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Abstract - In this study, we performed risk assessment of chloroprene by hazard evaluation and workplace
investigation. The chemical is used to manufacture of shoes, tires, adhesives, and classified as IARC category
2B (possibly carcinogenic to humans) and target organ systemic toxicity. It is used about 1,300 tons per year
in 27 sites. It was calculated the risk of carcinogenesis with chloroprene by Monte-carlo simulation that the
averages are 2,199 and 26,404 in each case of working less than 15 minutes per day with local exhaust
ventilation and over 4 hours per day without local exhaust ventilation. The risk of target organ systemic toxicity
are 4.10 and 169.06 with high correlation with working time to be longer and with ventilation system.
Therefore, it is recommended that the local exhaust ventilation and respirators to prevent occupational cancer
and target organ systemic toxicity with chloroprene. Especially it is determined that there is a need to
strengthen the workplace exposure limit (TWA 10 ppm) in Korea since it is managed with TWA less than 5
ppm (18 mg/ni') by the United States Occupational Safety and Health Administration (OSHA) as well as it has
carcinogenicity, reproductive toxicity.
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Table 1. Gas chromatographic analysis of the condition

Item

Analysis conditions of the test machine

Testing Machine

GC-ECD (CP-3800)

Column DB-1 30 m x 0.25 mm x 0.25 um)

Oven 40C (hold 3min, 10C/min) - 80C (20C/min) - 120C
Injector 250°C (split: 20)

Detector 250C

Table 2. Chloroprene exposure scenarios for calculating the specific conditions

Fig. 1. The standard calibration curve of chloro-
prene.
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Fig. 2. Workplace management by evaluating the
risk and hazard of chemical.

A} 3H3AT) ol & lEAE Fig. 29F o] SR =2
o] #alA(hazard)S ZASIAL AABAZS F33
% A48 == 7HExposure assessment) 2 &
2k
¢}

SAE AAA Ao

wetd SREIZAS i A HF AR
o gk AgedS SAstaL, FAw T=2A= g
=E%FS o534 Table 29 2ol 23hd =71
ol =T A= AYEE 1, 2,307 725
o 7HE AlUEl&E FEl 4L AGARE B84,

S 3. k= 7}~ 813 %] A|19A A|3% 20154 6¥



23

)

558 BT 28R 9 Jgd we} ECETOC
TRA(Targeted Risk Assessment)E ©]-& &S
Kl el

i SRR SPYS HAstr] 95t
Risk = 7Md =% / RfCyond] BHAAE o] & T
A B A7) A=A dF et E

riskE A= S oH, M mEAIY
A §F-NhE FrhollA =3E RICumdte ©1&
Crystal ball& 5% Monte-carlo simulation (EPA/
630/R-97/001, Programs of the Office of the Scien-
ce Advisor, EPA, USA)S A&ttt 181 £¥=
log-normal £X2, EFHAE =& FHF 10%

2 7Hgatel @A oo B 994S A2}

aO%J—ET

3, 2P =&7)1%9] B Wrlsisinh
. oig=t & mat

1. Tl =AL

TYEY FHL B3 FEEzxd R w5 F
9 =Zol| o5 Al v = FABAEE AN
At M= AR ZAHNAN AFFES 0] 83 %%}
EAATNA S5 F F344/N2 S =9} B6C3F12]
n}$-2E o] 8 0, 12.8, 32, 80 ppmoll A U< 6/\]{},
‘r 5% ZL:]Zl- ‘ﬂ‘%ii«] u}xq/uloLAJ g_?:}%/ké

@27} 80 ppmol A A=e] 77 v WA
% 9 ojx AE WYE B Eo
selakin. el T ko] A9 e 9,
F4 22, o34 BB Z7bst 11, o, w7, vl
G Sl ARBAFERIN) ZHo o3
Wzt weto] B9l Ho] FReTAS WM 57
R(reasonably anticipated to be a human carcino-
gen) 2 H-FAISTE 0] BErj2 FAIATA(ARC)
oA g4 2B(possibly carcinogen to human)
SFeE BFeta, &9 (UR; Unit Risk) h2
05 rng/rn3 748 9 &5 = (NOAEL; No Observed
Adverse Effect Level)&= 2 mg/m’, 454 (o}t
4 =%)2 NOAELL 33 ppm(F =)o 2 H7H3 o
[6,7]. Dong 5(1989)2 HH¢-2F ©]83 0, 2.9, 19.2,

olN
N
2t go >

189 mg/m’9] FEE 771Ut WHEEZE AlFelA =
= T UM et AES 2 E SUHE e 5

a1, HA Qe S(LOAEL; Lowest Observed Ad-
verse Effect Level) 32 29 mg/m’Z A A SFHTHS].
Trochimowicz 5(1998)°] 7o ¢Js}¥ Wistar
EE °]& 0, 10, 50 ppmell A 24704 W& =A%}
Aol w25 %o wel =751, 50 ppm?%ﬂ
A TS 1839 BAESY FoA e

