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Case study of Hexavalent Chromium and Silica Exposure Assessment and
Respiratory Fit—test for Paint Manufacturing Worker

Hyun Seok Lee + Boowook Kim'*

Department of Preventive Medicine, Fusan National University
'Institute of Health and Environment, Seoul National University

ABSTRACT

Objective: Paint manufacturing industry workers are exposed to various lung cancer carcinogenic substances
including hexavalent chromium and crystalline silica. Studies have been conducted on lung cancer in Paint
manufacturing industry workers and the concentration of hexavalent chromium in paint industry; however, the
concentration of crystalline silica and hexavalent chromium and cases of lung cancer in a single Paint factory
has never been reported in Korea.

Methods: To determine whether the cancer was related to his work environment, we assessed the level of
exposure to carcinogens during pouring and mixing talc and pigment. In addition, a mask fit test was
performed for the worker.

Results: Analysis of talc and silica bulk powder materials showed that crystalline silica (quartz) was 5% in talc
and 100% in silica. The green and yellow pigments contained 87% and 92% of lead chromate, respectively.
Our quantitative analysis of pigment powder samples showed that the hexavalent chromium contents
quantified in the green and yellow pigment samples were 87% and 92%, respectively. In order to estimate his
exposure level of hexavalent chromium, we measured a personal exposure level of hexavalent chromium for a
worker in accordance with the National Institute for Occupational Safety and Health #7605 method. The results
showed that the worker was exposed to the high level of hexavalent chromium (0.033 mg m-3). In addition,
the talc powder also contained 5% quartz, and the worker's exposure level to respirable quartz exceeded OEL.
As a result of the respiratory protection fit test for workers, the overall Fit Factor was 15" when wearing a
second-grade mask and 25" when wearing a first-grade mask, significantly lower than the US Occupational
Safety and Health Agency (OSHA) pass value of “100”.

Conclusion: Workers who pouring and mixing powder materials such as talc or colored pigments in paint
manufacturing company may be exposed to high concentrations of carcinogenic substances. These findings
indicate that it is necessary to local ventilation system inspection, safety and health education for employers
and workers, and periodically monitoring and manage the working environment.
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A 224 A= 200 ZF|E 19924 10€5
B 20139 19714 eF 2097t 3H S4aEe] HRIE
AZZAR] AAPIA HQIE AlRxFoR LFoitt7} 5|
A= Zddtol 20134 14¥€ AR E 8= 4 74
9 432 sHAT

AR g4 HAUE ol&ste] &g HRJIES}
AUE TtE+= JAE 223 ARE 27] 1972 o
1E HAYE Aujo] BYgstal 7HE AHE 7hsohe
A JFE ot o] o= ¥Ere A, A, Hig
A 2 AT HAF Y 2 A]] £ 2 o]Fo|R|=
5 5 T2 g T304 HRIE SXA(EE 4D A
g7he} AR(FEAIDE HiEtHs AFE FcHHA
F7lol= A 378 BY= sHtE LEA AR &
o =W YA & 27| 3ATRE vpAA glo] AHisith
7} o] giREo] 7|7+ 24 whdE WRvAIE 4
F Al whoba] ARSIl ol hAfofF 15 RHHHY
WA T 7 A7 AFE QT sk, AFdSE= 33l
nAaE AAs] A|F5H7] Hlizel] 41 kEo] A9
NS AolZtar st

HRIE AXE fof AMEst= B2 9 Agj7tol| g
H 233 Aepket #rjtze &ad 67 A8 =
A dA1A(nternational Agency for Research on
Cancer, IARC)oIA] QIAJoA eH/gdo] SHATt 24=
EHokal JOH(IARC, 1990, 1997), Eyzte dAY
AFolA S8 EE SA7 e 24 I
1AZ E53}3 QItHMoEL, 2016). IARC E3lojxE=
HRIE Aitof| Fofsl= AAA7F 243 A7t
S5E A g0 = JoH(ARC, 2012), ZEAN
QbR YA ZFARLO] ittt IS E AoA AF IRkE
Lo o35t H EA Ao Srkeka, xR Aot
H|wsto] 35 Qts AR Hok W Ec] o, I
Ao 3F LE3FFo] B2 7FsAolE@l: &Y
Y, 18717ho] =25 WY Eio] JTlek= AL
Z YepgdtHDalager et al., 1980; Sheffet et al.,
1982; Langard & Vigander, 1983; Hayes et al,
1989; Deschamps et al., 1995).

