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Mortality and cancer morbidity among cement
workers

K Jakobsson, V Horstmann, H Welinder

Abstract
Objective-To explore associations between

exposure to cement dust and cause specific
mortality and tumour morbidity, especially
gastrointestinal tumours.
Design-A retrospective cohort study.
Subjects and setting-2400 men, employed

for at least 12 months in two Swedish cement
factories.
Main outcome measures-Cause specific

mortality from death certificates (1952-86).
Cancer morbidity from tumour registry infor-
mation (1958-86). Standardised mortality
rates (SMRs; national reference rates) and
standardised morbidity incidence rates (SIRs;
regional reference rates) were calculated.
Results-An increased risk of colorectal

cancer was found . 15 years since the start of
employment (SIR 1-6,95% confidence interval
(95% CI) 1-1-2-3), mainly due to an increased
risk for tumours in the right part of the colon
(SIR 2-7, 95% CI 1-4-4-8), but not in the left part
(SIR 1-0, 95% CI 03-2-5). There was a
numerical increase of rectal cancer (SIR 1-5,
95% CI 08-2 5). Exposure (duration of blue
collar employment)-response relations were
found for right sided colon cancer. After .25
years of cement work, the risk was fourfold
(SIR 4'3,95% CI 17-8-9). There was no excess of
stomach cancer or respiratory cancer. Neither
total mortality nor cause specific mortality
were significantly increased.
Conclusions-Diverging risk patterns for

tumours with different localisations within the
large bowel were found in the morbidity study.
Long term exposure to cement dust was a risk
factor for right sided colon cancer. The mor-
tality study did not show this risk.

(British Journal of Industrial Medicine 1993;50:264-272)

In a recent case-referent study of gastrointestinal
tumours in a Swedish village,' we found that colo-
rectal cancers were associated with Portland cement
production; the odds ratio for 25 or more years of
blue collar employment was threefold. Further, an
association between large bowel tumours and inhala-
tion of various dusts has previously been reported.2
An excess of these tumours was also noted among
workers exposed to metal dust and abrasives.34
Furthermore, in a cohort of asbestos cement
orkers,5 we have found a surprisingly high risk for
colorectal tumours, compared with cohorts of work-
ers in other branches of the asbestos industry. Thus
there is some epidemiological evidence that exposure
to inorganic dusts may cause colorectal cancer, but
more data are needed.
An increased risk for stomach cancer among

cement workers has been suggested,6 although there
are contradictory data.7 Several studies have sugges-
ted that workers exposed to inorganic dusts have an
increased risk of stomach cancer."' It has been
questioned whether this is due to exposure to dust or
to lifestyle factors,'4 '5 as several studies have failed to
show a relation between dose of dust and risk.'"'8 In
our previous case-referent study, the odds ratio for
any blue collar employment in the cement plant was
increased among cases with oesophageal or stomach
cancer, but short term employment predominated,
which makes a causal relation less likely. The
numerical excess of upper gastrointestinal tumours
among short time employees indicated in our study
might instead be attributed to the excess of cancers
often seen in short time employees.'9 Hence, whether
causality exists between exposure to inorganic dusts
and stomach cancer is still unclear.

In a small study ofmasons handling cement,2' lung
cancer was seen in excess. Also, an increased risk of
lung cancer other than adenocarcinoma was found in
a case-control study among workers with prolonged
exposure to high levels of concrete dust (possible
concomitant exposure to silica), as well as a cluster of
lung cancer among lorry drivers exposed to cement
and silica.2' Also, laryngeal cancers have been
associated with exposure to cement dust.2223 In a
recent cohort study, however,24 no excess risk for
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Mortality and cancer morbidity among cement workers

respiratory cancer was found among cement workers
when smoking habits were accounted for. Thus there
is some, but weak, support for an association between
cement dust and respiratory cancer from previous

studies.
Non-malignant respiratory hazards of heavy

exposure to inhaled cement dust have long been
recognised,25 26 but in studies where cement workers
were compared with adequate controls, ventilatory
decrement has not been shown.2728 Further, Danish
long term cement workers do not have severe res-

piratory disease, as reflected by stays in hospital due
to chronic obstructive lung disease, more often than
other blue collar workers.29 Thus there is little reason
to expect an increased respiratory mortality among

cement workers.
The aim of the present study was to explore

associations between exposure to cement dust and
cause specific mortality and cancer morbidity,
especially gastrointestinal cancer.

