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Application of a Simultaneous Determination Method for Soluble and
Insoluble Nickel Compounds
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ABSTRACT

Objectives: Nickel is a known carcinogenic substance. Occupational exposure limits (OELs) for nickel compounds
vary depending on their solubility, exposure type, and associated health hazards. This can cause significant
confusion during workplace environment monitoring and make it difficult to accurately assess the actual exposure
environment of workers. Nickel compounds are measured using the same sampling medium regardless of their
solubility. However, if workers are simultaneously exposed to nickel compounds with different solubilities, soluble
and insoluble nickel compounds should be evaluated separately during the analytical phase. Therefore, it is
necessary to select an appropriate analytical method based on the solubility of nickel compounds and to validate
these methods experimentally in order to establish effective sampling and analysis guidelines.

Methods: We investigated various types of soluble and insoluble nickel compounds and examined extraction
methods based on their solubility. Mixtures containing both soluble and insoluble nickel compounds were
analyzed, and a pretreatment method involving stirring in deionized water at 37°C for 60 minutes was selected to
extract soluble nickel. This method was subsequently applied to samples collected from actual workplaces.

Results: In metal product plating workspaces, soluble nickel was predominantly detected, while insoluble nickel
was detected only in trace amounts below the detection limit. Conversely, in stainless steel foundries and welding
operations, insoluble nickel was primarily detected and soluble nickel was detected only in trace amounts below
the detection limit. Although the field samples collected in this study were not ideal for simultaneous
measurement in workplaces that primarily use one type of nickel, it was confirmed that even trace amounts of
both soluble and insoluble nickel can be detected simultaneously, which may influence the application of OELs.

Conclusions: This study demonstrates the validity of analytical methods for determining exposure levels of soluble
and insoluble nickel compounds, and can be used to develop practical guidelines. Furthermore, by recommending
appropriate analytical methods, this approach can reduce confusion among measurement organizations and
enable more accurate identification of the exposure environment of workers.

Key words: ICP-OES (Inductively Coupled Plasma-Optical Emission Spectroscopy), insoluble nickel, nickel
compound, OELs(occupational exposure limits), soluble nickel
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Lee, 2003).

ARMHAY &7 24, 24 YA 54 1
Hgoll} 557] Ag e BHO02 | mg/m’, 7H&
4 U Rt ¥ &4, 579 9 oS A
A8 0.1 mg/m’, B84 71 UA SES vt
2 H A A3 0.2 mg/m’E ZZF FESHo] B
Shal Aok SUA oS AL E-8AJolARE A
I} A A EHI YA 9] 7HsAde] 9lo] 0.1 mg/m’E E
T2 7]E0] AHHo] Qo YAZIERE S Hd 9
A= YIge= <Iste] 0.001 ppm2] "¢ A4
|&=o] H8Ht. 22 YA et #te 55
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Table 1. Regulatory nickel and nickel compounds in the Occupational Safety and Health Act

Substances CAS No. Working environment Spema! he_alth Requirement Special
measurement examination management management

Nickel and its inorganic o

compounds 7440-02-0 O O O x

Nickel and its inorganic e

compounds (insoluble only) 7440-02-0 O O O O

Nickel carbonyl 13463-39-3 O O O O
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Table 2. Occupational exposure limits (OELs) and hazard classification of nickel and nickel compounds in the Occupational

Safety and Health Act

Hazard classification

Substance CAS No. OELs - - - -
Carcinogenic Mutagenic  Reproductive

Nickel (soluble compounds) 7440-02-0 0.1 mg/m® 1A - -
Nickel (insoluble inorganic compounds)  7440-02-0 0.2 mg/m® 1A - -
Nickel (metal) 7440-02-0 1 mg/m? 2 - -
Nickel subsulfide (inhalable) 12035-72-2 0.1 mg/m® 1A 2 -
Nickel sulfide (fume and dust) 16812-54-7 1 mg/m® 1A 2 -
Nickel carbonyl 13463-39-3  0.001 ppm 1A - 1B

