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ABSTRACT

The objective of this study was to analyze 157 processes of 145 industries that exceeded Korean Occupational Exposure
Limits (KOEL) for carcinogen during the 11 year period from 1999 to 2009. The data included number of industry and
workers exposed, type of carcinogen and their exceeded ratio, type and size of industry in each year. These data were
collected by 46 regional employment & labor offices in Korea using work environment monitoring reports. The result
showed that, in each year, about 10 industries exceed their carcinogen exposure limit. The most common carcinogen
exceeding KOEL were found to be formaldehyde, benzene, ethylene oxide and chromiumVI. The carcinogen with the
highest level of over-exposure were in the order of formaldehyde, benzene, ethylene oxide and asbestos. Fabricated
metal product manufacturing industry were found to be most vulnerable against carcinogen with 11.1% of them
exceeding carcinogen KOEL followed by electronic components manufacturing industry (8.3%), chemical products
manufacturing industry (6.3%), and electrical equipments manufacturing industry (4.9%). The industry employing less
than 50 workers had the highest percentage of exceeding carcinogen KOEL with 52.8%. The result also showed that
strengthening KOEL for benzene and asbestos helped reduce the level of carcinogen over-exposure.

Based on these results, strengthening the KOEL or new regulation turned out to help reduce the carcinogen
over-exposure level. Benzene, ethylene oxide and chromiumVI were the most frequently over-exposed carcinogen with
the highest level. Therefore, these chemicals need to be regulated with a highest priority to improve the workplace
environment. The results also show that the small-sized industries employing less than 50 workers was the most
vulnerable against carcinogen exposures. Therefore, more government support are needed for these small-sized
industries to help them to improve their workplace environment.
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o] LRA A A Weto] HalE 9l on 1895d of il
Aojl o3t g o] HuE AR Aol A A Ad 4o
FELS ooy dAdFHF 5 557 ool AR5k
SIEHCH A 5 2000). -2l eboll 4 914 o Al @
2] gt uhofd A9 kst Aoz A o
1992 HLE] 20001 71 2] 91 7F K QA oF © & 357 0] A
ARl Qoko 2 SolEgy I ARERARE Ay, &,
A, oheAd ek EEr Sl 2 (Polycyclic Aromatic Hydrocar-
bons, PAHs), I3 9 Bul|&E(Coke Oven Emissions,
COEs), 274 & 1 AH(Crystalline silica) 2! WX Fo] &
A 3l E}(‘é’_%ﬂ'/ﬁ‘ﬁol’ﬂiﬂ—“‘ﬂ', 2004; Kim, 2009).
S ST e 7Y B
A7) ggow 1 53 Oﬂ upet 2| E55ko] F#stal
Utk EAQ] 714 So 2= A7) - (Interna-
tional Agency Research on Cancer, IARC), :—%%E“ =2
Z13)(National Toxicology Program, NTP), -5 Agte] &



228 MGt

F Ao T3t F 2 (European Regulation on the Classifica-
tion, Labelling and Packaging of chemical substances and
mixtures, CLP) 5 CrFIL} 2|91 e 23} hatsals o]
A EALA AR A E 71 9] 3](American Conference of Govern-
mental Industrial Hygienists, ACGIH)2] gt L& 0] 713+
da] &85 QtH(ACGIH, 2010; IARC, 2010; NTP
2011; EU, 2011).
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B T B2, 2002, L8 F5 2011a, 2011b)
2.9

TP EEo mE7Eo] 208 AR 2 Al
tfsto] AR H W, AFAET, 4, 9F, T 2R,
T, =ETH LEA S, S E W 27|50 OiT
s AAskeleh E3, AGEY A EEY] £
E4L mtofsly] 9%t A EFe SR AR A%
5o AEE &goto] A9 R EEAGEFY &
FE ggoto] FRIATHEAA, 2011). A H Hee

