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The Current Work Environment Monitoring Status and Concentration Level of
Substances with Short-Term Exposure Limits among Special Management Substances

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

ABSTRACT

Objectives: To investigate the work environment measurement (WEM) status and concentration levels of
substances with short-term exposure limits (STEL) among special management substances.

Methods: Data from the past 5 years of WEM for 6 substances (1,2-dichloropropane (1,2-DCP), 1,3-butadiene,
benzene, trichloroethylene (TCE), perchloroethylene (PCE) and sulfuric acid) were analyzed. The number of
samples and concentration level of STEL and 8-hour TWA (time weighted average) were compared.

Results: The number of STEL measurement for 1,3-butadiene, benzene, and sulfuric acid was less than 1% of
the number of TWA measurement samples, while TCE, 1,2-DCP, and PCE, which are mainly used for cleaning
metals, were relatively high, at 16.1%, 5.6%, and 2.2%, respectively. WWhen comparing the concentrations of STEL
with TWA on the same STEL measured workers (STEL-matched TWA), STEL concentrations were 2.8, 3.1, 2.6,
2.6 and 40.5 times higher than TWA as 1,2-DCP, benzene, TCE, PCE, and sulfuric acid. When comparing the
concentration of STEL-matched TWA with the total TWA, STEL-matched TWA was 3.4, 8, 1.4, 2.0, 8.6 and 0.7
times higher for 1,2-DCP, benzene, 1,3-butadiene, TCE, PCE, and sulfuric acid, respectively.

Conclusions: This study found that the workers performing irregular tasks may be exposed to higher
concentrations of hazardous substances than regular workers. It is necessary to strengthen short-term exposure
measurement, even for substances which STEL have not been set.

Key words: work environment measurement, hazards surveillance, risk assessment, high-risk industry,
specially managed CMR substances
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STELe] 44" E42 20244 649 7|&, 1,2-H&=2
ZI23K(1,2-dichloropropane, 1,2-DCP), Al
(benzene), 1,3-5Er]Q(1,3-butadiene), EZZFZZ
oledl(trichloroethylene, TCE), HTZ=z=zogdl
(perchloroethylene, PCE), &4HpH 2.0 °Jsiel &
Ahe] 6350l JAAKTable 1).

1,2-DCP+= EEEXZF A7 e FA9] 714
AAH R, A= ZEAA(paint remover)Ht E}0]
AY(dry cleaning)ollA Bol AH&E oL, X2
= BeA, S5A4F AxY SolA AlE, g4, 79
59 &EE F=E AMHETHACGIH, 2019; Roh et
al., 2020). €Y ¥ A+ =& A #=1 FRsHA
EEe, 34 ¥ 2= S54AA4, &
A7A, 7, Ao, M IEFS HHUeE
g, IS4 5ol ATHKOSHA, 2021). 4E9] Q1
TAoA Tt WA =2 TEAgo] At HarH
o]&(Kumagi et al.,2013), 2014¥ =SALALA
(international agency for reseach on cancer,
IARC)OIA T Group 1(YA EHY 28)o= &
ottt 1,2-DCP= 202049 AAe3EE54 diie=
ZHEQOH(MoEL, 2019), =W L&7]&2 TWA
10 ppm, STEL 110 ppme& %3l JrHMoEL,
2020). ¥IA> FAH0] Frggk A2 df-2o] A
oA i, SFeHA|E, EetAE, R, I 1
RIE Az 59 7I2YEE AMHY. ¥z
)5S Bof ST, Aol S0l WA
H27] S5 8 BRI AT AT
AmzFoz d#A Qi TARCOIA QIZtofA F4
$AMEH (acute myeloid leukemia)S FEsh=
Algt WRFEAQl Group 122 EH3l1 QTHIARC,
2018). #AI9] 7| =Z7]52> TWA 0.5 ppm, STEL
2.5 ppmo& I JYtHMoEL, 2020). 1,3-5Et
Al 7HER- FARE dA7F U BIRAG A 7
AR 8 Eolo] Xgat BE 7Pd U A7) Ay F
o AFEEE I F B9 1EA £ Az A8H
o @I 52 552 =EHWH T3 AFAE &
HA7IE AlE dEA qlon. dAFmLIHo
fel= Aog HilEo] JARCOIA Group 122 &
FEJHGrosse et al., 2007). 1,3-FEHAe] =
27|12 TWA 2 ppm, STEL 10 ppm 2.2 #&|5
I JTHMOoEL, 2020). TCEE A=A g5t S22
T 22 WA U= FET dAE, FE et E
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B9 AAEA, w89 AW AAA S22 At
HHKim et al, 2019; Kim et al., 2023). 54 =
A 7He EAAI7I S dod £ gl
, IR =2 3 9B x=E BuEQIth [ARCOIA
A W 49l Group 12 EFEQloH, AAAT}
o] QU1, FFgAFNANE HSA7] Hug d 71et
Atole] AT digt At ITAE WHSHACH
(ASTDR, 2015; Kim et al., 2019). TCES] ZU| =&
71%S TWA 10 ppm, STEL 25 ppm °2& #2|=1
ATHMoOEL, 2020). PCE= dE|28} 22 WAj7F Y=
0] S AA|R, 2 TetolEE Y 35t 4
o] ZHAZ ARgEh ES 25 844 E HRIE A
AA, A 9=, A2 AFA L HZA = A
T} IARCZ &=l st S8t SA9 Azt tigh
At FSA0 ZA3t] PCES Q7oA ¥ 7HsA
o] 9l Group 2AR EFoHaL, 7] #=g<t, FHol
Ae HE@y, 71, AerE dovle Aoz dEA
At PCEQ =Y =&7]52 TWA 25 ppm, STEL
100 ppm o2 F=IL UHMoEL, 2020). Ak
FA9] ATt w2 WA, FA4o] Tl mEo
2o A7et HtS o, ooj2E AHE k&
=, Aot € 3357 At 5o & &4 deit
o] AR AoF Aol FA8 U B8 AJoF
OoF AMEEN, UHE AR QKXY HE AR, o]lAX
2 5 SAE A=, HAT, 7S ol AlA
4 gd=Ax9] Mfd 5oz o]gH} JARCS 4t
< et AT B4 nAES APGHor REEH
AAe] TFoF & Ht 5o WUt YFo] ot Bl
Stal, Group 122 EESIATHIARC, 2012). A
I =&7|52 TWA 0.2 ppm, STEL 0.6 ppm &
2 #IE 3 9tHMoEL, 2020). Collins et al.(2003)
2 iAo A MeEHT 8 sk Eo| o
Y 29 34 98 o =Y S 9o, &0 1
T &3 qol7] At diFo] " et sttt
Choi et al.(2009)= A-53lst 5 FAAAA 1,3-
Heprjalo] digt TWA =&97F 2= =&7]& ulvt
o] oL, Hg7|H o R WEok= TAIZE E Aol A
£ STELS Z3sl= AHEI7E v 8ol on, A
AR F= TWARTH= STEL =&B7}ol| A4S 71
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B2 AY 5 DA D] wF TR P
A7l o1gS VA %L STk STELE AR
g, 5 - 4 A, YA 5 2 gl
YA G AR o] ZAHOE WekE
29, 847 TWAS T3t 2743t 3] DAz s
wE SEO] g Besh Rl ofd ATAME

EupeEd = a2 Jt 2AS quo
= %/\]Z_l— l'l%l_'g7]‘ %3%]— \;_l %;E }\ig }\E"‘I‘qiﬂ, %
£ 98 49

1. Ao

A7) EEL AAQPA R AHOA ot EEE]
4 5 AA¥ESH tidolwAl STELel AH7AH
1,2-DCP, ¥4, 1,3-FEtHl, TCE, PCE, 249 6
22 AASIYOoH(Table 1), 2018¥~2022¥ K2B
(KOSHA to Business service) AAAHIS E3f X
1 AJeASY ARE LR Sid. =44
TWA®} STEL =9 &2 AA4H =578l = &
Fora, STELS S48 AdAte] 54 9Y TWAS
25t H|wskloh S FRolA A, =
FERF0E FAH AEs AYsielon, S,
EHE, A& i ARE e E EA45H
E4Y SHANE SHEESARERS AANYLS
(1,19670)°l w2t &4 Al 4, FE AR 5, =27
& 2 Ng ¢, A, B8R 94, 715HE
o, 7IstEEEAl Ha, Hdigt 9 ARl EEXE 59

Table 1. Target substances and occupational exposure limits

F95E 95% Aem(IohE < 7SR EA )
£ FA5te] AHHESIT A2 107 S EAIGE
iHKorea Standard Industrial Classification,
KSIC-10)& &85l tK(Statistics Korea, 2017).