3F &3 & Aol AT Ht AFEECIA 7
 Eom, ol £EL Aol FFEI I
o, F& IF AJAE o= o Aol tigt 84
79l =22 7I§te =2 wEHEAZ AARH Ao THEH

R

Jo e
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Hdo] oist BESE APgH|(standardized mortality
ratio, SMR)2 112014 279 Atelojs] ZX SMR
1412 YEEtHCole & Rodu, 2005). E3, 671 &
SRIE9] AAH &2 SEVIAY, 718A 9 HA3
o] Z71e} #Ro] qlow, T3FA AFGE AollA A
H A} Folle A AL A ¢kE A d
AR, 3w Ea, AHIYAT &4 &Y 5ol Ao
(Goldbohm et al., 20006).

SHH, Syl dEtEoz HRIE A|ZQo)A
71708 Aok AAESE oA 2 7
718 A=A ZAAe] H el 67F A7 2F
Y AEFte] L E25TE Yool AT Sl

olo] £ AH| d+= At 2097t HIIE AxFoz
4ot 5 AT Hte] Y AW fRE wdet
7] 91t FotRAte] ATk R IA F2A ARTE 458
SHE 2t FATt AP A Pkl = FY
Aol sl H AHEE &3S BUbota, SEA
ARl o] SEESF YL AAE AAISHAT

Il e X EE

1. AFCHA

A= 797 HRIEE AlXokes S47Re &
4 35oAME F2 AUE HES 4F 4718
FHF= FAYL 51, 220ME B BY, &
£ ZAe ot 154 E HF HRIE AES £7]9
ol A5t A 9 &5} Aol o] FojZct. &
AE F2 2F0)4 HRIE FHAR €35 wyt &
3o EYske AYS 19, HEFo=Z &y
(dissolvers) WH7|0] kRS FUe &3 & EAGH=
ZAE sttt 98 wigES It 2
A @ol AAElE gE HRIENA €3 FF2 oF
25%0] At

HRIE FXAZHN &3 B3-S 515 B 1,400 kg
=g 5709 1wyt B30 Yol Ut A
L 3 AR 25 kg T 12,5 kg €7} E0iQe=
A2 oF 8OMME oty BIst, HT 4~59 A
E= g AF0] 500 kgl 838 F AF EY & &
At FE 25 kg B 12.5 kg @3 ARE EYst
Aot 23 AFE W] BUA B2 Fo g3 ¥
A7} dAsiLt B4, 2%, Aoy SolA AR

He HRIEE 440l 8757 deol g2 Al
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Ae7hRe FYs|E ok=dl, Wk Bd 9 13 H:
300~400 kg2l A&7He FUSIAH-

HRIES 2MS {siA HEHAM B34 4
A=E FUsL whHlshs Ad: sidet, B4 tm
€ oISl 13, 1A A= 2Adsk=dl 100 kgE 72
SHL, et QtEs 13 30~60% A= Adsh=T]
100~500 kg =5 FUTIT,

gae U 7 22 ARARIA B Alges
AzARNA AsEs A=l oshd g9 JA+ 7]
£ 55+1.0 mel, = BTE T F47]GONA
Az AFelal, YAl 2719 2ol et Are &
ASJA 3kt

SHd, it a9k b ARole SaE7] A7
7Fs SOIAAR BT FYA] HlitE s #419 Fol &
of B 2R A= kAL w2 ol 2xlo] FHo

= it Aol EH I

o

2.
1)

7

£

g30} A7t 22 oA AFHS F4 AA
o] Hjuty Wy o g FEo AR E ERIok= XA
SIHARA7|(X-ray diffraction, XRD, D8 Advance,
Bruker Corp., Germany)E ©|&3] 243 A7}
A A5 S S B4 oA, 37HAIEA,
L, Ew) Aol 94 otw & 67 AF S AL

HL re
ox IE

==
—

S
HE 1z

v = HARAPH E A AT YU(National Institute for
Occupational Safety and Health, NIOSH) 7605 %
HE Axoto] 29 ARE W 5 § olkd=s
ETHH(IC)E ol&ste] HATFAHOE 67F &9
H®%S EA0HAAL, 671 FEol AEd =4 kgt
8 Qi 2712 v o sisheRe el
= XAFPEA7|(X-ray flourescence, XRF, S2
Ranger, Bruker Corp., Germany)E °]&3] IS4t
H(PbCrOy9] s A5t XRF] 93t g4t
gl T2 PbCrO4 3} AHAE 243 ghol oY
2t YAH(Pb, Cr, O) FE Bl 7171914 A4td &
ZFol7] wiZol £AA7 oS 5 Utk

2) Mistasy 4 24
192K2013.8.14.)01= Wt g0 &35 EYsh=

ZH, 292KH2013.8.19.)°1= d&H 9 IR(FNE F
dot= Aol dish 2R 371 5 28 EHA(E
Ay Agl7ha 67F 35 5=l did FAESHS
Stiek olmf MIA =L} A AQAEE SA5HAT
(Figure 1).

