mathur AK, Datta KK, Tandon SK, Dikshith TSS (1977). Effect of nickel
sulphate on male rats. Bulletin of Environmental Contamination &
Toxicology. 17:241-247.

Mathur AK, Dikshith TSS, Lal MM, Tandon SK, (1978). Distribution of nickel
and cytogenetic changes in poisoned rats. Toxicology. 10:105-113.

Mathur AK, Agarwal C, Singh A, Gupta BN (1988). Effect of sodium lauryl
sulphate and nickel alone and in combination on the skin of guinea
pigs. Toxicology letters. 42:249-256.

Mathur AK, Gupta BN, Singh S, Singh A, Narang S, Shanker R (1992).
Cutaneous toxicity of sodium lauryl sulphate, nickel, and their
combination in guinea pigs: Biochemical and histopathological
observations. Bulletin of Environmental Contamination & Toxicology.
49:871-878.

Mayer C, Klein RG, Wesch H and Schmezer P (1998). Nickel subsulfide is
genotoxic in vitro but shows no mutagenic potential in respiratory tract
tissues of BigBlue rats and Muta Mouse mice in vivo after inhalation.
Mutation Research. 420:85-98.

McConnell LH, Fink JN, Schlueter DP, Schmidt Jr, MG (1973). Asthma
caused by nickel sensitivity. Annals of internal medicine, 78(6): 888-890.

McGeer JC, Brix KV, Skeaff JM, DeForest DK, Brigham SI, Adams WJ,
Green A (2003). The inverse relationship between bioconcentration
factor and exposure concentration for metals: implications for hazard
assessment of metals in the aquatic environment. Environmental
Toxicology and Chemistry. 22(5):1017-1037.

McGregor DB, Brown A, Cattench P, Edwards I, Mc Bride D, Riach C,
Caspary WJ. (1988). Responses of the L5178Y TK+/TK- mouse

lymphoma forward mutation assay. 3.72 coded chemicals. Environ. Mol

- 180 -



Mutagen., 12(1): 85-154.

Medinsky MA, Benson JKM, Hobbs CH (1987): Lung clearance and
disposition of 63Ni in F344/N rats after intratracheal instillation of
nickel sulphate solutions. Environ. Res., 43, 168-178.

Merzenich H, Hartwig A, Ahrens W, Beyersmann D, Schlepegrell R, Scholze
M, Timm J, Jockel KH (2001). Biomonitoring on carcinogenic metals and
oxidative DNA damage in a cross-sectional study. Cancer Epidemiology,
Biomarkers and Prevention. 10:515-522.

Metwally Al and Rabie MH (1989). Effect of Ni addition on plant growth
and nutrient uptake in two soils. Egyptian Journal of Soil Science 29(3):
261-274

Meyer-Wulf C (2001): Information on nickel sulphate production and use.
Document prepared for the Danish Competent Authority, 2001.

Meyer-Wulf C (2002): Comments on draft nickel sulphate risk assessment
report March 2002.

Miura T, Patierno SR, Sakuramoto T and Landolph JR (1989). Morphological
and neoplastic transformation of C3H/10T1/2 Cl 8 mouse embryo cells
by insoluble carcinogenic nickel compounds. Environmental and
Molecular Mutagenesis. 14:65-78.

Modoni P and Romeo MG (2006). Acute toxicity of heavymetals towards

freshwater ciliated protists. Environmental Pollution; 141:1-7. Testing
laboratory: Dipartimento di Scienze Ambientali, Universita degli Studi di
Parma, Parco Area delle Scienze 11/A, 43100 Parma, Italy.

Mohanty PK (1987). Cytotoxic effect of nickel chloride on the somatic
chromosomes of swiss albino mice musculus. Current Science.
56:1154-1157.

Morales ME, Derbes RS, Ade CM, Ortego JC, Stark J, Deininger PL,
Roy-Engel AM (2016). Heavy metal exposure influences double strand
break DNA repair outcomes. PloS One 11(3): e0151367.

Morimoto Y, Nambu Z, Tanaka [, Higashi T, Yamato H, Hori H, Cho S, Kido

- 181 -



S5sst=d Al d"go o g5 (Nickel chloride)

M (1995). Effects of nickel oxide on the production of tumor necrosis
factor by alveolar macrophages of rats. Biol Trace Elem Res
43(3):287-296.

Mortz CG, Bindslev-Jensen C, Andersen KE (2013). Nickel allergy from
adolescence to adulthood in the TOACS cohort. Contact Dermatitis.
68:348-356.

Muir DCF, Julian J, Jadon N, Roberts R, Roos J, Chan J, Maehle W, Morgan
WKC (1993). Prevalence of small opacities in chest radiographs of
nickel sinter plant workers. Occupational and Environmental Medicine.
50(5):428-31.

Mullarney K, Zetterstom D, Svensson L (2009). Birds of Europe. Princeton,
New Jersey: Pinceton University Press.

Muyssen BT, Brix KV, DeForest DK, Janssen CR. (2004). Nickel essentiality
and homeostasis in aquatic organisms. Environmental reviews, 12(2):
113-131.

Nebeker AV, Savonen C, Stevens DG (1985). Sensitivity of rainbow trout
early life stages to nickel chloride. Environmental Toxicology and
Chemistry: An International Journal, 4(2), 233-239.

