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ABSTRACT

Objectives: The 12 occupational exposure limits(OELs) for chromium and its compounds in Korea were set by
applying the American Conference of Governmental Industrial Hygienists (ACGIH) Threshold Limit Values (TLVs).
However, this is significantly different from the TLVs after the existing TLVs were integrated and withdrawn in
2018, so it is necessary to review the revision.

Methods: Various documents related to chromium OELs were reviewed, including the ACGIH TLV
Documentations for chromium and its compounds. A field survey was conducted targeting workplaces handling
chromium and its compounds. Based on this, a revised OELs were proposed and a socio—economic evaluation
was conducted.

Results: The OELs for chromium compounds in Korea was first enacted in 2002, and in 2007, the OELs for
chromium (hexavalent) compounds (insoluble) was lowered from 0.05 mg/m* to 0.01 mg/m’. In 2008, the OELs for
strontium chromate was newly established as 0.0005 mg/m’*, and in 2018, the OELs for calcium chromate was newly
established as 0.001 mg/m’. Total chromium and hexavalent chromium were measured for each of 6 samples at
2 welding sites, 4 plating sites, and 2 spray coating sites. When omparing the average of the results measured
by ICP, a total chromium analysis method, and the analysis results by IC, a hexavalent chromium analysis method,
only workplace 4 was the same, and total chromium was evaluated more, and total chromium was evaluated at
0.0004 t0 0.0027 mg/m’. And hexavalent chromium was evaluated as non-detection ~ 0.0014 mg/m’. Amendment
®: The exposure standard for hexavalent chromium is not divided into water soluble, insoluble, chromium ore
processing, and other hexavalent chromium compounds, and is integrated into 0.01 mg/m*, which is the level of
chromium (hexavalent) compound (insoluble)., OELs for chromium (metal) and chromium (trivalent) compounds
are integrated into chromium (trivalent) compounds, and the exposure level is maintained. Amendment @: As in
the amendment @, the OELs are integrated, but the level is lowered to 0.005 mg/m’, which is the OELs of OSHA,
and there is a grace period of 4 years. Amendment ®: As in the amendment @, the OELs are integrated, but the
level is lowered to 0.0002 mg/m?, which is the exposure standard of ACGIH, and there is a grace period of 5 years.

Conclusions: Amendment : The change in the OELs is insignificant, so the cost required is small, and the
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benefit/cost ratio is greater than 1, so there is no problem in applying the amendment. Amendment @: In all
scenarios except chromium 6(insoluble), the benefit/cost ratio is greater than 1, so it is thought that there will be
no major problem in applying the amendment. Amendment @: Since the benefit/cost ratio is less than 1 in all
scenarios, it is thought that the total social benefit that can be obtained when applying the amendment is not large.

Key words: total chromium,
compounds
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Table 1. Revised ACGIH exposure limits for chromium(2018)

chromium hexavalent,

chromium trivalent, insoluble, soluble, inorganic

9] YAt= SREHOoRE 4, 258 +67HA] st
A EAL & Stk 12y dRbHoE F<4 AFfree
metal Cr(0)], T2 37191 ZEY(chromic salts), 67}
329l IEXHchromates)¥} tlaZZEAHdichromates)
o] AIHQl §E=E 2o]7] wiRo] &t 371 YA
7tol thet sfekERt ZHgitt

Park et al.(2020)°] E1st 35 9 11 BU|slE
9] Z7|&(occupational exposure limit, OEL) &
= 2 127 R, &3, AFskr(oxidation number)
So] we} cieksiciTable 1). dHAgE IE9] =43
= 3% 371 o7F AEEEEAE 2 E84)7 giEE
o|ATH85.6%). & 371, 67t AB(FEE & EEA),
IEFAE A(as Cn)9] =" A= S7l6kal ot 35
Ab QA(as Cr)2 20139%E 201797H4] S7Fstct7t
20189RE A Hhdchs AFS EQlth A=W &
2opo|t, Zg J2H0|E AR IFARS 7T T
e SA=]A] ol

Lee et al.(2015)2 A& g AFFEolA =49

—

Substance ik Sl
(mg/ ) (mg/ )
Metallic chromium, as Cr(0) 0.5(1) -
Chromium(ll) compounds Deleted
Trivalent chromium compounds, as Cr(lIl) 0.003(1) -
Water-soluble chromium(VI) compounds
: 0.0002(1) 0.0005(1)
Insoluble chromium(VI) compounds
Chromy! chloride, as Cr(VI) 0.0002(1FV) 0.0005(IFV)
Chromite ore processing Refer to hexavalent and trivalent chromium compounds
* Exposbreeairﬁiﬁr?(r;afé zla:’sb"c\rlfl\;g deleted 0.0002 0.0005
Zinc chromate Deleted
Strontium chromate Deleted
Calcium chromate Deleted

