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ABSTRACT

Objectives: The purpose of this study is to compare and review various retrospective exposure variables used in
occupational epidemiology, focusing on their characteristics, strengths, and limitations. In particular, it aims to
examine the role of Job—Exposure Matrices (JEMs) in complementing quantitative data and supporting causal
inferences between occupational factors and disease outcomes.

Methods: Literature was selected and qualitatively summarized based on the author’s expertise and judgment,
without a systematic search strategy. In particular, JEMs, despite their qualitative nature, were emphasized for
their ability to systematically integrate job—based information, thereby reducing exposure misclassification and
compensating for limitations in quantitative data.

Results: This study compared and summarized various retrospective exposure variables used in occupational
epidemiology and detailed their characteristics, strengths, and limitations. JEMs, as a qualitative exposure
variable, were found to complement the limitations of quantitative data and to integrate job—based exposure
information. Moreover, JEM—based exposure variables that combine exposure duration and job information were
highlighted as effective tools in retrospective epidemiological studies for elucidating the associations between
occupational factors and disease outcomes. The findings of this study may serve as a useful basis for establishing
strategies for retrospective exposure assessment in future epidemiological research.

Conclusions: The findings provide practical guidance for selecting suitable exposure variables and designing
effective past exposure assessment strategies in future studies of chronic disease risk.

Key words: job, job—exposure matrices (JEMs), past exposure variables, retrospective occupational epidemiologic

studies
LM 2 AL w5A7E 35 FE(ob), A, 2daH
SollA EAsk= [olf IRt thigt kE(o]st =& W
52 HtolA] s @ 5 wdAgK oo AH)9] )3 o] Ql=A] Al (surveillance)stAY +8E

*Corresponding author: Dong-Uk Park, Tel: +82-2-3668-4707, E-mail: pdwb45@gmail.com
Department of Environmental Health, Korea National Open University, 86 Daehak-ro, Jongnogu, Seoul, 03087
Received: August 29, 2025 Revised: October 11, 2025, Accepted: October 23, 2025

Dong-Uk Park http://orcid.org/0000-0003-3847-7392 Seunghee Lee http://orcid.org/0000-0003-4693-811X

Kyung Ehi Zoh https://orcid.org/0000-0002-2821-070X
This is an Open-Access article distributed under the terms of the Creative Commons Attribution Non-Commercial License
(http://creativecommons.org/licenses/by-nc/3.0) which permits unrestricted non-commercial use, distribution, and reproduction in any
medium, provided the original work is properly cited.

327



328 92015

Lon

« ZZ40|

g9t 9ty & Y IstA(retrospective
occupational epidemiological study)olA+= 24
ol = miA et oiEE A AR AT o
< H5ol gt =S B7PF dilolnt AW A 4A
717k et A5 9 79} Ak AFA E= HEAERI
L3 A A 5 Q7] "ol

LA JAaY E4 Ad I 1S Brtsk] Sl
T 5 e AAE =& Hee Udsith dE =
o5 717, 25 AIE AL ' Y AR 3,
A

A T ATe dud e Be B =

A E7FsSHH, A AR A E WSO oigh
A BE 7S SHE A Y4 ol=gt AR AT =
E HPe2 JEY Adr, €8 7t 2 ER L
F(exposure misclassification) Y& SolA Zol&
Heloh, webx] A diAf At AeolA et A
O] ol et d]l =& HeE O B 2ot
of A T e A¥Hassociation)olH Q1
(causality)S &4 doF 3t

2 A w5 A HAdolA gt Aol AR A
A 8R0S 5] AT TFA A o
A =&5Z FH5p] g A4 & ¥
&8 o, AAdE 1@dsit &9, AE
gto g WA k&S F45tke AF =& EHA(ob
exposure matrix, JEM)2| & 7FsA4d7} QJ9E 4
Hog sttt 2 122 538 H3FE Y <
AT 5 AMPEA 2ololA A =EB7He] A=
£ =0 "= 7|od Ae=E wagitt

. g1 UH

2 A A AR AT =& HE5o] ARkl 7l
o H|wE AlFst7] flsto], A &5 Y ]
= 98 =¥ HSPE vt FEske Ae
(narrative review)® mini review?] 11Z =
Bttt AR ARE ot A|AHoRE s}
+ ¥4)(comprehensive, systematic, meta-analysis
5)°] otdgt AAHY] QJolF Aol AT A=, It
A 2o g AR A} wtol| wet Ad &