Seuele) U 137158 MHRIGIAEAEYS S 9T S Ud SEE B tEelt YA
(American Conference of Governmental Industrial 222 1Bl BAES 9ol FoE F=E AR
Hygienists, ACGIH)9] k=&7]%& &85t 74 Y o= 959t FATFE 7|E o st St
A £84 UAS FE5HL YA AE AT AR =E7EE 8ot e Aol
71&0A zto]7} Qlct. I3 ACGIHE ZE YA o ole} FHASI thgat T2 ¥ 7HA| A HT

Y 3RIE L2752 SYA8 A& VIR 4
33k vk 2] Uehe oRgshiAy U4 X1 Ve
S #8313 JYTHMoEL, 2020). m=ARIPEEAN
(Occupational Safety & Health Administration,
OSHA) ¥ FHARAPAEAATY(National Institute
for Occupational Safety and Health, NIOSH)2] 3
£ YA gofro] et Hr g =E7|ES oA &
on, YyArizHdS Aot e YA g YA sRiE
o 52T =&7|%2 A8kl tkTable 3) (ACGIH,
2024).
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Table 3. Occupational exposure limits (OELs) for nickel and nickel compounds from other institutions

za=
BT=

= 1 0
] gto] ojgiths olth. @
AFoz 7184 UAs 284 UAS HER 245
A w4 F U7 SRR RG] g v
Aot AR} ol AR,
Ud, 284 %71 U sk, olgshy

27]%0] BE thchs ot A7 B

ek

7zte)

Organization*

Substance CAS No. Units Mol ACGIH NIOSH OSHA
Nickel (soluble compounds) 7440-02-0  mg/m® 0.1 0.1()" 0.015 1
Nickel (insoluble inorganic compounds)  7440-02-0 mg/m? 0.2 0.2() 0.015 1
Nickel (Metal) 7440-02-0 mg/m?® 1 1.5(1) 0.015 1
Nickel subsulfide 12035-72-2  mg/m?® 0.1(1) 0.1() 0.015 1
Nickel sulfide (fume and dust) 16812-54-7  mg/m° 1 - - -
Nickel carbonyl 13463-39-3  ppm 0.007 0.05(C)" 0.001 0.001

* MoL; Ministry of Employment and Labor, ACGIH; American Conference of Governmental Industrial Hygienists, NIOSH;
National Institute for Occupational Safety and Health, OSHA; Occupational Safety and Health Administration, = (1),

Inhalable fraction, T (C), Ceiling
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Table 4. Preparation method for extracting of soluble nickel compounds
Method Preparation procedure
HSE MDHS 42/2 Place at room temperature for 60 min after diluting to 0.1M ammonium citrate
ISO 15202-2 Agitate in a water bath at 37£2°C for 60 min after diluting with deionized water
OSHA ID-121 Sonicate for 10 min after diluting with deionized water
Luk et al. (2000) Centrifuge for 10 min after diluting with deionized water for 30 min
*HSE, HSE (UK Health and Safety Executive) MDHS (Methods for the Determination of Hazardous Substances) 42/2
method; SO, ISO (International Organization for Standardization) 15202-2 method; OSHA, OSHA (Occupational Safety
and Health Administration) ID-121 method; Luk, Luk et al. 2010 method
of W} ol55 FEste] AT vt oy, A 7 RS 34245 f¢ 99 88EHA e
KOSHA, NIOSH 59 #AW oA HF 4t = 32l PSS A5k
AAEe & FrddEd2eHE g2 4 (Inductively
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Table 5. Physical and chemical property of target nickel compounds

Substances Formula CAS No. Mv?lleeicgzr][?r P(L:,/r(:;[y Watza((r@zsgjg)b Uiy NICkeI(OZ;) ot
Nickel chloride NiCl,-6H.0 7791-20-0 237.71 99.999 642 24.20
Nickel acetate Ni(CH3CO)2-4H,0 6018-89-9 248.84 99.999 177 22.70
Nickel nitrate Ni(NQ3),-6H,0 13478-00-7 290.80 99.999 2385 19.80
Nickel sulfate NiSO4-7H,0 10101-98-1 280.86 99.999 625 20.70
Nickel oxide NiO 1313-99-1 74.71 99.995 0.0011 -
Nickel hydroxide  Ni(OH), 12054-48-7 92.7 98.0 0.0015 62.00
Nickel subsulfide  NisS; 12035-72-2 240.19 99.9 0.0036 68.83
Nickel carbonate  NiCOs 3333-67-3 118.72 99.9 0.033 48.60

