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A7 o8 Abstshd AHE Ak dub o g 8 Fol EAgte ¥

= F2 37} AF (trivalent chromium, Cr(IID)¥} 67} =& (hexavalent
chromium, Cr(VD))olt}. 37} 7S HwA =7do] ofstx|rt 67} A5 et
2z W MY A27A 67 B Bk g we 93 AT A
g =]o] gFo ™ International Agency for Research on Cancer (IARC)O A+ 6
7} A% 3}3%E (hexavalent chromium compounds)S “1A] wkAlo] Q=
(carcinogenic to human, group 1)7 EAZ EFaz Jrp? w3
Environmental Protection Agency (U.S. EPA)YolM = 67} A& e &
AA =l 93t (by inhalation route only) ®¢t&E2 (carcinogen group A)Z
TRkl ATk

American Conference of Governmental Industrial Hygienist (ACGIH)®l A
= 484 67} AE (hexavalent chromium, soluble)¥} =84 67} A&
(hexavalent chromium, insoluble)®. 2 F#3}o] Threshold Limit Values
(TLVs)E AAsta g, 84 67F 289 4% 50 ng/m’, &84 671 2
9 49 10 pg/m’S TLVsZ A5t Qleh o] 7@l F Ju) BFg
“glolg ol x|t 2 A (confirmed human carcinogen, A1)"2 F43ta glc).”
National Institute for Occupational Safety and Health (NIOSH)oA &= EE
THY 67F AF 3ES U 242 SR/t 9o 67 A7 387
% (Recommended Exposure Limits, RELs)S 1 ng/m’e.2 AA43sta glch.”
oj¢} o] AF9 FHEITS AtsHHIer & wet thEA A )
= A2 oldg 5ol AAlel g =4S ARt T8 8%lo]7] uwjol

.

AFd =52 F Ae g A5 =9 45 4LEA U 23 A4F
e o] =2 Aoz dHA A o] AFelA F= AFEHI e AF
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7)oM) FhEH, AZAFH, 9 2 AR Fo dEd 7 d5S A
Astar dof Eg S Agy &5 FAMA BAEHE AFe =g skstA <l
A B 212 AR Aolshr] witol At dYS AR tEva F
Zatdlth. o] A= AR oMY AES Adto]r] ol $E 0]
tE AA 29 FAAY] A7 Abskske FFE Aol7t Us AR oS
A=
2. FUS A7 EF

A7 34 FolA F99 A B4 Tl 9 Absiskd et
Malsitia gl QIvh? 37 F A Fo Asskd Al Wt gt aE
o] Aalar & HE e 84 wel 2ol 7) )t

TE&N FoAe AT Atststd AEHl= Abskeke A9 9 pHoll 9@ -5
At pH 6 o]l A chromate(CrO )7} A=

1

i, pH 2-6 A}O]OHHL‘—
HCrO4 ¢ Cr:07" 7 B3RS 443tk pH 1 olstllre= F&
HyCrOs0lth, 2H 27 3o A 489 2 CrO2 & Cr07 o= 15&%@ 1
o} o] FAH Cr.077 & g %3 Az §7184, Fe(ll) 53 22 3
A=A wreg oM Cr(V)9 Cr(VDE AA CriD= &A% 371 3
=ol AtstE 7] s AU A7F Dask, wepa] A el A= 37F 259
As7b dojuhA] @Evia B 4 gtk ukd 57143 2o dUEdo] &
Aot &Y FolA 67F A7 A HAAA R WP = Ao dHA
ATE G FoA 67F A7 37HE FAEHT FHoAl FAME 67F AFol 95
& A= Aol =wE v b ?

FFoA 67 AFL 7] AEHA F71EF, S EE Fe'fe e 9B
Aol o3l 543 FAdET Are SA] v Fditolga ¢EA ATt 6
7F A7) A kA EA Stel AR 7] 2stelA] B wEA 8
At 54 F9] 67F AR FUIEAd oF) 37tE AT W= 4.6
- 18 deow FAR kY 4ds Fo §F ba A 98 374 6
he Aol AakeA ekor], 37 A%E Tgel FHAS W 67kE vg =9



A AbstEe] wzb7)E 9 dolgta Buw oy whaka i) 2ped o) A
= 37 AFol A FdHA =
7] FolAM 671 A5 vanad1um(V2+ VP VO™, Fe™®, HSO” 2 AS™
%9] 9 B o8 o $rE #9499 5 g’ T FolA 67 A
& 7RG E¢A4ete] 7] e 7] 3948 4 T x4 S
%ﬂ”ﬂ 718 3 Ak 23] AESA oA 67F A7 v &
o7 Bud u gt w3715 371 Age] Atse @ dojuA] @
Aoz A v}k, 2o 7oA potassium permanganate?} & EA] )
oAM= 37F AF9 Abshrt Eoi‘/]‘x] orortt ) Cry0s FE)7t obd o ez
EA8k= 37F 358 Aol% 1% manganese oxide =4 3lo| ARt 67F &0
2 Akgkd ¢ oy o] RESE Ui FAXAAAME TheshA &

o

7S XTI B FolMe] AF] AstEd v & AEEA &
okeh ot AF7kA & E el 67 Age] WA sl g ATt
Ho] o] shrh. &4 2 Fol FAH = 2=+ 3000 K ool 67}
2E2 1300 K ool shshA] @71 el &4 2dA G & 4
#9457 b gHE Rl wE FAF w67 A%

