Sh2 A A SES| K], M257 M[15(2015) ISSN 2384-132X(Print) ISSN 2289-0564(Online) Original Article
Journal of Korean Society of Occupational and Environmental Hygiene, 2015: 25(1): 58-71
http:/dx.doi.org/10.15269/JKSOEH.2015.25.1.58

sist2d 22| o712,
szmel ngL-sro| M| sfatgde| 7k,
=&7|ZE US4 RE S| SN H| D

Study on the Chemical Management — 2. Comparison of Classification and
Health Index of Chemicals Regulated by the Ministry of Environment
and the Ministry of the Employment and Labor

Sunju Kim' - Chungsik Yoon'?" - Seunghon Ham'? - Jihoon Park' - Songha Kim' - Yuna Kim' -
Jieun Lee' - Sangah Lee' - Donguk Park® - Kwonseob Lee* - Kwonchul Ha®

!Seoul National University
*Institute of Health and Environment, Seoul National University
'Korea National Open University
*Occupational Safety and Health Research Institute,Korea Occupational Safety & Health Agency
5Changw0n National University

ABSTRACT

Objectives: The aims of this study were to investigate the classification system of chemical substances in the Occupational Safety
and Health Act(OSHA) and Chemical Substances Control Act(CSCA) and to compare several health indices (i.e., Time Weighted
Average (TWA), Lethal Dose (LDso), and Lethal Concentration (LCso) of chemical substances by categories in each law.

Methods: The chemicals regulated by each law were classified by the specific categories provided in the respective law; seven
categories for OSHA (chemicals with OELs, chemicals prohibited from manufacturing, etc., chemicals requiring approval,
chemicals kept below permissible limits, chemicals requiring workplace monitoring, chemicals requiring special management, and
chemicals requiring special heath diagnosis) and five categories from the CSCA(poisonous substances, permitted substances,
restricted substances, prohibited substances, and substances requiring preparation for accidents). Information on physicochemical
properties, health indices including CMR characteristics, LDsp and LDsy were searched from the homepages of the Korean
Occupational and Safety Agency and the National Institute of Environmental Research, etc. Statistical analysis was conducted for
comparison between TWA and health index for each category.

Results: The number of chemicals based on CAS numbers was different from the numbers of series of chemicals listed in each law
because of repeat listings due to different names (e.g., glycol monoethylether vs. 2-ethoxy ethanol) and grouping of different
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chemicals under the same serial number(i.e., five different benzidine-related chemicals were categorized under one serial
number(06-4-13) as prohibited substances under the CSCA). A total of 722 chemicals and 995 chemicals were listed at the OSHA
and its sub-regulations and CSCA and its sub-regulations, respectively. Among these, 36.8% based on OSHA chemicals and
26.7% based on CSCA chemicals were regulated simultaneously through both laws.

The correlation coefficients between TWA and LCsy and between TWA and LDso, were 0.641 and 0.506, respectively. The
geometric mean values of TWA calculated by each category in both laws have no tendency according to category.

The patterns of cumulative graph for TWA, LDsy, LCso were similar to the chemicals regulated by OHSA and CCSA, but their
median values were lower for CCSA regulated chemicals than OSHA regulated chemicals.

The GM of carcinogenic chemicals under the OSHA was significantly lower than non-CMR chemicals(2.21 mg/m3 vs 5.69
mg/m3, p=0.006), while there was no significant difference in CSCA chemicals(0.85 mg/m3 vs 1.04 mg/ms, p=0.448). LCs
showed no significant difference between carcinogens, mutagens, reproductive toxic chemicals and non-CMR chemicals in both
laws’ regulated chemicals, while there was a difference between carcinogens and non-CMR chemicals in LDsy of the CSCA.