2. Xtz X2 & SA4 24

ZAeF=H AFoA EHZE(nhon-detected) Z
AZ&SHA(limit of detection, LOD)R|FtOoZ HI1E
Are v= AAPEEAH(Occupational  Safety
and Health Agency, OSHA)2] AlmEXZ]ZoA A
Alsk= LODEF 1 S35 253k st o
w2 ko] 1/22 Wigketltt. A=A 2= Excel 2013
(Microsoft, USA) ¥ SPSS(ver 29.0, IBM, USA)=
AR&-SHH.

3.7 55 &
ATy Aol gk 3

AAASE A5 EXE Bl FH=+ 95% A
EXoos)E 710 ® T3t Zo] 55& =T
(ATHA, 2015:;Koh et al., 2021). (0)2 Xp057} ==7]
1% m]EERl A%, (1) Xoos7t =&7]& 10% mIgk
AF, (22 Xoos7t eE7]E 50% 19kl F (3)
X057t Z7|E 100% "9l 4%, (D= Xoos7t
LE7|E 100% o]l A= FESFA

rlo k2 Fx

n.z2 i

Ol
for

1. STEL 27 SEHU ST XUAFZT 24

F| 54W7K2018~20224) AFHIEE 650

ol o

Occupational exposure limits

S,t:g' Substance CAS no. MoEL" ACGIHT OSHA? I Health effect(MoEL, 2020)
' TWA™ STEL™ TWA STEL TWA STEL

1 1,2-Dichloropropane  78-87-5 10 110 10 - 75 - ppm Carcinogenicity 1A

2 Benzene 71-43-2 05 25 05 25 1 5 ppm %mg‘gge”'c'ty 1A, Mutagenicity

3 1,3-Butadiene 106-99-0 2 10 2 - 1 5 ppm Carcinogenicity 1A, Mutagenicity 1B
4 Trichloroethylene 79-01-6 10 25 10 25 25 100 ppm Carcinogenicity 1A, Mutagenicity 2
5 Perchloroethylene 127-18-4 25 100 25 100 25 100 ppm Carcinogenicity 1B

6 Sulfuric acid 7664-93-9 0.2 06 02 - 01 3 mg/m Carcinogenicity 1A(In case of strong

(Thoracic fraction) acid mist), Thoracic particle

" Sub: Substance, ” TWA: Time Weighted Average, ™ STEL: Short-term exposure limit, T MoEL: Ministry of Employment and
Labor, T ACGIH: American Conference of Governmental Industrial Hygienists, $ OSHA: Occupational Safety and Health Agency,
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Table 3. Yearly number of STEL samples by substances (2018-2022)

Sub.No. Substance No. of No. of samples by year

samples 2018 2019 2020 2021 2022
1 1,2-Dichloropropane 380 4 6 1 142 227
2 Benzene 386 34 98 93 90 71
3 1,3-Butadiene 90 6 19 19 21 25
4 Trichloroethylene 3,615 556 985 741 627 606
5 Perchloroethylene 169 15 53 42 28 31
6 Sulfuric acid 921 156 170 184 195 216

(Thoracic fraction)

Table 4. Distribution of number of STEL samples according to the classification of exposure limits

Sub.No. Substance No. of No. of samples by classification od exposure limits (%)
samples < TWA TWA ) x < STEL > STEL

1 1,2-Dichloropropane 380 331 (87.1%) 48 (12.6%) 1 (0.3%)
2 Benzene 386 359 (93.0%) 26 (6.7%) 1 (0.3%)
3 1,3-Butadiene 90 88 (97.8%) 2 (2.2%) -
4 Trichloroethylene 3,615 2,930 (83.3%) 544 (15.5%) 41 (1.2%)
5 Perchloroethylene 169 146 (86.4%) 19 (11.2%) 4 (2.4%)
6 (Thitr‘g;gcﬁz‘é't‘?on) 921 903 (98.1%) 18 (1.9%) -

23 Nar, d4& Nar, B3dsk 2 fdsd 52 E OUESA

Table 29} Zt}. STEL 32 TWA A|&Z4¢} H|ws})
o 1,2-DCPE= 5.58%(TWA 6,81571, STEL 3807H),
A 0.84%(TWA 45,8297, STEL 3867H), 1,3-%Ef
dal  0.52%(TWA 17,18970, STEL 907H), TCE
16.18%(TWA 21,71970, STEL 3,5157), PCE 2.16%
(TWA 7.82470, STEL 1697W), ZAt 0.43%(TWA
216,3597, STEL 92171) AAIEALt. Al59] EHE
E2 STELE 7]&2& 1,3-FEtqlo] 97.78%(TWA
93.75%)Z 71 w=okal, WAl 77.98%(TWA 94.3%),
A 74.81%(TWA  51.55%), PCE  68.64%(TWA
89.35%), 1,2-DCP 43.16%(TWA 80.75%), TCE
42.93%(TWA 64.44%) <=0|}ct. TWA Al=of| oist
EASES B 79%01 o1, STEL Al89 B &
AEEL 67.5%°]9ct. A= STEL AE5E= Table
337 2ot AFOd B4 6% 2% B% 2018WH H]
wste] 2022489 STEL &4 A&7t S71sked,
£73], 1,2-DCP+= 2018¥3} H|wsto] 2022 508)
ol T7hIAH. Y APAE o g vhs 43t
3l4= Table 5¢ 2t} 671 24 AA| AEE HHFL

www.kiha.kr

342 AmHEY, 13 =FHo] Bt
92.61%, 23] =73 3.55%, 33] =74 2.09%, 43] oA
o] 1.75%%rt.

2. STEL A% SBB2IS WO HIHHEY Al 2L
=
’v:r

=
242 Aust Be BHoR Art A4
5] jui

I == 95% AR AASHtHTable 2). &2
¥ STEL 24 52 TWAQ} H|w5}oj(STEL/TWA,
A 71%) AEEE 1,2-DCPY A9 9F 9.34]
(TWA 0.46%2.68 ppm, STEL 4.28+10.51 ppm),
WAL oF 24 GHI(TWA 0.005+0.04 ppm, STEL
0.123+0.36 ppm), TCE= <9F 5.2HJ(TWA 0.93+
3.26 ppm, STEL 4.82+9.15 ppm), PCE= <F 22.5
H(TWA 0.47+3.18 ppm, STEL 10.57+24.04 ppm),
BRARS oF 27 9HI(TWA 0.0058+0.0131 mg/m’, STEL
0.16240.0483 mg/m’) =S4t 1,3-FErjde ofF
98.6G8I(TWA 0.014+0.10 ppm, STEL 1.38+0.54
ppm)2] xolE HP o, HEH STEL A&7t 2712
H|wo] AgHdo] QUQlth STELS &A% Ad#te] 3
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Am

A H TWA 5=t STELS A% Wit s
Z& Y| WSPA(STEL/matched TWA), 1,2-DCP9] 73
9 oF 2.84l, WAl oF 3.18, TCE= <F 2.64], PCE
= 9F 2.6, AR oF 40.58] #=9fth TE3F STELS
2% AR TWA 5= AA TWAS v|wshd
(matched TWA/TWA), 1,2-DCP9] 7% <F 3.4,
Al oF 8ulf, 1,3-FEHQll 1.4¥, TCE= <F 2.0#),
PCE= °F 8.6H12 =1L, AR oF 0.7H=, B4k
ALt 582 EdoA HA AR TWAZF o =2
FEE YUERATH

el

=

FolldAPE TWASF STELY] H¥6HS AmEw,
1,2-DCPE= TWA 154, STEL 254, #1Id TWA 05
=, STEL 25+, 1,3-F8Hd TWA 05+, STEL 1
S+, TCE TWA 15+, STEL 45+, PCE TWA 0%
&, STEL 253, 34 TWA 353, STEL 153 °I3
t}. 23S TWA v|gh, TWA o4 STEL ©]3}, STEL
232 LEsl] A5S5E AEEY Table 49 2t}
1,3-Fetlla} gAkS STEL 23 Alg: glglod,
1,2-DCPe} #AloA= 171, TCE 4171, PCE= 470
A&7} STELS &Fskdnt, TWA o4 STEL ©olsil
AESE 1,2-DCP 12.6%(487), #Al 6.7%(264),
1,3-5edell 2.2%Q27A), TCE 15.5%(54471), PCE
11.2%(197), 3HAF 1.9%(187)°]1dct. STELS] oigt