ME}.
Thomson % Sterne'® MIG €4 ZgA 994 Ho=z =43 671 =

F27F A (filter paper)® ol o FERU Evhal H Sl

AA A= 5L gEE 67F Aoy oA Al

Aol NS 67F A9 kS WAsk= a3t 91‘41’ Ay

Gray S 84294 671 AFo] o= AL FL=} AAA L9
shsbA ]l Hkgel & 67} AFJol ALABETL FHEUTE o] AFAES
metal inert gas (MIG) €% HAEE A5 3t 67F 252 HES ¢
AARE SAs =, &4 WA 5 202 el 67F A7 vl&o] Hol] o=

i R Ul §23 gaste] A48 $FoR X8 nusigr. 3
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Hlge Azkel whel Wk A9 glow MIG 84 4R A yehddh”

Zatka'Vt SHE M 67 AFS F QAN AAQ AtskE W
ol 2%k Zo] ofyel, Agoll TAE Ao 37t AF Abst=e] S &
Abasoll olFk Abstg o my 67F AFo] HAEva FAeY. 84T 55 T
71 Abael ols) o wkeA el mAg AstER dEEa, o] g4 AkgE
TEY ol Eolite W WAl AR A EH. AFE vV E e
dol & AstE dHE dekEy, o] At Ay ¥xHE w=3td A%

(Crs05)H.th 2% NaOH/3% NayCO; &lojA] &s)7F o 2 @At g9 37}
5L o7ty A FofA hydroxochromate([[[) ion, & [Cr(OH)4] = &4 3t
o} o] &dE 7t [Cr(OH)4] & Wi 8744 hydrous chromium(IID)
oxide® A@E At 7)ol oa] AR} AslE o] (chromate, CrO,” )7} FA
ot 37 A5E eLﬂ?/] | FA 7HEAs W 67F AFo] FAHEHATE=
AT ATz o9} re 7hHLS F sl gk

Cr’® + 30H < Cr(OH),
Cr(OH); + OH < [Cr(OH)4]

heat
[Cr(OH)4]” — CrO(OH)(##) + H.O + OH”

heat
[Cr(OH)4] ™+ 30, + 407 — 4 CrO4 % + 10H,O (37} A2 23}

Ea3AoA e AFe AbEskd 540 dig A= g AgE] 9
282419978 g Ao A pilot EFAHE o] &3te] F71FT §Ho A9
Az Agskdadee] oA WadtSs wausga, wak do 2taEy
FUE FAREA FHT 5 oE Yot e ute E4S A 9%
AHAS kel o] Ao M2 Eg FAFAA WE AT FV] Fo
a2 WRE 67 2E FejolAu, Azke] AdeE FaB W 67 AF
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2 = o Az 2Ase] ARAH R BBF 67
o B9 PAFE Y} EgEgel U HFAd AF .

7+ ARARAT

1) AEAH A

TF 67 AES AFASY] YA NIOSH 34 7600°Y =& 7604°7) u}
2} PVC ¢ 3}%] (37 mm dia., 5 uym pore size, Nuclepore Corp.)¢} &Zg] &
B (2% NaOH/3% Na:CO3z)e] @7 dAAE A3 T. 10 mLe] €7Hy &
e T dAA 2NE ANEERE ddsta 7P FE PVC ARAE F&



sto] WA E Sdsh= ARE EFSIAY. 27T A% AlE=  NIOSH
Method 702491°% w}2} mixed cellulose ester membrane (MCE, 37-mm dia.,
0.8 um pore size, Millipore Corp.) o 3x]el] =l s}3ic}.

Table 1. The Electroplating Facilities Investigated

Climatic Electroplating s |
Type of Plating/  Condition  Bath Condition Sampl- oo P _
- . Prepar- Analysis
Factory Products Air ing .
Temp. RH, Cumnt, Temp., Date ation Date
T % A T Date
SSG Hard/Automobile 29.0 90 1420 45 09.09 10.08 10.13-14
retails
PJ Hard/Ship engine 28.5 93 3000 57.5 09.10 10.08 10.13-14
DW Hard/Roll, ind. 223 85 5000 45-60 09.19 10.08 10.13-14
machines & mold
DG Hard/Grinder 22.0 09.20 10.08 10.13-14
MS Hard/Ship drum 13.4 1013 10.26  10.30
IK Decorative/Clips, 14.8 10.14 10.26  10.30
keys, small mach-
inery accessories
KN Decorative/Pipe, 18.6 82 2-3 65-80 10.21 10.26  10.30
automobile Alcm?
accessories
SSD Hard/Mold, auto- 206 67 0.3, or 45-50 1022 10.26 10.30
mobile & and 6900
small machinery
accessories
KA Decorative/ Ind. 10.2 6 mA 50-55 1125 11.26 12.21-22
machinery, airpla-
ne & automobile
accessories
HJ Hard/Molds and 9.3 85 52 11.26  11.26 12.21-22
roller
SwW Hard/and 8.5 80 1200 50 01.20-21 01.24 01.25
small machinery
accessories

RH: Relative humidity



2) AFZZRNAEAFH FH)

AGA o8 e FVIAEE BAlC AFHSH] 8 Fig. 13 22 A%
Z5 A E A st 2983 2ol 30 cm x 30 cm x 25 cm 7)o A
o o AEAF A} AAE IS 7 o] WY <ol A5 A FH vy

A7E s AAG F QPN B /A RE AASHA

29.5cm

2b.bcm
L
| e
A\
o o 0 O 29 5cm
o O O O
O 0O 0 O \
I~
1 |
110cm

Fig. 1. Exposure chamber for sampling airborne chromium aerosols.
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U d7HE 2 B

