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Introduction

Uranium miners face significant health risks. Elevated rates 
of cancer and respiratory diseases (e.g., chronic obstructive 
pulmonary disease (COPD), silicosis, pulmonary fibrosis, 
etc.) are often observed among miners exposed to radon in 
underground uranium mines (Rage et al. 2015; Tirmarche 
et  al. 2012; Boice et  al. 2008; Samet et  al. 1991; Archer 
et  al. 1976). Cohort studies of uranium miners work-
ing underground between 1940 and 1960 find that health 
impacts can persist for decades after last radon exposure, 
(Duan et al. 2015; Al-Zoughool and Krewski 2009) through 
as recently as 2005 for miners working on the Colorado 
Plateau in the 1950s; 45+ years since first being examined 
(Schubauer-Berigan et al. 2009).

Excess risk of mortality in uranium mining imposes 
considerable long-term health impacts on society, in 
addition to emotional and physical burdens on families 
and communities. However, the mortality health costs to 
society among this population remains largely unknown. 
Understanding the legacy, health economic impacts of 
uranium extraction is important for at least three rea-
sons. First, nuclear power is seen as a sustainable source 
of low-carbon energy that is expected to play an increas-
ingly important role as the international community 
implements the recent 21st session of the United Nations 
Conference of the Parties (COP21) climate change 
agreement (IAEA 2015). Increased use of nuclear energy 
will lead to renewed interest in global uranium mining. 
Second, assessments of uranium extraction lack quantifi-
able data on uranium miner health costs (e.g., National 
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Research Council 2012; Chmura Economics & Analyt-
ics 2011), limiting their usefulness in the policymaking 
process. Lack of information on monetary health costs 
of uranium preclude unit-per-unit comparisons to the 
benefits that uranium provides (e.g., jobs, tax revenue, 
etc.). Finally, on-going calls to strengthen the current US 
National Institute for Occupational Safety and Health 
(NIOSH) mining radon exposure standard (NIOSH 
1987) would benefit from a more complete understand-
ing of the economic impacts to society of exposure-
related uranium mortality.

To address this gap in the literature, this study inves-
tigates the health economic costs associated with under-
ground uranium mining in the Colorado Plateau, USA, 
the oldest and largest uranium mining district in the 
US-spanning parts of Colorado, Utah, Arizona, and 
New Mexico. In the 1950s and 1960s, the US Public 
Health Service (USPHS) conducted a uranium miner 
cohort study to investigate the risk of lung cancer and 
other diseases associated with exposure to radon—a 
naturally occurring radioactive daughter element of ura-
nium (Lundin et  al. 1971). This was partly in response 
to warnings from industrial hygienists in the 1950s that 
poor ventilation in underground mines was leading to 
high-levels of radon exposure (Ringholz 1989) and con-
cerns among USPHS personnel of evidence coming out 
of Europe showing a link between radon and lung can-
cer (NIOSH 1987; Lundin et al. 1971; Donaldson 1969). 
Among miners in this cohort, elevated mortality risks 
for lung cancer, non-malignant respiratory diseases, 
stomach cancer, multiple myeloma, lymphohematopoi-
etic cancers, and workplace injuries have been observed 
across multiple studies of white (Hispanic and non-His-
panic white) and Native American miners (Schubauer-
Berigan et  al. 2009; Roscoe 1997; Roscoe et  al. 1995; 
Waxweiler et al. 1981; Archer et al. 1976; Lundin et al. 
1971). To-date, no health costs analysis has been pub-
lished for the Colorado Plateau study group.

We perform an economic cost analysis to quantify the 
non-market costs to society of premature mortality due 
to occupational hazard (Mishan and Quah 2007). This 
approach has been applied twice before to study miners. 
Jones (2014) found $2.5 billion in excess mortality costs 
for uranium miners in Grants, New Mexico, USA over 
1955–2005. For coal miners in Appalachia, Hendryx and 
Ahern (2009) estimated $50  billion in excess mortal-
ity health costs over 1979–2005. We investigate excess 
mortality health costs of miners in the Colorado Pla-
teau cohort study over 1960–2005 using the most recent 
extant follow-up study of the miner cohort (Schubauer-
Berigan et al. 2009).

