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Cancer Mortality and Incidence
in Cement Industry Workers in Korea
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Occupational Safety and Health Research Institute, Korea Occupational Safety and Health Agency, Incheon, Korea

Objectives: Cement contains hexavalent chromium, which is a human carcinogen. However, its effect on cancer seems inconclu-
sive in epidemiologic studies. The aim of this retrospective cohort study was to elucidate the association between dust exposure
in the cement industry and cancer occurrence.

Methods: The cohorts consisted of male workers in 6 Portland cement factories in Korea. Study subjects were classified into five
groups by job: quarry, production, maintenance, laboratory, and office work. Cancer mortality and incidence in workers were
observed from 1992 to 2007 and 1997-2005, respectively. Standardized mortality ratios and standardized incidence ratios were
calculated according to the five job classifications.

Results: There was an increased standardized incidence ratio for stomach cancer of 1.56 (27/17.36, 95% confidence interval: 1.02-
2.26) in production workers. The standardized mortality ratio for lung cancer increased in production workers. However, was not
statistically significant.

Conclusion: Our result suggests a potential association between cement exposure and stomach cancer. Hexavalent chromium

contained in cement might be a causative carcinogen.
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Introduction

In 1824, Joseph Aspdin calcined a mixture of limestone and
clay in a furnace, and this is the origin of current Portland ce-
ment [1]. Since then, Portland cement has been used widely,
and its health effects have become an important issue both for
workers and the environment. In addition to cement industry
workers who make cement from raw materials, many construc-
tion workers are also exposed to cement dust, and even people
living in houses built with cement might be exposed to cement
dust.
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Dermatitis due to contact with cement is a well-known
occupational skin disease, and the main cause of skin lesions is
hexavalent chromium (Cr*"). Decreased lung function and in-
creased chronic obstructive pulmonary disease prevalence have
also been reported due to cement dust exposure [2,3]. Several
studies have been conducted evaluating the carcinogenic effects
of cement, but the results have been inconclusive, even though
some cancers, such as lung and gastrointestinal cancers, have a
suspected association with cement dust exposure [4-8].

In the middle of the baking process for cement in kilns,
Cr™* is oxidized to Cr**, but after that process the content of
Cr"™ decreases slowly over time. The International Agency for
Research on Cancer (IARC) classified Cr°* as a definite car-
cinogen for humans (Group I), targeting the lung and sinonasal
areas [9]. In spite of containing Cr™*, the carcinogenic effect of
cement dust exposure has not been fully elucidated in human
subjects. Hence, this study investigated the potential relation-
ship between exposure in the cement industry and the develop-
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ment of various cancers.

Materials and Methods

There have been seven major companies manufacturing Port-
land cement in Korea since the 1950s. Two of them have two
factories each, therefore a total of nine Portland cement manu-
facturing factories were running at the time of this study. There
was no major difference in the manufacturing process among
these factories.

Lists of worker information were assembled for each fac-
tory, and included employment date, retirement date, job type,
and resident registration number. After collecting the lists, all
databases were evaluated for completeness, resulting in the
exclusion of databases from three companies. Female work-
ers were excluded from the databases, because the number of
female workers was too small, and most of them occupied of-
fice positions. Thus, the retrospective cohorts consisted of only
male workers who worked at least one day during 1992-2007
(cancer mortality cohort) at one of four Portland cement man-
ufacturing companies or 1988-2005 (cancer incidence cohort)
at one of six Portland cement manufacturing factories.

The process of cement manufacturing consists of quarry, raw-
mill, kiln, cement mill, and packing/shipment. Quarries are
located adjacent to manufacturing factories, and mined lime-
stone is crushed and then transferred to the rawmill process by
conveyor belt. In the rawmill process, limestone is mixed with
small amounts of other raw materials, such as silica and iron
ore, and then ground into powder. This powder is transferred to
the kiln and baked with a burner using coal, during which the
temperature of the kiln exceeds 1,400°C. During this process,
free crystalline silica is usually melted and fused with CaCO;
and other raw materials. The final output of the kiln process is
called clinker, and it is transferred to the cement mill and mixed
with a small amount of gypsum. Then it is ground into a pow-
der again as commercial cement. During the quarry process,
workers are mainly exposed to limestone dust; however, during
the kiln-to-packing process, workers are exposed to cement dust
containing Cr*".