S8 BX19 43 242 NIOSH 0600 =l
wet A|EE(4.2 L/min, GK2.69: BGI Inc.,
Waltham, MA, USA)°] AZ2" 2% 37 m PVC
(polyvinyl chloride) ®#*](SKC Inc., Eighty Four,
PA, USA) S84 BEAS AT F si5s 1 g2

Figure 1. Talc pouring and mixing work (left), fit test (center), pigment pouring and mixing (right)
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S22 29 oA (silver membrane filters)ol] A2
ZAA XRDE 20 26.6°°14 243 A7l 4F
(quartz)& EA435FGHNIOSH, 2003a).

67} A& NIOSH 7605 ¥3ioll et PVC of}A|o]
ZF X2 AFRt & W & AAY F olRI=ErETD
#}1](ICS3000; Thermo Scientific Dionex Inc.,
Sunnyvale, CA, USA)Z EA45}GHNIOSH, 2003b).

3) SEEST URE HAt

ARZ} A 207 2 2E5IE 253 19 vkA
3of disf U2t JAE AAste] 2 FES A 2 &
s Byriskgick "WxE FAAP]E Portacount(TSI
8038, USA)E Ar&sttt. 27HA] upAd % o]
A ABAE AFOo R QHHARISE E5T HY Al
I, 19 A2 vi7ET} Qs Yol npAa &
o dEmEgown 2ga0l ol 9ot = o] 14
A71=E =o] = Zdo|tKFigure 1).

U2 JAR= AR Q] AP EQlsto] o]FojFom,
Y25 =o|7] fgt 2RO thek WS ARK o]
AASHR] okl A ZFA oA X ZAYA] 2HE
stdd= 28 & AHARIIS AAFIREZ 159
29CFR1910.134 Respiratory protection’ £= A°]
TEH PHE E891, (Y 58 - 42 35
— Wy L 27| — Wy Lol Z3Zo)7] — ot
7] = 4= Aa77] — 3¢ R - ZAF 55
HAE 252 7t 184(E= A127]e 15%) <AY
2 X5ttt
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. SZat
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Qo] 24 Ae7te HEEA Lokt A9 TF &

A3 g3 5%, A7 100% AP0 A
tHTable 1).

A Qtg B 5 IC B4 ot 67 3 T

=3 L3O A= ZH 8.2%, 13%°]19aL, XRF

Ao oJgt IFANGY] AFS HMT L2hMo] Zbzb
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Table 1. Quartz content (%) of paint filler

Talc powder Silica powder
5 100

Table 2. Content (%) of hexavalent chromium and lead
chromate in the pigment powder

Color of pigment powder

Analysis material

Green Yellow Red
Hexavalent chromium’ 8.2 13.0 NDT
Lead chromate® 87 92 NAS

" Hexavalent chromium was analyzed by IC
T Lead chromate was analyzed by XRF

T Not detected

§ Not available

87%, 92%z UreRdth W2k koL 67} ABo]
2257 YoreHTable 2).

2. Hgetgd=s
g 5 2 it AAdRRe] SEFA #3119 8AITE A
VS EEHTWA) 55+ 1.47 mg/m'o2 I €3
L2715 2 ng/nd’ BTl ARTE, AT A7HA Q)9
8AIZE AIZ7FEBEHTWA) 5=+ 7HRJIAIREIA 0.061
ng/ ' (FAR=FE oF 20|y "ojZ A A mofA=
0.008 mg/m’)O 2 UEh} 1-8WFH =E7|ER0 0.050
g/ 25, w4 PYHAE7HE 93] (American
Conference of Governmental Industrial Hygienists,
ACGIH) TLV(Threshold Limit Value)?!l 0.025 mg/m’
= 24} o]} s F=Eolqlth

etE £ 2 it ZAAl 671 ZEY 8AITF TWA
SE% 0.033 mg/mweE 18- 584 67 A
9 271221 0.010 mg/m& 3H) ol o= =
< $F0l0A, HEHA 1 m, 1.5 m ol FojA]
ST AN R 5= 472 0.033 mg/n?, 0.021 mg/
o= A7} "oyl wet =7t Hashes A
HAHTable 3).

