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Abstract

Comprehensive consideration is necessary for setting guidelines to evaluate evidence of occupational cancer in painters
due to work-related exposure to carcinogens in paint (@ phenomenon termed herein as “work-relatedness”). The aim of
the present research is to perform a comprehensive review and to suggest criteria for the provision of compensation for
occupational neoplasm among painters in Korea. In order to perform a comprehensive review, this study assessed and
evaluated scientific reports of carcinogenicities from the International Agency for Research on Cancer (IARC) and the
Industrial Injuries Advisory Council (IIAC), as well as reviewed the existing literature about occupational exposure among
painters in Korea and the epidemiologic investigations of claimed cases of cancer among painters in Korea. The IARC
declares that occupational exposures in commercial painting are classified as Group 1 carcinogens for lung cancer and
bladder cancer among painters. The epidemiologic studies show consistent causal relationships between occupational

exposure in painters and cancers such as lung cancer [meta relative risk: 1.34 (95% confidence intervals (Cls): 1.23-141)]
and bladder cancer [meta relative risk: 1.24 (95% Cls: 1.16-1.33)]. In reviewing occupational cancer risks for commercial
painters, the Industrial Injuries Advisory Council (IIAC) confirms occupational cancer risks for lung and bladder cancer
among commercial painters. According to the IIAC, however, the elevated cancer risks reported in existing literature are
not doubled in either lung or bladder cancer in commercial painters relative to the risks of these cancers in the general
population. Based on our review of existing Korean articles on the topic, painters are exposed to potential carcinogens
including polycyclic aromatic hydrocarbons (PAHS), benzene, hexavalent chrome, crystalized silica, asbestos, and other
agents, and relative levels are estimated within commercial painting processes. However, the cancer risks of occupational
exposure to Group 1 carcinogens for lung and bladder cancer in painters per se are not fully assessed in existing Korean
articles. Total work duration, potential carcinogens in paint, mixed exposure to paints across various industries such as
construction and shipbuilding, exposure periods, latent periods, and other factors should be considered on an individual
basis in investigating the work-relatedness of certain types of cancer in commercial painters.

Keywords: Painter, Occupation, Cancer, Work-relatedness

Background

In 1989, the International Agency for Research on
Cancer (IARC) classified commercial painting as a cause
of occupational exposure in painters to Group 1 carcino-
gens for lung and bladder cancer [1]. The IARC reaf-
firmed the increased risk of lung and bladder cancer
among painters after verifying the conspiracy on poten-
tial carcinogens and work processes in commercial
painting in 2010 [2]. In Korea, spray paint was included
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on a list of potential carcinogens in 2013. The Korea
Occupational Safety and Health Agency (KOSHA) and
Occupational Lung Diseases Institute have performed
several epidemiologic investigations on lung cancer and
hematologic malignancy among painters. The investigat-
ing teams have suggested that seven cases out of ten
investigated cases demonstrate a positive relationship
between painting processes and lung cancer.
Comprehensive consideration is necessary to establish
guidelines for criteria to evaluate the work-relatedness of
cancer risks in painters in Korea. These guidelines should
be based on the most reasonable information presently
available, taking into account epidemiologic research on
the assessment of potential carcinogen exposure among
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painters in Korea and other countries, and compensation
data in Korea. Until now, this type of comprehensive
evaluation has not been performed in Korea. Therefore,
the aim of the present research is to perform a compre-
hensive review and to suggest criteria for the provision of
compensation for occupational neoplasm among painters
in Korea.

Review

General characteristics of painting

Painting is the application of specific synthetic materials
to the surfaces of products or buildings to protect the
objects from corrosion and dirt or to generate cosmetic
appeal [1, 2]. The general purposes of painting are protec-
tion and plastering. Electrical conduction, semi-conduction,
contamination control, fire-retardation, temperature sens-
ing, and magnetic painting are further classified as specific
purposes of painting [1, 2].

Paint is comprised of various components with varying
purposes. The components of paint are pigments and
extenders (fillers), binders (resins), solvents, and addi-
tives. Pigments affect the color, viscosity, durability, and
chemical properties of paint. Extenders are able to fill in
gaps and improve the physical properties of coatings.
The main roles of binders are to facilitate the hardening
or adhesion of coatings. Solvents are used to mix the

Table 1 The category and type of major components in paints
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components of paint by dissolving binders. If painting is
intended to meet specific purposes of construction, such
as the application of biocides or ultraviolet stabilization,
then additives are adapted. The typical components of
paint are summarized in Table 1 [3].

Literature review of occupational exposure among
painters in Korea

The Korean Journal of Occupational and Environmental
Medicine (Annals of Occupational and Environmental
Medicine), the Korean Journal of Preventive Medicine,
the Korean Journal of Industrial Health, official reports
from KOSHA, and existing epidemiologic investigation
reports have been reviewed to estimate the previous
exposure status of commercial painters to paint carcino-
gens in Korea. A total of 31 articles were reviewed and
are summarized in Table 2.

