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Abstract 

   

Minden is a small former coal mining town located in mountains of West 

Virginia.  At its peak in the mid-20th Century, it was a thriving community of about 

1,200.  By 2010, the town’s population had shriveled to 250, about 100 of whom having 

been diagnosed with some form of cancer and Minden was dubbed “the most toxic town 

in America.”  Studies are ongoing but most of the evidence seemed to point to exposure 

to PCBs, which leaked into the soil and water after the Shaffer Equipment Company 

disposed of old electrical equipment in landfills and abandoned mine shafts in the 1970s 

and early 80s, as the most likely cause for Minden’s cancer epidemic.   

This study began with an analysis of data from the Cancer Registry Data aimed at 

ascertaining whether the cancers more prominent in Fayette County are the types that are 

more commonly associated with PCB exposure. Taken as a whole, the studies reviewed 

seem to agree that PCB exposure was a likely factor in the occurrence of cancers of the 

breasts, intestines, liver, lungs, rectum, stomach and esophagus, tongue and testes.  The 

next step was to look to identify the other Superfund NPL sites in West Virginia, and 

determine which ones are on the list because of PCB contamination.  Once the PCB sites 

were isolated, the cancer statistics for the other counties in which those sites are located 

were compared to the Fayette County cancer statistics.  Having drawn a plausible 

connection between PCB exposure in the Minden community to certain types of cancers, 

the next consideration was the role that social vulnerability plays in not only the exposure 

of a community to toxins like PCBs but also to the health outcomes members of a 

vulnerable community experience once having been exposed.  Social vulnerability is the 
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measure of how certain factors, such as overcrowding, social disorder, racial 

discrimination, fear for one’s physical safety and lack of economic resources, are in play 

in a given community, increasing risk for disease.  Then, to test for cause and effect 

arising from this analysis, an expert was consulted, Lora Siegmann Werner, the Regional 

Director of the ATSDR’s Eastern Branch, Region 3.  Ms. Werner was asked about the 

challenge of being able to conclude that there exists a cause and effect relationship 

between the history of the dumping of PCBs in and around Minden, WV, and the 

perceived higher than normal per capita rate of cancer cases and cancer related deaths in 

that community.  Finally, a site visit was conducted to make first-hand observations of 

the landscape, the creek bed and the residential community that is Minden.  Those first-

hand observations were then compared with data with respect to per capita income, 

median household income, median family income and poverty. 

This study concluded that in EJ (environmental justice) communities like Minden, 

WV, that are low-income and possess low political power, both environmental and socio-

economic stressors combine synergistically to create health disparities.  Although 

publicly accessible health outcomes data are available on a national, state and county 

scale, it is not for the neighborhood level. Research frameworks are needed to 

comprehensively explore the complex, interrelated factors leading to vulnerability 

including community stressors, neighborhood resources and environmental pollutants.  

The science of evaluating environmental risk and health outcomes in EJ communities 

needs to be augmented and upgraded with an emphasis on community-based 

participatory research methods (CBPR) that includes both a qualitative and quantitative 

perspective.  
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Definition of Terms 

 

Appalachia: a 205,000-square-mile, forty-two percent rural region that follows the spine 
of the Appalachian Mountains from southern New York to northern Mississippi 
which includes all of West Virginia and parts of 12 other states (ARC, 2018). 

Adenocarcinoma:  a type of cancer that forms in mucus-secreting glands throughout the  
body and is most prevalent in lung cancer, prostate cancer, pancreatic cancers, 
esophageal cancer and colorectal cancer (Cancer Treatment Centers, 2018). 

Bituminous coal: the second highest quality of coal (second only to anthracite coal) with 
a carbon content ranging between 76% and 86% and a high energy density that 
releases a notable amount of energy when burned (Afework, 2018). 

 
Black lung disease: a form of pneumoconiosis common among coal miners subjected to 

long term exposure to coal dust wherein inhaled coal dust builds up in the lungs 
leading to permanent and sometimes fatal lung damage (American Lung 
Association, 2018a). 

 
Cancer cluster: the occurrence of a greater-than-expected number of cancer cases among 

a group of people in a defined geographic area over a specific period of time 
(Dana-Farber, 2018). 

 
Chemoresistance:  the resistance of bacteria or malignant cells to the inhibiting action of 

certain chemical substances used in treatment (Free Dictionary, 2019). 
 

Cisplatin: an anti-cancer chemotherapy drug used to treat, through intravenous infusion, 
various forms of cancer, including cancers of the bladder, breasts, cervix, 
esophagus, lungs, lymph system, ovaries, prostate, stomach, skin and testicles 
(Chemocare, 2019). 

 
Environmental Justice (EJ): the fair treatment and meaningful involvement of all people 

regardless of race, color, national origin, or income, with respect to the 
development, implementation, and enforcement of environmental laws, 
regulations, and policies (EPA, 2016a). 

 
Environmental racism: racial discrimination in the development and implementation of 

environmental policy, especially as manifested in the concentration of hazardous 
waste disposal sites in or near areas with a relatively large ethnic minority 
population (Oxford, 2016). 

 
Fracking: the shorthand or slang term for hydraulic fracturing which is a drilling 

technique used for extracting oil or natural gas from deep underground by forcing 

https://www.cancercenter.com/lung-cancer/
https://www.cancercenter.com/prostate-cancer/
https://energyeducation.ca/encyclopedia/Coal
https://energyeducation.ca/encyclopedia/Anthracite
https://energyeducation.ca/encyclopedia/Energy
https://energyeducation.ca/encyclopedia/Combustion
https://en.wikipedia.org/wiki/Lung
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a fluid consisting of water, sand and chemical additives, under extremely high 
pressure, in order to fracture underground shale deposits to release trapped oil and 
natural gas (Lallanilla, 2018). 

  
Hazardous waste: waste with properties that make it dangerous or capable of having a 

harmful effect on human health or the environment. Hazardous waste is generated 
from many sources, ranging from industrial manufacturing process wastes to 
batteries and may come in many forms, including liquids, solids gases, and 
sludges (EPA, 2016b). 

 
Hexabromocyclododecane (HBCD):  a category of brominated flame retardants (also 

known as the “Cyclic Aliphatic Bromide Cluster,” consisting of 16 possible 
isomers, which is used in expanded polystyrene foam (EPS) in the building and 
construction industry but which is highly toxic to aquatic organisms and, which 
based on animal test results, raises serious concerns about human health risks 

 
HIPAA: the acronym for the Health Insurance Portability and Accountability Act, passed 

by Congress in 1996, to provide federal protections for the privacy and security of 
healthcare information (TechTarget, 2018). 

   
Income Inequality Factor:  the ratio of household income at the 80th percentile to income 

at the 20th percentile  
 
National Priorities List (NPL): the list of the most serious uncontrolled or abandoned 

hazardous waste sites in the United States, developed by the EPA after 1) 
completing a Hazard Ranking System (HRS) screening and 2) soliciting and 
addressing public comments about the proposed site, to guide the federal 
government in determining which sites should be further investigated (NIH, 
2018). 

 
Non-Hodgkin’s Lymphoma (NHL): a cancer which starts in white blood cells, or 

lymphocytes, thus affecting the lymphatic, or immune system of the body 
(American Cancer Society, 2018).  

 
Pneumoconiosis: a general term given to any lung disease caused by dusts that are 

breathed in and then deposited deep in the lungs causing damage (American Lung 
Association, 2018b). 

 
Polychlorinated Biphenyls (PCBs): man-made chemical compounds which are classified 

as chlorinated hydrocarbons because they are composed of carbon, hydrogen and 
chlorine atoms in varying configurations (EPA, 2018). 

 
Silica: a common mineral found in the Earth’s crust, often in the form of glass, sand, 

silicone or granite, which, when its crystalline form is drilled, cut or sanded, can 
release microscopic airborne particles capable of causing irreparable lung damage 
(FRGG, 2014).   

https://toxmap.nlm.nih.gov/toxmap/glossary.html#HRS
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Superfund site: any land in the United States that has been contaminated by hazardous   

waste and identified by the U.S. Environmental Protection Agency (EPA) as a 
candidate for cleanup because it poses a risk to human health and/or the 
environment (NIH, 2016).  
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Chapter I 

Introduction 
 

 

Minden, West Virginia is a small town located in the midst of coal country in 

Appalachia.  At its peak from the early to the mid-20th Century, Minden was a thriving 

community of about 1,200 residents (Hand, 2018).  The West Virginia coal mining 

industry reached its peak in 1947 (Eggleston, 1996a) but even after the coal mines began 

to close in the 1950s, the town continued to boast grocery stores, baseball teams, 

churches and, like every other small town, large city or rural community in America, 

trick-or-treaters on Halloween (Dennis, 2018).   By 2010, however, the population of the 

once bustling coal town had shriveled to a mere 250, about 100 of whom having been 

diagnosed with some form of cancer (Ecospears, 2018).  One such resident, interviewed 

by a reporter in January of 2018, claimed that she could name 35 people in her 

neighborhood, including members of her immediate family, who had recently died of 

cancer (Baptiste, 2018).  Another, in a 2017 interview, stated that both of his parents, his 

grandmother and at least nine of his neighbors all lost their lives to cancer (Farrish, 

2017a).          

While studies are still ongoing, most of the evidence to date seems to point to 

exposure to PCBs, which leaked into the soil and water after the Shaffer Equipment 

Company disposed of old electrical equipment in landfills and abandoned mine shafts, as 

the most likely cause for Minden’s cancer epidemic (Mishkin, 2018a).   PCBs (an 

acronym for Polychlorinated Biphenyls) are man-made organic chemicals created by the 

bonding of hydrogen, oxygen and chlorine atoms to produce compounds which, in their 
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normal liquid to semi-solid state, have been found to have hundreds of industrial and 

commercial applications.  They have no known taste or smell but because of their wide 

variance in their number and orientation of chlorine molecules, they range from mildly to 

extremely toxic in nature.  Their wide applicability to commercial purposes stems from 

the fact that PCBs are non-flammable, chemically stable, have high boiling points and 

low electrical conductivity properties, making them very useful as industrial grade 

insulators.  Because of that usefulness, they were domestically manufactured in the 

United States for fifty years, from 1929 until 1979 (EPA, 2018). 

When West Virginia coal mining began in earnest in the early to mid-nineteenth 

century, it was done with manual labor, often slave labor.  The coal was hauled away 

initially on the backs of men, and later, in wheel barrels or carts pulled by animals. By the 

mid-twentieth century however, the heavy lifting was being done largely by electrically 

powered machines (Eggleston, 1996a).  Even though the coal mines in Minden closed in 

the 1950s, a harbinger of things to come as coal began to diminish in its stature as a 

leading source of energy, the Shaffer Equipment Company set up shop in Minden, in 

1970, and began building electrical substations for other coal mining sites in the region.  

There, from 1970 until 1984, Shaffer built transformers, capacitors, switches and other 

types of electrical equipment.  Much of that equipment contained PCB saturated oil until 

PCBs were banned by the United States Environmental Protection Agency (EPA) in 

1979.  Damaged or outdated equipment, including PCB oil laced equipment, was stored 

on site.  After Shaffer ceased operations in Minden, in 1984, the West Virginia 

Department of Natural Resources (WVDNR) inspected the site and found elevated levels 

of PCBs in soil samples taken from a drainage ditch leading to Arbuckle Creek, a stream 
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which runs through Minden and a tributary of the New River, the local source of drinking 

water.  At the request of the state, the federal EPA investigated and conducted two 

separate contaminated soil removal operations between December 1984 and January 

1991 (Linden, 2018).   

After a 1997 arsonist’s fire damaged a building where some of the contaminated 

materials were stored, the U.S. Army Corps of Engineers installed a cap over the site in 

2002, ostensibly to contain the toxic soil and building debris (Baptiste, 2018).  But as 

cancer rates continued at nearly four times the national average, residents began to 

demand that the EPA include Minden on its Superfund National Priorities List (Gass-

Poore & Flynn, 2017).  In response to those demands and the results of a series of cancer 

cluster studies conducted between 1979 and 2016, the EPA returned to Minden to take 

more soil samples in June and December of 2017.  However, the EPA’s report, released 

in March, 2018, concluding that PCB contamination levels in the samples tested do not 

pose an immediate threat to public health, only fueled the anger of locals who saw 

placement of their town on the Superfund National Priorities List (NPL) as their only 

hope for getting the funds for a meaningful clean-up of the site (Mishkin, 2018b).  

Understanding that NPL designation would also free up federal funds for families, who 

might want to leave a place they have come to associate with misery and death, to move 

to less toxic areas (Hand, 2018), the residents and their elected local representatives 

continued to push the EPA on that issue.  On August 20, 2018, Governor Jim Justice 

added his voice to the chorus calling for the designation when he issued an official letter 

of support (Farrish, 2018).  Those collective efforts finally came to fruition when, on 
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May 13, 2019, the EPA announced that the Shaffer Equipment/Arbuckle Creek area in 

Minden was one of seven new sites added to the NPL (Mishkin 2019; Brownfield 2019).   

 

Research Significance and Objectives 

Initially, the goals of this research were to determine 1) if there was a direct 

correlation between the per capita cancer rate in Minden, West Virginia and the disposal 

of PCB laden equipment in that community during the 1970s and 80s; 2) whether the 

high cancer rate in Minden could be solely attributed to causes, such as fracking waste 

disposal or sewer leakage, that are unrelated to PCB contamination; 3) whether PCB 

contamination and other environmental hazards that have been identified in the Minden 

community combined to have a synergistic impact on the health of local residents; 4) 

what role socio-economics and politics have played in creating the predicament that the 

residents of Minden, West Virginia find themselves in today; and 5) if the findings of this 

research could somehow be a catalyst to help persuade the EPA to add the Shaffer 

Equipment/Arbuckle Creek site to the NPL, thus making the community eligible for 

major federal funding assistance.  Along the way, a couple of significant events occurred 

to alter those goals and replace them with new objectives.      

First, direct conversations with the ATSDR’s Eastern Branch, Region 3 director 

revealed that data on specific health outcomes at the sub-county or neighborhood level is 

not publicly available, making it impossible to achieve the first three of the goals listed 

above.  Second, in May 2019, as will be further referenced in the body of this paper, the 

EPA did place the Minden community on the NPL, thus rendering the fifth above listed 

goal as moot.  These developments combined to bring about a restatement of objectives.   
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The new objectives included: 1) to evaluate the data that is available to compare 

cancer rates for those West Virginia counties which host NPL sites where PCB exposure 

was a precipitating factor for their placement on the list; 2) to characterize counties, 

based on demographic data, to determine which, if any of them can be considered EJ 

communities; and 3) to address and suggest approaches to deal with smaller EJ 

communities for which current methodologies are inadequate.  

 

Background 

To truly understand the nature of the environmental crisis in Minden, West 

Virginia, and its environmental justice implications, one must look back at the origins of 

the mining industry in Appalachia.  The following discussion gives a brief review of that 

history.   