www.kiha.kr

A3t A8 AHHE Aoty FEotdnt. 7197 A,
SAE deR Yst= Ay IskA-Hindustry-
based epidemiological study)S S4HC.= dl%F o H,
Auk QIF-E tiAfe 2 =33t A7Hgeneral population-
based epidemiological study)= Fal $£F02 A7
vlwste] At tiBaumeister et al., 1997; Lau
et al., 2016). & AdFolA= HA AF AT =5 W
Sl &5 7178 AR A7) AR, A, AR, JEM, A
S RYE Y, AASESH AR )Y F9, ot
= W, AT} A, 282 AR JeAT A
AHIE AYstltt. 2 AolA Z83 gk
Az 55 AARE A 4A =557, A5
g, 8844 59 == FYs Aot} d# #4
Ao ARESE 7]19E(keyword)s past exposure,
retrospective exposure, job exposure matrix,
cumulative exposure doseZ, ©E FE 235l
PubMed®} Google Scholarol|A HM5Fc

o ol ofo

n.& 2

13 KR o E s g

5RO B F WS YRS FRsks Yol
ofg] 74x7}k Slrk(Table 1). % W4k 27} Wzt
2, AT g 7199 % B V)2, TxEE 4%

% g T 0% g, S AU 14 Wt
AA, AEro] @t & toFel 248 B gRd &

gtk 43 HE TR A7), AR E47 Aol
A7 AP B nd AR AT, ol
A B AR WeR AEste] ojst 240] 28
dtt. 7 % o) SE s B8 Wele AT
g el B4, g =R ueel AR 1E, 6
b0 B A% AT A B F 5o gt g
elch, webd A7 B3 29 S40] Bt 3
A 2% YRS Gust, o|F A7 welo] g W
sfsta BAlsHe AEte] Bl WasitTable 2)

Mi(Standard Industry Classification, SIC)
Xl (Standard Occupational Classification,

& ARA(Standard Industry Classifications, SIC, s}
A1 #5 Z](Standard Occupation Classifications,
SOC, olst Aq) EF+= =719 FF5Ed FAIAAC]

Journal of Korean Society of Occupational and Environmental Hygiene, 2025: 35(4): 327-337



B9} SBIITO U Qo QR B

=

b &k X2 = I{E=AJob Exposure Matrix) 2 329

Table 1. Brief descriptions of methods used to investigate past workers' job exposure history in an occupational

epidemiological study

Method

Brief description

National statistics

National statistics on occupational exposure, such as standardized industry and

occupational classification (SIC and SOC)

Structured questionnaires
of exposure

In—depth interviews
guestionnaires

Company employment records

Historical industrial hygiene data

Detailed self-reported information on job roles, tasks, duration, and frequency
Interviews with workers and supervisors to validate and enrich data from
Personnel files, work assignments, and records to verify job titles, durations,

and specific roles

Review of archived air monitoring results, bulk samples, and other measurements

to assess past exposure levels

Site visits and observations
environment

Maintenance and production logs
usage

Consultation with experts

Visits to former work locations to observe work practices and assess the working
Analysis of historical logs and work orders that document tasks and chemical

Judgements from occupational health experts interpreting historical work

conditions and exposures

Regulatory and historical documentation Review of past regulations, inspection reports, and technical bulletins to better
understand changes in practices over time

. T
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Table 2. Summary of the strengths and limitations of retrospective exposure variables used in an occupational epidemiological
study examining chronic health effects

Variable

Strengths

Limitations

Standard Industry
Classification (SIC)

* Ease of obtaining SIC information as national
statistics

Standard * Ease of obtaining SOC information in the form
Occupational of national statistics if a nation has an SOC
Classification (SOC) system
* Uniform coding allows linkage with national
databases

Job title

Specific work tasks ~ °
Employment duration *

Year of hire .

Industry type .

Exposure

measurement data .

Compatible with JEM and exposure databases
Enables integration with labor or census data

Available in records, links to JEMs
Can reflect long—term exposure patterns
Ease of obtaining from employment records

More precise than job title
Helps estimate cumulative exposure

Ease of obtaining information from companies
* Accounts for historical changes

General indication of exposure, links to
databases

* Most accurate exposure estimates
Objective, quantitative data

including cumulative
exposure level

Frequency of exposure *

Biomonitoring data ¢

Job exposure matrix ¢

(JEM)

Captures repeated or intermittent exposure
effects

Measures internal exposure
Can confirm exposure to specific carcinogens

Standardized, useful when data are lacking
Suitable for large—scale studies.

Provides standardized assessments.
Estimates exposures based on task history.

