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Abstract The health effects of living in proximity to

Superfund sites with ongoing remediation were eval-

uated for residents of two contiguous Montana coun-

ties, Deer Lodge and Silver Bow. Deer Lodge and

Silver Bow are home to the Anaconda Smelter and

Silver Bow Creek/Butte Area Superfund sites, respec-

tively. Established by the Environmental Protection

Agency in 1983, both sites have had ongoing reme-

diation for decades. Employing county level death

certificate data obtained from the Centers for Disease

Control and Prevention WONDER site, sex and age-

adjusted standardized mortality ratios (SMRs) for

composite targeted causes of death were calculated

using observed versus expected mortality for both

counties, and compared to the expected mortality from

the remaining Montana counties. Cancers, cerebro-

and cardiovascular diseases (CCVD), and organ

failure were elevated for the two counties during the

study period, 2000–2016, with SMRs of 1.19 (95% CI

1.10, 1.29); 1.36 (95% CI 1.29, 1.43); and 1.24 (95%

CI 1.10, 1.38), respectively. Neurological conditions

were not elevated for the two counties (SMR = 1.01;

95% CI 0.89, 1.14). Time trend analyses performed

using Cox regression models indicate that deaths from

cancers (HR = 0.97; p = 0.0004), CCVDs (HR =

0.95; p B 0.0001), and neurological conditions

(HR = 0.97; p = 0.01) decreased over the study

period. While the ecological approach applied limits

the interpretation of our results, our study suggests that

while mortality is elevated, it is also decreasing over

time for these two Superfund sites.

Keywords Superfund site � Heavy metal exposure �
Standardized mortality ratio � Directly adjusted

mortality rate � Remediation � Open-pit mining

Introduction

The Environmental Protection Agency’s (EPA)

Superfund program was established in 1980, with the

overarching aim of protecting public health and the

environment; ‘‘the Superfund program focuses on

making a visible and lasting difference in communi-

ties, ensuring that people can live and work in healthy,

vibrant places’’ (US EPA 2018). Since its inception,

thousands of Superfund sites have been established in

the United States. One of the largest and longest

standing sites lies in Deer Lodge and Silver Bow

counties, Montana (EPA 2015, 2016). The city of

Butte, in Sliver Bow county, is a mining town

established for the exploration of copper, gold, and

silver. The Berkeley Pit operated in Butte from 1955 to
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1982; the still operating Continental Pit opened in

1986 (EPA 2016). These mines—along with mills,

smelters, and concentrators—createdmillions of cubic

yards of mine waste, including mill tailings, slag,

waste rock, and dust (EPA 2016; Gammons et al.

2006). Northwest of Silver Bow is a smaller county,

Deer Lodge, where the Anaconda Mine Company

operated a smelter to refine the copper ore mined in

Silver Bow (EPA 2015). The two contiguous counties,

Deer Lodge and Silver Bow, are home to the

Anaconda Smelter and Silver Bow Creek/Butte Area

Superfund sites, respectively. The EPA recently

reported they have ‘insufficient data’ on whether

human exposure is under control in Butte, and the

agency lists human exposure in the Anaconda site as

‘not under control’ (EPA 2015, 2016).

In order to determine the exposure risk for the

residents, many soil, sediment, and water samples

have been collected in the Butte and Anaconda areas

as part of the Superfund activities. The EPA lists the

following metals in elevated quantities in Butte and

Anaconda soil, air, water, or house dust: arsenic,

cadmium, copper, lead, and zinc (EPA 2015, 2016),

with Butte being additionally exposed to excess

aluminum, iron, mercury, and silver (EPA 2016).

The Butte Priority Soils Database, created as part of

the Remedial Investigation Report for the Butte

Priority Soils Operable Unit (BPSOU), contains

concentrations of five metals: arsenic, cadmium,

copper, lead, and zinc, measured in approximately

2700 soil samples collected in the Butte area, indicated

elevated levels for all five levels (Butte GIS 2006).

Furthermore, a recent publication reported signifi-

cantly elevated concentrations of aluminum, arsenic,

cadmium, copper, manganese, molybdenum, and

uranium within Butte and its residents when compared

to Gallatin county, Montana (Hailer et al. 2017). Data

collected thus far suggests that previous and current

mining practices still expose residents to heavy metals

via inhalation, ingestion, and dermal absorption.