Material and methods
CEMENT PRODUCTION AND PLANT HISTORY
The cement making process starts with quarrying
and crushing of raw marlstone and limestone. The
crushing of the raw materials is done in two steps.
The first step is always dry. In the second step the
material is either ground together with water into a

slurry (wet method) or handled dry (dry method).

The silica content is adjusted, if necessary, by
addition of sand. The raw mix is heated to 1400°C in
a rotatory kiln and calcined to clinker. After cooling,
the clinker is mixed with gypsum (4%), and raw

limestone (3%), and a final grinding process takes
place. During the last few years, ferrous sulphate has
been added for the reduction of chromium (Cr6" to

Cr3'). The finished cement is then stored in silos,
packed, and transported from the plant.

Apart from the dusts generated in the cement
making process, inhaled contaminants may come

from the combustion of fuel and exposures encoun-

tered in the maintenance of plant and equipment.
As in all high temperature industrial production,
asbestos has been used for insulation until the past

few years.
Cement production in plant A started in 1919. The

annual work force has been around 350 workers. A
wet method was used until 1970; the dry method was

phased in from 1965. As the quartz content in the
marlstone is low, quartz sand has been ground with
water and some limestone and added in small
amounts (3%) since, 1978. Coal has been used for
heating ofthe kilns except for a few years in the 1940s
when peat fuel was used, and between 1960-82 when
oil was used.

Plant B started in 1924. The annual work force has
been around 400 workers. A wet method was used
until 1980; the dry method was phased in from 1970.
Small amounts (3%) ofsandstone, containing quartz,

Table 1 Summarised dust measurementsfrom a cement plant. Total dust concentrations (based on time weighted averages)
and number of analysed membranefiltersfrom personal samplings is given

Dust concentration

1971-75 1976-80 1981-85 1986-

Area/work task No mg/m3 No mg/rn3 No mg/rn3 No mg/rn

Quarry:
Drilling 9 4-6 - - - - - -
Stone conveyor 17 22 1 1 6-9 - - -

Stone crushing 14 13 20 11 - - 2 23
Stone storage; cleaning 4 21 6 25 - - - -

Raw mill area:
Raw mill operator: 15 12 11 4-6 - - 2 1-8
Cleaning 1 1 16 1 1 1 1 - - -

Sand slurry operator 7 33 - - - - - -

Cyclone tower:
Cleaning 12 150 13 41 16 17 4 4-6

Kiln and clinker area:
Kiln; cleaning 11 20 - - - - - -

Clinker; transport 11 3-8 - - - - -
Clinker; cleaning 4 40 6 33 22 22 4 4-1

Cement mill area:
Operator 10 12 10 5-8 7 39 - -

Cleaning 19 25 18 5-0 17 8-3 4 9-4
Cement silo cleaning 12 530 - - - - - -

Packing area:
Bag packing 35 16 25 10 14 17 - -

Cleaning 4 130 26 8-2 - - 4 3-6
Bulk loading 6 7-3 - 50 - -

Service and repair:
Maintenance jobs 12 14 - -

Filter service and repair 4 790 - - - - - -
Repair 22 25 -
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was crushed and added until 1979, then replaced by
sand. The kilns were heated with coal, except during
the period 1955-84 when oil was used.
As well as the production of ordinary Portland

cement, small amounts ofa coloured masonry cement
were produced between 1963 and 1981. Oxides of
iron, chromium, and titanium were used as pigments.
Only a handful of men had been engaged in the
mixing and bagging of this product, which took place
in a separate building.

Exposure levels
The work environment in both plants did not change
appreciably until the 1960s when new cement ovens
were installed and automatic process control was
introduced. Also, some very dusty work tasks then
disappeared. The ventilation inside the factory did
not immediately parallel an increased production,
but improved gradually during the 1970s.
The transportation and packing ofthe cement were

very dusty operations until the late 1950s, and
involved screw conveyors, open pack machines,
wood bins, or cloth bags. Subsequently the cement
has been handled in closed systems and packed in
bulk or in paper bags, reducing dust concentrations
substantially.

