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ABSTRACT

Objectives: This study developed a harmonized method for risk assessment based on the Hazard & Risk Evaluation of
Chemicals (HREC) according to the Industrial Safety and Health Act (ISHA).

Methods: Three preliminary studies, performed during 2010 and 2011 by the Occupational Safety and Health Research
Institute and three academic research groups, were compared. The differences in risk assessment, especially in the
dose-response assessment method, were analyzed. A new harmonized method for dose-response assessment was suggested
and its applicability for the HREC was examined.

Results: Considering the various steps of each dose-response assessment, the equivalent steps in quantitative correction,
uncertainty factor 2 (UF2) for intra-species uncertainty, and UF3 for the experimental period in the uncertainty correction
were relatively high. Using our new method, the total correction values (quantitative correction plus uncertainty correction)
ranged from 72~15,789 to 30~60, and the ratio of the threshold limit value (TLV) to the reference concentration decreased
from 12.8~1900 to 5.4~11.8. Furthermore, when we performed risk characterization by our new method, hazard quotient
(HQ) values for chloroethylene, epichlorohydrin, and barium sulfate became 3.0, 14.1, and 1.13 respectively, whereas three
previous studies reported HQ values of 7.1, 4580, and 87.3 considering reasonable maximum exposure (RME) conditions.
HQs of the three chemicals were calculated to be 0.6, 2.4, and 0.1 respectively, when compared to their TLVs.

Conclusions: Our new method could be applicable for the HREC because the total correction values and the ratio of TLVs
were within reasonable ranges. It is also recommended that additional risk management measures be applied for
epichlorohydrin, for which the HQ values were greater than 1 when compared with both reference values and the TLV. Our
proposed method could be used to harmonize dose-response assessment methods for the implementation of risk assessment
based on the HREC according to ISHA

Key words : Hazard & Risk Evaluation of Chemicals (HREC), dose-response assessment, Risk assessment, Harmonization,
Industrial Safety and Health Act (ISHA)

I.M 2 AAFHES S glon, B9 2rAe] A% A

2 9oz ezt we et Ao AL F7tof

et e gl YTt A g ety A 24, 87 Beld g o FASES Yekel 1
Ao AF 5ol W A% oo APAL WA PWS AT Ak St ngEER
iAol whet g WA A 5 Bad 2AE  7F1982d SeetebR U] ALgol o7 2y S

*Corresponding author: Cheol-Hong Lim, tHHA] F47 22X =2 3392 30, Tel: 042-869-0342,
Fax: 042-863-9001, E-mail: limch@kosha.net, Received: 2012. 4. 10, Revised: 2012. 6. 28, Accepted: 2012. 7. 6.

175



176 YAE, PP, A8

agem tf§st7] flshe] AFGtHEAR S A
Aot Al1F, 2%, H 3% 7184 5153 Al &,
7, W37 5 EA 52F 5 BF 103%5S Y
g o2 5hglen, 20039 ARG b A S 77
Fod Az 59 SA=4(66%), Az 59 37t=4
(133), HdHEdFA=2168F)2 FAAAE ¥
Astar, Gado] =2 6422 0] sHEE A A T3
At wd712e MR T4 el g5,
2011a).

shetEd ol ol Faid - A Bt o
=of &gt mjututery, 7FE g o &3t ojwpolojuto]
g, DDTo|| o3t e Al w7 5 4 oA Aber I
g ol flalgt stetEA S Abd of] Zrotio] 1 91¥
e AAsHA Hestr] s AE e fa A -
Add B7he A8 19709 vl= A E o oFEA
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Table 1. Point of Departures (PODs) of 3 chemicals for non- carcinogenic risk assessment

Chemical name PODs Values (mg/m3) Condition References
Chloroethylene NOAEL 14.21 - EPA, 2000

. . Rat, 6 hrs per day, 5 days per week  Quast et al., 1979
Epichlorohydrin NOAEL 19 for 13 weeks EPA 1984

