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Analysis of Exposure Status and High-risk Industries of Special Management
Substances using Working Environment Measurement Data

Hyunhee Park” * Jihoon Jo
Occupational Safety and Health Research Institute, KOSHA

ABSTRACT

Objectives: This study aims to assess the current status of work environment measurement (WEM) for
carcinogenic, mutagenic, reproductive toxic substances and to identify their high-risk industries for hazard
surveillance and risk assessment.

Methods: WEM Data from 37 specially managed CMR substances (2018-2022), the high-risk industries were
identified by using estimated 95th percentile levels (Xp95) of measurements compared with the occupational
exposure limit (OEL).

Results: The substances most frequently measured were nickel (insoluble), followed by sulfuric acid, lead,
chromium (V1), formaldehyde, phenol, dimethylformamide and benzene. The industries with highest number of
measurement samples for special management substances were plating of metals, followed by hospitals, general
repair services of motor vehicles, building of ships, manufacture of synthetic resin and other plastic materials,
manufacture of finished medicaments. Out of the 37 special management substances studied, 22 had a
non—detection rate of over 90%. The rate of samples exceeding the OEL was less than 1% for all substances. The
substance with the highest number of samples exceeding the OEL was trichloroethylene, which also had the
highest average concentration compared to exposure limit. The substances with the highest percentage of
industries which (Xo95) exceeding OEL was formaldehyde followed by sulfuric acid, trichloroethylene, lead,
|-bromopropane etc.

Conclusions: This study identified high-risk industries of CMR sunstances, highlighting the need for prioritizing
these industries in hazards surveillance and risk assessment.

Key words: work environment measurement, hazards surveillance, risk assessment, high-risk industry,
specially managed CMR substances
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Table 1. Target substances and occupational exposure limits

8’53. Substances CAS no. Oi\c/lcOuEpfForjzlchEisuroeSm;s (TJ:;?*) Health effect

1 Dinitrotoluene 25321-14-6, etc 02 02 15  mg/m EZL?QSS&?L@téli;tyMSfaSE?C'W 2

2 N,N-Dimethyl acetamide 127-19-5 10 10 10 ppm  Reproductive toxicity 1B, Skin

3 Dimethylformamide 68-12-2 10 5 10 ppm  Reproductive toxicity 1B, Skin

4 1,2-Dichloroethane 107-06-2 10 10 50 ppm  Carcinogenicity 1B

5 1,2-Dichloropropane 78-87-5 10 10 75 ppm  Carcinogenicity 1A

6 2-Methoxyethanol 109-86-4 5 0.1 25 ppm  Reproductive toxicity 1B, Skin

7 2-Methoxyethyl acetate 110-49-6 5 0.1 25 ppm  Reproductive toxicity 1B, skin

8 Benzene 71-43-2 0.5 0.5 1 ppm  Carcinogenicity 1A, Mutagenicity 1B, Skin
9 1,3-Butadiene 106-99-0 2 2 1 ppm  Carcinogenicity 1A, Mutagenicity 1B

10 1-Bromopropane 106-94-5 25 0.1 - ppm  Carcinogenicity 2, Reproductive toxicity 1B
Il 2-Bromopropane 75-26-3 1 - - ppm  Reproductive toxicity 1A

12 Carbon tetrachloride 56-23-5 5 5 10 ppm  Carcinogenicity 1B, Skin

13 Stoddard solvent 8052-41-3 100 100 500  ppm gaﬁgfge{;gnw g_?%'\)"“*age”'c'ty 18 ({f benzen
14 Acrylonitrile 107-13-1 2 2 2 ppm  Carcinogenicity 1B, Skin

15 (InhalabIeAfCr;yclz;nnldz?nd vapor) 79-06-1 0.03 0.03 0.3 mg/ gg;sss&%i%&iﬁyg aglfirr?c'ty 5

16 2-Ethoxyethanol 110-80-5 5 5 200 ppm  Reproductive toxicity 1B, Skin

17 2-Ethoxyethyl acetate 111-15-9 5 5 100 ppm  Reproductive toxicity 1B, Skin

18 Ethylenimine 151-56-4 0.5 0.05 - ppm  Carcinogenicity 1B, Mutagenicity 1B, Skin
19 2,3-Epoxy—1-propanol 556-52-5, etc 2 2 100 ppm EZSSSS;?\IEU{OLE}WM? tBagen|C|ty 2

20 1,2-Epoxypropane 75-56-9, etc 2 2 50 ppm  Carcinogenicity 1B, Mutagenicity 1B

21 Epichlorohydrin 106-89-8, etc 0.5 0.5 5 ppm  Carcinogenicity 1B, Skin

22 Trichloroethylene 79-01-6 10 10 100 ppm  Carcinogenicity 1A, Mutagenicity 2

23 1,2,3-Trichloropropane 96-18-4 10 0005 50  ppm giif'”oge”'c'ty 1B, Reproductive toxicity 1B,
24 Perchloroethylene 127-18-4 25 25 100 ppm  Carcinogenicity 1B

25 Phenol 108-95-2 5 5 5 ppm  Mutagenicity 2, Skin

26 Formaldehyde 50-00-0 0.3 0.1 0.75 ppm  Carcinogenicity 1A, Mutagenicity 2

27 Propylene imine 75-55-8 2 0.2 2 ppm  Carcinogenicity 1B, Skin

28 Dimethyl sulfate 77-78-1 0.1 0.1 1 ppm  Carcinogenicity 1B, Mutagenicity 2, Skin
29 Hydrazine 302-01-2 0.05 0.01 1 ppm  Carcinogenicity 1B, Skin

30 Lead and Inorganic compounds, as Pb  7439-92-1, etc 0.05 0.05 0.056 mg/m* Carcinogenicity 1B, Reproductive toxicity 1A
31 Nickel 7440-02-0, etc 0.2 0.2 1 mg/m*  Carcinogenicity 1A

(Insoluble Inorganic compounds, as Ni)