The presence and relative levels of polycyclic aromatic
hydrocarbons (PAHs), benzene, hexavalent chrome,
crystalized silica, asbestos, and other carcinogenic agents
have been examined and estimated in the context of
commercial painting processes [3]. According to a 1995
report on the level of exposure to chrome in factories
reporting patients with nasal septal perforation, the level
of chrome exposure among the employed spray painters
was below the permissible exposure limit (PEL) of

Category Major components

Pigments & fillers

Binder & resins

Additives

Solvents

Inorganic
Organic
Natural resins and oils

Synthetic resins

Surfactants & disperser

Driers

Rheological additives

Plasticizers

Biocides
Antiskinning agent
Corrosion inhibitors
Nanoparticles

Light stabilizers

Essential elements, clays, calcium carbonate, mica, silicas, talcs, titanium dioxide, and red iron oxide
Azo pigments (Benzidine Yellow, etc.)
Rosin, vegetable and fish oils

Cellulosic, phenolic, alkyl, vinyl, acrylic and methacrylic, polyesters and polyurethane resins, phthalic
resins, chlorinated rubber derivatives, styrene-butadiene, silicone oils, and etc.

Lecithin, zinc or calcium naphthenate or octoate, oleates, oleic acid, polyphosphates, pyrophosphates,
salts of arylalkyl-sulfonic acids and salts of polycarboxylic acids

Metal salts of naphthenic acid (lead, calcium, cobalt, manganese, zirconium, zinc, cerium, lanthanum,
and etc), tall oil acid, 2-ethylhexanolic acid and neodecanoic acid, zirconium, calcium and cobalt-
zirconium compounds

Gum arabic, gum tragacanth, starch, sodium alginate, methyl cellulose, hydroxyethyl cellulose, polyvinyl
alcohol, ammonium caseinate, polyurethane derivates, polyacrylates, maleic anhydride copolymers,
mineral fillers, magnesium montmorillonite clays, pyrogenic silicic acid, polyacrylamides, polyacrylic
acid salts, and etc.

Dibutyl-, diethyl-, diethylhexyl- and dioctylphthalates, low molecularweight esters of adipic and sebacic
acid, tributyl phosphate, castor oil, and polyester resins

Formaldehyde, isothiazolinones and chloroacetamide

Phenol derivatives, methoxyphenol,ortho-aminophenol, and polyhydroxyphenol

Red lead, zinc, chromium(lll), aluminium, calcium and magnesium phosphates

Titanium dioxide, silver or silver compounds, aluminium, oxide, fullerenes
2-hydroxybenzophenones, 2-hydroxyphenylbenzitriazoles, oxalanilides, and 2-hydroxyphenyltriazines

Petroleum and coal-tar distillates, alcohols, esters, ketones, glycols, synthesized glycol ethers and esters
(mainly ethylene), and propylene glycol derivates




Page 3 of 10

Myong et al. Annals of Occupational and Environmental Medicine (2018) 30:10

1USA|OS DlueblIo
4O siSAjeue aAnelUEND Ag SdUE||IDAING

10949 Y3jeay pue
Jusuodwiod
JUSA|0S DIURBIO UdaMIag Uone|oy

VIN Aleunn ‘oyN Aleuln Jo sanjea NS ou

Yiesy
[PIUSW PUB |\ AlBULIN U99MIS] UONE|DY

‘|9A3] 2Insodxs Jlay) pue

"JSUUIY] WO Pa12313pP SIUSA0S dluebio Jo
2dA1 ‘Auadoid jured jo uonewlojur 3jgejieAy
9U3ZU3q JOJ JUSLIWIOD ON

YH \CMCCD pue Jre ul 9sop au=n|o |

papnpul abues INOYIIM saN[eA

'l 850 ¢CO

99C 190 ¢/

0C€ 90 ¥5'L

Y.V ¥60 6C¢C

‘>'g'e bunuied jo sadeid ¢

(80°0) 90°0 (91L°0) LTO

(€0°0) €00 (Z1°0) 600

(LZ0) 620 ((€€0) 9€0

(1/6) nun

(or=u)g:(1sL=u) v

auluneald bul/uonregnoul Jo Y/NNjoWU Hun
(L'Tve) v'2or (6'12L) 1495 YW Ateuun
(L61) 661 (LL'LE) S£S OYN Aleunn

L¥'0 (FT°0) 90 :£T°0 (S50) ¥170

L'0€ '(0'L0) L'SE €81 (F'6€) L'OE 2uan|oL
(81 =u)bunured

[eIRW ‘(€€ = u)bunuied ainyuIny

AD '(As) Wv

wdd og <

wdd 05-01

wdd o >

JIe Ul [9A8] BuUaNn|O]

