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ABSTRACT

Objectives: We reviewed the CAREX (CARcinogen EXposure) program designed to estimate the prevalence of occupational exposure
to carcinogens and summarized the advantages and limitations of this program.

Methods: All literature, including reports on CAREX and the use of CAREX, were reviewed. The keyword search term was CAREX.
Additional articles were identified from references cited in articles and reviewed.

Results: An exposure information system, CAREX was developed based on data from the Finnish Institute of Occupational Health of
Finland and from the US. CAREX has been applied in several countries, including in the EU, in order to estimate national exposure
patterns to carcinogens. The initial exposure assessment carried out through CAREX was aimed at estimating exposures over the period
of 1990-1993. To estimate the number of workers exposed to carcinogens by using CAREX, reference exposure prevalence from
Finland and the United States was computed, which was then reviewed and corrected by national experts. Finally the overall number
of workers exposed to carcinogens can be estimated. We found that CAREX has been used in a total of 18 countries. No Asian country
has used CAREX.

Conclusions: CAREX can be applied not only to estimate the number of workers exposed to carcinogens in Korea, but also to identify
high-risk industries with workers most exposed to carcinogens.
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Table 1. The major contents for CAREX program

Components

Description

Agent as carcinogen

Industry workforce

The number of workers exposed to carcinogen level

Exposure prevalence

Refinement

Group 1, Group 2A and Group 2B classified by IARC
Total number of workers who worked at industry generating carcinogens

Total number of workers who actually exposed to carcinogen higher than background

Exposed/employed(%)

Characteristics by country are considered and adjusted

Y B8 THA Utk NOESO A= =&

e ooty - EElA - AETA adlo]l Z=A}
of =549 A== 7P7te] Qlojof sl k=& 7Rt
(Exposure duration)o] A 7|&(A7 BH4o 2 F4
308 =F B 19 Udks 59 90% o]/ oA
F 3 olbol el Ao wEE How
715l tH(Seta et al., 1988; Pedersen & Sieber,
1990; Sieber, 1990).

CAREX Z2I95 F45h= 34 W&
AFe] W9l, WS HAA I Aol
ZRA S WekelAel] mEE 2RA 4, Wy
R EHLR00, Wl w2izel et 42 5
t(Table 1).

wroFelz}o] M= 19959 7|&F IARCY] Group 1,
Group 2A, Group 2B 5H°o2 555 1397] 2AxK2014
| 7]& 4667 At B ARl A oFs deXithar
A & A (Confirmed) 2]4] E]+=(Probably or possibly)
o1zFSolth. Wrolelx2 BPA 7= AbYlo)] 18E &
S@a} i 1990-19931d =A4)H 2 7] TOrganization
for Economic Co-operation and Development, OECD)
ARE B2 o Ao 4 2EA, AR,
NEFAA, ShEel BEAE wE Eeldth A
AEZL 1968 A F24F] E- S (International Standard
Industrial Classification, ISIC, 1968) HZ2E& w}stal,
Az} ARG TH ] AxUL HE 34
2] Iebx) BRskgch wetelztel et e ojtiol
71ES ik ARFEO] Al oj7lo) A =B 4 ol
vl 75 = (Background) oA £Fo= Aot
(Kauppinen et al., 2000).

Figure 1= CAREX Z 271
2 ukgkolald] wBEL 227}
S Yepdl Aol

1r
ri

.

u%
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Finnish and . Definitions of
. National labour
United States —— force data ——1 agents, exposure,
Prevalence data and industries
Default
prevalence of
exposure
Exposures
generated by
CAREX (n)
Refinement by
national experts
Exposures
(final n)
Multiple exposure
factors

Exposed workers
(final n)

Figure 1. Process of CAREX program(Kauppinen et al., 2000)
Kauppinen et al., 2000)

CAREX Z=IdlE Zgsto] §3 157, o
Eujo}, eEujo}, e|Foho}, A5, :Aetel7t,
ek, yrkektol, vt wAECA AbE
AN wBDEA 48 AU opAlo}elo]
A CAREX Z@a8e s8st 27p7p wag up
7F itk