Neuhauser EF, Cukic ZV, Maleck MR, Loehr RC, Durkin PR (1995).
Bioconcentration and biokinetics of heavy metals in the earthworm.
Environmental Pollution, 89(3), 293-301.

Nicklin S and Nielsen GD (1994). Nickel and the immune system: current
concepts, In: Nickel and Human Health, Nieboer E and JO Nriagu, eds.,
John Wiley and Sons, Inc., New York, NY. pp. 239-259.

Nieboer E, Evans SL, Dolovich J (1984). Occupational asthma from nickel
sensitivity: I Factors influencing the interaction of Ni2+, HSA, and
serum antibodies with nickel related specificity. British Journal of
Industrial Medicine. 41:56-63.

Nielsen GD, Rohold AE, Andersen KE (1992). Nickel contact sensitivity in

- 182 -



the guinea pig. An efficient open application test method. Acta
Dermato-venereologica. 72:45-8.

Nielsen NH, Menne T, Kristiansen J, Christensen JM, Borg L, Poulsen LK
(1999): Effects of repeated skin exposure to low nickel concentrations: a
model for allergic contact dermatitis to nickel on the hands. The british
journal of dermatology 141(4): 676-682

Nielsen E and Larsen P, (2013). Nickel, inorganic and soluble salts.
Evaluation of health hazards and proposal of a health-based quality
criterion for drinking water. The Danish Environmental Protection
Agency, Copenhagen, Denmark, 78 pp.

NiPERA (Nickel Producers Environmental Research Association) (2003a).
Review of nickel mutagenicity studies in vivo and their implications for
risk assessment. January 31. 2003. Circulated by ECB as:
COM311+312+419+420+424_hh_IND1.

NiPERA (Nickel Producers Environmental Research Association) (1996).
Occupational exposure limits: Criteria Document for nickel and nickel
compounds. Volume I: Summary, Conclusions and Recommendations;
Volume II: Assessment of Occupational Exposures; Volume III: Health
Assessment of various species of Nickel. Prepared by NiPERA in
collaboration with Eurométaux for the European Commission, Directorate
General V. Public health and Safety at Work Directorate. Batiment Jean
Monnet, Plateau du Kirchberg. L-2920 Luxembourg.

NiPERA (Nickel Producers Environmental Research Association) (2008).
Health guide Safe wuse of nickel in the workplace, Third Edition,
Incorporating European Nickel Risk Assessment Outcomes.

NiPERA (Nickel Producers Environmental Research Association) (2017).
2017-Workplace nickel DNEL derivation prepared by the Nickel REACH
Consortia Secretariat (Nickel Institute-NiPERA) (Appendix C2 to Nickel
the Chemical Safety Reports).

- 183 -



S5sst=d Al d"go o g5 (Nickel chloride)

Norseth T (1986). The carcinogenicity of chromium and its salts. British Journal
of industrial medicine 43(10): 649
Novey HS, Habib M, Wells ID (1983). Asthma and IgE antibodies induced by

chromium and nickel salts. J Allergy Clin Immunol 72:407:412.

NTP TR 454. NTP (National Toxicology Program) (1996a). U.S. Department
of Health and Human Services. National Toxicology Program Technical
Report. Toxicological and carcinogenesis studies of nickel oxide in
F344/N rats and B6C3F1 mice. Publication Series; NTP TR 451.

NTP (National Toxicology Program) (1996b). U.S. Department of Health and
Human Services. National Toxicology Program Technical Report.
Toxicological and carcinogenesis studies of nickel subsulphide in F344/N
rats and B6C3F1 mice. Publication Series; NTP TR 453.

NTP (National Toxicology Program) (1996¢). U.S. Department of Health and
Human Services. National Toxicology Program Technical Report.
Toxicological and carcinogenesis studies of nickel sulphate hexahydrate
in F344/N rats and B6C3F1 mice. NICKELH Publication Series.

Obone E, Chakrabarti SK, BaiC, Kalick MA (1999). Toxicity and
bioaccumulation of nickel sulphate in Sprague Dawley rats following 13
weeks of subchronic exposure. J Toxicol Environmental Health 57,
379-401

Odland JO, Tchachtchine VP, Bykov V, Fiskebeck PE, Lund E, Thomassen
Y, Nieboer E (1999). Critical evaluation of medical, statistical, and
occupational data sources in the Kola Peninsula or Russia pertinent to
reproductive  health outcomes. In Arch Occup Environ Health
72:151-160.

OECD (2000). GUIDANCE DOCUMENT ON AQUEOUS-PHASE AQUATIC
TOXICITY TESTING OF DIFFICULT TEST CHEMICALS. Series on
Testing and Assessment No. 23 (Second Edition).
ENV/JM/MONO(2000)6/REV1

- 184 -



OECD (2008). SIDS INITIAL ASSESSMENT PROFILE SIAM 27. Nickel (metal),
Nickel Sulfate, Nickel Carbonate (2:3 basic nickel carbonate, 1:2 basic
nickel carbonate), Nickel Chloride, Nickel Dinitrate

Ohshima S. (2003). Induction of genetic instability and chromosomal
instability by nickel sulfate in V79 Chinese hamster cells. Mutagenesis,
18(2): 133-137.

Oller AR and Erexson G (2007) Lack of micronuclei formation in bone
marrow of rats after repeated oral exposure to nickel sulfate
hexahydrate. Mutation Research/Genetic Toxicology and Environmental
Mutagenesis 626: 102-110.