D 22A 3§ 5 £X %9

=W mw Al FEARS grlT 67F A% =F AdEHd did A5t 553
< ARE 7 AL 2R2Ae] 67 A% B FAFE =T

X5 dgoteta mFV|Fel hE WrhE AAsl ARs
7 PAR=S

.
FARASAL. QAT 2 AV AT BES vlwss] s BAHRA

T oo
S r
-

PH rlot

[ o olf

F71% A5 280 W5 540 U JuE 97 A8 2249
EYRON 54 FAF $E 67 AF $ES AR nusdth $3F
= & A

o= HAHEA] (ANOVA)S E3l A8 o2 A8t

TAFYN 67F AFAERE AFHE ﬂsﬂ PVC OMXM MCE o3}
side-by-side E7} =5 22 X7l F2AZ & A {FAMS %
2 sAlel AFAAT 9 2 AGF PVC o Ao ANHA 67F A= 3
S BAE] A8 AlEE AFH FA 10 mL vte]dell &3 F &z
(2% NaOH/3% NaC03) 5 mLE HA71stelth 2 33 671 A8 A8e 4
Az (3.0£1.3 T <A7|ZF B33 5 jon chromatography/visible
detectionH*’ o2 67} A7 4 XSG FAFS A S Fztd
FEE N 9 Bae § 67F A5 B4 A7 2 A7l A eI 67F
A% B FAF ABA A5 HAAE L A4 WRiel #ek AAg AEe
‘o el AFE ATk

12 o (o

ofo ot oiﬂ X



o T2 2 - 43 AU AR EAEE F3F 2 67F A8 Pl 2
o] 7} °A~x1 oty =gl 670 AF9] Fe AU A

9 AZGAANA AEF 67F A=29 YL HAF 9
AgAT &, vtolART Ao A4F IS %“4611 whol o] W
Ze] &9 5 mLE A/MANAT AANER 22FNF 67F A% &
t-testZ ol-gato] foAS AU

4) NEAFARAZ 8 IF Y S

PVC oA o] ABE QFH 3= Akl wel o] folahA HAgsh=x
Aot F3FY 67 AFS ARAFHAZE (30 - 60 &, 120 ¥ 2 240
- 360 ®)E Al A5t FAF digk 67F AF] HIES Tl Al
o wE Wyt A=A FAAASAY. FAF R 67 AF ASAAWMAE
J=AH AN el eks] XA 7]a vegk fFo R, = 67F Aw AT
1.997£0.010 L/min, &3&¢] 4% 2.011+£0.017 L/mm&i NzE ANFH 3
th 67} A8 AlEE PVC 3o AFHe SA 428 &9 5 mLE H7Hst
o] WA (3.0+1.3 C)oll Badtozn uk @ Az A 4= gle g9
< WA 1EZHAA17PJ+ 3% U 67 A7 FE vE&Y FAAES
st7] S8l A 2 S ARAS A

AN

ﬂl

>

5) A w2 SIS

T GA P 2 SWe Zd sl A PVC o Hxel AFHE 67F AF Al
59 AT g oAF9F &g &N skl WA ade] dis] Ay Rkt

S AL (Pl =5FolA 1 m Ax Eo3 Ao A] side-by-side
AER e PVC 482 AX3le 279 67F 22 AE= 2.008+0.008

L/min® & FAloll A &, gk o34 Ali= NIOSH el uhef vie] Qe
] E’]*% FE o A (FeE3: 169 - 214 T)olA BmaEgiar

02 A8EE 5 mLe ¢t &Ho) Hio] el dof Wi (3.0£1.3 T)ell
A EﬂoWﬁ} oo} Z& st A REe T 457 &
7F A=A FAAASE Y. g2 AR (SW)ollA] aE Ao A

Flﬂ

= oz
g5t 2271 PVC ojatAel AR 67 A BL VAL FFL A



A E It Ea XA 1m "ol %’4‘1 of AAg AlZAHAHE ] &3}
PVC Ao 4719] 67} A& Al&E 2.511+0. 019 L/mmA SO Z EA]
AR 7 ARE 47HA }Jdcﬂm Hygh & 4 Fof BA33aL o5
WHARETS] AFo] & paired t-testE o]-&sto] TAIA SR AASHATE 47HA]
AZAE He T 2

__&

@ nto]del Yo "ed F 42 (8.5+1.0 C) A%

@ oz & H FHE 4 (8.56£1.0 T) A%

@ vlo]de] Yo West & F (3.0£1.3 C) A%
@ oIz &N G FHE ¥ (3.0£1.3 T) A%

6) AEAHFHYHEZ B2
Eazdd Im Ax "ol Add AledqHAzHE 4
PVC of3#], dzte] &Ho] &3 A 9 MCE oA = ~

H3atgth. PVC 932 2 Ao AHE A82REH 2AAYE 67F A8 =
2 ANz vwsg) olet &7 d:A we] 93 67} A= =AZy MCE
ofzpxe] 23t FAFE S A= vasklth Als 2w 2 AT 67F 2
o S WAS] fs PVC of3xol Algas AFAT A &2 &9 5

mLE F71enh Ade T ARIH(SSG % SSD)eld F o wkEE Qo
PVC o] ¥##] 9] 79 1.99740.010 L/min, YA % 0.420£0.006 L/min,
MCE o] 3}x] 2] 7$- 2.0111£0.017 L/mind] FFHo 2 F7] A& HF 3t}
o2 Ado Ao Fit A8AHFZS Z247F 2.006, 1.046 2 2.010 L/min®] %}
ok 7 AlEAFH Y & SAGke] 2kolE AAs7] 918l paired t-testE
o]-&at3itt.

