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a b s t r a c t

Relationships in which populations benefit from practices that harm other populations are environ-
mentally unjust. Environmental injustice commonly occurs due to disparities in economic and political
power, and it is typically analyzed along dimensions of race and class. However, an urban-rural
dimension of environmental injustice exists, one that intersects with race and class. Rural environ-
mental injustice can be characterized as a parasitic relationship between urban and rural communities
because urban populations obtain most of their food and energy from rural areas and return their wastes
to rural areas. We explore the negative consequences of agricultural and energy production in rural areas
through two examples: industrial hog production in eastern North Carolina and the Fukushima Daiichi
nuclear disaster in Japan. The negative public health impacts of urban-rural environmental injustice
come from human exposure to specific pollutants, degradation of the built environment, limits on
popular democracy, and ultimately, suppression of the feedback between consumption and production
that could lessen global environmental problems. Pressure to control the effects of industrial energy and
agriculture systems is lessened because the urban majority does not experience environmental degra-
dation that affects rural populations. A basic step towards reducing rural environmental injustice is to
develop the scientific framework needed to monitor pollutants and health outcomes in rural places
through partnerships between researchers and rural community members that promote broader goals of
economic, racial and social justice.

© 2016 Elsevier Ltd. All rights reserved.
1. Introduction

The civil rights movement in the United States historically
focused on desegregation of schools, hospitals, transportation,
public accommodations, access to voting, and fair treatment in the
judicial system. In the early 1980s, as the movement expanded to
encompass exposure to environmental pollutants, the term “envi-
ronmental racism”was coined to describe the targeting of majority
African-American Warren County in the rural Black Belt of North
Carolina for disposal of polychlorinated biphenyl-contaminated soil
from other parts of the state. Environmental racism names a
problem to be addressed. The US Environmental Protection Agency
and many other institutions do not use the term “environmental
y-Reif), steve_wing@unc.edu
racism” to describe a problem; rather, they use “environmental
justice” to identify a goal or ideal to be achieved. Environmental
justice is typically defined in terms of race and class, for example:
“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 (US
EPA, 2015).”

Although environmental justice, like other forms of social and
economic justice, is a laudable goal, it is a utopian one that will
require enormous structural changes in human social organization.
Even if environmental justice with respect to race and class ended
because of racial mixing and economic transformation, environ-
mental injustice might be observed along other dimensions. Rather
than use the term “environmental justice” to refer to the absence of
the problems we describe in this paper, we use the term “envi-
ronmental injustice” to emphasize the current state of affairs that
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has produced both popular movements of opposition and academic
research in the social sciences, public health, and law. We begin
with our definition of environmental injustice, which we offer as a
basis for identifying its underlying structural relationships rather
than their specific manifestation in terms of race and class. By
emphasizing relationships between groups, we intend to expand
the concept beyond contemporary race and class exploitation so
that it could be used to identify additional dimensions of injustice.
We define environmental injustice as the avoidance of hazards and
acquisition of benefits through relationships that negatively impact
the environment of others (Wing, 2014). Seen in this way, envi-
ronmental injustice is not an attribute of the negatively impacted
community, rather it is a characteristic of relationships between
communities, relationships that could be commensal, symbiotic or
parasitic.

The community relationship we focus on in this paper is be-
tween urban and rural populations. Urban populations obtain most
of their food and energy from rural areas, while rural populations
experience the environmental and occupational hazards of indus-
trial agriculture and energy production. Urban areas also return
much of their waste to rural areas through landfills, incinerators,
and land application of sludge from urban wastewater. This urban-
rural relationship is a mostly unexplored and often overlooked
dimension of environmental injustice that operates along with
other types of discrimination. Rural environmental injustice came
to the attention of Celia Jones, one of a few authors who have
addressed this issue, due to protests of “privileged middle-class
Americans” against land application of sludge from urban waste
water treatment plants and their experience of having “to endure
disproportionate environmental hazards simply because they live
in a rural area” (Jones, 2011). While geography influences urban-
rural exploitation, people of color, rural laborers, and people in
poverty are more vulnerable to rural pollution compared to privi-
leged rural people. The intersection of rurality with race and class
exacerbates environmental injustices, causing synergistic impacts
larger than the sum of each type of injustice. Rural people without
privileges lack the financial and social resources to mitigate their
exposures, such as moving households to less polluted areas, using
air conditioners instead of opening windows, or influencing local
and state government to control the timing, location, and concen-
tration of pollutants (Thu, 2001).

Relationships of environmental injustice are parasitic. In
ecology, parasitism is defined as a winelose interaction between
two species inwhich one (the parasite) benefits and the other (the
host) is harmed. Parasites obtain food, shelter, or other re-
quirements at the expense of the host (Allaby, 2014; Park, 2007).
Urban-rural relationships have parasitic characteristics because
urban populations benefit at the expense of rural populations by
exploiting rural areas for resources necessary for survival such as
food, water, energy, and waste disposal. Rural populations are
harmed by pollution and a reduced quality of life when resources
are extracted and wastes are returned. The relationship is not
completely parasitic because urban areas provide rural areas with
processed goods, jobs, services, science and technology, and cul-
tural media. While culture, science and technology produced in
urban areas benefit rural populations, they are also used as a tool
to further exploit rural resources and develop a system of rural
dependency. For example, wealthy urban academic institutions
receive funding to develop the technologies which promote in-
dustrial agriculture and extraction of geological resources that
pollute rural communities. Culture and entertainment media
produced in urban areas also may benefit rural areas, but media
often are used to reinforce stereotypes of rural people as ignorant
and unsophisticated (Bassett, 2003). These stereotypes discredit
rural people's concerns over environmental injustice and health
as uninformed and unimportant.
While urban areas provide services to rural areas, many rural

