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Objectives The objective of this study was to determine the cancer incidence of a cohort exposed to diatoma-
ceous earth and cristobalite with special focus on lung cancer.

Methods The cohort was from a diatomaceous plant in northern Iceland and comprised 919 men and 423
women. Diatomite, when heated, is transformed from amorphous to crystalline silica with a high cristobalite
content and traces of quartz. With the use of the identification number of all persons, a link was made with the
Cancer Registry. The expected number of malignancies was calculated on the basis of person-years of observa-
tion for 5-year age categories during the respective calendar period of the study multiplied by the specific
incidence of cancer site for men and women in Iceland.

Resuits There was no increased overall incidence of cancer in the study population; 5 cases of lung cancer
were observed versus 4.4 expected, the standardized incidence ratio (SIR) was 1.14 [95% confidence interval
(95% CI) 0.37—2.65]. When the men in the cohort were divided according to their length of employment, there
was an excess of lung cancer (3 observed versus 1.28 expected, SIR 2.34, 95% Cl 0.48—6.85), nonmelanoma
skin cancer (2 observed versus 0.19 expected, SIR 10.53, 95% CI 1.27—38.02), and brain cancer (3 observed
versus 0.30 expected, SIR 10.00, 95% CI 2.06—29.23) for those who had worked 5 years or longer. A special
investigation of smoking habits among the cohort revealed a smoking pattern similar to that of the general
population.

Conclusions The results concerning lung cancer showed an excess risk for workers exposed to diatomaceous
earth and cristobalite; the result was not, however, statistically significant. There was a trend towards a higher
incidence of lung cancer with longer exposure to crystalline silica, and, in agreement with the results of a
previous study from this industry, the findings indicate a causal relation.
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The relation between silica exposure and the risk of lung
cancer has been studied intensively during the last
decade. Epidemiologic investigations have recently fo-
cused more on nonsilicotics and those exposed solely to
crystalline silica in an attempt to establish the role which
silica exposure per se plays and to avoid confounding
with other possible carcinogens, such as exposure to
radon in mining, diesel exhaust gases in underground
mining, and polycyclic aromatic hydrocarbons. Most, if
not all, studies have dealt with exposure to quartz dust
rather than with other types of crystalline silica, although
cristobalite, for example, has been shown to be carcino-
genic in experimental systems (1, 2). We are only aware
of 1 other study on workers exposed in the diatomaceous
earth industry (3, 4). This mortality study showed an

excess for lung cancer, and there was indirect control
for smoking. The excess risk for lung cancer and an
increasing risk gradient with duration of exposure to dust
and cumulated exposure to crystalline silica were con-
sidered to indicate a causal relationship (3).

The end point in most studies has been mortality
from lung cancer, and with only few exceptions it has
been cancer incidence (5—=8) determined from cancer
registers.

This study was intended as a contribution to the evi-
dence on a possible association between silica exposure
and lung cancer. The exposure in question was crystal-
line silica in the form of cristobalite derived from the
heating of diatomaceous earth. The exposed cohort was
divided into those who had been exposed during the
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production of diatomite and those exposed while han-
dling the finished product when loading ships. The iden-
tification of cancer cases was made by means of a na-
tionwide cancer register.

Subjects and methods

The cohort comprised workers from a diatomite plant
which had been in operation since 1967 in the northern
part of Iceland and also workers who had worked at
loading the finished product from the plant onto ships, a
total of 1346 subjects. Table 1 shows the characteristics
of the cohort and the number of cancer cases. The sub-
jects were identified from employment records available
from 1967 to 1981 from the plant and from 1969 to 1980
from the shipping clerk. The entry of the workers was
evenly distributed during the study period. Twenty-six
persons who had worked at loading ships could not be
identified because of errors in the lists. It is difficult to
evaluate the effect of the loss of these persons from the
cohort as their exposure information was also missing.
Each worker’s personal identification number, which in-
cludes his or her date of birth, was established from the
name, date of birth, home address, or a previous identifi-
cation number and a comparison with the National Reg-
ister and the Register of Deceased Persons. The subjects
entered the study the year they were first mentioned in
the employment records. The records also supplied in-
formation on which years the subjects had been em-
ployed, the number of hours they had worked each year,
and their task and occupation. The plant in question is
located in a sparsely settled area, and ships were loaded
at a nearby fishing village.