 

An Historical Review of Coal Mining in West Virginia 

The earliest written reports of coal deposits in what is now the state of West 

Virginia can be found in the writings of English explorer John Peter Salling (Eggleston, 

1996).  Salling, also known as John Peter Salley, was born in Germany in the early 1700s 

and, as a young man, traveled across the Atlantic and settled in Augusta County, 

Virginia, where he took up the life of an explorer (Duffy, 2015).  Spurred on by the 

promise of 10,000 acres of land as a reward for a successful expedition, Salling and four 

other men set out from Natural Bridge, Virginia, on March 16, 1742, on a journey west to 

the Mississippi River under commission of the Virginia governor to secure British claims 

on the land.  The explorers followed the New River into the area that more than 120 years 
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later would become West Virginia until the river became too treacherous, at which point 

they crossed over land to another tributary of the Kanawha River (Forbes, 2015).  It was 

along the banks of that stream that the explorers found large deposits of coal and it was 

that discovery which historians believe led Salling to name that stream the Coal River 

(Powell, 2017).     

Despite Salling’s pre-Revolutionary War discovery, there was not much 

documented exploitation of coal throughout the remainder of the 18th century.  By the 

turn of the century, only a relatively few blacksmiths and pioneers in the western counties 

of Virginia were using coal as a fuel.  In 1810, however, residents of Wheeling, the future 

capital of the state of West Virginia, began to use coal from the first mine opened near 

that city to heat their homes.  Interestingly though, it was not home heating that propelled 

the early exploitation of coal in the region, it was the development of the salt industry and 

the growth of steamboat navigation on the Ohio River and its tributaries (Laing, 1966).  

Prior to the arrival of the European settlers, native Americans of the Shawnee 

nation had learned how to boil brine from the salt springs along the Kanawha River to 

produce the salt they needed.  According to the West Virginia Geological and Economic 

Survey, in 1797, Elisha Brooks built Kanawha Valley’s first salt furnace, a facility with a 

daily salt production of as much as 150 bushels.  The discovery of deeper and richer 

saline reservoirs in the area led to more and more drilling operations such that by 1815, 

52 salt furnaces were in operation in the valley and within a few years, all of them had 

switched from burning wood to burning coal.  A New York entrepreneur, John P. Turner, 

opened a coal mine in the Kanawha Valley in 1817 specifically to supply coal to the 

Kanawha Salines.  By 1840, there were 90 salt furnaces along the river, each year 
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producing one million bushels of salt, consuming 200 thousand tons of coal and 

employing almost 1000 miners and other workmen (Eggleston, 1996b).   

As important as salt production was to the development of the coal industry, the 

invention of the steamboat was probably more of a driving factor.  In 1784, more than 20 

years before Robert Fulton successfully navigated his steam powered vehicle upstream 

on the Hudson River, James Rumsey, an architect and engineer appointed by George 

Washington as superintendent of the Potomac River Project came up with a design for 

propelling a boat against the river’s currents.  He successfully demonstrated his concept 

in 1787.  Around the same time, another entrepreneur, John Fitch, had developed his own 

design and the two engaged in a protracted battle with each other to obtain the patent 

rights.  Rumsey died in 1792, Fitch in 1798 with the question of who actually invented 

the steamboat unresolved.  Fulton, in 1807, became the first to launch a financially viable 

model (Woods, 2011).  Four years later, a Fulton steamboat, “the New Orleans”, which 

carried and burned coal as its fuel, began experimental runs on the Ohio River and by 

1845, coal powered steamboats were navigating the river on a daily basis.  By then, 

steamboats, or steamers as they came to be known, were not only a major end user of 

coal, but they also provided a means for delivering coal for use by other industries along 

the Ohio and its tributaries.  The demand was so great that by 1840, coal mines had been 

opened in eight western Virginia counties in the region which would soon become the 

state of West Virginia (Laing, 1966). 

In 1841 and 1846, respectively, the first deposits of natural gas and cannel coal 

were discovered in the Kanawha Valley.  The impact of the first discovery on coal 

production was not to be felt until more than a hundred years later but the second 
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discovery, that of cannel coal, had an immediate impact on the industry.   Cannel coal is a 

type of bituminous coal or oil shale which burns with a bright, smoky flame.  It contains 

a high percentage of hydrogen and became very popular as a fuel source when it was 

discovered that two gallons of crude oil could be extracted from a single bushel of coal 

leading to a flow of capital investment into the region (Athey, 2012).   While mining of 

cannel coal soon surpassed salt mining as the dominant mining industry in the region, 

growth of the industry was somewhat modest at first.  According to the 1850 census, only 

1,044 people were employed in mining in Virginia, with just 348 of them being miners.  

By the 1860 census, the number of coal miners had increased to 1,112, almost half of 

which were located in the western counties which would soon comprise West Virginia 

(Laing, 1966).   

The Civil War retarded the growth of the industry but after the war, coal mining 

exploded exponentially as new eastern capital investment began to flow into the region.  

Prior to the war, many of the mine operators had used slave labor to work their mines.  

When the conflict was over, shrewd investors paid local landowners, whose livelihoods 

had been sharply curtailed by the ravages of war, an average of $3.00 per acre for the 

timber and mineral rights to their land.  The mining companies then hired the former 

landowners and their offspring to work the mines and provided them with rental housing 

on the very land that had been in their families for generations.  By 1913, there were 

more than 70,000 coal miners in West Virginia, including 14,506 black and 32,612 white 

Americans, each earning 48 cents per ton of coal hauled out of the mines.  Most miners 

lived in mining camps as tenants in minimal subsistence, company provided housing 

without indoor plumbing.  They were paid in company script, redeemable only at the 
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company store for both living necessities, such as food and clothing, and work supplies 

like tools and blasting powder.  Even medical care was paid for on credit deducted from 

their weekly wages.  Working conditions in the mines were harsh, at best, with miners at 

constant risk of death by methane gas poisoning, black lung disease and mine explosions.  

Unionizing efforts were usually met with uncompromising and often violent resistance 

(Stinson, 1985). 

Despite harsh resistance, labor reform did eventually come to the coal mining 

industry.  The worst mining disaster in United States history occurred in 1907 at the 

Monongah coal mine in West Virginia.  That explosion, which claimed 362 lives and was 

one of 20 mine disasters nationwide that year was instrumental in moving the Congress to 

establish the U.S. Bureau of Mines in 1910 (MSHA, 2018).  Two decades prior, in 1890 

two competitive labor unions, the Knights of Labor Trade Assembly No. 35 and the 

National Progressive Union of Miners and Mine Laborers merged to form the United 

Mine Workers of America (UMWA), one of the first racially integrated affiliates of the 

American Federation of Labor (AFL).  In 1898, the UMWA successfully negotiated the 

first collective bargaining agreement with mine operators, an agreement which 

established wage and labor standards for coal mine workers in the Central Competitive 

Field of Pennsylvania, Illinois, Ohio, and Indiana.   

Unfortunately, mine operators in states outside of the Central Competitive Field, 

specifically Kansas, Alabama, Iowa, Wyoming, and West Virginia refused to negotiate 

with the union (Long, 2002).  Instead, operators in West Virginia and the other non-

unionized states used a variety of tactics from terror tactics, to targeted firings, to wage 

increases to undermine efforts to organize labor.  In southern West Virginia, the Baldwin-

https://www.encyclopedia.com/social-sciences-and-law/economics-business-and-labor/labor/knights-labor
https://www.encyclopedia.com/places/united-states-and-canada/us-political-geography/west-virginia
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Felts Detective Agency hired henchmen to conduct drive by shootings and forced 

eviction of the families of striking miners. In 1912, matters came to a head in a massive 

strike during which a threat by 6,000 union workers to kill company guards and destroy 

company equipment was only averted by the intervention of the state militia. Tensions 

eased a bit during World War I but quickly reached a boiling point again after hostilities.  

Just a year and a half after the Armistice was signed in Europe, all-out war broke out near 

the Kentucky border in Matewan, West Virginia, on May 19, 1920, between coal miners 

and the pro-union mayor and sheriff on one side and the agents of the Baldwin-Felts 

Detective Agency on the other.  Within 15 minutes, ten men were dead, including the 

mayor and the sheriff, and the armed conflict between the two sides raged until federal 

troops intervened three months later.  Following a series of trials of miners and union 

organizers accused of various crimes including murder, most resulting in acquittals, the 

assassination of a key pro-union politician by Baldwin-Felts agents in August 1921 

incited an all-out assault by 10,000 armed minors against the coal company and its 

guards.  To put down the rebellion, the companies hired private militia planes to bomb 

the union’s headquarters (Boissoneault, 2017).      

All of this was occurring against the backdrop of a time when there was still strong 

systemic opposition to efforts to organize miners in West Virginia.  Those mine safety 

laws that did exist were poorly enforced.  By 1904, despite thousands of miners having 

died in mining disasters, there had not been a single prosecution of a mine safety 

violation in the state.  When prosecutions did begin, it was rare that coal companies were 

the targets of those prosecutions.  In fact, in 1910, 159 of the 163 prosecutions for 

violations of mining laws in West Virginia were brought against individual miners, not 
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the companies they worked for (Galloway, 2017).  Two decades later, when the Great 

Depression took its grip on the nation, West Virginia had one of the highest 

unemployment rates of any state.  The election of Franklin Roosevelt in 1932 ushered in 

“New Deal” for West Virginians in general with federal relief agencies like the Works 

Progress Administration (WPA) and the Civilian Conservation Corps (CCC) leading the 

charge.  But the new Roosevelt administration was particularly beneficial to labor 

organizers and provided the legal framework under which the UMA was finally able to 

organize coal miners in the state (Thomas, 2010).   

In 1947, annual coal production in West Virginia peaked out at 146,088,121 tons 

(Eggleston, 1996a).  By the early 1950s, there more than 150,000 West Virginians 

employed by the coal mining industry.  Most were underground coal miners who were 

able to earn a living wage working deep underground under hazardous conditions.  After 

that, mechanization started to reduce the number of jobs and in the 1960s, companies 

began to bulldoze and dynamite hillsides to get at coal veins near the surface in a process 

which came to be known as mountaintop removal (Purdy, 2016).    

 

Environmental and Human Health Impacts of Mining 

In the interests of transparency, it would be disingenuous to suggest that 

Minden, West Virginia, was immune from environmentally based health concerns 

prior to the dumping of PCB laden equipment and oils there in the 1970s and 80s.  

Coal mining has always negatively impacted the environment and the health of 

people who live and work in mining communities.  In an article entitled “History 

of Coal Mining in Appalachia,” compiled by the Galloway Family Foundation 
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(Galloway, 2017), the human rights advocacy group brought forth a number of 

observations on the environmental impacts of coal mining in the U.S. from 

colonial times to the present.  The article mentions that in Appalachia, at least 

10,000 miles of streams were polluted by acid runoff and another 10,000 miles 

were decimated by sediment from landslides as hundreds of mountain tops were 

removed so that mining companies could gain access to rich veins of coal.  This 

process led to uncontrolled and devastating floods, damaged roads, coal waste 

fires that burned for decades, deadly waste dam collapses and large-scale 

deforestation of Appalachia.  These ecological impacts led to the human 

consequences of deprivation and chronic poverty impacting millions of people 

who call the region home, not to mention worldwide environmental effects of acid 

rain and global climate change flowing from the burning of coal (Galloway, 

2017).    

The Charleston Gazette-Mall, in an article published in May of 2018, 

reported that Fayette County, where Minden is located, has been fighting an uphill 

legal battle to stop companies like Danny Webb Construction, Inc., from injecting 

toxic fracking waste fluids into the ground in the county.  Two years prior, one 

scientific peer review study found pollutants downstream from the dumping site 

that was likely attributable to natural gas production while another such study 

found high levels of human hormone system disrupting chemicals in downstream 

water (Ward, 2018).  On a broader scale, the non-profit Physicians for Social 

Responsibility published a report in 2009 which found that coal mining 

contributes “to four of the five leading causes of [human] mortality in the U.S.:  
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heart disease, cancer, stroke and chronic lower respiratory diseases” (Ecospears, 

2018).   

In a broader, historical context, within 20 miles north of Minden lies the 

Hawk’s Nest Tunnel, the site of what has been described as “the worst industrial 

disaster in U.S. history” (Hand, 2018).  It was there, between 1930 and 1932, that 

as many as 5,000 men, seeking to escape chronic unemployment brought on by 

the Great Depression, were employed to drill a nearly four mile long tunnel 

through pure silica without the protection of dust masks or respirators (Dotson-

Lewis, 2009).  The men, forced to breath airborne silica dust particles in an 

unventilated space, developed silicosis, a painful, untreatable lung disease and 

within five years of exposure, at least 764 were dead (Smith, 2014).  Often, it was 

African-American men who were forced to work in most dangerous jobs where 

ventilation was poorest and dust and gas fumes were most concentrated.  As a 

result, the workers who died from silicosis were disproportionately black.   

 

Economic Decline in Minden, West Virginia   

Commercial coal mining began in the New River Coal Field, in Fayette County, 

West Virginia, in the 1870s, shortly after the American Civil War.  By 1890 or 1891, 

operations had expanded into Raleigh County (WVExp, 2015).  In 1899, coal baron W.P. 

“Paddy” Wren (also known as Paddy Rend) opened mining operations and founded his 

own mining town in Fayette County.  The town came to be known as Rend (Ecospears, 

2018) or, alternatively, Wrenville (Kenny, 1945).  Six years later, those mining 

operations were bought by another coal operator, Edward J. Berwind, who, sometime 
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between 1905 and 1907, changed the name of the town to Minden, in honor of his 

mother’s hometown in Germany (Frazier, 2016).  

Coal mining thrived in Minden and throughout the coal fields of West Virginia 

until the end of the Second World War.  Then, in the 1950s, coal operators began to 

drastically cut back on the labor force by replacing miners with machines.  During that 

decade, approximately 70,000 West Virginia miners, out of a work force of 125,000 in 

1950, lost their jobs.  Aided by a shift in demand to new forms of energy and growing 

concerns about workplace safety and environmental impact, that decline continued in the 

decades that followed with officials estimating employment in the coal mining industry to 

be down to about 12,000 today (Haught, 2017). Minden was no exception to the trend.  

During the first half of the 20th Century, its mines were a leading producer of bituminous 

coal and the town was home to a thriving community of 1,100, with grocery stores, 

baseball teams and churches (Dennis, 2018).  But the mines closed in the 1950s, 

according to some reports, about 1955 (CoalCampUSA, 2003).  After that, the town, like 

so many others in West Virginia and throughout Appalachia in general, experienced a 

steady decline in population and increases in unemployment and poverty among the 

residents who remained (Baptiste, 2018).  What sets Minden apart, however, was that in 

more recent years, the town began to earn for itself the dubious distinction of being 

labeled a cancer cluster (Dennis, 2018) and “the most toxic town in the United States” 

(Ecospears, 2018).  The explanation for that may be traced to events which occurred after 

the mines were closed in the 1950s. 
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Minden’s Mines Repurposed for Equipment and Waste Disposal   

In 1970, the Shaffer Equipment Company opened a manufacturing facility in 

Minden to build electrical equipment for the coal mining industry.  That equipment 

included transformers, capacitors, switches and voltage regulation devices which 

contained oil laden with PCBs, storing defective and outdated equipment on site (Linden, 

2018).  However, in 1979, the U.S. Environmental Protection Agency (EPA) banned 

PCBs because of their high toxicity and suspected link to cancer (Baptiste, 2018).   

