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EfAL|Z(nickel carbonate) 3333-67-3 NiCOs
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T2 QJIAY] AU & B=rt tiEn). dhtdo s F453RME-2 71 3=
E7]%0] E84 stERT @24 ol= 7HA aitbEo] Aol #d= o
=45 FEE & e 7FsAol 27] "wolth. 7RIS ES H ek HollA
Hﬂ}i EE® F5EHI 1~29 Aol kE HiEHY, EEASRES 7=t

A o= viEETh wEbA, 584 IES A FRlolA T/do]
= %E}. 27|10 "2 S5UAS JAS5A vRYoly 257 s
WAtz At 71w 1 g/, 7HEA SEES W &4 2 gREd 4
HA7Hs = BAsH] 9%k 71€e = 0.1 mg/n’, B84 F713dE2 v
4 Ht oS ot 0.2 mg/w’E FESIAL ok SUA oSy AL
E-8A0l AR g} BAAZHO| A 7hsAdol Q1o 0.1 mg/m'E HEE
A= St YAZIEEREYS T 9 AASAE fRle] 2ol 0.001
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ogsiuA 9 oA AN EHolA 7 2, YAZIER Y2 AAEA
T2 IBE #7512 e F5F wet fa1489 &zt A7) wiizelth

Q=9 kE7|Ey BlustH ¥ Uk mlw ANRIAAAETE Y]
(American Conference of Governmental Industrial Hygienists, ACGIH)
2739 83517 9o} ACGIHE 2% U4 822 7]Z08 AAT o]

Wbl CE[Ler ofgkel ATt BOl4 YAlo] dhatolth Telm v]ak
PR A% (Occupational Safety & Health Administration, OSHA ¥
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=39 CAS No. o2 MoL | ACGIH | NIOSH | OSHA
WE .
I8 AsIEE) 7440-02-0 | mg/m 0.1 0.1(1) 0.015 1
Lz \
(22N27|53S) 7440-02-0 | mg/m 0.2 0.2() | 0.015 1
Lz
@2) 7440-02-0 | mg/m’ 1 1.5(1) 0.015 1
OretafL]A 12035-72-2 | mg/m* | 0.1() 0.1(1) - 1
St \
(& 2 =7 16812-54-7 | mg/m 1 - - -

0.001

LA7iEEd 13463-39-3 | ppm | 0.001 0.05(C) 0.001 0.001

[, Inhalable fraction(EMEXl); C, Ceiling(ZI-E7|%E)

ANG a5 aE o E RYE S| flsto] S50l wh
T g3t} 20124 1SOE Hduict L3 EA(A): pH, 4
T2 7] W&o "YHo]-LE "o st LA AHol= igao]x] o7 o
2804 Z£35ME0] st RS AYeE 7|Fo] ofd FkEkd 7%
A2 2As ey AATAdAESAH A &5 4
Alsste] 71 a5sktEdl
15202-2(2012)°1M = 7184 5% iﬁf&%o & A 7|B2H 07 &5 B
o]-gsto] QIAZER] ¢F 37T oA 6027 WRteES AIQtskict. YA ¢
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D7 2 284 &% 71 2 95 X=&7E A

A2 okl Qe SRFES S5 ANt BRItk 18al E5i=9

sloha Aojot A& T M YA sjtE= &oikol wet 7HA,

E84E E5cks 71&2 A 159 ACGIH, OSHA, NIOSH, ¥9=9]

oFdE AX(Health and Safety Executive, HSE) & <=9 F437|3%9]
=2

A Y wE7|E3 W@t

2) 4 U2 ke AR R 7H8A/E84 R

B ASEE UA BB F 8% W ASUE Be U SEe
Aot 2 SO 5 Belstoly A4S 2At] 7he4 U siET 284

U see Agstet

3) &kl wE YA JFE9 FlAd 24

AE U sRRkEo] A 8% 9 Rof/del diste] =A<+ -Ax(International
Agency Agency for Research on Cancer, IARC) Pl==HXE ALY slst
2 =5} glo]HH|o] ARl Pubchem, =W A& k&t H7IYS] SHFHE

ASAAHR Tox-Info 59 ARE TAFSIAH.
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I AU ¥ W |
(E II-1) 7124 UZA 329 F&E2 fIst M2
oA AH
HSE MDHS 42/2 | 0.1M FHMUB =N D0 6027 HiX|
ISO 15202-2 20|20 20 37+2TC2 24X 0M 6027 wHf
OSHA ID-121 20|20 20 1027 =S50t X2
20|240 20 =26t 302 HXEE F 3,000 rpmOlA
Luk et al.(2000) 1087t A7)
OE(3= 0.22 m, 27 22 m, Millipore
[e) e AAN

1% & polycarbonate A|#XA
USAE ofa}stict. ofabe o3t g 71874 YA B4 9gt Al52 AR85HY
2AZ A% AlRE ARESHAH

01:1:] JJJE%‘}_:_‘ %’g‘}\é L]}“ ==
L) 284 UZA sigiEg 242 st M2
7184 UA SRIZS 250 F UL FE9} olijol oludt ¥ 3o UHE
Fgtolo] &gt AAK70%, Merk) 1 mlE go] nfo]a 2 Yo|E 3|51 X](Mars
6, CEM, USA) A4 170T, 2083t A AT 1891 S/+E Yol 10 m7}
GRERL T
CH ARS8 A=9| M2
*}%WOH A ZA4% NEs 2E UZ 3_ME AR 5YsH 7HA UAES
2oi9ch. ol7hE oiztelg 7hg U BAGOR AMgRigion, B ozt
2 T 284 U2 24§02 Agastt

”EJHQ} ZHEE S
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7t) ICP-OES &4
YA JAFATF BAS ¢Jsto] ICP-OES(7400 duo, Thermo Scientific,
USAYE °l8%t k& § 95429 ATdwA IS AR 24 7s A7s
gls3itt. ICP-OES9] 4 2718 Eetz2vt U4 &9 1,350 W, 24 7hae
o2 IS AFBSIP O AE EARAL (I [1-2)9F ZorTh ICP &3} A3t
o4 Qtegra 2.1(Thermo Scientific, USA) AT EJo]E o] &3IATHE
-2).