/6 2un 100> d (L6 1) £56T

(08-00) 009
(lz-¢l) S0z
(0ol) ool
(12-8) L€l
(8L1-¥zl) 91SL
(S8-01) €8v

(%5'67) SHYd :stuauodwiod Ag

(%1% 1£) Bunured juswnnisu| :sbupured Ag
SSOX AL -

(%t79/) dusnjoL

2J3UUIY] WOJ) 918J UONDISP JUSA|0S dluebio-

/6 (€2°0) 50 ‘wdd (/6°€L) €£°0C

(S/1-62) 99 (001-G°1) S¥C
S

(05-00)z€

SCL'SL

wdd 21un g€ ‘s

auan|o}
QURJAX-0
SUIIAX-W
Qua|Ax-d

SU3IAX-0 Ateupn
QUIAX QURJAX -0
d+w Aeuun ‘9UaJAX
Y Aleunn d+w

VN Adeunn
DVN Aleuun

unxiw
susnjoy

vH Aeuln
"JUA|OS DIUeBIO

ENVESY
[EGETY
AW
2U01DY

pELA
auan|o|

(YH) p1oe
ounddiy Areunn ‘auanjo]

MIW ‘susn|oy
suexay-N
auan|ol

NIW ‘suenjol
dUIJAX ‘Buan|o

2inloejnuewd

pou bulysly Jo ainpadoid bunuted G661 [C€] e 19 997

(g) JIUBYIAW 0INY ‘(v) IMdRynuBW 3PIYBA €661 [1€] T8 33 Yoy

Bunuied |19

‘Bunuied ainyuing €661 [0€] e 10 Wiy

ueid 1e0q 1ueld saoys :ainsodxa YbiH-
1ue|d saoys
‘ueid saoys Bujuun :2insodxs WNIPIA-
jueld Jayies)
queld Juswnisul ‘wued juted 2insodxa MOT- €661 [67] '|e 19 Buey

K018} 1301 [2IWAYD 661 [87) ‘| 19 997

9009 S1BAA €-| dewa)
%79
Sieak 0| UBYl 2Jow djew
papn|pul sdoys bunuled G WOl SISYIOM 10t
0661 220 Ylg
~ 066LUer 15| woly weiboid duejIdAINS 661 [£7] | 19 buoss

(/) Bunuled uswnisu)
(97) Bunuied ainuINy POOAA
(£) Bunured |eay

(sBunuied ) @dueuAUIRW SPIYSA 1661 [97] ‘[ 19 Wiy

(Aeuds) bunuied

2dueuRUeW AIRUIYRY 1661 [SZ] |e 3o wiy

(G)21n12BjNUBW 1BYIO

(Z1 1)2imoeinuew 1pnpoid (el Aquuiassy
Kip/Aeidsz

punured:|

(O¥)2iMoeyNURW [RIBW DISeg
(G)2In1oBjNURW J2GINY

(s9de(d €7) aumdejnuew [BoWaYD 6861 [¥] e 18 Wiy

sleway

(9buel 10 gSH) WO 350p 2unsodx3y

(139) s921pul 2unsodxa
o160j01q 10/pue ainsodx3

1834 paysiiand

(uonedn>do o) Asnpuy |euInof Joyiny

0107-6861 €210y Ul ssad0id bupuied aiym 2insodxa [elus1od J0j MalAS) 21n1esall] Z djgqel



Page 4 of 10

Myong et al. Annals of Occupational and Environmental Medicine (2018) 30:10

:sassadoud

[|& JO Po12919p SOl 6E°C ~¥L'L SHYd
sse20.d }iom 01 Bulpiodde

a|dwies 9buls Jad Jaquuinu uondA13J

(%88) swued 60€ JO IO /¢ JO

JapURIX Ul PIPN|DUI (SPIXOP UODI|IS) BDI[IS
2Insodxa eDI|IS JO UONeIUISAId

wured

Buip|ingdiys jo syusuodwod snopiezey

siewlap 1oeu0d dxololoyd pue jued
papnpoUl Jel |20 U2aMISq Uohe|RI 3y

wnydas |eseu Jo uonelopad JO uonewIO|

wdd ¢
wdd
wdd /|

€5°0 |0YO|Y ‘60 SUO0IDY :paxIW

£€°0 uogJed0IpAY dneydily ‘7/0 aU0IY ysniq
99°0 49159 ‘SaWI} G8°0 :PU0ISY Arids

$955930.d >om |je Jo Aouanbaiy 1saybiH

(U 78€-0t) (8'887) ¥5¢ 2besane

JUSA|OS DlUebIO JO awn 91ewiiss [edndeld

(U 0zZ-001) (£'82)

/€ 9PeSN 1UaA|0S dluebio 01 aNP awill 3beIaAY
(Ul 0Z/-08%) (#'8) S0S =beiaAe e dyIOM
Buljpuey 1uaA|0s dluebIO Y1 Ul INOY }IOM [RIO]
o|duwles Jie [eae JUdA|0S dluebiQ

