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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 (Xpg5) 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 (Xo.95) 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/lcOuEpfForjAalchEisuroeSm;s (le/;/ﬁ*) Health effect

1 Dinitrotoluene 25321-14-6, etc 02 02 15  mg/m gz;cr'gggft?\'g%liEityMgfagzg'c'ty 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
1Nl 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;:‘;';y g_?%'\)”“tage’“c'ty 1B (If 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;ss&i:ﬁ%&iﬁyg aglfi:lcny 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 EZSQSSSt?\I/?\tIOliE;tyM;J 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 gi{ﬁ'”oge”'c”y 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 0.06 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

3 (All forms except anyl & alkyl compounds)

N

7439-97-6, etc  0.0256  0.025 0.1 mg/m  Reproductive toxicity 1B, Skin

33 Antimony trioxide

(Handling & use, as Sb) 1309-64-4 0.5 0.5 0.5 mg/m*  Carcinogenicity 2

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(Vl)compounds

(Water soluble) 18540-29-9, etc  0.05 0.0002 0.005 mg/m*  Carcinogenicity 1A

Carcinogenicity 1A(In case of strong acid mist),

36 Sulfuric acid(Thoracic fraction) 7664-93-9 0.2 0.2 1 mg/m’ Thoracic particle

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

" Sub: Substance, ” TWA: Time Weighted Average, "MoEL: 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 (15.5) 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 5,794 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 523t3893 0.07 (6.1) 005 3223 100 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 3.7143391  0.96 (1.7) 0.92 489 2.21 ppb 0
12 Carbon tetrachloride 82 2,093 27 98.7 0 6.42¢689 0.11 (25 010 1510 051 ppb O
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 a4 96.8 2 11.78¢91.3 0.07 (44) 005 3299 076 ppb O
Acrylamide .
15 (Inhalable fraction and vapor) 134 12,844 451 96.5 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 45,739 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 27.78£110.01 6.78 2.6) 535 1,285 32.86 ppb 1
21 Epichlorohydrin 85 5,108 121 97.6 1" 11.86+117.03 6.8 (1.6) 6.35 7,682 1469 ppb 1
22 Trichloroethylene 391 21,719 7,723 64.4 167 0.93+3.26  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 17 047+3.18 0(22021)5 00001 129 003 ppm O
25 Phenol 411 56,298 2,824 95.0 0 11.48+96.7 0.01 (76) 001 2,85 022 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 1,177 0 100.0 - All samples were below detection limit ppb -
29 Hydrazine 84 3,159 85 97.3 0 0.1241.28 0.00062 (3.7) 0.0005 31 001 ppb O
Lead and Inorganic 0.00045 .
30 compounds, as Pb 555 166,720 53,100 66.1 48 1£3.69 224.) 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 1.37+12.25 (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 pg/m O
& alkyl compounds) )
Antimony trioxide 0.00286 5
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 O
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(Vl)compounds 0.00009
(Water insoluble inorganic 624 136,250 29,587 78.3 8 0.12+0.46 i66 8 0.00001 34 0.09 wg/m O
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 0O

"AMESD ' Arithmetic meantStandard Deviation, “GM : Geometric Mean, TGSD : Geometric Standard Deviation SRisk level: (0) Xog5 ¢ 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 2,847 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 9691 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 7.11 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 2486 2,702 3,000 3,183 17.96 13.56 12.12 7.59 9.562 ppb
15 (InhalabIeAfCr;vcl‘?i;nr:daen Gwpon 2116 2217 2440 2709 3273 007 008 007 015 014 u/w
16 2-Ethoxyethanol 7,284 7,357 6,922 6,39 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 4,420 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 1590 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 dL’fogiag'g 28602 33037 31288 28217 35576 120 093 100 103 087  ug/n
31 N'C'z%ni'g‘oss;gt;'fa'go&%a”"’ 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 (Haf(;f'ngogyug'efxgd: s 2970 3137 3256 3384 3508 287 251 2.11 1.95 AL
34 Coriap‘iﬂ']‘g: ngc y 3499 2929 2187 2119 239% 010 010 012 009 009  ug/n
Chromium(Vl)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 Chromﬁ)’ggﬁ?g’sunds 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’
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AElo|E, 7tEE 9 1 3tE2 Alms7t HAasklo
(Table 3).