In plant B a survey of dust concentrations was
performed in 1953. In the stone crushing area
particle counts (midget impinger) ranged between
0 4 and 2 x 10' particles/cm3 and in the packing area,
3-8 x 10' particles/cm'. In 1971 and 1973 surveys of
the plant with extensive stationary and personal
membrane filter samplings were performed. There-
after, several samplings from areas and jobs of special
concern have been performed (table 1). Total dust
measurements during the early 1970s were generally
lower than 20 mg/m'; later on below 10 mg/m'.
During cleaning and in special situations, dust con-
centrations above 100 mg/m3 have been found. Some
kind of protective masks may, however, have been
used during these operations.
From plant A, there are less data on dust concen-

trations. The earliest dust measurements available
are from 1976. In 1979 measurements to assess the
exposure to quartz were made. Later on, more
selective samplings from areas and jobs of special
concern have been made. Total dust concentrations
were generally lower than 10 mg/m3 but in some
instances up to 25 mg/m3.
The quartz content in the dust was generally

< 5%. In areas where the raw materials are handled,
respirable quartz concentrations are generally
assumed to be less than 0 1 mg/m3 if the total dust
concentration is below 10 mg/m3. Workers handling
clinker and finished cement are exposed to substan-
tially lower quartz concentrations. There have not
been any cases of silicosis in the cement plants.

In 1980, chromium and other trace metals were

analysed in samples from raw materials, clinker, and
cement in plant A. The chromium concentrations
ranged from 49 to 389 (median 58) mg/kg. In the
finished cement concentration was 40 mg/kg. The
cadmium concentrations were <0-2 mg/kg, with a
few exceptions. Only a few analyses of chromium in
the raw materials and finished cement are available
from plant B. The marlstone contained 16 mg Cr/kg
and the cement 90 mg/kg (20 mg Cr6+/kg).

COHORT
Company records from both plants were regarded as
complete from the late 1940s. The cohort was defined
as all men still employed on 1 January 1952 or
employed since then, and with a total employment
time of 12 months or more. Vital status was deter-
mined until 31 December 1986. There were 1205
men in plant A, and only two of them (0 2%) were
lost to follow up. In plant B, there were 1195 men, of
whom seven (0 6%) were lost.

MORTALITY, CAUSE OF DEATH, AND TUMOUR MORBIDITY
Information on cause of death from 1952 to 1986 was
obtained from Statistics Sweden. The death certifi-
cates were coded, according to the 8th revision of the
International Classification of Diseases (ICD-8), by
Statistics Sweden, which is responsible for the
coding ofall Swedish death certificates. In 30% ofthe
deceased men from plant A and in 26% from plant B,
death certificates were based on clinical or forensic
necropsy. In total, there were 495 deaths during
52 177 person-years.

Information on at most two tumours, coded ac-
cording to ICD-7, and diagnosed from 1958 to 1986,
was obtained from the National Swedish Tumour
Registry. Histological or cytological examinations
had been performed in 89% of the tumours in
workers from plant A and 93% from plant B,
according to registry information. In total, 162
malignant tumours were found during 46 133
person-years.

RISK ESTIMATES
Expected mortality for the period 1952-86 was
calculated using cause, calendar year, and five year
age group specific death rates for males in Sweden.
These rates were calculated from death and popula-
tion counts obtained from Statistics Sweden.
Similarly, yearly cancer morbidity rates during the
period 1958-86 were obtained from the National
Swedish Tumour Registry. National rates as well as
country rates were available. Date of diagnosis of a
tumour, date of death, or emigration, or the 85th
birthday, were used as individual endpoints.

