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ABSTRACT
Objective To evaluate the mortality experience of
Minnesota taconite mining industry workers.
Methods Mortality was evaluated between 1960 and
2010 in a cohort of Minnesota taconite mining workers
employed by any of the seven companies in operation in
1983. Standardised mortality ratios (SMR) were
estimated by comparing observed deaths in the cohort
with expected frequencies in the Minnesota population.
Standardised rate ratios (SRR) were estimated using an
internal analysis to compare mortality by employment
duration.
Results The cohort included 31 067 workers with at
least 1 year of documented employment. Among those,
there were 9094 deaths, of which 949 were from lung
cancer, and 30 from mesothelioma. Mortality from all
causes was greater than expected in the Minnesota
population (SMR=1.04, 95% CI 1.02 to 1.04). Mortality
from lung cancer and mesothelioma was higher than
expected with SMRs of 1.16 for lung cancer (95% CI
1.09 to 1.23) and 2.77 for mesothelioma (95% CI 1.87
to 3.96). Other elevated SMRs included those for
cardiovascular disease (SMR=1.10, 95% CI 1.06 to
1.14), speciﬁcally for hypertensive heart disease
(SMR=1.81, 95% CI 1.39 to 2.33) and ischemic heart
disease (SMR=1.11, 95% CI 1.07 to 1.16). Results of
the SRR analysis did not show variation in risk by
duration of employment.
Conclusions This study provides evidence that taconite
workers may be at increased risk for mortality from lung
cancer, mesothelioma, and some cardiovascular disease.
Occupational exposures during taconite mining
operations may be associated with these increased risks,
but non-occupational exposures may also be important
contributors.
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The iron mining industry in Minnesota began in
the late 1800s with the discovery of hematite in
northeastern Minnesota, within what is now
known as the Mesabi Iron Range. Hematite, a highgrade ore, was excavated from the iron formation
and shipped directly to steel mills. However, the
high-grade ore became less abundant following
heavy demand for its use in World War II. In the
1950s, with hematite reserves depleted, the mining
and processing of low-grade taconite ore began.1
Since then, the taconite mining industry in
Minnesota has become the largest supplier of iron
ore to the steel industry of the USA.2
Mining and processing of taconite iron ore
results in potential exposure to non-asbestiform
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amphibole and non-amphibole elongate mineral
particles (EMP), respirable silica, quartz and dust,
and cleavage fragments.3 The term ‘EMP’ refers to
any mineral particle with a minimum aspect ratio
of 3:1 that is of inhalable size. Cleavage fragments
are fractured mineral EMPs created during the
crushing and fracturing process.4
The Mesabi Iron Range is approximately 2.5
miles wide and 122 miles long and is divided into
four mineralogical zones.5 All zones have deposits
of taconite along with quartz and iron silicates, but
vary in the type of EMP.6 The ore body in the
eastern range, known as zone 4, contains iron-rich
amphibole EMPs ( primarily cummingtonitegrunerite), which is believed to be less than 1%
ﬁbrous.7 The western end of the range, zone 1,
contains almost exclusively non-asbestiform EMPs,
primarily of quartz hematite, siderite, chamosite
and greenalite.6 8 Zone 2 is considered a transitional zone with some amphiboles appearing.5 One
mine operates in zone 4, one mine that is no longer
in operation is located in zone 2, the remaining ﬁve
mines are located in zone 1 which is roughly the
western-most two-thirds of the entire Mesabi Iron
Range. There is another mineralogical zone, zone 3,
however, there are no mines located in this zone.
The primary exposure in taconite operations is of
non-asbestiform cleavage fragments however, due to
the mineralogical differences in the eastern versus
western zones, workers in the two zones may be
exposed to different types of mineral particles.3
There is an ongoing debate regarding these exposures and the health of miners which includes (1)
whether the amphibole minerals mined in the
eastern part of the iron range are a threat to human
health and (2) whether exposure to non-asbestiform
minerals, including cleavage fragments, poses any
risk to human health.4 9–12
The history of public concern of the health of
taconite miners and residents near the mining and
processing facilities began in the early 1970s when
EMPs, determined to be primarily grunerite, possibly including some asbestiform grunerite, were
found in Duluth’s drinking water supply as a result
of taconite tailings that were disposed of into Lake
Superior.8 13 This prompted studies of the potential
health effects from ingestion of Duluth water
which did not show increased risk of malignant
tumours in either laboratory animals or human
populations.14 15 The earliest studies of the health
of taconite miners were carried out in the early
1980s. The ﬁrst study16 focused on a group of
miners from Reserve Mining Company. The
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authors reported no increased risk of respiratory cancers among
the 5751 miners. Later, studies were conducted in 1988 with an
update in 199217 18 and, similarly, did not report an excess mortality among the 3431 workers from Erie and Minntac mines.
In 1997, the Minnesota Department of Health Cancer
Surveillance System reported a 73% excess in cases of mesothelioma among men in the northeastern region of Minnesota
between 1988 and 1996 as compared with the rest of the
state.19 This resurrected the concern over whether exposures
from taconite mining and processing pose a threat to the health
of the workers.
To address these lingering uncertainties regarding the health
consequences of taconite mining, we conducted a mortality
study of workers from multiple mines to characterise the overall
health of the Minnesota taconite worker population.