ACGIH: American Conference of Governmental Industrial Hygienists; TLV: Threshold Limit Value; TWA: time—weighted
average;, STEL: short-term exposure limit; |: inhalable particulate matter; IFV: inhalable fraction and vapor

Journal of Korean Society of Occupational and Environmental Hygiene, 2024: 34(2): 166-178

www.kiha.kr



A5 4 AR 7] S8 =& vk EA4EZ B
stk 371 & $3F st ArEA(GM=21.6 ug/
), A A(GM=13.4 ug/n’) L 7]eF ZA(GM=2.36
ug/m) 22 A Yesth Cr(VD) ke =389
(GM=4.15 ug/m’)°] 7P =% 3o 2 AnpEYd
(GM = 1.86 ug/m), 7Iet ZF(GM=1.28 ug/m’) <=°]
At F3E 4 671 AE s== IF 1 FYT Zoj
7F AATHpP<0.05). °]et Zo] =a&dA = 671 &
LE35Lrt =2 v, dnt AR F3E st
O w2 Ao YUeyt

3E 9 I F7EES 579 =27 EEEES),
IFQ7HIRE, ZEG7HEREE, ABE7HIEEES
|4, AE7DIF=HEAATIERE)LE TR
o i, I o /fEEE 73EHEY E2golt, A
9 7FEEAD, IEA d, AAREEIEAN 384
ofdd, AEEEF ARWO|E, UH ARMO|E)9 &
7|&0] g2 A= it kel faQA
71 n=ARI PSR R 28] (American Conference
of Governmental Industrial Hygienists, ACGIH)
5]-& 5 (Threshold limit values, TLVs)S &85
of A - /W= govt, AA dF S gt =&
7120l Zpol7t k. AF ¢ 1 3gHEo] Higk 1270
9] =&71%2 ACGIH TLVE #8&3to 44" Ao
U, 20189 719 TLVZ7F &8 ¥4 ZH3H o]59
TLV*eh= 43 F-20] g2t 7178l ik A&7 Z8
=

olof & AFoM= T =&7]E ¥ ABRAF A
d2 B0l dFulE &7 MEAE ATt '
A9 dFE &2 8830 HEsh=t] oHA|

staat steck. Aol FAHA BAL et g,

D) e 28 2 1 oEE fa =271% A
age 2AsHh

2) 2 2E 9 1 kA A% - AT A
Aot =2 S 2AAL.

3) 2% 9 1 SR =20F WA By dEd
"Rg 7164 - AY e 2Ase:

. -4

1.

AZAL

= % I SRbE(els 27 she) =27E ¥d

Ho

b

www.kiha.kr

U9 A% metsr] fl8f A7 2t k&7 o
U-go] gl = - 9f =% 9 HiA HESIH I
e KISS(@=ske7d |), Hot7|&sta]ukz, DBPIA
oM ‘37 =&7|& '3F ¥4 1 3RkE, o7t 3F,
27V 3F, 3L AE, 92Y AEYe|E, ‘35T 7t
T, A A, AAREAEAY, dedEolE 5
o F4lolE Aot HMSIAT. =9=1-2 Science
Direct, EBSCO Host, PubMed, Google r&#A] A4|
AE o]gst F|YE=ER ‘chromium occupational
exposure limit’, ‘chromium compounds’, ‘chromite
ore processing , lead chromate’, ‘zinc chromate’
o= Y=ot HMsHH AES 32 Aot
ACGIH TLV Documentation®} FASE 4102 &
71 AY 2A A=E Aol 53], ACGIHOIA
20184 k&7 Attt & HuH 3E SRME0] gt
SRS HASHLE ARSI

2. = Y2 0|5 &KX F HEZAL

ookt 9 I3E FEEEEES), Z827hE
e, ABG7HERIE, ZBO7DIF=E(EEA), =
O7HRIEESF7TEE)S AREsk= 10~1570
AR o2 1007 AF2] AZAFHE X8PstA
o}, ol Z}Z+o] 3F IRMEC| ZREEE A5t
o, 714 o 9 4 IRtEE A9t 5841, 1=
e, 848%, ARl 380 toiAe 2 284
412 SAlel &85t 71 7Y HEIFAA
25kt

