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Mortality of coke plant workers in the Netherlands

GM H Swaen, J J M Slangen, A Volovics, R B Hayes, T Scheffers, F Sturmans

Abstract
During the production ofcoke, large quantities
of coke oven gas are emitted. People who work
on the top or on the sides of coke ovens are
exposed to this oven gas, which contains a
range of carcinogenic chemicals. To inves-
tigate the cancer risks under these work condi-
tions, a retrospective study was undertaken. In
total 11 399 former workers were enrolled in
the study. Ofthese, 5639 had worked in the coke
plant for at least six months between 1945 and
1969. The other 5740 had worked in another
plant during the same period and formed a
non-exposed group for comparison. The study
group was followed up until 1984 for mortality.
The causes of death were obtained from the
Central Bureau of Statistics. Among the coke
oven workers significantly higher death rates
were found for lung cancer and non-malignant
respiratory disease. Mortality in the
byproduct section was similar to that expected.
Among workers in the tar distillery the rate for
lung cancer was higher than expected. The risk
for gastric cancer and non-malignant res-
piratory disease among the workers ofthe coke
shipping department was increased but the
SMRs did not reach statistical significance. No
data were collected about individual smoking
habits or socioeconomic state of the study
subjects and the possibility that the risk found
could be attributed to these factors cannot
be ruled out. It has been stated by other
investigators, however, that the effect of not
controlling for smoking tends to be modest.
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The main use of coke is as fuel for blast furnaces to
retrieve iron from iron ore. Recently the worldwide
coke production has declined as a result ofdecreasing
demands for products of the heavy iron and steel
industry and also as a result of the use of other fuels.
The worldwide production of coke in 1977 was
estimated to be around 360 million tonnes.' Coke is
derived from bituminous coal by destructive heating
in the absence of oxygen.2 After the oven is charged
with coal particles from the top, the oven is heated for
20 hours at a temperature of 1 1 00'C. Then the doors
on each side of the oven are removed and the coke is
pushed out by machine into a quenching car. This is
shunted to the quench tower where the hot coke is
cooled with water. On the coke wharf the coke is
allowed to cool down further. During the coking
process large quantities of gas escape from the coal
and are collected in mains. This coke oven gas is
processed in the chemical department where a num-
ber of chemicals are extracted mainly by distillation
processes.

Coal tar is separated out in the tar distillery. In the
benzene plant the lighter fractions containing ben-
zene, phenols, toluene, and other solvents are dis-
tilled. Several other installations are located in the
chemical sector, mainly for the purpose of gas
treatment, such as the sulphate plant, the H2S plant
and the generator gas plant. Several other depart-
ments are present mainly for maintenance and logis-
tics purposes. These include maintenance shops,
electrical engineering departments, personnel
departments, and occupational health departments.

Occupational exposures of coke plant workers vary
greatly from department to department and from job
to job. In several countries air samples have been
taken at the top and side of coke ovens. In these
samples benz(a)pyrene concentrations have been
determined. Table 1 presents these concentrations.
In the Netherlands air samples close to coke ovens
have been taken, but the fractions of benz(a)pyrene
have not been determined.
Table 2 shows a schematic presentation of the

production facilities of a coke plant and consequent
chemical exposures. The main occupational
exposure at the coke ovens is to coke oven gas. This
contains several carcinogenic substances, such as
benz(a)pyrene, chrysene, 2-naphtylamine, arsenic,
and benzene.3 The carcinogenicity of coke oven
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Table 1 Benz(a)pyrene concentrations in air samples taken from top side of several coke ovens

Country Lowest concentration Highest concentration
(year of publication) Type of coke plant (pg/M3) (g/rM3)

Soviet Union (1962) Coke plant 1-3 27.4
Czechoslovakia (1971) Metallurgical coke plant 3 0 33-0

Coke plant 1.0 23-1
United States (1974) Coke plant 1-2 15-9
Norway (1978) Coke plant 8 0 135-0
Poland (1978) Old coke plant 20 0 282-0

After modemisation 0 6-8
Modem coke plant 0 27-0

West Germany (1982) Coke plant 5 0 15 5
Sweden (1982) Coke plant 9 4 13 5
England (1972) Coke plant 2 1 27-3