METHODS
Study population
The occupational cohort for this analysis was enumerated in the
early 1980s as part of the Mineral Resources Health Assessment
Program (MRHAP). The program was developed by the
University of Minnesota, School of Public Health, with the
support of the Iron Range Resources and Rehabilitation Board.
This was done as part of an effort to further research on health
effects of mining and mineral processing. Investigators
assembled a database of 68 737 individuals from employment
records of the seven mines in operation in 1983, US Steel
Corporation, Hanna Mining Company, Pickands-Mather and
Company, Reserve Mining Company, Eveleth Taconite
Company, Inland Steel Company, and Jones and Laughlin
Corporation.
In 2008, the University of Minnesota launched the Taconite
Workers Health Study (TWHS). The current mortality analysis
was one component of the overall TWHS with an objective to
update the health assessment of the cohort of 68 737 miners
collected by MRHAP in 1983. The cohort included taconite
workers and those who had worked in the earlier hematite
mining operations. To focus the study on workers most likely to
have been working after taconite mining began in the 1950s,
the cohort used in this analysis was limited to those born in
1920 or later, leaving 46 170 individuals. Of these, 1927 were
excluded, including 477 whose only record on ﬁle was an application with no further evidence of employment, 679 whose
records were insufﬁcient for vital status follow-up, and 539 for
whom employment information was improbable, for example,
began working at age 14 or younger. Those who died before
reference mortality rates were available (before 1960, n=232),
were also excluded, leaving 44 243 workers. To focus on
workers with more stable employment in the taconite industry,
this analysis was restricted to workers with at least 1 year of
documented employment giving a study population of 31 067
workers. This exclusion removed workers who did not stay in
the industry, and also summer workers, often students who only
worked a few months.

status of deceased, alive, or unknown, with the state of death
and date of death identiﬁed for decedents. Cohort members
who died in Minnesota, or whose state of death was unknown,
were sent to the Minnesota Department of Health to ascertain
causes of death. NDI, established in 1979, is a national death
registry designed to facilitate health investigations. For those
who died outside of Minnesota in the year 1979 or later, causes
of death were obtained from NDI Plus. For individuals who
died before 1979, death certiﬁcates were obtained from the
state health department from the state in which the individual
died. Additional tracing was done on those whose vital status
was unknown and, if found to be deceased, their death certiﬁcates were obtained. Underlying and contributing causes of
death were coded to the International Classiﬁcation of Disease
(ICD) version current at the year of death. The ICD codes were
obtained directly from the Minnesota Department of Health
and the NDI. All other death certiﬁcates were reviewed and
coded by a nosologist.
Individuals who were identiﬁed as deceased, but whose death
certiﬁcates were not found, were classiﬁed as ‘Presumed Dead’.
The date of death provided by the SSA was recorded as the vital
status date and the cause of death was classiﬁed as ‘Unknown.’
Individuals identiﬁed as ‘Unknown’ by the SSA were traced via a
commercial tracing vendor that uses credit bureau address
updates. For those who were found to have had recent address
activity, their vital status was recorded as ‘Presumed Alive’ with
a vital status date as the most recent date recorded from the web
tracing tools. The vital status date for the remaining individuals
with an unknown vital status was their last date of employment.
Given the size of the cohort, detailed abstraction of all work
histories in the cohort was not feasible, and duration of employment was the primary exposure measure of interest. For this
analysis, work records of cohort members were reviewed with
the ﬁrst and last dates of employment abstracted, as well as the
last date of activity on the work record. In 4.5% of the data, the
work records contained start dates but were missing end dates.
In this case, the last date of activity was used as the end date to
calculate duration of employment. For roughly 92% of the
study population, we also had location (zone 1, 2, or 4) of
employment.