communities lack the medical, financial, social, educational, and
recreational services most US urban communities would
consider basic (Bassett, 2003). Often, polluting industries will
incentivize rural communities to accept environmental burdens
by promising to provide some of the infrastructure, health, ed-
ucation, and financial services rural areas are lacking. Further-
more, incentives to rural area, which can come directly from
industry or from government agencies closely aligned with in-
dustry, may primarily benefit more privileged members of rural
communities. This type of aid supports a system in which local
elites profit at the expense of the majority of rural residents,
which can open rural areas to additional polluting and extractive
industries (Thu, 2010). Another parasitic aspect of the relation-
ship is developed urban areas’ interests in keeping underdevel-
oped rural areas sufficiently healthy to meet their needs for
survival (Brown, 1976).

Although agricultural and extractive laborers and their com-
munities have been subject to exploitation in the past, industri-
alization of production counteracts symbiotic aspects of urban-
rural relationships that benefit both populations, and magnifies
rural environmental injustice. Historically, harm to rural pop-
ulations was mitigated because pollution was spatially diluted.
The industrialization of food and energy production contributes to
shifting this relationship from symbiotic to parasitic. The system
of exchange deepened exploitation as rural activities were
consolidated and standardized through industrialization. This
dynamic of industrialization and concentration has been well-
characterized in a social context for over fifty years. In the
1940s, anthropologist WR Goldschmidt outlined the social and
economic consequences of industrialization of agriculture in the
US. He noted that industrialization resulted in an increased pro-
portion of low-wage jobs and a lower quality of life for most rural
community residents, and a simultaneous consolidation of wealth
among elites (Goldschmidt, 1978). While the industrialization of
agriculture has long been recognized as a driver of social injustice
within rural areas, it also perpetuates environmental injustice
though urban-rural exploitation. Goldschmidt's theories can be
transitively applied to environmental problems, as industrializa-
tion of agriculture deepens urban-rural environmental injustice.
This is because the consolidation, industrialization, and vertical
integration of rural business also increases the amount, concen-
tration, and toxicity of pollutants that rural communities bear.
Industrialization consolidates sources of pollution so that nearby
communities bear a disproportionate environmental and health
burden.

To illustrate basic themes of rural environmental injustice, this
paper explores the dynamics of urban-rural exploitation though
two examples of industrialized food and energy production e in-
dustrial hog operations in eastern rural North Carolina, and the
Fukushima Daiichi nuclear disaster in rural Japan. In each situation,
we argue that rural communities are disproportionately exposed to
environmental hazards from industrial production that primarily
benefits urban society. These examples come from our work as
environmental epidemiologists who have responded to appeals
from rural communities seeking research that could support their
efforts to reduce the burden of pollutants that degrade health and
quality of life. We developed our thesis and these examples pri-
marily as practitioners who have collaborated with people fighting
industrial pollution rather than deriving them from social theory. In
addition to writing academic papers and teaching students about
our work, we have been involved in public education (Wing, 2013;
Wing et al., 2008, 1996), testified before government officials
(Wing, 2002) and conducted research in support of legal efforts on
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behalf of rural communities (Kelly-Reif, 2015; Wing and Johnston,
2015; Wing, 2003).1,2 Following Harding's (1992) argument that
objectivity is attained by revealing rather than hiding assumptions
and perspectives, we describe this standpoint to emphasize the
context that informs our choice of evidence and arguments
(Harding, 1992).

Although the Fukushima nuclear disaster and industrial agricul-
ture in North Carolina differ in scale, cultural context, economics,
history, and geography, we identify similarities between the two
which show how rurality is a distinct dimension of environmental
injustice. Our goal is to identify features of rural environmental
injustice and examine themes common to both examples. Based on
the comparison of these examples, we identified promotors of rural
environmental injustice common to both situations, including
racism, classism, imperialism, local elitism, and globalization. Finally,
we suggest means by which academics can shift the dynamic of
urban-rural exploitation such as increasing the visibility of rural
pollution, developing equitable academic partnerships with rural
communities, and reevaluating the definition of health.
2. Fukushima Daiichi nuclear disaster

On March 11, 2011 the Tohoku earthquake struck eastern Japan.
The 9.0 magnitude earthquake generated an enormous tsunami
which caused physical damage and a power outage at the
Fukushima Daiichi nuclear power plant. This disabled the plant's
cooling systems and caused core meltdowns of three reactors
(IAEA, 2011). The earthquake and tsunami killed approximately
18,460 people (National Police Agency of Japan, 2015), and over
320,000 people were evacuated due to the destruction from the
earthquake, tsunami, and nuclear accident (Ohnishi, 2012). The
meltdowns at the Fukushima nuclear complex were physically
triggered by the Tohoku earthquake and tsunami, but this accident
was a disaster of colossal magnitude because of the systematic
placement of nuclear power plants with multiple reactors in rural
areas of high seismic activity across rural Japan (Funabashi, 2012;
Nobuyuki, 2011).