Heavy metals are capable of causing harmful

human effects because of oxidative reactions (Sharma

et al. 2014), disruption of hormonal and metabolic

functions (Rana 2014), and accumulation in organ

systems (Jaishankar et al. 2014). Specific cancers,

heart disease, pulmonary disease, and several neuro-

logical conditions have been strongly associated with

heavy metal exposure (See Table 2).

Studies investigating the health outcomes of metal

exposures for the residents of Butte or Deer Lodge are

limited. A series of papers released from 1969 to 2000

followed a cohort of 8047 white male smelter workers

from the Anaconda smelter. The original report

suggested a threefold excess of respiratory cancer

among the smelter workers exposed to arsenic

released in the copper smelting process (Lee and

Fraumeni 1969). Other studies also reported increased

death from lung cancer with environmental arsenic

exposure (Welch et al. 1982; Brown and Chu 1983;

Lee-Feldstein 1986; Lubin et al. 2000). Another study,

reported null findings when analyzing 1980–1986 skin

cancer data for Butte and Deer Lodge when compared

to Gallatin and Park counties (Wong et al. 1992).

However, two additional studies suggested higher than

normal rates of cancer (National Cancer Institute

2009) and neurodegenerative disease (Satterly 1995).

The most recent EPA five-year reviews for Ana-

conda’s and Butte’s Superfund sites reported seven

and five remaining operational units (OU), respec-

tively. According to that report, remediation efforts

are complete for six of Butte’s OUs. There has been

some evidence of progress within the OUs, however

these findings need to be verified by routine testing

(EPA 2016). The Streamside Tailings OU was

reported to have a decline of chemicals of concern

(COC); however, surface water, floodplain well water,

and weighted mean sediment levels still exceed target

COC levels (EPA 2016). The Berkeley Pit/Mine

Flooding OU (BMFOU) has routinely tested above

acceptable levels of COC since the remediation began.

Further, the Berkeley Pit is at risk of exceeding

acceptable water levels by 2023; with an expectation

for toxic flooding (EPA 2016). Remediation efforts for

the Rock and Timber Framing and Treating andWarm

Springs Ponds OUs are also problematic, as arsenic

levels continues to exceed EPA recommendations

(EPA 2016). Lastly, testing for the Butte Priority Soils

OU (BPSOU) reveals unacceptable levels of copper

and zinc (EPA 2016).

The 5-year EPA review of remediation in Ana-

conda is ongoing for three of its OUs including the Old

Works/East Anaconda Development Area (OW/

EADA), Community Soils OU, and the Anaconda

Regional Water, Waste and Soils (ARWW&S) OU

(EPA 2015). The site-wide activities include ground

and surface water remediation in all OUs and reme-

diation efforts have been concluded for over 340
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residential properties and more than 11,500 acres of

affected land (EPA 2015). Regardless of the latest

5-year updates, an EPA statement in December 2017

listing Anaconda and Butte’s Superfund sites as

targets for immediate and intense attention (EPA

2017).

Successful remediation efforts for other Superfund

sites have been related to improvements in human

exposure to toxins (von Lindern et al. 2003) and health

outcomes (Currie et al. 2011). One study that exam-

ined the effects of Superfund cleanup on infant health

reported a 20–25% reduction in birth abnormality

incidence (Currie et al. 2011). However, not all

remediation efforts have translated to improved health

outcomes. The Tar Creek Superfund site in Oklahoma

was established in 1983 with remediation beginning

soon after (EPA 2015). Excess mortality was found for

cerebro- and cardiovascular conditions. Further,

within an exposed community, 62.5% of the children

under the age of six had excessive blood lead levels

(Neuberger et al. 2009).

This study aims to investigate the mortality expe-

rience of residents of Deer Lodge and Silver Bow

compared to other Montana counties, over the time

period of 2000–2015. Using an ecological approach

with county level mortality data, we aim to infer the

success or failure of remediation efforts. Were reme-

diation efforts for these two Superfund sites effectual,

there should be a decline in age and sex adjusted death

from select cancers, cerebro- and cardiovascular

diseases, neurologic conditions, and organ failure,

during the study period. Our study is strengthened by

the use of a series of statistical methods that go beyond

the typical approach. Cox regression was implemented

to estimate our standardized mortality ratios (SMRs).

Further, we assessed homogeneity in our age and sex

groups, and by time to ensure we display the most

accurate and meaningful estimates.

Methods

Our study’s aim was to identify any excess mortality

from an a priori selection of causes of death associated

with heavy metal exposure in Deer Lodge and Silver

Bow. Further, our study will evaluate any changes in

mortality related to our targeted conditions over our

16-year study period. As remediation has been ongo-

ing for decades, we would expect beneficial

remediation to communicate a decrease in adverse

health consequences.