Data analysis

The mortality analyses covered the period from 1960 (when
complete reference mortality rates were available) through
2010. The vital status of cohort members as of 31 December
2010 was ascertained through several sources including the
Social Security Administration (SSA), the National Death Index
(NDI), Minnesota Department of Health, and other state health
departments. Social security numbers and names of all cohort
members were sent to the SSA and were returned with a vital

The mortality rate of the cohort was compared with that of the
Minnesota population to estimate standardised mortality ratios
(SMR), and 95% CIs adjusted for sex, and 5-year age and calendar period. Person-time at risk was accrued from the ﬁrst date
of employment until the date of death or the end of the
follow-up period (31 December 2010). The expected number of
deaths was calculated by applying age, calendar time, and causespeciﬁc mortality rates of the Minnesota population to the
person-year observations of the study population. SMRs were
obtained by computing the ratio of the observed-to-expected
number of deaths for the overall mortality and speciﬁc causes of
death. In addition to overall SMRs, workers with any evidence
of employment in zones 1, 2, and 4 were grouped and SMRs
for mesothelioma and lung cancer were estimated for each zone.
To further explore summary results for selected causes of
death from the SMR analysis, an internal analysis of mesothelioma, lung cancer, hypertensive heart disease, and ischemic heart
disease by duration of employment was undertaken.
Mesothelioma was captured under ICD-10 code C45, lung
cancer was captured under ICD-7 code 162, ICD-8 code 162,
ICD-9 code 162, and ICD-10 codes C33 and C34, hypertensive
heart disease was captured under ICD-7 codes 440–443, ICD-8
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In this study of Minnesota taconite iron ore miners, an overall
higher than expected mortality rate from all causes was
observed among taconite workers. Speciﬁcally, elevated causes
of death from respiratory cancers (including lung cancer and
mesothelioma)
and
cardiovascular
disease
(including

