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ABSTRACT

Objectives: This study aims to compare the physicochemical characteristics, toxicological data with Occupational Exposure
Limits (OELs) of chemicals under the Occupational Safety and Health Act(OSHA) regulated by the Ministry of Employment and
Labor of Korea.

Methods: Information on chemicals which have OELs on physicochemical characteristics and toxicological data was collected
using Material Safety Data Sheet(MSDS) from Korea Occupational Safety and Health Agency(KOSHA) and the Korea
Information System for Chemical Safety Management(KISChem) in 2014. Statistical analyses including correlation and simple
regression were performed to compare the OELs with chemical characteristics including molecular weight, boiling point, odor
threshold, vapor pressure, vapor density, solubility and octanol-water partition coefficient(OWPC) and toxicological data such as
median lethal dose(LDso) and median lethal concentration(LCso).

Results: A total of 656 chemicals have OELs under OSHA in Korea. The numbers of chemicals which have eight-hour time
weighted average(TWA) and short term exposure limits(STEL) are 618 and 190, respectively. TWA was significantly correlated
with boiling point and STEL was only correlated with vapor pressure among physicochemical characteristics. Solubility and
OWPC between “skin” and “no skin” substances which indicate skin penetration were not significantly different. Both LDso and
LCso were correlated with TWA, while the LCso was not with STEL. As health indicators, health rating and Emergency Response
Planning Guidelines(ERPG) rating as recommended by the National Fire Protection Association(NFPA) and American Industrial
Hygiene Association(AIHA) were associated with OELs and reflect the chemical hazards.

Conclusions: We found relationships between OEL and chemical information including physicochemical characteristics and
toxicological data. The study has an important meaning for understanding present regulatory OELs.
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Table 1. Category and collected information of the chemicals regulated by the Ministry of Labor and Employment(MOEL)

Information

Contents

Chemical category
health diagnosis

Chemicals with OELs, chemicals prohibited manufacturing etc., chemicals requiring
approval, chemicals kept below permissible limits,
monitoring, chemicals requiring special management,

chemicals requiring workplace
chemicals requiring special

CAS number, phase, molecular weight(MW), boiling point(BP), odor threshold(OT),

Physicochemical characteristics vapor pressure(VP), vapor density(VD), solubility(SB), octanol-water partition
coefficient(OWPC)
Occupational exposure limits - 8hr time-weighted average(TWA)
P P - Short-term exposure limit(STEL including ceiling value)
Toxici Dose-response - LDso (oral), LC50T(inhalation) for mammals
oxicit " —
Y CMR class - MOELY, OSHA®, NIOSH', ACGIH", 1ARC™, EU",
. - Healthratmg(NFPAii)
Indicators related to health - ERPG! §( AIHA)
" Median lethal dose(the amount of the substances required to kill 50% of the test population via ingestion or skin absorption), " Median

lethal concentration(the concentratlon of the substances required to kill 50% of the test population via inhalation), ¥ Ministry of
Employment and Labor of Korea, Occupatlonal Safety and Health Admmlstratlon in US, "US National Institute for Occupatlonal Safety

and Health, "American Conference of Governmental Industrlal Hygienist,
National Fire Protection Association in US,’ Emergency Response Planning Guidelines(set by American Industrial Hygiene

Union,
Association(AIHA))
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Figure 1. Number of regulatory substances under the Occupational Safety and Health Act of the MOEL
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Figure 2. Cumulative OELs according to substance phase
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£ o4kbd A w=%7]% H42d % European

Chemicals Agency(ECHA)2] CLP(Regulation (EC) No.
1272/2008 on Classification, Labelling and Packaging
of substances and mixtures)o| 4] A|A]|3}= 7]&o| w2k
H5ol¥ch CLP ER7o 2 CMR E3-2 & 24670
(TE2AF 187), MAA; 12371, AT 10572 B =
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Table 2. Comparison of Occupational Exposure Limits(OEL) between EU CLP classified CMR and non-CMR chemicals by chemical

phases
Chemical phase (GM unit; mg/m3) Total
Classification Gas Liquid Solid

No. of OEL ((C}}g/][;*) No. of OEL ((?;\]/[)) No. of OEL ((?;\]/[)) No. of OEL (((}}é\]/[))
Carcinogen 12 ( 571. 7726) 80 (276 ,1045) 71 (1(2.3077) 163 (216.9088)
Mutagen é’é:;i) 18 (12:?2) 17 (1%%977) 40 (238?976)

Reprqductive 34.0 25 7.95 17 0.29 e 2.21
toxicant (-) (13.11) (15.21) (21.60)
CMR’ 18 (;gég) 123 (188.1085) 105 (1%.3972> 246 (225%661)
Non CMR 44 (395'?957) 176 éé:‘g) 167 (33;;}3) 387 (262.19‘2;)

:Carcinogenic, mutagenic and reproductive toxic substances classified by EU CLP(Classification, Labeling, Packaging),

