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CHAPTER 1: INTRODUCTION

Environmental, social, and economic factors have played an important role in
influencing people’s lifestyles and risks for developing diet-related health problems." The
food environment is the physical presence of food that affects a person’s diet, a person’s
proximity to food store locations, the distribution of food stores, food service, and any
physical entity by which food may be obtained, or a connected system that allows access
to food?. The retail food environment includes the community level (i.e., the presence and
locations of food stores, markets, or both) and the consumer level (i.e., healthful
affordable foods in stores, in markets, or in both)?. Researchers have examined the
availability of the retail food environment, to provide evidence on the extent to which
neighborhoods factors were related to behavioral choices and diet-related health issues.” ®
-6

Although healthy eating habits are ultimately a matter of individual choice, local
food environments have influenced those choices.” The availability of food stores that
sold high-quality, nutritious food at affordable prices were an important factor for
encouraging individuals to choose these items and subsequently reduced their risk for
obesity and diabetes.” ~° People who lived near grocery stores were more likely to eat the
recommended amount of fruits and vegetables and less likely to be obese or have a

diagnosis of diabetes.'® ! While access to convenience stores, on the other hand, was

12-14 11,15

associated with a poorer diet and poorer weight status.
The United States Department of Agriculture (USDA) defines a food desert as
parts of the country vapid of fresh fruits, vegetables, and other healthful whole foods,

usually found in impoverished areas largely due to a lack of grocery stores, farmers’



markets, and healthy food providers. For those who are low-income, maintaining a
healthy diet can be difficult to achieve due to various factors.® " First, those with a
lower income have a more difficult time purchasing healthier foods, due to the increased
cost associated with healthy eating.*® Second, many urban areas lack a supermarket,
thereby limiting access to healthy food for residents. Furthermore, residing in a food
desert can be even more damaging for residents without access to a vehicle for transport
to food stores outside the immediate neighborhood.*® 819

Food deserts offer residents few, if any, high-quality, full-service supermarkets
but many corner stores and fast food restaurants.> % Food swamps are typically
located in food deserts and offer residents unhealthy food options, usually dense in
calories and high in sodium and sugar.?” A diet filled with processed foods, frequently
containing high contents of fat, sugar and sodium, often leads to poorer health outcomes
compared to a diet high in complex carbohydrates and fiber.® 23~

The extent to which food store availability differs by socioeconomic status, racial
and ethnic characteristics have been examined in several locations across the United
States.™ * 2" Low-income, predominantly African-American neighborhoods have fewer
supermarkets, more corners stores, and lower availability of healthy foods, such as fresh
produce and low-sugar, low-fat snack foods, as compared to higher-income,
predominantly white neighborhoods.?® =% Study results based on multi-state samples
have found that low- versus high-income neighborhoods and predominantly Black versus
White neighborhoods had fewer numbers of available supermarkets but significantly

more small convenience stores.*" 3! National studies of metropolitan and urban areas

have found that low- versus high-SES neighborhoods had fewer available



supermarkets."* Other studies have conducted in-store surveys to assess the availability,
variety, quality, and price of particularly healthy items.** Among these studies, 13 found
that food stores in lower-income neighborhoods and communities of color are less likely
to stock healthy foods, offer lower quality items, and have higher process compared to
stores in higher-income or predominantly white communities. 2" 30 3% 336 -42.43 =44 cq
government assessments have found similar results in boroughs in New York City and
Chicago.?* *°

In Baltimore, the Baltimore Food Policy Initiative and Center for a Livable Future
(CLF) created Baltimore City Food Environment Maps. Of the approximately 621,000
people living in Baltimore City, 23.5% live in areas identified as Healthy Food Priority
Areas. A healthy food priority area is defined as “an area where the distance to a
supermarket or supermarket alternative is more than 1/4 mile, the median household
income is at or below 185% of the Federal Poverty Level, over 30% of households have
no vehicle available, and the average Healthy Food Availability Index score for all food
stores is low (0 — 9.5)*°. The types of stores located in healthy food priority areas
differed from the types of stores located outside healthy food priority areas. The stores
outside the priority areas had 47 supermarkets, 422 small grocery and corner stores, 177
convenience stores, and all 6 public markets; while, the stores in the priority areas had no
supermarkets, 103 small grocery and corner stores, 6 convenience stores, and zero public
markets.*® In addition, all food stores located outside priority areas had a greater
availability of healthy foods than stores located in priority areas.*®

Areas that qualify as a priority area were also predominantly African-American

neighborhoods. The percentage of African-Americans who lived in a priority area was



35% compared to a city average of 23.5%. For Hispanic residents, it was 11.4%, Asians
6.9%, and Whites 8.9% “° compared to city average of 4.8%, 2.5%, and 30.3,
respectively.*” The 2018 Food Environment report indicates that of all the children who
lived in Baltimore, 28.3% lived in a priority area.*® The 2018 Food Environment Map
showed that 23.5% lived in healthy food priority areas. The map displayed food access
disparities in regions of the City, primarily in West and East Baltimore, while central city
had more access to food. The map also indicated that most urban farms were located
within healthy food priority areas. Thus, urban farms could provide access to alternative
methods of healthy food options.

Urban agriculture sites contribute to the local food system by providing greater
access to healthy food choices. Urban agriculture has evolved into a strategy for
improving overall community and sustainable development in neighborhoods, including
promoting social, environmental, economic and health concerns.*® Prior research showed
that community gardening could facilitate social interaction, community involvement and
volunteerism, and education of agriculture techniques.”® ~>° Urban agriculture and
gardening have become an important community development strategy, turning vacant
lots into green spaces.*® ** Finally, urban agriculture initiatives have shown to improve
access to food and provide for better nutrition.>* >’ However, limited research has been
performed regarding proximity to environmental hazards in relation to urban farms.
Environmental hazards may include Toxic Release Inventory (TRI) facilities, landfills,
incinerators hazardous waste sites, sewer and water plants, land restoration sites, or
brownfields.*® There is a need to explore this association because environmental

contaminants, such as heavy metals, can be present in urban soils and may be absorbed



by plants or reside on the leaves and outer surface of vegetables and fruits.*~® Once
ingested, heavy metals may have detrimental health impacts on consumers, especially
susceptible populations such as children, the elderly, or those who are

immunocompromised.®* %

SPECIFIC AIMS

This project has three aims: 1) Examine the proximity of environmental hazards
to urban farms in Baltimore City; 2) Understand the distribution of urban farms in
relation to sociodemographic factors and environmental hazards in Baltimore City; and 3)
Investigate knowledge and behavior of consumers of urban-grown produce in relation to
locations, food types, and washing practices in Baltimore City. We used QGIS to
spatially examine the distribution of land restoration sites (LRPs), Toxic Release
Inventory (TRI) facilities, and Superfund sites in Baltimore City. We also surveyed a
subset of Baltimore City residents to assess consumption of urban-grown produce, when
it is seasonally abundant, and washing methods for urban-grown food. The goal of this
study is to understand the distribution of environmental hazards near urban farms and

food handling behaviors of consumers of urban-grown produce.

Research Questions
For Specific Aim #1, we have the following research questions:
1) Are there differences in values of EJScreen environmental indicators withina 1, 2
and 5 kilometers of an urban farm?

2) How do these values compare to the Maryland state average?



3) What is the count of environmental hazards within 1, 2 and 5 kilometers and
urban farms?

For Specific Aim #2, we have the following research questions:

4) What is the spatial distribution of urban farms, environmental hazards, and
healthy food priority areas by various sociodemographic factors?

5) What is the mean distribution of sociodemographic measures of census tracts who
host an urban farm and/or a TRI facility and census tracts who do not host an
urban farm and/or TRI facility?

For Specific Aim #3, we have the following research questions:

6) How often do consumers eat city-grown carrots, kale, squash, bell peppers, and
tomatoes when they are seasonally abundant?

7) What types of washing practices do residents have when handling urban-grown

produce?



CHAPTER 2: LITERATURE REVIEW
Food Disparities and Environmental Justice

The United States Environmental Protection Agency (US EPA) defines
environmental justice as ‘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.®’
Community food security may be defined as “all persons obtaining, at all times, a
culturally acceptable, nutritionally adequate diet through local, non-emergency sources”®
~%_Community food security and environmental justice are parallel social movements
interested in equity and justice and system-wide factors.?® "~ ™* Both movements identify
the need to empower communities and incorporate considerations of equity and justice.®®
"2 Community food security differs from hunger intervention by representing a
community need, rather than an individual’s condition, as associated with hunger.®® "
Community food security can examine the food system itself, from production,
distribution and transportation;’* however, we will investigate how community-based
food processing enterprises, such as urban farming helps to relieve community food
insecurity.

Food insecurity is a lack of consistent access to enough food for an active, healthy
life.” In 2015, an estimated 12.7% or 15.8 million households were food insecure.” "~
" Disparities exist across different neighborhoods in terms of access to healthy or higher
quality foods.™ ?* ™ Some investigators have documented disparities in the costs of

food,” 8 due to the lower cost of energy-dense foods and the higher costs of nutrient-

rich foods.®? Darmon found energy-dense foods, such as fats and oils, added sugars, and



refined grains provided calories at a lower cost, while low-energy-density lean meats,
fish, vegetables, and fruit are the most expensive energy sources. Similar findings have
been obtained in the United States,® % Australia,®* and the Netherlands.®> Other studies
have focused on the types of foods available within food stores.®® ~®® Larger sized food
stores, such as supermarkets, versus smaller stores and chain stores have been shown to
stock a greater selection of produce and healthy food items at a lower cost, due to the
economics of scale and, often to competition. " A study in rural Maryland found that the
most common food source types, convenience stores and nontraditional stores, had the
lowest healthy food availability.® Another study documented the lack of availability of
foods recommended for people with diabetes in East Harlem, New York compared with
availability in the Upper East Side, an adjacent more affluent and predominantly White
neighborhoods.*’

In addition, researchers have found differences in the availability of certain types
of food stores.2® 2% 31:37.79.89.90. 91 Tha tyna and number of food stores present have been
shown to vary according to the racial and income composition of neighborhoods, with
supermarkets generally more common in White and wealthier areas compared to
neighborhoods with people of color and lower-incomes.?" *"*! Studies have shown that
neighborhoods with a higher proportion of African-American residents have fewer

supermarkets and fewer high-quality food options, ** %

as well as disproportionate
number of fast food restaurants.?® A study in Detroit, Michigan found disparities in
supermarket accessibility on the basis of race among the most impoverished
neighborhoods.®* African-Americans resided, on average, 1.1 miles farther from the

nearest supermarket than members of the most impoverished White neighborhoods.**



Neighborhoods with higher income levels and higher proportions of White residents tend
to have greater access to supermarkets or large chain food stores, while poorer
neighborhoods and those with higher proportions of Black or Hispanic residents may
have relatively high access to small grocery stores.? 2

Everyone has the right to equal access to products and services capable of
satisfying basic needs, yet the poor may be systematically prevented from doing so.” %
People in poverty are those subjected to socioeconomic disadvantages that limit and
restrict their ability to access and afford basic products and services.*® % Income
inequality may be magnified by the costs of food security.®® Access to healthy food in
disrupted food systems requires consumers to either pay high prices for travel or suffer
food-insecure conditions.*® If poor households pay more to access healthy foods, the
household budget and/or consumption must be adjusted.* %~ % Studies of the food

2
1.°

environment rarely include mode of travel.” For those who lack a private automobile, the

extent and frequency of public transit service may be pivotal for accessing resources.** %’
In locations with infrequent or unreliable transit service, use of public transit for food
shopping is likely to be time consuming and inefficient.*> * % For example, a study in
Baltimore City, Maryland found that distance and inconvenient public transportation
made it difficult for residents to access supermarkets without a car'®. If travel is not an
option, households will have to endure food desert or food swamp conditions, with the
corresponding health consequences and costs.* 1% ~ 102

Disparities in the built environment put low-income, urban residents at increased

risk for an unhealthy diet and obesity.’®® Residents of low-income neighborhoods may

rely on small groceries and convenience stores for food,*" *** which compared to



supermarkets, devote dramatically more shelf space to highly processed foods (e.qg., four
times the space to carbonated beverages) and less space for healthy foods (e.g., 64% less
for fresh fruits) . Another study in Southeastern Louisiana and Los Angeles measured
the amount of shelf space of food items in urban small food stores and found that such
stores had a limited amount of space for fresh fruit and vegetables. Over 50% of these did
not carry any fresh fruits and 35% did not have any fresh vegetables.'®® A majority of
non-White and low-income neighborhoods can have an abundance of food retailers that
sell energy-dense, less healthy foods that ‘swamp’ out the healthy food choices that could
be available, leading areas to be labeled as ‘food swamps’.'® The lack of access to
healthy foods can contribute to poor health outcomes including obesity. One study found
that the presence of convenience stores was associated with a higher prevalence of
obesity and overweight residents.™

Alternative food outlets, such as urban agriculture, can help relieve food
insecurity. The alternative food movement seeks to rethink food production and food
consumption through emphasizing a local food environment that promotes a regional
economy, sustainable growing practices, and social justice.’” ~*% Much of the research
and practices associated with the alternative food movement can be understood from a
food justice theory, related to environmental justice, race, history, and socioeconomics.’®
197 Food justice is communities exercising their right to grow, sell, and eat healthy
food.**® The framework ensures that the benefits and risks of how food is grown,
processed, transported, distributed and consumed are shared equitably.®® Food justice

scrutinizes the current system of power, resource control, and lack of participation within

10



the food system by calling for alternative solutions such as local agriculture, farmers’
markets, and community supported agriculture.*®” ~1%°

The rise in demand across the United States and abroad for farmers’ markets,
community gardens, and community-supported agriculture tends to support the notion
that people are becoming more aware of and involved in local agriculture production.'®
Much of the research on food security and urban agriculture has been done in developing
countries; however, some research supports that urban agriculture can impact food
security by increasing food availability, access, consumption, and through income
generated through the sale of produce in US cities.”

Urban agriculture initiatives have become important resources for community
food security.®® % A study in Newark, New Jersey showed that 44.9% of respondents
considered growing their own food a socio-economic benefit of community gardening.>
An upstate New York survey indicated that 60% of low-income gardeners chose to
garden because it provided them with a significant food supply.*® In Philadelphia, Meenar
found that 67% of urban agriculture participants strongly agreed that urban farms
contribute to alleviate the food gap.'®” Gardeners in Toronto thought of the food in their
gardens as a substitute for store-bought food; they also believed gardening made a
considerable difference in their household food budget.* Additional studies have found
that participating in an urban garden may improve fruit and vegetable intake among
urban adults.***

Urban and community gardens have been found to have social-cultural,

environmental, and health and benefits. Numerous studies have documented how

community gardens enhance the social capital of communities through increasing social
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networks and foster social integration.”® % *°~1° The strong socio-cultural values
surrounding growing food and cooking food, help to facilitate the role of gardens as a
social bridge. These sites can also provide services for youth development, education,
and skills/workforce training.**® For instance, researchers found that Latino gardeners in
New York City stated urban agricultural sites remain to be important educational sites.>
In addition, urban green spaces can increase biodiversity, reduce air pollution through
filtration of particulates by vegetation, and increase rainwater draining."*> The practice of
urban agriculture generally increases social capital, civic involvement, community

107

efficacy, and empowerment™" and may increase food security by improving access to

food and provide better nutrition.>® ~*°

As urban agriculture grows in popularity, vacant parcels in post-industrial cities
have become a prime target for cultivation.®> Many efforts to transform vacant land into
fruitful agricultural spaces are driven by the motivations to provide healthy and nutritious
fresh produce to residents of ‘food deserts’, low-income areas where fresh produce and
healthy food options are limited, largely due to a lack of grocery stores, farmers markets
and healthy food providers.®® 2 However, as healthy food production begins on vacant
parcels in urban settings, public concern is growing over potential environmental
hazards.®® ®% 12 Many vacant lots contain contaminants, some of which may be legacy
material from an industrial site, or contaminants from traffic-related exposure.® 122~ 123
Additionally, these urban agriculture sites are located within or nearby the very food

49, 62 It is

deserts that food justice-oriented urban agriculturists intend to serve. important

to investigate the spatial distribution of legacy sites and the potential for soil

12



contamination to protect the public from potential risks associated with the consumption

of urban-grown produce.®

Food Landscape in Baltimore City

Food is readily available in diverse retail establishments, although the quality and
healthfulness of products varies widely.*** The availability of healthy foods in retail
stores is one aspect of food access.*® Baltimore City has several food retail
establishments, including supermarkets, small groceries and corner stores, “behind glass”
corner stores, convenience stores, virtual supermarkets, and public markets.“® Proximity
to and type of food retail stores may influence an individual’s ability to purchase healthy
foods.*® The Johns Hopkins Center for a Livable Future (CLF) created the Healthy Food
Availability Index (HFAI) tool, derived from the Nutrition Environment Measures
Survey for Stores (NEMS), to measure and assess healthy food in stores.*®

The HFAI tool awards points to stores based on the presence of a market basket
of basic staple food items, as well as whether there are healthy options available
including lean protein, whole wheat grains, low-fat dairy, and produce.*® Scores can
range from 0 to 28.5, with a higher score indicating a greater presence of healthy foods.*®
Research from BFPI and CLF found that supermarket have the highest average HFAI
score of all food retail categories, indicating a greater presence of healthy foods.*® Small
grocery and corner stores are the most common type of food retail store, with over 500
locations surveyed across the city, and have the widest range of HFAI scores. Most
convenience stores are national chains and stocking decisions likely happen at a corporate

level and individual stores may have less flexibility in what they offer.® The historic
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public markets vary in size and offerings.*® Most public markets tend to have a larger
proportion of carryout stalls to stable food items (i.e., fruits, vegetables, grains, etc.)*.

In Baltimore City, the distribution of food store types varies enormously between
predominantly African-American neighborhoods and predominantly White
neighborhoods (see Figure 2). In White neighborhoods, 42% of food stores are corner
stores, 37% are convenience stores, 13% are supermarkets, and 5% are farmers markets;
only 1% are behind-glass stores. In African-American neighborhoods, 54% of food stores
are corner stores, 19% are behind-glass stores, and 17% are convenience stores; only 8%
of food stores in African-American neighborhoods are supermarkets, while farmers
market makes up 1% of food stores.'® Differential access to healthy foods may
contribute to health disparities across race/ethnicity and socioeconomic status.?®

2129 and its

Researchers have investigated food disparities in Baltimore City
impact on human health.*®* % ~2° Franco examined the relationships among the
availability of healthy foods and racial and income neighborhood composition.? They
found that 43% of predominantly Black neighborhoods and 46% of lower-income
neighborhoods had the lowest availability of healthy foods, versus 4% and 13%,
respectively in predominantly White and higher-income neighborhoods %°. Additionally,
supermarkets in predominantly Black and lower-income neighborhoods had lower HFAI
scores than supermarkets in predominantly White and higher-income neighborhoods.?
Diez examined differences in the local food environment in Madrid and Baltimore. In
Madrid, 77% of the residents could access healthy foods within 200 meters, versus 1% of

the residents in Baltimore. The study also found that Madrid has access to more public

markets than Baltimore.*** Finally, a study assessed the association between local food
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environments and neighborhood racial/ethnic and socioeconomic composition in selected
census tracts in North Carolina, Maryland, and New York. They found that
predominantly Black census tracts in Maryland had fewer supermarkets and more liquor
stores and predominantly White census tracts.?

CLF conducted a healthy food availability survey in a predominantly low-income,
African American neighborhood and predominantly high-income, White
neighborhood.*® The HFAI supermarket score in the low-income, African-American
neighborhood was about one-half that of the high-income, White neighborhood.® In
every category, except breakfast cereal, the availability of a healthy option was much
lower in the African-American supermarket compared to the supermarket in the White
neighborhood.*®

Factors in the community food environment may influence obesity and chronic
disease risks by creating a food climate that does not support healthy eating.**’” A study
explored food purchasing patterns among adolescents in low-income areas of Baltimore
City and found that these individuals living in food swamps consumed more snacks and
fewer fruits and vegetables, compared with girls living in areas that were not food
swamps. % Another study observed the relationship between the types of food sources
and food purchasing patterns and found that corner-store shoppers obtained more
unhealthy foods than people shopping at other food stores.'?® A study evaluated the
association between healthy foods and BMI and found a positive association between the
availability of healthy food and a higher BMI and attributed this association to the
possibility that individuals could be traveling outside their neighborhood to obtain

healthy food.*®
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Decreased access to healthy food means low-income, people of color suffer more
from diet-related diseases, like obesity and diabetes, than those in higher-income and
predominantly White neighborhoods.® Given these threats to health and quality of life,
increasing healthy eating in disadvantaged urban communities is a critical public health
and policy issue.'® Urban farms and gardens can increase access to healthy fruits and
vegetables on a community level.*®

Urban agriculture can range from urban farms occupying multiple acres of land to
smaller community garden plots available to community members to garden.*® While
many urban agriculture projects (both community gardens and farms) are not intended to
replace traditional food retail and may not be able to feed a significant number of people,
they are part of the food solution by augmenting household access to a variety of fresh
food.*® There are 24 urban farms in Baltimore City. The urban farms range in model,
size, and products grown. Many farms sell produce through farm stands, at Baltimore
City farmers markets, and some urban farms have mobile sites.*®

Urban agriculture produce can be accessed via farmers’ markets, community
supported agriculture memberships, home gardens, school gardens, and Baltimore grown
produce in public markets. Of the 24 urban farms, 13 farms sell at least one farmers
market and 4 farms sell at more than one farmers market. Two farms sell at one public
market, two farms sell through a mobile market and six farms have a farm stand on site.
Of the 19 food producing farms, there are approximately 262 community supported

agriculture members.
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Urban Agriculture Policy in Baltimore City

Urban agriculture encompasses an array of food producing methods, including
school gardens, community gardens, backyard gardens, indoor farming, hydroponics, and
urban farms.** 122 ~12% geveral policies are in place to support farmers to grow local
produce on vacant land, such as the 2015 Urban Agriculture Tax Credit, the City Owned
Land Leasing Initiative, and the Urban Agriculture Training Program.™*® On June 5,
2017, Baltimore City’s enacted and corrected zoning code went into effect.**" Article 32
814 — 307, states for any community-managed open-space garden or farm that produces
food for human consumption, measures must be taken to test and, if necessary, remediate
the soil in accordance with guidelines adopted by the Department of Planning. The
Department of Planning soil safety policy states that all sites that are intended to grow
food in or adjust to existing soil must be tested for lead, arsenic, cadmium, and chromium
and the need to test for additional contaminants will be generated by a site assessment.**?