(E 1I-2) ICP-OES M=%
Parameter Conditions
Instrument model Thermo Scientific ICAP-7400 Duo
RF(Reflect) Power 1,350 W
Gas Argon(>99.999%)
Coolant gas flow 12 L/min
Auxiliary gas flow 0.5 L/min
Nebulizer gas flow 0.5 L/min
Additional gas flow 0.5 L/min
Nebulizer gas pressure 230 kPa
Peristaltic pump speed 50 rpm
Mode Axial/Radial

JFEAS g —%gé_‘% Inorganic Ventures(USA)°A gt Y2

1,000 ug/ml &= TFEZAS S|4sto] AREH O™ 231.6 mm 2 221.6
me T4 Radial REZ T35}t ICP-OESE 09141 100 ppm7ZHA|
H-EHS ARGSto] BAsHl o, U RS 1g/mg Q= HAISIIHKE 11-3).
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EFSEST | 2MOE() EMOE(2)
F&EL HE0C
ug/md nm m
Ni 1000+5 231.6 221.6 Radial

7

p—]

Atk

4 2% A2 AA L 39S 5T A3

A& F= MCE o2& ARESHo] 32 1~3 L/min®E Sho] ZHZF2
o 400 L, F4& 10 L7F EA okt 2Yo] £ & F AR A2y
HEo| 915 ol ot upiE 2ot wHE AejolA 5kt 8% ZAIE
(field blank)= A& AE & 27| o]Ato&2 3F9ith

17



00
=T

ol

10
xr
il
K0
KIr

10

ol

ol
]

0

% Befstol
37 % 2PN R

o = =
= T=

4 U2

Hﬁo

9 Ut

QX
o

AzofA] 7}
boick. ot

o

5

PR @A A

Z
vl

H| 1

2) B Folzeteld] 44 2 At

B

18






m. 23}
1. UZA sietE29 =8 ¥ 2=
D Y2 sgee BR
yAa 4 YA siES 4544, A, g9iyd, YAd, 71g YA
SIstER BEslo] (& I-1)9] EAISFITHIARC, 2012).
(E m-1) Uz 9 UA siEE9 5
=5 sty CAS No. TXAl
LA 7440-02-0 Ni
=544 | g2yZA 11133-76-9 NiFe
LALZ0|F = 61431-86-5 NiAl
S S| 12054-48-7 Ni(OH),
1313-99-1 NiO
AstyA | LAts] A 11099-02-8 NiO
34492-97-2 NiO
AFASHL A 1314-06-3 Ni,Os3
0[aH5ILIZY 12035-51-7 Nfsz
12035-50-6 NiS,
o 16812-54-7 NiS
R :
. 1314-04-1 NiS
galid 2035-72-2 NisS
ECTBE 1 022
12035-71-1 NisS,
mMEairio|E 53809-86-2 FegNi9S1e
12174-14-0 FegNI9816
ERALZ 3333-67-3 NiCOs
(WESe: o1 7| EFAIL|ZY 12607-70-4 Ni.COs'ZNKOH)z
12122-15-5 2NiCO33Ni(OH),

20



22 sletEEY CAS No. TEA
EJEET 373-02-4 Ni(OCOCH),
FALAALEIE 6018-89-9 | Ni(OCOCH2)»4H,0
ML AUN D & 15-699-18-0 Ni(NH4)2(SO4),
_ oo 25749-08-0 Ni(NH4)2(S04)3
SERELS S 7785-20-8 | Ni(NHa)xS04)»6H,0
EEIREY 14721-18-7 NiCrOa
o5t 2 7718-54-9 NiCl
et AZ 3= 7791-20-0 NiCly6H,0
ML A2 13478-00-7 Ni(NO3);6H,0
EAH| 2 7786-81-4 NiSO.
HAMLIAGS52 10101-97-0 NiSO6H,0
S| HAIA SIS 10101-98-1 NiSO47H,0
TEEErE 13463-39-3 Ni(CO)s
N 12035-52-8 Nish

12125-61-0 NiSb
27016-75-7 NiAs
1303-13-5 NiAs
HlALIZY 12256-33-6 Nir1Ass
12044-65-4 Nir1Ass
12255-80-0 NisAs)
1314-05-2 NiSe

g | ==HE 12201-85-3 NiSe
NeEd sl 12137-13-2 NisSes
ALY 12255-10-6 NiAsS

12255-11-7 NiASS
S 12142-88-0 NTe
24270-51-7 NiTe
SEE 12035-39-1 NiTiO3
= A=A 71631-16-7 | (Ni,Fe)(CrFe),04NS
Lzt AL 68187-10-0 NiFe204
NEER 1271-28-9 7~(CsHs)oNi

21



olH Z:]'o SlaEA 7H1,ﬂ_9& _9_'5]]}\3_8_ %UHO %9— 7]—r-_9i *Q-‘B_HE7]' 000101]/‘1

=21 hE = “
0.5 mol/L, 2t &34 0.0001 ~ 0.01 mol/L, E&42 0.0001mol/L

ogkel IFES TeHGoodman et al., 2009). NIOSHOA = gty o g =
E(25C)0] =3t &) 1%(m/v) ol T8 =42 71 EAR 155,
1% olsp7t &olld B4 584 EAE 7ot ey E84408 ERd
A% AN &3 =o] HJESIHOZ 2 ALt 2F] =8 YA &=
E}(NIOSH 2016). NIOSH= #5 99 9% 4 S53RE9 89i=& E}"iﬂr
Zol AFstar =t U ¢ Ud sRhEY &es (&# M-2)¢ 2o