hypertensive heart disease and ischemic heart disease) were
identiﬁed. These rates were elevated in all three zones of the
iron range for mesothelioma and lung cancer. An internal analysis comparing the association between duration of employment and these causes of death did not show a statistically
signiﬁcant elevation in risk for any duration of employment category for mesothelioma, lung cancer, hypertensive heart disease
and ischemic heart disease mortality.
Studies of the morbidity and mortality of miners were ﬁrst
carried out in the early 1980s. Higgins et al16 followed a cohort
of 5751 men employed at Reserve Mining Company from 1952
to 1976. The study showed no increases in observed respiratory
cancers compared to the USA and Minnesota. Cooper et al17 18
studied mortality through 1988 in a cohort of 3431 male
workers from Erie and Minntac mines between 1959 and 1977.
Total observed deaths were fewer than expected when compared
to US and Minnesota death rates. The investigators reported no
signiﬁcantly elevated SMRs for any cause of death. Though
these ﬁrst studies of the health of taconite miners did not show
increased risk of mortality, it is important to note that mesothelioma was not captured systematically in mortality registries
until 1999 when the ICD V.10 was introduced giving mesothelioma a unique ICD code. Additionally, the follow-up times were
not long enough to capture many of the potential cases given
the relatively long latency period which, for mesothelioma, is
estimated to have a median duration of 32 years.21 Aside from
these two studies that followed a small number of workers over
a relatively short amount of time, there has been no comprehensive look at the health of taconite miners across the entire
Mesabi iron range.
Several occupational studies have been conducted that evaluate the health risk to workers exposed to non-asbestiform EMPs
in other occupational settings. These include studies of talc
miners in upstate New York and Homestake gold miners in
South Dakota. In a 2002 mortality study of talc miners, Honda
et al22 reported an excess in mortality from all cancers, lung
cancer, ischemic heart disease, and non-malignant respiratory
disease. A 2012 follow-up commentary argued that talc ore
exposure also increases the risk of mesothelioma,11 though that
conclusion has been debated.12 Though the authors argue, the
lack of an exposure-response relationship indicates the lung
cancer excess may not be related to talc ore dust; rather it might
be explained by a relatively high smoking rate in the population,22 it is unlikely that confounding by smoking accounts fully
for the lung cancer excess observed in the study.4 The results of
these studies have been argued further, as the composition of
industrial-grade talc has been redeﬁned. Industrial-grade talc
deposits are a complex mixture of mineral particles that vary
substantially and may rarely include asbestos ﬁbers.23 Price23
argues that elevated rates of mesothelioma found in New York
talc miners are a result of previous occupational exposure to
commercial asbestos. Several studies of miners at the Homestake
gold mine in South Dakota were done in the 1970s and
1980s.24–26 An excess of respiratory cancer was reported in the
earliest study,24 and a small excess of lung cancer was reported in
the studies by McDonald et al25 and Steenland and Brown. 26
The results of these studies suggest a weak association between
dust exposure and lung cancer and like the studies of talc
miners, no dose-response relationship was observed.4 The
studies of New York talc miners and Homestake gold miners
cannot deﬁnitively conclude whether exposure to nonasbestiform minerals poses any risk to human health.
The elevated risk of lung cancer and mesothelioma as a result
of exposure to asbestiform EMPs is well documented in the
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codes 400.1, 400.9, 402, and 404, ICD-9 codes 402 and 404,
and ICD-10 codes I11 and I13, and ischemic heart disease was
captured under ICD-7 code 420, ICD-8 codes 410–414, ICD-9
codes 410–414 and 429.2, and ICD-10 codes I20, I21, I22,
I24, I25, I51.3, and I51.6. Exposure categories were grouped
by duration of employment into four exposure categories
(1 year, 2–5 years, 6–14 years, and 15+ years). Those who
worked 2–5 years were considered most representative of taconite workers with low but stable employment; those who worked
less than 2 years were thought to be either transient workers or
individuals whose work records were incomplete. Therefore,
the 2–5 year exposure group, representing 35% of the study
cohort, was used as the reference. Standardised Rate Ratios
(SRRs) were computed by standardising to the age and sex distribution of the total study population. Taylor-series-based 95%
CIs were calculated for each speciﬁc SRR. All SMRs and SRRs
were calculated using the Life Table Analysis System (LTAS)
V.3.0 software.20