S43% 9 IE(10, M)l et 5738 E 24
NIOSH 7300 ELEMENTS by ICP(Nitric/Perchloric
Acid Ashing)2 ZF1sto] AgsIATHNIOSH, 2003a).
FEVD)l A &4 9 EAPEE o7t AE
(chromium, hexavalent)®} NIOSH CHROMIUM,
HEXAVALENT 7605 by Ion Chromatography< %t
asto] IC 9 HPLCE A3SHITHNIOSH, 2003b).

ot FH9 dFrulE RrEEEEX, H2uy-
o, 838%, 7MY, ¢, ASdFul)ER 2~370
ArgE A5t SA5EITHTable 2). o|df Z}7+9]
F0lE Rgheo] ZEEs s, 7HA A
4 =S AL 2484, 121y, 84
AStdEnEo Hofi= FEXY SFHERS
Aol 75t} 27]% 1Y HEIHAA S8

o

%0 offf ol y2

Journal of Korean Society of Occupational and Environmental Hygiene, 2024: 34(2): 166-178



Table 2. General characteristics of surveyed workplace

=4 2E 1 stEEo EHE H =ETIE WY M 169

Site No. Process

Description

Manual welding using Fe—Cr welding rods containing 23-27% chromium and

Site 1 Stainless steel welding SUS cut wire welding rods containing 18-20% chromium

Site 2 Welding Weldeq by hand using CSF-308 arjd 309, TGC—SOS and 309 (containing
approximately 20% or more chromium) welding rods

Site 3 Chromium plating Chrome plating using chromate anhydride

Site 4 Hard chromium plating ~ Hard chrome plating using 99.7% chromic acid.

Site b Chromium plating Chrome plating using chromate anhydride

Site 6 Chromium plating Chrome plating using chromate anhydride

Site 7 Spray painting Painted with paint containing 0~1% pigment yellow34(lead chromate)

Site 8 Spray painting Painted with paint containing 0~1% pigment yellow34(lead chromate)
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Table 3. Occupational exposure limits for chromium and its compounds

171

Nation ‘ TWA(mg/m) ‘ STEL(mg/m) Notation
Chromite ore processing(chromate)
Belgium, Canada—Québec, New Zealand, 0.05 - -
South Korea
Chromium, metal[7440-47-3]
Austria, European Union 2 - -
Belgium, Finland, ltaly, Japan-JSOH, 0.5 - -
Norway, Netherlands,
South Africa—Mining, USA-NIOSH
Canada—-Québec 0.5 2
South Africa 1 - Inhalable fraction
Switzerland 0.5 - Inhalable fraction
Chromium(\V) compounds, insoluble [7429-90-5]
Australia 0.05 - -
Canada-Ontario, Canada—-Québec, 0.01 - -
Ireland, Israel, South Korea
New Zealand 0.00002 0.0005(1) (1) 15 minutes average value

Chromium(M) compounds, water-soluble compounds [7440-47-3]

Canada—Québec, Israel, South 0.05 - -
Africa—Mining
South Africa 0.0004(1)(2) 0.001(MQ2)Q3) (1) Inhalable fraction
(2) Skin
(3) 15 minutes average value
Lead chromate(as Cr) [7758-97-6]
Australia 0.05 - -
Austria 0.05 0.2 inhalable aerosol
Belgium 0.01 - Additional indication “C” means that the agent
falls within the scope of Title 2 concerning
carcinogenic, mutagenic and reprotoxic agents of
Book VI of the Codex on well-being at work.
Canada-Ontario, Canada—Quebec, Israel, 0.012 - -
Singapore, South Korea
Ireland 0.012(1) - (1) as Cr(2) as Pb
0.1(2) -
Norway 0.005 - as Cr(\I)
Spain 0.012(as Cr) - -
0.05(as Pb) - -
Sweden 0.005(1) 0.015(1)(2)  |(1) Inhalable fraction(2) 15 minutes average value
The Netherlands - 0.025(1) (1) 15 minutes average value
Lead chromate(as Pb) [7784-40-9]
Canada—Ontario, South Korea, Spain 0.05 - -
Canada—Québec, Singapore 0.15 - -
Ireland 0.012 - -
Zinc chromates(as Cr) [13530-65-9)
Australia, Canada—-Ontario, Israel, 0.01 - -

Singapore, South Korea
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Table 3. Continued

