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1. S8

3% 2 1 WISFEL SAERES), RQDIFE, 2B8G7PY
2, SEEDIVEGSY), TREDATREEYT/FTR)S =571F
o FEEo| 9u, 1 9] AUBY 7HERY Fefols, AFY
(@B, VA A, AHRYALY, ABA ofd, AEREGARHOE,
2420l E)9 wmg|%0] W AHo] gtk

Setee] 2% W I 8RR Bet 12709 27152 ACGIH TLVE
Zg3tol 449 Zolth, 20189 7129 TLVZE 5% 2 Falg o9 TLY

L g o] wet Aol tia AEst "askt

2. 28 AL

D e 35 9 1 e k27E %

SHuete] & SFEA] UiF =E271E2 200249 A AFH olF
20078 ZFG67HE=(EE]A) =&71€2 0.05 ng/molA 0.01 mg/m’o=
wt2oltt. 2008W AEEES A2H0|E g =Z7|FS 0.0005 ng/uf



3E ¥ 1 s EIE WEYY

O

= AAsta 20189 e ARWOIES] gt =&7]5Z 0.001 mg/m'E Al
Astelet.

u)=9] =%7]%2 OSHA, NIOSH, ACGIH®] =&7]|&0] A2 34 Afo]
sieh. Suetet 99 AE07hIAFES 5848 B8R FRESHA ¢
o, NIOSH® ACGIHE &% 7F(E&s4h) B 274t ofd 52 A74t
eSS AREDHIEER HAFE ZEG7h3RE HoiAe B2
%7]Z(0SHAE= 0.005 mg/m’, NIOSH® ACGIH: 0.0002 mg/m)S 223}
At 37027H € 837D REC] doiAs SHet 548 0.5 mg/m'e
L&7|5S 243t ACGIHE STEL X8 AlAska it
I, GE2, IZA 5 ARG7DIR}ES 84T ELAHOR TR

g Aol wet A58 85t 2% =EVIES 7ML Slth 27159
FE2 YU fAbsT 599 A AEQ7DERIES AL U A
= |

Ao "8l =E71EE A5 Al AREARA Ealskal Sl

* =AY 0.5 g/’ e Y] =F EolA FHAE S F249] Wt
= 9714 BAEEIDS 7H 92 =5 750 3.0 ng Cr(D/molA 95
3

* Huvinen et al.(1993, 1996, 2002a) =& Cr(lll) sF=9] tiaf SUA YAt

A 2224 0.003 mg Cr(/m’e] TLV-TWA A%

s oo % W AT AR R U

» FEAZ FA(FeCr049)S HEAE FH(ferrochromium alloys) E



L ABA9goR 1gate B A% 3%, 284G L 284G TR
of =3d & Qo0 /Y BHol F3 I8 6719 =EFE FY

3= 67}

= ARA(2009): 19 LOAEL= AR&sto] F4E AGAS ZAFG(MPPD v2.1)=
AFEsto] EAgt AU AA=Fo]| tgt A7 57 FEHECE &F; QT 4
S3l= LOAEL2 0.0022 mg Cr(VD)/m'o&2 =&

* Gibb et al.(2000b): CrO3 =& Al H7F € Fof gt JdF> EE 0.010~
0.015 mg Cr(VD/m’e] U7t &0l thet kZo] AlZtd = 170 oo &
%

* Lucas and Kramkowski(1975): 0.002~0.020 mg Cr(VD/m® TWA &%
(chrome platers)o|Al & 2=, A9t 91= 9 A%, H7]5 @4 0.002 mg/nf
algk ZAREY] 4/1921%)°014 B A= 2 9t /5 S

= Park et al.(2004), Gibb et al. (2000a): < AL 23 9 0.0002
mg Cr(VD/moll =&% A& 10008F 1Ho=z FAk Luippold et
al.(2003)9] dl°o]H Crump et al.(2003) £4s5tc] LS 23 IS

» Lindberg & Hedenstierna(1983): "oj3" =&& AR W thgst vt 3
AF 9 A5o] tigk NOAEL®] 0.0002-0.0012 mg Cr(VD/m' HejolA &

* Huvinen et al.(1993, 2002a, b): 0.0003-0.0005 mg Cr(VI)/m* ol A
Cr(VDoll =29 ZAAo] digh 8A17F TWA NOAELS ARt

3) Ul 2F Ax-FAF AEF U = AdHERA

S AE 2HA, =5 AAE A, AxEo] & 2HAdN FAF
I 67t 252 A7 o AlmE S5t Hlastltt. $3F —‘%4%
= 5749 At o7F A7 24Ul ICE &A% 754«1 B
A4 skl BE FAFol © el BUHEgleH, F3F



3E ¥ 1 s EIE WEYY

0.0004~0.0027 mg/m’'= B7}=2, 67F 2F2 EHE~0.0014 mg/m’=E
Bk 9k,

4) 3F 2 1 3F=E9 k7€ APS

MGt @ 67F B LEV|ES 84, B84, ABS 7R, 1 9 671
IE IAERE FEOHA] g1 Bt AE(G7DIFE(EERD) ++2l 0.01
g/ weE E7|E g, A8ESH) 2 AEB7DIEEC] HEt =27
T2 ABQB7DIFER TP =22 FA

AR @: AFT OAYE 27152 Bt 11 52 OSHAY k&7
29l 0.005 mg/m'e2 ¥E T 439 HLQd7|7+S 714

MEet ®@: HZY OAY =&7|&E Bl 1 52 ACGIHY k&
7121 0.0002 mg/m'e2 W& F 549 F8RA7|7hS 71

O
2. 737&%‘8&01 %i—t— &2 ACGIH TLV £&<9 0.0002 mg/m’S.
So|Aq Bistal Q. 7] HE HQUE ZAAAH F4Au|7|AA]

=
o ©
o] A 8l 28°] A g2 A7l 7oz A6 oEE + Us.

5) k271E ML AHRHAE BTt
AARt ©: =Z7]%0] Wy} ulu|sle] 495 H|go| Zojx|1 ol /H]
S87F 15T AX AL HEel 2A7 Sls

Mt @ AF7HERD)E ALt BE AluE] oA Hej/ugH]7t 1
Hot AN AT ﬁ%oﬂ A7 8l Aoz A4d



AR @ BE AU Qol4 wel/ugulst 18ek Aot At A 8A
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AL 5 Uk ABlH FHe] F7 e

A 7das: siY =E27lE 2 A g
vlEto A2 9 1 SR kEU1ES AYstel A% wES agHow

est=t ofErAEd o At
L=y s s

7l 7iHas: 45 9

Aol dhe HelE 42 BEY 4 U, A
of sl A= A4 wEARS FLY 5 A

Rl

N,

- AFHYA : AR 1S
o APHHAATY N4
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1. g i

D 9+ 284

O AE ¥ I WSFEL 5749 =&/FEEESH), T2Q/DIAE,
FEGBDELE, AFEDIFLESERA), ARDILEERAT75
B)og LEE0] Ql1, 1 Qo] MEER 7R(AEY ZEeo|s, 2% 7}
F(ABAD, ABAF @, AR EA, FEA o, AERES F 2ol
E, Zg A=HolE)Y kE7|Ee] R dA =0 fit.

O gyt Fa9Ar =&7]52 ACGIH TLVE 8319 A- 713 = o]
gov, @A dF 240 tit &7l Aozt itk A 9 1 djkE
o gt 12719 =&71&2 ACGIH TLVE &83lo] A4 Aoy, 2018
| 7]1&9 TLVZ7F &% € E3H o]F9] TLV*@t= A4 F&ol gt 74l
gt AE7F a5ttt

(ZE 1-1) ™= ACGIH 32 L+=7|=(2018)

=0 TWA STEL
=< (mg/m) | (mg/nv)
Metallic chromium, as Cr(0) 0.5 ()
Chromium(ll) compounds A
Trivalent chromium compounds, as Cr(lIl) 0.003 (1) -
Water-soluble chromium(VIl) compounds
0.0002 (1) | 0.0005 (1)
Insoluble chromium(VI) compounds




0.0002 0.0005

Chromyl chloride, as Cr(VI) (IFV) (IFV)

hexavalent and
Chromite ore processing trivalent chromium
compounds &1

Lead chromate, as Cr(VI)

* as Pbo LE7|&2 AMH| 0.0002 0.0005

Zinc chromate ALK
Strontium chromate ALK
Calcium chromate ALK

(I) inhalable particulate matter, (IFV) inhalable fraction and vapor

gluEtol A 2013-201980] A28 F=&0|E, L ARYO|E, AR

@)
o
e A3AR2 e SHEHA g ok

D) 28 9 1 SRR e el w2v1E AAARS vla
2) F 28 2 1 e w28% 2 AHE worn
3) 2y 28 9 1SR ASAAE 9% BHe B8 AEEHE A

A5kt



=1 = = =
3. &3 M3 A0 Cist W =M
D) 3E e &7
(1) =L =
= = ==L = =] ="
19 5(2020)0] gk 2& ¥ I 3RtE =27 B9 e d3
[e) o
oa|Lta} ACGIH
E=27|1E ey =7 TLV 22/ TLV e
AHHS = (mg/m? |  Z3HY (mg/m?)
Metallic
A =(EH)/Ch i ) 0.5(inhal
538 ( {M)étalgom'”m 05 Chromium, {t"lne)aa
Cr(0)
AE7hateEs
(22 or|sste) 0.0002(TW RSEN,
539 Chromium(VI)compound 0.01 Haravalant . A, D:SEN,
s (Water insoluble e inhalable) Skin(wat
inorganic compounds) compounds er
AE(6hEEIE(HE4) CrvI) G | e
540 Chromium(Vl)compounds 0.05 ) {h | b[' 021”
(Water soluble) Bt
RSEN(wa
ter
Trivalent soluble
By IE(37hHEES/ 05 Chromium 0.003(inhal only)
Chromium( Il )compounds : compounds, able) DSEN(wa
Cr(III) ter
soluble
only)
0.0002
(TWA,
Chromyl '”he(‘:'a?llle' RSEN,
o A=z9 ==ato|=/ 0.025 chiages | 25 CR0AD DSEN,
2 - e
Chromyl chloride ppm [14977-61-8] 0.0005(ST o;l;‘l,
Elix,
inhalable,
as Cr(VI))




og|Ltat ACGIH
L= Qs Y2712 | TLV 32/ TLV .
A S = (ma/m?) | MW | (ma/my) | "O°
See hexav
AEH7Z(IZAN/ Chromite alent and
hat Chromite ore 0.05 Ore trivalent
processing(Chromate) Processing chromium
compounds
Lead
h t
(TWA, DSEN,
as Cr(VvI), ] :
2017 inhalable, Al
JEA A/ ead as Cr(VI)) BEI
= chromate R Cr(VI)
compounds g E
=20 (STEL, TLV
makE(TLY inhalable, | documen
i | as Cr(VD) tation
Documentati
on, Table 1)
24l oted/7i
543 &4 0Fd/Zinc 0.012 0.0002 RSEN,
chromates Cr(V) (TWA DSEN
AEZE|L2 F2M0|E ' SCIN,
327 =Sla A=MOEL | o |EOmROURS | o b i) Al
Strontium chromate 220
ESHE(TLV RSEN,
I g (LY 1 00005 =
245 JA20o|E/ Documentati DSEN,
523 . 0.001 (STEL .
Calcium chromate on, Table 1) | . : Skin
inhalable)
Al
tert-Butyl
_ chromate
AbzPHEI 2 A} - .
289 | BHTE 7 J:ert Butl | 6100y as Cr03 0.1(C)
SR [1189-85-1],
1960
3AE(27hateE/
544 05 N
Chromium( II Jcompounds one
[2g | -1] a2t ACGIHe 38 3lgtg L=7|= H|w




e

(2) TLV 843" ZA

% A 35 e Hee S vt |A7H0, +3, +6)°l
2} 1 A3 welgol Aozt 7] "ol I yEE dAF EE AAS U
Fo] A&kttt 284 Y(lead chromate)2 67 A&07 ERF T
Hr9] documentatione T IAF9 YA/I= SHEZFOoORE 4 -2
B +67HA] tFstA &A1 4 9ok 18y gutdo g F& IE(free
metal Cr(0)], & 37191 AEFY(chromic salts), 67} ZEQA FEZAE
(chromates)¥} tlaEAHdichromates)?] AFYZQl {E=F #o0]7] W&o
A 3714 YAt tigh shetEwt Zgitt

7h Metallic Chromium, Cr(0)

- TLV basis: Respiratory tract irritation

- F43%, AT-UIYE @ A8 IR YIS WA A8eie
FHNA =29 4 Atk

- A% 37F B= 67F A7) FAOl EAISk= B-%olle ZF 37T = 67t
28 712g Hgstoiol e,

- A7IE B os|R RS | 5 e, o 7= Aot

-+ 19314 o]% AF7HA] 0.5 mg/m’ 715 A8kl ot ofet inhalable

particulate matter HEA|TF 715 At

iy

J-o}
=

il

ox,
o|N
rir

L} Trivalent Chromium Compounds, & 37}
- TLV basis: Respiratory tract irritation, Asthma
- 3F 37} SRRHES 4584 B phagocytosisoll 9J5) AlEEE B
Sho, Al Qto g2 HAJ| A% Soi7ith. 12y, dd AlE Qte=w Soj7Hd



T i A5 dojur] izl A= Al bl 2=
AHEF 37H] Al W 8 =292 67F A50] geH

A
A
T

do
(il
sk

fr i 4%
ox, lO
tlo

i
fo
rr

Y
o,
S

C}) Trivalent Chromium Compounds, 3& 37}
‘TLV basis: Respiratory tract irritation, Asthma, Lung cancer,

Sinonasal cancer

Chromium trioxide, chromic acid, chromates, dichromates,
polychromates 5°| Z3Ht},
- Water-soluble 67} &2 mHe}l Hulo] uf x}=/do] Utk highly
irritating). WebA IHEQ} 7|Lof sensitizations U 4 At 67F A
F9| AZs B4 wj&o] mFEHF(chrome holes), +3HAY, vl¥E, Hl%

4 43 5ol 42 & Utk

75 }UE BEIS —%lOLoH:}

2f) Chromy!l Chloride
67k 2F RO, THE AET FEl Ao A2 ZA
33t ARHA 2 &3 Hkgsto] 2842 671 A& oxided TAAIZIT



L A2 |

=

- ZEB opg IH 2 VALY o IRAES B3 22T FQ
oJtt.

A=

OF) Chromite Ore Processing
- T3453F, 2F 37h o7t A7 BT =&E 7FeAol AUtk

- oebA 67h 28 SRR % AgIgFel Mg FaskA BrhEolok
gttt 671 A& 3HerEo] EA45HA] = 4$-(no detectable exposure to
Cr(VI)olgt 32 37} L2752 2838 4 9o},

2) 34 3F AFE kEFE

gl 5(2020)°] Est 3& 9 1 S(HE &7|& B9 = K
—.—(2015~2019‘3)—— =1 2t 25 9 1 FUeEY ke R

127X 2, 83%=, Ask(oxidation number) S°f wet theFsict. 514
‘3_}, 79 S IF 371 671 AEEEEAE € EEA)7E tHFECIS
tH85.6%). A& 37}, 671 AE(F8A & &84), AEA d(as Cn9 I
H FA= STt Atk 234 A(as Cr)= 2013EFE 2017497H4] 7t
Stoh7E 20189RE TA| AAaste A HRAt. 229 FETo|E, 4w
JdEHo|E AARYIFARE 7THTE ST SHEA] kol

=
A\
rlr Yo



562 180

" 353
n IBI797I8 T RESY 0195 4R
(EE R RETL LIS SV S L

® 3249 (35 Ph)

B b

[O7 1-2] 38 sfEEE £H3A+ 2 HISHHEY S, 2020)
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L A2 |

z ESTS GCE ZAH|LC
Hi— =1} MO [ C oL
S E2% s% 013 2014 2015 2016 2017 2018 2019 it nl
80,000
m 000
&0 000
1 AZPHEEE 401869711 4B3TT 45111 48207 57316 61062 65951 75745 s
40000
30,000
2013 2014 2015 2016 2017 2018 2019
Woo0
000
}21.’_ 0000
367Nz E 15000
2 ey orgag GL6A145) 1B 378 5104 9518 15541 W79 25647 o,
5000
0
2013 2014 2015 2016 2017 2018 2019
= ST gy ZAuL
t s
a5 822 sH%) 2013 2014 2015 2016 2007 2018 2019 texh el
0000
15,000
EET A o
3 ”[fgﬂ)ﬁ 752710133) 4718 6573 8313 10235 13303 15529 16600 "
Too 000
0
2013 2014 2015 2016 2017 2008 2019
200
1,000
a0
4 3B clasCr)  451081) 550 475 5% 92 991 611 457 O
0
[
2013 2014 2015 2016 2017 2018 2019
B0
150
5 324k ofel 782014 61 50 4 114 15 134 23w
5
o
2013 2014 2015 2016 2017 2018 2019
= S e SAuE
& s
= g28 sho%) 2013 2014 2015 2006 20017 2018 2019 Tely wend
6 AE|ZEI23ZHOE  5620.00) 135 40 41 65 1% 79 T Trend 22
7 3EWbm(AB4Y 180003 15 14 6 3 33 4 % Trend 22
8 AZhEEE 116002 14 13 11 12 42 110 Trend 22
Total 573.912(100)
[O8 |1-3] 2ESEEYE ™3+ Hst Hu(EPEY S, 2020)
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IFY LE&FE2 U233 2ok SHE I8 IRE F =E2EE 2%
=42 37} 67F £84, 67F 84, B4 d(as Croller, 2itH 3
L Z7b 287(28/401,8697), 97(9/82,2647), 57(5/75,27174), 47
(4/4,5617)01%0tt. Z& 371 IRE F 38.6%(155,15470)7F EHE0]% 2
H, 61%(246,6877)7F HETA old~kE&7|ErHoE SHEHIHY. A7 3
7F REY =& T2 7&%6&741 o[~ wE7|E9 1/100 0]
217,18271(54%) 2.2 71 Wt 7129 1/100~ =&7]%9 1/10
= _/‘Eo]oa;} 67F A= SRS -aH

PR

‘;- o] H] St H -2 ZXJQOJ
2 AJolg Holx| Pkt shA|Rt

o, §feo] Tt B =
o7t & & 5 AU EHES AlYeta, B84 +8AASRIE A
7P g2 RER SHE vk aE2 44 =271EY 1/100~=271&9]

o] 1/100 $<&(14,99671)0°]
At 2 67 SRPEUOE E840] #8485 Y ¥ w2 5k EXYZ &
S AU FEE] FEITE L E SE2 EHE0] MY HoH, 5 &
0] oS E R E Fol=t: AFo] AU 2EY AS- ozt At
27, =&7159 1/100~=&71%9 1/10 50] 7FF ¥2 Hg Yet
W Edo] Wttt 67t 3F E843KE, 384 Y(as Cr), IEA ofdd
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e

FHSETWA) 2Z0)

o 223 A
R AR gpp  GEVIONS RO L@IEA VI R@IE 2 E SEE
5% Lgizol 00 =270Z9 110 =739 12 el og 2w

IB(IHEETE 401869 155,154 217,182 27,701 1714 50 401,841 28
AFE7NATEE
ou oyzarg) L4 6LTH 3,065 13,845 3412 174 82,255 9
3Ee7hEtEE
(424) 75201 47677 14,996 10,894 1625 74 75,266 5
384t Alas Cr) 4561 1911 332 1,505 122 87 4557 4
3E4 o 782 445 17 192 111 7 0 0

2HEE(TWA) £X(n)

A0 :
TOTOTN e REMAOM S@IZO V00 w@IEO 0 s@IRO 12 LRIE RIE
S ogizo im0 87120 V0 =@71EY 2 R@lE oy zd

AE|EE|S
e 562 352 0 7% 1 0 562 0
IEWIZIEL) 180 kI 2% 92 R 0 180 0
azhsEE 116 45 68 3 0 0 16 0
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67t A FREESA F7ISKER)2 201390 EAEHE A7 F 50%
ojglon, 20144 °o]F& = FUIste], 70% oA FAISHAT

0 0 3 2 3 1 0
0% o e BT
o Tsa T
70% |
60%
S
50% |
40% 4056 .
273 ' 4954 11401 15690 Lisd
30%
984
20%
10%
0% ‘
2013 2014 2015 2016 2017 2018 2019
ik HHEFHA o4 ~ £27|F 9] 1/100 B e27]F9] 1/00~27| 9 1/10
27|29 1/10~=27|29 1/2 i E7|F9 1/~ 27|17 0|0 iZ7|E 20

[33 1-5] 67t & =E=S(EEY FIIEES) LE+F 2 Y Hsl
F0|(4P8e S, 2020)

14



(A o = L o) Ay = =
67t 4% RE(FEA)2 Ml EAEE= A7 ot HETA o]
A~eE7]E9 1/100 &2 © id gashs 4%2 B
0 0 0 0 2
100% b 14 21 7 5
90%
80%
0% | S
40%
50%
0% i
: 9032 10673 11253
30% 4992 - 4458 i — e
_ 3336
0% | 1933 - —
\
10% ‘: , | ,‘ !
| | | | h |\ |
0%
2013 2014 2015 2016 2017 2018 2019
S FES #2257 0|4 ~ 27|29 1/100 B £ 27|29 1/00~-27]29 1/10
B 27|20 1/10~£27| 29 1/2 B 27|29 1/~ 27| & 0| BE7|E 20

[23 1-6] 67} 32 SUB(FEY 2ISE) =ELE 2B AEY Ha}
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A5 37t e A=EE E4EE ol S A%leH, A4S

oF~eE7IES 1/100 2 HAashs Aol A

A 130 10 9 2 13 g 0
100% ‘ J ‘
90%
80%
70%
60%
50%
40%

30%

20%
10%

0%

2013 2014 2015 2016 2017 2018 2019
nEgE SAZA O~ 27|20 1100 m=E7|E9] 1/00~ 37|29 1/10
B 87|29 /1027|129 112 W =37|20 1227|120t neE7|E 23

[38 1-7] 38 37 &elE E25F B2 AE Wl F0|(MYY &, 2020)
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e

o]F§ 5(2015)2 AFE TF AIAAONAN 2R AR 9 AAAGE 37
$IAE E v E4S BEisth 37 F FIAF vrE AR
(GM=21.6 /1), E2&A(GM=13.4 ug/m’) ¥ 7]e} ZA(GM=2.36 ug/n)
£02 = yegth Cr(Vl) sE =FFA(GM=4.15 ug/m)°] 7F =
R} o7 AupAA(GM = 1.86 ug/m), 71EF FA(GM=1.28 ug/m’) &
ottt F3E ¥ 67t AF skt AF I K8t Zel7k AATHp0.05).
o]9} Zo] =FAYARE 67 AF k&l w2 vhd, Avt FAAAE F3
& 527t B8 B2 A0E YEh

10000
] Plating Buffing Others
1000 -
o T
S 100 - : L
3 : R . @ ACGIH TLV
- ] MOEL OEL
= 1 ]
2 —|'
= !
= ]
3 : l +
o
c 13 *
O 3
0 1 l»
A sy pemp ey Pren g e sumeny o obes w0 8 ey gy 0 NIOSH REL
0.1 4 .
0.01

Total Cr  Cr(\) Total Cr Cr(\1) Total Cr Cr(V1)
Job or Operation

[23 1-8] & 78 3¥E ==& HW(0[ZE &, 2015)
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_[_E.

191 ol ¥y aofd 4 AUtk

(E 11-1) gF2LHE 2 "

HAUS

HE 2B

e
e TRl IFS| |« = IE e ol 35 =57IF2 4T i3 H HEAL
CEIIE MY | =571 4% ESN
Qg ZA} Qg A} * ACGIH, REAE =2 IS0 st
c =2 A8 EEVIE |1z 28 og A
2 g At
-2 3E [ =E7E EF - 32 E U, 72, 5k 5)E
NESEE ChAES2E, SAGH0] CHEY Qs TUIHY MY & 5
AHE CHed 0=zMeH, &, g7t
MRt E | JIRA &, Y)Y |« BB AN U QHEAZHO| 2RE
HE{ZEAL = Et AHAESTEN A MPAEHEZAL
- J|E BHRREO Sg 24
24

JAE L=7|&

HES <t
At=ld-BA

g 87t 2Al

- 329 Ry WKL 2SFE, 2
Qi HE B0l)

o
- 320 YN WA 31T 2 B
=I0)
« 329/ I | +F2 ZESKT 100

M2 At3|EAA HIt AA|
o 20| AIQ{OLK{H Z{EHAL agé_} Al

2ol HAI(-27IE B2, MBS,
Sa7iYTIE, SEBSY 1Y 01R 5
HE)
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2. 82 AUHE
D e ¥ =271E 2 =S4 5ol e £3x4 2 24

O 3E 4 1 3¥HE w275 39 2y |3 ot - 9] /i |t
2 Tetsbr] Yol A8 &7 T Yo EidH -2 =& 9 HIlA
E
O FP=E2 KISSEHsheA H), 3}8t7]14t8]utS, DBPIAYA ‘2&,
35 4 I REREVE I35 35, o7 AE, 27 AE, 3 AE

g2 Saeln ‘ZEW 1T, B4 o ANRYBA, BaaE
Ho]E’ 59| FAolE U™l AM

O ZHQEEL FQE=E2 Science Direct, EBSCO Host, PubMed,

Google St&HM AUIAE o]&3la] 7|YEZ ‘chromium occupational

oY,

exposure limit’, 'chromium compounds’, ‘Chromite ore

processing’, ‘lead chromate’, ‘zinc chromate’ 5= YZotc] A

O HESH 2392 AHTsto] ACGIH TLV Documentation®} 8-AFGH =&
71 A A A=xg A

2) 3U 37 Az-FAF AL A FAA 2 AHRA
(1) 28 E8X= 24

T 59 25 9 I /b=l it vt
otsty] s HEAMIRPAR AF T A G5t Q= &
=7 DBE 3+% Zolt}t. DBOA th3& ¥R olo] ArE

o disto] =&7|&F U4 10%, 50%, 100% ZIjojHE EHx

o-lN



22 FHEBES). TBQPITE, 28G7DARE. 2D
84). ARE7DITEEHR101D)

() 32 ZHYNE 24

o FH AF sHEEEES), A5Q7beRtE, A507heE,
AFG7HEEHEEY), AFO7DIREEEE4TIdERE  AEdteE
10~1570 AFdE Hd2= 1007 A3-2] AlZAHE HdPstal . ofd
Z29] AF oiehEc] TAHES 74T JoiH, 78 9 H €2 ItE

ALt o524, H2 wed, §4F, Aet 259 dsMe 24T =

BEAS A0l S4std =E71% 1 dEIHOAM 28 Aot

mor o

(B 11-2) HEHZAL SAE

2xIH A H|2
=< 4
Metallic chromium, as Cr(0) 5
Chromium(ll) compounds - SdetA HI0E
Trivalent chromium compounds, as Cr(lll) | 5
Water—soluble chromium(VIl) compounds 5
Insoluble chromium(VI) compounds 5
Chromy! chloride, as Cr(VI) - =L ARS =0 3R
Chromite ore processing - =l 25 &Lt Gz
Lead chromate, as Cr(VI) - SN HIoE 3
Zinc chromate - sdotd FIH0 A
Strontium chromate - =dotd F/H0
Calcium chromate - =L A =0l 3R
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=

st [ 20 |z AiEY B AZ

(3) 3= 2 I SIE9 2

28 9 1 SHUELS ofel ol 27 AR Uiro] T 1~39] B3
£ 9 3E(1, IS ICPE B33, WS 4~69] 67} A8 IFEEL IC

= X

2 HPLCS o]&3dlo] BA51%

(B 11-3) 28 ¥ 1 329 AZXHF 0N ¥ SMH
il Al=xHZ|0
: sy =aEl e Bl
1 | Metallic chromium, as Cr(0) '1,*0:]1})(;|(mi
xe
2 | Chromium(ll) compounds | cellulose ICPEI(NIOSH
ester 7300)
3 Trivalent chromium (MCE)
compounds, as Cr(lIl) filters)

24



Water-soluble | hexavalent
4 | chromiumMV1) | chromium
compounds | compound
Insoluble S, as
5 | chromium(VI) Cr(Vh)2
compounds e
. 2ol
6 | Chromyl chloride, as Cr(VI) CH 2 HPLCH e
PYCHIA | (orpmmaer 67t | +88%
7 | Chromite ore processing | S/ MM, J=2 =Y gl =84
T 5 im T = =5t
B NIOSH 7605) | =%
8 | Lead chromate, as Cr(VI) =284
9 Zinc chromate =34
10 Strontium chromate =234
11 Calcium chromate =284

oh 2432 @ AZ31, )9 £F Y 24

=< -

c o535 2 25, m)oll ek %ﬁ%‘%% NIOSH 7300 ELEMENTS
by ICP(Nitric/Perchloric Acid Ashing)< %Filsto] Z&g3tct.

© A=A

- AZAAFMA : 2T Z|(mixed cellulose ester(MCE) filters)

- 8% 1 ~ 4 L/min

- 371% 9 1000 L, ¥4 10 L

- 28k AR Y Agxy FEo] & FolE st vpiE gol dHE

25



Alze] b e

- SAE AR AE T 2~10709 @ AR

4717 2 27

A

- e f=2% E92nr BE £371(Inductively  Coupled
Plasma-Atomic Emission Spectrometer; ICP-AES)

- BAYAAEE: chromium
- AR Agk FAHHNOs) / RIgE BAFI4(HCIO) (4:1) 5 mL
- FZ8H: 4% HNO;3;, 1% HCIO4 25 mL
- AFA: 38 EZFL8N elements in 4% HNOs3, 1% HCIO4
- ¥9: 5~1000 ug/sample

- A&3%H: 0.020 ug/filter
- AEE 531

- Alm AAE

(b) A+ &Ho] oFFh Loz Wi, gdo] &
ml# F7kste] /7] 252 @318 AR,

© Al Gdo] Tl AW, AAHASE Ho|AE SRR YT F A
Hlo|# & 7hEael #al, o] oF 0.5 mL H=7} &g W7HA] 150TelA
A=y

26



ghadol 5% AL

=
=

(@ 32 0~10 yg/mL7 HEE 100 mL &%

[e] QH %E(ug/mLMI ‘I}

EZ

©)

o
)

NI

AGAo wet HE 10719 A=

) A

d

(

t Al &E(spike AlR)E

L=

& Ak

o

ofgfjel o] F4E(recovery) Al

=5 3714 o]

3}
==

@ o AlmEsfo]

o ARE wET,

% AmAHE 7

5

i A

o

(b)

ot SlrE R AR

Xe}

© oA

AR BEL/ARE

freg
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H
BAuhH o]l AEAE 0.02 g/filter $F02 LA QU

98 Y= ol§stel o] Fgo AR F& HECIH BA
29] BFHCHS AT

) MRS G R(VISE FAE RH(V)E o183l Y F71FHV)
A2 FEOF A

© Th Aol ofte] HfFRAY] =S P

(Cs Vs - vab)
VX RE

Clmg/m’) =
Cs : AlmolA 27 55k, ug/ml
Vs @ M=ol HFET, wl
Co : SARINA AF &&=, ug/ml
Vb @ AR HFET, wl
V AgE7] A 9, L

RE : H4 3¢&

28



o IAZE(VD))o st EAUIHLe 67} & (Chromium, Hexavalent)d}
NIOSH CHROMIUM, HEXAVALENT 7605 by Ion Chromatography=
Farsted IC 9 HPLCE AR,

« A=2AH

- AZZFHWA 0 0 PVCHHA] 37 mm, F= 5 mn

- 5% 1~4 L/min

- Z71%: 49 1000L, 4 100 L

- odk AEFH7)9 uE A WESe 2uety EZTAOA A
HE Nzs ARAH T SA] ojTAE AL sl
MSRIEE/3% BAER) 5 mLE Arlelo] olaiAE es] Al ¥ a
2 dBoty PgEAste] 29t

84 67t ABATBY 24 Ahd 2289 4l FREZ AS
- AR QP4 JARBRL 25 oy BA, ALY BHEAY

- FAE AR NE G 2~107] E= AESY 10% ol

ofl

« 2471710 & 24
@ olIZutEIH T - ALLEAZE7] AMR

29



30

(B 11-4) 0|23 Z0IEI|-MEEHET| EMXHA

242y Dionex HPIC-AGH gusa:oplbrI:)FS’IS%;ASB separator, anion
Ml 50 uL
HMEE 83 1 us full scale
FE8Y 7.0 mM Na2CO3 / 0.5 mM NaOH, Na2CO3
e 2 mL/2
assH| A=5H: 3.5 ug/sample

(b) ol&azulE 1T - BAAZ7] AL

(E 11-5) 0|23 ZOIEJI|-2HYAEI| EMxA

242y lonPac NG1 guard,SLoponizzsﬁrW separator, anion
MEFelE 50~100 ul
7 1.5 mL/&2
F=29 250 mM (NH4)2S04 + 100 mM NH40H
diri 201 2 mM 1,5-diphenylcarbazide/10% MeOH/1 N H2SO
w8 QY 2% 05 mlL/2
Iopxt 540nm
assH| A=5: 3.5 ug/sample

© 1 sHAIZtEDH T - EFHE7I(HPLC-UVD) A



B |1-6) TMSUNIREIH-LBAET| BME?

=8as A
=) Shim-pack IC-SA2(250mmL % 4.0mn 1.D.)