RESULTS
This cohort of 31 067 taconite workers with at least 1 year of
documented employment was predominantly male (93%), contributed 1 152 966 person-years of observation, and experienced 9094 deaths. Their mean and median durations of
employment were 9.4 and 6 years, respectively. Table 1 shows
demographic information of the entire cohort and for those
with selected causes of death.
The mortality rates from all causes (SMR=1.04, 95% CI 1.02
to 1.06) and all cancers (SMR=1.04, 95% CI 1.00 to 1.08)
were higher than the Minnesota population. Among speciﬁc
cancers, mortality rates for lung cancer (SMR=1.16, 95% CI
1.09 to 1.24) and mesothelioma (SMR=2.77, 95% CI 1.87 to
3.96) were signiﬁcantly higher than expected. The mortality
rate for cardiovascular disease was also elevated (SMR=1.10,
95% CI 1.06 to 1.14), speciﬁcally for hypertensive heart disease
(SMR=1.81, 95% CI 1.39 to 2.33) and ischemic heart disease
(SMR=1.11, 95% CI 1.07 to 1.16). Table 2 shows selected
SMRs for the taconite workers cohort. Only one death each for
asbestosis and silicosis was observed.
The mortality rates were elevated for mesothelioma and lung
cancer in all three zones of the iron range. Among the 20 282
workers who ever worked in zone 1, the SMRs for mesothelioma and lung cancer were 1.85 (95% CI 0.98 to 3.16) and
1.18 (95% CI 1.09 to 1.27) respectively. Among the 5580
workers who ever worked in zone 2, the SMRs for mesothelioma and lung cancer were 7.38 (95% CI 4.30 to 11.82) and
1.43 (95% CI 1.26 to 1.63) respectively. Among the 6501
workers who ever worked in zone 4, the SMRs for mesothelioma and lung cancer were 3.17 (95% CI 1.37 to 6.25) and
1.23 (95% CI 1.07 to 1.40), respectively.
The internal analysis of mesothelioma, lung cancer, hypertensive heart disease, and ischemic heart disease by duration of
employment showed elevated but imprecise SRRs when comparing those with 6–14 years, and 15+ years, to those with 2–5
documented work years for hypertensive heart disease. There
was no signiﬁcant elevation in SRRs for mesothelioma, ischemic
heart disease and lung cancer (table 3).

DISCUSSION
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Table 1 Characteristic of taconite workers with selected causes of death
Selected cause of death
Mesothelioma

Lung cancer

Hypertensive
heart disease

Ischemic heart
disease

Total cohort

N

N

Per cent

N

Per cent

N

N

123
250
239
337

12.96
26.34
25.18
35.51

6
14
18
24

9.68
22.58
29.03
38.71

241
576
545
823

11.03
26.36
24.94
37.67

4353
10 839
9072
6803

14.01
34.89
29.20
21.90

915
34
0

96.42
3.58
0

58
4
0

93.55
6.45
0

2143
42
0

98.08
1.92
0

28 860
2202
5

92.90
7.09
0.02

40.00
46.67
13.33

247
494
165
43

26.03
52.05
17.39
4.53

15
34
10
3

24.19
54.84
16.13
4.84

628
1163
312
82

28.74
53.23
14.28
3.75

11 635
15 962
2851
619

37.45
51.38
9.18
1.99

20.00
56.67
20.00
3.33

289
442
143
72
3

30.45
46.58
15.07
7.59
0.32

20
21
14
6
1

32.26
33.87
22.58
9.68
1.61

799
954
272
157
3

36.57
43.66
12.45
7.19
0.14

4557
9072
6897
10 332
209

14.67
29.20
22.20
33.26
0.67

20 814
8952
1157
144
31 067

67.00
28.82
3.72
0.46
100.0

Duration of employment (years)
1
4
2–5
8
6–14
6
15+
12
Sex
Male
30
Female
0
Unknown
0
Age at hire (yrs)
<20
12
20–29
14
30–39
4
40+
0
Decade of hire
<1950
6
1950–1959
17
1960–1969
6
1970–1979
1
>1980
0
Vital status
Alive
Dead
30
Presumed alive
Presumed dead
Total
30