3. STEL =1 ¢E & ¢
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B77F 7 @ol £3d" 4E2 1,2-DCPE AHsAt
A& AlE HE AZA(KSIC-30320), 73 € 23
Az, =FAKSIC-29294) 5 <=o|qlx, =Al

1,3-FEle e4deA 9 7|et Edtay B A
AJ(KSIC-20202), AF3lsHA 7= get 24 Ax
(KSIC-20111) 5 4©]3it}. TCE ¥ PCEAE =&
AJ(KSIC-25922), AFsxt & 2 A(KSIC-95211),
T4 9 71er gub A AKSIC-25923) & <o,
FARZ FE54 7HEAIE AERJ(KSIC-25944), A& =
A E RAFA(KSIC-72923), 71eF BH=A] A2 A2
(KSIC-26129)5 <=°]AtHTable 6~17). &% STEL
24 Agap7h 92 A9 159%F 5 249 95%
At E7EE 20t 45@IEsE 465
o2 1,2-DCP= &5 7FAIE ARA(KSIC-25999),
7182 FEA AZAJ(KSIC-28122)°] AR, Hl
AL 7]et +28 FEAFE AXAKSIC-25119), 3
TARKSIC-35113), 1,3-FEH <oA= it} TCE
= A9 157 4% & AsA 8 & T 41 45
ALt =FA(KSIC-25922), =& 9 7]Et out Az
A(KSIC-25923), 11 9] 718t AA}F HE& AZA(KSIC-
26299), 1 9 7|et 2% 7FEA(KSIC-25929), A
327)11E A5 AXA(KSIC-26221) 5 117 4F
o] sF=ct. PCEE TWAE TEIQ(KSIC-55101)
oA AFSFol 4550l STELS &4 A& 4
A 2 B J(KSIC-72911)F 7]eF AR} BE A2

Q.

o2 BN e

Table 5. Reapeated measurement status of STEL sampling by workers

o No. of No of reapeated measurement
Sub.No. Substance Classification
samples 1 g) 3 > 4
) worker 257 195 1 61 -
1 1,2-Dichloropropane
sample 380 195 2 183 -
worker 375 367 5 3 -
2 Benzene
sample 386 367 10 9 -
) worker 85 80 5 - -
3 1,3-Butadiene
sample 90 80 10 - -
) worker 3,272 3,154 58 27 33
4 Trichloroethylene
sample 3,515 3,154 116 81 164
worker 123 104 4 9 6
5 Perchloroethylene
sample 169 104 38 27 30
5 Sulfuric acid worker 681 539 97 - 45
(Thoracic fraction) sample 921 539 194 - 188
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Table 6. Top 15 industries with the largest number of TWA samples of 1,2-DCP

No. of . - + . ' o
Sub. gty ksic—1ot No-of o ieq  AMESDT GM (GSD")  Median  Min Max  X0.95 Rlsk§
No. samples - ) (ppm) (ppb) (ppb)  (ppb)  (ppm)  (ppm)  level
ples
1 Manufacture of other new parts and 30309 426 70 078:432 027 (4757 005 005 5564 015 1
accessories for motor vehicles n.e.c.
o Manufacture of electronic tubes, interface  g,q9q gy 11 061+219 074 (8867 005 005 3208 118 2
cards and other electronic components n.e.c.
3 Plating of metals 25922 350 46 0.24+0.89 0.18 (28.77) 005 005 675 005 O
4 Menufacture of parts and accessories for motor 53, 9gg 95 040211 123 (78620 005 005 3190 161 2
vehicle body(new products)
5  Manufacture of mould and metallic patterns 29294 230 50 0.38+0.98 0.44 (64.1) 0.05 0.05 6.27 0.41 1
6  Coating and similar treatment of metals 25923 187 538 0.64+1.31 1.15 (115.74) 0.05 0.05 6.51 2.84 2
7 Manufacture of other general-purpose 29199 162 45 0.63t2.06 082 (9.75) 005 005 2194 152 2
machinery n.e.c.
8  Manufacture of other basic iron and steel 24119 125 0 - - - - - - -
9  Other metalworking n.e.c. 25929 125 35 2.15¢9.93 1.05 (141.97) 005 005 100.16 3.65 2
10 Manufacture of other febricated and processed 55999 114 26 200936 059 (10026) 005 005 6224 115 2
metal products n.e.c
17 Manufacture of coal and other basic organic )19 gg 6 0.14:065 01 (1273) 005 005 402 001 0
chemicals
1 Manufacture of synthetic resin and other )95, gg 12 023:079 017 (2887) 005 005 431 004 0
plastic materials
13 Manufacture of other rubber products n.e.c. 22199 97 43 0.59+1.45 2.9 (112690 0.05 0.05 8.17 6.88 3
14 Other manufacturing n.e.c. 33999 90 9 1.25#4.93 0.17 (38.02) 0.05 0.05 34.13 0.07 0
15 Manufacture of taps, valves and similar 29133 89 36 0.63:2.31 217 (109.03) 005 005 2059 487 2

products

Table 7. Top 15 industries with the largest number of STEL samples of 1,2-DCP

No. of . . + . : + .
S’\Llib. el ksic—qon No-of o teg  AMESD GM™(GSD') Median  Min Max  X0.95 Rlsk§
o. samples - ~°) (ppm) (ppm) (pm)  (ppm)  (ppm)  (ppm)  level
ples
1 Manufacture of parts and accessories for motor 3930 17 133 3364663 067 (648 062 006 3809 1459 2
vehicle body(new products)
2 Manufacture of mould and metallic patterns 29294 28 10 3.81#8.22 0.33 (10.63) 0.06 0.06 4058 16.33 2
3 Plating of metals 25922 25 15 7.24+11.59 091 (1251) 1.02 0.06 39.07 5824 3
4 Manufacture of electronic tubes, interface — pgyqq g 6 52¢11.8 036 (1142) 006 006 3592 1995 2
cards and other electronic components n.e.c.
5  Coating and similar treatment of metals 25923 11 1 0.14+t0.23  0.08 (2.17)  0.06 0.06 0.84 0.29 1
g Manufacture of ofher febricated and processed g9 g 7 2518:3819 257 (22.05) 1013 006 122.08 41688 4
metal products n.e.c
7 Manufacture of other general-purpose 29199 10 3 291:49  029(11) 006 006 1378 1474 2
machinery n.e.c.
Manufacture of apparatuses for connecting
8 electrical circuits used in power distribution 28122 8 4 9.13+14.94 0.95( 18.5)  4.67 0.06 4423 11537 4
systems
9 Manuf_acture of machinery for mining, 29041 8 0 _ B _ _ B _ _
quarrying and construction
10 Testing _and analysis_services of composition 79911 3 0 _ B _ _ B _ _
and purity of materials
1 Mangfacture _of synthetic resin and other 20002 7 0 _ _ _ _ _ _ _
plastic materials
1o Manufacture of surface processing wood and 15100 ¢ 6 12345869 986 (212) 1026 372 2632 3393 2
woods for special purpose
13 Manufacture of pressing products for motor pgg13 g 6 8001511 201 (657 221 023 3874 4440 2
14 Heat treatment of metals 25921 6 3 0.74+0.82  0.29 (6.38) 0.44 0.06 1.88 4.68 1
15 Other printing 18119 4 4 2.07£1.9 1.17 (4.53) 1.74 0.14 4.67 14.09 2

TKSIC-10: 10th Korea Standard Industrial Classification, "AMSD : Arithmetic meantStandard Deviation, “GM : Geometric Mean, TGSD : Geometric
Standard Deviation, T™Xogs: estimated 95%ile value (GMxGSD'®®), SRisk level: (0) Xoos ¢ OEL 1%, (1) Xoos ¢ OEL 10%, (2) Xoos ¢ OEL 50%, (3) Xogs
{ OEL 100%, (4) Xo9s > OEL 100%
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Table 8. Top 15 industries with the largest number of TWA samples of Benzene

No. of . - + . . .
Sub. [ Ksic=10" No. of il AMSD GM'(GSD™) Median  Min Max ~ X0.95 RISk§
No. samples ) (ppm) (ppb) (ppb)  (ppb)  (ppm)  (ppm)  level
ples
1 Petroleum refineries 19210 8,535 130 2.23t0.03 0.05 (2.48) 0.05 0.05 213 0.23 0
Manufacture of basic organic petrochemicals 20111 5,931 396 5.87+0.04 0.07 (5.67) 0.05 0.05 1.47 1.29 0
Manufacture of finished medicaments 21210 2,424 52 5.566+0.1 0.05 (2.83) 0.05 0.05 3.22 0.30 0

