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BARRY S LEVY,! EUSICE SIGCRDSOS,' JACK MANDEL,? EMALINE LAUDON*
JOHN PEARSON?®
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Sigurdson, J. Mandel. E. taudon and J. Pearson. Investigating possible ef-
fects of asbestos in city water: Surveillance of gastrointestinal cancer inci-
dence in Duiuth, Minnesota. Am J £pidemiol 103:352-258, 7976.

Tho recent discovery of over one million asbesios-like fibers per liter of
Duluth tap water and the suggestive evidence of a link between certain gas-
trointestinal (G1) cancers and work exposure to asbestos fibers in the air
prompted this study. GI cancer incidence data were gathered for Duluth in
the same manner as data previously gathered for comparison cities, Minne-
apolis and St. Paul. Aithough some differences in Gl cancer incidence oc-
curred among the three cities in 1868-13871, there was no consistent pattern
of statistically significant differences observed. The number of GI cancers
diagnosed in Duluth residents in 1972 was similar to that in each of the pre-
vious three years. This study represents the start of ongoing cancer surveil-
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asbestos; cancer; gastrointestinal negplasms; water pollution

Human exposure to ashestos has in-
creased greatly in recent years, yet the
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hazards cf this exposure to human health
are not understood completely. Occupa-
tional esposure to certain concentrations of
asbestos fibers in the air has neen linked
with pulmonary asbestosis. iung cancer,
and pleural and perironeai mesotheliomas
(1-8). There are also data suggestive of a
link between such esposure and develop-
ment of cancers of the stomach. large
intestine, and rectum many years after
initial exposure (1, 8-9). This possible link.
presumably the result of swaliowing ini-
tially innaled fibers, raises the possibility
that drinking water with high concentra-
tions of asbestos or asbestos-like fibers for
sufficiently long periods may lead 'to an
increased incidence of gastrointestinal (GI)
cancers among those who drink it.

In June 1973, the US Environmental
Protection Agency (EPA) reported the re-
cent discovery of large amounts of asbestos
in L.ake Supcrior. the scurce of municipal
water tor Duluth, Minnesota 11970 popula-
tion: 100,578), and five smaller communi-
ties on the lake shore. Subscquent electron
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microscope studies revealed one to 30 mil-
lion amphibole asbestiform fibers per liter
of Duluth tap water. the concentration
varying With lake conditionsand the length
of time water is in the distribution system
(10). A federal court ruling indicates that
these fibers result from a inining company
dumping, since 1953, large quantities of
taconite tailing wastes directly into the
lake at its iron ore processing plant in
Silver Bay, 50 miles (SO km) northeast of
Duluth (11). These tailings contain min-
erals in the cummingtonite-grunerite se-
ries, which includes amphibole asbestos.
EPA data on Duluth water in the past,
although limited, are consistent with the
court’s ruling. They show that samples
from 1939-1940 and 1949-1950 contain

" trace amounts of amphibole. but all sam-

ples studied from 1964~1965 contain large

. amounts of amphibole (an average of 31 per

cent of total inorganic solids) (10). It is not
known any more specifically, however,
when amphibole in Duluth water increas.a

- beyond these amounts.

The discovery of these fibers in the lake
and Duluth tap water prompted many
environmental, pathological. and epidemi-
ologic studies. The present study is the
only recent one of cancer incidence in the
entire populations of Duluth and compari-
son cities, and represents the start of ongo-
ing cancer surveillance for Duiuth. Further
cancer incidence studies must be done in
the future, as well as studies to quantitate
ingestion and inhalation of asbestos by
residents of Duluth and comparison cities.

MeTHODS OF INVESTIGATION

Information was obtained on each Du-
luth resident with a GI cancer first diag-
nosed from January 1969 through Decems-
ber 1972. A GI cancer was defined-as a
malignancy of the digestive tract or perito-
neum with one of the following primary
anatomic sites: esophagus; stomach; small
intestine; large intestine: recturn and rec-
tosigmoid; liver; gall bladder and biliary
tract; pancreas; peritoncum, retroperito-

neum, and abdomen, not otherwise speci-
fied; and G1 tract, not otherwise specified.

Gl cancer incidence data for 1969-1971
for Duluth residents were compared with
those for Minncapolis and 5t. Paul resi-
dents. These latter data had previously
been obtained by the Division of Epidemi-
ology, University of Minnesota School of
Public Health. as part of the Third Na-
tional Cancer Survey (TNCS) of the Na.
tional Cancer Institute. Duluth incidence
data for 1972, the most recent period for
which data were available, were also ob-
tained. These were compared only with
Duluth incidence data for 1963-1971 since
1972 data for Minneapolis and St. Paul
were not readily available.

Minneapolis (1970 population: {34.400)
and St. Paul (1970 population: 309.950)
were considered suitahble comparison cities
because they have large populations that
are reiatively similar to Duluth in age,
race, ethnic groups, and occupational ex-
posures (table 1), and because they have
access to relatively comparable medical
care. In addition, their water supplies.
directly and indirectly trom the Mississippi
River. are thought to contain few, if any.
ashestos or asbestos-like fibers. It is likely
to be a relatively long time, however.
before this fact is definitely established.