S Edo gt AAEESH AETE P
g2od AEES =ad(n=45964), SEHE
(n=44,010), ¥wrdU(n=43,479), A2t & <
H(n=39,060), 34 AXAH(0=36,725), At 4
25 AZXY0=36,171), A ¥ 7et E2kAE =
4 AxAN=33,995), YA QlokE ARH|n=32,323),
1 9 7g Ax BE AxRA(n=31,325), 7|et A8t
AxAJ(0=30,414), 1 ¢ 7|8 7 <td IJAE
AxA(n=28,386), L 9 7|et vt F2E 7|A
A2Y(n=25,523), A73HA 71 st 24 AR
A(n=25,512), 11 9 AsAE AFE EE AxRY
(n=23,050), &7t 9444 ¥ FEAFE AXA(n=20,382)
5 <=°|AtHSupplementary material 2).

2. EHAZ|EAY 198 g5 21
249 AA A1E(2018~2022)9] EXE E3 =3

St 95% A 5E(Xoos)E =E7|ET} Hlasty] AEE
T2 ATEY, ZEAYSIET} 455 (=E7]% oA,
EfEERo gl A2 35FH=E7]E 50~100%),
-EERazme 253271 10%~50%)°1 1,
QUERZESQ 12-HER2IZY ] 2-0ZEALG
1, onZEEsto|tRt, JtER E 11 39kE, 84
67H3E, 9§ ¥ 11 73Rk, 884 A2 153
Z715 1%~10%)°lH, Umx EHALEES 059
0| tKTable 2).

ST Y S AAE AXYEE 2 A
FH 5% FHeE(Xo05)? A¥SHF BEZ S
Table 42 2t} Xoos7t 4550l HFshk= 454 &+
7F 7P B2 242 ZEYUHSIER 63.7%2] 4Eol
4530l HFotAct. thFo g FiK27.3%), ERER
2o1g=(22.8%), & 2 1 F713RME(16%), I-BEEH
T23H13.7%), dHEEZEME(10.6%), 1,2-HE2
2I21H11.3%), 2ETELA(8.65%) 5 +0& 4%
F g dTol Ptk v, 1,3-FEQl, AFdskE
4, olFH¥URYEY, ofFdoMm|E, 2-oEA|ogE,
2-O|EAoEotAHo|E, T, s|=atklS F 80% O]
o] 05F°IAUt. Xoos7t eE7|ES 2ok AT
1070 o]/dRl EEdAELL 127i(HHExEorE,
1,2-tE=22ng2y WA, -H2ragg EfIEE
2ogd, HE22ogd, ZEGH0IE, ¢ € 1 F

www.kiha.kr

2 o, 249 I9d 9 =4 Al
E57F W2 A9 570 4SS Table 59F &t

AAEE(1,1968)°] weh AHET 2-HEAE
=, 2-HEA|E otAH|oIE, 2-oFAlEE, 2-9=
AloEotAH 0| E= &9 FNEAR A} 2
oA 7HE B2 B717F o]FojF=dl, 2 5Tt 2-H
EAogh22 3,00270014 2,18072=, 2-HEAl
SoAME|o|E= 63171004 322710 =, 2-oSA|ofgt
22 7,2347004 5,454700F, 2-o|EA|oEolAH]
O|Ex= 10,7687°A 3,1114°F ZAsILt. 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
33,9508004 1,194E08 34 ZAstgicta B 15
RCHNIER, 2022). ¥HH, = 8 AIZHAR AREE=
E491 1,2-vE22 2202 52 & 9 Az 7
F AxdolA &8 A=a7E 7P 2okem, 20204
16070041 20229 5,026712.2 Z7Fstt. 2015W
et S=ALE AVIE A 8= AREE §71
SRRtEol gk e Aol k=] qich. dEA QL Al
|Ql EfEERodde =&7]5°] 50 ppmoillA
10 ppml & NHEHA, FA| FA7F AYH 1,2-H
S22 I 230 HFo| 24 F7I6HH]Jeong et al.,
2017). o]% 1 2-tZE221amo] Qi dHdt =
o] IHAHA, 2019¢ EHAAEZEE AHFHJLL &
FHESHN G 42 F7HEQIH. 1 2-HEERDE
T2 v gGARRPAEAATFHe] SEA oA
Anasorb tubed ©o]-&dlo] A|EAFH T JIATIROIE
I} ECD(electron capture detector) HE7]%2
A= AZ AAIsE oY, ECD= =W #AdeE =
71 A9 H{stal A = HEVE A
A& 400 ofE=o] Itk 20219 AR EA
Ao A IR A coconut shell charcoal
tube)2.2 ZF5}o] 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 M 3 10
9 1,3-Butadiene 151 19 127 3 1 0 1
10 1-Bromopropane 146 26 80 8 Il 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 (Inhalableﬁ(i;ycl?i;nnldsnd 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'fclng'p’)‘jsr':ﬁfa'go&%a”'c 658 46 278 221 87 14 12
Mercury elemental and inorganic form
32 (Al forms except aryl & alkyl 170 1M 138 15 3 3 0
compounds)
33 Antimony trioxide 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(Vl)compounds