Shaffer then disposed of much of the equipment it could no longer sell in abandoned 

mine shafts and in landfills near the Arbuckle Creek.  Even prior to that, it was common 

practice for Shaffer employees to spread PCB laden oil, unaware of its extreme toxicity, 

on local roads to hold down dust (Farrish, 2017a). 

Shaffer closed its Minden production site in 1984 but, as concerns grew over the 

disproportionate rate of cancer cases in and around Minden, the West Virginia 

Department of Natural Resources (WVDNR) inspected the site in September of that year.  

After finding several hundred abandoned transformers and capacitors on the site, the 

agency analyzed soil and sediment samples around the site and in a drainage ditch into 

the Arbuckle Creek and found elevated levels of PCBs.  WVDNR called in the EPA 

which conducted contaminated soil removal operations from December 1984 through 

December 1987 and from November 1990 through January1991 (Linden, 2018).  Then, 

in 1992, the EPA conducted a separate investigation in which it still found elevated PCB 

levels in 37 surface soil samples and 27 sediment samples (Mishkin, 2018).  The federal 

government sued Shaffer to recoup the five million dollars spent on cleaning up the site 

but the lawsuit was dismissed when it was discovered that the government’s expert, Bob 
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Caron, had lied about his educational credentials, an outcome which added to the 

cynicism of residents.  To make matters worse, in 1997 an arsonist set fire to the last 

building still housing PCB contaminated equipment, causing the EPA to conduct another 

review and leading to the U.S. Army Corps of Engineers placing of a cap on the site in 

2002, a move one local environmentalist described as putting “a Band-Aid over a bullet 

wound” (Baptiste, 2018).            

There is also evidence that there may be an element of environmental racism at 

play in the Minden environmental crisis.  When the EPA, under pressure from the 

community, returned to the Shaffer Equipment and Arbuckle Creek sites to do additional 

testing in June of 2017, according to a local newspaper, “of the 20 total sites tested, only 

one was done in the predominantly black neighborhood closest to the contamination site” 

(Baptiste, 2018).  In fact, of a total of 60 samples taken, only one was taken from that 

nearby African-American neighborhood (Farrish, 2017b).   

 

Confronting an Environmental Crisis 

While there is no attempt to suggest here that Minden, in the heart of the 

Appalachian coal mining region, was a public health utopia prior to Shaffer’s 

arrival in 1970, recent EPA testing revealed that no fewer than ten samples 

collected along the Arbuckle Creek had PCB levels high enough to require 

remedial action by the WVDNR.  Two of them require action even under the 

more forgiving EPA standard.  One sample, taken from the Shaffer site, was 

found to have a PCB level ten times that EPA actionable level (Farrish, 2017b).   

Meanwhile, according to the environmental advocacy organization Headwaters 
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Defense, over the last four years, 154 cases of cancer have been reported in 

Minden, 68 of them since the EPA performed its last round of testing in 2017 

(Hand, 2018).   

One Minden physician, Dr. Hassan Amjad, who treated over 100 local 

cancer patients, took on as his life’s mission to convince the world that Minden is 

a cancer cluster, and that PCBs in oil drums and equipment stored or dumped at 

the abandoned Shaffer mine site is the cause (Farrish, 2017a).  Dr. Amjad was 

convinced that the fact that the EPA remained officially skeptical of the 

immediacy of the threat PCBs are posing to human health in Minden is directly 

related to the fact that Minden is by and large a community of poor people.  

Support for Dr. Amjad’s position is more than anecdotal.  According to median 

household income data reported in the 2015 U.S. Census Bureau’s American 

Community Survey, West Virginia ranks near the statistical bottom of residential 

affluence.  Of the 50 states and the District of Columbia, West Virginia ranked 

49th with a median household income of $42,019 per year.  When adjusted for 

regional cost of living variances, West Virginia drops to 50th, with real annual 

income of $47,265.  Only Mississippi, with an adjusted real annual income of 

$47,092, came in lower (Mulhere, 2018).   If that’s not bad enough, median 

household income in Minden is low, even for West Virginia.  In 2016, when 

median household income in West Virginia as a whole was reported to be 

$43,385, the Minden household median was $38,504 (City-Data, 2018). If that 

data is accurate, Minden residents earned just 89 cents for every dollar earned by 

the average West Virginian.             
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Dr. Amjad didn’t live to complete his mission.  In August 2017, he was 

found slumped over the wheel of his car, dead of an apparent massive heart attack 

at age 70.  However, his physician daughter, Dr. Ayne Amjad, has vowed to 

continue her late father’s quest for environmental justice for the residents of 

Minden, West Virginia (Dennis, 2018).         

    

PCBs and Cancer Links in the Scientific Literature 

There have been numerous scientific studies analyzing the potential link between 

human exposure to PCBs and the occurrence cancer clusters.  Some were conducted in 

the United States but many have taken place in various countries around the world, 

including Canada, China, Egypt, Japan, Mexico, Slovakia and Sweden.  While there is a 

divergence of opinions regarding whether there is a direct cause and effect relationship 

between exposure to PCBs and the occurrence of some forms of cancer, there seems to be 

a general consensus in the scientific community that exposure, at least beyond a certain 

level, has been associated with various forms of cancer, including cancers of the breasts, 

brain, endocrine system, intestines, kidneys, liver, prostate, rectum, skin, stomach and 

white blood cells (more commonly referred to as Non-Hodgkin’s Lymphoma or NHL). 

 

PCBs as a Worldwide Health Threat 

For several decades, until they were banned by most industrialized nations, 

millions of pounds of polychlorinated biphenyls were produced in countries around the 

world.  Human exposure to those chemicals has been associated with a variety of adverse 

health effects on liver, kidney and endocrine functions as well as fetal brain development 
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(Faroon & Ruiz, 2016).  In one study, thousands of workers exposed for a minimum of 

90 days to high levels of PCBs at two capacitor manufacturing plants in New York and 

Massachusetts succumbed to a plethora of cancers, including liver cancer, rectal cancer, 

NHL, melanoma, breast cancer, brain cancer and cancers of the gastro-intestinal system.  

The authors claim that theirs was the first such cohort to show “a strong exposure-

response relationship” between PCBs and prostate cancer (Prince et al, 2006.  A cohort of 

3,569 workers at an Indiana capacitor manufacturing plant who were exposed to PCBs 

for 20 years from 1957 until 1977 exhibited a measurable uptick in mortality through 

1984 from melanoma and brain cancer.  The results of that mortality study were updated 

through 1998, confirming the results of the original study, which was that mortality from 

both melanoma and brain cancer increased with the level of exposure but not necessarily 

with estimated cumulative exposure (Ruder et al., 2006).     

Studies of the possible linkage between exposure to polychlorinated biphenyls 

and the occurrence of various forms of cancer in humans have not been limited to those 

conducted in the United States.  One study compared cancer incidence in two districts of 

eastern Slovakia, Michalovce and Svidnik, from 1985 through 1994 (Pavuk et al., 2004).  

Residents of both had experienced various levels of exposure to PCBs and three 

organochlorine pesticides though residents of the Michalovce district, home to a chemical 

plant with produced PCBs from 1959 until 1984, had been exposed to a higher level of 

PCBs and two of the pesticides than residents of the Svidnik district.  Male residents of 

Michalovce had higher rates of the tongue, stomach, lung, testes and kidney that Svidnik 

males but, interestingly, lower rates than expected of prostate cancer.  Female residents of 

Michalovce showed higher rates of cancer of the lip, stomach and lung but lower rates of 
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kidney and thyroid cancer than their counterparts in Svidnik.  Based on those findings, 

the study concluded that there is at least the possibility that the higher levels of exposure 

of residents of the Michalovce district may be associated with certain types of cancers, 

particularly cancers of the stomach and lungs (Pavuk et al., 2004).   

Another study of the health impacts of PCBs arose out of efforts to restore the 

Nile River, particularly near Cairo, as a fish habitat and a human recreational resource.  

That study looked closely at levels of PCBs and trace metals in the water, sediment and 

tilapia of the Nile.  It concluded that the lifetime cancer risk, across a spectrum of 

cancers, for human consumers of fish caught in the Nile, at both normal and subsistence 

levels, was unacceptable (Omar & Mahmoud, 2017). 

Not every cohort study has produced definitive results.  One team of 

researchers from the Department of Medical and Surgical Specialties, 

Radiological Sciences and Public Health at the University of Brescia in Brescia, 

Italy conducted a comprehensive review of 121 studies conducted over a four year 

period between January 2013 and December 2016.  They looked at reported levels 

of exposure to PCBs, intervening factors, cancer incidence and mortality rates and 

found inconsistent results for both melanoma and NHL.  The researchers found 

that collectively, the cohort studies they reviewed do not support the conclusion 

that human exposure to PCBs increases the risk of melanoma and NHL (Zani, 

Ceretti, Covolo & Donato, 2017).  Similarly, another study of 12 populations 

which had been exposed to PCBs did not demonstrate an association between 

PCB exposure and the risk of contracting malignant melanoma (Boffetta, 

Catalani, Tomasi, Pira & Apostoli, 2018).  The authors were careful, however, to 
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add the caveat that “the results of internal analysis of selected studies” did support 

such an association. 

Researchers in China studied hepatocellular carcinoma, described by them 

as “one of the most common cancers in China with high mortality and high 

chemotherapy resistance incidence, and poor prognosis,” to try to determine what, 

if any, effect the presence of PCBs and hexabromocyclododecane (HBCD) might 

have on the ability of liver cancer cells to resist chemotherapy (An, Wang, Guo, 

Zhong, Zhang & Yu, 2014).  The results indicated that HBCD and PCBs, even at 

low levels, could significantly increase the chemoresistance of liver cancer cells 

to chemotherapy drugs like cisplatin.   Ludewig (2012) also looked at whether 

PCBs might act as initiating agents in the occurrence of hepatocellular carcinoma.  

In this context, initiation refers the process of irreversibly changing the DNA 

structure of cells.  Two different cohorts of victims of poisoning by ingestion of 

PCB and PCDF tainted rice oils were examined, one in Japan in 1968 and the 

other in Taiwan in 1979.  Forty years after the Japan incident, they observed that 

there was an increased risk of both liver and lung cancer in men, and in liver 

cancer, only, for women.  Twenty-four years after the Taiwan event, there was 

evidence of increased mortality from liver disease, but not specifically from liver 

cancer (Ludewig, 2012).  One animal study involving mice has supported the 

hypothesis that the presence of ingested iron may have a synergistic effect on 

inducing liver cancer in organisms exposed to polychlorinated biphenyls (Smith, 

Francis & Carthew, 1990).      
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There seems to be little debate that environmental factors may be linked to the 

occurrence of breast cancer and the prognosis for recovery therefrom.   Some 

environmental factors like cigarette smoke, well done meat, oral contraceptives and 

prolonged use of hormone replacement therapy increase breast cancer risk, while breast 

cancer links to other toxins, including PCBs, may vary based on socio-demographic 

factors (Mitra, 2004).  Other studies have reached more definitive results.  Analysis of 

data gathered between 1999 and 2004 in a National Health and Nutrition Examination 

Survey compared PCB concentrations in the blood of U.S. women who reported a breast 

cancer diagnosis with others who were never diagnosed with the disease, and found a 

significant association between environmental exposure to PCBs and an increased risk of 

breast cancer (Morgan, Deoraj & Roy, 2016).  Further, a cohort of women diagnosed 

with breast cancer in 1996 and 1997 were followed through 2011 (Parada et al., 2016).  

After five years, 54 of them had died, 36 of which were breast cancer related.  After 15 

years, the death toll was 187 and 74 of those deaths were breast cancer related.  The 

researchers concluded that while the modality of their influence on breast cancer survival 

remains unknown, exposure to PCBs may indeed impact survival of breast cancer 

patients (Parada et al., 2016).      

Other studies have found links between exposure to polychlorinated biphenyls 

and kidney cancer, pancreatic cancer, cancer of the brain, prostate cancer and depression 

of the immune system.  The kidney cancer study involved three male subjects who had 

worked at an electric utility company for many years and whose work involved 

maintaining and repairing transformers with a coolant laced with PCBs.  Without any 

other significant risk factors identified, each developed primary renal adenocarcinomas 
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(Shalat, True, Fleming & Pace, 1989).  With respect to pancreatic cancer, in a much 

larger cohort of 2,222 males employed at a transformer manufacturing facility in Canada 

between 1947 and 1975, the only site specific increase in mortality involved pancreatic 

cancer deaths with the highest mortality rates reported in departments with the greatest 

exposure to PCB laced transformer fluid  (Yassi, Tate & Fish, 1994).  While studies of 

PCBs as a risk factor for human brain cancer seem lacking, PCBs were shown to promote 

the development of brain metastases in mice (Seelbach et al., 2010).  As to prostate 

cancer, a large cohort of 32,496 Swedish men, aged 45 to 79, was followed over a 14 

year period beginning in 1998, to assess the association between dietary exposure to 

PCBs and the occurrence and progression of the disease.  No association between dietary 

exposure and low or intermediate grade prostate cancer was found, but a positive 

correlation of such exposure to high grade prostate cancer and mortality was observed 

(Ali et al., 2016).   Finally, PCBs and other chemical toxins passed by Dutch mothers to 

their babies during pregnancy and while nursing weakened their children’s immune 

systems (Kaiser, 2000).  In that study of 207 mothers and infants living outside of 

Rotterdam, half of whom were breast fed, there was evidence that the babies, especially 

those who had been nursed, had had their immune systems compromised by exposure to 

PCBs, leading to more infections during their first 3 ½ years of life (Kaiser, 2000).                   

 

Cancer Outcomes as a Function of Geographical Proximity to Point Source 

Acknowledging that there have been many, many scientific studies 

supporting, refuting or, in some cases, leaving for further study, the hypothesis 

that exposure to PCBs precipitates or exacerbates various forms of human 
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cancers, what does the scientific community have to say about the possibility that 

the likelihood of developing or dying from cancer is dependent on how close a 

subject lived or worked to a PCB pollutant point source?  Researchers from the 

Harvard School of Public Health, the Rollins School of Public Health at Emory 

University in Atlanta, and the Harvard Medical School analyzed the PCB levels in 

the cord serum of 720 infants born to mothers who lived near a PCB-

contaminated Superfund site in Massachusetts from 1993 through 1998 (Choi et 

al., 2006).  They found that a number of factors, such as the mother’s age, 

birthplace, smoking habits, diet and consumption of locally produced dairy 

products as well as whether and, if so, when the Superfund site had been dredged 

did influence cord serum PCB levels, but not residential proximity to the site 

(Choi et al., 2006). 