The tested hypotheses are:

• There will be significantly higher standardized

mortality ratios for a priori selected causes of

mortality related to heavy metal exposure, during

2000–2015, for residents of Deer Lodge and Silver

Bow compared to the comparison counties.

• There will be significant decreases in the stan-

dardized mortality ratios for a priori selected

causes of mortality related to heavy metal expo-

sure for residents of Deer Lodge and Silver Bow

compared to the comparison counties over the

2000-2015 study period.

Selected metals

A literature search was conducted to identify the

metals located in the Deer Lodge and Silver Bow

Superfund sites, the exposure route, and relationship to

mining (Table 1). Arsenic, cadmium, copper, lead,

and zinc have been found in elevated amounts for both

case counties (EPA 2015, 2016) with Butte being

additionally exposed to excess aluminum, iron, man-

ganese, mercury, molybdenum, silver, and uranium

(EPA 2015; Hailer et al. 2017).

Selected causes of death

Targeted causes of death, shown in Table 2, were

included when there was strong epidemiological

consensus of an association between the heavy metal

exposure and disease outcome. The specific diagnoses

and associated International Classification of Dis-

eases, Tenth Revision, Clinical Modification (ICD-10-

CM) codes for select cancers (brain, bladder, breast,

bronchus and lung, kidney, liver, pancreas, skin,

stomach), cerebro- and cardiovascular diseases

(atherosclerosis, cerebrovascular disease, ischemic

heart disease, heart failure), neurologic conditions

(Alzheimer’s disease, motor neuron disease, multiple

sclerosis, Parkinson’s disease), and organ failures

(kidney and liver), are shown (WHO 2015).

Comparison mortality data

The case counties in this study are Deer Lodge and

Silver Bow, which have been Superfund locations
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since the mid-1980s. The comparison group consists

of the remaining 54 counties of Montana. Further,

directly standardized mortality rates for the case

counties and the comparison counties were calculated

using United States mortality data for standardization.

To account for population changes over our study

period and to account for demographic differences

between the case and comparison populations, popu-

lation level demographic data for Montana counties

were requested from the Behavioral Risk Factor

Table 1 Known heavy metal exposures for Deer Lodge and Silver Bow counties

Metal Human exposure

identified

Sources of exposure identified Relationship to mining

Aluminuma Hair Surface water Combined with copper to form an alloy-aluminum

bronze

Arsenicb Blood

Hair

Air

Buildings/structures

Ground and surface water

Sediment

Soil

Solid waste

Released during the copper mining process

Cadmiumb Hair Air

Buildings/structures

Ground and surface water

sediment

Soil

Solid waste

Released during the mining and smelting processes

Copperb Hair Ground and surface water

Sediment

Soil

Mined from the Berkeley and Continental Pits

Irona Ground and surface water Present in the copper minerals and released in the

smelting stage

Leadb Blood Air

Buildings/structures

Ground and surface water

Sediment soil

Solid waste

Mined from the Berkeley Pit

Manganesea Hair Air

Ground water

Mined from the Berkeley Pit

Mercurya Ground and surface water

Sediment

Soil

Used to purify gold mined from the Berkeley Pit

Molybdenuma Hair Mined from the Berkeley and Continental Pits

Zinca Soil

Ground and surface water

Sediment

Mined from the Berkeley Pit

Uraniuma Hair Unknown

Silvera Surface water Mined from the Berkeley Pit

aLocated in Silver Bow county
bLocated in Silver Bow and Deer Lodge counties
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Surveillance System (BRFSS) for two-time periods,

2000–2005, and 2006–2010. We included two time

periods as the population of these two counties is small

resulting in unstable annual rates. These data are

presented in Table 3 for descriptive purposes; they

were not used in the statistical modeling.

Calculation of standardized mortality ratios

and rates

Population estimates were obtained from the US

Census Bureau for Montana case and comparison

counties and the total US population (US Census). For

the same case and comparison groups, multiple cause

of death (MCOD) mortality data were collected from

the Centers for Disease Control and Prevention (CDC)

WONDER site (https://wonder.cdc.gov) through the

Table 2 Targeted conditions associated with heavy metal exposure and ICD-10 codes

Type Condition ICD-10-CM

code

References

Cancers Stomach C16, D00.2 Yuan et al. (2016), Arita and Costa (2009)

Liver and intrahepatic bile

ducts

C22, D01.5 Naujokas et al. (2013), Arita and Costa (2009)

Pancreas C25, D01.7 Arita and Costa (2009), Garcia-Esquinas et al. (2013)

Bronchus and lung C34, D02.20 Nawrot et al. (2015), Naujokas et al. (2013), Smith et al.