Barium sulfate NOAEL 441

Rat, 7 hrs per day, 5 days per week

for 17 weeks Cullen et al., 2000

Table 2. Correction factors given to extrapolate animal data to human data for non-carcinogenic dose-response assessment of 3 chemicals

Chloroethylene Epichlorohydrin Barium sulfate
Correction Adjustment 0.42 0.18 0.21
Equivalent 1 0.107 0.107
Total correction 0.42 0.019 0.022
UF1 3 3 3
UF2 10 10 1
Uncertainty UF3 1 10 10
UF4 1 1 1
MF 1 1 3
Total uncertainty 30 300 90
(UFs * M) 72 15789 4091

(Adj* Equ)

o] &3t 173 HtE E I EXN A A1 TAZF 3
)l A o] NOAELgEo] AH-8-= o]
= EPAO] A] 70kg®] AJQlo] 1 24A17F = 7 5¢F
A9 F-vhE B7HE 3 NOAELweo( A 271
© 2 H33 NOAELZHS PODE AF8-3to] A2 o
E A A" A =&% NOAEL 7} 59 PODZIo =2
HAsH= da7E Bt A 02 e TH(Table 1).
Firse s Fo17] Y8 AHEE EARSE AEA
HAY, 884y 2o w FEste] E43 A3 4
TFAF I AolAe] itk &, A AE lolA= A
2 BA oA o A chloroethylene2 u] = EPA° A
A& 3F= NOAELyee gt & A8 7] WiiZoll o] A&
Al B9l A 2 o 222t NOAELbee-work
2 2HEsE7] 9l8to] RAA S 245 Fote] =3t
I8y A4t2E 204 42393t epichlorohydrin®] 73
F-oll+= "= EPA W © = NOAEL.E -5FaL o 7]
of thAl A= A Az T E ST
ZFo] & H A 37 ¢t 0.1072 &3] NOAELhec
Ttk AF1E 39] barium sulfate?] 7 -$-of

al chloroethylene

‘é‘

£ NOAELZHS A4 nsro] A3el=s 198

AZh 359 A2 272 NOAELg S 13 5, thA]
AAe=I A Al Ao w2 FoEg vt
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BB R e ik WS 9ls) AHEE POD
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7 AT IAFlA T BREELS ARG £ E
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Atk =E71E00 WiE = v s E
T3t7] 918 AHEE F RAAS T et Ay
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Table 3. Comparison Reference values from TLV and other parameters

Chemical name POD (mg/m3) RfCyori' (mg/m3) TLV (mg/ms) TLV/RfCyorx Total correction Note?
Chloroethylene 14.2 0.20 2.56 12.8 72 5.63
Epichlorohydrin 19 0.001 1.9 1900 15789 8.31
Barium sulfate 44.1 0.011 (10) (909) 4091 4.50

1 . .
RfCyork means reference or safety concentration in workplace.
? Values were calculated by dividing total correction with TLV/RfCyox value.

Table 4. Suggestion of harmonized correction factors to calculate Reference value from animal data in non-carcinogenic dose-response
assessment by comparing with foreign systems.

US EPA EU ECHA Japan MHLW Suggested value
Adjustment' (hr)/24 * (day)/7 (hr)/8 * (day)/5 (hr)/8 * (day)/5 (hr)/8 * (day)/5
Eth 0.14 0.14 - 0.14
) TB 14 1.4 - 1
Correction . 5
Equivalent PU 1.6 1.6 - 1
Whole body 1 1 - 1
Particle 1 1 - 1
UF1 3 2.5 10 3
UF2 10 5 1 5
>4 week 10 6 1 6
) UF3 >13 week 3 2 1 2
Uncertainty
>6 month 1 1 1 1
NOAEL 1 1 1 1
UF
LOAEL 10 3 10 5
MF 1 1 1 1

D051metr1c adjustment factors for gases having hlgh activity and high water solublllty
% Adverse effects exhibits in the extrathoracic region (Eth), tracheobronchial region (TB), or pulmonary region (PU).