Methods

The Colorado Plateau study group

The Colorado Plateau cohort study was established by the 
USPHS in 1950 to study the health effects of uranium min-
ers’ exposure to radon (Lundin et al. 1971). The cohort con-
sisted of 3347 white and 779 non-white (primarily Native 
American) male uranium miners (Lundin et al. 1971). Min-
ers came from thousands of uranium mines scattered across 
remote regions of the Colorado Plateau. Between 1950 and 
1954, recruitment of miners was sporadic and has been 
described as “hit or miss”, but after 1954 a systematic epi-
demiological study of the miners was initiated (Advisory 
Committee on Human Radiation Experiments 1995). Min-
ers were voluntarily recruited by on-site USPHS personnel 
to take part in medical screenings and were asked to pro-
vide smoking, medical, and occupational histories (Roscoe 
1997; Roscoe et al. 1989). By the late 1950s, participation 
rates in the study were approximately 90% (Roscoe 1997). 
To be included in the cohort, miners must have completed 
at least 1 month underground uranium mining by January 
1, 1964 and volunteered for at least one medical exami-
nation between January 1, 1950 and December 31, 1959 
(Roscoe 1997; Roscoe et al. 1989).

Data

Mortality data

Mortality data for uranium miners in the Colorado Plateau 
cohort comes from the most recent published follow-up 
analysis, by Schubauer-Berigan et al. in (2009). Mortality 
follow-up from January 1, 1960 to December 31, 2005 was 
performed by linking individual workers to the National 
Death Index and the Social Security Administration’s mor-
tality file. Deaths and person-years were classified into 119 
cause of death categories and were stratified on age, race, 
calendar year, cumulative radon exposure, and smoking 
category. Cumulative radon exposure was calculated from 
the dates on which each miner’s uranium mine exposure to 
radon reached a given exposure level (Schubauer-Berigan 
et  al. 2009). Mine exposure levels were estimated using 
actual measurements, interpolation, or geographic area esti-
mation (Lundin et al. 1971). Standardized mortality ratios 
(SMRs) were estimated as the ratio of observed to expected 
deaths (Schubauer-Berigan et al. 2009).

Using the reported results in Schubauer-Berigan et  al. 
(2009), we independently calculated the number of ele-
vated deaths (i.e., observed minus expected) for cause of 
death categories with statistically significant SMRs at the 
5% significance level. Data were stratified by race—white 
and Native American. Table  1 summarizes the mortality 
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risk data used in the present analysis. In our data, we 
observe that the largest mortality risk is observed for sili-
cosis where miners died at rates 2320% (Native American) 
to 4150% (whites) higher than expected. Rates of lung can-
cer are significantly elevated in the data set—218% above 
expectation for Native Americans and 396% above expec-
tation for whites. Cause of death due to pulmonary fibro-
sis (SMR = 3.95, white; SMR = 8.70, Native American) 
and tuberculosis (SMR = 3.44, white; SMR = 2.40, Native 
American) are additionally elevated for both white and 
Native American miners. Whites suffer from higher rates 
of lymphohematopoietic cancers (SMR = 1.38) and acute 
glomerulonephritis and acute renal failure (SMR = 3.17). 
Native American miners have elevated risk of stomach can-
cer (SMR = 1.92).