A study of a cohort of 482 eight to nine year old boys in Chapaevsk, Russia,  

found that boys who were older, consumed locally grown food, were breast fed longer 

and whose mothers worked at the chemical plant where the PCBs and dioxins were 

manufactured had significantly higher toxic equivalent (TEQ) readings than other boys in 

the study (Burns et al., 2009).  They also found that boys who lived less than two 

kilometers from the chemical plant had higher TEQs than boys who lived more than five 

kilometers from the plant (Burns et al., 2009).           

Researchers at the School of Public Health, University at Albany, part of the State 

University of New York, looked at the problem from a slightly different perspective.  

They tested the hypothesis that women who live in a zip code that contains either a PCB 

hazardous waste site or a body of water contaminated by PCBs are at risk of bearing low 
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weight babies, especially boys.  They concluded that after adjusting for numerous other 

risk factors, women in such zip codes are more likely to give birth to low birth weight 

babies (Baibergenova, Kudyakov, Zdeb & Carpenter, 2003).   

However, another study on the impact of residential proximity to hazard sources 

(Brender, Maantay & Chakraborty, 2011) questioned the wisdom of linking risk of 

adverse health outcomes to specific zip codes.  Starting from the premise that a 

meaningful study of the risk of cancer in adults based on residency in proximity to toxic 

point sources would require gathering residential histories for a period of 15 to 30 years 

before first cancer diagnosis, the authors chose to limit their review to 94 studies 

examining residential proximity to environmental hazards and adverse reproductive 

outcomes and cancers, respiratory conditions and cardiovascular disease in exposed 

children.  They found that U. S. mothers living at time of delivery within 1,000 meters of 

cornfields where pesticides had been used were more likely to give birth to babies with 

malformed limbs or germ-cell tumors, non-Hodgkin’s lymphoma or Burkitt lymphoma.  

Some of the European studies they examined drew associations between traffic related 

pollution exposure and childhood leukemia.  Other reviewed studies indicated that 

children whose mothers lived near petrochemical plants, gas stations, repair garages, 

nuclear power plants, landfills and hazardous waste sites while they were pregnant, were 

more likely to develop brain cancer (Brender et al., 2011).   

But the Brender report cautioned against using residency within a particular zip 

code as a surrogate for geographical proximity or nearness to an environmental hazard 

point source.  To begin, based on the way administrative boundaries are drawn, Subject A 

might reside in the same zip code as the toxic waste source at issue but her residence 



26 
 

might to located several miles from the source.  On the other hand, Subject B might live 

in a different zip code but because the toxic waste source and Subject B’s residence are 

both located close, albeit on opposite sides of the boundary between two different zip 

codes, Subject B might actually live a couple of hundred meters from the toxic waste 

source.  In a zip code based study, Subject A would be included but Subject B would not, 

thus skewing the results.  The report postulates that distance-based methods, wherever 

possible are an improvement over those based on arbitrary administrative boundaries but 

even with distance-based studies, other factors such as climate and topographic 

characteristics can throw the results off kilter.  And, with respect to pregnancy outcomes, 

the authors of the study point out that for some considerations, residency at the time of 

conception may be more important that residency at the time of child delivery.  All things 

considered, the report concludes that there is enough evidence of a “plausible risk” 

between adverse health outcomes in infants and children and residential proximity to 

environmentally hazardous point sources to raise public concern (Brender et al., 2011).  

 

Characterizing Health Disparities and the Environment: Environmental Justice 

 To characterize health disparities and their connection with the environment, we 

start by defining the concept of environmental justice (EJ).  According to the EPA, 

“environmental justice is the fair treatment and meaningful involvement of all people 

regardless of race, color, national origin, or income, with respect to the development, 

implementation, and enforcement of environmental laws, regulations, and policies,” with 

“fair treatment” meaning striving towards the goal of all persons benefitting from the 

same degree of protection and “meaningful involvement” meaning equal access to the 
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process of environmental policy decision-making by all stakeholders (EPA 2020).  Using 

that definition as a backdrop, what are the characteristics of EJ communities which set 

them apart from non-EJ communities?   

 Researchers have studied this question of how to define EJ communities.  In one 

study, the author pointed out that since the 1987 publication of Toxic Wastes and Race in 

the United States, the first nationwide study of EJ issues, conducted by the United Church 

of Christ’s Commission on Racial Justice, shed light on the fact that communities of 

people of color are disproportionately affected by EJ issues, there has been a growing 

body of evidence that socio-economic status is just as strong a predictor of negative EJ  

impact on a community (Liang, 2016). Nevertheless, Liang concluded that there is (or 

was at the date of publication) no clear definition of what actually are EJ communities 

and that that lack of clear definition hampers the federal government in administrating EJ 

mediating programs.  In a California study, researchers found that highly polluted 

environments were often found where the populations are predominantly low-income, 

racial and ethnic minority and non-English speaking.  The researchers in that study 

advocated for the development of cumulative impacts analysis tools to help identify 

communities facing environmental issues and ensure that ameliorative resources are 

brought to bear where they are needed (Alexeeff et al., 2012).  

 One advocacy group, Foresight Design Initiative, which asserts that its mission is 

“to build the capacity of leaders, organizations, collaboratives, and other systems change 

agents to accelerate progress toward greater ecological balance, economic vitality, and 

social equity and justice” publishes a blog to promote its agenda.  In an article published 

in  2017, the organization stated that EJ communities are characterized as those which 
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experience a disproportionate exposure to environmental hazards and increased 

vulnerability to those hazards.  It further emphasizes that in such communities of 

predominantly minority, low-income, tribal or indigenous populations, both 

environmental and socio-economic stressors may combine synergistically to create health 

disparities between those populations and the larger, non-EJ community (FDI 2017).     

Gee  and Payne-Sturges (2004), who was formerly with the EPA’s Office of 

Policy, Economics and Innovation, analyzed the issue of the interaction of social and 

environmental factors in the synergistic production of health outcome disparities.  They 

found that even after accounting for economic disparities, minority neighborhoods are 

plagued with higher rates of mortality, morbidity and other health risks than 

predominantly white neighborhoods, a result found in other studies (Cubbin et al., 2001; 

Deaton & Lubotsky, 2003; Geronimus et al., 2001).  Gee and Payne-Sturges (2004) go on 

to find that disadvantaged minorities are more vulnerable because of what they describe 

as community stress, a lack of resources that less economically deprived communities 

can rely on to buffer themselves against exposure to environmental hazards.   

The Gee and Payne-Sturges (2004) model is built around what the authors refer to 

as the stress-exposure disease framework, the idea that stressors like unemployment or 

underemployment, discriminatory housing policies and practices, exposure to an 

environment where criminal activity is ever-present and even living in poor 

neighborhoods where resources are scarce and pollution sources are in close proximity 

tend to make those who experience such stressors more susceptible to disease.  The 

authors contend that overcrowding, social disorder, racial discrimination, fear for one’s 

physical safety and lack of economic resources are psychosocial conditions that are likely 
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felt by residents in those neighborhoods as stressors (Krieger and Higgins 2002; 

Macintyre et al., 2002).  Stressors, they further opine, can trigger the rapid release of 

adrenalin and noradrenalin which in turn produces responses like arousal, 

bronchodilation, tachycardia, and hypertension.  Chronic stress, they add, leads to a 

breakdown of on organ systems (McEwen 1998) and a diminishing of the body’s 

capacity to respond effectively to external challenges (Gee and Payne-Sturges 2004).  

The bottom line, according to the article, is that stress may increase the absorption of 

toxicants into the body through increased respiration, perspiration, and consumption 

(Gordon 2003); b) compromise the body’s immune system (McEwen 1998); and c) 

directly cause illness, which in turn may lead to an amplification loop whereby sick 

individuals are less likely to cope with environmental toxicants (Rios et al. 1993; U.S. 

EPA 2003b).     

Gee and Payne-Sturges (2004) do, however, offer a hopeful note.  They suggest 

that the ability of community stakeholders to control their environment may mitigate EJ 

issues in two ways.  First, empowered communities may be able to protect themselves 

from the [introduction] of new hazards and eliminate extant ones (Bullard & Wright, 

1993; Lee 1993; Morello-Frosh et al., 2002; Phoenix, 1993; Rich et al., 1995; 

Zimmerman, 2000).  Secondly, these communities may also be able to control the 

political arena that shapes their health beyond the effect of environmental pollutants (Gee 

& Payne-Sturges, 2004).   

Setting aside the near racial homogeneity of the Minden community, the Gee and 

Payne-Sturges (2004) model may help to explain the social determinants of health that 



30 
 

the tiny West Virginia community is facing and has faced for nearly fifty years – and 

offer hope.    

 

Research Question, Hypotheses and Specific Aims 

The original approach to this research topic was to attempt to answer one research 

question, test two hypotheses, and pursue six specific aims.  Discussions with a Region 3, 

Eastern Branch, Agency for Toxic Substances and Disease Registry (ATSDR) expert 

resulted in the discovery that specific geolocation data is not available to the public.  

Therefore, a decision was to examine environmental justice (EJ) characteristics and the 

potential for increased reporting of cancer rates when compared to non-EJ communities.  

An additional discovery which came out of those discussions was that the community of 

interest was designated by the EPA, in May 2019, as an NPL site.  Accordingly, a 

comparison of NPL communities where PCBs were discovered was used for the revised 

research question, hypotheses and specific aims. 

The basic research question I examined was:  Does a county characterized as an 

EJ-NPL community report increased cancer rates that are linked with PCB exposure 

when compared to non-EJ-NPL counties in West Virginia? 

The two hypotheses I sought to test were: 

1.  The per capita cancer rate for residents in Minden and its environs is 

Inversely related to the distance those residents lived from the Shaffer site, Arbuckle 

Creek and the specific roadways in Minden where PCB laden waste oils were spread to 

control dust; and/or   

2.  Minden, as an EJ community, has reported a higher cancer rate (for those 

https://www.google.com/url?sa=t&rct=j&q=&esrc=s&source=web&cd=1&cad=rja&uact=8&ved=2ahUKEwj9yJ-4qsjnAhUmlXIEHQiuAaAQFjAAegQIEBAC&url=https%3A%2F%2Fwww.atsdr.cdc.gov%2F&usg=AOvVaw3wPvAhOlVtD0mGq7ASW7Ix
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Cancers associated with PCB exposure) when compared to other NPL sites that are not 

characterized as EJ. 

 

Specific Aims  

The specific aims of this research project were: 

1.  To evaluate available county-level data to determine cancer rates of three NPL 

counties reporting PCB exposure; one EJ and two non-EJ designated counties.  

2.  To characterize cancer types associated with PCB exposure for the three NPL 

counties.       

3.  To analyze the data gathered to answer the research question and hypotheses. 
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Chapter II 

Methods 

 

Several steps were taken to answer the research question.  In order to characterize 

Fayette County as an EJ community, components of the Gee and Payne-Sturges (2004) 

model were used.  

  

Analysis of  Cancer Registry Data 

The research began by accessing data publicly available through the West 

Virginia Cancer Registry (the Registry).  The 2019 RWJ County Health Rankings Key 

Findings Report contained the most recently published statistics.  The report offered 

demographics related to age, race, gender, residential setting, educational achievement, 

employment status, income, wealth or lack thereof, homeownership, housing cost burden 

and a statistic referred to as the income inequality factor, which is defined as the ratio of 

household income at the 80th percentile to income at the 20th percentile (RWJ 2019). 

The data in the registry is organized by county.  The 2018 West Virginia Cancer Burden 

Report gives the average annual age-adjusted cancer incidence rates and 95% confidence 

intervals for cancer generally, and for 27 specific cancer types for all 55 West Virginia 

counties over the five year period 2011 through 2015 (Kennedy et al., 2018).   In each 

category, it also compares the individual county rates to the corresponding rates for the 

state of West Virginia and for the United States as a nation.  The town of Minden, West 
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Virginia, is located in Fayette County so it was of particularly interest to examine where 

Fayette fell on the spectrum.   

 In analyzing the Cancer Registry Data, I examined whether the cancers more 

prominent in Fayette County are the types that are more commonly associated with PCB 

exposure.  As noted in the introductory chapter of this thesis, there is a general consensus 

that exposure to PCBs, at sufficient levels, is at least a contributing factor toward the 

development of certain forms of cancer in human beings, including breast cancer, brain 

cancer, prostate cancer, NHL and cancers of the endocrine system, intestines, kidneys, 

liver, rectum, skin and stomach (Faroon et al., 2016).  That consensus derives from 

numerous cohort studies not only from across the United States of America (Prince et al., 

2006, Ruder, et al., 2006, Morgan et al., 2016 & Parada et al., 2016), but also from 

researchers around the globe (Pavuk et al., 2004).   

 On the other hand, a number of studies have failed to find a significant connection 

between PCB exposure and certain forms of cancer.  Researchers at the University of 

Brescia, Italy, for instance found inconsistent results with respect to melanoma and NHL 

(Zani, et al., 201&) and another study found the linkage between PCB exposure and 

malignant melanoma to be inconclusive (Boffetta et al., 2018).   Other studies have 

linked PCB exposure to brain cancer in laboratory mice but failed to find a significant 

risk factor for humans (Seelbach et al., 2010).  Still others have linked dietary PCB 

exposure to high grade prostate cancer but not to prostate cancer considered to be low or 

medium grade (Ali et al., 2016).   

 Taken as a whole, the studies reviewed seem to agree that PCB exposure is a 

likely factor in the occurrence of cancers of the breasts, intestines, liver, lungs, rectum, 
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stomach and esophagus, tongue and testes.  On the other hand, many of the studies have 

questioned the link between PCB exposure and cancers of the prostate gland, kidneys, 

thyroid gland, skin (melanoma) and white blood cells (NHL).  

  

Classification of EPA Superfund NPL Sites in West Virginia 

The first phase of this step was to look to identify the other Superfund NPL sites 

in West Virginia, and determine which ones are on the list because of PCB 

contamination.  Once the PCB sites were isolated, the next phase was to compare the 

cancer statistics for the other counties in which those sites are located to the Fayette 

County cancer statistics.  Outside of Minden and the Shaffer mine site in Fayette County, 

there were twelve NPL sites located in eleven West Virginia counties other than Fayette 

County when the research on this topic began.  This point is noted here because during 

the course of this research, the EPA removed three of those sites from the NPL and added 

the Minden site to the list.   