JP

(B M-2) L& ¢ UA sketE9 6i=(NIOSH, 2016)

=

LIZ(sHetE) | CAS No. =r
Lz 7440-02-0 | S(d=, 20)01 28, Zbt, S, Giol| Sof
Asty A 7440-02-0 | 2(d=, 200 28, SUSAREI M0 Sl
AL 7440-02-0 | Y2 YH= Edf, 7|Et =0 28
EFAL| 2 12035-72-2 | U440 8dl, 240 =8
OtMIEAILIZ | 16812-54-7 | H=0 Edli, Y=0I =&/l
St 13463-39-3 | (A=, 2)01 Edh

* =0 22(CRC, Handbook of Chemistry and Physics, 2015) ; L=Z0i 238(O’ Neil,
Merk Index, 2006)
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3) F8 F7|RY kE7IE

ofo] 20 7golAE UA shtge tet A9 12713 (OFDS 2RI
GE -39 Urehiit

(B IM-3) 2 eA=77|#9 UZA LEIIF

. TWA
7| HX CAS No.
5% (ng/)
Elemental/Metal(as Ni) 7440-02-0 1.5(1)
Nickel and
Inorganic Soluble compounds(as Ni) 7440-02-0 0.1(1)
cor?w%ounds,
including
ACGIH |Nickel Insoluble compounds(as Ni) 7440-02-0 0.2(1)
subsulfide
Nickel subsulfide(as Ni) 12035-72-2 0.1(1)
Nickel carbonyl(as Ni) 13463-39-3 | C0.05(ppm)
Nickel, metal and insoluble compounds(as Ni) | 7440-02-0 0.015
NIOSH [Nickel, soluble compounds(as Ni) 7440-02-0 0.015
Nickel carbonyl(as Ni) 13463-39-3 0.007
Nickel, metal and insoluble compounds(as Ni) | 7440-02-0 1
OSHA |Nickel, soluble compounds(as Ni) 7440-02-0 1
Nickel carbonyl(as Ni) 13463-39-3 0.007
Nickel and its |water—soluble nickel Ao
in'grg%n?c” 1 compounds(as Ni) 7440-02-0 0.1
HSE E:ompound_sk |
except nickel | nickel and water—insoluble
tetracarbonyl) | nickel compounds(as Ni) 7440-02-0 0.5

(1), Inhalable fraction; C, Ceiling; ACGIH, American Conference of Governmental
Industrial Hygienists: NIOSH, National Institute of Occupational Safety & Health;
OSHA, Occupational Safety and Health Administration; HSE, Health and Safety
Executive
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4) fgEd A3 2 f8id =4
(1) Hg=2

AltEe U siite 3 &

453 584 U2 ke 455 TUs e st 84 U2

H
N,
Hir
kl
=)
)
S
oo
i)
rr
4
op
ox,
i
i
ol
ok
"

Ui it
(B -4y T U2 SIBIS(E) ¥ S2Isf51% 54
25 [2 gas| U o
2@ CEmE | gy | RS RS0 °
7E() CAS No. | =RE | 94 | (o) |(@207)| (%)
BetZ 7791-20-0 | 237.71 | =MZ (99.999| 642 | 24.20
(NiCl-6H,0) e |
=HLIZ 6018-89-0 | 248.84 | =A{Z% 99.999| 177 | 22.70
Ni(CH3CO)2+ 4H0) R '
T

—00- = A ZA X
(NI(NO3),-6H,0) 13478-00-7| 290.80 | =MZ4d |99.999| 2385 19.80

SHAL|ZY

(NiSO4-7H,0)

10101-98-1| 280.86 | =AMZd [99.999| 625 20.70

L ,

NG 1313-99-1 | 74.71 | =AZX [99.995| 0.0011 -

AASHL| 2

&RSL;)E 12054-48-7| 92.7 |=A=22r| 98.0 | 0.0015 | 62.00
2

StalL| A ~

?,Lic’si*)'e 12035-72-2| 240.19 | EME2| 99.9 | 0.0036 | 68.83

392
ERARL| 24
(NICOD) 3333-67-3 | 118.72 | =Ai=ar | 999 | 0.033 | 48.60
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= [ARC

H 4= 750 UAHGroup 1).
tod TARC, Pubchem,
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=

7h 3t Z(Nickel chloride, NiCly)
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TR 9 AL A

4, A == ¥

A8 AN &

1

L) =AtLZ(Nickel acetate, CaHgNiOa)

CH) ZAMLZ(NI(NO3),)

{5

J)

sl
Az

=

S}

o}

Pl 29

o
=

°

—_L

o YA =

A

AL 7heid 24o] nly

°

TR St R
W Alze] A8

=

L{Z(Nickel sulfate, Ni(SOa),)
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Feh ozt E4o] QU WeHAo] itk W Butt Urst kot 3 gRe
Aol Tigk Sigoltt. g0 el shike AR AT S 2AS Halok
£ U SR, Q4 9 AZae] Agslch Eak 2 wieje] A

Wy 242 P Sevt FEsn Ao

Op) At&HZ(Nickel oxide, NiO)

AR A2 B3O mA-HAGM A 2 E= =4 EUE UsPdtH(NTP,
1992). A20fA Gt yore} A2 4Hd-gdo] Eafi=y, 23 7414 &9
o= &aEA et ARIYAS A7) =goly =A7eF 78 59 Al
A 2 AMEE

HE) 228 Z(Nickel hydroxide, Ni(OH),)
sabslAL. Mol A4 Ty slelEs sldatd 95 stAS A
AU AL UZA-71ER HiE o] ARSET Slo} Hhg-o] SujE ARE-ET
Az R, dEEVE T 5 dew H, A%,
HXJJ& R AFA FF= A 5 Uk

AD &5t Zi(Nickel subsulfide, NiSs)