351 (Water insoluble inorganic compounds) 624 45 356 116 66 10 8
352 Chromium(Vl)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 S 20 ) : 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 - . 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 20002 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 Manufacture of other mgdlcal and surgical 20132 l\/Ianyfacture 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 cirouit
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\/_langfagturz 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 L= g Y 19 93 24 231

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 . ! 29199  Manufacture of other general-purpose machinery n.e.c.
compressed or liquefied gas
compounds,
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
26933  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 l\/Iarlwvufacture of dental instruments and 31114 Manufacture of sections for ships
compounds appliances
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():turz 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
AE7|2 EA4ck= KOSHA-Guide(A-188-202D)F & IFE 9 9ot AxYolA thik F7Fstarh
A 3HHRoh, 2020). vhE -EERTEal 02F my] 4 WAT -
o]

A AAAZF AERLNA BA7IsA P Eld
T Aol A 2-BERITRRe T oof
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ok

EPA)OIA FF3t Y& (unreasonable risk)o2 &5+
HHA, T S AESE Faskal el ot =
Y 271225 ppm) ACGIHY %=&7|%0.1
ppm)2] 2508 $5=0|vf, ACGIHO] &7 48 A
AA &8 A=Q °F 30%7t Z2Ist= ol
ACGIH= 1-BERrazgo] fist =&7|&8 93+
T AtEeE A=A, SFAFA S 5 ARIFS
H}E‘f_i 20144 7]& 10 ppmolA 0.1 ppmoZ W
ZA5tR o H(ACGIH, 2011), =W k&7]F0] s
0.3 ppm_cli u—z1— HPo}q] ‘_HOH 745 l.:._,]7]_ 4.1]_9‘_
Tk A9t B IrHHa et al., 2020). ACGIH ¥ =+
W dolM e =E7]E A3E Aljtstal Qlo] =% 1-
Hayuoggol L27|E QPdAo #A & A4t
Qs Helot
S8 AdeHESY 29, EREHETA
algh) A&7} uf2 ‘5—5% 5"001 AS =, 3759 &4
% 22%9] =404 &7 A5 90% oldo] EHE0]
At tirAiEA ‘ﬂﬂoﬂ/ﬂ 2004E~20114d AA|SH
sl871E AF 4o Ui AAEST ZolA
(Choi et al., 2014), WA, 7I=&, 67 AE(EEA),
YAELA), o7t 3884, § ¥ 1 FUeRkE,
ZELdYs|Ee BEHEE2 2 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%= 117 EHEEC] © 2ol AZ IRIE 5
A8leh. FolRIANY] kE 7|0 WolA| L, A T
o] FYHEA sEpEE WolA| ) EHEEC] =
oAl= Ao= P oyl &4 AyollA [8iQlAt
7F HERHA mlRtol2tal shof, |fQIAE EAsHA] o
Ay, 2739 o] gtk A QulshA] =t} 2e
A& A= B9l A¥dS Brks] flsiA= 3
2 ARE FAR ARt &, AR5 £x EA4E T
stal A WS &85t S thfstAl Bt
2 47t k. AIHAQ007)= R3lEd9] AdsE,
H:L/\VJ | 255 502 9¥7(danger value)S
Nzl gPsgEs qoEde pelshe Aesw
g AZ(Guide for Conductmg control banding
analyses)2 A|°t5199 1, [HData 4 (tool)oflA= H
oJAIQt BA 7]m(Bay651an decision statistics)& &
8ot TS Hrletal Ut oW A= Adet
A5 AR 458 A SHARE B9 =2 7I5H
Hod 7etEEHAR ARETE 95% A RH95%ile)S