Having identified all of the NPL sites in the state, the next phase of the analysis 

was to determine which of those sites, other than the Minden-Shaffer Equipment site, are 

on the NPL because of PCB contamination.  To make that determination, the EPA reports 

on each site were consulted.  Once all PCB contaminated sites were identified, the next 

phase of this step was to compare the health outcomes of the counties where those sites 

are located by creating a chart making a side by side match up of demographic data.  This 

allowed evaluation if health outcomes, in the contest of this study, are determined by two 

factors, the level of exposure to the harmful toxins at issue and the social vulnerability of 

the exposed population.  Two individuals exposed to the same toxic pollutant are likely to 
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have very different health outcomes if one of them has had access to regular preventative 

health care, a healthy diet and a working knowledge of healthy lifestyle choices while the 

other has not.  This is not just a reasonable assumption.  There have been numerous 

studies on the impact of comorbidities on the prognosis (Bebe, Hu, Brown & Tulp, 2019), 

treatment (Pirschel, 2017) and survival of cancer patients (Sogaard, Thomsen, Bossen, 

Sorensen & Norgaard, 2013).  Interestingly, Sogaard et al. specifically singled out colon, 

breast and lung cancers, three of the nine forms of cancer most associated with PCB 

exposure, as the types which featured prominently in the comorbidity studies. 

There are several possible explanations as to why Minden is an NPL site: 1) pure 

coincidence; 2) property values were lower in that industrial neighborhood so poor 

people moved there because that’s where they could afford the rent; or 3) the community 

was already poor and politically weak so Shaffer moved its operations there because it 

was the path of least resistance. 

 

Comparison of Social Vulnerability Factors 

The next step was to consider the role that social vulnerability plays in not only 

the exposure of a community to toxins like PCBs but also to the health outcomes 

members of a vulnerable community experience once having been exposed.  Social 

vulnerability is the measure of how the factors addressed in the Gee and Payne-Sturges 

(2004) model, such as overcrowding, social disorder, racial discrimination, fear for one’s 

physical safety and lack of economic resources, are in play in a given community, 

increasing risk for disease.   
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The Social Vulnerability Index (SVI) developed by ATSDR (2019) measures a 

variety of these components to determine the relative vulnerability between two or more 

communities by assigning a number from 0 to 1. The higher the number within that 

range, the more vulnerable a community might be to adverse impacts from exposure to 

environmental hazards.  Examining the characteristics of social vulnerability called for 

the development of a chart comparing the NPL counties where PCB contamination was a 

factor, and the state as a whole, in categories that included population, race, income, 

education, housing and exposure to violence.  Using data from the RWJ County Health 

Rankings, a chart was created to compare the demographics of the subject counties.   

Then, using ATSDR’s (2019) SVI tool, the community data was compared to the 

SVI scores in an attempt to form a more comprehensive view of the vulnerability of the 

affected communities. One way to examine the data was to look at social vulnerability on 

a more localized level to see if there was a potential association between the location of 

the PCB contaminated Superfund NPL sites and the U.S. Census tracts with higher SVIs.  

The thinking here was that regardless of what the SVI of the county as a whole is, if the 

SVIs of the tracts at or near the NPL site are higher than that of the county at large, that 

fact might be an indication that the social vulnerability of the county is being driven, at 

least in part, by factors localized to the vicinity of the NPL site or vice versa.   

Obviously, other factors might also be in play, for example, the census tracts near 

the NPL site might be home to a population that is more elderly, less affluent, less 

educated and/or experiencing a higher rate of chronic unemployment.  It could be purely 

coincidental that a community that is more socially vulnerable also happens to be host to 

an NPL site with PCB contamination issues.  It could be that that a more vulnerable 
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population moved into census block group areas where NPL sites were located because 

those were the only areas the people in that demographic could afford.  Or it could be, on 

a more nefarious level, that the pollution generating entity was deliberately placed where 

it is, in a socially vulnerable community, because that community offered a path of least 

resistance.   

The intent of this paper is not to try to solve that chicken or egg conundrum.  The 

intent is simply to try to determine, on a sub-county level, whether it is more likely than 

not that communities with PCB contamination experience a higher level of social 

vulnerability and thus are more likely to suffer adverse health effects from exposure to 

pollutants. 

 

Expert Consultation 

 Consulted in the course of this research was Lora Siegmann Werner, the Regional 

Director of the ATSDR’s Eastern Branch, Region 3.  Region 3 encompasses the state of 

Delaware, Maryland, Pennsylvania, Virginia, and West Virginia and the District of 

Columbia, with a total 2018 estimated population of 30,842,921, almost ten percent of 

the total 2018 estimated U.S. population of 327,167,434 (Census, 2018).  The ATSDR 

(Centers for Disease Control and Prevention) is an agency of the U.S. Department of 

Health and Human Services charged with protecting communities across the nation from 

the harmful effects of human exposure to hazardous substances.  It investigates 

environmental health threats, conducts research on the health impacts of toxic waste sites 

and provides guidance to state and local health agencies (ATSDR, 2019).  Lora Werner is 

a scientist with a lifelong passion for environmental science who graduated from 
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Rensselaer Polytechnic Institute with a degree in Science and Technology Studies and 

worked with the Georgia Division of Public Health on emergency preparedness issues 

before earning a Master’s in Public Health from Johns Hopkins University.  She then 

moved to Philadelphia where she gained further experience working with the Federal 

Emergency Management Agency (FEMA) before joining ATSDR in 1999 (CDC-24/7, 

2015).            

 Ms. Werner was asked about the challenge of being able to conclude that there 

exists a cause and effect relationship between the history of the dumping of PCBs in and 

around Minden, WV, and the perceived higher than normal per capita rate of cancer cases 

and cancer related deaths in that community.  Specifically, she was asked the following 

four questions: 

1. Where can health outcomes (and particularly cancer) data be found at the 

town, census block and/or census tract level? 

2. Where can demographic data be found at the town, census block and/or 

census tract level? 

3. Is there any scientific research that has definitely found that PCB exposure is 

a cause of any specific forms of cancer? 

4. Is there data available as to specifically where cancer patients resided or 

worked that could be used to map out how close they were to where, in the case of 

Minden for example, to where the toxic substances, again, in this case the PCBs, were 

stored or dumped? 
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Site Visit to Observe Intangibles 

 The final step in the research into this topic was a visit to the situs of the 

environmental disaster, the town of Minden, West Virginia.  The purpose of the visit was 

to make first-hand observations of the landscape, the creek bed and the residential 

community that is Minden.  During the visit, photographs were taken and the condition of 

the homes, churches and other structures was observed.  Those first-hand observations 

were then compared with data with respect to per capita income, median household 

income, median family income and poverty.   In addition, photographs taken were 

compared with photos taken by others in the recent and somewhat more distant past to 

see if any notable changes were apparent. 
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Chapter III 

Results 

 

 The five steps specified in the methods chapter were followed in order.  The 

results were then analyzed to determine if any conclusions might be drawn from the data.  

 

Cancer Registry Data 

 For the nine forms of cancer with the clearest association to PCB exposure, 

Fayette County’s age-adjusted incidence rates are higher than the state average in all but 

three (small intestine, stomach and female breast cancers) and higher than the national 

average in all but four (small intestine, stomach, female breast and liver and bile duct 

cancers) (Table 1).  In fact, only seven of  West Virginia’s other 54 counties had higher 

age-adjusted incidence rates of lung and oral cancers than Fayette County and only eight 

had higher esophageal cancer incidence rates than Fayette.    

 With that information as a backdrop, the first step in the analysis was to look to 

the West Virginia Cancer Burden Report (Kennedy, Blankenship, Allen, Ostien, Conn, 

Wright & McCoy, 2018) to see how Fayette County compared to the state’s other 54 

counties in terms of reported incidences of cancer.  The report, among other things, 

contains charts showing the average age-adjusted cancer incidence rates and 95% 

confidence intervals of twelve reported cancer types and it uses bar graphs to demonstrate 

where each county ranks in total reported cancers and in each of twelve specific cancer 

types.  The data for the chart is taken from the West Virginia Cancer Registry, a division 
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Table 1. Age-adjusted rates for nine PCB associated cancers.  

CANCER TYPE National 
Average 

Rate 

State 
Average 

Rate 

Fayette 
County 

Rate 

Fayette 
Co. Rank 
out of 55 
Counties 

Breast Cancer (in females) 124.4 116.3 110.0 30 

Colon and Rectal Cancers 39.3 47.0 52.5 16 

Esophageal Cancer 4.6 5.4 7.4 9 

Liver and Bile Duct Cancers  8.1 6.5 7.1 18 

Lung and Bronchus Cancers 59.9 80.3 94.1 8 

Oral Cavity and Pharynx Cancers 11.6 12.8 16.0 8 

Small Intestinal Cancer 2.4 2.2 1.1 44 

Stomach Cancer 6.6 6.2 4.6 42 

Testicular Cancer 5.6 5.6 6.3 22 

 
Comparison of Fayette County to state and national averages with regard to age-adjusted 
rates per 100,000 residents for nine PCB associated cancers, derived from 2011-2015 
data from the West Virginia Cancer Burden Report (Kennedy, et al, 2018)  

 
 

of the West Virginia Department of Health and Human Resources’ Bureau for Public 

Health, and the United States Cancer Statistics: 1999-2015 Incidence and Mortality Web-

based Report, a publication of the U.S. Dept. of Health and Human Services Centers for 

Disease Control and Prevention and National Cancer Institute; 2017.  The West Virginia 

data covers the five years beginning in calendar year 2011 and running through calendar 

year 2015.  The bar graph in Figure 1 shows that for that time period, with regard to all 

reported types of cancer, Fayette County, with 490.2 reported cases per 100,000 

residents, ranked slightly higher than the statewide average of 476.8.   
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Figure 1.  Age-adjusted per capita cancer rates for all types of cancer cases reported in 
the West Virginia Cancer Burden Report of 2018.  Retrieved 9/18/18 from 
https://moh.wv.gov/resources/Documents/2018%20Burden%20Report%20FINAL.pdf 
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Fayette County, at least during the time period covered by the 2018 report, had , 

had more overall cases of cancer reported than the average West Virginia County.  What 

Figure 1 doesn’t indicate is whether that higher rate had anything to do with the fact that 

people in the county, particularly in and around the town of Minden, were exposed to 

PCBs.   

To begin to approach an answer to that question, it was important to focus on 

those cancer types most commonly associated with exposure to that particular toxin.  All 

cancer types covered by the 2018 West Virginia Cancer Burden Report were, in 

alphabetical order, bones & joint cancers, brain cancer, female breast cancer, cervix and  

uterus cancers, colorectal cancer, esophageal cancer, gallbladder cancer, Hodgkin 

lymphoma, kidney and renal cancer, laryngeal cancer, leukemia, liver and bile duct 

cancers, lung and bronchial cancer, melanoma, myeloma, non-Hodgkin lymphoma, oral 

cavity and pharynx cancers, ovarian cancer, pancreatic cancer, prostate cancer, cancer of 

the small intestines, soft tissue (including heart) cancers, stomach cancer, cancer of the 

testes, thyroid cancer, and urinary bladder cancer.  Of those twenty-seven types, there 

seems to be no disagreement among the numerous cohort studies that nine of them, 

female breast, colorectal, esophageal, liver & bile duct, lung and bronchial, oral and 

pharynx, small intestine, stomach and testicular cancers have all been linked to PCB  

exposure.  Are the residents of Fayette County more likely or less likely to develop those 

nine types of cancer than the average West Virginia resident?    

When Fayette County’s rates for each of the 27 individual cancer types associated 

with PCB exposure were considered, the findings ran the gamut.  For oral cavity and 

pharynx cancer, for example, Fayette County ranked 8th out of 55 counties with 16.0 
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reported cases per 100,000 residents.  Similarly, Fayette was also 8th out of 55 counties in 

terms of lung and bronchus cancer, reporting 94.1 cases per 100,000 residents and 17th 

highest in reported leukemia, with 16.5 cases per 100,000 people.   

On the other hand, in other types of cancer, Fayette County was down near the 

bottom of the list.  The county came in at 41st  out of 55 counties in urinary bladder 

cancer, reporting just 20.2 cases per 100,000 residents, 48th in thyroid cancer cases with 

9.2 per 100,000 residents, and 49th on the list for pancreatic cancer with just 7.1 reported 

cases per 100,000 people.  

 

Cancer Incidence in the NPL Sites in West Virginia 

When the research into this topic began, there were twelve NPL sites in West 

Virginia (Table 2).  Specifically, they were the Allegany Ballistics Laboratory site in 

Mineral County, the Big John Salvage site in Marion County, the Fike Chemical site in 

Putnam County, the Follansbee coal and tar processing site in Brooke County, the 

Hanlin-Allied-Olin site in Marshall County, the Leetown Pesticide site in Jefferson 

County, the North 25th Street Glass and Zinc site in Harrison County, the Ordnance 

Works Disposal site in Monongalia County, the Ravenswood Perchloroethylene site in 

Jackson County, the Sharon Steel-Fairmont Coke Works site also in Marion County, the 

Vienna Tetrachloroethene site in Mason County, and the West Virginia Ordinance site in 

Mason County.  During the course of the research, the EPA removed three of those sites, 

namely the Follansbee coal and tar processing site in Brooke County, the Leetown 

Pesticide site in Jefferson County and the West Virginia Ordinance site in Mason County, 

from the National Priority List.  
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Table 2.  13 NPL sites in West Virginia. 
 

 # Name of Site County City Zip Code 

1 Allegany Ballistics Laboratory Mineral Rocket Center 26753 

2 Big John Salvage-Hoult Road Marion Fairmont 26554 

3 Fike Chemical, Inc.   Putnam Nitro 25154 

4 Follansbee (coal & tar plant) Brooke Follansbee 26037 

5 Halin-Allied-Olin (chemicals) Marshall Moundsville 26041 

6 Leetown Pesticide Jefferson Leetown  25430 

7 North 25th Street Glass & Zinc Harrison Clarksburg 26301 

8 Ordnance Works Disposal  Monangalia Morgantown 26505 

9 Ravenswood Perchloroethylene Jackson Ravenswood 26164 

10 Shaffer Equipment Company 

/Arbuckle Creek 

Fayette Minden 25879 

11 Sharon Steel Corp-Coke Works Marion Fairmont 26554 

12 Vienna Tetrachlorethene Wood Vienna 26105 

13 West Virginia Ordnance Mason Point Pleasant 25550 

 
Table 2 shows the 13 NPL Sites in West Virginia highlighting the three that were 
removed from the list in 2019. 
 
 
 

Visualizing each location by marking each on a map of the state with a number  

associated with the respective sites from the chart in Table 2, above, it was interesting to 

note that eleven of the thirteen sites were located near the borders of the state (Figure 2).  

Two were located in the eastern panhandle, four were located in the north-central part of 

the state near the border with western Pennsylvania and five were located on the western 

edge of the state along the bank of the Ohio River.  Only two, the Minden site in 
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Figure 2.  Map of 13 NPL Sites in West Virginia (courtesy of Google Maps). 

 

Fayette County (Site Number 10) and the Nitro site in Putnam County (Site Number 3), 

were located in the heart of the state’s south-central region, the region which is generally 

the most impoverished region of the state.   

Having identified the other twelve NPL sites in West Virginia, the next question 
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was this:  Which, if any, of the other sites were placed on the National Priorities List 

because of PCB contamination?  The only site was the Fike Chemical site in Nitro, WV, 

the same site that shared with the Minden site the dubious distinction of being one of the 

only two NPL sites located in the south-central region of the state.    