7) 71€ =537 THe EAA 9 B3 =S H4et AA
$-#ukeh, ACGIH, OSHA, NIOSH®] A& 3t =&7]+S
g, v mEieA AR wE27]FY EAEE gelst
AAsEA . g i Al A Bakstal e Z71H <) F
IAE HESI siF AN ol &3 AF 54 W
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EFEd s A Eoiy. w3 A5 Atsieel 5 E
=3 7% 67F Awel AR, 2R 5 AdS 671 2w
BA 7] 91 B 7kH] ks A A ST

r&
1o

D F3F

AFAlel AMFHE FTAF AEE 1 mL EA EA stoll A Table 29F 2 =
Adtll A 2S5} 3]3}7](microwave oven, CEM)& Ax2]d & Ax&FF =
Al(flame atomic absorption spectrophotometer, AAS)= #2135}t HE A
5 &9 Fus HFIAE skl 5 - 10 mL=2 SEelrh. AASel 9@

A% BAZL Table 39 Q.9Fxo] Qi)

Table 2. The Instrument Parameters of Microwave Digestion System for
Digesting Filter Samples

Parameter Stage
1 2 3

Power 70 100 100
Pressure(psig) 80 100 120
Temperature(°C) 100 120 140
Run Time(min) 5 15 20
Tap Time(min) 3 10 15
Fan Speed(m/s) 100 100 100
Volume per Vessel(mL) 1 - -
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Table 3. The Instrument Parameters of Flame Atomic Absorption
Spectrophotometer

Instrument Parameter Flame
Lamp current (mA) 7
Slit width (nm) 0.2
Slit height Normal
Wavelength (nm) 357.9
Flame N2O-Acetylene
Sample introduction Manual
Replicates 3
Measurement time (sec) 1.0
Delay time (sec) 1
Background correction Off
2) 67} A&

Al57F AFE PVC o 3tA & ne] Lo % 21 % 2% NaOH/3% NaxCOs; &
4S5 mL 7‘@7}6}0%} o] AJ&E NIOSH HHfdl uhe}l ulolAd] %11 F 2

AR G7IAZ 140 T 7FdF 9ol A 40% mRke] AJZE Et 7 sk,
e = Jf‘é Ao ujo]A e Ayt AAE EolEdrh. ddA &l A
He 671 A% Alﬁﬂ 49 PVC oA Alget 5d% wos dAAe sl
ok HE AE &9 Fu= 20 - 256 mLE 2FATh

u
- e £
23t A= &94& 50 uLE F99ske] ion chromatography(IC)
2 o] &3}o] Table 49 735} A A5, &A= 671 =
&) #2]¥ § post reagent

/Vlslble detectorE
2 IC column (IonPac AS7, Dionex Corp.)ol ¢

‘ﬂ 2 mM diphenyl carbohydrazide(DPC)%} ®¥F-8-3}o Cr(VD-DPC =3HA) 7}

A E =, o] 249 FFEZE 540 nmolA A3

o
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FA ANETF B 58759 0.5 - 29 st &

s
sampled A|Z3 & A9} FAsHA AA 7 L B35t 3t 34

Fe BAsA.

o
Hed

ol
_OL

Table 4. The Analytical Condition of lon Chromatograph/Visible Detector

Parameter

Analytical Condition

Sample loop volume
Guard column
Separator column
Eluent

Flow rate
Postcolumn reagent
Postcolumn flow rate
Mixing device

Detector wavelength

50 qul

NG1

Dionex lonPac AS7

250 mM (NH4)2:SO4 + 100 mM NH4OH

1.5 mL/min

2 mM diphenylcarbohydrazide 10% v/v CH3OH
0.5 mL/min

Membrane reactor or reaction coil

540 nm
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. 23 ¢ z1&

A4 Age] 285 9 5% ¥+ Fig 29 2
© 2 et} Table 5 ¥ Fig, 3& A
FrE Ukl ZAow adoe 7 A% R0

o] 718 (GM)L 11.2 ng/m®, 718t x =4

S

(GSD):= 4.90]31, 67} A2 A$ GM 2.84 ug/m’, GSD 5.22 et} &

229 9% =ZFL9 7| EFAAE 55 xYEEE FLE Wolrl Avts

As & Utk T8 $E9 W 0.89 - 523.7 ng/m’eliL, 67 AF
3

T W9 <0.09 pg/m’- 113.2 pg/m’% w9 He =
1 A 1 Adel B+t 67F 4% s=e

ACGIH TLVs 50 pg/m” e 238t 770 A4

F[REL)Q! 1 pg/m® Y& z#slqit}. A 487) A 8F 17H Al5vE =E i 7

= 2 ACGIH TLVsE Z¥a3aL 3470 (70.8%) A 57} NIOSH HaLr]+=S

Z 313t

AEE 232 2 67 A2 k;— Table 6 % Fig. 4%} 2t} EAEA 23

OH b H

H
JFol wet FaE 2 67 AF = olg Zfol7h AATHP<0.05). F=
B ThT dvkE]ie] 7+ %9}1 (G =21.6 ng/m’, GSD=6.8), T}Zo 7 &
Ao o FEEYE BT (13.4 ng/m’, GSD=4.0). 67} A& 49 &
T2 o] 7HE =8 F% (GM=4.15 pg/m’, GSD=5.7)2 R t}&o g &
4= Anpre] o] Y THGM=1.86 png/m®, GSD=4.66). ©]¢} #o] B #ga=
67} A% =EFE7F w2 W, At YAt A5 sE7F S =& AL
2 Yergtt o] 7 fFE ALde e A A FAF 2 67 A7 %
7} 747 2.36 ng/m” 2 1.28 pg/m’= UbER