Diatomaceous earth is synonymous with diatomite,
kieselguhr, and fossil silicon. Diatomaceous earth occurs
in the form of deposits of skeletal remains of microscop-
ic, aquatic, single-cell plants and is found in other loca-
tions on the bottom of Lake Myvatn in northern Iceland.
The mineral forms a layer from 5 to 10 m thick in the
lake bed at a depth of = 1 m. The diatomite may contain
a small amount of quartz but is about 85% amorphous
silicon dioxide by weight and the rest is water. Crude

diatomite is pumped up from the lake and transferred by
pipelines to the plant, where it is filtered and steam-dried
with hot water from natural hot springs. Thereafter the
diatomite is transferred to a kiln heated by oil-burning to
800—1200°C and flux-calcined (mixed with sodium car-
bonate) and thus converted to the crystalline form cristo-
balite. The final product generally contains over 70%
cristobalite and less than 2% quartz, measured in bulk by
X-ray diffraction. The product is subsequently purified,
milled, graded, and packed in paper bags. The handling
of bags during transport and shipping was formerly an
extremely dusty job.

Records of personal samples of respirable cristobalite
showed variation according to a person’s type of work
and location within the factory (9). The dust measure-
ment of personal samples from 1978 showed compara-
tively high levels of respirable cristobalite for packers,
oven operators, maintenance men, and cleaners, aver-
ages being 0.6, 0.3, 0.2 and 0.1 mg/m?, respectively. The
average value for the shiploaders was 0.3 mg/m?accord-
ing to measurements from 1978. Work conditions have
improved since then; yet the content of respirable cristo-
balite in personal samples ranged from 0.03—0.7 mg/m?*
in loading to 0.02—0.5 mg/m? in the production during
1978 to 1981 (9).

The employees at the diatomite plant, and, during
recent years, those who suffered the heaviest exposure
when loading ships, have undergone annual health ex-
aminations, and no case of silicosis has yet been found.
Records were linked by means of the personal identifica-
tion number of each subject to the cancer register, which
is a nationwide register of cancer cases, more than 92%
of which have been histologically verified (10). The Can-
cer Registry uses the 7th revision of the International
Classification of Diseases (ICD). The follow-up was to
the end of 1991, and at the end of the study we were able
to establish the fate of all the subjects.

Person-years were calculated for each subject start-
ing with the first year on the employment records and
ending with the date of death or 1 December 1991. The
number of expected cancers was calculated on the basis
of the number of person-years for each 5-year age cate-
gory during the respective calendar years of the study
period, multiplied by the specific incidence of cancer site

Table 1. Number of subjects, total number of cancers, and number of lung cancers in the entire cohort and in subcohorts comprised of
those who had worked only in the diatomite factory, those who had worked only at loading ships and those who had worked at both.

Total cohort

Only in factory

Only loading ships Factory or loading ships

Cancers Cancers Cancers Cancers
N All Lung N All Lung N All Lung N Al Lung
(N) (N) (N) (N} Ny (N) (N) ()
Men 920 23 5 196 5 — 690 16 5 34 2 —
Women 426 9 — 20 2 — 404 7 — 2 — —
All 1346 32 5 216 7 1094 23 5 36 2 —
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and calendar year for men and women in Iceland (11).
The ratio between the observed and expected numbers of
cancers, or the standardized incidence ratio (SIR), was
calculated with the 95% confidence interval (95% CI) on
the assumption of a Poisson distribution (11).

Those who had worked at loading ships only were
treated as a separate group, as work at the plant may have
involved exposure to other possible carcinogens.

Separate analyses were performed according to accu-
mulated years of employment and accumulated hours of
employment. If a person was listed at any time during a
particular calendar year, that year was counted as a whole
year of employment regardless of the number of hours
worked. The exact number of hours each subject had
worked each year was added up to determine the accu-
mulated hours of employment. Thus the hours of em-
ployment was a more precise indicator of exposure, as
part-time work was frequent among the workers. The cut
points were arbitrarily chosen as 5 years and 300 h. To
climinate the effect of selection of the subjects into dif-
ferent exposure groups, we allowed 5 and 9 years to
elapse before the counting of person-years began, ac-
cording to McDonald et al (12). No product containing
asbestos was manufactured in the plant.