Oller AR, Kirkpatrick DT, Radovsky A, Bates HK (2008). Inhalation
carcinogenecity study with nickel metal powder in Wister rats. Toxicol.
Appl. Pharmacol 233:262-275

Oller AR and Oberdorster G. (2010). Incorporation of particle size
differences between animal studies and human workplace aerosols for
deriving exposure limit values. Regul Toxicol Pharmacol 57:181-194.

Oscar TP, Mitchel DM, Engster HM, Malone MR, Watson WM (1995).
Growth performance, carcass composition, and pigmentation of broilers
fed supplemental nickel. Poultry Sci. 74:976-982.

Ottolenghi AD, Haseman JK, Payne WW, Falk HL, MacFarland HN (1975).
Inhalation studies of nickel sulfide in pulmonary carcinogenesis of rats.
J Natl Cancer Inst. 1975 May;54(5):1165-72.

Outridge, P.M. and AM. Scheuhammer. (1993). Bioaccumulation and
toxicology of nickel: implications for wild mammals and birds. Environ.
Rev. 172-197.

Pandey R, Srivastava P (2000). Spermatotoxic effects of nickel in mice. Bull.
Bulletin of Environmentla Contamination and Toxicology 64(2): 161-67.

Pane EF, Richards JG, Wood CM (2003). Acute waterborne nickel toxicity in

the rainbow trout (Oncorhynchus mykiss) occurs by a respiratory rather

- 185 -



S5sst=d Al d"go o g5 (Nickel chloride)

than ionoregulatory mechanism. Aquatic toxicology, 63(1), 65-82.

Pang D, Burges DC, Sorahan T. (1996): Mortality study of nickel platers
with special reference to cancers of the stomach and lung, 1945-93.
Occup Environ Med 53, 714-7.

Parametrix, Inc. (2004). Nickel toxicity to Ceriodaphnia dubia. Parametrix,
Inc. Testing laboratory: Parametrix, Environmental Research Laboratory.
Owner company: Nickel Producers Environmental Research Association
(NiPERA), Inc

Peredney CL and Williams PL (2000). Utility of Caenorhabditis elegans for
assessing heavy metal contamination in artificial soil. Archives of
Environmental Contamination and Toxicology, 39(1): 113-118.

Prager (1995). J.C. Environment Contaminant Reference Databook Vol. 1,
New York, NY: Van Nostrand Reinhold. P 867

PSL (2015). NICKEL CHLORIDE HEXAHYDRATE: ACUTE INHALATION
TOXICITY STUDY IN RATS, Product Safety Labs, Study No. 39836

Raithel HJ (1987). Arbeitsmed. Sozialmed. Pr ventivmed. 22. 268-274 and 301-
310

Rendall REG, Phillips JI, Renton KA (1994). Death following exposure to fine
particulate nickel from a metal arc process. Annals of Occupational
Hygiene. 38: 921-930.

Regulatory Management Option Analysis (RMOA) (2014). Nickel Sulphate.
Submitted by French Mendated National Institute.

Regulatory Management Option Analysis (RMOA) (2016). Conclusion
Document for Nickel Sulphate.

Rohold AE, Nielsen GD, Andersen KE (1991). Nickel-sulphate-induced
contact dermatitis in the guinea pig maximization test: a dose-response
study. Contact Dermatitis. 24:35-9.

Rooney CP, Zhao FJ, McGrath SP (2007). Phytotoxicity of nickel in a range

of European soils: Influence of soil properties, Ni solubility and

- 186 -



speciation. Environmental pollution, 145(2): 596-605.

Rothamsted Research  (2005). NiPERA research project on the

‘development of a predictive model of bioavailbility and toxicity of

Nickel in soils: Plant toxicity’

RTI (Research Triangle Institute) (1986). Two generation reproduction and
fertility study of nickel chloride administered to CD rats in drinking
water. Final study report (I of III). Research Triangle Park, NC: Office
of Solid Waste Management, US Environmental Protection Agency.

RTI (Research Triangle Institute) (1988a) Two-generation reproduction and
fertility study of nickel chloride administered to CD rats in the drinking
water: Fertility and reproductive performance of the P generation. Final
study report (II of III). Research Triangle Park, NC: Office of Solid
Waste Management, US Environmental Protection Agency.

RTI (Research Triangle Institute) (1988b). Two-generation reproduction and
fertility study of nickel chloride administered to CD rats in the drinking
water: Fertility and reproductive performance of the F1 generation.
Final study report (I of II). Research Triangle Park, NC: Office of
Solid Waste Management, US Environmental Protection Agency.

Rudel D, Douglas CD, Huffnagle IM, Besser JM, Ingersoll CG. (2013).
Assaying environmental nickel toxicity using model nematodes. PloS one,
8(10): e77079.

Rui F, Bovenzi M, Prodi A, Fortina AB, Romano I, Corradin MT, Filon FL
(2012a). Concurrent sensitization to metals and occupation. Contact
Derm. 67: 359-366.

Rui F, Bovenzi M, Prodi A, Fortina AB, Romano I, Corradin MT, Filon FL
(2012b). Nickel, chromium and cobalt sensitization in a patch test
population in north-eastern italy (1996-2010). Contact Dermatitis. 68:
23-31.