TF 4R dH 67F A% TEE =858 27| 9 ACGIH TLVs #]gt
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Fig. 2. Distribution of total and hexavalent chromium concentrations
in personal samples.
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Table 5. Total Cr and Hexavalent Chromium Concentrations in
Personal Air Samples by Factory

Factory N Total Cr, ug/m® Cr(Vl)", ug/m®
SSG 8 31.2° (2.8)° 22.3 (2.4)
PJ 5 7.3 (3.5) 1.9 (3.1)
DW 5 6.19 (2.8) 0.52 (3.5)
DG 3 60.1 (1.5) 45.4 (1.3)
MS 2 6.7 (1.1) 2.6 (1.3)
IK 3 3.6 (2.8) 0.92 (2.4)
KN 8 1.4 (1.5) 0.78 (1.7)
SsD 5 94.1 (4.5) 7.3 (2.2)
KA 4 4.1 (2.9) 1.1 (2.3)
HJ 5 26.4 (1.8) 2.0 (3.2)
Overall 48 11.2 (4.9) 2.84 (5.2)

AThe hexavalent chromium was collected on PVC filter, and immediately
after sampling the filter sample was stored in a alkali solution, 2% NaOH/

3% N32003.
BGeometric mean
®Geometric standard deviation

_20_



1000 - ACGIH TLV or Korean standard for Cr metal and Cr lll compounds 4

100 4 .
O) """"""""""""" fleei e
3.
c _
O
= NIOSH REL for Cr(VI)
= 10 o 4
C ]
[0]
(&)
C
o
O
(T NN IAUN TN IUUNN RN NN SR 1
01 T T T T T T T T T T
SSG PJ DW DG MS IL KN SSD KA HI
Factory B Total Cr
== Cr (VI)

Fig. 3. Average total and hexavalent chromium concentrations in
personal air samples by factory.
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Table 6. Total and Hexavalent Chromium Concentrations in Personal
Air Samples by Job

Job Title N  Total Cr, ug/m’ Cr (VI)*, pg/m®
Plating 29 13.4% (4.0)° 4.15 (5.7)
Buffing with occasional plating 12 21.6 (6.8) 1.86 (4.6)
Carrying workpieces;

Cleaning by acid, solvent or 7 2.36 (2.6) 1.28 (3.1)

water; Packing

AThe hexavalent chromium was collected on PVC filter, and immediately after sampling the
filter sample was stored in a alkali solution, 2% NaOH/3% Na,;COs.
BGeometric mean; CGeometric standard deviation

1000

[ Total Cr
I Cr (V1)

ACGIH TLV or Korean Standard for Cr(VI)

100 o /

10 4

NIOSH REL for Cr(V1)

Concentration, pg/m3

0.1 T T T
Plating Buffing Others

Job or Operation

Fig. 4. Average total and hexavalent chromium concentrations
in personal air samples by job.
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Cr (V1)

120
I Y=0.759 X - 5.683 (r=0.91, p<0.001, Y=Cr(VI), X=Total Cr) ) d
r ~
100 - .
80
60 -
40
20 * —— Regression line
[ —--= 95% confidence intervals
r e L - 95% prediction intervals
0 las¥%
0 20 40 60 80 100 120 140
Total Cr

Fig. 5. Regression between total and hexavalent chromium
concentrations in air samples from plating operators.
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3. 7% FIEFT 671 AE v g 9FE vx= &9

7t F3E dE 671 2F F=H]

AAE L2A] TFHAANA SAHL FAE Tl Ui 67F AF F:
H]:= Table 7 9 Fig. 63 o}, =33 4olA AFEE 482 67F 48 33 E
o)A, FAME F&= W= 0.095 - 0.767 (KA Hit = 0.4DE TV A=A A <]
67} A FaF 18] B e Bl ARGl wet 7] AbsdE
35 TR e Aol e s o

Table 8% Fig. 72 T+, vt 2 7|gf % & AF v 9457 T3+

mﬂ 67} A% F% vE At o FAFA Ui 67F AF = W
BE 7k {23 ZFol7F AT (p<0.01). =+, v}

747y 0.48 2 0.250]Q4L o] F HJHFE A3 v 49 =
: O]‘é AF-Fo A Anf Pr«] 78‘*°r 67P ii«] Hl&o] o2 ¢Fol H

ol o ¥ ol rr =

Table 7. Ratio of Hexavalent Chromium to Total Cr
Concentrations in Personal Air Samples by Factory

Factory N Cr(VIl)/Total Cr
SSG 8 0.76+0.23"
PJ 5 0.33+0.31
DW 5 0.10£0.11
DG 3 0.77+0.17
MS 2 0.38+0.06
IK 3 0.54+0.49
KN 8 0.57+0.13
SSD 5 0.18+0.28
KA 4 0.38+0.34
HJ 5 0.12+0.10
Overall 48 0.41+0.25

*Arithmetic meantstandard deviation
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Table 8. Ratio of Hexavalent Chromuim to Total Chromium
Concentrations in Personal Air Samples by Job

Job Title N Cr (VI)/Total Cr
Plating 29 0.48+0.34"
Buffing with occasional plating 12 0.25+0.27
Carrying workpieces; Cleaning by 7 0.56+1.64

acid, solvent or water; Packing

*Arithmetic meantstandard deviation

1.0

0.8

I

0.4 4

Cr(VI)/ Total Cr

0.2

00 T T T
Plating Buffing Others

Job or Operation

Fig. 7. Ratio of hexavalent chromium to total chromium concentrations by

job or operation.