Economic cost data

A regularly used approach to valuing mortality risk 
reductions is based on observations of market choices 
that involve tradeoffs between wages and occupational 
risk (Aldy and Viscusi 2008). The relevant metric is 
society’s willingness to pay for a risk reduction benefit. 
For example, in a hypothetical survey of 100,000 work-
ers, each worker might be asked their willingness to pay 
for a 1-in-100,000 decrease in their risk of occupation-
ally related mortality during the next year. If their aver-
age willingness to pay is $50 for this change, then the 
so-called value of a statistical life or VSL in this popula-
tion would be ($50) × (100,000) = $5  million. By pro-
portionally relating the VSL to life expectancy at age 
of death, we obtain the value of a statistical life-year or 
VSLY (Robinson 2007). VSLY is a per year value based 

on remaining life expectancy. This is not the value of a 
human life or the value of saving a life. Instead, it is the 
amount that a population of interest would be willing to 
pay for marginal change in the likelihood of death.

Estimates of VSLY abound in the economics literature 
(Kniesner et al. 2012; Murphy and Topel 2006; Viscusi and 
Aldy 2003). Many federal agencies, including the Food and 
Drug Administration (FDA), US Department of Transpor-
tation (US DOT), US Environmental Protection Agency 
(US EPA), and the Office of Management and Budget 
(OMB) use the VSLY to determine whether the value of 
an associated risk reduction brought about by regulation 
exceeds the value of resources diverted. Use of the VSLY is 
widely accepted in policymaking (Robinson 2007).

The VSLY used in the present analysis is $213,000 per 
year of life lost. To obtain this value, we inflation adjusted 
to 2015 dollars the VSLY of $150,000 in 1999 dollars rec-
ommended for use in health cost analyses based on a syn-
thesis of more than 2 dozen studies of risk/reward tradeoffs 
among employed populations, including miners (Tolley 
et al. 1994). Inflation adjustment was done using the annual 
US Consumer Price Index for urban consumers. This 
VSLY (accounting for differences in inflation) has been 
used to calculate mortality health costs of uranium mining 
in New Mexico (Jones 2014) and the life-saving benefits of 
tobacco settlements (Cutler et al. 2002). While defensible, 
this VSLY is arguably a conservative lower-bound among 
estimates in the economics literature, which range as high 
as $480,000 for individuals of similar age as uranium min-
ers at time of death (Aldy and Viscusi 2008). We believe 
that utilizing a conservative VSLY estimate is prudent 
given ongoing debates on valuing mortality risk reductions 
(US EPA 2010; Aldy and Viscusi 2008; Robinson 2007).

Table 1  Summary of previously published 1960–2005 US Colorado Plateau uranium miner mortality risks, N = 4137

NA not applicable, COPD chronic obstructive pulmonary disease, SMR standardized mortality ratio, CI confidence interval. Source: Table 2 of 
Schubauer-Berigan et al. (2009). Notes: 95% confidence intervals are reported underneath each point estimate. Only statistically significant cause 
of death categories at the 5% level are included. NA reported where the SMR is insignificant. Cause of death for “all”, “other”, or “unspecified” 
categories are omitted

Cause of death (95% CI) Whites (n = 3358) Native Americans (n = 779)

Excess deaths SMR Excess deaths SMR

Lung cancer 438.3 (428.3, 447.1) 4.96 (4.55, 5.39) 43.2 (37.3, 47.5) 3.18 (2.45, 4.07)
Stomach cancer NA NA 6.2 (0.3, 9.0) 1.92 (1.02, 3.28)
Lymphohematopoietic cancers 14.0 (1.5, 23.0) 1.38 (1.03, 1.82) NA NA
Multiple myeloma 6.4 (0.6, 9.1) 1.97 (1.05, 3.37) NA NA
COPD 101.8 (86.9, 114.2) 2.07 (1.79, 2.38) NA NA
Silicosis 36.1 (35.8, 36.4) 42.5 (29.9, 58.6) 5.8 (5.3, 5.9) 24.2 (8.89, 52.7)
Pulmonary fibrosis 14.9 (11.7, 16.7) 3.95 (2.41, 6.11) 8.9 (7.7, 9.4) 8.70 (4.17, 16.0)
Tuberculosis 9.2 (5.9, 10.8) 3.44 (1.83, 5.99) 8.2 (3.3, 10.5) 2.40 (1.31, 4.04)
Acute glomerulonephritis and acute 