(2018), Garcia-Esquinas et al. (2013)

Skin C43, C44,

D03, D04

Naujokas et al. (2013)

Breast C50, D05 Byrne (2013)

Prostate C61, D07.5 Arita and Costa (2009), Garcia-Esquinas et al. (2013)

Kidney, except renal pelvis C64, D09.1 Naujokas et al. (2013), Smith et al. (2018), Arita and Costa

(2009), Song et al. (2015)

Bladder C67, D09.0 Smith et al. (2018), Naujokas et al. (2013), Arita and Costa

(2009)

Brain C71 Caffo et al. (2014)

Neurological

conditions

Alzheimer’s disease G30 Squitti (2012), Bonda et al. (2010)

Motor neuron disease* G12.2 Capozzella et al. (2014), Vinceti et al. (2012), Sutedja et al.

(2009)

Multiple sclerosis G35 Etemadifar et al. (2016)

Parkinson’s disease G20 Liu et al. (2013), Campbell (2006), Racette et al. (2017)

Cardio- and

cerebrovascular

diseases

Ischemic heart diseases I20–I25 Naujokas et al. (2013), Tellez-Plaza et al. (2013), States et al.

(2009), Lee et al. (2011)

Heart failure I50 Tellez-Plaza et al. (2013), Borné et al. (2015)

Cerebrovascular disease I60–I69 Tellez-Plaza et al. (2013), Agarwal et al. (2011)

Atherosclerosis I70 Fagerberg et al. (2015), Solenkova et al. (2014)

Organ failure Liver failure K72 Hyder et al. (2013)

Hepatic fibrosis K74.0 Hyder et al. (2013)

Non-alcoholic fatty liver

disease (NAFLD)

K76.0 Hyder et al. (2013)

Non-alcoholic

steatohepatitis (NASH)

K75.8 Hyder et al. (2013)

Renal failure N17–N19 Sabath and Robles-Osorio (2012), Soderland et al. (2010)

*CDC Wonder doesn’t provide data on Amyotrophic lateral sclerosis independently. The ICD-10 code for motor neuron disease was

used as a proxy
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2000–2015 study period. Since the number of deaths

for each ICD-10 coded condition was small, we

grouped the causes of death into four composite

categories: cancers, cerebro- and cardiovascular con-

ditions, neurological conditions, and organ failures

(Table 2). Mortality data were obtained by sex and

Table 3 County level self-reported characteristics for case and comparison counties, Behavioral Risk Factor Surveillance System

(BRFSS), 2000–2010

2000–2005 2006–2010

Deer Lodge

and Silver Bow

95% CI Other

Montana

counties

95% CI Deer Lodge

and Silver Bow

95% CI Other

Montana

counties

95% CI

Age

\ 35 25.4 20.9–29.9 28.5 27.8–29.3 25.9 22.5–29.4 28.6 27.8–29.4

35–54 38.1 34.2–42.1 39.3 38.6–40.0 35.5 32.8–38.1 35.8 35.1–36.4

55–74 26.2 22.9–29.5 24.3 23.7–24.9 28.4 26.2–30.5 26.4 25.9–26.9

75 ? 10.2 8.1–12.4 7.9 7.6–8.3 10.3 9.0–11.5 9.2 8.9–9.5

Race

Non-hispanic

white

97.1* 95.7–98.4 93.2* 93.0–93.5 96.7* 95.3–98.0 92.9* 92.6–93.2

Other 2.9* 1.6–4.3 6.8* 6.5–7.0 3.3* 2.0–4.7 7.1* 6.8–7.4

Income

\ $15,000 16.3 12.8–19.8 12.5 12.0–13.1 15.1 10.8–17.5 10.9 10.5–11.4

$15,000–

$24,999

24.8 21.0–28.6 23.0 22.3–23.7 23.6 17.2–25.1 18.3 17.8–18.9

$25,000–

$49,999

32.9 28.7–37.1 37.4 36.6–38.1 27.3 25.0–33.9 33.0 32.3–33.7

$50,000–

$74,999

16.5 13.1–19.9 15.5 14.9–16.0 15.8 15.1–22.8 18.1 17.5–18.6

$75,000 ? 9.5 6.9–12.1 11.6 11.1–12.1 18.2 12.2–20.3 19.6 19.1–20.2

Education

\High

school

7.7 5.1–10.2 8.3 7.9–8.7 8.6 6.7–10.6 7.1 6.7–7.5

High school 34.2 30.1–38.3 33.5 32.8–34.3 33.2 30.4–36.0 32.2 31.5–32.9

Some college 30.2 26.3–34.0 29.1 28.4–29.8 27.0 24.3–29.7 28.6 28.0–29.3

College

graduate ?

