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Exposure Assessment of Airborne Hexavalent Chromium in the
South Korea Plating Industry

Ji-hyun An - Young Gyu Phee'

Institute of Industrial Health, Daegu Haany University
"Faculty of Health Science, Daegu Haany University

ABSTRACT

Objectives: The purpose of this study was to identify the exposure level of airborne hexavalent chromium in the
plating industry and the exposure level compared to domestic and international occupational exposure limits.

Methods: A total 92 samples were collected from ten industrial plating sites. Hexavalent chromium samples were
collected using a three—stage cassette equipped with a 37 mm, 5 um pore size PVC filter. The analysis was
performed by ion chromatography.

Results: The geometric mean of hexavalent chromium concentration in the plating industry was 0.052 ug/m’, and
it was found that the average exposure level was 0.8 times the South Korean exposure limit. When applying the
US ACGIH TLV, however, the average concentration was more than twice as high.

Conclusions: The South Korean exposure limit for hexavalent chromium needs to be strengthened due to
significant differences in exposure levels according to domestic and international occupational exposure limits.
Furthermore, respiratory and dermal sensitization should be labeled.
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LM =2 S7okA0] 3 GAJste] HoRet AARANA TR
L5AEA 4 APl EE 4 UtHPark et

ZF(Chromium) A ZfoflA 21¥A = S35 %iol al., 1989).
o, dstHA FHE VA1 Q= Mo 2 B2 TZolgk xHxE] Aoz AFEHo| kS F& up
2 2, 3 = 69 F7lo]tHKrebs, 20006; ACGIH, < Yol FYE Uit A= 1Y) ojE 252 ¥
2011). gEtzoz g4 o ﬁ‘—xﬂﬁ}}— Feis F2 3 Aol wet AEEd, o, UdEs, 25, 2
71eF 67 A3olH, 67F 252 A AT E84 0 =E 5o FEEnh E:L FFol F= AgE= 82

o= ?::%“%(]ung, 1995). 67} IF JES AT $8409] g7} 329l BfLgExlog Iy] Zo7 WAyst
T EZgoto] AF g, AHRIZ A 8 AL £ 3F v|AE ] disto] B8 Fo)7F QFHHLee
EAQEE 5 g Ay HopoA AREES]l 3] F & Shin, 2003). o]&3t =2 QH|HEE T3Z7|E =}
£°] 7Fs3ItHWHO, 1986). 53] =il Eadd2 = Fslo] 7|oAg, 249 ‘3% FERa g ot
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(Baetjer, 1950; Meyers, 1950; Princi et al., 1962).
E9] 67} 35 3RE=E] &2 QIS HRS thRE 204
o]A}9] FE7|E 71X H(Silverstein et al., 1981), 1%
Lo AAE =E Al fEEE A= dEA Ao
(Hamilton & Hardy, 1974). o|&]gt o-G-2 =4 2
+7]7HInternational Agency for Research on
Cancer, IARC)= 671 252 A tisiA] H St} 4
7 4 FHl5Z ST Swe SA7F vkl wet
oto] QA I 291 E291 Group 12 &3t
(IARC, 2012). E3t vl FH AAFHE7HE Q)3
(American Conference of Governmental Industrial
Hygienists, ACGIH)?IA % 67} Z-&o] AZtA et
2 PRt S0 ot SES AV Stk S AA]tsH
o] Alo=® B85l QItHACGIH, 2018). 181 28y
AL 67F AF SRMES QA U &2l E39
Group 1AZ 7|5}l QItHMoEL, 2020).

v w5 AlA ST AREE 5k
ARRE 298 doXl o7 3E 52 AU W k&g
=2 51871E olotE RAISHESE FAIGEA LR st
I Qo dRf TAARPAEAY, A 872 671 A
F SRMEY 49 B84 0.01 mg/n’, 843 0.05 mg/
o™, w=&7|&d SYstA AA=o] JThMOoEL,
2020; MoEL, 2023).