4 Manufacture of synthetic resin and other 000, 5185 351 1546:005 015 (1462) 005 005 065 1258 1
plastic materials

Thermal power generation 35113 2,049 90 4.46£0.02 0.07 (4.77) 0.05 0.05 0.21 0.86 0
Manufacture of other chemical products n.e.c. 20499 1,289 34 2.63%0.02 0.06 (3.2) 0.05 0.05 0.25 0.38 0
Other power generation 35119 1,117 30 1.67¢0.01 0.06 (3.04) 0.05 0.05 0.22 0.35 0

g Manufacture of coal and other basic organic 119 ggg 9  1099:004 009 9.01) 005 005 031 348 0
chemicals

9  Manufacture of basic iron 24111 942 237 6.27+0.02 0.2 (12.8) 0.05 0.05 0.28 13.18 1

19 Manufacture of general paints and similar 904 gog 23 25002 006 (34) 005 005 017 043 0
products

19 Menufacture of medicinal chemicals and 5149 774 2 171:001 006 313) 005 005 017 038 0
antibiotics

12 Manufacture of perfumes and cosmetics 20423 626 13 1.94+0.02  0.05 (2.69) 0.05 0.05 0.24 0.28 0

13 Research and experimental development on  515q  gog 20  276:002 006 (335 005 005 029 042 O
other engineering

14 1esting and analysis services of composition  2,q1;  gog 30 3974002 007 477) 005 005 027 08 0
and purity of materials

15 Manufacture of medical supplies and related 51507 497 6 05:001 005(196) 005 005 011 015 0

other medicaments

Table 9. Top 15 industries with the largest number of STEL samples of Benzene

No. of . . + . : + .
Sub. el ksic—qon No-of i teg  AMESD GM™(GSD') Median  Min Max  X0.95 Rlsk§
No. samples - ~°) (ppm) (ppm) (pm)  (ppm)  (ppm)  (ppm)  level
ples
1 Manufacture of synthetic resin and other 5550, 95 9 0.13:0.62 002 (34 001 001 481 013 1
plastic materials
2 Manufacture of basic organic petrochemicals 20111 44 6 0.1£0.23 0.02 (3.9) 0.01 0.01 0.99 0.19 1
3 Regulation of the activities of health care and 84214 38 3 0.05:0.12 0.02 2.7) 0.01 0.01 054 0.08 1
welfare affairs
4 Manufacture of finished medicaments 21210 35 0 - - - - - - -
g Manufacture of other general-purpose 29199 29 18 028:037 009(675 001 001 162 165 3
machinery n.e.c.
g Manufacture of general paints and similar — 5q44¢ 57 1 0.02:002 001 (157 017 001 012 003 1
products
7 Testing _and analysis_services of composition 79911 20 0 _ B _ _ B _ _
and purity of materials
8  General repair services of motor vehicles 95211 16 5 0.1720.32 0.04 (5.72) 0.01 0.01 1.15 0.64 2
Manufacture of perfumes and cosmetics 20423 15 0 - - - - - - -
10  Other sports services n.e.c. 91199 14 10 0.15£0.18  0.07 (4.07) 0.01 0.01 0.63 0.69 2
11 Manufacture of metal frameworks or skeletons 55143 44 1 0.56:0.57 041 (2.25) 008 001 213 154 3
for land structure and parts thereof
12 Manufacture of other structural metal products 25119 10 7 0.49+0.56  0.14 (7.95)  0.46 0.13 1.67 4.27 4
13 Office, commercial and institutional building 4115 g 2 0.08:0.14 002 432 031 001 033 027 2
construction
14 Manufacture of lifting equipment 29162 8 5 0.24#0.36  0.08 (5.76)  0.01 0.01 1.06 1.38 3
15 Thermal power generation 35113 8 6 0.39+0.26  0.19 (5.71)  0.10 0.01 0.74 3.42 4

KSIC-10: 10th Korea Standard Industrial Classification, "AM#SD : Arithmetic meantStandard Deviation, “GM : Geometric Mean, TGSD : Geometric
Standard Deviation, "Xoes: estimated 95%ile value (GMxGSD®®), SRisk level: (0) Xogs { OEL 1%, (1) Xogs < OEL 10%, (2) Xoes ¢ OEL 50%, (3) Xoss
( OEL 100%, (4) Xoes = OEL 100%
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Table 10. Top 15 industries with the largest number of TWA samples of 1,3-Butadiene

No. of . . + : : + o
Sub. el ksic—qon No-of o teq  AMESD GM™(GSD') Median  Min Max  X0.95 Rlsk§
No. samples - les (ppm) (ppb) (ppb)  (ppb)  (ppm)  (ppm) level

1 Manufacture of basic organic petrochemicals 20111 3,588 308 19.1240.14 0.01 (14.54) 0.01 0.01 479 0.89 0

Manufacture of synthetic resin and other

plastic materials 20202 3,070 385 36.12+¢0.17 0.02 (31.05) 0.01 0.01 4.04 5.17 0

3 Manufacture of other plastic products n.e.c. 22299 1,812 30 2.87¢0.03 0.01 3.54) 0.01 0.01 0.77 0.05 0

4 Manufacture of synthetic rubber 20201 896 118 7.74+0.05 0.01 (15.61) 0.01 0.01 0.85 1.29 0
5  Petroleum refineries 19210 739 36 0.2910.01  0.01 (2.43)  0.01 0.01 0.13 0.03 0
6  Manufacture of rubber tires and tubes 22111 607 5 0.03+0 0.01 (1.7) 0.01 0.01 0.01 0.01 0

Manufacture of other plastic products for 29949

7 fabricating of machine 552 6 0.19+0 0.01 2.07) 0.01 0.01 0.05 0.02 0

8 Manufacture of mould and metallic patterns 29294 517 7 1.04£0.01 0.01 (3 0.01 0.01 0.15 0.03 0

9 Mangfac‘[ure of other fabricated structural 29999 489 1 0.05 0.01 (1.46) 0.01 0.01 0.02 0.01 0
plastic products

10 Manufacture of plastic wires, bars, pipes, 29911 484 0 B _ B B _ _ _
tubes and hoses

11 Manufacture of other chemical products n.e.c. 20499 405 26 8.57+40.05 0.01 (10.47) 0.01 0.01 0.44 0.44 0

1o Manufacture of plastic cases, boxes and 5,37 9gp 1 171 001 (202 001 001 045 002 0
containers

13 Manufacture of coal and other basic organic 55119 957 10 423:003 001628 001 001 03 015 0
chemicals

14 Manufacture of electronic tubes, interface  pgyq9 445 5 864:0.07 001 (646) 001 001 073 015 0

cards and other electronic components n.e.c.

Interdisciplinary convergence research and
15 experimental development on natural sciences 70130 120 3 1.3410.01  0.01 (2.93) 0.01 0.01 0.16 0.03 0
and engineering

Table 11. Top 15 industries with the largest number of STEL samples of 1,3-Butadiene

No. of . . & . . + .
Sub. sy KSIC=10" No. of detected AM=£SD GM™(GSD') Median  Min Max  X0.95 RISk§
No. samples " ) (ppm) (ppm) (pm)  (ppm)  (ppm)  (ppm)  level
ples
1 Manufacture of synthetic resin and other 20202 46 0 _ _ _ _ _ _ _
plastic materials
o Manufacture of basic organic 2011 28 2 153:0.97 142 (139 131 131 631 24 2
petrochemicals
3 Thermal power generation 35113 10 0 - - - - - - -
4 Manufacture of other plastic products n.e.c. 22299 6 0 - - - - - - -

IKSIC-10: 10th Korea Standard Industrial Classification, "AM#SD : Arithmetic meantStandard Deviation, “GM : Geometric Mean, TGSD : Geometric
Standard Deviation, TXogs: estimated 95%ile value (GMxGSD'%®), SRisk level: (0) Xoos { OEL 1%, (1) Xogs ¢ OEL 10%, (2) Xogos ¢ OEL 50%, (3) Xogs
( OEL 100%, (4) Xogs = OEL 100%
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Table 12. Top 15 industries with the largest number of TWA samples of TCE

No. of . - + . . .
Sub. [ Ksic=10" No. of il AMSD GM'(GSD™) Median  Min Max ~ X0.95 RISk§
No. samples ) (ppm) (ppb) (ppb)  (ppb)  (ppm)  (ppm)  level
ples
1 Plating of metals 25922 1,888 1,377 1.96£2.88 89.94 (110.57) 964.70  0.05 62.98 206.91 3

g Manufacture of electronic tubes, interface  yg50q 1783 gga 1334241 1465 (171.23) 28930 005 2659 6919 4
cards and other electronic components n.e.c.