n.z 2t

t}. o] go]E doj 10 mf7} HA 345k 4
FEAS 5t EFEHL Inorganic Ventures(USA)
oA ATt YA Q1T EZEA(1,000 um/m)yS 34
slo] ARSI o™ 231.6nm ¥ 221.6 nm9] 3]
Al radial ZEZ =t ICP-OESE 0914 100
ppm7HA| 57 FEO] EFEHOoRE HAYstH o YA
FZ ug/mgl & ARESHITh
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Table 6. Nickel concentrations in nickel compounds
(Unit : pg/mg)
Nickel compound Total nick.el Soluble nickel Insoluble nickel
concentration Concentration Ratio (%) Concentration Ratio (%)
Nickel chloride 0.259 0.190 73.4 0.069 26.6
Nickel acetate 0.228 0.082 36.0 0.146 64.0
Nickel nitrate 0.195 0.146 74.9 0.049 25.1
Nickel sulfate 0.202 0.111 54.9 0.091 451
Nickel oxide 0.196 0 0 0.196 100
Nickel hydroxide 0.492 0 0 0.492 100
Nickel sulfide 0.362 0 0 0.362 100
Nickel carbonate 0.520 0.012 2.3 0.508 97.7
Table 7. Nickel concentrations by preparation method
(Unit : pg/mg)
Method" Total nick_el Residual Soluble nickel Insoluble nickel
concentration Rate(%) Concentration Ratio(%) Concentration Ratio(%)
Filter 1.641 100 - - - -
HSE 1.348 82.1 0.756 56.1 0.592 43.9
1ISO 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 (UK Health and Safety Executive) MDHS (Methods for the Determination of Hazardous Substances) 42/2
method; SO, ISO (International Organization for Standardization) 15202-2 method; OSHA, OSHA (Occupational Safety

and Health Administration) ID-121 method; Luk, Luk et al. 2010 method

9lom OSHA WHelAl: 7 He ool
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.1~99.3%°] A} tHTable 7).
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3 AR9 B % Ud s 3
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Table 8. Verification of calibration curve

2 A8 A 9 AR ERS }_A}o}ﬁgt% Aol A
ot Az Ty 2 UA =52 =4.543 A3}
£ Table 99 Uepltt. A, B, C, D, E AFFH2 Y
A w2 AL L5 F2 7184 UA el
Ash Az} A AL AL et ©] F B A
Zo BilAL ARSI Qiglod. C AR e
QKA Aubglan] Al 7

=
HEUA 5 Tt Y
Shh=2 ARESHL Ql9lth B Afde =84 YA
FEEHAL AT AH FLA ARESHA] ook, C
A2 AF o] =g Argio] o Foix|A] ool
F, G H I A2 959 2 9 84 242 +
2 =84 YAe FFshl itk A, B, C, D ARF
& AGAER ZFSeH E, F, G, H, [ A9
AN EE E5HAT

Coefficient of Determination (R?)  Slope Y-intercept Standard error Limit of detection Limit of quantitation
1.0000 15957.46 97.00 65.82 0.0124 0.0412
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Table 9. Nickel concentrations in field sample

(Unit : mg/m®)