Ty Azel=e] A¢ vy S8V 2 &
27188 99 o) 25 eS8 E849
gt 540 sYsitta WSkl ok A MAHe R
67} &l diste] 7HY AEd APFH &7 T
= FHA AN AATLL(National Institute for
Occupational Safety & Health, NIOSH)Q] d& =
Z7|&(Recommended Exposure Limits, RELs)¥}
ACGIH9 A$t=(Threshold Limit Values, TLVs)Z
0.0002 mg/m’°]cHACGIH, 2018; NIOSH, 2023). =
g FA7IEQD vl F AP EZAH(Occupational
Safety & Health Administration, OSHA)Q] 3-8
%£7]|%(Permissible Exposure Limits, PELs)&®
0.005 mg/m'= f-=uzto] vlsf 10¥) A3t o=
T etar UTHOSHA, 2023).

olg% 67 Z&Fol gk A LT 5571 ¢ o
5 47 92 SR AR AR R AAA
27152 s dEstal Stk 1By fevEke
20079 67t A& sRMEEEAD) Uit &S
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EESMETM LHokE 571 § 67t 32 =&E7t 99

0.05 mg/m'olA 0.01 mg/m'C& 7}3l5t o]F o}z 714
JHE |AskL Qlo] AX=e] k& 7|&} v wste
LEeES 1T 8t vk E3F st 6071 AE
L3 AEE R FEE elsles A9t 4
B JQAT EFAATS R 33 A F
&3t Aol

b EgAREAe] R, T Y, E1 AREE
5ol W& 67F ZEol Hot] EeLet LEFES
gRRlstl, & sro] FFE A= 291 mHetsto

Il. o X EE

1. AR

AP B 3] F 67 A8 12
g sotslr] sto] 20219 195 20239 119
A Y - A% A 274 107182 o= 9270
AEE AASA. A TR =S4 S 59 o)
A9t 5~1091 TEE Aol 247 47aelgl,
1091 oV AL ez ZAET Ee 52
e AARE B3] Tk, E 22 2704 2 4
nE 53 VR4t dglon, 53 e 9w =
FABAL Ol§F AF =FS AL Aeh

4
£

- N

. G EEE

) 71 & 67t 352 MF

371 ¥ 67 A7 AFYHES NIOSH FHAIRH
76055 +&35k9lem™, 37 mm ZHHIEEE] PVC
(Polyvinyl Chloride, diameter 37 mm, pore size
5 m, SKC) HHE Azksly 8% FHI(Gilian
GiLAir3, Sensidyne, USA)E ARESIATHNIOSH,
2003). & HIZO {2 AARFEAZA(Auto
Flowmeter, Bios, USA)E AR&slo] 234 A - & 3kl
Sl BHgkE &85ttt

2) M=o 24

67t 279 BFEAS 9Iste]l NIOSH 378AIH
76059 Aol whe} XeYSHITHNIOSH, 2003).
AAe7 g=E ARS ZFEEES 24 47
(visible absorbance detection)”} F&% o2 &
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e 1@ (on Chromatography, IC, ICS-1100,
Thermo, USA)E °©|-83I3th.

3) A= B4

ZAME 2S5 MS Excel 2016(Microsoft, USA)
of dgstR, SAERAE SPSS(Version 20.0K,
USA) Z2 IS ARSIt 371 5 67F 289 &
L= Sapiro-Wilks®] B++4 A4 g2
£ Ko 7|5lE+3 7St EEHAE A A
o|s}E floto] ARyt EEHAE Z9toto] AAlsH
At E4E 5= HE¥A(Limit of Detection,
LOD)E V2 & Yol AHEstoint. YA=e] & 3
98 37 5 67 289 kEFskE H|Ie Mann
Whitney U-testg ARSI, AFYE 5, =5 o
Ay, H7F AREEFO] B H|= Kruskal-Wallis testE
ol g5ttt gHH, 37| F 67F AF skol IFS T
A= 8R0S mofsy| ot 2%, 5%, =5 A,
TARHZ1GA] Aoj& e 5Z SPHETE At s
3AEAS AASHIH

Table 1. General characteristics of the samples

n.z2 i

1. HRTHAl UHY £
1) 3 A2l S

ALY 1074014 FHT AR S 2 92
olglom, FREEE 5~109 Hlgrel AeiolA] A3
3 A2} 57.6%(53ME 71 wekowl, =2 g Al
A Sk ARE 5T T3.9%687), FE =7
13.0%(1270) <=o|AtHTable 1). E3t ¥YA=ES] 67}
2% TRY 0% oMM AL AR 7t 73.9%
(687l UAZ] B AH§F B9 10 kg o]
% 100 kg Hl¥to] 43.5%(407N= 7Y B3kt