Since almost all known GI cancer pa-
tients are hospitalized at some time and
since Duluth residents are hospitalized
primarily in Duiuth. data were obtained
primarily from inpatient records at the
three Duluth hospitals. Almost all of the
few Duluth residents with cancer who seek
medical care elsewhere visit the Mayvo
Clinic in Rochester, NMinnesota, or hospi-
tals in the Minneapolis-St. Paul metropoli-
tan area. Data were therefore alzo obtained
from inpatient records at the Mayoe Clinic
for the four Duluth residents with Gl
cancer diagnosed there from January 1969
through December 1972, and from TNCS
records for Twin Cities area hospitals tor
the six Duluth residents whose cases were
diagnosed there from January 1969 through
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Characteristics of populations of Duluth and
comparison citics®

Duluth Minneapolis St. Paul

Total population (1970 100,578 434,400 309,950
Census)

Median ape
Males ns 278 26.3
Females 315 30.7 29.7
Birthplace
£ bnrn in Minnesota 69.9 §7.1 72.6
& foreign-born 5.2 4.8 39
% foreign stock (foreign- 219 23.9 21.8

born individuals =
patives of foreign or
mixed parentage)

Norwegian and Swedish 10.4 9.4 4A
Germanand Austrian 25 3.4 5.2
Finnish 2.8 0.5 0.2
% white e8.3 95.6 95.4
% rho lived in same 82.1 759 79.7
county in 1965 (as in
1970)
Median So. of school 123 123 12.2

years completed (for
population > 25 years

old)
% of males > 16 vearsold in 6.0 4.2 36
civilian labor force un-
employed
% families below poverty 7.1 72 6.4
fevel
Median tamily size 3.4 2.2 3.52
Median family income $9.313 $9.960  $10.544
% in selected occupations
Professional. technical, 16.4 16.3 16.5
and kindred workers
Craftsmen. foremen. 13.0 10.7 117
and kindred workers
Laborers except farmers 4.8 42 43
% inselected industries
" Mining 0.6 01 01
Construction 48 42 47
Manufacturing 16.4 205 - &A1

® Based on 1970 US Census data.

December 1971. TNCS data were limited
to 1969-1871. Data were not obtained from
Twin Cities area hospitals for Duluth resi-
dents diagnosed there in 1972, By extrapo-
lation, however, we estimate that only two
cases were excluded by not obtaining these
data. -

Medical record administrators at each of
the three Duluth hospitals and the Mayo
Clinic provided inpatient records for all
Duluth residents discharged during the
study period and shortly thereatter with a
Gl cancer listed among their discharge
diagnoses. In order to assure comparability
between Duluth and comparison cities

LEVY, SIGURDSON, MANDEL. LAUDON AND PEARSON

data, the same protocol used during the
TNCS to collect incidence data for Min-
neapolis, St. Paul. and elsewhere was used
in this study to collect data for Duluth; two
of the authors (E. S. and E. L.) who
abstracted data during the TNCS ab-
stracted the data for Duluth. From the
hospital records of each Duluth resident
with a Gl cancer first diagnosed from
January 1, 1969, through December 31,
1972, they abstracted information that in-
cluded: name of patient, address at time of
diagnosis, sex, race, date and place of
birth, and, for each GI cancer, date of first
diagnosis, primary anatomic site and histo-
logic type, and most accurate method of
diagnosis. Addresses of all **Duluth resi-
dents® were checked with census tract
guides and those who lived beyond Duluth
city limits were excluded from the study.
The definition of cancer, as in the
TNCS, was based on confirmatory evi-
dence of a malignant neoplasm or, in the
relatively few instances when that was not
available, indication by physicians' notes
in the patient's hospital record of a 30 per
centor greater probability of a malignancy..
The definition of the date of first diagnosis,
as inthe TNCS, was the date when it was
first determined that a patient had a new
cancer, even though primary anatomic site
and histologic type may not have been
known at that time. It was the earliest date
for one of the following diagnostic criteria:
(a) inpatient hospital admission with a
discharge diagnosis (not necessarily the
admitting or main diagnosis) of cancer; (b)
microscopic diagnosis of cancer on surgical
biopsy or cyvtological specimen; (¢} pallia-
tive or curative treatment directed toward
a cancer; (d) autopsy diagnosis of cancer
(with microscopic confirmation) without
prior diagnosis of that cancer known: or (e)
death certificate diagnosis of cancer.
judged to he valid. without other intorma-
tion available. For (d) and (e), dntc of
diagnosis was the date of death.
FFollowing procedures identical to those
of the TNCS, three othcr sets of records
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were reviewed in attempts to find cases not
identified from individual patient hospital
records: pathology records and radiother.-
apy records at the two major Duluth hospi-
tals, and death certificates fur all Duluth
residents who diced in Minnesota between
1969 and 1973 and had GI cancers noted on
their death certificates as underlying
causes of death. (Such records were the
primary source of information for only five
Duluth cases.)

Usual occupation of patient, date of
death, and birthplace of each parent were
abstracted from death certificates of pa-
tients who died, and were added to infor-
mation obtained from hospital records.

Incidence data for Minneapolis and St.
Paul were abstracted from computer tapes
of TNCS data for the Twin Cities metro-
politan area. Residents of these cities were
identified by zip code. Addresses of those
living in zip code areas that are included in
more than one city were pinpointed on
official city maps to determine their cities
of residence. In addition, a 5 per cent
random sample of all patients' addresses
was checked, also by pinpointing addresses
on city maps, to confirm that zip codes
were accurately recorded.

Data for Duluth rcsidents. initially ab-
stracted onto pre-coded forms. were
punched onto computer cards in the same
format as data for Minneapolis and St.
Paul residents, that were abstracted from
computer tapes. Tabulations and calcula-
tions were done by computer. Crude inci-
dence rates were computed using study
and 1970 census data. Age-and-sex-specific
incidence rates for Duluth for cach type of
Gl cancer were compared with those for
Minneapolis and St. Paul using the for-
mula to test the difference between two
sample proportions:

+ —

d - ' P, - P,
,‘/P(I—I’) (_1- + L
ng n:

Age- and age-and-sex-adjusted incidence

s

Stmma e s gamee .

rates were computed using the 1970 Min-
ncsota population as the standard.