AL I oA A9 A F7] SRIER 71E Al §5 7IAE
gttt AL 2E aiE Y, AR3st AQlolA SuiAE AREE AN
AeHE YA 34 Az AHEE o] 4o &Y A4t iy, oF
4 A3} GARE FEE7E FET 4 e b, A%, 93 9 A A9
JFS v £ oot FshyAL W 24 dEA oy wHY ¢ vt
o] 9ol Ut

Oh EtAtLZ(Nickel carbonate, NiCOg)

AL At =9] 284 7] SRER, 7HEsH f= 7IAE AT
< A7) =a, QA YA Az, e 59 Ax, Ha AP SHA=

ARGETE E3E o] E4of kEEH 47 L°} Ry, =718 A8 5 UL

H, A%, 4T 9 ARA FFE v = Atk



2. 712Y-284 U 3Bl 232N WY

U g YA sitEd] FRe 7R YA deiyd, g44E), 284

U9l 344 WA U4, YA 99, FeAe): 24 : ofgshia,
1

—/—\—‘Lq =2
of v 7}A) WFe] U slghge XpHoR 2Edtel Belg 4 gl ¥3
_]

et dubA]l grjoll= &, A B A5 E= g T obdlH ERfolA EAY
(ethylen ediaminetetraacetic acid, EDTA)7} %3

EHoflA 584 FES 25| Hste] 874 YA o]20] sHstEE 5§
StHA A JAE FAsH| Y8l A 3= 2715 71 BHE ARES}
ozttt ot o= 74 YA o|2o] xtE o] 3lon L o= &84
Yz shekEo] dorgiAl e

o] 24 BAubge S 9 sjgnk igstelnt. 2e slae) U 54
EAEE (E M-6)0] e ek UAzzRg A)9)). WAL MCE

(Mixed Cellulose Ester)®+ PVC(Poly Vinyl Chloride) 2t }x] & AR&5}o]
oF 2 L/min?] 2= AFeHh AR HAY= FA 5 AR At &
7tgolut mlojA = o] B 5] AH|E o-&5to] -&3fisto] ICPLF AAS 52
AR 1I-5).
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(E I-5) 2 719 U £ 2AE(01¥s}, 2023)

| o8 x| x|
gae | mamy | (720 TS TR s
KOSHA 3% Fbt ==t
A-3-2019 MCE/PVC | 2 3-5 g soz | ICP/AAS
NIOSH 7300 | MCE/PVC | 1~4 | EALTIGAM (iﬁr) ICP
: |ef
NIOSH 7301 MCE/PVC 1~4 T AL (7rem) ICP
3|5t
NIOSH 7302 MCE 1~4 24t (oro|22 ICP
A01=)
NIOSH 7303 MCE 1~4 Fat A=Y FE ICP
3|3
NIOSH 7304 PVC 1~4 2t CIEE ICP
A01=)
NIOSH 7306 MCE 1~4 CHet 3|3t ICP
3|5t
OSHA 1006 MCE 2 = (Oro|22 | ICP-MS
(2009 201=2)
OSHA ID-121 2Lt =|=
200%%) MCE 2 e 35 | AAS/AES
OSHA 1D-125G = 2|3t
SEAEIAL
(2002b) MCE 2 2t (712 ICP

*MCE, Mixed cellulose ester filters; PVC, Polyvinyl chloride filters; AAS, Atomic
absorption spectrophotometer; ICP-AES, Inductively coupled plasma atomic
emission spectrometer; |ICP-MS, ICP—-mass spectrometer
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2) Z9/FA 719 54 U BAY

HEZQ] Q=739 7184 YA SIgHES] =3 9 B4 urHS H [[-69]
UEPR AT ESE 5., 2020).

(E I-6) =2/=H 7122 724 UH sEES £ ! 24 4

gaww | ZEogE | 3589 HEE | 2A

HSE MDHS 42/2 Ammonium citrate, i Ofte 2
(1996) MCE 60 Ol Sl AAS

OSHA ID-121 EHO|R24, ixta oapot 2

(2002) MCE | som =t 102 | BHSR [aas 2 AES

ISO 15202-2 MCE = E0|24, 37+27C, GniZSyNN ool 24
(2020) ° 602, wHt HNO; Z0df ICP

MCE, Mixed cellulose ester membrane filters; DI, Deionized; AAS, Atomic
absorption spectrometer; AES(Atomic emission spectrophotometer); ICP, Inductively

coupled plasma spectrometer

19844 J=+ A E AH(Health and Safety Executive, HSE)S S3|E2
=4 A¥¥HA MDHS(Methods for the determination of hazardous
substances) 42/2 ‘Nickel and Inorganic Compounds of Nickel in Air ol|A]
TAAAEECE 7MY UAZ 6087 =53 T et &A3 AASE
Aot WS AFgstR oy A= ARESHL QA a1 I1SO =4 422
AF THHSE, 1996).
o)< AFAPA R AH(Occupational Safety and Health Administration;
OSHA) ID-121 “Metal & Metalloid Particulates in Workplace Atmospheres
(Atomic Absorption) oA ©o]2<=o] 1087 233} BAKE & of}st 89S
AAS E= ICPE #45k= S AHYSHAHHOSHA, 2002).

A
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M
M
o
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1o
o
>
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0
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1%
o0x
oE
1o
ik}
00

( tgy-284 U

A #EZ5}7]F(International Organization for Standardization, [SO)+=
15202-2 “Workplace air-Determination of metals and metalloids in
airborne particulate matter by inductively coupled plasma atomic
emission spectrometry oA o]0 37C, 60&%F wHKeE § of3}sh

=
NS ICP-AESE E45H= WS HHSFHCTHISO, 2020).