MNEFE 10 uL

M MY 1 us full scale

289 10 mM Na2CO3 / 0.5 mM NaOH, Na2CO3
7 1.2 mL/2

AEsH| 0.0130 ug/sample

- A= AAE

@ NRAF/R RE ABAE WAE o5 A
T, 35892 5 mLE 7RIt vo|ge]

U AL AFA9} AL 50 mLE vAd ¥
g 2~38 P70l vAd geoh

b) BAl FEEHE HaL oF 100~135C =2 7heds oA 458 &

o

T 7HE BE50] FUA 7tAAIT oln §ojo] FoloEx| SHES Folgt

435 & 10~25 mLe {FEetAT0] &7t} oy HAE &
B o] AlgEAo] gles 3ttt
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N F RS AFFI7L 25 mLot 9A]

e o
(0]
a
N
H
f

|
N
i
12
fo
)

© ZrFgolA A" dFAIR, S AdAR, dF 3AR ' AR

2
i
o
ot
O

@ 71718 ZsA71a 9 BA77]o] w2 2o o9
o

ST
N
1A
ok
rlo
>
i

Y FHTE olgdtel 1o A8 AR FE FECI% A

b Alze & Fu(Vs)eh TAR FH(Vi)E °l&sta AFd &715(V)
AHELY] 5=(0)E AAFSITE

© thg Aol fste] YR FES P

(Cs Vs - Cbe)

Climg/m”) = —— =75

- Cs P ARIA 2E F5&, ug/ud
- Vs ! /\]E'O’] 34%—%%, il

- Cp ¢ SARANA AF 5%, ug/ml
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Vo BARY HEEF, w
VAR AR B L

- RE : B4 3&
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3) 28 9 1 SUE £371F AL A% ASY - AAN B}

& % I SgE] 7o A9 BUHE Al mE ARRlE - AIA b

83 o B4 the AFELS Tt

H]

34

= AdAL e/ d%

=U-9 I T At

fAEd A o5 " Ve -dAA A8 74
Aol MYl Adt e gt 3 &2 HE
A gao] mE ArelA-gAE e

v g3 Welo] vE FU A P AT

3F % 1 SRHEY ARIRHAEAY HARE Qs ofrl=E A FAH
&, W], B/C ratiog &% FH& H7I& st
H18(C) : FAu/IFA X 5 FokA o™ v g, weld o v

= 5%l HE A=

o
o[



=
eI

AlLtgle 5

=
[ —

AlLtgle 47 o &7|F HE0 ot

2t

|-BHd Yot

g

[T& 11-1] A
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M. A+4ax}

1. 2o =E7IF Y MHI

N

1) F8 3719 3§ 2 1 33¢E FH =27
(1) REL2te] =&57|1&

7hH 20024 =E7|&

YU 257152 19809 s H A A86-455 % AFEAT. A
= o]Z oyH AAHEYLY T2 9 7 FE9 E7|ZLS 2002W (%
F Al A2002-28)°] tidE40] thE Gei=HA /HF= A A=Y IF
2 7 3RMEY k&7 BlusEY A AF67DREERDY =E
122 0.05 ng/m ez FAET &3}= o] e CAS No.& AFHEFH)
I FASHA ARESHAL AT AL BE FAlol= ACGIHS U +
= ARgsto] QIA9] o] ERlE =49l Al E HI|SIUTE. EE AFAE
A(Lead chromate, as Pb), 2AEEZEE I=2ZYO|E(Strontium

chromate), Z% AZHO|E(Calcium chromate)?] =&7]52 A= 0]

AR AT

\1

:

E I-1) LU 28 # I =2 E71F(2002)

o124 QeEze| HA LE7|E(mg/m) | HIZ
e 55fAl (CASH
He | aogy) gy TWA | STEL | 5 g)

39



o131 ol ¥ LE71E(mg/m) | H|IZ
e Skata (CASHH
B dE2H7| TWA STEL | 5 £)
500 Chromite ore Cr 0.05 [7440-
712324 | processing(C 47-3]
hromate), as Al
Cr
501 Chromium(M Cr 0.5 [7440-
etal) 47-3]
502 | F=2(67hHat Chromium(\I) Cr 0.05 [7440-
compounds( 47-3]
Water Al
insoluble)
503 | 2&(67hH= Chromium(V1) Cr 0.05 [7440-
compounds 47-3]
(Water
soluble)
504 Lead PbCrO, 0.05 [7758-
chromate, as 97-6]
Cr A2
505 Zinc ZnCrO, 0.01 [13530
chromates, as | /ZnCr, -65-9]
Cr 0./ZnC Al
l’zO7
506 | 3=2(27hst Chromium(1l) Cr 0.5 [7440-
compounds, 47-3]
as Cr
507 | 2=2@B7hHst Chromium(lll) Cr 0.5 [7440-
=2 compounds, 47-3]
as Cr
268 tert-Buty! [(CHy).C C 0.1 | [1189-
chromate, as | O].CrO, 85-1]
CFOJ Skln

40



Lh 200749 =&7|&
20024 38 2 1 3158 w27)%0] AHH o]F 20079 ERTA
=]

A12007-25%)° AFH67HIE=E(ERY)S AB67DFA=(ERFF7189
)2 8olg HAstAA I 7]I$S 0.05 mg/m’ollA 0.01 mg/m?._ 735lst9l
o}
T 1-2) 22|L2t 3E ¥ 1O sEiEe E£7|1=F(2007)
o1 QaiExo| B3 CE7|F(ng/m) | I
e Skata (CASHH
L =E=H7| d=H57| TWA STEL | 5 £)
500 I=2 Chromite ore Cr 0.05 [7440-
71E(324) | processing(C 47-3]
hromate), as Al
Cr
501 IAZ2(ZL Chromium(M Cr 0.5 [7440-
etal) 47-3]
502 | 2=(67P3FeE | Chromium(Vl) Cr 0.01 [7440-
= compounds( 47-3]
(E2427|3t Water A
=) insoluble)
503 | F=(67PH3Fe | Chromium(Vl) Cr 0.05 [7440-
= compounds 47-3]
(=E4) (Water
soluble)
504 A=A A Lead PbCrO, 0.05 [7758-
chromate, as 97-6]
Cr A2
505 | FEAt oA Zinc ZnCrO, | 0.01 [13530
chromates, as | /ZnCr, -65-9]
Cr 0./ZnC A1
rzO7
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= folSEe Y3 LEI|1E(ng/mf) | HIZ
:;;,_ oo oo ssty (CASH
ol 2207 gZ2O7| TWA STEL | 5 £)
506 | 2=227haker | Chromium(Il) Cr 0.5 [7440-
= compounds, 47-3]
as Cr
507 | 3=2@B7HEFEE | Chromium(lll) Cr 0.5 [7440-
= compounds, 47-3]
as Cr
268 | MBEEIEL tert-Butyl [(CHy),C C 01 [1189-
chromate, as | O].CrO, 85-1]
CI’O} Skin

ChH 200849 L&7|&

& 9 1 3ET TS 2008 (eEF 1A A2008-26%)9] F8
N WEeZ2e I 5 ARgsta JE A§A4F A(Lead chromate, as Cr)
9] =&7|2S 0.05 mg/mfollA 0.012 mg/’ZE 7335}otal Lead chromate, as
PbE AAstEA I 7|2 0.05 ng/n’2 oA E3F AERER A2
Ho]E(Strontium chromate)ol] Hgt =&7|&S 0.0005 mg/m'=E A5

o

E N-3) LUt 28 # 1 S=HEQ E7|F(2008)

o134 o= H3 LE71=(mg/ ) H| 12
e &5l (CASH
al = = - =
2| =z2m | g2 TWA | STEL | 2 =)
500 I=2 Chromite ore Cr 0.05 [7440-
712324 | processing(C 47-3]
hromate), as et

Cr 1A
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o1 Q2o B = &7|Z(ng/m) | HID
e = 1Y (CASH
= =] [=] = =
= 2207 dE2H7| TWA STEL | 5 £)
501 JAE(ZD) Chromium(M Cr 0.b [7440-
etal) 47-3]
502 | 3=Z2(67P3F | Chromium(Vl) Cr 0.01 [18540
= compounds( -29-9]
(B24T7|5t Water 2ok

5HE) insoluble 1A

inorganic
compounds)

503 | F=(67PH3Fe | Chromium(Vl) Cr 0.05 [18540
= compounds -29-9]

(*=24) (Water 2ok

soluble) 1A
504 A=A A Lead PbCrO, | 0.012 [7758-
chromate, as 97-6]

Cr ety

1A,
MA =M

1A

504 AEM A Lead PbCrO, 0.05 [7758-
9|2 chromate, as 97-6]
Pb R

1A,
WA=

1A
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o1 QaiExo| B3 = &7|E(ng/m) | HIZ
e Skata (CASHH
L 2207| dE2H7| TWA STEL | 5 £)
505 | 324t 0fH Zinc ZnCrO. | 0.01 [13530
chromates, as | /ZnCr -65-9][
Cr 0./ZnC 11103-
rO; 86-9][3
7300-2

3-5]

et

1A
506 | 2AZ(27hatet | Chromium(Il) Cr 0.5 [7440-
2 compounds, 47-3]

as Cr
507 | 3&(37hste | Chromium(lil) Cr 0.5 [7440-
= compounds, 47-3]
as Cr

268 | MARETEA tert—Butyl [(CH),C C 0.1 [1189-
chromate, as | O].CrO, 85-1]

CrO; R

1A,

Skin
308 | AEZEIEIZE Strontium CH.0:S | 0.0005 [7789-
9|2 Ho|E chromate r 06-2]
R

1A

2h 20208 =&7|&F
Z& A2Wo|EQ =%7|&L 20189 3¢ 0.001 mg/'E AEEA}. &
A ZFLEY Y= 20209 IAF @ I IES &7 -v‘(—l_’—%i%ldrl’/\]
A|2020-48%) A} g AZ(G7HIFE(ELAHTY
7H3FHE(=84)2] CAS No.oF ¥t ®7|7F A=A
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E lI-4) #3 Q2|Uat 3= Y I 82 LEI|E
013 foli=Ee HE LE71E(mg/ ) H|21
e 5fatA) (CASH
o= =E=H7| d=87| TWA STEL | 5 £)
537 I=2 Chromite ore Cr 0.05 [7440-
7123 EAD) processing(C 47-3]
hromate), as ety
Cr 1A
538 | AEEDH) Chromium(M Cr 0.5 [7440-
etal) 47-3]
539 | 3=Z(67hH3FeE | Chromium(Vl) Cr 0.01 [18540
= compounds( -29-9]
(E2427|3t Water 2oty
ShE) insoluble 1A
inorganic
compounds)
540 | 3Z(67H3FeE | Chromium(\Vl) Cr 0.05 [18540
= compounds -29-9]
(484) (Water ety
soluble) 1A
541 as4 A Lead PbCrOs | 0.012 [7758-
chromate, as 97-6]
Cr 2oty
1A,
WA=y
1A
542 JEM A Lead PbCrQOg4 0.05 [7758-
chromate, as 97-6]
Pb 2ol
1A,
MAl=Y
1A
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o1 Q2o B = &7|Z(ng/m) | HID
e Skata (CASHH
L 2207| dE2H7| TWA STEL | 5 £)
43 HEAM OfA Zinc ZnCrQOq4 0.01 [13530
chromates, as | /ZnCr; -65-9][
Cr 04/ZnC 11103-
r.07 86-9][3
7300-2

3-5]

et

1A
544 | AZ(27hztet | Chromium(Il) Cr 0.5 [7440-
2 compounds, 47-3]

as Cr
545 | ZZ(E7hsket | Chromium(lll) Cr 0.b [7440-
= compounds, 47-3]
as Cr

289 | MRIREIELM tert—Butyl [(CH3)3 C 01 [1189-
chromate, as | COJ,Cr 85-1]

CrO3 o)) R

1A,

Skin
327 | AEZE|IR3Z Strontium CoH204 | 0.0005 [7789-
HOo|E chromate Sr 06-2]

R

1A
523 2t Calcium CaCrO4 | 0.001 - [13765
JZM0|E chromate -19-0]
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(2) 0129 &57|1&

n]=+9] R A& w=Z7]¥(Occupational Exposure Limits)< A 3714
2 JFEHo

7h OSHA PELs

o=k AP H A (Occupational Safety & Health Administration,
OSHA)9] 3|8 :-%7]%(Permissible Exposure Limits, PELs)o|A & 9
1 eRES 271 AF, 3 AF R o7 AF0E 2okl glen 273 3
7t 389 A% PELs2 0.5 mg/wol™, 67} AFY AE oA=2VE
§1910.10269 =&7]&°] FAIHAY FAESHA] 42 EE A% Ee F&
o3t =E7]E2 Table Z-25 FZstety Ag=o] 9loH, Table Z-2014
+ Chromium(Vl) =, §1910.10269] =&7]|&0] FAHAY F851A] &
< ZE A Ee 720 Hednal d¥vstal ot @ OSHAS| PELZ
8AIZE A7t 715 BHTWA)LE2 A4te 57 ¥ IES 5ol A2 1H(5
pg/me 23S B7] F AB(V) 5EO =354 Y Ffof ok,
Action Level 1 A¥t 52 2.5 pg/m'o2 IRIDE T}

1) 5 See Table Z-2 for the exposure limit for any operations or sectors where
the exposure limit in §1910.1026 is stayed or is otherwise not in effect.

2) This standard applies to any operations or sectors for which the exposure
limit in the Chromium (VI) standard, §1910.1026, is stayed or is otherwise
not in effect.

3) 1910.1026(c)

Permissible exposure limit (PEL). The employer shall ensure that no
employee is exposed to an airborne concentration of chromium (V) in
excess of 5 micrograms per cubic meter of air (5 ug/m’), calculated as an
8-hour time-weighted average (TWA).

4) Action level means a concentration of airborne chromium (V) of 2.5
micrograms per cubic meter of air (2.5 ug/m’) calculated as an 8-hour
time-weighted average (TWA).
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E g A2 A 5L3 72 = o QoA aEAE
I} IEAFF(Chromic acid and chromates)o] E3tEo] S AoRE 4
He}. B3 AP YIRS Seluet 27|20 FUsH 44 L ]9
of AJT
E I-5) 328 ¥ 1 g}&+=2| OSHA PELs
L E71E(mg/ m?)
Substances CAS No.
TWA STEL
Chromium (I1) 7440-47-3 0.5
compounds.(as Cr)
Chromium (lIl) 7440-47-3 0.5
compounds.(as Cr)
Chromium (VI) 0.005
compounds; See (5 ug/m)
1910.10265
Chromium metal and 7440-47-3 1
insol. salts (as Cr)
tert-Butyl chromate 1189-85-1 C 0.1
(as CrO3); see X
1910.10266
Chromic acid and 1 mg/10m3
chromates
(Z37.7-1971) (as
CrO3)c

L) NIOSH RELS
o= A AMA B AALYU(National Institute for Occupational Safety
and Health, NIOSH)9] #&1x-%7]|&(Recommended Exposure Limits,
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RELs)OIM & H 1 siete § 4555, 27195 9 371 2852 RELs>
B%T PELs¥ ZUsHA 0.5 mg/w'E AAE A}t 671 A=Y
OSHA PELsEt 73t 0.2 g/ o2 785k it

oot Eyeo A AAFEH IFAA, AEEEIFIZYo|lE W g A2
Ho|E= =4 tisf 5T 7|&2 FolE &= gller, A4 84
(Chromic acid and chromates)?] 3% &9jo] W AEHozg IJEAF
(CrO3), AFAF Fow, AF A8k, Z8(VD) ARHE(1:3), 25 AHAEHE,
ofel FZAt ofelo g 7|93t ULt

of ZFHo] Y O FHU} ARRYIBAL Qe w37]F
I FLSRAT 1 FEE4(Skin designation)= HE7]1E0] A Aot
H m-6) 38 % 1 stgt=2| NIOSH RELs
LE7|1=(ng/m")
Substances CAS No. Remarks
TWA STEL
Chromium 7440-47-3 0.5
metal
Chromium (Il) | 7440-47-3 0.5
compounds.(
as Cr)
Chromium 7440-47-3 0.5
(1
compounds.(
as Cr)
Chromium 0.0002 Ca
(V) oxide

5) Chromic acid and chromates(Synonyms & Trade Names) : Chromic acid
(CrO3), Chromic anhydride, Chromic oxide, Chromium(Vl) oxide (1:3),
Chromium trioxide, Zinc chromate
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LEZ7|1=(ng/m")
Substances CAS No. Remarks
TWA STEL
Chromic acid | 1333-82-0 0.0002 Ca
and (CrO3)
chromates
tert—butyl 1189-85-1 0.0001 Ca
chromate
Zinc 1333-82-0 0.0002 Ca
chromate (CrO3)
Chromy! 14977-61-8 0.001 mg Ca
chloride Cr(\VI)/m’

* The NIOSH REL (8-hour TWA) is 0.0002 mg Cr(VI)/m* for all hexavalent chromium
[Cr(VI)] compounds.

ChH ACGIH TLVs

o= A AAE7IH 9 3](American Conference of Governmental
Industrial Hygienists, ACGIH) A¥t=(Threshold Limit Values, TLVs)9]
A 3E 9 1 3E2 288 F718E(Chromium,[7440-47-3[ and
inorganic compounds]®Z H7|stl  gew IAE  F&E(Metallic
chromium, as Cr)< 0.5 mg/m(EFY¥A) oz gvet 53 AR o
Tk 37} AEIFE(EFEA)S TWA 0.003 mg/m'(EdAP)e2 A= QI3
A I EEREEA) 7 2 5F7] ZEHDSEN, RSEN)S EAISHL U
o 67t ZEEHEEDE 45 HE dAsHA TWA 0.0002 mg/m'(EUA4),
STEL 0.0005 mg/m'(FA)= AR A2 AL(JUA Y gD
HEo] IR EEZH(GE)e i 9 557] A2HDSEN,RSEN)& HA|SHL
Ak, E£3F Z2UEFZ o] =(Chromyl chloride)= TWA 0.0001 mg/m’(&
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A4, S71), STEL 0.00025 mg/m'(FU4, S7DE A5t
(A T FeDF gEe] FEEFFEEDL HF 49

(DSEN,RSEN)E HA|E 0] 2t}

E N-7) 38 * 1 3eHEQ ACGIH TLVs

Substances[CAS L E71E(mg/m')
No.l(Documentatio Notatio MW | TLV Basis
Chromium,[7440-47 Pneumoco
-3[ and inorganic niosis,
compounds(2017)
Metallic chromium, 0.5(1) - - Varies | Resp tract
as Cr(0) irr
Trivalent chromium | 0.003(]) - Ad Varies | Resp tract
compounds, as Cr DSEN,R irr, asthma
() Water—soluble SEN
compounds
Hexavalent]|0.0002() | 0.0005 Al Varies Lung &
chromium (h Skin;DS sinonasal
compounds, as Cr EN;RSE cancer,
(V1)  Water-soluble N Resp tract
compounds irr, asthma
Chromy || 0.0001 0.0002 | Skin;DS | Varies Lung &
chloride[14977-61- (IFV) 5(1FV) EN;RSE sinonasal
8], as Cr(VI) N; A1 cancer,

Resp tract
Chromite ore | 0.0002(1) | 0.0005 AT irr, asthma
processing () Skin;DS

EN;RSE
N
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Substances[CAS L5 71E(ng/m')
No.lJ(Documentatio Notatio MW | TLV Basis
tert-Butyl chromate, C 0.1 Skin 230.17 | LRT & skin
as CrO; irr
[1189-85-1](1960)
Lead chromate | 0.0002() | 0.0005 | DSEN;R | 323.22 Lung &
[7758-97-6], as Cr () SEN; sinonasal
(V(2017) A1;BEl cancer;
resp tract
irr; asthma
| : Inhalable fraction matter
IFV : Inhalable fraction and vapor
SHH, B2 Goj e 4 D TLVs7} AR BE E47 A8 S o
ot olf =2 A" EZ9 offie} T2 E4o] 7[EHo] AUt
T 1-8) 3= % 1 sigtE &3 ACGIH TLVsOA 3=l EH
Substances(CRN) . e Reason
Withdrawn
Calcium chromate 2018 See Chromium and
[13765-19-0], as Cr inorganic compounds
Chromite ore 2018 See Chromium and
processing(Chromate), as Cr inorganic compounds
Chromyl chloride 2018 See Chromium and

(Chromate), as Cr

inorganic compounds
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Year
Substances(CRN) Withdrawn Reason
Strontium chromate 2018 See Chromium and
[7789-06-2], as Cr inorganic compounds
Zinc chromate[11103-86-9; 2018 See Chromium and
13530-65-9'37300-23-5], as Cr inorganic compounds

(3) ¥=9| L=7|&(WELs)

=t HAMMH(Health & Safety Executive, HSE)9] ZqH &7|&
(Workplace Exposure Limit, WELs)=> The Control of Substances
Hazardous to Health Regulations 20022} 94 o] Q. 3& ¢ 11 35}
= % Chromium (VI) compounds< 71 7|&0] 7§ &0 2020¢ 1€5
gAY Fo|H, o] &4 HisiA= 7|& WELse| st AAE 85kl
ULt

FE(Chromium), 27} Z&(Chromium () compounds), 37} I&
(Chromium (I) compounds) 25 TWA 0.5 mg/m’C.2 AAEo] glo
67} AE(Chromium (VI) compounds)< 0.01 mg/m’* ¥ 0.025 mg/m’
(process generated)® T-EE0] Uty E3SF HQHAY, AFHV|7T Qlom,

Biological monitoring guidance values(BMGVs)E A& st Ut}

Eolgt o0& HE Chromate 20| tidt 7]&o] A A= UA]
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(FE 1-9) 32 ¢ 1 sigE9 9= WELs

Workplace exposure
limit(mg/m*)
Long-term | Short-term
Substances | CAS No. | ©xposure exposuré | Comments
limit limit
(8-hr TWA | (15 minute
reference reference
period period)
Chromium 440-47-3 0.5 -
Chromium (I1) 0.5 -
compounds
(as Cr)
Chromium (IIl) 0.5 -
compounds
(as Cr)
Chromium (V1) 0.01 Carc, sen,
compounds 0.025 BMGV
(as Cr) (process
generated)1

(4) 229 ==7|Z(OELs)

tolr

Aol A9 AYH wE/FS 2l TRE] gt YRR
(Japan Society for Occupational Health, JSOH)9] 2g4 A L=E7]
(Recommendation of occupational exposure limits, ROELs)Z} S
549 AdedSHRol wE Aded Bl wEsert AAE

o}

PN

7h #Helske
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bR AME(1971d HE AS7) A6529 241239 780 LA st
of ZAey HrIEe o= 2ol st . A2R(EA 2% B7he
=t AR Aesxo] 2 A1 2 & 54 2] Brhe, 29 F
A oY B S 718(@st 5149 k54 A Al40) 62) A2z Al
& Al ?P‘éﬁh 49 A Fag gt olst ) vt tEo &
S0 sjgste A-voll wet, 42 sig 4 5o ®9| of ol AAE vtef
et A1 R =R E A3WE] FE7HA] FEste] AL PAIsHL
At BE 2& A2zt BHs] A7 9 I ofekE] tidt HEsrt AlAl
=lo] Jlow, IFAN} 1 2 AFCREA 0.05 mg/nf, SIFAT I A:
Al 0.05 mg/m'E A= o] S}, E}‘?l Ze ARvolERe 2dEE 44

St A T

E -10) 28 ¥ 1 SfEE0 e 229 sk

239 52 gelsx
11 32M1 1 H 222X 0.05 mg/m’
19 Z=32At 9 7 o 222X 0.05 mg/m’

Lh) #1==7|&(ROELs)
AEZ AKX ASLS](Japan Society for Occupational Health, JSOH)Y
214 PFAL-Z7|F(Recommendation of occupational exposure
limits, ROELs)olA AAlst Q= AE 9 11 SHE9 st 7]+ 1989
dofl Aljte Ao ® Rl 4 25 9 IRES 7244 24, 9F
A2 1o s ERsta 3:104 A EAL 3R RS AT AF
=51 371 45 ES UE =71 fARE AR 0.52 A5k
N3AL, 67F AEIFES BF 0.05°1%01, E4 671 AEI=E2 0.01=

II

d

J



Al=]o] AU
H, tert-Butyl chromate 233t & IZ2Ho|E SIFET 9 L

7|0l A= YA Lo

i ko 2

(E 1-11) 32 ¢ 1 siE=E9 Y2 ROELs

Sen Year
Substance OEL Skin | Carc _ Re of
[CAS No.] (mg/m?) Air Skin | Pro | Prop
way osal
Chromium and 2 1 3 ‘89
compounds (as
Cr)
[7440-47-3]
Chromium metal 0.5
Chromium (lll) 0.5
compounds
Chromium (VI) 0.05
compounds
Certain 0.01 1
chromium (V)
compounds

56



(6) =9 EJ|ZE(MAKs)

Deutsche Forschungsgemeinschaft®] 3¢ & % 1 3= st
71 ZEst FAE st Q= Ae® #d=ETh Chrome yellow, C.I.
Pigment Red 104, C.I. Pigment Yellow 34+ X% AEAF A(Lead
chromate) @& 7Hotal QIGIth T3 AFAF ¢, 84T ofdd E AEEFH
SIAEHOIEE BT 07l A7 SRHEE 7ot Y, Hiol 37 A&7
s 677 A2E EL Y585 (Maximum Concentrations,
MAKs) ZHAIE AHAlstal At §HH, 671 38 IES U8 551,

Germ cell matation &5 2, BAEAL HE FE512 AU

(E m-12) 38 ¥ 1 sEE9 59 MAKs

Germ
Substances cell
F | MA ¥ H; .
[CAS numner] ormuia Klng/m’) 2 L matatio
n
Alkaki Chromium(
chromates )]
compounds
Calcium Chromium(
chromate Vi)
compounds
Chrome yellow Lead
chromate
C.l. Pigment Lead
Red 104 chromate
C.I. Pigment Lead
Yellow 34 chromate
Chromium Cr(CO)6 - - - -
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Germ
Substances cell
F | MA ¥ H; .
[CAS numner] ormuta Klng/m?) S eI matatio
n
carbonyl
[13007-92-6]
Chromium(lll) | see Section - Sh43
compounds llb and XII
Chromium(Vl) | see Section - H44 1 2
compounds Xl Sh4b Preg
(inhalable abs H
fraction)
Lead chromate Chromium(
V1)
compounds
Strontium Chromium(
chromate )
compounds
Zinc chromate Chromium(
V)
compounds

43 does not apply for chromium(lll) oxide and similar poorly soluble chromium
(Il) compounds

44 the chromates of barium, lead, strontium and zinc are not designated with
‘b

45 barium chromate and lead chromate are not designated with “Sh’

(6) ZHAL| =&7|&E(VLEs)

ZZFA INRS(National Research and Safety Institute for the
Prevention of Work Accidents and Occupational Disease)o|lA+= A&

4 7 3SperEo] H|5Al AA|(Les valeurs limites d'exposition
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professionnelle, VLEP)E AHE™H 8A|7F 7]& 0.001 mg/m’e]}3L, VLEP
CT(VLEP CT s'endendent pour des concentrations mesurées sur une
durée de 5 min)= 5% 5% &4 Al &= 0.005 ng/mw'2 st .

HH 38(F%), #71 3% =) 2 FU(ERA) 2F =D 8
AIZt VLEP= 2 mg/m'@ A= o] Q.

(E N-13) 32 ¥ 1 siE=E9 oA VLEPs

VLEP
Désignation N° CAS LS cn Année
(ng.m=3) | (mg.m
-3)
Chrome hexavalent et ses - 0.001 0.005 2012
COMpPOseés
Chrome (métal), 7440-47-3 2 2007

composés de chrome
inorganiques (Il) et

composés de chrome

inorganiques (insolubles)

(I
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2) SH9 2F 2 1 e sEEE kET|E

[FA(Institut fur Arbeitsschutz der Deutschen Gesetzlichen
Unfaliversicherung)®] GESTIS-StoffdatenbankollA A AAQ 2 AZF =
Z7])%(International Limit Values)ol] tist AXE7} AA|Eo] . &5 L
1 3REEY =E7|E ERFe § 307HE RIS 18y Syt
A =&7|eo] 44E 25 9 1 ES SHeE Uy &7
H] 1 5F31

IEF FEY e TR T AFSlRE
(ox1dat10n number) 59 W& 53511 9o, £ 409 207 uj$ ¢}

Jotth. Eudhs 671 A8 e disiATr #8481 84S RS

op
o
ot
ofo
93:
el
N
~
Jo
N

N

d
~~

I e, 92 It 27t 3E 3t SEES Sxe U /RUE
F7tete] RS e &=t §71//718 FEoHA ¥l SFEEA
o] ERLE EAF. o3t 8Rlo] AF9 &V |EE HS AESHA7|IL &
#HE & 5 Aok ACGIHY IF SHE TLVE 201842 7|&2.2 HHEH
AJt. 22 37} FRHEL 0.5 mg/molA 0.003 mg/m'E 67} E-2A5eHET}
FEASELS ZH2E 0.01 mg/m’, 0.05 mg/m'olA 67 SFEER STEHA
0.0002 mg/m'E A= Pt vlwA o ACGIH TLVZL AR =97 B
of Z7tol|l et & Aol Hol= A7 A 5, 2020).

5

H N-14) 38 ¥ 1 329 27|1E R

Substance Remark CAS No.
Chromic acid and chromates as Cr, except | 7738-94-5
SrCrO4
Chromite ore processing (Chromate) as Cr 7440-47-3
Chromium, metal
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Substance Remark CAS No.
Chromium metal and insoluble salts 7440-47-3
Chromium metal and its inorganic
compounds
Chromium(ll) compounds as Cr 22541-79-3
Chromium(ll) compounds, inorganic
Chromium and Cr(Il); Cr(ll) compounds insoluble as | 7440-47-3
Cr
Chromium(lll) chromate 24613-89-6
Chromium(lll) compounds, inorganic,
insoluble
Chromium(lll) compounds as Cr 16065-83-1
Chromium(lll) compounds, soluble
Chromium(lll) sulphate, basic as Cr 39380-78-4
Chromium(VI) compounds as Cr 18540-29-9
Chromium(VI) compounds, insoluble as Cr
Chromium(Vl) compounds, water—soluble 7440-47-3
compounds
Chromates (VI), dichromates (V1) as Cr (M)
Chromium(VI) oxide 1333-82-0
Chromium dihydrogen phosphate as Cr 27096-04-4
Chromium hydroxide sulphate as Cr 12336-95-7
Chromium(lll) compounds, water-soluble 7440-47-3
compounds
Chromy! chloride 14977-61-8
Chromyl! chloride as Cr 14977-61-8
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Substance Remark CAS No.
tert-Butyl chromate as CrOs 1189-85-1
tert-Butyl chromate as Cr 1189-85-1
Calcium chromate as Cr 13765-19-0

Lead chromate as Pb 7758-97-6
Lead chromate 7758-97-6
Zinc chromates as Cr 13530-65-9
Strontium chromate 7789-06-2

(1) A=E7I5EEL

T F5He 4537 (E B4l Het =E7]%2 as Cr, 0.05 mg/m’'2
= AAEo] At @7, AyTh-AHE, 7EHE 25 0.05 ng/m'= A5t

N =g

Z 1-15) 22(8=%) / Chromite ore processing(Chromate))

=7} TWA(mg/m*) STEL(mg/m") Notation
Belgium 0,05
Canada—Québec 0,05
New Zealand 0,05
South Korea 0,05
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2) A=ES)

NG He AFEH)A W =E71E2 0.5 g/’ 2 AAE o Sl
REEY] =71Ql W, AAuch, WRE, olefg] oA 2yt 4
T2 Adsta Y. o 32 mg/i), FHAZ2 ng/m), HorsSl=

(1 mg/m)2 F-Eutel] W) W2 eEo= dAsta o

 I-16) A2(22) / Chromium, metal[7440-47-3]

=7} TWA(ng/ m) STEL(mg/m*) Notation
Austria 2
Belgium 0,5
Canada—-Québec 0,b 2
European Union 2
Finland 0,5
ltaly 0,5
Japan(JSOH) 0,5
Norway 0,5
South Africa 1 (1) (1) Inhalable
fraction
South Africa 0,5
Mining
Switzerland 0,5 (1) (1) Inhalable
fraction
The Netherlands 0,5
USA-NIOSH 0,5
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f

=)

tol
|IOII

Q) F=67hatt=(EEEF7

VR EFHY AE67HRIE(EESF7IERE) He &7 0.01
ng/ e E AAEo] Ut AUt} ofdIHE, ojATtdo] Eutet FY
o H-Xﬂo T QJich g, ACGIH TLV(0.0002 mg/mf)Rch B Zest
TA7IES FEHEE 0.00002 mg/mE A= glom 1587 7|&
0.0005 mg/m’'ZE A= ALY,

ol ol

E 1-17) 2867hHe=2(E247718HeE) / Chromium(Vl) compounds,
insoluble [7429-90-5]

=7} TWA(ng/ m) STEL(mg/m*) Notation

Australia 0,05
Canada-Ontario 0,01
Canada—-Québec 0,01
Ireland 0,01
Israel 0,01

New Zealand 0,00002 0,0005 (1) (1) 15 minutes

average value
South Korea 0,01

(4) 2E67hateE(+89)

AFE7HIEFEGEED) N e 18 es5H &7]52 0.05 g/l
A=o] Aot AU, ojAztd W Folgsla-gAto] f-Euetet &
A4 0.05 mg/w'=E A= o] Ut Horgsi=re] F- 7P @2 £EQ
0.0004 mg/m'(FAIZF =&7]ZF 0.001 mg/m’)S Aest Utk

r—l
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(B 11-18) A=(67hatetE(=24) / Chromium(Vl) compounds,

water—soluble compounds [7440-47-3]

=7} TWA(ng/ m) STEL(mg/m*) Notation
Canada—-Québec 0,05
Israel 0,05
South Africa 0,0004 (1)(2) 0,001 (M(©2)?3) (1) Inhalable
fraction
(2) Skin

(3) 15 minutes
average value

South Africa 0,05
Mining

(6) A=A AH(Lead chromate)

A4t A2 37 as Crit as Pb2 F&EHH, o] Bz AHHEY o

7t) 324t H(Lead chromate, as Cr)

L-2ygt 224 A(Lead chromate, as Cr)ofl Wgt =&7]&2 0.012 g
/w2 AAE0] it fHuUEte} U Sl E EVES AT =7t
= Myt otdsiE, ojATHd, A7HE, AHRICE SRIFUT. ¢ A4ste
0.05 mg/m'E ALY Y= F7t= QAEH Aol TF7F AL, TAZE
LE7)ES AASH Sle I7hs 250.2 mg/n), 29A9(0.015 mg/m’) &

HEZH=(0.025 mg/m)7F AR
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(E -19) A=2A A / Lead chromate(as Cr) [7758-97-6]

=27} TWA(ng/ m) STEL(mg/m*) Notation
Australia 0,05
Austria 0,05 inhalable 0,2 inhalable
aerosol aerosol
Belgium 0,01 (1) (1) 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 0,012
Canada—-Québec 0,012
Ireland 0,012 (1) (1) as Cr (2) as
Pb
0,1 (2
Israel 0,012
Norway 0,005 (1) (1) as Cr(VI)
Singapore 0,012
South Korea 0,012
Spain 0,012 (as Cr)
0,05 (as Pb)
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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

Lh) 3ZA S(Lead chromate, as Pb)
FEAF A(Lead chromate, as Pb)ofl Higt $-2lyet =&7]%2 0.05 mg/
o2 AAE0] Utt. U} U £ E &S AT =7t
= NYUtHEEE ), AFQlo]l Qllew, oidsit= 7MY #2 $EQl

0.012 mg/mE A5t AAtt. St A7 7HeE7|E2 S0l A] 4k

T 1-20) 324 A / Lead chromate(as Pb) [7784-40-9]

=7} TWA(ng/ m’) STEL(mg/m*) Notation
Canada-Ontario 0,05
Canada—Québec 0,15
Ireland 0,012
Singapore 0,15
South Korea 0,05
Spain 0,05

(6) B4 OIA(Zinc chromates, as Cr)

Lyt 354 ofd(Zinc chromates, as Cr)o] Hist =712 0.01
mg/m’C 2 AAYEo] ity Sy} FUT LEV|EE AT AV A
Efdefo}, #A7]of, FjUth(Er] ), ojAgtd, Fufol A7tEZE AF|
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A, 29A7F e SHUEET I8 AL ofdof gt k7)ol Y
7= AUTHEE, 0.001 mg/nf), HHE E ALE(0.005 mg/nf), HI
NIOSH®] =&7]&2 ygiuet 7[&ET 1/10 59 0.001 mng/m'=z A
=o] ot THH, ARl IEA4E ofd S AREARE AAst UYL, &
712 =&27)18S ARt e A7t 2, 371, A9d € 2907t

AT

SUE

B 1-21) 32 oA / Zinc chromates(as Cr) [13530-65-9]

=7} TWA(mg/m*) STEL(mg/m") Notation

Australia 0,01 (1) Inhalable
fraction (2) 15
minutes average

Austria 0,05 (1) 0,2 (1)(2)

Belgium 0,01 (1) (1) 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 0,01
Canada—Québec 0,001
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=27} TWA(ng/ m) STEL(mg/m*) Notation
Finland 0,005 (1) (1) including zinc
potassium
chromate
Hungary 0,01
Israel 0,01
Romania 0,01 (1) (1) as ZnCrO4
Singapore 0,01
South Korea 0,01
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
The Netherlands 0,01 (1) (1) 15 minutes
average value
USA-NIOSH 0,001
United Kingdom 0,05
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(7) 2=27hst

AE(27heHtE

=(Chromium(Il)compounds, as Cr)

(Chromium(Il)compounds,  as

CAS No.

22541-79-3)9] wB7]%0] RHe] G I SeE ZFstel ¢7f

S7hz ok 24| ujs) AEst

£ 277} go] EASAE gl ¢

guetes AFQ27HeREY] =&71ES2 0.5 ng/w'= AAskl o wad

=(0.05 ng/m'’) ool BE

Seuet w42 S5 A Yt

(B 1-22) 2 E(27psketE / Chromium(ll) compounds(as Cr)[22541-79-3]

=7} TWA(mg/m*) STEL(mg/m") Notation
Australia 0,5
Finland 0,5
New Zealand 0,05
Norway 0,5
South Korea 0,5
USA-NIOSH 0,5

&9, AFQ7bSEs @A U =E71E CAS Nogt 549
Chromium and Cr(II); Cr(Il) compounds insoluble as Cr[7440-47-3]
o] A% HFEY =7tolA =&7|& 0.5~2 mg/m'S Aokl Sl

B 11-23) 22(27D&eE / Chromium(ll) compounds(as Cr)[7440-47-3]

=7} TWA(ng/m?) STEL(mg/m*) Notation
Australia 0,5
Belgium 0,5
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Canada—-Québec 0,5
Denmark 0,56 1,0
European Union 2 Bold-type:
Indicative
Occupational
Exposure Limit
Value (IOELV) ~
(for references
see bibliography)
Finland 0,5
France 2 ltalic type:
Indicative
statutory limit
values
Germany(AGS) 2 (1?2 2 (1(2)3) (1) Except
chromium(lll)
sulphate, basic
(CAS:
12336-95-7,
39380-78-4) (2)
Inhalable fraction
(3) 15 minutes
average value
Hungary 0,6 2 (1) (1) 15 minutes
average value
[reland 2
Israel 0,5
[taly 0,5
LatVla 2 (1) (1) Insoluble Cr(ll)
and Cr(lll) salts
New Zealand 0,5
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Norway 0,5
People's Republic 0,05
of China
Poland 0,5
South Africa 0,5
Mining
South Korea 0,5
Spain 2
Sweden 0,5
Switzerland 0,5 inhalable
aerosol
Turkey 2
USA-OSHA 0,5
United Kingdom 0,5

(8) 2=(@7hHatet=(Chromium(llil)compounds, as Cr)

o gt EL§6ﬂﬁﬁ‘%@hromium(ﬂ])compounds, as Cr)ol tist =
£7]22 0.5 g/ o2 A= ot fFES] F7toA U} 5d
5t &5z 08 AATE 2yt giRBo|gon FrbEul SUsHA 2 mg/nt

-

2 gote =37|%3g Holn At

|

(B 1-24) 2E@7hHzketE / Chromium(lil)compounds, as Cr [16065-83-1]

=7} TWA(ng/m?) STEL(mg/m*) Notation
Australia 0,5
Canada—Ontario 0,5
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Finland 0,5
Hungary 2
Japan(JSOH) 0,5
New Zealand 0,5

Norway 0,5
Poland 0,5
South Korea 0,5
USA-NIOSH 0,5

(9) MAHEEIFIZEAKtert-Butyl chromate, as CrOs)

-yt ARHEE A EAHtert-Butyl chromate)?] =752 C 0.1 mg/
e A= ok HE I7PAE dFEE =571EY a2 AHA
(Ceiling) T+ 1587t 27|02 4 0.1 ng/mS AEst AUt
o=k NIOSH RELs2] 7% 0.001 mg/nt’, #7]0l+= 0.019 mg/w’E 733t
=08 dAEo] A T fuyEtet Lol 3R F4+E H7|skL QL

=7k AUHEHE), =290], Au]l, YEaH= Sol AU
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T 11-26) MXIREIFEA / (tert-Butyl chromate, as CrOs) [1189-85-1]

27} TWA(mg/ m’) STEL(mg/ ) Notation
Australia 0,1 (1) (1) Ceiling limit
value
Belgium 0,019 (1)(2)(3)
Canada-Ontario 0,1 (1) (1) Ceiling limit
value
Canada—-Québec 0,1 (1)(2) (1) Ceiling limit
value (2) Skin
France 0,1
Ireland 0,1 (1) (1) 15 minutes
average value
Norway 0,1 (M2 (1) Skin (2) Ceiling
llimit value
Singapore 0,1
South Korea 0,1 (1)(?2) (1) Ceiling limit
value (2) Skin
Spain 0,1 (1)(©2) (1) Skin (2) 15
minutes average
value
The Netherlands 0,1 (1)(2) (1) Skin (2) Ceiling
limit value
USA-NIOSH 0,001
USA-OSHA 0,1 (1) (1) Ceiling limit
value

(1) 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.