REsULTS
The average annual age-and-sex-
adjusted incidence rates for each GI cancer

for Duluth, Minneapolis, and St. Paul for
1969--1971 are shown in table 2. For all sites

TAnLE 2

Gastrointestinal cancer incidrnce rates, residents of
Duluth and comparison cities. 1969-1971

Average annual adjusted
rates per 100.000

Primary anatomic population’
site Sex Mi
Duluth * F0C" St Paul
Esophagus Males 5.32 7.02 5.89
Females 1.61 2.28 1.97
Both 343 4.59 3.89
Stomach Males 18.92 17.21 14.04
Females 9.37 8.97 1157
Both 1405 13.00 12.78
Small intestine Males 225 2.18 1.30
Females 1.01 1.29 0.68
Both . . 1.62. 173 0.95
Largeintestine Males A2 4066 4271
Females 3011 38.42 37.37
Both 308 P 39.99
Rectum/rectosig- Males 15.14 18.57 23.40
moid Females  11.29 1138  12.85
Both 13.18 163D 16.02
Liver Males 238 7 320 252
Females 0.51 0.99 2.10
Both 1.53 207 235
Gall bladder/ Males 232 3.17 4.41
biliary tract Females  3.25 391  3.29
Both 381 3.55 4.86
Pancreas .o Males 15.20 1423 12,55
Females 13.77 8.08 977
Both 1417  11.09 1113
Pezitoneum, retroper- Males 1.74 114 1.45
itoncum, and abdo- Females 0.52 1.26 2.35
men, NOt otherwise Both 112 1.20 1.81
specified .. .
GI tract, not othrr- Males 221 0.27 0.21
wise specified Females 1.55 0.58 0.00
Both 1.87 0.43 0.10
Total Males 97.20 107.86 108.47
Females 7499  79.68 84.06
Both . 8591 93.49 96.02

*Male and female rates were age-adjusted: combined
tates for both sexes were hoth age. and sex-adjusted. Rates
were adjusted using the 1970 Minnesota population as the
standard,
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combined, these rates were greater for
Minncapolis and St. Paul. Cancers of the
stomach, large intestine, rectum/rectosig-
moid, and pancreas accounted for approxi-
mately 85 per cent of ail GI cancers. For
males and for females, Duluth incidence
rates for cancer of the pancreas were
higher than those of Minncapolis and St.
Paul, and Duluth rates for cancer of the
stomach were higher than those of Minne-
apolis. On the othcr hand, for males and for
females, Duluth incidence rates for cancers
of the large intestine and rectum/recto-
sigmdid were lower than those of Minne-
apolisand St. Paul. Statistically significant
differences, based on tests which we felt
were more appropriate to perform on crude
incidence rates, are shown in table 3.
.(Since the age distributions of all three
cities are similar, the crude incidence rates
approsimated the age-adjusted rates.) iNo
othcr statistically significant differences
existed among rates for all maies, ail fe-
males, or both sexes combined.

Among age-and-sex subgroups. there was
No consistent pattern of statistically signif-
icant rate differences for any Gl cancer

TaBLE3
Statistically significant differences in crude Gl cancer
incidence rates for all ages combinrd among residents
of Duluth, Minneapoliz, and St. Paul, 1969-1971

Primary an. Statisticallv sig-

stomic site Sex nificant dilference P value
“Stomach Males Duleth > St Paul <.05
Males hlir .eapalis > St. Paul <.03

Large intes-  Females Minneapolis > Duluth <0t
tine Both Minneapolis > Duluth <01
Both $t. Paul > Duluth <05

Pancreas Both Duluth > st. Paul . =05
Gl tract. not Males Duluth > Minneapolis < .01
otherwise Males Duluth > 5t Paul <.
specified* Females  Dulutti > St. Paul <.
Females Minnecapolis > 8t Paul <03

Both Duluth > Minneapolis <01
Both Duluth > $t. Paul <.001

Total Females  Minnespolis ~ Duluth <05
Bath Minneapolis > Duluth <205

* These differences are based on seven cases in [uluth,
aight in Minncapolis, und one in St. Paul in 1969-1971,

between Duluth and cither of the compari-
son cities. The numbers of G1 cancers that
were diagnosed in Duluth residents in each
vear from 1969 through 1972 were tabu-
lated (table 4) to examine for any trends
over time.

Age-specific incidence rates increased
progressively with age. For malignancies of
all eight major primary anatomic sites
except gall bladder and biliary tract. the
age-adjusted incidence rates for males were
higher than those for females. Analyses of
data for whites only vielded results very
similar to those for the entire population of
the three cities; this was expected since
more than 95 per cent of the population of
each of these cities is white. Analysis of
data on histologic types of malignancies
did not yield any additional noteworthy
information. with the vast majority of
cancers identified as either *‘adenocar-
cinoma™ or “carcinoma.” There were no
peritoneal mesotheliomas identified in res-
idents of any of the three cities during
1969-1971 nor in Duluth residents in 1972.
Approximately 90 per cent of the malig-
nancies in this study were microscopically
confirmed, and for each major type of Gl
cancer, the percentages microscopically
confirmed in the three cities were similar.