Mercury elemental and inorganic form 7439-97-6, etc  0.025  0.025 0.1 mg/m  Reproductive toxicity 1B, Skin

32 (All forms except aryl & alkyl compounds)
33 Antimony trioxide 1309-64-4 05 05 05 mym Carcinogenicity 2

(Handling & use, as Sb)

Carcinogenicity 1A, Mutagenicity 2,

34 Cadmium and compounds, as Cd 7440-43-9, etc 0.01 0.01 0.01 mg/m Reproductive toxicity 2, Respirable

Chromium(Vl)compounds

(Water insoluble inorganic compounds) 18540-29-9, etc  0.01 0.0002 0.005 mg/m Carcinogenicity 1A

35
Chromium(V)compounds oo : . .
(Water soluble) 18540-29-9, etc  0.05 0.0002 0.005 mg/m* Carcinogenicity 1A
36 Sulfuric acid(Thoracic fraction) 7664-93-9 02 02 1  ngm Carcinogenicity 1An case of strong acid mist)

Thoracic particle
37 Ethylene oxide 75-21-8 1 1 1 ppm  Carcinogenicity 1A, Mutagenicity 1B

" Sub: Substance, ” TWA: Time Weighted Average, TMoEL: Ministry of Employment and Labor, TACGIH: American Conference of Governmental
Industrial Hygienists, ¥ OSHA: Occupational Safety and Health Agency
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Table 2. Number of samples and descriptive statistics of data by substances

No. of
Sub No. of of No. of Rate of ks X " Risk
’ Substances industries detected non-detected . AM£SD GM"(GSDT)  Min  Max Xogs  Unit 5
No. samples o exceeding level
measured samples  samples (%) OFL
1 Dinitrotoluene 21 443 5 98.9 0 249+2592 124 (1.4) 120 549 215 ug/mt 1
2 N,N-Dimethyl acetamide 175 19,565 1,776 90.9 2 106.25#514.4 0.12 (155) 0.05 10,774 1066 ppb O
3 Dimethylformamide 312 48342 6,319 86.9 28 183.65£790.28 0.08 (35.1) 0.02 27,778 27.27 ppb O
4 1,2-Dichloroethane 129 6,834 285 95.8 0 56.75+328.92 12.62 (2.3) 10.65 5794 5096 ppb O
5 1,2-Dichloropropane 300 6,815 1,312 80.7 28 0.46+2.68 0.0003 (50.7) 0.0001 100 021 ppm 1
6 2-Methoxyethanol 175 12,021 361 97.0 12 35.74#591.04 155 (2.8) 1.30 44,984 847 ppb O
7 2-Methoxyethyl acetate 82 2,461 221 91.0 0 54.38+207.99 4.41 (43) 280 2975 4913 ppb O
8 Benzene 348 45,829 2,571 94.4 15 5.23t38.93 0.07 (5.1) 0.05 3,223 1.00 ppb O
9 1,3-Butadiene 151 17,189 1,074 93.8 4 13.83t104.83 0.01 (10.3) 0.01 4,794 042 ppb O
10 1-Bromopropane 147 4,271 1,332 68.8 4 1.04£3.69 0.01 (44) 0.0005 121 3.04 ppm 2
1" 2-Bromopropane 32 414 3 99.3 0 3.71#33.91 096 (1.7) 092 489 221 ppb O
12 Carbon tetrachloride 82 2,093 27 98.7 0 6.42+68.9 0.11 (25 010 1510 051 ppb 0
13 Stoddard solvent 104 4,448 866 80.5 0 1.53+4.64 0.0005 (91.5) 0.0001 58 076  ppm O
14 Acrylonitrile 166 13,696 44 96.8 2 11.78t91.3 0.07 (44) 0.05 3299 076 oppb O
Acrylamide ;
15 (Inhalable fraction and vapor) 134 12,844 451 9.5 2 0.11£1.22  0.00065 (4.2) 0.00 76 001 wg/m O
16 2-Ethoxyethanol 314 33,412 2,855 915 9 64.47£360.58 0.01 (24.2) 0.01 25114 248 ppb
17 2-Ethoxyethyl acetate 347 45739 3,407 92.6 3 35.91£200.79 0.04 (11.9) 0.02 549 236 ppb
18 Ethylenimine 1 4 0 100.0 - All samples were below detection limit ppb -
19 2,3-Epoxy-1-propanol 13 188 0 100.0 - All samples were below detection limit ppb -
20 1,2-Epoxypropane 61 3,222 196 93.9 0 27.78t110.01 6.78 (26) 535 1285 3286 ppb 1
21 Epichlorohydrin 85 5,108 121 97.6 " 11.86£117.03 6.8 (1.6) 635 7,682 1469 ppb 1
22 Trichloroethylene 391 21,719 7,723 64.4 167 0.93t3.26  0.002 (137) 0.0001 177 6.02 ppm 3
23 1,2,3-Trichloropropane 16 290 0 100.0 - All samples were below detection limit ppb -
2 Perchloroethylene 199 784 8% 89.4 17 0474318 082021)5 00001 129 003 pom O
25 Phenol 411 56,298 2,824 95.0 0 11.48+96.7 0.01 (76) 0.01 285 022 ppb O
26 Formaldehyde 444 130,122 89,482 31.2 14 14.37£25.03 0.27 (234.7) 0.00010 1,155 2,132.77 ppb
27 Propylene imine 0 0 0 - - No measurement has been made in the last 5 years ppb -
28 Dimethyl sulfate 30 1177 0 100.0 - All samples were below detection limit ppb -
29 Hydrazine 84 3,159 85 97.3 0 0.12+¢1.28 0.00062 (3.7) 0.0005 31 001 ppb O
Lead and Inorganic 0.00045 s
30 compounds, as Pb 555 166,720 53,100 66.1 48 1£3.69 224.1) 0.00001 166 329 w/m 1
Nickel (Insoluble Inorganic 0.00346 5
31 compounds, as N 658 257,895 116,610 54.8 63 1.37412.25 (120.6) 0.0001 2,694 919 ug/m 1
Mercury elemental and inorganic 0.00014
32 form (All forms except aryl 170 13,509 692 94.9 0 0.050.52 '(5 3) 0.0001 16 0.002 ug/m O
& alkyl compounds) )
Antimony  trioxide 0.00286 N
33 (Handling & use, as Sb) 214 16,250 5,742 64.7 0 2.3+12.92 68.2) 0.0002 435 297 ug/m 0O
Cadmium and compounds, 0.00036 .
34 as Cd 197 13,130 3,362 74.4 1 0.1+0.83 31.5) 0.0001 81 011 wg/m 1
Chromium(VI)compounds 0.00009
(Water insoluble inorganic 624 136,250 29,587 78.3 8 0.12+0.46 (66 8) 0.00001 34 0.09 wg/m 0O
35 compounds) '
Chromium(VI)compounds 0.00083 N
(Water soluble) 510 71,458 22,815 68.1 2 0.34+1.71 ©6.1) 0.0001 145 0.82 wg/m 1
36 Sulfuric acid(Thoracic fraction) 612 216,359 104,824 51.6 4 5.83+13.09 0'(%%?7 0.0005 413 104.05 ug/m 3
) 0.00734 N
37 Ethylene oxide 109 27,182 5,122 81.2 36 25.66£197.76 68.6) 0.001 14,873 769 u/m O