The subjects’ jobs were classified into five groups by oc-
cupational type: quarry, production, maintenance, laboratory,
and office. Quarry workers perform drilling and blasting of
stone or run crushers. Production workers operate production
processes or pack/ship cement. Maintenance workers repair
and maintain production equipment, and laboratory workers

usually perform chemical content analysis of cement and by-
products. Job histories were not available except for workers’
last departments. Therefore, the last job was used as a proxy for
exposure. Cancer risks were evaluated according those five job
type classifications.

Standardized mortality ratios (SMRs) and standardized in-
cidence ratios (SIRs) for cancers in cement industry workers
were calculated. Cancer mortality and incidence were identi-
fied by the national death registry during 1992-2007 and the
cancer registry during 1988-2005. The entry point of the co-
hort was Jan 1, 1992 for cancer mortality and Jan 1, 1988 for
cancer incidence, or the date the worker began working at his
company if the worker entered after those years. The exit point
of the mortality cohort was the date of death, and that of the
cancer incidence cohort was the date of death or cancer diag-
nosis. Overall, for the mortality cohort, the cases were observed
and person-years were enumerated from Jan 1, 1992 to Dec 31,
2007. While the cancer incidence cases were identified from
1988 to 2005, however, for the cancer incidence cohort, cases
and person-years were enumerated only for 1997-2005, because
the national cancer incidence rates were not available in early
study periods due to low cancer registration rates.

Case/person-year tabulation for the mortality cohort was
conducted using the Life Table Analysis System (LTAS.NET)
with 5-year intervals of age and 4 calendar periods: 1992-
1996/1997-2001/2002-2006/2007 [10]. Korean male cancer
mortality rates in 1994, 1999, 2004, and 2007 were used as ref-
erence rates. For the cancer incidence cohort, case/person-year
tabulation was performed with 5-year intervals of age using
STATA, with the Korean male cancer incidence rate in 2003
used as a reference rate. Cancer mortality rates and incidence
rates of each cohort were compared with the national mortality
and national cancer incidence rates using indirect standardiza-
tion of the rates. Exact Poisson confidence interval (CI)s were
also calculated for SIRs using SAS macro [11].

Classification of cancer was performed following US
NIOSH-119 (US National Institute for Occupational Safety
and Health ) occupational cancer classification [12]. Deaths
were identified by the Statistics Korea (KOSTAT), a registry
estimated to cover more than 95% of all deaths. KOSTAT re-
cords provide dates and causes of death based on tenth revision
of International Classification of Diseases (ICD-10). Cancer
incidences were identified by the Central Registry of Cancer in
Korea. Summary results of SMRs and SIRs for each type of
cancer after standardization for age and calendar period were
calculated.
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Results

The number of subjects for the mortality cohort and cancer
incidence cohort were 5,146 and 5,596, respectively. The most
frequent job group was production, which comprised approxi-
mately 40% of all jobs. The mean age and work duration of
workers were 35.3 years for the mortality cohort and 33.1 years
for the cancer incidence cohort (Table 1).

All cancer mortality rates for all workers were insignifi-
cantly lower than reference values from the Korean adult male
population. There was no significantly-increased cancer mortal-
ity according to the five job classifications (quarry/production/
maintenance/laboratory/office) (Table 2).

All cancer incidences for all workers slightly increased,
but were statistically insignificant. The stomach cancer inci-
dence was significantly increased in production workers (SIR
1.56, 95% CT: 1.02-2.26) according to the five job classifications
(Table 3).

Discussion

In this retrospective study, we estimated cancer mortality and
incidence of workers in the cement industry. Cement indus-
try workers are exposed to various dusts, such as limestone,
cement, coal, silica, and gypsum. Among them, cement and
limestone dust are the main components of exposed dusts.

