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Background: A job-exposure matrix (JEM) is an important surrogate indicator to evaluate past exposure
levels. Although a Korean asbestos JEM has been constructed previously, this JEM includes only a few
industrial and occupational groups. This study aimed to reconstruct the JEM by integrating the latest
organized data to improve its utility.
Methods: We used recent Korean standard industry and occupation codes and extracted 36 articles from
a systematic literature review to initiate the reconstruction of the previous Korean asbestos JEM. The
resulting data consisted of 141 combinations of industrial and occupational groups. Data from the
Netherlands's JEM were also reviewed and categorized into 70 industrial and 117 occupational groups by
matching with the Korean data. We also utilized Germany's data, which consisted of 10 industrial and 14
occupational groups.
Results: The reconstructed Korean asbestos JEM had 141 combinations of industries and occupations. The
time periods are from the 1980s to the 2000s in 10-year intervals. Most of the data were distributed
between the 1990s and the 2000s. Occupations with high exposure to asbestos included knitting and
weaving machine operators, automobile mechanics or assemblers, ship mechanics or assemblers, min-
eral ore and stone products processing mechanics, and metal casting machine operators or mold makers.
Conclusions: The reconstructed Korean asbestos JEM has expanded the type and duration of the occu-
pational groups of the previous JEM and can serve as an important reference tool for evaluating asbestos
exposure and designing compensation and prevention policies in Korea.
� 2020 Occupational Safety and Health Research Institute, Published by Elsevier Korea LLC. This is an

open access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
1. Introduction

Asbestos is a group of natural fibrous silicate minerals that are
resistant to heat, fire, corrosion, and electricity. Because of these
properties, it has been globally used in industry. As asbestos
continues to be used for decades, there have been growing con-
cerns about its health effects, and studies on occupational and
environmental exposure to the compound have been conducted.
Asbestos is known to cause asbestos-related diseases (ARDs), such
as malignant mesothelioma, lung cancer, laryngeal cancer,
ovarian cancer, asbestosis, and pleural disease (pleural plaque and
pleural thickening) [1]. Asbestosis was first recognized in the
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1930s, lung cancer in the 1950s, and malignant mesothelioma in
the 1960s [2]. The International Agency for Research on Cancer
classified asbestos as a group 1 carcinogen [3]. ARDs have a dosee
response relationship, with a long latency between exposure and
disease. ARDs, including asbestosis and cancers, have a minimum
latency period of 10 years. Therefore, the estimation of past
exposure before the onset of the disease is important to clarify the
association between the exposure and the disease [4]. However,
direct exposure assessment has limitations due to time, technical,
and spatial constraints [5]. As a countermeasure, a job-exposure
matrix (JEM) can be used as a tool for assessing past exposure
levels.
san National University Yangsan Hospital, 20, Geumo-ro, Mulgeum-eup, Yangsan-si,
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Fig. 1. Composition of data for new construction of the asbestos JEM.
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A JEM is designed to link information on occupation and
exposure to specific workplace hazards [6]. It was first introduced
in 1941 [7] and has been used extensively in occupational epide-
miological studies since the 1980s [8]. The advantage of using a JEM
is that it reduces a differential information bias using standardized
industry/job titles in certain circumstances such as caseecontrol
studies between cases and controls [9].

In Korea, asbestos imports have increased since the 1970s and
began to be used in various occupations as industrialization started.
The Saemaeul movement was one of the national programs of
industrialization. As a new town program of the movement, the
thatched roofs in rural area were replaced with slate roofs made by
asbestos. As the exposure to asbestos increased and the asbestos-
related health problem had been emerged, studies began to be
performed after the 1980s, leading to the first compensation case
for ARDs in 1993. Data on asbestos exposure at the time were
limited, and this led to the construction of the Korean asbestos JEM
[10]. Other countries such as the Netherlands and Germany also
developed their own JEM. However, the Korean asbestos JEM
remained limited in terms of data. This study aims to reconstruct
the previous Korean asbestos JEM by integrating recent Korean data
Fig. 2. Flow of the systemic literatu
and data from the Netherlands' and Germany's JEM to improve the
utility of the tool.