Nation TWA(mg/m) STEL(mg/m) Notation
Austria 0.05(1) 0.2(1)(2) (1) Inhalable fraction(2) 15 minutes average
Belgium 0.01 - Additional indication “C” means that the agent
falls within the scope of Title 2 concerning
carcinogenic, mutagenic and reprotoxic agents of
Book VI of the Codex on well-being at work.
Canada—-Québec, USA-NIOSH 0.001 - -
Finland 0.005 - Including zinc potassium chromate
Hungary - 0.01 -
Romania 0.01 - as ZnCrO4
Spain 0.01(as Cr) - sen
Sweden 0.005(1) 0.015(1)2)  |(1) Inhalable fraction(2) 15 minutes average value
Switzerland 0.01 - Inhalable aerosol
Netherlands - 0.01 15 minutes average value
United Kingdom 0.05 - -
Chromium(ll) compounds(as Cr)[22541-79-3]
Australia, Finland, Norway, 0,5 - -
South Korea, USA-NIOSH
New Zealand 0.05 - -
Chromium(ll) compounds(as Cr)[7440-47-3]
Australia, Belgium, Canada—Québec, 0,5 - -
Finland, Israel, Italy, New Zealand, Norway,
People's Republic of China, Poland,
South Africa—Mining, South Korea,
Sweden, USA-OSHA
Denmark 0,5 1,0
European Union 2 - Bold-type: Indicative Occupational Exposure
Limit Value(IOELV)
~(for references see bibliography)
France 2 - ltalic type: Indicative statutory limit values
Germany(AGS) 2(1)(2) 2(1)(2)(3) (1) Except chromium(lil) sulphate,
basic(CAS: 12336-95-7, 39380-78-4)(2)
Inhalable fraction(3) 15 minutes average value
Hungary 0,5 2(1) (1) 15 minutes average value
Ireland, Spain - -
Latvia - Insoluble Cr(I) and Cr(lll) salts
Switzerland 0,5 - Inhalable aerosol
Turkey 2 - -
Chromium(lil)compounds, as Cr [16065-83-1]
Australia, Finland, Canada—Ontario, 0,5 - -
Japan(JSOH), New Zealand, Norway,
Poland, South Korea, USA-NIOSH
Hungary 2 - -

ofUAE, olxzid, AHE, Aweloz BT,
ke 9rE
SAI-E7|ES 2T

o &3k 0.05 mg/m'E S Ue=

gdor, 257 A,
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NIOSHY| k=27|%2 Yt 7I€HEt 1/10 =
Q1 0.001 mg/m’E AA=]o] qlct. ghH, AHQlS IF
A ofdS AR AAska AR, @7 ==
T2 AASHL A= 7= 25, M, Add 2
29017} Sl

FAE27D3FFE(Chromium(Il) compounds, as Cr,
CAS No. 22541-79-3)9] k=&7|c] A s
7= SEUERE Z9beto] 67 IVt e 40
H|s f=Hstal Qli= =7p7F @ol EAstAl= YUt
SHuds Z8Q7DIRMES] L2715 0.5 /2
AXstal 9lom FAWE(0.05 mg/m’) olYoles HF
SHuet &5y 5UsHA AAEo] Sl ghE, 3
227hEE § @A v =71 CAS No.&t
5Y3%t Chromium and Cr(II); Cr(Il) compounds
insoluble as Cr[7440-47-3]2] 7% dF-E2] =7}
A E7IE 0.5~2 mg/mE Aot ket
FE(37D3FHE(Chromium(Il)compounds, as Cr)
o gt =&7]F2 0.5 mg/m'eE AA=o] St of
29 7oA fHuEte}t 598 &R A
gt =77 diREel|lor Ukt RAsHAl 2 mg/wf
2 5k L2752 Hola St

i

=% Cr(0)o et FE= T4 37HTriebig et
al., 1987)1 B4 AZHA|(Verschoor et al., 1988)
oA kEAY] A B 7FedE RARE A7 A
o}t 0.61 mg Cr(0)/m'] &% Z& ¢ 7|Et S50l o
79 29 g 27 3 18 APRf= T I
9 dE g4 SN LA A F2Z B
HTriebig et al., 1987).

= 7t gk AollA Cr(l) 3eHEo] &5
o A7l vAl= 4ol vlud HAo= AL &
QISFHTHATSDR, 2012).Huvinen et al.(20022)9] A
oA Cr(hel it B4 =& 52 HIER] A%
AR & 2F H 67F 37 52 ERIFAT non-Cr
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VD) Z&, Cr(D9] i =& &5 S48 11499
ZAA 0.030 mg/moA 0.004 mg/’'= FAEFJAt. o]
23t A3E 0.03mg Cr(lD)/m'e] &7 F4ol gt
HaE5d&HF(lowest-observed-adverse-effect
level, LOAED)= A|Fgo™ 0.004 mg Cr(ID)/m*ilA
R Aol AFs| Hac. AZuO|E P4
(chromite ore) 7159 7% 0.022 mg Cr(Il)/m’°]
o olEg A= A= A=l fist] 7hsgt
LOAELS 0.25 mg Cr(IlD/m'9] B+t =5& AFE
tHHuvinen et al., 2002b).