7 BATHIL. ol¢k & =4 AP R @E

KIGAS Vol. 19, No. 3, June, 2015

e

. 9]
™

i)
oot

£ ©]§ 10, 33, 100 ppmollA] 1353t ¥HE ==
A=A/ 74 o] A=A /\]tﬂﬁ_;,}l% e

(NOEL; No Observed Effect Level)= FO(1H]) 33
ppm, F1(A17])E 10 ppm©] 12 H, 100 ppmel ==

# FO, 33 ppm ©]’49] X0l =% FlolA ﬂﬂ
A7 Aol 2 100 ppmoll =& IH L 7F H WA
o] BA Z717F AATH10]. 28 vﬂE*é/\lﬁM
A& C57BL/6 WH-22F o] 8 =EFE Al 1 ppm
oA A o] Al (Chromosomal aberration) 2
3} FAHHE-S B 2 H[11], Himmelstein 5(2001)
9] Sal. typhimurium TA100, TA1535, TA97A, TA98
< 0] & 0-69 mMEENA] Ames testZ 3 FAHHS

& B¥ o}, F3 g 2E](Chinese hamster) V795

0]§- 0.175 mMEF =0l A A3 A & (Micronucleus test)
AMe FANSS B AdE EEAT12]. =3

Pell (1978)-> Abgell tigh SRR 2] fafA 9
& Hdde g flal S22 S HAFee
TEA g AstzA A IR Z2ANA &
Aol BEAde] AFES HALETH13).

SRz g =4 AR s A =
W - o e =F Bo 18555 34
A|2013-38 % "51'5}%;%] =3 A =27
o= TWA 10 ppm(35 mg/m’), ] A9 YA
2] 3)(ACGIH)*| 4= TWA 10 ppm(35 mg/m’), W=
2+ HA B A AT U(NIOSH) ol A= TWA 25 ppm
(90 mg/m’, ¥ &), v 4k¢d ok B A (OSHA)
M= TWA 5 ppm(18 mg/m’, ¥ F) 2 F#435kaL
At

E71EE
ol 2

5 Ay
Oﬂ E}E]— JEZ]-/] ]x] Ei Table 2
o] =& A}El o9} ﬂol Al @4 QY AGAIZL,
7] B, F] HoT 2 ofF gl g8 met
wEFe TR AU wadE HEN
ok 7 A3} AUel e 19] 2% 184 mg/m’, Arie

5 o

0=

2 29 %738 mg/m 39 A% 221 mg/m’E
et &, 34 2332 =3 =467
A28 7V5ed R, WEnp g gl uie} #A

(

g Gl ;J‘”B} a8 SRS n= AARE

¢



SRz fadd 2g e

=]

(NTP) A76]9] &
%‘%"‘é /\lfﬁ&l ol J

loglcal endpomts) 73-42 EEH 22T &
F-0-3-& HUisigh ol & A }7] st =
Z(POD; Point Of Departure) #t< T3S A&l
A AGH =555 gol, dubd vl AelE 7]
Z ° o= 61' Z}(ﬁ z7 oﬂ [q_‘?_ "’] ( workplace) 7\11\%
z;_}%o] 2] Ao ® WEelr] 98 =E2AL 2

AF3He] Ao (2FF, ATk =EAIRE “‘ 713kl
o3 RAsAT g APSES ]Jc_usy a4/
LAAEPBINA 22 S22 f8id

URL 0.5 mg/m’0]| ™ RfCyo(reference concentra-

tion in workplace) #t-& AHE3IH,
CF =
M= AHMLSEFH M AdAEEY
 ETINHE e b ey
R A ks )/( ek
g ZEAEVIZY N g 22 AR
20m® :
( 0m XSGodays T0years 70kg) =42
10m®  260days = 40years 60kg
URworkplace = UR/ 42
URworkplace = 0.5 per mg/ m’/42 = 012 per
mg/ m’

o] EU|Z RfCyon= 10™ x 1/0.12 per mg/m’
=833 x 10* mg/m’