Based on that fact, a comparison of the demographics and health outcomes of 

Fayette County, where Minden is located, to those of Kanawha County, where Nitro is 

found, was undertaken. A closer examination of the map, however, revealed that while 

Nitro is indeed located in Kanawha County, it is right on the border with Putnam County.  

It would seem to logically follow that the health impacts experienced by the residents of 

Kanawha County, flowing from their proximity to the Fike Chemical, site would also be 

felt by the nearby residents of Putnam County.  Accordingly, Fayette County was 

compared not just to Kanawha County, but to Putnam County as well.       

The next aspect of this step was to undertake to do a comparison of Fayette,   

Kanawha and Putnam Counties with respect to reported cancer incidence generally, and 

more specifically, of the types of cancer most commonly associated with PCB exposure.  

To do so, data were accessed through the CDC’s U.S. Cancer Statistics Data 

Visualization Tool (CDC, 2019).  The data base of that tool was gathered from 2012 

through 2016, making it one year more current than the data referenced in the W.V. 

Cancer Burden Report (Kennedy, et al, 2018) noted above.   

Table 3 compares the number of reported new cases, the age-adjusted incidence 

rate of new cases, the number of cancer deaths and the age-adjusted incidence rate of 

cancer deaths for eight of the nine PCB related cancers (the tool didn’t have data on small 

intestine cancer) in Fayette, Kanawha and Putnam Counties with statewide figures.  The  
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Table 3.  2012-2016 Cancer incidence and age-adjusted rates for three WV counties. 

COUNTY  
(or  STATE) 

CANCER TYPE TOTAL NEW 
CANCER CASES 

NEW CASES per 
100,000 pop. 

 NEW CANCER 
DEATHS 

DEATHS per 
100,000 pop. 

FAYETTE  Breast 186 112.3 37 19.1 
 Colon/Rectum 146 47.0 65 19.8 
 Esophageal 27 8.4 18 5.6 
 Liver/Bile Duct 26 8.2 20 6.2 
 Lung/Bronchi. 319 98.1 242 74.8 
 Oral/Pharynx 47 16.2 * ---- 
 Stomach 16 4.8 * ---- 
 Testicular * ---- * ---- 
      
KANAWHA Breast 820 119.7 160 21.2 
 Colon/Rectum 529 40.8 222 16.3 
 Esophageal 67 5.1 62 4.6 
 Liver/Bile Duct 97 7.0 82 6.2 
 Lung/Bronchi. 1,074 78.6 737 54.1 
 Oral/Pharynx 174 13.7 41 3.1 
 Stomach 98 7.6 40 2.9 
 Testicular 16 3.4 * ---- 
      
PUTNAM  Breast 233 124.2 38 20.9 
 Colon/Rectum 150 42.2 46 12.8 
 Esophageal 18 4.8 * ---- 
 Liver/Bile Duct 27 6.9 19 4.9 
 Lung/Bronchi. 275 75.9 187 50.9 
 Oral/Pharynx 50 13.7 * ---- 
 Stomach 26 6.7 * ---- 
 Testicular * ---- * ---- 
      
W. VIRGINIA Breast 7,350 117.5 1,440 21.8 
 Colon/Rectum 2,728 41.3 1,109 15.9 
 Esophageal 709 5.5 662 5.2 
 Liver/Bile Duct 895 6.9 756 5.9 
 Lung/Bronchi. 10,237 79.3 7,300 57.0 
 Oral/Pharynx 447 7.0 376 3.0 
 Stomach 771 6.2 345  
 Testicular 234 5.6 17  

 

2012-2016 Cancer incidence and age-adjusted rate data extracted from the CDC’s United 
States Cancer Statistics Data Visualizations tool.  An asterisk (*) means that fewer than 
16 cases/deaths were reported so no statistical rate was calculated.  The gray highlighted 
data indicates where age-adjusted county rates exceed age-adjusted statewide rates. 
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chart shows that during the 2012-2016 time frame, Fayette County exceeded the 

statewide average in per capita new cases reported for five of the eight cancer types 

associated with PCB exposure for which data is available in the visualization tool. In 

addition, Fayette exceeded the statewide average in per capita cancer deaths for four of 

those five cancer types, the only exception being oral and pharynx cancer for which the 

sample size of county deaths was too small to glean an incidence rate. 

The question that logically flows from the revelation that Fayette has higher than 

average incidence rates for many of the cancers associated with PCB exposure: Are 

Fayette County’s age-adjusted incidence rates for the six PCB associated cancer types 

reflective of the same cancers in Minden?  Unfortunately, data on health outcomes, 

including age-adjusted cancer incidence rates, was either non-existent or not publicly 

accessible for towns, including Minden.        

 

Exploring Social Vulnerability 

I explored whether communities designated as NPL with PCB contamination 

experience a higher level of social vulnerability and potentially more likely to suffer 

adverse health effects from exposure to the pollutant.  An exploration of the U.S. Census 

tracts with higher SVIs was also conducted.  The thinking here was that regardless of 

what the SVI of the county as a whole is, if the SVIs of the census tracts at or near the 

NPL site are higher than that of the county at large, it might be an indication that the 

social vulnerability of the county is being driven, at least in part, by factors localized to 

the vicinity of the NPL site or vice versa.    

A chart of the demographic data for Fayette, Putnam and Kanawha Counties 

using RWJ County Health Rankings was developed for comparison purposes (Table 3).  
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One of the first observations from the chart is that while Fayette and Putnam Counties are 

both medium sized West Virginia counties, ranked 12th and 10th, respectively among the 

state’s fifty-five counties in population, Kanawha is actually West Virginia’s most 

populous county, accounting for roughly ten percent of the state’s entire population.  

Geographically, Kanawha County borders Putnam on the northwest and Fayette on the 

southeast.  Kanawha, whose county seat, Charleston, is also the state capital, is the most 

urban of the three NPL sites. 

A number of interesting observations arise from inspecting Table 4.  First off, the 

population of West Virginia overall is 51.3% rural while the population of Kanawha 

County, where the state capital Charles Town is located, is only 25.2% rural.  This 

compares to Putnam County, at 35.8% rural and Fayette County at 57.9%, a higher rural 

percentage than the state as a whole.   

Focusing on the sub-county level, in addition to its diminutive size, Minden is 

also an extremely economically depressed community.  According to Census Bureau  

statistics, the per capita annual income in the United States of America during the first 

half of the last decade, 2011 through 2015, was $32,621.  Nationally, median household 

income was $60,293.00 and median family income was $78,646.  At the same time, West 

Virginia, which has the dubious distinction of being the second most economically 

depressed state in the nation, had an annual per capita income of $23,450, a median 

household income of $$41,751 and a median family income of $52,866.  Fayette County, 

which ranked 45th out of 55 counties in terms of per capita income, came in at $19,232 

with a median household income of $$36,293 and a median family income of $$43,721.  

Even in one of the poorest counties in one of the poorest states in the county,Minden  
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Table 4.  Comparison of demographic data from 2019 County health rankings.    

Demographic Criteria Fayette Co. Putnam Co. Kanawha Co. W. Virginia 

Total population 43,521 57,792 183,293 1,815,857 

% of population under age 18 20.9 22.7 20.2 20.4 

% of population over age 64 20.1 17.8 20.0 19.4 

% of population White non-Hispanic 92.5 95.6 87.7 92.2 

% of population Black non-Hispanic 4.4 1.1 7.5 3.5 

% of population Hispanic 1.1 1.1 1.1 1.6 

% of population all other races 2.0 2.2 3.7 2.7 

% of population female 49.6 50.7 51.8 50.5 

% of population rural 57.9 35.8 25.2 51.3 

% of population w/ at least HS ed 84.0 93.0 83.0 89.0 

% of population w/ some college ed 50.0 63.0 58.0 55.0 

% of population unemployed 6.4 4.7 5.0 5.2 

% of population living in poverty 30.0 12.0 25.0 24.0 

% of children in single parent homes 37.0 25.0 41.0 34.0 

% of children on free/reduced lunch 42.0 39.0 42.0 45.0 

Median Household Income $38,100 $59,800 $43,600 $43,200 

Income Inequality Factor 4.6 4.3 4.7 4.9 

% of population w/ home ownership 78.0 81.0 69.0 73.0 

% facing severe housing cost burden 9.0 8.0 10.0 10.0 

 
 
 
stood out for its lack of affluence.  Minden’s median household income, during the 2011-

2015 time frame, was only $12,121, about one third that of the county at-large.  The 

town’s median family income was just $16,346 and its per capita income was a dismal 

$8,363 per year (Figure 3). 
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Figure 3.  Comparison of per capita income, median household income and median 
family income between Minden, Fayette County, West Virginia and the U.S. 

 

Perhaps most striking is the percentage of the Minden population living below the 

U.S. Department of Health and Human Services (HHS) federal poverty level (Figure 4).  

The federal poverty level, which is used to measure household poverty status, is adjusted 

for inflation annually to aid the government in determining eligibility for Medicaid, food 

stamps, student loans and grants, and other federal and state government benefits 

(Wissman, 2017).   The poverty level nationally, as of 2017, was 12.3%.  At the same 

time, 19.1% of West Virginians were living in poverty and a slightly greater 20.0% of the 

residents of Fayette County lived below the federal poverty level.  But in Minden, a town 

of only 250 people, in 2015, the most recent year for which figures are available, a 

whopping 58.1% of the population lived in poverty.  By contrast, the Nitro poverty rate, 

the only other community in West Virginia with an NPL site where PCBs have been 

found, is 14.0%, a figure which is less than that of the state as a whole (Census, 2019).     
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Figure 4.  Comparison of percentage of residents living below the federal poverty level.   

 

The median household annual income in Kanawha County ($43,600) falls right in 

line with the state median ($43,200).  By contrast, the median household annual income 

in Fayette County is lower ($38,100) while the median in Putnam County is notably 

higher ($59,800) (Table 4).  Those median household income figures are consistent with 

the statistics related to child poverty.  According to the 2017 Federal Poverty Level 

Guidelines, which set the poverty level for a four person household at $24,600 (Wissman, 

2017), in Kanawha County, 25% of children were found to be living in poverty in 2017, 

close to the statewide rate of 24%.  That compares with 30% in the less affluent Fayette 

County and just 12% in Putnam County where median family income is highest among 

the three counties.   
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The residents of Fayette County are also, on average, less educated than West 

Virginians as a whole, with 84% having at least a high school education and 50% having 

some college on their resumes as compared to 89% and 55%, respectively, statewide.    

Research has clearly shown that socio-economic status (SES) is associated to 

physical health outcomes (Adler et al. 1994).  Less educated people in lower-status 

positions of employment who earn less income are at higher risk for poor health 

outcomes than more educated, more affluent individuals  (Matthews & Gallo, 2011).  

That conclusion is not just based on recent scientific studies, but also on observations 

going back several centuries.   

Economic inequality impacts health across a broad spectrum of indicators.  Low-

income people are less likely to have health insurance or access to specialty or even 

primary health care, less likely to have access to healthy food options, more likely to be 

targeted by tobacco retailers and fast food marketers, and more likely to live in 

neighborhoods with higher levels of environmental pollutants than their more affluent 

counterparts (Khullar and Chokshi 2018).  For example, children with leukemia who live 

in low-income households have lower survival rates (Dana-Farber Cancer Institute, 

2015).  What’s more, children reared in low income households are often impacted by the 

kind of toxic stress which can and often does manifest itself well into adulthood with 

chronic health effects and premature death.  Such toxic stress is measured not only in 

terms of low family income but also in terms of household material hardship (HMH), 

which is to say insecurities associated with lack of access to adequate food, housing, 

utilities and transportation resources (Zheng et al. 2018).  Child poverty and related HMH 

are critical determinants in pediatric oncology because they impact the likelihood that the 
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affected child will receive early intervention and timely access to remedial healthcare 

(Zheng et al., 2018).   

Viewed as a whole, the RWJ Foundation’s County health rankings data, 

particularly with regard to median household income, income inequality, percentage of 

children living in poverty, and percentage of the population facing severe housing cost 

burden, suggests that among the three counties considered, social vulnerability is highest 

in Fayette County (RWJ, 2019).   

A check on that conclusion can be found in a review of the Center for 

Disease Control and Prevention (CDC)’s Social Vulnerability Index (SVI) for each 

county.  According to the website, “[s]ocial vulnerability refers to the resilience of 

communities when confronted by external stresses on human health, stresses such as 

natural or human-caused disasters, or disease outbreaks…CDC's Social Vulnerability 

Index uses 15 U.S. census variables at tract level to help local officials identify 

communities that may need support in preparing for hazards; or recovering from disaster” 

(ASTDR, 2018).   

The term “tract” in this context, refers to U.S. census tracts, geographical units 

with populations ranging from 2,500 to 8,000 people (Weessies, 2019).   Each census 

tract is composed of one or more block groups of 600 to 3,000 people (Vasquez, 2017), 

which in turn, are composed of one or more census blocks, statistical areas bounded by 

physical geographical features or non-visible boundaries but not delineated based on 

population (Rossiter, 2011).  The census block group is the smallest geographical unit for 

which the Census Bureau publishes sample data.  The 15 census variables (Figure 5) are 

1) subsistence below the poverty line, 2) unemployment, 3) low income, 4) lack of a high 
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school diploma, 5) being over 64 years of age, 6) being under 18 years of age, 7) living 

with a disability, 8) being a child in a single parent household, 9) belonging to a racial 

minority, 10) not being proficient in the English language, 11) living in a multi-unit 

structure, 12) living in a mobile home, 13) living in crowded conditions, 14) not having 

access to a motor vehicle and 15) living in group quarters. Those 15 variables are 

grouped into four themes, specifically, socioeconomic status, household composition and 

disability, minority status and language, and housing and transportation (Figure 5).  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
Figure 5.  Variables used to calculate the Social Vulnerability Index of a community.  
Retrieved 11/20/19 from 
https://svi.cdc.gov/Documents/Data/2014_SVI_Data/SVI2014Documentation.pdf 
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Using the criteria displayed in Figure 5, the ATSDR maps and publishes SVI 

scores for every state, county and census tract in the United States.  Possible SVI scores 

range from 0.0 representing the lowest level of vulnerability to 1.0 representing the 

highest conceivable level of vulnerability.  A score of less than 0.25 indicates that the 

community is deemed to have a low level of vulnerability.  A score between 0.25 and 0.5 

indicates a low to moderate level of vulnerability.  A community which scores between 

0.5 and 0.75 is considered to have a moderate to high level of vulnerability.  A score of 

over 0.75 means that the community has a high level of vulnerability.  According to the 

ATSDR, Fayette County’s overall SVI score (as of October 9, 2018), was 0.777, 

indicating that residents of Fayette County had a high level of social vulnerability as  

contrasted with nearby Kanawha and Putnam Counties (Figure 6).  