_27_



Table 9. Comparison of Total and Hexavalent Chromium Concentrations
in Plating Solution by Factory

Sampling Total Cr, Cr (VI),

Factory . N Cr(Vl)/Total Cr
Time mg/mL mg/mL

SSG Morning 5 591.4+ 8.9 544.6+11.6 0.9240.02
Noon 5 614.3+15.8 586.9+12.8 0.96+0.02
Afternoon 5 682.8+13.6 630.2+45.4 0.92+0.07
End of shift 5 648.9+23.4 634.8+39.3 0.98+0.03
Overall mean 634.41+40.0 599.1+42.3 0.94+0.03

DW Morning 5 356.4+ 8.7 299.6+29.3 0.84+0.07
Noon 5 337.8+12.3 315.1+£12.6 0.93+0.01
Afternoon 5 343.9+ 8.8 318.8+18.6 0.93+0.06
End of shift 5 374.5+12.1 358.5+35.5 0.96+0.10
Overall mean 353.1+16.2 323.0+25.1 0.91+0.05

KN Morning 5 14.4+0.4 9.940.6 0.69+0.03
Afternoon 5 13.9+0.2 10.6+£0.4 0.77+0.04
Overall mean 14.1£0.36 10.3+£0.49 0.73%0.05

SSD Morning 5 333.5+12.4 298.7+27.5 0.90+0.06
Afternoon 5 361.0£10.2 320.5%£13.3 0.89+0.04
End of shift 5 358.4+ 8.7 287.8+ 8.3 0.8040.02
Overall mean 351.0+15.2 302.4+16.7 0.86+0.05
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(p>0.05). AA A=E 7HAAL AZAHAAZMY w5 HEe] AaRaAE A
Ay, AFBDAE Holuy FaAdo]l WEuthr=-0.32). T ¥t
AR FolstA &*rHP>0.05) 1h
A, ABAFE)E -0.798 Hu A 9o} 3 ARAL A%
ATHP>0.05).

2 ATAARO R = 67 AFo] ARAFT SdEv g 5 gl
=

Aol WS AL EAS olEe] gFom s xeH 2 o
Fowgzte] A4S okl B9e Aow Wkt B ATel 4% RS
oA Awgel o FF old e §e F/4He A7 Bastele

Table 10. Ratio of Cr(VI) to Total Cr Concentrations by Sampling Time

Sampling Sample* , . !
Time, minute Set Total Cr, ug/m’  Cr(VI)*, ug/m’  Cr(VI)/Total Cr

1 12.8 11.3 0.89
2 18.9 14.9 0.79
30 - 60 3 18.1 6.7 0.37
4 24.8 18.7 0.75
MeantSD 18.7£4.91 12.9+5.12 0.70£0.23
1 14.5 14.8 1.02
2 234 6.3 0.27
120 3 14.4 121 0.84
MeantSD 17.4£5.17 11.1£4.34 0.71£0.39
1 294 17.6 0.60
293 16.3 0.55
240 - 360
3 19.9 9.2 0.46
MeantSD 26.215.46 14.414.52 0.54£0.07

*Chromium samples were collected at a factory, SSG.
*Hexavalent chromium was collected on PVC filter, and immediately after sampling the filter
sample was stored in a alkali solution, 2% NaOH/3% Na,COs.
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Fig. 8. Ratio of hexavalent chromium to total chromium
concentrations by sampling duration.
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g ] PVC AAE @9 375l sdstd =EAA 67F A5 A
At F o]F & Alme AEAFA 25 NIOSH Bl whet vpo]dol Wof
B @ F Ao musda e AR vleldd Yu 37w g9 A
7 35BSl olFA AR tE WHOR 45 B ARE BAT §
67} A% FEE Bad Ay Table 113 2t} o] HolA B npe} 2o
drlel: AAleA e AR 67 A% wEE LHE A7 AR ol
HlE] B3t 30% (48 - 104%) B YUtk F gkl x} 17} JE=A] paired
t—testﬁ& AR frolgt Apol= AATHP=0.06). 18 2A5E FRE & &7
A% 25 HoI Aol AL A2 helHTp<0.05).

Table 11. Comparison of Hexavalent Chromium Concentrations
between Storage Method
Set Sampling Cr (VI), ug/m® AB
Time, min PVC filter & PVC filter &
viallroom® (A) alkali® (B)
1 10 8.16 13.8 0.59
2 15 17.2 21.1 0.82
3 20 1.91 3.94 0.48
4 40 1.80 3.15 0.57
5 120 1.17 1.12 1.04
Mean*SD 0.70%0.20

The samples were collected from a factory, PJ, and stored for 4 weeks.

AThe hexavalent chromium was collected on PVC filter and stored in a vial at
room temperature.

