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RAFNSSON v, JOHANNESDOTTIR SG, ODDSSON H, BENEDlKTSSON H, TULINIUS H, MAG­
NUSSON G. Mortality and cancer incidence among marine engineers and machinists in Iceland. Scand
J Work Environ Health 14 (1988) 197-200. A retrospective cohort study of mortality and cancer mor­
bidity was carried out among 295 marine engineers and 182 machinists with special regard to cancer of
the lung. The cohort was defined as all graduates from engineeringand machinists school in Iceland dur­
ing 1936-1955. During vocational training, as well as in their professional lives, marine engineers and
machinists are exposed to asbestos, different kinds of mineral oils, and exhaust gases with marked in­
dividual variation as regards mode and magnitude of exposure. For deaths occurring between 1951 and
1982 information was obtained from the Statistical Bureau of Iceland. Significantlyincreasedstandardized
mortality ratios weredetermined for cancer of the trachea, bronchus, and lung for the entire cohort. Record
linkage with the Cancer Register revealed 36 cancers in the period 1955-1982. No statistically significant
excess was found for the overall cancer incidence or for the incidence of cancer at any particular site.
A special survey of smoking status showed that cigarette smoking was not as common among the subjects
of the cohort as among the general male population in Reykjavik. These results support the suggestion
that the increased mortality of lung cancer in the study group had a causal relationship to occupational
exposure, particularly to asbestos exposure.
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Several studies have found a relation between asbestos
exposure and pleural changes, particularly pleural
plaques (7, 10, II), asbestos exposure and mortality

. from lung cancer, and asbestos exposure and malig­
nant mesothelioma (19, 20, 21, 24). The relation be­
tween asbestos exposure and lung cancer is the most
important.

Recent studies on marine engineers revealed an un­
expectedly high prevalence of pleural plaques, and this
high prevalence was thought to indicate previous as­
bestos exposure (3). Another study showed an excess
risk of occupational cancer among machinists em­
ployed by railroad and other industries (18). These
findings of occupational cancer have also been attrib­
uted to occupational exposure to asbestos.

The present study represents one phase of an ongo­
ing study on the possible effect of asbestos exposure
on Icelandic workers, and it was undertaken with the
main objectives of determining whether mortality from
lung cancer is excessive among Icelandic marine en-

I Department of Occupational Medicine, Administration of
Occupational Safety and Health, Reykjavik, Iceland.

2 Department of Pathology, University of Iceland.
J The Icelandic Cancer Register, Icelandic Cancer Society,

Reykjavik, Iceland.
4 Department of Social Medicine, University of Iceland,

Reykjavik, Iceland.

Reprint requests to: Dr V Rafnsson, Department of Occupa­
tional Medicine, Administration of Occupational Safety and
Health, Bildshofda 16, 112 Reykjavik, Iceland.

gineers and machinists and of describing the mortali­
ty and cancer incidence patterns of these workers.

Subjects and methods

This is a retrospective cohort study with the cohort de­
fined as all marine engineers and certified machinists
recorded in the Register of Icelandic Engineers in
1911-1972 (2), born between 1905 and 1945, and
graduated from the Engineers School of Iceland or
completed courses given by the Fishing Association of
Iceland in 1936-1955. The study population com­
prised 295 marine engineers and 182 machinists.

The Engineers School requires a four-year appren­
ticeship as a blacksmith for admission. Admission into
the course of the Fishing Association requires two years
of practical experience in a mechanical industry. Dur­
ing these training periods both groups presumably were
exposed to a variable amount of asbestos. Exposure
to asbestos continued in their later careers as engineers
and machinists, and, in addition, they were exposed
to various mineral oils, organic solvents, and exhaust
gases with marked individual variations as regards
mode and magnitude of exposure. Many of the sub­
jects worked on board ships and fishing boats for some
time after graduation, but most have eventually be­
come employed as stationary engineers and/or boiler
men on shore.