Lindberg & Hedenstierna(1983)2] A7-oll4 24
Hog 2549 5% kE 7IXF &%t 0.002-0.020 mg
Cr(VD/moll e&H =5AlA HA(p<0.05), H= ¢
Z(p0.05), "7 HAFP<0.01)] FHEC] FolsHA
Z71 o #7715 ZA(FEV1, FVC, MMEF)7} WA=
At &t oF 60%7F SAAAAT Cr(VD) =
23 gl A Afel9] dtE AT TRE R ok
o ey SRl I A Juh 959 A9t
0.002 mg/m’ "R} Wt 8AIZF TWA F20 k&
419549 21%)04E  Yepgomz it
NOAELE 7 9JskA] ottt Hl54 &2 B+ 8AIXt
TWA SEXHtt 324K chromic acid)9] Hst ©7] T
3 =23 9 22 ATAVE AT HIT &322
ZAGS o ool v 34 9 AFof tigk NOAEL
o] 0.0002-0.0012 mg Cr(VD)/m’ HoA = ATE.
THHoz Cr(V) 3RRrEC] gk 8A1ZF TWAZL
0.0002 mg Cr(VD/m*(0.2 pg/m’)elaL STELe] 0.0005
ng Cr(VD/m'(1.0 pg/m)PZ Julgict. o]=dt 7|&2
A9l BE AAAE AR 4 5FF 357|Y Ag A=
T} 97159 #aziE 253 4 rh Huvinen et
al.(2002a, b)= 0.0003-0.0005 mg Cr(VD)/m® HHoll
A Cr(Doll =39 2Pl oz 841z TWA
NOAELE A|9FstH, o] Lindberg & Hedenstierna
(1983)9] ZA=HE |frH 0.0002 ng/m’ T FAH
SHIt.

2) ElokM gl O X =M

Cr(0)9 I Ee A=A Higt A A=
SRIFA] ket Cr(IlD) SFhE2 F=dANAE Fl
A el dit SA7F /it ZEWHTHUS.
NTP, 2010). It B A7tollA Tt H Aol
71984 Rk Zol=ka AEAIUKGibb et al,
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2000).

5= A8 AmE F84(poorly soluble) Cr(VI) 3}
=] ZFAT ofd)o] AR ¥ 7H8Ad Cr(VI)
Fel= 2 LA P= AR Y tHLaskin et
al., 1969). 14 ATSDR(2012), IARC(2012) ¥
NIOSH(2005, 2013)°ll oJsf Qofd W 4o %
A= He Cr(VD) 2RkEo] 4 wjdofA9] &=
of ¥ASglel It 7hs/del St HEnh wl=
NIOSH(2013)= Cr(VI) skgtEol |3t 22 713 &
HE 712004 2719] = FSE(Gibb et al., 2000;
Luippold et al., 2003)°] sl $3€ AE A1 &
7 fsll ARESH] M ARt Ae=E AR
NIOSH ZFAFHPark et al., 2004; Park & Stayner,
2000)= 7P ARl B4 st Cr(VDH =
o] #Aof Tt FH2 0.0002 mg/m’O.2 A|AISFAL,
olzfgt oul= & =1 <t 10008%F °F 1759
¥o] NIOSHE] Cr(VD) 2=l gt ¥ =& 7|+
(Recommended Exposure Limit)2] &7+ o5t
CTHNIOSH, 2013).gHlo|EH FFEQ] Ao w2
458 &< OSHA PELG pg Cr(VD/m)oll &A=
LY HY 9go] 10009Y 8.3Ho& FAE ]
t}. 453 5<9F NIOSH REL(0.2 pg Cr(VI)/m)oll A&
Hog L2H Af AE2 AAUA 10009F 0.32
2 2% Proctor et al., 2016).

3F 371t 67F= QIZE MlEFOA FHEg0] =
o= Yeyth S A 9&4 DNA olF 714 a2
IFFAER =25 wiekd 1%t 25| JdfobA| 2o
A TEEJHHa et al., 2003, 2004). AEAIES
(sodium chromate)> ESF ke QIZF 7|3A] HH
oI W 7|FA] 4T ANEoA FE oEH JAA|
&40l FEAtHHolmes et al., 2006; Wise et
al., 2000).