2) Al oo et

[

s &4

07} A&o] =EEe AR AUk s B
19.5C0I%11, AdisEs B 37.7%= SRI= S
(Table 2). E3F A7) FE Aloje&2 Hat
0.49 m/sec® A= AT,

Variables Number of samples Percentage(%)

No. of workers 5 23 25.0

5-9 53 57.6

>10 16 17.4

Plating object Mechanical part 68 73.9

Shaft 12 13.0

Glasses frame 12 13.0

Cr content(%) 90 24 26.1

>90 68 73.9

Monthly Usage(kg) 10 34 37.0

10-99 40 435

>100 18 19.6

Total 92 100.0

Table 2. General characteristics of indoor environmental conditions
Classification MeanzS.D” Minimum Maximum

Temperature(C) 19.54+3.80 10.90 27.10
Relative humidity(%) 37.72+£9.04 22.20 55.20
Capture velocity(m/sec) of LEV 0.492+0.21 0.22 0.84

"LEV : Local exhaust ventilation
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“S.D. : Standard deviation
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Table 3. Airborne exposure concentrations of hexavalent chromium by workplace size (Unit : ug/nm)
Classification [\ GM™(GSDT) Mean£S.D.* Range p-value
No. of workers 5 23 0.062(8.326) 0.771+2.362 0.007~11.084
5-9 53 0.046(5.554) 0.170+0.296 0.004~1.287 0.161
210 16 0.068(7.239) 0.641+1.577 0.009~5.004
Plating object Mechanical part 68 0.055(6.588) 0.390+1.404 0.004~11.084
Shaft 12 0.092(8.277) 0.837+1.795 0.009~5.004 0.001
Glasses frame 12 0.021(2.795) 0.038+0.052 0.007~0.181
Ch content(%) <90 24 0.058(4.423) 0.1300.141 0.004~0.474 0.062
>90 68 0.050(7.203) 0.498+1.586 0.004~11.084
Monthly usage(kg) <10 34 0.021(3.147) 0.049+0.084 0.007~0.420
10-99 40 0.059(5.702) 0.203+0.329 0.004~1.287 0.001
>100 18 0.215(9.639) 1.513+2.859 0.009~11.084
Total 92 0.052(6.378) 0.402+1.373 0.004~11.084

N : Number of samples
TGSD : Geometric standard deviation

2. YUY EMOj| M2 67t B LEST

TR 37 F 67 389 sk 7I5HEd
0.052 ug/m'E FRI=|ITHTable 3). FEEZE 102
o4} Al 715HE o] 0.068 ug/m'E 7FE &9kA|
g R 5k Aol FAA F940] itk ETH
Tg A2 AFLE Tg0] 7I5HE+ 0.092 1g/m'= 7]
ARE =5(0.055 ug/nr), FFEl =51(0.021 wg/m)ol
Hof| &=t F9sH =9ktHP<0.01). 121 ¥
ANzo] FF dFFE 671 A5 sT= KRt A7t
AR, L7F AR 4§ 100 kg o3 715+
T+ 557} 0.215 ug/'E 10 kg "9H0.021 ug/m) E
10~100 kg "|TH0.059 ug/m’)oll Hlsh F2lotAl =2
T20] ATHP<0.01).

3. U YA 7|20 IE 67t AEL L&5+F

TaAOA QA 371 F 67F AE EE E
v E4EE U] AYd eV vt 5
< Table 4°] AAstet. AAH o= 67F 489 =
ES5Ee U] AYA w27 429 FYF
B -Z7]2(Recommendation  of Occupational
Exposure Limit, ROEL)?! 0.05 mg/m’ Th¥] F<f
0.07~3.30% 4o}tk 18y ACGIHY TLV Y
NIOSH®] RELS] 0.0002 mg/mS #-&3t 3L =2
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“GM : Geometric mean
*S.D.: Standard deviation