The subjects were traced through the National Regis­
try and the Register of Deceased, Statistical Bureau
of Iceland, as of I December 1982. Those not found
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Table 1. Lung cancer (malignant neoplasms of the trachea,
bronchus and lung) mortality for all the subjects in 1951-1982
and for those with 20- and 30-year latency periods. (0 = ob­
served number of deaths, SMR =standardized mortality ratio)

Group Person-years 0 SMR

Marine engineers
and machinists combined

All 13437 7 205-
Latency of 20 years 6021 6 195-
Latency of 30 years 1820 4 255-

Marine engineers
All 8239 3 175
Latency of 20 years 3467 3 197
Latency of 30 years 911 2 290

Machinists
All 5198 4 234-
Latency of 20 years 2554 3 194
Latency of 30 years 909 2 225

- P<0.05, one-tailed.

in this manner had all emigrated. Information regard­
ing their vital status was obtained from Icelandic em­
bassies abroad, foreign population registries, and rela­
tives remaining in Iceland. Vital status was ascertained
for all of the subjects. Death certificates were obtained
from the Statistical Bureau of Iceland and from
abroad, and they provided causes of death according
to official classification. As different revisions of the
International Classification of Diseases were used dur­
ing the study period, 1951-1982, the causes of death
were reclassified to comply with the seventh revision.

The person-years of observation were counted from
the time of graduation until death or until 1 Decem­
ber 1982 (3, 17). The expected numbers of deaths were
calculated on the basis of person-years of observation
within five-year age categories during respective sin­
gle calendar years of the study period, multiplied by
the cause- and calendar-year-specific death rates for
Icelandic men (3, 17). Numbers of death by calendar
years within five-year age groups were only available
in manuscript form from the Statistical Bureau of
Iceland and were entered into our computer for the
purposes of this study. The records prior to 1951 were
incomplete, and before that year some death certifi­
cates were attested to by clergymen rather than by doc­
tors. Therefore it was only considered valid to study
the following groups of causes of death for the peri­
od before 1951: deaths from all causes; deaths from
accidents, poisoning and violence; and the subcategory
of drowning in water transport accidents.

The ratio between observed and expected numbers,
or the standardized mortality ratio (SMR), was calcu­
lated.

The personal identification number of each subject
in the study population was linked with the Icelandic
Cancer Register, which has records of cancer incidence
since 1955 (4). The expected numbers of cancers were
calculated in a manner similar to that described for
the expected number of deaths, and similarly the stan­
dardized incidence ratio (SIR) was calculated.
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In the evaluation of the statistical significance of the
results concerning deaths from lung cancer and lung
cancer incidence, the one-tailed P-values were deter­
mined from a chi-square table (3, 6).

On the assumption of a Poisson distribution (3, 6),
the 95 0,10 confidence intervals were calculated for the
SMR and SIR values. When the confidence intervals
did not contain 100, the SMR or the SIR was statisti­
cally significant at the 5 0,10 level (two-tailed).

In a separate analysis of the material the SMR and
SIR values were calculated with the use of 20- and
30-year latency periods and for subcohorts of marine
engineers and machinists.

Results

The observed numbers of deaths from lung cancer in
the different groups of marine engineers and
machinists are shown in table I. The observed num­
bers exceeded the expected, and the differences were
statistically significant at the 5 0,10 level (one-tailed) for
the groups of marine engineers and machinists together
and for the subgroup of machinists, without the re­
quirements of a latency period. The number of person­
years is also shown for each group.

The observed incidence of lung cancer was 6 versus
4.94 expected (SIR 121), and this value was not sig­
nificant at the 5 0,10 level (one-tailed).

The SMR values were calculated for 477 engineers
and machinists in the total cohort for the whole study
period (1936 to 1982) for all causes of death; accidents,
poisonings and violence; and drowning in water trans­
port accidents. The SMR for all causes of death was
94, which was not statistically significant. For acci­
dents, poisonings and violence there were 22 deaths
against 19.7 expected. An excess of deaths was ob­
served for drowning in water transport accidents. It
was statistically significant at the 5 !rIo level and yield­
ed an SMR value of 225 (9 observed versus 4.0 ex­
pected).