"AMESD ' Arithmetic meantStandard Deviation, “GM : Geometric Mean, TGSD : Geometric Standard Deviation SRisk level: (0) Xoo5 ¢ OEL 1%, (1) Xoo5 <
OEL 10%, (2) Xogs { OEL 50%, (3) Xogs  OEL 100%, (4) Xogs = OEL 100%
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Table 3. Number of samples and arithmatic mean by year (Refer to Supplementary material 7)

Sub. No. of samples by year Arithmatic mean by year
No. Substances =

2018 2019 2020 2021 2022 2018 2019 2020 2021 2022 (Unit)
1 Dinitrotoluene 82 80 92 86 107 1.20 1.20 1.20 1.23 6.58 ug/m’
2 N,N-Dimethyl acetamide 3,347 3,872 4,009 4,170 4,167 151.61 115.64 78.36 109.37 84.81 ppb
3 Dimethylformamide 8,385 8,908 9,559 10,195 11,295 277.97 238.10 163.32 141.90 125.59 ppb
4 1,2-Dichloroethane 893 1,209 1,284 1,616 1,832 62.31 41.06 58.88 61.01 59.17 ppb
5 1,2-Dichloropropane 78 73 160 1,478 5,026 1.19 1.15 0.36 0.69 0.37 ppm
6 2-Methoxyethanol 3,002 2847 2,013 1,979 2180 17.31 23.81 33.02 46.92 69.06 ppb
7 2-Methoxyethyl acetate 631 756 420 332 322 61.42 78.42 22.80 33.73 46.61 ppb
8 Benzene 7,788 8236 8989 9,691 11,125  6.64 4.45 5.61 6.50 3.39 ppb
9 1,3-Butadiene 2,482 3,019 3661 4,036 3,991 13.99 7.1 14.18 14.60 17.69 ppb
10 1-Bromopropane 1,046 897 791 783 754 0.89 0.90 1.23 1.34 0.92 ppm
M 2-Bromopropane 50 68 84 94 118 0.92 0.92 14.71 0.92 0.92 ppb
12 Carbon tetrachloride 398 402 394 425 474 10.16 3.63 8.33 5.99 4.46 ppb
13 Stoddard solvent 0 0 1,220 1,485 1,743 1.92 1.21 1.52 ppm
14 Acrylonitrile 2,326 248 2,702 3,000 3,183 17.96 13.56 12.12 7.59 9.562 ppb
15 (InhalabIeAfCr;vol‘?i;nr:daen Gwpon 2115 2217 2440 2708 3273 007 008 007 015 014 u/w
16 2-Ethoxyethanol 7,284 7,357 6,922 6,395 5454 99.07 65.24 57.86 47.24 45.83 ppb
17 2-Ethoxyethyl acetate 10,768 10,364 8,355 8,141 8,111 40.57 35.84 34.37 38.51 28.81 ppb
18 Ethylenimine 0 0 4 0 0 All samples were below detection limit ppb
19 2,3-Epoxy-1-propanol 16 38 36 30 68 All samples were below detection limit ppb
20 1,2-Epoxypropane 401 526 734 739 82 4708 2549 1947 2480 2993  ppb
21 Epichlorohydrin 945 975 1,044 1,082 1,062 7.89 10.36 18.39 13.03 9.19 ppb
22 Trichloroethylene 4420 4,260 3,698 3,281 6,060 1.06 1.19 0.99 1.00 0.56 ppm
23 1,2,3-Trichloropropane 66 51 54 55 64 All samples were below detection limit ppb
24 Perchloroethylene 1,398 1,479 1,632 1,590 1,725 1.08 0.62 0.27 0.20 0.27 ppm
25 Phenol 9,849 10,565 11,234 11,738 12,912 14.25 12.17 13.51 9.21 9.1 ppb
26 Formaldehyde 22,938 24,419 25385 26,892 30,488 15.04 14.31 13.80 15.06 13.77 ppb
27 Propylene imine 0 0 0 0 0 No measurement has been made in the last 5 years ppb
28 Dimethyl sulfate 181 209 253 256 278 All samples were below detection limit ppb
29 Hydrazine 599 574 562 646 778 0.24 0.02 0.11 0.15 0.10 ppb
30 tgfﬂdpggg dgfo;iag'g 28602 33037 31288 28217 35576 120 093 100 103 087  ug/n
31 N'Ckciinig‘js;ggfa'go&%a”'c 44517 50006 51621 52013 59738 146 142 168 118 116 g/