(96T 1)uIsal [A1de < (969 1)ulsal

pAYIe < (APSow ‘96'6 1)uIsal AXOds 31yan

98 Juted pspnpul

91eWoIYd winisselod dUiZ ‘91ewolyd pes)

(%€ 1) papnpaul sauted Jo sadAy of :youd ey [eod
%<1 Jured papnpul AU ‘99¢ | Juted papnpul
Axoda ‘960z-01 uled papnpul oulwe :2uan|ol
suuled Jo sadA1 A1oAs Ul papnpul :DUSJAX

219 |ouedoidAxolaw-z ‘|ouedoidos; ‘9uan|o} SIsY1o
(%1°/9 :2bBISAR J2UUIYY JO 9509) SUSIAX €=
Iapuiq pue

“Jauuly ‘qured Jo udAj0s Dluebio Jofe|y

(0z'l) s€0
(007) 2000
(00%) 100
(05'L) S000
(ST'1) 9000
Xapul 2Insodx3

(qw/Bur 1un) 01'0 110 1270
‘9 ISNIOM 'S IDNIOM t SO
((w/Bur 1un) 1°0 710 510
‘€ IDNIOM T SO | SN

cw/bw 9zz°0-670°0 :Aeids
[eNUBA ‘090°0-100°0 Aeids dlrewoINy
8LE0 Wd Y970 INY awil ainsodx3

ausn|ol Ay
‘auazuaq
1Ay

EIVEYS

(%¥'0C) SU9ZUSq < (9%/°CC

SUBXaY-U < (91| €) SU0IaY Ayl
[A4IsW < (%t9t) USIAX < (%8+8)

3UaN|0} :23eJ UOI1D213p 159YDIH
2UaZU3] ‘G| [eld3ew

AINp Juswiainseaw [ebal- uou
'+ 1UA|0S dluebio ¢ adAy ‘| €
1UaA|0s Dluebio ¢ adA ‘sadfy

G JUSAJ0S DJUebIO | 9dA) < =
sadA3 G JULA|0S DIURBIO

(€=u)sd

QUBIAY ‘auan|o] (S)
(tz=u) Sy

(6¢=Uu) Sd

2UaN|0} ‘dUexXay-U ()
(6=U) SV

(8=u)Sd

QUBIAY ‘auan|o](7)

youd Jey
|POD 311BJOA

dwoIyd
JU3|eARXSH
SWoIYd [RI0L

SIIoM /9 bunured Buip|ingdiys

ssa00ud oM |8y
sooe|d YoM 08zE
JUSA|0S DluebiO

SIDHIOM (G Ueyl sS3| Auedwlod |jews

€6¢ 2IN1oBjNURW [eLR1PW

[B2IWRYD ‘FSH SIN1DBJNUBUL DIASP 01133
68 dlueydaW

diys Jo oine ‘ade(d 798 ainidejnuURW [BIDN

Jueld Buipjingdiys § jexo]

(Sy) sa|dwies [eale {7/

(Sd) soidwies jeuosiad O/ |

sajdwes ¢

(€) bunuied Jo1erd3 (S)

(95)Bunured 3IYSA (A)

(£1) bunured Joleas|3 (7)

((5) Ilewss

‘(IN) winipaw (7)ab1e)) asudiaius Jo azIs

(9-¥) Ysniq -
(€-1) Aeuds -
Bunuied buipjingdiys

abesn

2JN32BJNUBW JaUlRIUOD JOJ uonoNnpoid |21
2In1oejnuewl [eIa|\

Aisnpul Aeids uied

000¢ [£€] e 18 oof

000¢ [9€] e 38 uom

6661 [SE] [ 19 Uop

6661 [S] '[e 19 uys

8661 [v€] e 12 ted

/661 [£€] e 19 BuoH

L661 [¥] "o 32 104D

sleway

(9buel 10 gSH) WO 350p 2unsodx3y

(139) s921pul 2unsodxa
o160j01q 10/pue ainsodx3

(uonedn>do o) Asnpuy

1834 paysiiand
[eUINO[ JOYINY

(panunuo)) 010Z-6861 210y Ul ssedoid bupuled ajiym unsodxa [enuaiod 10j MalASL 21njesall] Z djgqel



Page 5 of 10

Myong et al. Annals of Occupational and Environmental Medicine (2018) 30:10

+AI01SIY Bupjows,,

ssao01d Ag uopnquasip ou
& uonIpuod yom Ajiep Aq buikeids pue
Bulysiiod pauuIopad SISHIOM Pea| WNISS,

1UDA|0S DIUBDIO [9A9)] JIY

(s9dA1 7| obeiane)
$955920.4d Juled Oz Ul Pasn SIUSAJOS PAXIN

JO}IOM [BAOWII
juled Jo ainsodxa apuUojYd SUSAYIBN

uted paseq

JUSA|OS Ul PIPN[DUl SIUSAJOS Dluebio
9SISAIP 210U :S1uled Paseg-Ia1em pue
-JUSAJOS U99MIS] SIUSUOAUIOD JUSISYIPD,