Conclusions: This study found that there was no specific tendency or significant difference in health indicessuch TWA, LDso and
LCso in subcategories of chemicals as classified by the Ministry of Labor and Employment and the Ministry of Environment.
Considering the background and the purpose of each law, collaboration for harmonization in chemical categorizing and regulation

is necessary.
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Table 1. Number of Chemicals Categorized by the Occupational Safety and Health Act of the Ministry of Employment and Labor and the
Chemical Substances Control Act of the Ministry of Environment

No. of chemical

No. of removed
series listed in each chemicals due to the

No. of chemicals

added according to No. target

category under the repeated listed or (A-B) individual CAS cgﬁﬁcﬁf_éig)ns
law(A) non-chemical form(B) No.(C) Y
Chemicals with OELs 717 72 645 11 656
Chemicals p.rohlblted 1 2 9 30 39
manufacturing etc.
Chemicals requiring 16 3 13 0 13
approval
Occupation .
al Safety Che:r‘rf{‘sl:iblipltiflftls"w 13 0 13 1 14
and Health p
Act Chemicals requiring 188 0 188 34 20
workplace monitoring
Chemlcals requiring 16 0 16 4 20
special management
Chemicals requiring
special health diagnosis 179 0 179 6 185
Poisonous substances 722 1 721 71 792
. Permitted substances 102 5 97 14 111
Chemical
Substances  Restricted substances 12 0 12 43 55
Control .
Act Prohibited substances 60 0 60 24 84
Substances requiring 69 0 69 0 69

preparation for accidents
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Figure 1. Number and examples of Chemicals Categorized and Managed by (a) the Occupational Safety and Health Act and (b) the
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Figure 2. Comparison of TWA by classification of toxic

substances management(N= number of chemicals
analyzed in this paper) (a) Occupational Safety and
Heath Act(p=0.317) (b) Chemical Substances Control
Act(p=0.771). The ends of the boxes is the 25th and
75th percentiles, with a line at the median and error
bars being the 10th and 90th percentiles. And the dots
are defined as outlier that is more than 2/3 times of
upper or lower quartile.
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%k 10 ppmof| H|3| SHj 2 7]Eo|H, - HEHIR
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F91420.23 mgm)xet AFEA] F9)5 10.08
mem)ol o Sste olelT A gy 3AE
Z st ZAERA L ZIEte R BAE fo)
EiL g sto] SR e 9Al=del7] wiel Figure
201]*1 Bt AaE ol sl W =
= TWAE 7H= 2242 HE22 g =M
(2-—3;_%01]@)01]&]#; CAS No. 542-88-1)= 30 mg/m’
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Table 20] 4 ArekH s} Shk o TWA 2zt &
LS Hu, Aol skl Hjs] TWA 7]%9]
We BA50] B2 AL & 4 ALk 10719] %t

.

=]
=

Table 2. Comparison of Chemicals Which have Lowest TWAs and Highest TWAs in Occupational Safety and Health Act (OSHA) and

Chemical Substances Control Act(CSCA)

Occupational Safety and Heath Act(OSHA) Chemical Substances Control Act(CSCA)

Chemicals CAS No. (i‘g‘g) Chemicals CAS No. (i‘;‘n?)

Strontium chromate 7789-06-2  0.0005 Strontium chromate 7789-06-2  0.0005

Trimellitic anhydride 552-30-7  0.0005 Osmium tetroxide, as Os 20816-12-0  0.002

Platinum(Soluble salts, as Pt) 7440-06-4  0.002 Cadmium 7440-43-9  0.002

Chemica Beryllium & Compounds 7440-41-7  0.002 bis-(Chloromethyl)ether 542-88-1  0.005
Is with Osmium tetroxide, as Os 20816-12-0  0.002 Nickel carbonyl 13463-39-3  0.007
?&ZS; Cadmi(“l{‘;s;‘i‘r‘ibclgnggi‘:ﬂ)‘f)’as Cd 7440439 0.002 Diazinon 3334155 0.01
(No-10) bis-(Chloromethyl)ether 542-88-1  0.005 |Arsenic& inorganic compounds, as As 7440-38-2  0.01