lx'

www.kiha.kr

w7123 Hwsle] SIS B SHATKAIHA, 2015)
St iR Bt 7 Aeat A P usd 4

A 5= WGt sk A= HEL A A=
ZleO *éxé 3= S e A& A2

7 5ol et A5 Easith

EHAREL 37 3 Xo. 957]’ T2I1E2E 2yok=
0-1}_0] 107H ]}\PO] EE 75' Q:L 515_7\_} —u;g ]i‘jl\"7]'

1007) o14Ql AWIYES EE3k, FAb AT A
AR 9 s vlmelngle, Qg gelst

Aet F71-8A=k DPE] 2ol gt &sfido] FHojutar ¥
EHHO| R3S sto] IxHY, 5A], HAH
Y 5 AtdolA —’FZ]% =0l &A= ol ARgH
ok olfl AFolA S AlES= FAQLE AXY
(KSIC-21210)001A4 7H ggtou, 19d d52 A+
AE 718 A= 9 opRg 7FSAKSIC-13409), &2
AE Y ARYKSIC-22214), 21 € 715 A
ZY(KSIC-15110), A&, HX 9 E 27 AY
7EA(KSIC-13402), 71t 7I=A1E  A|ZRAKSIC-
15190) 59 o= 432l w7t 3=}t Lee
et al.(2018)2 20144 THEEFon|=of| gt 2]
A2 55 53 54T E(central tendency
exposure), &9l Fji=E(reasonable maximum
exposure) ¥ YHA|(hazard quotient) 5= A=
Sto], =E9Eo] 7MY w2 PSEETE AR, 1L
F 4 EgAE 2P, =F Yol B2 I 2
OFE AlxFOo R HUSITE Ha et al.(2008)= 2005
d AASEEY ARE L85t =E3ATL E 5T
£ &% Y¥dk(danger value)Z 4EF ATo=E A
HE 23, A4 9E, ZoAE AxYY 283, A
FAIE AxAFY 7, wieh A, I8 38 7HY
AT THo=E Hrlsto] oyl ALl fARE 2
Hooh dudxFome 19 dFol ok ¥ _9,_
T7F A AFE S AAE v Aoy T A
AERNNE =2 52 FAISHL Qlof, AAS 7N
Mg At A=5291 71eAY Sl 87
-HEnaaunl AXRE 4 %Y(KSIC-26299)%
1W=5738] ARAKSIC-26421) SollA 71 Eol B7t
Ho, JHA 4 AFA JEosE 2 ARE
ul=9] 7t & FA ARPoA Axo] HRHA o g
4 1-H2rxaad grist 23, A7 7R Hds
=7} 92~108 ppml & AeE AA(10.5~11 ppm)@t

alsto] e gL}, RAA] ZasjrlgA] X 3

ﬁa
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w0 oF 90%7F HAHYTHY E 15kt Majersil
et al., 2007; Hanley et al., 2009). =Uol|Ax= I}4
7t Az 4 & JRA AAAE AR
oA AW WAy I HEIF g AR7E Sl
(Ha et al., 2020). oJ§1 AA-ollA] BH71E 1Y A
2 QR ASH AXAKSIC-26221), o=
& 717] ARAKSIC-27199)°191L, 37| F& A%
4 T XY AHIAA(KSIC-52939)2] A|EAH
g2 AZZ 9 29 AYJoIME 7|stEd 2Tt =
Atk 20179 571 71W FAaZdo it =37t
oA AEZZA 0] 1-BEErTagto] §h3Elo] 91911,
AE 2920 tigt =37 23 1 5=7} 9.09
ppmTFO 2 H7IEJtHPark et al., 2024). ol& =+
W eE7]15(25 ppm)} 236HA] FATE ACGIHY] =
£7120.1 ppm2 2ol 5202 E255EE F
A3}5l7] 95t k=go] " ]sitt