A special survey concerning smoking habits among
the cohort members was undertaken in 1993. Data on
smoking habits were obtained with a postal question-
naire. The participation rate was 65.0% for all the men
and 72.1% for all the women; among those who had
worked solely with loading ships, the patticipation rate
was 64.9% for the men and 71.8% for the women. The
results of a nationwide survey on smoking habits (partic-
ipation rate 78.0%) conducted in 1990 by the Committee
for Tobacco Use Prevention served as comparison mate-
rial (13). The smoking data concerned persons aged 15—
69 years.

Results

Table 2 shows the results for the total cohort. The stand-
ardized incidence ratio for all cancers was 0.79, but the
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Table 2. Observed and expected numbers of cancers, the stand-
ardized incidence ratio (SIR), and the 95% confidence interval
(95% Cl) for cancer sites among the men (N = 920, 16 399 per-
son-years) and women (N = 426, 7 076 person-years).

Cancer sites? Ob-  Ex- SIR 95% Cl
served pected

All cancers (140—204) 32 4062 079  0.54—1.11
Stomach (151) 1 344 029  0.01—1.63
Large intestine (153) 1 248 040 0.01—2.25
Rectum (154) 1 1.01 099  0.03—552
Liver (155) 1 056 179  0.05—9.95
Pancreas (157) 1 1.11 0.90 0.02—5.02
Nose (160) 1 012 833  021—46.43
Larynx (161) 1 0.41 2.44 0.06—13.59
Lung (162) 5 440 114  037—2.65
Breast (170)> 2 28 070  0.08—253
Cervix uteri (171) 2 084 213  0.26—7.69
Ovary and adnexa (175) 1 0.71 1.41 0.04—7.85
Prostate (177) 3 484 062 0.13—1.81
Testis (178) 1 140 071 0.02—3.98
Kidney (180) 1 167 060  0.02—3.34
Skin, non-melanoma (191) 2 0.75 2.67 0.32—9.63
Brain (193) 3 175 171 0.35—5.01
Thyroid gland (194) 2 160 125 0.15—4.52
Bone (196) 1 029 345  0.09—19.21
Unspecified sites (199) 1 0.82 1.22 0.03—6.79
Hodgkin’s disease (201) 1 069 145  0.04—8.07

2 Categories with only one cancer case are shown for the sake of com-
pleteness, the code of the International Classification of Diseases, 7th
revision appears in parentheses.

b Women only.

incidence of lung cancer, cervical cancer, cancer of the
skin (nonmelanoma), brain, and thyroid gland was high-
er than expected. There were few cases of cancer of
many sites, and the categories with only 1 cancer case
are shown for the sake of completeness and to explain
why selected cancer sites were subsequently dealt with.
Table 3 shows the results of the men when the total
cohort was classified according to duration of employ-
ment, which in this case was measured as the number of
years. Those who had worked for 5 years or longer had a
higher cancer incidence than those who had worked for a
shorter period. Among those who had worked for > 5
years the standardized incidence ratio for lung cancer
was 2.34 and 2.70 when 5- and 9-year time intervals,
respectively, were allowed before the start of follow-up.
These results are based, however, on only 3 cases, and

Table 3. Observed and expected numbers of cancers, the standardized incidence ratio (SIR), and the 95% confidence interval (95% Cl)
for selected cancer sites, according to length of employment measured in years with a requirement of 5 or 9 years before the start of

follow-up.

Cancer sites?

Five years’ time interval before start of follow-up

Nine years’ time interval before start of follow-up

Empioyed <5 years (N = 754)

Employed > 5 years (N = 160)

Employed <5 years (N = 752) Employed = 5 years (N = 159)

Ob- Ex- SR 95%C! Ob- Ex- SIR 95% Gl Ob- Ex- SIR  95%Cl Ob- Ex- SR 95%Cl
served pected served pected served pected served pected
All cancers (140—204) 11 18.13 0.61 0.30—1.09 12 9.02 133 0.69—2.32 8 1419 0.56 0.24—111 12 776 155 0.80—2.70
Lung cancer (162) 2 211 095 0.11—3.64 3 128 2.34 0.48—6.85 2 168 1.19 0.14—4.30 3 111 270 0.56-—7.90
Skin cancer (191) — 038 . 2 019 1053 127—38.02 — 030 . 2 016 1250 1.51—45.15
Brain cancer (193) — 077 3 030 10.00 2.06—29.23 — 058 . - 3 0.24 1250 258—36.53