EXPOSURE INDICES
All job and area codes mentioned in the company
records were scrutinised by two or three long term
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Table 2 Assumed exposure intensity levels (arbitrary units)
during different periods in two cement plants

Period

Intensity -1964 1965-79 1980-

No 0 0 0
Slight 1 1 0-4
Medium 5 2-5 1
High 10 5 2

foremen at each plant. Together, they scored the
intensity of dust exposure for each job category as no

(white collar work), slight (for example, workers in
supply depots, custodians, workers in the laboratory,
and in the workshops), medium (for example, repair
and maintenance work partly in the workshops and
partly in the production area; most quarry workers),
or high (most workers in the production area and in
packing operations). This coding was done indepen-
dently at each plant. For comparable job types, the
classifications turned out to be consistent.
For each worker, job histories were extracted from

the plant records. Cumulated employment time in
blue collar work was determined. Thus for a man

who had been both a blue collar and a white collar
worker, the employment periods as a white collar
worker were disregarded. For a few men, the type of
work during a certain period could not be determined
and this employment period was disregarded.
The highest exposure intensity category that a

worker reached was used as one index of exposure.

This measure was highly correlated with intensity of
exposure category at the first job assignment and also
with the category for the job assignment with the
longest duration.
Based on interviews with plant personnel, infor-

mation on production history, dust measurements,
and a general knowledge on industrial exposure to
dust, an exposure matrix was constructed (table 2).

Each job category was assigned an arbitrary dust
intensity score, which varied with time. Three dif-
ferent periods (before 1965, 1965-79, 1980 and after)
were considered. Individual cumulated dose
estimates were constructed by multiplying the
arbitrary dust intensity score (from the matrix) by the
time spent in each job held. Ten units ofaccumulated
dose could therefore represent, for example,
exposure for 10 years in a job with a dose rating of
one, or one year in a job with a rating of 10. The
average total dust concentration for a job with a
rating of 5 was assumed to be in the range 10-20
mg/m'. If there was a lack of information concerning
any employment period, the exposure during that
period was set to zero, thus underestimating the dose
of the worker.

ANALYSES
Cause specific standardised mortality rates (SMRs)
and incidence rates (SIRs) and 95% confidence
intervals (95% CIs) were calculated according to the
Poisson distribution. Expected values for mortality
were calculated from national rates; morbidity rates
were based on regional (county) data, if not national
rates are explicitly stated. The term significant
(p < 0 05) corresponds to a lower limit of 95% CI
for SMR or SIR greater than 1 00.
When time since start of employment, duration of

employment, and cumulated dose were considered,
exposure-response relations were assessed by
analyses of SIRs over strata based on the individual
cumulated time or dose. Thus, each worker con-

tributed person-years successively to each
stratum.3

Results
In the total cohort, neither overall mortality, nor
cause specific non-malignant mortality differed sig-
nificantly from national rates (table 3). The pattern

Table 3 Mortality and specific causes of death 1952-86 in men employedfor at least 12 months in two cement plants

All subjects (n = 2391) > 15 years since start of employment (n = 1789)

Cause of death ICD-8 0 E SMR (95% CI) 0 E SMR (95% CI)

All causes 000- 999 495 527 0-94 (0-861-03) 413 425 0-97 (0-881-07)
Malignant tumours 140- 209 97 116 0-83 (0-681-02) 86 95-6 0-90 (0-72-1-11)
All gastrointestinal 150- 159 40 42-9 0-93 (0-67-1-27) 38 35-8 1-06 (0-751-46)
Stomach 151 13 15-3 0-85 (0-451-45) 12 12-1 0-99 (0-51-1-73)
Colorectal 153- 154 16 13-9 1-15 (0-661-87) 16 11-6 1-38 (0-79-224)
Colon 153 9 8-54 1-05 (0 48-200) 9 7-18 1-25 (0-51-2-38)
Rectum 154 7 5-34 1-31 (0-532-70) 7 4-43 1-58 (0-64 3-26)
Pancreas 157 8 7-96 1-01 (0-431-98) 7 6-60 1-06 (0-432-19)
Lung 1620-1621 11 20-7 0-53 (0-27-095) 11 17-2 0-64 (0-32-1-14)