All nuclear power plants in Japan are located in rural towns
which were once poor, and are now dependent upon support from
the nuclear power industry (Fackler and Onishi, 2011). The pro-
motion of nuclear power and the rural locations of reactors can be
1 One of us (SW) has been involved with North Carolina communities impacted
by industrial animal production since the mid-1990s. This involvement has
included support at community meetings, public protests, and meetings with local
and state officials who have legislative or regulatory authority over environmental
and health policies. Currently we are providing research support for a complaint
against the North Carolina Division of Environmental Quality, filed with the US-EPA
under Title VI of the Civil Rights Act of 1964, which alleges that state permitting
program for swine CAFOs has resulted in a disproportionate burden of pollutants
and health impacts on African American, Native American and Latino people in
North Carolina. See http://earthjustice.org/news/press/2015/epa-launches-
investigation-of-north-carolina-for-civil-rights-violations-0 and http://
earthjustice.org/cases/2014/petitioning-epa-on-civil-rights-violations. We are also
involved 26 federal nuisance lawsuits filed on behalf of swine CAFO neighbors. See
http://www.charlotteobserver.com/news/local/article9251771.html.

2 Both authors have visited Fukushima in the company of a physician and
geneticist who works with radiation exposed populations. We made these visits
while in Japan for meetings and research at the Radiation Effects Research Foun-
dation in Hiroshima. On our visits to Fukushima we viewed evacuated towns,
temporary housing sites, and met with residents. One of us (SW) made public
presentations explaining radiation epidemiology to residents, interpreting the
Japanese government's pronouncements in the context of international studies of
radiation, and hearing fromworkers and residents about their experiences. Neither
of us has been involved in formal epidemiologic studies which depend on access to
Japanese medical data. The history of colonial science involving the United States'
interests in the health effects of nuclear attacks on Japanese cities creates ethical
concerns for epidemiologists from the United States working in Japan.
traced back to the influences of US occupation of Japan following
World War II and the Atoms for Peace Campaign (Kuznick, 2011).
The Eisenhower administration aggressively promoted nuclear
power in Japan to ameliorate public outrage over nuclear bomb
testing in the Pacific and the growing stockpile of US nuclear
weapons (Kuznick, 2011). Despite these efforts to build support for
“the friendly atom”, living near a nuclear power plant was and is
considered undesirable. Rural residents questioned why they
should be exposed to higher levels of radiation to provide power to
urban areas (Nobuyuki, 2011). To ease resistance to accepting nu-
clear risks, the government developed a subsidy scheme which
provided financial assistance to struggling rural towns in exchange
for accepting a nuclear power plant. This resulted in economic
dependence of these towns on hosting nuclear reactors (Nobuyuki,
2011; Onitsuka, 2011). Actions of the national government are often
highlighted as the impetus for the siting of nuclear facilities in
struggling rural communities, but local populations and local elites
also play an important role in deciding whether or not a nuclear
power plant will be located in their town (Dusinberre and Aldrich,
2011). The strong role of elite local and national decision makers is
exemplified by the popular Japanese term ‘nuclear village’ (gen-
shiryoku-mura) which describes the exclusive collaboration be-
tween businesses, state politicians, local government officials and
other local elites, who determine the location of nuclear plants
without input from local citizens, sometimes even without public
disclosure of planning activities (Onitsuka, 2011). Sometimes small
numbers of local elites influence the siting of nuclear facilities by
influencing local public opinion. In the case of the Kaminoseki
power plant, local opposition to the plant was diminished by the
“management of local civil society by a small number of highly
influential men in the town” (Dusinberre and Aldrich, 2011). Indi-
vidual elites can also disproportionately benefit the construction of
power plants because they own large amounts of land. For instance,
the land designated for the construction of the Fukushima reactors
was sold to the Tokyo Electric Power Company (TEPCO) by a single
wealthy landowner (Aldrich, 2008). Local government officials also
benefit from accepting nuclear power plants in their town. The
incentives to accept nuclear risks often come in the form as un-
publicized donations to local governments with no restrictions on
the use of the funds; it is estimated that TEPCO provides $26million
per year of this anonymous funding to local governments (Ichida
et al., 2011). The cycle of economic dependence developed at the
national level combined with the influence of industry and profit of
local elites allows the nuclear industry to concentrate multiple
reactors in the same area and increases the potential harm from a
nuclear accident (Onitsuka, 2011). The two nuclear stations located
in Fukushima (Daini and Daiichi) had a combined total of 10 re-
actors at the time of the meltdowns.

Nuclear risks faced by rural people are largely invisible to the
urban people who benefit from the electricity produced. The
Fukushima Daiichi nuclear power plant is owned and operated by
the TEPCO. Headquartered in Tokyo, TEPCO is 140 miles away from
the Fukushima plant. The vast majority of the power generated by
the Fukushima Daiichi power plant goes to Tokyo, whose citizens
bear few of the health or psychological risks of living near a nuclear
power plant (Shrader-Frechette, 2012). Most government and
corporate decision-makers do not live near nuclear reactors where
there is potential for the greatest impacts of radioactive contami-
nation, and citizen participation in policy making is generally dis-
regarded as dispensable by the Japanese government (Figueroa,
2013). As the events of the accident unfolded, TEPCO and the Jap-
anese government concealed important information. Communities
were not given appropriate evacuation instructions and were
misinformed about radioactive releases (Figueroa, 2013). Citizens in
rural Itate village, 40 km northwest of the reactors, were exposed to
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highly contaminated radioactive snow and rain, but received no
evacuation instructions from the government until over a month
after the accident (Itonaga, 2014).