» Code of the International Classification of Diseases, 7th revision, in parentheses.
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Tahle 4. Observed and expected numbers of cancers, the standardized incidence ratio (SIR), and the 95% confidence interval (95% Cl)
for selected cancer sites among the men, according to the length of employment measured as the accumulated hours of employment with

a requirement of 5 or 9 years before the start of follow-up.

Cancer sites?

Five years’ time interval before start of follow-up

Nine years’ time interval before start of follow-up

Employed < 300 h (N = 633)

Employed = 300 h (N = 281)

Employed < 300 h (N = 631) Employed > 300 h (N = 280)

Ob- Ex- SIR  95%Cl Ob- Ex- SIR
served pected served pected

95% Gl Ob- Ex- SIR

95% Gl Ob- Ex- SR 95%Cl

served pected served pected

All cancers (140—204) 9 16.17 056 0.256—1.06 14 10.99 1.27 0.70—2.14 6 12.73 047 017—1.03 14 9.23 152 0.83—2.54
Lung cancer (162) 2 193 1.04 013—3.74 3 146 205 0.42—6.01 2 155 1.29 0.16—4.66 3 1.24 242 0.50—7.07
Skin cancer (191) — 033 - 2 023 870 1.05—31.41 - 027 - - 2 019 1053 1.27--38.02
Brain cancer (193) — 067 - - 3 040 750 155—2192 — 051 - - 3 031 9.68 2.00—28.28

2 Code of the International Classification of Diseases, 7th revision, in parentheses

the confidence limits are relatively wide. In the same
subgroup there was an excess of skin and brain cancer.
There was no case of lung cancer among the women, nor
did their cancer pattern differ according to length of
employment.

Table 4 shows the standardized incidence ratio for
the same cancer sites as in table 3 for all the men in the
entire cohort, classified according to accumulated hours
of employment. There was an excess of all cancers, lung

Tahle 5. Observed and expected numbers of cancers, the stand-
ardized incidence ratio (SIR), and the 95% confidence interval
(95% Cl) for cancer sites among the men who had been exposed
during the loading of ships with the production from the diatomite
factory (N = 690, 12 115 person-years).

Cancer sites? Ob-  Ex- SIR 95% Gl
served pected

All cancers (140—204) 16 2517 0.64 0.36—1.03
Stomach (151) 1 2.67 0.37 0.01—2.71
Large intestine (153) 1 1.74 0.57 0.01—4.15
Liver (155) 1 0.39 2.56 0.06—18.52
Pancreas (157) 1 0.83 1.20 0.03—8.70
Lung (162) 5 3.08 1.62 0.53—3.79
Prostate (177) 1 419 024 0.01—1.72
Testis (178) 1 1.03 0.97 0.02—7.01
Skin, ngn-melanoma (191) 1 0.52 1.92 0.05—13.89
Brain (193) 1 1.00 1.00 0.03—7.22
Bone (196) 1 0.17 5.88 0.15—42.50
Unspecified sites (199) 1 0.56 1.79 0.05—12.90
Hodgkin’s disease (201) 1 0.41 2.44 0.06—17.62

a Categories with only one cancer case are shown for the sake of com-
pleteness. The code of the International Classification of Diseases, 7th
revision, is shown in parentheses.

cancer, and skin and brain cancers among those who had
worked 300 h or more and a gradient through increasing
time allowed before the start of follow-up.

Table 5 shows the observed and expected numbers of
cancers among the men who had worked only at loading
ships. There was a deficit for all cancers, although 5 lung
cancers were observed versus 3.08 expected.

Table 6 shows the results for all cancers and lung
cancer among men who had worked at loading, classi-
fied according to accumulated hours of employment and
using 5 and 9 years of latency. There was a deficit of all
cancers among those who had worked less than 300 h.
Among those who had worked 2300 h there was an
excess for all cancers and lung cancer. The standardized
incidence ratio for lung cancer was higher the longer
allowed before the start of follow-up.