(2) Additional indication "D" means that the absorption of the
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agent through the skin, mucous membranes or eyes is an
important part of the total exposure. It can be the result of both
direct contact and its presence in the air. (3) Additional indication
"M" means that irritation occurs when the exposure exceeds the
limit value or there is a risk of acute poisoning. The work process
must be designed in such a way that the exposure never exceeds
the limit value. For evaluation, the sampled period should be as
short as possible. However, the sampled period shall be long
enough to perform a reliable measurement. The measured result

shall be related to the considered period.

(10) AEZE|23 20 0|E(Strontium chromate, as Cr)

gyt AEEE| ST ZH0o|E(Strontium chromate, as Cr)%] =Z7]
=2 A7+ 0.0005 mg/w'E A=l low, "o, sHutt, AH <l
T UE 7N E eyt 54t 2o s AYsta QAT oy 55
(0.05 mg/m’), WHEZ(0.005 mg/m’), ¥ AF(0.005mg/m)S &t &
7% it 43k 71E2 st Uitk

(& I-26) AEZE|232M|0|E / Strontium chromate(as Cr) [7789-06-2]

=7} TWA(ng/m?) STEL(mg/m*) Notation

Austria 0,05 (1) 0,2 (1)2) (1) Inhalable
fraction (2) 15
minutes average
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27} TWA(ng/m’) STEL(mg/m) Notation
Belgium 0,0005 (1) (1) 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 0,0005
Canada—-Québec 0,0005
Denmark 0,0005 0,001
Finland 0,005
Hungary 0,005
Israel 0,0005
Singapore 0,0005
South Korea 0,0005
Spain 0,0005
Sweden 0,005 (1) 0,015 (1)(2) (1) Inhalable
fraction (2) 15
minutes average
value
The Netherlands 5 0,01 (1) (1) 15 minutes

average value
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(11) Z£32M0|E(Calcium chromate)

Zr< I 2 H|o]E(Calcium chromate)?] =Z7]50] AAE o] Q&= 7=
FHUEE 23t 1171 w22 gRIEo. $8uet =752 0.001
ng/w & W7o, Ayt ofdHE, ojATtd Fo] FUS FFEoleH T
2ot 7152 AEst = I7hs AU ot as Cre = #Est= =7t
= o], AgE, ojlATd, A7HEE W YEHET) UL, A ST
2 AL e F7h= 27(0.08 mg/m), F7H(0.05 mg/m’) H WG
=(0.01 mg/m’)7F AL

(E N-27) Z&32H0|E / Calcium chromate [13765-19-0]

=27} TWA(ng/ m) STEL(mg/m*) Notation
Austria 0,02 (M2)3) 0,08 (1)2)B)E) | (1) as Cr(VI) (2)
Inhalable fraction
(3) Valid until

17.01.2025 (4) 15
minutes average

value
0,01 (1)(2) 0,04 (1)(2)(4)
Belgium 0,001 (1)(2) (1) as Cr (2)
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
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=27} TWA(ng/ m) STEL(mg/m*) Notation
well-being at
work.
Canada—-Ontario 0,001
Canada—-Québec 0,001
Finland 0,005 (1) (1) calculated as
Cr
Hungary 0,05
Ireland 0,001 (1) (1) as Cr
Israel 0,001
Singapore 0,001 (1) (1) as Cr
South Korea 0,001
Spain 0,001 (as Cr)
The Netherlands 0,01 (1)(2) (1) as Cr (2) 15

minutes average
value
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3) 2% 9 1 sEEd] e 4% 1%

A =57]+F(nternational Labour Organization) ¥ AAERA7]+
(World Health Organization)?lA+ United Nations Environment

ProgrammeX& International Programme on Chemical SafetyS w7t
5}al Qth. Environmental Health Criteria 612 &9 gt &0z &

slets 44, AQd wE B4 tat REw B3sel $259c

(1) E2|atet® MA(Physical and Chemical Properties)

IE(YUAHS 24, A YA 51.996)2 -271o| A FE +67} A=
28 4= QA 0, +2, 43 1T, +67F AE7F &t 27 2L R
29| IRtEoA E-Fste] 37] oA 3712 fHA ARk 371keF 67t
AF0] FFEATHCE Fasity. 121l o]t F ARMIHIZF /IS 2

T dopdle AEC mAle IFH S AP0 o= mEkA ole

FARLYHN HAFolo} Tk =, & YRomA AR BELH JFge
Uuisksle AL EhgsiA] ot

37} 283} 671 ABA0le] BAE et go] 71&F % Atk

Cr,07%- + 14H" + 6e — 2 Cr (I) + 7H.0 + 1.33v.

ol WAL 67 ABBLE 4 AT 37 2Fo] 67} AFo=R
stel7] SlelAe e A7t Bashe Boj 21 9k, AW of
gt Abshs AEAA AT Aol & qrk. 671 2B /AN EA
o] Bkelo] Yojutt 67} ABol 37t ABOE FAA VYL AFAA

AFAHEA Y st & 4 Qe H, V1= SAseIA FAlv= 2
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x| Ho] mAow Wttt FHH oA ZF4AAS AT
sk 371 AHE HEHT. 181 JEIEE
A%sto] ThA] Al HFo g WA QA Rt

Feldman(1968)& chromium-51 labelled chromateE Fof FYst
of WlE SUS S EHh CrFs =0l & 44 Sl7]+= shAlt, 67F
IE9] HFH FeH= A A Aaet At AHolt 37F 252 RkE
o] FHE Fotal 27 o] HAH= EAsHA = E=tth. dutdo= Ao
= 6°]1, EA= o7 8HAlolth W2 EdAe 279 A olETF AL
=], ©<e5] hexa- = tetra-aquo E&ANA F7|4E HIEI, o}l
LAb 783 ZTEEkghEe] Uty AESEES] YttE e S IYE F
AAE At thE Ho] 840 H|s| Rt jFE9] 37t EFA= &
oA g5t oz bgE Ut o7t Addo] 371 A It A7Ish
st AT ARl E8AES THHRH. 17y 5' /1A €42, A
o] 34 = €Y pHolA = T ZE2IE2 w2 E8740] do. ot
2hA 371 380 A= 7= Avtst= Ao] AE &2l pHollA &34,
et 7s, I8al F &5 o]&EC] Wt=A] FAsiH Cotton &
Wilkinson(1966)3} Mertz(1969)2 z+Z+ vjjslst 128]11 Eo]x Q] Ajstst
A Hkg-Z HESHAH.

(L
|
)
=]
Lo
o)
gl
44
o,
oX,
{
£ of

il

=% AF(RME=0)9 B&s4 "sandwith SFA"7F A Q=T
(@, Cr(CeHo)), °159 AAA 282 A9 vt Hst=LF(chromium
(I) Chloride, CrCl)at &2 27} 352 A94doA F3t A= A8
T Ao A= AL AGEHA et €A e 7R Y 37 2F
SRME FolA, 4FetaE(chromic oxide, Cr203 x nH,0)°] H|QIEC] A A4
g, 237 Aol i EARE ARG AtoA &eiE ohEa}

(00}
o



o] hexa-aquo ¥+ tetra-aquo EYAE FAJ3It.

Cr,03 x 9H,0 + GHClI — 2 [Cr(H20)s] Clzs (M AF) T
2 [Cr(H,0)4Cly] Cl + 4H,O (M: =)

©)

A3FE(Cr(H20)6lCls = [Cr(H20)4CLICHS 7H: R4S 9l 7|&
SHof| AMEHT. EFQE0E2 Q4| M AbQdoA ARRELL, A E,
AL ES AR} QI dEE ARET. RS A5 71EHAS sttt
9l dinicotinatoglutathionato-chromium &A1& o|AE(yeast)o|A &
& g =, olEFdAE sERVIECA AYedE 4% dH=E 7HY
o, J&st 2= EHA UA EHToepfer et al., 1977).
Aol 7 588 25 A= daH (elementa)t 37F Z& A
SHIejolth. Aol 671 27 SRteE2 FE A7t 9df vhEo] FAL, o]
of it Aol i gttt AFAAY FAFAIES AT3|(k) EAstol 2
< HiAEEgE)ste] THEo] Xt} o|=2RE A HUIsHA =W 4ksh
AE(67H(chromium (V) oxide, CrO3)7} Hddt. FAFAUEEL 5
AFAEEEC| HE A&7 SE, 59| 4367 SAHEA AFdAlA 4
2 AREET Sl o=t B0l 671 AF 29 F ZHolth

jﬂﬂ

(2) 322l RKuMe

T2 AAA =A 3lof, 71 Fofl 0.1 ug/m’ olstol AR, EFA
4 g/kg =/ AEE & o AQA TS AF2 A 3 371
JHOl e, 67 AF2 A9 EF A7 EEomFE |l
Merian(1984) < Aol &9 AAAQ S v 2ol 5t
o SPEE(1%CIW), A=t &8H15%), A7l A% F=E(70%). AT
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TH, 60%= FHAGoZSE

19
ol
on:
e
ol
2,
-
O8]
NS
l
2
%
B
ol
1p
o
(2
. [ o
K
_‘

AHJ3t HR] g2 A oA F7] F AEsE+ 0.1 wg/n’ mRko|H 57
A A2 AR 2]l shikEEo) ofgiet. QITke] ofsfiA
o} A7 A4 BiEEEE gl YAEHY. 37 5
= e & de8A A oot I8y 37 5 AFY EF
= 67F Ao, 1E9 AaoA FHEUS A= FA5taL ot 4HARSH
AE(Chromium trioxide, CrO3) °] &7] &°| 7} 93t 3}3HEo|th
(Sullivan, 1969).

(3) A= =N L=
7h) &2 LZ(Inhalation exposure)

IF FA FAA 37 5 B9 e AYEel wE tEA)4L
1.3~16.9 mg/mw'olt}. £4 18]1 ERFFol = 6.1~148 mg/m’ HY ol
22t BERoA ZESF(Cro03)2 3.6~48%% thgotct 1953~634 Bt
7] & 229 k& 14~38 mg/w’ o=, Fad 37 Woll #11 Wf 2
2 Ao wak Zol7t AAEH], 16~42% °lAHt (Pokrovskaja &
Shabynina, 1974). A AA" d3E =9 YA AF4 Wi £219 &

£ EAH10~30 mg/m’) (Velichkovsky & Pokrovskaja, 1973). 9234
A B4549 = & 67 A8 5%+ 0.03~0.06 mg/m'ol At
(Velichkovsky & Pokrovskaja, 1973).

AF4A AxRA], AEHE, &1 R 719 240 5 W A gHttt
o= B4 EHA| o= 37 HESAY mEA] S5, JSAY
(leaching area)llX+= 37} € 67} Z&, &3i40-&34d nIEA H v

EEHA, IF3A4ME AR A4 Zrlde iAol =2 vEAEH S 6

=
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7b AFARY e BESiA Aol k=E"th(Velichkovsky &
Pokrovskaja, 1973). 228 (roasting)#AoA AeTHA] A2 224 &4
< Xt A7 = sEAEE 7IRE AFAF Dol TdAol 3l
= A2E B gtk 55 BH0 AF =g AFFUA 571 FLE 6
7F AES WEY I 5%+ 0.04~0.4 mg/m’(Yunisova & Pavlovskaja,
1975) HHAAH. T AZ|=g TN 37 F 84 719 sk
0.1~1.4 mg/m’°]RAHGomes, 1972). A4 22 =F FHo|A 3719 tt
2 &2 JA™AGAN AE 5= 20~46 g chromium (VI)/m’o|R L,

2 3FoAE BE &oE JAFA YA I35 E7t 1 ug/m’ v|vto] itk
(Lindberg et al., 1985).

ojz] A7AEe] &4 § A&7 AT Add kL E5Z A5 11 AE
S5t (Stern, 1981). A7 UA ASGEZ AMEste] 845& &55k=H
U0l =2 o] Hasitt o] 42 AV|AFH &Y a5 =0I1L ThA,
AtehE 9 7|8 SkES AT oSk Sfekag2 AH7+e] A 9ol AMEH
7, 24 4 84 /o] JFS W=rHLautner et al., 1978). 67}
& el &84 27] AY oA 3.8~6.6 ug/n’ 9 vE= HEHH
(Migai, 1975). AAALE &FAAoNA SRR s TYHE= B =&
< #YstA= ¢, EFAF /KB dHol wet th=ck(Stern, 1982).
AHE Az 7oA 247 d7] S 67F 252 5=+ 0.0047~0.008 mg/
woltt. 279 EA= 77t AE8SES 17~28% FRe AE-1t v+
HER AR AME AYET. vl= AHE 427] §30] & 38 &
F, 53] 67F A7 s #4o] HA=H, 67F AFe] 4271 & F 189
A EARIRAL, 11 e 0.1~5.4 g/kg cementC]H. & AFS FF>
35~173 g/kgoldtH(Perone et al., 1974). §H 97 Ao z2HE ZEH
T AHE 597 #ES EA43F 2= KRG EE(sodium sulfate) 2.2
=49 67} AEY TFFE 1~83 g/kg of cemento]Ril, F IAE TS

35~173 g/kg oYt (Fregert & Gruvberger, 1972).



Lh) OJ2 ==(Dermal exposure)
APA DR L-Z2 Aitio et al.(1984)°] FAIEE(37hH2] ZHn]E4=of Hi5|
o Fd= A7t sHAIRE A3 &t o 7o oFdgE & o+ AU A=
53] AFAES 7H &3 AS dEEAo| L, A ASA n Rl Q1o
29 40| It (Thormann et al., 1979). 2= % e 2 Ad-5A=0
AA 7 E5HA W8T 1 Yol HRIES, ofdE:aws, 714 EET,
55, 189 dert 4 B4, 85} 71, AR AN =sAelA TR E5HA
E t al., 1973). ol= B2 YUBEELERE A5 E5HA
LEEHY JSS ‘i%‘?li}. AHES] i L-Fo] tiiEo] Ay FollA

A

(4) =29 =MAH(Toxicity Studies)

A% HEE9 A2 US National Academy of Science(US NAS,
974a), Langard® Norseth(1979), the International Agency for
Research on Cancer(IARC, 1980), Langard(1980a, 1982) ¥ Burrows
(1983)°] ol HEE . 545H EAAES =2ot= o Qo] 283 1
SkgHE9] ofF ARMIHIE 5= Aol $851H. 37t Au2 A Al
2 =9 FoEHAE W, ¥ EFNNE A HELR IFE = A EA
UTHUS NAS, 1974a). 459 34 9 W 5482 F2 671 2= sit=Eol
HRlo] "ot A 559 37t Z&7 =R T o= AdA 37 88K
= 25 671 2300 o8 2¥E & Utk o] HEF7] el A A+
9] P7l= o]FPH(Petrilli & DeFlora, 1978a; LeVls & Majone, 1979). &
], 3let=o] &gAdol g A &2 W= B 184 o7F 253 37t
&0 &S qyto] 7hEol ofg. vkt 67 ZFo] 24 W Alxet
< 33 & 37 AFo =2 FHA] SYEHT] fEo(Gray & Sterling, 1950;
US NAS, 1974a), #2E d4do] olzet o] Qg FFAA|, AZEoA &
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S8 ¥ gzhse] g 371 28] EdW(rapping)el 23t Aoy s}
A 947] olct

AwE Br7iekd Aol E e ZAAE Fof =0 et Aot B+
2 FojH o7 252 FEZCE St b 37t AEeE SdE
(Donaldson & Barreras, 1966; DeFlora & Boido, 1980). 184 &3}9]
e T2 Fott 671 4F80] otyg & 371 80 s TF= &=
Aol

(5) 289 S5

7h) 24 =4 HsKAcute Toxic Effects)

ARl ol AFAAY B AAFEZ 50 mg/kg(RTECS, 1978)
70 mg/kg(Deichmann & Gerarde, 1969) Alo|gkal AJzt=tt. =49
Al EXL L AN &84 AR J81 A8 435 do|E= AF)
7|1#o R £¥ Folty. AL i 8Y AEITH, AT EHS HIAL
(Brieger, 1920), A% A3 A 9 FHRPAG7|HO] F=(Langard,
1980) 5°lth. 1.5 g9 FAFAEES HFIT 144 4ol 8Y F AgsS
At} Kaufmann et al.(1970)2 ESH A7A9] oA v} FZEES HIs}
At

Lh ot =4 H3KHChronic Toxic Effects)

37F A& 67F 259 THdF 2l JFS Langard & Norseth(1979)°] A
]

B3 Qo)A 7V $o% 54 Wt Werel ws), g4 wn o v
oA JFBOIt. FAT WA FFE A, b, AT D 2871 A

Al dojutry,
Mancuso (1951)2 Aoz FAZAF &8 AFFE0A o8 A&
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A5 SkEC k=" 94799 tiAAIA AR B H
Myslyaeva(1965)°] oJsf EiEl=Tl, ol %5 68°] THIF5=2 5
UERATE Baetjer et al.(1959b)9] Ril7} @A 3 3
Ae IAFANEo]l Ao fAZCoR dEste A 7HXIh
Koutras et al.(1964)= ZEF A4 gluthathione reductase’} 5 - 25
mg/kg body weight?] Z& &xof oJs JAEE Ersiqivt. 12y 7H
22 fFRsEs e AN ZRA TS| Zopet Eolth A 2
= AE=0] T ZE3=42 B7l6H7] 1% Boldo|a izt A3tehd A
AFE A=t Adfistit

SAFAEZ A4St 3FNA dote I8 T XA Al 94l
ofgol s 717t AAAAE 2ol Hlsf| €5 H 8% A7 s A
SEAth= Aol g5 A Shmitova, 1980). 14l 3250 €F AF 5=
A sA=0A 2.5 mg/L, 3FZAH Alz oAolA 1.2 mg/L, HET
A& 0.19 mg/Lolth AWMU sk 22 1, 0.47, and 0.045 mg/L3
ot AN 247+ 1.8, 0.66, and 0.37 mg chromium/Le] AE5EE
Hoth AR oAA4oA Bi¥te] 85X+ 247 162, 179, and 40 wg/kg
At EHolA9 sE= 119, 20, and 31 wg/LelRaL, o]= ZFo] Ejylo
A 2R 83 gloel fotE 4 ks AL Yuittt. 3 EANYE 3
MM dshe g2 A2 BHE e} geotoses?] £ TAES UHEHH. F
AF4 Y A A=Y 270 =E2HA ¥ s AEERY ¢
Al 1250 Hiorel gjutRZ|oA AFpEo] FAEUT. AlFTolA 252
Bjor2 2o A 1140 ug/kgoel L, EfRtAlA 135 ug/kgSet. ¥ thRtol A
= 27t 928 and 30 yg/kgAtt. ojwgt 71F Aol ditt IS TEEHA|
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okt Shmitova, 1980).

Ch) H o 0|X|= FEKEffects on the lung)

717 34 EES 54539] 7|83A-H Aol S50l JARES 4o
Itk Borghetti et al., 1977). A& 5719 &5E WX ERAANZO TAL
9 A wjET ofy et n|Ate] S84, Sk Aol wet HAe-A =
tH(Sanders et al. 1971).

Jindrichova(1978)¥ Keskinen et al.(1980)= IAE¢H HA7|AZS A}
&t &350l 71#ABE =l BA5HYt. Zober(1982)= |7t
A& YZo] 3hfH F5977E AR Sl ofa &H3ES Aot
At HETEC| R Bwstke], o] SE7A AeE ¥ HWol K
stelal, 2 F4 718X AY FHAoh 559 X-AoA H X9 &4

22 7He)7l= T 1" 59°] H Eol wEEHUH. 9u] e 47o] HHj

$= SHToNA EA EYsty o WA (o S 81 &9
). Reggiani et al.(1973)+= HEHAE o|&3dto] 10192 7] =&
ToIR=H, o159 13%01A4 HA4d e FeE TS ofAl
H7dH4g 730l EAY 23%004 EAYSEATE. 4479 A
F o2 HZ8HA Aol (Bovet et al., 1977), A
AFTS A= beAE 7k HEEAT A
A9l JF2 A7 FFE= A A

iy
ol
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foi ot wf dl e o o
.
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I AES W
Langard(1980b)2 IEZ33 AZHS Pibot= 349 7882 ko
A4 {752 ATtokal, H4d
S7He HA4d Hd% FEeZ TESIH. I59 S4<2 S Hdst
o] FAE 715 = AT AA= 2

219 £2 = "ol AAlst
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Lindberg & Hedenstierna(1983)2 X200 24 11999 AsAF AH]
SAEA HRlECY EHF2 ofYthit 47 Twol &% 1008014 o
FANA H7se AT, g W ARl A FVCeF FEVI) 25 0.2 FE
(L) Aottt forced mid-expiratory flows= 0.4 L/second® 7435}
o AR 2 wg/m’ o4 B SAI S W75 LAIAHQI HAE do
g 225 W

AHZFo] ELojA AFE A (Letterer et al., 1944), Holxg]7}9] ot
FEAF FAo A thA] AHE I th(Sluis-Cremer & du Toit, 1968). 184
0| 2O StAEH(American Medical Officers)S u|= Y| I EAIE S AYAks
= 349 89749 EAE RAGIAE W, ol=e EAS ASSHA XA
(US PHS, 1953). 5232 A¥sEdFoNA A% FAge] k=
HAEZ FA5oF Ht}. Davies(1974)2 3848 AXTF LsAed XA
A3, vdy {2y H5t AdE TEEAH. e &8E 2F
Adof A1, 4 vyAb =EHATHelE § 90%7F 478 2 melsHA
th. Ad(girders)ol 2 B2 95% SiOxd 2.4% Cr.0s& FHH
A= 299 ot Aoy SFE LAk XY 18y 28E T
oA &7 AFE 7HH7I710l & SAZF AUtk I#A Princi et
al.(1962)9] 7] #&Z AUt

i

2f) AMEO| 0JX|= YsKEffects on the kidney)

204171 %, AEANET 3F3ARS 9ol et dF wREEH| A EEsd=E
AREEAE A ARl S AFE SR St amylolA R,
hyaline ¥ granular casts, 837} e, Frt sRHEAY. FHS
AEA &40 At JARE ¥ tHKaufman et al., 1970). 1.5~10 g
o] FAFAFEES T A AHFOlA 4= AR 2ol SA4=4 ol A

S, o]& W A 71 (arterial hypotonia)o] ZHAYSIATE 2-4Y4Y &
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+ AL oliguria, anuria, 3 hyperhydration ¥ &2 F4841749]
j.—9} 34 54 199 SAE YEPiH(Luzhnikov et al., 1976). o=
Aol AaLE Qs mR=Eo] AyEA 55| FRSer i &4 A
TE]o] A% &Ato] AFAA oA ESE oyt Luzhnikov et al., 1976). 2
P esA7He AFEARe] AATES S7lee A ZA Yk o A
oA, AT 855 = Igt owet AMYE 47 AJAF BAE Tl A
TR Aottt ©A] 134014 diRFol Hls) AFgE©] =3utHMachle &
Gregorius, 1948). Hayes et al.(1979)2 1945¥3 1977 Aolo] 24
9] 4.95 Aol Hlwsto], AEAIYS BASHE 34 e AElA A%
F} AFFoE Qe 4789 Apgo] Attt HAISH}ItE Satoh et
al.(1981)% 71ti==]2.1% Bjwsto] ZFZAY rsAd Tl AgAat 4l
A 191E HAsAY. €8 AA=(Franchini et al., 1975; Borghetti et
al., 1977; Gylseth et al., 1977; Tola et al., 1977)2 &4HH I3E9 4
A S A J4eS S71W0 279 e At A4 S4%S 8716
= BETH AREA AME & Aot 482 YR 19y &9 a3 &
do] &7 FEFE 5 7o (Tandon et al., 1977) e 27] A%
SRR Aol HA LA (Mutti et al., 1979). Aol it 67F =
Fa7] S3hS AHGES Mutti et al.(1979)0] 7I&sted], 48 Yol
A beta-glucuronidase, protein, Ylysozyme= SA5I9T. =& 4.5 +
3.249 &<t 39789 AHIRIFA FE EHF=0A B8GAQ Fdo] HEE
AT 1 £ 0449 B EES A7 A= 7ML FEE -0l SARE &5
5 HAo A 22%04 AW W beta-glucoronidase®| Z715FaL, 10%°]
Al Tl Zo] F715HQItE 8.947.3d &% =EH IAE Ta AR 249
A g ok Aol AREE 'R 37%OIA AW U
beta-glucoronidase® F71s, 17%°1A THAZ7IE 4%°1A lysozyme
9] 271 oYt Lindberg & Vesterberg(1983b)o] A& =& 34|
AN TE N4 doke B 364 9 2489 EAEA) 8F

AQ o\
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beta2-microglobuling® A5 th 15
air samplers)E A&t ZFstAnt. 8AIKF BH32 67F 38 2~20 ug/
m'e] ARV, B 6 wg/molftt HPREY e 7| =AY S8
HAH. ol ¥ 292 HS4 AYE 7ML, e 292 &4 7350"5\—7&0]

USRI B AP d& keEAEol HIsto(BdUol, 38 Al B &
Y beta2-microglobulin level, 0.15 mg/L; ¥, 0.06~0.19 mg/L; SD,
0.08). o] L&A oA ¢ =2 AW Y beta2-microglobulin 4
o] TAEATH0.23 mg/L; ¥H, 0.04~1.24 mg/L; SD, 0.27). &3} &
H Y beta2-micro- globulin #8E (0.3 mg/L& Z¥ote= £5)71H9 &
Aol TEE U HFAHTS 7HAL Q= 282 WY =2 =S5
L5Asolth ijd 37 T TA0A 27 £E 52 5 A
H(mean, 0.25 mg/L)d H]5T AP =5 H(mean, 0.29 mg/L)
8% beta2-microglobulin® A}ol= AT A Attt 18y ol T2
Bt Aol 52418 2Rttt A& FAISoF H

H—‘
i
flo
)
-0,
K
N
>,
U
:>|i_“4
A
N
)
(@)
@
@]
=}
=)

Of) 7Ztofl O|xX|= Yak(Effects on the liver)
7H8g T B2EE SAe AY STEHA &AL, olEZ Wl &sHA
o2 IFEUY. AF AFGHEC ol& Fgol digt sA= o
Hjgoitt . BAE QIek(US PHS, 1953). ul=t AW Hd=(Federal
Security Agency)2 XAME 1479 AE8ANY =5A=0] 7|4 o] Qlokal
HI5t9l 0L o]Fo] ARGl 7S Ak TS glith ey
3748 Yol 4F == lﬂoﬂ +H5t= e w3 AlA 71eE Sl S}
oA, Satoh et al.(1981)= AE L=ExoA 7143E0] ¥, 7|5
A37F 2Tt oJu] Q= Aol flvtal HAskleh 18y v F
FAAY HHF 719 FEi7E AAE 7 AKBrieger, 1920)2F 24 7
(Kaufman et al., 1970)°] 7|&% Aot A7|=F&(Pascale et al., 1952)
I 3EAY F5HE 3 5 AE(BEtmanova, 1965)014 7H71%53 ®E o
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B3 A ATE] Yo 1 Az s} ot

Hp) Q&0 0)X|= F8KEffects on the gastrointestinal tract)
029 S SFE2 AEANE A4 AR s AEolA B
Th(Sterekhova et al., 1978): 94ttt} pepsinit pepsinogen 45, %,
38 9 Ayt 4], opd 8%, dyskinesia(@&8°l43), Aol 184
Satoh et al.(1981)2 ZFAY =gAtolA 23Hg ¥ TAo] 7di+E
Hoh 9ol BAsigith g dolA s 4S|4 Ao AFgEo] A At
A =BAENA tizol wa o Yoty Hustdti(Hayes et al., 1979).
4k 671 482 37F B2 E A EN HFRE 67F 279 S0
8% A4Te ohe Zoz B Utk 37F 3EF2 F480] WA fHes

A A= HDonaldson & Barreras, 1966; DeFlora & Boido, 1980).

0

Ah) 27|40 O|X|= Y&H(Effects on the circulatory system)

TAFAE ZFE 3NN AFS=CN 71908 o B 3EsE 40 A
= 2009 o9 LesAEE dde=E AE 7lsol
Kleiner et al.(1970)°l 2Jsff =AUt 709 A73e 20| A=
o Az oE AR7E 7“}4 ¥4 Hals2 $S54%7]59 ol
74713 o= HXHY 2344 Ql JFoE HI Qtt. =Fo] F&5] 0|85
A oo} ARE AAl5| BIFL —’F% AT AstAToA HET AFTES
1A X7t Aol AFEAl= ot

Oh Z|7|3M(Teratoogenicity)
Morton & Elwood(1974)= & ALRoA 2 EREO AEFFI T5
AZA 719 W1x7H) ojudt AEaAE WHEsHA EAH. HL20| Suzuki
et al.(1979)= Hiot 2219 A& F4& 714 Wt w3t A4 E #Es
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IS

2

o

X HO|AMD JIEF H=7] Al&(Mutagenicity and other short term

tests)

ArE o2 &0 9t EdHo] S UE BEils 580, B4
67} AEo] oyt IS Yo7t} Bigaliev et al.(1978)2 = i}f;}“’ =
OF= s ASolA 22EAY WIo] AMA Hol7t HieE: FolA 2%

o vlwsta 3-8% S7HES WS

Papanicolaou system©| wa} EF5I9S of, 84T AJ4E AFGe
116789 =3A4=2 Ad MEAA A= o' @A 9 SFTAYE HolFA]
E3Maltoni, 1976). Z1=H 30789 aA=0lA S SHEAY W
H2 HAE ASEGY 4], oAM= D 7N E o]Fd(dysplasia) 2 &

71H AT AUHCOE CrOs0) kEd =sAEERY dojdl Hi Ao+

A5 AT Sarto et al.(1982)= HEZH HlIst 85 A7 = 4
ol A1, FAGHol s SAE= AMAMEA ek vET FUHES
w25

Xh) 2rerM(Carcinogenicity)

H2H(Lung cancer) IAEAtH MAL DX Hst o171

-

-

25710 o] AEkE3 o] vk A Q1A 1932¢ eHH
AF4E] Sfer FAolA WA 279 AU AR Ealof A ]?l
el E}(Lehmann 1932). Gross & Kolsch(1943)2 AEAMG T} o}d-S AJAL
ot 2 golA stell 92 1089 AFYE Bkl 19479 52789
SEAp7L o]t AFdollA HAE Y, mY A=A AFM AT
A 1089 3x7F B =Tt (Baetjer, 1950a).

9
o

~

©)

=
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AtAT= 19484 vzolA EuEU AR Atms w5 W 67 2
Bt oM AP EASA(life insurance policies) 7150 7]
WHHSSA EL H|3E AR O 2 HE] O] H|S&SE ARE v
ﬁ%‘i 19389719479 Ato] HE AFFO] 21.8%7F 3571 <l
Aok HE2TS 1.4%%Aeh 7132 HFe] ZAPTES tixw] HS]
288 =%ttt (Machle & Gregorius, 1948). ©|8gt TA=% dIUOlA
(Mancuso & Hueper, 1951), ¥AFGE©] 1 37¢0] YX|-E A Lt <l
ol v 158 &3tk US PHS(1953)= °lE 671 3740lA 571 SI¥
L5 Aote], HWO R 19407t 1948 Atolo] ml=g o] BHAMTE
< ol-&sto] 28.9 AHLAEE FHIAH-

AFgRle]l Byl e AMTFEA 715014 fojdl o]y Atint ofyz}
4 Ee AHeE JAdH AE o8t A dxd 4
Baetjer(1950b)°ll 2Jsf == At. vi=zolA 7H 2 L34 S8 <
T Bl 1924-4640] H7|#7 gz Ay, AYestyoz g
g BE R HEE AFHE AZ 8F5ITE Yo, A Yol wet
HRIER HIQF AR &S olF JES 2o R AT 290 HY
JE d2RE 5 3.26%7F AFAF SFNA 2575 SH3aL, 900789 tix
% g0 =39 A2 Stk HIE FolA AF3AE 5A HAE=
19] FAeEA AFgE SAFAE =54 HAES] 28.68 %t oA
o IHE IS 1950490 AAEH dEAE Z2EHUH. Hayes et
al.(1979) el digt Aol AAL & Q= AL Z2AsH] Hdl o] 34
ol 22 AF7F =P TE. 2ARE 194593 19749 Akolo] 90Y o4
<o, 19459 19779 Atololl %2 21017 E4 5 43879 A
< Zopwlth. 713, 718A LEa w9 opy AlgEC] gk SMRS 202%
ot 380l A e TAIY & Aol ZIHeE ALtS] s AREE
ot @A A2 FANA LR 5AF 19609 19779 Atelof F4e]
A olHet &7 deAE WA gttt 71 FE7] hieo] F2o] ¥ &

O 8 R
]11
S

g

S
H’l

ot
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{5ttt
o=olA  AF7AYE kEAs SV HYE TS Taylor(1960),
Enterline(1974), Mancuso(1975)° 23 AS =AU o152 19509 oA

o]
FBE AT 27)5%%0] E3] YUEI BRSS BHSAT. T2 o)A
2E ATOIAE ST ATE BTt Fo] B A4 THY LEAS
o et 19569 AToNA, HAFEEo] B, YU=o] H]8) 3.6H &9k}

(Bidstrup & Case, 1956). 194804 19777}A] F=r 37} AFZALE YA
SAONA dot= 2715789 EARE s At tigt 54 AFtolA, Alderson
et al.(1981) 1169 HY AFEE Sttt (1A 48). @A7HA]
<+ U T 39 MACE s, HAY AT == 3o1dolA di=F
1.82 #43itt.

2719] HotAdrt A AFANE AR CIA A §F F780A, 9
| ol =5 13689 =EAA] 1960‘54 1973 Atolof] 5789 H <
Apgo] skt EEAPYHI(SMR)S 15109 tH(Watanabe & Fukuchi,
1975). & 33°lA= 191893 1975E Apolo] A4 ZLHE sl
1978W@7kA] F2lo] HJE 8909l tish T&7|¢e] Argol AU &
Z/\}Uhﬂ (SMR)> 9209t (71t AP 19759 L&l FAto] ot A5

0] ESLANYEO] 7] %599 tH(Satoh et al., 1981).

=Y AFFslolA g A7 270 AFANE ABAE S0lA SR E U
(Korallus et al., 1982). o]& & o] tigt 1948-794d &<t HYS =
AFGEIE H|WSHE, A HAashes Aol BEE 1948-52W &t A
HA T A EEAPGH|(SMR) 5120131, 1978-79d2 980]%itt. &
SAoNM = BFAFGHIZE 242 1905, 1500131t

Vg A4S AmE HeEdY ko] 2-E wE Y
H(Korallus & Loenhoff, 1981). °li= A Y& YA 2|1 7|2 $H9
AFtoltt, E5] A5 FH 27A(online) ARl ¥tz ¥QF/do] =
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67} A& IRtES T2 Akt dijolth

Bittersohl(1972)= Y WF38=0l4 1921-714 7|7t &
steb91 ] 309 B kAol Hitt A+29E &5kt
A 5887 AAET}F ofztollA 1707 AABEo] 1957-709 717t 5
ATk 19719 FAOA 108719 2L A=, AAA= 29719 M=
AAEC] S T AFANYE SO BE oo HAES BdS X
ZE=H

O 32 AR ARFA(D), 284 RS &9l SHAIE AlRseld &
717 AF3see AAS] BAEA] AR 400 ug/mf ©1/4Fe] ©7| ksl
WA AE4HE 30NN =5AE 5 o4 AAES] TAES 19 A
T 85234 HlkE kA=A A A=Y THES 1T =5AY 84
R

= R
o ofg ABES 2= Ausel dg s6%rt FANY

2

ZE2] = AFREQ 78%7F B SAAAT ol &0
s730] gitt= A< 7HXH.

AHA HAY 2 TAYEC] AF4AH Ao FASHE EAREOIA B
1= 2] Hs) FAolA Hte] Hl= 50-59A014 6.4(FEXA]
748, 71HA] 116)°]1L, 60-69AI°A 15.7 &R 2657, 7IHHZ] 170)°] At
(Tyushnyakova et al., 1974).

19829 F=olA A4t A =s5AE 5 HYEY EAE RASH] 9
gt A7 FYPEAS. o= 7T ZAIQF ARGl A 1d B/ SFS
21847 FAe} 798 oAAHE ZEITh AE|E A= A EAE
101AP3 A 5 11740] H H2elqly, AdXesA= 5 13 AAdds

w o] ot AFgS }lich.

off ofy

H(Lung cancer)_3& M MY st AL

19730 A" A st AFE v=ollA 3719 22 A7 MAAE &
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g mesha ik gk Al HAEL Hwd wEASO] H8) e 3u)
7F "Jal gAA o g ®H A5k tH(Equitable EnVIronmental Health Inc.,

1976). #H 9t AFFE©C] 19309 E+= 1940WtHRH 1981W7HA] =1
A 37 27 MA F0NA Lot 1152 AR SARENA oq?Lﬂo*E} a4

Aoty I ZANSS AASk= A 38 54 7, =2 191 5
LEE 1932-459 Apol9 3 dARE HYS =T ofF %—E—%E‘jr
(SMR = 223). H|9F AP Z7F 1946-543 JARAIA = #2E QT 18
U ¥ E= ofF A HojRoh ERt AFAoMAT A4S A4bsh= B
349 1= T T5E =39 1947-649 YA HY9 =Tt
= BEEUH. A== 109 o 253t =sA=olA BE A5
IAFAPETRE BASHE CEA0AE HYY =2 A ee TEEA 2okt
Iy A A7) power”t WA

194893+ 19724 Atolo] 3 o]4f gt A2 =go] FJAte] LFSHE
2489 YA =5A=< Langard & Norseth(1975)7F &<lstal, 245l
ot st olE9 F ke AFAF ofdERIo|de (BFol WA= 0.5
mg hexavalent chromium/m7H] = SA =T}, 1980 129714 679
H AL ZgE o], 1 A QY ?:_1-‘3} Qlto] s 4489] HHHAPEEE H
AUk 69 A F 570 FAXULL, TA 170] AF4E ofdoloo] AE
At EEE Yol AAES 7]estitHLlangard & Vigander, 1983).