Table 2 Main production facilities and subsequent
exposures in coke plants

Facility Chemical exposures

Coke ovens Coke oven gas containing polycyclic
aromatic hydrocarbons

Tar distillery Coal tar, naphthalene, coke oven gas
Benzene plant Benzene, toluene, xylene, CS2, coke

oven gas
Sulphate plant Ammonia, sulphuric acid, H2S, HCN
H2S plant Coal tar, coke oven gas, naphthalene,

H2S, HCN
Generator gas plant Generator gas

emissions has been investigated experimentally, by
topical application of dried coke oven main samples
to mice.45 The incidence of skin papillomas and
carcinomas was increased. Experimental inhalation
also produced an increase in lung tumours in mice.67
The carcinogenic risk of coke oven emissions to man
has recently been reviewed by the Intemational
Agency for Research on Cancer (IARC).8

Several epidemiological studies ofcoke oven work-
ers have been carried out (table 3). Kennaway and
Kennaway investigated deaths from lung cancer and
laryngeal cancer that occurred between 1921 and
1938 in England and Wales.9 Occupation was shown
on the death certificates. The investigators used
national census data to calculate the expected num-
ber of deaths for a particular occupation in the
general population. The number of deaths from lung
cancer in the occupational group of coke oven
workers was 2-8 times higher and from laryngeal
cancer 2-1 times higher than expected. In another
study Christian'° followed up a group ofworkers who
had been employed at a coal gasification plant. The
production process of coal gasification is similar to
that of a coke plant. He found that mortality from
lung cancer in the group was 24 times that of the
general population. In the same year Reid and Buck"
reported the results of an epidemiological study of
deaths that occurred among coke plant workers
between 1949 and 1954. The causes of death were

compared with causes of death for workers who had
been employed in another company. They did not
differ between the coke plant workers and the non-
exposed workers. The design of this study is quite
different from those generally applied in
occupational studies, which makes it difficult to
assess whether the design was appropriate.

In 1967 Japanese investigators reported the results
of a retrospective cohort study of workers who had
been employed at a coal gasification plant.'2 This
study was triggered by earlier case reports of deaths
from lung cancer in Japanese coal gasification work-
ers.'3 A reference group of workers in the generator
gas plant was also included. Both groups were
followed up in a similar fashion. Causes ofdeath were
obtained from medical records in local hospitals. In
the exposed population six workers of the coal
gasification plant had died from lung cancer, com-
pared to an expected number of0-18. The risk oflung
cancer increased with duration of exposure and
remained high after exposure ceased. The quality of
the medical data available for the exposed group was
different from that for the non-exposed group, which
may imply that the lung cancer cases in the exposed
group were more likely to be diagnosed as such.

In 1972 Doll et all'4 reported the results of a
retrospective cohort study among coal gasification
workers in Great Britain. A cohort of 4700 workers,
all exposed on 1 September 1953, was followed up
until 1965. Only 0-5% ofthe cohort was lost to follow
up. The workers were divided into three exposure
groups and their death rates were compared with
those for the general population. In the group with
the highest exposure the risk for bladder cancer was
2 5 times that of the general population, scrotal and
skin cancer was six times higher, and rates for lung
cancer and mortality from bronchitis were also
increased.

Sakabe et al 15 studied the mortality pattems of
2200 pensioned coke plant workers in Japan between
1947 and 1973. The study comprised workers from
11 coke plants. The mortality patterns among these
workers resembled those ofthe general population. If
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Table 3 Overview of results of epidemiological studies of coke oven workers and coal gasification workers conducted in other countries

No of
Investigators Study design exposed workers Site of cancer SMR Type of exposure

Kennaway and Kennaway9 Proportional mortality analysis Not stated Lung 280 Coke ovens
Larynx 210

Christian'" Retrospective cohort Not stated Lung 2400 Coal gasification
Reid and Buck" Retrospective cohort Not stated Negative Coke plant
Kawai etat 12 Prospective cohort 504 Lung 3300 Coal gasification
Lloyd' Retrospective cohort 2543 Lung 1000 Exposure 10 years or more at top of

coke ovens
Redmond et al 22 Retrospective cohort 3530 Kidney 300 Coke oven

Prostate 170 Coke plant
Intestine 160 Coke byproduct section
Pancreas 450 Coke byproduct section
Lung 267 Coke oven

Doll etal 14 Retrospective cohort 4700 Bladder 250 Coal gasification
Skin and scrotum 600
Lung 110

Sakabe et alt Proportional mortality analysis 2200 Lung 200 Coke ovens for metallurgical coke
Davies'6 Retrospective cohort 610 Negative 82 Coke oven
Collings'7 Retrospective cohort 2800 Lung 127 Coke oven
Hurley et al '8 Retrospective cohort 6700 Lung 120 Coke oven
Bertrand etal 24 Retrospective cohort 534 Lung 251 Coke oven

the cohort was restricted, however, to coke plants
that were a part of a steel company, mortality from
lung cancer was twice as high as expected.