Table 20 FH A 9 of2] LetolA] CAREXE
8 AAS] £ 5HE Felsite Bk
©ougrelae] St wigralE AR TR vt
= gtk derlAel tigt LEA mEHES 2 5
719 EA-S HEA(Refinement)dlo] ZE A3}t
vtk 20061 GA ZHuthol EAshs EEd F
w27 ARS olgele] Wt Psat & ) wet
Aol leFE = Z2A 5 FA K Peters et al.,
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Table 2. Summary for the results based on CAREX program
Count Target No of Industry No. of Workforce Source of Exposure Exposure
y year  carcinogens Classification industry Source Prevalence prevalence(PR) used
EU CAREX 1990-1993 85 ISIC, rev2, 55 1990-1993 Finland Finnish and US
1968 OECD SUTKEA project
ASA register
FINJEM
United States
NOES(1981~3)
Estonia, Latvia, 1997 20 ISIC, rev2, 33 Own Stat Expert assessment, Finnish and US,
Lithuania, Czech 1968 exposure data and refinement
Republic
Costa Rica 2000 27+ 5 ISIC, rev2, 55 2000 Census Own data for pesticide Average of Finnish
Pesticides 1968 and US,
and Refinement
Panama and 2011 27+ 4 ISIC, rev2, 44 Panama Own data for pesticide Refinement by 25
Nicaragua Pesticides 1968 2000 Census experts
Nicaragua
2005 Census
Canada 2006 44 NAICS™, 2002 21 2006 Census  Canadian Workplace  Refinement by at
(3 digit) Exposure Database least two
(CWED) industrial hygienists
New Zealand 2006 255 ANZSIC' 42 2006 Census No information No information
3-digit

* ISIC: International Standard Industrial Classification
** NAICS: North American Industry Classification System

t ANZSIC: Australian and New Zealand Standard Industrial Classification

2014). A=, 2Folo}, SHEH|o}e] H-9- nFE Ap=
2 AR AmE E&shda, AA 55 dF F
3370 AHdS t e = stk S A Es HAlA, =
B So] 29 EYo|gAuh AdX AW, I = 237
B200] cfel] A e BHE FHAE WEO AE
ThH(Kauppinen et al., 2001). ZAEF] 7= FHAA =
Fu180] 0.1% ulghe) B, SO, o] B2 Wel
Q1A= A 9]5F9 th(Partanen et al., 2003). FA =0
79~ IARCO]| Group 1, Group 2A, Group 2BZ 5-=%
2557 BT} AF=Ee) 2006W AlA A AR S 2F6}o]
& 222 5 FA5FY tH(Mannetje et al., 2013).
Y7keptolet EJH/P”POHH% 2771 =t 4719
Aol el F7stAar, MAH o] [ oA
CE drEAe A 2sk4 ch(Blanco-Romero et al.,
2011). o|grgjolof| A= 1993 o) 7HkE 53 CAREX
Zza9o IgEdE EUE A= YA RE
329+sf 2005 o]l Ab=ro] Aol BHA CAREX A&
£ Adgo|E &} thMirabelli & Kauppinen, 2005) Ay
715 vt} A Ao §3IT n)Re] REuES A
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SR, ARt FFe) =, EH LE2A £ E
FAY = F7FY] S 183 AE o 5 9
Table 32 CAREX T2 1e8 3H25o] urobolx}
o LEgd L2A oF E&H|&S a9kst Aot
=7ttt 245 WAIRte] 4271 thE 7] ol ¥
dEAY wE2H F L2A $E v == gtk
SHAYE I8 L2A oA BRIt kEE=