3} Ei BAs/l BRd AR Gebdrhmeled).  WAARE Q45 dgon, dro by we

HAASE HEn YUt B AT HE a7

719 ukg kel WAE FY S YES ECHA
=

rOI

2. S-S It mESYHE A

W30 EPA, § AT ECHA, 929 FAES o s120 0 BPASL 54w s o] Mo mel
ol e g-ks el A H = AT 7SS gn wy s A garore 4 A8 thTable 4)
Table 49} 2}, o3 EPAL: 249174 22747} ol e}
Uukel S tiAr S 2 51al Qlo] A A 4] A8 QL 3.MQHE U "WoL HESH WO HE
of Z=Ate] gt o] W8 E9tstal A ¢ Agtel Wrjew 3712 apskEdo tisto] L
gkom, FH AT ECHAE YREA(&HIAHS}E A& FEE oAl A4bg A3t chloroethylene2 0.47
A AFEAHZ 2 Ao Histe] Z+2; oF-HE-S FHUMA 4 mg/m3, epichlorohydrin 0.32 mg/m’, barium sulfate
S AAISEAL A S 1, Table 4] A = Z2 A A A £ 0.85 mg/m’ & 2 A A5 9 TH(Table 5). 0] Zh-2 ThA]
L= BAASLE AA GG 2 SR L= FA] o 57|31} v 1L gt A3} chloroethylene-> 5.44}, epich-
A= oFute Hylo] HAA S H Lo tfdt Hx 9 lorohydrin-& 5.94}], barium sulfate+= 11.88] & Z1l3s
JJolE el e AT UA RO, S - 6 £ gro] wBs 2] Su-108] 02 peb
B4 B HIAE BT AT Tae 4ol ) B Aol M fal4 - 9B Bolo] A g A A
A 4 o1 olgich 3 7| el 4ol F-4g BIh % FTHE A th(Table o).
of that BAASE vwe A% v]Fo] A ¥ 37hx) SFEHEAe] tfsko] RME(reasonable maximum
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Table 5. Re-calculation of 3 chemicals for non-carcinogenic dose-response assessment.

Chloroethylene Epichlorohydrin Barium sulfate
Correction Adjustment 0.05 0.50 0.581
Equivalent 1 1 1
Total correction 0.50 0.50 0.581
UF1 3 3 3
UF2 5 5 5
Uncertainty UF3 1 2 2
UF4 1 1 1
MF 1 1 1
Total uncertainty 15 30 30
* 1/
% 30 60 51.6
Reference value 0.47 0.32 0.85
Table 6. Re-comparison of TLV from the reference values.
Chemical name POD (mg/m‘?) RfCuyor’ (mg/m3) TLV (mg/m‘?) TLV/RfCyork  Total correction Note®
Chloroethylene 14.2 0.47 2.56 5.4 30 5.56
Epichlorohydrin 19 0.32 1.9 59 60 10.2
Barium sulfate 44.1 0.85 (10) (11.8) 51.6 437
Rwaork means reference or safety concentration in workplace.
? Values were calculated by dividing total correction with TLV/RfCyox value.
exposure, Z| O] =& = )9} CTE(central tendency esti- o] F}e|l= FH 2 sterER Iy FH 20| H1
mates, BF=EEE)o] o] ATIEANA AA Utk Seluete] D RERNE HAH BE
U AR, A P 9B FAAAHY et 6 A4 Aol WA 5
(Hazard Quotient, |3 A A&, = E&4ES Al5 e Al 57 9] tﬂ Slof what 20119 S - 1EA F

EE E2E7]ELE e 40 Table 701 LER UL
ATIFANN A8 FAFES A8 49, RVEE
Ao A chloroethylene-> HQ7} 7.05, epichloroe-
thylene-2 4580, barium sulfate 87.30.2 Z = &2l
detol HQ7H 1 27 23t 497} et oy,
$HE PHOR P FREEES o] §3lo] HQE
<3+ A 3} chloroethylene-2 3.00, epichlorohydrin2- 14.1,
barium sulfate= 1.13 2.2 AL 1Fo A 3+ HQZE
Hops WA A=l 3HE, =575 ©] &5t
o] HQE 3t 7 9-9l+= chloroethylene-2 0.55, epich-
lorohydrin-2 2.41, barium sulfate= 0.102. 2 AAZ]
o] epichlorohydrin?t HQZ} o] 12 Z1}5} 1 TH(Table 7).
vn #