Per cent

13.33
26.67
20.00
40.00
100.0
0
0

Per cent

100.0

949

100.0

62

100.0

2185

100.0

100.0

949

100.0

62

100.0

2185

100.0

Per cent

literature.4 27–29 However, risk of exposure to non-asbestiform
ampbibole and non-amphibole EMPs as found in taconite
mining operations, is not understood, and evidence of their toxicity is inconclusive.4 Our results indicate an increased risk for
mesothelioma and lung cancer among taconite workers with at
least 1 year of employment, but no exposure-response association for duration of employment was detected. Mortality from
cardiovascular disease, speciﬁcally hypertensive heart disease
and ischemic heart disease, were also increased. Major risk
factors for the development of heart disease include hypertension, diabetes and cholesterol. Lifestyle factors, such as
smoking, physical activity, and diet also play a role in disease
risk. This study result suggests that lifestyle factors likely contribute to disease burden in this working population. However,
occupational risk cannot be ruled out entirely. Other workplace
factors, such as stress, noise, vibration, extreme temperature and
shift work, may also affect cardiovascular disease risk.30 31
Additionally, environmental factors, such as particulate air pollution, have also been shown to increase the risk of cardiovascular
events from short and long-term exposure,32–36 and elevated
cardiovascular mortality has been identiﬁed in other working
cohorts.37 Thus, a combination of workplace and lifestyle
factors may be contributing to the excess in cardiovascular
disease in this taconite workers cohort.
The following limitations should be considered when interpreting the results of this analysis. Instead of speciﬁc exposure
measurements for this analysis, duration of employment in the
taconite mining industry was meant as a proxy for exposure

averaged across all jobs and locations on the range. Our estimate
of employment duration was measured as the last date of
employment minus the start date. This crude measure of
employment duration does not take into account any gaps in
work history which could result in employment duration misclassiﬁcation. Individuals who appear to have worked more than
15 years may have a much shorter cumulative work history
when considering gaps in employment. We did not have access
to information on some confounding variables, most notably
smoking status which is a major risk factor for lung cancer and
cardiovascular disease. Though we could not adjust for smoking
in this analysis, it is possible that smoking explains at least some
of this excess risk in lung cancer mortality especially given that
working cohorts typically have higher smoking rates than the
general population, and because of the high attributable risk for
smoking.38 Smoking however, is not a risk factor for mesothelioma, thus, the high mortality ratio of mesothelioma suggests
that there may be occupational exposures to account for some
of the increased risk of these diseases.
The risk of mesothelioma may also be underestimated, as the
speciﬁc ICD code for this disease was not available until 1999,
thus, earlier cases were misclassiﬁed as another disease. The
lower percentage of mesothelioma cases, as compared to other
causes of death (table 1) of those who were hired prior to 1950,
the earliest exposed, may represent this misclassiﬁcation. These
undercounted mesotheliomas may have had more hematite
exposure or exposure to the taconite processes in their earlier
work. However, identifying other potential mesothelioma cases
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Table 2

Selected SMRs for Minnesota Taconite Workers with ≥1 year employment*

Underlying cause of death

Observed

Expected

SMR

95% CI

All causes
All cancers
Respiratory
Larynx
Trachea, bronchus, lung
Pleura
Mesothelioma
Heart diseases
Hypertensive heart disease
Ischemic heart disease
Cerebrovascular disease
Hypertension w/o heart disease
Respiratory Diseases
COPD
Asbestosis
Silicosis
Transportation injuries
Other injury
Violence

9094
2710
981
26
949
1
30
2676
62
2185
391
35
582
363
1
1
339
239
289

8764.69
2609.86
846.74
23.84
815.67
1.81
10.82
2435.81
34.17
1964.93
384.30
52.80
621.19
369.89
2.90
1.09
329.15
221.75
258.41

1.04
1.04
1.16
1.09
1.16
0.55
2.77
1.10
1.81
1.11
1.02
0.66
0.94
0.98
0.35
0.91
1.03
1.08
1.12

1.02
1.00
1.09
0.71
1.09
0.01
1.87
1.06
1.39
1.07
0.92
0.46
0.86
0.88
0.01
0.02
0.92
0.95
0.99

to
to
to
to
to
to
to
to
to
to
to
to
to
to
to
to
to
to
to

1.06
1.08
1.23
1.60
1.24
3.08
3.96
1.14
2.33
1.16
1.12
0.92
1.02
1.09
1.92
5.09
1.15
1.22
1.26

*Adjusted for age, calendar period, and sex.
SMR, Standardised mortality ratios.