3 General repair services of motor vehicles 95211 1,002 327 0.25+0.57 1.02 (78.63) 0.05 0.05 5.97 1.34

4 Manufacture of finished medicaments 21210 984 14 0.01£0.1 0.06 (2.72) 0.05 0.05 2.28 0.0003 2

5 Manufacture of other new parts and 30309 725 304 1316592 377 (17379 005 005 14331 1824 0
accessories fOI' motor Veh|C|eS n.e.c.

6 Coating and similar treatment of metals 25923 604 352 1.93t3.86 22.1 (190.32) 442.18 0.05 46.80 124.21 4

7  Petroleum refineries 19210 555 8 0.01£0.14  0.06 (2.89) 0.05 0.05 3.04 0.0003

8  Other manufacturing n.e.c. 33999 372 119 0.85+1.87 1.37 (132.4) 0.05 0.05 15.82 4.23 0

g Manufacture of laminated plates for printed 55,91 393 217 114151 364 (112.85) 39566 005 7.94 8658 2
circuit boards

10 Other metalworking n.e.c. 25929 318 152 1694294 802 (21777 005 005 2320 5626 4

11 Manufacture of mould and metallic patterns 29294 300 143 1.69£3.14 7.94 (217.75) 0.05 0.05 24.08 55.70 4

12 Manufacture of pipes and tubes, of steel 24132 288 238 599:7.98 618.11 (82.89)342624 005 5693 88517 4

13 Printing of textiles 13403 275 55 0.14:053 029 (3621) 005 005 58 011 4

14 Testing and analysis services of composition 7514 5g 2 009:04 012 (1576) 005 005 322 001 1
and purity of materials

15 hepalr services of motor vehicles specializing ggo19 94 91 021:038 152 (83.02) 005 005 247 218 0

in parts

Table 13. Top 15 industries with the largest number of STEL samples of TCE

No. of . o + . . + )
S’\l‘Jb. [ Ksic=10" No. of il AM+SD GM'(GSD™) Median  Min Max ~ X0.95 RISk§
o. samples ) (ppm) (em)  (ppm)  (ppm)  (ppm)  (ppm)  level
ples
1 Plating of metals 25922 1,027 838 6.59t7.67 1.58 (12.14) 453 0.02 126.84 96.10
2 General repair services of motor vehicles 95211 319 76 1.13+2.48 0.06 (10.38) 0.02 0.02 12.03 2.79 2

Coating and similar treatment of metals 25923 196 145 7.24+13.88 0.97 (15.56) 2.20 0.02 105.98 88.66

4 Menufacture of electronic tubes, interface  yg59q g, 101 4911111 085 (17.19) 229 002 10023 5960 4
cards and other electronic components n.e.c.
g lesting and analysis services of composition ;904 49 9 0334111 002 433 002 002 613 028 1

and purity of materials
6 Other metalworking n.e.c. 25929 85 48 6.93t11.74 054 (23.71) 244 0.02 63.74  98.28 4

Manufacture of other new parts and

7 . : 30399 77 24 3824982 01 (1657 002 002 4837 1005 2
accessories for motor vehicles n.e.c.

g  Manufacture of laminated plates for printed 55,91 g3 36 254334 03 (1512) 063 002 1244 2641 4
circuit boards

9 Other manufacturing n.e.c. 33999 57 41 6.6246.33 1.35 (17.08)  6.00 0.02 23.28 144.28 4

19 Manufacture of other general-purpose 20199 56 27 397+654 029 (21.16) 002 002 2181 4338 4

machinery n.e.c.
11 Manufacture of mould and metallic patterns 29294 55 38 8.05+11.79 1.12 (19.58) 3.63 0.02 74.85 148.81 4

Manufacture of other febricated and processed

12 25999 B3 35 08541542 108 (2313) 625 002 81.84 18938 4
metal products n.e.c

13 Manufacture of other special purpose 20009 48 29 718:838 078 2453) 490 002 3801 15133 4
machinery, n.e.c.

14 ﬁ}egzirréemces of motor vehicles specializing 5915 46 12 0.76:16 006 94) 002 002 872 241 1
Manufacture of other electrical equipment

15 Ment 28909 43 39 533t549 179 819) 294 002 1813 5682 4

IKSIC-10: 10th Korea Standard Industrial Classification, "AM#SD : Arithmetic meantStandard Deviation, “GM : Geometric Mean, TGSD : Geometric
Standard Deviation, TXogs: estimated 95%ile value (GMxGSD'®®), SRisk level: (0) Xoos ¢ OEL 1%, (1) Xoos ¢ OEL 10%, (2) Xoos ¢ OEL 50%, (3) Xogs
( OEL 100%, (4) Xoes = OEL 100%
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Table 14. Top 15 industries with the largest number of TWA samples of PCE

No. of . o + . . o
Sub. [ Ksic=10" No. of il AM£SD GM'(GSD™) Median  Min Max ~ X0.95 RISk§
No. samples ) (ppm) (ppb) (ppb)  (ppb)  (ppm)  (ppm) level
ples
1 Petroleum refineries 19210 1,031 5 0.004+0.07 0.05 (1.86)  0.05 0.05 201 0.0002 O
Plating of metals 25922 822 27 0.094+0.83 0.07 (5.45) 0.05 0.05 11.37  0.0011 0
Manufacture of basic organic petrochemicals 20111 629 1 0.002+0.04 0.05 (1.48)  0.05 0.05 0.97  0.0001 0
4 Manufacture of synthetic resin and other 59507 315 20 0136:1.03 009 (1051) 005 005 1091 00044 0
plastic materials
g [esting and analysis services of composition  75q74  9q3 60  1.061:3.07 091 (111720 005 005 1984 21339 1
and purity of materials
6  Manufacture of other rubber products n.e.c. 22199 194 21 0.174+0.95 0.14 (21.39) 0.05 0.05 11.54  0.0222 0
7 Manufacture of electronic tubes, interface  ,g0q9  45g 55  5.714+16.24 2.57 (269.71) 0.05 005 12857 241095 3
cards and other electronic components n.e.c.
8 Hotels 55101 152 77 0.922+1.87 7.53 (154.03) 78.25 0.05 16.63 29.8971 4
9 F’\)ﬂggi"’t‘;t“re of explosives and pyrotechnic 55494 137 23 0237:0.80 023 3382 005 005 634 00770 0
10 Manufacture of other chemical products n.e.c. 20499 136 3 0.057+0.41 0.06 (4.89) 0.05 0.05 4.09 0.0009 0
11 Other printing 18119 129 36 1.935#4.35 1.14 (164.69) 0.05 0.05 17.02  5.0699 2
19 Manufacture of wooden packing boxes, drums 45957 499 17 00641027 019 (22.81) 005 005 253 0032 0
and similar containers
13 Coating and similar treatment of metals 25923 100 23 0.66£2.11 0.47 (67.16) 0.05 0.05 9.89  0.4757 1
14 Manufacture of parts and accessories for motor 3935 gg 10 0083:021 012 (1525 005 005 138 00110 0
vehicle body(new products)
15  Other technical testing and analysis 72919 97 31 1.47143.41 1.65 (174.21) 0.05 0.05 17.42 80108 2

Table 15. Top 15 industries with the largest number of STEL samples of PCE

No. of . . & . . + .
Sub. sy KSIC=107 No. of detected AM=£SD GM™(GSD') Median  Min Max  X0.95 RISk§
No. samples - ) (ppm) (ppm) (pm)  (ppm)  (ppm)  (ppm)  level
ples
1 Plating of metals 25922 56 2 2.54+10.81 0.6 (2.42) 0.51 0.51 66.98  2.58 1
2 Man_ufacture of parts and accessories for motor 30320 27 0 _ _ _ _ _ _ _
vehicle body(new products)
3 Other printing 18119 23 4 1.04+1.28 0.71 (2.1) 0.51 0.51 5.22 2.40 1
4 Testing and analysis services of composition  5q14 59 21 2417:2363 11.83 (425) 1381 051 6627 127.66 4
and purity of materials
5  Coating and similar treatment of metals 25923 6 6 31.7248.72 30.61 (1.35) 34.19 2051 4046 50.24 3
g Manufacture of electronic tubes, interface  pgy9q g 6  87.9:6157 4814 (501) 11414 268 14365 68146 4
cards and other electronic components n.e.c.
7 Other service activities incidental to air o939 6 3152621.83 2594 (1.97) 2346 1200 67.67 7921 3
transportation
8  Other finishing of textiles and wearing apparel 13409 5 5 244441431 21.07 (1.86) 22.83 1029 4476 58.65 3
9 Manufacture of general paints and similar 20411 4 0 _ B _ _ B _ _
products
10 Manufacture of taps, valves and similar — 5q,33 4 3 0.43t949 443 (546) 835 051 2050 7218 3
products
11 General repair services of motor vehicles 95211 4 0 - - - - - - -
12 Manufacture of shoes 15211 2 0 - - - - - - -
13 Mangfacture _of synthetic resin and other 20202 9 0 _ B _ _ B _ _
plastic materials
14 Manufacture of work wear and similar 14192 ] 0 _ B _ _ B _ _
garments
15 Manufacture of other general-purpose 29199 ] 0 _ B _ _ B _ _

machinery n.e.c.