Sheffet et al.(1982)= IAZANG3I} 3 ZAtoldo] AFREl= Newarkd] M
234 =EAES W R AL AYTE Pt 194097 1969
| Atolof] 1285 1296 WRly}t 650 HHRIl HAE F Z7+o] Wl w
E A BESHe, n=o R, A9E, AlTHE S5 EEAES 7HA
71HAFGS AAFste] ¥ttt 10 o)A S5e Wil iyt o
o AreldEE 1692 BAMCR FoYT. B4 e FEER
EEHIAL, i 29 I AFOIAE 1.99 AUAdEE UERH.

Ho| oz AlEE ZFTt AstA+7T Frentzel-Beyme(1983)°f 2ls 4

A ST



U X ste] IS EO AT BAKHOE §-oJ5tA

2 H AP 18717 BEs] AUHAE HolA| ‘B%%:% 1131’5;“:}. U]
=9] 27§ AHH] 7|AZRE IF M4 Axdo] HRAEZA HYI HFx
7} 9F7F =9tHAl Dalager et al.(1980)°] E115titt. ER1H 202 AFgAS
% 2170] l°P [41 10*5}(11.4 7| tjAFg S vl v)= ‘a“é H] V\Pﬂ
52 Adoz

A
|

= A 99 Hli'ﬂ/\}“’* /\}%"6}01 H’Hﬁo*htﬂ AsAF HRIEF oA
A9 o] Q= F7h= FEEHA = FAUTHChiazze et al., 1980).

2 (Lung cancer) IE& At A5t o

Langard et al.(1980)2 1960¥d 1¥1Y¥ o]Aof &AL A|Z3t 9769
3ARE 7HeEIA 789 78R A AR H“”G}?iqﬂ RS H]
WE ARt JFAAEA F7HEQl HE&S ARESHYlS W g 3.101, =
A HE&Z AHESIRE the 1.80]1, FA|E BlE&S AMESIAS W=
golQlth. =7h4, =44 BHleE ARESHlE e 9r] A= A7t /Al
g =AA HleE IR E ARESHIE We 2P| Sl ARel7t ASlH.
d9 g AoM= ZE3E eASolA S&7IH0] YuIA ==
HoFA] EAtHAxelsson et al.,, 1980). 1930d3} 1975¢ Alojof
| EQF S 193279 w54 T HYA WAEC] 340l YA8 Sl
o F7HAEEA RS 7123 7|deA e} BE Sl 519 25719
HEEJL, 7HA = 7.2%9H

ki)

l‘) » 1>~
lo

)
O 8~

lj‘r‘
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Hot9 =2 WAEC] ZAoF AFE TN HiE K (Pokrovskaya
& Shabynina, 1973). 195543} 19694 Ate]o] AAbg+= FAo] X5
U AFET =9th A= 6712 371 27 w=0] o=t s =
o] 0]—%—3]-31 H %1\31 1]:_}1] 37]. EEU]—O] }_xﬂs]-.‘: ﬂ_i.‘ﬂ]—k] ng]_?'_x]— Z%

oA B3t =S UERRT. o] ATtolA SRRpet vl AAEA| 2kt
o 29 &y {304 67F A8l ¥hEo] Ao &d F "EA=
mammalian spot testo]|A] &¥/do|al, ol& EdHo| g}t HetAd o] FAH ol

ATE AS ouet.

Sjgren(1980) 19503 19659 Ato]Q] 51 o4 AHQIHA FEZ &
gt 23479 8HF IJEO|A 1977A7HA] F4& sto] HIe TAAES

ToFth. ARE QoA 0.68 71Hi<rol Hlste] 379 &350l HULE A}
B51E T (p = 0.03). Axelson & Rylander(1980)2 & g+ AHFS 7HA] 1L
U= 2709 oA HF AFFES Y X]oﬂoi*r‘ﬂ 19 Akdo] gl Hl
<%t 2719 v w oA Y AFFED H 2 E Sl HALE QIS AFY
9] S7h= #EE & QT gEEY 20174@_4 4713571 & AFsEs
0.1914 0.4 ug/m'At. olF, A4 =& 4 SFds8d &2 2 7K 7
ot 25t 82050] SAIEHA LUt A= FAISoFelt.

H2f(Lung cancer) A2 T2 LSAt gst AR

A5 =g 3 A9 ksAEe] it J8dT-E0] Hayes(1982)0f
AEEUH ol A9 ¥ (RS 4-8°] A . Hayes©l|
H, =2
2

=l =4
U IR
IS4

wr
ol 4 7

| &
A A% =23 IEske] oo =S
SAE gith. A= SUletE e 35 2FeHA|
2 7|5 A" AHT= ofnf
B2t g 29 =FoA, Franchini et al. 1983)7} 1951 1YofA]
198149 12€¥€71A] 7|17 &<t A& 1'S &539 w542 APS RAKSH]

2 oo i
ok

oX
2 m—?-l" 32,

Q.

%S = M (o
I

lo 4
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dotol 9 28 =2 FPol o) FFH TIE ATE 2Pt AT
ke & 1783elick. A1 e =l 97%7} SR F At 7]
ghorol THSAT (@ES 15, 704% 15.2). W AL AFL A 5E =
B (@25 3, 71 0.7 p=0.03). A& E2TF0] W AIE 5

e ke A= #do] Sle A £

H 0]2l9 7|&0A 2 (Cancer in organs other than lung)
AR 25718 AR 22 ool 2 Hle2 ofYA|vt 254t A
A AARIA BEaEoh o2 4, A%t Aok Zhssith HSA 9]

Aol A= olEE oty 19& AYstH 7|=H HF glth(Vigliani &
Zurlo 1955). 1977 A2t dinpa2-wHE-A95 s A B AL
A, BIASE, R ofE A4 ks3] #A7E AFEAT BE A=
& 73 FHZAS A= =7 A FA A RoAA(ETES}F A1)
= YY) o251y Hopxlth, Axb= B, FHdet 25, &4,

st 18y gy, S5 Ee =4 241, 183 A5 24 7Y
HeAdS HojFtH(Hernberg et al., 1983).

- =2 =o] AME 7S vl W 57 S NA, 437 HAe
TYE2  0~3.04/10002 E‘r%kﬁmﬂ, fi2ZolA=  0.59/1000°] 2tk
(Machle & Gregorius, 1948). 999 AFGES L& t|= A5 YA T3

oA RiEE=d], 24+ EFEAFGH| 7 90 (Satoh et al., 1981), 40 (Hayes
et al., 1979)°|ct. 3t HAlop & W Y FA(Pokrovskaya &
Shabynina, 1973) ¥ FHX|H9] WAY7te] oJu| Q)= Afol= HILE[R] Q¥
o},

Sheffet et al. (1982)2 AFZARGY} o}A-S ARESH M4 T4 W AN E
o] ZAFSIA=Hl, AA ZBTE(1946% =&Ah) 7h2dl A (SMR = 170)3%
AZAY A= F7FHRAR FA AL Aol= figlH

O

i
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X &A™ L==(Occupational exposure)

o579 A4 B, dEEY] e " S87A oS =9
< A0 AAZCE =EHH ofF 7HX| JFo] HAE 4 AUth
A

ohe 91, AW D A ATT 2L sl G st 4zt Bt

3} Qio] MW SBAY U VALY QMR k] FAGE mEAE
71BA WY S1go] F/1eIth g3t AN §-urg BAC] gk KA
& Az gk 38 =3 4G4 A 9 Z7l o 4ol A71H%
A5k 28] wFo] WA THE A B et 4ot AR ALg
P53t ARt A HolA Rl # o|9e] BE JTA o] PelozA
age] g3t et FAL FReHA Yk AW BB g AT FAL
67 38 FFAE, 53] S R BFBo| HAS FLY & UL
oI

AFEEEY =AY HEFOIA A AMEA 2] Rles tRatE
o eEwolA o EU

Souo] 924 2 B A70] mEW 67 28o] A0 BHA 7
o MEeo] gtk 67 TBL AETS FIT oFE 37 AROE B
o] DNA 3% 92& §Usti DNA ¥52) 29e 37102 4 k. 37}
2% e DNASH 4% 4548 & At A2de A9etn i

A A2dold §HoR MY Ao tepich

QF 0|29 HakEffects other than cancer)
257|(Respiratory tract)
B7NEoA 54 A=A 9T JA= 7P TRt Q1] A8
/mRl RO R HVEAT. 1ug AFAYm o9 &l Z77F eE=H H]
9

7 AF AT 95, 0 34 23 AYL

100



718A) WAL olAo] 2F SR BE wdo] 7|ARAL 22 Y
7ol Hotd sk YE Rss

|2 (Skin)

o= 9 A, A, S70] AdFor &5 LE5AE AloloA Bl
=it 371 9 o7} A= ELS E5] ¢AYA & 20 RE Q| A=

gl by HHo] Ago] =2 AWE Ay 7S EX 34 X A4 T

] 7 al A}
8-15%7F & At A&E Este 279 A4St Aol disiAe 94
o] B o]—X]UP 67} ZEo] el(hapten)O 2 IHo| HESI 371 A=
SHE| 1 Sy Aolsto] & ¥hS-Z JiAlshHe AA LR HIFHT
= SA7F eH, ofut Alx w7 WY ¥FETE EERb

—_

ol %13}— ﬂoﬂ ‘rr-4 sfof ettt EF A7 o5 wEE miF ¢ a7
A 48%= AR WEH F W= AY fle B%el 4/59] 3
& T AR =E2HS W EEoE ZEUA] Al dAte] ofs) Ex

o FEe 782 Huth

MZE(Kidney)

A7 18&F, @7 BT AFH T 48 A9 ¥ A HiApE #EES]
ot 35 T A SARR] gtk 2 7HR] H5h Aol A Aghol| Hig
A7t Z9E 0] lon gRES FEtt & 5 AlToHA gt A2
AN = 571 8F HIER2 vo|AE222EY A9 2~20 pg/m’ Akel9]
= Heet o] Qlnh o] AtollA T &F-Es #AE H B2 &
o] =& ZFdAo] digt &Rlo] Fa st

7|Ef X7] U A|AE(Other organs and systems)

‘
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A5 sekEo] oy o1 W @Al A= 3
Age Atk

Z|7 | H(Teratogenicity)

T 7HA] Alsh A BF F=0] BIAFACE ek E FYSH 78S
et 671 Pl 37HE T X 22 s Hijotof| SAHEY A IF
ATE HollA FH7FHe UEtlle HIAE SIsHA] EaH.

oy
a2

o
-
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4) 32 9 B7|313HE9 g8k Documentation of TLVs

METALLIC CHROMIUM, Cr(0)

CAS number: 7440-47-3

Chemical structure: Cr

TLV-TWA, 0.5 mg/n’, as Cr(0), Inhalable particulate matter
TRIVALENT CHROMIUM COMPOUNDS, Cr(Ill)

CAS number: Various (see Table 1)

Chemical structures: Various (see Table 1)

TLV-TWA, 0.003 mg/w’, as Cr(Ill), Inhalable particulate matter

Respiratory Sensitization (RSEN) (water-soluble compounds only)

and
Dermal Sensitization (DSEN) (water-soluble compounds only)
A4 — Not Classifiable as a Human Carcinogen
HEXAVALENT CHROMIUM COMPOUNDS, Cr(VI)
CAS number: Various (see Table 1)
Chemical structures: Various (see Table 1)
TLV-TWA, 0.0002 mg/n’, as Cr(Vl), Inhalable particulate matter
TLV-STEL, 0.0005 mg/m’, as Cr(VI), Inhalable particulate matter
Respiratory Sensitization (RSEN) and Dermal Sensitization (DSEN)
Skin (water-soluble compounds only)
Al — Confirmed Human Carcinogen

CHROMYL CHLORIDE
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CAS number: 14977-61-8

Chemical structure:

2 — Chromium and inorganic compounds ACGIH® © 2018
TLV-TWA, 0.0001 ppm (0.0002 mg/1r’), as Cr(VI), Inhalable fraction

and vapor

TLV-STEL, 0.00025 ppm (0.0005 mg/m’), as Cr(V), Inhalable

fraction and vapor
Respiratory Sensitization (RSEN) and Dermal Sensitization (DSEN)
Skin
Al — Confirmed Human Carcinogen

IEF 7F2(CHROMITE ORE PROCESSING (see Hexavalent and

Trivalent Chromium Compounds)

Aol PENG 34 2% 2 7] 2F FAELS WY 5 9ov 7}

Auta o WA AL 0, 43 Ei 460 E 1 L 2 FR)OE 4
Fol wiS- hFBtk. Wepd 2F U 7] BB Gt o] £A
A7} Aot @AY 54 2 Geta FAS 7O ofg MHo
2dch g 4G geidE 229 TLVE BA471 At

o

1 o =}
[

e ot o
o of,

IE 3<% Metallic Chromium, Cr(0)

3= Z% Cr(0)9 Higt &L Z& 32 fZ23Z(ferrochromium) E

= 718t 3F o = A4 9 ARSelA 2AY & Ao Cr(0)°ll gt
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TLV-TWAE ol=lgt A% F&HEct I8y Cr() E+= Cr(V)
(species)® EAct= A% g FdE] tt TLVE Ar&siof gt

4 352 E|A0IAN &5 AVE ¥ sk =S /Y
At 0.5 mg/m'e] TLV-TWAE & F<°l s 1931¢of A=At
o|%E E7|E LR T & &Y AolA 0, 0.6 E+= 3.1 mg/m'
E 75 NEZ(IAY] 60-80%7F 7 pm olst ) Hol| A& A
Fol AT ALY HE RANZO L2} 752 FFE WA gfoH
F 4= AW HE qAAEo] o5 HA AdEHHd(ohansson et al.,
1980). 0.5 mg Cr(0)/m'Y] oA TLV-TWA #2 T4 A4 E29 M=
= YA 27] AT A |AEHA

2GRt &3 B0l fle Y B 7IH FEE 9 55
T2 BS54 o7 FFo] Bt Cr(0)9] Wt st
At gt &Y AR AT o] =& A2 o5 A4S F
Y= AoF 7HEELHU.S. ATSDR, 2012).

o

sk

W oo W H>

aF
=2

TLV STELE AAsFAY RSEN, DSEN, mX Tt dlory g7|E @RS

L oE A8Y 5 Qe et FEsHA o

37} 2E 3FHE(Trivalent Chromium Compounds, Cr(I))

o] EH&(group of agents) ASIHED(Cr03), IFAIE
(ID(Cra[SO4l3), F3HAZM(CrCls) L 7|eF thekst skgtEo] 23=T) Cr
(In) B2 2 1 44 22). Cro] et BL o] 2jst Thordt S1E)
A4t B ARG A A H T

E) FES 5 i E= A2 ZE(phagocytosis)ol 25l Al
zukS 7l2 A8 Alxo] AHAS| Ao ExEch Iy I AlEZ YRE
So7hH ge4tE w9 =24 Cr(le] AlZto] Adol wet A Y= 54
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ol A5 =4 398 U 4 Itk R Alx Y Cr(DY 8 359
< Cr(VD) 3Rt=0] AlZ= & T W5, ol= Fol #=FA HAY
E3 Cr(VDolA Cr(IDLo 29| & S &of H=2A WA

At E7O)A Cr(I) F2 0.5 mg/n’ BT ©7] =& FFo)A HefAge
st ZQ A9 WIS 2do7|A] &dtHHenderson et al., 1979; IPCS,
2009; Johansson et al., 1980, 1986a, b, 1987). Langard, 1990).
Derelanko et al.(1999)2 0, 3, 10, 30 mg Cr(I)/m°] =% CDF =
Ao 2 13F 59U ZEZT TYU(nose-only inhalation)dl= @7 A+E
PR 2= F4AHE. F =4, &5 97148 LB 7HF 22
LE #9% 3.0 ng Cr(D/mollA 254 = #H3E B

Huvinen et al.(1993, 1996, 20022)2 THE I= ZAA Cr(ll) Z
Cr(VD) &< A3 Cr() &0 &8 AFRE2 &Y 33 713,
37 ol 7H, A T 58 e W 5 Al 7S] FAto] dig) o
& 2Fol Bl fostAl S7FE H&(P€0.05)= E L, AH4le] AFdo] "v
Bolgta BZtst= HlEE o =9hTH13.2% W 4.2%, P = 0.03)(& 3 %
Z). 4 ZANA Crefl it 7iQ1 =& 547 0.03 mg/mollA 0.004
mg/ = FAFPoE T F4 ZAA Cr(Do] =&F =54= 371E ©
4 7HI(OR = 3.01, P = 0.02) ¥ HA¥S &5t &5 Z%HOR = 4.89, P
= 0.02)°] =2 IFE 4), HF B+ ¥ 7s@SE #Y WEE2> IA
HSHA] Rt al FF XAT ®oHA| gttt AR BEAAe] ke T
FF2 0.03 mg Cr(lD/m'2] FTY¥F FFolA YergATE UFoll 0.004 ng
Cr(lD/m'e] =& FTF#°l FIF BETZ(NOAEDRIAI = 285HA 2%
ot Ayt o g wE Cr(ll) sFhEe] dish SUA4 ARV =224 0.003 ng
Cr(ll/m'e TLV-TWAZ} RA =,

Gibb et al.(20002)2 Cr(Il) ¥ Cr(VDoll =% 2357149 ZRIA = 1
A A}U* ZARE Cr(ID) ¥ Cr(V) =&o] AATA7 92 & F 5FHY
4 Eo] Hty dEEo] YA A= AA HY AFTE] gt Zdzte

106



7128 Bt Cr(l) ¥ Cr(VI) kEof thst HE&g Zgoh= v

3 2 (proportional hazard models)o|A Cr(V) =& FL3t 1

A Fo5HA ATEJLN Cr(ll) 2 TEA] AUt 4F =

A ol gt Cr(lD) 2FgEol g =53 oF Aol A2

UJTHU.S. ATSDR, 2012; Langard, 1989; Norseth, 1986).
&) ZFYYo|E(picolinate) AdFol gt 2d A-+U.S. NTP,

A wheAolAE THEG Yol QT Bl

o}
= da
2ol Hiek AlE2 A 2o T w2 BEE Aelshale 240

O I@™+- O

o] o= =¥ =4 TZI(U.S. National Toxicology Program) A+
= A FAY IdEY A FY FA=AH ditt EEBT S
(equivocal evidence)7t Aot AEA U, wets dEA7HAQ] AFE+= Cr
(D) 2FgHEo] ARoA Wetido] ofd 7FsAdol SIARE &A= Eagt
A3t S vepdth BEoh SR A= g fi7hR] A4RQIA] g
4R EREA ¥2)E Ut BT

Cr(IlD sFg=ol thet A2 st i FAE &3 5=l dSEHUS
(IPCS, 2009; Gross et al., 1968; Polak et al., 1973), 184 Cr(l)°]
et =52 Cr(VDES ¥9 A4S 92 7Heidol A AoiU.S.
ATSDR, 2012; IPCS, 2009). L& Cr(VD) SFek=of et @&k 7ile]
Cr(Il), &3] 48421 Cr(Il) gFer=o] et &= Q1% % I =7] vhs
9] o] Urt= Aol EPth(U.S. ATSDR, 2012; IPCS , 2013, Park
et al., 1994)(F&4 Cr(l) 3= 52 &+ 2 IX). Cr(@) E Cr(VDO
et A e ARt o s B4 A4 AHRIYAT A 9 &4, 71
54, 35 Ta)olA A= oj=fgt g0l Cr(ll) & Cr(VI) Shet=ol
gt 7yl wkgo] AT 7hsAdol AUt AlTtE & AR} EEEE A
AF AdTof|A Cr(VD) &y} FHsHA 84 Cr(ll) SFeh=Eof Qg #dl Ht
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39 FEE WAE 5 ok 84 Cr(lh) shekEol Hiet 7 A7 U
gt 7liQle] kS 7|§teE RSEN ¥ DSENE #7|etth. mEE
Cr(Il) skek=9] F57F F50to] dilor REFHE= 3¢ Wil a4l
Atk olo] Higt & o]f+= B2 Cr(lD 3H=9] ¥ 484 v,
3 sitE2 oF AdSY] @Ay dshA 7hadgste] ok 22
gF o Fo] Y5 4 7] WEgelt. meEbd Cr(ll) sheEcle HF 27
SHA] =t TLV STELS F-sl7|ole A&7t &S Ft.

AZ(67hH3E(Hexavalent Chromium Compounds, Cr(VI)

o] 3}FHE IEot AIEIE(Cr03), AEAHHLCrOs), THFSE 2AY
(9: Na;CrQy), 232A44(): Na,Cr,07) 9 thaEALgo] g}

584 Cr(VW) SRS Ansh Yeo) Ble A3 Holo] Hne} 557
A4 KUY Ak, OO SRS AT F AL RAE )
o Ao A, HId, HFE H3S FEY o+ UtHDaCosta et al., 1916;
Bloomfield and Blum, 1928; Lieberman, 1941; Hanslian et al., 1967,

IPCS, 2013904 Q1&).

Cr(VDll gt &717F &9 =0l tiet 55 Ame TEAT 7MY BEst
HAEE Fo SAFANEE(sodium dichromate) 01]01§—‘—0ﬂ st 30
2 90Y =Eo|A FAEAJHGlaser et al., 1985, 1990). o]+ H Y X<
ARl HF wWFto| doto] FHAFIRETHLOAEL, lowest observable
adverse effect level)& 0.096 mg Cr(VD)/n’(F 5¥€ St A7/ A= W3
oz gRlsty. #9 LOAELZ A}%}cﬁ g AZAS ZEIMPPD
v2.1, ARA 2009)Z Ar&sto] 5dgt LA X0 it Ut 57 5%
HEOE ==t &5 7|89 BEe FIollA 2o 'AgsHL 7P |4
s A AAF =so] TS A /1\_‘/} F(2.52 g/ar)el Hit =4
E 9x go] AFsita 7P, QAZte] 483k LOAEL2 0.0022 mg
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Cr(VI)/nfo_E'c E% o, o]lE F7t2 A5kl 0.0002 mg Cr(VD)/m'S]

2] E 394 Gibb et al.(2000b)
3 %.E'a At %74 AL, HF AL, Hl%&ﬂ A 9 18 JA3Y 9
de A 18 F dWHoR FF 3 A9 373H68.1%) T HE

& A9l A2(62.9%)7F A=A B Ao titt JF2 HE
0.010~0.015 mg Cr(VD/m'e] Sk =&l gt 50| A&E &+ 1714
olujo] drAFct. NOAELS Aolwx] 9kofrt.

o2 ZHZAUAARAATLANIOSH)Q] nj= A7|=d A4 A% ¢
H7HLucas and Kramkowski, 1975)°14 7/11 ZFA4A7F ol & HFe] ¥
< B1uglerm 9/110] AfH IF ALY EFHQA FHE 7HA ASdH-
; BIEE, Hd 9 U Age BaElon, 4/11004 HE4 HFo] Uet
St o] 5 AES Ht 7.59 B9t 1&EHNeH HH X 0.004 mg Cr
(VD/mw'e] =254t Lindberg®t Hedenstierna(1983)= Ho 8A|7t
0.002~0.020 mg Cr(VI)/m’ TWA &0 & &% I& =FF(chrome
platers)ollAl I A=, At 9= 9 A, {75 ZA(FEV1, FVC, MMEF)
of thgt et 23 v]&(P<0.05)& ERlsttt. 0.002 mg/m’ W] H
8AIZE TWA &) =&d 2R 4/1921%)°0A vl A= 2 et 4
= A7 YERH@E 5 dR). #E =EF R2AE W NOAEL
0.0002-0.0012 mg Cr(VD/m* HYolA BREJCHE 5 FXR). Aukdoz,
olgg AtEE 0.0005 mg Cr(VD)/m'(Z, 0.5 pg/m’)Q TLV-STELO| Cr(VI)
SIHEO] tist AJAQl I3 wZ(transient peak exposures)S H o}l
TLV TWAZ} 0.0002 mg Cr(VD)/m(&, 0.2 pg/m)= AR D 317]%9] A5t
A4=23 {75 FAREE A9 BE FAJRE BT 4= Q. Cr(VD) 35t
E9 fagt 4% 9F2 AFE E ofF 357 AACNA EAYsH] w2 &
A3 Am 7= Y48 SRS EZolt

B et AtolA Cr(VD) ShghzEo] He 9 718 v fidshs @
4= SIHUHU.S. ATSDR, 1989, 2012; UK HSE, 1989: IARC,

3
“
==
—
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1990; IPCS, 1988, 2013; U.S. NIOSH, 2013). Park et al.(2004), Gibb
et al. (20002)% ©] FFEC] k& H-2 WAV} 4 B, AF, 9F AF
FeAg T H 74 dF =0 g &0l ARESte A9 A Hle Y
of o3 Mg & A¥dHves A< AR HA AT 23 92
0.0002 mg Cr(VD/m'oll =% A} 10008 1BLl= FAESI o o
Hl=r ¥ 3 E(Luippold et al., 2003)9] Ho|H+= Crump et al.(2003)°] <
3 EAEoH, ole & Ao 717+ ¢ 0.001 mg/wefl kE2H =FA
100099 279 Ht AFY 23 S A=Y, o= Park et al.o] A
ARSE 23 AP FARSHCHPark et al. 2004; Park and Stayner, 20006).
EE|Ro] ZTEQ Ogt && FAKGibb et al., 2015)% #HYT} ohFst
H17Z A= S4 Abololl Ader S 2o Cr(VDE A= ¥F= E°4H
Cr(VDo.= I3t HeF fJ2lo] AT 7FsAdol At Azt s&Eof et &
g3 SAE BIFeE 2E Cr(VD) SFgEoles ALRIZE Hkd gRhe= %
et A5V e 849 E}E} Cr(IlD) stt=ET njfel Futo
A ¢ @o] 3Fst, ol fi IS 9 57| FAof| Fastt A=V
FES AE YoA Cr(Dez AgE™, | 72 dHl(haptens) 22
A-&5t= Cr(ID-2d EgAo] gt Zoth(U.S. ATSDR, 2012).
Cr(VD) get=ol it A2 dvtdoln, d
= Cr(VD) 3= =52 o geE2714d g&7
o] Utt. olm] FAZH AFFNA = T &
2 384 Cr(VD) 3hE 2% of E= 557 A8 79 5 3o o
23t o] Cr(VD) shghE2 1F°o2 DSEN ¥ RSEN H7|2 A H= 9l
Cr(VD 3FHEe] oigt 0.0002 mg/w'®] TLV-TWA % 0.0005 mg/m'o]
TLV-STELZ 2&7] #42 FAaslstal oju] Z2re 7iQloA A4 w39
7Vs/d<& Eo]oF SHARE Azt ko] of 3] WA 4 QU ofFe W
< 37 T =F AR g7 J5 O2 QIR #2E A¥E HAsH] 9
s A&t g7 daA ol

<

i

o
iR
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& BAE 584 Cr(VD) &) st of =& & 389 4l &=
7149to 2 st Cr(VD) 3HgHEol sfg=, o= AHoA ZE w4 J7t

At AAQQAAEI= 84 Cr(V) =& 9 38 71535 &
= 459 4 ZYHFH Higt JEE Ao TLVs® %
BEIs® wAlolA A¥ F IAF(VDol i3t @4 BEI® &= Fr=otH Hrt

A&} 7}3(Chromite Ore Processing)

43 FA(FeCr;04)S H23IE FF(ferrochromium alloys) T
= 02 Jhgohe B¢ AE 24, ABAYE 9 I EAY SRR =&
g &tk &% Eo] e S Cr(D)2 Cr(0) E&= Cr(DETH X @
2 TLVEEZ F8 747 BA7F A& Ao= JqAHr). olzfgt o|lf=2 I8F
F FA AHY9 w=E7]FCFE  TLV-TWA(Cr(VD)) 0.0002 mg/m’ 9
TLV-STEL 0.0005 mg/m*(Cr(VD)o] @&=ct &eld Q4 #et 29l Cr
(VD9 &A1 utet 2t &4 E7](A1)Q RSEN, DSEN ¥ 18 ¥7]7} 2|4
"ot =& &4 23 Cr(VD)oll gt Eo] AEEHA Y= A Cr(Doll o
¢t TLVE ARgote 2ol d8dtt.

1) TLV® <A

Cr(0): THIVA A Crlll): TF7A AT WAL Cr(vD): Hek w19iek
537 A% A4,

2) E93eHy 4%
ZANA 7 A *}3513 AF =9 sk, 94 5443 LRt
ARl s9oj= o] 249 € F&2ol = E 13} 200 Ut Ao AF2 HA



7F -4 2 -2 ~ +69)A ¥AYSCHU.S. NIOSH, 2013). I8y A8 &4
[Cr(0)], 2& FlCr(m)], Z{AYE € SIFAFACr(VDTto] dubA Q1 AHY

SR AREHH

o= ZAorA R AH(U.S. OSHA, 20060)2 A& 3IgEY TIES oS
Al 71 H39 gz EFFL  E|AYE=0.01g/L), d584
(0.01-500g/L), 11584 (500g/L). A& =S 842 YA} Ao
A o&ddh 37t 3F 3tE - AED oMAHolE, &) d%k=E &
3= 9 FE0) FAES AQstas 2o E8401AY & ] AT
o i EE Cr(VD) 3RbE2 840 =tH& 2 33). 28V SFFE2
AAH o= A WA grom thHEL A FA9] AbE k= FANEER
iy

3) F A3 AAHProduction and Major Uses)

AFL2 Ao A 21HAZ &3 YAoK Krebs, 2006). AZulo|E 3F-4
<= AdHo WPst= FHS AFCIH. of7lde &, €FvE # vy
=3 A o8 Cr(ll) shdEo] 2FEY. 35 S5 179840 27 37
HoA Aoz EEEHAY. IF FFH AT F2 "otz 7Hks
&8, [l 5 g TS @A AA AF A 95%E AR,
THS T8 AT 4F W AIF P4 F7RoIR Halo] ARl AT Ak
ojty. Mid w2 A AIA 2FEF FA BT oF 5%E vt 2014
| AA 2588 FA A4S 2,9009 E0]ATHUSGS, 2015).

f

Ol

IET 1 SIHE 4 B, 85, =& 9 542 74 35 ok ==
JH(IPCS, 1988, 2009, 2013), 9= Health and Safety
Executive(UK)(HSE, 1989), 4] & @A+ 7I7(IARC, 2012), "= S48=
4 9 AHSE7|TU.S. ATSDR, 2012), "= =¥ AFMAEAATH
(U.S. NIOSH, 2013)F HIES thFst =4 7]7olA FHsHA HEE
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. 2A4 IAEF /A FI(nternational Chrome Development
Association, ICDA, 2011)= #HZ3E(ferrochromium, FeCr)9 AJAHS
o=t Zo] Avstal ot

“c}oFst 3719 3= BAL Qurdlog 7] AC A2 AU 3+
A(FZAA, A 9 F4, quartzite)”F 7T AlH 382 oAU R] FoFA
ol A7 ZF EF o 4,000kWh7} @85t} &1 Oﬂil H 2379

A EelElo] 271 Helg g8 Wee ¥ Srdtt 19 o oF M2aE

L Fgo| 1 JzZ+ & 3Mo] Q35 372 BEasict, '1"_."“‘H1__ HE23E
o A% 3AY AHe 95} F7E LUEHICDA, 2011).

Lees(1991)% ZZo]E AJ4F A9le] 814] 332 ofefet Zo] Lokt

o

to
o
U
N
i)
_O‘L
£
O8]
N
Hu
o
1o
fu)
e
i
i}
(@)Y
oo
Hu
al T
j)i
@]
=
o
=
(@)
3
()
@)
o
o = K

EE}O] il T:(le end)E‘r_L %}E} F7F A S5 BAE A8A HEFE J

9 BF= 7IHte = gttt dubd o= FF AR 9 24 TA o o=
7]77}7(] olZgt HE FAS A FH=E WAYHS. TEhA o]ALZ JE A=
(wet end)2 &2A At Wet-end 4 GA= Yot= 2S5 AlFo wet
2. gutdo g &4 AT FE2 A B FZAUHEE(sodium
bisulfate) F4AFE9] ¥ B9 SABAUHERCSE AgHT SAF4
UEES gitdoz ZFIg4ds, 324 9 715 B5AA(eather
tanning agents)e} Z2 st ﬂ%ft}%ﬂ SFetEd o] YAt FHAR T
=AY ARg-EHHLees, 1991). HIF-29] Cr(ID 9 Cr(V) 3tetE2 A4t
YEF e SAFAUEEANA BAEUY. A& =0, 778l dxtde
= AHEE= Cr(D SRHER] 97148 25 FAMIIOH)Cr(SO»E &4to] 8l
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hEl Tk A 2t = ©.

YEFI it 39 ¥h8 E= AP I34F &9 vhgof s A
THU.S. ATSDR, 2012). Z&(V) SHE2 E37] o3 3-8 EofoA de] A
|EHU.S. ATSDR, 2012; IARC, 2012; U.S. NTP, 2016; U.S. OSHA,
2000): A% HE(GEIBANEE, AE8AEE, AFAUYES) 2 HQIE,
3 9 ZHAEEEANE, T84, I84NE, 84S, S84
F, ABAUER)Y AR=EA; B4 AAAGARIEE, T84, T84
g, de4tds, A84AUER, ABARREER), B4 URAGHKEER);
=% 1 2 327 Ta(H4ElaE, A8AAEER) 7S HY(EAEAY
1) 38D ZEWHE AHEE ELER £, 3Fo] ¢4 67
BHE EASHA us=E ARG #HE 2, 4 2 Ad A
ol B4 9 HEE 4 JoHU.S. ATSDR, 2012).

4) kZ(Exposure)

AR o R Cr(VDOl gt &2 B2 = AdolA =A yshddh
1970 A2} 1980t o &AM 71 5 Cr(VD) =59 dukAel #9]
oS3zt 24 AR 0.10-0.50 mg/m’; AHAFHA A" 8%
0.05-0.40 mg/m; IE L&, 0.005-0.025 mg/m; HEIAE T,
0.01-0.14 mg/m’; @ == 9t& A4 0.06-0.60 mg/m’(Stern, 1982). 1980
ddjol] 59| AHRIHAT 459 & &N AR E(Cro3) 5
22 0.08 mg/m'(0.04 mg Cr(V)/m)¥HE &3ko FU3-2 0.004-0.01 mg/
m’(0.002 -0.005 mg Cr(VI)/m’)e]lAcHAngerer et al., 1987). Ftoll= At
JotE =7tolA =& o] § RobHt fHolA Cr(VDell gt 715t 3
o &2 dutdo s giiE 3F 4AtgolA 0.02 mg Cr(VD)/m® m]¥tolch
(EU, 2005).

o r
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1999-2001d9] NIOSH= ™ oA Cr(VD) k&of s 2149
G ZAE Y5k FARY] 55 J9 W 8AIZE TWA =58 S8t
(Blade et al., 2007). &4t 3 QtEQ] Axeo] HQlY U AgoA
7 =2 Cr(V) =Eo] Yt 9]:<0.02-5 pg/m). B=7t =1 92
A71=(0.22-16 pg/w); HASHE A&7 = Aol HJAP(EH 1900
pg/m); Adk SiA Al S A 0.07-27 pg/m): T &8 9 Ao
(0.37-22 pg/m’). ol2et @ A= LHY A AFFolH FIEA] vl= A
o] Cr(VDoll digt AH44 k&5 &St A2 oYk diwte] A7=w
Zrdol A Cr(VDoll Hieh =3RS e A7|=w ZAol4 0.5-6.0 g Cr
(VD/rf, 832 9 AR Y9 0.3 g Cr(VD)/re.2 YeHTtHKuo et al.,
1997). rﬂ‘?’l‘zﬂ ArfAQl Faw 9 AHRIYA A" FAOA 19879 Cr
(D9 S4#k 5== 0.5g Cr(VDQ! == Al&jet B= AJ4F A 9olA 0.1 mg
Cr(VD/m’ oJst3ltt; 7158 7F &2 7l =52 6.6 g Cr(VD)/m'o]Ah
(Huvinen et al., 1993). 199949] &Y%t A|HoAq F7+ 4 2o S5 -
o £&8 247+ 0.3 ¥ 0.7g Cr(VD)/me]ith(Huvinen et al., 2002b). =]
AQ4 Cr(VD) =2 dolEH o]2= OSHA(2006)°1A4 Xﬂlﬂt}. 500,000

ojFe] wlw =FATE AJAF Cr(VD) 3RtEo &d AoE FAHHETHUS.
NIOSH, 2013). & 9 F7] s}gEe] et g& =27] /ﬂ@@ 570 digt
Az i Aoy "FUAH AR & "HA" ool2E AEE FAO Y
&5 S5t 1 AvE H| W Armes S5t o|Ee olfE EAAA
TLV &2 B2 25 3eEo] AR 9 shF 7= A5 fEsh7] gl
Y4 JAVE BA'E 3T F ooy &9 O];q SAEZ TU8 IR
4 AR WG] S&Ee A=Tt fle BF Ble= 1.022 7Pt o
= & % 71 A oloj2&0] A-dstARE YA 27171 10 pmE T F 23
A= AUXA EAFL 4= Ut

]Ilolt l"_?l:

—_
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4) AAA3L(Human Studies)

FEIDS A= &S Fodomn 2y, A3 9 ol ffapo]
ATS T = Q= d5 Y4 R 7" Institute of Medicine2 Cr
(D9 2L HHFE 25-45 pg/day®= FHHHFIOM-FNB, 2001).
Chromium(lll) picolinatex= A7} HZX AEZ07g AREEHQIT AAHAES
ZZ51 dFe ] g3 Aokl FA5HBroadhurst et al., 1997). 18
Y G A=) Cr(ll) =S AR AL =29 ofA7F Qlal v
QA& E A gomo] QItHAlthuis et al., 2002).