On the other hand, it was not clear that at on the county level, the SVI was a 

reliable indicator of cancer incidence.   Figures 8 through 11 include maps of the state of 

West Virginia depicting reported new cancer cases, cancer deaths, rate of new cases per 

100,000 residents and rate of cancer deaths per 100,000 residents, respectively.   

The total number of new cancer cases of all types reported during the five-year 

time period from 2012 through 2016, Figure 8 shows that all three counties, Fayette, 

Kanawha and Putnam, were among the 13 West Virginia counties which had the highest 

number of reported new cases.  Similarly, Figure 9 shows that all three counties were also 

among the 13 counties that had the highest number of reported cancer deaths during that 

same time period.  When considering the rate of new cases per 100,000 residents, Figure 

10 illustrates that Fayette County, once again, is among the 13 counties with the highest 

rate of reported new cases during the 2012 to 2016 period.  Figure 10 also shows that 
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Figure 6. SVI map showing West Virginia counties color coded by vulnerability level. 
( Low  QQ  Low to Moderate      Moderate to High  O     High  O ).  Map retrieved 
11/23/19 from https://svi.cdc.gov/map.html. 

 

Kanawha and Putnam Counties, while not falling into the highest new case rate group, 

were both in the group of 14 counties with moderately-high rates on new reported cancer 

cases.  Figure 11 illustrates that Fayette County is also among the 13 counties with the 

highest rate of cancer deaths in the state but that the other two counties, Kanawha and 

Putnam, are part of a group of 14 counties with moderately-low cancer death rates.          

 If, on the county level, the SVI score was a reliable indicator of cancer incidence, 

it would be expected that Fayette County (Figure 7) would rank in either the highest 

category of all four indicators including the number of new cases, number of cancer 

https://svi.cdc.gov/map.html
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deaths, rate of new cases and rate of cancer deaths.  That is in fact what the data shows.  

Fayette County ranked among the counties in the highest category for all four indicators.   

 

 

 

 

 

 

 

 

 

 

Figure 7.  SVI map of Fayette County. 

 

Specifically, drawing data from the CDC’s United States Cancer Statistics data 

visualization tool (Figures 2 through 5) the county reported 1,562 new cancer cases 

during the 2012-2016 reporting period.  That translated into an age-adjusted rate of 501.9 

new cases per 100,000 residents.  During that same time period, Fayette reported 709 

cancer deaths, a number which translates into 221.4 deaths per 100,000 residents.   

But both Kanawha County, with a moderate level SVI score of 0.4756 (Figure 8), and 

Putnam County, with a very low SVI score of 0.0328 (Figure 9), also ranked among the 
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13 counties with the highest number of new cases and a high number of cancer deaths.  

Kanawha, the state’s most populous county, recorded 6,302 new cancer cases with a rate 

of 488.9 cases per 100,000 residents, and 2,562 cancer deaths, or 190.4 deaths per 

100,000 residents, both rates notably higher than the statewide averages of 472 new cases 

per 100,000 and 182 deaths per 100,000.  Given the fact that Kanawha County had a 

moderate range SVI score, the expectation was that the county’s new cancer case 

incidence and cancer death incidence rates would be at or just below the statewide 

averages.  They were not.   

 

 

 

 

 

 

 

 
 
 
 
Figure 8.  SVI map of Kanawha County.          Figure 9.  SVI map of Putnam County. 

 
 

Putnam County was even more of an outlier.  Like Fayette and Kanawha, Putnam 

was one of the 13 West Virginia counties that had the highest numbers of new cancer 
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cases and cancer deaths in the 2012-2016 time frame.  Putnam had 1,720 reported new 

cancer cases or 482.6 cases per 100,000 residents and 643 deaths or 179.7 deaths per 

100,000 residents.  Thus, Putnam County’s reported new case rate and cancer death rate 

are not notably greater than the corresponding rates for Fayette County.  Yet given that 

Putnam County’s SVI score, 0.0328, is in the very low SVI range, it was expected that 

the county’s new cancer and cancer death rates would be considerably lower than those 

of Fayette County, and they were.  

It was not expected that race would be an important factor in the social 

vulnerability of people in the three counties under review since West Virginia is one of 

the least ethnically diverse states in the U.S. (World Population Review, 2020), with 

93.2% of West Virginians classified as non-Hispanic whites.  And the U.S. Census 

estimates that as of July 1, 2019, Fayette County was slightly whiter at 93.4% (Census 

2020).  This is not to suggest that race should be completely ignored.  Studies have 

shown that poverty rates are higher among cancer patients who are ethnic minorities 

(Costas-Muniz et al., 2014).  But the county health rankings data doesn’t indicate whether 

ethnic minorities are disproportionately represented in the reported poverty statistics for 

West Virginia or the three selected counties. 

Income disparity and poverty affecting a large portion of the population of each 

county is clearly evident in the data.  And a plethora of studies have concluded that 

poverty is inversely related to the prevention, early diagnosis and successful treatment of 

cancers and other life threatening conditions (Tomatis, 1992; Farmer et al., 2010; Knaul 

et al., 2018; McEwen 1998; Gee & Payne-Sturges, 2004; Gordon, 2003)., with an 

increased risk of exposure to pollutants (Prochaska et al., 2014).  
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There were large social vulnerability differences between the three counties with 

NPL sites with PCB contamination in the state: Putnam County, with an SVI score of 

0.0328 (very low level), Kanawha County, whose SVI score was 0.4756 (moderate 

level), and Fayette County with a 0.7717 SVI score (high level).  So how does social 

vulnerability impact health outcomes in those three counties?   

According to the RWJ 2019 County Health Rankings, Fayette County ranked 42nd 

out of 55 West Virginia counties in overall health outcomes, or in other words, only 13 

counties had worse overall health outcomes than Fayette.   

Kanawha County ranked 38th on the list, just four places better than Fayette while 

Putnam County ranked 3rd, healthier than all but two other counties.  Those rankings were 

consistent with the expectations that arise from the respective counties’ SVI scores. 

 

Expert Consultation on Cancer Rates in West Virginia 

ATSDR Regional Director Lora Werner explained that because the Minden 

population represents such a small sample size, there is no statistical proof to support the 

cancer cluster theory.  She added that while liver cancer has been linked to PCB exposure, 

only one case of liver cancer has been identified in Minden to date.   

 To put her conclusion in perspective, it is important to recall that even at its peak 

some 80 years ago, the population of Minden was only about 1,200 people.  That 

population declined over the years until, by 2010, Minden’s population was down to 250.  

That number has not changed much over the last decade.  At its current population level, 

the town of Minden is not large enough to be classified as a single census block group.  

Thus, the Minden community is too small even for the U.S. Census Bureau to publish 
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demographic data.  When it comes to health outcomes, Ms. Werner espouses the position 

that the current state of scientific research is limited when considering impacts on small 

communities and adds that epidemiology studies of small communities like Minden can 

be expected to come back as non-significant.  She suggests that scientists might consider 

looking at whether there is a synergy between PCB exposure and other demographic or 

health factors prevalent in small communities.   Unfortunately, she opined, our current 

methods are inadequate to assist people living such communities.  The science, in its 

current state she emphasizes, does not permit us to draw cause and effect conclusions for 

population samples as small as that of towns the size of Minden.  The problem is that,  

partially due to privacy concerns, the data is just not publicly available at that level.  

There is some data that may be accessible through targeted requests of the applicable 

state health department at the zip code level but, according to Ms. Werner, that data is 

mostly useless for research purposes.  What is needed, she insists, is a new methodology.  

It is clear that the complex intersection of community and individual factors, particularly 

in rural, EJ neighborhoods are not portrayed in currently available data sets.  What we do 

have access to, through the CDC and other sources, is county level data.  For each state in 

the U.S. and for each county within each state, the CDC provides color-coded maps 

partially due to privacy concerns, the data is just not publicly available at that level.  

There is some data that may be accessible through targeted requests of the applicable 

state health department at the zip code level but, according to Ms. Werner, that data is 

mostly useless for research purposes.  What is needed, she insists, is a new methodology. 

It is clear that the complex intersection of community and individual factors, particularly 

in rural, EJ neighborhoods are not portrayed in currently available data sets.  What we do 
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have access to, through the CDC and other sources, is county level data.  For each state in 

the U.S. and for each county within each state, the CDC provides color-coded maps 

which compare relative numbers of new cases and cancer deaths as well as relative rates 

of new cases and cancer deaths over five year periods of time.  The latest published data 

covers the years 2012 through 2016.  

Figure 10 shows that all three counties focused on in this discussion were in the 

highest category of numbers of new cancer cases.  Each reported between 1,422 and 

6,302 new cases between 2012 and 2016.  Similarly, Figure 11 demonstrates that all three 

counties were in the highest category of number of cancer deaths reported during that  

 

 

 

 

 

 

 

 
 
 
 
 
 
 
 
 
 
Figure 10.  County by county map of cancer incidence statistics. All cancers affecting 
males and females of all races and ethnicities in West Virginia, 2012 through 2016, as 
published by CDC and NCI.  Retrieved 7/10/19 from 
https://gis.cdc.gov/Cancer/USCS/DataViz.html. 

https://gis.cdc.gov/Cancer/USCS/DataViz.html
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Figure 11.  County by county map of cancer deaths. All cancers affecting males 
and females of all races and ethnicities in West Virginia, 2012 through 2016, as published 
by CDC and NCI.  Retrieved 7/10/19 from 
https://gis.cdc.gov/Cancer/USCS/DataViz.html. 
 
 
time span.  Because counties vary greatly in size (Kanawha County has a population of 

183,293 compared to Putnam County, with a population of 57,792 and Fayette County, 

population of 43,521 (Table 3), raw numbers are not very illuminating.  Relative rates, on 

the other hand, can be. 

Fayette County was among the counties with the highest rate of reported new 

cancer cases (Figure 12), the category for counties reporting a rate of between 501.9 and 

569.1 new cases per 100,000 residents.  The somewhat larger Putnam County and the 

much larger Kanawha County both fell into the moderately high category of counties,  

https://gis.cdc.gov/Cancer/USCS/DataViz.html
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Figure 12.  County by county map of rate of new cancer rates. West Virginia from 
2012 through 2016, as published by CDC and NCI.  Retrieved 7/10/19 from  
https://gis.cdc.gov/Cancer/USCS/DataViz.html. 
during the five-year reporting period, each recording between 562 and 2,562 new deaths  

 

those reporting a rate of new cancer cases between 473.1 and 499.0 per 100,000 

residents.  Figure 13 illustrates that Fayette County was also in the per 100,000 category 

of the highest rate of cancer deaths, between 203.4 and 247.9 deaths per 100,000 people 

while both Putnam and Kanawha Counties fell into the moderately low category of 

counties, reporting cancer death rates of 176.0 to 190.4 deaths per 100,000.  These new 

case and death rate figures seem to suggest health outcome disparities are consistent, 

based on demographic factors, with a reasonable categorization, of Fayette County as by 

and large an EJ community. 

https://gis.cdc.gov/Cancer/USCS/DataViz.ht
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Figure 13.  County by county map of cancer death rates. West Virginia, 2012-2016.   
Retrieved 7/10/19 from https://gis.cdc.gov/Cancer/USCS/DataVix.html. 
per 100,000 residents.  Figure 13 above illustrates that Fayette County was also in the  

 

With respect to the question of demographic data, Ms. Werner referred a 

study that examined the demographics of race, employment, wealth, homeownership and 

education of people living in close proximity to the 26 Superfund NPL sites located in the 

state of South Carolina (Burwell-Naney et al., 2013).  That study concluded that non-

White and particularly Black people, people living below the poverty line, people living 

in homes built before 1950, people with less than a high school education and 

unemployed people were more likely to live closer to NPL sites than people who were 

White, more affluent, more educated, employed and living in newer homes (Burwell-

Naney, et al., 2013).  That study did not address health outcomes and no similar study has 

https://gis.cdc.gov/Cancer/USCS/DataVix.html
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been published with respect to West Virginia and its NPL sites.   It should also be noted 

that South Carolina is a considerably more racially diverse state than West Virginia.  In 

West Virginia, the White-Non Hispanic population in 2018 was estimated at 92% while 

in South Carolina, it was 64% (KFF, 2018).         

As earlier indicated, Fayette County, based on 2016 data, had an overall SVI 

score of 0.7717.  The same data set reveals, however, that Census Tract 202.01, the  

census tract that contains Minden and its immediate environs had an SVI score of 0.9035 

(Figure 14) which, on the scale of 0.0 to 1.0, is near the top of the spectrum of 

vulnerability. Census Tract 204 (Figure 15), the geographically large census tract located 

to the south and southwest of Census Tract 202.01, had a 2016 overall SVI score 

 

 
  

  

 

 

 
 
 
 
 
 
 
 
 
 
 
 
Figure 14.  Map of Census Tract 202.01. Fayette County, West Virginia, the census tract 
which includes the town of Minden and Arbuckle Creek and which has one of the highest 
SVI in West Virginia.  Retrieved 12/12/19 from https://svi.cdc.gov/map.html. 

https://svi.cdc.gov/map.html
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Figure 15. Map of Census Tract 204. Fayette County, West Virginia, immediately south 
of Census Tract 202.01, where the town of Minden and Arbuckle Creek are located. 
Retrieved 12/12/19 from https://svi.cdc.gov/map.html. 
 

of 0.7932, also indicating a high level of social vulnerability but just slightly higher than 

that of the county.  The 2016 overall SVI score of Census Tract 202.02 (Figure 16), 

located to the immediate northwest of Census Tract 202.01, was 0.7770, almost identical 

to Fayette County’s 0.7717 SVI score.  Census Tract 203 (Figure 17), the geographically 

small census tract to the immediate west of Tract 202.01 that encompasses much of the 

much larger town of Oak Hill, WV, had a 2016 overall SVI score of 0.7392, at the upper 

end of the moderate to high range and just slightly lower that the overall county SVI 

score.  Census Tract 211, the geographically huge census tract to the southeast of Tract 

202.01 (not pictured), and Census Tract 201, the rather large tract to the northeast and 

north of Tract 202.01 (also not pictured), had 2016 SVI scores of 0.3623 and 0.2910, 

https://svi.cdc.gov/map.html
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Figure 16.  Census Tract 202.02. Immediately northwest of Census Tract 202.01.  
Retrieved 12/12/19 from https://svi.cdc.gov/map.html. 
 

 

  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 17.  Census Tract 203. Oak Hill, WV, west of Census Tract 202.01. Retrieved 
12/12/19 from https://svi.cdc.gov/map.html. 

https://svi.cdc.gov/map.html
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respectively.  Both are considered to be in the low to moderate range of social 

vulnerability.   

Census tract SVI scores cannot be directly compared to county SVI scores.  They 

are referenced here, not in the absolute, but to give a sense of relative vulnerability 

between census tracts in and around Minden.  Given the concentration of high SVI score 

census tracts in and around the Minden vicinity, it would not be unreasonable to conclude 

that the high social vulnerability status of Fayette County is driven by the high social 

vulnerability of the residents living in the portion of the county in and around Minden.  