2. Materials and methods

To reconstruct the previous asbestos JEM, we combined the
previous asbestos general population JEM (GPJEM), a systematic
literature review, and extracted the Netherlands' and Germany's
JEM data and showed it to the reconstructed Korean asbestos JEM
for comparison (Fig. 1). Finally, the reconstructed asbestos JEM was
composed of 141 combinations of industrial and occupational
groups.

2.1. Korean measurement data

We referred to the most recently published GPJEM. The data
resource of the GPJEM is composed of the Korean literature from
1984 to 1996, the Graduate School of Public Health Seoul National
University database, which contains the exposure information be-
tween 1995 and 2006, and the Korean Occupational Safety and
Health Agency database between 2005 and 2008 [10].

2.2. The systematic literature review

In addition, a systematic literature review of Korean and inter-
national databases was performed.

2.2.1. Inclusion criteria

- Any literature about asbestos exposure levels in the workplace,
including abstracts, journal articles, books, conference papers,
related publications, and related conferences
re review and data extraction.



Table 1
The number of exposure groups of occupations by year N (%)

Exposure groups 1980 1990 2000

Saf Health Work 2021;12:74e9576
- The search terms were “asbestos” and “Korea” for until 2017 in
Korea.

- Any literature or abstract published in Korean or English
E1 6(42.9) 5(9.3) 6(5.1)

E2 7(50.0) 7(13.0) 31(26.5)

E3 0(0.0) 28(51.9) 34(29.1)

E4 1(7.1) 14(25.9) 46(39.3)

Total 14(100) 54(100) 117(100)

E1: �1 fibers/cm3, E2: 0.1e1 fibers/cm3, E3: 0.01e0.1 fibers/cm3, and E4: <0.01
2.2.2. Search databases

- Research Information Sharing Service (www.riss.kr)
- Google Scholar (http://scholar.google.co.kr/)
fibers/cm3.
2.2.3. Review process
An information retrieval strategy was used, and duplicate arti-

cles were excluded. The final selectionwas performed in two steps:
exclusion of the article after reviewing the title and abstract and
exclusion of the article after reading the full text.

2.2.4. Data extraction
Among 76 articles selected in the systematic literature review,

26 were excluded because of overlap between the measured data
and other data, and 14 were excluded because of absence of in-
formation on the time period. Finally, we analyzed 36 articles and
used the obtained data of the weighted arithmetic mean for the
reconstruction of the previous Korean asbestos JEM. A flow chart of
the literature inclusion process is shown in Fig. 2.
2.3. The asbestos JEM of other countries

2.3.1. The Netherlands' data
We gathered data from the Netherlands' JEM based on the study

of Swuste et al [12] to reconstruct the Korean asbestos JEM. The
data consisted of 70 industries, 309 occupations, and a total
exposure period of 50 years, from 1945 to 1994, divided into five-
year intervals. We converted these data into 70 industries and 91
occupations with the same periods by matching the Standard In-
dustry Codes and Standard Classification of Occupations codes
based on International Standard Classification of Occupation 88
(ISCO-88) with Korean codes based on ISCO-88. We used the
website http://www.asbestkaart.nl by the Asbestos Victims Insti-
tute, which offers raw data of asbestos exposure [13], and finally
classified the Netherlands' industrial and occupational categories
into 70 industrial and 117 occupational groups and an additional
seven subcategories. For these matched data, we assigned the
Netherlands' ID by arranging the codes based on the 10th Korea
Standard Industry Code (KSIC) and the 7th Korean Standard Clas-
sification of Occupations (KSOC). The exposure level was divided
into seven codes: “0,” no exposure; “a,” 0e0.5 fibers/cm3; “b,” 0.5e
1 fibers/cm3; “c,” 1e2 fibers/cm3; “d,” 2e5 fibers/cm3; “e,” 5e10
fibers/cm3; and “f,” �10 fibers/cm3.

2.3.2. Germany's data
For data from Germany's JEM, we referred to the BK-Report 1/

2013 Faserjahre [14] and converted German Standard Industry
Codes and Standard Classification of Occupations codes into Korean
codes. After translating German to Korean, wematched the German
JEM data with appropriate KSIC and KSOC categories. Exposure
levels were included in the reconstructed JEM.