Exposure characteristics are heterogeneous
among subjects within the same SIC category

Exposure characteristics are not similar subjects
within the same SOC category

Wide variability of tasks

Exposures within a single code

Lacks task—specific exposure details

Risk of misclassification if coding is inaccurate

Lacks specificity in individual exposure levels
Exposure variability within same job title

Difficult to obtain, recall bias possible

Does not reflect job changes or working hours
Does not reflect differences in exposure among
job types, processes and work

Requires historical exposure data
Does not reflect differences in exposure among
job types, processes and work

Too broad, exposure varies within industry

Rarely available for past exposures

Does not account for exposure factors other than
inhalation

Historical data may be limited or missing

Often hard to estimate accurately

Short-term only, not useful for historical exposure
Rarely available for past exposure
Costly and technically demanding

Based on generalizations, may not reflect
variation
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Table 3. Brief summary of job exposure matrixes (JEM) and studies using a JEM which have been developed in several countries
and are used in occupational epidemiological studies

Main application

Major references

JEM name Country
FINJEM Finland
CANJEM Canada

N-JEM Norway,
Sweden,
Denmark

US-JEM USA

NOCCA-JEM Five Nordic
Countries

Provides time-specific estimates of exposure
prevalence and average levels for over 80
agents by occupation since 1945. Based on
measurement data, literature, and expert
judgement, it is widely used in epidemiological,
surveillance and other applications in Finland
and other countries.

Based on the probability and intensity of
exposure to 258 agents by occupation. It was
developed using work history data from more
than 30 Canadian case—control studies
conducted between 1985 and 2021.

* Designed to assess occupational exposure
to 30 asthma-related agents based on
ISCO88 job codes, without time stratification

* Exposures are qualitatively classified as high,
possible, or unexposed.

Developed by the CDC/NIOSH from the
N-JEM, categorises probable or possible
exposure to 19 asthma—-causing agents based
on SOC-2010 job codes and 2015 U.S.
workforce data. However, it does not
categorise exposure by historical time periods.

FINJEM was used as the basis for analyzing
occupational cancer risks across five Nordic
countries, with harmonised occupational codes
and adjusted exposure estimates per country.
The structure of the Nordic JEMs is
three—dimensional (over 300 occupations, over
20 agents, and four periods covering
1945-1994).

» Use of the Finnish Information System on
Occupational Exposure (FINJEM) in
epidemiologic, surveillance, and other
applications

» Occupational exposure assessment tools in
Europe: A comprehensive inventory overview

* Availability of a new job—exposure matrix
(CANJEM) for epidemiologic and occupational
medicine purposes

* Development of and selected performance
characteristics of CANJEM, a general
population job—exposure matrix based on past
expert assessments of exposure

* Exposures and asthma outcomes using two
different job exposure matrices in a general
population study in northern Europe

* Update of an occupational asthma-specific
job exposure matrix to assess exposure to
30 specific agents

Development of an asthma-specific job
exposure matrix for use in the United States

Construction of job—exposure matrices for the
Nordic Occupational Cancer Study (NOCCA)

Abbreviation: FINJEM = Finnish JEM; CANJEM = Canadian JEM; N-JEM = Norwegian JEM; NOCCA-JEM = Nordic
Occupational Cancer Study JEM

3} A E3kE Bt Morton et al, 2022). T8 2 sl G Aol iRt AW 53 kst
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Table 4. Examples of major countries with national standard occupational classification databases

Country Database Organization Key features & applications URL Reference
Detailed data on 900+ occupations (skills,
USA O*NET U.S. Department physical demands, work environment); https://www.onetcenter.org/ (ONET,
of Labor . 2025)
used for physical exposure JEMs
ESDC National job classification; basis for  https://noc.esdc.gc.ca/?GoCTe (Canada,

Canada NOC / CANJEM

(Gov. of Canada) CANJEM (chemical exposure JEM)  mplateCulture=en-CA 2025)
European ISCO-linked database of skills, ) (EC,
FU ESCO Commission competences, and occupations https://esco.ec.europa.eu/en 2025)
[talian . :
[talian Research Adapted O*NET for ergonomic exposure ) (ONET,
% —
ltaly ?EuET based Consortium assessment; developed Ergo—Index https://www.onetcenter.org/ 2025)
KSCO Provides standardized job classification
South  (Korean Standard o andlcodmg system; currently lacks https.//kssc.kostat.go.kr.l8443/. (KOSTAT,
P Statistics Korea detailed task and exposure data. No case ksscNew_web/ekssc/main/mai
Korea  Classification of 2025)

Occupations)

has been used in occupational n.do#
epidemiological study

Abbreviation: O*NET = Occupational Information Network; NOC = National Occupational Classification; ESDC = Employment and
Social Development Canada; ESCO = European Skills, Competences, Qualifications and Occupations
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Table 5. Summary of the strengths and limitations of JEMs

7t nEk 22 £ MHEE|A(Job Exposure Matrix) &2 335

Strengths

Limitations

* Useful for studying large populations, including rare < Expert assessments can lead to incorrect classification of exposure

diseases like cancer

* Reduces the need for costly and time—consuming
direct exposure measurements

* Incorporates past job and exposure information,
helpful for long—term health effects

levels

* Only provides group-level estimates, lacks details of individual
exposure

» Does not account for job changes or different exposure levels
during a career

 Consistent assessment of exposure across different = Assumes all workers in a job category have the same exposure,

workers and workplaces

which may not be true

* |deal for cohort or case—control studies involving large * May not capture subtle differences in exposure that could affect

groups

health risks
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