Rural environmental injustice persists after the accident. The
accident dispersed large amounts of radioactive isotopes into the
air, soil, fresh water, and ocean surrounding the plant (Ohnishi,
2012). Cesium-137, with a half-life of about 30 years, is one of the
main radionuclides emitted from the plant and current levels of
contamination are, in most places, similar to levels days after the
accident (Nakanishi, 2013). Some foods grown in Fukushima
absorbed radioactive cesium which, like other radionuclides, de-
livers internal doses of ionizing radiation following ingestion
(Nakanishi, 2013). In response to the food contamination, the Jap-
anese government enforced more stringent national standards for
radiation levels in commercial food products and drinking water.
However, the government simultaneously relaxed the standards of
exposure for people living near the destroyed nuclear plant,
including children. Radiation standards for food in Japan are now
stricter than many other developed countries (Japanese Ministry of
Health Labour and Welfare (2011)). The allowable radioactivity for
many types of food including vegetables, grains, and meat was
reduced to one fifth of the prior standard, and special protections
were created for infant food. Allowable radiation levels at schools
were increased from 1 to 20 millisieverts per year, which is the
occupational limit for nuclear workers in most countries (Watts,
2011). The annual maximum permissible level from radioactive
cesium in foods is now 5 millisieverts per year, one fourth of the
radiation limit for schools in Fukushima (Japanese Ministry of
Health Labour and Welfare (2011)). Preferential treatment of
commodities over people demonstrates how urban populations’
health and economic interests are placed ahead of health and safety
of rural populations. New standards have not improved the situa-
tion of farmers whose land is either contaminated or perceived to
be contaminated because few consumers will purchase Fukushima
products (Iwata, 2015).

Persistent problems from the disaster extend beyond agricul-
tural contamination. Cancer from ionizing radiation is an important
concern, but it is too soon to quantify the effects of the initial ra-
diation releases from March, 2011 due to the latency periods for
most cancers. Such quantification would ideally involve a com-
parison of more vs. less exposed people; to our knowledge, esti-
mates of radiation doses delivered by multiple radionuclides
through multiple pathways have not been made for Fukushima
residents. An additional problem with interpreting cancer trends
after releases from nuclear plants is screening bias resulting from
increased surveillance and early diagnosis.

Other serious health concerns are disaster trauma and long-
term displacement. As of 2013, over 150,000 people remain dis-
placed from their homes (Brumfiel, 2013), mostly because of
radioactive contamination. While evacuees were provided with
temporary housing arrangements, numerous evacuees are still
living in residences not intended for permanent use. Many survi-
vors of the earthquake and nuclear accident suffered acute psy-
chological distress from the accident, but also suffer from chronic
mental health problems due to stress, depression, anxiety, job loss,
fear of radiation-induced diseases, and disruption of daily life (Sakai
et al., 2014; Yamashita and Shigemura, 2013). Social ties among
local communities have unraveled (Figueroa, 2013) and lifestyles
have been disrupted as families who lived in multi-generational
homes were separated as a result of these ‘temporary’ housing
assignments.3 Social and mental health services in Tokhu region
were known to be inadequate compared to other areas in Japan
3 Furitsu, K. 2014. Personal Communication.
prior to the disaster (Yamashita and Shigemura, 2013), and the
adequacy and availability of long term post-disaster mental health
resources are a major concern (McCurry, 2015).

Rural environmental injustice intersects with racial and class
injustice. Both urban and rural people of low socioeconomic status
are disproportionately affected by the Fukushima nuclear disaster
because they more commonly accept dangerous and dirty clean-up
work from the disaster (Shrader-Frechette, 2012). By the end of
2012, 24,000 workers were employed to clean up Fukushima
Daiichi or decontaminate surrounding areas (Hecht, 2013). TEPCO
workers are monitored for radiation exposure but only represent a
portion of workers subjected to radiation hazards. Most laborers
work for subcontractors with poorer radiation protection programs
(Glionna, 2011; Jobin, 2012). Many of these are low-income
migratory workers, some of whom live in urban slums but move
throughout rural Japan for work, and are often historically ostra-
cized buraku people and people of mixed Korean-Japanese ancestry
(Hecht, 2013; Shrader-Frechette, 2012). Compared to TEPCO man-
agers and engineers, subcontracted workers get lower pay, receive
higher radiation doses, and have poorer personal protective
equipment and monitoring (Jobin, 2011). Often, subcontracted
workers are employed for short periods of time to complete jobs
which result in high levels of ionizing radiation exposure. Once
they reach allowable radiation limits they are let go without any
medical benefits (Hecht, 2013). Alternately, subcontracted workers
are offered financial incentives to not wear dosimeters or to shield
dosimeters with lead so that they can exceed occupational radia-
tion exposure limits without detection (Hecht, 2013; Kurtenbach,
2012). These workers represent the complex nature of urban-
rural dynamics as well as the intersection of rural exploitation
with class and racial injustices.

Nuclear power generation is a highly industrialized system of
urban-rural exploitation founded in rural poverty. In Japan this
system is deliberately advanced by the nuclear industry and resulted
in the concentration of multiple nuclear reactors in seismically
active rural areas with centuries-long records of tsunamis. Rural
people are receiving unequal protection under the law, evidenced by
paradoxical radiation standards. Rural workers receive inadequate
protection and monitoring, and information about radiation pro-
vided to rural residents has been delayed and inadequate. Further-
more, rural communities are in need of additional resources to cope
with the effect of displacement. As political resistance against
resuming nuclear operations in Japan once again declines, the same
parasitic relationship between urban and rural Japan is reinstated.