Davies'6 followed up a cohort of 610 coke plant
workers in Great Britain over a period of 11 years.
The total mortality in this group was 15% lower than
expected. No excess of mortality for cancer from any
site was noted.
Under the commission of the European Commun-

ity for Coal and Steel, Collings conducted an
epidemiological study of 2800 workers of 14 British
coke plants.'7 All workers employed on 1 July 1967
were followed up until 1976. The cause-specific
mortality in the cohort was compared with that of
unskilled and semi-skilled personnel in Great
Britain. Among coke oven workers who had been
employed for five years or more a 27% increase in
mortality from lung cancer was found. Later this
study was expanded to 6767 coke oven workers and
produced similar results.'8
A study of coke plant workers has been carried out

in the United States at the University of Pitts-
burgh.' 22 The population consisted of 58 000 steel
workers employed in 1953. The workers were fol-
lowed up until 1961. The mortality of the coke oven
workers was compared with that of steel workers.
Redmond et al22 expanded the size of the cohort and
the period of follow up. Among the non-white coke
oven workers the rates of lung cancer were twice as
high as those of steel workers. Workers employed on
top of the ovens experienced rates of lung cancer
eight times as high as those of steel workers.
Incidence of intestinal, kidney, pancreatic, and pros-
tatic cancers was also increased among the coke oven
workers. These results could not be confirmed in a
later case-control study of lung cancer,2' a study
restricted, however, to white men only.

Finally an epidemiological study of 534 coke oven
workers was conducted in France on workers who
had retired between 1963 and 1982.24 Mortality from
cancer was 2-5 times higher than that for the general
population of France. Mortality from lung cancer in
the general population in the region in which the
study was carried out, however, is significantly
higher than that for the total population of France.
This difference may account for a part of the
increased risk of lung cancer in the study population.
A second weak point was the collection of cases in the
cohort. Causes of death were obtained from medical
files, which may have resulted in a higher ascertain-
ment rate in the exposed group than in the general
population.
The specific aim of our study was to investigate if

Dutch coke oven workers exposed to coke oven gas
were also at higher risk for lung and other cancers.

The three coke plants under investigation
Much of the coal found in the Netherlands was of a
bituminous type, not suitable for household pur-
poses. To make mining of this bituminous coal
profitable, it was decided to build large plants to
produce coke.25 The first coke, from the coke plant E
1, was produced in 1918. From the start much
attention was given to gas production and the distilla-
tion of chemicals. Coke plant E 1 remained in
production until 1945. Coke plant M was one of the
largest in Europe and began production in 1929.
Because of poor maintenance during the second
world war and other technical considerations coke
plant E 1 was replaced by a modern coke plant E 2.26
As much of the profitably exploitable coal was

nearly exhausted and because of the great natural gas
resources that were discovered, it was decided to stop
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coalmining in the Netherlands. Consequently plants
E 2 and M were shut down in 1968. Based on
descriptions we concluded that the hygienic condi-
tions were best in plant E 2, intermediate in plant M,
and poorest in plant E 1.

Material and methods
The study population consisted of 11 399 male
workers who were employed at the ovens ofone ofthe
coke plants or a particular nitrogen fixation plant for
at least six months between 1945 and 1969, who held
Dutch citizenship and who were living in the Neth-
erlands. The workers included in the comparison
group (nitrogen fixation plant) had been exposed to
NOx fertiliser dust. The occupational history, name,
and address of these 11 399 male workers were
available in the personnel files of the company. All
150 000 files of past and present employees were
screened to identify workers eligible for the study.
From all 5659 workers employed at the coke plants
for more than six months, information on the
occupational history consisted of job and workplace
and periods of work. The job classification scheme
enabled the coding ofevery job mentioned in the files
and included over 100 specific jobs. The list of
workplaces also contained more than 100 different
sites. The screening of the files and collecting of the
occupational history was done by persons who were
trained for this work and who were informed of the
procedures to be followed.
The procedure of the follow up was similar for the

exposed and the non-exposed group. Some eligible
workers were still employed by the companies at the
end of follow up. The files of the company's pension
fund showed study subjects who were receiving
retirement benefits at the end offollow up. Those still
working and known pensioners were not entered into
further follow up procedures. For the remaining
subjects information about their vital state was
requested at the municipal population registries. All
population registries that were contacted par-
ticipated in the study. For subjects that moved from
one municipality to another, it was necessary to
contact the population registry of the municipality to
which the person had moved.