Sager T, Wolfarth M, Keane M, Porter D, Castranova V, Holian A (2016).

- 187 -



S5sst=d Al d"go o g5 (Nickel chloride)

Effects of nickel-oxide nanoparticle pre-exposure dispersion status on
bioactivity in the mouse lung. Nanotoxicology. 10:151-161.

Santucci B, Cannistraci C, Cristaudo A, Camera E, Picardo M. (1998). The
influence exerted by cutaneous ligands in subjects reacting to nickel
sulfate alone an in those reacting to more transition metals. Exp.
Dermatol. 7: 162-67

Samitz MH and Katz SA (1976). Nickel-epidermal interactions: diffusion and
binding. Environ Res 11(1): 34-39

Saplakoglu U, Iscan M and Iscan M (1997). DNA single-strand breakage in
rat lung, liver and kidney after single and combined treatments of
nickel and cadmium. Mutation Research. 394:133-140.

Sarkar B. (1984). Nickel metabolism. In: Sunderman FW Jr, Aitio A, Berlin
A, eds. Nickel in the human environment. IARC scientific publication no.
53. Lyon, France: International Agency for Research on Cancer,
367-384.

Schubauer-Berigan MK, Dierkes JR, Monson PD, Ankley GT. (1993). pH-
dependent toxicity of Cd, Cu, Ni, Pb and Zn to Ceriodaphnia dubia,
Pimephales promelas, Hyalella azteca and Lumbriculus variegatus.
Environmental Toxicology and Chemistry: An International Journal, 12(7),
1261-1266.

Scanlon SE, Scanlon CD, Hegan DC, Sulkowski PL, Glazer PM (2017). Nickel
induces transcriptional down-regulation of DNA repair pathways in
tumorigenic ~ and  non-tumorigenic  lung  cells.  Carcinogenesis.
38(6):627-637

Schnuch A, Wolter J, Geier J, Uter W (2011). Nickel allergy is still frequent
in young German females - probably because of insufficient protection
from nickel-releasing objects. Contact Dermatitis. 64:142-50.

Schnuch A and Schwitulla J (2013). Decrease in nickel allergy in women
after the second EU nickel directive. Contact Dermatitis. 69:253-6.

- 188 -



Schroeder WH, Dobson M, Kane DM. 1987. Toxic trace elements associated
with airborne particulate matter: A review. Air Pollut Control Assoc
11:1267-1287.

Schwerdtle T and A Hartwig (2006). Bioavailability and genotoxicity of
soluble and particulate nickel compounds in cultured human lung cells.
Materials Science and Engineering Technology. 37:521-525.

SCOEL (Scientific Committee on Occupational Exposure Limits) (2011).
Recommendation from the scientific committee on occupational exposure
limits for mnickel and inorganic nickel compounds. SCOEL/SUM/85.
European Commission, June 2011.

Scott-Fordsmand JJ, Weeks JM, and Hopkin SP. (1998). Toxicity of nickel to
the earthworm and the applicability of the neutral red retention assay.
Ecotoxicology, 7, 291-295.

Seilkop SK, Lightfoot NE, Berriault CJ, Conard BR (2016). Respiratory
cancer mortality and incidence in an updated cohort of Canadian nickel
production workers. Archives of Environmental and Occupational Health.
9:1-16.

Sharma GP, Sobti RC, Chaudhry A, Ahluwalia KK, Gill RK (1987). Effect of
some nickel compounds on the chromosomes of mice and mosquitoes.
La Kromosomo [1-45. 1423-1432.

Shuhaimi-Othman M, Nadzifah Y, Nur-Amalina R, Umirah NS (2012).
Deriving freshwater quality criteria for iron, lead, nickel, and zinc for
protection of aquatic life in Malaysia. The Scientific World Journal,
2012.

Shirakawa T, Kusaka Y, Fujimura N, Kato M, Heki S, Morimoto K (1990).
Hard metal asthma: cross immunological and respiratory reactivity
between cobalt and nickel. Thorax. 45:267-271.

Silverberg NB, Licht J, Friedler S, Sethi S and Laude TA (2002). Nickel
contact hypersensitivity in children. Pediatric Dermatology. 19:110-113.

- 189 -



S5sst=d Al d"go o g5 (Nickel chloride)

Sivulka D (2005). Assessment of respiratory carcinogenicity associated with
exposure to metallic nickel: A review. Regulatory Toxicology and
Pharmacology. 43:117-133.

Sjovall P, Christensen OB, Moller H (1987). Oral hyposensitization in nickel
allergy. J Am Acad Dermatol 17(1):774-778.

Skopek TR (1995). Mutagenic potential of nickel compounds in human
lymphoblasts In vitro. University of North Carolina - Chapel Hill
December 1995.

SLI (Springborn Laboratories) (1999). A primary eye irritation study in
rabbits with nickel sulphate hexahydrate. Testing laboratory: Springborn
Laboratories, Inc. (SLD. Spencerville, Ohio, USA. Report no.: SLI Study
No. 3472.1. Report date: 1999-12-16.

SLI (Springborn Laboratories) (2000). An Oral (gavage) two-generation
reproduction toxicity study in Sprague Dawley rats with nickel sulphate
hexahyderate. Testing laboratory: Springborn Laboratories, Inc. (SLD.
Spencerville, Ohio, USA. Report no.: SLI Study No. 3472.1. Report date:
1999-12-16.