28.0 24.3–31.6 29.1 28.4–29.8 31.2 28.6–33.7 32.0 31.4–32.6

Employment status

Employed 56.3* 52.1–60.5 65.3* 64.6–66.0 54.6* 51.7–57.5 61.9* 61.2–62.5

Unemployed 43.7* 39.5–47.9 34.7* 34.0–35.4 45.4* 42.5–48.3 38.1* 37.5–38.8

Smoking

No 74.6 70.9–78.4 78.6 77.9–79.2 76.3* 73.7–78.8 81.5* 80.9–82.0

Yes 25.4 21.6–29.1 21.4 20.8–22.1 23.7* 21.2–26.3 18.5* 18.0–19.1

Alcohol consumption

Heavy

drinking

5.9 3.8–8.0 5.9 5.5–6.2 4.9 3.6–6.2 6.2 5.8–6.5

Binge

drinking

17.2 13.9–20.5 18.9 18.2–19.5 18.6 16.1–21.1 18.1 17.5–18.7

*Statistically significant difference between case and comparison county
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four age strata: less than 35 years, 35–54 years,

55–74 years, and 75 years and older. Cox regression

models were used to estimate SMRs. Further, these

models were used to assess homogeneity across age

groups and sex, since groups used for standardization

need to be homogenous, to accurately describe the

mortality experience for the population (Tsai andWen

1986; Oliveira and Bevan 2003). Additionally, to

illustrate changes in case and comparison counties’

mortality experiences, directly standardized mortality

ratios were generated for Deer Lodge and Silver Bow

versus the remaining Montana counties using US

mortality data for standardization.

Testing for statistical significance of time trends

Using Cox regression models, homogeneity by age

and sex were assessed to test for homogeneity amongst

the age and sex groups. Time trend, as well as age and

sex specific analyses would need to be done if there

was significant heterogeneity. For those composite

conditions where the SMRs were homogenous by age

and sex, homogeneity over time period, 2000–2015,

was assessed for the whole population. Conversely, for

those composite conditions where the SMRs were

heterogeneous by age or sex, homogeneity over the

years, 2000–2015, for specific age or sex groups were

assessed.

All statistical analyses were performed using SAS

9.4

Results

County level demographic comparisons

We studied the mortality experiences of residents of

Deer Lodge and Silver Bow counties during the period

2000–2015, with the aim to identify elevated causes of

death and any monotonic trends of mortality over

time.We compared the mortality experiences for these

two counties to the remaining Montana counties,

during the same period. To illuminate demographic

differences between the underlying case and compar-

ison populations, population level demographic data

for Montana counties were requested from the

Behavioral Risk Factor Surveillance System (BRFSS)

for two-time periods, 2000–2005 and 2006–2010. Per

Table 3, there were no statistically significant

differences between our cause and comparison coun-

ties in regard to age, income, education, or alcohol use

in either time period. Residents of Deer Lodge and

Silver Bow differed from the rest of Montana in their

racial demographics and employment status, having a

higher proportion of non-Hispanic white residents and

higher rates of unemployment. Smoking status dif-

fered in the 2006–2010 period for case and compar-

ison counties, with Deer Lodge and Silver Bow having

a higher proportion of smokers compared to the

remaining Montana counties.

Standardized mortality rates and ratios

Sex and age adjusted SMRs as well as age and sex-

specific SMRs are reported in Table 4. For three of the

four composite causes of death, Deer Lodge and Silver

Bow experienced significantly higher mortality when

compared to the rest of Montana. Cancers, CCVDs,

and organ failure were elevated for the two counties

during the study period, 2000–2016, with SMRs of

1.19 (95%CI 1.10, 1.29); 1.36 (95%CI 1.29, 1.43) and

1.24 (95% CI 1.10, 1.38), respectively. Neurological

conditions were not elevated for the two counties

(SMR = 1.01; 95% CI 0.89, 1.14).