Geometric mean,

¥ Geometric standard deviation
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Table 3. Comparison of OELs among CMR and Non CMR classified by MOEL, IARC and ACGIH
GM unit : mg/m’
. . MOEL IARC ACGIH
Classification Chomioal Chomical Chomioal
emicals emicals emicals
Total with OEL(%)" GM(GSD)  Total with OEL(%)" GM(GSD)  Total with OEL(%)" GM(GSD)
Carcinogen 194 172(88) 2.21(27.19) 142 120(84) 2.67(30.97) 42 35(83) 0.27(24.33)
Mutagen 48 42(87) 3.84(27.94) - - - - - -
Reproductive toxicant 45 44(97) 2.11(22.00) - - - - - -
Non CMR 591 438(74) 5.81(21.47) 598 495(82) 4.92(21.82) 691 576(84) 5.07(21.99)

! Number(proportion) of chemicals classified in each component among OEL set substances under OSHA of the MOEL

Table 4. Correlation coefficients among several health index and physicochemical characteristics

TWA STEL LDs, LCso MW BP oT VP VD SB  OWPC
TWA 1.000
0.8208"
STEL  p<0.0001) 1000
0.3663°  0.6750"
LDso  (x20.0001) (peo.0001) 1000
0.4713"  0.1466  0.3128"
LCso  (p<0.0001) (p=0.1281) (p=0.0001) 1000
-0.0841  -0.0784  0.0062  -0.0632
MW (=0.0741) (p=03341) (p=0.8958) (p=02572) 1-000
BP -0.1249°  -0.1054 01013  -0.0621  -0.1212" 1,000
(p=0.0051) (p=0.2202) (p=0.0436) (p=0.2824) (p=0.0071) :
oT 0.0930  0.1100  0.0736  0.0936  -0.0492  -0.1246 1000
(p=03187) (p=0.4153) (p=0.4558) (p=0.3494) (p=0.6473) (p=0.1845) :
VP -0.0119  0.6106°  -0.0265  -0.0094 -0.0508" -0.0323  -0.0458 1,000
(p=0.7892) (p<0.0001) (p=0.5917) (p=0.8695) (p=0.2557) (p=0.4865) (p=0.6254) :
VD -0.0554  -0.0790  0.0594  -0.0314  0.9248"  0.3249°  0.0020  -0.0608' 1.000
(p=0.2726) (p=0.3645) (p=0.2830) (p=0.6051) (p<0.0001) (p<0.0001) (p=0.9835) (p=0.2343) :
SB -0.0129  -0.0617  0.0026  -0.0248  -0.0139  -0.0078  -0.0554  -0.0025  -0.0994 1.000
(p=0.7882) (p=0.4819) (p=0.9605) (p=0.6849) (p=0.7738) (p=0.8782) (p=0.2726) (p=0.9599) (p=0.0701) .
owpc 00542 -0.0047  0.0318  0.0359 0.4901°  -0.1257  -0.0515 -0.0356  0.5973"  -0.0222 1000
(p=0.2554) (p=0.9583) (p=0.5399) (p=0.5553) (p<0.0001) (p=0.0123) (p=0.6018) (p=0.4657) (p<0.0001) (p=0.6675) '
*p<0.01, * p<0.05
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Figure 3. Relationship between OEL and the chemical characteristics(all above p<0.01)
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Table 5. Classification of gas and liquid by odor threshold

£ H<Ql TWA-STEL, TWA-LDsy, TWA-LCso, TWA-BP,
STEL-LDsy, STEL-VP Z+ &}=-2- 3] A3} &4 scatter
ploto 2 e I ch(Figure 3). TWASQ} STELQ] Abat
A4 (1)= 0.8208(p<0.0001) 2 F 7|EF& A2 =2 AF
WAL BTk AR EZ A LDso(r=0.3663, p<0.0001)
I} LCso(r=0.4713, p<0.0001)-> TWASQ} 525t AFat
HAE =93t 54 5 HB=F@BP,
1=-0.1249, p=0.0051)7to] TWAS} 29 AFTAS Ho
wedol oA E TWAZE Wol|= AFS E9
6, STEL-E LDsy(r=0.6750, p<0.0001)1} Z7]H(VP,
=0.6106, p<0.0001)1} ATHAAS EHch

Figure 4= U|5EA|(Skin) fr5-of wE 83f=2}
SEE-ER A B2 yepd Zolth oiS
2 271" 249 O34 2 229 &
5t 7)stE S ZFzF 0.18 g/100mL(GSD; 1.51),
0.30 g/100mL(GSD; 126.33)& 523t i}OIE Holx
&AL (p=0.2785), SE&-= A= 22 1.65
(GSD; 44.18). 1.45(GSD; 2.87)2 2}o]7} ¢I2ItH(p=0.1019).