AR A Aol A sherE Aol Fa4 - o

4 w7k oA - 98 Bobel 72 shere

J Korean Soc Occup Environ Hyg, 2012: 22(3): 175-183

7F Al=E =dstelen, AR b B Aol A
L oojgted 12 £33 201082 2011d 0] 2 A AJH A

o2 a4 - 9B B7HE AAE e, 20124
BHAZRO APL oF=11 it} B 3= BAZR )

G4 - 9B FoF Aol QA 201097} 20119

of AX Aoz AAE G4 - I HU 2
5 A5t AEZ7HE°l =338 fal4d - AE4

W AT 2318 Emaln Ao Ao Aol K e
2 3husty] $istel AAEd & ATelA AE
d o - AEY BAEAE 5871 4AE
1= (chloroethylene), ] thA-G-3 =2 15 (epichlo-
rohydrin), l=Z&7|F0] A EH o A & =4 1F
(barium sulfate)©| t}.
AEdu B B
o SARE ol §3te] FUBLES Tahd oL}, -
whg- 7ho] Qo] AIRA Q) LS ATATE AT
Aol g B it WA, g

http://www.ksoeh.org/



QALY A oY AP BAE H8E D Fdg Wk BU

of AlEjo] 9lo] NOAELZHE AL§3 A7 1 E 3191
o, u]= EPAC|A] A4+ NOAELw S AHE-H
TI15%= Ut} o= EPAE IRIS(Integrated Risk
Information System, ¢34 AR A|2EH)E E35}0]
EPA°| A =3 oA - 9194 B7F 25 AlF
shal glom, W w7t = WokAtE0] o] ARE
shgstol g4 - 9184 Bk Sol e e,
AR Aol A 270 Al ALF ol 4l EPAS] =}
FZ2 #8319t} Chloroethylene] G-3li4 - A
& Hobe ATAFOIAE EPAS] BB Eo] 2
o Ao} A A =& S REdsto] AYH Has
SR A F F4 - AT Aol Ageial
S o, epichlorohydrin® (34 - YIS H7}5H
AFZFoN A= EPAOIA ARERE RFCE F714 <l
Hekglo] ARg-SHAL 913/ B 7] =& T2 ADD(Ave-
rage Daily Dose, 1 Y H+t &%) 2 2Hitsto] B 7tst
= WS AHEste 2Ass e Aldskloh
Barium sulfate®] G314 - YL FH71sr 71
ol A= EPAC] A RfCE Al&3kA] kol PODE 3k
& A5 5042 NOAELZES o] &t on), 2
T =SS EPAS WS F&stelth ey
3T LE B EPA S V| Row sto] ofikg
H7HE AAIS Ao, 485 S E A A4 chloroe-
thylene 72, epichlorohydrin 15789, barium sulfate 4091
2 epichlorohydrin-2 chloroethylene 2 T} 219.3 1) =7
HAAS7 A8EQ0H, chloroethylene®] #il%s
T 2 =& 7)ol Blsto] 12.8u) 2]t epich-
lorohydrin2 19008 WA AAlE = 5, 155
AR 314 - 1A ol 1 H g 919
Me st kg H7F o] Bagt slow
Uhebgte

Chloroethylene, epichlorohydrin, barium sulfate &
EPA W¥oz FupEs Foigow, 484 &
HAA GO abol tigt A0S Eelshy] §iste] Zt
spote o] 445 RS 4y By 9
==3ha E3-44 2 A(UF1, UF2, UF3, UF4, MF)
2 pEstel Sholgk A, 3%A BAo FEoel
EAA B UFR2¢L UF37E 2 93-S F= A2
2 UrEbsth