renal failure
4.1 (0.8, 5.1) 3.17 (1.16, 6.89) NA NA



474 B. A. Jones 

1 3

Analysis

Mortality health costs associated with Colorado Plateau 
uranium mining were calculated from person-years of life 
lost or PYLL. PYLL is defined as the difference in years 
between when a miner actually died due to a given disease 
and when they would have died, in expectation, given their 
sex, age, and race, multiplied by the total number of miners 
dying from that disease (Howlader et al. 2016).

Years of life lost (YLL) were estimated as the difference 
between the average miner’s life expectancy at the age and 
year of death and their actual age of death. For example, a 
male Native American miner dying at age 66 in the year 
1992 would have a YLL of 13.9 based on an average life 
expectancy of 79.9. Life expectancy data were obtained by 
sex and race from the US Centers for Disease Control and 
Prevention life tables (National Center for Health Statistics 
1990, 1992).

Numbers of elevated deaths over 1960–2005 for nine 
statistically significant cause of death SMRs as identified 
in the most recent mortality follow-up of Colorado Pla-
teau miners (Schubauer-Berigan et al. 2009)—lung cancer, 
stomach cancer, lymphohematopoietic cancers, multiple 
myeloma, COPD, silicosis, pulmonary fibrosis, tubercu-
losis, and acute glomerulonephritis and acute renal failure 
(see Table  1)—were multiplied by YLL for the median 
miner. This product produces PYLL, which is interpreted 
as an aggregate measure of the person-years that uranium 
miners in the Colorado Plateau cohort prematurely lost due 
to occupationally related radon exposure. PYLL calcula-
tions were performed separately by group.

Mortality health costs were determined as the product of 
VSLY and PYLL, following Jones (2014), and are in units 
of inflation-adjusted 2015 US dollars (USD). The result-
ing USD figure reflects the unintended costs to society of 
premature uranium miner mortality across nine health end-
points between 1960 and 2005.

Cause of death categories investigated in the main 
effects analysis were those where a priori relationship is 
thought to exist between radon progeny and certain dis-
eases, as explained in Schubauer-Berigan et al. (2009) for 
Colorado Plateau miners. PYLL and mortality health costs 
for cause of death categories with significant SMRs not of 
a priori interest were additionally calculated (see Electronic 
Supplementary Material).

Results

Uranium miners in the Colorado Plateau cohort had 
a median age of death of 67.5 (whites) and 66 (Native 

Americans). Median life expectancy at age and year of 
death ranged from 79.9 years (Native Americans) to 81.3 
years (whites). Years of life lost (YLL) for the median 
miner were 13.3 (whites) and 13.9 (Native Americans). 
For additional information on miner characteristics (e.g., 
birth year, smoker, cumulative radon exposure, etc.) see 
Table 1 in Schubauer-Berigan et al. (2009).

A total of 697.2 elevated deaths occurred—625 
whites and 72.2 Native Americans—out of a total of 
2964 observed deaths in the cohort of 3358 white and 
779 Native American men. Excess mortality averaged 
16,852.8 per 100,000 miners over 1960–2005 (white: 
18,612.3 per 100,000; Native American: 9,268.3 per 
100,000) or 366.4 per 100,000 miners annually (white: 
404.6 per 100,000; Native American: 201.5 per 100,000).

PYLL were 2475.3 person-years per 1000 white min-
ers and 1288.1 person-years per 1000 Native American 
miners, totaling 3763.4 person-years per 1000 miners 
across both groups (Table  2). Lung cancer PYLL are 
largest across both groups, constituting approximately 
67% of observed person-years lost in the miner cohort. 
For whites, cause of death due to COPD was the second 
largest category of PYLL (403.3 person-years per 1000), 
while for Native Americans pulmonary fibrosis (157.9 
person-years per 1000) was the second largest source 
of person-years lost. PYLL were lowest for silicosis 
among Native American miners (102.7 person-years per 
1000) and lowest for acute glomerulonephritis and acute 
renal failure among white miners (16.3 person-years per 
10,000). On average, 81.8 person-years per 1000 min-
ers were lost annually (white: 53.8 person-years; Native 
American: 28.0 person-years per 1000).