0

O

N
r ol
19
N
ofo
oX,
i
i)
o
]
i
19
5]
i)

Sk 18y U 25 2y
Zatka et al. . )
(1992) Ammonium citrate AAS
Wong et al. DI water 15 mg, Somga‘uon 10,000 rpm, 20 ASV. SEM-EDX
(1997) min
Luk et al. DI water 15 m), 302 x|, &A&2| 3,000
(2000) rom 10 min AAS, ICP
Fernandez et al. DI water 15 m{,
(2002) SAIZE M2uBt
Fiichtjohann et al. _
(2001) EDTA AAS, ICP-MS
Profumo et al. L .
(2003) DI water, Sonication 50Hz, 305W, 5 min AAS
Berlinger et al 1.7% Diammonium hydrogen citrate®}
9 | 0.5% cirtic acid solutiong 7t & 37, ICP, ICP-MS
(2009) Byl ==
6027t ==
Simona et al. Ammonium citrate % 10 m& F7}otL, AAS
(2018) 37°Ce 220 602

MCE: Mixed cellulose ester membrane filters, DI: Deionized, AAS: Atomic absorption
spectrometer, ICP: Inductively coupled plasma atomic emission spectrometer.
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Zatka S HoHE BHL Aot Y, AR, AU L FARYG|H
elisiel A 9] 8349, U4, 354 L U5 SIS AT

o] )
PUE 40w Buslalct Zaket B &4 U SUELS A8stel e
7t 82 z70] i3t MBS AEs HAEHOZ pH 4.49] 0.1M 74

252 AL83lo] 908 B9k 7R84 1

i

o}

i H

. pH 4-4.29] Y Islpa-4L ALt

A 35, HgS-HE &2 AREsth

52 Bt FEUA 23, AL A0 vt BAHOR e ARES
° II-

8)(Zatka et al., 1992).

mii —1)1'
m{w L

E I-8) UZA setEe ERY 22E {18 MX2| U (Zatka et al., 1992)

oA LA & F= 20 FE LA 42l
I 7124 LUZ | 0.1M ammonium citrate Normal salt(sulfate, chloride)
I 51542 H,0,citrate Sulfide, Arsemdgs, Selenide,
Telluride
[ =&LA Bromine—-methanol Metallic(Ni, alloy, steel)
Y, ASH A HNO3-HCIO4(or HF) Complex oxides, silicates

Fairfax®} Blotzer= 7184 € 84 F43%tE 29 24 84, 2%
9 2o 2242 dYststo] 1SO 15202 A78e ZAE Alsstelt. 7HeA vAaQ
F2ole ALY EE g4l gol25E ARESto] EE5h 22034 AEE
1A = WFHS A5t tHFairfax and Blotzer, 1994).

Butler 52 9=+ HSES] MDHS 425 AESs}7]of &4t A|7|2kal wddsto]
NZ2L A58 dx7F 714 E MDHS| ZF=|dor, 2+ S04 drts
o7 WHEe= uFe WAE 245t dAe fa4E HAEIHIIH
M-11(Butler et al., 1995).
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Type of
exposure?

nickel and insoluble
nickel
compounds

soluble .
nickel e:"p':;ie Readily
compounds soluble
/ in acid?
filter solution
and analyse yes no
residue

Use one of the following:

Use citrate leach Use citrate Usel +1 itric acid / pe .
proc.et_:lu_re or leach nitric acid ':::ti:c :;:iegur:chlonc
I + 1 nitric acid procedure procedure i rgw Ve Broced
i cmtice microwave procedure

® fusion procedure

Compare
with soluble
MEL

[23 m-1] UZ sEEe £& HXKButler et al., 1995)

Wong 52 3H4 A1z Lold 7] 302 HEE Ud 2 fEshe
Ao AR 28 37] 4 £ Selolo 438 U §T 50
see Bstech. 7484 UAS pH 50141 o EAMESS A8 dto]
239 01, pi 591 FAUII-olelolE B B AT AR

UAL FE59 12T 44 UL HAHOR AA F P4 L 8]



A VAL A4 THses golos 85511 niAtoR Biow by
Qahy AStET S S8 AHWong et al. 1997).

Fichtiohann 5-& %% 7] Almo] 598 288 9o YAL Zatka
ol ALgSHE Ul 7H LREA, BAH, B4, Ao R Beshs
e B9 ol5L A WAS AMe e WA 35 2 B4

of 22 viAel FL

A2" Yol B2 vio|a & HE EHE ARESH
4GA &2 714 UAEZ 91t EDTA, A =52 9o
HFASkeA, 45 FE52 9% KCuCls, AR UAS 93 A4k B2
o]2o] A th(Fiichtjohann et al., 2000).

Fernandez 5 7] § YA &4 235 9=l 4 1% NaCl 4=
25CoA 1AIZE B ARESH] A =5 4= Q= S AAT tha, 95T oA
1A1ZE &<t otM|EALS] S|ESAloMNIFARS AHESHo] BHA T S 7Hsgt
=4S FE519th. 183 85C9A 1AIZE &QF BAREAE ARE-SH
7180 % A% AL 435} 7Hstt 24 @) 5% v dddeE
B84 T2 2ok HF IRES 95CA A4-H4K1:3) 22 Eofisteitt.
o] HXE A5t A &oli= e 7Hett S50l sl 34 St =
&S ARERE thE 25°ColA] S5AIZE B9t SIEEA0IP4E fAo = Y
7Fett = FEOIH 18 Hslea g0 s {7] 9 AR} 7hett 2Es
FET o3 A4l AR AL Ao Eofishe WHAlE ARSIt
(Fernandez et al., 2002)

Profumo &2 V43| 587t 230 52 ARt YA &34
AAR Hz, 0.1M @Ate= gopds &6k 102 &% 954 Y
A A A 1?4—1——’ 70% HAF H °
U2, 48% B4t = ZHREd d= Edlisto] AT 22 1854 SRtE=
Eofot= ’SZ]—.—_-: B 359K Profumo et al., 2003).
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Conard &2 Zatka €&} = HA= 7Adsto] pH 4.4904 90& &2t 0.1M
TA4E FEE= ARESH] 7 UASE FE5HL pH 4-4.20004 AARE
ARl ALY &5 &HSE ARSI 607 59t FAHAS FE5H3H.
a8a, HekE-BE &HS ARESHY] 5% 5% 95 YE F=3t
HILA A0 7 Fo Z=ES 235199 tHConard et al., 2008).