Sample Samplin Concentration
Workplace NOF-J Process tySe ’ Soluble nickel Insoluble nickel Total nickel
S1 Plating Area N.D. N.D. N.D.
A S2 Plating Area N.D. N.D. N.D.
S3 Plating Area N.D. N.D. N.D.
B S4 Plating Area 0.0764 0.0077 0.0841
Sh Plating Area 0.0003 0.0043 0.0046
S6 Plating Area 0.0001 0.0064 0.0065
C S7 Plating Area N.D. N.D. N.D.
S8 Plating Area 0.0035 0.0352 0.0387
S9 Plating Area 0.0053 0.1247 0.13
S10 Plating Area N.D. N.D. N.D.
D S11 Plating Area N.D. N.D. N.D.
S12 Plating Area N.D. N.D. N.D.
S13 Plating Area N.D. N.D. N.D.
£ S14 Plating Personal N.D. N.D. N.D.
S15 Plating Personal N.D. N.D. N.D.
S16 Melting Personal 0.0017 0.0032 0.0049
S17 Melting Personal 0.0015 0.0039 0.0054
= S18 Turning Personal 0.0018 0.0061 0.0079
S19 Turning Personal 0.0015 0.0028 0.0043
S20 Turning Personal 0.0017 0.0058 0.0075
S21 Turning Personal 0.0016 0.0098 0.0114
G S22 Welding Personal N.D. 0.0342 0.0342
S23 Welding Personal N.D. 0.0324 0.0324
H S24 Welding Personal N.D. 0.0167 0.0167
S25 Welding Personal N.D. 0.0053 0.0053
| S26 Welding Personal N.D. N.D. N.D.
N.D : Not detected
HE eE7]E violleh & olA= G, H A
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o8 H1EtYoon, 2003). ol &HEH} Zo]
|4 YHo] Wol TAst= A AR E 55
o] Hoju} HEo FEotANt 7H8A YAS F2 ARE
She AP gol24E ARG SEoltta wtE
At B AdFoAE AR E Eol24E ARE
gt & 3 784 UA9 5= 4 A} FES| 35
HASE FRlstalrt.

RE g VN

o
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N

ol it

l?l
gy
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1
o
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[T
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OSHA ID-1217} 722 43 &4

o] 83t HAelE AAlskL

2 9] HAEE G2 Qls] YA &aFo] A &
2 4= lonE 25T ARS-2 HAE A e=THISO,
2012). E3L Luk 59 WHolA ARgst= YAER9]
BAoE YR 2 &2 PATE AT F9 Do)
HAysto] oo JFE v|E 4 glom=E AR
719] Aot A7F AAoll Fstolof FHLuk et
al., 2000).

obgd, AR AFH Ed AFIFY HHS AL
ook A JA] Fasit giEE9] AlEs YA
DA, U2 5%, 4=t 37 5ol w=t YA =5
g3t A7 5ol JFS vF 4 Ut Conard 52
YAo] 2ol T Yk 37 A2 EA4cks F¢
2 BHA Hojx FEHo= 7184 YAR 2
gt £ 9)L2 X ASIYTHConard et al., 2008).

[SO= At o= E4(Cl: pH, 9=, Z<HEt
ojlt B)o] 27| wj&o] “AYA|o|-8-E(bioavailability)”
of gt Y2 o= FAHog oty HWis}
Act. olof uhe}, 8ol FE3FE] digt AXE A
3ehy 7]|Eo] ofd 3sHy 7| g HYsr|E A%
otal ZARFSHoA I Do) gt A= HAE
IS Aot 7 F43REE digt & E%
2 #EoItIA STk 1SO 15202-2(2012)0014+=
M 24 SRIEY & A, 7[EHoE &% B
< o]gsto] A 2= OF 37CoflA 6087 wHksHE
£ ARkt Qltt. YA Aol FaARIEE £
< o]8sto] FEHEE A |E SFATHISO, 2012).

FUNE 34 2 FEIRIEY AF4 = &Y
AG7IE Aol w2V |EE 18 A BEEE F8 17
I, Y EA, B 712 BER, 8l B 5 S
o g JFsto] Wrlstolof Fhtial A& :
T3 Soof wet k&7l gE F453Ee] 4
FEAE Qo =9 A1 B WS 117
M 4 B8 35 IEEY A SHEY e
Aorst vF JtKPark et al., 2020b).