IKSIC-10: 10th Korea Standard Industrial Classification, "AM#SD : Arithmetic meantStandard Deviation, “GM : Geometric Mean, TGSD : Geometric
Standard Deviation, "Xoes: estimated 95%ile value (GMxGSD®), SRisk level: (0) Xogs { OEL 1%, (1) Xogs < OEL 10%, (2) Xoes < OEL 50%, (3) Xoss
( OEL 100%, (4) Xogs = OEL 100%
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Table 16. Top 15 industries with the largest number of TWA samples of Sulfuric acid

No. of . - + g . oo
Sub. sy KSIC=10" No. of detected AM=£SD GM™(GSD') Median  Min Max ~ X0.95 RISk§
No. samples ) (ppm) (ppb) (ppb)  (ppb)  (om)  (ppm)  level
ples
1 Plating of metals 25922 23,850 16,420  13.98+0.019 0.48 (116.47) 5.450 0.20 0.20 1.208 4

o Manufacture of other diodes, transistors and - o510 15709 3978 15:0004 001 (52.22) 0001 043 013 0005 1
similar semi—conductor devices

3 Manufacture of laminated plates for printed o501 9365 555 62560011 0.14 (10387) 1860 013 013 0282 4
circuit boards

Manufacture of electronic tubes, interface
cards and other electronic components n.e.c.

Manufacture of other chemical products n.e.c. 20499 8,309 4,126 5.81£0.013 0.05 (115.18) 0.001 0.18 0.18 0.124
6  Manufacture of finished medicaments 21210 7,707 3,233 3.11+0.008 0.02 (80.85) 0.001 0.13 0.13 0.026
7 Manufacture of basic organic petrochemicals 20111 4,376 2,021 3.27£0.008 0.03 (87.13) 0.001 0.18 0.18  0.044

26299 8,699 4,134 5.06+0.011 0.04 (109.32) 0.001 0.13 0.13  0.089 2

g Manufacture of synthetic resin and other 5050 4019 1776 342¢0009 003 (0.18) 0001 015 015 0042 2
plastic materials

9  Other manufacturing n.e.c. 33999 3,720 771 1.8+0.009 0.003 (32.78) 0.001 0.31 0.31 0.001 0

10 Research and experimental development on - ;0159 3458 1303 49410013 002 (9898 0001 019 019 0032 2
other engineering

1 ’a‘/'nilnb“l'gilccté”e of medicinal chemicals and 51401 3385 1656 4141001 004 (9258) 0001 012 012 0063 2

Manufacture of other basic inorganic

. 20129 3,140 1,666 6.04£0.014 0.07 (111.46) 0.500  0.19 0.19  0.155 3
chemicals

13 (’z/r'\ae”m“fgglt:’e of coal and other basic organic 5119 9851 1060  4.95:0.013 002 99.76) 0.001 016 016 0031 2

14 Petroleum refineries 19210 2,768 1,183 3.04£0.009 0.02 (78.82) 0.001 0.14 0.14  0.026 2

Research and experimental development on
physics, chemistry and biology

15 70111 2,768 997 3.04£0.01 0.01 (67.23) 0.001 0.13 0.13  0.011 1

Table 17. Top 15 industries with the largest number of STEL samples of Sulfuric acid

No. of . . & . . + .
Sub. sy KSIC=10" No. of detected AM=£SD GM™(GSD') Median  Min Max  X0.95 RISk§
No. samples - ) (ppm) (ppm) (pm)  (ppm)  (ppm)  (ppm)  level
ples
1 Manufacture of articles made of metal wires 25944 94 5 5.89+0.03 0.07 (4.989) 0.05 0.05 0.221  0.001 0
2 Geological surveying and prospecting services 72923 88 0 - - - - - - -
3 Manufacture of other diodes, transistors and  ,q159  gg 24 16.11:0.03 052 (2507) 005 005 0097 0104 2
similar semi—conductor devices
4 Manufacture of other basic inorganic 20129 60 32 962001 092(17.17) 237 005 0053 0098 2
chemicals
5  Manufacture of basic organic petrochemicals 20111 46 0 - - - - - - -
6  Mining support service activities 08000 44 0 - - - - - - -
7  Manufacture of finished medicaments 21210 38 0 - - - - - - -
8 Heat treatment of metals 25921 38 1 2.21+0.01 0.06 3.32) 0.05 0.05 0.082  0.0004
9  Plating of metals 25922 32 23 20.32+0.04 2.94 (16.2) 8.25 0.05 0.198  0.287
10 Manufacture of other febricated and processed  ppggq 39 4 35226009 016 (1935 005 005 0282 0021 1
metal products n.e.c
11 Manufacture of other chemical products n.e.c. 20499 29 7 21.4+0.06 0.28 (23.54) 0.05 0.05 0.244  0.051 1
12 Manufacture of parts and accessories for motor 3935 5g 15 7094:008 3.4 (5228) 3430 005 0202 2103 4
vehicle body(new products)
13 Other metalworking n.e.c. 25929 26 3 14.54+0.06 0.12 (11.32) 0.05 0.05 0.292 0.006 1
14 Manufacture of accumulators 28202 26 9 14.0240.02 0.46 (23.62) 0.05 0.05 0.076  0.083 2
15  Sewage treatment services 37011 23 12 21.3810.06 0.84 (20.76) 0.70 0.05 0.292 0.123 2

IKSIC-10: 10th Korea Standard Industrial Classification, "AM#SD : Arithmetic meantStandard Deviation, “GM : Geometric Mean, TGSD : Geometric
Standard Deviation, TXogs: estimated 95%ile value (GMxGSD'®®), SRisk level: (0) Xoos ¢ OEL 1%, (1) Xoos ¢ OEL 10%, (2) Xoos ¢ OEL 50%, (3) Xogs
( OEL 100%, (4) Xoes = OEL 100%
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(KSIC-26299)°] s =AtHTable 6~17).

V.o #H

TELFE TAOA At At £ STEL 7]
2 TWA 7|23} Bjwshd, 1,2-DCPY] 7% 114,
HlAl 5uj, 1,3-FEtdl 5uf, TCE 2.58), PCE 48,
A2 3u7E o Eou, ol AE Bof 5uzt
(2018~2022) ZAHE=4 ZAafolAl &RIgt STELZ:
TWAE Ao &3 &gAke] STEL/TWA &% =
ol 1,2-DCP ©F 2.84}, ¥4l oF 3.14, TCE F 2.6
v, PCE 9F 2.68f], &4k oF 40.581E Ho, A4S
A5t AA=E STEL/TWA *=27]1& BH|&HTH 939
o} ol STELS 43 ZdAke] TWA B 555
g E4E HA TWA Bt 5o vlustd gt oF
4¥ T gob, FAZ kE Aol Q= AP A7
B E £20 § 532 € ¢ A% Kim et
al.(2023)2 BAlE 7IARE ARYNA TCE A&
S dito g TWASF STELS 7kt A&+
AL 512 FHH(30~40%) TCEZF €71 {719 oA1A
5~63] HhEsto] T E47]E ol8sto] AR
Zrjolm, Mo AH|7|AA| 7} §lo] o]Fo|F
stick B7F 23 TWABAIDE =271&9] 4
v, STELS =%7|%9] 16H1E 235199=Y), 315 1
3](30~40%) Aol olFojA|HE At g
Al AR {5l whet 2GR Hete g2 Jo1Abt &
AtElo] TWA Sk =Qkthy B skeich