Using Cox regression models, homogeneity by age

and sex were assessed with only CCVDs demonstrat-

ing statistically significant heterogeneity by age. Thus,

the overall SMR for CCVDs is not meaningful. Age

and sex specific SMRs were generated to account for

causes of death illustrating heterogeneity by age and to

further understand SMRs. Cancer SMRs were signif-

icantly elevated for males and females age 55–74, and

females aged 75 and older. CCVD SMRs were

elevated for both males and females, over all age

categories over 35 years. SMRs for organ failure were

elevated for males aged 55–74 years of age.

Time trend analysis

Illustrated in Fig. 1, compared to the rest of Montana,

Deer Lodge and Silver Bow experienced elevated

mortality for the 2000–2001, 2004–2005, and

2006–2015 biennial, cancer-related mortality esti-

mates. Deer Lodge and Silver Bow, experienced

elevated mortality related to CCVDs, compared to the

rest of Montana for all years within the study period,

seen in Fig. 2. Figure 3 demonstrates changes in

mortality related to neurological conditions. Only two
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of the biennial mortality rate estimates were signifi-

cantly elevated in Deer Lodge and Silver Bow

compared to Montana, 2006–2007 and 2010–2011.

Our final figure (Fig. 4), illustrates changes in mor-

tality related to organ failure. Residents of Deer Lodge

and Silver Bow experienced significantly elevated

mortality rates in 2002–2011 and in 2014–2015.

We assessed the SMRs over the 16-year time

period, in 2 year intervals, for the presence or absence

of any monotonic trends. There were significant

decreases in mortality for cancers, CCVD, and neu-

rological conditions with hazard ratios (HR) and

related p values of 0.97 (0.0004), 0.95 (\ 0.0001), and

0.97 (0.01), respectively. There were no significant

changes in organ failure mortality for the 16-year

study period (HR = 0.98; p value = 0.16).

Discussion

While the Berkeley Pit closed following EPA Super-

fund designation in 1983, mining in the Continental

Pit and other related mining activities has continued in

Silver Bow county throughout the study period (EPA

2016). Further, even though the Anaconda smelter was

decommissioned soon after National Priority Listing

by the EPA, the smelter was in use, contributing to

toxic heavy metal contamination, for almost a century

(EPA 2015). While remediation has been reported at

the two sites, they are still both heavily contaminated

with a number of toxic heavy metals (EPA

2015, 2016), which are associated with cancer,

cardiovascular disease, neurologic conditions, and

organ failure (see Table 2).

Many of the OUs within both Superfund sites

continue to see elevated levels of COC including but

not limited to the Streamside Tailings OU, BMFOU,

the Rock and Timber Framing and Treating andWarm

Springs Ponds OUs, BPSOU (EPA 2016). Moreover,

remediation in Anaconda is ongoing for three of its

OUs including the OW/EADA, the Community Soils

OU, and the ARWW&SOU (EPA 2015). Regardless

of the latest 5-year updates, an EPA statement in

December 2017 listing Anaconda and Butte’s Super-

fund sites as targets for immediate and intense

attention (EPA 2017). Our study suggests that while

remediation is conveying some reduction in negative

health consequences, these efforts have not protected

Table 4 Mortality Statistics-Standardized mortality ratios for Deer Lodge and Silver Bow compared to Montana, 2000–2015

Cancer CCVD Neurological

conditions

Organ failure

Observed deaths, n 1245 3463 486 678

Expected deaths, n 1041.96 2542.59 478.98 545.91

Overall mortality, SMR (95% CI) 1.19 (1.10, 1.29)a 1.36 (1.29, 1.43) 1.01 (0.89, 1.14)a 1.24 (1.10, 1.38)a

Age and sex specific mortality, SMR (95% CI)

Male

\ 35 2.11 (0.51, 8,66) 1.13 (0.35, 3.63) – 0.65 (0.11, 3.82)

35–54 1.21 (0.78, 1.87) 1.71 (1.30, 2.26) 1.69 (0.46, 6.29) 1.45 (0.89, 2.36)

55–74 1.29 (1.09, 1.53) 1.46 (1.28, 1.67) 1.20 (0.73, 1.96) 1.59 (1.21, 2.10)

75 ? 1.08 (0.93, 1.27) 1.28 (1.16, 1.40) 0.95 (0.76, 1.20) 1.19 (0.97, 1.45)

Female

\ 35 0.40 (0.04, 4.10) 0.92 (0.19, 4.39) – 0.74 (0.12, 4.58)

35–54 0.82 (0.51, 1.31) 1.62 (1.03, 2.55) 0.88 (0.23, 3.36) 1.28 (0.70, 2.35)