using previously used rubrics39 would not change the interpretation that taconite workers have elevated rates of mesothelioma.
It is also important to note that the cases were identiﬁed as
primary causes of death, and do not capture incident cases or
contributing causes of death and, therefore, do not accurately
reﬂect the total disease burden in the cohort.
Although the SMR for mesothelioma was elevated, the
internal analysis did not identify an association by duration of
employment. One possible explanation of this is if the elevated
risk of mesothelioma is related to work in the taconite industry,
that risk may not be a function of time, rather a function of speciﬁc exposures while performing certain job tasks. Likewise, the
internal analysis did not show an increased risk of lung cancer,
hypertensive heart disease, and ischemic heart disease by duration of employment, suggesting that other lifestyle factors are
potentially contributing to the elevated SMRs. These results
could also have been affected by the crude employment duration measure resulting in misclassiﬁcation of time worked.
The analysis by zone was a cursory examination of the risk
across the iron range, since it evaluated any work in a zone. It
does not allow for comparison of risk between zones, but only
suggests the risk of mesothelioma and lung cancer is elevated

with employment in each zone of the iron range. We limited the
analysis to iron mining workers who were born in 1920 or later
and who had at least 1 year of documented employment.
Restricting the cohort further to those born in 1930 or later
(excluding an additional 8504 workers) in order to potentially
better focus on taconite mining did not substantially change the
results and interpretation of this study (lung cancer SMR=1.15,
95% CI 1.04 to 1.27, mesothelioma SMR=3.59, 95% CI 2.16
to 5.60). Examination of the entire cohort of 44 243 individuals, including those with less than 1 year of documented
employment, likewise did not substantially change the results
and interpretation of this study (lung cancer SMR=1.20, 95%
CI 1.14 to 1.27, mesothelioma SMR=2.89, 95% CI 2.11 to
3.87).
This study has some notable strengths, including the large size
and long follow-up of the cohort and the high proportion of
workers whose vital status was ascertained. Vital status was
found on 98% of the eligible cohort, and few workers (4%)
were excluded from the analysis due to data quality problems.
Additionally, this study captured mortality from mesothelioma;
early mortality studies of taconite workers were unable to evaluate mesothelioma until 1999 when ICD-10 became available.

Table 3 Standardised rate ratios by duration of employment, adjusted for age, calendar period, and sex
Cause of death
Mesothelioma

Lung cancer

Hypertensive heart
disease

Ischemic heart disease

Employment duration (years)

Obs

SRR (95% CI)

Obs

SRR (95% CI)

Obs

SRR (95% CI)

Obs

SRR (95% CI)

1
2–5 (ref)
6–14
15+

4
8
6
12

1.14 (0.34 to 3.81)
1.0
0.77 (0.26 to 2.25)
1.08 (0.44 to 2.67)

123
250
239
337

1.01 (0.81 to 1.26)
1.0
1.01 (0.85 to 1.21)
0.94 (0.79 to 1.13)

6
14
18
24

0.90 (0.34 to 2.41)
1.0
1.29 (0.63 to 2.63)
1.84 (0.82 to 4.11)

241
576
545
823

0.88 (0.76 to 1.03)
1.0
0.99 (0.88 to 1.11)
0.98 (0.88 to 1.10)

SRR, Standardised rate ratios.
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Workplace
This study allowed us to characterise the mortality of the entire
Minnesota mining population as compared to the rest of
Minnesota, as well as capture information speciﬁc to where
miners worked by zone which has not been done before. The
analysis identiﬁes a need for future studies with more reﬁned
exposure estimates to evaluate the extent to which
mining-related exposures speciﬁcally contribute to disease
burden and will be the next step in our evaluation of the health
of taconite mining workers.

CONCLUSION
In summary, this analysis suggests taconite workers may be at
increased risk for mortality from some cancers and cardiovascular diseases. Duration of employment did not appear to be associated with the mortality risk. However, based on the limited
way exposure potential was evaluated, we cannot say for sure
what the role of actual workplace exposures play in the disease
excess. Additional investigation is warranted.
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What this paper adds
▸ Mining and processing of taconite results predominantly in
exposure to non-asbestiform amphibole and non-amphibole
minerals.
▸ The health risks of these exposures are uncertain.
▸ Increased mortality rates from mesothelioma, lung cancer
and some cardiovascular disease among taconite workers
were observed.
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