HE 591 Utk AR =&V RIS 3.85H],
T g2 AFRE & 4188, 2F I 90% ©]
Ay 2.4941, L7F AREEF 100 kg ool 7.57812 =
A SRI=EGH. E3F TgA9 67 AF =EVIE
(Occupational Exposure Limit Value, OELV)
0.001 mg/m’ WY kEsTe 5% BT AFFRO]
77.1%, ARE ZF 83.7%, = TFFF 90% °lAF
49.8%, A7t AFEFF 100 kg oJAo] 151.3% &0 =
Ut g, 671 &) gt ml=re] A7
OSHA PEL H#=9] LV(Limit Value)= 0.005 mg/
mol LE25FES 0.76%~30.26%% SRIEAY, I
9] WEL(Workplace Exposure Limit, WEL)QI
0.01 mg/ms& A8 A9 Bt &35S 4.02%=2

Uepdet.

4. 87| 5 67} 38 LS50 TS 0j7|= 29

2O WA 87 F 67 A8 BE
QL AL 291 BIsl] Palo] ThEelFI
2%t A7 gL BAHoR Jofslglon 4
34.3%01 K Table 5). 67} 28 20| F%
2t QLR A8 U ERAclon 2w
U7k AAgepo] Hon] ARLE £ fFEss
7} we Aow tepith

=2

o of ML off
I8 oy

[e)
ﬁ; hﬁj 1o Tlo i
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Table 4. Exposure levels of airborne hexavalent chromium by national occupational exposure limit

Mean(%)£S.D.

Classification N~ T § 1

SO ROELT & NOSH REL! & FIN Ly UK WEL  France OFLV®
No. of workers 5 23 1.5414.72 385.40+1180.84  15.42+47.23  7.71423.62  77.08+236.17
5-9 53 0.34+0.59 85.04+148.25 3.405.93 1.70£2.96 17.01+29.65
>10 16 1.2843.15 320.42+788.56 12.82+31.54 6.41£15.77  64.08£157.71
Plating object Mechanical part 23 0.78+2.81 194.85+702.14 7.79+28.09 3.90+14.04  38.97+140.43
Shaft 53 1.67£3.59 418.36£897.67 16.73£35.91 8.37+17.95  83.67£179.53

Glasses frame 16 0.07£0.11 18.99+25.88 0.7611.04 0.38+0.52 3.8045.18
Cr content(%) (90 24 0.26£0.28 64.95270.71 2.60£2.83 1.30£1.41 12.99+14.14
>90 68 1.00£3.17 249.11£793.19 9.96131.73 4.98+15.86  49.82+158.64

Monthly usage(kg) {10 34 0.10£0.17 24.34142.12 0.97£1.68 0.49+0.84 4.87+8.42
10-99 40 0.40+0.66 101.32+164.46 4.05+6.58 2.03£3.29 20.26132.89
>100 18 3.03#5.72 756.5511429.57  30.26157.18  15.13+28.59 151.31£285.91
Total 92 0.80£2.75 201.07+686.36 8.04+27.45 4.02£13.73  40.21£137.27

“Exposure level(%) : (National occupational exposure limits / concentrations of hexavalent chromium) x 100

“N : Number of samples

TKoEL : Ministry of Labour. Korean Occupational Exposure Limits
TJSOH RoEL: Japan Society for Occupational Health, Recommended Occupational Exposure Limits
SACGIH TLV : American Conference of Governmental Industrial Hygienists, Threshold limit values
INIOSH REL : National Institute for Occupational Safety and Health, Recommended Exposure Limits
TOSHA PEL : Occupational Safety & Health Administration, Permissible Exposure Limits

“FIN LV : Finland, Limit Values

TUK WEL : United Kingdom, Workplace Exposure Limits
SFrance OELV : France, Occupational Exposure Limit Values

Table 5. Factors affecting the concentrations of hexavalent chromium in plating industries