Mercury elemental and
32 inorganic form (All forms 1,118 1,537 3,089 3,377 4,383 0.23 0.08 0.04 0.02 0.01 ug/m
except aryl & alkyl compounds)
3 (Har?glﬁwrgogyutsrgxie s 2970 3137 3266 3384 3508 28 251 211 1.95 216 g/
34 Coriap‘ir::ér: ngc y 3499 2929 2187 2119 239% 010 010 012 009 009 g/
Chromium(VI)compounds

351  (Water insoluble inorganic 19,304 24,078 26,437 29,782 36,649 0.13 0.11 0.10 0.13 0.11 g/ m*

compounds)

35.2 Chromﬁr\"ggmg;u”ds 13555 14,906 16,161 14,672 12164 032 036 035 033 035  po/m
36 (Thifz'ggcf;‘é'son) 38077 41,102 43222 45225 48733 717 578 491 542 602 g/t
37 Ethylene oxide 5,037 5266 5512 5577 5790 25.70 17.71 22.92 32.75 28.63 ug/m’

Journal of Korean Society of Occupational and Environmental Hygiene, 2024: 34(3): 222-237 www.kiha.kr



228 HiH3| - X2

i

AElo|E, 7tEE 9 1 3lE2 Alms7t HAasilo
(Table 3).

S Edo gt AAAEESH ANEFTF P
god AEES =a5d(n=45,964), STHY
(n=44,010), ¥wrU(n=43,479), A2t & <
H(n=39,066), 34 AXA(0=36,725), At 44 F
25 AZXY0=36,171), F+A 4 7|et E2kAE =
4 AxAN=33,995), YA QlokE AxH{n=32,323),
1 9 7g "X BE AERA(0=31,325), 7|=t A€t
AxAJ0=30,414), 1 ¢ 7|8 57 <td IJAE
AxA(1n=28,386), L 9 7|et Uit =2E 7|A
A 2P (n=25,523), A72HA 712 st 24 AR
d(n=25,512), 1 9 AsAE AFE EE AXRY
(n=23,050), &7t F4A ¥ FEAE AxXA(n=20,382)
5 <=°|AtHSupplementary material 2).

2. EHAZ|EAYE 1198 g5 21
249 AA AE(2018~2022)9] EXE E3 =73

St 95% A 5E(Xoos)E =E7|ET} Hlasty] AEE
T2 ATEY, ZEAYSET} 455275 oA,
EfEERo gl A2 35FHeE7]E 50~100%),
1-EERazme 253271 10%~50%)°1 1,
QUERZESQ 12-HER2IZY ] 2-0ZEALR
1, omZEEstolt®t, JtERE E 11 39kE, 84
67H3E, 9§ ¥ 11 73Rk, 884 A2 153
Z715 1%~10%)°1H, Uz EHAYEZLS 055
S0 tKTable 2).

S EAE SHS AR AAYS 2 AXY
TE 95% FAeEXKos)d H¥eTE EE FS
Table 42 2t} Xoos7t 4550l HFsk= dF4 &
7F 7P B2 242 ZEYUHSIER 63.7%2] 4Eol
4530l HFotAct. thFo g FiK27.3%), ERER
2og=(22.8%), & 2 1 F7]3RME(16%), I-BEEHR
T23H13.7%), dHEEZEME(10.6%), 1,2-HE2
2I21H11.3%), 2ETELA(8.65%) 5 +0& 4%
= g dTol Ptk v, 1,3-FE<l, AFdskE
4, olFH¥RYEY, ofmdoMm|E, 2-oEAogE,
2-O|EAoEotAHo|E, T, s|=atkl F 80% O]
o] 05 3ol Xoos7t eE7|ES 2ok AT
1070 o] dRl EEAEELL 127i(HHExForE,
1, 2-tE=22ungy WA, -Hgnugyg EfEE
2ogd, HE22ogd, ZEGH0IE, ¢ € I F

www.kiha.kr

e, YAGEEY), 7= 2 1 SE, 671a%
(E84), 47t dslon, E4d 19 9 54 Al
571 g2 A9 57 A4E2 Table 59 At

V.

]
2

SR EE § AGSESY il 375 dish
< 597H2018-2022) &4 2 HE NES, Bd &
=, FHEE 95% e 52 AHHFARIERS
AAEE(1,1968)°] weh AHET 2-HEAE
=, 2-HEAE otAHICIE, 2-oFAloEE, 2-9=
AloEotAH 0| E= &9 FNEAE A} 2
oA 7HE B2 B717F o]FojF=dl, 2 5Tt 2-H
EAogh22 3,00270014 2,1807L2, 2-HEAl
SoME|o|E= 63171004 322710 =, 2-oSA|ofgt
22 7,234700A4 5,4547102, 2-o|EA|oHolAH]
O|Ex= 10,7687°A 3,1114°F A8t 2-9
EAlo el gk SR S=3e=4 Sl B7t
Bixo] 2w, Ha AR 4= 1998E 93714
Al 20169 3347142 F716H oY, A% 33,162
EoA 7228C= IA HASHA, IW AMEE
33,950E004 1,194E02 IA 7ASIcty H s}
HRCHNIER, 2022). ¥HH, I 8 AIFAR AMEE=
491 1,2-vE22 2202 52 & 9 Az 7
F AxdolA &8 ANma7E 7P E2oke, 20204
160700141 20229 5,026712.2 Z7Fstt. 20159
et S=ALE AVIE A 8= AREE §71
SRRtEol gk e Aol k=] qich. dEA QL Al
|Ql EfEERodde =&7]5°] 50 ppmolA
10 ppml & NHEHEA, FA| FA7F Ad 1,2-H
S22 I 230l HFo| 34 F7I6HHJeong et al.,
2017). o] 1,2-tEEx2unzgo] oy Jdid =
o] IHAHA, 2019¢ EHAAEZZE AU &+
FHESHN S 42 F7HEQH. 1 2-HEEREDE
T2 vg = gGARRPAEAAFYe] S EA oA
Anasorb tubed ©o]-&dlo] A|EAFH T JIATROIE
I3} ECD(electron capture detector) HE7]%
BA5t= AS AR oY, ECD= =W FASHE =
71 A9 H{stal A = HEVE A
A& 400 ofEZo] Itk 20219 AFAQHHEA
Ao A IR A coconut shell charcoal
tube)2.2 ZF 5t} FID(flame ionization detector)
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Table 4. Number of industies(detailed) by risk level of X g5 value