4. ZUH LR0[F 2K == HEfZA

67} A& FF 344 ZBol BF 671 FHIE T
et ICPE o83t $3F E447et ICE £4
Sk= 67F 389 BAZITL Yt 290718 Tjets
7] 91k o] AejFRAF Aik= offe} 2t

ARF1L AE0] 23~27% THE Fe-Cra&88 3
F20] 18~20% - Sus Cut Wire2HES AR
stof 842 ot Xolth &3] o]Fofx= AALA
o AIZHHIE 270E AXst] MCEZE|Q} PVCEH

www.kiha.kr

2 7t 778 45kt 1 d3t (F&43% A837h=
ICP(F=23Eet=uha BAsto] H 0.0023 mg/m’
o2 friEAA (FE67DAE=E(EEA))Z IC-UVD
(cla=ntedHE EFAEVNE BNt Bt
0.0005 mg/m'o& B7IEIQCh A2 8 2 A
AdelA 8HE 2o met XYPst= XoE FAFO|
20%°14 T-5E 885 CSF-3082F 309, TGC-308%
3095 AREsto] AHRJIHALSHE T o ARAHH7
E 2718 &4-d SR AXsto] &4 AAstA)
1 A3 ICPHY] Hwt2 0.0004 mg/m’ 2 F7H= AL
[C-UVDHL X5 E4E=2 E4= 9

A3 AEARE ARSSHY] g9l upx|et Ao
2 S YdolE ot =Fxe} FFTito] d4
sto] E7HoHA AlIRAFHFIE Al ARRHFH7FE 7t
ol dol 2AER FH[otal Tgx FHo uidol &
Aottt 1 23 ICPHY] Hd2 0.0012 mg/m’ o=
B71=E AL IC-UVDHE] Ha-2 0.0002 mg/m' o2
7HE At A4S AEARS ARESt] AYIEES
< Sh= XOE IAFEFR FH ARYHTIE 270E
250l MCEZE|Q} PVCEEIR ZF 6712 S451%
ot I A3 ICPHO H-2 0.0014 mg/m’o2 H7}E
A3 IC-UVDHY] FH+: 0.0014 mg/m'o2 7=
o} AR5 E FeaEihe ARSsto] =E3HY §
T BT APoles FOo=E AFEFR Fof A=
AH7IE 2715 A5t MCEZEIQ} PVCEE R Z} 6
NE 2451k 1 23} ICPHY B2 0.0004 mg/
o2 H7IEQY IC-UVDHLS HF EH&s B4
Act.

APAR 79 Ango|eA; FL2 pigment yellow34
GEEAD)7F 0~1%EH UT6581-A-N7.0 529 #H<QI
EZ AnFo|EAg ol XOE, EAFH| ARAY
F7}E 2708 HX|5te] MCEZEQ PVCEER 7} 671
£ =Holqtt. 1 A3 ICPHY 354 (as Cr)o] &
A o] 0.00009 mg/m'eZ, IZAtA(as Pb)
0.00009 mg/m’oE B7}EQla IC-UVDHE 2% &
AEZE H7IEQI A8 Axmgole 3L
pigment yellow34(3EAM)7E 17~27% TiH A%
U E) DNM-103(&H) & AR&sto] A&
TS ok XOE, 34 FHO| ARAHIIE 270E
A2)5to] MCEZE|Q} PVCEEIR ZF 6712 =451
o} I 23 [CPH F84(as Cr) Bl 0.00025
ng/m' e = HrFEQlY IC-UVDHE BT EA&E 3
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Table 4. Average chromium concentration by sampling site(unit: mg/m)

Analytical Welding Plating Spray painting
method Site 1 Site 2 Site 3 Site 4 Site 5 Site 6 Site 7 Site 8
ICP 0.0027 0.0004 0.0012 0.0014 0.0004 0.0002 0.00009 0.00025
IC 0.0006 { LOD 0.0002 0.0014 ( LOD ( LOD ( LOD ( LOD
7h=] Sl 1s= Ao] disiti= OSHAY Q8 As|7} vty g

A5 48 ICP= 4T 24t o7 37 &
ARl ICE A% 2te] Hahg vlashd A4
T FUshal B SAFC] o ®el B7HE Y. 2
F2 0.0004~0.0027 mg/n’= B7}EJL, 67t EF2
E45~0.0014 ng/m’'E B7HE| AT