3. 3EE5T AT HAF 21}

42X AR tigt SEES W A i
Overall Fit Factore 29 SZHST Z84] ‘15, 15
ZF2 Al 252 o|ZARAPA E A (Occupational
Safety and Health Administration, OSHA) ¥Hdd
SEHSF Pass Value?l ‘1000 ZA w|R|A] &4,
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Table 3. Concentration of airborne crystalline silica and hexavalent chromium in talc and pigment mixing process (mg/m’)

Talc mixing RD" RCST Pigment mixing Hexavalent chromium
Personal sample 1.47 0.061 Personal sample 0.033
Area sample 014 0.008 Area sample 0.033
(2m away) (1m away)
Area sample
(1.5m away) e

" RD: respirable dust
T RCS: respirable crystalline silica

Table 4. Fit Factor according to various test exercise of the worker

Various test exercise

1st grade mask

2nd grade mask

Normal breathing 27 30
Deep breathing 24 39
Head side to side 28 41
Head up and down 39 29
Talking 23 10
Grimace Excluding Excluding
Bending over 12 6.5
Normal breathing 60 12
Overall fit factor 25 15

SEHST G 53t vEgE Ao g Yt 54
¥ WAL= Table 40 AAI5F L
v.n #

=4l disiA= o8 7]olA UEtHE A-4et
ANE dsty et 11 FoAE AAEAZ|T 4
St JARCO] &77F tEHo|t}. o]0 = Q1A ofA
Qb do] g =8 Y UIELARE AW, T,
A 53 &0l 6735 233 At &
A Ut Ie<t oM T 67t3E 2HE A
g7t tish B2 AASEE7F A7 ol fal(Park
et al., 1993; Shin et al., 1998; Kim et al., 1998b;
Kim et al, 1999; Yi et al., 2015; Jeong et al.,
2017; Yeon & Choi, 2017; Kim et al., 2021a;
Kim et al., 2021b), ALY ISIRAPIME FEY
(Jeong et al., 2013), AuF(Yoon et al., 2013), Al
g Bk HE AY(Kim et al, 2019), ATdo] T
ZHKim et al., 2013), B4 =& Lee et al., 2017) &
oA k=EB717F JPH B QISIth 1y HJIE Al
TANA 671 3F ¢ Z23Y Agr 2ol Wi Fd

ol
=
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487 A7 Hald vhe A9 QIR ) =S
Fedhs AYYIM & e A7 2 =297t

2]
E At A7 9B IO K Kim et al., 1998;
Choi et al., 2008), 67} Zg°] W H7l= I,

AQdRel gt FA1AQ Va2 F=5t 2 ARl
A AgA R ZEsrlcle AV AAH.

F8A HRIEL gty or eyl oA 5o 5
Aol B H7HIl SA | et AY, 274, #
HoAHCIE 5o R718AE S Azttt 1
U HRIE Az AATESH 2HEIME HY
g 71 8AE FHeE S40] olFofA 9l ¢
A 240 digt SRS FEOITh & 2AHA A
AR ZAEE S AREIAE EEEte {7184
=74, A, HHo|AREAE, oMAE, EoHAH
O|E, 2-FFAlEE, WEAEAE, olaZzddT

2, n-3ELTL, e 5 ASRE BE 229
8 23] olRolA T YA, YA BAL FEA
WEFEEARE)T & T PR SHET YT
O Wi E7]Ee] Bls] W e FEE et
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S8 B2 “filler’gt stal, SHAFZE HG=H
7= sk=d], v]=9] FHHEE(American Society for
Testing and Materials, ASTM)°llA+= AI&E9] A=y
7E A gt |7HY] A flste] A7k Hl
A £} Edolgta Aostal k. SRAL F
2= okety) HRIE, ETtAE, Zolo &3] AR EE=
SRAE= Sdw, AEQPE), €3, Ag7t 50l
AtHChae & Jung, 2000).