Table 1. General characteristics of study subjects

Type of Job No. of workers  Age *(years)
cohort classifications No. % Mean SD
Cancer Quarry 500 9.7 382 84
mortality .
cohort Production 2,029 39.4 36.2 9.3
Maintenance 894 17.4 33.4 9.9
Laboratory 345 6.7 313 84
Office 1,378 26.8 35.1 10.0
Total 5,146 100 353 96
Cancer Quarry 528 9.4 356 8.04
incidence .
oot Production 2,150 38.4 339 86
Maintenance 928 16.6 31.7 9.1
Laboratory 356 6.4 293 74
Office 1,634  29.2 33.0 96
Total 5,596 100 33.1 9.0

No: number, SD: standard deviation.
*At the time of cohort entry.
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Manufacturing cement can be divided into two major
parts: quarrying of the limestone and cement production.
Characteristics of exposed hazards are different according to
these manufacturing processes. During the mining and milling
of limestone, workers are exposed to airborne limestone dust
containing a variety of minerals, whereas during the kiln-to-
packing process, workers are exposed to cement dust contain-
ing Cr** [13].

Limestone ore can contain various minerals besides cal-
cium carbonate, which is the main component. In a study of
US limestone quarries, crystalline silica, which is known as
a potent lung carcinogen, was detected in all nine quarries.
Also, the mean o-quartz content was 11% and the respirable
a-quartz exposure had a geometric mean of 0.04 mg/m’ (with
a geometric standard deviation of 1.88 mg/m”) [14,15]. In ad-
dition to crystalline silica exposure, exposure measurements in
Finnish limestone and dolomite mines showed varying concen-
trations of quartz and mineral fibers, such as tremolite asbestos
and wallastonite [13]. The contents of quartz and mineral fiber
depend on the location of the quarry. During the kiln-baking
process, Cr’* is formed by oxidation. Thus, after this process,
cement contains Cr®". Portland cement is in powder form with
an aerodynamic diameter ranging from 0.05 to 5 um. This size
is within the range of sizes of respirable particles which can
reach the alveoli of the lungs [16]. There have been reports
of occupational exposure to cement dust in men leading to
increased frequency of chromosomal aberrations [17,18]. The
authors of these studies suggested Cr®*, and less likely alumi-
num and silica, could be causing chromosomal aberration and
sister chromatid exchange. In addition to these carcinogens,
workers or residents near cement factories could be exposed to
atmospheric emissions of various chemicals, such as NO,, SO,,
CO,, CO, dioxin, polycyclic aromatic hydrocarbon (PAH)s, and
metals [16].

Thus, it has long been suspected that workers exposed to
cement dust would exhibit increased risks of lung cancer, but
the relationships have not been determined. One cohort study
reported an increased risk of lung cancer among cement work-
ers [5], and in another study of masons handling cement, a
high mortality rate of lung cancer (SMR 3.14, 95% CI: 1.43-
5.95) was reported [19]. Laryngeal cancers also have been
reported in individuals with exposure to cement dust (odds
ratio [OR] 2.22, 95% CI: 1.02-4.84) [20]. Stomach cancer and
colorectal cancers were reported to be associated with Portland
cement production [6,8]. However, the results of studies show-
ing relevant cancer risks have been inconsistent in many epide-
miological studies.

For stomach cancer, in a case-referent study, there was an
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increased OR of 3.2 (95% CI: 1.0-11) for esophageal and stom-
ach cancer [8]. McDowell [6] studied 607 cement plant workers
employed in 1939 in England and Wales. In his study, stomach
cancer mortality was significantly increased in the overall co-
hort (SMR = 175), and this was associated with an index of
cement plant dust exposure. However, in another study that en-
rolled workers employed in 23 U.S. non-asbestos cement plants,
stomach cancer mortality was not significantly associated with
tenure, latency, and year of birth [21]. Furthermore, recent
cohort studies of Lithuanian and French cement-producing
workers failed to show increased stomach cancer mortality or
incidence [5,22].