(1) &87], BAHsH X= U UZEH(Respiratory Tract: Corrosive

Effects, Irritation, Sensitization)

3 24(METALLIC CHROMIUM, CR(0))

Cr(0)ofl Hist R = 27 S+ (Triebig et al., 1987)1 HA& A2
Al(Verschoor et al., 1988)914 =42 A% YF 7Feid= AR A+
7F Atk 0.61 mg Cr(0)/m'e] 2% Z& 9 78 250 B¢ 74 =5 &
A 3 18" A= F o@¥d 4 2-microglobulin,
alanine-aminopeptidase &4 &4, N-acety-Dglucosaminidase,
gamma-glutamyl-transpeptidase 2 -galactosidaseo|A] FAZ<Ql AW
£ HA™H(Triebig et al., 1987). Cr(0)°] &% HAZ AHZAA oA
= 8% IA¥ wx7F SV ¥sked HEHs Adg 9HE,
2-microglobulin &= 718 A =4 A 19| 5= Zpo|7F AR A &okth
(Verschoor et al., 1988).

IEQB7hHetEE(TRIVALENT CHROMIUM COMPOUNDS, CR(lll))
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z7] ZAIA= Cr(D) 3jtEe] W2 59
(Akatsuka & Fairhall, 1934). &3} QI7to] o
shetEo] &g o Aol v|A|= ofdol vl ol =
(U.S. ATSDR, 2012). °]A2 & & Cr(lD9] E/g0] Az & &
E5EA] 47] fZolth. I8y da Al F o] Soi7tH Cr(ll)S T2
3 A9tsetal DNAL 7t g FAdst= =
Cr(V\DY &2 7 b- 42 4
o =40] A= FHEL AxW SHolA FHt. Cr() =&
F8 7 T2 257 A=, gEEVY g5 Y 9 Hilojt 5%

A=o] 7 wizbst 2F o7 HRITtHU.S. ATSDR, 2012). Princi et
(1962)+= 0.27 mg & Cr/w'd] 371 ¥ oA #2357 T=<9 Cr(D
LS AAAIAA HASE SHRAR Cr(D} Cr(V) 25 &5
= 7Fs/dol QAL o] o] 7|oFE +k Sl 7|8 &334 go] o]
A&l 243t Huvinen et al.(1993, 1996, 2002a, b} ¥zt I&
L5Ak 258 7N = 36, Cr (D 2 718 =5); &4 9 24N = 706,
Cr(l) k=%); AA € &4 AN = 109, Cr(V]) =&); D J7F FA7I(N
= 95, k& 7| I1®)dp dote] 57 A% k& e oy =4
ATLE AABIALE FHx A7 71¥F 2ANHuvinen et al., 1996)914] Cr(Il)

s, O
k!
S,
39
my
>
H
=
Q
g
1o
N
po

(1

r

Nl oo mfy
21‘,
it e rlo

0 2 B
o

group)®l| ¥]3}| (calculated odds ratio, OR = 8.37), 7} > 37HL(OR =
4.39) YA F7HEE FASHATHP0.05), dF #HH ZFLFHOR =
2.19), &5 Al £7H5(0R = 2.62)(F 3 3=x), 7|& A} v|wste] Cr(ll)
o =58 =549 ¢ g2 F&o] 4ol "E(13.2% o 4.2% OR =
3.67, P = 0.03)'22 gRI=tt. A%, 4§ =& 7| € 27| 43
Zdste ZAAE I B4 F d& ¥ 33E YA = ¥
tHHuvinen et al., 1996). & L2 HZFY HEZ BARYXY A&

Heg = BAER] ottt o] 34 ZAKHuvinen et al., 2002a)7F %13}
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o 4% =& Cr(VDIN = 104), Cr(IN(ThFE Cr;03, N = 68), A=
uolE AZ(ZEID) YA, Ze4EY AW E 2ethost rock)d] 371 &
YAl et &9t =&, N = 31), 181l Z2ke] A-of A+te 7499 7|&
Aol digt AgAte] FHE AlFstit. HFAAL} SAX| gt Ar=
Cr(lD° =549 =327t 1 I5Et fostA § &2 54 vleZ 7HA

T AE= FRAFARHHuvinen et al., 2002a), ©]
= bl

o)

oy
o|N
o
9,
=
ot
I R
I
)

A GFUAT F AF D 67F AF FE2 FAHUT non-Cr(V) ZF, Cr
(D2l 7N =& & S92 1199 24 0.030 mg/m’ollA 0.004 mg/n’
2 A E A (Huvinen et al., 2002a). o3t 232 0.03mg Cr()/m’S]

o digt o]d &3 TH A&H
I Usol kE o 7IQlske IFE WrFckeAlE BESHA] ¥t
Huvinen et al.(1996, 2002a)= 549 &% Z3P== AAH Hol= 538
FEY AR A &F G0 FHFAE, o= Z&7 dRtEo] ofyzt A &
B9 371 T Aw=E At AoE F5Ju. 278 FHY YAEH ¥}
o gigt v Hils T =SoA TARE & o AR Wahrt
Cr(lll) =2 ARF ARJA oJF= ERFHHU.S. ATSDR, 2012; U.S.
NIOSH, 2013). Cr(VD(N = 29), Cr(ID(N = 14) F= I Zuto]E(I) F4
(N = 5)0] A 149 ¢ =59 AHJYAT ZAAAHEE HFAAD o
St F7F AFolA ZEol =EEA 2 AAAF 39789 7| YT Bjws
of A7 =EH AAAe F Aoy & A9 YAES FUISHA skt
(Huvinen et al., 2002b). 8|7 A}=9] oA} A5 0] L= Iy Zrl= 7z
FZ] kAT AW v HAHanterior rhinoscopy)olA Cr(V)(risk ratio
= 2.4) ®= Cr(ID(risk ratio = 2.3)°] e&H ZAJA7E LE&5A] 2 &7
o H|s BFHY] AFAE Wt YAEC] FUl6He AL E UEHT Cr(VD)

[0
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I59 ¥yt =F £F2 0.0005 mg Cr(VD/melRa Cr(ll) I1&F9 A%
0.248 mg ¥ Cr/mE IAE2 Cr(l) *=&S P9It Aoz 34
=) (Huvinen et al. al., 2002b), I 20}o]E Z-A(chromite ore) 1329 7
€ 0.022 mg Cr(lll)/me] At o3 A= A71% A=l diste] 7Hsgt
LOAELZ 0.25 mg Cr(ID/w'Y] B =22 A*t= AT

& E= 7% A2 84 Cr(VD) 3FgEol gt eEollA 7 dutkd
o7 YehdtHU.S. ATSDR, 2012; IPCS, 2009; U.S. NIOSH, 2013). &
4 Cr(D) e 784 Cr(VD) 3= vR7HA 2 o Jof FshA] o
7] 2ol o2t Cr(ll) SFEe] FEFLo= Qe 7] 7A&Z Cr(VD) 3=t
9] AFEY 7hsAol Aot 84 Cr(VD) 3= AF7HA| 3 F5to
Cr(lDo.2 AFEt =2 7S Gulst= Aoz o AXE Fel(haptens)
ol AL 2T 71s40] A= AL Cr(DQ sFLolth. IF E= &%
7] Aol oigt = Al ZEFof AEE tiFEE9] Jile] Cr(l) R Cr
(V) 3ketE Z5o] ¥hgot= Ao=Z YePItH(U.S. ATSDR, 2012; IPCS,
2009; Leroyer et al., 1998). w&tA ZFo| HAEIL o]F Cr(V) E=
Cr(I) AAA =4 /IS 272w 4 w2 F9Y 4 Aok 19
U u 5 9 557 f4Eo] 4 22 ARAA dEue A2 oty R

Zro] © UHbA ol AA} HES-o|tH(Leroyer et al., 1998).

IE(67hH3tEHEXAVALENT CHROMIUM COMPOUNDS, CR(VI)

Cr(VD gF&9 A WA B 357 I9F2 234 F0 =9 &
A=to] v]FA d-golAtH(Mackenzie, 1884). Bloomfield & Blum(1928)
2 Cr(VD 3FEY A HIAES] k&" 20/2387%)° H7=aF
(electroplaters)7t H|7 ety 07 A FHIE +H)ol dF=AY Hgol
ARG TR I Y A A=T(1930)0] TEH AE g7l F
Absh= 223789 AJA F 42.6%7F mFEHo| mE AFE ¥l jloH
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52%= M54 AF Ee Alde] AT BV S5 A B 90
Cr(VD) 330 A=A 9 geEE714 i1 Agta v|gojA HlE2d H
o o2& v|% XH% Rttt Aol & A3t Qlth. AHES &
% ATHEngebrigtsen, 1952). H]
d 9 AFA Y T 9
o] QJtHEngebrigtsen, 1952; Machle & Gregorius, 1948). &7] & 67}
32 £Z23 I FA9o] 2L ATA7EE A7 Ak Bloomfield &
Blum(1928)2 $7°] Ue AZI=agFoAAA Cr(VD) 371 T =&
0.06~2.8 mg/w'=Z FAFPCE. vl= AW EHJ=H(U.S. Federal Security
Agency, 1953)9] Qo] MEW H|7F &p=o] WS M7 =w FFolA Cr
(VD9 B+ 5=+ 0.07 mg/molct. AEo st & mFde] yeo] 9l
= 599 7liQlo] FAFAELE(potassium dichromate)2 24 0.035 mg
Cr(VD/mlE TRt ooj2&0 5715 &9 =E=AtHOlaguibel &
Basomba, 1989). A 7% (forced expiratory volume)? 20% 47}
HEEQeH dF 4L HRIF ZHEeS, & 9Y, 71/ 2 Aol FHkE L
ot 5471 FolA 997789 A7 Za s 111799 tiEo] diste] A&
AR AARCH(Royle, 1975) Cr(VDOl &9 kXl THd v, 71
Aol EHtE BY, AT R HE9 Bl&o] 2o vls] FAZLE &
o5t S7Fok= ALl E Ut AdAts &9 R JAdE 2339 JE52
Sl Cr(VD) 3HHEo] == Ut 7] -}F—f—% dutz o= 0.03 mg Cr(VD)/
m’ P|Fo] AAE X9 Cr(V) 22 0.3-97 mg/gelUtt. ol=et S4
o digt dA =5 2 AFE & gj\r,}. A7 Ao digt uvl=
NIOSH 774 98 H7lAE Hat 7.5 &< 0.004 mg Cr(VD/m'e] H+t
o =59 AAR 4/119] ¥4 Aol HAEIH. o] EsAE § o
= HEE, HE, 9 AY, oF A= & UH(Lucas and

Kramkowski, 1975).

el

= O of rfr

Lindberg & Hedenstierna(1983)+= &4k =24 8592 E443} 19
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POl oy 28 =F A4S AT D5 T, AF L FF 342 9

74 w7 WEkE FARKE H7)% PAE AGstett 28 345
e 28] =2HX %S 11999 A5H FuIFoR FHE G
Akt ) =

WLt Z2Ak] =&H 7|7+ 0.19014 36 Ato]dtt 2
&2 QL 7] ABAFHS AEARE EdotE X 7itold] YIAIA
A 14 A8E AMgste] £4& syt o2 4 9 F590 =& &
A =& "=8(d FFE ) 0.002 mg Cr(VD/mr), "22(< 0.002 mg Cr(VI)/
) @ "E3'(¢ 0.002 mg Cr(VD)/m)2& EH3ITh

AAHo=Z 2.5d9 FY & 7|7 B 0.002-0.020 mg Cr(VD)/m'oll =
S4 5 ANA BA(P<0.05), "9 915(P<€0.05), HI7 AL P0.0DY &
HEo] §osH S7eH 7|5 #A(FEV1, FVC, MMEFR)7} 2= 9
o E A F 60%7F SAARAT Cr(V) =23 @ & Atol9]
ATE AT BEEA gt 18y FHERl I A= HYE Y59
A%7F 0.002 mg/m’ B|9Ee] Ht 8AIZF TWA ol =& 4/19(=5A9]
21%)°IM = Yebtonz gast NOAELS AoJskA] Qioict. viEd &4
2 ot 8AIZF TWA LBt} ZEAHchromic acid)o] tist &7 I3 *=
S 9 22 AV Al w3 252 RARE o oR B S
A @ Az tigk NOAELC] 0.0002-0.0012 mg Cr(VD)/m* HY oA s
AT

Z5H 07 o]Zgt ARE Cr(Vl) SFHEC] tigt 8A17F TWAZF 0.0002 mg
Cr(VD)/m*(0.2 /zg/ms)o].l_ STEL®e] 0.0005 mg Cr(VD)/m’(1.0 pg/m)¥= 9

ogiet. ol2gt 71E2 AY HE AYAE AR 2 o 25719 HE A=
I {7159 AAERE H3d 4 gtk

i
o
)
)
R,
of
o
WE,
N,
Ku)
wor
ok
Hor
e
hs
R}
H_a
iy
o,
A
B o%
o,
N
T
2
A
(i
=2
ol
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U AF9] =5A 950 R FAH RFLOE LA A =EH
A= 3 Joz LR, Cr(V) &3 E Ad 94 d3E 4L N
= 109), Cr(I) k=&(GE T4 &2 9 24, N = 76), AR2H|E EX(
ZutolE F4 P, N = 36). A7 3740 st BEAE 3799 HE &
ZA7F 2o, Ay g EARITY Bk AR off: (ISt Cr
(Dol =&d d2aT =54 B 18 717H16.09 o 14.449), 54

W

0.0005 mg Cr(V)/m’e]qltt. 5 & SUT ZZE] thgt 3 & FAL
ME FARE 2371 YebgtiHuvinen et al., 2002a). 87} A#HAA =
A" Cr(V) 7MY &% FUE2 199940 0.0003 mg Cr(VI)/m'(Fd,
0.0007 mg/m)E FAFOoH, A= olE A T HAHS F ez
etttk Cr(VDoll e&® 54N = 104, B -8 717 21.04) € o
27N = 81, B¢ 118 7|7t 19.49)2 H7]5 AAtlA 79 Zol7t ¢l
Aot Cr(VDoll k& 1982 Z3sto] 399 ZYAHILO HF 1/0)01A4 &
Sgo] wo] A=A F A9 ZAIE HEFoE A} S4H 59

& StEC] EFHolE ¥ Hegol YA et AEAUY. HA
JALNA Cr(VDAll =&H 29789 2R gt A4 AAteIA = v &
%, W AY B HFE Aol SEEA FUTH(EA 18 7k 21.4
HA)(Huvinen et al., 2002a). Huvinen et al.(2002b)9] &7} AFoA Cr
(Dol =23 2AA 489S Ao 2 H|Z ME9] A3 WMIHmicronuclei
changes)& H7Fth 2092 AHRJIAZ ABAF 2o FARIOH 1993
W3 199940 o] =BAEL ZH2F 0.0005 ¥ 0.0003 mg Cr(VD)/m'e] &7t
2o =E2HUY. 1471= HE2FF(ferrochromium) 342 &2 9 w4
o] 9l Cr(moll Wt k&2 0.24-0.48 mg Cr(l)/m'Hct. I 5

2 (U
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2 0.022 mg Cr(I)/m'S] 3 = TE2F B4
Boirh AT W2 % FY E O 3939 HYAE

8 7 18e wEEA G HE FYRolA wAE et S

N

i

=a=

=315 Huvinen et al.(1993, 2002a, b)= 0.0003-0.0005 mg Cr(VD)/
PRl Cr(VDoll s AFAto] tigt 8A1ZF TWA NOAELS Ats
™, o]= Lindberg & Hedenstierna(1983)2] 228 L d 0.0002 mg
/ot I FARsETE EA B 2 B4 Gibb et al.(2000b)= A17F 3o

O CrO; 2 AT AYA vis4, uF AY, v 5 2 1% dx

8

o] A 457 Al TS U R =E AmE ARESHY] ot o
oI o] FFH A= 2,35789 HAY =AY R VIEE A
I 19509 19854 717F &<t =3E 7] A=A =3 MY SZAE &
APt olg ka5 AY] Adg= &F F ol AX AlRto] Ayd HE4 o
5(68.1%) E= HS4 HF62.9%)< APttt ol &A(E, v5E
A, ¥5d €8, fF A=, fF 4G, f5849, 3M, 299, 19 H139)
9] Hx A FA Cr(VD) =& 59 Y%= 0.010-0.015 mg
m(10-15 g/m)°I et 53] ¢
Sh= A 2 el digk ol HSA(22Y), 119 H5(109). Hl
# 3l 2@ (proportional hazards model)2 FH Cr(V) =°] 0.05 ng
/m’ S7FS wetek A8 v 49 A9 1.20, YA wFY BE 111,
TEF AFol B 1.359 A fRe® aSEHIH.

NOAELZ o] At=ofA &8 5HA] gt QIA| k& tigt 4 A= 1=
H Cr(Vl) =& 8A17F TWA 0.0002 mg Cr(VD/n’Z Algkotal LA|Z el =
I =55 0.001mg Cr(VD/m'E AlRtstH, o]= A9 e kA5 4§ 4
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sHi 57| A=A HoEojor & Bart it

SF7] A&l tig 7Fs4do] Sl LOAEL E+= NOAELO| Hieh =7}
Hxsiet 12u 0.0002 ng/w’ TWASE 0.0005 mg/m'e] STELS Cr(VI)
sheb=oll tiet =F7] 129 7HsAde sl EcioF shA ofw] wlgdst A
Qo] ojgfet o] kEHOE R & o

5) ¥ 9 FAEA(Carcinogenicity and Genotoxicity)

=4 3&, Cr(0)

Cr(0)9 =AY E= FAFZ00 et AA A= SRA=A] Aottt

37t A& StEE, Cr(l)

Alo] Aol A ZF(I) FZ2Y|o|E(picolinate dihydrate) ol53la<
AR HIetH A AToA 2] AE WEEC] SV 1
Ay A A A B FA uReLoA = S7HE A=l TEE A ok
tHU.S. NTP, 2010). =% 50ut2|et A F344/N F 50 = 4% 1
ol 2¢ 3¢t 0, 2000, 10,000 E+& 50,000 ppm Z& HFYUY0|E A
SF=(chromium picolinate monohydrate)2 -3t 4o]& A slA 3t
ALt ZF FHZYUClE Ak 24 B 49 &% A FolA 0,
90, 460 ¥ 2400 mg/kg/day(Cro& 0, 11, 55 T+ 286 mg/kg/dayol
iz A=Ak R HY A$ 0, 100, 510, 2630 mg/kg/day(0,
12, 61 E+= 313 mg/kg/day, Crol sid). 3 9 EZIM(preputial
gland) A& YYELS Cr(RToAM 14.9 o 2.2%, P=0.031)3F Z°] 55
mg/kg/day Fo] oA FolstA S7HRAIT ¥ AU B 52 FolF
rEH FolAe 28R 4t 18 &5 ST wE AAdE BEC =

O o
Fo% APl ATk FA A SHY AP Xdte] FF WAE)
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re
-1
[N
H

57}6}11 oroket. 50ute 9] A3 509k o] A F6C3F1 wh-A & 2
<t 0, 2000, 10,000 T+ 50,000 ppm Z2 3ZTYolE I43ES
3t AlolE HHAHS. AF HEYUolE d43kE9] 29 Bt 4Y &
2 7 o204 0, 250, 1200 ¥ 6565 mg/kg/day(0, 30, 143 =
781 mg/kg/day, Croll si= A=A A vFe-A9] 9 100, 510
2 2630 mg/kg/day(CrZ 0, 29, 143 £+ 726 mg/kg/day°l ). A
= YA AN ZF FAEZFYUCIE dfdkE 2R AT A=Y
HHZ gtk A7 A= A FolA 2F gESUc|EY He/dol tigt
A7} BEst AtoA FoA ol tiet FAE AT okt
EWHHU.S. NTP, 2010).
Gibbet ZEE(20002)2 Cr(II) ¥ Cr(VDol =24 235789 &YX
HF AFYE AR Cr(HI) g Cr(VDoll High &2 AATAZE
% o9 +4 &2 Hody wRo] ST AR AA Het A
o g5t Z7te] 7]04153,E B35y +3 cr(l) ¥ Cr(V) 2o o
5 245 Cox HE 73 ZEoA Cr(VD) =52 =3t HF #d
s AHEHAAL Cr(lD 22 ™A ekt Cr(ITD) 2E2 ot o]
ol Al =gt |k Apgo] 7]10d51A] O}s&—,—% Aolgtal AEZAAHGibb et
al., 2000a).

ot nsﬁ u

i, OIN

R4 olX

ol

r&"

(Bt o &

67t A& 3stet=E, Cr(VI)

ul= ATSDR(1989, 2012), 9= HSE(1989), TARC(1990), IPCS(1988,
2013) ¥ ©u]= NIOSH(2013)= X% Cr(VD SkehEo] Q4 Wt 54U

Ho| HoF= 2 A& A&t Nickens?t 5552 #H/(2010)
+ Cr(VD) It} #=o] Sl A0 s e 2 7HA /34 94 44 o
AYSS QoFTh

FFVD EAEZ Cr(VDL] M= At T4, A58 9 SAHo] 72
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a¥E Agsty] 9l DNASH B=248Y & %l IF F(chromium

species) A4; Cr(VD) 9 94%/99 ubg: 2 A Az Ao WA, 38

(VD2 HlEo]4 ol Ade &9 AER Fo|7tH okAF=HAY, 27

S % ALHUE ERT E %‘H gArg oz Cr(v> CrlrY) %
o}

Aﬂi Rk 7}T7ﬂ ot Cr(VIH Al 2 1%01] «l‘éH A% —‘El 24
o= DNA #7k=, DNA-71 Eeh, DNA-©d 7k, 4bobe %ﬂﬂ,
7174 #4919 DNA 71492t 2 7 7harh 2k Cr(VDel s &
2. DNA 24 9 AAF 7|5 Aol 8] ZAARl Al =7] A ZXEQIE,
2] %2 DNA & #HIAYZE, vlA| 94 &84, 95 ks 2 A=
Aol #3L H9shs 78 28 A MEYAY BYE olofd
r(VD) &ete] 839 J4g2 & & Aot o2 S7° w=d

Q

c

> o= BN
N
[

e, B C e I
BB AP AL HE o 4G ATHL FIHCR A4 Atk AL o4
LR ABA7E A& SAH/FH4H Wste] Fxtolct

EA(Gross and Kosch, 1943), v]=(Machle and Gregorius, 1948),

29 o](Langard and Norseth, 1975) ¥ d=+(Royle, 1975)°4 & <&
2 AR FAStE ZEARE AlolollA Ho WEEC] SIS HolF
%27] 93t AF7F Bt} Baetjer(1950)= SRR AT 0“0}01
b= ZFAMA(chromate) 2R AtoloflA Het A 718 A3

Mancuso & Hueper(1951)+= Hgo] 29 2229 37| 5 A5 &2
F45t 0.01~0.15 mg/m’Y 84 IEF} 0.10~0.58 mg/m'e] E&4 =2
ol =55 DA ZAG ooj=SoA A7 A4S} El= AH
Aoz ZAAHA Ut 4, &84 E&2 Cr(IDLE 7Hystal 784
< Cr(VD=Z 7Pt 1=y AZA 54 glol= o] A ZA7}

stm 240l A2k Aol U

| L

1r qm

(@)
=
=

L RSN

N

o4 QATolA ABAY AL Cr(ll) D Cr(VD) S 7]e A
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=
re
-1
[N
H

FHE SRt HEE "dokea)d =&
e

=
ot 24U AjbetAl= gttt 271 B4 Cr(VD) 3RtE, 2 &

2 Uetdt. 52 A9 A=s d-84(poorly soluble) Cr(V) SFehE(q]:
FFAE ofd)o] Al whAE 7H8A Cr(VD) FHie &2 fEskA & A
o=z yelgtH(Laskin et al., 1969). 184y U.S. ATSDR(2012),
JARC(2012) ¥ U.S. NIOSH(2005, 2013)°ll 9J3f Q¥ W oFo] &
SAE e Cr(VD) 3HEo] =4 miEoA9] &5z #Agle] et 7Hs
Ado] Qlrka grgct u]=k NIOSH(2013)% Cr(VD) sheh&Eo] gt & 7|&
I #HE 7)1EA 2709 vl= ZSE(Gibb et al., 2000a; Luippold et
al., 2003)°l s +=FE A+LE A BIFE Ao AHEsH] 7 et A
o7 Az o] A= JNE AR, & HoH IS E, A7 4
Zr et o] Ao tigt £2 k& FYAE 7HA I k. Gibb et al
(2000a)°] A5t EEHo] ZEQ] AR +7F § BAI(N = 2357)
AN = 122), ZZEQ] 80% ool it & A=7F llal IS E]
87%°ll gt AFH I FH7F AS=T o= AT B7HE Al Asst
= dlolg AEZ /=0 AT

EH 2o A=E AMESt] © Y ©A 9 tuA ZdS g% & Parket
E2(2004)= &8 IAT 73 SARE 25D, AF, AT, AS-
37 A2ZE 71zt £ 2E =269 AD gt F=
A vlE 2o o5 7P & diEn=s A
d B7h= &Y 9 5 0.001 mg Cr(VD/mel
go =3 Ht AFE; 0.0005 mg/mrollA ZFA 100089 394 2 0.0002
mg/ ol A ZEAF 1000 F 1783 Zo] HF Abgol ot BA 23
A4S YeEPATHPark et al., 2004). o2t 843 FHX = AMS-H ol
AE, 78 9 AARZE 2o ot oE 4 Qo

o
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Painesville ZZE(Luippold et al., 2003)°& 49399 L=2A7} ESH
Hol 9ler 5199 HYgow AR Crump?t $E5E(2003) 27 7]
Zb &<t 0.001mg Cr(VD)/moll =2¥ F2AFoA 10008F 2789 #HY At
ol gt 23 Yol YAESGl e ol EFHo ITE s A4tH =
I A} AR £Fo0 =2 FQIstHtHPark et al., 2004). Park and
Stayner(2006)i= Cr(VD¥} B Ato]] BANA JA| = 718 BG4
olst7] Yol BE|ro] ZSTES A7E F7IE AT £49] 3HA fi&E
o A& WMAY = YAAT AFAEZ Cr(VD) HF F3Foll JA71 A
SHA] 942 7Fs/dol lom EAIRITHH 0.001 mg/m’ WY Aol 2ES
Wt dARE BARIT Y $A6k= o8] A9 (Luippold et al., 2003;
Birk et al., 2006)°1+= %2 Cr(VI) =& 504 223t dAIge]
A A4 QA A& & Q= FES H APl it A =T B3 o]
AT ES =F HF Ao A4 me |onet AJA AF=E EoH,
1 A3E= Park & Stayner(2006)2} 9-AMHA T

NIOSH ZAFRHPark et al., 2004; Park & Stayner, 2006)+ 7} &
ARl #A4g dste] Cr(VDH whe] #A ] o3t 4= 0.0002 mg/m o=
AAISERAL, ol oml= &Y 1 F9F 10008T F 1989 #Fol
NIOSHY Cr(VD) sgE0] dist 8% =& 7|&(Recommended Exposure
Limit)9] 7+ vupAstRtHU.S. NIOSH, 2013).

Gibbot F&5(2015)2 201197H4] £ERo] ZTEQ A o|EF W&
2 AFPe BAl F AFFA = 1613%(F Z2E 23549 69%)2.2 35
7Hom 21799 HY AFAHEZLES] 9.2%)7F AdH. A= At
TAol A HF ARGl digt T/l Ble(O/B) =& ARSIl wEt &
SHA S7H3H-.

Q1 O/E = 1.18 (95% CI
1.81 (95% CI

M A

0.84 1.60)

Q2 O/E 1.34 2.39)
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Q3 O/E = 1.95 (95% CI = 1.44 2.58)

Q4 O/E = 2.54 (95% CI = 1.96 3.24)

EF 74 Cr(VD) =52 &9 2 &5 Aol gt HeE xdsh= 39
TdoflA #Qre] ROt SRR FRIFAUTHPC0.05). 21 4 Cr(VD)
L&2 o] IZTEOAN 21 ¥4 Cr(Ill) =& = 0.98, P<0.001)T} =& 4

T AL lo] "ol Higt Cr(IDY] 7o=g 2T & AT EE +3
Cr(VD ¥ Cr(Ill) =& ZFste] Cr(iDel sl =9 A EUT.

v A=9] ookt 344 #Hhe] R2gh(P<0.05) Adgol TEEH U
o] -2 JRuict I A=) Wik wet Fbsta I A9 {0
w2t =H(Gibb et al.,, 2015). o] &2 @5 U A=< HUS
at7]of] SESE Cr(VD) =29 EXAZ §tgstAY ZF=o] Cr(VD) 2 =<t
9] 71AYE A £ Aok F A BF v AFE s Cr(VDO
et e Hadtote Aa BHAo] Yo AF FHA 7)9ket TLVZF H<t
Fao] Higt FHE 2T o U ou|et.

Gibbet 520150 E3F Hd Ao @4 OSHA PELG ug Cr(VD/
mf) @ NIOSH REL(0.2 ug Cr(VD/m)e] AL AZH}. 45499 =Y
48g 7143 wf OSHA PELS ZAAE 225 pg Cr(VD/m® A7 ¥4 =&
o =EA7E FEo)(=E9] 1 AHHT@ 2]), NIOSH RELZ &
A5 9 pgoll =&EA7]= SO THCr(VD/mi(EF A= #Htoll digk Cr(VDY
O/E A1¥0o] 1.95% k&9 & HAZ =2 AMEYS] i)

20114874 9] Painsville ZTE QY o|EX HE 1% YHProctor et al.,
2016). ¥ TS EO] 1989 9] @] L2214 uwh7t E7tEo] k& A
ER9 s}t 71046}04 714949 2249 NEL FTEE PAHL ©
£ YOo= Qg AME2 F 167H(EZEY 25%)°190aL 11 F 7718°] H o]
otk W WHESMR 186; 95% c1:145228>£ oje] TaE HSMR
241, 95% CI=180317)Ett @ton, ol= Cr(VDol et kEFo] R
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_4

W o] et Z7ke A AXet. PElo|EE FE ] At
= 453 59 OSHA PEL(S pg Cr(VD/m)ol A&HoE 2= HY

2130l 10007 % 8.3og =A%FQlth 4539 <t NIOSH REL(0.2 ug
Cr(VD)/m)oll &2 &9 49 A8 2} 10008T 0.3z +
= At

6) A EA(Carcinogenicity and Genotoxicity)

AFZF(VDH Cr(lD)Z AZE AlZFoA FA5F0] Y= ALE YERT S
4 2]/ DNA olF 719 w2 IEAER &5 HigE <zt 2o
A-FotA| Lo A AL AJTHHa et al., 2003, 2004). AESANEH(Sodium
chromate) E3F #igH AZF 7|HA] HRopMz 7]%3’1] 73T A 3o A
S 9EF JMA &£Ao] FEEAtHHolmes et al., 2006; Wise et al.,
20006).

Cr(IIDel ois ket ¢4 whgo] = YHNakamuro et al., 1978;
Stella et al., 1982). 184 Cr(Il) =9 FAEA 52 5L A&
dofA BlAESE Cr(V]) 3RtERtt € A Wokth S71E 483 DNA &
Aol tigh A& A= A IS0 =ed HIZ oA = AT
(Blasiak and Kowalik, 2000). &A= X & M|LojlA Cr(I1D)o] st FA
A= Al BFES] Cr(VD) 2%, W9 =2 &Z0lAY BlEol4 3, Al
Z Y2 Cr(llDY AT Ee 71&d AZE 50 et Aol 9ol A7|H
tHDe Flora et al., 1990). Cr(Ill) SFKIE2 Atz o g Axue Edh
= 71 "ol Cr(VD) bEXH =40 AA[%t Cr(IlDe] Cr(VDollA Al
W o] o8 FAEEHAY Al W A[ARC|A DNA®SF ¥Rt
(Bridgewater et al., 1994a, b, 1998; Fornace et al., 1981; Snow,
1991; Snow and Xu, 1989).

494 =3 ATL 2T BRI GAFAH FsA40l ge B A
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Hooh AHRIYAT &4 E A7 Z=FolA Cr(VDl =&5 2Rt &
A(Halasova et al., 2008; Husgafvel-Pursiainen et al., 1982;
Littorin et al., 1983; Nagaya, 1986; Nagaya et al., 1991) ¥ A FA9]
Cr(IID(Hamamy et al., 1987)2 @rx Y LILoA FAA o]} Ex Z|uj
FAEA wke] S7HE 7 B ER] lth. SAFAN AgAto] Tofst=
Cr(VDoll =&d A dx+ox= DNA 7Ie dd E= H&AFoke
A19] sto]EEASHhydroxylation of deoxyguanosine)7} S7F5HA] Q3tA]
THGao et al., 1994), 19789 A& ZadAe Tx Hn o = DNA 7}
o Ado| BRIt Gambelunghe et al., 2003).

E7Hore] A7 A7 |=w ZFAR0| it Aol TR "ol F5 A
ok N EZA AH] Wik Z7H7F HAuE Atk Benova et al., 2002). & A
g0l SAHE 1599 AdAte] A8 Wl ¥ =5 9<(0.0004 mng
Cr(VD/n’, N = 159 ZgAe} Hjwstd R2(H+d ==, 0.0075 ng
Cr(VD/n’) ¥ %2(0.0249 mg Cr(VD)/1’) e& FIoA ¥x 4=+ 4 &
S A9 AEY & et SV BEE AN (Benova et al., 2002).