3. Industrial hog operations in North Carolina

Hog production in North Carolina industrialized in just a few
decades (MacDonald and McBride, 2009). North Carolina pork
production historically occurred on tens of thousands of small
family farms, which were characterized by crop and livestock di-
versity (Edwards and Ladd, 2000). Records dating back to the 1860s
show hogs were evenly dispersed throughout the state (Hillard,
1969) but in the mid-1980s industrial hog operations began to
dominate the rural landscape of the North Carolina coastal plain
(Furuseth, 1997; Pew Commission on Industrial Farm Animal
Production, 2008a). In a single decade North Carolina went from
fifteenth to second in hog production in the US. Industrial hog
operations are characterized by fewer farms with substantially
more hogs. An industrial hog operation has been described as a
“city of swine” without a closed sewer system, which grew over-
night (Stith and Warrick, 1996). The hogs are densely confined by
the thousands in enclosed structures. These facilities are referred to
as confined animal feeding operations (CAFOs). They are organized
differently from traditional farms, and have a closer physical



K. Kelly-Reif, S. Wing / Journal of Rural Studies 47 (2016) 350e358354
resemblance to factories than farms (Pew Commission on Industrial
Farm Animal Production, 2008b).

Similar to many non-agricultural factories, industrial hog oper-
ations pollute air and water. Because of the density of production
and lack of waste treatment systems, CAFOs pollute far more than
pasture-based hog farms. Feces and urine are flushed from
confinement buildings into open cesspools known in the industry
as lagoons. To prevent overflow of lagoons waste is sprayed onto
neighboring fields, resulting in the dispersion of aerosolized fecal
material that impacts neighboring communities. Air pollution from
hog CAFOs includes fine particles and numerous gases produced by
bacteria that feed on hog waste. The odorant compounds from raw
and decomposed waste, including hydrogen sulfide, ammonia, and
a large number of volatile organic compounds, are described as
“unbearable” (Tajik et al., 2008), and interfere with routine daily
activities, preventing neighbors from opening windows, drying
clothes, gardening, and hosting family and friends (Tajik et al.,
2008; Wing and Wolf, 2000; Wing et al., 2008). Health impacts of
exposure to hog CAFO air pollution include stress and anxiety
(Horton et al., 2009), depression (Villeneuve et al., 2009), mucous
membrane irritation (Schinasi et al., 2011), respiratory symptoms,
increases in blood pressure (Wing et al., 2013), and a reduced
quality of life (Bullers, 2005; Horton et al., 2009; Sigurdarson and
Kline, 2006; Wing and Wolf, 2000; Wing et al., 2013).

CAFOs also impact occupational health. Antibiotics used for
growth promotion contribute to the development of antibiotic
resistant bacteria (Silbergeld et al., 2008; Smolinski et al., 2003).
Antibiotic resistant infections from CAFOs could affect both urban
and rural populations, but rural communities have closer contact
with industrial animals at work and through environmental
contamination. Nasal carriage of drug resistant strains of Staphy-
lococcus aureus can persist among industrial hog operationworkers
for more than a week (Nadimpalli et al., 2015), increasing the po-
tential for transfer to others. Hog processing plant workers, their
families, and members of their community have a higher preva-
lence of methicillin-resistant S. aureus (MRSA) than the general
population (Neyra et al., 2014). Industrial animal workers may
experience stigma from others due to fear of infection. Media re-
ports of research findings can perpetuate these stigmas by char-
acterizing CAFO workers as vectors of disease rather than focusing
on harmful industry practices. The use of antibiotics promotes
profits for industrial animal producers but no protection exists for
rural people who unwillingly live near CAFOs or for workers lacking
other employment opportunities.

In addition to social stigma and potential for infection associated
with antibiotic resistant bacteria carriage, CAFO workers inhale
particulate matter, endotoxins, carbon monoxide, ammonia, and
hydrogen sulfide (Iowa Iowa State University and The University of
Iowa University and The University of Iowa (2002); Kirkhorn and
Garry, 2000). Exposure to air pollution in animal confinements
increases the occurrence of acute and chronic respiratory problems
(May et al., 2012). Workers report increased upper respiratory
diseases such as rhinitis and mucus membrane irritation, and also
have a higher prevalence of bronchitis (Von Essen and Donham,
1999; Von Essen and Romberger, 2003), asthma (Dosman et al.,
2006, 2004), and COPD (Mons�o et al., 2004), and decreased pul-
monary function (Donham et al., 1995),. High levels of air pollution
in animal confinements can also cause acute injury and sometimes
death. Concentrated hydrogen sulfide fumes from hog waste can
have permanent neurological effects (Donham, 2010) and have
caused asphyxiation deaths among CAFO workers (OSHA, 2010).
CAFOworkers are exposed to numerous other occupational hazards
including chemical irritants and pesticides, and experience ergo-
nomic problems and traumatic injuries from operating machinery
and handling animals. The costs of the injuries, illnesses, and
deaths caused by dangerous CAFO work are not borne by the pork
industry. Rather, occupational illnesses and accidents are primarily
paid for by workers, their families, and taxpayers (OSHA, 2015).

North Carolina legislation suppresses distribution of informa-
tion about the environmental and occupational health impacts of
industrial hog farming. ‘Ag-gag’ laws criminalize the documenta-
tion of conditions inside industrial farm operations. This limits the
ability of workers, scientists and concerned citizens to investigate
working conditions, food safety, and animal abuse. NC House Bill
405, called the ‘Property Protection Act’ prevents workers from
documenting the conditions inside industrial animal facilities. NC
House Bill 33 prohibits the disclosure of veterinary medical records
from the Department of Agriculture and has limited researchers'
abilities to study CAFO effects on water quality (Stith and Warrick,
1996). This legislation was supported and voted on by state poli-
ticians who held financial interests in the industry (Stith and
Warrick, 1996). Industrial animal producers enjoy political privi-
lege, which provides legal protection and privacy for CAFOs at the
expense of communities surrounding these facilities who bear the
direct consequences of air and water pollution. At the same time,
local health departments are aware of the health risks but face
political barriers to addressing the problem (Fry et al., 2014; Nicole,
2013). In hog-dense counties of eastern North Carolina the pork
industry typically has close ties with local elites including legisla-
tors, county commissioners, sheriff's departments, public schools
and colleges.