E AFoME= FHAR AREEE g3t Azt
g5 XRDE ol&d 24d A=7l £4L2 st
A7t £4-2 2749 Ag7iel 4go] 100%%] Ae=
e, g300%: Hgo] 5% FREo] U= A=
e g3+ 20099 HloH|uhe-H AW mhsos
Qlg] FHgHA Aol 1% ol Tad Ea+= HF
a4 E4E Aot g3 $YA] Aol 1% mvt
8 230 disiAnt ¢, Ax7F 7hsshe s A st
A FAIsE] FEEI JYATHMoE, 2009), gl
A= HE7t Ea QA gt A2 A} updTA]
2 ot IerEdolHA] 78 thfet A& 4o &
Rormg w7t Fgsich

93 59 AR 554 B4 sk 1.47 mg/m’
oz dA9 ¥3 k&7]F 2 mg/m’ H|To]RAT &
TA Y9 == 0.061 mg/m o2 =&7]1F(0.05 ng
/)= 2= A0 = UEH g30= A Yol 5%
ShFEo] AR g3 Hs} HG9] kET|Fo] A
tH o=z 7otE|o] 917] wfZoltt §HH IA tE AT
oAl JFHT EAoA= Aol EHE FRXE A B
39| AXY &ko] wt E¢ERl 499 AERFY
Stegof| Zfo]7t 1S Ao g wHc) wehA e 9
G935 Fgohs Aol 4 g3l Agel &
FEo] SR BA%E & Ago] EREo] JJoH
A g3t @A 584 Aol gk AARESHE Z
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N o

ol

l

M o

£ x o
o o
% o

N

NJQIOL;JD"
x oL o,
e flo © o
O o Hu >
»—{FUEF_IF
T oQ n
xR
TN
EQJ_‘HJZ,HE
rlo l-?-lﬂmﬁ

o Ny LT
_gﬂ—ﬁm]o
i AT 4m
B ol o
rE-‘H”mlo—?ﬂ
o m i
N
AT
N

iE o

ool 1

FFo] 100%21 A< 2
oM E &7 5S
2 Aoz woEr] o
NASHAY AWy vpAT

>
i)
N
5

m
ol
—-

ol %

—

el of
N
ACH
X
S
(S 1= o [l 1= A R

2
ol
ol

.

B
5
T
n
of
b

ol
i)
d

(

]

L)
N
-
=

o > flo % Mo @ <
pr=)

It [o

oX,
r
(¢}
W =

5 Feaka eio)

i
i
4
0

www. kiha.kr

of stk Qt= T 9 vieh A2 g3 H|5) &2
Fol EUS FUPolx 67 27 5=7F 0.033 mg/n’
02 bE7|ES Y 25k =2 TR UEY=
o] t=o] 67F2E<1 IAEAE] ol oF 90%= vl
=7] fjZo|tt. vlE ¢ty &3} AHQjo] AY Aol x|gt
L&430] 11, OSHA®E NIOSHOK = 671 89
&7|Eol 8 AsKAppendix DE = 2= 4
Qtohd FEATAA k= tj4lo] AebaA b=, {71 <t
g2 59 tE EZE tfA|=ofof sHAlTt

1998|0] AAlE Ut AR AT SEAE
o] ZZHTF AREAE ] B3t A AF(Kim et al,
1998a)°l oot TEEHTF AGE2 FAIRME &
AA] 28-S 5l 64%A1, 20139 AFE o 95}
H H|E ARG BHo - @RS R AAIRE RAL
o7l sHA¥t ZTFHIF ZEEC| 91%E  =Sth
(OSHRI, 2013). o|A# AFAFOIM Ho ZEES
=2 FE0E I HA QAR HEg) npATE 2HE
Sk Bl&3} npATO) WAL 32 oAk RSt

2 AN FEAHAA 47D et SEEI
g AA 23 149 28 25 (Overall) Fit
Factor7} OSHA BFHE ukA= Pass Value?l ‘1007
FA vAA] ok, d5EE 3T HAF 2aE
AW E AT Ao A(OSHRI, 2017) AZHolA o+d
Fojata] mAgE= 2k o] 10.0%0 Exfsto] <t
HE oA upAFo] gt W2 g A= A
o] F83t TA|UZ AAFSHLL ek THH, & A9
TEA} AX= 2097 HIRIE A RIJ|ALOI A FAFSHAA
SRS SHE g wSE w2 o] gittal o}
At 184 Kim et al.(2014)9] A--oflA N95 wpA
3 2 Y WS Ay vus] s ol d3E
ARE B IR 7 fYeHA Skl YARE
T 3A F7kete] WS g3 Aokl sigleH, X
Seo et al.(2021)9] AFoAE F 714 ZEe] N95
npAF O] WS Ay Fo] W HyS Huwg 2y
ot FolF1 HP N95 mAA Y] WRE Hi2 W&
ol Hlef Z¥zk oF 1.94 9 1.648) 453 Ao Y
BTl SkoiT

wEba], 2o g2 TEESIE At
(Han et al. 2014, 2016), 2= AA] AAZQ Al
P} ZHE TFHS T 2HEo] At TS B9 AR
A e Tt o]Fold 4= Ik E A= 7|dto] F
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fsictar Y7