The soil safety policy has specific recommendations on the quantity of lead
allowed in soil, see table 2 in Appendix 1. For sites tested for lead of 2,000 ppm or
greater, farmers are required to bring in clean soil from an outside source, maintain a
strict plan to prevent that soil from being contaminated, as well as prevent human
exposure to the existing soil. Farmers are also urged to consider using a different site to
grow food.™* In addition to the 24 urban farms in Baltimore City, there are several
community, school, and backyard gardens. The soil safety policies apply to all
community-managed open space gardens or farms in Baltimore City, but not backyard

gardens.
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Urban Agriculture Perception and Risk Communication

Studies have observed associations between community gardening and health,** >

—53, 55,111, 134 - 135 I 53 52 - 53, 136
1

social,” and economic benefits, and gardening in general has
been associated with cardiovascular and mental health benefits.**” ~**® A case study in
Toronto, Ontario found that through participant observation, focus groups and in-depth
interview, community gardens were perceived by gardeners to provide improved access
to food, improved nutrition, increased physical activity and improved mental health.>
Gardening in urban settings may also present health risks associated with exposure to
contaminants such as, heavy metals, organic chemicals, and asbestos that may be present
in urban soils.**® Understanding the perception of gardeners and consumers on urban
agriculture is important for stakeholders to increase the share of citizens who take part in
urban agriculture and provide information on how to minimize health risks associated
with urban gardening.

Subjective knowledge and attitude play a role in consumer behavior.***

Moreover,
each consumer differs in how they personally perceive products, which depends on their
abilities, preferences and experiences.**! In reference to urban agriculture, a study
performed in 2011 found that consumers have a higher willingness to pay for local
products.**? Since the late 1990s, consumers started to purchase local foods instead of
organic foods.'** Research has shown that 86% of consumers considered it an advantage
and held a positive attitude towards purchasing locally grown food.*** Previous research
also found that consumers have a higher willingness to pay for local compared to organic

apples and local compared to organic and GMO-free potatoes.**> How consumers

perceive urban agriculture is important to understand these motivations of purchase.
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A study surveyed university students and found that consumers had a mostly
positive attitude toward urban agriculture and the reasons that prevent them purchasing
urban produce are associated with cost and convenience. Another survey reported that
about 60% of respondents felt that locally grown produce had superior food safety level
than conventional produce.**® Another study revealed that consumers perceived locally
grown produce as safer and carried less risk than produce grown elsewhere because of the
shorter distance traveled to farmers’ markets versus other markets.™*’ However, most
studies associated with consumers’ perceptions about locally grown foods did not include
food safety in their research scope.™*® ~*° An additional study found that consumers
generally hold a positive food safety perception that may be in contrast to actual
microbial safety of produce obtained from farmer’s markets and highlight the need for
consumer education, specifically related to food safety awareness.*® Although there has
been an increasing shift of consumers towards purchasing local foods, the attitudes for
purchasing local foods differs.

Researchers have also investigated local food shopping behavior. One study
interviewed shoppers at a farmer’s market and found that 84% of participants stated the
reason for shopping at farmers markets is the perceived freshness and quality of the
produce.™ Another study suggests that rural consumers gave a much greater importance
if the food was locally produced than urban consumers. Yet, both urban and rural
consumers reported that they were strongly or extremely likely to choose locally

produced food, if available at the right place and right price.

Megicks found that when
consumers buy local foods, they are often choosing to do so for reasons that not only

relate to the product itself but also their priorities and perceptions of food-related
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issues.™ Tregear found that in addition to extrinsic food factors (e.g., environment,
welfare, and origin), pragmatic features of food, such as price and quality, are important
determinants for food purchasing behaviors.*** Recognizing that consumers have a
multifaceted appreciation of what local food buying can offer in terms of its extensive
benefits, and the difficulties that they may encounter when acquiring it, contributes to
understanding local food shopping behavior.'*?

Studies have identified a variety of concerns for urban gardeners and consumers
of urban-grown produce. Consumers in one study were asked their environmental,
ethical, and health considerations when purchasing from local markets. In California,
consumers were concerned about the use of pesticides and fertilizers.*> Another team
interviewed gardeners and identified their primary concern was insecure land tenure.
Other concerns included physical safety for female gardeners, funding, and contaminated
soil.>

Additionally, perceptions of soil contamination risks differ for urban gardeners.
Kim found that concern about soil contamination is generally low and gardeners were
more concerned about chemicals added to the gardening environment than what
contaminants may already be present in soil.**° Informants expressed a need for
information related to the management of soil contamination to be accessible in a central
place for gardeners.'*® Wong asked gardeners about concerns of soil contamination and
found that more than half were not concerned about possible soil contamination nor the

impact of soil contamination on their health.*®

Most gardeners stated they were aware of
heavy metal contamination but were not aware of practices they could use to reduce their

exposure.'*® Harms surveyed urban farmers and found that most indicated they did not
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have sufficient knowledge of how to minimize health risks associated with gardening in
contaminated environments.™’ Better risk communication and soil remediation strategies
must be used to express soil contamination concerns with both gardeners and consumers,
yet limited work has been done in this area.

The goal of risk communication is to provide useful, relevant and accurate
information in an understandable language and format for a particular audience or risk
group.*® People who consume produce grown in contaminated environments risk

19 Most studies have worked to

ingesting soil particles on the surfaces of plants.
characterize urban soil contamination,®® %3 1% yet in the US, limited research has been
done to investigate the role of risk communication and urban agriculture. Researchers in

Ghana have investigated this topic™® %

and suggested community-based public health
education interventions, using accessible media that target farmers and consumers.*®2
Public health education should center on sound practices of food hygiene and proper
handling and preparation of vegetables before consumption.*® In particular, proper
washing or cooking of these vegetables before eating must be stressed.*®®

Factors influencing response to risk communication are impacted by personal risk
perception, previous personal experience with risk, sources of information and trust in
those sources, and preferences for information.'®* Engagement in preventive health
behaviors, such as produce washing, are not merely determined by the awareness of
objective health risks but influenced by health beliefs and specific health cognitions.*®
Developing programs to educate communities about environmental hazards affecting

their health and quality of life is an essential component for a community to understand

their true risk.®® This is especially true in post-industrial cities, where urban agriculture
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initiatives are at an increased risk of heavy metal contamination from industrial processes

and deteriorated housing.'®

Environmental Contamination in Baltimore City

Heavy metals, which are typical contaminants in urban environments, are
important indicators of environmental pollution.'®” Heavy metals in urban soils may
originate directly from industrial activities, municipal wastes, traffic emissions and
domestic activities.’®® In urban areas, industrials sources that release heavy metals often
impact surrounding soils.*®® In Philadelphia, Pennsylvania, Gregory found that areas with
a history of industrial activity yielded concentrations of Pb well above those found in
areas with no history of industrial activity and the proximity of sites closer to lead
smelters were the cause of the contamination.*® Another study investigated Pb
concentrations in rural and urban areas of South Carolina and found that urban areas had
significantly higher concentrations of Pb than rural areas.*”® Pilgrim and Schroeder
measured elevated concentrations of Cd, Cu, Pb, and Zn in urban and rural sites in
Canada and found elevated levels of lead in urban areas.'’* Chen found urban soils to
have a significantly higher mean As, Cd, Cu, Pb and Zn concentrations than forest and
rural soils.*”? Finally, Aelion measured soil metal concentrations in two rural and one
urban area and found that both rural areas had lower concentrations of metals, lower soil
toxicity, and a small number of facilities with significant associations between distance
and soil metals.'” Post-industrial cities, like Baltimore, Maryland, tend to have elevated

levels of heavy metals in urban soils.*™
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Metal transport is not only dependent on the physicochemical properties of the
metals but mostly on the physical and chemical properties of the soil, like for example:
soil organic matter content, clay fraction content, mineralogical composition, pH, and
more, all of which collectively determine the binding ability of soil.!”®> The properties of
the soil may change due to climate change but mostly due to anthropogenic impact.'’
Urban agriculture implies exposure of urban farming to physical and chemical
contaminants. Among the many contaminants derived from anthropogenic sources, heavy
metals such as lead (Pb), chromium (Cr), arsenic (As), zinc (Zn), cadmium (Cd), copper
(Cu), mercury (Hg) and nickel (Ni) are the most commonly found at contaminated
sites. '

Yesilonis investigated the spatial distribution of heavy metals in Baltimore and
found that Pb concentrations varied widely in the City. Almost 11% of the plots sampled
had concentrations above EPA’s Pb soil screening guideline of 400 mg/kg. For Cr
contamination, 5.7% of plots exceeded EPA guidelines, and for Cd, Co, Ni, and Zn, none
of the plots exceeded EPA guidelines.'”” An additional study found that elevated lead
levels were highest in the city center where roadways are concentrated, suggesting that
the historic use of leaded gasoline was a major source of contamination.’® Another study
compared soil lead concentrations in the Baltimore-Washington metropolitan area and
found that urban yards exhibited up to 10-fold higher concentrations than in rural yards.
Moreover, these differences were greater for older parcels and structures.™ Soil
sampling of 61 residential properties from 2007 — 2008 in Baltimore City revealed that
53% had soil Pb that exceeded the US EPA reportable limit of 400 ppm.*"® Also, data

from the Baltimore Ecosystem study exhibited that soil lead concentrations exceeded the

23



US national guideline in 10% of samples soils. Finally, researchers found that soil lead
concentrations in an older and economically depressed neighborhood in southwest
Baltimore exceeded the national guideline in 16% of sampled soils.'*® Given the
exceedances found in Baltimore-based studies and results from other cities, soil lead is
greatly elevated in urban areas.*”

Lead has entered soil systems through the historic combustion of leaded gasoline
and the deterioration of lead-based paint,®® as well as multiple industrial sources,
including smelters,™®! incinerators, ' and coal-burning plants.*®® Although gasoline and
paint no longer contain lead, their past use has resulted in the accumulation of lead in the
environment, with four to five million metric tons deposited from leaded-fuel alone.*®
From 2006 — 2016, 378 lead paint hazard violations were filed in Baltimore City.'®> Not
all properties with lead hazards are on the list of violations and some properties may have
hazards but have never been assessed.'®® Lead enriched soil is mobile and can be
redistributed in the environment when soil particles move with wind and water.*®® Unless
proper precautions are implemented, lead-based paint can contaminate dust or soil when
it deteriorates or is disturbed during maintenance, repainting, remodeling, demolition, or
paint removal.'®” Residences with deteriorated lead-based paint are more likely to have
higher levels of lead in house dust and the surrounding soil.*®’

Baltimore City is an industrial city with a history of lead contamination. In
industrial regions of the city, Pb is generally attributed to atmospheric deposition
downwind from smelting.*®® ~** Along highways, Pb contamination is attributed to
exhaust emissions.’®* ~1% In residential areas, most Pb contamination is attributed to paint

used for housing.** ~** Over 6 million milligrams of Pb was used in paint in the US
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between the 1880s and the late 1970s, peaking at 1.2 million milligrams used in the in the
1920s°2. Even though Pb concentrations in paint declined steeply by mid-century, high

levels of Pb remain on the interior and exterior walls of houses to this day.®

Brownfields and Land Restoration Sites

A brownfield is a property, the expansion, redevelopment, or reuse of which may
be complicated by the presence or potential presence of a hazardous substance, pollutant,
or contaminant.**® Brownfield sites include abandoned industrial facilities, warehouses,
and other commercial properties such as former gas stations and dry-cleaning
establishments. It is estimated that there are more than 450,000 brownfields in the US.*%°
Similar to brownfields, the Maryland land restoration site program (LRP) is a hazardous
waste program that focuses on cleaning up uncontrolled hazardous waste sites throughout
Maryland. Within the LRP, three programs exist to investigate eligible properties with
known or perceived controlled hazardous substance contamination, protect public health
and the environment, accelerate cleanup of properties, and provide liability releases and
finality to site cleanup: 1) the Voluntary Cleanup Program (VCP), 2) the brownfields
initiative, and 3) state remediation sites. Without proper remediation, brownfields could
remain a potential source of many pollutants, which might cause adverse effects on the
environment and health problems among nearby residents.**’
Characteristics of contaminated brownfield properties come from research using

case study designs.*®

Many case studies describe some of the characteristics of the
contaminated properties, which include the history of the property, location, the

contamination, liability concerns, costs of remediation, and the incentives used to
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promote the remediation and redevelopment of the property.*® Before a brownfield
property can be redeveloped, contaminants found at levels that may pose health risks to
community members are generally removed, treated, capped, or contained in ways that
limit exposure risks appropriate to the planned reuse.™®

Health threats associated with urban pollution are exacerbated for people living
near contaminated parcels, such as brownfields, but there are various health
consequences to urban residents exposed to contaminants found at brownfields.*® These
health complications include cardiovascular risk, low-level lead exposure, pulmonary
risk, perinatal and infant mortality, low birth weight, and noise pollution.?® 2% The
remediation of brownfields can address public health threats posed by hazardous and
toxic contamination. These threats can be circulated through various exposure to and
from drinking water, ingestion (soil issues), inhalation (air quality issues), dermal
(absorption issues), breast milk (prenatal and postnatal issues), and human activity
(produce use and residential issues)?®> %%, The cleanup and redevelopment of brownfields
are issues that will affect the poor, working-class individuals, and communities of
color.?®® The prospects of cleanup and redevelopment may have economic benefits.?%% 1%
However, expedited cleanup and redevelopment may come at the community’s expense —
environmental, social, economic, and public health harm — given the environmental
unknowns of brownfields and the sensitive populations living in affected areas.”™

Litt categorized brownfields into three zones, based on hazard potential, and
examined population health within each zone in Southwest Baltimore. They found that
communities living in the most hazardous brownfields zone, when compared with

communities living in the least hazardous brownfields zones, experienced statistically
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higher mortality rates due to cancer (27% excess), lung cancer (33% excess), respiratory
disease (39% excess), and the major causes (index of liver, diabetes, stroke, COPD, heart

diseases, cancer, injury, and influenza and pneumonia; 20% excess)*™*

. Another study
evaluated the health risk of soil heavy metals in housing units built on brownfields in a
city in China and found that compared with the original brownfields, soil heavy metals
contents and their health risks in housing units have significantly decreased.'®” They
found no non-carcinogenic risks and slight carcinogenic risks for the residents in these
housing units.'®” Despite their dormant status, brownfields properties may pose potential
chemical and physical risks to nearby residential communities.?*

Few studies have examined racial and socioeconomic disparities at brownfield
sites.?% 20207 For example, McCarthy found that brownfield sites in Milwaukee,
Wisconsin are generally concentrated in census tracts with higher percentages of African-
American, Hispanic, and low-income populations, than compared to the city average.”®
Another study assessed racial and socioeconomic disparities at brownfield locations in

the Detroit region and found that brownfields are disproportionately located in poor

neighborhoods and communities of color.?®’

Superfund Sites

In 1980, Congress established the Comprehensive Environmental Response,
Compensation and Liability Act (CERCLA), or Superfund, to clean up contaminated
sites.?%® The National Priority List (NPL) is the list of sites of national priority, with
known or threatened releases of hazardous substances, pollutants, or contaminants

throughout the United States and its territories.”® There are two Superfund sites in

27



Baltimore City, Chemical Metals Industries, Inc. (CMI) and Kane and Lombard Street
Drums. Kane. Lombard Street is on the National Priority List (NPL), while CMl is a
deleted site.

CMI operated a chemical manufacturing facility and recovered precious metals.?*
The site has a history of having elevated levels of lead and volatile organic compounds
(VOCs) in shallow soil, significant levels of VOCs and metals in groundwater samples,
and identified VOCs in the air from locations on or adjacent to the site.?* Kane &
Lombard Street Drums is a former landfill.*** The groundwater beneath the site, and in
the vicinity, is contaminated with VOCs, due to past waste disposal.?*?

There are health concerns regarding residential proximity to Superfund sites. The
primary ways Superfund sites can affect local residents are through direct contact with
the site, migration of toxic dirt or fumes through the air, or invasion of the water supply
for houses that rely on well water.?** A study measured determinants of cord serum
polychlorinated biphenyl (PCB) levels among infants born between a 5 year span to
mothers living near a PCB-contaminated Superfund site.?** They considered residential
proximity an important risk factor to PCB exposure, as it may capture both inhalation and
dermal exposure, and considered socioeconomic or lifestyle-related exposure risks, such

as smoking and diet.?*

They found no evidence that living closer to a Superfund site was
associated with increased cord serum PCB levels.”** However, children born before or
during dredging, an excavation activity usually carried out under shallow water with the
purpose of gathering bottom sediments up, had consistently higher cord serum PCB
levels than children born after dredging, suggesting a possible effect of PCB-

contaminated site and dredging with PCB cord blood-levels.?**
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Several studies have examined health problems associated with proximity
exposure to Superfund sites. A study found statistically significant excesses of deaths
from hypertensive disease, ischemic heart disease, and stroke for residents among certain
populations near a heavy metal Superfund site.?*> A study in Houston, Texas found that
residents living near two Superfund sites had a higher prevalence of neurologic
symptoms than residents of a nearby community with limited exposure.?*® Kilburn found
that exposed subjects were significantly impaired for body balance and visual reaction
time tests when compared to residents who resided 35k outside the modeled plume of
contamination.?” In Ottawa County, Oklahoma, Neuberger found excess mortality for
stroke and heart disease, when the exposed County was compared to the state, but not
when compared to exposed cities to the non-exposed rest of the County®*®. Budnick
found a significant increase in the number of bladder cancer deaths among White males
and a significant increase in the number of other cancer deaths for the general population
in three surrounding counties.?* Finally, a study found that infants living close to a
Superfund site before its cleanup, were more likely to have a congenital anomaly.*"

Environmental justice concerns are also noted with the distribution of Superfund
sites.??% %2 superfund sites are mostly found in non-White and low-income
populations.””® One study found that a one percent increase in non-White populations was
associated with a 0.2% decrease in the probability of a Superfund listing.?”® Another
study examined whether the presence of a Superfund site affects the surrounding
communities in Illinois. They found that race, rather than class, was a major indicator of
environmental inequality. Results found that percent non-White was significantly higher

than the percent of White populations within a one-mile radius surrounding Superfund
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sites.??? Burwell-Nancy assessed the distribution of Superfund sites in South Carolina and
found burden disparities in non-White and low-income populations at the block and

census tract levels.??

Toxic Release Inventory (TRI) Facilities

In 1986, Congress passed EPCRA, section 313 of which created the Toxics
Release Inventory (TRI)??*. TRI tracks the management of certain toxic chemicals that
may pose a threat to human health and the environment.** US facilities in different
industry sectors must report annually the volume of toxic chemicals released to the
environment and/or managed through recycling, energy recovery and treatment.?** For
reporting criteria, the facility must have 10 full-time equivalent employees, is in a TRI-
covered industry sector, and meets chemical thresholds for one or more TRI chemicals
during the calendar year.??* In general, facilities that report are typically larger and
involved in manufacturing, metal mining, electric power generation, chemical

manufacturing and hazardous waste treatment.??

Approximately 320 chemicals are
covered by the TRI program and are typically those that cause cancer or other chronic
human health effects, significant adverse acute human health effects, and significant
adverse environmental effects.?** Not all industry sectors are covered by the TRI program
and not all facilities in covered sectors are required to report to TRI?%.

The number of facilities reporting to TRI in Baltimore has been in decline since
the 1980, from 82 in 1987 to 42 in 2010?%°. This may be explained, in part, by the
deindustrialization of Baltimore’s economy and the shift of suburban locations as centers

of employment and industry.?®® From 1987 to 1995, the City of Baltimore has 25 TRI

facilities reporting chemical atmospheric releases for metal and metal compounds,
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totaling an estimated 197 ton of pollutant stack emissions.*”’ In 2016, the City had a total
of 19 TRI facilities, a decline of 6 reporting facilities.?*°

Previous research on TRI facilities and population health outcomes is limited but
includes findings suggesting that such sites pose health risks.?” Agarwal found
significant associations between TRI air releases and infant mortality rates.””® Suarez
found that mothers in Texas living near TRI sites with chemical air releases had an
increased risk for children born with neural tube defects.?*® Boeglin reported a significant
association between TRI reported VOC releases and the incidence of some types of
cancers in an Indiana sample.”® A study in Utah also found 93 census tracts to have an
excess relative risk of bladder cancer and 81 tracts with a lower relative risk, sustained
over 32 years. These high relative risk areas for bladder cancer were associated with the
presence of TRI sites.”®* Another study saw an increased risk for mothers living within 1
mile of a TRI site and living within 1 mile of a facility releasing carcinogens for having
children diagnosed with brain cancer before 5 years of age, compared to living more than
a mile from a facility.”** However, like many previous studies of hazardous waste sites,
we do not have a direct measure of exposure or the toxins that individuals were exposed
to. Hence, estimates cannot be used to identify the precise pathways or toxins through
which proximity harms health.?*®

In addition to TRI-specific studies, other research on chemical exposures reveals
that human health is vulnerable to the types of chemicals and methods of release from
TRI facilities.??” We know that TRI releases include arsenic, cadmium, hexavalent
chromium, nickel, formaldehyde, and others and these chemicals may be linked to

cardiovascular and respiratory disease and cancer.? 22
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There are also equity issues related to the proximity of households and TRI
facilities. A study in Oregon found that more than 20% of the TRI facilities (51 sites)
showed a statistically significant greater percentage of Blacks living within the county in
which the facilities were located, and Blacks were more than twice as likely as Whites to
live within 1 mile of a TRI facility.”* Fricker studied the distribution of TRI facilities in
New York City and found that the relationship between race/ethnicity and proximity to
sites vary greatly by borough.?®® They found that the Hispanic population is significantly
associated with environmentally undesirable sites, so that an increase in the percentage of
Hispanics in a census tract is associated with an increase in the expected number of sites
in Brooklyn, Bronx and Queens boroughs. They also found a positive association
between percent African-American and the number of sites in the Bronx and Queens
boroughs. A study in Ohio found that census tracts which contain no TRI facilities in or
adjacent to the tract had a higher median household income than tract that contain at least
one TRI**. A study in Atlanta found that there were 4.7% more residents of color in
census tracts where TRI facilities were located.?** Finally, another study found census
tracts with higher proportions of non-White residents and people living in poverty were

more likely to be closer to TRI facilities.”®

Traffic-Related Health Exposures

Traffic activity, wind speed, and direction can have a big influence on pollutant
concentrations.”*® Generally, the more traffic, the higher the emissions; however, certain
activities like congestion, stop-and-go movement or high-speed operations can increase

emission of certain pollutants.?*® With more than 45 million people in the US living
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within 300 feet of a major transportation facility or infrastructure, there is concern about
the potential health impacts from air pollutants emitted from cars.?*® Some people are
known to be at greater risk of experiencing adverse health effects from air pollution,
including those with asthma and other respiratory diseases.?*® Children, older adults,
people with preexisting cardiopulmonary disease, and people of low socioeconomic
status (SES) are also among those at higher risk for health impacts from some air
pollutants associated with traffic emissions.?*°

The Environmental Integrity Project (EIP) found that on-road vehicles are likely
the largest contributor to the air pollution people breathe in Baltimore.?*” This is because
there is significant traffic congestion in the area and because vehicle tailpipes do not
disperse pollution as widely as taller smokestacks.?*” The center of the city, which is
exposed to pollution from the 1-83 highway in addition to traffic congestion on non-
highway roads, is the most exposed to relatively high pollution levels, with additional
areas of high pollution in Northwest Baltimore, East Baltimore, and Southwest
Baltimore.?*’

Emissions from road transport such as noise, particles and gases have been
associated with issues of environmental justice in urban areas.?*° Previous research
suggests that non-White and lower income individuals may be exposed to higher levels of
traffic-related air pollution and that disparities vary with social gradients associated with
higher susceptibility to pollution.?*! ~2* For example, Houston found racial/ethnic
disparities in traffic and vehicle PM exposure in a major goods movement corridor, after
controlling for factors associated with traffic generation. A higher percentage of nearby

Black residents were associated with higher exposures for all exposures measured, a
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higher percentage of nearby Asian/Pacific Islander residents was associated with higher
vehicle miles traveled and vehicle PM exposure, and a higher percentage of nearby
Hispanics was associated with higher vehicle PM exposure.?*® Another study in New
Zealand found that mean exposure to pollution is highest in the areas with the lowest-
income and have greater proportions of non-European residents.?*®

Residential proximity is also a potential proxy for exposure to traffic-related
pollution.?*’ Several studies have found that living near highly trafficked roads is related
to an increased risk of adverse health outcomes.?*® =%’ Both short and long-term traffic-
related air pollution exposure has been associated with adverse health effects, particularly
for vulnerable populations such as pregnant women and children.?*® ~2*° Children are
more vulnerable to the effects of air pollution because they breathe more air per unit of

260

body weight than adults®® and spend more time outdoors.*** Residential proximity to

261-263 asthma

busy roads has been associated with respiratory symptoms,
hospitalizations?®* and decreased lung function in children.?® A study in San Diego,
California found increased risks for medical visits for asthmatic children associated with
residences near at least one busy street.?*® English reported that the odds of residing in
high traffic-flow areas were significantly higher for children experiencing more than 1
asthma hospitalization per year than for children having only 1 incident.?®® Some studies
have found associations between proximity to traffic and childhood cancer.?’