Ten contiguous counties in eastern North Carolina have the
highest density of swine of any counties in the USA; three of these
also have the highest density of turkeys in the country (Feedstuffs,
2013a, 2013b). The shift from traditional to industrialized hog
farming was against the wishes of many local community groups
(Slatin and Scammell, 2014). However, due to a long history of racial
and class injustice, eastern North Carolina communities lack the
political power and financial resources to prevent construction of
CAFOs in their neighborhoods. This region is part of the Black Belt of
the US South, an area dominated by large slave plantations prior to
the Civil War that continues to be home to a majority of rural Af-
rican Americans. To this day, this region has high levels of poverty,
unemployment, and poor access to medical services and education
compared to other regions (Sirota, 2012; Tomaskovic-Devey and
Roscigno, 1997). The concentration of hog CAFOs in these rural
areas means that disproportionately more people of color live near
hog CAFOs compared to non-Hispanic whites. In non-metropolitan
North Carolina, the proportion of Blacks, Hispanics and American
Indians who live within three miles of an industrial swine opera-
tion operating under the state's 2014 general permit is 1.50, 1.41
and 2.22 times higher, respectively, than non-Hispanic Whites
(Wing and Johnston, 2015).

Globalization of industrial hog production amplifies urban-rural
environmental injustice because rural NC communities are now
forced to bear environmental burdens to support larger urban
populations both nationally and internationally. In 2013, the Chi-
nese company Shuanghui International, now known as WH Group,
purchased US Smithfield Foods, the world's largest pork producer.
China's consumption of pork has increased as more Chinese citi-
zens are able to afford meat on a regular basis (Philpott, 2013). US
pork is also in high demand by Chinese consumers because it is
cheaper to produce than Chinese pork due to the high availability of
grains in the US, and is perceived as higher quality by Chinese
consumers (Philpott, 2013; USDA, 2012). At the time of the acqui-
sition, Smithfield exported a quarter of its products to China, and
the amount of exports is expected to increase significantly
(Kesmodel, 2013). Globalization of CAFO operations also further
entrenches systematic injustice in eastern NC communities. These
communities already lack the political power and financial



K. Kelly-Reif, S. Wing / Journal of Rural Studies 47 (2016) 350e358 355
resources to influence CAFO policies on the state level, and
engaging in international policy requires even more resources and
power. Globalization of industrial pork production also makes it
difficult to identify legal responsibility. While WH Group and its
subsidiaries ownmost hogs in NC CAFOs, local farmers ownmost of
the waste, land and confinement structures used to produce the
animal. The increasing export of industrial pork makes the impacts
of consumption less apparent because foreign consumers are even
more physically and socially distanced from the environmental
impacts of their consumption. Meanwhile, rural Chinese commu-
nities which host industrial agriculture operations also experience
environmental injustices, low wages, and poor working conditions
for the benefit of urban populations.

Industrial hog production in rural eastern North Carolina rep-
resents a parasitic urban-rural dynamic which is reinforced and
exacerbated by racism, classism, and poverty. Large quantities of
food for urban populations are produced at the expense of rural
areas. Industrial farm animal production is not sustainable in terms
of consumption of fossil fuels and water, or concentration of
pollution (Walker et al., 2005), but produces large profits for select
corporations (Pew Commission on Industrial Farm Animal
Production, 2008b). Although some communities initially
welcomed the economic benefits CAFOs might provide, dangerous,
low-paying jobs and exploitative contracts with local famers have
worsened the situation in many areas (Davidson, 1996).

4. Discussion

We acknowledge that the strength of our arguments is limited
by the lack of use of explicit social theory. Because we are not social
theorists, our arguments primarily reflect our public health work
with rural communities experiencing environmental injustice. Our
arguments and inferences do not fit the dominant paradigm of
academic epidemiology which focusses on exposure-outcome re-
lationships and is devoid of social theory (Krieger, 2011; Miettinen,
1985; Pearce, 1996). Collaborating with rural communities and
considering the impact of social movements, even informally, ex-
pands upon the conventional scope of our discipline. Thus, our
views of rural environmental injustice developed not from formal
study of social movements, but from trying to practice an expanded
version of epidemiology.

The comparison of these two examples demonstrates multiple
common themes despite geographical and cultural differences
(Table 1). In both examples, industrialization intensifies the nega-
tive impacts of rural exploitation. The concentration of fecal waste
in eastern North Carolina and the 10 nuclear reactors in Fukushima
are examples of how the increased scale of industrial processes can
exacerbate environmental problems for rural people. Industriali-
zation has negative impacts beyond the consolidation of waste in
rural areas. In both examples, industrial prosperity is valued more
highly than rural community safety. In Japan, food standards, pro-
moted as safety measures to protect mostly urban consumers, are
more protective than environmental standards for rural people. In
North Carolina, production and profit are boosted with the sub-
therapeutic use of antibiotics at the expense of public health.
Further, industries benefit by influencing the government to
conceal information that could help citizen decision-making,
oversight, and scientific investigation. This is evidenced by legis-
lation in North Carolina prohibiting the documentation of CAFO
activities. In Fukushima, a series of misinformation scandals by
TEPCO and the Japanese government resulted in higher than
necessary exposures to many evacuees.