Alanej21 sawi € Juswiainseaw ajduwies

(UIUNEID |OW/|OWIN) YIOM
19Jel210J9g (107 = U) 2unsodx3
(LS-AN) ¥L(L61-€1) S¢€
(9500°0-O'N) 60000 Puikeids

(£000°0-a'N) 20000 (0£10°0-A'N)LZ000 bulysijod

(60C-£T0) €60 buikeids
(160-770) ¥€0 (€L'0L-€£0) 95 Buiysijod
(cW/Bw yun)

(SEVST) TL8E0
(6£6T6) T O
B8LEVY) 1STO

(S89'€) 7100 (57 = U) 2IndejnuUeW Ul
(1#£°7) 0250 (07 =u) wueid 2did [99315
(¥£9'8) 600 (99 = u) Weld Buip|ingdiys
“(cw/bw) Ansnpur Aq [2A3] SHYd

(509)

96'L/(€0'S) €8'L (8=U) Buixiw :2an1dejnuew Juied
(81'€) 06'8£/(08'9) 888 (71 = u) Juled :adid 9215

(Vard)

9062/(16'€) 991 (S€ = U) ysniq :buipjingdiys

YoM Ja)ye/210499g

(duluneasn

[ow/jow Ny ssa30id Aq 9DUBIYIP [9A3] dHO-I

) §§

(S o€

09 0t

wdd 3un $7z (z = u)a|dwes [ealy
(6£7€) OF0E (71 = U)a|dwes [euosiad

(s-ory) ety

(Cl61-87/) 881l

"(€£°€7-05'8) 981 (65T€-95 L L) ¥S¥T
(¢6'1-€L'9) 169

(PE71-96'S) 969601

"(€88C-1LLL) 781T '(98°5-6/S1) 92'LC
wdd wun

(697) 8491 81 (#97) 8E0L 1T
(¥10) LLT 6 (90E) 9L'G €
(627 6151 LT (€07) 89'1¥ 9
ysniqg ‘'ON Aeids ‘ON -

¥60) 781l

wdd yun (€0°€) 18TL

owyden

dHO-1L Aieunn SHvd [e103
pes)|

pes wnisg snp
91P130E SA|0SO|[9D)

‘suan|o]

SN

dHO-L i Ul SHYd

ueiny [ARWIp-N'N
9A|0SO||9D
sueylsolo|ydIg-7'L

9pUolYy>
ENEIOHEN

|oueyia Axoing-g

(8 =u) Bunuied paseq Jalem -
2U3N|0] ‘DUIIAX-W ‘91e19d8 |AINg
(8 = uyuled paseq

1USA|0S'95eq J0j0D ‘Buneod dos -
|ouey1s |AxoIng-z

(£ =u) uled paseq Ja1em
SUSJAX-W ‘21L1228 |AING ‘BUan|0)
(8 = u) 1uted paseq 1USA|0S
J92epns -

SUIIAX

sixiom Buisn Jey [eod /0| Rinsodx3
(01 = u) ssedoud jured papnpul Jey [eo)

Kepyy |z buikeids

Aepyy g€ Bulysijod

JA 1| 189Kk Bupom abelany
buikesds / buiysijod

ssa20.d bBunuled

(SIBOM $G /€7 = U) SDIURYDIW 0INY

ssanoud bunuied |je :(| = u)Aioioey
[PLIS1EW JBY1O (| = U)AI01DR)
2UN}UINY ‘(€ = U)AI010B) JUSWINIISU|

(¢=u)1ued adid 9215

(v = upueld Buipingdiys

(7 = U)AI01DB} DIN1DEBINUEBIN
uted papnppul youd ey [eod)

(S434I0M |11
1O 957HE ‘SISNIOM ) ssadoud Buuled
SISHIOM /97| SOLO0IDR) 2INIdRNUBW | |

ss920.4d SAOWAI JUled

(1) 22e|djiom djUuRYIRW 0INY

3pISINO/Ul-
%20|g 3Y3 JO SpIsINo-

%2019 943 JO opIsul-

Auadoud Buijess Ag

SIDIOM g1 ysnig-

sialom Q| :Aeids-

ssadold Ag

siayiom gz bunuied bupjingdiys

S00T [¢7] "[e 1o Wiy

¢00¢ [€¥] e 18 0YD

200¢ [zv] e 18 xied

LOOZ [L¢] e 19 uosr

100C [L¥] '@ 3 Uoow

100 [0F] '[e 32 Wiy

100 [6€] '8 32 uomy

100 [8€] 12 32 Yoy

sleway

(9buel 10 gSH) WO 350p 2unsodx3y

(139) s921pul 2unsodxa
o160j01q 10/pue ainsodx3

(uonedn>do o) Asnpuy

1834 paysiiand
[eUINO[ JOYINY

(panunuo)) 010Z-6861 210y Ul ssedoid bupuled ajiym unsodxa [enuaiod 10j MalASL 21njesall] Z djgqel