H]&0] 17%~29% 2ol AL <& 4= gjrh

Table 4= 7} @& 40] 2227} =55 Hholel
2] @S 7bEE yehd Zlott. o714 & 81
Mol rerelazh HelE A, Fvtobeh gol i
= YA HE A & Ak 1990~1993 4
S AT AL AR oz 7pAF W@ o] 2RI}
7F eEE AAIAR HEFEAAO10), 243
FrElTHARG3209 ), HA AIREEE(G109), 2he
Q70%F1), =AHUA|(2607Y) To2 HAE I
(Kauppinen et al., 2000). 7jyjcte] ZAL- e &
Aol A A% ??l EdS o= shARh
o 25 5 AR S8 E Wl Qolo g B sty
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Table 3. Summary for the numbers of workers exposed to carcinogen by EU country
Country Total, exposures Total, exposed workers Exposed/employed(%)
Austria 1,100,000 790,000 25
Belgium 910,000 730,000 21
Germany 11,100,000 8,300,000 24
Denmark 880,000 680,000 24
Spain 4,000,000 3,100,000 25
France 6,000,000 4,900,000 23
Finland 650,000 510,000 24
Great Britain 6,600,000 5,000,000 22
Greece 1,100,000 910,000 27
Italy 5,600,000 4,200,000 24
Treland 330,000 260,000 24
Luxembourg 63,000 48,000 25
Netherlands 1,400,000 1,100,000 17
Portugal 1,200,000 970,000 24
Sweden 1,100,000 820,000 20
Estonia 240,000 180,000 29
Latvia 320,000 260,000 28
Lithuania 600,000 470,000 28
Czech Republic 1,800,000 1,400,000 28
Table 4. The most common carcinogen exposures by country
. . . . Czech Costa Nicaragua New
Agent EU  Estonia Latvia Lithuania Republic Italy Rica and Canada Zealand
Panama
Solar radiation + + + + + + + + +
Tobacco smoke, environmental + + + + + + +
Silica, crystalline + + + + + + + + +
Diesel exhaust + + + + + + + + + +
Radon + + + + +
Wood dust + + + + + + + + +
Lead and its compounds + + + + + +
Benzene + + + + + + + + +
Asbestos —+ + + + + + + + +
Ethylene dibromide + + + + +
Formaldehyde + + + + + + + + +
Poly Aromatic Hydrocarbons + + + + + + +
Glasswool + + + + + +
Tetrachloroethylene + + + + + + + +
Chromium (VI) compounds + + + + + + + + +
Sulphuric acid mist + + + + +
Nickel compounds + + + + + + + + +
Styrene + + + + + + + + +
Methylene chloride + + + + + + +
Trichloroethylene + + + + + + + +
Benomyl + +
Chlorothalonil + +
Mancozeb, maneb, zineb + +
Methyl bromide + +
Journal of Korean Society of Occupational and Environmental Hygiene, 2014: 24(3): 247-255 http://www.kiha.kr/
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Nicaragua
EU  Estonia Latvia Lithuania CZSCh. Italy Cqsta and Canada New
Republic Rica Panama Zealand

Paraquat, diquat
Chlorophenoxy herbicides
Triazines

Lead and inorganic compounds
Radon and decay products

Man-made vitreous fibers
(except ceramic fibers)

Strong inorganic acid mists containing
sulfuric acid

Cobalt and compounds

Arsenic and compounds

Ionizing radiation

(X-rays, gamma, neutrons)
Cadmium and compounds
Ethylene oxide

Vinyl chloride

Ceramic fibers

Epichlorohydrine

Methamidophos

Ultraviolet radiation(artificial sources)
Polychlorinated biphenyls

Oal rar and coal tar pitches
Beryllium

1,3-Butadiene

Shift work with potential for circadian
disruption

Acrylamide

Creosotes

Ethylbenzene

Bitumens

Dichloromethane

Toluene diisocyanates
Chloroform

Antominy trioxide

Acetaldehyde

Naphthalene

Vanadium pentoxide

Acronitrile

Pentachlorophenol

1,4-Dioxane

Refractory ceramic fibres
1,2-Dichloroethane

Nitrobenzene

Polycyclic aromatic hydrocarbons
Antineoplastic agents

Marine diesel fuel

Occupational exposure in drycleaning

Occupational exposure in printing
processes

Chlordane

+ +
+
+

+ o+ o+ o+

+

+
+
+

o+ o+ o+ o+ o+

+ o+ o+ o+ o+

+

T S S S T T T T
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Agent EU

Estonia Latvia Lithuania Ital and

Czech Costa Nicaragua Canada New
Republic Y Rica Zealand
Panama

ELF-EMF(Extremely low frequency
electromagnetic field)

Chlorinated solvents
Gasoline engine exhausts
Welding fumes

Ethylene bromide
Hairdresser&barber
Shiftwork

High temperature frying
(emissions from)

Non-arsenical insecticides
Painter(Occupational exposure as)
Involuntary smoking

Carpentary and joinery

+

+ o+ o+ o+ o+ o+ o+

+ + o+ o+

I1(Peters et al., 2014), 32 =2] 72 Marine diesel
fuelo|yy x|t A} a(Extremely low frequency-
Electronic magnetic field, ELF-EMF)Q} Z+-2 *}=tof A
S5 Peloh AR BAE mgsll TIPS
=513 % tH(Mannetje et al., 2013). ZAEFE] 7S
ALlstal FHAgNA RIHH| & == WIA;
7F TR Uetol M= Bo] wEE- Ao bt
o] & BEHOR Y Wol mzE AoR 12
o1x} = v} Al ulj&EZ (Diesel Engine Exhaust, DEE)©¢]

(o3}
S
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