EEER g2 At 2 F54AG0A 55
9 ERAAEA, ARaadeolA MR 9, = 3
AA, U e AEA 5o F&E ARGE
I dFog =FAKSIC-25922), 1 9 7]ek A
AF BE AZRA(KSIC-26299), 1 ] AAsALE 4F &
& AXAKSIC-30399), =4 9 7]gt w4t A
(KSIC-25923), Ql#f3l=7]g A3 AxJ(KSIC-
26221) o] =YL, F8 B7F TF2 A, =25
o A4, T, &, 95 7, 99, 2444 50l
Aot 17t EYEEEEdo] A= oY F=A
7 HuEd=d, FiAs 25 o RE S
= A}olA nF HeZ SEE A419) oi
7hgo] WAoo, ol Rt =497 wt 7k B
o7 APYEE AH7F A Lee et al., 2008). FAl Sf
T ARARe] AIA 2R 291 iAo R L EHIE
A A3}, AZVFSEES 32.3 pm, 21.9 ppm, T
A7t v &3 5EE 69.2 ppm, 104.3 ppmC.Z A9
=&712(TWA 10 ppm, STEL 25 ppm)< A 23}
k= ol oE AHIE 288 71TAIE ARY
o] 3% T AlFAdolA Aol RS} A
A7, SR AP A7 %A, A A
AFoflA TWA Z& A] 30.08 ppm, STEL & A
40.43 ppmo|3tt. T 7ARE AxRY AFTHS
iAoz Hr7IgE A4 (Kim et al., 2023), TWA(8
AlZH ®=&7]&9] 44, STELY 16HE ZHsto] 2
A7F 445] w2 o =E&E glo] A&HQI T

In
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7b 8= A

HEE2E2 Hold AlFEa} vrtdgolzt=
EA4o R tepo|EEd, 55 XA ¥ HIIE AAA
SoF wol AREQITE U] WRRIAF =EA|
T2 72(CARcinogen EXposure, CAREX) HIilA{of
A HEZREH Eo| 7HY & Ao = EolE
g 9 At AH|A, ESHAEAE AZX, 718 A
F Az, ®rlEAY, 4% € J=7ks € FEIE,
A & I A &F, oPA 4 A|A 5ol lHL
shict. o] AolA S AlEae Y FAAYY
oA 7HE ®okou, Xoos7t =E71(25 ppm)S 23
sk 19 (AADEEL2s SEA(KSIC-55101)°]
AT 27 AErFolA 9 R IeRiE =&
o gt A= ok FPEAC AN et al., 1994;
Roh et al., 2001; Jeong et al., 2005), A& o]
F7HH 0 g o|RojA= THE}], TFFAHIAY Sl A
ot Bl vhA AESH] S AP0l gk A=
APE 8E QY. HEERIEAZ ARG AlEA
ZAANES e R H7KE AHAn et al.,, 1994)°]
A AQIEH 16.85 ppm, YRF A4 8.83 ppm, A
Z-ME|AF 3.07 ppml® HISIAL, 2370 AlE4
% 47020 25 ppm= ZASHITEAL H ST

ZEYH S Ex A=A E HEAZ Q352 E-85
A1, =4, EgAE, 48 9 7RSS A 52
F2 AREL FA G AT A (International Agency
for Research on Cancer, IARC)OIA] AFFofA] H]QI
T wEye gttt 383 SAE 7INe s
Group 122 AA=A=H|(Bosetti et al., 2008), ©]
H Ao Xoos7t eE715(0.3 ppm)S Z2I5k= 4
5=l dote AAEETS 71 7MY B2 EEE A
291 I7F 3FEH U EF A|EpT B2 A9 5
N dFel S48 AR Xoos’t bE71ES 2k 1L
A dFololth. E5], TEHAKSIC-86101) E
T A(KSIC-86102)Y =4, WAIAA, Bed 5
OlEEoNA S40] 7MY B, kEsE
T zol A4l A7t 8= QT Tt Y=T|HS
FTHOE =237} A7t =S, SEEHE W
AlZFANA TWABAIZY 715842 0.056 ppmeltt
He= 0.003~0.923 ppmOlE t}Fstal, STEL &