Industrialization intensifies rural injustice, but imperialism
aided in establishing the parasitic relationship between urban and
rural areas. The relationship is sustained in a cycle of dependency.
Historically this is illustrated by northern economic imperialism in
the US South, and the Atoms for Peace program in Japan. In both
examples, industry jobs and economic subsidies put rural com-
munities in a situation in which their livelihoods are dependent
upon polluting industries that primarily benefit urban people.

Racism and classism intersect with rurality to further rural
injustice. In North Carolina, racism and poverty facilitated the un-
fettered growth of intensive livestock operations in the absence of
environmental controls. In Fukushima, poverty made rural com-
munities vulnerable to nuclear power stations, and discrimination
against the buraku people increased their vulnerability. Blue-collar
energy workers and industrial agricultural workers also dispro-
portionately experience excessive rural pollution hazards.

In addition to the traditional dimensions of race and class,
environmental injustice is usually addressed as either a regional or
international issue, but this perspective oversimplifies the
increasing intersection of local and global environmental exploi-
tation. The dynamics of urban-rural environmental injustice are
becoming more complicated as energy and agricultural production
become globalized. With the example of the Fukushima melt-
downs, as in weapons testing of the past, the global distribution of
radionuclides increased concerns about contamination among ur-
ban populations without emphasizing the much higher exposure of
rural communities and workers proximal to the sources. Further-
more, the global dynamics of nuclear politics continue promote the
construction of nuclear power plants. In North Carolina, exporting
hogs to China increases the distance between consumer and pro-
ducer, and reduces visibility of rural pollution problems.

5. Changing the dynamic of urban-rural exploitation

Increasing the visibility of rural pollution is a step towards
mitigating rural environmental injustice. Some urbanites hold
negative views of rural people and their lifestyles, but also para-
doxically believe rural life is idyllic and unspoiled. Some romanti-
cize escaping to the countryside. Polluting industries that produce
primarily for urban consumption, including coal mining, fracking,
nuclear power, and industrial agriculture, and the disposal of urban
solid wastes and sewage sludge in rural areas, are not pervasive in
the popular urban conceptualization of rural life, and are essentially
out of sight to many urban and suburban people. Because benefi-
ciaries are unaware of the pollution in rural areas created during
production of their food and energy and disposal of their wastes, no
motivation exists to reduce resource consumption related to these
environmental impacts. Evidence based social-ecological models
show that as a population's reliance on resources becomes less
apparent, they become less aware of and concerned about deteri-
oration of those resources (Cumming et al., 2014).

Rural activists understand the need for greater visibility of rural
environmental injustice. Activists from eastern North Carolina and
Fukushima have staged protests designed to increase the visibility
rural pollution with thought-provoking results. Activists with the
North Carolina Environmental Justice Network and the Rural
Empowerment Association for Community Help brought attention
to the environmental and health dangers of industrial hog farming
by creating a model hog CAFO at a protest at the state capitol,
including model confinement structures and a child's pool with
40 gallons of hog waste. The hog waste, branded by pork producers
as organic fertilizer and regularly aerosolized through industrial
sprayers in rural communities, was deemed toxic waste worthy of
HazMat clean-up on capitol grounds (Slatin and Scammell, 2014).
After the Fukushima disaster, local farmers brought trucks with
Fukushima cattle to central Tokyo to bring attention to food safety
issues and the abandonment of livestock still living in the evacua-
tion zone (Adelman and Yuasa, 2011). During these protests the



Table 1
Dimensions of parasitismwhich reinforce rural environmental injustice: a comparison of rural nuclear power production in Japan and industrial agriculture in the southern US.

Common dimension of rural environmental
injustice

Radiation contamination in Fukushima Industrial agriculture pollution in North Carolina

Industrialization intensifies the negative
impacts of rural exploitation

Consolidation of multiple nuclear power plants in same
rural area increases radiation releases and potential
damages from accidents.

Concentration of hogs in industrial farming operations
increases intensity of odorant compounds, release of air
pollutants, and drug resistant microbes in rural communities.

Racism and classism intersect with rurality
and increase environmental injustice

People of mixed Korean and Japanese ancestry and people
with lower income are more exposed to dangerous
radionuclide clean-up activities.

Industrial hog operations in NC are disproportionately located
in communities of color.

Imperialism and dependency facilitates and
sustains patristic relationship between
urban and rural areas.

Imperialist post WWII nuclear development promotes
nuclear power plants in rural areas. Subsidy schemes create
a system of dependency.

Early public health imperialism in US South facilitates urban
control. Industry tactic of promising rural community
development increases dependency on industry activities.

Industry and government collude to obscure
information which would expose rural
environmental injustices

The Japanese Diet, utility companies, and media, are
responsible for withholding important post-accident
information.

‘Ag-gag’ laws criminalize the documentation and public
disclosure of industrial hog operation activities.

Inadequate social and scientific resources
allocated to rural areas to quantify the
health impacts of environmental injustice

Industry and government officials fail to adequately
quantify and communicate information about radionuclide
contamination.

There is a paucity of air and water quality monitoring stations
in rural compared to urban areas of the USA.

Increasing globalization of industrial
pollutants obscures impacts on rural
people

Regional and global radioactive contamination increases
concerns of urban people without acknowledging higher
exposures of rural populations near the source.

Globalization of pork production and trade increases distance
between consumer and producer, and reduces visibility of rural
pollution problems.

Local elites promote the siting of rural
pollutants in their communities

Local elites receive financial benefits from collaborating
with businesses and state politicians who determine the
location of nuclear plants.