Cr(VDo] fd=4olehz Bl 9o, dAFE o= o B+ 43 4
T 4 % AlZE ZISE AT W Aol gy dEE HgE=EA
a7F = JdH(De Flora et al., 2016; Kirman et al., 2012, 2016). ;
Thompson et al., 2012a, b, 2013). o] Z3= Cr(VD) HH & FHe AH
o] GI b= #=o] YAt A9 I W gH30] Het v=rt= A2 £9Yst
A9k Cr(VD) AF= QIgt oj=et Axprt APAY] Cr(VD) Y ol 9A &4
HEAlE Bt okttt Cr(VDoll 28 ZAARe] of g it AFYE 4
oA 9T A9 F7PF WEEA EUHCole and Rodu, 2005;
Crump et al., 2003; Gatto et al., 2010). Gibb et al., 2000a, 2015;
Proctor et al., 20106).

rob i

Ay
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7) 71€} 93K(Other Effects)

0.0002 mg Cr(VD/me] § =& olajst Fako] WAISHA] ghert

oe HSHDERMAL EFFECTS)

H—l
B
il
e
9,
o)
[
N
r]I
olo
S
e

i)
g
ool i
r T

T
jm
1
kl
2

Jo
o H

L
>,
) X,
> S
.
Moy
off Hr

)

2,

-111 i L =2

Jo

S
ol
oS,
o
A|m
oN,
mlo
i
o,
=
N,

T

g o 27} Tﬂ-rlx] , HA g = A Winder
and Carmody, 2002) IF S Adsr] gt 7«2 g7 A1 i
ES AHES Aol WhEW A9 Cr(l) £& Cr(VDel thet &30l 2t
JRQIof A ¥kgo] =¥ 4 Qlti(Hansen et al., 2003, 2006a, b). ARt
Axto] 4EW AF(1D) FdES AR AFZVD 9 EAY A1 HAE
= Y 27] ¥k G848 & Ath(Fregert and Rorsman, 1964, 1966;
Mali et al, 1966). @A Cr(l) ¥ Cr(VDol oist mar w34
(cross-reactivity)2 YHIOZ WAL= 7oz HQIth

E
ﬁ\l_l
;T
:g

Al

ME HSHRENAL EFFECTS)

dHEU Lol Wy T AL AAE Zdlst 24 Ald2
| 3% ATE ST F AANA TYH A A
3t Al AP B8 A HBrieger, 1920). sy
A AYS B Y 3FoNA 2 F 5 L & g
R FEoz QI8 ol HF Age A2 & 940l 7IeH
1931). d=oll &0 &7k ool AU 494 EA7F 274
BE UOT ARt Eiket A At Aol HAUT. Al W *4
ANA Al A3 F T T37} A=A Major, 1922). Thejol A oF
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10 &%t ZFAl IR E =3A7] A7 =g APA = 24417 olHio] Hix
7 AR 8 2 4 AFdes JAPHA

gloteld 2|7} S71st
tH(Lin et al., 2009). Hunter?} Roberts(1933)= SIAEAPEE(potassium
dichromate)o] =&% Hsol9 A% FF= 7ISsHth. A5 W A%
Tl et ol Bl F o AE FFH =F JEIT ATEHA L3uH

oF ASHOCULAR EFFECTS)
Gibb%} 5F2E(2000b)0] Aet BE|HO] I2E AAA TS EL] 20%°fA

dutdo] HIEH Hyt E 52 0.025mg Cr(VD)/molxl Hyt 4
B A|7kS 604o]Qith. 7A9] nlE A EHolE A TAoA Aste I

ZHo]E ARt gt FH e AH(USPHS, 1953)004 & 3F5hE0] &=
of A3 H= Ao] WU Qtt AAbA vH-ZEH0|E ZAR} 45/155
5(29.0%)°l Hl5] ZZ2HolE AR} 430/897(40.8%)014 Aol o]AFA A
o] FostA F7FotA(P=0.003), 29UEEE IFAE FHFAH38.7% o
25.8%, P = 0.001)7} B &5HA HA=HU. 5 = EHEG.2% W 1.3%), &
9 FE(2.3% o 2.6%) E= Zu ZE7H17.0% o 22.6%)°14 TFAA 2
A7 T FuRt SVt EAEA gUT. FABAVEEY AFAVUESE
(pH 7.4)9] 1000 mg Cr(VD/L €9 0.1 mlE FYUstH E7]9 =l A=H
ojAY HAAL QAUthFujii et al., 1976). F7] F oligt 3=
(chromium dioxide)(15.5 mg Z&(VD/m)°l =& F9 =l tigh =245}
A HAPNA = ol UehA] Aokth(Lee et al., 1989). & O & A=
AANA AT} AF FHAHE S50 BE7|fA £ AZF YIEYo|E
(chromium nicotinate) 5.2 mg Cr(IID< A3 FZAotH Z9 EEo|u}
SA Gl A EAAT H-E 14]7F oo Autrdo] WA= th(Shara

et al., 2005).
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0

&2 H2HGASTROINTESTINAL EFFECTS)

< ARE F8 MUY yFol| A5ibdEel
LPEAL ol T IRE == 799

9] &do] g8 At (Brieger, 1920). ¢F 102 59 F24ko] 3
1 A7egd AR = HAAR, FE 9 BE52 BT (Lin et
al., 2009). AAt Hx9] Cr(V]) g8 =&d FAHE E7|)A HA}
B IETHGad et al., 1986). Cr(VD) S| 43E FollA & ¥¥e &
IACHSamitz, 1970). 13.5~50 mg/kg I2ALE(B.6~12.9 mg
Cr(VD/kg)e A1t YFHLE FoIgt FolA 7+ & A =43 gk H
S7F A Kumar et al., 1985; Kumar and Barthwal, 1991; B]=
ATSDR, 2000).

g AnE vpEAep T
Qo AFFor By

Jo

r >1":' —lTr‘ Uﬁ

0

9 B¢ ARR FABAEEEGEAY B9 1.1~32 mg/kg/day, YRY
$ 1.8~48 mg/kg/day)& FoIst =3 2 AHA vpFAoA ThA|Z Al

>,_<___1 SEs7F HAEQJCHU.S. NTP, 1996). H|:35t &9 thFst Cr(VI) s
TES ARESE 7 dAFoMe B 2FE 4SS EICHUS.

ATSDR, 2000).

SHo5HE HSHHEMATOLOGICAL EFFECTS)

AZSE WA Z7HE5(MAEE T AE, T4 AlE E S5LAREY &
A Skt M), §9 AET 4 Howell -Jolly &A|(&EE W
W7t &= A=ms7] s AE4APEE
oAl A=A (Brieger, 1920). WEF F7H52 BH A4 TN F2
A YEE0| HEo EH T F&

Ao A= A= AcHSmith, 1931). ¥1&
XV} o E &4t 9 102 &<t i%ﬂ]ﬂ 54 )
., 2009). & I3FE) HE =& T FEONA FATH ol dig o

= et HE AXE

oo
ofo

ol

-
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MAl ASHREPRODUCTIVE EFFECTS)

874 Cr(VD) 3RtEo] dAlT Aol mA|= %6&011 gt % d+E
oheFet 237 e THIPCS, 2013). 4R
Hj--Zko]l gt Cr(VD) =9 o] it A+
2013). Cr(VD) 2= =4 21“14 Zilol A7 IE% A AR oA A AF
4, A2 254, LDH 9 LDH C4 5584 E 233 v|uste] 525t
A om(P(0.05), FSH 52 & oP?ﬂ S7FATHP0.05)(Li et al.,
2001). A4 4 Ig 540 Ui 5= A7 24YH(IPCS, 2013). &
4 FEje] Cr(VDoll thgh A4 d+t= d¥td o2 10 mg Cr(VD)/kg °439]
S04 F9 A 18] JFE v|X = ALE YEyth

iS
Fll“ m;

¢

l‘ll‘ r_il;

TLV® A A

329 ZZ2t0|=(Chromyl chloride)
1980: Aok TLV TWA, 0.025 ppm
1982 2018: TLV TWA, 0.025 ppm
2017: ARk 9], AF% FUegE H=E
2018: 43}, A5% FrlskdE A=

32 U 27|3Fet=(Chromium and inorganic compounds)

1946-1947: MAC TWA, 0.1 mg/m*  IZAH} F2Ho]E(as Cr03)
1948-1949: TLV TWA, 0.1 mg/m’ 24} 22 0o]E(as Cr,03)
1950-1975: TLV TWA, 0.1 mg/n®  IJAT} Z2H0]E(as CrOs)
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1968-1981:

TLV TWA, 0.5 mg/n’, as Cr 7VeAd 4E, 489

(Soluble chromic, chromous salts)

1974-1976:

1976-1980:

1976: TLV
1977-1980:

1978-1986:

1981-1993:

1981-1986:

1987-1993:

1994 2018:

136

TLV TWA, 0.1 mg/m’; Ala 574 284 I=zuo|E
(Certain insoluble chromates)

TLV TWA, 0.05 mg/m’, as Cr  I24 @ JZdolE

(Chromic acid and chromates)
TWA, 1 mg/m* F& S%(Chromium metal)

TLV TWA, 0.05 mg/nf, as Cr; Ala E% &84 229
O0]E(Certain insoluble chromates)

TLV TWA, 0.05 mg/uf, as Cr. Ala =% 7}z
(Chromite ore processing)

TLV TWA, 0.5 g/ 3&F 3% TLV TWA, 0.5 mg/
m’, as Cr  I=ID I =1 = TLV TWA, 0.05
mg/m’, as Cr AZVD) 84 3ghaE(water-soluble
compounds)

TLV TWA, 0.05 mg/n’, as Cr; Ala E4 84 32
(V) 3}H=(Certain  water-insoluble chromium(VI)
compounds)

TLV TWA, 0.05 mg/nf, as Cr; Al, QA @t &9l &
(Confirmed Human Carcinogen) EX £84 7
VD) sRFHEY IE37FH(Certain water-insoluble
chromium(VI) compounds and chromite ore
processing)

TLV TWA, 0.5 mg/nf, as Cr; A4, Q1A & 4= E&F

E7KNot Classifiable as a Human Carcinogen) &



I gz

24 9 Cr(1l) Z¥HE(Chromium metal and Cr(IID)

compounds);

TLV TWA, 0.05 mg/m’, as Cr; Al, A & &2l EZ(Confirmed
Human Carcinogen) F84 AEVD) =
(Water-soluble chromium(VI) compounds);
TLV TWA, 0.01 mg/m’, as Cr; Al, AA ¥ &l 53
(Confirmed Human Carcinogen) 284 3=V st

2r=(Insoluble chromium(VI) compounds)

2017: AE: TLV. TWA, 0.5 mg/n’, as Cr(0), TUR 4 B4 &%
FAE(Inhalable particulate matter Metallic Chromium);
TLV TWA, 0.003 mg/r’, as Cr(ll), TYAH I EF
(Inhalable particulate matter); RSEN; DSEN; A4, QA ¥+
E32 2% E7HNot Classifiable as a Human Carcinogen)
A1) 3IFF=E(Chromium(Il) compounds); TLV TWA,
0.0002 mg/m’, as Cr(VD), &YA YA} &Z; TLV STEL,
0.0005 mg/w’, as Cr(VI), S¥UA ?JX]‘/\} =4, RSEN, DSEN;
Skin; A1, <X ¢ &l EZ(Confirmed Human
Carcinogen) E=E=1AY)) Q—BL”(Chromlum(VD compounds);
TLV TWA, 0.0001 ppm, as Cr(VD), SYA && 9 3Z7]
(Inhalable fraction and vapor); TLV STEL, 0.00025 ppm,
as Cr(VD, YA & ¥ Z57|(Inhalable fraction and vapor);
RSEN; DSEN; Skin; Al, QIA It &< EZ(Confirmed
Human Carcinogen)-A2% ZZ2°]=(Chromyl chloride)

2018: &1 TLV TWA, 0.5 mg/n’, as Cr(0), TU8 I B4 2%
FE(Inhalable particulate matter Metallic Chromium);
TLV TWA, 0.003 mg/n’, as Cr(I), U4 dAHg 4
(Inhalable particulate matter); RSEN; DSEN; A4, Q1A ¥t
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E24& E% E7HNot Classifiable as a Human Carcinogen)
FEZD) 3HE Chromium(Ill) compounds; TLV TWA,
0.0002 mg/m’, as Cr(VD), SY4 ¥UAr &4; TLV STEL,
0.0005 mg/m’, as Cr(VD), SU8 UAF &% RSEN, DSEN;
Skin; Al, <A ¢ &9l EZ(Confirmed Human
Carcinogen) FAE(VD) 3FFE(Chromium(VI) compounds);
TLV TWA, 0.0001 ppm, as Cr(VD), €94 & 2 3J7]
(Inhalable fraction and vapor); TLV STEL, 0.00025 ppm,
as Cr(VD), &944 && ¥ 3I7l(nhalable fraction and
vapor); RSEN: DSEN; I F=(Skin): A Tk &<l &2
(Confirmed Human Carcinogen)-Z2% Z=Z2to|=(Chromyl
chloride)



5) 67} 320 93k OSHA PEL AA ZA(R29 CFR Parts 1910,
1915, et al.)

20064 249 28Y wl= OSHASNA 7 67F A7 digt A4 k=&
FZ F2(29 CFR Parts 1910, 1915, et al.)2 & 2673 o|A &2 AFs| 1
tioict, o AFE A= =] PELC] oJH IHHE AXH NAHEHA=A,
LA & IAAEY =22 =A7E $85H 154 71 89 ¢ AY
(Summary and Explanation of the Standards)?] (a) 82 (¢) 3] 8x
Z7]&(Permissible Exposure Limit, PEL)< ¥Fslo] HISI¥ 3, TLZ
o2 Ayo] 7tset #7421 18% #F 7]1&(Final Standards)S A& ¥
Stof =3k

(1) He

o= ==X (DEPARTMENT OF LABOR)

)= 21 AHH B A% (Occupational Safety and  Health
Administration)

29 CFR Parts 1910, 1915, 1917, 1918, and 1926

[Docket No. HO54A]

RIN 1218-AB45

67} AFol gt A YA =E(Occupational Exposure to
Hexavalent Chromium)

71#HAGENCY): A AP AH(Occupational Safety and Health
Administration, OSHA), =&%(Department of Labor).

%2 (ACTION): % 3

SUMMARY:

139



o= A GMFAEAF(OSHA)Z 671 AE(Cr(VD)ell thet A4 =& A
“6} 71%_‘— 712 MAsHE. OSHAL @A o]& 7183F 24+ &7 9]
19tste] Cr(VDol tigt @4 -8 .&7|(PEDC] 2247 A% &4 9
?___] 51- _l,]oloﬂ X]Uf]oH th-_l’l ﬁx%oﬂq—

2E A2 F71 49 vEHG pg/m)F Cr(VD) 5 xgol 8AIZF A%t 715
B (TWA) =& 7|02 HAAselrh o= Cros= BEiE 37] 1099
B 1 mg(l mg/10n’, = 100 pg/m’)9] 71 PELO] H|sf 45| 7Hagt
Ao=, Cr(VDEA 52 pg/m9] 7|20 izttt

o] & AAo| Higt 7|29 FAE Cr(VDol =&H ZL2A7F HY &
Aol == AL uigttt. &3t o] 7|80 AU Cr(VDol &=
A4, v A4 9 oi &S §

% A =& 240
*%E oﬂ gt &4 Hig

A

ol
01' r1r

\l

o] | 95} 43H PELL 71&H o2y BAHo= 7?— Ao W4
7HA Cr(VDoll Higt g4 =2 Qs ZEAA Psh= A4 A2
aaAE 5 Qe 7IEelth

l

DATES:

o] HF A 20069 5% 30%0] FaH. B 2G| e A2 2
A= Auk A4l H9- § 1910.1026(n), 2AFL] H9 § 1915.1026(); &

2499 § 1926.11260°] F5o] Uk, TA ATE P T 1
57} ol o] OMB(IA TelFolH TG Te] WSS ANT 7
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OB} 19954 £ 1 2490] we} ojejst x4 87 A}
o tzol7] gt

SUPPLEMENTARY INFORMATION:

e 2 HE J)E0] oE A%e 7EE Ushid o AZols
OSHAS] ¥ 7o) o3t AAe 4, F3 A
29| 80 9 39S EaIsto] FDAY AHL FU
Felol Uk

o,

o] HF A2 EE Cr(VD =0l et 8AIt AR 71s Bdoz &
71 A vE" Cr(VD) 5utel22 235 pg/m)e] 3§ g AAPEDE &
getrr. o] 73 A SOl Aled Ee A8 SAE LT F OSHA=
Cr(VDol digt 243 gz At A4 47 A2 S°17] Asf 5 pg/m’
o] PELo] ¥ R3lth= 3‘4%— 2H4<S WRio. o] 139 9F2 Te Aol |
3 VleHozy AAFoR ddE et 7P 92 sEolt. o] PELS A
g3t7] 1%t OSHAS] 17401] et A4 A2 V(@D 8D, VIRT
o 87D, VIHEY $84), VHI(JJZ A 24 2 A 794 w24
P & XVUIE 8 & 25, &= (0, 38 =& 79 AA= At

OSHA®= 5 Cr(VDell tHet AHH & thF= Al 714 Ex9
712S A5t ok dl AF4(29 CFR 1910.1026); 241429 CFR
1915.1026) ¥ AXA(29 CFR 1926.1126). PEL Qo= 0|23t A 7}A] 7]
o= =5 2%, &5 U, 257 o, AQdE 9 gy, o8 g ¢

&, 97 A, SARA gt Cr(VD) 98 FE AL, 71E R E &5 9
#Hcompliance dates) 5°| Z3tEo] Ut} Ayt 4] HFo|= A +9
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o] x—],ﬂx%ioﬂ gt 271 2ol
2 (dolA (n)7HA)ell= o=
74011 qw AA =27F =] Qlet. 20049 10€ 49 A
st 2 7k 9 WA AR OSHAZF oA 7|7F 9 33 3]
U ZA7E 24 Aoty 39 WA A2 ofjof g.9kE o]
E(AA XV)Q] aoF 9 A9 MM AA5] Ag=lo] gict.

0% BAH= ofdfe} o] LA o] grk

30,
o
o,

rsﬂ
i
ot

X

oH,
- 1z

b
L
rok

o oy
Mo
OPN 1o,
ko
18
WE,

N
HN
=2
]

off 2 mob px
_O‘L
A

0 9 ¢

i
iz =

flo

Agé
2o Sl o

1

o
A
o,

Il &2 $X HSHPertinent Legal Authority)

. & 7|& ¢A O|HIE(Events Leading to the Final Standard)

IV, 3Fet MAtaL AAX At)(Chemical Properties and Industrial Uses)
V. 1% F&(Health Effects)

A &5, BEx A A 9 AlA(Absorption, Distribution, Metabolic

Reduction and Elimination)

1. 25719 &Y4H Cr(vD9Y A& 2 A A (Deposition and Clearance
of Inhaled Cr(VI) From the Respiratory Tract)

2. TYH Cr(VDY 8%F &<%(Absorption of Inhaled Cr(VI) Into the

Bloodstream)
3. Cr(VDY & &(Dermal Absorption of Cr(VI)

4. AFE B3 Cr(VDY E<(Absorption of Cr(VD) by the Oral
Route)

5. AW Cr(VDY EZ(Distribution of Cr(VI) in the Body)
6. Cr(VDQ A Zra(Metabolic Reduction of Cr(VI))
7. A Cr(VI) AA(Elimination of Cr(VI) From the Body)
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R el 4Ly oF=3} g (Physiologically-Based
Pharmacokinetic Modeling)

. 89K Summary)

. @t J3F(Carcinogenic Effects)

. ARYo|E AJAF EARAo| gt Z7(Evidence From Chromate
Production Workers)
. AZYolE U=m A FARA Hist S (Bvidence From Chromate

Pigment Production Workers)

A5 T&F ZAAR] gt ZA(Evidence From Workers in

Chromium Plating)

. AHIJAYGA A" 84-Z9) gist 24 (Evidence From Stainless Steel

Welders)

Hz235 ZJA| st Z=A(Evidence From Ferrochromium
Workers)

. OE A BERE ZE2AR =7 (Evidence From Workers in Other

Industry Sectors)

AYESE d719 ZA(Evidence From Experimental Animal

Studies)
. 71413 318 AFK(Mechanistic Considerations)
CHEIA 57 93F(Non-Cancer Respiratory Effects)

87 A= 897 2R AY 2 87 4 "2 (Nasal Irritation, Nasal

Tissue Ulcerations and Nasal Septum Perforations)
. 294 AA(Occupational Asthma)

. 7= A Y (Bronchitis)
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4. Q9F(Summary)

. IX FG3KDermal Effects)

E. 7|8} A7} 93 Other Health Effects)

VI.

AN

144

Quantitative Risk Assessment(HZFX QAL
N8 (Introduction)

At AEi(Study Selection)

. Gibb ZZE(Gibb Cohort)

Luippold 3 E(Luippold Cohort)
Mancuso ZZE(Mancuso Cohort)
Hayes 3 E(Hayes Cohort)

Gerin T3 E(Gerin Cohort)
Alexander T3 E(Alexander Cohort)

AZH Ay H7E Yo AH=E A (Studies Selected for the

Quantitative Risk Assessment)

. Gibb ZZE 7|9 AFH A H7HQuantitative Risk Assessments

Based on the Gibb Cohort)
A ]I H7HEnviron Risk Assessments)

)=t ZH AR AATLANIOSH) 984 H7HNational Institute
for Occupational Safety and Health (NIOSH) Risk Assessment)

A 984 H7HExponent Risk Assessment)

Gibb & 714t 9984 H7F 29K Summary of Risk Assessments
Based on the Gibb Cohort)

Luippold ZZE 7|4 AHZFH AFA H7HQuantitative Risk



e

Assessments Based on the Luippold Cohort)

Mancuso, Hayes, Gerin ¥ Alexander 3 E 7|¥F A%H A4
H7HQuantitative Risk Assessments Based on the Mancuso,

Hayes, Gerin, and Alexander Cohorts)

. Mancuso ZZE(Mancuso Cohort)

Hayes @S E(Hayes Cohort)

Gerin 3 E(Gerin Cohort)

Alexander S E(Alexander Cohort)

Gibb, Luippold ¥ &7} T3 E 7|9 84 A QK Summary
of Risk Estimates Based on Gibb, Luippold, and Additional
Cohorts)

ol4z @ B3I A(Issues and Uncertainties)
ZFAZL] Cr(VI) k&of thdt B84 (Uncertainty With Regard to
Worker Exposure to Cr(VI))

nd ESAAY L& A4 U 8% IF(Model Uncertainty,
Exposure Threshold, and Dose Rate Effects)
59, A5 9 A7 222 AL 2399 J¥(nfluence of Smoking,
Race, and the Healthy Worker Survivor Effect)

2 AFolA Cr(VI) k=&l tigt A& F4#]2] A/ (Suitability of
Risk Estimates for Cr(VI) Exposures in Other Industries)

H. ZZ(Conclusions)

VII. 2189l £2M(Significance of Risk)

A. A7 oigt 5234 &4H(Material Impairment of Health)

1. H¥(Lung Cancer)
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2. H]-9AA As(Non-Cancer Impairments)
B. 934 H7HRisk Assessment)

1. Gibb ZZEE 7|9to 2 3t HY 9 (Lung Cancer Risk Based on
the Gibb Cohort)

2. Luippold ZSEE 7|WrCo 2 3t HY YH(Lung Cancer Risk Based
on the Luippold Cohort)

3. v]-"EA A9 ¥ Risk of Non-Cancer Impairments

C. 984 ¥ AFA- 749 392A4(Significance of Risk and Risk
Reduction)

VIII. Summary of the Final Economic Analysis and Regulatory
Flexibility Analysis(£21ZE ZHE2A U FH Q04 24 Q0
IX. OMB Review Under the Paperwork Reduction Act of 1995(19954
MF SAHN OE OMB ZHE)

X. Federalism(@&3=9))
X|. State Plans(Z 7|2l
Xll. Unfunded Mandates(3X2 Q|QIE)

XIIl. Protecting Children from Environmental Health and Safety Risks
(B3 24 3 oM QUCERE 020 2S)

XIV. Environmental Impacts(&d &g

XV. Summary and Explanation of the Standards(7|& 29 2 AMdH)
(a) ®#(Scope)

(b) A9 (Definitions)

(c) 518 :-=7]F(Permissible Exposure Limit, PEL)
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(d) =& ZA(Exposure Determination)

(e) TAIAY(Regulated Areas)

() & (Methods of Compliance)

(g) 3&7]E S (Respiratory Protection)

(h) ZFYE 59 9 HH|(Protective Work Clothing and Equipment)
() YBAY 9 AF(Hygiene Areas and Practices)

(G) A8 =(Housekeeping)

(k) 9)=7A](Medical Surveillance)

1) AR gigt 3=(VD) 8814 HE AL (Communication of

Chromium (VI) Hazards to Employees)
(m) 715X 3 Recordkeeping)
(n) AP L(Dates)
XVI. Authority and Signature
XVII. Final Standards
XVI. #gt Y MB(Authority and Signature)

XVII. £|& 7|&(Final Standards)
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2 PEL

(2) 0|2 67t AE 7|0t H2E HY

u]=9] PELO] oJH A2 AA NHEA=A], At & TAREY =02
AA=A RIS Hotd 158 7| 8 ¥ AHAY(Summary and
Explanation of the Standards)? (a) WL (0 HE=E7|E
(Permissible Exposure Limit, PEL)S HYsItt 744 Y& X5

IHE FAARD

XV. Summary and Explanation of the Standards(Z7|& Q9 L M)

(a) H2I(Scope)

OSHAE &A1Y, A4 9 2AGNA 67 ABEEVD EE Cr(VD)
oL 3D =S EL W9 7|F(standards)S LstL Q. 2A
Aol digt 7152 ¥ Huld E T4 A= J&Hct A4 2 2AY
712 AR o FAREARE dat Ak o] Z|ETt B 7EX] HolA zpol7t 9l
o} OSHA+ ©] & F29 B4 zx7o] oyt 4kdlo] HE== Ay i o
£ 9 AE BSeit) o] 9oF 9 A2 dut A} gt HF &S
Avsta o] A3 AHY E 4G 7IE 1Y Aoldof disf gttt

=RAES gubgo g dut A1¢, AAY 9 2AG tigt BxY &S
AlQrst71 = 2F OSHAS] 242 A AFTH: Exs. 38-199-1; 38-212;
214; 38-220-1; 38-236; 38— 244; 39-19), Thdt 3t o] A|QtA=
7|%0] BE BEo] HEE oo} gpil FHPTHEx. 39-51). HE9
Ao Higt 88 EYH FE, Bro 7|ES vt Rt
9 74 9 HEo] FHE Tt ¥ JHAAANAES EA 5ol 4t
o] dut AJQ] VR AMY 7|Eol o5 thFojAof gty ST
(o: Exs. 38-203; 38-228-1, p. 18; 39-52-2; 39-56). ; TFE AFFE
ArE AEA E A 7]E0] AjbE Gyt AHY V|EET @ HEHQl

Fds

o7 ZFEFAHExs. 38-222; 39-71; 47-23, pp. 16-17; 47-28).

Norow
O

N

A")

wL rlo
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(c) Permissible Exposure Limit (PEL)

742 (Introduction)

2E 7429 OF2 371 I "EG pg/m)F Cr(VD) 5 mlo]A =119
8AIZE A7t 7HE BHH(TWA) kg 7|E02 HAATt). o] 7|&2 8AIXF &7
At F Cr(VDol st H &0l 5 pg/mE 23T & S-S vttt
NEL 7|28 CrOs& 4% olA PELY 28 Cr(VDol F{Hth CrOs&
HuE 37] 10990 Eg 1282389 o]d PEL(I mg/10m® = 100 g
g/m) Cr(VDQ] 3AQ 52 pg/moll sjgatet. OSHAE Cr(VDol sl 1 x
g/m’e] PELZ A5t o] PELZ ©] 7]3o] oA PELOIA Cr(VDel thsf
AAHOoR LwEd L2 AlololA At Hot HdS ZFHsta, At
PELS &5 1 AP A33] HaAd AR AifHT= oH]
W37] o A=At FA OSHAONA A+ & AAE HR o
1 pg/m'Q] PELL ¥ dh= AQdol AR, 714 = Ad 7hsdt
2 BHEQ7] w&olqltt. PELS 1 pg/m'el PELO gt AHAlo] oisf
B EdE 9aE Eelle 3 AW A4 =Y 230]q0H Al
= PELO] Hig 4 A A7} AAHExs. 38-199-1, p. 42; 38-219-1, p.2;
39-73-1). I84 dith49] =252 A|HE PELe] Aottt AztstA]
ottt dF+= ARt 7|Eo] A EVMsotAY A7 2 A SA00 s
= x| =il FASHA B 2 PELS AAst= Ao] Fdsitta
FATH: Exs. 38-205; 38-215; 38-231; 38-228;38-233). €42 <A
AAAEL 10 pg/mExs. 38-134; 38-135: 38-195; 38-203: 38-212:38
-250; 38-254)7} AA; 20 pg/m'(Ex. 38-204)°] ZH; 23 pg/m'(dl: Ex.
38-7, 43-22, 43-23, 43-25, 43-39)7} A4 E= 26 pg/n’(Ex. 38-263)
7} AAstH= Y14 PELS Attt thE AGEL At PELS] 990
etk F49on OSHAE 0.2 B 0.25 pg/m's AosHs o @2
PELS Aeisfor stk FAWUHExs. 39-71; 40-10-2; 47-23; 47-28).
T2 A 715 SAE ASSHA 18 & OSHA= 5 pg/n'e] X< PEL

0

[¢]

2 JU o B o i
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S AR o] AZ A4 voﬂﬂ :ng A7 FF 700 bzt OSHAY
FARz Cr(VDoll Higt o] et A7 FFET ofye HYS
gtk o] 719 Av] A8 XHQWOW‘% A VIel AAE OSHAS] =
2 A9 ¥7h= ol PELAIA Cr(VD) &2 I 9] 7 A=T 5+ A

FHA7E LEA 10008F HY AFEATE 101~35172 23519
UEhdTha gelstgiet. A VIIOIA =9]d 8ot #ol, ol= 7ol =gt
&Y A fde €939 A= AS Qv OSHAE PELZ 5 pg/

il o] 2A Eols Aokl BT OSHAE Az
oF Qg A}UJ 2Eol 10008 109olA 457 AtolQl

= AL 1t 28y & AR IHolA BrhE FAE Ve R
OSHA+= 5 pg/n’e] PELO] H4sitta 2E8S WH-

N2 PELZ BE 4ty HofollA 7[ed o2y HAHo o] 7
stoh g 4e 3371 9@ dE @57 BEEY T2 oY R
Sk 2oF oA 271 Ado ARt 5 pg/m’e] PELC] AE 753kt A<t
HAME(OSH Acy)e] A 6(b)(5)°l =2t OSHA= M= PELO| B4l Xﬂ
ool wet AFSE7E ARt o R E4F 4= Sl HA 7Eolgty AR
ol A= AEEZ "F £017] sl AF Ao 71 8F ARfo] =Tt
T}, OSHAL o33t Bz RFo] J2& PEL ©E0a 243 7k o)At
S A2NE AR oSttt 5 pe/me U PELS st
OSHAS®] 7= ofefioll AAs] A=At EEL =BA A 7MY S83%t
EAE SHeE FA9H. (a) €AT PELC] BE IAF 3= A,
(b) oheFet PELA] Wit 71& 2 AAE B34, (o) A4 69 84 (6) A

d 7Fs g Aok 7MY BES ARl VS XS, (d) IR kE VIS

o] WQgHA] off,

S¥¢t PEL2 ZE IAE =iE=0 HE

No{N$

2.

rir
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stotal Wt OSHAZE ASsts 98 F3A+= IJA HEE(sodium
chromate)¥} £3EAF YE&(sodium dichromate)d] F& &% I 24t
A AR F AT EOA F5HT W2 oA AAAES ol ATE
9] A FA7F B oE Cr(VD =0 48 4 gl 43
(Exs. 38-106; 38-201-1; 38-205; 38-215-2). & A 7|54 H3},
&5 4 9% IAE A=A B7Fe & OSHAE 2E Cr(VD) 3RHES ¢
Fgoz ZHFUTHEL =9l o] HEQ A VE #HR). OSHAE I&A
A(chromate) 4t IS EOJA 7fdtd AF FHA7E hE AMGolA o&E
Cr(VD) 3RtEol digt 553 L&A dd=e AdS FHoz gust
o1l A3 OSHA= & A4 SARS] Gibb ¥ Luippold ZEEO|A]
F4E f9o] T35 =9 Cr(VD) &) &5 tE 449 224
of gt YFS FAsHA U= A& IAFTHe| 3 22 s}
= A= o] AEY AA VL VIO ZAs] =9)), (53], AHH A ¥
7kl A4 VI(H) 3x). OSHAS 98 F4A= 2E Y4 Cr(VD) &S
e]d o7 g #5l7] W&o o] 73S BE Cr(VI) 3FHEo] 283k 4= =
@ PELS AAsH= Ao] Adsicty wach B2 743 AY F7HREo]

o] A HHAlS X AWK Exs. 38-214; 38-220; 39-20; 39-60; 40-10; 40

—

=

I

5 pg/m'e] HF PELS ¥ W= IE Ao disf 7[edo =24 A
Aoz Ad 7hedtth AjbE PELO] ohdt.

OSHAE 5 pg/m'9] PELO] F& W BE AolA AAHozY 7%
Hog Ad 7hFsolttal ZEA QT TS OSHAE 7150 AlEd oA &5
Ag 719o& Atd PEL 1 pg/m7t BE
2422 Wt OSHAS g4 27442 ofgfio] A= Sl

< PELY 7|=2 g4, 714 B34S 24T 1l OSHAE= °|d 7]
=2 AEY HYAA AT AMZ 5P 53], OSHAY d 7|+
(United Steelworkers of America v. Marshall, 647 F.2d 1189 (D.C.
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H
=4 g B7Foh] {8 WA ntaE AP MY OSHAZE AdEtt
PELS] A3 7Fed= A5k d Qo & AFE 7HAL Atk "2l A8 3
AT 647 F.2d at 1309. 7|4 9 FAH A3 7k BT "AGEE
HIEoJof 3lt}.""647 F .2d at 1301. 7]0] 7|[&Hoz2 Ad 7Hsolth=
gg5t7] Hsl "OSHA= yHAQl 7o) tfFE22] &J#golA PEL
54 ] W AAIY B (work practice controls)
a o

ARl 7HsAdS JSaloF Bttt 647 F .2d
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o o
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k= b 5 €4 gl "t =
SEY 71 B 19T IF 340 SFES Yadittes OSHAS &

PEL ©]st=2
283 EA AL Atk A
SEHDF AE HY o it 89 FH
FEA 89F #X). FEAY AAIH T2 2}
o], OSHA= 5 pg/m'e] PELO] J3F<
oA 71&HoR HAE Thsotttal AEX Q) o, ofgjolA T AAls] A
Fols dF &3+ T Y2 A= qnt 37 BEolAT EH FA
A9 5% ool EFETFE AMESlof Sttt AFA bR gAAket AE
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el
o
Ku)
1)
et
md
=
)
=
@3]
—
i)
>,
2
o
M,
rr

oy

1562



OSHAE F5%F A oA =+ 74 g #dd 93571 =4 2 o3

437 BE w0 A9 Fokd wel @ Auy w7t 25 pg/m HUY
w22 pelg 5 glov ol AYS SAtE BREe FARA 5F
277} 9 A5 AYTHEHNY F7 S5 HAGo] Tt

gt o]+ OSHA= A7t SAFE & 25 pg/
w2 Agkstr] s Fehy Ty 9 AWy BYE AHESIES 25k &
A5t ok 1 o2 PELS &4317] Yol 387
PELS 25 pg/moz AAstx] QFgrom,
2 RE AR nE ZAYofA 425t
= V= = oy SARAE HE
L Y 7HsS SEET 2 Cr(VD) 59 &5
oo FAAsict flofA =gtk vie}t Zo] 5 pg/m'e] W PELS Y
9] 9Ju] Yollxl= Ad 7HeotAR, GE A}olA= AgtHos SEES
£ Argstofof ot F3e-F 4 F 7K B4 AolA 8% SFE
TE AR&sfioF gttt o] AMESt= F 7HA T o =R
d2 oA =93t of ZgH ol=gt &Yol sl OSHAE =%
HD Q7 ARpe] H% S| s STFEIA s AlF == 7t
& H|wste] 7} B3 AM-S 83ithal skt

AQtEl PELO] 71&7 EldA. OSHAE AFE 1 pg/m'e] PELC] D.C.
Circuit's Lead 239 7|50 ot} e AQoA 7[edoz Ad 75
A il A2WRT. HAY 71ed B34 Foe B Aol 7|5k 7]
9 % 57 PELO] ©<d] SZHI19 FH S AHEZ Bl &2 ¢

7] ol 7eHor Hdd 7hsohA dthe A - 647 F.2d at

-

T

i
ook Elol'
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fol

=y

i
N4 ol
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)
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1272. ol A 2EEZF AHES dSliof she 87 AR Hshe A
o] @g3slth= OSHAY 2l Asfet ARt 343] Begoa 35 Al
(Public Citizen)2 &% 4t W 439 3H0IM 4 &5 Al
HSF AMgo] "Qst B¢ EE PELO| SEEIST AMSS BolAT &8
& A= AFol= PELo] 7[&A o8 Hd 7Hsdt A0 g IHpE oo} gtk
FAUHEx. 47-23, pp. 12-15). 1 YB2 & AS] AT 7]-5«1 Et
3ol dish edE A5 LA k=t HEol,
(O A2 AgolA =2d upet Zo] ZAAFolM TFHTFE /\}%ﬁ% Z
< A b L BA EAVE e 5 A SRS A8

2giape] Aol Azt % 9o
ArFoe Sdo| A3k & At EFRETE TFRETY TG B
F AU TF AT Z712 A8 B PUH $7e F S 9
7L &4 w5 5F, HEo 4G, TV LE L &L FE 2
o BAH Q01 £F HET AGI T g3t TR YH g2
712 4 9ok 8% 9 537) W8, ¥ 7% A 444 EE 234
A A, a2 s Ao EE Aed gejet 22 gota A Qs ol
SRl AT = Gk A FAEL Y, B4 2 A 9go] 37}
T % Utk A7 BEHETE QPHOR Mg Ao| WKt g
o AgSHE ARt o Fasi

]
4
A" FF5 5 gtk AL Selfth 7S] e Fekd B 2 2]
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2%, OSHAE 3384 el 4 sy Fej7t o SA4 v
2 1 pg/w MO EY 5 Q7] Yol 1 pg/w'e] PELO] Al A%

N

2| F4 ot H(SMAW)O 7[edog Ad 7hsohA] Yot AEWE
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Auk o](52%)°] 38+4 e P AJEYY AHE ARESHY Cr(VD) &5
1 pg/uf PIRECE £ 4= Qith. 55| AHIYA A9 42 HA Abto|
A4 97 HA- Ut 657] o439 3&8] NAICS ZEE ¢F 127,0009] &
BEAE 11-85H= 20,00070 o]/d9] AlAdoA HAET. SMAW= AEH|IFA
7 |79 7P gukEQl f3old 67,000 ©lAe] SARRZE £33ttt o]
= AA 2HJAYAT 855 9] Ayt o]ifola 7]&o] HEEH= BE 84
39 1/49] NFH}. OSHAE A SMAW 4l 7ta 2 o3 8% (gas
metal arc welding, GMAW)S Cr(V) =& &°|&= 7P Adstal a3}
Al WRjor AZFH. SMAWEL mpb7EX| 2 GMAW= ¥RbARl &4
FolATE GMAW+= SMAWXHT le&o] o] ¥ oty I8v HE
3] FA 7150 AEH SAE HPLE OSHA= @A SMAW 29
60%5to] GMAW= Hgg &= ok W1 QIrh(Exs. 38-220-1, p. 8; 39-
60, p. 3: 39- 70, 28 °]A], 35410, 4H0]A]). E3 GMAW=Z A3 5