Information about the causes ofdeath was received
from the Central Bureau of Statistics. The various
International Classification of Diseases (ICD)
categories were converted to the ICD-ninth revision.
All causes were grouped into seven main categories.
The category "neoplasms" was divided into 28
anatomical sites. Table 4 shows the results of the
follow up.
The statistical analysis consisted of a person-time

analysis to correct for differences in age distribution,
period of follow up and the fluctuation ofbackground
death rates. The person-time analysis was conducted

Table 4 Vital state of workers enrolled in coke plant study
at I January 1984, the end offollow up

Coke plant Reference
workers group
No(%) No(%)

Total No of workers in
the study 5659 (100) 5740 (100)

Died before 1 January 1984 1374 (24-3) 893 (15-6)
Emigrated before

1 January 1984 127 (2 2) 137 (2 4)
Lostto followup 4 (0-1) 5 (0 1)
Alive at 1 January 1984 4154 (73-4) 4705 (81-9)

by the computer program designed by Peto."7 Expec-
ted numbers were calculated by applying the cause,
age, and calendar time specific death rates of the total
Dutch male population to the generated person-years
of the exposed and non-exposed cohort. Two sided
confidence limits (95%) were calculated as proposed
by Breslow and Day.28 Although a non-exposed
working cohort was at hand, the basic comparison
was with the cause specific mortality of the total
Dutch male population. Because the individual
causes of death are not at our disposal, it has not yet
been possible to investigate dose response relations
by means of statistical modelling. Negotiations are
under way with the Central Bureau of Statistics to
carry out further dose response analyses on the
individual data under their supervision.

Results
In the reference group the total mortality was lower
than expected (893 observed v 993 expected deaths;
see table 5). This phenomenon of lower mortality in
working populations has frequently been found in
cohort studies and is called the healthy worker effect.
The total mortality of the exposed cohort of coke

oven workers was higher than expected (520
observed v 438 expected deaths, standard mortality
ratio (SMR) = 118-7). This increase was statistically
significant (95% confidence interval (95% CI)
106-5-127-0). Restricting the exposed cohort to those
who had worked at the oldest plant (E 1) resulted in a
higher SMR of 130-7 (180 observed v 137-7 expected
deaths), which was statistically significant (95% CI
1123-151-3). The mortality risks of workers who
had only worked at the E 2 or M plants were less
pronounced (SMRs of 112 (E 2) and 114 (M).
Mortality from respiratory diseases was significantly
higher than expected. The SMR for mortality from
respiratory disease in the coke oven cohort was 166
(51 observed v 30-8 expected deaths, 95% CI 1234-
217 7), which was statistically significant. In the coke
oven workers mortality from cancer of several sites
was increased. This was so for lung cancer (SMR =

129, 95% CI 990-165-5), gastric and small intestine
cancer (SMR = 142, 95% CI 910-211-4), and liver
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Table 5 Cause specific mortality in a cohort ofplant workers and a cohort of non-exposed workers

Non-exposed workers Coke oven workers Byproduct workers

Cause of death Observed No SMR Observed No SMR Observed No SMR

Main categories:
Infectious diseases 7 61 4 71 8 78
Neoplasms 259 85* 160 123* 282 106
Circulatory system 395 99 186 98 338 94
Respiratory system 57 103 51 162* 49 93
Digestive system 19 57* 18 124 23 78
Others 61 60* 48 109 68 75*
External causes 65 75* 30 131 56 79
Unknown 30 - 23 - 30 -

Neoplasms:
Mouth and pharynx 2 59 3 227 3 104
Oesophagus 4 84 1 47 2 48
Stomach and small intestine 27 88 24 142 31 108
Large intestine 1.0 60 6 81 13 88
Rectum 15 164 7 153 10 129
Liver and biliary passages 3 52 8 307* 5 98
Pancreas 6 43* 1 18 13 110
Nose 0 - 0 - 0 -