No. of industries(detailed) by risk level of Xpgs value

Sub. Substances in,c\ilt?ét:)ifes Not available Risk level O Risk level 1 Risk level 2 Risk level 3 Risk level 4
No. measured  (ess than (Xogs € (Xogs € (Xogs € (Xogs € (Xogs >
3 samples)  OEL 1%) OEL 10%)  OEL 50%) OEL 100%) OEL 100%)
1 Dinitrotoluene 21 4 16 1 0 0 0
2 N,N-Dimethyl acetamide 175 18 131 10 6 4 6
3 Dimethylformamide 312 25 220 19 9 6 33
4 1,2-Dichloroethane 129 29 85 13 1 1 0
5 1,2-Dichloropropane 300 64 145 24 25 8 34
6 2-Methoxyethanol 175 23 137 11 0 1 3
7 2-Methoxyethyl acetate 82 11 51 1 3 4 2
8 Benzene 348 32 252 40 1M 3 10
9 1,3-Butadiene 151 19 127 3 1 0 1
10 1-Bromopropane 146 26 80 8 1 1 20
1" 2-Bromopropane 32 0 31 1 0 0 0
12 Carbon tetrachloride 82 15 67 0 0 0 0
13 Stoddard solvent 104 43 38 8 5 1 9
14 Acrylonitrile 166 14 144 6 1 0 1
15 (Inhalableﬁix;;ﬂr:d:nd vapor) 134 15 110 4 2 1 2
16 2-Ethoxyethanol 314 32 257 10 5 2 8
17 2-Ethoxyethyl acetate 347 34 290 13 4 1 5
18 Ethylenimine 1 0 0 0 0 0 0
19 2,3-Epoxy—1-propanol 13 0 0 0 0 0 0
20 1,2-Epoxypropane 61 9 29 19 3 0 1
21 Epichlorohydrin 84 6 0 77 1 0 0
22 Trichloroethylene 391 55 166 34 29 18 89
23 1,2,3-Trichloropropane 16 0 0 0 0 0 0
24 Perchloroethylene 199 33 121 14 13 3 15
25 Phenol 411 28 358 17 3 2 3
26 Formaldehyde 444 50 22 18 38 33 283
27 Propylene imine 0 0 0 0 0 0 0
28 Dimethyl sulfate 30 0 0 0 0 0 0
29 Hydrazine 84 10 69 3 1 1 0
30 Lead and Inorganic compounds, as Pb 555 40 202 136 69 25 83
31 N'C'z‘f)'ng';;j’r':ét;'e a':",;%a”'c 658 46 278 221 87 14 12
Mercury elemental and inorganic form
32 (All forms except aryl & alkyl 170 11 138 15 3 3 0
compounds)
3 Antimony ftrioxide 214 29 127 38 9 4 7

(Handling & use, as Sb)
34 Cadmium and compounds, as Cd 197 15 108 31 23 7 13

Chromium(VI)compounds

351 (Water insoluble inorganic compounds) 624 45 356 116 66 10 81
352 Chromium(VI)compounds 510 47 336 81 29 12 5
(Water soluble)
Sulfuric acid
36 (Thoracic fraction) 612 54 64 100 161 81 152
37 Ethylene oxide 109 16 66 17 4 1 5
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Table 5. Top 5 high-risk industries and industries with the largest number of samples by substances

S,\TCE)' Substances KSIC-10 Top 5 high-risk industies KSIC-10 Top 5 industries with the largest number of samples
13409  Other finishing of textiles and wearing apparel 21210  Manufacture of finished medicaments
22214 Manufacture of plastic synthetic leather 20202 Manufacture of synthetic resin and other plastic
materials
3 Dimethyl 15110  Manufacture of furs and leathers 21101 Manufacture of medicinal chemicals and antibiotics
formamide Dyeing and finishing of woven and knitted )
13402 S92 ) ; 20499  Manufacture of other chemical products n.e.c.
fabrics, including wearing apparel
Manufacture of impregnated, coated, covered Research and experimental development on other
13994 i . 70129 ) X
or laminated fabrics engineering
29299 Manufacture of other special purpose 30399 I\/Ianufactu_re of other new parts and accessories for
machinery, n.e.c. motor vehicles n.e.c.
26329  Manufacture of other peripheral apparatuses 26299 Manufacture O,f electronic tubes, interface cards and
other electronic components n.e.c.
1,2-Dichloro - )
5 propane 29071 l\/Ianufacture of semi-conductor manufacturing 25922 Plating of metals
machinery
28112 Manufacture of transformers 30320 Manufacture of parts and accessories for motor vehicle
body(new products)
27301  Manufacture of optical lens and elements 29294  Manufacture of mould and metallic patterns
25999 Manufacture of other febricated and processed 19210 Petroleum refineries
metal products n.e.c
29223  Manufacture of metal cutting machinery 20111 Manufacture of basic organic petrochemicals
8 Benzene 29224 Manufacture of metal shaping machinery 21210 Manufacture of finished medicaments
22112 Retreading of rubber tires 20202 l\/Ianufacture of synthetic resin and other plastic
materials
91199  Other sports services n.e.c. 35113  Thermal power generation
Manufacture of laminated plates for printed Manufacture of electronic tubes, interface cards and
26221 O 26299 8
circuit boards other electronic components n.e.c.
33999  Other manufacturing n.e.c. 26421  Manufacture of broadcasting apparatuses
1-Bromo 27199 l\/Ian_ufacture of other mgdlcal and surgical 20132 Manyfacture qf dyes, synthetic inorganic pigments,
10 oropane equipment and orthopedic appliances n.e.c. tanning materials and other coloring agents
26329  Manufacture of other peripheral apparatuses 26221 lk\)/loz;r;ggacture of laminated plates for printed circuit
27191 I\/Ian_ufacture of dental instruments and 20111 Manufacture of basic organic petrochemicals
appliances
25922  Plating of metals 25922  Plating of metals
Manufacture of electronic tubes, interface Manufacture of electronic tubes, interface cards and
26299 . 26299 8
cards and other electronic components n.e.c. other electronic components n.e.c.
22 Trichloro 30399 Manufact_ure of other new parts and 95211 General repair services of motor vehicles
ethylene accessories for motor vehicles n.e.c.
25923  Coating and similar treatment of metals 21210  Manufacture of finished medicaments
Manufacture of laminated plates for printed Manufacture of other new parts and accessories for
26221 o 30399 .
circuit boards motor vehicles n.e.c.
55101  Hotels 19210  Petroleum refineries
18121  Plate-making and typesetting services 25922  Plating of metals
Perchl 26221 l\/_langfagture of laminated plates for printed 20111 Manufacture of basic organic petrochemicals
o erchloro circuit boards
ethylene Manufacture of electrical carbon products and Manufacture of synthetic resin and other plastic
28902 . 20202 :
insulators materials
15110 Manufacture of furs and leathers 79911 Testing and analysis services of composition and purity