= 715PE+ 1.428 ppm, ¥ 0.103~14.773 ppm
o7 HISHAHKim et al., 2009). 270 S
o koAl 6278 AL ES AolA= 7ISHEH
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0.023 ppm, MY 0.001~0.258 ppmO.& XI5}t
(Gu et al., 2014). "= AAFHEAH(OSHA)S =
297 9oJE(1979~2001¥)E EAst] SZAAIE,
HIEA AR 9 A AH|A 4HY] SollA ZEYHs|E
7t 22 v S UEIAL, QF 7]20] =25
2 bE 5% 750 ST, dAIZE 54 AR
A 8AZE T HY sRET QT HIskith
(Lavoue at al., 2008).
FAR2 IHAG EAE SR FY Al 7R, &

Q.

t} &3 JARCS 7 B7)4t
Eo] fjsff QA HFFMHES <AZE Group 1
ot al, = AR ARl A& pH 2.00]5)
£ S8 EAE Hotal ok ARSI 9oFt &
&AF e Bao] 2w 8 Al o)A Ak
3 gE] WA FAAolA S48 IFING, 3 FE E
Hzog Algst A7 QAAtHHuh et al., 2013).
Aol A Ak AY, =, HeA ], EEA,
g, ANH, T2y, fuf, Hofjdvt & ==
B7HE T, EFAKSIC-25922), QA2 7|
& Az ARYJ(KSIC-26221), =& E 7]e} mju} A
ZY(KSIC-25923) 5ol sl FF 44 =7t 2
83190t} R4 Higt 3 AASHEEE @ 2
Ao A(Park et al., 2021a), 2EF 4208 F&7}
SAFAZRY. AR BF ARY. oA Az SolA
=4 A57F B0k, AR EES S57AE Al
247 7% Ed ARYGoA, DAt e
YA Az, AREE ARGANA EFEo] £9%
= LT o L

T4 AA A& ol ordRt HEd ol
Fofgicta g A =, H, o A A ¢
N 5 AR} 2A A FFE FETF B T=
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217F A9 Coradduzza et al., 2024). £3|, YAE
|4), &, 7I=R, 867D TARCOIA IZolA &
= Fdote IUE4dE AAENeH, A4 £ oy
gt 342 BoAE AV wEE 7hsAdo] Qlof, =
&2 A 93k kEo] F8sit B84 YA

jus
i)
i

72E, AA 55, 13 5714, 49714,

d, B2, 2R, =, 54, A8 A8

S SR BA, AV, & FIE A,

, £H, B, $AY 5 SH0NA F
=
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AE£AKSIC-23995), ¥5 H A3} 7kA §7] A2
(KSIC-25123) ol His &% 9412 #e|7t "agh
Zo=2 HriE|Qet. o A oA T 5dt B84
Yo tigh A AHSHET HA AR A2
1.37 ug/w’, 71oFE+ 0.00346 wg/m’, +HH 95% &
ek 9.19 ug/m’ o]t olgEotollA 1996~
20161 Ate] Yo tigt E9H7} A= 10,0837
2% 23} 7518+ 2.93 wg/m’oE o] AtHch
=0, FEEY 22 a5A4E Ax € 252

= Aottt B3 YA LEEHE= SEAE IE
4 FIE FA LEHe A7 RIS AHA 513
THScarselli et al., 2018). =Y == dlo|gHo]A
oAl 1990~ 20099 Ato] = FUAL YA of
gt 7Rl SPAIE 8,05270E 4% A, FYwkel 9
ug/m'el AL, 95% A E 460 ug/m 2 = &Y
EEH AaETh =t YA o] =2 88 A
25 AMSShe &2, 5 5 R dr =
g2 &S, viE e 2 S AYGollA w2 5k 5
2 eyt sk tKendzia et al., 2017).