Cardiovascular 390- 458 244 249 0-98 (0-86-111) 212 215 0-98 (0-86-113)
Respiratory 460- 519 23 26-6 0-87 (0-55-1-30) 21 23-0 0-91 (0-57-1 40)
Violent deaths E800- 999 64 52-8 1-21 (0-931-55) 39 30-1 1-30 (0-92-1-77)
Alcohol related diseases 291, 303, 5710, 9 10-3 0-88 (0-401-67) 8 7-03 1-14 (0-49-224)

E980

0 = Observed deaths; E = Expected deaths (from national reference rates).
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Table 4 Cancer morbidity 1958-86 in men employedfor at least 12 months in two cement plants

All subjects (n = 2358) 15 years since start of employment (n =1775)

Tumour site ICD-7 0 E SIR (95% CI) 0 E SIR (95% CI)

Malignant tumours 140- 209 162 160 1 01 (0-86-118) 144 133 1 08 (0-91-1-27)
All gastrointestinal 150- 158 56 48-4 1-16 (0 87-1-50) 53 40-9 1-30 (0 97-1 69)
Stomach 151 14 14-0 1 01 (0 55-1 69) 13 11.4 1-14 (0-61-1-94)
Colorectal 153- 154 32 22-6 1-41 (0-97-2-00) 31 19-2 1-61 (1-10-229)
Colon 153 19 12-3 1-55 (0 932-41) 18 10-4 1-73 (1 02-2 73)
Right 1530-1531 13 5-75 2-52 (1 34-4-32) 12 4-39 2-73 (1 41-477)
Left 1532-1533 4 4-91 0-81 (0-22-2-09) 4 4-17 0-96 (0-26-246)
Rectum 154 13 10-3 1-26 (0-67-2-15) 13 8-82 1-47 (0 78-252)
Pancreas 157 6 5-33 1-13 (0-41-2-45) 6 4-52 1-33 (0-49-2-89)
Larynx 161 1 1-21 0-83 (0 02-460) 1 1-02 0-98 (0-02-5-46)
Lung 162 12 11-2 1-07 (0-56-1-88) 12 9-54 1-26 (0-65-2-20)

E from regional reference rates.

was the same in both plants, apart from a slight
increase of violent deaths in plant B. Altogether 23
observed v 27 expected deaths occurred from non-
malignant respiratory diseases. Neither total
malignant mortality nor mortality from specific
malignancies differed significantly from the expected
national incidence (plants combined). Most of the
cancer deaths occurred 15 years or more after start of
employment when there were 16 observed v 14
expected deaths from colorectal cancer and 11
observed v 17 expected deaths from lung cancer.

Total tumour morbidity and all gastrointestinal
tumour morbidity did not differ significantly from the
expected incidences (table 4). Neither respiratory
cancers nor cancers at other sites outside the gastro-
intestinal system (not in table), were in excess. For
workers in the two plants combined after at least 15
years since the start of employment there was a
significant increase of colon cancer (in plant A, six
observed, SIR 1-31; in plant B, 12 observed, SIR
2 06). The SIR for rectal cancer was non-significantly
increased (in plant A, eight observed, SIR 1-58, in
plant B, five observed, SIR 1-33). Among blue collar
workers, all cases of colorectal cancer occurred at
least 15 years after the start of employment. With
increasing duration of blue collar employment, there
was no clear trend of rising SIRs for all colorectal
morbidity; there was a significant twofold excess (SIR
1 84, 95% CI 1 12-2-84) of these tumours, however,
after 15 years or more of blue collar employment.

Particularly for the colon there was a significant
increase ofcancers in the right part, but not in the left
part. For cancer in the right part of the colon, the
relative risk increased with increasing time since the
start of blue collar employment and with increasing
duration of blue collar employment; this was
especially so in plant B (table 5). After > 25 years of
blue collar employment, the relative risk was fourfold
(SIR 4-31, 95% CI 1-73-8-87). There was no dose-
response relation using exposure intensity category

as an exposure index (not taking duration ofexposure
and estimated changes in dust concentrations into
account). With cumulated dose as another index of
exposure it was evident that most excess right sided
color cancers were localised in the highest dose
category (> 100 units; SIR 4-37,95% CI 1-8-9-0). In
plant B SIRs increased with increasing cumulated
dose; in plant A there was no such trend. When each
worker was classified as to the duration or dose that
had been achieved 15 years earlier (lag) the pattern
did not change but the point estimates were some-
what higher.
For cancer in the left part ofthe colon (not in table)