Table 2 shows the SMR valuesfor all causes of death
and for specific causes of death during the period
1951-1982. The observed number of deaths for all
causes was 85 against 93.9 expected. There were ex­
cess deaths from cancer of the bladder and cerebrovas­
cular diseases, the SMR being 299 and 155, respective­
ly. Table 2 also shows the SMR values for the subjects
with latency periods of 20 years. There was an excess
in lung cancer, cancer of the bladder, and cerebrovas­
cular diseases (SMR values of 195, 357, and 175,
respectively) for this group. When determined for a
latency period of 30 years, the SMR values for the same
causes of deaths were 255, 741, and 243, respectively.
The SMR for all causes of death increased with longer
latency periods; it was the same as concerns the SMR
for cancer of the bladder and cerebrovascular diseases.

Dividing the groups into marine engineers and
machinists gave rise to similar results. Since the groups



Table 2. Morta lity , according to cause, for all the subjects in 1951-1982 and for those wi th a zo-year latency period. (0 = observed
number of deaths. SMR =standardized mortal ity ratio, 95 % CI =95 % confidence inte rval)

All subjects Subje ct s with a 20·year

Cause of death " latency period

0 SMR 95 % CI 0 SMR 95 % CI

Mal ignant neopl asms (140-205) 18 87 52- 138 14 84 46- 141
Stomach (151) 3 61 13- 178 2 53 6- 192
Large intest ine (152, 153) 1 77 2- 429 0
Trachea, bronchus and lung
(162, 163) 7 205 83- 423 6 195 72- 425
Kidney (180) 1 98 2- 546 1 122 3- 679
Bladder (181) 2 299 36-1078 2 357 43-1 296
Oth er 4 46 13- 117 3 44 9- 128

Cerebrovascular diseases
(330-334) 9 155 71- 294 8 175 76- 345
Isch emic heart disease (420) 32 103 71- 146 31 114 77- 161
Resp irato ry di sease (470- 527) 4 104 28- 267 4 136 37- 347
Acc idents, poi sonings and
violence (E800- E985) 15 91 51- 151 7 92 37- 190
Drowning in water tr ansport
accidents (E851) 4 178 48- 455 2 263 32- 951
All oth er causes 7 43 17- 089 6 56 21- 122

All causes (001- E985) 85 91 72- 112 70 100 78- 127

a Code of th e Internat ional Classif ication of Diseases, seventh revision , in parentheses.

were small and the cases few, the confidence intervals
were wide, and no SMR was sta tistically significant.

Table 3 shows the SIR values for all cancers and for
particular cancer sites among the sub jects during the
period 1955 to 1982. The observed numb er of cancers
was 36 against 34.71 expected. There were few cancers
at each site, and the SIR values were generally low and
in no case statistically significant. The results were simi­
lar when analyzed with 20 and 30 years' latency and
when the cohor t was divided into subcohorts of ma­
rine engineers and machinists.

Discussion

The present study represents the first attem pt to
describe the mortality pattern for a defined cohort of
worker s in Iceland . Our results indica te tha t marine
engineers and machinists are at an excess risk of drown­
ing in water tran sport accidents. The excess of drown ­
ing in water transport accidents was expected, as many
subjects worked at sea early in the ir careers.

The mai n obj ective of our study was to investigate
whether asbestos exposure could be detected through
an excess mortality due to lung cancer. The results
show a statistically significant excess death rat e from
lung cancer amon g the subjects.