el

5. L E7|E HE EIYY ZE
1) 67t 389 840t 248429 712

8300 e =49 Aol F= Ao 47
BEtHLaskin et al., 1969). #]= OSHAE= 2006
W 67F 3o gt LE71EE AXStHA 55 4 9
g SAE A=A H7Kst & BE o7F 3B WA
E28 7FESTHOSHA, 2006). o8 Al 93k %
AelA= 43 mjdoAe] gafimof TAglo] T 7t
5A400] Atk BFETHNIOSH, 2005; ATSDR, 2012;
IARC, 2012; NIOSH, 2013). @A 847 &84
TF2ot =E7|ES Aok Uk vt #d
o|Aztdll St £9f HAE T Ytk Park et al.(2020)
T 847 E844E @A FEskle oY, F 4
B T% 9ok JLEo| 1A0]3 ACGIH TLVs § o
9] 7|1HoME & glo] AEstEz HuU=tE 671
IE IJAER TPt A2 FH3AAT. IF Fo]
71 RIHeh 3490 S8 GoNA 8497 B8 2
o] EAsto] 7 Z7go] Azt ol ZARE]
£7471719] #FE&-& ARok= ol F ohtoltt. 84
I 584 671 389 =5 2 ZAoH] HsiA=
HE o] BANAo] Hast, 52 ¢k AF &
B7Fe] ok ¢ Hgo] Hekd Aog AAfH}

2) &8 7| Yy

U= OSHAE |z 67F 257 tgt PELE 1 ¢
g/m o= AR5t ot AFGA] SollA BAA, 71&4
o= Ad 7FsAdol digh RS W HFH0E 5 4
g/m'e & AASATHOSHA, 2006). 9}7|ol= o= &
HAsHA SFHIF AMES Sfof sk 87 AN

Journal of Korean Society of Occupational and Environmental Hygiene, 2024: 34(2): 166-178

9Ich. OSHAE TEEET7H oH e ul 2Qiuy
welneh Bagow Alwyel Wolxicky Wuict
Agdow A% BeE AW SFHTTY
4% A3 3§ R HGsp] AgHT XHob
3k, oled 2AL E4] ojele 4 U A4 @

F7F A8 & 7] wizol OSHA= S&H o+

T AZEA gt AEE 54 2 oAg vigow

o% o

A

=
& 9% 39 28 1T 29 2 =S AY
Fe EPSIe] 7120] HeHE B A L o]

A ASEHA FHH

Ak

3) £38(as Cro)Z 67t A& =&7|& UA|

LE7|EE TLV 202 F39E o 8% 4= 9l
= A= ol %= AETA(limit of detection,
LOD)7} R A9 o] o] 7Fsdfoksitti= Zlo]tt.
67t A& Al F2E(as Cr)oll gt #A40= 37|
F2 A5 LOD7F ¢ W2 EA4HPH(: ICP £4]
HH)S o] 8% 4=t FAIFeR o7F BE IE B
ARl o] 2 REIHN-HMEEAET] &2 o]
IRaEIHN-EFHE7|Y HEM= 3.5 pg/
sampleQl B, FAFSe=2uHEF3TA(ICP)Y]
AZTAE 0.020 pg/sampleo]th. o]2gt A9 o
AL 67t A8 527t AE7HE & o= Aol

g7l oA 67} =L vanadium(V¥, VT,
VO,"), Fe**, HSO;” & AS** 59| 3¢ 240 o3
Y £ &2 SHE 4 Stk 37 FolA 67F A=
2 37HETE EQHYst] 7] T 7] e 22 &
£ AR A SHE di7]ebE et fARE 2749
ARTAH A 67F AF9] B 13417102 Halg
vl QItHKOSHA, 2000). 67} 3=29] o]t Eer4st

e sndolz 7] § BREORA 349 B4
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A
r

240 Wt ABRUEe] FE7 Yobi o® F
Zgth. ol olgE A} 37| F 7 AF BES
Bk 4 g7] HEe] Ao BASH: Zlo] 17

wojof gtk
v. 22 & H¢l

1. 38 ¥ 1 3IEr=0l et =&7|& /-t

ARFS0] Atk AL 371K Table 59+ 7ol
_9_01:51 2 glu]- 67} E_E_ 9,].01-34 &Eoﬂ /\]- g—}\o]
EAo] =3l Aog HET 9on A7dsFo| gl
L %2 ACGIH TLV 9! 0.0002 mg/m'o& o
& E9lo] ®aE1 ok

'|) 7HI‘|O|- @

67F 389 =27|ES 84, B84, AFT 7S
1 9] 67 3= SRIER JLESA| ¢ Edlslo] 3=
7DIFE(EEA) 29 0.01 mg/mos =&7|&
kL 11 9 AEESH) % 35(57})9}1}“ = 7
A= Qtolt}, o] SR UL L 27|ES 7}%1 67}
AE AEEE R AZH0|ES} Z ARHIEE d
A 22 FA% o] F 24 it w27 |e2 &
7 2008 ¥ 2018Wof F7tElo] Al 5AHAREC]
Hrg o] Ak E 4 Qlth