Smialowicz RJ, Rogers RR, Riddle MM, Garner RJ, Rowe DG, Luebke RW
(1985). Immunologic effects of nickel: II. Suppression of natural Killer
cell activity. Environmental research 36(1): 56-66

Smith MK, George EL, Stober JA, Feng HA, Kimmel GA (1993): Perinatal
toxicity associated with nickel chloride. Env. Res. 61: 200-211.

Smith VM, Clark SM, Wilkinson M (2016). Allergic contact dermatitis in
children: trends in allergens, 10 years on. A retrospective study of 500
children tested between 2005 and 2014 in one UK centre. Contact
Dermatitis. 74:37-43.

Smyth HF, Carpenter CP, Weil CS, Pozzani UC, Striegel JA, Nycum JS
(1969): Range finding toxicity data. List VII. Amer. Ind. Hyg. Assoc. J.
30: 470-476.

- 190 -



Sobti RC and Gill RK (1989): Incidence of micronuclei and abnormalities in
the head of spermatozoa caused by the salts of a heavy metal nickel.
Cytologia 54: 249-254.

Sorahan T (2004). Mortality of workers at a plant manufacturing nickel
alloys, 1958-2000. Occupational Medicine. 54:28-34.

Sorahan T and Williams SP (2005). Mortality of workers at a nickel carbonyl
refinery, 1958-2000. Occupational Medicine. 62:80-95.

Spiegelberg T, Koerdel W, Hochrainer D. 1984. Effect of NiO inhalation on
alveolar macrophages and the humoral immune system of rats.
Ecotoxicol Environ Safety 8:516-525.

Suh M, Troese MJ, Hall DA, Yasso B, Yzenas JJ, Proctor DM (2014)
Evaluation of electric arc furnace-processed steel slag for dermal
corrosion, irritation, and sensitization from dermal contact. Journal of
Applied Toxicology. 34:1418-1425.

Sunderman FW Jr, Aitio A, Morgan LG, Norseth T (1986a). Biological
monitoring of nickel. Toxicology and Industrial Health. 2:17-78.

Sunderman FW Jr. (1986b). Sources of exposure and biological effects of
nickel. In: O'Neill 1K, Schuller P, Fishbein L, eds. Environmental
carcinogens selected methods of analysis. Volume 8: Some metals: As,
Be, Cd, Cr, Ni, Pb, Se, Zn. IARC scientific publication no. 71. Lyon,
France: International Agency for Research on Cancer, 79-92.

Sunderman FW Jr, Dingle B, Hopfer SM, Swift T (1988a). Acute nickel
toxicity in electroplating workers who accidentally ingested a solution of
nickel sulphate and nickel chloride. American Journal of Industrial
Medicine. 14:257-266.

Sunderman FW Jr, (1993). Biological monitoring of nickel in humans.
Scandinavian Journal of Work, Environment and Health. 19(Suppl 1):34-
38.

Svenes KB, Andersen [ (1998). Distribution of nickel in lungs from former

- 191 -



S5sst=d Al d"go o g5 (Nickel chloride)

nickel workers. International archives of occupational and environmental
health, 71(6): 424-428.

Swierenga SHH, Basrur PK (1968). Effect of nickel on cultured rat embryo
muscle cell. Lab. Invest. 19:663-674
Tanko Z, Diepgen TL, Weisshaar E (2008). Is nickel allergy an occupational

disease? discussion of the occupational relevance of a type IV allergy to
nickel () sulfate using case reports. JDDG: Journal Der Deutschen
Dermatologischen Gesellschaft. 6:346-349.

Tanojo H, Hostynek JJ, Mountford HS, Maibach HI (2001) In Vitro
Permeation of Nickel Salts Through Human Stratum Corneum. Acta
Derm Venereol S212: 19-23.

Taylor D, Maddock BG, Mance G (1985). The acute toxicity of nine ‘grey
list> metals (arsenic, boron, chromium, copper, lead, nickel, tin,
vanadium and zinc) to two marine fish species: dab (Limanda limanda)
and grey mullet (Chelon labrosus). Aquatic Toxicology, 7(3): 135-144.

Tedeschi RE and Sunderman FW (1957). Nickel poisoning. V. The
metabolism of nickel under normal conditions and after exposure to
nickel carbonyl. Archives of Industrial Health. 16:486-488.

Templeton DM, Sunderman FW Jr, Herber RFM (1994). Tentative reference
values for nickel concentrations in human serum, plasma, blood, and
urine: Evaluation according to the TRACY protocol. Science of the Total
Environment. 148:243-251.

TERA (Toxicology Excellence for Risk Assessment) (1999). Toxicological
review of soluble nickel salts. Prepared for: Metal Finishing Association
of Southern California, Inc., US Environmental Protection Agency and
Health Canada. Prepared by Toxicology Excellence for Risk Assessment
(TERA) under subcontract in part with Science Applications International
Corporation (SAIC). EPA Contract #68-C7-0011. March 1999.

TGD (2003). Technical guidance document on risk assessment. Part IL

- 192 -



European Commission, Joint Research Centre. EUR 204 18 EN/2.

Thyssen J, Linneberg A, Engkilde K, Menneé T, Johansen J (2012). Contact
sensitization to common haptens is associated with atopic dermatitis:
New insight. British Journal of Dermatology. 166:1255-1261.