Dimethyl carbamoyl chloride* 79-44-7  0.006 Cadmium 7440-43-9  0.017

a-Naphthyl amine 134-32-7  0.006 Chromium(6+) compounds 18540-29-9  0.01

Nickel carbonyl, as Ni 13463-39-3  0.007 Zinc chromate 13530-65-9  0.01
Chlorodifluoromethane 75-45-6 3,500 2-(Butoxymethyl)oxirane 2426-08-6 53
1,1,1,2-Tetrachloro-2,2-difluoroethane ~ 76-11-9 4,170 Methyl chloride 74-87-3 105
1,1,2,2-Tetrachloro-1,2-difluoroethane 76-12-0 4,170 Perchloroethylene 127-18-4 170
Chemica Dichlorodifluoromethane 75-71-8 4,950 Toluene 108-88-3 188
Egvl‘ll;ts}i Sulfur hexafluoride 2551-62-4 6,000 Methyl alcohol 67-56-1 260
TWAs Trifluorobromomethane 75-63-8 6,100 Trichloroethylene 79-01-6 270
(No. 10) Chloropentafluoro ethane 76-15-3 6,320 Xylene 1330-20-7 435
Dichlorotetrafluoroethane 76-14-2 7,000 Methyl ethyl ketone 78-93-3 590
1,1,2-Trichloro-1,2,2-trifluoroethane 76-13-1 7,600 Ethyl acetate 141-78-6 1,400

Carbon dioxide 124-38-9 9,000 Ethyl chloride 75-00-3 2,600

D1methyl carbamoyl chloride convert ppm into mg/m’.

Fenothlocarb(CAS No. 62850-32-2), 3,3'-Dimethoxy -[1,1'-biphenyl]-4,4'-diamine(CAS No. 119-90-4) are also 0.01 mg/m

http://iwww.kiha.kr
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Table 3. Association between TWA and acute toxicity data(LDso, LCso)
TWA vs. LD5() TWA vs. LCs()
Number of paired samples 427 278
Correlation coefficient(R) 0.506" 0.641"
‘ . 0.358" 0.841°
0,
Regression coefficient(95%CI) (0.300, 0.416) (0.724, 0.963)
Intercept 5.888" 1.917"
"p<0.01
1000000 10000000
1000000 - .
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100000 —
10000 + 10000 I =
1000 4 XN ) p\.:
R 2 100 1 St gt oo
E) 2 . '-,"-."" Jk
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Figure 4. Relationship between TWA and acute toxicity data(LDso, LCso) (a) TWA vs. LDso, (b) TWA vs. LCsp.
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Table 4. Several Health Index(TWA, LDsy, LCsy) of Chemicals Regulated by the MoEL(the Ministry of Employment and Labor) and
MoE(Ministry of Environment)

Occupational Safety and Health Act(MoEL) Chemical Substances Control Act(MoE)
Categorized by MoEL Categorized by IARC Categorized by MoEL Categorized by IARC
Criteria, GM(GSD) Criteria, GM(GSD) Criteria, GM(GSD) Criteria, GM(GSD)

TWA LDy  LCw  TWA LDy  LCo TWA LDy LCo TWA LDy  LCs
(mg/m’) (mghkg) (mgll) (mg/m) (mgkg) (mgl) (mg/m’) (mgkg) (mg/l) (mg/m’) (mghkg) (mgl)

165/194"% 154/194 109/194 114/145 112/145 75/145 82121 93/121 59/121 57/111 80/111  50/111
Carcinogen® 221 69486 2560 267 70214 69.13  0.85 379.87 1165  0.62 32795 13.77
(7.19)  (674)  (56.60) (30.97) (6.59) (5427) (21.63) (7.11) (70.30) (20.19) (6.66) (49.85)