There is also compelling evidence in the US and other countries for an association
between air pollution exposure during pregnancy and several health outcomes in the

offspring, including low birth weight and small for gestational age.?®® ~2"? Pregnancy may

constitute a period of special vulnerability to environmental toxicants because it is a time
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of great change and growth.?”® Since development, cell proliferation and changing
capability of fetal metabolism have a specific sequence, the timing of exposure to
ambient toxicants could play a key role, even more important than the magnitude of
dose.?”® Additional studies found an increased risk for low birth weight and preterm

births for mothers who resided near highways**’ and in areas with high traffic density.”®®

273

Numerous studies have also looked at environmental inequality, exposure to air
pollution and adverse birth outcomes.?® =% For example, a study evaluated the effects
on birth outcomes of prenatal exposure to airborne PAHs monitored during pregnancy by
personal air sampling, along with biomarker analysis for environmental tobacco smoke
exposure. Among African Americans, they found high exposure to PAHs was associated
with lower birth weights and smaller head circumference.?®? Another study assessed
whether mothers with lower educational attainment and mothers in various race/ethnic
groups were more likely to live in areas with higher aggregate levels of air pollution.?®*
They found that Hispanic, African-American, and Asian mothers experienced higher
mean levels of air pollution and were more than twice as likely to live in the most
polluted counties in the US, whereas educational attainment was not associated with

living in counties with higher pollution.?®*

Metals and Human Health Risks
Many species of plants have been successful in absorbing contaminants such as
lead, cadmium, chromium, and arsenic from soils.?® Plants absorb elements from soils

based upon element properties, soil properties (i.e., pH, element level in soil, organic
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matter, cation exchange, capacity, and level of other elements in the soil) and plant
properties (i.e., plant age, species, type of crop, edible portion)*® ~%’. Some elements are
easily absorbed and translocated to food chain plant tissues, while others are not.?%®

The consumption of metal contaminated vegetables is one of the most important
pathways for metal exposure to humans.?®® However, there has not been much research
on community garden produce and personal levels of exposure to heavy metals, even
though evidence suggests that produce grown in contaminated environments may contain
some of the harmful toxicants from the soil.**°~?** The toxicity of heavy metals is
recognized as major human health risks and researchers have developed toxicological
reference values to help characterize the risk of ingestion exposure. Many studies use the
target hazard quotient (THQ), developed by the US EPA, to evaluate potential non-cancer
health risks associated with long-term exposure to chemical pollutants in foodstuffs.?%
However, not all researchers use this reference value and it is important to recognize
these differences when comparing risk estimates between studies.?*

Lead is a naturally occurring toxic metal found in the Earth’s crust. Its widespread
use has resulted in extensive environmental contamination, human exposure and
significant public health problems globally.?** Because of widespread use of leaded paint
before the mid-1970s and leaded gasoline before the mid-1980s, as well as contamination
from industrial sources, urban soils often have lead concentrations much greater than
normal background levels.?*® Soils adjacent to heavy traffic volume areas in cities and
busy roadways also have high concentrations of lead.?® Soil lead can transfer to humans

through soil ingestion, consumption of Pb-contaminated foods, and inhalation of Pb-

containing soil particles.?** The most significant pathway is soil ingestion.?*! Lead is a
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cumulative toxicant that affects multiple organ systems and is particularly harmful to
children.?** Lead in the body is distributed to the brain, liver, kidney and bones. It is
stored in the teeth and bones, where it accumulates over time. Lead in bone is released
into blood during pregnancy and becomes a source of exposure to the developing fetus.?**
Few US studies have examined the health impacts of urban vegetables
consumption grown in soil contaminated with lead. Most indicate a variability in soil lead
and lead concentrations in vegetables.®* 1 2% =297 gt dies have shown that most of the

absorbed lead (Pb) remains in roots,**®

yet it is still unknown how this element goes into
the root tissue and a critical point of exposure to lead is via food.?*® One study assessed
the associated potential health risks for adults and children through consumption of
home-grown vegetables and ingestion of soil particles living near a former lead
smelter.*® For adults, THQ for Pb via consumption and soil ingestion was less than 1.0,
suggesting that both pathways were not a risk. For children, the THQ was greater than 1.0
for soil particle ingestion, indicating this pathway could be a health risk for children.3®
Another study found blood lead concentrations were related to the consumption of home
grown produce. Residents with the highest consumptions had blood lead concentrations
that were 28% higher than those who consumed no locally grown vegetables.®® The study
did not evaluate health effects of exposure. Cherfi evaluated the levels and potential
health risks of various heavy metals in fruits and vegetables consumed. For all foodstuffs,
the estimated daily intake and the target hazard quotient were below the threshold values,
except for Pb, indicating a health risk over a lifetime of exposure.** Antoine assessed the

potential health risks associated with heavy metals, including lead, in selected fruits and

vegetables. They found each food type had a THQ below 1.0, indicating no undue non-
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carcinogenic risk from exposure to a single or multiple combination of metals tested.**
Another study in Vietnam assessed heavy metal concentration in soil, irrigation water,
and vegetables near mining activities and found that the average THQ across all
vegetable specie samples was higher than the safety threshold of 1.0, which indicates a
health risk.?*

At high levels of digestive exposure, lead attacks the brain and central nervous
system to cause coma, convulsions and even death.?®* High blood lead levels greater than
15pg/dl are associated with cardiovascular effects, nerve disorders, decreased kidney
function, and fertility problems, including delayed conception and lower sperm counts
and motility.*®> Blood lead levels below 10pg/dl are associated with decreased kidney
function and increases in blood pressure, hypertension, and incidence of essential
tremor.*%? Frank anemia may occur at 80pg/dl, while reduced hemoglobin production
may occur at lower blood-lead levels (above 50ug/dl lead in blood in adults and 40pg/dl
in children.*® Neurotoxicity and chronic kidney toxicity are the main concerns for adults
with excess exposure to lead.*** Lead associated deficits have been documented in verbal
intelligence quotient (1Q), performance 1Q, academic skills, such as reading and
mathematics, visual/spatial skills, and problem-solving skills. Meta-analysis has indicated
that children’s IQ scores decline 2 — 3 points per 10ug/dl increase in blood lead level and
identified no threshold for the effects of lead on 1Q.*°

Children are more adversely affected because of their very high (~50%) intestinal
absorption rates of ingested Pb compared with adults (5-10%).** There is no identified
threshold or “safe” blood lead level below which no risk of poor development or

intellectual function is expected.’*? Lead inhibits the bodies of growing children from
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absorbing iron, zinc, and calcium, minerals essential to proper brain and nerve

development.®%?

Adverse health effects occur in children at blood lead levels <5ug/dl, the
most common include attention-related behavioral problems, decreased cognitive
performance, and greater incidence of problem behaviors.*® Researchers studied 162
middle class children from Denmark and found significant associations between lead and

306

1Q scores and a significant increase in the risk for learning disabilities.”™ More recent

studies looked at larger samples and children of higher socioeconomic status. A study
investigated 579 New Zealand children at age 11 with a mean blood level of 11.1ug/dl.**’
Significant associations were found between log blood lead and children’s reading,
spelling, and behavior.3®

Arsenic is released into the environment from both natural and anthropogenic
sources.*®® The accumulation and resistance of arsenic varies between plant species due
to genetic differences, diversity in detoxification processes and the amount of external
As.*® The primary routes of arsenic exposure are via ingestion and inhalation.*** Also,
lumber used to construct raised garden beds is often treated with chromated copper
arsenate (CCA) and can diffuse into soil and be a source of arsenic exposure.**® A study
found that the closer soil was to CCA-treated lumber, the greater amount of arsenic
availability was found in the soil.*'?

Arsenic is highly toxic in its inorganic form.' The International Agency for
Research on Cancer (IARC) has classified arsenic and arsenic compounds as
carcinogenic to humans.**®> Understanding the spatial distribution, uptake and health risks

associated with arsenic exposure and consumption of vegetables is crucial to protect

human health.?®® A study was done to assess arsenic exposure dose and risk via ingestion
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of home garden vegetables.”® They found that vegetables grown in soils neighboring
mine waste, on average accumulated more arsenic than store bought vegetables and
several produce items were reported to have concentrations of arsenic greater than what
was found in the US FDA Market Basket Study.?®® Outside of the US, studies of daily
arsenic intake due to the consumption of homegrown vegetables for residents living near
contaminated sites show variable results.?*® This is expected given both the differences in
methodology for assessing metal exposure and the types of vegetables studied.** An
assessment was performed on health risks associated with arsenic exposure via
consumption of homegrown vegetables near contaminated glasswork sites. Researchers
found the reasonable maximum exposure corresponded to a cancer incidence 20 times
higher than the Swedish tolerance limit of 0.006 ug/kg/day in soil and in crops.®® In
Pakistan, researchers found that arsenic concentrations exceeded the safe maximum
allowable limit set by WHO/FAO in 75% of vegetables sampled in selected districts,
however, results indicated a low cancer risk from ingestion of edible portions of tested
vegetables.*'* An additional study in Iran calculated a hazard quotient greater than 1.0 for
adults and children of crops grown in contaminated rural areas, signifying that exposed
adults and children are potentially at risk of health effects, including cancer.**

Arsenic in drinking water has been documented worldwide.**? Low to moderate
levels of arsenic exposure through drinking water has adverse effects such as skin lesions,
circulatory disorders, neurological complications, diabetes, respiratory complications,
hepatic and renal dysfunction including mortality due to chronic disease.** Depending on
the type of arsenic exposure (i.e. acute or chronic) development of clinical symptoms

varies.** However, symptoms of acute exposure develop much quicker, whereas clinical
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symptoms of chronic exposure develop over a prolonged period of exposure.®* Various
health effects including dermatological, cardiovascular, pulmonary disorders,
reproductive effects, and neurological effects have been reported in adults and children
due to arsenic exposure specifically via drinking water.>*> 3% Acute exposure to arsenic
can lead to nausea, diarrhea, encephalopathy, and neuropathy.?*® Chronic low-level
exposure has been linked to diabetes, hypopigmentation/hyperkeratosis, and a probable
role in promoting cancer of the bladder, lung, skin, and prostate.*** ~3% Skin
abnormalities are a key characteristic of chronic exposure in adults.*** However, skin
lesions usually develop 5 — 10 years after the exposure.®?®

Cadmium (Cd) is a naturally occurring metal. Human exposure pathways to
cadmium may be direct ingestion of water and accidentally soil, consumption of food
grown in contaminated fields, inhalation of dust, and dermal contact of soil and water.**
In the US, most Cd is extracted as a byproduct during zinc production.®® There is a
higher risk of exposure for those who are involved in smelting and electroplating
processes.** For the average American, low levels of Cd exposure occur through diet, 3%
however, another significant source of Cd is smoking. With an estimated elimination
half-life of 10 — 30 years and leaves the human body very slowly. Thus, once this metal
gets absorbed by humans, it will accumulate inside the body throughout life.**’ The US
Department of Health and Human Services (DHHS) and IARC have determined that
cadmium and cadmium compounds are known human carcinogens.*?’ The EPA has
determined that cadmium is a probable human carcinogen.®?’

Similar studies have been performed on the health risks associated with cadmium

exposure via consumption of vegetables. In Bangladesh, researchers found that cadmium
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exhibited relatively higher THQ compared to all other metals in the study area.”® Thus,
potential health risks from exposure is of some concern.?® The health effects of dietary
exposure to cadmium are kidney and bones disorders, prostate and breast cancer,
disturbances of male fertility as well as disorders of pregnancy.*?® Smokers get exposed
to significantly higher cadmium levels than non-smokers.*?* Severe damage to the lungs
may occur through breathing high levels of cadmium.?* Ingesting very high levels
severely irritates the stomach, leading to vomit and diarrhea. Long-term exposure to
lower levels leads to a buildup in the kidneys and possible kidney disease, lung damage,
and fragile bones.*?® In the kidneys, cadmium accumulates and is the critical target
organ.®* This accumulation may lead to renal tubular dysfunction, which results in
increased excretion of low molecular weight proteins in the urine. High intake of
cadmium can lead to disturbances in calcium metabolism and the formation of kidney
stones.** For those working and/or living in cadmium-contaminated areas, softening of
the bones and osteoporosis may occur.*** High inhalation exposure to cadmium oxide
fume results in acute pneumonitis with pulmonary edema, which may be deadly.**® Long-
term, high-level occupational exposure is associated with lung changes, primarily
characterized by chronic obstructive airway disease.**

Many studies have revealed the kidney was one of the primary sites of injury after
Cd exposure.®*! =% Cohort studies showed that the carcinogenic effects of Cd appeared
to occur at exposure levels below the levels associated with kidney effects. In addition,
adverse effects on bones were found in patients owing to exposure to Cd.*** 3% |t was
also seen that Cd exposure was associated with diabetes, hypertension, and peripheral

artery disease.®*” A high risk of diabetes incidence was found when comparing the
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highest versus the lowest Cd exposure categories. Cd has also been found to be
significantly associated with hypertension and impaired kidney function.®?

Chromium is a common heavy-metal contaminant in soil.*** Usually, Cr occurs in
two forms: Cr (111) and Cr (V1).** Cr 111 is biologically important to the human body in
which it influences sugar and lipid metabolism.**® Low levels of Cr (111) occur naturally
in a variety of foods, such as fruits, vegetables, nuts, beverages, and meats.**® Plants vary
in their ability to accumulate chromium.?*° Uptake by Cr by plants depends on soil-based
(e.g., total metal content, pH, organic matter) and plant (e.g., plant species).* 342
Researchers reported that crops from the Brassicaceae family (cauliflower, kale, cabbage)
can uptake more Cr than other plant species without presenting symptoms of toxicity to

the plant.?*

There have been cases of large-scale environmental pollution with Cr (V1).343 3%
Additionally, hundreds of Superfund sites contain Cr as a major contaminant.>* Cr (V1)
is highly toxic and has been determined to be a human carcinogen by inhalation by the
IARC.3* However, the general population is most likely to be exposed to trace levels of
chromium V1 in the food that is eaten.**® The main health problems seen in animals
following ingestion of chromium (V1) compounds are to the stomach and small intestine
(irritation and ulcer) and the blood (anemia).3*°

Health risk assessments have found a potential for adverse health effects
associated with consumption of vegetables contaminated with chromium from soil, with
mixed results.**" 3" =349 Cherfi evaluated the levels of chromium, lead, zinc, and copper

content in fruits and vegetables and found that among the metals, the Pb’s THQ is largely

the highest. The THQ of Cu, Zn, and Cr were less than 1.0 for the vegetables examined,
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indicating there is no risk for an adverse health effect when consuming these

vegetables.”®®

Qureshi examined the total health risk associated with the consumption of
vegetables grown with treated wastewater and found the THQ values for Cr in all
vegetables were far higher than the safe limit of 1.0, with lettuce taking a significant lead
over other vegetables.**® Additionally, Liao analyzed the transfer and potential health
risks of chromium in soil to vegetables in areas near manufacturing plant in Hunan
province, China and found the estimated total daily intake of chromium substantially
exceeds the dietary allowable value, which may pose health risks to local populations.®*°
It is important to note that some of these studies involved wastewater irrigation were the
risk of chromium exposure could be more pronounced, and also local populations may
rely more heavily on vegetables for consumption, placing them at a higher risk for
exceeding daily intake of chromium.

It has long been established that inhalation of chromium in particular Cr (VI1), can
cause human lung cancer.® Yet, limited studies have been done to investigate Cr VI
carcinogenicity via ingestion. Recently, researchers have investigated health risks
associated with ingestion of chromium in drinking water.**! ~*** A study by Zhang and Li
reported increased mortality from stomach cancers among rural residents in the Liaoning
Province of China where drinking water was heavily contaminated with Cr (V1).** One
recent analysis of this study confirmed the originally reported association between Cr
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(V1) contamination and cancer mortality,”" while another study using a smaller control

population did not.**

A meta-analysis of studies among chromate workers did not find a
link between inhalation exposures to Cr (V1) and cancers outside the respiratory

system.**® Also, it is important to consider the limitations of ecological studies for their
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inability to control for confounders. This is especially important for the analysis for

stomach tumors in China because of its well-known high incidence of stomach cancer.*’

Mercury is a naturally occurring element that is found in air, water and soil.>*®

Mercury is released into the environment from volcanic activity, weathering of rocks and

as a result of human activity.*® It exists in various forms: elemental (or metallic),
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inorganic, and organic.”™” Methylmercury, which is known to be the most poisonous

among the mercury compounds, is created when inorganic mercury circulating in the

general environment is dissolved into freshwater and seawater.**® The consumption of

MeHg contaminated food and soil are the main channel for human exposure to MeHg®%.

Seafood consumption, especially the consumption of fish, is the main source of humans’

exposure to MeHg.359 Plants can absorb mercury that is deposited on leaf surfaces.>®! 363

Plants can also uptake mercury from water and soil via roots.*** The majority of mercury

365

accumulated locally in the plant with little mobility.”™ Most uptake tends to accumulate
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moderate amounts in the shoots,™” either due to translocation or direct absorption of the

vapor form®®°. Furthermore, it is difficult to excrete MeHg, therefore MeHg can
bioaccumulate in the human body.'®®

Studies outside the US have assessed mercury concentrations in vegetables
cultivated near various sources of mercury pollution, including near zinc plants,*®’
fluorescent lamp factories,*® industrial zones,** oil zones,*” and coal-fired plants.*”* Wu
discussed potential health risks associated with vegetable consumption near a coal-fired
plant and found leafy vegetables contained the highest mercury concentration.®*? They

also noted that local residents who largely rely on locally produced vegetables and rice

may have potential health risks associated with consumption because their totally weekly
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mercury intake is several-fold high than the provisional tolerable weekly intake
(PTWI)®™. Additionally, Zheng investigated the health risk of Hg to the inhabitants
around a zinc plant via consumption of vegetables and found a THQ for Hg over 1.0,
indicating that there are health risks to inhabitants who live close to the Zinc plant and
consume vegetables grown nearby.’