Berlinger 5 &4&0lA UAZ 8&37] Hote] 4 7HA3 UASZ 1.7%
Diammonium hydrogen citrate®} 0.5% cirtic acid solutione 7}3F &
37C, 6087 &3 O3, :L-’}—‘J AZ 50:12] Methanol-bromine solution®
7Rt & 20T, 3ARE 9t FEo5k, npAH e g A4k, BAL AL BAF SkEAS
713t & mlo| A 2 90| HE 5}5}04 At AS S5t (Berlinger et al.

YA %1340}_1_ 30% _1)(/\} Tt 0.1M A4S o]-&-sto] FIUAS
wotqitt. 181, HegE-BEE AR F5UAS 53 vy B4 F4L
FARS ¥ mpo|m 29 o|H JBFA Y E Eoto] ARt AE EHSHATHLuk
et al., 2010)

(B I-9) LM &3120| S84 2aS Y3t MH2| WH(Luk et al, 2010)

1| M L|Z SEH
DW 16 mS €1 10£7+ 286104 302 WISt 2 3,000 e Lz

romOiA 1027t EAEe]

mE 21 10x7F 8ot

30% H»0,2t 0.1M citrate(1:

1) 10 ==
St L_;‘”
11 302 3,000 rpmOlq 1027+ A=A et
Methanol+Bromine(50:1) 10 mE 21 10x7t =86t 202 ESeRE

=31
11wzt = 3,000 pmOIA 1027t 222

HF 0.5 md, HNO3

Tmg,
A0IE slatet & 12 YR

HCI 0.5mgs €11 600W, 427t Or0|3=2 AaiL 2
[BIICI7H 600W, 427t Ojo|32QY0l &5t | o=
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Simona 52 452 $91& 8310 2 FUA glo] VU LARBYIE
14 :

o JES LS pEY
&9 &3, it 55 R AlkE UAS S8 5 Qe S (1E 1I-219F
ol 44si3ict.

Ammonium citrate solution (Sol. A)
37 C 60min

Q(I} from soluble salts >A‘““‘“

Re51due Ni(0) and
insoluble compounds

H, O, citrate (Sol. B)

AT, 60min
> -~
~ .
Ni(IT) from sulfidic nickel Residue: ) =
2 insoluble compound
— S — :r’
Methanol: Br,
(Sol.C) AT, 2h

: t“"“"—-_
/f‘!‘* - : ~
A NH(IT) from . et1111c ) Residue: insoluble \

compounds, NiO

HCLEHNO; (Sol. D)
70°C, overnight

(Ni(ll) from nickel oxide )

[a™ m-2] YA sket29] & ™XKSimona et al., 2018)

1M
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Z7otAtt. upAgo R FE|o] & JA-EA 8N 5 no 2 AU AEZ =
5t 24 5t= WS Aokt tH(Simona et al., 2018) .

71 E71AQ e ek A Sy Iaet At (Institut National de la
Recherche Scientifique, INRS)Q] ¥Ho|tt. LEH 7IHAEQ At up/&
AARHL "Fol2eg FUT F BAl BiE HiL 37+2°CollA 1A &1t
IERI FHNEE AFE F-HL vPiE AASH o 29 [M-33 gol gt
EdtAY REE euAd 71t O3 o3 AR HYo] 3F AT
Y2 FHo| €o] ofi}si= HH ol
| IE Quartz ZE

/; 3¢t FHMIE (21 37 mm)

S |~ O SeAE RE
AT EY ECAE BB
8m

_--_-_-— (:lg

Conical tube
U EY YA RE
|~ = e mm) m—

; Faiols p

AT SctAE RE

I IS// 3H FHIE (21 37 mm) O
MY - R
(@)
@)

— . e— e —

O{apE2kA3 260 mL

[28 m-3] UZ sEtE2] £&(INRS, 2015)
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2) M8 UA 22 270 Be 2484 23

14%1 THEZ 5U =R FASH AFRE " ARE ol 7HA

FEX0| "t % fﬂﬂfﬂ o2 24019t} 2E AlRo FYZA 5x7} 1.641

ug/mgolo*o , 73 YHo] 39. 9~56.1%—g AAstg o B84 YAo]

43.9~60.1%5 A4 okoﬂu} AL} EES AMESH= HSE Wio] 7 7184

Yo] @o] & glom OSHA HHol 7MY 44 l = *EJO*E}. Yol 34

HE-Z 82.1~99.3%= F& ofi} IollA E4E ZAos FAEHJKE M-11.
(B mM-11) M2 2o o2 UE sk

(ug/mg)
e LA 42 g Uz | 284 Uz
Sk g|=H|E Sk(%) SE(%)

Filter 1.641 100% - -

HSE 1.348 82.1% 0.756(56.1%) | 0.592(43.9%)
ISO 1.482 90.3% 0.682(46.1%) | 0.799(53.9%)
OSHA 1.629 99.3% 0.649(39.9%) | 0.980(60.1%)
Luk 1.422 86.7% 0.722(50.8%) | 0.700(49.2%)

*HSE, HSE MDHS 42/2 method; ISO, ISO 15202-2 method; OSHA, OSHA ID-121
method; Luk, Luk et al. 2010 method
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( 188-288 UZ ez Al

It
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=
I
1o
ik}
(0]

A&E AFE= KOSHA Guide A-3-2019 ‘Yo tigt 2AF =74
71eA3'& ZEsto] MCE 9ojax & ARgSte] 752 2 L/minE Sto] 10
o, ZHFZ 4 200 L ol HA steh. AF7F B A= AlEE
Fio] 91E FoteS olal UEH JEH=E 7HHES HIE Al uFskoith. 8%
SAE AR AE T 271 o2& SItKE I-13).