Dependent variable Independent variable B t-value p-value Model R-square
Temperature(C) 0.300 3.237 0.002"
Relative Humidity(%) -0.077 -0.749 0.456
No. of workers -0.006 -0.047 0.963
Airborne hexavalent Capture velocity(m/sec) 0.068 0.426 0.671
chromium Cr content(%) -0.039 -0.313 0.755 0.343
concentration Monthly Usage(kg) 1.959 4.621 0.001" '
(hg/m) Plating object
Mechanical part -0.238 -0.468 0.641
Shaft -7.592 -3.504 0.001
Glasses frame Reference group
V.1 ZF e 2T AolSle e v 3 E4S A
F5] TFEHWHO, 1988). ©] & 67} &2 mHet
FE(Cr)2 YA 24, A YA=RF 51.9960]4, Huof| Wj9 A=EAJo] Qo] HWEE} |mo Z=E
27VRE +67A] Akt R 2T 4 AT 0, (sensitization)& &S 4= St} E3t 67} 2782 4

+2, +3 1213, +67} A7} E3lt. o] % 3719} 671
a2o] FFEAH R Fasir, T Askgels}

2ot B4 28 qlof wRF¥(chrome holes), 7

AL, B4, vsd A

3 o

onlE] A

[e) ] arTE= T QIE}(IPCS,
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2013). 284 7P 583 A2 671 & EEC| §
& g RS fcks ddEdE ERlEg = A
o]tHATSDR, 1989, 2012: HSE, 1989; IARC, 1990:
WHO, 1988, 2013; NIOSH, 2013).

T332 Fgote e S FE ¥ =5At
of gt I8 x(hazard potential class)7} &2
Aog%: HYEY JTHACGIH, 2011). Syt =
TYA = 6,3857]40] =FA = 065,158H 22
A Atk 5] =FAARY] 87.5%7F sA
20Q1 miRto|w i FE FAIHC=E Qs Foet AHQigh
ZAollA L5t w2 Sa5 S50 fdE 5
UTHMOEL 2019). A8%w 5 67F 452 371 52
2 A, o Tgof Bl B&4do] R7| e
TFxoA F7o] ol WAH. ol thge T
AEVL 7] o8 UEd 4 o] Hdfoith. ZEE
oA FHFoks seed § TSI AR o7 A82
2 A 9loH, 67F AF2 37 2Fol Hld) 2571
548o0] ErHAitio et al. 1984). o]&3st o] G2 2]
Uets 35 9 1 3B tiste] 71491 &g
54 55 Faety =4 E X7gsto] A
71FH] AA] d 558 HETE 2L oRslsla 9l
o &3 67F 3E IRt EEE EEIYOAdEE
2% AAgsto] AL ATHMOoEL, 2024).

2 AFollA =gArEAY] 671 AF0 e 5 e
L 71818 0.052 ug/mf(0.004~11.084 g/m)E S
Ut =E27]EE F8T A 2AEE AEe fle
Aog yepyth FU =FARA R8sk 371
% 671 379 LE35TS gRIE A= Paik et
al.(1993)2 =334 NAANES] B-sE7t 0.45 g/
m’(0.05~37.40 ug/m)°IL, Yi et al, (2015} 7R
A29 Bk 2.84 ug/m’(0.09~113.2 ug/m’)elH,
Bae(2020)0= 7H)IANRS] HitsE 040 ug/m’
(0.00~4.6 yg/m)E £ AG-Z3}o] Hlgf| 2 o=
st olgdt Bk Aol= AMSRE, IAEl7AlA
9 FFE U 5 YA 1 52t 671 IFO Hst
of 3FR7E 20219 AFEAR FA4(2023E AlF)st
1 18T RE 5187 e 2 EEEYEd=E
Ast= & A& FAFYOR Qg AR 7
HoHMoE, 2022). ¥, 259 7% Cohen &
Kramkowski(1973)= 67} 328 Hds=S 2.9 g/’
Z AANBFE, Yunisova & Pavlovskaja(1975)= &
& BHo| FE =7 Al AGF W 371 5 67 '
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CSMAYOIN LYSHE 371 F 67t 389 =&/t 103

E5E 0.04~0.4 ng/it YR B 15kt B35 A7)
g 3FA 37 F B 5719 sEE 0.1~14
ng/m'=E E1H 8} JIt{Gomes, 1972). O]+ 2]=ofA]
1970t =3 Atolw =7HE A HA 9] xoj=2
AR -Euete] ARl vl 2HigAgof Aldst
dotgiy] Bl Aog mohHEct