The pork industry typically has close ties with local elites
including legislators, county commissioners, sheriff's
departments, public schools and colleges.
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cows were not allowed off of trailers because of radiation safety
concerns (Kurtenbach, 2014). In both situations, activists sought to
increase the visibility of rural environmental injustice by physically
bringing the problem to urban citizens and politicians. When the
same environmental contaminants rural communities are forced to
endure regularly are brought into the urban context, they are
quickly redefined as toxic and/or dangerous. The juxtaposition of
these rural pollutants in urban areas, so quickly redefined when
removed from their rural context, demonstrates the implicit double
standards for urban and rural environmental quality.

As activists bring attention to rural environmental issues, re-
searchers can increase the visibility of rural pollution in academic
and popular discourse by investigating rural issues. The environ-
mental injustice component of rurality may be overlooked by some
researchers due to the aggregation of universities in urban areas.
Another barrier is that the scientific infrastructure for quantifying
the health impacts of rural environmental injustice does not exist.
In the US, the distributions and types of rural pollution are not well
characterized, nor are the population-level health effects of that
pollution (Hendryx et al., 2010). For example, most rural areas are
excluded from air quality monitoring networks, so there are rela-
tively few ambient air quality data relevant to a large proportion of
the rural population (Miranda et al., 2011). Where air monitors are
located in rural areas, they may not be located near important
pollution sources. Of 22 EPA air monitoring stations in West Vir-
ginia, none are located near any of the coal mining communities
impacted by large amounts of industrial rural pollution (Hendryx
et al., 2010). A basic step towards reducing rural environmental
injustice is to develop the framework needed to monitor pollutants
and health in rural places.

Another step towards changing the urban-rural dynamic is to
develop equitable academic partnerships with rural communities.
The traditional relationship between researchers and study par-
ticipants is often exploitative and parasitic, as most human research
does not produce knowledge of direct benefit to the subjects,
whereas researchers' careers benefit from publications and grants.
Collaborative academic-rural partnerships can identify areas of
greatest concern for rural communities, and support the capacity of
rural communities to oppose environmental hazards and exploi-
tation of their communities. The promotion of partnerships with
rural communities where rural people's thoughts and opinions are
valued would also help combat urban stereotyping of people as
uneducated and misinformed. Researchers, mostly urban people,
could take it upon themselves to share their political, social, and
economic resources more equitably with the rural communities
that are exploited in order to support urban consumption.
Community-driven research could help shift the relationship from
parasitic to symbiotic on a broader urban-rural level and also on a
researcher-subject level.

Parasites depend on their hosts to live, and therefore it is in the
parasite's best interest to keep their host alive as long as possible.
For urban and rural societies to break out of the structure of a
parasitic relationship, urban communities must invest inmore than
the survival of rural communities. Rather than keeping the host
alive for the sake of the parasite's survival, urban communities need
to invest in the prosperity and diversity of rural communities. As
researchers, critical evaluation of our definition of health may serve
to shift our society's standards of acceptable living conditions for
rural communities. Rejecting the definition of health as the absence
of disease and seriously considering well-being as an integral part
of health is one way researchers can contribute to the shift from
population-level parasitism to symbiosis, and influence the dia-
logue surrounding rural environmental injustice. For instance,
research should not only address how rural pollution affects dis-
eases that have reimbursable insurance codes; it should also
address how it affects quality of life. With the example of
Fukushima, the impact of radiation on cancer rates may not be
quantifiable due to methodological shortcomings such as screening
bias, low statistical power in studies of rare cancers, and poor
quantification of complicated environmental fate and transport of
radionuclides and their relationship to individual doses. However,
for evacuees and survivors, attention to the impacts of the nuclear
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meltdowns, including the uncertainties of living in a radiation-
contaminated environment, effects of evacuation and loss of so-
cial ties, are also important. Collaborating with communities can
put researchers at odds with industry, the media, and other aca-
demics, which can be challenging (Wing, 2002). However, by
establishing equitable partnerships and opportunities for mutual
learning, researchers can promote the quality of life and self-
determination of people subjected to environmental injustices,
and perhaps help change scientific cultural norms.

Ultimately, urban-rural environmental injustice is disadvanta-
geous for all members of society and degrades public health for all
populations. Inequality between urban and rural areas reinforces a
dualist conceptualization of society and the environment, when in
reality urban and rural areas are highly interrelated. Pollution
affecting rural communities leads to urban and global environ-
mental degradation. Industrial animal production increases
greenhouse gasses which cause climate change. Waste from in-
dustrial animal production causes eutrophication and bacterial
contaminationwhich affects urbanwaterways and sources of urban
drinking water. Nuclear power generation requires large volumes
of water, accidents and regular releases increase global radiation
levels, and radioactive waste and contamination can persist in the
environment for hundreds of thousands of years. In addition to
global environmental degradation, industrialization of rural areas
may be less efficient and more expensive than traditional rural
practices for urban and rural communities alike. A recent cost
analysis concluded that industrialized hog operations are more
expensive than traditional hog farming but only seem cheaper and
more efficient because the real costs of production are hidden,
deflected to rural communities and the environment (Pew
Commission on Industrial Farm Animal Production, 2008b).

Rural environmental injustice is a form of parasitism which
eventually harms both urban and rural communities. Industriali-
zation exacerbates urban-rural exploitation by concentrating
pollution in vulnerable rural communities, while hiding the
negative impacts of industrial production from urban beneficiaries.
Industry leverages existing inequality to achieve higher profits, and
influences government to legalize systematic rural injustice (Thu,
2001). Redistributing the environmental burdens of communities
proportional to their level of consumption, sharing urban resources
and services including social, political, and academic clout, rede-
fining health to include quality of life, and increasing the visibility
of rural areas, can all help realign the urban-rural dynamic from a
parasitic relationship to one more closely resembling symbiosis.
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