Larynx 1 36 4 329 2 82
Trachea and lung 107 87 62 129 104 100
Bone 0 - 1 170 1 77
Connective tissue 3 243 1 279 2 201
Skin 6 192 0 0 4 155
Breast 0 - 1 671 1 311
Prostate 7 55 7 81 15 115
Genital organs 2 87 0 - 4 169
Bladder 11 66 7 98 20 137
Brain 9 120 2 96 8 134
Thyroid gland 1 133 1 353 1 154
Lymphatic glands 0 - - - 0 -

Lymphoreticular sarcoma 3 86 4 307 2 67
Hodgkin's disease 2 49 1 104 6 186
Other lymphoma 0 - 1 120 4 173
Multiple myeloma 2 50 2 118 4 115
Leukaemia 13 135 6 163 7 85
Benign neoplasms 4 246 1 166 2 145
Not specified neoplasms 19 140 7 124 11 94
Other 2 47 2 115 7 187

Total 893 90* 520 118-7* 854 97

*p < 0 05 two sided.

cancer (SMR = 307, 95% CI 132-2-604-9). The
increased risk for liver cancer was significant. The
SMR for respiratory cancer (lung cancer, and laryn-
geal cancer combined) was 133-9 (95% CI 103-7-
170 6) and reached statistical significance. Coke oven
workers of coke plantM experienced the highest risk
for mortality from lung cancer (SMR = 139), which
approached statistical significance and mortality
from respiratory diseases (SMR = 166, 95% CI
116 6-235-4), which was significant.
Based on job descriptions the coke oven workers

were classified as top workers or side oven workers.
In the top workers the increased mortality from
respiratory diseases (SMR = 175, 95% CI 1066-
269-7) was statistically significant. Mortality from
liver cancer was also significantly increased (SMR =

664, 95% CI 2426-1,446-3). Side oven workers
experienced a significantly increased risk for lung
cancer (SMR = 141, 95% CI 102 7-189-7) and
gastric cancer (SMR = 172, 95% CI 1034-269-4).
The increased risk for laryngeal cancer (SMR = 329)
was not statistically significant. The cause specific

death rates in the other departments of the coke
plants were similar to the expected figures, with two

exceptions. Workers in the tar distillery experienced
a higher rate of lung cancer than expected (SMR =

154), and workers in the coke shipping department
had higher mortality from gastric cancer (SMR =

200) and non-malignant respiratory disease (SMR =

167). These, however, were not significantly
different from 100. Among the 222 former workers in
the benzene plant no indication was found for the
occurrence of an increased risk for leukaemia, but the
expected number was small.

Discussion and conclusions
Dutch coke oven workers have experienced higher
mortality for several diseases compared with con-
trols. Death rates from lung cancer were 29% higher
than in the general population if no correction was
made for the healthy worker effect. Mortality from
non-malignant respiratory diseases was 60% higher
than that in the general population. Unfortunately in
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our study it was not possible to collect data on
smoking habits and socioeconomic state of the
individual workers. Therefore, it is possible that
these factors may explain the results. Other inves-
tigators have argued, however, that the effect of not
controlling for smoking tends to be small in most
situations.29 The findings in our study are in
agreement with data from Great Britain, but are not
consistent with the high risks found in the United
States. One possible explanation is that exposure to
carcinogens for United States coke oven workers may
have been higher than in Great Britain. Personal air
samples taken at United States and British coke
ovens indicate that this is the case. The samples in the
United States had an average of 2-25 mg/mi of
benzene soluble matter compared with 1-29 mg/mi in
Britain. Samples taken in a Dutch coke plant
averaged 105 mg/m3 of benzene soluble matter.
These samples were taken at a different coke plant,
however, from those investigated in our study. The
exposure in the coke ovens of the study presented
here may have been higher, because they were not as
modern as those in which the samples were taken.
Two differences between American and European
coke plants could be important regarding this issue,
namely racial differences among the workers and the
different working temperatures of the ovens. The
American coke ovens have mainly been operated by
non-white employees, who may be at higher risk of
developing lung cancer than white workers, after
prolonged exposure to coke oven emissions.
American coke ovens have been heated to higher
temperatures than many European ovens, as the
main purpose of the American coke plants was to
produce metallurgical coke; in Europe the
byproducts were regarded as highly desirable. Also,
the studies in the United States go further back in
time'121 when exposures to polycyclic aromatic com-
pounds may have been higher.

Other cancer risks noted in the United States were
not seen although the excess of liver cancer is a reason
for concern. It has been suggested that this might be
related to a higher regional alcohol consumption but
this finding has not been reported elsewhere and may
be a matter of chance.
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