Mortality health costs associated with miner PYLL 
vary considerably by cause of death (Table  2). Lung 
cancer mortality has created $1.4  billion in health 
costs ($1.24  billion for whites; $127.9  million for 
Native Americans) among Colorado Plateau study min-
ers over 1960–2005. The corresponding 95% confi-
dence intervals (CI) are $1.2–$1.39  billion (whites) and 
$110.4–$140.7  million (Native Americans). Mortality 
costs associated with other causes of death range from 
$11.6  million (acute glomerulonephritis and acute renal 
failure) to $288.5 million (COPD). Total mortality health 
costs for whites were $1.8  billion [95% CI: $1.6–$2.0 
billion] and $213.7  million for Native Americans [95% 
CI: $159.7–$243.9 million]: a percentage difference in 
costs of 157%. For both groups combined, costs total 
approximately $2 billion [95% CI: $1.8–$2.2 billion], or 
$2.9 million per elevated miner death. This corresponds 
to an average of $43.1 million in annual health costs over 
1960–2005.
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Discussion

The paper investigates mortality health costs of 4137 
uranium miners in the USPHS Colorado Plateau study 
cohort over 1960–2005. Previously published estimates 
of elevated mortality risk in the cohort were appropri-
ately combined with the value of a statistical life-year 
(VSLY) to independently estimate occupationally related 
health costs for this group.

The present study expands upon the only previous ura-
nium health cost analysis (Jones 2014) in the following 
ways. First, the study area is significantly expanded to be 
representative of miners working in the Colorado Plateau, 
the largest uranium producing region in the US. Second, 
health costs for over a dozen new cause of death catego-
ries are estimated for the first time, consistent with recent 
research on Colorado Plateau miners (Schubauer-Berigan 
et al. 2009). Third, Native American uranium miners are 
included, an addition to previously studied white miners. 
Finally, we take as our study group the US Public Health 
Service (USPHS) Colorado Plateau prospective cohort 
study, a highly influential long-term study of uranium 
miners in the western US.

Consistent with the extant research on underground 
uranium mining (Duan et al. 2015), we find that lung can-
cer is the most significant health effect among both white 
and Native American Colorado Plateau miners. We show 
for the first time that lung cancer accounts for over 67% 
of estimated total health costs associated with mining, or 
70% of total costs among whites and 60% of total costs 
among Native Americans.

Native American miners had 6.9% larger per excess 
death mortality health costs than white miners. Among 
Native Americans, health costs were $3  million per ele-
vated death compared to $2.8  million per elevated death 
for whites. This is because white miners had fewer average 
YLL than Native American miners. This provides the first 
suggestive evidence that the economic costs of lost Native 
American uranium miners is larger than whites on a per 
death basis.

Native American miners faced fewer occupationally 
related diseases than whites. Out of the nine cause of death 
categories investigated, elevated mortality risk was insig-
nificant for four categories among Native Americans (lym-
phohematopoietic cancers, multiple myeloma, COPD, and 
acute glomerulonephritis and acute renal failure), compared 
to only one category (stomach cancer) for whites. Conse-
quently, mortality health costs for Native Americans are 
driven by a narrower range of diseases and illnesses. When 
we compare total health costs across whites and Native 
Americans for only those causes of death that were ele-
vated in both groups (i.e., lung cancer, silicosis, pulmonary 
fibrosis, and tuberculosis), we find that total health costs 
are $1.4 billion (whites) and $195.3 million (Native Ameri-
cans): a difference in costs of 151%, compared to the previ-
ously presented 157% difference when all elevated causes 
of death were included and not just those that overlapped.