The central nervous system is most severely affected by MeHg exposure, which
causes various symptoms such as ataxia, dysarthria, auditory disturbances and tremors.*?
Recently, researchers have found that MeHg exposure may cause cardiovascular disease
and damage the reproductive system and immune system.*”® ~*"* Studies have also linked
MeHg exposure and deficit in visual and cognitive functions.>”® Neurotoxicity of MeHg
is of major concern for fetal and postnatal brain development. Pregnant women and
children are particularly sensitive to the harmful effects of mercury on the nervous
system before they are born, and in the early months after birth.>”® Fetuses are a high-risk
group because the developing brain is particularly susceptible to the harmful effects of
MeHG exposure.®”” The effects on mercury exposure may be subtle or more pronounced,
depending on the dose and frequency of exposure.®”® In cases in which the exposure was
relatively small, some effects might not be apparent, such as small decreases in 1Q or
effects on the brain that may only be determined through very sensitive
neuropsychological testing.*”® In instances in which the exposure is great, the effects may
be more serious, such as intellectual and developmental disabilities, incoordination and

inability to move.*"®
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CHAPTER 3: STUDY 1
INTRODUCTION

The relationship between poverty and food security is well-documented. Lack of
discretionary income affects food choices and ultimately nutritional status.>” Obesity,
cardiovascular disease, and diabetes disproportionately affect low-income urban
communities.*”® In New York City, researchers found higher rates of obesity in low-
income and people of color neighborhoods than in more affluent and predominantly
white neighborhoods. The prevalence of obesity in one of New York City’s wealthiest
neighborhoods, was 9% in 2006, while prevalence ranged from 21% to 30% among
adults living in some of the City’s lowest income neighborhoods.* In Baltimore, 43% or
predominantly black neighborhoods and 46% of lower-income neighborhoods were in the
lowest tertial of healthy food availability versus 4% and 13%, respectively, in
predominantly White and higher-income neighborhoods.?* These poor and people of
color communities are often characterized by limited access to healthy food and high
access to unhealthy food and have thus been labeled “food deserts™"®,

The USDA defines food deserts as “parts of the country vapid of fresh fruit,
vegetables, and other healthful whole foods, usually found in impoverished areas’.'?
According to Feeding America, about 23% of Baltimoreans, including more than 30,000
children, experience food insecurity — that is they lack access, at times, to enough food
for an active, healthy life for all household members, and limited or uncertain availability
of nutritionally adequate foods*. A food swamp is a place where unhealthy foods are

more readily available than healthy foods.*”” Food swamps typically exist in food deserts,

where there are limited options for purchasing healthy foods.*”” Food deserts offer
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residents few, if any, high-quality, full-service supermarkets or grocery stores, but many
corner stores and fast food restaurants. Communities with no or distant grocery stores, or
with an imbalance of healthy food options, will likely have higher rates of premature
death and chronic health conditions, such as cancer, cardiovascular disease, diabetes,
obesity, and hypertension.'® % %378 Consumption of inexpensive and readily available
fast food results in a risk of heart disease that is 50% higher for poor African-Americans
compared to more affluent African-Americans.*”® However, urban communities have
been embracing urban agriculture as an alternative method to access healthy food.*”

Urban agriculture practices have been defined as the “growing, processing, and
distribution of food and non-food plant and tree crops in farmlands that are mainly
located on the fringe of an urban area”.*®® Institutional efforts to accommodate and
promote urban agriculture within U.S. cities are gaining momentum.®”® Land inventories
are being employed by municipal governments to support urban agriculture projects®* -
%82 and several cities have revised policies and zoning ordinances to accommodate the
changing land-use.*** Non-profits and municipal governments in cities are creating food
policy councils, many of which include elements to strengthen urban agriculture. 34~ %%
The American Planning Association reports that urban agriculture continues to grow as a
planning priority, with several cities and counties including local food elements and UA
in their comprehensive plans.®®

Urban agriculture can serve to provide alternative food options for communities
living in food deserts and/or food swamps. There are many benefits of urban agriculture,
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including sociocultural,*®” ~*% environmental sustainability,**® public health and food

49, 52

security implications,* °? and economic developmental outcomes.*** Growing evidence
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suggests that incorporating urban agriculture into the urban environment will greatly
improve the sustainability of cities.*® It can increase biodiversity and green space,
attracting native plants, pollinators, and a variety of small animals.**® They also facilitate
drainage of water and reduce the urban heat island effect.'*> Urban farms provide public

69, 394

health benefits by providing greater access to fresh, organic produce, a space for

52,395 49, 137 - 138, 395

recreation, and mental health and therapeutic benefits.

Despite growing interest in urban gardens, concern about the presence of real or
perceived contamination persists.!’% 173 17%.287.3% (jrhan environments are variably
contaminated with metals and persistent organic pollutants due to human activities
including transportation, construction, manufacturing, fossil fuel combustion, and
incinerator emissions.> **” 3% Urban garden soils can be contaminated with lead (Pb),
cadmium (Cd), and mercury (Hg)*® *"®. Urban soils are notorious sinks for heavy metal
contaminants due to industrial and historic traffic emissions, waste incineration, and use
of lead-based paint for residential and industrial purposes.®* For example, in Charleston,
South Carolina, researchers found a high concentration of trace metals in areas near
heavily trafficked roadways, an incinerator, Superfund sites, and metal recyclers.?*

The limitations of urban agriculture include health risks to growers and
consumers from soil contaminants if adequate preventive measures to reduce exposures
are not taken.'* Previous studies have shown that food crops grown on contaminated
urban soils contain higher concentrations of trace metals than those grown on

uncontaminated soil,>® 400 401

and therefore dietary intake of certain contaminants in
food consumed by urban communities may exceed acceptable limits.*? =% There is

concern that food safety, human nutrition and the social developmental benefits of urban
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agriculture may be undermined by accompanying health hazards arising from
contamination from industrial and municipal sources.*®® *74 407

The city of Baltimore is an urban area with a history of contamination due to
legacy pollution from industrial hazards and prior uses of lead. Most of the housing stock
was built prior to 1950 when lead-based paint was used ubiquitously.**® Between 1950
and 2016, the city’s population fell from 949,708 to 614,664%. The depopulation of
Baltimore has resulted in approximately 16,000 vacant buildings and 14,000 vacant lots
in Baltimore,*° resulting in proxy exposure to lead-based paint.

Roads in urban areas can be sources of several soil contaminants, including
metals, such as Pb, Zn, Cu, V and Mo from vehicle exhausts, tire particles, corrosion of
vehicle body work and road markings, and brake and clutch dust.*® Research has shown
that the city center is most exposed to traffic pollution due to pollution from 1-83
highway and nearby neighborhoods with condensed traffic activity.?*” In addition, there
are legacy pollution sites such as Toxic Release Inventory (TRI) facilities, land
restoration sites (LRPs), and Superfund sites that can contribute to environmental
contamination in the presence of urban agriculture.

Due to the presence of TRI facilities, Superfund sites, LRPs, and traffic,
neighborhoods that host urban farms may have soil contamination. For instance, heavy
metal contamination of soil and urban-grown produce may pose exposure and health risks
for populations who reside near these locations or consume the produce. Most metals do
not undergo microbial or chemical degradation and their total concentration in soils
persists for a long time after their introduction.'”> Two key processes which allow human

exposure to metal pollution through gardening are plant uptake where the plant is human

50



food, and soil ingestion. Plant uptake includes both adsorption of air pollutants on plant
surfaces, and uptake by the roots with translocation to edible plant tissues. Soil ingestion
includes pica, the intentional ingestion of nonfood, inadvertent soil ingestion during
hand-to-mouth play, and improperly washing produce.*’

The aim of this study was to investigate the spatial distribution among LRPs, TRI
facilities, Superfund sites, and traffic with urban farms alongside the sociodemographic
composition in the City of Baltimore. We mapped all LRPs, Superfund sites, and TRI
facilities to examine proximity of contamination and burden disparities near urban farms.
Additionally, we evaluated whether or not the LRPs, Superfund sites, and TRI facilities
had the presence of mercury, lead, arsenic, cadmium, and chromium contamination. If
sites were determined to contain mercury, lead, arsenic, cadmium, or chromium, they

were regarded as ‘known heavy metals’ sites.

METHODS
Regulated Sites with Unknown Environmental Contamination

We identified all active LRPs, as mentioned by the Maryland Department of the
Environment (MDE), TRI facilities and Superfund sites for unknown environmental
contamination. The purpose of this analysis was to identify all sites in Baltimore City that
may have unknown contaminants and to understand their location in relation to urban
farms. There were a total of 225 active LRP sites, 19 TRI facilities and 2 Superfund sites
in Baltimore City. The maps in Figures 1 — 9 illustrate the total number of LRPs, TRI

facilities and Superfund sites in Baltimore City.
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Regulated Sites with Known Heavy Metals

To assess the distribution of brownfields known to have the presence of heavy
metals in Baltimore City, we downloaded data from the MDE Brownfield Master
Inventory (BMI) Report. The BMI report data is updated quarterly. The data used was
from 1/2/2018. There was a total of 351 active brownfields in Baltimore City identified in
the BMI report. We screened for sites that had explanatory factsheets which mentioned
lead, mercury, arsenic, cadmium, or chromium to be a known pollutant investigated at the
site. These factsheets are important because they identify site location, site history,
environmental investigations, and current status. After completing the word search, we
identified 35 brownfields in Baltimore City with factsheets that identified contamination
of lead, mercury, arsenic, cadmium, or chromium.

We also mapped all LRPs, as identified by MDE. These sites included closed and
archived sites. There were a total of 1711 LRP sites in Baltimore City. We first screened
for sites indicating whether metals in the groundwater were a concern, which limited our
search to 82. Next, we identified sites indicating whether metals in the groundwater were
a concern and had a fact sheet available, leaving 80 sites. We then screened for sites
indicated whether metals in the soil were a concern and found 187 sites. Of the 187 sites
indicating metals in the soil are a concern, 31 did not have fact sheets and we limited our
search to 121 sites. We next screened for sites that indicated whether metals in the
sediment were a concern and found 12 sites, 2 sites not have factsheets and we limited
our search to 10 sites. Of the 211 sites, 45 were duplicates, and we thus limited our search
to 166 sites which indicated that metals were a concern in the groundwater, soil, or

sediment. After completing a word search of ‘lead, mercury, arsenic, cadmium, or
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chromium’ in the factsheets, we identified 43 sites that had factsheets indicating that lead,
mercury, arsenic, cadmium, or chromium metals were a concern. Because MDE
considers land restoration sites brownfields, we joined the count of brownfields and land
restoration sites and mapped them as a total count of LRP sites.

Finally, we downloaded 2016 data from EPA’s TRI database, and filtered for
facilities with category 1 metals in Baltimore City. Category 1 elemental metals include
lead, mercury, arsenic, chromium, and cadmium. We excluded other metals in our
analysis because more research has been done on the five metals in urban soil
environments. We identified 14 TRI sites in Baltimore City that were known to release
lead, mercury, arsenic, chromium, or cadmium to the air, water, and/or soil. The
depiction of hazards with the presence of heavy metals may be seen in Figure 13 and
table 1. Although screening for heavy metals provides information about what
contaminants are present at certain sites, we have not conducted any exposure and/or risk
assessments. Thus, this analysis discusses proximity to environmental hazards and heavy

methods as a proxy of exposure.

Urban Farms

We identified urban farms as ‘farms that grow food in and around urban areas’.
They differ from community gardens, as the food is grown for sale, not personal
consumption. These farms range in size and by type of products produced, and by
farming practices’ (CLF Food System Map). We identified 24 urban farms that met this

definition and analyzed those urban farms for proximity to all regulated sites, regulated
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sites with known heavy metal contamination, and regulated sites with unknown heavy

metal contamination.

Sociodemographic (SOD) Measures

Sociodemographic measures included in our study were: 1) percent African-
American, 2) percent unemployment rate (percent of the population ages 16 years and
over who are unemployed), 3) percent with less than a high school education (ages 18 -
24), 4) median household income, 5) estimate of owner-occupied housing units, and 6)
percent receiving SNAP (Supplemental Nutrition Assistance Program). All variables
were calculated using the 2016 American Community Survey (ACS) 5-year estimates.
Percent African-American, median household income, and educational attainment were

applied to the census tract level to build our maps.
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RESULTS

Figure 1: Median Household Income and Urban Farms

7
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Figure 1 depicts median household income and the locations of urban farms in the
City. Census tracts with the highest median income level were found in north-central and
south-central areas of the city. Only one farm was located on a tract with an income of

over $80,000. Four farms were in tracts with an income of $60,000 - $80,000. Most farms

were located within $0 - $60,000 tracts.
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Figure 2: Median Household Income, Urban Farms, and Environmental Hazards
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Figure 2 identifies median household income, urban farm locations, and
environmental hazards. There were two major clusters of environmental hazards, one was
in the center of the inner harbor and the other was the southern perimeter of the inner
harbor. Overall, most Superfund sites, TRI facilities, and LRPs were located around the
perimeter of the inner harbor and the historical industrial zones south of the city. The
center inner harbor was also a region of higher median household income. Most of the
TRI facilities and LRPs were found in tracts within a $0 - $39,999 median household
income, while the income group of $40,000 - $59,999 had the fewest number of hazards.
On the west and east ends of the city, median household income was within $0 - $39,999
and there was a greater dispersion of hazards. Finally, on the southwest area of the inner
harbor, there was a cluster of LRPs and TRI facilities, located in a low-income tract, with

few urban farms.
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Figure 3: Median Household Income, Urban Farms, Environmental Hazards and
Healthy Food Priority Areas
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Figure 3 shows median household income, urban farm locations, environmental
hazards, and healthy food priority areas. This figure shows that 9 urban farms were
located within healthy food priority areas. Healthy food priority areas were located in
census tracts with a median household income between $0 - $39,999 and a number of

environmental hazards.
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Figure 4: Percent African-American and Urban Farms
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Figure 4 depicts percent African-American and urban farm locations. Most farms
were located in tracts that were over 75% African-American. Three farms were located in
tracts with 50 - 75% African-American and 2 farms with 25% - 50% African-American.
Finally, 4 farms were located in tracts with a 0 - 25% African-American population.
From figure 1, we can gather that the same census tracts with the highest median
household income (>$80,000), have 0 — 24.9% of residents that were African-American
and the census tracts with a lower median household income (0 - $39,999), have a higher

percentage of African-American residents.
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Figure 5: Percent African-American, Urban Farms and Environmental Hazards
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There were a cluster of environmental hazards in the southern region of the city,
located in tracts with a 0 - 25% African-American population. There were also hazards
on the east and west sides of the city, where the African-American population is >75%.
Most clusters of environmental hazards were located in tracts with 0 to 49.9% African-
American population. We identified more LRPs and TRI facilities in tracts with 0 —
24.9% of African-American residents and fewer hazards in tracts with 50 — 74.9% of

African-American residents.
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Figure 6: Percent African-American, Urban Farms, Environmental Hazards, and

Healthy Food Priority Areas
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Figure 6 illustrates healthy food priority areas, percent African-American,

environmental hazards, and urban farm locations. This map shows that most of the

healthy food priority areas are located in census tracts with over 75% African-American

population. As noted previously, 9 urban farms were located in healthy food priority

areas and more LRPs and TRI facilities in tracts with 0 — 24.9% of African-American

residents.
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Figure 7: Percent with less than a High School diploma and Urban Farms
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Educational attainment follows a similar pattern as seen with percent African-
American; census tracts that had a higher percentage of African-American residents had a
higher percentage of residents with less than a high school diploma. Areas on the east and
west sides of the city had the highest percentage of residents with less than a high school
diploma, while areas north and south had a lower percentage with less than a high school
diploma. Some areas on the east side of the city had a lower African-American
percentage (0 — 24.9%) and a higher percentage of residents with less than a high school
diploma. Urban farms were mostly located in tracts with a high percentage of less than a
high school diploma (10% - 30%). About 5 farms were located in tracts with 0 — 9.9% of

residents have less than a high school diploma.
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Figure 8: Percent with less than a High School diploma, Urban Farms and
Environmental Hazards
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Environmental hazards were mostly found in tracts with low educational
attainment (0 — 9.9%). Specifically, most LRPs were found within 0 — 9.9% of
individuals without a high school education. The following quartiles, 10% — 19.9%, 20%
- 29.9%, and >30%, had a similar number of LRPs. Additionally, hazards were present in
tracts with over 30% of residents with less than a high school diploma, as seen on the
eastern end of the city. Few LRP sites were located in tracts with a low percentage of

individuals with less than a HS diploma, as seen in the northern parts of the city.
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Figure 9: Percent with less than a High School diploma, Urban Farms,
Environmental Hazards and Healthy Food Priority Areas
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Figure 9 shows healthy food priority areas, percentage with less than a high
school diploma, environmental hazards, and urban farm locations. Figures 3 and 6
illustrate how healthy food priority areas were located in tracts with low median
household income ($0 — $39,999) and a high percent African-American population
(>75%). Figure 9; however, displays more spatial variation with the locations of healthy
food priority areas and % less than a high school diploma, meaning priority areas are

found in tracts with populations having differing levels of educational attainment.
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Figure 10: Intersection of Streets and Urban Farms
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Figure 10 shows the intersection of streets and urban farms. All farms show a

concentration of streets; however, the densest concentrations of streets were in the City

center.
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Figure 11: Supermarkets and Urban Farms
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We identified the locations of urban farms and supermarkets in Figure 11. There

were more supermarkets than urban farms and clusters of both supermarkets and urban

farms were mostly found in the City center.
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Figure 12: Presence of Environmental Contamination in Baltimore City
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Figure 13: Hazards with the Presence of Heavy Metals in Baltimore City
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We mapped the presence of sites with known heavy metal contamination and
unknown environmental contamination in figures 12 and 13. There were more LRP sites
that had undefined environmental contamination than sites containing lead, mercury,
arsenic, cadmium, or chromium. Two Superfund sites were identified with unknown
environmental contamination, while 14 TRI facilities were mapped to contain lead,
mercury, arsenic, cadmium, or chromium. However, a total of 19 TRI facilities were
identified in Baltimore City. There were 166 LRPs identified with heavy metals and 225
total LRPs in the City. Most of the LRPs were located in the historic, industrial areas of
the inner harbor.

Table 1: Count of Presence of Heavy Metal Sites and Unknown Contamination Sites
within 1-km, 2-km, and 5-km of urban farms

1km 2-km 5-km

LRP | TRI | Superfund | LRP | TRl | Superfund | LRP TRI | Superfund

Heavy Metal 12 1 36 3 422 40
Contamination

Unknown 46 3 0 168 11 1 1324 75 4
Environmental
Contamination

Within a 1-km, 2km and 5-km buffer of an urban farm, there were more sites
hosting unknown environmental contamination than sites with the presence of heavy
metals. Most contaminated sites were LRPs. There was an observed increase of LRP sites

from 1-km to 5-km and a similar pattern was found for TRI facilities and Superfund sites.
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Table 2: Mean Distribution of sociodemographic measures by urban farm and TRI

facility buffer zones in Baltimore City

Host Host 1-km - 2-km
Non- Non-

Sociodemographic TRI TRI TRI TRI

# census tracts 3 21 9 15
%Black 48 72.5 68 70.3
%Unemployment 19.1 16 19.2 14.6
%<HS Education 30.1 17.9 24 17.4
Median HH Income 34,987| 46,755| 35,423| 50,214
%Receiving SNAP 30.9 31.1 30.4 31.4
% Owner-Occupied 51.5 51.6 48.5 53.4

Host defined as a census tract that hosts at least one urban farm.

Table 3: Mean Distribution of sociodemographic measures by non-urban farms and
TRI facility buffer zones in Baltimore City
Non-Host Non-Host

Sociodemographic TRI Non-TRI

# census tracts 170 8
%Black 64 52
%Unemployment 12.3 15
%<HS Education 19 18.9
Median HH Income 47,119 36,730
%Receiving SNAP 30 35.2
% Owner-Occupied 45.3 40.1

Non-host defined as a census tract that does not host an urban farm.

Tables 2 and 3 illustrate that there were more tracts that hosted an urban farm but
did not host a TRI site, compared to tracts that hosted an urban farm and a TRI site. There
was a higher percentage of African-American residents, a higher median household
income, a higher percent of owner-occupied homes, and a higher percentage of resident
receiving SNAP, also called food stamps in the census tracts hosting an urban farm but
no TRI facility. Tracts that hosted an urban farm and did not host a TRI site and tracts
that hosted an urban farm within a 1-km through 2-km buffer, and did not host a TRI site,

both had higher median household incomes than tracts that hosted an urban farm and a
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TRI site. The percentage of African-American residents increased for both tracts that
hosted an urban farm and did not host a TRI facility and tracts that hosted an urban farm
within a 1-km to 2-km buffer and did not host a TRI facility. The percentage of residents
who received SNAP benefits remained mostly the same across all comparisons, at about
30%, except for tracts that did not host an urban farm or a TRI facility, receiving about
35% of SNAP benefits. Within a 1-km - 2 km buffer of an urban farm, there were 9 tracts
that hosted TRI facilities and 15 tracts that did not host TRI facilities. Similarly, tracts
that hosted an urban farm but did not host a TRI had a higher percentage of African-
American residents, a higher median household income and a higher percent of the
population receiving SNAP benefits.

Table 3 identifies more tracts that did not host an urban farm but hosted a TRI
facility, compared to tracts that did not host an urban farm or a TRI facility. These tracts
also had a higher percentage of African-American residents, a higher median household
income, and a higher rate of homeownership. Additionally, we evaluated the distribution
of supermarkets by urban farms and found that most census tract host an urban farm, but
do not hard a supermarket. Only four census tracts host an urban farm and a supermarket.
Thirty-nine census tracts did not host an urban farm but hosted a supermarket and 18
tracts did not host either an urban farm or a supermarket.

Tables 2 and 3 primarily indicate that more people were unemployed, had less
than a high school diploma and had a lower median household income in tracts that
hosted an urban farm and TRI facility compared to tracts that hosted an urban farm
without a TRI facility. However, we witnessed a higher percentage of African-American

residents in tracts without a TRI facility. Urban farms that were located in tracts with TRI
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facilities had about a $15,000 lower median household income than tracts without a TRI
facility. For tracts that did not host an urban farm or a TRI facility, their median
household income was similar to tracts who hosted both; however, for tracts that did not
host a farm but hosted a TRI facility, they had a median HH income which was $15,000
greater. This may also be seen in Figure 2, where median household income is higher in
tracts without an urban farm and a cluster of TRI facilities are located in tracts with a
higher income level.

Figures 3, 6 and 9 showcase how healthy food priority areas are predominantly
located in tracts with low median household income ($0 - $40,000) a higher percentage
of African-American residents (>75% Black), and a higher percentage of residents with
less than a high school diploma (>30%). However, these areas do not have as many
clusters of environmental hazards than the southern, more industrial areas of the city.
Environmental hazard clusters, specifically LRPs, were located in areas with a higher
median household income (>$80,000), a lower percentage of African-American residents
(0 - 25%), and a lower percentage of residents with less than a high school diploma (0 —

9.9%).

DISCUSSION

Urban agriculture provides access to fresh fruits and vegetables in food deprived
areas but presents a potential problem for health because of proximity to legacy pollution
sites and traffic. Nine urban farms were located in Healthy Food Priority Areas; however,

46 LRPs and 3 TRI facilities were located within 1-km buffer of an urban farm. We also
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identified more LRPs than TRI facilities or Superfund sites and these LRPs were
concentrated near the perimeter of the Inner Harbor.

We found the distribution of LRPs near the Inner Harbor, in the eastern and
southern peripheries of the city. In this study, we found that more people were
unemployed, had less than a high school diploma and had a lower median household
income in census tracts that hosted an urban farm and a TRI facility. Conversely, we
found that census tracts that host an urban farm but do not host a TRI facility had a higher
median household income, a higher percentage of African-American residents, and a
higher rate of homeownership. Additionally, we found census tracts who host an urban
farm without a TRI facility had over a $10,000 higher average median household income.
The opposite was seen in census tracts that did not host an urban farm, with a $10,000
higher average median household income observed in tracts with a TRI facility. Census
tracts who do not host an urban farm had higher averages of median household income
compared to tracts who do host.