TABLE4

The number of gastrointestinal cancers diagnosed in
Duluth residents during 1969-1972

Primarv anatomic Site 1969 1970 1971 1972
Esopkagus 4 2 6 5
Stomach 17 21. | 15
Small intestine 1 4 1 1
Large iritrstine 34 35 44 43
Rectum/rectosigmoid 17 20 11 15
Liver 2 2 1 3
Call bladder/biliary tract 2 7 5 5
Pancreas 7. 22 15 13
Peritoncum, retroperito. 1 -2 1 1

neum, and ahdomen, not
otherwise specified

Gl tract, not otherwise speci- 2 0 5 2
fied
Total 87 115 103 103
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Discussion

This study detected no excess in total Gl
cancer incidence among Duluth residents
in 1969-1972 and therefore suggests no
effect in this period possibly attribulable
to high concentrations of asbestos-like fi-
bers in Duluth tap water, a finding consist-
ent with two recent mortality studies re-
garding this situation (12, 13). It is impos-
sible at present to know the significance of
the differences in incidence rates of cer-
tain Gl cancers that were observed.

Data in this incidence study are thought
to be more reliable than data of the two
previous mortality studies of cancer in
Duluth in recent years because (a) data in
these mortality studies were based on
death certificate information. which is
often inaccurate regarding cause of death.
(b) many patients with Gl cancer are
cured, and (¢} many others die of other
illnesses and their active cancers are not
recorded on their death certificates. Our
findings are also thought to be reliable
because Minneapolis and St. Paui are
considered good comparison cities for Du-
luth and because the same methods were
used to collect data for each of the three
cities.

Inattempting to determine the esistence
o a cause-and-effect relationship between
an environmental factor and disease, the
first step is often an examination of readily
available data. This study may be consid-
ered onc of several first steps in assessing
the hazards of orally-ingested asbestos.
Although large amounts of amphibole as-
bestos may have been present long bef'ore
the EPA finding for 1964-1965, our dataarc
probably best considered “baseline™ data.
They therefore do not rule out the possibil-
ity that there may be eventually demon-
strated an association between drinking
water with high concentrations of asbiestos
fibers and certain Gl cancers. The long lag
period between initial asbestos exposurc
and diagnosis  of certain  asbestos-
associated cancers (1, 2, 6, 9) and the
uncertainty of the exact length of time that

high concentrations of these fibers have
been in Duluth water necessitates ongoing
cancer surveillance for Duluth. We there-
fore plan to repeat this study and perform
other cancer incidence studies in Duluth at
regular intervals in the future. As part cf
such surveillance, we also plan to measure
asbestos fiber concentrations in Minneapo-
lis and St. Paul water to assure that these
are appronriate comparison cities. If the
water of these cities is eventually found to
contain substantial amounts of asbestos.
we Will choose other comparison cities as
cancer surveillance for Duluth continues.

Further studies bearing on the possible
association between asbestos or asbestos-
like fibers in drinking water and Gl cancer
and other human disease should include
examining other water supplies and con:-
mercially-sold beverages and other food
products in the United States for the
presence of such fibers arid for any associa-
tion Letween consumption of them and
human disease. Studies in Canada Rave
demonstrated high concentrations of as-
bestos fibers in commercially-sold bever-
ages and the water supplies of Montreal,
Ottawa, and Toronto (14, 13). So study,
however. has yet demonstrated any associ-
ation between consumption of water or
beverages containing high concentrations
of asbestos fibers and human disease.

Whatever future studies may show, ef-
forts are currently underway to remove
fibers from Duluth drinking water and to
control the presumed source ot' these fibers
by attempting to halt the dumping of
asbestos-containing taconite wastes into
Lake Superior at the iron ore processing
plant in Silver Bay.
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MORTALITY OF WORKERS IN TWO MINNESOTA TACONITE
MINING AND MILLING OPERATIONS
W. Clark Cooper, MD, Otto Wong, ScD, and Robert Graebner, MPH

SYNOPSIS

Mortality during the years 1947-1983 was studied in 3,444
men employed for at least 3 months in Minnesota taconite mining
operations during the years 1947-19%8. During 86,307
person-years o0f observation there were 801 deaths for a
standardized mortality ratio (SMR) of 88 (U.S. white male
rates) or 98 (Minnesota rates). The 41 deaths from respiratory
cancer were fewer than expected, the SVR being 61 (p 0.01)
(U.S. rates) and 85 (Minnesota rates). There were 25
respiratory cancers 20 or more years after first taconite
employment, for an SMR of 57 (p 0.01) (U.S. rates). SMR's for
colon cancer, kidney cancer and lymphopoietic cancer were
elevated, but below the level of statistical significance.
There was one death from pleural mesothelioma, 11 years after
first taconite employment, in a man with long prior employment
as a locomotive operator. The pattern of deaths did not

suggest asbestos-related disease in taconite miners and

millers.
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MORTALITY OF %CRKERS IN TWO MINNESOTA TACONITE
MINING AND MILLING OPERATIONS

W. Ciark Cooper, MD, Otto Wong, ScD, and Robert Graebner, MPH

Taconite is a hard, fine-grained, iron-bearing rock which
after World War II became the principal form of iron ore mined
in the United States, as natural hematite reserves became
depleted. By 1978 it provided nearly 90%of the iron ore used
in US. iron and steel industries. O this, over 60% came from
the Mesabi Range in Mirnesota, where a deposit about 110 miles
long and 1 to 3 miles wide extends roughly east to west from
Babbitt to Grand Rapids.

The eastern end of the taconite ore body has been found to
contain amphibole minerals in the cummingtonite-grunerite
series, some of which are fibrous and similar to amosite, a
type of commercial asbestos. Wen such fibers were found in
the water supply of Duluth, 50 miles southwest from the point
where mine tailings from one of the taconite processing plants
were being deposited, there was concern as to possible effects

on health. Concurrent with drastic measures to prevent



effluents from entering Lake Superior, studies were begun to
determine if there was any evidence of effects on the health of
Duluth residents, with concurrent studies of workers in the
taconite mines and mills. So far such studies have been
negative (1,2,4,5,6,7).