U= AF o] 1 pg/w’ o144l SMAW ZdollA e LE(LRE 4Hjo] 5%
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40%, 724 9 HF B 59%)T TFETT §lo] 1 ug/w’S PELE &5
& & Qlrh. EF OSHAE: 1 pg/nf9 PELS &7] 7H8A9] Aoz <ls)
Aol AY dHE F2oA FRFHE 2H ALY 83 71&Her B
7Fedtetal APt sohy w2 AW A =E5S 1 pg/m’ T
S & AHEA &2 # 7] 2ol AdEAY THE FIM LEHRIEA
7 84 A4 HFES 1 pg/wd PELOIA TFESF7L asit. &
=01 Gt ARRlofA 2ERIZ AT &4 AR 60%= At F3tlA 55
sk ] 9 ARAAY JEE ARSSte] AdE PELe 5T 5 ]lth
foFstd, OSHAE 7P dubd]l 84 2 5 4571 1 pg/m'e] PELZ
E=5ote Aol E7FesiHa 22& W OSHAS &4 Ajlo] Higt 7le

A EfgA Ao dist AAIsE AHE FEAS IS #xshd ok ESH
OSHAE € durAQl f39 &4 2hYo] 384 &y ¢ ZJdHsy #e=
1 pg/m'9 PELE £45k= Ao] 71T & AT &79] TAof &= E4

o2 Qs 1 pg/m’e] PELS YxHty o
thal 443t 53], OSHA= Aljtd
P Al Ao =2 A FEEHA 7] "Wzl &4 A}dol 43 &71635
o AT 8732 5% 2 UE 139 &
AdE7E AR AAE BYEHSH| gAY E7FsStHEx. 39-22).
ESt AR 8 F39 88 ot AR AR A ZYGst= F97t
27] o] A9 &8 Aol disf 7led o g Ad 7Hedt o] AF|RlE
27404 SMAW ol =AY 1 pg/w’2] PELL 7[&d 02 755
L4L 65719 A& tE 328 NAICS ZE=o ZA 40,0007 ©JAr9] Al
Ao A FAYHE T &2 ohFet A (Ex. 38-8, p. 5ol A4 ohfst E%
oA o]FolAtt. AHQIEAT SMAWE dHtdoz thE 87 &= Aot
A3} 717k oA Y=, o] SMAW &350 Aot o B2
Zof QAT FAAE E2AIZ 5 AthEx. 38-214, p. 7). Eul9] E4 AF
A2 "OSHAOA B7tet=s A oE Y H59 S22 = A4 =&

"
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FAolA AT AlgkE Bl o o'y =B PCHEx. 38-233, p. 10). &
g H7]& AHlA E3(Integrated Waste Services Association)+ FAFS
Al AARAE, BIA ZAJAL, QA gol|x Py W sk AJAE YA 4F
S dol= 9 Cr(VD) =5 7FsAdel 9 =
FrhEx. 38-258, p. 2). AFL-CIOY] A% 9 4 B9 HA: X3 '=%
A7 24 =EF &9 Cr VI =23 39 A2 A5 +3ohA] gtz
ol &9 5 AT 'HL BAIPTHE: 31-6-1). EF OSHA+= &3350]
DZ2AE BN B T &Y W o= A= e &5 THE AR
sto] ohefet R399 Aol thafet S04 &5k 97 ok
Skl QItH(Exs. 34-10, 38-235). ol&qt ARolA SAAY] A
A o= &Alo] 35t Tt &4 A Foll EA5k=
TS W=t} w2hA PELO] 5 pg/wf?l &4 AdS 5t= dl Ent
12 AlZtS av|stEAlof ot & ZdollA= PEL 1 pg/m'E &5t
S 3o+4 #E 9 AGEy T E ARSI &4 Aol HIEA] ST
71% ol = FAKAY AA k& FEE RFEe A °
2 Qs AA A oA EHL IeE AT Akes Aoz HA +
EEA] =t} o]t o]lF=2 OSHA+= AFHE 1 pg/m'e] PELO] UwEEO
2 &4 Ao A8 E7Fsstthe 7150] dSE T dEsth A 7]1E9]
HE&S e wsA F 79 270,00070] of23t &4 Adoll FAFskaL Ut
(% VIII-2).

rlr
of
18

lo
N
i
i
>
39,
)
=t
o

ol

A
=

e o

o4 B

I

s

v}

%

38 2F & FF 5 HQIY Eokol= <F 830089 kEd ATt
ATHE VIII-2). 1 pg/m'e PELS RE 305 =4 249l oF 2/30] &
AotA] Yt 5 pg/m'S] PELOIA @39 &4 A4 1/3% 49e &8
HSG ARgo] esitt g 3 HRABY k&2 FAH|7|IZ7(LEV)7H
U= HUY FA B A8 FY IS U4 TEEH o] AL 2
HEo| g5l 7HsstAgt B89 3717 AdSE &S TEsH171 § ol
AR dE =0, HEEY F2 g

157



Fsohaa B 2 2B 49 F3hy Bl o

=2 1 pg/wollA 5 pg/m’® A|ZRE TAAZ

R

Zo]o 2AEH] He A5 W3] {8l 2228 wAske Aol J

B %
7AE At L¥E F71E S4sHAY E4RAY|E H 2aT 57
o] Fol HRJAEY HAEY 22 A== A FHo] 7440 9

=
&3t S AMo0] B THe

g 7] WZoll 371 585 SV @

HEolU BHE Host] gt 5402 §&=A g=rhEx. 38-106, p
38). webA] o]t ALt AolA Tes] 7IRE SV A2 A 7t
53 ek ofyth. floflA =9lgk Hie} o] OSHAE MA|Yolg 2 &Y
T Ao g =&F 25 pg/nf o5tR WE & fle A4S didst] ¥
gt 8L vt 22y ol e Ao SFESHE AHESHd PELO] 5
pe/mwol] TEE 4 ok @AY, OSHAE 5 pg/m’e] PELC] 39-F &4
2o Agtoicta g ol gt &) 389 12 PELZ £57517] Y4l
57 B3 E ARESoF sHAITF UM A= F5hE e 9 ZAdEs wEwe
2 &5 $ ok YR Jao] Feke 1 pg/m'Y] PELS 24T + gl
ol 1 olRE F&HZIS|(LEV)7F Qe =AY 22 JISEAE S8
4 JARE BEo] AZSLE LEVE &&4J0] Hojx|7] mj&Eo|t}. o3t o]F
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2 PELE 5 pg/molA 1 pg/m'E I oA A3t 55 R4S
Sfjof st= SARAIS 7F A 57@@. u2kA OSHAE PELO] 191
ARt o= o5 & HIF HoetA| Aty A2 Wl
H Iy ZFdol gk OSHAS] 7|2 B34 &40 gk AAIgE 4
o] I Xxshd =t

7|E} M. OSHAZE 5 ﬂg/m39] PELS 354 #& ¢
2 & o glsks e 8 AR Ee §8 =
of 2™ 1 ug/m9 PELC] 7|&Z o0& Ad 7Fssiths
Jot. E3], AEANA QMR ABAIA, 2F S0 BAEAA
A

(

c;t
ki

™ Ho oy
AN Mo ob

{10
oH, ©
flo ©

r

Mo

RN )

W o

)

XN
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y 2

ol
—_

W g0 yo o

o2 oN
fru

6}

N
3
rlr
S om
2
S
u-lo
o,
%0,
Kl
rEL
.
pvel)
o)
S,
X100 ¢ Mg ofw

fo gt
2
)

Mo
of,
i)
ox
=
=
o
0.
1 ﬂllo
&hid
rlo
=
o
M
)
N
—|—-l
52
=
H
\i
o
of
2
o,
N
9
o W 4
)
oL
N

=
1o ol F

ko

4 =
i
)

= =
47-3, p. 5) o] Cr(VD)E Zeste mWiAl= vlAlRE £0]7] dzo
= 7_\1 zooﬂ/q 7} LEVE= x]—xﬂxq o7 /\171——].1

2 o Atk WA 2YA0R 8T F QU= A

193 242 1 pg/m'9 PELS S5517] Ao AT SFESTF AR
Aoz 8449 ¢ O‘E} OSHA+= ol 37}11 Ale

N

nE
1o
>
R
i)
I
= rp

a9 = s
& ZYL 5 Qe *M:jo} %,}-% 73% o] £AH= BR o 74 4 9tk A
QHH PELO| 4HAo] 7|&& o2 AY 7hsoltt= A 3o OSHA= ¢
gt 7]go] RO FAoA T8 e U FAH HEE Bl olE 5
£ 4 & YA 7Hse FE ok A

g MZLESK}, 647 F.2d at 1272. & VII-32 IEAG k= *WZ}
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Z3517] Y3 2FHE 49 38 BT AR HYE IAEHE 294 T
4 39 2o AFITL 71E A4 AdE 7HsoHA] g2 AS HEeA|
EATE QoA =23t WMol wet 43S 4 Utk AEHCE OSHA= 7|
Fo] o]zfgt 49l REARIl 7|0l Ty e ¢ AAHyY A E BN
ArHE PELE 55T oS 4Sstta ddditt o] 3357 4o =&
H Z2ARE £ 9F 46970 |THIE VIII-2). 24T oty AR} I8 Zn)
A 9 92 g7 PAERo] gigt OSHAY] 71&3] eldA B4 tigt =

ARt A2 FEAY I 3r=RstH Hr

71€% B3 T3 AE AFS Weloto] AE AES AR S+
A =71 d2ol & AAA(fume suppressants)E AHESHY] Cr(VD) =52
T 4+ gl 4 IF AVea FYe BAolt. 2240 F OSHAE
FFE W= B2

0,
N

‘
ofo
i)

= 84 49, BT 9% WAL, ABAHY AE BAAA, 2F 2]
BAYA, 25 A% PAGA L ¥ A2 28 A/=F Aol ofs A
d PEL 1 ug/m'e] A% 7ML SMEPsAE R,

A5 2 HOIE PELS| ZMN EfZA. OSHAL A|ohel PELT %% PELO)
AARE B AAA ST BaEste] OSHAE /1% W89 7hs
3k 919t g 8ol QiAle] e el e WA WAE AT
of ‘o] u]go] &

5 3 71hol AGS 2HEA = Aol &4 E= BA
1A 2=t} AFL-CIO v. OSHA, 965 F.2d 982(11th Cir.
1992). OSHAE 5 pg/m'9] #% PELO] I W TE ARIojA Ad 7}
sotttal SHAIFTHOSHAS AAA edd 4] oigt o AAg ==
VI, S 34 24 4 #4 1948 24 89 A4 D 4 EE #=%). o
HEO] AAoA H]g2 499 1% ulgtoltt. <F 250782 NAICS(North
American Industry Classification System) H&F % o] &9 I ¥
= HF7F 1070 Bl 9 vl8o] 99 1%E ZIot= AR FHHTY

OSHAE JaFg W BE AQlo] 24 Ex 44 722 WS & of

BX
il
)
ek
ol
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fxAdo=Z, AoH 1 pg/m'e PELS F8 A A7 =+ X*“X}(NAICS
332813 W75, &3, B4 ohertold &
2 A9 7MsetA gt A7lEd A8e 24 § 7K

s -?:%—% -
ok (1) AT (2) 5 AYFOE B Aire] AMo] 7} o] Lttt
g U AFEL Ao AIETF AHAS SRS W, B4 AAF
o 50| &% AMe] EF AHAS AFU AAFS TE AFEL I
o A EDE AUAS SPsts v, B4 AARS 150 &3 A4 ®
2 AUAZ AT 1 pg/we] PELE H/IEE AR 5] 2.7%
9} 0]9]9] 65%E ZI}sHe v 8-S Zefatch o] MES] M4 VIl U FEAS]
H 2712 AWE vle} o], OSHAE HFS Fol7] 3t 4 A

SEHET AG B AG 318)0] AkE PILY $BS 27 453 o]
23 4715 gkt OSHAL ol2f3t vlgo] YA B4 725 vhE 4
QITFIL 25t ek, oF 33,4008 w54t A71EF Aol 8ol
ek,

XE ¥ HQHE PELS 7|& 1|JH EtrAol CHst 29F. gokstH, OSHA
5 pg/m'e] #F PELC] FFS e 4ol 7Iedozy FAxes A
7Feoittal 4 Wty W ARbE 1 pg/m'e] PELS 7|&€240% E=
Aoz A9 E7FsstAU &4, d5 95 Hd", 74 = A4,
UF B A7 AV=a A 9 AV =s
WS ZF3I] 720l A8 B2 A B AdolM dSHA 3
of2fet 2P 9F 312,170 EH FAA T Cr(VDOl A Ao ®
=" AA SAR 9 A9 56%0 9F= VITHE VII-2). ©] A=
448 270,000, &7 =4 Ad SAAF 8,300%, AVew A F
AFAF 33,400%, 718k 370 AFd 2okl SARARE 4697 0] EHE:. (o] A
 Wew 2AdF 5o 28" SR Y Ade s ck= olF

2 =] YA 3= A7 YA

> LLI oM, et r|r

_



< "oyl Yol 44 I§ AV=aE Yot ARl tig o] &
Z3E A egkth) OSHAE PELE 1~5 pg/m' 502 A5t A &
H Ay dF A A4 13

(W

5 pug/m'e] 5Yg PEL2 OSHA Act A4 6(b)(5)9] A% 7He4 Akt
AR, ojd FARRE A7l 44 &< Aol ek o] 22
713o] 7hseh "H{7HAl e AEE AATIAY €Y AS 87
American Textile Mfr. #=Z Inst., Inc. ™ Donovan, 452 U.S. 490,
506-22(1981). OSHAE PEL= A B &7 Addlol] 24 43 73 A
T2 AT 5 A= AEAQ QTS 71l Folshy] s A A
6(b)B)YE siAls] gttt OSHA= &4 A = 37480] 24 & = 7HE
32 £32E 7N R oY PELS AASoF qh= & 5 .
o137} WP o] AJett ZAO) tisf wokA] ¢9k7] wiZol OSHA= AH4lo]
@ot= Aol o] He HAZ 7MY A T Aolghe TR HAS A
o d3to] Qtt. Chevron U.SA. v. AA ALY
837(1984).

AMEL Cr(VD) 712 AlA 6(b)(5)e 84F S35 pg/m'Y PELO]
AR G i SARHAA FFE e SARDE Bol 18sh= B2 &
A 2 oA AE 7 HA 7]E0]7] "otk OSHA= ©] HE9 A
A VIIONA W™ ZAof ot 5 pg/m’e] PELOIA A3t $1do] ol A=
A&lskar St Y1E 9 584 AA9 & VII-39] Uet = AAH, 454
5 7|17t &% PELA &4 AFAY] E2 992 AFH B7PF o2
< o|" OSHA A% 7129 UHA] 97} vlstAY B A OSHA=
9 HX X7o] o|Hqt 2R AFEE ARAL Ao= aisiANl, dF
ULoH, o= o3t YT T
gt offjo] HrgE Hiel Zo]
ot At 2 34 150l sl
ot @e s Asd Aolza

W

0,
rr
»
lo
0
Kl
;O
RURTE]

o

i)
rr
>,
K1
o
ol



ZEZA 3t} Building & Constr. #%. Trades Dep't v. U.S. Dep't of
Labor, 838 F.2d 1258, 1273(D.C. Cir. 1988) (849 olz]20] 4o}
A AETtH Y% PELS A"SHE 3t 23S AT & ).
2] PELE 47gst7] /e OSHA 8. -7 4
18- ¢ W2 PELY| =g

9
4> =2
e e
of §
S A 1)
b ™ o i

g MOAC e

oo o
)
=)
o

ox,

i on
I
ol
ﬂ_l
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o,
1o
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=
OB,
lok
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ﬂ_l
X,
=y _l
e
ol
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rr
n)
=
=2
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i)
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N mo

Aok s} Bero] BRItk OSHAZF %

o]

e
9,
rC
H{
>
filo

(o)
ol
227
rQ
L
)
=)
Mo
of
L
i)
il

S~
ofo
ol

Ir
oM,
o
o

dAot= 45, & 240 EF oRE 25t Ao=E A
24 9 Fas5itt PELS FTFS T A AAA dis) A
7Hsst 7P ¥ $22olth, OSHAYF o8 PELS A3stal sig PELO

S doof gtid RAgEst B0 At €4 o S8514]7]

A = t
HZol EA7F 24 o E9sin. Q1 SA 7180l ARIAIE 27 o A
o= I

—

el o oo

rr

o 4> o
o
oM, i
-
el
=
fo
i}
o
ol

2o

L5t= FF 02 SIC(Standard Industrial Classification) A|AES tfA|gH
20| Al 57 A|AH(NAICS)2 of8] PELS AXst7] st A&3E 7]4to]

ofyt}. NAICS 7= drRtyo g Hojd Holg 7|Fto g st EF A]A
o 7}& Zgkst Hort gAF Waksk AL ofYth. TS A|AH9] NAICS E5F+=
7|2 G5 7)o g Sttt I8y AldolE o2 W g5o] E3HE 5 9

i)

P
= 7 Ut ESF AJHQ F8 &E2 AlXto] Aol HAdE 5
NAICS AAH ZA= sdubct AR, Aol BaFaA thokslal
=AM E59 24, JiE FZ&9 F714 AP

Algste= ol 52% 295 2T 4 Atk o]Fet olf= OSHAE A

o8 EZ WYE SIC BERE ERsE AL AU 58 FR 166620~
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1662119934 34 309) I/ 1ok EE A& ¥ AEst =
o). FAFSHA, ZH}loll 97t Aleshs 8 AAIAQ Tl ok Fo9 &
T4 Qo) PELS ARSI 913t 2 AFR-9]

&
5 ) olge] thE wFe] ZFo] ke Aol o8 Sof 83

o o
A, S B 4] AR Zol Yl ASHC HA ol S0l 81 &
2 sk A

§ o] 49 PELS 55 4L B §§ ol B9 12 4
o A% A FUT AYY Wold, Ten FAT FAA] A=
Cr(VD) k&0l 3] % 714 g PELS Z5sjof Bohs AL olujRith ®

o F

OE dz2A, 25 Hg2 Afd 55 EHo| AF ke B e
< Egste So8 HEEe ot Ayt e A5 HE #3]
sfeba] 2AolH ditdor IF AV=ad #ed ARG Cr(V]) &0
o Ao 9d AHoA 27 AV=ad A 257 HEe] s3EHe - &
AT o DAY =& FE5ke Aol A 27T 5 A F
Ut ZAJA7E 7 AE B o3 o Ao AR A8 Ee2 Y =
+ 9 3F A} 22 22 Cr(V) &S ZFot= o2 A3 5Al0 &
A 2 E' FINA 7HE =] geol B2 47 AV eve= A
o eE2 2AHoR ZA9 tE AAdRNA g T A, w2 A4
oA 54 FAR] g ] 7Iofste Rt LS sk A0
A 7 o AT olAl2 THE AFIFTE = ol o A}dollM

Aot= Cr(VD) =55 274 2 7150 §tgE 22 A 2 74 Abgloltt
(Exs. 38-233, pp. 9-10: 39-52, p. 4, 47~24, 2, 39~20, 5). & FH]
il ofg] PELO]l AAE Af AT+ YT ZAIF oA & ol
PEL &5 oJBE ZYEF o} gt -FARY] &o] T Zogt =3l
A & & Utk AMEE <ls] AQlo] B o YA, AR HE FHl
AR 2ot +=3d 4 dom 729 RIS k&0 71od 4= Sl
OSHAE &S L€ PELO] 9F= e AdF7E 7182 8+ ARE o

27 ol8stn 2Tt 2 EE Foun FIMoT A2e o AIHoR
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TS Aolgty Wit SUSE PELS 35 OSHAZE #A1 Wi AFYE 9]
1 H|ES 2AS A= Ao] o {olsitt

URAE o 2 OSHA®= o3 PELSE AEshH AlQ F22 9l F2sfof
St= W2 of9] Wt B4 £ ok AE Skt §95] A4 &5
EAE Uil 84 9 A7=F Qox Cr(VDl &=+ 3071 o]/49]

£ A Eoprt Ut olEe B E F ok Ak JEFCE LEH Hx
SR 6% ol AAHA] =t AAR o3 Yo F dF= 1009
n|gte] FARE 1185t Qi

o|Z|gt o]FE OSHAE= FAHH O R 6(b)(5)F<= A5kl PELS A AF

4 E= 290 44 7%—‘6* A oz 47T SzlL 715'—@ AAZI
AF= TR A& , HlA& 7E2 A9
A2 FESH] 7 =5 0184% A'olgk= olf= E}
o2 AR 43 FR 19584, 19601(19784¢ 5¢¥
Th23F o] ATt

OSHA7} Adsioty Aztstal o] 7| ¢
A2 RO oA FeA e 9 AFEY HEE T 24
e 7HF E2 Eolth o] HE WAL el 55 Ho G ARE glo]
gte] HEE AlFstr] gt Aol

FARHA, OSHAE A-Sof #idlo] gt PELE 10 ppmOlA 1 ppmoZ
J2 o FUHoR W2 £E9 PELS AAste A4S 1HFAT AR
o T2 Ao gt ohE £E2 AR ALY ojHE 2HT A
olgtx AEXQIt}t. FR 5918, 5947(1978¢ 29 10¥). 2183 OSHAY} %
oigt %’404011 gt Hot E%“o& 734— s #A 71%_‘—% 53 & T&HF0

=

. A
]
N
L)
N
[N
2
4
%
r>~

il 5 X
42> 27T 1ppm EE} EH: o U2 d J’%—% A X PA T OSHAE =

o 22e AEE 1A & G s5ol WHow 24

N
o
o
N
=)
Mo
2
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ppmo] ZHIEA FFHAL AP WAFH. 52 FR 34460,
3451919879 9€¥ 11¢). OSHAZ} &4 Aol tis A= & PELZ A
e AR A, A2 AR & FTF "EXT st A s
gt &2 2Fo 1 = 529
s 13t PELE ™otz AZ AR 43 FR 27350, 37360-
61(19789 69 23¢Y) F=(OSHA= AR 4tdel disf shte] PELS A7 st
I v Aol s ©Eo] PELS ARG 7+ v]R Ao disf o

€ 227182 Addhs F4E GAHR AR,

o
=2,
H
il
-
o
=
O
)
T
o=
rr
of,
ol
b
jid
rr

AEHoZ MNZLE PELS B2 9 54 AA=R 67 280 =249
HRES L 5AE 180t W2 A 2 ZQoA Ad 7HsoHA AT 5

= 7H Fe LFolr} Yof 99 BE QAE 18dle] OSHAE 5 4

@717 =E712(STED = AP T A AR HExs. 38-219; 38-222; 39-
38; 39-50; 40-19). STEL
A AARH R 22 e AE A% JYOEREH HI5H +4 &3S
Z0]7] 9 Aolth. UAWE 49 =2 IF 9ol STELS Adsisittal
AAgk qHAC]: 40-19), NIOSHE =2 £+9 Cr(VDoll @717 =&=dH
3t 357 YF= FEE 5 AT HHTH40-10-2, p 17). ©E 94
AAAEZ STELe] Fgstttal WAl ghytom, ojH Z-Lof= NIOSHY
ACGIHZ} Cr(VD)oll tisl STELS HAsHA] =ttal AFth(Exs. 38-214;
38-220; 39-19; 39-20; 39-40; 39-41, 39-47, 39-51, 39-52, 39-60,
43-26).

OSHAE= Al 71A] o]/-2 Z% Cr(VD) 7]&°l STELS ZSsHA] ¢7|= 2
Ah A, AFYFLE ojn] 2L PEL oJste] &0 2 &2 Zojo} g}
H, o= 1% Yz WA= A ATt Ao d&Jyct i &2

-
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oAt BE HS AAY S fAT OSHAE A2 PELS £53Hd 1
wEEE dgo] g} FRE 34 £ A1 =ER g A7) JYFL
0 7HeAdE Hasd Ao wadn. 4, o280 & STELE Fifs}

@)
=
5
3
o o

g 3] go] o wobd = A o] 7S SEHs= 7]
= 79 EASHA =tk A, ESHAE A BAEer 2
AeollA SR dubzlo= g2 77k 59k &9 ofy} 2t
r(VDell =€t A= AR A= 5%t Cr(VDe &
[ F45tAtHEx. 47-24-1). ol=et AMY+2] B¢ STELE &
Al IS F71= HookA] gfowA APt Aedg Avlsjor &
o olHe A2 e FH Y| kAt Hoo] Bo avzor IgdE

=2
)
ot

e

=i
X
oo o\

S

)
o
O

d

ol
—_
N

B A oo @ rlo Ju (B
o -
5 K
4o 3o I

30, ¥
T

o] 42 Hgs} glo] OSHAE STELS Aol gejFoz FastAY A
Asittal 7H5okA] &ttt OSHAE STELe] 7|AdfoF 4%t AL &t
(health benefit)E A& Aolzty Z2ES W

() OI=2l 67t A& 2T 7IE

20069 2¥ 28¢Y ©l= OSHAOA =7HH 67F A& tist A F4 &

XVII. Final Standards
ALHFAH Title 299] XVIIZL the3} o] £A =T
PART 1910—[AMENDED]
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Subpart Z—[Amended]
1. Part 19109 Subpart Zo] gt AA QA& th3} Zo] ==t

A3k 19704 AAMMARAH A 4, 6, 829 U.S.C. 653, 655, 657: =
5 FT ¥y WS 12-71(36 FR 8754), 8-76(41 FR 25059), 9-83(48
FR 35736), 1-90(55 FR 9033), 6-96(62 FR 111), 3-2000(65 FR 50017)

= 5-2002(67 FR 65008)(3id == 3-%) 29 CFR TE 1911.

29 CFR 1910.100098] ¥ 7-1, 72 ¥ 7-39] 4¥H =&7|&0] J&= &
Ag Aot A AMHEAHS] AA 6(b)o] wet P 2E o1y TE 7.
SA= AA 6(a)29 U.S.C. 655(a))°l wheh L= it

Al 1910.1000, ¥ 7-1, 272 ¥ 7-3% 5 U.S.C. 553, A4 1910.1000
E 771, 7272 H 7732 AESHAE BA(HY] Sge), WA, 224 3 35
(VD) 552 Al¥staL 29 CFR part 19119 s@EA] &=t}

1910.100182 T3 Ak &2 A7 9 P EEH(40 U.S.C. 3704)9]
1073 2 5 U.S.C. 553.

A4 1910.1002% 5 U.S.C. 553°]X]%t 29 U.S.C. 655 E+= 29 CFR T}
E 1911.

A4 1910.1018, 1910.1029 ¥ 1910.1200% 29 U.S.C. 653.
A4 1910.1030% Pub. L. 106430, 114 Stat. 1901.

§ 1910.1026 Chromium (VI).

(@) sl

(1) ©] 7122 the-g ALskn ot Adold BE Fef L 2B 28
(VDo eiet AAH wmdo] 2 8Hct

(2) ¥4 HET EX U2 A 35 WA FASE B34 A4S A

T—
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(3) ZEHE AHIES] Higt =& E+=

=7} 329 mikle £4 L 3237 3t

% 235°] 0.5 pg/m’ o149 sr® ZAFVD)Y =
ES UEY o v A ARE VA = 78‘—?— A g E= A

& 2794 8AIZt 715 BHTWA).

(b) H9|. o] MAo] FHZ 95 thx Ho7l A&HH

AX| &F(Action level)Z 8AIZF A7t 7hs BHH(TWA)LE A4LtE &7 9
T ulEE 250020725 pg/m)Y 71 T AF(VD EE 2t

APEE a5 f AR A AHH, vl =5f Ee IAFRls 9]
Elg=g

FEVNI67t 38 E= Cr(VN]S A7 &= 69 252 2rlsiy, 2=
FHt shetEolt

2 e FPAAMAEAAFENational  Institute  for
Occupational Safety and Health), "|= HEAEX]FE(Department of
Health and Human Services)?] =4 E+= X YlS olu|3ict.

Hl&golst BA=A] g2 AE(VD WES 2HHAY 28T 7Hs4ol U=
HE AFE guigith ZE(VDY SEEHQl HE A SA HE 199
SAAY fA B4 ddztol] s SAE & Aok vl4F Aol opytt.

LS 5L 25 SFEISAE AMEOHA g A TAT £ Q=
371 % AFVDol Higt =& 9u|dith

IEg 01X 37I[HEPA] EE= 270l 0.3uto]220]H o]l &Y &
A JAE AASHE H F& 99.97% S8 Hole HEE Qulgi

018 ELHE XtE+= 20069 5¢ 309 oldo] =3d A5(VD) ZYEP
A=E oustH, AGF9 AA HAAolA 34, A= 53, o HH, 2

l‘ﬂi
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ot ZA }E— AT A EH71 BUE Amet 2
HRE ojv|gic}, } = AIFY] A Aol A TEAA, AR 7Y, o
73 243 W9 AR g 248 wrgsior &

oAt EE T|Et BISIE AK[S o8 HEIHPLHCPI: Hxow 318d Aw
B9 WS, 5% xE o
Wiz e 9% T AAE BT AU SUgon ABHAG 7
Qe Fjelolt,

TH X|dolst AAFI} B7] B AB(VD BEe] =2FE Ro| PELS X
AL 2338 A0 FEH o AFE 4 9l ARIFo| o8] TEH 2|

L

o] AL o] § 1910.1026 ZE(V]) 7|&S &3}
(c) sl8E7|&(Permissible exposure limit, PEL)

AGFE B} 8AZE TWAIZE 7V Bb)E AE 37 1 9% o
E9 5 nol2R WG pe/m)S 2T B F ARV 2O kEHA
LS fofof ek,

(d) == ZX(Exposure determination)

(1) 2t o] MHS] A8L Wi FYY B A Bl U 7 AAF
L SEVDO) =ET 27 BAK] I 8AIZE TWA k5 Aol
gk o 24e o] A Hek () B et (G) vk 24H
o
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=
re
-1
[N
H

(2) ot 2UEHY 8. () AdTFE 4 &g £70 dsl & 309 &
W29 HA wry lcg% gotA EAdstet] ff SRS 9 A
A ZE7] F99 BV ARE 7|vto R ZF FARALY] 8AIZF TWA =
£ A4 A% 7] BUEHS $Fstolof gt AFGFTF o] &
AL 5] Ao BE FAR] dio A8 AHE ot W4l dE
A= AHE FFots B AHGF= 7F =2 IB(VD &) 94
= SA disl AlEARFHE AASfoF gt
i) 27] BUEPA FAAS] eEo] 22 $FE(action level) H|THIS
et 49 AMgFe 183 ZUEPCR tiEs SARA] g

B EYS 9T 4 9k

(i) BYE A3} AR do] 2 43 ol4el Ao PEixE A
AFE Ha oLt 37149 BUEHPE $B3fok At

(iv) ZYEE 23} FARY] &o] PELS 238l AL HAH A
AFE Ao 3/hgvitt 712 BUE DS Ssof st

() A714Q) BUE A FAR eZo] 24 5% vgho g ekt 1
ATt Ha 79 Fo] SuE o2 Eqaw Avte lEE 49,
AR Ted RUHYoR tEEE kg0 i FAR gt ©

UE ™S 39 5 Utk

(vi) AT ZFVD dieh 2R e 37T =58 28T 5 s 4
A3, A, BE, AE, &Y AR Ee B4 Wl M7l e
76] ‘?“ ]'E-L]H OE ..[—6‘0‘6‘ O]: :?‘_]'E]'

(3) M5 XI& SM(Performance-oriented option). AFAFE FAAIY] 2
VD) &5 AgHA 43l s &7 ZUET A=, 3
72 BUEY AR Ee ABAQ AR 29 7R ZF FARY
8AIZF TWA =53 2750k aith.

(4) 2F Z1o| SAAF SA.
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USE

() =& B4o] TAK &o] PELS 235hE Uehli: 49, A
15 254 oo 92 Be= ZE A}X}ﬂ qd # A
Aol BHE AXAY TS T 24 SR

2oz FASor Tt

(i) =& ZAo] FAR} wFo] PEL olAFYdS Uehd wuitt ARIFE &
AR} &8 PEL o]5t2 £0]7] Yl Fot= A1 RXE AH EX|9
Adrgsfor gt

=

6 872 BHE. o) 449 &7 AL EFR7) A9 3 3 203
2 Y5 A9 AAFE £25%9) AE HolH AB(OVDES ZAY
59 24 5% oY 7] F x| g 4z 5F 95%9) =
B W 24 PEe ARgoor st

(6) 2LIE{2l =K (Observation of monitoring).

(1) o] AAL] 8+ AFE E5t7] s 371 BRUE o] == HS
AFFE FTF2 ‘?:“‘— T B AR gERloA =54 AE

23t 71318 Algsfor gt

(i) ZUEH T&o] B35 E= ]9 AR&o] Q7%= Ao ZIQdsfof
Sk B9, AT TERNA 95 9 A8E Algeta JERE O
23t o & 9 HYH|E AREotal O E BE H8 7S 78S S50k
A gRlsfjoF gt

(e) Ml X|¥(Regulated areas).

=
H—‘
e
H
v
_”L
mlo r
r o)

[¢]

(1) MX(Establishment). A3 Z2AALO] 27] & A E(V]) 5& 20|
PELS zelAY 278 Aoz sta]lx oz diAlE: A9 74 39
= AAsfoF 3t

(2) ZA(Demarcation). AFIZE= 714 o] AAZ HFAsHA AAs
ZAA A Aaste WAoo Al gdo] PR Ywx BB
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TEHEE sfof At

(3) HZ(Access). AFPF= Al ol it HEe theox Adsfor
Rl

() AHFF7E AL JFA A FHll qlojoF sk= A

(i) o] Aol ek (d)oll what HYE T Xﬁ}g A g A
Hog AFE A dER g o] Eol7te & B

(i) A A<t XEZﬂ‘?ﬂ < olof wt TPE o 2 A Gl U=

() o =9 ¥ (HO)G) L B <f><1>(m>o1w 38

AR IAT B I ke A 93
o BAS] B =5 PEL oIshE Folx A5 A B
A e 9 AU BelS Agslok Ak s g i 2
Ay Bel7t FAA PEL w3 Ei T 0jikg Zol7]o] Fio}A]
Fe AL, AYRE 0|2 A8l FARY w2 e T s M
We 4202 Zolx, o] A4 (I 2T AR
BT ZAE A8l o|F Resof qtet.

mlo
N
LA
FIF
fol
n:]oln
N
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Ng) &t PEL ode] Z&FVD kaHA 22 45T =+ A
Ao PELS D5y ) Zatd w9 ZAud el 1Ed)

S a7 ARe Ag B4 EE A9o] H8HA Pt

(2) =& ZX|(Prohibition of rotation).
AAFE= PEL 55 o SAKE O E JF2 SSAAA = oF "

(90 8&7| ES(Respiratory protection).

AAFE the 71 S SARRIA 57 RS E AlEsfor gt

r
g a3t 7|7t
(ii) AAY oy & ZAH#Y H2]7t 7Hs0HA] E2 A BEy U 8 &5

(i) AGF7E A Hse BE AR Yol 9 vy BS TEL &
g €9 9 st AL PELO] iRt % EE O Wwe] 2%

axy

2) 387| #5 m=7)¥(Respiratory protection program).

o] oA T&7] AREo] Q%+ AF AFYS+ 29 CFR 1910.1349]
nEt 557 HE Z2OS A|gjof it

(h) 2 H39] 2 HH|(Protective work clothing and equipment).

(1) M&E L ArE(Provision and use).



FF(VDH fF E= & JEFEL=E Q5| AFol EAsHAY SAS 714
o] = BF AT = AT Vil g FHE SAKRA FEE AlS
Sfjof st FARAZE o] et &y} HH|E AMESHEE SfjoF St
(2) MH ¥ =2,
(i) AHFE 25 1Y $8 A B 5V =50 39E 249 g5 A
% WA meShs AlMd] BARE IB(VDOE 99E RE HEEI
golg AAGES sof Tt
(i) AT SARPE ZdAolA 23(VDes 29E EHoouy AHlE
AASHA R=E sfjof gttt &, o]FT &0y FHE Mg, A4,
A B e Achs SARRE 9z it

(i) LFE 229 E= FHIE AlE, H4, FAES E= H71E 98 Al
AT o ARlFE 285 EXAFAA 9 ke 7|E gdHE EXNRA &
710 Eet 3 FEEHEE sfjof gt

(iv) A, B4, FAES Be H7IE A5 godolA AA" od9d =
TE = MY 7P B 871= foid AR AY 71E(Hazard
Communication Standard), 29 CFR 1910.12009] &+ Aol w
o ahilg Basor gk

Q) Ha & WA,

il

Ast7] s Qo wet o] AHoA Q5=

Ja, AlE, 48] 9 wAsfofF gt

(ii) /‘]‘?aj";s*]: S BEAY EE50j4 Z2E(VDS 37] oy SARY &
7le o E HSE 9 Auox (VDS AA= A<

() AYFE B89

mu Ho

Aok gt
(i) AR ZE(VDOR 0UH HEE TL AuS AsiAY Hast
L AgolA 2B(VD) =29 AAH $3) IR L7 o= A
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H= ZE5VDHe i = + JE5S 46t PELE =
371 & AB(VDY W& AgHo YAk W0 s

B8k gt

B3509} Au7l Qst AL AFYFE= 29 CFR 1910.1419) whe} €9jAal
< Al&dfoF gty AFZ(VDH mjF FEo] WAYst= F9 AFdFE= 29 CFR
1910.14109] w2t A& A|AS Al-gsfiof sttt AFAE7F Algsks A4 2 &
2 Z7t% § 1910.141& Z<48fof it}

(2) W&t AMd(Change rooms)

AAFE goio] RS ET} |, HAES Efcl= ko ER AEE
Z¥23 o]t Aol I AL WABIES Fjof g},

Q) MA AIA.