2

i

o

X,

(B M-13) M=z 39 ¥ M7 "L

Az - A MF RFAZE e
At M3 38 | MEIHE (L/min) (min) L
ST == Nje: 2.018 120 242 .20
A S2 = X 2.034 120 24412
S3 c= N 2.026 120 243.06
B S4 (o= X 2.018 105 211.91
S9 2 x| 3.030 177 536.310
S10 c= X 2.971 177 525.867
D S11 = X 3.046 174 530.004
S12 == X 2.907 172 500.004
S13 = X 2.897 171 495.387
S5 =3 Nje: 1.973 276 544.48
c S6 == X 1.973 182 359.04
S7 = X% 1.965 276 542 .41
S8 =3 X 1.965 182 357.68
e S14 (o= 740l 2.042 363 741.06
S15 c= 740l 2.014 362 729.07
S16 ol 740l 2.016 170 342.72
S17 ol 740l 2.016 195 393.12
c S18 | ME7ks | JHQl 1.978 170 336.26
S19 | MBLE | 7Hel 1.978 195 385.71
S20 | MBLE | KOl 1.990 170 338.30
S21 | MELE | KOl 1.990 195 388.05
G S23 23 740l 1.981 371 734.951
S24 g3 il 1.982 363 719.466
q S25 23 7Hel 1.933 372 719.076
S26 24 740l 1.982 369 731.358
I S22 24 740l 1.938 368 713.31
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A A5 Z7] & YA 552 (F M-14)°] YAt

B AL AsuAT Faa
o

549 2 9 Au7lg AFGARQl F AL 7R AT 884 UAS
% Shaotal o &84 YAL wWo| okl AU

28 THoA= G, H ARG &84 YATt AEE 0T [ AR YAo]
HEE A LU [M-14).

41



N
N
0f0
0x
MHI
00
0x
-
M
fon
o
{0
1o
o
>
It
oA
¥
1%
0E
I
1o
k)
00

(E M-14) ¥ Mzo| LIASE

(mg/m*)
S1 = S N.D. N.D. N.D.
A S2 == S N.D. N.D. N.D.
S3 = SE- N.D. N.D. N.D.
B S4 E= X4 0.0764 0.0077 0.0841
S5 = Np: 0.0003 0.0043 0.0046
S6 = INR: 0.0001 0.0064 0.0065
D S7 = IS N.D. N.D. N.D.
S8 = N 0.0035 0.0352 0.0387
S9 = S 0.0053 0.1247 0.13
S10 E= NS N.D. N.D. N.D.
c S11 = IS N.D. N.D. N.D.
S12 = IS N.D. N.D. N.D.
S13 = N2 N.D. N.D. N.D.
c S14 t= ik N.D. N.D. N.D.
S15 == 7Hel N.D. N.D. N.D.
S16 = 7Hel 0.0017 0.0032 0.0049
S17 =l ik 0.0015 0.0039 0.0054
. S18 | dE7ks | JHQl 0.0018 0.0061 0.0079
S19 | MEPES | JHel 0.0015 0.0028 0.0043
S20 | MEPRS | THSl 0.0017 0.0058 0.0075
S21 | HE7ES | RS 0.0016 0.0098 0.0114
H S22 25 712l N.D. 0.0342 0.0342
S23 g4 71l N.D. 0.0324 0.0324
| S24 24 712l N.D. 0.0167 0.0167
S25 24 el N.D. 0.0053 0.0053
G S26 24 7Hel N.D. N.D. N.D.

N.D : None detected

42



AATAL 2HASFE o8t SHHY WollA AFAS AHdstar 25
A+E it A7 2% FSoITE MI-15)
(E lI-15) A™ZMe| @84
HESH HESHA|
XA 7|27 Y ®o OXEQ% = oo
adAT =71 . b e | G/
0.9999 26794.96 | -1514.66 | 1463.50 0.1639 0.4916

(1) ANz zHFE Al | At

2 A4 AE3n 7 YA B84 YA 3REE9 A 5 A
AR AHA 71E2T FL HHS AHE 7Hsstth. MCE 93] £+ PVC
AIA(F= 0.8 m, 27 37 mE 2 FHEE ARES] 2 I/min®] o R
F| 4 480 L, o 960 Lo 37Fo g ZFsto] oA 9] Algxy F
A& FolEF sto] np7fE ot HlE AHolA 23t FARE AR AlE
g 2~107] T AE59 10%E St

(2) Mzl HX2| Al FArE

glolEo] Yol slsieisit, S Kro] §74
w7k S SjAste] 2% o] 4%
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FE517] gk o 7}11 W 3 1SO W ARSohk= AL E3ITH o E HA T
Uiy} H|wsto] 25590 Zlo)7t glal S ueRHERt ofy gl w2 vetol A o
Sk 9= ISO 15202-2 =4 ¢ -Eréi WS stk A2 dAcks AgA
3 9 270 s u]g] FFg}ol= Ao sttt £9] ARl ofut IgofA
71 YA REY 584 YA HES FHS| EElotal A|lwe] £40o] gl
St}

Q) Az B4 Al FoME

A

2 ICP-OESY AASE ARR3lo] KOSHA Guide A-3-2019, NIOSH
7302 ¥ 7304, OSHA ID-121 W 52 #-83tch. 4 5719 ﬂii—} |
Azsto] FAE D A5} 3 B4R B8N S (ug/m)ol 4
23S v g AFH IHZE st fadE Rl E}—a NEE
A% 3leg AEE AT AR EAZS AR

=]
LN |

147“ 910l 38 9 YRS Yl def (19 1D 2ol 371
A3k} 3, 7h84 YA AA8sHe Aol Bastu

e 39 M4 AR 338 F LA Hh2 A0 Go48 T A
H A I Mt B, $8 YA ARSI el
3 3 BAfsio] B84 U w277

SR A, 84 s $84 el Easlel LEEAY BA
B4 SHE A9 184 UAS 323 ojzole E4ste] /184 UAY
g7z vEsa AoiEe Adow 8T F BAse B84 U4