We identified a cluster of LRPs in the southern, industrial perimeter of the city in
a high-income census tract (>$80,000). We also identified a cluster of TRI facilities and
LRPs on the south, east end of the Inner Harbor in a low-income tract of $0 - $39,999. In
the high-income cluster of LRPs, we found a low percentage of African-American
residents (0 — 24.9%) and a low percentage of less than a high school diploma (0 — 9.9%).
However, in the low-income cluster of LRPs and TRI facilities, we found a higher
percentage of African-American residents (25 —49.9%) and a higher percentage of less

than a high school diploma (>30%).
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Within a 1-km buffer of an urban farm, we identified 47 LRPs with the presence
of unknown environmental contamination and 12 LRPs with the presence of heavy metal
contamination. Three TRI facilities were within the 1-km buffer of an urban farm, while
one TRI facility with the presence of heavy metal contamination was located within the
1-km buffer. Finally, no Superfund sites were located within a 1-km buffer of an urban
farm. We also located urban farms in tracts with a lower median household income ($0 —
$39,999), more African-American residents (>75%) and a higher percentage of residents
with less than a high school diploma (>30%).

Boone evaluated the distribution of TRI facilities in Baltimore City and found
those census tracts with a TRI site tend to have more Whites than Blacks, fewer people
with college experience, and slightly lower family incomes.?® In our study, we found that
TRI facilities are mostly located in tracts with a lower median household income ($0 -
$39,999), have a lower percent of African-American residents (0 — 24.9%), and in tracts
with a variety of educational attainment levels. About 12 TRI facilities are located in
tracts that have 0% - 19.9% with less than a high school diploma, while about 7 TRI
facilities are located in tracts with 20% to over 30% of residents without a high school
diploma. Our results are similar to Boone’s, in that we found more white residents with a
lower median household income living near TRI facilities. However, we found a variety
of educational attainment levels for residents living near a TRI. We also evaluated the
distribution of LRPs in Baltimore. We found most LRPs are located in tracts with a high
median household income (>$80,000), less African-American residents (0 — 24.9%), and

fewer residents with less than a high school diploma (0 — 9.9%).
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Prior research has found that low socioeconomic status (SES) populations and
non-white residents in some areas reside in communities with a disproportionate burden
of locally unwanted land use (LULUSs).??* ~?* One study in South Carolina found burden
disparities in the location of Superfund sites for Non-White and low-income populations
at the block and census tract levels in South Carolina.?! They also found that Black and
White populations living in poverty, populations with a home built before 1950, and
Black and White populations with less than a high school education were more likely to
live in a Superfund host tract. Only two Superfund sites are found in Baltimore City, and
we did not conduct a sociodemographic analysis of tracts that hosted a Superfund site.

In all comparisons measured, we found tracts who hosted both an urban farm and
a TRI facility, had populations with the highest percentage of less than a high school
education and the lowest median household income. For the state of Maryland, Wilson
found that tracts with higher proportions of non-white residents and people living in
poverty were more likely to live closer to TRI facilities.”® In Baltimore City, we found
that tracts that do not host an urban farm but host a TRI have a higher percentage of
Black residents compared to tracts that do not host a TRI facility. However, tracts that do
not host a TRI but host an urban farm, have a higher percent of Black residents.

Studies have shown that low-income persons and populations of color have a
disproportionate burden of residing in communities with LULUS, including TRI

410, 233

facilities, *°~** landfills,**2 incinerators,**? hazardous waste sites, sewer and water

3,233,413 -414 412

infrastructure treatment plants, coal-fired plants,™ industrial animal

operations*™® and Superfund sites.**® This disproportionate burden can to increased

417 -420

exposure to harmful pollutants, which exacerbates the risk of poor health and well-
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being. For instance, Litt found communities in Southeast Baltimore who lived near more
brownfields experienced statistically higher mortality rates due to cancer (27% excess),
lung cancer (33% excess), respiratory disease (39%), excess, and the major causes of
death (index of liver, diabetes, stroke, COPD, heart disease, cancer, injury, and influenza
and pneumonia; 20% excess), than communities in the same area who lived near fewer
brownfields.?®* In Baltimore, Yesilonis found that urban soils had concentrations that
were elevated above-background levels, with a large proportion of locations exceeding
EPA soil screening levels.'”” Pouyat also found that concentrations for Cu, Pb, and Zn
were higher in the more urbanized areas of the Baltimore-Washington region than the
background concentrations expected for soils in the study area.*”” Additionally, Pouyat
identified that elevated concentrations of Cu, Pb, Zn, and to a lesser extent, As and Cd,
located in older and more urbanized areas suggest that people living in these areas have a
greater risk of exposure to these metals.*”’

There are possible reasons for the distribution of environmental hazards including
LRPs in Baltimore. Residential segregation and income inequality plays a role in shaping
environmental inequality.*! Restrictive housing policies forced Blacks to concentrate in
neighborhoods away from the old industrial centers of the city, while White workers
lived and owned homes closer to the industrial city*??. For the last 40 years, the density of
polluting facilities has been higher in white than black neighborhoods.?® Boone’s
analysis supports earlier studies on Baltimore that show that percent white is a key
variable in explaining the presence of toxic industry.*?" 2 ~%* Downey studied the
relative pollution burden experienced by Hispanics, Blacks and Whites in US-

metropolitan cities. In Baltimore, they found that high segregation levels did not result in
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Black/White environmental inequality and Hispanics were more highly exposed to RSEI
air pollutants than Blacks, even though Hispanic/White segregation levels were lower
than Black/White segregation levels. Baltimore’s Hispanic population is a bit more
residentially dispersed than Baltimore’s Black population, as result, Hispanics are more
likely than Blacks to live in polluted neighborhoods.*** However, neither Blacks or
Hispanics were as residentially dispersed or as highly concentrated in Baltimore’s high-
pollution neighborhoods than Whites.*** Thus, Baltimore’s Black population is
segregated into neighborhoods with relatively few TRI facilities.**

This study has several limitations. We did not collect any biomarkers, soil
samples, or air samples for analysis of toxicants. Our GIS research identified proximity to
hazards as a proxy for exposure to contamination. For TRI data, not all companies are
required to report toxic releases, only those with more than 10 employees that produce or
process over 25,000 pounds or use more than 10,000 of a chemical listed on the TRI.*#
Not all chemicals that may have negative impacts on the environment have been reported.
Over time, the number has increased but is still a fraction of possibly harmful
chemicals.*?? Acute releases of chemicals may be more harmful than chronic releases,
may not be reported if thresholds are not surpassed.*? At the same time, total releases
over a year may mark a number of acute releases.*??

The real constraint in using GIS for health and equity research is not software;
however, but data deficiencies.** Incomplete, inaccurate, and nonexistent information
does not necessarily reflect our state of knowledge about the issues but may be merely an
indication of our society’s informational (and funding) priorities.*®> Not all

environmental sites in Baltimore City are shown in Figures 19 and 20. All LRP sites in
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Baltimore City, as identified by MDE were mapped; however, active and/or closed
brownfields that were not identified as LRPs were not mapped. This was done to reduce
duplication of sites. Also, an additional grocery store was introduced to Baltimore by the
Salvation Army in March of 2018, which will impact the designated Healthy Food
Priority Areas. Finally, we identified 24 urban farms using Johns Hopkins definition of
‘farms that grow food in and around urban areas’. To clarify, two farms strictly grew
honey and one farm grew herbs.

Finally, different protective measures are featured in our sample of 24 urban
farms, making it difficult to understand and quantify proxy for exposure to
contamination. Out of 24 farms, 18 farms grow food outside, in the site’s soil, if below
the soil safety standards, or remediated soil. Out of the 18 farms which grew food
outside, two farms had additional hoop houses, which is a structure used as a greenhouse
or a season extender, typically made from steel and covered in polythene, usually semi-
circular, square or elongated in shape, on site from which they grow food in.*?® Finally,
three farms grew only in hoop houses and one farm used an indoor, controlled
environment. This farm utilized hydroponics, the cultivation of plants by placing the
roots in liquid nutrient solutions rather than in soil, to sustain their food-growing practice
indoors and growing technology to increase environmental efficiency.*® Thus, it is
difficult to understand contamination risks with different protective measures on urban
farms.

Future studies should consider plume modeling, to better understand the
dispersion of contaminants from legacy sites and traffic and their relation to urban farms.

Also, site-specific analysis on soil characteristics and air samples in and near urban farms
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should be conducted. This analysis can provide more information on the types of
contaminants on each farm and identify the best protective features for each site. Finally,
future studies should investigate how to quantify the amount of protection seen on
various urban agriculture projects (i.e., raised beds, hoop houses and greenhouses), to
evaluate the benefits of each measure and encourage gardeners and policymakers to

invest in these features.

CONCLUSION
Urban agriculture offers a means of obtaining healthy food while making use of

vacant land in cities.*®

Much of this vacant land is located within or nearby food
deserts.®” However, heavy metal soil contamination in urban areas is a major concern for
human health and food safety. 24 %7 |_egacy sites such as brownfields, Superfund
sites, and TRI facilities may contribute to soil contamination from the emission of
environmental contaminants. Contaminants, like heavy metals, can linger in the
environment and adhere to the plants surface. Gardening can increase the potential for
adults and children to be exposed to soil contaminants through incidental soil ingestion,
soil resuspension and subsequent exposure.*?® This research helps to identify areas in the
City where there is a greater concentration of environmental hazards. This information
may be useful for gardeners and urban agriculture advocates when initiating new

projects, by reconsidering sites or adding protective features and soil remediation

strategies for urban agriculture sites.
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CHAPTER 4: STUDY 2
INTRODUCTION

There is growing awareness of urban gardening’s approach to increase the
availability and intake of fruits and vegetables for urban residents.3" >* 4% However,
urban soils are often close to pollution sources, such as industrial areas and heavily
trafficked roads.®® **° Soil and water pollution from these nearby industries and highways
can contain heavy metals, and toxic organic industrial wastes, and other pollutants.®* *3
178 These contaminants can settle on garden soil, plant leaves, and fruits.**® For example,
plants grown in lead contaminated soil can accumulate lead from the adherence of dust
and translocation into the plant tissue.®® The amount of contamination depends on
distance from road, crop species, time exposed before harvest, and recent rainfall.*”
Heavy metal contamination of fruits and vegetables may occur by uptake in roots from
contaminated soils and irrigation water as well as from deposits on parts of the plants
exposed to the air from polluted environments.*** ~*** High deposition and accumulation
of trace metals in the edible part of root and leafy crops has been reported in studies.®*
Vegetables are capable of accumulating trace metals from polluted soil and from surface
deposition into their shoots in polluted environments.*®® Trace metals in the air have been
reported to significantly influence total metal concentration of vegetable plants,
especially when washing is not thoroughly done.*®®

Food is an important pathway of exposure for several metals. The uptake and bio
accessibility of heavy metals has been reviewed, yet, limited research has been done on
indirect soil-plant-human transfer, whereby trace elements can enter the human system

and cause potential harm.*** One study, based in Wales, United Kingdom, found a direct
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association between ingestion of homegrown produce and blood lead levels in women of
childbearing age.®® To wash produce, the U.S. Food and Drug Administration (FDA)
recommends that consumers use a vegetable brush to scrub firm-skinned produce while
holding it under running water and wash less firm-skinned produce by rubbing or rinsing
under running water.**®> The lack of proper cleaning procedures, especially for root and
low-growing plants, can be a cause of concern.*** When not properly washed before
eaten, plants can expose consumers to contamination.**® Children, pregnant women, and
adults with compromised metabolic systems may be especially vulnerable in this
regard.*®

Most studies have evaluated the efficacy of household washing urban-grown
vegetables, in relation to limiting exposure to lead.%® 288 44 4% =437 | imited studies have
been done to evaluate the effectiveness of other heavy metals. However, one study
assessed the effectiveness of washing on mercury contents on vegetables. They found
between a 19 — 63% reduction in mercury contents of water-rinsed vegetables.**” Another
study found the concentration of Cr to be greater in unwashed, than in washed, vegetables
in contaminated sites in Kampala City, Uganda but found no significant difference in Cd
concentration between washed and unwashed vegetable shoots.**®

Another study evaluated transfer of Pb in vegetables with three cleaning

protocols. Generally, the lab-cleaning procedure was more effective in reducing Pb
concentrations in the vegetables. Peeled carrots had significantly lower Pb concentrations
than tap-water washed carrots, indicating that the impact of the removal of surface

contamination through peeling was greater than the concentrating effect due to peeling.***

However, other studies have reported an increase in carrot root Pb concentrations when
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roots were peeled before analysis.**® A similar study was done to evaluate soil-plant
transfer of Pb and the effects of vegetables cleaning techniques. Swiss chard cleaned with
the tap water contained 2.6 to 4.6 times greater Pb concentrations than cleaned with the
lab method. Similarly, tap water cleaned tomatoes had 3.0 times greater Pb
concentrations than lab-cleaned tomatoes. In contrast, cleaning methods and peeling did
not significantly impact Pb concentrations in carrots. Discrepancies in Pb concentrations
in carrots from the studies above may be attributed to the soil type and varietal
differences in carrots.?®® Another study evaluated the effects of washing with detergent
and water on plants grown in residential gardens contaminated by lead.®®* Both washing
techniques removed lead concentrations to a degree, however, 50% of water-washed
leafy edibles and 28% of detergent-washed samples showed lead detection.®® Researchers
concluded that the risk of lead from leafy and root edibles is a result of both lead
contaminated dust attached to the plant surface and direct uptake of lead into the plant
tissue.®®

Although leaded gasoline has been banned in many developed countries, it is still
used in developing countries.?®® A study found higher Pb concentrations in vegetables
grown along major highways in in Kampala City, Uganda.®* Furthermore, they observed
a significant difference in Pb concentrations in unwashed and washed leafy vegetables
grown in urban gardens. They observed a 35% decrease in Pb concentrations in washed
leafy vegetables versus unwashed leafy vegetables grown in urban gardens.®* It is
important to understand how consumers perceive urban agriculture to identify
preferences in underlying food values and help improve communication and

policymaking.**®
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Research has been performed to address the increasing consumer demand for
locally produced food and to understand their attitudes and purchase decisions.**® Studies
have found that consumers place a greater importance on purchasing local rather than
organic food, and they perceive that local foods are better for society.*** % Yet, limited
studies have been done regarding consumer’s perception or urban-grown foods. Grebitus
surveyed student’s perceptions of the benefits of urban agriculture and showed that
consumers think there are health benefits affiliated with consuming urban agriculture.
Furthermore, they thought urban agriculture was associated with community building and
sustainability. They also identified a contrary economic perspective that urban agriculture
provides “better quality but more expensive”.**" Another survey reported that about 60%
of respondents felt that locally grown produce had superior food safety level than
conventional produce.'*® Another study revealed that consumers perceived locally grown
produce as safer and carried less risk than produce grown elsewhere because of the
shorter distance traveled to farmers’ markets versus other markets.*’ An additional study
found that consumers generally hold a positive food safety perception of food from
farmers’ markets, which may be in contrast to actual microbial safety of produce obtained
from these markets.**

However, gardening in urban settings and consuming urban-grown produce may
present health risks, including exposure to heavy metals that may be present in urban
soils.*® *4! Contaminated urban soils can pose significant direct risks to human health
through direct ingestion of soil particles, inhalation of dust, and consumption of food
plants grown in metal-contaminated soils.**? If not properly washed, plants can expose

consumers to heavy metal contamination.® 28434
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The aim of this study was to understand use of and behavior in-relation to urban
grown food and provide insight into food handling behaviors of consumers of urban-
grown food. We investigated the frequency of consumption and washing practices of
urban-grown kale, bell peppers, any squash, tomatoes, and carrots. It is important to
understand food handling behaviors of urban-grown produce because thorough cleaning
of soil/dust particles deposited on vegetables has been shown to further reduce food chain

transfer of soil contaminants to humans. 28 441434

METHODS
Questionnaire and Produce Selection

To access the consumption quantity and food handling behaviors of the studied
fruits and vegetables, a questionnaire-based survey was performed. Produce items were
selected based on the Safe Urban Harvest farmers and gardeners survey and the Food
Commodity Intake Database (FCID). The Safe Urban Harvest project surveyed Baltimore
farm managers and community garden leaders and asked them to list their top five items
grown at the farm/garden (by area in production) and the FCID database lists the size of
the portion (in grams) eaten by commaodity eaters of the chosen product. We selected
tomatoes, carrots, kale, bell peppers and squash for the survey because: 1) they are
popular vegetables grown by farmers/gardeners in Baltimore City, and 2) they are
vegetables most commonly consumed. Tomatoes, kale, bell peppers, and squash had the
highest number of mentions identified by Baltimore City farmers as items they most
often grew. While carrots had fewer mentions, the FCID database showed that 25% of the

US population consumes carrots. The database also showed a high consumption rate of

82



16% or greater for the other produce items surveyed. Thus, these five items were selected
based off what farmers typically grew and what consumers typically ate. We collected
information on demographics, dietary consumption, and washing practicing using
surveys. However, we lacked a food diary and/or food frequency questionnaire to better

capture diet. The University of Maryland IRB approved the survey and consent forms.

Participants and Procedures

We recruited Baltimore City residents who have consumed urban-grown produce
to participate in the survey through social media, Food PAC, the Waverly farmers’
market, and food courts. We conducted a convenience sampling approach and attended
the Waverly Farmers” Market and R-House to distribute the survey. The survey was
distributed through Facebook for Food PAC members. Food PAC was developed by the
Baltimore Food Policy Initiative and members work actively to improve food access and
the food system. Food PAC has over 60 members, representing nonprofits, universities,
farms, businesses, hospitals, and residents. Based on our review of previous studies,***
140.287 \wje recruited a total of 71 residents to participate in our food handling survey from
February to April 2018. Participants were first asked if they have ever consumed produce
grown in Baltimore City. If they answered ‘yes’, they were then asked to read the consent
form and voluntarily agree to participate in the research study. We utilized a convenience

sampling technique to reach all participants. All surveys were completed anonymously,

and no personal identifiers were used when analyzing data.
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RESULTS

Table 1: Sociodemographic Characteristics of Participants (N=71)

Sociodemographic Characteristics
Gender
Male
Female
Non-Binary
Prefer not to answer
Race
Black
Latino (a)
Asian/Asian American
White
Multiracial
Other
Prefer not to answer
Age
18-24
25-29
30-34
35-44
45 -54
55— 64
65>
Prefer not to answer
Education
<HS
HS Graduate
Some College
College Degree or >
Prefer not to answer
Household Income
<$20,000
$20,000 — $34,999
$35,000 - $49,999
$50,000 - $74,999
$75,000 - $99,999
Over $100,000
Prefer not to answer
Years of total urban-produce consumption
More than 10 years
Between 7 and 9 years
Between 4 and 6 years
Between 1 and 5 years
Less than 1 year
Don’t know
Refused

Percent (%)

29.6 (n=21)
64.8 (n=46)
1.4 (n=1)
4.2 (n=3)

11.3 (n=8)
1.4 (n=1)
4.2 (n=3)

66.2 (n=47)
5.6 (n=4)
2.8 (n=2)
8.5 (n=6)

9.9 (n=7)
45.1 (n=32)
15.5 (n=11)
14.1 (n=10)

4.2 (n=3)

2.8 (n=2)

1.4 (n=1)

7 (n=5)

1.4 (n=1)
0 (n=0)
9.9 (n=7)
83.1 (n=59)
5.6 (n=4)

18.3 (n=13)
14.1 (n=10)
19.7 (n=14)
16.9 (n=12)
7 (n=5)
14.1 (n=10)
9.9 (n=7)

8.5 (n=6)

8.5 (n=6)
12.7 (n=9)
32.4 (n=23)
16.9 (n=12)
16.9 (n=12)
4.1 (n=3)
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Table 1 shows the sociodemographic characteristics of the survey participants.
Most participants were female (65%), white (66%), were between ages 25 — 29 and had a
college degree or greater. Years of total urban-produce consumption had more diverse
responses. The most common consumption rate among participants was between 1 and 5
years (32%), followed by less than 1 year of urban produce consumption (17%), and 17%
of responses did not know how long they have been consuming urban-grown produce.
Median household income had the most variation of responses. All income responses
were between 14 — 20%, except $75,000 - $99,999 and ‘prefer not to answer’.
Table 2: ‘For each of the purchasing locations, please circle whether you have, have

not, don't know if you have, or refuse to indicate whether or not you have purchased
produce from the following places?’

Location Yes (%) No (%) Refused (%) ' DN (%) Total
Farmer’s Market | 86.4 (n=57) | 7.6 (n=5) 1.5 (n=1) 5 (n=3) 66
CSA 34.3 (n=23) | 55.2 (n=37) @ 3(n=2) 7.5 (n=5) 67
Urban Farm 38.8 (n=26) | 47.8(n=32)  1.5(n=1) 119 (n=8) | 67
Stand

Mobile Market 16.4 (n=11)  70.2 (n=47) | 1.5(n=1) 11.9 (n=8) | 67
Home Garden 41.2 (n=28) | 50 (n=34) 1.5 (n=1) 7.4 (n=5) 68
School Garden 10.6 (n=7) 77.3 (n=51) 1.5 (n=1) 10.6 (n=7) | 66
Avenue Market 26.9 (n=18) | 58.2 (n=39) | 1.5(n=1) 13.4 (n=9) | 67

** DN — Don’t know

In this sample, participants identified local farmers markets (86%) as the most
common purchasing location for urban-grown produce, followed by a home garden
(41%). Many participants also had purchased from an urban farm stand or were a
community supported agriculture (CSA) member. Most individuals also did not purchase

food from a school garden (77%) or mobile market (70%).
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Table 3: ‘How often do you eat produce grown in Baltimore City, when local
produce is abundant (i.e. summer)?’ (N = 68)

Answer Percent (%)
Once a week or more 48.5 (n=33)
Between 4 and 8 servings a 13.2 (n=9)
month

Once a month 5.9 (n=4)
Once every 3 months 4.4 (n=3)
Once every 6 months 5.9 (n=4)
Don’t Know 19.1 (n=13)
Prefer not to answer 3 (n=2)

About half of participants stated they consumed urban-grown food at least once a
week or more, when local produce is abundant. Also, 19% of participants stated they

were unsure of how often they consumed urban-grown produce.