Our results suggest that the social costs of uranium min-
ing in the Colorado Plateau fell disproportionally on Native 
American underground miners. The vast majority of these 
miners were Navajos (Roscoe et al. 1995), which is a group 
of Native Americans who have a long and controversial 

Table 2  Mortality health costs and person-years of life lost (PYLL) for uranium miners in the 1960–2005 US Colorado Plateau cohort study, 
N =4137

NA not applicable, COPD chronic obstructive pulmonary disease, PYLL person-years of life lost per 1000 miners, CI confidence interval. Notes: 
95% confidence intervals are reported underneath each point estimate. Mortality health costs are reported in millions of 2015 inflation-adjusted 
US dollars (USD). NA reported where mortality risk was not significantly elevated as reported in Schubauer-Berigan et al. (2009)

Cause of death (95% CI) Whites (n = 3358) Native Americans (n = 779)

PYLL (per 1000) Mortality Health Costs (mil-
lions of USD)

PYLL (per 1000) Mortality Health Costs 
(millions of USD)

Lung cancer 1736.0 (1696.5, 1771.0) $1241.7 ($1213.4, $1386.4) 770.6 (665.3, 847.9) $127.9 ($110.4, $140.7)
Stomach cancer NA NA 111.2 (4.5, 161.2) $18.4 ($0.8, $26.8)
Lymphohematopoietic cancers 55.6 (5.9, 91.0) $39.8 ($4.2, $65.0) NA NA
Multiple myeloma 25.3 (2.4, 36.2) $18.1 ($1.8, $25.9) NA NA
COPD 403.3 (344.4, 452.4) $288.5 ($246.3, $323.6) NA NA
Silicosis 143.1 (141.6, 144.0) $102.4 ($101.3, $103.0) 102.7 (95.0, 105.0) $17.0 ($15.8, $17.4)
Pulmonary fibrosis 59.2 (46.3, 66.3) $42.3 ($33.1, $47.4) 157.9 (138.0, 167.3) $26.2 ($22.9, $27.8)
Tuberculosis 36.5 (23.3, 42.9) $26.1 ($16.7, $30.7) 145.7 (59.2, 187.9) $24.2 ($9.8, $31.2)
Acute glomerulonephritis and 

acute renal failure
16.3 (3.3, 20.3) $11.6 ($2.3, $14.5) NA NA

Totals 2475.3 (2263.7, 2624.1) $1770.5 ($1619.1, $1996.5) 1288.1 (962.0, 1469.3) $213.7 ($159.7, $243.9)
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history with uranium mining (Brugge and Goble 2002). 
Future mining operations on the Colorado Plateau (or else-
where) might benefit from considerations of uranium’s dis-
proportionate impacts on indigenous populations.

Overall, the results suggest that mortality health costs 
to society of the Colorado Plateau study uranium miners 
are $2  billion, or $2.9  million per elevated miner death, 
on average. We estimate from the US Bureau of Mines, 
Minerals Yearbook (US Bureau of Mines 1950–1960) that 
11,786 uranium miners worked on the Colorado Plateau 
over 1950–1960 and had >1 month work experience when 
the cohort study was being populated [see Jones (2014) for 
more on estimation techniques of uranium miner popula-
tions]. Assuming that the 4137 miners in the cohort study 
were an average representation of the 11,786 uranium min-
ers on the Colorado Plateau, then a total of 1992 elevated 
miner deaths would be expected between 1960 and 2005. 
Based on our cost estimate of $2.9  million per elevated 
death in this study, it follows that mortality health costs 
across all Plateau miners working in the 1950s or 1960s 
would total $5.8  billion, or $125.6  million per year over 
1960–2005. Given that an estimated 137 million pounds of 
uranium oxide were produced in the US over 1950–1960 
(US 2012), we conclude that for every pound of uranium 
oxide produced, $42.34/lb. of long-term mortality health 
costs were created. This is an important key insight pro-
vided by this study and compares to an average contract 
price of uranium oxide of $86.49/lb. over 1950–1960.