there was a discrepancy between plants, as there were
no left sided colon cancers in plant A; furthermore,
the four left sided colon cancers found in plant B were
evenly localised across all exposure strata. Rectal
cancers (11 observed v 7-9 expected among blue
collar workers) were found in both plants, localised in
all exposure strata without any trend of increasing
relative risk with increasing duration of employment
or cumulated dose (not in table).
For cancers of the stomach and pancreas among

blue collar workers, the same types of analyses as for
colorectal cancers were performed (not in tables).
Overall, there were no increases and no significant
dose-response patterns. Also, discrepancies existed
between the plants. In plant B, more stomach cancers
than expected were allocated to categories with long
and heavy exposure, whereas in plant A, by contrast,
an overall deficit and a deficit in the longer exposure/
time since start of exposure categories was found.
There was a numerical excess of cancers of the
pancreas in plant A (six observed, SIR 2-67, 95% CI
0 98-5-8), allocated to categories with long and heavy
exposure; no cases were found in plant B.
Review of the job histories of cases with cancer of

the colon, rectum, and pancreas did not show any
clustering of specific job titles. In plant B five of the
nine men with stomach cancer had been working in
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Table 5 Relations between time since start of employment and risk, duration of blue-collar employment and risk, and
cumulated dose and risk for right-sided colon cancer (ICD 1530-1531) in the cohorts of cement workers, employedfor at least
12 months in two cement plants

Index Plant Person-years 0 E SIR (95% CI)

Years since start of blue collar employment:
< 15 A 9168 0 0-29 0-00 (0-00-12-7)

B 9122 0 0-31 0-00 (0-00-12-0)
A + B 18290 0 0-59 0-00(0-00-6-18)

15-24 A 5553 1 0-56 1-78 (0 00-990)
B 5102 1 0-52 1-93 (0-05-10-7)
A + B 10655 2 1-08 1-85 (0-22-668)

s 25 A 5245 4 1-39 2-88 (0 78-737)
B 4530 6 1-34 4-49 (1-659-77)
A + B 9775 10 2-73 3-67 (1-76-6-74)

Years of blue collar employment:*
0-14 A 6154 3 0 74 4 00 (0-83-11-7)

B 5340 0 0-67 0 00 (0 80-547)
A + B 11494 3 1-43 2-10(0-43-6-15)

15-24 A 2649 0 0 50 0 00 (0-00-737)
B 2136 2 0 39 5-17 (0-63-18-7)
A + B 4785 2 0-89 2-25 (0-27-8-14)

25 A 2430 2 0-79 2-55 (0-31-9-20)
B 2432 5 0-84 5 95 (1-93-13-9)
A + B 4862 7 1-63 4-31 (1-73-887)

Cumulated dose*
01-9 units A 2086 2 0-12 17-39 (2-11-62-8)

B 1655 0 0.11 0-00(000-33-7)
A + B 3740 2 0-22 8-91 (1-08-32-2)

10-99 units A 5348 1 0-87 1-15 (0-03-639)
B 4777 2 0 70 2-85 (0-35-10-3)
A + B 10125 3 1-57 1-91(0-395-58)

100 units A 3800 2 1-05 1.91 (0-23-6-88)
B 3478 5 1-09 4-58 (1-49-10-7)
A + B 7278 7 2-14 3-27(1-31-674)

*Observation period starts 15 years after first employment. E from regional reference rates.

the quarry; in plant A one out of five. All men with
colorectal cancer had started their employment
before 1960.

CHARACTERISTICS OF CASES OF GASTROINTESTINAL
CANCER
All cancers of the colon, rectum, and pancreas
(morbidity) from plantA were verified by histology or
cytology, as were three of five stomach cancers. In
plant B, all colon cancers, five of six rectal cancers,
and seven of eight stomach cancers were verified in
this way. Only adenocarcinomas were found.
Radiographic investigations had been performed in
the other cases.
Ofthe 19 men with colon cancer, 1 1 were deceased.