of materials

*KSIC-10: 10th Korea Standard Industrial Classification

www.kiha.kr
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Table 5. Continued

SEHEE £ o H 19Y €5 B4 231

Sub.

No Substances KSIC-10 Top 10 high-risk industies KSIC-10 Top 10 industries with the largest number of samples
86101 General hospitals 86101 General hospitals
86102  Specialized hospitals 86102  Specialized hospitals
26 Form 86201 General clinics 86201 General clinics
aldehyde
21210  Manufacture of finished medicaments 21210  Manufacture of finished medicaments
86909  Other human health activities n.e.c. 86909  Other human health activities n.e.c.
24121 Manufactu_re of steel produqts by hot rolling, 31113 Building of non—ferrous metal ships and other ships
hot extrusion and hot drawing
28202  Manufacture of accumulators 31111 Building of steel ships
Lead and
Inorganic Manufacture of smelting, refining and alloys of Manufacture of steel products by hot rolling, hot extrusion
30 24213 ; 24121 :
compounds, lead and zinc and hot drawing
as Pb ’ ;
29133  Manufacture of taps, valves and similar products 26299 Manufac_ture of electronic tubes, interface cards and other
electronic components n.e.c.
24329  Casting of other non—ferrous metals 31114 Manufacture of sections for ships
24312 Casting of steel 31111 Building of steel ships
Nickel 23995  Manufacture of carbon fibers 31114 Manufacture of sections for ships
(Insoluble Manufacture of metal containers for
31 Inorganic 25123 d or liqusfied 29199  Manufacture of other general-purpose machinery n.e.c.
compounds, compressed or liquefied gas
as Ni) 29191 Manufacture of general weighing machinery 31113 Building of non-ferrous metal ships and other ships
42135  Special railway laying works 25929  Other metalworking n.e.c.
31114 Manufacture of sections for ships 24191 Manufacture of steel products by hot rolling, hot extrusion
and hot drawing
) 30399 Manufacture of‘other new parts and accessories 24211 Manufacture of smelting, refining and alloys of copper
Cadmium and for motor vehicles n.e.c.
34 compounds, -
as Cd 24991 Manuf_acture of copper products by rolling, 86101 General hospitals
extrusion and drawing
28909  Manufacture of other electrical equipment n.e.c. 21210  Manufacture of finished medicaments
25933  Manufacture of non—power-driven hand tools 86102  Specialized hospitals
24329  Casting of other non—ferrous metals 29199  Manufacture of other general-purpose machinery n.e.c.
Chromium(Vl) 27191 g/lar;g:acc;:re of dental instruments and 31114 Manufacture of sections for ships
compounds PP
35 1 (Water 31201 Manufacture of rail locomotives and rolling stock 25929  Other metalworking n.e.c.
B insoluble Manufacture of other new parts and accessories for motor
inorganic 29180  Manufacture of office machinery and equipment 30399 X
vehicles n.e.c.
compounds) . :
28512 Man_ufacture of domestic electrothermic 24112 Manufacture of basic steel
appliances
26922  Plating of metals 26922  Manufacture of other general-purpose machinery n.e.c.
26221 Mangfat():turg of laminated plates for printed 26129  Manufacture of sections for ships
Sulfuric acid cireurt boards
36 (Thoracic 26923  Coating and similar treatment of metals 26221 Other metalworking n.e.c.
fraction) Manufacture of other new parts and accessories for motor
28202  Manufacture of accumulators 26299 X
vehicles n.e.c.
37012  Wastewater treatment services 20499  Manufacture of basic steel
*KSIC-10: 10th Korea Standard Industrial Classification
HAE7]12 EAsck= KOSHA-Guide(A-188-2021)E & 313E ¥ oo AXAoA tha J7lskinh
A3 HHRoh, 2020). Uy -HEnoagl o=F niy E4S AT
A g ARAE A2 QoA BA71 A 67T ERlE U= Bz FRA=0] ARl 77 20209
T AlgTo] AAEQE 2-HERuagokl XL ofoF u]=t 7P H S H(U.S. Environment Protection Agency,
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ol