Page 6 of 10

Myong et al. Annals of Occupational and Environmental Medicine (2018) 30:10

wdd aun
quaned ay3 Jo uonen|eAs ade(dyIopm
10daJ 958D 95RISIP UOSUBYIEY

wdd un

aujupean H/6 yun

'$S90DR 01 palwl|
SeM 1|NS3)

1USUIBINSESIW JUSUIUOIIAUS Bupiiom,
'3|gegoid Y10q 958D 7

‘uesng ul

Sased Jadued bun| jeuonednodo dyidads

" alnjoejnuew jujed
40 uey1 bunuied adid 9915 JO SIIOM
ur yBiy sawin 7z sem dHO-| Aleuun

SHYd JO [9A9] 943
uo buipuadap abueyd 01 SW3S JHO- |
40 109}3 :21nsodxa-00 Hyd pue bupouws

- pue ‘= '='08-0L

G8'89 puUB "L LH95-/€/ %€ 'OLL ‘0L 1-00L
L0 PUB '66£'61-51'81 '06-08 '08-0£

7661 PUB‘ce6L ‘1661 ‘6861 Ul

AI01S1Y JUSLISINSEIW JUSWUOIIAUD IO

(0£7) 80°L
(62°7) 2000
(8/'1) 8€0

(£9¥°0) S¥1°0

(LEL0) S9L°0

|0J1u0d Ayjjenb juied
(#11°0) G500 (F171°0) 2£0°0
(€81°0) £0T0 (05C0) ¢¥T0
Bunselq

(68C°0) 8CC0 (£L1¥70) 6/C0
(L¥T0) €9T0 (¥61°0) 8CT0
Bulysnig'buikesds

ased |
350D |

(FPr1€) €915

(60vY) €€C
(€789) 68'LL
(€L¥6) LG€EL

0S (050) wvo
00¢ (62°0) L

0S (¢t70) wB
0SL (6S°1) SN
00l (97) L

00l (S0 oom
80 (€9%) 0CS
G'1(0€0) 0L
S (0S0) S¥0

(9€'7989)cw/briz L0z
(r1'7) 80°€E (68'L) ¥€'9C
(€T°9) C061 ‘(€TS) 688

(00g)|0yode
Ayw
(001)auaAx
(oot)
oUaN9|0]

(L
= u)auan|o}
(Lz=Uu) pes|
(LT =upsnp

YW AgIs
YW
YW AgIs
VYW
YW AgIs
VYW

SWOIYD ‘s1eak | :

J191uled ainyuIng

‘sieak |z Jowed Jayies
|eu1ew

2Insodxe ‘uoireinp ainsodx3y

¢ adid 9935

0z aIn1oejnuew jujed
yz siesk Q| 2

0C sleak 0| >

"ON dHO-I Aleunn (SHYd)

ENEIISY

CEIIERRIE

AYI2 |Ayw

SU01Y

|Aangosi

Ayraw

311908

|Ayang-u

SUIIAX

auan|o}

pioe pspnpul
Jljepuew Areuun Anand
WIN Aleuun sajdwies
‘WIN Ateuun 61 [e10}

J191uted buipjingdiys

ssa204d Bunuied dueyIRW 0INY

(jonuod Ayjenb
uted ‘Bunse|q uswdinba uted ‘Buiysniq
‘Buifesds)ssadoid bunured Buip|ingdiys

95eD Pa1e|al YoM,
(sjeudsoy

uesng 4 Ul UoISsIWpe ‘| | +00¢- L L'€00T)
syuaned Jadued bun| 10§

SIDIOM i
(]Sweus Jey [eod pljos Bunow Jaye

adid 9915 Jo bunuled) (z = u) adid 9915
(Papnpoul Je1 [e0D) (G = U) IN1dejNUBW JUled

(ssa00ud seinbas ou)

uonRIpuod Bupiom Ajiep uo papuadap
SIDNIOM DBa JO $Sad0id Buppiom
(60500

-50'5007 SIIoM £ ‘07 = u)ssadoud Anand
SOIUBYIRW OINY

0€'50'C00C
-67°50'L00Z Usamiaq pasn 1uled Jey [eo)
SISIOM DO |07S[0JIU0D

600¢ [8¥] e 19 OYD

600¢ [£¥] e 38 WIS

600¢ [97] e 18 Ul

900¢ [S¥] e 18wy

S00C [¥¥] ‘[e 319 997

G500 [€2] "[p 39 97

sleway

(9buel 10 gSH) WO 350p 2unsodx3y

(139) s921pul 2unsodxa
o160j01q 10/pue ainsodx3

(uonedn>do o) Asnpuy

1834 paysiiand
[eUINO[ JOYINY

(panunuo)) 010Z-6861 210y Ul ssedoid bupuled ajiym unsodxa [enuaiod 10j MalASL 21njesall] Z djgqel