Only six of them had had colon cancer noted as the
cause ofdeath; furthermore, for none ofthem was the
subsite stated in the death certificate the same as in the
tumour registry notification.

Discussion
In our previous community based case referent
study' an excess of colorectal cancers among long
term cement workers (from plant A) was found. This
finding was corroborated in the present study, com-
bining results from two cement plants with similar
production history-the mentioned plant A, and
plant B located in a different region in Sweden.

It has, however, been pointed out32 that colon
cancers-or even cancer in different subsites of the
colon-should be considered different from each
other and from rectal cancer.233 Diverging inter-
national incidence patterns over time, diverging sex,
age, and social class distributions, and different
patterns for known risk factors, are the
epidemiological basis for the arguments in favour of
such a separation. Differences have been noted in the
biological properties ofproximal and distal segments
of normal colonic epithelium, and in the patho-
logical, cytogenetic, and molecular features of
proximal and distal colorectal cancer (reviewed in 33).
Evidence of physiological variations within the large
bowel is also accumulating.3 Thus these biological
differencesmaydeterminedifferencesinsusceptibility
to environmental agents within the large bowel. In a
tumour registry based case-control study of colon
cancer, analyses by anatomic subsite showed that
excess risk for an occupational group was usually
confined to a single subsite, which further suggests
some specificity of effect.35

In the present study, the excess ofcolorectal cancer
was mainly due to an increase of cancer in the
ascendent and transverse parts of the colon. The risk
was fourfold after ) 25 years of employment. It
should be stressed that we were able to find this
increased risk only when we used cancer morbidity
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data. The mortality study was not sensitive enough,
due to a low mortality from colon cancer (one third),
and because death certificate notes on cancer subsite
were not accurate enough.
What is the evidence for a causal relation between

cement dust and cancer in the right part of the colon?
In answering this question, criteria such as time
relation, dose-response, consistency, strength of the
association, and biological plausibility should be
considered. For cancer of the right colon, there is a
relation with time since the start of exposure that is
consistent between two plants from different regions
of Sweden, as is the overall excess.

Dose-response relations were evaluated with dura-
tion of blue collar employment as a crude measure of
exposure. An increase in relative risk with increasing
duration of blue collar employment was evident. For
cumulated dose there was a significant threefold risk
in the highest dose category, corresponding to
roughly > 200-400 mg/m3 x years.
When duration of blue collar employment was

used as an exposure estimate, changes in exposure
intensity over time were not taken into account.
Analyses were also made with a lag period of 15 years,
however, and the patterns were the same as in the
analyses without lagged exposure, but the point
estimates were in general somewhat higher. When
applying a lag period of 15 years, the impact of the
changes in the working environment that began in
the 1960s with gradual improvements during the
1970s and later on were less obvious, as the end of
follow up was 1986. Thus lagged duration is
presumably a good exposure index. A dose-response
pattern was not seen with cumulated dose as an
exposure index. The cumulated dose is probably
subject to a higher degree of misclassification than is
the duration of blue collar employment. Firstly, it is
based on job histories noted in the plant records and
these may be inaccurate. Especially, changes in job
tasks within the blue collar area may not be regis-
tered, whereas transitions between blue collar work
and white collar work were probably more carefully
noted. Secondly, the cumulated dose is based on two
different scorings-the job-category score and the
arbitary dust intensity score, neither of which is
particularly accurate. The misclassification resulting
from these two problems is non-differential and
would tend to make true dose-response relations less
clearcut.
No cases of colorectal cancer were found among

those who had started their employment after 1960.
This does not, of course, imply that exposure after
1960 gives a neglible risk. This subgroup of the
cohort is still young, and only 0-2 cases of cancer in
the right colon were expected.