HRIE ARIA] AHtARl A= 3] AlA" &
= YA9] HHE Apsst PiElE AREste] AR}
L3 0|1 §lou, oA W2 AR BJALoA] o]
gt FAZRA| glo] A&siA HJIEE ARstal Ut
(De Maria et al., 2021). ¥ AFoA= ZJA7} 2}
Fo| =4 g3 9 A7kE A5 whbr]o| Esk=
oA g3 E Agjztol gad HY T4l 2
A9 Ag7te] 1erE =E2E5HUL, 24 S 95
F71I5E ielr]o] EstHA skl 671 ZE
LEE A SE

oot 2 RAR= 201390 398 74894 =<
Bibete SaTtEe] 17] JAIE o= X13=
ojnz I tE HRIE AA 9 AFE 5IdT A

Autsle = |tk

2 ATE A78AE THoE FAATHEEHo] o7
oA Q= HRIE Alxdgold B £ & Hie
ZGAl 2GR H WAEE =E2FES Bk
TEA AN7E A Ao SRR TR YAE AAt
£ AARE AR Aol

2 A= 9F 2047t HIRIE Al FgolA B2
o A7t BoS Hidste Ad 3340l 48
A FARMRE HiRtohs A sttt Yol T4
SERAL. ool AAeFB7IE ARt Axp g 9l Al
7t o= 24F A=l Ado] 42 5%, 100%
7F ol AL, =4I} LA QtRol= 67t AF
o Z¥7} 8.2%, 13% frHol AU AdLFEY 4
I 2AY A7t veE 18LFE LE/ES 23
stglom, 67} 3F E3 LE7|EE oF 3] Ik
2 5=

TLEA AXS SRS WA= 199 29 BF
wol TFHT AEat vlE|siyit

webA, HRIE Ax3ANA 28F A7t 9 671
aFo] dE g2, AL IdE 59 EYe
AJo g FRIsta E3ok= Afole EEo] A
Edof| &9 5 glonz AgEA9] iy, ZAH7]|
AAE] HE A, ZHME SFES T 2, F
71491 &Ald Tt 9l S22 ehduS Fol gt
AT W7 B asi
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B A4 Fit testo] T3S & GAPMIAA Yol
I @UAEA ATA0] AAEHUS HEo] A PeT
AT Aoz, &AA7] o1 Rl "olAl= A ot
o Atk (A e: =22 9 9% FAL

A, AFEA B AJLA B LA A AR
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Appendix

OSHAZQL NIOSHQ| 67132 2 L &7|

371 F 671EE 2o 2 {2 E&p3o] o
2 kg Ao AATHGibb et al., 2000), 5 ug/m’
7o) Ask Eof oAM= Het LYo F7tsk=
Joll gt w=3o] AATE 2y 19504914 19704
Ato] wl=r EEjRo] FEAIA ARGA FAAF 2,357
BE R AAIRE oA 7]29] OSHA 35]-87]
F(PEDR] 52 yg/mollA= 23 Iekeido] 1,000
oF 25590t =L, 71£2] NIOSH Hi7]%(REL)
1 ug/moll A% =3t ek Eo] 1,000%8F 650l
E9om, 0.2 w/wolA 1,0008F 19g°] =tk
(Park et al., 2004). E3t 0= =A9] 47 2E5F
AxAA S 6713F =& A 1,518 oz
AAE Aol ostd, 5 yg/mf ol =EFS OR
20.2%93, 1.2~¢5.8 ug/m’ &A= ORO] 4.924
BAHCE [FootA #HY AFFEC] =U%THApplied
Epidemiology, Inc., 2002; Michaels et al., 20006).
OSHA%} NIOSHE= o5 d7-23E HIgoR 7|&S
7Nt ET], OSHAE 7129] 52 ug/mollA 20044
1 ug/m'o = 50u] Z3}et TAE FHSFATH T, AHGA
o] vl gHd 7|&d U 1I#ste] 20064 THA] 5
ug/m' O & A TAIBIHAL, NIOSHOIAE 20134 1 ug/m’
oA 0.2 wg/meE 5SHf Z33lstlt. OSHAF NIOSH
HE 671380 LEHE A TR 89 2L &
|40 gt & glo] RE o7taE0 55k A&
Se= skal
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