Page 7 of 10

Myong et al. Annals of Occupational and Environmental Medicine (2018) 30:10

sauobHaed oMl 3yl Jo

SUOIIDBUUOD JO S[GR|IPAR UOIPULIOI

ou pue ApAidadsas uopednado

pue |eus1ew ainsodxe pa1dudsap,

(SO0 <d) 2dA3 |20 pue Aosly

Bupjows ‘abe buoule aduIHIP JUEDHUDIS
ou 3582 G/ Jaoued bun| leuonednodo
-uou ‘35D €6 J3dued bun| jeuonednaoo,

(190ued buny jo sasned aidninwi

01 NP €5 UeYl 2I0W S| Jaguinu |P101)
vl /edlis /(00r-001) S0C

L1 AWOIY /(00F-06 1T

€C /SHVd /(6'1€-€9) /8L

$95eIEE /S0¥SASe /(0'67-€9) S1edk 861
258D 12DURD

Bun| yusboudied/ uoneinp ainsodxy

901} pUB 'SESL ‘0S-0F -

(002) MW

(9£°G 's3582 €) papn|oul Ja1uled
SISBD €G 19SeD PRI HIOM
(YHSOM

40 Aanns dibojolwapida ‘S007-6661)
SIHIOM JDURD Bun| 87|

0102 [07] e 18 Wi

sleway

(9buel 10 gSH) WO 350p 2unsodx3

(139) s921pul 2unsodxa
o160j01q 10/pue ainsodx3

(uonednodo Jo) Asnpuy

1834 paysiiand
[eUINO[ JOYINY

(panunuo)) 010Z-6861 €210y Ul ssedoid bupuled ajiym insodxa [enusiod 10j MalASL 21njesall] Z djgqel



Myong et al. Annals of Occupational and Environmental Medicine (2018) 30:10

0.5 mg/m® at recorded measurements of 0.246 mg/mg’
in the morning and 0.318 mg/m3 in the afternoon [4].
Research on exposure levels to hazardous materials in
paints at five domestic shipyards in 1999 shows that lead
chromate and zinc potassium chromate were detected in
8% of paints [5]. The component analysis of that re-
search also reveals that silicon dioxides were detected in
27 samples (8.8%) of painting materials, including ex-
tender pigments. In other findings, the geometric means
of exposure ranges of asbestos were 1.6 fibers/cm® and
2.45 fibers/cm® in automobile repair and ship repair pro-
cesses, respectively [6]. However, asbestos remains un-
detected in the products of automobile manufacturing
companies after 1998 [7].

Scientific evidence for carcinogenicities

The IARC classifies the occupational exposures of com-
mercial painting as Group 1 carcinogens for lung cancer
and bladder cancer [1-3]. Existing epidemiologic studies
show consistent causal relationships between occupa-
tional exposure in painters and cancers including lung
and bladder cancer [3]. A meta-analysis that includes 17
cohort and linkage studies and 29 case-control studies
shows that the meta-relative risk (meta-RR) for lung
cancer is 1.34 (95% confidence intervals (CIs): 1.23-1.41)
[3]. The results of additional meta-analysis including 11
cohort and record-linked studies and 28 case-control
studies show a meta-RR for bladder cancer of 1.24 (95%
CI: 1.16-1.33) [3]. However, the IARC does not assert
that specific components of paints (such as chromate,
PAH, benzene, and other agents) significantly increase
the incidence or mortality from lung cancer or bladder
cancer. The IARC indicates that no data on cancer in
experimental animals are available [2]. The working
group that has established a special section for “occupa-
tional exposure for painters” declares that occupational
exposure hazards for painters per se include Group 1
carcinogens for lung and bladder cancer. In addition, the
official report contains evidence of other relevant data
about specific chemicals in common components of
paint (e.g., cadmium, PAH, aromatic azo dyes, and other
components) [2].

The Industrial Injuries Advisory Council (IIAC) for oc-
cupational cancer risks in commercial painters (among
other industrial groups) is the official advisory council
for assisting the UK government on prescribed industrial
diseases [8]. The IIAC report includes a comprehensive
review of epidemiologic data indicating occupational
cancer risks and evaluating whether the risks for certain
occupational cancers are more than doubled in painters
compared to the general population [8]. The council also
considers the study design of British doctors Doll and
Hill in terms of their criteria on causation [9, 10] in epi-
demiologic studies published since 1972. The IIAC
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review team considers occupational cancer risks for lung
and bladder cancer in commercial painters in particular
(as opposed to the risks of these occupational cancers in
paint manufacturers, for example) in the overall cohort
study [8]. In fact, according to the literature, the elevated
risks in occupational lung and bladder cancer in painters
are not doubled in cases of either lung [11-19] or blad-
der cancer [14—19] relative to these risks in the general
population. Reports of the IIAC specify that crucial con-
founding factors, such as smoking, might be one reason
for the elevated incidence of lung and bladder cancer
among painters.