55–74 1.31 (1.08, 1.58) 1.67 (1.38, 1.97) 1.27 (0.77, 2.11) 1.34 (0.96, 1.86)

75 ? 1.19 (1.00, 1.41) 1.30 (1.20, 1.41) 0.99 (0.83, 1.17) 1.07 (0.87, 1.30)

Trend analysis, hazard ratio for each

additional 2 years (p value)

0.97 (0.0004) 0.95 (< 0.0001)b 0.97 (0.01) 0.98 (0.16)

Bolded text indicates statistically significant results
aHomogenous by age and sex, overall SMR is meaningful
bThe trend analysis was performed for 55–74 year olds as there was heterogeneity amongst age groups
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the residents of these two counties as a whole, and

further remediation is required to protect human

health.

The first hypothesis, which claimed there would be

a significant difference between the SMRs for Deer

Lodge and Silver Bow counties compared to the rest of

Fig. 1 Cancer related mortality rates for Deer Lodge and Silver Bow compared to all remaining Montana counties, 2000–2015.

*Indicates significant differences between case and comparison groups

Fig. 2 Cerebro- and cardiovascular disease related mortality rates for Deer Lodge and Silver Bow compared to all remaining Montana

counties, 2000–2015. *Indicates significant differences between case and comparison groups
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Montana, was not supported for neurologic conditions.

Conversely, the age and sex-adjusted standardized

mortality ratios for cancer and organ failure were

significantly elevated for the case counties. Compared

to all other Montana counties, residents of Deer Lodge

and Silver Bow experienced an estimated 19%

Fig. 3 Neurological disease related mortality rates for Deer Lodge and Silver Bow compared to all remaining Montana counties,

2000–2015. *Indicates significant differences between case and comparison groups

Fig. 4 Organ failure related mortality rates for Deer Lodge and Silver Bow compared to all remaining Montana counties, 2000–2015.

*Indicates significant differences between case and comparison groups
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increase in cancer mortality (SMR 1.19; 95% CI 1.10,

1.29) and a 24% increase in organ failure mortality

(SMR 1.24; 95% CI 1.10, 1.38) during the study

period. Tests performed to assess homogeneity across

age and sex groups revealed heterogeneity across age

for CCVDs, thus the overall SMR is not meaningful.

Age- and sex-specific SMRs revealed significantly

elevated CCVD mortality for both sexes for persons

over the age of 35. A 2011 cross-sectional analysis of

National Health and Nutrition Examination Survey

(NHANES) data, reported a significant, positive

relationship between serum lead and cadmium levels

and CCVD (Agarwal et al. 2011). Both lead and

cadmium are listed as COC for both Deer Lodge’s and

Silver Bow’s Superfund sites. There is considerable

literature supporting a causal link between exposure to

lead and cadmium and adverse cardiovascular effects.

Lead and cadmium have been shown to negatively

affect vascular endothelium and smooth muscles via

their ability to induce inflammatory responses and

oxidative stress (Heo et al. 1996; Kaji et al. 1995;

Stohs and Bagchi 1995; Vaziri et al. 2001). It is

reasonable that we only detected significant SMRs for

residents of Deer Lodge and Silver Bow aged 35 and

older, as CCVD typically occurs after long term

exposures, affecting older populations (Agarwal et al.

2011).

While the overall SMRs for cancers and organ

failure are meaningful, supported by their homogene-

ity in SMRs across age and sex, we reported age- and

sex-specific SMRs to better understand in what ways

the population is experiencing elevated mortality.

Females in the two oldest age groups experienced

significantly increased mortality related to cancers,

while only males age 55–74 years did so. This is

possibly due to the elevated deaths related to breast

cancer, accounting for 14% of all cancer deaths in this

population. There were 167 deaths reported for

females aged 55 and older; the expected number of

deaths for that group was approximately 114, using the

remaining Montana counties for standardization.

Conversely, only males experienced a significant

greater burden of organ failure. The point estimates for

all males over 35 years were higher than their female

counterparts. Further, only males aged 55–74 experi-

enced significant increases in mortality related to

organ failure. Hyder and colleagues investigated the

relationship between cadmium exposure and liver

disease. They reported increased morbidity and

mortality related to hepatic necroinflammation, non-

alcoholic fatty liver disease (NAFLD), and non-

alcoholic steatohepatitis (NASH) in males with odds

ratios (ORs) of 2.21 (95% CI 1.64, 3.00), 1.30 (95%CI

1.01, 1.68), and 1.95 (95%CI 1.11, 3.41), respectively.