®The hexavalent chromium was collected on PVC filter and stored in a refrigerator,
with soaked in a alkali solution, 2% NaOH/3% NaCO:s.
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Table 12. Comparison of Hexavalent Chromium Concentrations among
Storage Conditions

Cr (VI) Concentration, pg/m’

set Sampling  PVC fiter PVC fiter pyc fiter & pVC fiter & aAp D c/D

Time, min . . . i i ia-
via ll(%omA ;’::: g.%f"( gB_ ) alkal(llcn))om aelrléatlclal:igf(ng)
1 210 11.6 14.9 missing 124 093 1.20 -
2 210 28.8 17.5 29.7 34.3 0.84 051 0.87
3 210 11.6 15.2 28.9 27.4 042 056 1.05
4 210 0.46 19.6 20.9 23.4 0.02 084 0.89
5 210 4.32 5.06 201 15.6 028 032 128
6 210 6.85 5.26 9.62 10.3 0.67 051 0.93
7 210 719 5.58 8.81 6.06 119 092 145
8 210 6.92 6.64 10.6 9.38 074 071 1.13
Mean 0.63 0.69 1.09
*SD $0.38 *0.28 *0.22

The samples were collected on PVC filters from a factory, SW, and stored for 4 days.
ASample filter was stored in a vial at room temperature. BSample filter was stored in a
refrigerator. CSampIe filter was stored at room temperature with a alkali solution. DSample
filter was stored in a refrigerator with a alkali solution.

ou dAEE AR @& AR A oA Feld Edo] wAdT
A Hasklsdl 2 Atdatel afelzh ik ol gl @k Afel= £ el A Alm
= ERE A 227 g HA 793 Aer F5H o5 AT E
gg 717kE odF - 7S EE AeEsE 256 - 33 Tolu & A AL
Fste] Ao 2w=7F it 8.5 TR F AFolAe ARs Had HAuy &
ol 2 Apel7h ek @M PVC ofdAell HF w671 AFe] ol 7 A
= 2R Gl diF F7HAQ Arh Aaste] et 2o

shrEeAl azbs Ao BAE 67F AFe] ARAH R ARG gl
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& A7} vk Ara et al® 2 Ehman et al.'®& 35S eA] 27HA] W&y
= 67F A& A 829 HFH E5/F(during and after collection of samples)el] 6
7F A58 SAHATAL Bl o5 davtad] H& vl A3 6
7} e Ry 372 #9457 Aok A2 Esman et al.'”e S
Ao A (glass fiber filter)ol 5 pgel 67} AFS HA7MdS uf 17/1L€F oF
40%°] &40l Jdlern oy 3/d wt EAE FAE FFEoATal Bl
39l Arar et al’?e &R 2 ZoA A MG o (quartz fiber
filter)ell 67} A& AFHs= Toll 553 o] o ‘fkit'%(‘ﬂiﬂﬂb °F 60
), o] ARE Bystes o= kg ghelo] o

Hausiith A3 2 Bas 67F 259 3d S5 ‘?jf‘@%, *]JEL?H%“H
Aol T, Bz Fo wet 2 zol7t s A

=ol HAFstal A= A Apol=

ﬂl

o AlE AHEHY v

Table 13& SSG A4 PVC o34 2 duAgom 548 23
Hlas Zlolth. Held B uhel o] WA old ZAANI} P
Aol o9 Avhar B 2.2 9 A FERETHp<0.05). JRAR o %

o] =
AAN7E =4 vERG ol dEA & EHE 67} Aol HFstE
oA JA T AHE AT FLHAY] wiLolgtar FAE & Aok 22y ¢
A ot A7t FA7 SAHAY 2o =A UEeh 2o ogk &4 e
2= o9 Be ANS F8e AW 4 ¢} Katz and Salena'V NIOSHe)
A Axss PVC oA 9 ¥ 5 pmz olnth 2 Jxpe] &4 7hsA
o] kil FA st oleid 8l FF FIFE IS AoE F54
=3 % A ]*1 044749] ’\]JELL 9‘5 2 L/mine 2, 43AA Alg+= oF 0.4

X
I oke] A9-9f vz At vERRTh o] AdddAE PVC AA3A Y] Alw
A2 2.006 L/mino]al A ] AFH -2 1.046 L/mino Atk o] Aol
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AE A AH 93t gho] x| o3t ztHt} FH 2.018) =4 Uelt o
W FAHOR Fo8 xo]7F AATHP<0.05).

Table 13. Comparison of Hexavalent Chromium Concentrations among
Sampling Methods

3 3
Set Sampling PVC fi;r(\g), o Tb(;tal:llg; lliﬁ::: B/A B/C
Time, min alkal; A) Impinger (B) (©)
1 30 11.3 25.8 12.8 2.3 2.0
2 60 14.9 27.0 18.9 1.8 14
3 120 14.8 28.6 14.5 1.9 2.0
4 240 17.6 44.3 294 2.5 2.0
5 360 16.3 41.7 29.3 2.6 1.6
MeantSD 2.2+0.3 1.8%0.3

The samples were collected on PVC filters from a factory, SSG.