Two of the investigations of taconite workers involved
analyses of mortality. The first, by Higgins (6), was based on
5,751 men employed by the Reserve Mining Company for one year
or more in the period 1952 to 1976, and observed through
7/1/76.  There were 298 deaths during 77,400 person-years of
observation, with no significant excess deaths from any cause.
Respiratory tract cancers were slightly fewer than expected,
and no mesotheliomas were observed. The second study, by
Cooper (7) involved 3,442 men who had worked in either the Erie
or Minntac taconite operations for at least 3 months prior to
January 1, 1958. They were observed through December 31, 1977,
and there were 489 deaths during 65,306 person-years. There
were no excess deaths from lung cancer or any other major
cause. It was felt, however, that the results should be
interpreted with caution, since only 8% of the person-years of
observation were 20 or more years since first opportunities for
exposure in the taconite industry, which did not begin to any

major extent until 1947.



The present report is based on observation of the
Erie-Minntac cohorts for an additional 6 years, through 1983,
increasing the person-years of observation to 86,307 and the

total number of deaths for analysis to 801.

MATERIALS AND METHODS

Choice of study population. When the study was being

planned in 1978, descriptive data from all operating taconite
mines in the US. was reviewed. There were only five which had
begun operations before 1958. One of them, Reserve Mining
Company, was already being studied independently. Two were
relatively small and were located in Michigan. It was decided
to limit the study to the Erie Mining Company (Erie) and U.S.
Steel Corporation (Minntac), which would provide populations
based in Minnesota, and which, when added to the Reserve mining
population, would encompass a large proportion of those engaged
in early taconite operations.

Data collection. Demographic and work history information

from Erie was obtained from individual forms supplied by the
company, which were based on Social Security Administration
(SSA) and plant records. Four thousand forms were received
giving name, social security numbers, hire dates, termination

dates and successive job assignments for all former and current



employees (as of December 31, 1977) who had worked prior to
January 1, 195¢.  After exclusion of female employees, those
with missing birth or hire dates, and those having less than 90
days employment in a job with potential taconite exposure
before 1/1/59, a population of 2,765 men qualified for the
study. Four of these had also worked at Minntac.

Data from the Minntac mine and mill were collected in a
more ccnventional way, being based on summary cards on file in
the plant for all individuals emplcyed since operations began.
An experienced research analyst from EHA microfilmed 800 such
cards for all individuals who appeared to meet the study
criteria. From these, 638G ultimately qualified, including the
four who had also worked for Erie.

Classification of jobs and exoosures. The occupational

exposures which were of most interest were those to
particulates which night be classified as asbestiform, i.e.
with 3 to 1 aspect ratios. However, there were no industrial
hygiene data upon which to make direct estimates of past
exposures to such particulates. There was quantitative
information, however, on non-fibrous airborne dust which had
been collected to evaluate quartz exposures. These provided a
foundation for ranking the relative dustiness of work areas and
jobs, when supplemented by subjective appraisals from plant

personnel and industrial hygienists.



The work arezs or departments in which employees worked
were coded as follows: Mining - 01; coarse grinding - 02; fine
grinding - 03; concentrating - 04; pelletizing - 05; general
plant - 06; pellet handling - 07; maintenance - 08; service -
09; non-taconite operation - 10; non-study plants - 11; power
plant - 12; preliminary taconite plant - 51; Erie’s Hibbing
laboratory - 52; taconite contracting company or TCC - 53.

Each job title within a work area was also assigned a two
digit code. Each work area Jjob title combination was
characterized in terms of relative dustiness, 00 = non dusty;
01 = least, 02 = intermediate and 03 = highest. For analysis,
it was therefore possible to describe each individual’s periods
of exposure both in terms of relative dust exposures and in
terms of the stage in mine operations.

Followup. Initial followup thrcugh 1977 was based on
determining cohort members known by the plants to be alive
because they were still employed, receiving pensions, or living
in the local communities. Rosters of those whose status was
unknown to the plants were sent to the Social Security
Administration (SSA) for followup through 1977 and again
through 1983. SSA provided lists of those presumed (1) to be
alive because of continued contributions or payment of

benefits; (2) to be dead because of notification of death



having been received. There remained a residual group whose
vital status was unknown to SSA or to plant personnel.

Determining and ccding causes of death. For all who were

reported dead, requests for death certificates were sent to the
offices of vital statistics in the states of residence or
death. The certificates which were obtained were filed and
utilized with careful consideration of restrictions imposed by
many of the states.

Causes of death were coded by a certified nosologist
according to the 7th or 1955 Revision of the International
Classification of Dissases. This involved translation, when
necessary, of causes ccded by the 8th (1965) and the 9th (1975)
revisions to correspond to the rubrics in the earlier
classification which had been the basis for the initial study
of the cohort.

The numbers of dead workers for whom death certificates
were not obtained is shown in individual tables. Based on the
assumption that causes of deaths in these individuals had the
same distribution as those that were certified, the
cause-specific  mortality ratios  should be increased
proportionately .

* Analysis of data. Cohort members were considered as under

observation from three months after their first exposure in a

taconite operation until December 31, 1983, or the date of



death, whichever occurred first. Those whose vital status was
unknown as of the study cut-off date of December 31, 1983 were
considered under observation through the last date they were
knomn to be alive, which could be the date of termination or,
in those alive at the conclusion of the previous study,
December 31, 1977. This is a compromise between dropping those
of unknown status from the study, which would underestimate
person-years of risk, or treating them as alive until 12/31/83,
which would overestimate person-years.