7| vlaeteKaE 1-4).
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V. 1%

yAL tiofst AZ2(TE, A+, TUE 59 552 5 AT, ZGA of A
357 I =AY 7PY dwrFoll Uttt 2= SYo|tk(Buxton G-
2019). &9 A] YyAo] -84 JFeid o Fu|73a} 1 2

2 e
uhy gjglo] Ral UAo] Hle] o AT £ K m
YAo] ME 242 Z/M7E ggoz Qs ¢ 204 283 5

AtHOller 2002, Goodman 5. 2009).

wreka] YA o] AAo]-&&2] ZpolE 1Hste] o 7HA] k& 7|Fo] AF
= At NIOSH, OSHA, HSE & ©|&] 7|2 2 YA #4%, 7184 U4

2}
84 YA, YAZIERd 528 FESIA T EF 7R YA IRkES]
rE7|%0] 284 SREY &Ry Wk 9 URhe] | giEE
ACGIH TLVE #8311 QloI(ACGIH, 2019) YA EJ% |ARH] F-E31
UoH tE H2 ACGIHE 94 dAolwt sig=m b gt ==71%
= HEE ER5HL A S=the Holth
St §9E2 20179 SH3eEA % (European Chemicals Agency,
ECHA)OIA = A 34 Ud 9 YA 3Rt 94 &7|%0
et et ZAE Brketr] ste] A48 79 (Committee for Risk
Assessment, RAC)9 £9& 2%35}9tt. RACE YA SE9] 2t d
B7F 41 F8 S 257104 IS 7N R Sto] =ES3AE
&3 2y YA 453 YA 3tE 250 dg] 2544 419 A% 0.005
mg/mf, FUAF XY A 0.03 mg/mwE Aoty BiAo] mEH &
AollA T T2 B84 YA Foll tisiATr JSEHUAAT Ao 735
7Hd U stES 584 U SHdE0 £ ==E 45 &9 UHd
ot 7 8EI 2 HPgeho] s AL vt A9 $goflA YHo| gk =
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A A9 BE Aol oot A 39 2= k=HEE YA k&S
7o OE & k=7 AA5tke A2 A8F0lA gthal ST
o]o] W%HOJQJ(EurOpean Commission, EQ)9A+= UAS WA 1A 9
RE 245 EFota A9 27|82 gAY Z27]0 tet 284 £X312
0.01 mg/nf, —°-°”<§ #2312 0.05 mg/m’ & A&7 = skt o] Ao wzt
71&9 §71/571 &= o7, &5 5ol w=t 2= A" =572
90% &= HAasHA HJoH, @7|7eE7|E AAIEAR. o] AR 2025¢

14 184FH oA =M ojd7HA= 0.1 ng/m'(FUPLE =E7]E0]
A-EEATE V-4)(EC, 2020).

H IV-1) ECY LA H2tE E7|F1 s &57|F9| Hlw

CMD proposed Limit | HSA Code of Practice — .
Implication
values Current value
8-hour limit : 8-hour limit :
0.01 mg/m*(respirable) Organic compounds : 1 mg/m’
0.05 mg/m‘(inhalable)
Inorganic compound:
Transition period limit:  |Soluble=0.1 mg/m’
0.1 mg/m’(inhalable) Insoluble=0.5 mg/m’ 90% decrease in
limit value, however
Nickel-0.5 mg/m’ a 4-year transition
period is currently
No short term limit Short term limit: recommended
For organic compounds only:
3 mg/m’
Classified as Carc 1A,
Sensitiser

* CMD(Carcinogens and Mutagens Directive, Ztd L HO|®Y X|Z); HSA(Health and Safety
Authority, @=9tHEZ4H); STEL(Short Term Exposure Limit, TAIZI=ET|ZE)
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Abstract

Application of Simultaneous Determination

Method Soluble and Insoluble Nickel Compounds

Objectives: Nickel is a carcinogenic substance, and compounds
containing nickel have different occupational exposure limits depending
on solubility, exposure type, and hazard. Therefore it can causes a lot
of confusion when measuring the work environment and it is difficult
to determine the actual exposure environment of workers. Nickel
compounds are measured in the same sampling medium regardless of
solubility. If workers are exposed to nickel compounds of different
solubilities at the same time, the soluble and insoluble nickel compounds
should be evaluated separately in the analytical step of the measurement.
Therefore, it is necessary to select the appropriate analytical method
according to the solubility of nickel compounds and confirm it with

experiments to establish sampling and analysis guidelines.

Method: We investigated the types of soluble and insoluble nickel
compounds and how nickel can be extracted based on their solubility.
We analyzed mixture containing soluble and insoluble nickel compounds
and selected a pretreatment method of stirring in 37°C deionized water
for 60 minutes to extract soluble nickel and analyzed samples collected

in the workplace.

Results: This result showed that soluble nickel was mainly detected

and insoluble nickel was detected trace amounts of insoluble nickel, but
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below the detection limit in the metal product plating services. On the
other hand, insoluble nickel was detected and soluble nickel was detected
in trace amounts, but below the detection limit in the stainless steel foundry
and welding and filigree operations, Although the field samples collected
in this study were not suitable for simultaneous measurement in workplaces
that mainly use one type of nickel, it can be seen that even trace amounts
of soluble and insoluble nickel can be detected simultaneously, which

may affect the application of occupational exposure limits.

Conclusion: This study can be used to develop guidelines by confirming
the validity of analytical methods for determining exposure levels of soluble
and insoluble nickel compounds. In addition, it can reduce the confusion
of measurement organizations and more accurately identify the exposure

environment of workers by suggesting appropriate analytical methods.

Key words: Nickel compound, Occupational exposure limit, Soluble
nickel, Insoluble nickel, ICP-OES(Inductively Coupled

Plasma-Optical Emission Spectroscopy)
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