EPA)OIA FF3st Y& (unreasonable risk) o2 &5+
HHA, T S AEss daskal el ot =
Y 271225 ppm) ACGIHY %=&7|%0.1
ppm)2] 2508 $5=0|vf, ACGIHS] &7 48 A
AA &8 A=Q °F 30%7t Z2Ist= ol
ACGIH: 1-BErmxzuo] ot ln%ﬂzg s}
T AtEleE A=A, SFAFA &4 5 1Y
H}E‘f_i 20144 7] 10 ppmolA 0.1 ppm_i H
73512 H(ACGIH, 2011), =4 =70 Hiside
0.3 ppml & W= 1Rt s HE =27} "85t
Tk A9 BF hHa et al., 2020). ACGIH ¥ =
W doM e =E7]E A3E Aljtstal Qlo] =% 1-
Hayuogagol L27|E JdAo A &5 A4t
dQs Helot.
SdEde AJTHSH EHE#HE
uluh) AlZ7} oL ‘5—5% 5"001 M?i\..tﬂ 3759 =2
% 22%9] =404 &7 A5 90% oldo] EHE0]
At tHerAiEA ‘Eﬂoﬂ/ﬂ 2004E~20114d AA|SH
51871 AA 4o Ui AAEST AolA
(Choi et al., 2014), WA, 7I=&, 67} AE(EEA),
YAEEA), o7 3884, § ¥ 1 F7eRkE,
ZEAHs| =] EAEES 7 81.0%, 59.6%, 34.5%,
34.4%, 33.8%, 33.6%, 7.3%°|1L, ol AFoA=
Zy 94.4%, 74.4%, 78.3%. 54.8, 68.1%, 66.1%,
31.2%8 17F EAZS0| © kol AL Folgt 4
AR FARJAAY =E7]E0] Ropx| 1, A% e
0] °$”5]‘1V\1 TEFEE Yol EHEEC] =
oAl AoR FPHr). ot 7 Aol|A Fodt
7F HERHA mlRtol2tal sho, [{fQIAE EAsHA] o
Ay, 2739 o] gtk A Qu|shA] =t} 2gt
A5 2AE B9l A4S Frls] Aol 4
2 ARE FAE ARt &, AR5 £x EA4E Tt
stal A WS &85t dS thfstAl Bt
2 gg7} omr ATHAQ2007)= fofi=do] 95,
H:L/\VJ | 2555 502 97(danger value)<
ArE5le] QPESHEE SEAS TEsts AESW
g AZ(Guide for Conductmg control banding
analyses)2 AQF5I A, [HData £4(tool)ol A= H
oJAIQt BHA 7]m(Bay651an decision statistics)& &
8ot AdEES Hrletal Ut oW A= Adet
A5 AR 458 A SHARE B0 =2 7I5H
Hod 7St REHAR ARET 95% A RH95%ile)S

i _Iolt

Fﬁ?’srﬂ

nm
ot

=

A

e o

lN'
o

www.kiha.kr

27|53 Blaste] 9IS B7FsIATHAIHA, 2015).
=iy Ho“é B7F 719 A8} A FF Wk #
deg 5= HtFst] Awk AlmY AE2 FT A=
W *éXé 9S4 EAHo| o HEHA A
g Sl Bt A57F dasiot
EFHEE 37F 5 Xoos’l 2EVES 2Idl=
FFol 1071 o3 &4 F 2L 59t 54 Al=E7t

o)

1007) ol4Ql AWIPES EE3k, FAb AT A
A% 9 s vlmengle. g gelst

dvt 771812} ‘*El =0 izt &sfiido] FHojuarl ¥
fcditqcﬂ 342 Fofste] I2HE, Al AR

g 5 AFdolA —rxl—‘-é'— ol EA|Z gol ARgH
E}. ol AoA A Almpe SARE Axd
(KSIC-21210)001A4 7H Eetou, 19d d52 A+
AE 718 A2 9 upey 7REA(KSIC-13409), &
A S A RAJ(KSIC-22214), 2o & 715 A
ZAKSIC-15110), A&, Hx ¢ 9 =27 AA
7FA(KSIC-13402), 718t 7IEA1E ARY(KSIC-
15190) 59 =02 S-AAQl #ef7F 8=l Lee
et al.(2018)2 20144 THExFon|=of| gt 2]
A2 55 53 54T wE(central tendency
exposure), &EZ9l Fji=Z(reasonable maximum

exposure) ¥ $FA|$(hazard quotient) 5= A=

Sto], =E3Fo] 7MY w2 JSEETE AR, 1L
F 4 EgAE JRYE, =F o] B2 dS2 2
kX A zxPJo g HI5Yth Ha et al.(2008)= 2005
d AATHESY ARE &85t 23X ST
£ 535t Yd3k(danger value)S AEF dFoz A
HE 23, A4 oE, ZoAE AxYY 2834, A
‘rrxﬂ%‘ AzxAY 7, gk Ad4, 79 382 7
AT THoE Hrlste] old ALl FARRE ATE
Holoh dugdxZotmE 1 4ol it # 8
T7F A AFE S AAE v oy T A
AEZHIME £ 528 §A5tL o], ZATAN
AZ 9et A=52%1 7leAY 5ol 8H

1-EEn g g A2 Y(KSIC-26299)7}
1573E] AZAKSIC-26421) SollA 7F ol 37}
Ho, JHA 4 AFA JEos 2 ARE .
ul=9] 7t & FA ARPoA Axdlo] H&HA | g
8 1-BERrxang grigt 43 AR 7S Bes
E71 92~108 ppml.2 AB-E ZF(10.5~11 ppm)3t

Haste] o9 Egrort, S Sawl|gH 44 F
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%9 9F 90%7F AAEUTHL HsHItH(Majersil
et al., 2007; Hanley et al., 2009). =Uol|Ax= I}4
7t xRS A4 & JRRA AAAE AR
oA A WY AF AHEIF WA AHIZE Sl
(Ha et al., 2020). o Aol H7be 19 4
2 QR A5 ARAKSIC-26221), o=
& 717] ARAKSIC-27199)°1901L, 37| F& Az
4 T XY AHIAA(KSIC-52939)2] A|EAH
2 AZZ 9 29 AYJoIME 7IsHEd 2Tt =
Atk 20179 571 71W FaFdol Hit =37t
oA AEZZA 0] 1-BE2rTagto] §hiElo] 91911,
AE 29210 tigt =37 23 1L 5=7} 9.09
ppm=C. 2 HI7IE QK Park et al., 2024). o]= =
W E7]15(25 ppm)} 235HA] AT ACGIHY] =
£7120.1 ppm2 2ol 5202 2555 F
A3}5l7] 95t k=go] H]sitt