The numbers of deaths observed were Compared with the
numbers expected, and expressed as standardized mortality
ratios (SMR's) by use of the Occupational Cohort Mortality
Analysis Program or OCMAP (8). The US. white male population
was the basis for comparison, since it was known that there
were very few non-wnhites in the study population. Limited
comparisons were also made with the numbers of expected deaths
based on Minnesota death rates.

Tests for statistical sianificance. The statistical

significance of deviations of SMR's from 100 were tested by a
method assuming a Poisson distribution (9,10,11); 95% (p 0.05)
and 99% (p 0.01) confidence 1imits were calculated.
Sighificantly high or low SMR's will be indicated in text and

tables, by an asterisk (p 0.05) or double asterisk (p 0.01).



A two-tailed test of significance was used, as there was
no a oriori justification for assuming that the effect of
working in a particular occupation could only have the effect

of increasing an SMR.

RESULTS

Descriotion of the studvy oooulation. There were 3,444 nmen

who met the study requirement of having been employed for 3
months or more in taconite operations at some time prior to
January 1, 195¢. G these, 2,764 were Erie employees, 676
Minntac employees and 4 had worked in both plants. More than
half were born betore 1925, with the mean birth year being
1922. The average age at the beginning Of followup was 33.2
years.

Table 1 summarizes the distribution by the year of first
occupational exposure to taconite, from 1947 through 1958. By
December 31, 1983, 25 years had elapsed for the 1958 hires and
36 years for the 1247 hires. For 19.8% of the population,
those hired in 1953 or earlier, 30 years had elapsed. Thus
there were ample opportunities for diseases with long latency
to become manifest.

Prior occunational exposures. Only 1,968 cohort members

had information on prior employment in their files. O0f these,



1,223 had prior hematite mining experience. No separate
analysis was made of this subcohort.

Followuo and death certificate search. The vital status

of 3,249 (95.8) of the 3,444 cohort members was determined as
of 12/31/83. As shown in table 3, 2,498 (72.5%) were known to
be alive, 801 (23.3%) were dead, and the vital status of 145
(4.2%) was unkncwn. The latter fell into two categories: about
90 for whom neither SSA nor the plants could supply any
information, and 55 in which there were discrepancies between
names and social security numbers. Some of the latter might
eventually be located.

The total number of person-yezrs of observation was
86,307, of which 40,092 (462) were after 1969 and 24,685 (29%)
were after 1974. The 801 deaths represented 9.3 per 1000
person-years.

For the 801 deaths, certificates were obtained for 778,
leaving 23 (2.9%) with unknown causes of death. This results
in a slight understatement cf cause sgecific mortality ratios.
If one assumes that the unknown causes had the same
distribution as thcse known, each cause specific SMR in the
total cohort would be increased by 3.0% (23/778).

Standardized mortality for the total population. Table 3

summarizes deaths for major causes in all members of the cohort

for the pericd 1939-1983, compared with deaths expected in U.S.
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white males Curing the same years. The SMR for all causes was
88=*, a highly significant difference from the U.S. average,
but consistent with the healthy werker effect (i.e. those able
to work usually have better than average health). There was a
significant deficit in total deaths from malignancies (84*).
Deaths from respiratory tract cancer (SMR = 61**), largely due
to lung cancer (SMR = 59**)_ were strikingly low. There were
elevations in SMR's for cancer of the large intestine (SMR =
128), kidney (SMR = 185) and the lymphopoietic system (SMR =
117), but none of these was statistically significant at the
95% level. Deaths from heart disease and other circulatory
diseases were significantly fewer than expected (SMR = 89*).
This largely represented a favorable pattern  for
arteriosclerotic heart diseiase (SMR = 85**) , which is strongly
influenced by the healthy worker effect. Deaths from
non-malignant  respiratory disease, which would include
silicosis and asbestosis, were significantly below expected
(SMR = 66*). As in the past, there was a non-significant
excess of deaths from external causes, including accidents and
suicide.

Deaths related to duration of emolovment and observation

period. Table 4 summarizes the total deaths and SMR's based on
the duration of employment in jcbs with potential taconite

exposures and pericds of observation from the beginning of such
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employment. Except for a slight wupward trend in later
observation periods, presumably attributable to the healthy
worker effect, there was no striking pattern.

Table 5 similarly summarizes deaths from cancer of the
respiratory tract, which showed no positive correlation with
either length of exposure or time since exposure began. In the
observation period 20 or more years since first exposure, the
SMR was 57**, based on 25 deaths.

Deaths related to level and +type of exoosure. To

determine i7 there was any suggestion of excess risk associated
with level or type of exposure, the SMR's for a few causes of
special interest were compared in several subcohorts. As can
be seen in table 6, there was no evidence of any unusual
pattern.

Occurrence of mesothelioma. There was one death

attributed to pleural mesothelioma, in a 62-year-old white
male. It had been classified as due to benign neoplasm, in
conformity with the 1955 Revision of the ICD. Although the
worker involved had been employed for 40 years, his exposures
to taconite began only 11 years before his death. Prior
employment had been principally as a locomotive fireman and
engineer, in which there could have been exposures to asbestos

from boiler insulation.
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Standardized mortality ratios usina Minnesota death rates.