This is only the second study of uranium miner mortal-
ity health costs. Our results are conservative in comparison 
to the other study by Jones (2014), which estimated costs of 
$4.4 million per elevated lung cancer death in New Mex-
ico, USA. The difference in results appears to be driven by 
heterogeneity in average YLL. New Mexico miners had 
almost double the average YLL compared to Colorado Pla-
teau miners. This may be a function of the fact that New 
Mexico miners worked underground 8 years longer, on 
average, than Plateau study miners, increasing their mortal-
ity risk (Roscoe 1997; Samet et  al. 1989). However, New 
Mexico miners generally had lower radon exposures than 
other miners (Samet et  al. 1991), suggestive that duration 
underground may only be capturing some of the observed 
difference in cost estimates across the two studies. We 
leave it to future work to explore this issue.

There are several limitations of this study. First, there 
is evidence of a submultiplicative interaction between 
smoking and radon-induced lung cancer (Tomasek 2013; 
Schubauer-Berigan et  al. 2009). It is possible that smok-
ing might be a strong confounder of the previously pub-
lished mortality risks used in this study. This concern has 
been consistently raised and evaluated in the radon litera-
ture—see Duan et al. (2015) for a meta-analysis. The evi-
dence strongly suggests that the relationship between radon 

exposure and risk of lung cancer does not significantly vary 
based on smoking habits among occupationally exposed 
populations (Duan et al. 2015; Tomasek 2013; Siemiatycki 
et al. 1988; Samet et al. 1984). Thus, mortality health costs 
estimated in this study are unlikely to be significantly 
affected. Second, it is unclear if the Colorado Plateau 
cohort is representative of other uranium miners working 
in the western US. Roscoe (1997) reports that while ura-
nium miners’ participation rates in the USPHS medical 
interviews were lower before 1954, the 1957 and 1960 sur-
veys captured 90% of the miners in the areas visited. Selec-
tion bias might exist if the mines selected for visit by the 
USPHS systematically differed from others in the region. 
Cost results could suffer from upward (downward) bias if 
selected mines employed miners with greater (lesser) radon 
exposure than the average Colorado Plateau miner. Third, 
the cost estimates presented here represent the lower-bound 
of total health costs associated with Colorado Plateau min-
ers. Healthcare costs borne by individual miners, their fam-
ilies, or taxpayers (through government subsidized health 
insurance) were not included in the study. These costs are 
not always trivial. Lifetime medical treatment costs for 
lung cancer, for example, average $236,000 per diagnosed 
patient (Mariotto et al. 2011). Inclusion of healthcare costs 
in miner health cost studies is a potential area for future 
research.

Conclusions

Globally, there is renewed interest in uranium as a source 
of low-carbon, renewable energy due to climate change 
concerns, as well as international and bi-lateral climate 
agreements (e.g., COP21, US-China Joint Announcement 
on Climate Change, etc.). For example, in the Colorado 
Plateau several new uranium mines and one processing 
mill are currently under development, including one mine 
adjacent to the Grand Canyon National Park and another 
in New Mexico that if built would be the largest uranium 
mine in the US (US EIA 2015; Hartranft 2013, May 19).

The human health costs of past uranium mining are not 
trivial. The main finding of this work is that past Colo-
rado Plateau mining resulted in $43.1  million in annual 
health costs among a cohort of 3358 white and 779 Native 
American men over 1960–2005, equivalent to $10,418 per 
miner per year. Health costs were largest per excess death 
among Native American miners. These result are likely a 
lower-bound on the full range of health costs of uranium 
mining since they do not include uncertain medical costs. 
These findings are relevant factors to consider when set-
ting national and even global nuclear policy, given grow-
ing international literature on uranium’s non-monetary and 
monetary societal costs.
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