Tipton H and Cook MJ (1963). Trace elements in human tissue Part IL
Adult subjects from the United States. Health physics. 9(2):103-45.

Torjussen W and Andersen I (1979). Nickel concentrations in nasal mucosa,
plasma and urine in active and retired nickel workers. Annals of
Clinical and Laboratory Science. 9:289-298.

Torres, K.C. and M.L. Johnson. (2001). Bioaccumulation of metals in plants,
arthropods, and mice at a seasonal wetland. Environ. Toxicol. Chem.
20(11):2617-2626.

Turk JL and Parker D (1977). Sensitization with Cr, Ni, and Zr salts and
allergic type granuloma formation in the guinea pig. Journal of
Investigative Dermatology. 68:341-345.

University of Leuven (2005). NiPERA research project on the
‘development of a predictive model of bioabvailbility and toxicity of
Nickel in soils: microbial toxicity’

USAF (1990). Nickel, In: Installation Restoration Program Toxicology Guide,
Vol. 5. Harry G. Armstrong Aerospace Medical Research Laboratory,
Wright Patterson AFB, OH.

US EPA (1991a). Integrated Risk Information System (IRIS). Reference
concentration (RfC) for inhalation exposure for nickel refinery dust
(http://www.epa.gov/iris/subst/0272.htm) Cincinnati, OH, (revised
01/01/199D).

US EPA (1991b). Integrated Risk Information System (IRIS). Reference
concentration (RfC) for inhalation exposure for nickel subsulfide
(http://www.epa.govfiris/ ~ subst/0273.htm)  Cincinnati, =~ OH.  (revised
01/01/199D).

- 193 -



S5sst=d Al d"go o g5 (Nickel chloride)

US EPA (1996). Nickel, soluble salts (CASRN various). Integrated Risk
Information System (IRIS). Available at: http://www.epa.govl/iris/subst
/0271.htm.

Vaktskjold A, Talykova LV, Chashchin VP, Thomassen Y, Nieboer E, Odland
J@ (2006). Genital malformations in newborns of female nickel-refinery
workers. Scandinavian Journal of Work. 32:41-50.

Vaktskjold A, Talykova LV, Chashchin VP, Odland J&, Nieboer E (2007).
Small-for-gestational-age newborns of femaely refinery workers exposed
to nickel. International Journal of Occupational Medicine and
Environmental Health. 20:327-338.

Vaktskjold A, Talykova LV, Chashchin VP, Odland J@, Nieboer E (2008a).
Maternal nickel exposure and congenital musculoskeletal —defects.
American Journal of Industrial Medicine. 51:825-833. Erratum American
Journal of Industrial Medicine. (2008). 51:881.

Vaktskjold A, Talykova LV, Chashchin VP, Odland J@, Nieboer E (2008Db).
Spontaneous abortions among nickel-exposed female refinery workers.
International Journal of Environmental Health Research. 18:99-115.

Vangheluwe M and Nguyen L (2014). Advanced Research on Nickel Toxicity
inSediment: Additional Species, Bioavailability,and Dietborne Toxicity.
Testing laboratory: Universityof Ghent. Ownercompany: NickelREACH
Consortia.

Veien NK, Hattel T, Justesen O, Nholm A (1987). Dietary restrictions in the
treatment of adult patients with eczema. Contact Dermatitis 17:
223-228.

Vennegaard MT, Dyring-Andersen B, Skov L, Nielsen MM, Schmidt JD,
Bzorek M, Poulsen SS, Thomsen AR, Woetmann A, Thyssen JP,
Johansen JD, Odum N, Menné T, Geisler C, Bonefeld CM (2014).
Epicutaneous exposure to nickel induces nickel allergy in mice via a

MyD88-dependent  and  interleukin-1-dependent = pathway.  Contact

- 194 -



Dermatitis, 71(4), 224-232.

Verschoor AJ. The power of biotic ligand models (2013)

Vesely J, Majer V. Kucera J, Havranek V, 2001. Solid-water partitioning of
elements in Czech freshwaters. Appl.Geochem. 16: 437-450.

Vongyer GA and Green C (2015). Allergic contact dermatitis in children; has
there been a change in allergens?. Clinical and experimental
dermatology. 40:31-4.

Vyskocil A, Senft V, Viau C, Cizkova M, Kohout J (1994a): Biochemical
renal changes in workers exposed to soluble nickel compounds. Human
& Exp Tox 13, 257-261.

Waegeneers N and Smolders (2003). Secondary poisoning of nickel to
marine birds. European Union Risk Assessment for Nickel. Testing
laboratory: Laboratory for soil and water management, KasteelPark
Arenberg 20, B-3001 Heverlee-Belgium; NiPERA

Wahlberg JE (1990): Nickel Chloride or Nickel Sulphate? Irritation from
Patch-test Preparations as Assessed by Laser Doppler Flowmetry,
Dermatol. Clinics, 8: 41-44.

Wallace A, Romney EM, Cha JW, Soufi SM, Chaudhry FM (1977). Nickel
phytotoxicity in relationship to soil pH manipulation and chelating
agents. Communications in Soil Science and Plant Analysis, 8(9):
757-764.

Watling HR (1983). Accumulation of seven metals by Crassostrea gigas,
Crassostrea margaritacea, Perne perna, and Choromytilus meridionalis.
Bull. Environ. Contam. Toxicol 30: 317-322.