EEER g2 At 2 F54AG0A 55
9 ERAAEA, AaadelA MR 9, == 3
AA, U e AEA 5o F&E ARGE
I dFog =FAKSIC-25922), 1 9 7]et A
AF BE AZRA(KSIC-26299), 1 ] AAsALE 4F &
F AXAKSIC-30399), =4 9 7|et w9t A2
(KSIC-25923), Ql#f3l=7]g A3w A|xJ(KSIC-
26221) o] =YL, F8 B7t TF2 A, =25
o A4, T, &, 95 7, 9, 24484 50l
Aot 17t EYEEEEdo] A= oY F=A
7t BuE =T, Fde 5% dF &2 AlFs
= ARolA mF HSZ suket [dA9 mi i
7hgo] WAool ol Rkt S dwt 7k B
o7 AFYEE AH7F A Lee et al., 2008). FA] Sf
T AR AIF 2R 291 iAo R LEHIIE
A A3}, AZVRSEES 32.3 pm, 21.9 ppm, T
A7t v &2 55EE 69.2 ppm, 104.3 ppmC.E A9
=&7]2(TWA 10 ppm, STEL 25 ppm)& A %3}
Sh= ol oE ARIE 2EE 71THAIE ARY
o] F& Y| ARl A4le] mRAg} A
A7, SR APGRE A7 %A, A A
AFoflA TWA Z& Al 30.08 ppm, STEL & A
40.43 ppmo|3tt. T 7|AFE AxY AFTHS
Aoz Hr7IgE Ao A(Kim et al., 2023), TWA(S
AlZH =&7]1&9] 44, STELY 16HE ZTsto] &Y
A7F 445] w2 Fro =E&E glo] A&EAHQI T
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HEEREHZ FHojd AlHEx v|7tddolg=
EA4o R tepo|EEd, 55 XA ¥ HIIE AAA
o= ol ARZE QI AHuthe] HeRIAF EFHA
I Z J(CARcinogen EXposure, CAREX) HEIilA]|
A HEEZEH kEo] 7MY & Ao E EEfo|E
g 9 ANt AH|A, ESHAEAE AZX, 718 A
= Az, J71EAY, A4+ 2 AE7k € JEFE,
A & I A &F, oA 4 A|A 5ol L
St o Aol F AESse 9f BAAEY
oA 7HE ®okou, Xoos7t =E71(25 ppm)S 23
k= 19 (AADEEL2s SEH(KSIC-55101)°]
A 27 AErFolA e R IeRiE =&
o gt A= ok FPEA2 AN et al., 1994;
Roh et al., 2001; Jeong et al., 2005), MEZgo]
F7HH 0 g o|RojA= THE}], FIAHIAY Sl o
ot T thA 4SSk S AP0l gk A=
APE 8E QY HEERIEAZ ARG AlEA
ZAANES e R H7KE AHAn et al., 1994)°]
A AQIEH 16.85 ppm, YRF M4 8.83 ppm, A
Z-ME]AF 3.07 ppml& HIUSIAL, 2370 AlE4
% 470a0A 25 ppme ZASHITEA HASHIH

EZEYH S Ee A4 2 HEAZ Q352 E-85
A1, =4, EgaE, AE 9 7SS J3A soER
F2 AREIL A G AT A (International Agency
for Research on Cancer, IARC)OIA] AFZofA] H]QI
Tt WEyS gttt SES SAE 7INe s
Group 122 AA=A=H(Bosetti et al., 2008), ©]
H Aol Xoos7t eE712(0.3 ppm)yS ZIol= 4
5=l dote AAEETS 7 7HE B2 EEE A
£2Q1 I7F 3FEH AT EFE A|BEpT B2 A9 5
N FFel 5748 AR Xoos’t bE71ES 2= 1L
A dFololth. E5], TEHAKSIC-86101) E
T A(KSIC-86102)9] =4, WAIAEA, BEd 5
OlEEoA S40] 7MY B, kEEE
T zof A4l A7t 8= QT Tt Q=TS
THOE =237} A7t =S, SEHE W
AlZAANA TWABAIZY 715H8 w2 0.056 ppmeltt
He= 0.003~0.923 ppmlE t}Fstal, STEL &

= 7158+ 1.428 ppm, ¥ 0.103~14.773 ppm
o2 HISYHKim et al., 2009). 27 Y9
o 7IoAf 6278 AL =3 AolA= 7ISsHEH
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0.023 ppm, MY 0.001~0.258 ppmO.& X5}t
(Gu et al., 2014). "= AAFHEAH(OSHA)S =
Z937F Ho|E(1979~2001¥)E EASI] ZAAE,
HIER AMY] A A A 4HY] SollA ZEHs|E
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A 8AZE T HY sRET QT HIskith
(Lavoue at al., 2008).
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AZAKSIC-23995), U= & He} 7kA &7] AR
(KSIC-25123) ol dis 3¢ 44 #ef7t Basgh
Aoz HWrIE Q. o AFoA FHE 54Ut

Yo gt AATHESg27 HA AIEPJ AbeH %t
1.37 ug/nf, 715F8w 0.00346 g/, 4% 95% 4
AsEE 9.19 yg/m* =]t olge oA 1996~
20169¥ Afo] Yo gt =237} A= 10,0834
A5 Ayt 7|8 2.93 wg/m'eE o dAETh

BOlT, TREe] w3 FEAE Ax U 2L
St AQo|qint, EE U] wEEls feds a8
W TaEd] B4 wEHL AL} ‘ﬂﬂdo}&’iﬂm 39

THScarselli et al., 2018). =Y == Hlo|gH|o|A
oA 1990¥~ 20094 Ale] 3= % 144 Yo df
gt 1 SHAIE 8,052 B4 2, S99
ug/mol AL, 95% A sEE 460 ug/m’ ‘3‘41 2+
A2 AnRch =9kt UA dlefo] o 27 XH
2E AHgoke 834N, 2% 25 04”71 el
g2 A, v g 2 SAA] ARQolA 2 5k 5
2 eyt sk tKendzia et al., 2017).
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