TWA A4 A2 F =&7]& 2T Aese BE B
oA 1% wRro]lont, STELOA= TCE 1.17%,
PCE 2.37%7} 7152 235ttt 4k ARt 574
EdoflA TWAO] gt ¥632 165 vTole
L}, STEL2 1,2-DCP 254, WA 25&, 1,3-%FEH
dl 155, TCE 45+, PCE 258°]ch STEL k=&
B7tol digt AdSF RIS Bl TR E FHo]
LE Ho|7t 31, 1% Ed 7eEE 22
& 4 At ¥, AR TWAZF 353, STELS 1
THEOE AT 23E UBIT. AR TAITE &
= Aol T2 ZIA FoIAF ghito] a1, STEL =
ES5E 2 A gYoY, TWA sk Atde
2 ol 8AIZE A4 A FEA tigt g eg e
7F 4 293 Ao=E HrE I

ot oAl 1,2-DCPE= AFsAhe HE3 #=ish

_?Lmttlo
filo r

52

I

www.kiha.kr

Az, TCE= ool TWAS STEL B5F A8
7v 71 gokth. whd, WAt 1,3-FE A2 o5 A
AALAL AfsstA 712 3t 28 ARYolA
TWA B717F @ekou}, STELS 344 & 7]et Zat
28 24 AxAolA wWokth iR =aHollA
TWAZ} 71 wWokou, STELS 44 7HgAIE Az
Ao A EkE At =EHIHE FAAEAG A E|
FLSHA EAY, ZAGA FA B, ] © dHlEt
2 5 WA Teko] =& 7R’ ARlA
TWAol| F7Fste] &gsHA Hrt. Haskst 5 R4t
oA F2 HIEE 1,3-FEdq, WA @ A
TWA &3 A& 1% ulgto g STEL &%o] 43
Hch ¥ F4 59 AHEEE FE AREEHE
TCE= TWA &4 A1&59 <F 16.1%, 1,2-DCP
5.6%, PCE 2.2%& STEL =7o] Ajzoz wolth
STEL &7%o] th: o]Foz =, AlXZY] 5 s5hE
AL AA 2= AL 5091 vgke] AR ARIE
o] Wil g oFHo|n gt o] defgt Aoz &
#A QAtHAn et al., 2024). ZFATAZH Axjol|A
SIMEAY kwE&7]E 23 ARG diRE 5091 Hgk
Al e =, 20169 29 FHE BE 7S AFAAlA
S HRhe S5 Al AP Aol o 5] 4t
AMHAEAYY] Ao U2 Ho] FIUHKim
et al., 2016). FF AL AFIZS 2407 of= o
AIZE sk kE o] oigh AR 9 3 A5
o] WQsf Hlr}.

AGLZFo) A TableZ EE ARXEHA] Lo}y E
A STEL =3 A4S 9 34 52 AFEYT
1,2-DCPoll thgt STEL 23} A= 3% 7FAE Al
249 A=E HES Ao HAPoz SHE
122 ppme]Qitt. TWAS} STEL Ao]9] &= & Frhe
AE(487)e] JF2 ArsAt AAE 4EF FE ARY
oA 2270 = 7P WOk, = o, B € 23
Az 34 5 «oldet. T AlFFHo] 18702
71 Wk, sy 87, YUY 84, ¥ 44, =& 3
A5 £o7 Wt} Jeong et al.(2017)9] AF-olA
1,2-DCPE F&ote EaAtdS die=s =3 A
A=Al digt A ATASFENE AmE A} 7k
BARA =F2AA0A TWA 59 ppm, STEL 99 ppm
ojglor, otAAE] EFAFoA= TWA 113 ppm,
STEL 267 ppm ©|3it}. STEL B7} =7} TWAY
oF 28 =olgler, A =g YolAl= STEL
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BH1
=

dm

o] =&7|&(110 ppm)E &Ittt Al 1,2-DCP
o] TWA =&7|52 75 ppmo| oy}, 4 &7|&
10 ppm¥t Blushd 7PERAA E52]] oF o, oF
AARE] =220AE 10818 236 5 $50]
Aok ES AT TARE AREE =
1,2-DCPo|| gt &% =&B7Fe Ay AAIRE Ay,
QI Fol A o] TWAE= A&+ 18 ppm (0.29~162.4
ppm), STEL 37ppm°] o™, 7|AFZEAZALS TWA
A8 38 ppm (7.02~35.24 ppm), STEL 226
ppm (0.91~1,073.2 ppm)C.& STELOIA 715(110
ppm)9] oF 108] $£FC 82 =2EHE AFLE gith

| LA A A E7FE Sl(American conference of
governmental industrial hygienists, ACGIH)+=

20059 1,2-DCPo tfst 712 »=&7]=(TWA 75
ppm, STEL 110 ppm)= TWA 10ppmOl.z Z3}s}
31, STELLS A3]5Hc}t (ACGIH, 2005). ACGIHE =
£71% AA digt d9(documentation)°4] STEL
FEE 24% FEtt s ARY AR tiet o
StRAF ZtE7F BESithal ShItHACGIH, 2019). =
Wl A& 201890 STEL(110 ppm)} IHHE F-A5t
WA, TWAS 10 ppmO & Z3slsict. 1,2-DCPY
A TWA(75 ppm)d} vl shd STELC] 9F 1.54) =
< F=oldey, TWAZF 10 ppmo= 73le o]F,

STEL oF 114 o =2 <%0] =3t STELO| §l=
EZ9] AL TWAS] 3, BE4dogL 1 5H1E 75.%

St= A} ¥wskA 1,2-DCPY) STEL 71&2o] tis)
733k TWAC] o2 35 HHEZL BT oot
Hdlxdloﬂ et STEL 23 A&t IuF 2 St
4 AqzxYPe ARsletAlE Ax AdesE 4%
4 8 ppme|tt. TWAS} STEL Afele] 52
71 A50] gL AE W ARy =9 PYAls= L
28 FEAE AxRYolA 8w 7Y woral, 7|E
duk 548 7|4 ARG 54, 71 fUIskEE 22 A
29 9 sk 7 E AR 4 44 5 ol
342 TAARo] 16deg THY “}akﬂr Al o]

H

|

i

_11)1

€]
=
O

O

TWA k=Z&7]52 2003E 10 ppmolA 1 ppmo=
AREaL, 20169 THAl 0.5 ppml & 7F5HE 10T,
STELS 2007¢ 5 ppmlZ AH -Fxd o3,
201649 2.5 ppml=Z HIHJHIE-FH A
A|2016-413%, MoEL, 2016). =HARIFARAAT
Y(National institute of occupational safety and
health)olAl= TWA 0.1 ppm, STEL 1 ppmo&
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kAl QU Park et al.(2023)2 Z7-(crude right
011) o ZAGL Ao Z WAL & £33 gUlst
A3} 7|5Hg#0] 0.589 ppmlE ==7|&ES 2T}
At g AP A=A AuE 0133}04 Q‘Q‘é%ﬂ
SRtEol tigt AAE HUEES 3 A, AR &
A, sk 5 skakEdel A }%‘@% LE5o] ”H
=9 Busielny AARE =2 87FE 9 AlE

2o 35
o=

Lo x25E g7t Ze mlolelA Hd, g &
Askd AHA oA ulEo)] S-85H E8e 4 S A

oj}.