Table 4: ‘When it is seasonally abundant, how many times per month do you
generally consume carrots, tomatoes, kale, bell peppers, or any squash that are city-
grown?’ (N=68)

Answer Carrots (%) @ Tomatoes (%) | Kale (%) @ Bell Peppers = Any Squash
(%) (%)

Zero 17.7 (n=12) 14.7 (n=10) 16.2 17.7 (n=12) 14.7 (n=10)
(n=11)

Once 48.5 (n=33) 36.8 (n=25) 35.3 41.2 (n=28) 44.1 (n=30)
(n=24)

Twice 11.8 (n=8) 13.2 (n=9) 20.6 11.8 (n=8) 14.7 (n=10)
(n=14)

3-5times | 17.7 (n=12) 14.8 (n=10) 13.2 (n=9) | 13.2 (n=9) 10.3 (n=7)

6 — 10 times | 0 (n=0) 7.4 (n=5) 4.4 (n=3) 7.4 (n=5) 13.2 (n=9)

More than 4.3 (n=3) 13.1 (n=9) 10.3 (n=7) | 8.7 (n=6) 3 (n=2)

10 times

Across all produce items, the most common amount participants consumed
carrots, tomatoes, kale, bell peppers or any squash was about once a month, which was
about 35 — 49%. Between 15 — 18% of participants stated they did not eat carrots,

tomatoes, kale, bell peppers, or squash at any time during a seasonally abundant month.
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Table 5: ‘Which method of communication would you prefer to receive information
about your urban grown food?’ by various sociodemographic factors (N = 71)

Answer Percent (%) | Female (%) | White (%)
Printed 40.8 (n=29) 58.6 (n=17) 62 (n=18)
Information

(brochure,

factsheet, mail)

Media (social | 32.4 (n=23) 78 (n=18) 70 (n=16)
media,

television,

email, radio)

Personal 16.9 (n=12) 75 (n=9) 75 (n=9)
contact with

expert

Don’t know 7.1 (n=5)

Refused 2.8 (n=2)

Out of 71 participants, 41% state they preferred to receive information about their
urban-grown food via printed information (brochure, factsheet, or mail), followed by
32% who prefer receiving information via the media (social media, television, email,
radio). Finally, 17% of participants stated they preferred to communicate with an expert
on information on their urban-grown food. Across all socio demographic groups, all
participants were mostly female and white, between the ages of 25 — 29 and had at least a
college degree or greater. However, we observed a difference in household income, with
individuals who earn less than $20,000 prefer social media, television, email or radio as a

way to receive information and individuals who make within $35,000 - $49,999 prefer

printed information.
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Table 6: Willingness and confidence of participants to wash produce (N = 39)

Question Response | Percent (%)
How confident are you that you are able to Extremely | 46.2 (n=18)
wash produce? Very 23.1 (n=9)
Moderately 18 (n=7)
Not so 5 (n=2)
Unconfident 7.7 (n=3)
How willing are you to wash produce? Extremely | 61.5 (n=24)
Very 10.3 (n=4)
Moderately 20.5 (n=8)
Not so 5.1 (n=2)

Unconfident 2.6 (n=1)

Tables 6 and 7 were developed after receiving initial feedback for the survey in
February. The number of individuals who participated in the second survey was 39. Table
6 discusses willingness and confidence of these participants to wash produce. Most were
both extremely confident and extremely willing to wash produce, 46% and 62%,
respectively. Followed by 23% of participants were very confident in their ability to wash

produce and 21% were moderately willing to wash produce.
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Table 7: ‘Do you make purchase options based on concerns about the safety of food
production in general?’ by various sociodemographic factors (N = 39)

Answer Number (%) | Female (%) @ White (%)

Always 18 (n=7) 57 (n=4) 42.8 (n=3)
Mostly 35.9 (n=14) 50 (n=7) 42.8 (n=6)
Sometimes | 33.3 (n=13) 84.6 (n=11) | 53.8 (n=7)
Never 7.8 (n=3)

Don’t 2.6 (n=1)

know

Refused 2.6 (n=1)

We asked participants if they base purchase options on the concern about the
safety of food, with 36% and 33% stated they mostly and sometimes base purchases on
concerns of food safety. We found that older individuals, ages 30 — 34 most often chose
that they ‘sometimes’ make purchases based on concerns about food safety. Half of
respondents in this category also had a household income of less than $20,000 or $50,000
- $74,999. Finally, most of the individuals in each category obtained a college degree or

greater.
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Table 8. Local produce consumption and washing practices by demographic

variables

Age
category (y)
18- 24
25-29
30-34
35-44
45 - 54
55 - 64
65>
Gender
Female
Male

Race
African
American
White
Latino (a) or
Hispanic
Asian/Asian
American

Multiracial

Education
<HS
HS Graduate
Some
College
College
Degree or >
Household
Income
<$20,000
$20,000 -
$34,000
$35,000 -
$49,000
$50,000 -
$74,000
$75,000 -
$99,999
>$100,000

Total
(N)

7

59

13
10

14

12

5

10

consume local
produce once a
week or more

(%)

57.1 (n=4)
37.5 (n=12)
72.7 (n=8)
50 (n=5)
33.3 (n=1)
0 (n=0)
100 (n=1)

47.8 (n=22)
42.9 (n=9)

37.5 (n=3)
46.8 (n=22)
100 (n=1)

33.3 (n=1)

75 (n=3)

100 (n=1)
71.4 (n=5)

44.1 (n=26)

46.1 (n=6)
30 (n=3)

50 (n=7)
58.3 (n=7)
60 (n=3)

60 (n=6)

‘Always Washing’
Carrots Tomatoes Kale (%) Bell Any
(%) (%) Peppers Squash
(%) (%)

85.7 (n=6) 66.7 (n=4) 100 (n=4) 80 (n=4) 100 (n=4)
50 (n=13) 56 (n=14) 56.5 (n=13) | 70.8 (n=17) | 56.5 (n=13)
77.8 (n=7) 60 (n=6) 66.7 (n=6) 60 (n=6) 55.5 (n=5)
100 (n=10) 100 (n=8) 88.9 (n=8) 87.5 (n=7) 85.7 (n=6)
100 (n=2) 33.3 (n=1) 50 (n=1) 50 (n=1) 100 (n=2)

50 (n=1) 100 (n=2) 100 (n=2) 100 (n=2) 100 (n=2)
100 (n=1) 100 (n=1) 100 (n=1) 100 (n=1) 100 (n=1)
70.3 (n=26) | 64.9 (n=24) | 69.7 (n=23) | 74.3(n=26) | 61.3 (n=19)
77.8 (n=14) | 68.4 (n=13) 75 (n=12) 76.4 (n=13) | 72.2 (n=13)
66.7 (n=4) 100 (n=6) 75 (n=3) 100 (n=6) 80 (n=4)
73.7 (n=28) | 59.5(n=22) | 68.4(n=26) | 70.2 (n=26) | 58.3 (n=21)
100 (n=1) 100 (n=1) 100 (n=1) 100 (n=1)
100 (n=3) 66.6 (n=2) 100 (n=2) 100 (n=3) 100 (n=3)
33.3(n=1) 50 (n=2) 50 (n=1) 50 (n=2) 100 (n=1)

0 (n=0) 0 (n=0) 0 (n=0)

100 (n=5) 83.3 (n=5) 80 (n=4) 60 (n=3) 100 (n=5)
69.4 (n=34) | 64.6 (n=31) | 71.4 (n=30) 73 (n=35) 62 (n=26)
88.9 (n=8) 80 (n=8) 62.5 (n=5) 77.8 (n=7) 77.8 (n=7)
62.5 (n=5) 25 (n=2) 62.5 (n=5) 57.1 (n=4) 37.5 (n=3)
69.2 (n=9) 69.2 (n=9) 77.8 (n=7) 75 (n=9) 58.3 (n=7)
62.5 (n=5) 80 (n=8) 70 (n=7) 10 (n=7) 66.7 (n=6)

60 (n=3) 25 (n=1) 33.3(n=1) 50 (n=2) 75 (n=3)
77.8 (n=7) 75 (n=6) 80 (n=8) 88.9 (n=8) 57.1 (n=4)

* ¢ Always washing’ represents number out of those who consume produce item
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Table 8 shows local produce consumption and washing practices by various
sociodemographic variables. Within the 25 — 29 age category, 37.5% of participants state
they consume local produce once a week or more when it is seasonally abundant. More
than half of these participants also state they always wash carrots, tomatoes, kale, bell
peppers, or any squash; with bell peppers most often, always washed by participants at
71%.

When seasonally abundant, about 50% of females consumed local produce at least
once a week or more. Out of all categories analyzed, males were the lowest percent who
consumed local produce. Although there were less males surveyed, males ‘always
washed’ carrots, tomatoes, kale, bell peppers, and squash more often than females. Most
participants surveyed were also white and about half consumed local produce once a
week or more. 16 participants surveyed were non-white. More than half of all white
participants always washed all produce items surveyed, with the highest percent stating
they ‘always washed’ carrots. Similarly, more than half of all black participants surveyed
state they always washed all produce items and a 100% of participants state they always
washed tomatoes and bell peppers.

Most participants had at least a college degree or greater, of these participants,
about 44% consumed local produce once a week or more. Between 62% - 73% of these
participants always washed the produce items analyzed, with bell peppers always washed
the most. There was greatest variation between participants’ household income, ranging
from less than $20,000 to over $100,000. Income categories of between $75,000 and over

$100,000 were the highest group to consume local produce once a week or more. The
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income group of less than $20,000 had the lowest percent, 46%, of consuming local
produce once a week or more.

Out of all categories measured with at least 10 participants, incomes between
$20,000 and $34,999 had a lower percent of ‘always washing’ squash versus other
produce items measured. Individuals between 25 — 29 were found to ‘always’ wash the
produce items asked less frequently than other age groups. All categories measured,
except two income and one race category, have over 50% of participants always washing
the five produce items analyzed.

Table 9: ‘Please provide an explanation or list of reasons why you would sometimes
wash or rinse city-grown carrots, tomatoes, kale, bell peppers, or squash’ N = 68

‘Dirt’ (%) ‘Pesticides’ (%) | ‘Dirt and/or ‘Taught, None
Pesticide’ Accustomed,
(%) Raised, Habit’
(%)
33.8 (n=23) 10.3 (n=7) 7.4 (n=5) 14.7 (n=10) 17.6
(n=12)

We also conducted a topic word search for the question ‘please provide an
explanation or list of reasons why you would sometimes wash or rinse city-grown carrots,
tomatoes, kale, bell peppers, and/or squash’. 33% of respondents said they sometimes
washed these items to remove dirt, 18% stated to remove pesticides, and 7% stated it was

what they were taught to do.
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Table 10: ‘If sometimes or always, what methods do you typically use to wash or
rinse city-grown carrots, tomatoes, kale, bell peppers, and any squash’

Carrots | Tomatoes | Kale Bell Squash
(%) (%) (%) Peppers (%)
(%)
Rinse under running water 32.9 50 (n=35) 50.9 53 (n=35) | 49.1
(n=23) (n=28) (n=27)
Rub with hands under running 44.3 37.1 (n=26)  30.9 36.4 (n=24)  41.8
water (n=31) (n=17) (n=23)
Scrub brush under running water | 17.1 7.1 (n=5) 1.8 7.6 (n=5) 7.3 (n=4)
(n=12) (n=1)
Soak in container of water 29 (n=2) | 4.3 (n=3) 12.7 1.5 (n=1) 0 (n=0)
(n=7)
Wash with something other than | 2.9 (n=2) | 1.4 (n=1) 3.6 1.5 (n=1) 1.8 (n=1)
water (e.g. produce spray, (n=2)
vegetable wash)
Total 70 70 55 66 55

Table 10 shows different methods of washing carrots, tomatoes, kale, bell
peppers, or squash. Most participants either rinsed these items or rubbed these items
under running water. Also, fewer participants consumed kale and squash, then bell
peppers, tomatoes, and carrots. Very few participants stated they soaked these produce

items in a container of water or washed with something other than water.

DISCUSSION

Urban agriculture presents benefits and challenges for environmental health.
Studies have shown that urban agriculture sites increase the intake of fruits and
vegetables among participants.*** ~** However, there is concern regarding the
contamination of heavy metals in agricultural soils and its impact on human health.**
Metals in urban soils can be transferred into humans through ingestion and can pose a
health risk to urban residents.?®® %+~ 445 The actual health risks of metals in ingested soil

depend strongly on the fraction that is soluble in the gastrointestinal tract available for
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absorption, so that only a fraction of the total soil metals is human accessible.**~**/

There are various heavy metal exposure reduction strategies for both gardeners and
consumers, such as using raised beds with clean, imported soil and washing produce.”
Traditional rinsing should be used in conjunction with other methods to reduce exposure.
Water washes off most soil particles and washing crops before eating reduces the
potential for transferring heavy metals in soil to humans.?® 43

In our study, we found that those who consume urban-grown produce were
mostly young, white, had a college degree or greater and consumed the items asked at
least once a month. These participants also stated they most often purchased from a
farmers’ market and mostly ‘always’ washed their urban-grown produce. Across all
sociodemographic groups, we found that more than half of all individuals ‘always’
washed the produce items surveyed. Additionally, 33% and 36% of participants stated
they ‘sometimes’ and ‘mostly’, respectively, made purchase decisions based on concerns
of food safety, and most respondents felt extremely confident and willing to wash
produce.

Studies have found that most urban agriculture initiatives have been led mostly by
young, white residents.>® % 107: 118.3%. 448 \nja found similar results, in that most
participants who consumed urban-grown produce were female, white and young
(between 25 — 29). Most had at least a college degree or greater, however, there was
variation in household incomes among all participants. Additional studies found that
many urban gardeners were female and white. A study interviewed 67 people in 29
garden sites in Denver, Colorado and found that most participants were female, white and

the average age was 46.8 years.** Another study interviewed 8 garden volunteers, 7 of
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whom were white, however, all had different socioeconomic backgrounds.>® A study in
Flint found that more females participated in a community garden than males and these
participants were also mostly white and were a high school graduate.™*

Where individuals purchase urban-grown produce is important to understand
food-purchasing patterns and develop marketing strategies. In our study, an
overwhelming number of participants purchased food from a farmers’ market. These
results reflect the growing popularity of farmers’ markets nationwide from 1,775 markets
in 1994 and 8,669 markets in 2016. More consumers are deciding to purchase from
farmers’ markets as a more wholesome food outlet than their retail supermarket.**® Also,
about a third of participants purchased food from an urban farm stand or from a
community supported agriculture stand. These results indicate a potential to increase
purchasing from these two locations.

For consumer washing practices, studies have found that a higher percent of
consumers wash produce compared to those who do no wash.*** **® We found that more
than half of all individuals, across all socio demographic groups stated they ‘always’
washed the produce surveyed. The exception is only for one individual, highlighted in
table 8. We also found 34% of participants washed produce to remove dirt, followed by
18% of participants who provided no explanation, and 15% of those who wash because it
was how they were raised, accustomed to do doing, or out of habit. Verrill found the most
common reasons to wash fresh produce were to remove dirt (93%), followed by removal
of pesticides (79%) and bacteria or germs (60%).

We found consumers most often rinsed under running water or rubbed the

produce item with hands under running water. Only carrots reported a higher frequency
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of participants rubbing with hands under running water verses rinsing under running
water. Carrots have a harder exterior rind, which may encourage consumers to rub with
hands while washing. Very few participants reported other methods of washing produce,
such as scrubbing with a brush, soaking in a container of water, of washing with
something other than water (e.g. produce spray). A previous study found a higher
percentage of consumers washed strawberries and tomatoes than cantaloupes and pre-cut,
bagged lettuce and concluded that one of the main findings was that consumers reported
different rates of washing vegetables and fruits depending on the type of produce.**®

Consumers obtain information about food safety from various sources and their
attitudes toward information on safe produce handling differed by sex, income,
education, and age (450 — 451). In our study, we found that most respondents (41%),
stated they preferred printed information (i.e. brochure, factsheets, mail); followed by
32% who prefer the media (i.e. social media, television, email), and 17% preferred a
consultation with an expert. Across all sociodemographic groups, we observed a
difference in household income, with individuals who earn less than $20,00 prefer social
media, television, email or radio to receive information and individuals who make
between $35,000 - $49,999 prefer printed information. Studies have shown that people
with different sociodemographic characteristics perceive food risks in different ways and
have different preferences of methods to receive food safety information.**?~***

Food safety risk perceptions and attitudes are related to socioeconomic factors,
experiences and culture, and trust in various sources of information.*®> Understanding
consumer perceptions of food risk is critical when assessing the actual level of risk to

which consumers are exposed when they handle foods**®. When asked whether
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consumers made food purchasing decisions based on concerns about the safety of food
production in general, most stated they sometimes or mostly make decisions based on
concerns about food safety. We identified that fewer participants always make food
purchasing decisions based on concerns about food safety and a need for greater food
safety education. We also found that older individuals, most often chose that they
‘sometime’ make purchases based on concerns about food safety. Half of respondents in
this category also had a household income of less than $20,000 or $50,000 - $74,999.
Researchers have found that consumers generally have a positive food safety perception
of urban-grown food.'***° Other research on food safety have found that consumer trust
in information about food risks are potential determinants of their food-related
behavior.**’ In addition, research has found that personal and indirect food safety
experiences substantially affect risk perceptions.*>®

Self-efficacy is the belief in one’s own ability to perform tasks and affect
outcomes*® and can predict subsequent motivation and performance*® relative to
specific tasks. Limited studies have been done regarding consumers’ confidence and
willingness of produce washing. We asked participants about both and found that more
than half of all participants stated they are extremely willing to wash produce (62%), and,
about 46% stated they are extremely confident in their ability to wash produce, with 23%
stating they are very confident. Richards measured self-efficacy of food safety among
adolescent populations and found that adolescents feel confident in their ability of
personal hygiene (i.e. hand washing), while cross-contamination and cooking/cooling
temperatures were areas of lowest self-efficacy.*®® Another study found that young adults

461 — 464

especially engage in unsafe food-handling practices and lacks vital food safety
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knowledge.*®™ %4 =% Most of our participants were between ages 25 — 29, thus these
previous results could be applied to our study.

Our study had several limitations. We distributed our survey from February
through April, a time when there is likely no produce available from urban farms.
However, the questions specified whether respondents consumed produce in summertime
when produce is seasonally abundant. Thus, our participants could suffer from recall bias.
We used convenience sampling approach because it was inexpensive, and participants
were readily available. However, convenience sampling is not representative of the entire
population, and could thus lead to over-or-under sampling and biased results. We also
experienced a disconnect between the locations of survey respondents and the farms
where the food was grown. We did not survey participants at other urban produce
purchasing locations, such as urban farm food stands, mobile markets, or community
supported agriculture locations and limited our sampling location to one farmer’s market.

In addition, we did not conduct a pilot study of the survey, which impacts the
validity and rigor of the study. Pilot studies represent a fundamental phase of the research
process.*®” The purpose of conducting a pilot study is to examine the feasibility of an
approach that is intended to be used in a larger scale study.*®” Because we did not
conduct a pilot study, there is a lack of standardization for certain survey questions. For
example, fewer participants answered questions regarding willingness and confidence of
washing produce.

The issues of perception bias, recall bias, interview, bias, and selection bias are
other limitations of this study. Perception bias is the tendency to be subjective about

people and events, causing biased information to be collected in a study or biased
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interpretation of the study’s results.*®® This affected our study because the interviewer
recruited individuals at farmer’s markets who had free time to complete the survey, thus
limiting the persons involved in the study. Recall bias occurs when participants do not
remember previous events or experiences accurately or exclude details. Recall bias is an
issue when participants have to self-report, as seen in surveys. Additionally, we
encountered selection bias via convenience sampling. We only recruited individuals who
were affiliated with urban agriculture initiatives and/or consumed urban-grown produce
to take part in the project. Finally, our study was limited to interviewer bias. When we
surveyed our first wave of respondents, our risk perception questions may have
influenced respondents to continue to answer the survey in a certain matter. Thus, the
remainder of our survey questions included in our analysis may have been tainted from
the structure of our previous, discarded risk perception questions.

In Baltimore, future studies should be performed to understand the effect of
produce washing on urban-grown produce. Several studies have been done in heavily
contaminated environments and researchers would benefit from a better understanding of
the effects of washing in different environmental backgrounds. In addition, conducting
biomarker analysis for specific heavy metals, to understand and quantify the exposure
associated with consuming urban-grown produce is needed. Finally, a cohort study for
gardeners and consumers of urban-grown produce should be considered to understand
latency effect, temporal sequence, and examine multiple effects associated with exposure

to urban-grown produce.
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CONCLUSION

We surveyed consumers of urban-grown produce on their washing practices,
frequency of consumption, communication preferences, and food safety handling. In this
sample, most respondents were young, female and white. Respondents stated they
‘always’ washed the produce items asked, across all sociodemographic groups. Although,
we observed a difference in income and communication preferences, with respondents
with a higher income preferring printed information and those with a lower income
preferring media as a method to receive information of urban-grown produce. We also
found that middle-aged persons most often chose that they ‘sometimes’ make purchase
decisions based on concerns of food safety, indicating these individuals may need
targeted food safety education interventions. These results could help to identify and
create more targeted food education programs and enhance risk communication among

growers to consumers.
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CHAPTER 5:
CONCLUSIONS

Our results primarily indicate that within a 1-km buffer, most urban farms
experience above state average exposures to traffic, lead-based paint from pre-1960s
housing, Superfund proximity, diesel particulate matter, and air toxic cancer risk. We
found a presence of LRPs and TRI facilities within a 1-km buffer of an urban farm and
identified that more residents were unemployed, had less than a high school diploma and
had a lower median household income in census tracts that hosted an urban farm and a
TRI facility compared to tracts who hosted an urban farm without a TRI facility. We also
found that those who consume urban-grown produce were mostly young, white, had a
college degree or greater and consumed the items asked at least once a month. These
participants also stated they most often purchased from a farmers’ market. Across all
socio demographic groups, we found that more than half of all individuals ‘always’
washed the produce items surveyed. We did not find sociodemographic differences in the
frequency of persons ‘always’ washing the items asked. Most participants either ‘mostly’
or ‘sometimes’ made purchase decisions based on concerns of food safety, while most
respondents felt extremely confident and willing to wash produce.

In this study, we observed an increase in the number of LRPs, TRI facilities, and
Superfund sites from a 1-km buffer within an urban farm to a 5-km buffer of an urban
farm. We found an increase in Black/African-American residents in those census tracts
that host an urban farm within 1-km to 2km buffer and a TRI facility; however, overall
the percent of Black/African-American were greater in tracts that did not host a TRI

facility. TRI facilities were mostly located in tracts with a lower median household
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income ($0 - $39,999), a lower percent of Black/African American residents (0 — 24.9%),
and in tracts with a variety of educational attainment levels. The percent of individuals
receiving SNAP benefits and percent homeownership remained fairly even across all
distributions at about 31% and 51%, respectively.

We also found that healthy food priority areas are predominantly located in
census tracts with low median household income ($0 - $40,000) and communities of
color (>75% Black), and higher percentage of residents with less than a high school
diploma (>30%). However, these areas do not have as many clusters of environmental
hazards as the southern, more industrial areas of the city. Environmental hazard clusters,
specifically LRPs, were located in areas with a higher median household income
(>$80,000), a lower percentage of African-American residents (0 - 25%), and a lower
percentage of residents with less than a high school diploma (0 — 9.9%).