Table 5= -2uel W HFEE 5 TWASF HAY

B,

AAE 2= ks 9 AR 28S AAsk ols
o] gh< Wlagt Aojoh oA Hzo l % 3910 &
AZ 10171%ko] WA HAE 2L 9131(26%), WA
AX7F &7l HE 52 24, =F7E &
oM WAE HABHA Hske &d)°] 7hLole

671 =4, HA|Fol= 3471 =do %3‘11 HAf A
7b =E271ER gAY 22 EEo] 442 147), 4770

7} 9k

4. NFPA health rating ¥ AIHA ERPGS} = &7|&
LG leF oA TEEkal Sl £35S NFPA 2

Z|4>(Health index rating)o] 43l= =39 &

Table 69 29F5}9ich & 6537)] E20] NFPA 27

N4 Sl BREel gu AUA Aol Ael

Number of gas and liquid chemicals regulated by MOEL

No. of chemicals No. of chemicals;

No. of chemicals;

No. of chemicals; No. of chemicals

having odor odor threshold > odor threshold < odor threshold = having no odor Total
threshold TWA TWA TWA threshold
Gas 20 6 11 3 46 66
Liquid 81 34 47 0 244 325
Total 101 40 58 3 290 391
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Table 6. Classification of MOEL regulating chemicals by NFPA health rating

Number of chemicals having NFPA health index and regulated by MOEL

NFPA health rating
C M R CMR Non-CMR Total
0 3 1 2 6 21 27
1 28 9 9 46 88 134
2 63 9 14 86 133 219
3 55 19 17 91 75 166
4 24 5 6 35 72 107
Total 173 43 48 264 389 653
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Figure 5. Distribution of OEL values(top: TWA, bottom: STEL) oot o ! b 100 1000
STEL (ppm)

according to the NFPA health rating; the top and
bottom of the boxes means the 25th and 75th
percentiles with a line at the median, respectively and
error bars mean 10th and 90th percentiles. The black
dots mean outlier which is more than 2/3 times of

upper or lower quartile
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Figure 6. Relationship between ERPG rating and OEL(top: TWA,
bottom: STEL)
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11.16)Q1 whA, HAX S 40 &3 EFEL 045
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TWAS} FARSHA AR 19 &3l 2452 3
o+ =Z712(GM)2 125.60 ppm(GSD; 18.46), 2 71|
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SOl EoMdE STEL A% Wolx|= AiE
Hch
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o, AR Sgvet T8L-55 TAoE TLV &89
w3t yee l‘cﬂ E}(Park 2014). 121} 1986
d ACGIHO| TLVE #&8}0] 2733 A3 o
3 2006@7HA] @A 2-BRumaagl WA, AHo|

oist Al - AT o] F oK S H(Paek & Park, 2006),
200733 2008 1267l EZo gt tidi& el WA
Aom =&7|Eo] shgFad ek I o]% 2011
WHE 2013A7HA] =270 Aol ol o]FoR
on, WAEE, BASEEEE Foll dt AR=
27} T A th(Lee et al., 2014; Park et al., 2014). 11-&
wERONE Y AT EEE st )
= shstede) navlzol o) Btd 2AS e
st WEHoR Al IEe FEIITL glork 92
Ut ARPAA R 37150 dhat 2717k ]
ARE Jew st glo] AR FAIEezA el
Efg/doll et =%to] @th(Jeong et al., 2010).
A Hls| e5d =&7|%9 A5 = W
Al - NS 1% Heha Aot o] Rz gle
oA A A7 9] E2-4/(Uncertainty)of] th3t
ol oA = dolglth EU AtoAe A5 et
Aol tielf st om HEH A4 71N =&
7)&(Health-based OELs)2 Hilslal O, o=
02 4o tigt HAAA Brhe AEHLeR o]
Folx|aL glo] dA =E7|EE 1 AEEFdel o
3 A AL 7}=ItkBolt & Huici-Mintagud, 2008).
Schenk et al.(2008)2] Aol AE IA wZE7|E3}
Mz A =E7)Eol] ggt v AFE 353
oh 18709 2] 9l =7} 7)ol A AAIRE 10071 =
Aol tfste] &7 (715HEh S Hlagt Ay, A
A =4 F 1341719 220] 17] E= 270 o]4+9]
E7E 550l 23tEo] e, 257 =
AA 187] 7]HollA & xZ3bshal e =E7]E
FEol ZgtEo] ATh E3 A= A =E7E
1} A =&7]59] H|(Ratio)”} 0.228-0.6082] H
Hof Ao vl Mz fFE =F7]E0] Rof
o 4= QJ3ith Jeong et al.(2010)9] HLoflA
gubet 12671 &l tiste] AL AR E =
=712 v =y, 1 HB4 H7F 02972 9
et dpA ol vl A2 WP E =E7]Eo] ANty
o7 obHSS TRt
2 AtolA= MSDSe] FH =
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Aty ®= A4 =EA 3 294 wo] gle
W82 Aesteon, i B0 MSDSA &3t
Sha Ao w3t JRet B EE FHeE =&
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