Minnesota death rates are lower than U.S. rates for a number of

causes. When they were used for determining expected deaths
(table 7), the SMR's were higher for total deaths (98), total
neoplasms (95), gastrointestinal cancer (97), respiratory
cancer (85), and trauma (123*). Only the last reached a level
of statistical significance at the 95% level. The SWR for
lymphopoietic cancer dropped to 108, as rates for this cause in
Minnesota are higher than national rates. The available
program did not separate kidney cancer from bladder cancer, but
the two combined showed an SMR of 164, based on 15 cases; this
was not a significant elevation. The corresponding combination
in our study (not shown in tables using U.S. rates) had an SMR
of 150.

When the analysis using Minnesota rates was limited to
observation twenty years or more after first exposure, the
findings were essentially the same, the SMR for all causes
combined being 102, that for all neoplasm being 92,

respiratory cancer 98 and lymphpoietic neoplasms 111.

DIScusSion

The original study and the current extension were carried

out because of the possibility that cummingtonite-grunerite, an
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asbestiform mineral found in some Mesabi Range taconite
deposits, might cause asbestos-related disease, such as lung
cancer. There is no evidence of such an effect. Respiratory
tract cancer deaths were 39% fewer than expected, based on
comparison with U.S. white males, and 15% fewer than expected
when compared with Minnesota white males. Even when analysis
was limited to deaths 20 or more years after first exposure,
which provided ample opportunity for the leading edge of any
excess in latent tumors to appear, there was no excess. The
number of expected cases of respiratory tract cancer was
sufficiently high to give the study considerable power, One
can say with 80% probability of being correct (alpha = 0.05 and
beta = 0.2) that the SMR for this cause in the total cohort
could have been no greater than 132 using U.S. death rates, and
no more than 139 wusing Minnesota death rates. The
corresponding SMR, using US. rates, for those with 20 or more
years potential latency could have been no more than 141.

There were no deaths from asbestosis. The only death from
mesothelioma was in a man whose exposure to taconite began only
11 years before his death; he had worked as a locomotive
fireman and  engineer for thirty years previously.
Mesotheliomas rarely occur sooner than 20 years after exposure
to asbestos and commonly occur after 30 or more years. It is

therefore plausible to hypothesize that asbestos from
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locomotive boiler insulation was responsible for this tumor.
One can be fairly certain that it was not due to taconite.

The small excess of kidney cancer deaths (9 vs. 4.9
expected) is probably not related to occupational exposures.
Because of the small numbers, there is at least a 1-in-20
likelihood that the excess occurred by chance. There was no
apparent correlation with either type or duration of exposure.
Higgins (6) reported 3 urinary tract cancers (bladder plus
kidney) with 2.97 expected, for an SMR of 101, in men employed
by Reserve Mining Company far at least one year. Although
Lawler et al (7) found 15 Kkidney cancer deaths with 9.3
expected (SMR 161) in above-ground hematite miners in
Minnesota, underground hematite miners had no excess (11 with
11.1 expected).

The pattern of mortality observed in these cohorts does
not suggest that dust exposures associated with taconite mining
and milling are having any adverse effects on health. The
continued deficit in deaths from lung cancer is especially
reassuring. If asbestifarm minerals were initiating such
tumors, one would expect some excess cases to have become
apparent, since all members of the cohort had begun employment
in the industry at least 25 years before the end of the
observation period. Studies of workers exposed to commercial

asbestos have shown that excess deaths frcrn lung cancer usually
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become apparent within 20 to 25 years after first exposure,

although delayed effects may continue for many more years. |If
there were a positive association between taconite exposures

and lung cancer, sufficient time had elapsed in the present

study for it to have become apparent.
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TABLE 1. DISTRIBUTION OF STUDY POPULATION BY
YEAR OF FIRST EXPOSURE TO TACONITE

Year Number Percent Cumulative Cumulative
number percent
1947 2 0.1 2 0.1
1948 122 3.5 124 3.6
1949 41 1.2 165 4.8
1950 61 1.8 226 6.6
1951 57 1.7 283 8.2
1952 103 3.0 386 11.2
1953 295 8.6 681 19.8
1954 283 8.2 964 28.0
1955 425 12.3 1389 40.3
1956 308 8.9 1697 49.3
1957 1283 37.3 2980 56.5

1958 464 13.5 3444 100.0
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TABLE 2. STATUS OF STUDY POPULATION AS OF
DECEMBER 31, 1933

Total .eveencceennnnnessnnnnnnnnas 3,444 (100%)

AlIVE evvrineerrinnerrnneernnnes 2,498 (72.5%)

UNKNOWN  weuvuserenesnsnsnnnnnnnnns 145 ( 4.2%)

532710 801 (23.3%)
With certificate ...... 778 (97.1%)

No certificate .u.uv... 23 ( 2.9%)



TABLE 3. OBSERVED AND EXPECTED DEATHS BY MAICR CAUSES, 1948-1983 IN TACONITE MINERS AND MILL WORKERS
EMPLOYED IN TACONITE-EXPOSED JOBS FOR 3 MONTHS OR MORE PRIOR TO JANUARY 1, 1959,