Unfortunately, the answer to the question of whether the heightened vulnerability of 

Minden area residents and their potential exposure to PCBs has, in fact, resulted in a 

higher incidence of the types of cancers most commonly associated with PCB exposure 

has been obscured by the unavailability of cancer data at the sub-county level.  On the 

other hand, demographic data is available on the micro level.  And even though Minden, 

WV is listed as a very small town or village, very specific demographic data has been 

published. 

 

Site Visit to Gain First-Hand Perspective   

The final step in researching this topic was a day trip to the Minden community to 

observe, first-hand, the village that many have referred to as “the most toxic town in 

America.” The site visit was undertaken on Sunday, January 12, 2020.  There was no 

interaction with human subjects during that visit but photographs were taken which 

showed that Minden is indeed an economically deprived community.  Meandering 

southeast from the city of Oak Hill, Minden Road, the “main street” of the town of 
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Minden, passed through a community of simple homes, church buildings and a small post 

office.  All of the structures appeared to be many decades old and in varying stages of 

decay but most, never-the-less, also appeared to be inhabited.  Save an occasional passing 

vehicle and a few cars parked next to a small white church building, there was little sign 

of activity that day.         

In 2010, the U.S. Census Bureau reported Minden’s population as 250.  To put 

that number in perspective, the 2010 population of Fayette County was 46,035, the state 

of West Virginia recorded a population of 1,852,994 and the population of the United 

States of America was 308,745,538.  While all of those population numbers have 

changed since the 2010 census was taken almost a decade ago, Minden remains one of  

the smallest communities not only in the country and the state, but also in Fayette 

 

 

 

 

 

 

 

 

 

 
 
 
 
Figure 18.  U.S. Census map of West Virginia Congressional District 3.  Retrieved 
1/19/20 from 
https://www2.census.gov/geo/maps/cong_dist/cd113/cd_based/ST54/CD113_WV03.pdf 
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County.  From a voting power perspective, Minden is located within West Virginia’s 3rd 

Congressional District (Figure 18), the district that roughly encompasses the  

southern third of the state.  The 3rd District’s 2010 population was 614,586.  Thus, based 

on 2010 census figures, the population of Minden represents about 0.04 % (4/100’s of 

1%) of the population of its Congressional District, a tiny sliver which for all intents and 

purposes is politically powerless.    

An aerial photograph helps put the geographic parameters of the town of Minden, 

WV into perspective.  The town essentially consists of one main roadway with a few very 

small side roads around which are constructed mainly one level houses and a few 

communal structures like churches and a small roadside post office building (Figure 19). 

 

  

 

Figure 19. Aerial photograph of Minden, WV.  Credit: Jenny Harnish, published in the 
Register-Herald Newspaper, Beckley, WV, June 19, 2017.  Retrieved 12/20/19 from 
https://www.register-herald.com/news/when-home-turf-becomes-ground-zero-for-cancer-
study-minden/article_917c7fad-47b0-5fae-a972-54fae4fdf9ef.html. 
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There appear to be few, if any, retail businesses in operation and the closest commercial 

retail outlets are located about a mile to the northeast in the city of Oak Hills.   

Arbuckle Creek runs in an east-southeasterly direction roughly along the southern 

perimeter of the community.  The major Shaffer Equipment dumping site was just to the 

west of Minden, upstream along the creek from most of inhabitants of the town.  On the 

day of the site visit, the creek was flowing fairly rapidly counter to the expectation of a 

small, slow-moving stagnant stream.  It should be noted, however, that prior to that day, 

the area had experienced several days of heavy rainfall and on the approach into town, 

water was observed cascading down the rocky hillsides along Minden Road.    

As noted in the introduction chapter of this thesis, the coal mines in and around 

Minden closed in the 1950s.  Yet, sixty plus years later, Minden still looks very much 

like a coal town. Nowhere is this more evident than in a side by side comparison of stock  
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Figure 20.  Stock photos of WV coal towns.  Retrieved 1/19/20 from    
https://www.google.com/search?q=photos+of+appalachian+coal+camp+houses 

 

photos of random Appalachian coal towns (Figure 20) and photos taken on the recent 

January 2020 site visit to Minden (Figure 21).   

https://www.google.com/search?q=photos+of+appalachian+coal+camp+houses
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Figure 21.  Recent photos of Minden, WV (by author, 1/12/20). 

 
 

As alluded to earlier, the fact that Minden is a small, economically deprived 

community has not hampered the will of its residents to wage a more than 30-year fight 

for environmental justice.  That fight has been chronicled by numerous investigative 

reporters and photojournalists, some of whose articles are referenced in this thesis.  On 

Saturday, June 8, 2019, some of those residents staged a march to commemorate the 

thirtieth anniversary of the first protest staged in 1989 (Figure 22).  The theme of the 

march was “Justice for Minden”, something which they believe many of their neighbors 

and relatives who succumbed to various forms of cancer were not fortunate enough to 

live to see.  One of their demands over the years, was that the EPA place the Shaffer 

Equipment Company and Arbuckle Creek sites in Minden on the NPL.  That long 

delayed goal was accomplished on Monday, May 13, 2019, when EPA Administrator 

Andrew Wheeler announced the agency’s decision to add Minden to the list at a public 
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Figure 22.  Minden residents participate in 30th Anniversary march for environmental 
justice in Minden.  Photo by Chris Dorst - published in the Charleston Gazette-Mail, June 
8, 2019.  Retrieved 1/20/20 from https://www.wvgazettemail.com/news/years-later-
minden-residents-still-fighting-to-clean-up-their/article_dfdc9df8-6831-59e4-a2f8-
432ccbe1ada1.html. 
 
 
 
meeting in the town’s community center and while all in attendance were pleased with 

the decision, some expressed a degree of skepticism after having lived through three and 

a half decades of broken promises (Mishkin, 2019). 

 It is believed that much of the toxic contamination impacting Minden is a direct 

result of ground water seepage or direct dumping into Arbuckle Creek upstream from the 

town.  However, during the visit in January no obvious pollution was observed in the 

creek.  Instead, the creek appeared to be a healthy, free flowing country brook being fed 

by steady trickles of water cascading down the rocky mountainside nearby.  To visualize 

how this swifter flow may have impacted the stagnation factor of the creek, contrast 

Figure 23 (top), a 2018 photo, with Figure 23 (bottom), a photo taken in January 2020.     
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Figure 23.  Photos of Arbuckle Creek. (above) by photojournalist Brittany Patterson 
published by West Virginia Public Broadcasting on June 1, 2018.  Retrieved 1/20/20 
from https://www.wvpublic.org/post/town-reckons-its-toxic-past-while-looking-epa-help-
0#stream/0.  (below) by Bradley A. Thomas taken on January 12, 2020.   

https://www.wvpublic.org/post/town-reckons-its-toxic-past-while-looking-epa-help-0#stream/0
https://www.wvpublic.org/post/town-reckons-its-toxic-past-while-looking-epa-help-0#stream/0
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Traveling east along Minden Road, less than a half mile from the Minden 

community, is the ACE Adventure Resort (Figure 24).  The resort, a 1,5000 acre site 

which just suddenly emerges out of a clearing in the forest, was built to be tourist 

destination featuring a water park, ziplines,  whitewater rafting, campsites and overnight 

cabins.  In both the size and newness of its structures, it stands is stark contrast to the  

nearby town.  On the day of the site visit, which though unseasonably warm, was 

 

   

 
 

Figure 24.  Photo of ACE Adventure Resort (by author January 12, 2020.   

 

https://aceraft.com/whitewater-rafting/
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nevertheless in the dead of winter.  The site was closed and there were no signs of human 

activity.  ACE has served as somewhat of an economic engine for the region though those 

economic benefits do not seem to have trickled down to the residents of Minden.  Many 

Minden residents actually resent the resort’s presence, fearing that the flow of tourists 

through their town to and from ACE is only masking the gravity of their situation and 

slowing remediation efforts by giving the false impression that conditions have improved  

more than they have.  And some activists assert that some local officials are helping to 

legitimize that misleading impression as they elevate short-term economic gain over the 

long-term health concerns of the community (Adams, 2019).        

The bottom line is that there are some signs of progress, if not in, at least around 

the Minden area.  But regardless of the outward signs that life goes on in Minden,  

observations on the site visit made it clear that the deep scars from thirty-five years of 

 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
Figure 25.  Photo of a protest yard sign (by author, January 12, 2020).   
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ecological neglect and environmental abuse are still quite visible.  Several dilapidated, 

abandoned structures and a few yellow and black protest signs reading “PCBs Kills 

Communities,” one of which is shown in Figure 25, were scattered about as ever present 

reminders of the dichotomy of a community that is both in crisis and, at the same time, 

still welcoming visitors (Figure 26) and still determined to survive in spite of the odds.    

 

 

 

 

 

 

 

 

 

 

 

 
 
 
 
 
 
 
 
 
 
 
Figure 26.  “Welcome to Minden” roadside sign (by author, January 12, 2020).   



   
 

 

Chapter IV 

Discussion  

 

Community-level vulnerability impacts individual-level vulnerability for disease. 

EJ communities often bear a disproportionate burden of environmental health risk that is 

often compounded by additional burdens from social determinants of health. Frameworks 

for understanding, such as the Gee and Payne Sturges model (2004), are needed to 

explore the complex, interrelated factors leading to vulnerability, including community 

stressors, neighborhood resources and environmental pollutants. Risk from diseases such 

as cancer should include measures of risk from environmental sources and social 

determinants of health.  

This study sought to better understand health risk from social and environmental 

sources in a small, disadvantaged community in West Virginias. Key outcomes included 

determining data availability and data gaps, and how EJ community risks might be better 

characterized using models that recognize the importance of impacts from social 

determinants of health. These methods offer a broader understanding of health risks in EJ 

communities (Prochaska et al., 2014).  

Analyses of environmental and social characteristics suggested that Minden, West 

Virginia is an EJ community with a potential risk for cancers associated with PCBs - 

given the location of an NPL site within its geographical borders - and from social 

determinants of health that underscore a low standard of living.  In one of the poorest 

counties in one of the poorest states in the county, Minden stood out for its poverty, with 
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a median household income (during the 2011-2015) at only $12,121, about one third that 

of the county at-large. 

Minden is a very small town, one of 199 West Virginia communities listed as 

very small towns and villages, municipalities with fewer than 1,000 residents (West 

Virginia, 2019).  But Minden has the distinction of being the only community in the state, 

of any size, to earn a place on the EPA’s Superfund National Priorities List (NPL) solely 

because of the contamination of one very toxic pollutant, PCBs.  Of the other 12 West 

Virginia sites which were listed on the NPL at the start of this research, and the nine 

which remain on the list as of this writing, there was only one, the Fike Chemical site in 

Nitro, WV, where PBCs have been identified as present and factoring in the EPA’s 

placement decision.  Photos of the region reflect a legacy of poverty and pollution.  

Study results must be considered in the context of limited data availability and 

gaps in data. Methods included a determination of what data were available to conduct a 

broader, more comprehensive assessment that included potential exposure from PCBs 

and impacts from social indicators, and how multiple environmental and social factors 

intersect to impact health using qualitative and quantitative measures.    

At the onset of the research into this topic, the question was posed as to whether 

the dumping of PCB laden oils and electrical equipment in landfills, abandoned mine 

shafts and roadways in the Minden and Arbuckle Creek area between 1970 and 1984 was 

the primary cause for the emergence of a cancer cluster in Minden.  Unfortunately, data 

unavailability and current science is inadequate to draw a definitive conclusion.  Publicly 

accessible health outcomes data is available on a national, state and county scale but it is 

not available on the neighborhood level and with numbers high enough to support 



   
 

85 
 

statistical analyses of health impacts of communities as small as Minden.   This is in part, 

according to ATSDR Regional Director Lora Werner, because of medical records privacy 

concerns.   

Despite inadequate scientific data, there are four notable facts upon which some 

useful conclusions may, perhaps, be drawn.  First, from all first-hand accounts, an 

incredibly high percentage of Minden residents have been stricken with cancer in its 

various forms since the Shaffer Equipment Company began dumping PCB laden oils and 

electrical equipment in the 1970s.  Second, Minden is such a small community that its 

population only represents about 0.04% of the population of the Congressional district in 

which it is located.  Third, Minden residents, by and large, are among the poorest citizens 

of one of the poorest states in the nation.  And fourth, despite the high cancer incidence 

rates, it took Minden residents thirty years to persuade the EPA to place Minden on the 

NPL – and can be characterized as disenfranchised.  

The Cambridge English Dictionary states two definitions for word 

“disenfranchise,” the first one being “not having the right to vote, or a similar right, or 

having had that right taken away” and the second one being “having no power to make 

people listen to your opinion or to affect the society you live in” (Cambridge, 2020).  

These definitions describe the residents of Minden and their fight for their right to live in 

a healthy environment. Their lack of sheer numbers, i.e., their population accounting for 

only 0.04% of the population of the 3rd Congressional District of West Virginia, allowed 

them to be politically ignored.  Even assuming 100% voting participation, Minden did 

not, and does not, have enough voting clout to demand attention to its predicament.  As 

such, Minden, for all intents and purposes, is politically disenfranchised.  In addition, the 
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people of the town are so poor that more than half of them, 58.1% to be precise, live 

below the federal poverty level.  They are, by all measure, economically disenfranchised.  

This disenfranchisement might explain why it took thirty years, from 1989 until 2019, to 

get Minden on the NPL.          

The science of evaluating health outcomes needs to be revised and upgraded to 

provide the means to collect and evaluate cancer outcomes on a granular level, meaning 

community specific.  Information management tools need to be developed that can 

protect individual privacy interests while still making health outcomes information at the 

small community level accessible to the public or, at least, to researchers with proper 

clearance.  One suggestion would be that the National Cancer Institute (NCI) could work 

with the EPA to develop a national database that integrates EJ and cancer outcome data 

that is publicly available.   

Additionally, a federally funded small communities advocacy agency, 

independent of the EPA, could be created with the responsibility of zealously advocating 

on behalf of small communities when environmental rights are at issue.  This agency 

should be small but agile with adequate funding to be able to hire experts, researchers and 

lawyers who would make the case before the EPA and/or state environmental protection 

agencies on behalf of the disenfranchised like the residents of Minden, WV.   

Finally, as we advance the science in exploring the complex, interrelated 

associations that impact residents’ health in EJ communities, there should be an emphasis 

on community based participatory research methods (CBPR). These methods focus on 

community participation and the collection of data that provides a rich context for 
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exploring community characteristics and social determinants of health (Israel, Eng, 

Schulz, & Parker, 2013). 

  

Conclusions 

Environmental public health issues addressing equity are complex and interrelated 

with social factors.  Solutions require an examination of the social, health, environmental, 

and political dimensions.  Research strategies for investigating the multi-faceted factors 

influencing health and the cumulative risks faced by residents in EJ communities is 

critical to protect the public’s health and offer a future that elevates health equity. The 

cause of environmental justice demands no less.      
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