Wilson found significant burden disparities where more TRI facilities were
located in census tracts with higher non-white and low-income populations for the state
of South Carolina and metropolitan Charleston.*® In addition to this work, other
researchers have documented similar racial and income disparities among communities
hosting TRI facilities.”** *"® Neumann discovered that TRI facilities were located
disproportionately in people of color neighborhoods and in areas with lower incomes
compared to those in the surrounding counties.?*? In Baltimore City, however, census
tracts made up of White, working-class people are more likely to contain a TRI than
primarily Black census tracts.?”> Numerous environmental justice studies conducted at
the census tract or zip code level show that marginalized communities, including persons

in poverty and people of color, are more likely to live near TRI facilities than Whites and
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higher-income residents.”® %33 ~2> 471 previous analyses and studies have demonstrated
that a series of institutions effectively segregated white and black Baltimore and
restricted heavy industry through zoning to areas near the harbor?* and how the present
distribution of TRI facilities is related to past land use.*"

Previous research has found that exposure to mobile sources of air pollution
through residential proximity to major roadways increased the risk of adverse health

effects?4 ~ 2%

and that persons of color and lower-income individuals may be exposed to
higher levels of traffic-related air pollution.?®* ~2** We found the greatest concentration of
roads surrounding urban farms to be in the city center. Research has shown that the local
settings of urban farms affects trace metal contamination of vegetables crops, with Pb
concentrations being higher in leafy vegetables, fruits and roots grown in gardens with
higher traffic burdens,*”® even in places where the sale of leaded gasoline has long been
banned.**®

Studies have found that Baltimore’s urban soils contain elevated levels of lead.®
177-178.180 Root and green leafy vegetables are generally considered more prone to absorb
and store lead and arsenic from contaminated soil.'”® Metals in urban soils can be
transferred into humans through ingestion of contaminated vegetables and can pose a
health risk to urban residents.?®® *** 4™ The lack of proper cleaning procedures, especially
for root and low-growing plants, can be a cause of concern.*** When not properly washed
before eaten, plants can expose consumers to contamination.

In our study, we found that most participants (34%) washed produce to remove

dirt, followed by participants who provided no explanation (18%), and those who rinse

because it was how they were raised, accustomed to do doing, or out of habit (15%). We
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also found that consumers most often rinsed or rubbed the produce item with hands under
running water, and only carrots reported a higher frequency of participants rubbing with
hands under running water verses rinsing under running water. Carrots have a harder
exterior rind, which may encourage consumers to rub with hands while washing. Very
few participants reported other methods of washing produce, such as scrubbing with a
brush, soaking in a container of water, of washing with something other than water (e.g.,
produce spray).

We observed sociodemographic differences in responses to questions regarding
communication preferences and food safety purchasing decisions. Individuals who earned
less than $20,000 preferred social media, television, email or radio and individuals who
make within $35,000 - $49,999 prefer printed information as the primary way to receive
information about their urban-grown food. For purchasing decisions, older individuals,
ages 30 — 34 most often ‘sometimes’ made purchases based on concerns about food
safety, while younger individuals, ages 18 — 24, ‘always’ and ‘mostly’ made purchase
decisions based on concerns about food safety. Sociodemographic differences were also
found regarding produce consumption and washing practices. Males were found to
consume less produce than females; however, fewer males were surveyed in this study.
Income categories of between $75,000 and over $100,000 were the highest group to
consume local produce once a week or more. The income group of less than $20,000 had
the lowest percent of consuming local produce once a week or more. Additionally,
incomes of less than $20,000 were observed to ‘always wash’ squash less often than
other produce items measured. Individuals between 25 — 29 were found to ‘always’ wash

the produce items asked less frequently than other age groups. All categories measured,
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except two income and one race category, have over 50% of participants always washing
the five produce items analyzed.

Understanding consumer perceptions of food risk is important when assessing the
actual level of risk to which consumers are exposed when they handle foods*®°. When
asked whether consumers made food purchasing decisions based on concerns about the
safety of food production in general, most stated they sometimes or mostly make
decisions based on concerns about food safety. We identified that fewer participants
always make food purchasing decisions based on concerns about food safety and a need
for greater food safety education. Other research on food safety have found that consumer
trust in information about food risks are potential determinants of their food-related
behavior.**” *”* Limited studies have been done regarding consumers’ confidence and
willingness of produce washing. We asked participants about both and found that more
than half of all participants stated they are extremely willing to wash produce (62%), and,
about 46% stated they are extremely confident in their ability to wash produce, with 23%
stating they are very confident.

There are health consequences associated with the ingestion of urban-grown
produce contaminated with heavy metals; however, this contribution is dependent on the
percentage of the diet made up of lead-laden homegrown vegetables and the type of
vegetable preparation (e.g., washing, peeling)**°. The actual health risks of metals in
ingested soil depend strongly on the fraction that is soluble in the gastrointestinal tract
available for absorption, so that only a fraction of the total soil metals is human
accessible.*** In most cases, the toxicity of an ingested chemical depends, in part, on the

magnitude to which it is absorbed from the gastrointestinal tract into the body.*"® Metals
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can exist in a variety of chemicals and physical forms and not all forms of a given metal
are absorbed to the same extent.*®

Specifically, adults absorb approximately 11% of ingested lead*’” and excrete
approximately 50-60% of that ingested over the short term and an additional 25% over
many months, with the excretion rate dependent on the total body burden of lead.*"®

d*’” and an infant

Children, however, can absorb anywhere from 30 to 75% of ingested lea
can excrete much less than adults.*”® Pregnant women who ingest contaminated foods can
transfer lead to the fetus.*®® Also, for pregnant mothers, lead stored in bones is mobilized
and made available to transfer to the fetus during pregnancy.®® The consumption of lead
contaminated root crops, leafy vegetables and herbs may contribute to the total body
burden of lead.®

The evidence is clear that many communities — predominantly low-income, urban
communities of color and rural areas — lack adequate access to healthy food, and the
evidence also suggests that the lack of access negatively impacts the health of residents
and neighborhoods.* These findings indicate that policy interventions to increase access
to healthy food in ‘food deserts’ will help people eat a healthy diet, while contributing to
community economic development.®® Improving access to healthy food is a critical
component of an agenda to build an equitable and sustainable food system*:. Urban
agriculture initiatives could reduce food insecurity and may improve dietary intake
among urban residents. %% 1t ~113.138
Baltimore City has urban agriculture policies to ensure soil safety guidelines. The

soil safety policy requires for sites intended to grow food to test for lead, arsenic,

cadmium, and chromium and to conduct a risk assessment to test for additional
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contaminants. The soil safety guidelines pertain specifically to lead and can be found in
the appendix. Sites that test for lead levels at 400-999 ppm represents low to moderate
risk and are not required to perform site remediation, but best practices must be followed.
EPA recommends that soil lead levels less than 400 mg/kg are generally safe for
residential use.*®* However; some researchers have recommended complete abstinence
from consumption of vegetables grown in soils with Pb concentrations exceeding 400
ppm ®. Finster recommended that soils with Pb levels from 400 to 1,000 ppm should not
be used for gardening. Defoe recommended for urban gardens with Pb concentrations
between 700 — 1,900 ppm, to cultivate vegetables in raised beds.®® Because urban gardens
may vary according to contamination source and complexity, soil physical/chemical
characteristics, and the availability of remediation resources,*** we encourage the use of
site-specific risk assessments to determine any potential risk to human health.
Community gardens and urban agriculture have largely shown a benefit of urban

51, 57

farms for improving neighborhood aesthetics,*® community development,® >’ social

1,>>°" 1% improving neighborhood property values,™* and providing a safe area for

capita
community members to participate in a physical activity.*® Furthermore, urban
agriculture initiatives can offer affordable and convenient access to fresh produce,
particularly for urban residents with limited access to supermarkets. 3" °3 9. 111429
However, urban soils often have elevated concentrations of lead and other contaminants
due to historic human activities.'™ Gardening and related activities can increase the

potential for adults and children to be exposed to soil contaminants through incidental

soil ingestion, produce consumption, and other pathways.*?® It is important to recognize
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environmental sources of heavy metal exposure, such as urban garden soil, in urban
communities and take steps to minimize exposures.*”

Community-based public health education interventions should be offered to
gardeners and residents. Community garden leaders and neighborhood officials should
offer resources about soil contamination to residents interested in community
gardening.'®® Previous research suggests that local groups, such as agricultural extension
offices, community gardening networks, or the city government offices are appropriate
sources to disseminate information regarding soil contamination.'*° Training on best
practices for growing and handling produce has also been shown to be beneficial for
neighborhood residents, especially in minority urban areas.® Non-profit organizations
have utilized training exercises to engage young people from urban, low-income and
people of color neighborhoods to cultivate their own produce.*®? This strategy could
encourage more people of color to participate in community gardening.™® We encourage
community-based organizations (CBOs) seeking to obtain information on the spatial
distribution of LULUS to study the negative health impacts of these sites as part of a

comprehensive community revitalization program.”*

LIMITATIONS

With reference to specific aim #1, we used proximity as a measure of
environmental contamination. No biomarker analysis, plume modeling, soil sampling or
air sampling was conducted to identify and/or quantify exposure. Location has been used
in epidemiological studies to explore associations between health effects and industrial

pollution;?*® however, there are limitations. Exposure assessment emphasizes toxic and
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persistent pollutants, cumulative exposures from multiple sources (including non-point
and mobile source emissions), and susceptible populations.*** As a result, the source-
receptor pathways that relate emissions to exposures are increasingly variable and
complex.*® There are many pathways, sources, locations and activities that influence
exposures, so that exposure estimates based on location may be highly uncertain. ***
Future studies can better assess exposure by conducting biomarker analysis, to measure
and evaluate specific toxins in the body.

With reference to specific aim #2, we were unable to plot the locations of
community gardens and thus, we could not quantify nor map how many community
gardens were in Baltimore City. Some gardens are listed online while others are not. To
identify all community gardens, requires knowledge of local projects via networks and
partnerships with community-based organizations. While some community gardens
produce a significant amount of food, that food is usually grown for personal
consumption or donation and is not typically sold to customers.*® Also, there is difficulty
when constructing the definition of a ‘Healthy Food Priority Area’ when using a cross-
sectional study. Stores, especially small and independently owned, change ownership or
go in and out of business frequently.“*® This could impact the development of the ‘Healthy
Food Priority Area’ definition which includes the Healthy Food Availability Index
(HFAI) score for supermarkets and corner stores. We were unable to conduct a statistical
analysis to evaluate significant among the mean distributions Future studies should
consider investigating the spatial distribution of community gardens in relation to

environmental hazards.
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Additionally, we may not have a complete dataset of TRI facilities or LRPs. Some
LRPs encompass several acres in Baltimore City; however, we only represented their
presence by a single point on the maps, which may be misleading. Also, the US EPA
does not require smaller industrial facilities to report toxic releases.*®® Theoretically,
cumulative effects of smaller non-TRI-reporting facilities might outweigh the individual
effect of larger (but fewer) TRI-reporting facilities.*®> Also, the TRI database does not
address environmental fate and transport of industry emissions using modeling and other
analytical techniques.*®®> We also lacked a statistical analysis to evaluate the significance
of mean distribution of sociodemographic measures by urban farm and TRI facility buffer
zones. Future studies should consider analyzing the spatial distribution of community
gardens and farms by environmental hazards, to have a better understanding of the
distribution of these hazards in relation to all urban agriculture projects.

With reference to specific aim #3, because of the cross-sectional nature of our
study, causality between the association of consumption and exposure cannot be inferred.
In addition, we experienced non-response bias for some survey questions. This impacted
the validity and rigor of our survey because some questions had fewer responses than
others. Additionally, survey questions which ask respondents to rate the degree to which
they consume urban-grown produce, may not accurately measure consumers’ real
produce consumption frequency. Survey respondents may respond inaccurately or just
guess their produce consumption frequencies. In addition, social desirability bias (i.e., the
participants’ tendency toward a perception of what is “correct” or socially acceptable)
may affect variable means and cause misleading results when they self-report general

494

food safety perception.”™ For instance, the question “How confident are you that you are
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able to wash produce?” is considered socially desirable as everyone should follow good
food safety practices. Yet, some consumers may not actually utilize proper food safety

130 our small

practices, even though they are likely to respond favorable to this statement.
population size did not allow our results to be generalizable to a larger population. We
also used a convenience sampling approach that limited the representatives of our sample
of African-American adults in Baltimore City.

Finally, there were barriers to constructing risk perception questions in relation to
urban-grown produce handling behaviors. Thus, we were unable to explore how
individuals perceive urban-grown food. Studies are needed to explore risk perception in
relation to urban-grown food because individuals may view and handle this produce
differently, which may result in improper food handling and cause adverse health effects.
Furthermore, this type of research is especially important for vulnerable populations,
such as children and pregnant women. We experienced a disconnect between those who
were surveyed and those who consume urban-grown produce. We do not trace back who
consumed what products and from which urban farm. Future studies should conduct
better survey recruitment, by surveying consumers of urban-grown produce at urban farm
stands, mobile markets, community supported agriculture stands, public markets, and
additional farmers’ markets. Currently, 13 farms sell at least one farmers market and 4
farms sell at more than one farmer’s market. Two farms sell at one public market, two
farms sell through a mobile market and six farms have a farm stand on site. Of the 19
food producing farms, there are approximately 262 community supported agriculture
members. These locations can help connect researchers to their consumer of interest.

There is also an issue of contamination uptake versus contamination settling of the outer
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layers of produce. It is difficult to assess how much of the contaminant is taken up by the
produce item and how much of the contaminant is settled on the outer layers, and whether
washing results in a significant reduction of contaminants. Future studies should consider
risk assessments to examine the effect of washing on contaminant concentrations in
different produce samples. Finally, future studies can better assess diet through food
frequency questionnaires and/or food diaries. These tools will better capture consumption

frequency.

RECOMMENDATIONS

Further community engagement and environmental health education interventions
are needed at urban farms. Educating gardeners and participants of soil contaminants in
urban soils will help make more informed decisions regarding exposure prevention and
remediation strategies. Environmental health education programs must promote health
literacy, by helping communities make informed choices to reduce hazardous exposures.
Environmental health literacy (EHL) support individuals in making informed decisions
that can reduce health risks and ultimately increase their quality of life.'®® Effective
efforts to raise EHL must make risk messaging understandable and relevant to
individuals, and they must provide not only the results of research but also address
existing misinformation and misperceptions.*®*® Community-engaged research approaches
can enhance trust between community members and academic research institutions by
incorporating community input to community-specific research efforts.

Because community gardens are not growing food to be sold, they are not upheld

to the same soil testing standards as urban farms. Regular soil testing at community
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gardens should be conducted to monitor the levels of contaminants. More research on
potential exposures to soil contaminants from garden soils, in crop tissues, and on the
surfaces of produce, and the effectiveness and feasibility of various soil remediation
techniques. Additionally, physical measures may also be taken to reduce contamination
exposure, such as utilizing raised beds with clean, imported soil, and regular testing of
soil. Buffer strips may be used to filter storm water contaminants before reaching food
production areas.®® Certain cultivation methods, such as indoor or soil-free hydroponics
operations, may also be used to avoid contaminant exposure.™> Government support for
conducting, interpreting, and funding such efforts could help ensure that the most
vulnerable are not exposed to these risks and associated poor health outcomes.**®

Finally, there are policy-related recommendations. The brownfields law, H.R.
2869, has a health-monitoring aspect that was enacted in January 2002**’. The law allows
a local government to spend up to 10% of a brownfield grant for, ‘monitoring the health
of populations exposed to one or more hazardous substances from a brownfield site; and
monitoring and enforcement of any institutional control used to prevent human exposure
to any hazardous substance from a brownfield site’.**® Although the EPA encourages
communities to conduct health-monitoring activities through brownfield funding, the
number of communities that implement health-monitoring programs is still small.*®" In
fiscal year 2009, less than 5% of brownfield applicants proposed community health
monitoring in their funding proposals.*®” Developers in Baltimore should utilize the 10%
of a brownfield grant for population health monitoring.

Site specific risk assessments need to be conducted in residential areas near TRI

facilities, Superfund sites, or LRP sites where home and community gardens are located
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to identify substances of concern.?®” To establish potential human risk, comparisons with
the EPA established soil screening levels for human ingestion of soil and the natural
background soil metal concentrations for targeted urban agriculture sites should be
investigated. By identifying priority substances of concern, public health officials and
environmental regulators, together with affected communities, can develop strategies for
biomonitoring or area monitoring if they deem it necessary to better understand
population exposures.?’! Finally, enforcing stricter soil safety policies may be necessary
for sites intended to grow food. Soil levels above 400 ppm are not required to perform
remediation; however, caution should be used. The EPA has no consensus on a reference
dose for lead, and soil levels above the 400 ppm could be a cause for concern for certain
populations.

Systematic studies of soil contamination on vacant land are needed to protect the
public from potential risks associated with urban agriculture.®® A better understanding of
soil contamination is warranted because many people congregate and spend time at these
locations, including gardeners and the public of all ages. Environmental health tracking
information can protect communities over the long term by setting standards for each

urban farm.
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Appendix 1: Figures and Tables

Figure 1: 2018 Baltimore City Food Map
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Source: Baltimore City Food Environment. 2018 Report (2018). Retrieved February 19,
2018, from https://planning.baltimorecity.gov/baltimore-food-policy-initiative/food-
environment
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Figure 2: Percentage of Food Store Types by Neighborhood Racial Composition

Figure 5. Percentage of Food Store Types by
Neighborhood Racial Compasition

White Neighborhoods

Corner Stores

42%. / Behind Glass Stores
1%

— Supermarkets

Covered Markets 2%

Farmers Markets 5%

African American Neighborhoods

Corner Stores
54%

Covered Markets 1%
Farmers Markets 1%

Behind Glass Stores

Convenience Stores 19%

Supermarkets
8%

Actual Table
Source: Haering, S., Franco, M. (2010). The Baltimore City Food Environment. Johns
Hopkins: Center for a Livable Future.

Figure 3: Percent of Population Group Living in a Healthy Food Priority Area
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Actual Table

Source: Baltimore City Food Environment. 2018 Report (2018). Retrieved February 19,
2018, from https://planning.baltimorecity.gov/baltimore-food-policy-initiative/food-
environment
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Table 1: Store Types Located Inside and Outside of Healthy Food Priority Areas

Stores located Stores located
in Healthy Food  outside of Healthy
. Priority Areas _Food Priority Areas

Average Average

MNumber HEAI Number HEAI

Supermarkets N/A MN/A 47 27.7

Small Grocery and 103 75 422 9.5
Comner Stores

Convenience 6 8.8 177 9.3

Stores
Public Markets 0 ] [+ 14.0

Table 4: Store Types Located Inside and
Outside of Healthy Food Priority Areas

Actual Table

Source: Baltimore City Food Environment. 2018 Report (2018). Retrieved February 19,
2018, from https://planning.baltimorecity.gov/baltimore-food-policy-initiative/food-

environment

Table 2: Lead Guidelines

0-50 parts | or below of lead is equivalent to background levels of lead in soils and is

per million | of negligible concern. No action is required in your Soil Safety Plan.

(ppm)

50-400 of lead represents low risk, and is suitable for food production.

ppm However, if children directly ingest soil, they may be at some risk.
Consider following the best management practices described below,
especially if children will be at the site. No action is required in your
Soil Safety Plan.

400-999 ppm of lead represents low-moderate risk. Best practices must be

ppm followed, as described below, and must be listed in your Soil Safety
Plan. Remediation is recommended but not required.

1,000-2,000 | represents moderate-high risk. In addition to best management practices,

ppm your Soil Safety Plan must include remediation, as described below.

2,000 ppm | is high risk. You must bring in clean soil from an outside source and

or greater | maintain a strict plan to prevent that soil from becoming contaminated,
as well as to prevent human exposure to the existing soil. These
measures must be described in your Soil Safety Plan. You may also wish
to consider using a different site.

Actual Table:

The City of Baltimore’s Soil Safety Policy for Food Production. Retrieved June 11, 2018,
from https://www.baltimoresustainability.org/projects/baltimore-food-policy-

initiative/homegrown-baltimore/urban-agriculture-2
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Appendix 2: EJ Screen Indicators and Environmental Contamination
EJSCREEN Indicators

EJSCREEN is an environmental justice screening and mapping tool developed by
the US EPA and was first released to the public in the year 2015, replacing the tool
EJView.**® The tool consists of a nationally reliable dataset and an approach for
combining environmental and demographic indicators.*®® EJ provides 12 indicators that
can be grouped into three categories, potential exposure, proximity exposure, and
hazard/risk.*®® They were calculated using US EPA, Department of Transportation
(DOT), and Census/American Community Survey (ACS) data. In 2016, the second
version of the tool was released to the public with the most recent data and with several
new features. The tool provides demographic and environmental information for the user
selected geographic areas. EJSCREEN has census block resolution and allows the user to
report on a known geography by block group, tract, county, or city or select a location by
drawing a site or entering coordinates.

We developed a 1-km, 2-km, and 5-km buffer with air toxics cancer risk, diesel
particulate matter level in air, traffic proximity and volume, lead paint indicator, and
proximity to National Priority List (NPL) sites around each urban farm in Baltimore City
via EJSCREEN. We evaluated the values of five environmental indicators, in comparison
to the Maryland state average to understand how Baltimore City compares to the rest of
Maryland. Finally, we developed a 1-km box and whisker plots to display the distribution

of the observed values of the five environmental indicators.
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Table 1: Urban Farms and Traffic Proximity and VVolume within 1-km, 2-km and 5-
km buffer of an urban farm

Count of Urban Farms
Daily Traffic Count/Distance | 1-km 2-km 5-km
to Road
200- 580 6
581 — 799 7 4 2
800 - 1200 3 7 6
1200> 8 13 16

Traffic proximity and volume is defined as the count of vehicles per day (average annual
daily traffic) at major roads within 500 meters (or nearest one beyond 500 m), divided by
distance in meters. Calculated from U.S. Department of Transportation National
Transportation Atlas Database, Highway Performance Monitoring System, 2014,
retrieved 4/2015.