() AFES= RN ABZVDSE AAT &= U= €44 B2 713 AlF

ANAES ATotil e B SARPE 29T o o|#3t AJES ARE
SIS Sfjof gttt

(i) AHAFE AT EVDY IR AES e A9 2T T 2
5 AAL £%F, B, 9 Ex 4 A7), SEE ules] Bb g A

of &3 A=< SPFAES ARESt] =S sfof S

(4) 38 X|<(Eating and drinking areas)

(i) AAF= SARRIA ZZ(VD)ol EAsH= 2AF-ANA FAolu 258
AH|SIEE 618 wuitt AAt d S8 4 #H| AE(VDOl fie
AR fAHES dof St

(i) A= B 25(VD0] 571 S22 ZAEA| = THe

o] &l o5 = FHloflM AA=A ge & L2AT He AYE
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J:‘.
T

\J
o

X| &= (Prohibited activities).

AR 2RAE 1A $ EE AEVDY W5 Ex b g5o] WA

TIANA FARTE HAY, vAAY, SAsHAY, B B Ae A,

SAYES vEA FEF ofof e

ol

() M2|™H=(Housekeeping).
(1) ¥k AMdS= o2 BAsfof gt (1) =& ZHo] IE3(VDol 7t
ot SAEHR] GEE FASHoF gt

(i) Z& 72 Ev ¥Ed 25VD) &7 =22 A Jadt.

flo

(2) MA HiH(Cleaning methods).
() AT+ ZB(VDLE 2HH HHo] HEPA IH 3 F4 Ee IF
(VDell izt =& 7Fside FAdlet= 78 WHo g2 PAd|of girt

(VD= AAsI= A
of o5 FAHH &

(iv) AgFE Fggoz I2(VD Al
A FHFdof it

(3) H7|(Disposal). AgF= TES EEOHOF BiCt.

Jo
EO
o
B
P~
o
o
rlr
ol
)
o
il
ox!
P~

(W) 7=, 239, s 4 ZA5(VDeR 294 Vg Be 2242 AZE
A3 A= Bed EIFAE W e 7lE HHE EXRAY 871
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T " A Fstofof gt

(i) #H71& ¢sl Y= H71E, 239, 78 € 718 28(VDeE 4
23 Ar9 M Ee &7 4948 AHAEHAYE  7|E(Hazard
Communication Standard), 29 CFR 1910.120028] 8+ Atgol o
2} HA|SfoF Bt

(k) 2= ZtA|(Medical surveillance).

(1) 8

(0 A= SARPIA F22, A Al FaoA BHeE SARNE
A8l 27 AAIE AlSsloF S

(4) 19°] 309 ol &Y & o9 ZE(VDol AFA g =AY

-L-E-EE '/'IY\‘ 9»7\{__.‘ ]'E}

B) AEVD) =& #AH 73]
= 3 EE (O HAA

ii) AFGEL o] A4 g et BE A7 A 2 A2/ PLHCPO 9
&) = PLHCPY 7= dlo 4 “ﬂEi Sflof gt

(2) F71(Frequency). AFF+= A7 S Aok Tt

(i) SARZE At 1270 ojuiofl o] Tt 94 ARRS S50l AE
(VD) & A7 dAE &2 H9E Aot Hzx &9 & 30¢ oy

(i) =,

(iii) PLHCPY AH 29gtd Azo] =71 AALE H1sH 3 309 oJu;

A% 4 A

[e} o

e

o[N

Gk

el

gl

T

o r&"

() FAA7E DBV =20 BAY GG A% G AF B 34

< 2 ot
(v) TEEHA g2 AE2VD) FE2 25t v A T =& F 30Y
oy Ei=;
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(vi) & F& Al, o] AA9 &= (b9 8+ AR 5T vHA9 A9
o] T& g# oA o/ mvkel B&
(3) HAILHE(Contents of examination). A7 AXS 302 FAHLY.
() =< Axsks 9= 9 2 ojg: A, dx 4
T =E(VD; ijﬂ 715 Aol ¥y, H4A, i, g7 A E
H54 d39 ¥y, 9 A A" € olH;
(i) ¥F 2 SF719] AlA
(iii) AR PLHCP7F #8oteal et 571 Ak
(4) PLHCPO| MIZ% ME(Information provided to the PLHCP). AFS=
HAFSE= PLHCPO] o] 7|&2] AHZo| Ql=A] &Rlstal o3 FHE A
S SfoF gttt
() ZFZ(VDoll digt SAA] A P4 &3 BEste] JFS s SAA
o] old, A ¢ A== 5o tigt A7
(i) AP ZE(VDol thet AYGH =29 o]d, &4 9 A =5
(ii) SAFZE ol AHE AHESE A719E 71702 23oto] SARAL AR
AAY AT iR RE o] st A 18jal

(v) @A AT Belske g SARA olHo] AFH 18
R ECIE T

oY,

Al 8a

il

A,

r

(5) PLHCPS M™ 9|5tH o|Z4(PLHCP’s written medical opinion)

() AT 2 Aol oisl e 2 A% ARl sl 302 ofdhe
PLHCPZHEH LS malelt= AW 254 o]A& ulolof 3ic},

(A) FA7E BV e 37 2 A Age] FhE £ E
ol BFAbsHe oJatd AHE FAE WAREA oixo] fa

PLHCPY 9A
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R

(B) EAHA7F AE(VDA =EEAY BERETYL 2L Ajol HETE A
8 o BYHE AT AP

(C) PLHCP7} SARANA F7F B7F B+ A 27t BA% 28(VD) =53
HE ofkd AHl, oo T AH| ARl Hitt EE 2F= X
sto] A7 A4 25 d¥dt= A
(if) PLHCP= FF(VDol tigt AYgA =&} #do] gle 53 23 &
+ g AHE YES AFdFolA 37M5HA] =t
(iii) AFd5E= PLHCPO A 9& 4AAA AFR S ¥he & 23 o[y
AL SARAON A AlSSHoF S
() ZALXIO CHBE F2(VI) Roid MEFME(Communication of chromium
(VI) hazards to employees)
(1) ¥k
Fold ARAL 7|¥(Hazard Communication Standard), 29 CFR
1910.12009] 87 AFF 9ol AT+ o 87 AFde E50lioF Bt
(2) AR EE % WK () AT 4 SARTE HAT o2 ARGl digt
A4 S 4 A=TF sfjof gt
(A) ol MK g 18
(B) o] A9 Tt (koM a7sh= o7 AA Z=T1d0] 2] 3 4%,
(i) A= FFE T BE SAKRPTE HIE glo] o] A9 AHES A
AHEE 4 Q& E Sfjof Fith
(m) 7|8 H32HRecordkeeping)
(1) 371 2UHY Xz, () AHdF= o] AHY 87 AREE &5517] 6]
T¥E Ze di7] ZYEZ dit FEget 7152 FAISoF .
(i) o] 71gol= A4 v HE7F ZFEofof gttt

180



(A) AHT 2+ A=Y &4 G

(B) EUEPEHIL A= ZE(VD) =& &9

©) A8 NEAH ¢ B S JgA9) 54

(D) A A= 4, 712t L A

(B) #8ohs SgHSTo 22 /9l a9 {9; 181

(F) ZYUEFe] 95 fE=E LE TARY o5, Ag] B4 Ws 9
A ERE AAE RUEIHE FARE Uehdh

(iii) AFFF+= 29 CFR 1910.1020°) wet =& 7]&0] fA]H I o]& 7}
SotES dfiof gt

_[>~l

£

(2) o|= HL|EZ Xtz (Historical monitoring data)

(i) AFAF7F ZF(VDol Hiet =52 245k s A ZYEE Ao
oz A9, AYRL ESL oF mUHY 4Rl Y /2L
g5t Aok Bk

(i) 71Zoll= o3 205 Wrgsts ZHE7F EIEofof girh,

() o) A4S gt (6)9] HAA QT AHE FEIHe FHE AHgstod
X]'i 4

(B) #A EUEHF ARE IS 1
AREE 49 £ ASE A3 2o FUsih

© o8 2YHY A=E dZ o AT
o] AT 20 S4T BYsie}

(D) A ZYEY A7s s 1 AT 84 242 =350] 24H=
Ao B4 2aA% skt 19

(B 27t A8=5e =Y, AR, A8 Ee SAA =23 dE 71E 2
=
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(iii) AFYS+= 29 CFR 1910.10200] wet #A =& 7|5o] FA= L o
£ 7Fs3teE djof it

(3) 2™ Xt=(Objective data)

() AT o] A9 87 AlFS E5317] A3 &t RE ATH
QA A= YRt 71ES FASoF gt

(i) o] 7|Zoll= HAg v FEI} ZFE ojof Fict.

A) A9 2& TF =4

(B) AT A7 &A;

C) AZNVD) W& 249 A 28 9 Y 23 5=

(D) 374, &Y T &5l ozt 493 A=t A4S
izl

A
%
i
=)

=)
=

o
)
ol
ol
rlr
o
rE

B) 34, 29, &%, Az E= AR =23 #HE 7|8 (7
(iii) AFAF= ABHA AE7F 29 CFR 1910.10209] wah §-A] =3 o]-&
7FestES sfjof gt

@) o7 ZAl

() AT o] MM d=t (ol wet o= ZA] tiido] Hi ZF SARE
of gt gt 718 SHotal |AfoF St

(i) 7150l SAFCl dist o2 FE7 Z23hE ofo}

(A) ol5 % A3 BAY WS

(B) PLHCP2] AH oA AR

(©) o] Mgl Tet ()(@oIH 875k 2 PLHCPO] A1ZH Huo] A}
H

T—

0|

Rls

(iii)) AF¥=+= 29 CFR 1910.1020°] wet o7 7]Zo] FA|HA o]& 7}
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So=S Sfof et

(n) Al(date).

(1) SAAZE 209 o144l AFdF2] B, o] A &= (HollA a+sk=
5ot RS AQJstal o] A BE oF= 20009 1149 27U
B A=,

(2) SAHA7E 199 olsk)l AFdF] 7B, o] A de=t (oA 25
32 HEE ARkl o] A HE 9F= 200749 59 30¥+F

(3) BE ALzl H8] o] Ao thet (DolA aTsHe FohE Belk %
ol 201049 5% 31U7HX] A= ofo} Ft.
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6) &4

AF 37t Wit 542 FEAAAA 0.5 ng/w’ "N ©7] =& 20
A HeEjgEets Fa/49 Bt gy HY ¥ fF A= ARe FE
HuEA] gkoktt A& 6710 tigt 4l AtEolAs 3854 2E NOAELY|
0.0002 ~ 0.0012 mg Cr(VD)/m’ H]olA 2=t ACGIH= 201849 =
ARl k7o) 7]RksfiAl 0.0002 mg/m-& TWA-TLVZ AQtst3Att. o]
ghofl 21ETH 9FA 20069 kE7|ES 78S OSHAE Ad7FsA7HA] 1
SFAIT.

OSHAE #%0] PELS 0.001 mg/m'(1 pg/m)Z AAsHEA LF FH ]
A= 71 det]l 84 &Y F 487 1 g/ PELE E59h= A
o] %7I~EE‘M1 A& Wzt &3 T4 = E4H2E s 1 pg/w’
Aol Aggo] E7lsstrtal g &
3], OSHAE= xﬂ?i% ELo] ¥xtA o g &4o] 13 AP} A AA2
= fJA FEHA 27 fzol &4 A}dol 43 EVFssital gt

PELE ARFsHA "ot o] =
NME= 371U 2AANA 7HeE= 7 dF FE2 24sts 340lA
=4H)7] 59 %’—im F’L—}ﬂ%“ﬂ—.% E%Zﬂgi A-g5t7] o]g7] "ol o]

10
g
3]
L—‘

rlo

ne,
(L
3
>
o
l
H
rln
ojo
o
2

Sl.
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2. 7l 35 # 1 2EE S8R E4

) RARATE 3= Y

(1) 22 =547

PARAFE 2019-20219 AAVASH FUE 2ok =57]E o]
74 = Weol B o meh gt tiFEo] =E7|E9 10% °lst
FEAIM =EHAL QA keSS 205 Bee w37 * o7k AF

A oA HAaE it

E I-28) XHAPEFZY Z1H2019-2021H)2] 2
ae LEJIES | 10% =3}, | 50% =, LEIIFE| - A
= 10% O|5} | 50% O|5} | 100% O|5} | =1} >H

3E(37h 214,360 578 20 1 214,959
=67t

S2x) 77,308 2,933 65 7 80,313
3267t

A8 A) 45,002 722 16 2 45742
AEAM A 1,128 175 7 2 1,312
JE4 OFA 385 77 - - 462
AEIZEIR ] ]
=m0l 144 84 228
EERyIE

G2 87 8 - - 95
AE(27h 19 - - - 19

Z31 338,433 4577 108 12 | 343,130
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(2) 330 g 2=

(@ 7 s [e) ,
qet 71UES TP A9 FEdte] BAjstar)
Q& ILA]

2 FYES TRSE A9 A2 379 (FHERA) 0 ZHHE AL
e 10% AE A0S, &40 galA TEHo= 3

(B 1-29) SPIHY(BY 7IUEE Eels ER)UM Rli=ZRE U+
s 35E7h 35671, +848) 3567, =84)
2019 27,710 5,726 12,956
2020 28,142 6,029 15,380
2021 27,618 4,771 17,545
S 83,470 16,526 45,881

4 ol9ol AV 578 w589 A= IR FHA S0l

iz
39 SHgo] Ang §HoR BRUCH oY WEE 84 THoE BRE

% 9l
(B 11-30) SHIH(AY 7IUCE BHoi= 2R)M RaSTY 2314
A EEEY) 3267, 285 EEGELT)
2019 8,740 1,682 3,395
2020 9,175 1,941 3,891
2021 9,428 1,466 4,632
=3 27,343 5,089 11,918
(B 11-31) SHIY(WH 7IUCE BHoH 2R)IM ReSTY 2344
A EEEY) 3267 +29) EE LT
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2019 1,278 127 623

2020 1,507 195 773

2021 1,305 154 908

Z507] 4,090 476 2,304
e R

EF JUSE 2UHE A9

ARG} FEHOR 5

§ woker 3E037HE S5 Bk 30% o= *Jo e A
=3
E I-32) =838(=8 7I1EE Ze6is ER)0M Rol22E 32U
s 35371 35671, +8¥) 35671, )
2019 1,945 3,337 190
2020 2,003 3,486 136
2021 1,989 3,479 132
S 5,937 10,302 458
LA 3LA]

(B I1-33) =83H(=Y 7IMEE E3fols ER)0M RliZRE S+
e 35E7h 35671, +88) 35671, =84)
2019 2,243 565 1,948

2020 2,601 541 1,658

2021 3,233 502 1,438
e 8,077 1,608 5,044
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A n|B=
T VIHER &R 75t &/ =g/=0 gEHAl e 5
< EA5HA ofgfl :oF Zrh oF 44%9] 349 A= nERol gHEHTL
E & Ao SEDBY A% FAY, THE, DHAITL TV AdE A
HEA| b= B9 oAl & 5 U
T II1-34)

OEF SEEH, =3, =8 30| ofd ER)UIM [HSLE SHYUS
pa ks 3E(37D 32671, =8%) 32671, £8%)
2019 30,182 4,916 7,410
2020 31,073 5,737 7,970
2021 30,354 5,533 9,208
S 91,609 16,186 24,588

Q) 27 2%

A(JAHASTHY AAmoA FolEd BRI WA FolEd olgs &
Astd ofd e} At 27 F H Bfe ERIEEE 1% vute|ztal &
T AT FZol|k o -] EAtE & 4 Uk

I 11-35) RS 2RICE YU
folEE 2RI E™MAS
12005 462
AE4 ofH 402
324 ofet 9 SREA 52
3 E4tore 8
12015 95
AEYIB(E2 M2 H S 9
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AEMDI|op2(8Y 67t 3E & 2
22072 8381
37t 32 2
AStA 20 6
e 4
3&(Cr) 282
3z(z2s) 293
AENIL7|3EE(2S 49
=] St (oa
X-IIX:H|§ F1E2EJISIsHE(=2 a7 7745
22073 45133
67} A=2(284) 47
67t AZstst2(%84Y) 910
=84 67t AE 32 11
326732 (484) 19153
A2(+84 67t A8 3 36
I=2(48M 67} 32318 3856
AE($=24671 3 E) 142
AEN O B2 1597
AENIR7|SSYE(ER 4
227 E(2 12978
AENL7|3EE(EFE 310
AENIB7|SEIE (L2 6087
=M ZE 2
22074 609
67} A2(84) 63
326732 (484) 16
SEWNIDIIBIIE(2R siote)2 RS HI2 1% OlAt 1
5+25 K| X
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22075 78119
67} AE(E84M) 27
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327
1347
20841
1464
338
12832
2356
16518
1050
20397
2194
159
1976
38

20
1312
74

95
602

187

38
22

H2)

S
=

f

2

6713
67t 3 2)

o
o

2M
[<)

2M
[<)

(as Cr)

St X XY

AENIRT| st E(E

Z(
QEN1EIISISIE(22 M 671 T

AENIRT| st E(E
SENIF7|}

32675}t
22076

67t 28

I

51326

(67} Cr)

Bl
<d

Mo

F

(67} 22)
(as Cr)

Bl
<4

o

Bl
<4
o
m

(as Cr)(Cr)
(as Pb)

Bl
<d

Mo

F

Bl
<d

Mo

191




00 LN | AN ~N|lov|ov|o|o | O
oM <t O lm || N|N|M
— NN
)
<
)
—_ w|
& )
> - =
N (/2] [ P 197
B! 8| B = | o
el e ™ )
o n4o| Mo ~| M~ | W]
m| m| m &Sl m 8| <l @
5 8 #lo

192



N
rr u
d
flo
18
(0e]
O
\O
(@]
o\‘:’
2
ofl
ol
o
H
fo
X
0
i)
i)
®
il

s o YA 40| 57}6}—@ 67} A=9] slEke
Zhaste AS RAcH(1d MI-1]). wekd FCAW & = gj3 89 67 3

: & 4= 9l SMAW Fol £A15t: 671 A8
£/4¢ olf&= A== IFo] HEA I &4

of Asl2e Ay ol BEL
A [e]

SMAW?®] 1] &AL FCAWPJ EY 20| ofA PEAY WAAZ, HEFELS o}
3 oOMAA R oETh & = o] &= HES Jlsly Qlolo]7te] Xjol= glont
Hat 16.7%%c. olE A& E™A Fo|E eolojoA ofF PPAEA U
At ATE ol YUSS & = AU olE ARAALE AN Bt
Ho 2 BAE oA gou A&Ed AXNY 28BS +849 671 I
2 ZA5H st 99 EME 88 &

193



[
I
ki
|
|
i
|
|
|
,l+
|
|
|

e e

!
|
|
|
|
|
_
|
|
|

100.0
80.0

% 10 |e10} Ul juauod (IAND

600

500

400

300

200

100

Input energy. K]

ol

[22 m-1] &Y oux] =4 38

194



S
|-|
>

fon

|IOII

MO

=

M

N

HA

=

oz
o0k
ook
re

g

ox

o[n

N

o

RO

=

AE dgol= & LU FE58HES] ACGIH TLV documentations
AESH 24749 =&7|& A4 w3 717 olgs 1Esielt. S EAF
o 2018-2020 #AFEASY AAE 295t A AR

449 37 = 5 11%71%—.% 2%t 842 37} 67F E84, 67t
L4 IZA d(as Cr)olor, =3 3= 72 287(28/401,8697),
971(9/82,2647), 57(5/75,2717), 47(4/4,5617A)01}t}t. A& 37} 5+t
& % 38.0%(155,1547)7F EAE0IU T, 61%(246,6877)7F HETHA ©]
A~eE7)E HRte R SHEQIY. AE 37 sRbEY k& 52 ASHA
A~ =&7129 1/100 0] 217,182 (54%)2.2 7M Bton, &
19 1/100~ =&71%9 1/10 5 <ol 671 & a2 &=}
Joglo] =gt Hix 2 ESFE oy, EAEd As-: 4 75%, 63%=
to]l& Holx| ottt ST AETHA ol & FF9

, Bfzo] met 5% £ o7t UeS F 5 3
11, E8497 F8A43RMEA 7Y 22 HIER &
27129 1/100~=%71%9 1/10 $5(13,8457), A&3HA o4~
7129 1/100 ==(14,9967)01dct. 22 671 sRt=Qo = E874d0]
H =2 5 EExYUZ & & Ak HREEY S43gE =&
Zo| 7MY BoH, 5k £Fo] oS E Y= Eolte AY
3t A 27, 27159 1/100~k=27]59]
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S AE e 2 IR, I3 P4 59 B4 B 2A7 glon
2 dER TR SR 4¢ % 27HA A5 2) D 37} 3t
FEL BN wE7]E0] ZOUR EUT S Y Aot 4% Azl

E(CrO¢) 29 38 3igtey 29 S=dlo|tE o7 28 FI|SEE
o Bdotd 71eg F&L 5 A Aotk #8481 84S A &St
e oy, F e BF e o] 1A0]al ACGIH TLVs & E%#ﬂ
Z|BAAE & glo]l AEstER YUt 671 A5 JFEE S
Zo] vigrAe Ao,

i
i
! - ™A 1 ™
{ 2% (S94: ma/mg?) | | 23 (=9l m:/mgz)
L27]z 280 =3 YES ! | asara,ascr 0012 ] P — con
CAS7} Hojg] g7} ™ agaret ascr 001 T :
: Aege|g 3200/ 0.0005 : a2 g280|E 0025
I EEL T 0.001
NO : : Italic:'1%| ppm
R, i
-
3EEH 3E 7)) sEkE 3E (37 &EkE 3EZ7Z (' 1
0.05mg/m?3 0.5mg/m?3 0.5mg/m?3 0.05*mg/m?3 : 62t A& '
|
! i
! i
|
i YES
: 3E (67 stErE
! (48%d) 0.05mg/m?
i
i
| NO

3E 67h) ﬂ"“
e

0.01mg/m3

[28 m-2] 2& =9 L57IE M ASZ(HEY S, 2020)
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= 3
A FeE OEA UYER, ZF 59 BExARHolE Y HaRTo|ESt

AFAE 52 =84 8ot

(B 3-29) 38 9 1 31gE9 83j= E/Y(NIOSH X&)

38 % 1 Bl= T8d | =84 bl 2

Chromium metal Insoluble in hot and cold water

Chromic acid, its anhydride,

Water soluble and the monochromates and dichromates
Cr(VI) compounds of sodium, potassium, ammonium,
lithium, cesium, and rubidium.

Zinc chromate, lead chromate, barium
chromate, and sintered chromium
trioxide.

Water insoluble
CriVl}) compounds

[28 w-3] 38 ¥ 1 =g Sz SEHsH S, 2013)
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& DEEAY S, 2021)

FZ 11492 = 35 FJASEEAY A9 444 2 33EA Fol8
A5t o, e IF HIFILEA] gt £ HES HAAT 4
427, HT AESY &5 g 5%, A9 Tl dst 8 ZaEs
gelstint. 3F HFEEAY AAH 444 4 83RO A v
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2 9 BF AFER 60d o, &Y 7172 10~149014 =4 YErte
o, AR FEE A AR A 59 vk, AgH 93] A
Q- 5~49791 Lo E=A yehgth AdEEE Ay fA4AR F9 AR
d, A9 SWEAY A 25dolA =A UEE

T 1197 E33708e AR A 24 giv] 29d
—L

do
P~
MY
(S
WE

LA Z2A)Y] A= Hl&S AFEste] A4 224, 3458 F

il

rd

Hu

_>|i

Hu

g
jﬂ:

H

o

i)

2EAm PEstel okgf o] tehfgich 2
Hge 2 F/lHe 4TS HyoH, FE5E
AL AR FaSHe FFL By 28 AYY LB e
22 AT ZHIE 4T HYom, TEEY AF2EAY A= vgE
2 Z7HeHe S BTk ot A4 22 9y auERe A
ML T gashe e Bt dH 28 AF2eA e BAYE

Ao A7=a, 2584, FF
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4 FAOIN 28 et A A 12
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Possible occupational disease percentage (%)

[All]

0310

0300

0.290

0.280

0270

0.260

0.250

0.240

i

2010 2011 2012 2013 2014 2015 2016

Year

I—
2009

[28 m-4] MH|, 3£, A8 |FL4%

2017

2018

Al e—m=Metal e @Chromium

2019

0.035

0.030

0025

0.020

0015

0.010

0.005

0.000

[Metal adn heavy metal, Chromium)]
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3. =l IAE ¥ 1 sfetE LSHEIZA}

D 67} 2&9 ICPEA 2 ICEAEH vl

(1) 7He

67t 28 WA FHNA 2Fo| BE 67 FH AT ICPE o] &
% 38 242N 02 BA%E o7h 289 BAZI} 598 S50
2 W71E Zolt. olgd WA E0R 7 20| 22 WAel: BF
< AHQEA EH 3T A8 w THS A5t AERARE 353
o
B 11-36) MEHZA} APAE S
72 | =23 zeiLg
AfOIRHT AHIQIEA |ZE0] 23~27% &RE Fe-Cr&Xa1t 30| 18~20% A=
=e 84 Sus Cut WireEH&8 AMEold &= 8H
AFOIRED o X CSF-308%2t 309, TGC-3082} 309(AE&R 2f 20%0|4 &R)
882 28 lgmms ngai) 2x0z 83
MEH3 | AEES FIdEMNE MBS AEEF &Y
EREE _
AEE4 _- 99.7% AELE AMEoIH FEHIAEEF &Y
MEHS | AEES SLIEME MESIH AEEFT &Y
A6 t= FIdsME AMEolH AERFT &Y
ARAET7 | 2Z0|=% | pigment yellow34(FEAME)7E 0~1%ZEeHE HRIERZ T3
AMHRB | 2Z0|1= | pigment yellow34(ZE2A) 7 0~1% XSt HRIEZ 7
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AAF1L TE0] 23~27% T-E Fe-Cr&883 IE0] 18~20% &
% Sus Cut Wire&H-5= AMESHo] 8482 st 3ot &3 0] o]FolA+=
ZG QAo AEHHFIE 270 AAste] MCEZEQF PVCEHE 7t 770&
S5 1 23 (F45% A837h+ [CPHEZFEIRHE 451
B 0.0023 mg/m’ o2 H7HEA (TE(G7HIFE(EE4))2 IC-UVD(O]
ZAREIDH Y E2FHE7NE BASte] Bt 0.0005 ng/m'e= F7HE A
o},

AFA2E 8 9 AHAGA 838 80| wet IYsh=s FoE IAE
o] 20%°l4 d-E |58 CSF-3089F 309, TGC-3087 3095 AHEs
of AgRIHAEHS T
AE AASHAT. 1 23 ICPHY H+2 0.0004 mg/m'e =2 H7FElL
IC-UVDHL2 B5F EHEE EA4=I

(B I-37) STHAIGE MEfZAL A}
EMATHTER] : ng/m’)
72 | 2y

A2l | ME2 | &3 | Al24 | A|=25 | AlR6 | B

ICP& |0.0001|0.0049|0.0039|0.0060|0.0003|0.0008| 0.0023

AIEEN
IC-UVD'# | 0.0009|0.0010|0.0001|0.0015| =&& | 4= | 0.0005
ICP®  0.0006|0.0001|0.0005 |0.0003|0.0008|0.0003| 0.0004

AIEE2
IC-UVDHY | =42 | =4E | =dE | =4 | =285 | =42 | =285
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L) =588

A3 AE4t2 AREoEe] =g mHAE o g FES US|
ojty. =gzt APFFto] FAasta EVISHA ARAFHTIE di4l A=A
7| 7S 71| do] 2MER FH|5tY 2% FHo| ujdol 243519t
I A3} ICPHE B2 0.0012 mg/w’C.2 H7IEUI IC-UVDHY] Bt
0.0002 mg/m'C& B7FE et

2
A

AMAF4L AEAE AREoSl] AAAFEFS ol XOo® AFEFX F
o AEHFHIE 2715 A2 5o MCEZES PVCEEE 7+ 6712 2435}
ot} 11 Ay ICPEY BFES 0.0014 mg/m’e. 2 B7}EQx IC-UVDH Y
&+

T 0.0014 mg/m'C2 F7}=E A,

of ¥ &

L B3 248 A86te] T2y & FE IEEZS At
0% AFEFE do ARAHTIE 2715 BAst] MCEZE S PVCEH

67he A5ttt 1 A3 ICPHY B2 0.0004 mg/m'O.E2 B7HE
1 IC-UVDHS BT EAESE A
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1
HI

mg/ m*)

HA{H}HH
—1oHd

AE1 | AlE2 A|E6 oA
ICP8  |0.00130.0015 0.0010| 0.0012
IC-UVDY |0.0001 | 0.0003 0.0002| 0.0002
ICP#  0.0009|0.0011 0.0020| 0.0014
IC-UVD& |0.0014|0.0017 0.0016| 0.0014
ICP¥  |0.0004|0.0005 0.0004| 0.0004
IC-UVDY | 222 | 2242 274s | 272
ICP&  0.0001|0.0001 0.0001| 0.0002
IC-UVDY | 222 | 222 2745 | 2742
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L) =¥ 538

A7 Axgo| =} F42 pigment yeuow34(ﬂ%&ﬁ)7} 0~1%X%
Fel UT6581-A-N7.0 59 HJIER AXFo|rAS = Log LTHF
of AZAF7IE 271 AA|5to] MCEZE S PVCEHE ZF 6715 &35}
t}. 1 A3} ICPHY IFAHA(as Cr)o] ¥4 Hto] 0.00009 mg/m'OZ
FE4A(as Ph)2 0.00009 mg/m'CE BH7IEQy IC-UVDHEE % &4
= 7=

AFQA8L] AXF o] FAL pigment yellow34(HZAPE)7F 17~27%
e ARUACIE) DNM-103(3H) 5& AR8sto] AEo =4 of=
XOog, 34 FH ANRHFFIE 2715 HXste] MCEZEQ}F PVCHE=E
Zr 670 &5ttt 1 A3 ICPHY AF4HA(as Cr) FHwte] 0.00025 mg
/W OE BF7IEQI IC-UVDHEL BF 242 7= A

R rﬁa o

HHN'

I

d!

d

(B 1-39) HAETTAIHT HMEjZA} Zut

=1} H)qupH
= 1od
ME1 | AME2 | &3 | Al24 | A|IR5 | AIR6 | Ea
ICPY
(as Cr) 0.00010{0.00009{0.00009|0.00008|0.00013{0.00006| 0.00009
ArRHE7
IC-UVDH | 4= | E4E | 2dE | =4 | 245 | =245 | =285

(=
(;CS:P&) 0.00022|0.00018|0.00029|0.00024(0.00032 0.00024| 0.00025
ARS8
IC-UVDY | =2d& | =dE | 24E | =242 | =d& | =dE | =82
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2) A"izAL A

67} 28 HF FHOIA o] BE 67} FH= TYITHH ICPE ol §
& 38 BHFYe [CE LA} o7 289 B4 FAG SE

71 wolsty] giat ol AR Ake ofsfel 2.

T I-40) A& 32 O s (T mg/m)

25 =" ATy o|=xt

AQISH | AtRIER2 | ARII3| MQIZHA| QIS5 | ALY | AIRIAIT | AfRiRi8

>

ICP® | 0.0027 | 0.0004 | 0.0012 | 0.0014 | 0.0004 | 0.0002 |0.00009|0.00025

IC® | 0.0006 | 24 | 00002 | 0.0014 | =245 | 242 | =4 | =45

2% B4 ICPR 243 2ust 67 28 B4 ICE £4% 2
= YT BF F380] ¢ gol B
F3E2  0.0004~0.0027 mg/w'Z2 H7IEJL, 671EF2 EF

2~0.0014 ng/m'2 W=t

AFEAAY 37 9 F7 S5 H7Ee AT o] et A (o]
FAl, 1999)°14 && T & Z& Bl 67F 289 %4 CO; o2&
Holde AHRJHAZDS SUS309 888202 4% o F FFo] 7.294
ng/ ' E 7HY Wol st oy & AF WY 67F AF Hl= 258 A%
SHAIY TAgH] 93.9~96.8% Ht EA A2 £FOE 19.2%7F EAYSHA
om FAA AAZAY {3 Zfol7} Atk Brel AA Y ohefer SR
Aol wet F2F Y] 67F Z3Y vl 24 SEEH o7t A=
Ao= HolT

Qolstered AF AUY AABFAN A7 KASAEY AT AYY
FIFFNA A7~ =FFHNA YD 1% 289 4SS S T



AP AT, 2000014 =7 FACNA ALET Qe AE HEE
CrOs2A] 67 Aol At Fr]Fol= oh2 Ashde o] 80| ZRJohs
2 Yedt. $320) ga 67} 38 5E e 0.412 27 5 EA4e
A4 32 ZoH oF 4o%tto] 67} ZZolgitkelm B,

ol A zAlN EFEA AAH3~59 AT} oW AYS wWAL B
shARt 2] $7o] wah Asleile) Exo] topelA] olRolA 67 A2
| WSt 3 3712 S9EE S0 Ws) 71408 o} £3ET 67
2ako] 2jol7} WS Ao webw),

N ro @
lo

)

L
0

= }5] ¥ FLolAYt FIEL
0.00009~0.00025 mg/mfo]Pr 67} 2L E7HZ0]9lh

7] 24 67} ZEL vanadium(V¥, V*', VO;"), Fe*, HSO; %
AS” 5] B9l E-o] 5] fogt £ FYUE 5 9ok F7] FollA 671
2L 37tHE Botgste] 17 BE §7] S9A4 B3 FE AR AA

SAs 71BAT fARE 29 APRAGIA 67 2B WAl 134
o Bug vk Ath(RerR A A7 AU AATAA AT fopst
12 AF AU 44BN A7 EFTHOIN BAR F/1F 28
AR B0 B AFCHARAZHE, 2000)) 67 ZE ol B4

gge sndolz 7] % BP0 39 BHRA] tet A
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4. =z 35 R 1 =lelE =E71F g

1) =278 /A%

B o] Aotsl= R 37HA]+= ot e}l Zo] QoF=E 4 Qlt}. 67}
3E SR £5Fof AHHglo] EAJo] 5YUSH Aog HEd o, AG
ggo| Q= $F2 ACGIH TLV £&9 0.0002 mg/m'e.2 o8 E3o &
JEI Qi

o -41) 22 U 7 3BHE 7|5 J§xot
LE71=(mg/m)
EE E_‘I -1 R AFSH
etz | 8k | oo | HEY | hEt | hmer | EME
sH @® @ ®
=L 712 0.05 | 0.0002 | 0.01 0.005 | 0.0002 67}
(I24h J20=7
- %%I-
F=267hakgt= | 0.01
(284) 67}
J=2G7He=E | 0.05 3=zoz
(+84) =4
A=A A 0.012

JEA OFA 0.01

AEZEIR | 0.0005 0.0005 | 0.0005

HZH0|1E
2t I2MHO0|E | 0.001 0.001 | 0.001
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L E71E(mg/ m*)
35 E_cl - R AVSH
sfate | 8k | oo | HEY | hEt | hmer | EMME
S5 @ @ ®

EENEE) 0.5 0.5 0.5 0.5 0.5 37t
- AEC=

as7hetg= | 05 - oo

A=@7hareE 0.5 0.003

AEC=

2
SEEIEM C 0.1 C 0.1 C 0.1 C 0.1 C 0.1 LE|IE

2

(1) gt ©

67} 289 w2712 S 84, B84, 2EY 1L 1 9 67 28 3
22 THA i Bl ABEDHIBEEA) 2 0.01 mg/mo
= 23712 SUIL 1 2 IRE) % ARGHALE 52 AT 2

ot} o] £FHT}F Y L2728 JHA (7 89l AEREE JZUo|E
o} & ﬂiﬂﬂ |1Ex @4 2& A o] & 84 gt =875
ZyZk 2008 € 20180 F71Eo] A HAA =R E0] vtdE o] ot &

% ot

2) gL @

N
3
N
Ny
WoF
El[-ﬂ.l «{oll
l>
[
rh
Auj
o
1
it
-
e
[
j‘Q
LU
HU
é
l‘ll“
ek
2
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Abstract

Revision of occupational exposure

limits for chromium and its compounds

Objectives : The 12 occupational exposure limits (OELs) for chromium
and its compounds in Korea were set by applying the ACGIH TLV, but
it is significantly different from the TLV after the existing TLV was
integrated and withdrawn in 2018, so it is necessary to review the

revision.

Method : 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/n’.

OELs in the United States differ greatly from those of OSHA, NIOSH,

and ACGIH. Unlike Korea, chromium (hexavalent) compounds are not
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classified as soluble and insoluble, and NIOSH and ACGIH treat chromic
acid compounds such as chromium ore processing (chromic acid) and
zinc chromate as chromium (hexavalent) compounds. For chromium
(hexavalent) compounds, a low OEL (0.005 mg/m* for OSHA, 0.0002 mg/
m for NIOSH and ACGIH) is applied, but for chromium (divalent) and
chromium (trivalent) compounds, the same 0.5 mg/m* as in Korea is
applied. ACGIH presents STEL concentrations. The UK, Japan, and
France also do not classify chromium (hexavalent) compounds into
soluble and insoluble, but have a dual OELS that applies differently
depending on the situation. The level of OELs is similar to that of
Korea. In the case of Germany, OELs for substances other than
chromium (divalent) compounds are not set and refrain from using is

recommended.

Total chromium and hexavalent chromium were measured for each of
6 samples at 2 welding sites, 4 plating sites, and 2 spray coating sites
and compared. Comparing 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 to 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
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Abstract W

integrated into chromium (trivalent) compounds, and the exposure level

is maintained.

Amendment @: As in the amendment O, 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 O, 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.

Conclusion : Amendment : The change in the OELs is insignificant,
so the cost required is small, and the 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, chromium hexavalent, chromium

trivalent, insoluble, soluble, inorganic compounds
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