The validity of a study such this one may be flawed
from the misreading of information abo ut the iden­
tification of the subjects (9). Such an occurrence would
result in errors regarding vital status of the subjects
or the cance r morbidity. In order to prevent such er­
ror s, we compared the information gathered from the
Registry of Iceland ic Engineers twice. This was a
manual process, but , as it was performed twice, the
information was considered to be correctly gath ered

Table 3. Observed cancer inc idence for prima ry sites for 461
subj ects in 1955-1 982. (0 =observed incidence number,
SIR = standardi zed incidence rat io, 95 % CI = confidence in­
terv al)

Sit e " 0 SIR 95% CI

Lip (140) 2 282 34- 1018
Stomach (151) 4 63 17- 160
Col on (153) 1 43 1- 240
Rectum (154) 2 185 22- 669
Larynx (161) 1 154 4- 857
Trachea, bron chus and
lun g (162) 6 121 45- 264
Prostate (177) 5 157 51- 366
Kidn ey (180) 2 101 12- 363
Bladder and other
uri nary organs (181) 3 126 26- 367
Eye (192) 1 455 12-2533
Other sites 9 83 38- 158

All sites (140-205) 36 104 72- 144

a Code of the Interna tional Classifi cation of Diseases, seventh
revisio n, in parentheses .

fro m the sources. Other par ts of the analysis, includ­
ing the tracing of the subjects throu gh the Cancer
Registry and the sta tistical evaluations, were don e by
computer, a pro cedure ascertaining similar treatment
of the information from both the stud y group and the
general population.

We have assumed that the smoking habits of the co­
hort para llel those of the general population. However,
shou ld this not be the case, smoking might constitute
a serious confo unding facto r (I , 3, 9, 17). We there­
fore made an effort to estimate the smoking sta tus of
the cohort , as well as that of the general male popula­
tion. The Heart Association in Iceland conducted a
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Marine engineers and 5.
Smoking status machinists belonging All participantsto the present study

(N=184) 6.

N % N % 7.
Never a smoker 38 20.7 1940 21.9
Ex-smoker 40 21.7 1975 22.3 8.
Pipe or cigarsmoker 59 32.1 2295 25.9
Cigarette smoker 47 25.5 2656 30.0

1- 4 cigarettes/d 10 5.4 319 3.6 9.
5-14 cigarettes/d 15 8.2 680 7.7

15-24 cigarettes/d 14 7.6 1166 13.2
,,25 cigarettes/d 8 4.3 491 5.5

10.

11.

Table 4. Smoking status, according to the results of a survey
made by the Heart Association in 1967-1981, of 184 marine
engineers and machinists of the present study and of all the
participants in the survey of the Heart Association.

Survey of the Heart Association

comprehensive population study from 1967 to 1981 on
samples of men living in the Reykjavik area. A com­
puter search of the files of the Heart Association
revealed that 184 individuals of our cohort of 477 had,
indeed, participated in the population study and had
filled out a questionnaire about their smoking habits.
Table 4 shows the smoking status of all participants
in the survey, as well as that of the 184 engineers and
machinists, as the information was recorded on their
Heart Association questionnaire. Twenty-six percent
of this group was currently smoking cigarettes as op­
posed to 30 010 of all male participants. The excess risk
of dying from lung cancer detected among the study
group can, therefore, hardly be ascribed to more
cigarette smoking than in the general population. The
mean ages of the subjects in the study group and the
participants in the Heart Association survey were simi­
lar.

The healthy worker effect, which is usually detect­
able in studies of this kind (8, 23), was weak and was
not to be seen with 20 and 30 years of latency.

In addition to an excess mortality due to lung cancer
the results indicate an excess mortality from cancer of
the bladder and from cerebrovascular diseases. Cancer
of the bladder has been related to industrial exposure
to certain aromatic amines (5). A case-referent study
(16) has also shown a relation between cancer of the
bladder and occupation in leather and rubber indus­
tries, as well as in iron- and metalwork.

It is difficult to identify a biological explanation for
the relation between excess mortality from cerebrovas­
cular diseases and the workplaces of engineers and
machinists. One might, however, speculate that the
high and sustained noise levels may lead to elevated
blood pressure (2), which in turn may lead to cerebro­

vascular diseases (14, 15, 22).
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