SAS system for windows(SAS/Stat 9.1, SAS Institute, Cary,
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Table 1. Number of workplaces, processes and workers exceeding of occupational exposure limit for carcinogens by year
Carcinogen Year 1999 2000 2001 2002 2003 2004 2005 2006 2007 2008 2009
Acrylonitrile 2(2)/2* 1(1)/2
Antimony trioxide 1(1)/6 1(1)/2
Asbestos 33)9 1(1)/3 1(3)/7 1(1)/5 1(1)
Benzene 2(2)/6 1(1)/7 447 3(4)/5 33)/11  2(2)/36  4(5)/12 1(1)
Cadmium 1(1)/2 2(3)128  2(3)/20 (/1
Chloroform 1(1)/4 2(2)/3 2(2)/3
ChromiumVl 1(1)/5 1(1)/2 1(1)/2 (/1 1(1)/7 1(1)/4 1(1)/4 5(5)
CTPVH 2(2)/47
Dichloro methane  6(6)/25  8(8)/33 1213 7(7)/34  5(5)26 1(1)/7
Ethylene oxide 1(1)/2 2(3)/12  5(5)/11  6(7)/16 3(3) 4(4)/8
Formaldehyde 5(5)/21  4(4)/107 3(4)/105  3(3)/35  2(2)/13 1(1)/2 1(1)/8 2(2)/4 3(3) 6(7)/18
Lead chromate 3(3)/5 3(3)/14 1(1)/1 1(1)/1
Vinyl chloride 1(2)/82
Total 20(20)/90 19(19)/204 8(10)/126 13(13)/79 16(16)/57 8(9)/21  9(13)/122 11(12)/88 16(19)/63  13(13)  12(13)/29
* . Number of workplaces/Number of operations(Number of workers), ¥ CTPV : Coal tar pitch volatiles
Table 2. Time trend of mean concentrations for carcinogens by year
Year KOEL
Carcinogen Content 1999 2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 (YR)'
Acrylonitrile AM#SD’ 3.44x0.26 6.16
' 2('88)
(ppm) ER 1.72 3.08
Antimony ~ AM=SD 1.38 0.95
trioxide(mg/m’)  ER 2.76 1.90 0-3(88)
Asbestos ~ AM=SD 034:021 023  037:0.01  0.29 2(88)
(flem®) ER 3.40 230 370 2.90 0.1(02)
Benzene AM=SD 17.79+10.72 60.52  11.46+17.62 1.74+0.58 7.80+10.13 4.44+1.56 2.67+2.93 10('88)
(ppm) ER 1.78 60.52 11.46 1.71 7.80 4.44 2.67 1(02)
Cadmium  AM=SD 0.09 0.12+0.10 0.120.02 0.055 0058
(mg/m’) ER 1.80 2.40 4.00 183 0.03(07)
Chloroform AM=SD 1370  42.63421.26 46.23+11.22 '
(ppm) ER 3.70 426 4.62 10C88)
ChromiumV] AM#SD  0.052 0.06 0.06 0.06 0.11 0.07 0.14
; 0.05(88)
(mg/m’) ER 1.04 1.20 1.20 1.20 2.20 1.40 2.80
CTPV AM=SD 0.24+0.01 0.2('88)
(mg/m’) ER 1.20
Dichloro ~ AMESD 1093746499 139.5147433 66.2544.31 61.1336.25 110.29453.03 81.54 50(88)
methane(ppm)  ER 2.19 2.79 1.33 1.22 221 1.63
Ethylene ~ AM#SD 161  222+1.13 6.20£5.79 3.00+2.37 2354193 1(88)
oxide(ppm) ER 1.61 222 6.20 3.00 235
Formaldehyde AM=SD 1432022 145£0.54 147+0.53 2.26£0.64 9.79+11.78  48.04 117 1.78+0.13 0.78£030 (g
(ppm) ER 1.43 1.45 1.47 2.26 9.79 48.04 1.17 3.56 1.56 0.5(07)
Lead chromate AM£SD 0.07+0.01 0.08+0.03 0.07 0.13 0.05('88)
(mg/m’) ER 1.40 1.60 1.40 0.026
Vinyl AM=SD 1.1120.02 1('88)
chloride(ppm)  ER 1.11

* AM=SD : Arithmetic Mean+Standard Deviation, ¥ ER : Exceeding ratio, ¥ KOEL : Korean occupational exposure limits, § YR : Year of

Revision, ||CTPV : Coal tar pitch volatiles, .

©1} 20079 1 7]Z0] 0.05 mg/m’ o 4] 0.03 mg/m’ O =

: missing data

HaE A Absto d |l

2003 AT A=A

Z¥3hE] WA 2009 of] = 21 2320] 0.06 mg/m’ O & ThA] Aol ZFEHA 2004 1.6 ppmsEOF
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Table 3. Concentrations and levels exceeding of occupational exposure limits by carcinogen

Carcinogen Unit N’ AM=SD' Range Exceeding ratio’ KOEL§(Carc I) ACGIH TLV'(Carc)
Acrylonitrile ppm 3 4.34+1.58 3.25~6.16 3.17 2(1B) 2(A3)
Antimony trioxide ~ mg/m’ 2 1.16£0.30 0.95~1.38 2.33 0.5(1A) 0.5(A2")
Asbestos ffem® 8 0.33£0.12 0.12~0.55 3.31 0.1(1A) 0.1(A1)
Benzene ppm 21 9.26+15.13 1.03~60.52 3.53 1(1A) 0.5(Al)
Cadmium mg/m’ 8 0.11£0.06 0.05~0.24 2.19 0.03(1A) 0.01/0.002%(A2)
Chloroform ppm 5 36.84+19.83 13.70~57.66 3.68 10(2) 10(A3)
ChromiumVI mg/m3 7 0.08+0.03 0.05~0.14 1.60 0.05(1A) 0.01(A1)
cTpv” mg/m’ 2 0.24+0.01 0.23~0.25 1.20 0.2(1A) 0.2(A1)
Dichloro methane ppm 29 102.26+61.39 13.36~286.30 2.28 50(2) 50(A3)
Ethylene oxide ppm 20 3.4843.50 1.01~16.26 3.48 1(1A) 1(A2)
Formaldehyde ppm 29 3.56+9.12 0.55~48.04 3.71 0.5(1A) C 0.3(A2)
Lead chromate mg/m3 8 0.08+0.03 0.07~0.13 1.67 0.05(1A) 0.05(A2)
Vinyl chloride ppm 2 1.1120.02 1.10~1.13 1.11 1(1A) 1(A])