2 doAE 4 78 YA sikET 8844 Y
A SFPES ARt] 7HA YAQl dshud, 24
A A, Ay 88744 YAl AsJA, 4
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yAo] gkeke BAsHqth 2L [SO e &
otgor, o] W2 Ho|248E AREoto] A3t H

=
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55 AJH Y] 2ZolA wRFECEA AA AU &5 Al
vk HHAlolt. 7Y F8%h d2 7R Y
AZ Jgs] =22 5 JA=E 89 & = AL
=%, o¥} ufA], ofx} B, oy} AZF 5 ogRt 24
< Aot AE 7hsdS FHEsk= Aold 1
A3t 71 YALS 7R "ol &= glem,
84 UAS A9 &ai=A gttt B3, #2& YA
SoE ARE ARESt] B4 9o fBAS HSS)
I B4 24S IR 43 A UAE 3
At AAPY 2= & A7t gla= ERIskIt
2013955 20199714 329 ZAFeE S Hlo]
Hyo|ao] EH, YA AE F B84 F7IgE°]
7P & Hl152 A5 H(61.3%), 55 UZA(29.3%)
I 7R REE(9.3%)E AR gk FEZ ApAskaL
QA Park et al., 2020a). ESF, AFArAREAA
FLhof] EA4L I Alar &4 Aoy =F &

¢

ol
o T

19 o

4 By ohe} AHQlEAY 53 2o 24 A%
% g et

o
34 5 R 3NN R w3
al

JE AR B4 o el A FRE T
B o whes] Ydz deisiAL 34o] et
A B4 A9 284 UD 3T, 53 349 49
184 UA SHRBR oshe 497t wor w3
U4 £22 FEste] £42 agstueE @4 B
HPEe A2 o g3 AXHYE B & A FFVL
st 98 Ud $9 F St drjuske 4
ok webd] HABHEA Bk A F7HEel Bl
4G B ZAES Folo] B4 =2 7RsHS urt
wgs| Selg Wast glon, Ft 24 e A
Aok Udo] $5S TEsk] BAsH o] Fast
ok wehch

£ A7 B4 Aol M= F 71A] ARFHo] EAf5
Ak $4 7184 U B84 UL FA Ag
A eFEle A Agsks d WAV otk
AAZ 24 B 3 & Aol 7184 UdY B
84 AL SA AFFT Aot i AdY o
A B7o] Beslo] gglom AR AH FUols B8
g uAe) A3 Fgel olFolAA goith 33 54
4 BF BHNNE Z2 7184 Udo] AgHiglon)
4 A3 2 89 BAE 284 Udo] 22 4
SEQh &, FEsk Worot 184 UAL Agsie

Ag AROIN B84 Vo], BEH UBL A8S

b

9 AlEoA 7H/d YHo] 242 A&
SIS 4= QU ol T2 A
gutslo] A5 =
M= Hoh vkt 347 A9 35S =8
U= HEE 47Ho] Egsirt

SHH, FassFE2%(European Chemicals Agency,
ECHA)OIM = 8445 7FIY3](Committee for Risk
Assessment, RAC)® UA 2 YA 33HE9] AP &
710l tigt Iekd EAE Brkeh] fgt A2 85t
At RACE YA SIME9] 5571419 TS AR
LE S TEo19eH, 11 2y A 353 YA o5t
E 2ol gig) 284 £719] 49 0.005 mg/m’, T
43 B19] A% 0.03 mg/m’Z ARttt HilAof w}
2 55 AgoA M %2 584 YA Foll tish
AT JSE AN QY] B 7R YA IRtES &
|4 U 3RRteEC] & 52 A% &FEder
A 7A@ 2 HPRDO] Y= AR UEiTh AA
2] oA YA g A2 A9 Ee A5l
oerst YA £9] S3Ed wEEE A9t giio|lng
U sRkE9] 70l tet o &718E Aok A2
AgHo|z] ity wosiit. o]of wEt F-HeiYd]
(Buropean Commission, EC)+= Y& WHd 1A 9
IR 242 Bk, JAe 2719 wet 584 B4
2 0.01 mg/m’, FY4 42 0.05 mg/m’ 9] keZ7|
T2 FESPIE 59l o] AR9] =)o g 7|E9 77
/571 &= R &5i4d 5ol wet FEE] AUd
e F 90% HASIEoH, WritheEV|E
(Short Term Exposure Limit, STEL)}S AFA|= Atk
(EC, 2020).

mEha fEuEte YA 9 Ud sitEe &7|E
o] diste] ECHA, NIOSHS}F Zo] k&7|&S 5ot
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