Epidemiologic investigation of claimed cases in Korea
Epidemiologic investigation for the work-relatedness of
lung cancer in commercial painters in Korea has been
performed in a total of 10 cases (Table 3). Seven painters
were approved by investigation board in KOSHA. Sig-
nificant exposure to potential carcinogens such as hexa-
valent chromate, asbestos, and crystalized silica has been
provided as evidence of the work-relatedness of occupa-
tional cancers including lung and bladder cancer in
commercial painters.

Discussion

Issues for considering the work-relatedness of cancer in
painters

Means of occupational exposure mainly involve the in-
halation of gases and vapors from paint components
(solvents, additives, pigment dust, and binders), as well
as dermal absorption or ingestion [3]. The term profes-
sional painters typically does not include paint-product
manufacturers or bystanders, but refers only to workers
that brush or spray paint onto objects. In interpreting
the job of commercial painting, several tasks are in-
volved that should be defined in addition to the painting
itself, including clean up and preparation. Accordingly,
each task should be evaluated for potential exposures.
Although painters engage in the entire process, the act
of painting is regarded as the main means of exposure to
various hazardous materials [3]. Based on the documen-
tation of the IARC, occupational cancer is restricted to
lung cancer and bladder cancer in the present review
[1-3]. The IARC declares that the epidemiological evi-
dence on occupational exposure in painters does not
specify potential carcinogenic agents in paint [2]. Occu-
pational exposure for painters encompasses the potential
carcinogenic risks for lung cancer and bladder cancer.
This perspective should be discussed in estimating the
relationship between occupational exposure among
painters and occupational cancer in Korea on an individ-
ual basis. Potential carcinogens, such as hexavalent chro-
mate [4], asbestos [20], crystallized silica [5], and PAH
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Table 3 The epidemiologic investigation for the work-relatedness by KOSHA and Occupational Lung Diseases Institute from

2000 to 2012

Deliberate  Diagnosis age/sex Industry Painting work  Incubation  Exposed Approval Specific remarks

organization year duration (year) period(year) carcinogen

KOSHA 2000 53/F Shipbuilding 14 14 Coal tar yes PAH exposure confirmed

(exposed
to PAH)

KOSHA 2000 46/M  Vehicle 12 12 Not no 5 years of printing history before
manufacture confirmed painting

KOSHA 2001 39/M Shipbuilding 7 14 PAH, silica yes 7 years of grinding after painting in

shipbuilding industry

KOSHA 2001 56/M Home 22 22 Not no Hexavalent chrome etc. not confirmed
appliance confirmed in the paint
painting

KOSHA 2004 45/M Vehicle 19 19 Not no
manufacture confirmed

KOSHA 2006 45/M Auto 26 26 Hexavalent yes Hexavalent chrome confirmed in the
mechanics chrome paint

OLDI 2010 54/M  Shipbuilding, 21 21 crystal quartz - yes crystal quartz 1.3%-36.9% included in
heavy industry the paint

OLDI 2010 45/M Vehicle 15 15 Hexavalent yes Bumper polishing,painting: Hexavalent
manufacture chrome chrome 118.33ug/m3

OLDI 20M 63/M Metal 10 10 Zinc yes Possibly asbestos included in the filler,
manufacture chromate Possibility of silica, hexavalent chrome

exposure

OLDI 2012 57/M Boiler 26 26 Not yes Possibility of welding fume asbestos

manufacture confirmed co-exposure

KOSHA Korean Occupational Safety and Health Agency
OLDI Occupational Lung Diseases Institute

from coal tar [21-23] are found in paint. In addition, ex-
posures within specific industries (such as shipbuilding
and construction) should be taken into account. Another
consideration in evaluating exposure evidence is the
period of exposure. Based on our literature review, coal
tar, crystalized silica, and hexavalent chromate were used
in workplace paints in Korea until late 1990 [4-6]. Up
until the 2000s, the usage of coal tar paint was found
in the metal industry [21-23]. Unfortunately, paint
containing hexavalent chromate is still currently used
in Korea.

Conclusion

Established guidelines according to exposure periods,
types of industry, and periodical features of the risks of
occupational exposure for painters are currently un-
defined for occupational lung cancer and bladder cancer
among painters in Korea. In addition, no country has de-
fined specific guidelines for occupational cancer among
painters. Therefore, total work duration, potential
carcinogens in paint, mixed exposure to paints across
industries such as construction and shipbuilding, expos-
ure periods, latent periods, and other factors should be

considered on an individual basis in investigating the
work-relatedness of certain types of cancer in commer-
cial painters.
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