g 9 I e A, ARE, A, Add
X, oF & +2E, E57, e, A, S A 2
& ALY &4, ¥, 99, F5, AdAL B2 F
A=Y 5 3H0A F2 B7HEQlY, a7 A
FEAE ARAKSIC-24121), FHAA] ARA(KSIC-
28202), ¥ 4 ofd AHA, FA HE FF AXY
(KSIC-24213) 5°] 1919 ¥Fo& F7H=|Qiet vl=
Agxyolo] % ¢ 5% 55 A=(2020~20214)
£ Sl 2870 449l 151700 dig 387 2485 A
ARt A3, FHA AR, BF a3, A o8
Eoltty B st Armatas et al., 2022). gol o
St AR wEZA(Choi et al., 2022) AT-ofA
19819KE 2018A7HA] oA Hid =EX=E
Bofl, 1A 25 ARY, AR 4 SHA] ARY, F
7] AEE FHAEE ARY, Wk HWE 8 GAI=RY,
A 9 otd A, Y 4 7 AR, gy 548 7]
A AR, ALY solA &7 23 340] g1l
Holom, g9 F FAA AxAL o P 9g 2
A AAYE 58 =F He Adoltal stof ol A
TolA &3 F2 ¥ A5 FAHA

67t AE(ELD)S Lyt 588 71A ARAKSIC-
29199), Aut 4 FEEF ARAKSIC-31114)°1A4
B77F wol AFEUL, 1AH FFLE 7|E vjEF
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& ZZY(KSIC-24329), AT& 7]7] AZQD(KSIC-
27191)°] sig= ]t 671 AEESD)Y F8 H7t
T2 84, AME, 35, A, golAd dd 5 370l
AL, 67+ ELE(—’P%)S Tg 34 F2 I
o} 67} 352 8T Egdog FES] A%t ©
ot HE GOt AofjA JA Fey, 84(0.05
mg/m)Z E-8/(0.01 mg/m)oll wet =E7]ES SHY
9] Zolg Holil 9lof, olof] thgt Aol HoJE of
AY ®= F97]THACGIH, OSHA, NIOSH) *==7]
XY 8497 E84S SRS 4 Td Ve
(0.0002 mg/m)o= H= a7t Ut 7 =

A &4, =d, HUE =X E& Al S AdolA 6
7b 280 =5 224 3998 R k &
a5 5 AHEed, =5 X“ﬂoﬂ/ﬂ 20| 7}1*

=AU skt T3 37 S 9 i % AFE=}
AW F IF 5 719 =2 AATAE 2T, =5
Ho 9 A7 2R3 FA87 13RS B ?l 7t 5
l:-‘-é' S 23 U2 Rl tHSantonen et

, 2022). :?141 ZEAAE 107148tz 37
> 67} &S 71kt 23 7|stE+ 0. 052 ug/m'FL.
o, AFZE l:-:L(O 092 ug/m’)el 7IARE &=a(0.055
ug/m)e] QHFE] E0.021 ug/m)ETh F-ol5kAl =9k
=LA e A

Atz B4 B9 12k Saldo] & ARAA 2
& Az Ao FAAR =Z HLS APl Tl

==

o4 Atk 371387871 € A9 R ZHE A
AbsH= 71A|oJ 7 7|(KSIC-29174) D AA|d37] AZA
(KSIC-29175)°ll4] N,N-tjH| Dot Eotuto]=9] 95%
ANsEXoos)7t EHLS T 7FF =oF @ A"z
A5 B4 At 283 ERIsHT FE A &
Ao A BEAYSE Eaghe] ARgog HRASH wiEHo]
P Aor IAukr=Tl, siegAloA(KSIC-
0321194 ZFLHS|ES] 7|stEdo] SHAFT
F AR =52 SRIT & Ao B, I8
o} ACGIH TLVZF k=&7]&0] Zfol7} Q= 2% 2-

HEAErE, 2-HEAOHotAHO|E, 1-HEEHag
o, ZFYE6IE, 671 28 AF, H9olA =27]E
o] W0l Tk, 9] L&7]|&E o= ARl
HefA e F7FAQ1 Tao] Q4E Ut

ARG ESFL 22X A HSE e AR
FHo R AdHA oy, AAESY AP AA =
A =& AHE 9T 5 A=Al Higk =]

[;
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A7t ZJ=7]% stcHHwang, 2019). 2140
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