Weber CW and Reid BL (1968). Nickel toxicity in growing chicks. J. Nutr.
95:612-616.

Webster JD, Parker TF, Alfrey AC, Smythe WR, Kubo H, Neal G, Hull AR
(1980). Acute nickel intoxication by dialysis. Annals of internal medicine.
92:631-633.

- 195 -



S5sst=d Al d"go o g5 (Nickel chloride)

Werfel U, Langen V, Eickhoff I, Schoonbrood J, Vahrenholz C, Brauksiepe
A, Popp W and Norpoth K (1998). Elevated DNA single-strand breakage
frequencies in lymphocytes of welders exposed to chromium and nickel.
Carcinogenesis. 19:413-418.

WHO (1999), World Health Organisation: Air Quality Guidelines for Europe

WHO (2000), 2nd edition, Chapter 6.2 Nickel, http://www.euro.who.int/__data
[assets/pdf_file/0014/123080/AQG2ndEd_6_10Nickel.pdf

WIL Research Laboratories (2002). A 4-week range-finding inhalation
toxicity study, Study No. WIL-437001.

Wilke B. (1988). Long-term effects of inorganic pollutants on microbial
activity of a sandy cambisol. Z. Pflanzenernahr. Bodenk, 151, 131-136.
Wilson JH, Wilson EJ, Ruszler P (2001). Dietary nickel improves male broiler
(Gallus domesticus) bone strength. Biological Trace Element Research

83: 239-249.

Willaert G and Verloo M (1988). Biological effects of nickel species and
their determination in plant and soil. Plant and soil, 107(2): 285-292.
Wirtz JR, Stubblefield WA, De Schamphelaere KAAC, Naddy RB, Ortego LS
and Schlekat CE (2004). Effect of water quality parameters on chronic

nickel toxicity to Ceriodaphnia dubia.

Zehetner F and Wenzel WW (2000): Nickel and copper sorption in acid
forest soils. Soil Science 165(part 6): 463-472.

Zhang Q and Barrett JC (1988): Dose-response studies of nickel-induced
morphological transformation of Syrian hamster embryo fibroblasts.
Toxicol. in Vitro 2: 303-307.

Zissu D, Cavelier C, De Ceaurriz J (1987). Experimental sensitization of
guinea pigs to nickel and patch testing with metal samples. Food and
Chemical Toxicology. 25:83-85.

- 196 -



EEI:I-71II_I.§‘.°£
tal Res

National Institute of Envi

Z8 8o

. 98l A 7HRisk assessment) @ Gal o] Q= FetE o] ATy T
S = A AFY ey @A mA= AFHE dSFstr] s AAH
o7 ARy Hrists e ojng

. 3l 8 &l(Hazard identification) : #8tE2e] &4, F3l8 & 287 5
of 3 AFARE vt oz gstEdo] Abghel Aoyt Ao FA4] of

<
Ag FHIL 1 Fre) FAYE ASHE AL o

u] &

=Z% 7HExposure assessment) : 37 F e AAQ L AF EAA
5E ZAR 3stEdo] A e Ve F&A WEE S = 7
=< FR3= AE 9HF

Z 75~ (Exposure assessment) : =37} Al SEH &% 24 #

3 AgE omg

. 73 Z(Exposure pathway) : &st=2o] wjEdo=2HH Ad =& &4
Oﬂ =8 W7bA 9 olF wiAler I AERE YHF

. A A A E(Biomarker) : &8E2Aol &3 HHASIA YA UolA =

S=d S wokAY, setede] tAAl =e 1 sstEde] 54 BAy A

o} #-g3to] AHHE sstEAS onF

r“N

ke

-1k-8 3 7HDose-response assessment) : 3}StEA Q] =EF4
A 2 3 Ao nX= Feke] AT L FHIE AES 9n|d

=

rlru i\
oﬁ

© 4y

X o

(Bioconcentration) : A&l %2 U FstEAo =7l 70|
= s diHem Frtste Ae 2

= AEssAs &

. A &3 2HBiomagnification) : 33&EZo] AEjAY Ho] AHS Faf 1 &

4o B2} THAZ 254F FE AL A0

> £ oo 8O
o 2 o

m

10. 3 7}AI4(Assessment Factor) : 334 A st 5543 2745 <l

A AL UG DAAA H 5] AT dlH B e oG

- 197 -



: 23 (Nickel chloride)

on
Ju
o
1o
Mo
]
d
g|=
0x
0K!
N

11.

12.

13.

14.

15.

16.

17.

18.

A& A (Reference Dose, RfD) : A% 2 SAujA 5L Eslo] 33
o] QA FYUHIUS A5 Falgh FFFo] e A fevta wdy
=S ond. YLYUYAFHZHTDL Tolerable Daily Intake), ¥ Y4335
ZF(ADL: Acceptable Daily Intake), 74 F3HidH 3] -8=FPTWI: Provisional
Tolerable ~ Weekly Intake) HE& JFUSAFIXRFC: Reference

Concentration) #%= FE3 HEES AA RfDS L3 7doz ALg3

i
rsl ot
Qe md

N

op

3k (Drived No Effect Levels, DNEL) : 3}8t&2 o] QiAo dA7]|&
EEHAE ¢ He FFEE S

23k ¢ (Predicted No Effect Concentration, PNEC) : Q1ZF ©]
Aol AMasts AEANA F3lg FFo] YelA de=val o=