* . Number of operations, ¥ AM£SD : Arithmetic Mean+Standard Deviation,
¥ Exceeding ratio : Exceeding concentrations/Korean Occupational exposure Limit, § KOEL : Korean occupational exposure limits in 2011,
Carc : Carcinogenicity, § ACGIH TLV : American Conference of Industrial Hygienists Threshold Limit Values in 2011,

** CTPV : Coal tar pitch volatiles

20061 of #312(6.2 ppm)S A SFEE7F 2L o] 5 A
AEFS Hlow 2009 o= 2.4 ppm & 2 YolF Tt A
2ol A9 19999 0.07 mg/m’'E o8 A E o]
20009 0.09 mg/m’, 20029 0.07 mg/m’ 2 7HA 9 Z7HE
Z)4:310H7E 2003 0.13 mg/m’ 0.2 H 12 E 328 o] %
20049 FE AF3AMA O] AET O FY|SER S
A 2ol B 67taFo® HAHY I 5
222004, 20054, 20079 ] 0.1 mg/m’ H =2 52
b O ol% =EV|E 2Te (it 2REEXES
19994 13.7 ppmO. &2 A ZF5}o] 20008 2} 2001 40 ppm
FTO R ASE oY 20039 o] F A e S A
et E Aol A Al = AR stk o B3 HER R
B E 19994 110 ppm O 2 A]ZFE| 0] 2000 ] 312(140
ppm)E H g om o] 200197} 20021 60 ppmT S &
A keh7E 2003\ TR AF5(110 ppm)E o) T o] %
g E ol A AR E A 23hE = AT B SHA|
Aottt LS5 8] 5= 200582 A QJkaL A &HH o2
LE7]E 237 DA E A= 19999 1.4 ppm2 A&}
© 2 2001 A7} 1 $2ES §-X]5 T} 20024 2.3 ppm
o 2 A53EAaL 2004 3 AF5ote] iz s Bl
71 o] % 2006 7} 2007 o] ZFZ}F 1.2, 1.8 ppm &2 ThA
sk A Holma] 2007 11 kF7]F0] 1 ppmo]
A 0.5 ppm o 2 24 Z}SFE A} 2009 of = 0.8 ppm O 2
A 2E ook fAe] 74919999 18 ppm O &2 A&}
%0} 2000 7} 2001 F of| = = 7] F 2TAF A o] LhE}
U] ¥zt 2002 =%7]F0] 10 ppmof|A] 1 ppm S 2
o % 7FekE A 2003 11.5 ppm o2 H458H oL
T}A] 20044 1.74 ppm O 2 ZFAZ S 5 ¢ 31 2005 FAF
(7.8 ppm)SF O o] & TS Ho|thrt 2009 of =
LE7]E 20 o] TAgshA] o2 A o' eyt