2.3.3. Listing of the Netherlands and German JEM in the Korean
asbestos JEM table

We extracted 84 combinations of the Netherlands' JEM data and
11 combinations of Germany's JEM data. Among them, we repre-
sented the matched 49 Netherlands' data and six Germany's JEM
data with the most similar combination of Korean JEM data.
3. Results

For Korean data, we designated the exposure level into four
categories: E1, �1 fibers/cm3; E2, �0.1 fibers/cm3; E3, 0.01e0.1 fi-
bers/cm3; and E4, <0.01 fibers/cm3. The number of industrial and
occupational combinations (IOCs) was 14 in the 1980s, which
increased to 54 in the 1990s and 117 in the 2000s. The number of
occupational groups with a highly exposed level (E1) was six
(42.9%) in 1980s, five (9.3%) in 1990s, and six (5.1%) in 2000s.
(Table 1). The proportions of over 0.1 f/cc that was the current
occupational exposure limit of Korea were the highest as 92.9% in
the 1980s, then decreased to 22.3% in the 1990s, and was 31.6% in
2000s.

A newly constructed asbestos JEM table for 141 IOCs was
established (Table 2). There were the industrial code and name (the
10th KSIC) of 2017, which was relevant to ISCO-88 and the occu-
pational code and name (the 7th KSOC) of 2017. The concentrations
of asbestos were represented for three periods, the 1980s, 1990s,
and 2000s. There were three IOCs which contains concentration
data in 2010s, and they were added in the 2000s tab. It also con-
tains estimated exposure values and levels to compare data from
the Netherlands' and Germany's JEM. Netherlands' data and Ger-
many's data were added to the most relevant combination of in-
dustry and occupation for comparison.

The list of IOCs with the highest exposure level (E1) by years is
provided in Table 2. In the 1980s, they were grinding and mixing
machine operators of the asbestos mining industry (IOC 2), textile
production and processing machine operators of the asbestos
textile industry (IOC 48), machine operators of the asbestos
(cement) industry (IOC 52), metal casting machine operators of the
iron and steel industry (IOC 56), ship assemblers of the ship in-
dustry (IOC 91), and store salespersons of motor vehicle parts and
accessories (IOC 110). In the 1990s, highly exposed groups were
weaving machine operators of fiber fabrics (IOC 6), machine oper-
ators of wood and paper (IOC 15), plastic products (IOC 34), the
asbestos textile industry (IOC 48), and automobile mechanics of
repair services of motor vehicles (IOC 139). In the 2000s, highly
exposed groups were paper products machine operators (IOC 10),
painting machine operators of manufacture of paperboard boxes
and containers (IOC 13), grinding and mixing machine operators of
synthetic resin and other plastic materials (IOC 19), machine op-
erators of surface-active agents (IOC 24), construction stonemasons
(IOC 43), and automobile paint mechanics (IOC 87). All E1 occu-
pations in the 2000s were jobs handling talc-containing asbestos.
Asbestos textile processing operation (IOC 48) had the highest
exposure level, 7.48 f/cc in the 1980s and in Netherlands' with a
peak of 5e10 f/cc from the 1940s to 1960s.

4. Discussion

This study aimed to construct a new Korean asbestos JEM by
comparing data from the Netherlands' and Germany's JEM, which
led to the expansion of the previous JEM to 141 combinations of
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industries and occupations. As it includes data of longer periods,
more diverse industries, and occupations, it reflects the exposure
estimate of asbestos in Korea more accurately.

4.1. Trends of asbestos consumption and exposure levels in Korea

The occupation groups with high asbestos exposure levels
include knitting and weaving machine operators, automobile me-
chanics or assemblers, ship mechanics or assemblers, mineral ore
and stone products processing mechanics, and metal casting ma-
chine operators or mold makers. This result is consistent with the
national industrialized characteristics of Korea. In Korea, the
asbestos textile weaving and brake lining production began to in-
crease in the 1970s. With the acceleration of industrialization since
the 1980s, asbestos imports increased, and asbestos use peaked in
the 1990s [15]. In asbestos textile factories, the use of asbestos
increased when the operations of J Chemical, Asia's largest textile
factory located in Busan, was transferred from Tatsuta of Nichias in
Japan and Rex in Germany to Korea in 1971 and 1981, respectively
[16]. In 2000s, the portion of occupational groups over 0.1f/cc
exposure increased compared with that in 1990s. We found the
reason that the data in the Korean Occupational Safety and Health
Agency database were measured in talc-containing occupations;
therefore, the highly exposed occupational groups were included
making a biased trend in the proportion.