Al
.
FEE ofu

a

9,
oZ: of

o ox £
o & e

%_
4= (Predicted Environment Concentration, PEC) : o=z 2o 9
Nl 49 34 T gsEHY =& v

vl 35 =(Effective Concentration 50%, ECsp) : €& A@7]|7F 52 &
AR ANFABE F9 50%7 5AHFGEE W= 555 g

(Lethal Concentration 50%, LCs) : 9 A&7 5 EAA

Zol 50%7F B g APBA FEE on

z
e
>
o
b

=
23z azk/=S(No Observed Adverse Effect Level, NOAEL/ No
Observed Adverse Effect Concentration, NOAEC) A= & =Tt

074]Xq SF EE *353”4 o= v«lf‘* X}Olﬂ e EEF T2 =TS
E 9uE oyl o]y =&l o' o] dojd FE Joy &
A gy AFHoRE AHAo] Glod GFFOE INFTHA XS
HAargFa 2 g5/ ==(Lowest Observed Adverse Effect Level, LOAEL /
Lowest Observed Adverse Effect Concentration, LOAEC) : *Z#-HFS$-A|
oA =271 F-g FAE Jd 1 GgE = 7]

HoZ T AETHOE FoA e FTVE Hole =T F A=

[e)

BAE7) AR MY Ar =E3FL ANG



19.

fall A1 2(Hazard quotient, HQ) : 3}8tE4 9] fai=s FA3 7] s A
LE%S RDE YFAY PECE PNECO.Z Ui A& 9vd

QSAR(Qualitative or Quantitative Structure-Activity Relationship) : 3143
AlFE 34 s =49 A & &4 729 A4S Huste

AEe dZetr] S8l Ndd z2ade ongt

m

. Read-across : €314 A7 = ARV} 9= EA7 g} EFL v wstd

[}
el S =St WHe And

- 199 -



	8. 염화니켈_위해성평가 보고서(안)_(F)
	개요
	1장. 일반물질정보
	1절. 화학물질의 식별 정보
	2절. 순도, 불순물 등
	3절. 물리화학적 특성
	4절. 분류
	1. 물리적 위험성
	2. 환경 유해성
	3. 인체건강 유해성


	2장. 노출평가를 위한 일반 정보
	1절. 제조(생산)
	2절. 사용(용도)
	3절. 배출 및 폐기
	4절. 관리법규
	1. 국내 규제현황
	2. 국외 규제현황


	3장. 인체위해성평가
	1절. 유해성 확인 
	1. 독성동태, 대사 및 분포
	가. 흡수
	나. 분포
	다. 대사
	라. 배출

	2. 급성독성
	가. 경구
	나. 경피
	다. 흡입

	3. 자극성/부식성
	가. 피부 자극성/부식성
	나. 눈 자극성/부식성

	4. 과민성
	가. 피부 과민성
	나. 호흡기 과민성

	5. 반복투여독성
	가. 경구
	나. 경피
	다. 흡입

	6. 생식 및 발달독성
	가. 생식독성
	나. 발달독성(최기형성)

	7. 신경독성 
	8. 유전독성(변이원성)
	가. 시험관 내(in vitro)시험
	나. 생체 내(in vivo) 시험

	9. 면역독성
	10. 발암성
	11. 역학연구

	2절. 노출량-반응 평가
	1. 독성참고치
	2. 발암잠재력 

	3절. 인체노출평가
	1. 작업자 노출
	가. 제조 작업자

	2. 소비자 노출
	3. 일반인(환경을 통한 간접노출)
	가. 음용수 섭취
	나. 식품 섭취
	다. 공기 호흡


	4절. 인체위해도 결정
	1. 작업자
	가. 제조 작업자

	2. 소비자
	3. 일반인(환경을 통한 간접노출)
	가. 음용수(수돗물) 섭취
	나. 식품 섭취
	다. 공기 호흡



	4장. 생태위해성평가
	1절. 생태영향평가
	1. 수서생태계
	가. 조류
	나. 수서 무척추동물
	다. 어류
	라. 미생물(박테리아)

	2. 육상생태계
	가. 육상식물
	나. 육상무척추동물

	3. 생물축적성
	가. 생물농축성
	나. 생물확장성


	2절. 예측무영향농도(PNEC) 산정
	1. 담수
	가. 생물이용도 모델
	나. 생물이용도에 대한 독성자료
	다. 지역 특이적 종 민감도 분포

	2. 저질
	3. 토양  
	가. 생물이용도 모델
	나. 생물이용도에 대한 독성자료
	다. 지역 특이적 종 민감도 분포


	3절. 환경노출평가
	1. 환경거동  
	가. 배출
	나. 분포
	다. 분해
	라. 축적

	2. 환경매체농도
	가. 담수
	나. 저질
	다. 토양


	4절. 생태위해도 결정
	1. 담수
	2. 저질
	3. 토양
	4. 이차독성
	가. 생태독성자료 수집
	나. 예측무영향농도
	다. 환경예측농도
	라. 생태위해도 결정



	5장. 종합결론
	1절. 인체위해성평가 결과
	1. 작업자
	2. 소비자
	3. 일반인

	2절. 생태위해성평가 결과
	1. 담수
	2. 저질
	3. 토양

	3절. 위해저감방안

	6장. 참고문헌