41/48  38/48  30/48 2733 2833 21/33
Mutagen® 384 57709 23.12 167 27022 1170

(2795  (6.63) (131.46) (10.68) (5.48)  (86.03)

4445 38/45  26/45 2124 1724 1224
Reproduction®  2.11  1357.76  65.92 2.19  1890.04 23.00

(22.00)  (6.36)  (65.78) (17.90)  (4.63) (33.47)

415/499  342/499 232/499 494/577 409/577 287/577 101/847 352/847 190/847 142/361 379/861 212/361
The Others®  5.69 54628 3672 492 58248 2826  1.04 15127 481 133  169.56  4.85

(22.18)  (10.02) (81.12) (21.82) (9.57) (75.57) (1347) (9.93) (51.83) (14.88) (10.28) (54.96)
609/722  521/722 362/722 609/722 521/722 362/722 199/987 459/987 262/987 199/987 459/987 262/987

Total 439 606.35 34.01 4.39 606.35  34.01 1.07 19022 591 1.07 19022 5091
(23.45)  (8.87) (71.43) (23.45) (8.87) (71.43) (16.52) (9.70) (54.71) (16.52) (9.70) (54.71)
p-value 0.006 0.083 0.710 0.063 0.423 0.106 0.448  0.001 0.273  0.082 0.018  0.097
A-C
Bonfferoni A-D
test* A-D B-C A-D
C-D

" Numerator stands for the number of chemicals which have TWA and denominator stands for number of chemicals which belong
to each category. ie., among the chemicals regulated by MoEL OSHA, a total of 194 chemicals were designated as carcinogen
by MoEL and 165 chemicals have TWA but 29(195-165) chemicals have not TWA values.

* Bonfferoni test is the post-hoc test after ANOVA test and shows the groups if there were significant difference between groups
with p<0.05.

Group 2A ¥ Group 2BZ, 1855 = 1A, 1B, 2 5 3l B2 £ 18 :-%HoA XA JE= CMR
S7HA] Wk ER 2§19 11 o= v ER R 229 GME ZHzF 221 mg/m’, 3.84 mg/m’, 2.11
FE35F T mg/m’°] 3L H] CMR EZ2] GMZ 5.69 mg/m’ o]c}.
Table 4= AHQTH I} oheby 242 Hejad o] Eef sREHolM fFafetetad & AEks e ER7IE
2 S5 18-85 7|&7} IARC 7|E£20 2 Ui=o] o W2 CMR 29 GM Z}Z+ 0.85 mg/ms, 1.67
217y 72l o] 52 TWAS| HisiA GM, GSDE YE} mg/m’, 2.19 mg/m’e]3l, H] CMR &4 9] GML 1.04
W A0lE), T E R WP E A Carcinogen), 4K mgm'olch Myl o MgERol4 HelsL 3)
ZHo| A EZ (Mutagen), AJ4]15/dE 2 (Reproduction), = =49 GM F2Et @24 I olf= o]&9
71 2] &2 (The others)2 U0 4] H|2 3} 31, IARC CMR thAl 3}etE2 4271 A1 TWAZRS 714 527}
7|Eo 2 WelEZ(Carcinogen), H|¥HelEZ(Non o] Z+ ko] 27| wj&o|t}).
Carcinogen) 2 7335tk IARCS] H57150] elshel Alhyal Belshe
TWAE ARoHHojA #Estes 5242 T18eFH 72278 E&- o)A 1457§7} Group 1, Group 2A E+=
2Ryl TE CMREZ o] B CMR 29 GM  Group 2Bo] Safe] Wby 2= FREYD o)
MUl uskes, felge Wby BAIEW 8 1147) BHo| TWAS 2T Yon, GM e 267

1,
o,
>~
l:I

1_. =
CMREZ 15 refleh lQlch & Alehgiel A #e]  mg/m’e]i wldebdEdo] GME 4.92 mym'o|ct.
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