TFAEACNA 671 389 sEol ¥ vIAE
A I flsto] thE3AEH S g At
ek B4 el 229 AR EAQ ¥ AR
4 oz SRIEITE ot FAu)7|g#9] A
oj& 7t FFaRloz [FolotA| Aokt ol Park
et al.(1993)0] =FAIGGS O R Aoj& s &
Jsta Aozl 37| § 67F A8 v FoT &
o7} gl Axe}t FARHCE

ARQI=e 9-Eyetet g o7F A5S B84
24503 JHEA 21 o7F A= REZ FAH
7|15 Asta ok dA uEte] 67 3
TEFEA)Y =&271ES 0.05 ng/m’E TABHL
THMoEL, 2020). 134 =5 NIOSHS RELs¥t
ACGIH TLVs+ 0.0002 mg/m'Z2 -2yt &7
vl 2508 Z3fE FFolm, A 7]E<90 OSHA
PELsXE 0.005 mg/m'Z2 108} Z5HA Ak i), w
b B Aol TEARIAOIA AFH 671 2Fo o
g 5o % SEuEt LEV|ES 2I6HA] 49HA|
9t ACGIH TLVs(0.0002 mg/m)E &8 39 23}
s50] Yot 28fo]x, E3] YA7F AREEFe] 100 kg ©]
ARl 49 oF 7.5681 2k Zloz ERIE QI
ACGIH®] 4% 67} 27 3etEe] Het =&7|& 43
TAE 387 FE FHasketa oln] 7 hR1e
3% A4 kg9l 7S Eofof ST A&Hoz
A4S HRgo] HgE o 9l ATt
(ACGIH, 2018). &3t 37] & =& 50l B2 4%
o= ME HEy I Q% 74F AL WA 9
3 HAst #ert "eFolgtal Adskal ot ghH,
=9 WELs(Workplace Exposure Limits, WELs)
9] 67} 3 =&71FL 0.01 mg/molH, ZFA9]
AAA +=27|&X(Occupational Exposure Limit
Values, OELVs)E 0.001 mg/m'2 AA=o] Aot
(Raymond, 2015; HSE, 2023). wehA 2u=ke] 6
7} 3&0 gt =&7E2 /IFE Ut 9oy, ©
7] 9 i ol gigt #7)= ZQs)t

Aoz Aol it - FAE Ao A

> fo

RN
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ERAYFOE STl Sefuket AAR 2 A}
Zole Tha 7k QIeh ES Vi et al(2015)2 67
3% o] 9% F & Yt TIHYRA ohe
odnl 9l th2 AQle] 4 ojRel AT AskydE
oo} ek ARG Bt QAT o] AT Fe 7Rt
A 28 Zdetgol et eEHle that S A

=
I 24o] Baste], HA WS AL AT Y
5o} 280 ASRUYERS 1T BRst ek

V.2 E

2 AFE 23AF 10714E deR 37 &
7} 389 k& st I AFH E7|E i
E5ES RIS, 671 AF ko JF8AS
oFetatt. 1 A ARG 671 3F 59 V)5t
2 0.052 gg/mrolleH, FREREE 591 gk
1091 ol AR, Ta ti2 AFZEEH, A= W
IE TRF 90% Y, YAE ARETFo] HESE =

FEo|tt B fEuE LEV|E A8 Al E
o] B4 0.882 FRIFUAT vl=F ACGIHY] =
715 HEohd Wt 28 o9 Fko REFHI
= Zo® AL J81 =FAEE 67F 3E
9] JFQQlL 2, ¥ AR, =5 ez Uy
EftT.

whaba] 5Q1 w|TE AR, AFZE EFRL A7
2] Aol&k st HAV|ES £501 S8-8 BHo
£ wt=A] 2183 99Ut Qo) E=sh
AFAY o R (A 2= 7HFE A FAAIZIAL AL
|FS 29 & e ot ¥ g7H 55 67
FE] st Fu A V|2 Axlel=at At
Zo|E Kol f-Eue} E7]|E2 AEEAY B7HE B
o AsloliEs 12 W]t 93, $87] 9 TRt
of gt 37| ®aP=|ojof & Holrt.

wa oo H H o

N
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