2) gL @

9] 271521 0.005 mg/mi 2 T 4140] A8
717+S 7HAIL), o] £EHET WGl 27|28 JHA 67}

&R AEZER ARHO|ELS} L ARHO|Ex= &
A $22 825} o] = B2 st &7 |28 Zkzt

2008 B 2018'd9] F7tE]of 24l =/gAt=E0] WY

o] Qoka & 2 9ir}

3) HHet®

AL DAY wE&EE Bl 1 #%%
ACGIHY k=%7]%9] 0.0002 mg/m'e 2 W& F 54

o] ALLd7|7rS 7MKL} o|8A EH& AL AE2(37)
SRIES A9t BE =&7]|F0| ACGIH TLVS}F Y
sHA| Ht

2. Hotel &7 |F X8
1) S5 4% 2

67} 3F SRHES R A3glo]l 40 5
Aoz HIHI glow, AFFFo] g FFE2
ACGIH TLV 429l 0.0002 mg/m'C& ojz] Z&loj
HIED 9o}, 7[&FHog JHo] odE = o
o, OSHAL: k=27]& W8 & 43719 AH-E/97%t
< 7M.

d4E

Q]

> ol
o o

2) 7|Ef 24Aret

=E7]E0] WoAHA Alg A RIS |
e a7 "asit 37F 359 B 7€ EES
FAB7] Zoll ZA7E HA etk GRS

Mt DAY &7]1%& $YsHE 1 52 OSHA FHEA
Table 5. Proposed occupational exposure limtis for chromium compounds
Occupational exposure limit(mg/m*) _
Compound Notation
MoEL ACGIH Proposal @ Proposal @ Proposal ®
Chromite ore(chromate) 0.05 0.0002 0.01 0.005 0.0002 as Cr(IV)
Chromium(lV) (insoluble) 0.01
Chromium(lV) (soluble) 0.05
Chromate 0.012
Zinc chromate 0.01
Strontium chromate 0.0005 0.0005 0.0005
Calcium chromate 0.001 0.001 0.001
Chromium(metal) 0.5 0.5 0.5 0.5 0.5 as Cr
Chromium(ll) 0.5 -
Chromium(lIl) 0.5 0.003
tert-Butyl chromate C 01 C 01 C 0.1 C 01 C 01 -
www.kiha.kr Journal of Korean Society of Occupational and Environmental Hygiene, 2024: 34(2): 166-178



HE MRSt 37 HETA= 0.06 g
[sampleo|tt. & GAIZE Bt 2.0 IpmlE ARE
A& ok A FQ1== 5719 &= 720 fEolH, 3
FHA(LOQE HAEIA(LOD) 1081z AAre uf
BT S s HA BEE 0.0008 ng/moE 71E &
HIE Id2 AMESh= Ao 241 |l

67F AE9] AS BF 67F AFCE JMst F3
Fo BMStL wpEI 67} 28 oleg B4 £
7HA] &75Ho] k. 671 & kE7]%°] 0.005 mg/
m EE 0.0002 mg/m'Z 71E9 1/2004 @) E=
1/5007178%t @)= Wol= 4 E4o] o4 &
At

2 AolA ARERE = EAEHO FESHAl= ICP
7} 0.4 ug/sample°]il IC7} 0.02 ug/sample°]tt. Z
4 GAIZF B9 2.0 IpmOE ABE AFsH= 4L &
A== 3719 &2 720 =EolH, HFA(LOQE
AETA(LOD)2] 10812 AKX f B4 4= Q= F
4 &&= 27 0.0056 mg/m’ H 0.00028 mg/m'o] =
o] ICE ARESt= A% W8t @9 F82 &A giA
Tk R 3] HE2 dAHo= AjHE 4 Utk
ICPE AH&sh= A% 71782 @2 ® EFolA ZA17F
B4 & Sloh. "AFHALOQE HETAI(LOD)Y 3+
E A4 o E4% & e HA sk RoRith 9
AGG7E AroA =E25EE 55k 71 § oSt
7F 227129 10%8] A Aol A= =27]&
o] ALE= S HEWM olst ko= 94T
7F A= Al A7 B4 4 ek

o

Ol

3) 7Hete] HEHZAL HE

At AHAE deizabe Amo] 28RS i =
7€ 2 Altshd 71t @9 B9 HAA
02 51.0%2 2Iu&o] LA AHF @9 B+
2ok A=7E ARGE1IA 1THIARE, kg 7|Ed]
AihE 238k Alge ARAF10IA 37101a B A

dAA = AT
el =

E d7E 20224 AR AFE AR AATY s

= 2
=&l m Pd 2ol ofd FAEHUH
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