Table 7 shows the results of the survey of smoking
habits among the cohort, and the smoking habits of a
random sample of the Icelandic population are shown for
comparison. The proportion of nonsmokers was higher
among the diatomite workers than among the sample of
the general population.

Discussion

Our cohort of diatomite workers was exposed to diatom-
aceous earth and cristobalite and to practically no other

Tahle 6. Observed and expected numbers of cancers, the standardized incidence ratio (SIR), and the 95% confidence interval (35% Cl)
for all cancers and lung cancer according to the length of employment measured by accumulated hours of employment with a require-
ment of 5 or 9 years before the start of follow-up among the men who had been exposed during loading ships with the production from
the diatomite factory.

Nine years’ time interval before start of follow-up
Employed < 300 h (N = 616) Employed > 300 h (N = 66)

95% Cl Ob- Ex- SIR  95%Cl Ob- Ex- SR 95%Cl
served pected served pected

Cancer sites? Five years' time interval before start of follow-up
Employed < 300 h (N = 618) Employed > 300 h (N = 66)

Ob- Ex- SIR  95%Cl Ob- Ex- SIR
served pected served pected

7 474 148 059—6.09

All cancers (140—204) 8 15.84 0.51 0.22—1.00 8 580 1.38 0.60—2.72 5 1248 040 0.13—0.93
3 067 448 0.92—13.09

Lung cancer (162) 2 189 1.06 0.13—3.82 3 081 370 076—10.82 2 151 132 0.16—4.78

2 Code of the International Classification of Diseases, 7th revision, in parentheses.
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Table 7. Smoking habits of a random sample of the Icelandic population in 1990 and of the diatomite workers according to a survey in

1993.
Smoking category Population sample Diatomnite workers
All Loading ships
Men Women Men Women Men Women
N % N % N % N % N % N %
Never smoked 478 345 642 437 224 375 137 448 173 387 128 443
Quit smoking more than a
year ago 324 234 251 174 157 26.3 60 196 104 233 56 125
Quit smoking less than a
year ago 56 4.0 63 43 34 57 18 5.9 28 6.3 18 6.2
Smoke, however not daily 65 47 48 3.2 22 37 20 6.5 14 34 19 6.6
Smoke daily 462 334 466 317 160  26.8 71 232 128 286 68 235

form of crystalline silica. There are no mining activities
in Iceland, and quartz is not found in the rocks of the
country. No exposure to asbestos occurred in the plant;
thus we do not consider asbestos to be a potential con-
founder in our study, as it was in another study from the
diatomite industry (4). To eliminate potential confound-
ing of exposure with that of possible other carcinogens at
the processing plant, a restriction was made to those who
had never worked in production, but who had been occu-
pied exclusively with transport and the loading of ships.

The diatomite workers smoked less than the general
population, and it is thus unlikely that smoking explains
the excess of lung cancer. The standardized incidence
ratio for lung cancer among those with the longest em-
ployment ranged from 2.05 to 4.48 according to varying
length of employment in the different subgroups. There
is a considerable deficit in the risk of all cancers in
contrast to the increased risk for lung cancer.

The weaknesses of this study are obvious but should
perhaps be mentioned nonetheless. The cohort was small,
the exposure time relatively short but intense, and the
period of follow-up barely long enough for the possible
development of lung cancer. Therefore further follow-up
and a more-detailed analysis of the exposure data could
improve the certainty of the results.

The excess of brain and skin cancer was based on
only a few cases and, therefore, does not allow any
interpretation. However, a Finnish cancer incidence study
on silicotic patients has earlier found an excess of skin
cancer, both melanoma and nonmelanoma (8).

This study dealt with the association of cristobalite
exposure and lung cancer. This is a rare type of exposure
and favors a cohort approach. The excess of lung cancer
is in concordance with the findings of the mortality study
on workers in the diatomaceous earth industry in Califor-
nia (3, 4). The results of our study also agree with find-
ings from previous cancer incidence studies, which have
shown excess lung cancer risk among workers exposed
to crystalline silica in the form of quartz (5—38).

In light of the indication of less cigarette smoking
among the cohort than among the reference population,

it is concluded that our results support the suggestion of
a causal association between cristobalite and diatoma-
ceous earth exposure and lung cancer.
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