0] =k EPAL 20094 93 AJ %
Eojo] FYOR ol &
dhe) AEHA v &40

rr

tel
2] 0 7
_]

Hel o

[

e &

10 ro
o o

X ox od
S

o N
ik 2t

oL N

http://www.ksoeh.org/

Wk AT 181

& 5oto B MGA T S} £ S AT
EZ o tfaj A} 2 A7) 7} Extrathoracic Region(7] 3%
2])+= 0.14, Tracheobronchial Region(7] & *])2 1.4, Pul-
monary Region(H| )= 1.6 7| E7ko 2 3¢ o,
718t AAEL S oAy AT B4 ol disf A
= 1& 7|23 o2 shqleh Al Aol A= epichlo-
rohydrin2 2|12} EPA Wio] wtet 553 B4 A
= 10] 850w, epichlorohydrini} barium sul-
fate= L5 o] A o] HFAl o 2 (.1070] A{EH Ao
Z A= Q). g4, epichlorohydring E2%7]7} H]
7o) Matz 7)ol Gelo] EHS U0 9ol
HAATE 1= stojof &4 0.14% stojof T A
ARl weko] a3ty o 7| A= awk-3Ad1f a1
Boll= S8l HFEA e Ao r HeHslo] epi-
chlorohydrin®} barium sulfate 25 553} B A A 4=
1S M gehiz o] Eke Ao 2 ware g,
2344 A% URS} UBE Q718 2 9
A - 9194 W7k Aste] BAAE Slstel 237} B
et Ao RYch BUY Ase xoe
glafo] 2 QAo|AE 22 REACHUS Alselol
soE 7 Bele) BAH F40] B3 Qi HAAT
o ECHA®} 22 ]84 B/ £ 8 e o
WrgAel WARRE A BASHT B
of FALERS BT 224} L E2AS i
WG BRI S A B 53 glof EPA i n

o % rhe
> o o

F R

kel

dr

oL o

,g_
53] §3 AL REACHH S kel f34 -
X W7HE BheHR A AAFShE ALY o
24 ECHAYA L §314 - 9184
PALF SA 54 Bk AR H 0 A
<, UF19] %9 EPAZ 109] 0.55¢ 3ds
SHAI4F ECHA®] &= 252 g akel 5415
9101, UF29] 7 $-o = EPA®] A= 10,
Aol Al 1 o] 5hA gk ECHA®] 4] &= 219kl
10, 22 A}= 52w 2435k 9l on, UF3o]
Jol M= 52 A 717k whet 45 ol ALL 6, 135
b2, 6709 o AL 12 A o] 3 7] Zhef 17l
A4S ABs ek 5 B A% A
o GelHE HHE ol g3 13F uE HHAY
71202 7|8 gko] EPAS] 90, FA:=EA4 9] 109]
71o] S35t 255 A g5t glof & Ao A
ECHA %< 7|50 2 sho] EPA 2 $4) 454 9

ko
oL -1 Ao

o
o W,
)

oz > fllo ¥ rE o oot

m

ofl

o

_arlriil
= W

oot 4o &g oot
o

off R 2

i)
-0,

2 30 flo
o 2

i

oo o

ofN

J Korean Soc Occup Environ Hyg, 2012: 22(3): 175-183



182 JAE, PP, A8

Table 7. Risk assessment results from 3 different groups

Ammended

Chemical name Model Exposure RfCyori HQI1 RIC HQ2 TLV HQ3
work
RME 1.41 7.05 3.00 0.55
Chloroethylene 0.2 0.47 2.56
CTE 0.08 0.4 0.17 0.03
. . RME 4.58 4580 14.1 2.41
Epichlorohydrin 0.001 0.32 1.9
CTE 0.54 540 1.69 0.28
RME 0.96 87.3 1.13 0.10
Barium sulfate 0.011 0.85 (10)
CTE 0.034 3.09 0.04 0.0034

" RfCyonc means reference or safety concentration in workplace.
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