COMPARED WITH U.S. WHITE MALES

Deaths Confidence limits
CAUSE OF DEATH (ICD 7th Rev. 1955) 0BS  EXP IR 95% 99%
A11 causes (001-998) 801 914.0 88** 82-94 80-96
A1l malignant neoplasms (140-205) 158 188.2 84* 71-98 68-103
Digestive organs arid peritoneum (150-159) 48 49,6 97 71-128 64-139
Stomach (151) 5 0.7 58 19-135 13-164
Large intestine (153) 21 16.4 128 79-196 68-220
Respi ratory system (160-164) 41  67.7 61** 43-82 39- 89
~ Bronchus, trachea, lung (162-163) 38 64.3 5g** 42-81 37- 89
Kidney (180) 9 4.9 185 85-351 éé_fé'}
Lymphopoietic system (200-205) 22 18.9 117 73-1717 -
A1 diseases circulatory system (400-468) 360 406.4 89* 80-98 77-101
Arteriosclerotic heart disease (420) 289 339.6 BE** 76-96 73- 99
lion-malignant 'respiratory disease (470-527) 34 517 66* 45-92 40-101
Cirrhosis of liver (581) 22 27.5 80 50-121 43-135
All external causes of death (800-998) 105 94.3 111 91-135 86-143
A1l accidents (800-962) 73 62.9 116 91-146 84-156
Motor vehicle accidents (810-835) 30 293 102 69-146 61-161
Suicides (963, 970-979) 29 226 128 86-184 75-203
Cause unknown 23 --- .- TTTTTT e
Nunber of workers 3,444
Humber of person-years 86,341
Deaths per 1,000 person-years o o 9.3
Adjustnent of cause-specific SMR's for missing certificates +3.0%

* Significant at the 5%level, i.e. p =(0.05 ** Significant at the 1%level, i.e. p =<0.01

12
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TABLE 4. DISTRIBUTION OF TOTAL DEATHS, WITH STANDARDIZED
MORTALITY RATIOS (SMR's) BY DURATION OF EMPLOYMENT
AND OBSERVATION PERIODS (COMPARISON WITH U. S.
RATES)

Duration of Observation period (years from first taconite exposures)

Employment 10 10-19 20 Total
(Years) Mo. SMR No. SMR No. SMR No.  SMR
0.25 - 0.99 24 81 56 126 83 110 163 109
1 -4.99 37 76 47 74* 132 85 216 81**
5 - 9.99 28 77 21 66 75 89 124 81*
10 or more = -- 77 69" 221 95 298 87"

Total 89 77 201 80** 511 93 801 8g**



TABLE 5.

Duration of

Employment
(Years)

0.25 - 0.99
1 - 4.99
5 = 9.99

10 or more

Total

DISTRIBUTION OF DEATHS FROM RESPIRATORY CANCER

23

(ICD 160-65) STANDARDIZED MORTALITY RATIOS (SMR's)
BY DURATION OF EMPLOYMENT AND OBSERVATION PERIODS

(COMPARISON WITH U.S.

RATES)

Cbservation periods (years from first taconite exposures)

10
No.  SMR
1 87
2 100
2 103
5 98

10-19

No.

W b b~ W

11

SMR

97
93
46
34*

59

No.

13

25

20

SMR

65
32
62

57**

Total

No.

13

16

41

SMR

68
76
48
53**

61**



Table 6. OBSERVED AND EXPECTED DEATHS 1948-1983 FOR SELECTED CAUSES IN SUBCOHORTS OF
TACONITE MINERS AND MILL WORKERS WHO EVER OR NEVER WORKED IN INDICATED AREAS
(U.S. Rates)

Subcohort
(work area code)

Mining (01)

Ever 398
Hever 403
Grinding & Conc (02-04)
Ever 243
Hever 558
Pelletizing (05)
Ever 245
Hever 556
In any of above
Ever 589
Never 212
In high or medium
dust area
Ever 539
Hever 262
In high dust area
Ever 270
Never 531

Total population

0BS

398
403

243
558

245
556

589
212

539
262

270
531

801

All deaths
EXP

462
452

297
617

281
633

695
219

571
343

282
632

914

SMR

86**
89**

B2**
91*

gr*
gR**

gE**
97

94
17

96
84

BB*

* Significant at the 5% level, i.e. p =<0.05

Respiratory cancer

OBS'

24
17

12
29

12
29

30
11

27
14

12
29

41

** Significant at the 1%level, i.e. p =<0.01

EXP

34
33

23
45

21
46

52
16

43
25

21
47

68

SMR

70
51%*

52*
65*

56*
62*

58**

63*

56

S7*
62*

61**

0BS

o~ B~ o

[ep NN

wW O

© O

Kidney cancer
EXP

(CY
w

N
N

W
S~ o

= W
N~

= W
oo

W
S~ o

4.9

SMR

205
172

241
156

198
179

217
84

195
170

265

185

124



TABLE 7. OBSERVED AND EXPECTED DEATHS BY MAJOR CAUSES LN TACONITE MINERS AND
MILL WORKERS WHO WORKED AT LEAST 3 MONTHS IN TACONITE-EXPOSED JOBS

PRIOR TO JANUARY 1, 1959 COMPARED WITH MINNESOTA WHITE MALES

CAUSE OF DEATH (ICD Mo., 7th Rev 1955)
A1l causes (1-999)

A1l neoplasms (140-205)

A11 gastrointestinal (150-159)
Respiratory (160-165)
Lymphopoietic (200-205)
r&dney and bladder (180-181)

Cardiovascular (400-443)

Selected respiratory (241, 480-83, 490-493,
500-502)

Most trauma (800-965, 970-979, 980-985)
Motor vehicle accidents (810-835)

Ottier calses

Cause unknown
Humber of workers

Hupmber of person-years

Deaths
Observed
801
158
48
41
22
15

342

20

105
30

153
23

Adjustment Of cause-specific SMR's for missing certificates

* Significant at the 5% level, i.e. p = <.05

Expected

820.5
166.0
49.5

48.0
20.4
9.1

345.0
21.4
85.3
29.9

202.0

59407

+3.0%

Significant at the 19%level,

SMR

98

95
97
85

108
164

99

94

123%
101

idd.

Confidence
limits
95%
91-105

81-111
71-129
61-116
67-163
92-271

89-110

57-145

101-149
68-144

-

p £ 0.01

Ge