Our study showed significantly elevated stomach cancer
incidence (SIR 1.56, 95% CI: 1.02-2.26) in production work-
ers according to the five job classifications, but there was no
concomitant increase of stomach cancer mortality. Stomach
cancer is one of the most frequent cancers in Korean men.
Therefore, many people undertake endoscopy testing for the
early detection of stomach cancer. The prognosis of stomach
cancer would be as good as a 90% cure rate if detected in its
early stages. Consequently, the number of mortality cases by
stomach cancer would be much lower than that of incidence
cases that have been shown in our results. Usually workers in
the cement industry would have more accessibility to early
diagnostic testing than the general male population, because
cement companies are supportive to worker health. In terms
of this detection bias, because the stomach cancer SIR in office
workers was not elevated, we thought that its effect on cancer
incidence and mortality might not be influential.

The low stomach cancer SMR might come from the
healthy worker effect [23]. However, the discrepancy between
stomach cancer mortality and incidence represents limited
evidence of the association between cement dust exposure and
stomach cancer.

The mechanism of the carcinogenic effect of cement dust
to the stomach remains unclear. Some researchers suggested
that inhaled dust containing Cr** moves upward by mucocili-
ary movement from the lung, thus forming sputum, which is
then swallowed into the stomach, possibly leading to stomach
cancer.

In terms of lung cancer, a recent cohort study revealed
significant increases in lung cancer mortality (SMR 1.4, 95%
CI: 1.0-1.9) and incidence (SIR 1.5, 95% CI: 1.1-2.1) [4]. None-
theless, the relationship remains inconclusive because most
other studies showed negative results [4,6,7,22]. Our study also
did not show a significant association between exposures in the
cement industry and lung cancer for workers in the five jobs
classifications. In a subcohort analysis, manufacturing workers

(all workers except office jobs) who had worked less than 20
years showed increased lung cancer SMR 2.09 (10/4.79, 95%
CI: 1.00-3.84). However, there was no significant increase of
mortality and incidence for other subgroups (data not shown).
It would be hardly possible to interpret these results without ex-
posure data, because there was no increase of lung cancer risk
for workers who worked more than 20 years. However, it may
be suggestive of a relationship between cement dust exposure
and lung cancer to some degree. Therefore, a follow-up study is
needed to elucidate the relationship.

A few studies reported that the rate of colon cancer was
higher in cement workers due to the inhalation of cement dust
[7,8]. Notably, right side colon cancer (ascending colon) is
reported more frequently, because the transit time of the right
colon is longer than that of the left colon, which means longer
contact with Cr®* [24]. In our study, however, there were no sig-
nificantly increased risks of colon or rectal cancers.

Our study has a few limitations. First, we could not obtain
data on confounding factors, such as cigarette smoking and
Helicobacter pylori infection, which is known as a risk factor
of stomach cancer [25]. For example, smoking is a well-known
major risk factor for lung cancer and, without controlling for
smoking rates, the resultant cancer risks could be distorted.
Thus, if the smoking rate of cement workers were much lower
than that of the general male population, SMR or SIR would
show low risks of lung cancer and mask the carcinogenic effect
of Cr*" exposure. Second, cohort subjects were divided into five
groups by their last department. Some proportion of workers
might have changed their department during the observational
period, despite the distinct characteristics among those jobs.
However, we could not control the misclassification of jobs
due to the lack of job history information. Third, a quantitative
exposure assessment of dust was not conducted in our study.
There needs to be an evaluation of the relationships between
dust exposure and cancers using quantitative exposure data in
the near future.

In conclusion, stomach cancer incidence was higher (SIR
1.56, 95% CI: 1.02-2.26) in cement production workers in the
five job classifications. However, there was no increased risk of
stomach cancer mortality. These results support the potential
relationship between cement dust exposure and stomach can-
cer, but due to the inconsistency between mortality and inci-
dence, they can provide only limited evidence.
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