o
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Table 4. Distribution of carcinogens exceeding of occupational exposure limit by industrial classification
():%
" L. + Acrylo Antimony . Chloro Chromi + DichloroEthylene Form  Lead  Vinyl
KSIC category/Description N o ...~ Asbestos Benzene Cadmium i .
nitrile trioxide form um(VI) methane oxide aldehydechromate chloride
13/Manufacture of Textiles, Except Apparel 3 1(33.33) - - - - - - - - - 2(66.7) - -
14/Manufacture of wearing apparel, Clothing 2 - - - - - - - - - - 2(100.0) - -
Accessories and Fur Articles
15/Tanning and Dressing of Leather, Manufac- 4 - - - 1(25.0) - - - - 3(75.0) - - - -
ture of Luggage and Footwear
16/Manufacture of Wood Products of Wood and 7 - - - - - - - - - - 7(100.0) - -
Cork ; Except Furniture
17/Manufacture of Pulp, Paper and Paper 5 - - - 1(20.0) - - - - - - 4(80.0) - -
Products
18/Printing and Reproduction of Recorded 5 - - - 5(100.0) - - - - - - - - -
Media
19/Manufacture of Coke, hard-coal and lignite fuel 6 - - - 4(66.7) - - - - - - - - 2(33.3)
briquettes and Refined Petroleum Products
20/Manufacture of chemicals and chemical
products 9 2(222) I(1L1) - - 1(11.1) 2(22.2) 1(11.1) - 2(22.2) - - - -
21/Manufacture of Pharmaceuticals, Medicinal
Chemicals and Botanical Products 5 - - - 1(20.0) - - - - 2(40.0) 1(20.0) 1(20.0) - -
22/Manufacture of Rubber and Plastic Products
23/Manufacture of Other Non-metallic Mineral 3 - 1(33.3) - 1(33.3) - - - - 1(33.3) - - - -
Products 6 - - 2(33.3) - 2(333) - - - 1(16.7) - 1(16.7) - -
24/Manufacture of Basic Metal Products
25/Manufacture of Fabricated Metal Products, 3 - - - - - - - - - - 3(100.0) - -
Except Machinery and Furniture 16 - - - - - 3(18.8) 5(31.3) - 1(6.3) - - 7(43.8) -
26/Manufacture of Electronic Components, Computer,
Radio, Television and Communication Equip- 12 - - - 2(16.7) - - - - 8(66.7) 1(8.3) 1(8.3) - -
ment and Apparatuses
27/Manufacture of Medical, Precision and
Optical Instruments, Watches and Clocks 13 - - - - - - 1(7.7) - 3(23.1) 9(69.2) - - -
28/Manufacture of electrical equipment 7 - - 1(143) - 5(711.4) - - - 1(14.3) - - - -
29/Manufacture of Other Machinery and Equip- 2 - - - - - - - - 2(100.0) - - - -
ment
30/Manufacture of Motor Vehicles, Trailers and 7 - - 5(71.4) 1(14.3) - - - - 1(14.3) - - - -
Semitrailers
31/Manufacture of Other Transport Equipment 1 - - - - - - - - - - - 1(100.0) -
32/Manufacture of Furniture 6 - - - - - - - - 2(333) - 4(66.7) - -
33/Other manufacturing 4 - - - 1(25.0) - - - - 2(50.0) - 1(25.0) - -
41/General Construction 2 - - - - - - - 2(100.0) - - - -
72/Architectural, Engineering and Other 1 - - - 1(100.0) - - - - - - - -
Scientific Technical Services
86/Human Health 12 - - - - - - - - 9(75.0) 3(25.0) - -
95/Maintenance and Repair Services 2 - - - 2(100.0) - - - - -
* : Korean Standard Industrial Classification, ¥ : Number of operations, ¥ : Coal tar pitch volatiles
A EREE W Ed Y AAste] AuEw AHGA 2NE I Qs Aoz Yetgton, 17AE 9 EehAE
FAEAL EF LS| =(66.7%), 7= - 7P B AR Azd o] A5 AArsete &=, WAl 9 o S = =gl
Alzdel 45 S22 EH(T75.0%), B - Fo] 5 F 22y 1244 23 A HaS533E2AEF Azt
NAEA DL EEAUSEE%)7E JRE B E V=R, OIRRUY, TELYS =T} FH 208
2 23313 Ytk T, o8 - QuANAY W wy]  ojgou], /A L AT AAY FEAFAE A%
AEAzAdT 54 2 dFAlEA2dS 23S =7 < BF ZEYY s =T 23 S0l S5
FAEA RS A9 67F2F % 2BAAO] T51%(77)

Q4 L /1S A BAGe] S WAo] Zpel W
PHBYR Uebite ma s

r
e MAGTWOl HPES AASHAT Fahid
(33%)% 23 cfAEgolgon, S W 5ot
FAZYS AHUBIE R, SR, 67h 2B FE4
ofagzUEY, FReIg, IR 5 U
by Ege] 23 WAL st Y, TEU
S=, f @z zEo] =g 24 % |oFE A2 Yol A
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Table 5. Distribution of industry size exceeding of occupational
exposure limits for carcinogens
():%

Size of industry

Carcinogen N*
< 50 50~299 > 300
Acrylonitrile 3 1(33.3) 1(33.3) 1(33.3)
Antimony trioxide 2 1(50.0) 1(50.0)
Asbestos 8 7(87.5) 1(12.5)
Benzene 21 11(52.4) 7(33.3) 3(14.3)
Cadmium 8 8(100.0)
Chloroform 5 5(100.0)
Chromium(VI) 7 5(71.4) 2(28.6)
cTPV' 2 2(100.0)
Dichloro methane 29 13(44.8) 16(55.2)

Ethylene oxide 20 2(10.0) 15(75.0) 3(15.0)

Formaldehyde 29 13(44.8) 11(37.9) 5(17.2)

Lead chromate 8 8(100.0)

Vinyl chloride 2 2(100.0)

Total 144 76(52.8) 54(37.5) 14(9.7)
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