Females were only significantly affected by hepatic

necroinflammation (OR = 1.26; 95% CI 1.01–1.57).

Further their study reported an increase in adjusted all-

cause mortality related with increased cadmium

exposure, which was more pronounced in males

(Hyder et al. 2013). However, nothing was offered

as a plausible biological explanation for the gap in

liver mortality among the sexes.

The second hypothesis predicted a statistically

significant decrease in the mortality rates in Deer

Lodge and Silver Bow counties during 2000–2015.

This was not supported for mortality related to organ

failure. Deaths related to cancer, CCVD, and neuro-

logical conditions experienced significant reductions

in mortality over the time period. Hazard ratios were

estimated for changes in mortality for every additional

2 years. Mortality related to cancer, CCVD, and

neurological conditions reduced 3, 5 and 3% for each

additional 2 years.

Figures 1, 2, 3 and 4 illustrate the mortality rates for

each composite cause of death for residents of Deer

Lodge and Silver Bow in relation to all remaining

Montana residents. Adjusted rates for both case and

comparison groups were estimated using US popula-

tion and mortality data. Cancer mortality (Fig. 1)

remained elevated for Deer Lodge and Silver Bow

compared to Montana for much of the study period.

Only in two instances (2002–2003 and 2006–2007)

did the confidence interval overlap for the two groups.

Deer Lodge and Silver Bow experienced greater

mortality related to CCVDs (Fig. 2) for the entire

study period. As shown in Fig. 3 SMRs for neurolog-

ical conditions were only statistically significantly

different compared to the remaining counties in

Montana during 2006–2007 when they were elevated,

and 2010–2011 when they were lower. Organ failure

was the only composite cause of death to not see any

significant reduction in mortality over time, as shown

in Fig. 4, although Deer Lodge and Silver Bow

experiencing higher mortality, for the study period,

with the exception of 2012–2013.

A notable limitation of this study is the reliance on

death certificates to report cause of death. The

standard death certificate instructions to medical
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certifiers state that the immediate cause of death and

‘‘an explanatory chain of diseases or conditions that

resulted in death’’ should be listed. Most death

certificates have fields for up to 20 diagnosis codes

in the multiple cause of death file (CDC 1999). We

calculated SMRs using multiple causes of death

(MCOD) data. While underlying cause of death

(UCD) data is sufficient for cancer deaths (Fink

et al. 2012) this is not typically the case for cardio-

vascular disease, neurologic conditions, or organ

failure.

Most notably, this is an ecologic study so, we do not

have information on exposure to heavy metals on an

individual level. We are making the assumption that

most residents of these two counties are exposed to

metals through air, water, soil, and dust in the

environment. Montana is a small state with a popu-

lation of 1.04 million (Census 2017), however, the

statistically significant findings should be generaliz-

able to other areas where the same metals are present

in the environment.

We believe our approach to using publicly available

death certificate data over time, along with an

understanding of the potential risks associated with

specific metal exposures, can be utilized to monitor

population health impacts during continued mining

and remediation efforts. When compared to other

Montana Counties, the two Superfund counties

showed 19% increased standardized risk for cancer

death, 36% increase risk for cardiovascular death, and

24% increased risk for organ failure death during the

16-year study period, when remediation was occur-

ring. However, the time trends indicate there is a

downward trajectory in the mortality rates for cancer,

cerebro-cardiovascular, and neurological conditions.

These findings suggest remediation efforts are slowly

improving the human health impact of ongoing and

historical pollution from mining and smelting.

Nonetheless, the elevated rates for cancer, CCVD,

and organ failure suggests there is a continuing need to

monitor SMRs and time trends in the mortality

experience.

References

Agarwal, S., Zaman, T., Tuzcu, E. M., & Kapadia, S. R. (2011).

Heavy metals and cardiovascular disease: Results from the

National Health and Nutrition Examination Survey

(NHANES). Angiology, 1999–2006, 62(5), 422–429.

Arita, A., & Costa, M. (2009). Epigenetics in metal carcino-

genesis: Nickel, arsenic, chromium and cadmium. Metal-

lomics, 845, 222–228.

Bonda, D. J., Wang, X., Perry, G., Nunomura, A., Tabaton, M.,

Zhu, X., & Smith, M. A. (2010). Oxidative stress in Alz-

heimer disease: A possibility for prevention. Neurophar-

macology, 59(4–5), 290–294. https://doi.org/10.1016/j.

neuropharm.2010.04.005.
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