Table 14. Comparison of Chromium Concentrations among Sampling
Methods

Sampling Cr (VI), ug/m’ Total Cr,
Set Time, min PVC fiter & Impinger g’ (C) B/A B/C
alkali (A) (B)
1-1 60 6.7 211 18.1 3.2 1.2
1-2 60 18.7 57.8 24.8 3.1 2.3
2-1 120 6.3 17.0 23.4 2.7 0.7
2-2 120 121 18.2 14.4 1.5 1.3
3-1 242 9.2 25.4 19.9 2.8 1.3
MeantSD 2.63+0.66 1.35+0.59

The samples were collected on PVC filters from a factory, SSD.
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AFe] x3E =4 gt 385X+ Table 15 - 17% 2t}

EERY =E7]FE 19861 124 1299 AAE 5 19983 1€ 54714 3
H AAsS Y. o] 7]E& ACGIHC] TLVsol AR o dAje] ACGIH
TLVs®} 4% xFo]7} 9t} Table 15% =% o aLA] A97-6550 Y= A&

w5713 S adE Agsgoy ted ge we ofsk 9 Hol s

O AF3sEA dg CAS HE7F 23 FAHIAY. 253 73 A A
A = IFAk] ek CAS HSE I8Y94 = 353F (elemental
chromium, chromium metal)2] CAS 35l ‘7440-47-3'0. 52 WA|SFaL 9
ot 784 2 584 67 AFSRHE, 27 ¢ 37 AESEES CAS WS
7} 7440-47-3'1H o] A H3F AgtelA] Fvh. =84 2 =84 67F A58
e st 2do] x3EM 7 Eo= i CAS a7 (A4
Aotk dE W =g34dA AEEHE F A5 Hchromic anhydride)
o] CAS ¥+ 1333-82-00], FFaF4te] Eofl &3¥o] e AF4t
9] CAS W3 += 7738-94-59] 11 potassium chromates= 7789-00-6°]t}. 27}
9 37F AFsgEe EA% e A5 535 LA ASE + o
oung g&54%79 CAS HEE FoAT 4 Qo oldst 4% 3dE 4
T w5l dist CAS W59ls WAstoof strh. OSHAE 3]&7]F
= o} o] WA T},

@ chromite ore processing (chromate), A& (67}) 3%, A&27h) 33
B9 g s Cr2 H7|shes A2 &4 &Zh Cr 947]zelA o &
2| g}stalo] ofury, shstAlddl= AFY Adeta e oE U4 £33
Hojok slal o] YATFY] FAH|E EEEofof Tl
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Table 15. Korean Ministry Office of Labor Occupational Exposure Limit for
Chromium and its Compounds

o 5} 2] x=&7|F(0EL),

qd saEa cAs Wz | 4 mg/m® H] 3L

Ms Substance CAS No Chemical Notation

No. ) Formula TWA | STEL
5% 7HEE(EE

500 |Chromite ore processing(chromate),| 7440-47-3 Cr 0.05 - A1
as Cr

501 | kB (E =) 7440-47-3 cr 005 | -
Chromium (metal) ‘
15671 e (=)

502 |Chromium(VIl) compounds (water 7440-47-3 Cr 0.05 - A1
insoluble)
5671 3= (F84)

503 [Chromium(VIl) compounds (water 7440-47-3 Cr 0.05 -
soluble)
255k

504 Leéjd chromate. as Cr 7758-97-6 PbCrO4 0.05 - A2
FE4k ofAd ZnCrO4/ZnCr

505 17inc chromate. as Cr 13530-65-9 04/ZnCr;07 0.01 ) A1
AE27} 3=

506 Chromium(ll) compounds, as Cr 7440-47-3 Cr 0.5 )
AE27} 3=

507 Chromium(ll) compounds, as Cr 7440-47-3 Cr 0.5 )

OEL: Occupational exposure limit
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Table 16. ACGIH TLVs for Chromium and its Compounds

TLV, pg/m’ . .
Substance [CAS No.] CAS No. TWA STEL Notation | TLV basis
Calcium chromate, as Cr 13765-19-0 1 A2 Cancer
Chromite ore processing 50 A1 Cancer(lung)
(Chromate), as Cr
Chromium, metal [7440-47-3]
and inorganic compounds,as Cr
Metal and Cr lll compounds 50 A4 Irritation;
dermatitis
Water-insoluble Cr VI 10 A1 cancer;liver;
compounds kidney
Water-insoluble Cr VI 50 A1 cancer;
compounds irritation
Lead chromate. as Cr 7758-97-6 12 A2 cancer;CVS;
as Pb 50 A2 reproductive
Zinc chromate. as Cr 13530-65-9;| 10 A1 cancer(lung)
11103-86-9;
37300-23-5

Table 17. OSHA PELs and NIOSH RELs for Chromium and Its Compounds

PEL, ng/m° [Carcinogenic

Substance CAS No- "3wa [ Ceiling |effect
OSHA
Chromic acid and chromates (as CrOj)

General industry standard 100 Carcinogen

Construction industry standard 100 Carcinogen
Chromium II compounds (as Cr) 7440-47-3| 500
Chromium [l compounds (as Cr) 7440-47-3| 500
Chromium metal and insoluble salts (as Cr)|7440-47-3| 1000 -
NIOSH
Hexavalent chromium 1* Carcinogen

‘The concentration is measured as chromium VI and reported as chromic anhydride
(CrO3). The amount of chromium VI in the compound equates to a PEL of 52 pg/ms.
These TWA and Ceiling limit applies to all forms of hexavalent chromium, including
chromic acid and chromate, lead chromate, and zinc chromate.

*10-hr TWA
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22408 AYy A =tk ACGIH TLVsol HAIE ] 90+ zinc chromates
ol = zinc chromate(CAS No.: 13530-65-9), zinc potassium chromate(CAS
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.,
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A3 7159 1 ug/m’e g8kl A4S Aelsia
FAHORE A7 A& Aolal o]y A5 6
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PVC oaA]dll AlRE AFH s AHse o7 xlo] ¥ A5 Y=+
A5 AAE B ¢ ok 2 AFdA = @l PVC A oA gy
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H3t Ay 2 SRS JFS U AY B ES APAsed 7|Qlet
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