= HFH o2 AEH RfCyone 2 LAY
rZo] 79833 x 10* mg/m BAH7] A=A

5

(=) %‘?ﬂ iﬁ«] 39 013 mg/m’, A=A
o] Y =& A9 067 mg/m’ & 4HEE AT

Bk HUlolA =&
RfCyorc®] X9} FH Z]’* 24 Crystal ball
53} Monte-carlo s1mu1a’c10nE Ay stHct B

I+ lognormal BX2, FFHAE =& FATF
10% = 743t Fig. 3% 7L°] =EAYE 0 wet
2232389 Monte-carlo simulation A3%4& &}
Bii=2

Fig. 33} 2] Monte-carlo simulation AZ-& ©]
& 2=z P4 AAE]E AI= Table 3

IWMLLHd
SEE 1Y

T+ X

s

el

I 23tk =E3AZY, F42W718A] Theo R, 55
| BRoT 2g A8 5 Ale] 2ol meh w4 A
A71ZHEY 4ATE o)) &5 = AlUEl L 39 4
T s dod F e A Hork 26404
2 eyttt 83 4737 M EL 55
& BT FE, ANISE olsh =29 Auge
19 A Fgk 2,199 vlws) EgAds o
/“ ol H l-:o _r]-aﬂﬂ KR EE\E‘\E} 1:1:6-]. ::z—lz]—7]
Xdﬁ%*é/l A= AU L 39 A5 169.060] 0L
U AuE 2 19 A9 141002 Ayl L 19 1)

EAA7) AAEA B @Al BA Eh) 2
s2ude] w2 3 44T BE 9Pl 2
o ABWAT} A Ao BUHU wepy 2
22Id o @ 2RA AP o BE =
A7) AAEA S A7) A R

w1l
S

SAEE A G AzFetaL, S48 e A
7|EA ] THso 2 AP Ul FAEAS] vEE
A o ZEA ) wEFE HA48 sheof 3
t}. oe} tjEo] WEnad F SHFEHTT AHE
Fo= faEd FRazdel AY Y Ay
g AAY Fart de o= Yehth

el FREIH] WA AE B f-2uet
2k b B A o= TWA 10 ppm(35 mg/m’) 2.2
TABEAL oH, v AF] 9 A ©] 3] (ACGIH)
o A= TWA 10 ppm ©]3}, 7] AHGARAAT
(NIOSH)°ll A= TWA 25 ppm ©|3K3] %), w5 4k
AA BAH(OSHA) ol A= TWA 5 ppm, ©]sH]

E FASk ok ES APE ERNIAME 4HY
RFABRAR ] 93] =Z7|FAHFEH, APELA
FEHel g8l A4F AN FFE A Jot
FelsstEd g ogs A YA Pt} 1
By FE2ZAL Ao falldo] =il
AFAEE 2 HAFFel B7] wEel, HF8= v

F & BAOIT. 53 WA A3 TP A
g2 o] mFo] 7P e SR T riske] Ht
Zko] 2,000 A3lsle = f]wuq o] A3 =9hth
w3 TAAT] AAEA 2 /\g/\liﬂ’] 40 T gk
o] Ftgk, +2 90%, 95% wk 1S =73t ch

SRzl YAAEL %01%"3 T 1B, HA
T4 1B, A=A F& 1A CMR(Carcinogenic,
Mutagenic, Reprotoxic) =2 Y% CMR =4¢]
obd #34ktRE (ACGIH TLV: 0.1 mg/m’) E&
AP o) Az o g Yo xEolu = (ACGIH TLV:
15 mg/m’) R} =ZE7]Fo] HTHACGIH TLV: 35
mg/m’). T A1 AN He =E71%
10 ppm& ] 8kgko L} -5 % 35 = (NOAEL,
No Observed Adverse Effect Level)= 2 mg/m’

o

27}~ 83] 2] A197W #|33 20154 6



489 - dH 5
Table 3. Risk calculation results of chloroprene

Median 90% 95%
1 2,199.10 2,499.51 2,592.65
Carcinogenic 2 8,801.26 9,992.88 10,361.50
3 26,404.65 30,012.24 31,067.66

1 14.10 16.06 16.69

S;tiue.tcotrf:&ty 2 56.47 64.27 66.62

3 169.06 192.06 199.59
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Scenarios 1: Carcinogenic risk
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Carcinogenic risk Scenarios 3: Risk of Target organ and systemic toxicity

Fig. 3. Determined by each of the risk scenarios.
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