4.2. Cause of the time lag of periods with high exposure levels
between Europe and Korea

As mentioned before, different sets of data cover asbestos
exposure from the 1980s to the 2000s in Korea, 1945 to 1994 in the
Netherlands, and the 1960s to the 2000s in Germany. While
asbestos exposure levels peaked in the 1990s in Korea, most of the
data from the Netherlands and Germany showed peak exposure
levels from the 1950s to the 1970s. This finding could be due to the
difference in asbestos usage patterns between Europe and Asia. One
study estimated the proportion of asbestos use in Asia to be 14% in
1920e1970, 33% in 1971e2000, and 64% in 2000e2007, and these
periods are later than those in Europe [17]. In a comparative anal-
ysis of asbestos use and exposure data for Germany and Korea, the
asbestos exposure level in Korea in 1981 was comparable with that
of Germany in 1974 [16,18]. Regarding categories of exposure levels,
the highest level in Korea was classified as E1 (�1 fibers/cm3);
however, in the Netherlands, the highest exposure level was “f”
(>10 fibers/cm3) and the lowest was “a” (0e0.5 fibers/cm3), which
is higher than the highest level (E1) in Korea. Therefore, a quanti-
tative comparison of exposure levels between Korea and the
Netherlands is less meaningful; however, it can be used to identify
trends associated with increasing or decreasing asbestos exposure
levels.

4.3. Comparison with other JEMs (Finland, Australia, etc.)

There have also been trials to construct a systematic JEM for
occupational asbestos exposure in other countries. Finnish National
Job-Exposure Matrix, one of the most widely used JEMs, was con-
structed in the 1990s and contains 74 chemical, physical, biological,
ergonomic, and socio-psychological factors, covering 311 occupa-
tional categories for the period 1945e1997. In Australia, an asbestos
JEM was used for assessing occupational asbestos exposure and
contains 537 combinations from 224 occupational categories and
60 industrialized categories and 4 time periods (1943e1966, 1967e
1986, 1987e2003, and �2004) [19], which is called SYN-JEM, and
the quantitative SYN-JEM for five carcinogens including asbestos
was developed by modeling of personal measurements in previous
JEM data, for the periods between 1971 and 2009 [20]. We could
have used the asbestos JEM of Australia for this study as they have a
large number of combinations; however, we could not access their
raw data. However, compared with these foreign JEMs, the recon-
structed asbestos JEM in this study estimated the exposure levels
for 141 combinations by period and combined the Netherlands' and
Germany's data as references for estimating asbestos exposure. As
asbestos production and usage periods in Korea are different from
those in Europe, we were not able to perform a direct comparison.
Nevertheless, the reconstructed Korean asbestos JEM is a large-
scale JEM that can represent asbestos exposure in Korea and
other Asian countries.

4.4. Advantages and limitations

The reconstructed Korean asbestos JEM expands the previous
112 combinations to 141 combinations. The strength of this study is
that we can estimate asbestos exposure during periods that are not
covered by Korean data by referring to the Netherlands' and Ger-
many's data. However, caution is required when interpreting esti-
mates with a small data sample size, and it should be noted that
asbestos exposure in Korea is different from those in countries of
other continents. The narrow period of overlap between the Korean
data and the Netherlands' or Germany's data is also amajor cause of
inaccurate estimates.

4.5. Further study

Analyzing the asbestos exposure using the reconstructed Korean
JEM showed the highest exposure level in most occupations in the
1980s, which gradually decreased until the 2010s; however, some
occupations emerged as highly exposed groups in the 2000s.
Further research on these new asbestos occupational groups and a
close follow-up study are necessary. A diverse approach for data on
past exposure levels before the 1980s is also needed.

5. Conclusions

The reconstructed Korean asbestos JEM has expanded the type
and duration of the occupational groups to 141 combinations for
periods between the 1980s and 2010s. This JEM can serve as an
important reference tool for evaluating asbestos exposure in
Korean workers and providing basic data for compensation and
prevention policies for asbestos-exposed workers.
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