1,3-Fetd]qlo] digt STEL &4 A&#oA= 9074
A= F 887 AleE EfECINeH AEd 2h A=
9] s TWASE STEL Afo]¥tt. 1,3-FEAE A
ZOAY Aol AFER SEARE HIACeE STELE
B7KgE AFoA(Choi et al.,, 2009), TAHIFE AZ
oA H7ReE A= 41.2%(14%8)2F 2 ollA
B7KRE 63.2%(12%8)Y Al=7F STELQ Z3kslitiar
Hsict 1,3- TEMOH A= FE R AFG ol A
o|Folx TWAE = Ecgﬂz ujgto|Ql o}, B
71802 d¥sk=s TAIZE eE AdollA= STELS =
ok ARZE ok EASEATHL Bttt

TCE®| thgt STEL 23} Al8& 3% 7 39 4%
oA 157e= 7P Wty =% ¢ 7]E ﬁlm A
oA 97, AeAFE AFE BEE ARG 54 5 <=oldth
TWAS} STEL Afe]9] w2 H71HE Al=9 %ﬂ%‘—% T
=¢o] 2737102 7P wora, &5 7k T d4F
014, =4 4 78t gut Y 274, AAEE Az
I 274, 714 Az B9 204, 3 4 FZARY
174 & &olqlth. 342 AlF 2ol 3574, =7
1437 5 <=o]3it}. PCE| Wigt STEL %3} A= A
AEE XA AH Aoz S 101~143
ppm 0]t TWAS} STEL Ate]9] w2 H7iH
AR AZ2 71& AE, AAF € BEAdolA 8oz
7V Wty 24 A4, =3 2 Ve 2345 7Y 6

A, FF 8% AL AMad 37 5 2olglt 3YL
Setol=eld 9 Al Aol 1174, =4 9 A1H 47
S &0|3dtt. ZHAkof| tigt TWAS}F STEL Alo]9] =&
HbE Alse g o] AxoIA 7T T W
1, % 7 ¥ AI0lA 641 T &olsleH, 34

L& TFo| 7408 7 wolth
TCE®} PCE= AIAAR 2 A=Y, U S4F
= At ASA 05 WSt tEAQl Sold. o}
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st ogt & - T 9 H7rRRl 23] &4 5O
2HE 22 BHosp] A9 @] k& TEE W
dasht, ol 93t 7Py HEg Ay 54 A
< FHche g2 AAHBHAETINA olga, T2 A
Zto] A8 %= Zo|tHPoirot et al., 2004). < Al
A = JoT(Internet of Things) 7]&9] ¥z oY
A=A A7t = eH RS AlA 9] Al=lg E A}
2 4ol tfgt 7]&o] uiRAETH, @] kE Heof
e ZEAQ =72 &8 5 vk B, A A
424 2w B4S 53 STEL 199 =& 243
FEE Tofolar, T PACHE Aok o &8
Ao},

2 597K2018~2022) STEL wkEgto] TWASt
STEL Afo]Ql A8 1,2-DCP 487(12.6%), #Al 26
ZA6.7%), 1,3-%etddl 274(2.2%), TCE 5447
(15.5%), PCE 197(11.2%), 4t 187(1.9%)°] AU
Ou}, STEL &3& 1Y 43] oA AAIRE A= A
Z249] 1.75%°19, 92.61%= 1€ 13] AAFIc}
1,2-DCP, #dl & 13-FeHd2 54 A= 5 1Y
43] o|4} B7kd AlgE fldth STEL 3482 13 15
21t Ao, =254 wt SIeE AT 5 s
o, 23] o] A% I & sEgto] FAT E
7|1&3} AP VEEdE7IEE Aol B2 158 o4
g =E2HAY, =E3T LkEAbol9] 1ol 1471 1]
oAU 1Y 43]& 23ok= FS- L&27|¢ 202 3
7¥etel. wEbA, STEL A% §-8014H9] w=&2jo]
IAIZE o4 T 43] o]} o]FojX|= A, STEL &
& 43] ol AAsk= Aol AFE ksl HE
shchar whkE )

LE7|E2 GRA AN Bo] Badd| wEr st
=7 stal, SARETE BESits ool e AF-
A3]E7| % St ACGIHE TWAZF Q= B2 siehE
Zo] o3| STELO] §lx A97F w2, 8AIZF TWA
7} =&717F uetdRgte AAJH]] sk kEo) o
£ 34 4% F2EE ] Yo @19 a e
SA|=]ofof gtrhar o9t o]E I8l ACGIHE= STEL
o] gl E4L TWAQ] 38jE ZIoh= sxol= 15%
ol EE 4 §loH, TWAY 5HiE 2Iots 5%
ot FA T zIstoiAE QtEkal ARMSHRTE o=
A QA EoF 227 9] A S EA0 7|Hlsk=t],
QPR SAAEE WeHEEskE B0 Ao,
71t REHEATE 2.090 FS-, AR 5%7t 715HEe

o
&

ol
x2
filo

e
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3.13815 2st= E4oA AlRb=E A, ot AHE9
ZIStEEHAP) 2.050 & Bole A&V % &
ol wt B HpHog Hgstojof ATHACGIH,
2018).

Y& A= FolIRte] 4 HdEET
7152 2oHA] gHete SEAPE @] ek =
S2 QIR 54 43Pl 2o E=F 1587t 5
T7F TWAS 1.5H1E 36k ALs A4sta ot
(Kumaga et al., 1998). ESt 8A|7HS 158 7HF0=7
U & 3271 F1to] H=d], o8 BF &

A7 5 AYES =271 H|wsks S

ATk, ok olEe F7HE flof B2 w8t o] F
8stug 3271 2 5 370 HE ol FAE A
sto] H7Iet & XE B3Il 98.44%0] sfdot= wb=
7|&% 3} vlwsk= S AR tHKumaga et al.,
1998). Poirot et al.(2004)2] dA+tollA ALAY =4
A 52 e & PID(photoionization air detectors)
AME &8st f718dE 558 B7F=Tl,
STEL 5&=9 A8 AT fodxt =& 49
574 W 34 7Y 5 549 wHgste] 24
o F87t o, g AtolA= f718kt=el |1
2 &85 AGH AT 5= wtgste] TWAY 1.5H1&
A-gsto] Bk

A4dd%d, AgA £4 9 A8 5 HA-Y ZFGollA
AR ol &2 27t e AF oAt
gt 5 52 A&EH o= Higkel == olE 8
7 7V Bd BEE Bk Y Ik EE
gt F85ES Aol AV Aot FE S48
5 2871 = =40 A= STELe] AA= o] 3l
Aok, AR w2 H7FE B S35te] AR 9
TE SRIsHAY 254 e &83 AARE 54
Bl =&7IE 23 7hsd g BURE AA
H 97t Qe E3F STEL &4 o] e AdA-2>
71829 s 5 &4 270 wEt {oiAAE &Y
Ao g2 Ak 4= gloHE Ao 432l

SHEEE oY

(¢}

o Hr

e

(i o rloh pok

V.2 &

& 597K2018~20224) EEAHEd &=
L27)F0] = EAGR)S s Tzt

o
MR ¥ sk vES AWEY, 4S5 Y T
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ARt TeE wE B A A Sy Bestus

st

L 13-Fetddl, WA 3l g4kl digt STEL 4
NBSE TWA 24 A 859 1% njito g Al
H v, 3% 59 AFEEE FE AREe
TCE, 1,2-DCP, PCE= TWA &% A9 7
16.1%, 5.6%, 2.2%= Atdog wWokt}

2. STELZ S 2R 9 549 TWA 52t
STELZ A3 A5t sE4sS HwshH
(STEL/matched TWA), 1,2-DCP2] 7% <F 2.8
i, #AL oF 3. 14, TCE:= 9F 2.6, PCE: oF
2.68 =9kou, A% STELY TWA =275 7t
A10](1,2-DCP 118f, ¥4l 5uf, 1,3-FeE}c]all 54,
TCE 2.54l, PCE 4¥f)X.ch= Wokch

3. STELZ &4 24AH] TWA &=t JA TWAS
v W 3FH(matched TWA/TWA), 1,2-DCPY] 3
- oF 3 4uj], WAL oF 8ulj, 1,3-FelC]oll 1.44),
TCE:= 9F 2.08, PCE= 9F 8.6HIE =9)t} ©HA
7F =E AYS HAg Aol A1 Bt &
T $EE O 2o I A4FQ1 AgeEaEvt
Z 859k

4. STELO] Q& B4 dAZQI Isx g ot
£ 1734l TASHA] UrsE ©7] 53 &2
FejElojof s, HH EHS B3l TWAS] 3uj
#7849 544 4 o7t & &9l A% 1.5
v)s2o 2 HeEjrt "astgict.

5. STEL £49] 92.61%+= 1¥ 13] AA|=H o 5
HU7H2018~2022) BEZ=0] TWAS} STEL A}
olol A|&% 1,2-DCP 4871(12.6%), WAl 2674
6.7%), 1,3-Fetdjal 274(2.2%), TCE 54474
(15.5%), PCE 1971(11.2%), 24t 1871(1.9%)°]
At EATE =BT A, =E Abe]9] 7HE0] 1
AlZE EIRRRIA], 1Y 4318 23}sl=A] 5 AAl 3
o 9 Y] Ao gk 7ol B asit

6. 1,2-DCP= AsAHg & I AxY, TCE=
TZFolA TWALE STEL 2% Alg7t 78 o
ot WAt 1,3-Fefrelle U5 AAA At
Aqslst 71z skt 24 Ao TWA H
717F @okout, STELS 4444 E 7|e S
g B4 AxHolA Wk, AR ZFYolA
TWAZ} 7P @tot STELS 3454 7HAlIE
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