The magnitude ofa relative risk might be biased by
an improper choice of reference population. Our
industrial population had to be compared with

general population rates. Blue collar workers have a
lower risk for right sided and left sided colon cancer
than the entire working population.6 37 Thus the use
of any general population underestimates the risk for
colon cancer. Farmers have an even lower risk of
colon cancer,36 which would lead to bias in the
opposite direction of the risk if the reference popula-
tion has a high proportion of farmers. A problem is
that the proportions of blue collar workers and
farmers differ in the two counties surrounding the
present factories. This may explain why the
incidence of gastrointestinal cancer varies between
these regions (in county A there was a lower colon
cancer morbidity and a higher rectal cancer mor-
bidity compared with both county B and the coun-
try). Also, there are other possibilities, such as
variations in dietary habits, which are known to affect
the risk.32 The most reasonable solution to the
problem of choosing a relevant reference population
is to use the respective county rates, as we have done.
Even if the magnitude of the relative risk for colon
and rectal cancer might be biased by use of improper
reference rates, time-response and dose-response
patterns ought not to be affected. It must, however, be
kept in mind that for all exposure categories, there is a
substantial uncertainty with the point estimates of
the relative risk in each time or dose interval, due to
small numbers. Thus the data are consistent with a
variety of exposure-response pattems.
A raised risk for colorectal tumours in cement

workers has not been previously described, except in
our earlier case-referent study. In that study,
colorectal cancers combined were examined. A re-
analysis of this study showed, however, that the risk
(work in plant A) was confined to cancers in the right
part of the colon and in the rectum. It should be
noted that the highest point estimates and the clearest
dose-response relations for right-sided colon cancers
in the present study were seen in plant B-that is, not
around the plant of the original observation in the
case-referent study. Interestingly, in a registry based
mortality study of cement workers, a non-significan-
tly raised SMR of 1-88 for rectal tumours was noted.6
There are few studies of workers exposed to

inorganic dusts that report results for separate sites
within the large bowel. A risk of colorectal cancer
associated with cement is indicated by the fact that in
a cohort ofasbestos-cement workers, we have found a
surprisingly high risk for colorectal tumours com-
pared with reports of cohorts of workers in other
areas of the asbestos industry.5 Also, some reports
exist of an increased risk of colorectal cancer
associated with exposure to various other inorganic
dusts. In a cohort of metal grinders, an excess of
colorectal cancer was ascribed to exposure to dust
from metals and abrasives.3 In some studies of metal
workers (also exposed to cutting oils) rectal cancers,
but not colon cancers were reported to be in
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excess.3839 By contrast, among pattern and model
makers exposed to wood and metal dusts, colon but
not rectal cancers were in excess.'" In a case-referent
study of bowel cancer morbidity in young urban
men, tumours in the rectum and to a lesser degree the
sigmoid colon, were associated with dusty jobs.2
Metal and wood dust conveyed the greatest risk in
both the rectum and the adjacent sigmoid. This is by
contrast with our finding of an increased risk for
cancer in the ascendent and transverse part of the
colon; however, in our study the bowel cancers

occurred in elderly men in non-urban areas, which
may reflect other concomitant risk factors.
We could not show a consistent or dose related risk

for stomach cancer among the cement workers. This
is in accordance with the findings from another cohort
study of workers from six cement plants.7

Is there any biological reason why inorganic dust

should cause bowel cancer? Knowledge is virtually
absent. Undoubtedly, inhaled dusts can reach the
gastrointestinal tract via lung clearance and

mucociliary transport mechanisms, and subsequent
swallowing. This should be especially true for inert

dusts, which to a small degree cause lung and airway
disease with subsequent disturbance of these'
mechanisms. The present cement workers had no

increased risk for non-malignant respiratory disease;

also, other studies indicate that there is not an

increased risk for respiratory diseases among cement

workers.2729
The normal diet contains a large number of

carcinogenic compounds and their precursors4" and
their concentration is highest in the proximal colon.
Also, secondary bile acids, which are mutagenic or

cocarcinogenic," have the greatest impact on the
cancer process in the right colon.43 In the proximal
parts of the colon, retrograde peristalsis churns and
mixes the liquid stool,34 the traffic in and out of the
lumen is heavy, and the transit time is comparatively
long. By contrast, the distal parts of the colon have a

storage function. Thus there is a good possibility that
the cement dust gets in close contact with the mucosa
in the proximal colon. The ingested inorganic dust
particles may have a non-specific irritating effect on
the mucosa, thereby decreasing its normal protective
mechanisms and enhancing the effects of other
carcinogens.
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