All environmental indicators measured by EJ Screen were above the Maryland
state average. The average daily traffic count within a 1-km buffer of an urban farm was
almost double the Maryland state average at 1106 vehicles versus 580 vehicles per day.
Eight out of twenty-four urban farms had an average daily traffic count of over 1200
vehicles within the 1-km buffer. Eighteen farms were above the Maryland state average
within a 1-km buffer and all farms were above the state average within a 2-km and 5-km

buffer. The average count of vehicles per day was about the same, 1263 and 1261, within

a 2-km and 5-km buffer, respectively.
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Figure 1: Box and Whisker plot of 1-km Traffic and Volume Buffer

1-km Traffic Proximity and Volume Buffer
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Within a 1-km buffer of an urban farm, our lowest observation was about 200
vehicles per day. Quartile one, represents the median of the data points to the left of the
median and is about 600 vehicles per day. The median is the mean of the middle two
numbers, which is about 800 vehicles per day and the third quartile is the median of the
data points to the right of the median, which is about 1400 vehicles per day. Finally, our
highest observation was nearly 2400 vehicles per day. The figure above has a longer box,
indicating a greater interquartile range. Most samples fell above the median of 800
vehicles per day within 1-km of an urban farm. Our box plot was skewed to the right,

meaning the mean was greater than the median.
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Table 2: Urban Farms and Lead Paint Indicator within 1-km, 2-km, and 5-km of an

urban farm

Count of Urban Farms

% pre-1960s 1-km 2-km 5-km
Housing

0 —30%

31-49% 1

50 — 74% 10 10 12
>75% 13 14 12

Lead Paint Indicator is defined as the percent of housing units built before 1960, as
indicator of potential exposure to lead paint. Calculated from the Census Bureau's

American Community Survey 2011-2015.

Most urban farms within a 1-km buffer had an average of over 75% of housing

built pre-1960s. Within a 1-km, 2-km, and 5-km buffer, all farms were above the

Maryland state average of 30% of housing built before the 1960s. The average percentage

of pre-1960s housing was almost the same at 75% for within a 1-km, 2-km and 5-km

buffer of an urban farm.
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Figure 2: Box and Whisker plot of 1-km Lead Paint Indicator Buffer
1-km Lead Paint Indicator Buffer
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Within a 1-km buffer of an urban farm, our lowest observation was around 45%
of housing units were built before 1960. This value was above the Maryland state average
of 30% of housing units built before 1960. Quartile one, represents the median of the data
points to the left of the median and was almost 72%. The median is the mean of the
middle two numbers, which was about 78% and the third quartile is the median of the
data points to the right of the median, which was about 83%. Finally, our highest
observation was almost 93% of housing units were built before 1960 within a 1-km
buffer of an urban farm. Both the traffic and lead paint box plots have longer whiskers,
representing a greater range for the overall sample. The box for % housing units built
before 1960 was small, meaning most data points fall within the interquartile range.

Finally, our box was skewed left meaning the mean was less than the median.
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Table 3: Urban Farms and Superfund Proximity within 1-km, 2-km, and 5-km of an
urban farm

Count of Urban Farms
Site count/km 1-km 2-km 5-km
distance
0-0.13 10 10 10
0.14-0.19 7 6 2
0.2-0.29 6 6 10
0.3> 1 2 2

Superfund proximity is defined as the count of proposed and listed NPL sites within 5 km
(or nearest one beyond 5 km), each divided by distance in km. Count excludes deleted
sites. Source: Calculated from EPA CERCLIS database, retrieved 12/05/2016.

Fourteen urban farms were above the Maryland state average of Superfund
proximity, defined as the count of proposed and listed NPL sites within 1-km, 2-km and
5-km. However, the average site count increased over the 1-km, 2-km and 5-km buffer,
from 0.16 count of sites/km within a 1km buffer to 0.18 count of sites/km within a 5km
buffer. Superfund proximity had the least number of urban farms above the state average

within either a 1-km, 2-km or 5-km buffer, compared to the other environmental

indicators.
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Figure 3: Box and Whisker plot of 1-km Superfund Proximity Buffer

1-km Superfund Proximity Buffer

-0.02 0.03 0.08 0.13 0.18 0.23 0.28 0.33

Count of proposed and listed NPL sites within 5 km

Within a 1-km buffer of an urban farm, our lowest observation was a count of
0.08 proposed and listed NPL sites within 5 km. Our distribution was slightly skewed to
the right, meaning the mean was greater than the median. Our highest observation was
about a 0.32 count. About half of our distributions fall below the median and the other

half fall above the median.
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Table 4: Urban Farms and NATA Diesel PM within 1-km, 2-km, and 5-km of an
urban farm

Count of Urban Farms
ug/m3 1-km 2-km 5-km
<1l.1 1 1
1.2-1.39 12 7 7
1.4-1.59 5 9 14
1.6> 6 7 3

NATA diesel PM is defined as diesel particulate matter level in air in micrograms per
cubic meter (ug/m®). Source: EPA 2011 National Air Toxics Assessments.

The average diesel particulate matter level in air (ug/m®) decreased as buffer
distance increased. Within 1-km of an urban farm, most farms had between 1.2 — 1.39
ug/m* DPM. Most farms within a 5-km buffer had between 1.4 — 1.59 ug/m* DPM;
however, less farms had higher levels of diesel particulate matter (1.6 ug/m*>), compared
to farms within a 2-km and 1-km buffer. Almost all urban farms were above the state
average of 1.1 ug/m® within a 1-km and 2-km buffer and all farms were above the

average within a 5-km buffer.
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Figure 4: Box and Whisker plot of 1-km NATA Diesel PM Buffer
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Our box plot was skewed to the right, meaning the mean was about greater than
the median. Our highest observation of diesel particulate matter was about 2.3 ug/m®.
Half of our observations fell below the median and the other half fell above. Our lowest

observation was about 1.0 ug/m®.
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Table 5: Urban Farms and NATA Air Toxics Cancer Risk within 1-km, 2-km, and
5-km of an urban farm

Count of Urban Farms
risk per million 1-km 2-km 5-km
<45
46 - 51 8 6 4
52 - 57 12 17 20
57> 4 1

NATA Air Toxics Cancer Risk is defined as lifetime cancer risk from inhalation of air
toxics, as risk per lifetime per million people. Source: EPA 2011 National Air Toxics
Assessment.

Within a 1-km, 2-km or 5-km buffer, all farms were observed to be above the
Maryland state average for air toxics cancer risk. Most farms had an air toxics cancer risk

between 52 — 57 per million people, while the Maryland state average is 45 per million

people. The average risk was the same at 53 per million for all buffers.
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Figure 5: Box and Whisker plot of 1-km NATA Air Toxics Cancer Risk

1-km NATA Air Toxics Risk Buffer
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Our boxplot is tightly knit, meaning most data points fell within the interquartile
range. It was slightly skewed to the right, indicating our mean was greater than our
median. Quartile one, represents the median of the data points to the left of the median
and has an average air toxic risk of 51 per million people. The median is the mean of the
middle two numbers, which was about 52 per million people and the third quartile is the
median of the data points to the right of the median, which was about 54 per million.

Finally, our highest observation was an average air toxic risk of 65 per million people.

128



REFERENCES

1.

10.

11.

12.

13.

Powell, L. M., Slater, S., Mirtcheva, D., Bao, Y., Chaloupka, F. J. (2007). Food
store availability and neighborhood characteristics in the United States.
Preventive Medicine, 44(3), 189-195.
https://doi.org/10.1016/j.ypmed.2006.08.008

CDC - Healthy Places - Healthy Food - General Food Environment Resources.
(2014). Retrieved May 10, 2018, from
https://www.cdc.gov/healthyplaces/healthtopics/healthyfood/general.htm

Allen, D. W. (2001). Social class, race, and toxic releases in American counties,
1995. The Social Science Journal, 38(1), 13-25. https://doi.org/10.1016/S0362-
3319(00)00109-9

Alwitt, L. F., Donley, T. D. (1997). Retail Stores in Poor Urban Neighborhoods.
Journal of Consumer Affairs, 31(1), 139-164. https://doi.org/10.1111/}.1745-
6606.1997.tb00830.x

Austin, S. B., Melly, S. J.,, Sanchez, B. N., Patel, A., Buka, S., Gortmaker, S. L.
(2005). Clustering of fast-food restaurants around schools: a novel application of
spatial statistics to the study of food environments. American Journal of Public
Health, 95(9), 1575-1581. https://doi.org/10.2105/AJPH.2004.056341

Chung, C., Myers, S. L. (n.d.). Do the Poor Pay More for Food? An Analysis of
Grocery Store Availability and Food Price Disparities. Journal of Consumer
Affairs, 33(2), 276-296. https://doi.org/10.1111/].1745-6606.1999.tb00071.x
Designed for Disease: The Link Between Local Food Environments and Obesity
and Diabetes. California Center for Public Health Advocacy, PolicyLink, and the
UCLA Center for Health Policy Research. April 2008.

Mokdad, A. H., Serdula, M. K., Dietz, W. H., Bowman, B. A., Marks, J. S.,
Koplan, J. P. (1999). The spread of the obesity epidemic in the United States,
1991-1998. JAMA, 282(16), 1519-1522.

Must, A., Spadano, J., Coakley, E. H., Field, A. E., Colditz, G., Dietz, W. H.
(1999). The Disease Burden Associated With Overweight and Obesity. JAMA,
282(16), 1523-1529. https://doi.org/10.1001/jama.282.16.1523

Auchincloss, A. H., Diez Roux, A. V., Brown, D. G., Erdmann, C. A., Bertoni, A.
G. (2008). Neighborhood resources for physical activity and healthy foods and
their association with insulin resistance. Epidemiology (Cambridge, Mass.), 19(1),
146-157. https://doi.org/10.1097/EDE.0b013e31815c480

Morland, K., Diez Roux, A. V., Wing, S. (2006). Supermarkets, Other Food
Stores, and Obesity: The Atherosclerosis Risk in Communities Study. American
Journal of Preventive Medicine, 30(4), 333-339.
https://doi.org/10.1016/j.amepre.2005.11.003

Jago, R., Baranowski, T., Baranowski, J. C., Cullen, K. W., Thompson, D. (2007).
Distance to food stores & adolescent male fruit and vegetable consumption:
mediation effects. The International Journal of Behavioral Nutrition and Physical
Activity, 4, 35. https://doi.org/10.1186/1479-5868-4-35

Pearce, J., Hiscock, R., Blakely, T., Witten, K. (2008). The contextual effects of
neighbourhood access to supermarkets and convenience stores on individual fruit
and vegetable consumption. Journal of Epidemiology and Community Health,
62(3), 198-201. https://doi.org/10.1136/jech.2006.059196

129


https://doi.org/10.1016/j.ypmed.2006.08.008
https://www.cdc.gov/healthyplaces/healthtopics/healthyfood/general.htm
https://doi.org/10.2105/AJPH.2004.056341
https://doi.org/10.1111/j.1745-6606.1999.tb00071.x

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24,

25.

26.

Timperio, A., Ball, K., Roberts, R., Campbell, K., Andrianopoulos, N., Crawford,
D. (2008). Children’s fruit and vegetable intake: associations with the
neighbourhood food environment. Preventive Medicine, 46(4), 331-335.
https://doi.org/10.1016/j.ypmed.2007.11.011

Galvez, M. P., Morland, K., Raines, C., Kobil, J., Siskind, J., Godbold, J.,
Brenner, B. (2008). Race and food store availability in an inner-city
neighbourhood. Public Health Nutrition, 11(6), 624-631.
https://doi.org/10.1017/S1368980007001097

Walker, R. E., Keane, C. R., Burke, J. G. (2010). Disparities and access to healthy
food in the United States: A review of food deserts literature. Health & Place,
16(5), 876-884. https://doi.org/10.1016/j.healthplace.2010.04.013

Hendrickson, D., Smith, C., Eikenberry, N. (2006). Fruit and vegetable access in
four low-income food deserts communities in Minnesota. Agriculture and Human
Values, 23(3), 371-383. https://doi.org/10.1007/s10460-006-9002-8

Malcolm Kirkup, Ronan De Kervenoael, Alan Hallsworth, lan Clarke, Peter
Jackson, Rossana Perez del Aguila. (2004). Inequalities in retail choice: exploring
consumer experiences in suburban neighbourhoods. International Journal of
Retail & Distribution Management, 32(11), 511-522.
https://doi.org/10.1108/09590550410564 746

Lake, A., Townshend, T. (2016). Obesogenic environments: exploring the built
and food environments: The Journal of the Royal Society for the Promotion of
Health. https://doi.org/10.1177/1466424006070487

Zachary, D. A., Palmer, A. M., Beckham, S. W., Surkan, P. J. (2013). A
Framework for Understanding Grocery Purchasing in a Low-Income Urban
Environment. Qualitative Health Research, 23(5), 665-678.
https://doi.org/10.1177/1049732313479451

Moore, L. V., Diez Roux, A. V. (2006). Associations of Neighborhood
Characteristics With the Location and Type of Food Stores. American Journal of
Public Health, 96(2), 325-331. https://doi.org/10.2105/AJPH.2004.058040
Atlas_CLF-Food-Swamp_final.pdf. (n.d.). Retrieved from
http://mdfoodsystemmap.org/wp-content/uploads/2013/01/Atlas_CLF-Food-
Swamp_final.pdf

Block, J. P., Scribner, R. A., DeSalvo, K. B. (2004). Fast food, race/ethnicity, and
income: a geographic analysis. American Journal of Preventive Medicine, 27(3),
211-217. https://doi.org/10.1016/j.amepre.2004.06.007

Mari Gallagher Research Consulting Group. (2006). Examining the Impact of
Food Deserts on Public Health in Chicago.

Lewis, L. B., Sloane, D. C., Nascimento, L. M., Diamant, A. L., Guinyard, J. J.,
Yancey, A. K., Flynn, G. (2005). African Americans’ Access to Healthy Food
Options in South Los Angeles Restaurants. American Journal of Public Health,
95(4), 668-673. https://doi.org/10.2105/AJPH.2004.050260

Swinburn, B. A., Caterson, I., Seidell, J. C., James, W. P. T. (2004). Diet,
nutrition and the prevention of excess weight gain and obesity. Public Health
Nutrition, 7(1A), 123-146.

130


https://doi.org/10.1177/1466424006070487
https://doi.org/10.1177/1049732313479451

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

Shaffer, A. (2002). The Persistence of L.A.’s Grocery Gap: The Need for a New
Food Policy and Approach to Market Development. UEP Faculty & UEPI Staff
Scholarship. Retrieved from http://scholar.oxy.edu/uep_faculty/16

Dennisuk, L. A., Coutinho, A. J., Suratkar, S., Surkan, P. J., Christiansen, K.,
Riley, M., ... Gittelsohn, J. (2011). Food Expenditures and Food Purchasing
Among Low-Income, Urban, African-American Youth. American Journal of
Preventive Medicine, 40(6), 625-628.
https://doi.org/10.1016/j.amepre.2011.02.015

Franco, M., Diez Roux, A. V., Glass, T. A., Caballero, B., Brancati, F. L. (2008).
Neighborhood Characteristics and Availability of Healthy Foods in Baltimore.
American Journal of Preventive Medicine, 35(6), 561-567.
https://doi.org/10.1016/j.amepre.2008.07.003

Gittelsohn, J., Franceschini, M., Rasooly, 1., Ries, A., Ho, L., Pavlovich, W.,
Santos, V., Jennings, S., Frick, K. (2008). Understanding the Food Environment
in a Low-Income Urban Setting: Implications for Food Store

Interventions, Journal of Hunger & Environmental Nutrition, 2:2-3, 33-

50, DOI: 10.1080/19320240801891438

Morland, K., Wing, S., Diez Roux, A. (2002). The contextual effect of the local
food environment on residents’ diets: the atherosclerosis risk in communities
study. American Journal of Public Health, 92(11), 1761-1767.

Cotterill, W., Franklin, A. (1995). Food Marketing Policy Issue Paper. Retrieved
from http://www.fmpc.uconn.edu/publications/ip/ip8.pdf

The Grocery Gap. (n.d.). Retrieved from
http://thefoodtrust.org/uploads/media_items/grocerygap.original.pdf

Fisher, B. D., Strogatz, D. S. (1999). Community measures of low-fat milk
consumption: comparing store shelves with households. American Journal of
Public Health, 89(2), 235-237.

Galvez, M. P., Morland, K., Raines, C., Kobil, J., Siskind, J., Godbold, J.,
Brenner, B. (2008). Race and food store availability in an inner-city
neighbourhood. Public Health Nutrition, 11(6), 624-631.
https://doi.org/10.1017/S1368980007001097

Glanz, K., Sallis, J. F., Saelens, B. E., Frank, L. D. (2007). Nutrition Environment
Measures Survey in stores (NEMS-S): development and evaluation. American
Journal of Preventive Medicine, 32(4), 282-289.
https://doi.org/10.1016/j.amepre.2006.12.019

Horowitz, C. R., Colson, K. A., Hebert, P. L., Lancaster, K. (2004). Barriers to
buying healthy foods for people with diabetes: evidence of environmental
disparities. American Journal of Public Health, 94(9), 1549-1554.

Hosler, A. S., Varadarajulu, D., Ronsani, A. E., Fredrick, B. L., Fisher, B. D.
(2006). Low-fat milk and high-fiber bread availability in food stores in urban and
rural communities. Journal of Public Health Management and Practice: JPHMP,
12(6), 556-562.

Hosler, A. S., Rajulu, D. T., Fredrick, B. L., Ronsani, A. E. (2008). Assessing
retail fruit and vegetable availability in urban and rural underserved communities.
Preventing Chronic Disease, 5(4), A123.

131


https://doi.org/10.1016/j.amepre.2011.02.015
https://doi-org.proxy-um.researchport.umd.edu/10.1080/19320240801891438
http://www.fmpc.uconn.edu/publications/ip/ip8.pdf
http://thefoodtrust.org/uploads/media_items/grocerygap.original.pdf
https://doi.org/10.1016/j.amepre.2006.12.019

40.

41.

42.

43.

44,

45.

46.

47.

48.

49,

50.

51.

Inagami, S., Cohen, D. A., Finch, B. K., Asch, S. M. (2006). You Are Where You
Shop: Grocery Store Locations, Weight, and Neighborhoods. American Journal of
Preventive Medicine, 31(1), 10-17. https://doi.org/10.1016/j.amepre.2006.03.019
Larson, N. I., Story, M. T., Nelson, M. C. (2009). Neighborhood environments:
disparities in access to healthy foods in the U.S. American Journal of Preventive
Medicine, 36(1), 74-81. https://doi.org/10.1016/j.amepre.2008.09.025

Liese, A. D., Weis, K. E., Pluto, D., Smith, E., Lawson, A. (2007). Food Store
Types, Availability, and Cost of Foods in a Rural Environment. Journal of the
Academy of Nutrition and Dietetics, 107(11), 1916-1923.
https://doi.org/10.1016/j.jada.2007.08.012

Moore, L. V., Diez Roux, A. V., Nettleton, J. A., Jacobs, D. R. (2008).
Associations of the local food environment with diet quality--a comparison of
assessments based on surveys and geographic information systems: the multi-
ethnic study of atherosclerosis. American Journal of Epidemiology, 167(8), 917—
924, https://doi.org/10.1093/aje/kwm394

Sloane, D. C., Diamant, A. L., Lewis, L. B., Yancey, A. K., Flynn, G,
Nascimento, L. M., ... Cousineau, M. R. (2003). Improving the Nutritional
Resource Environment for Healthy Living Through Community-based
Participatory Research. Journal of General Internal Medicine, 18(7), 568-575.
https://doi.org/10.1046/].1525-1497.2003.21022.x

Gordon, C., Purciel-Hill, M., Ghai, N. R., Kaufman, L., Graham, R., Van Wye, G.
(2011). Measuring food deserts in New York City’s low-income neighborhoods.
Health & Place, 17(2), 696—700.
https://doi.org/10.1016/j.healthplace.2010.12.012

Misiaszek, C., Buzogany, S., Freishtat, H. (2018). Baltimore City’s Food
Environment: 2018 Report. Baltimore City Office of Sustainability. Baltimore
City Department of Planning. John’s Hopkins Center for a Livable Future.
https://planning.baltimorecity.gov/baltimore-food-policy-initiative/food-
environment

United States Census Bureau. (2016). Retrieved from
https://factfinder.census.gov/faces/nav/jsf/pages/quided_search.xhtml

Ohmer, M., Meadowcroft, P., Freed, K., Lewis, E. (2009). Community Gardening
and Community Development: Individual, Social and Community Benefits of a
Community Conservation Program, Journal of Community Practice, 17:4, 377-
399, DOI: 10.1080/10705420903299961

Armstrong, D. (2000). A survey of community gardens in upstate New York:
implications for health promotion and community development. Health & Place,
6(4), 319-327.

Glover, T. D. (2004). Social Capital in the Lived Experiences of Community
Gardeners. Leisure Sciences, 26(2), 143-162.
https://doi.org/10.1080/01490400490432064

Saldivar-tanaka, L., Krasny, M. E. (2004). Culturing community development,
neighborhood open space, and civic agriculture: The case of Latino community
gardens in New York City. Agriculture and Human Values, 21(4), 399-412.
https://doi.org/10.1007/s10460-003-1248-9

132


https://doi.org/10.1016/j.amepre.2008.09.025
https://doi.org/10.1046/j.1525-1497.2003.21022.x
https://planning.baltimorecity.gov/baltimore-food-policy-initiative/food-environment
https://planning.baltimorecity.gov/baltimore-food-policy-initiative/food-environment
https://factfinder.census.gov/faces/nav/jsf/pages/guided_search.xhtml

52.

53.

54,

55.

56.

S7.

58.

59.

60.

61.

62.

63.

64.

65.

Wakefield, S., Yeudall, F., Taron, C., Reynolds, J., Skinner, A. (2007). Growing
urban health: community gardening in South-East Toronto. Health Promotion
International, 22(2), 92-101. https://doi.org/10.1093/heapro/dam001

Patel, I. C. (1991). Gardening’s Socioeconomic Impacts. Journal of Extension,
29(4). Retrieved from https://www.joe.org/joe/1991winter/al.php

Irvine, S., Johnson, L., Peters, K. (1999). Community gardens and sustainable
land use planning: A case-study of the Alex Wilson community garden. Local
Environment, 4(1), 33-46. https://doi.org/10.1080/13549839908725579

Twiss, J., Dickinson, J., Duma, S., Kleinman, T., Paulsen, H., Rilveria, L. (2003).
Community Gardens: Lessons Learned From California Healthy Cities and
Communities. American Journal of Public Health, 93(9), 1435-1438.
https://doi.org/10.2105/AJPH.93.9.1435

Schmelzkopf, K. (1995). Urban Community Gardens as Contested Space.
Geographical Review, 85(3), 364-381. https://doi.org/10.2307/215279

Ferris, J., Norman, C., Sempik, J. (2002). People, Land and Sustainability:
Community Gardens and the Social Dimension of Sustainable Development.
Social Policy & Administration, 35(5), 559-568. https://doi.org/10.1111/1467-
9515.t01-1-00253

Wilson, S., Zhang, H., Jiang, C., Burwell, K., Rehr, R., Murray, R., ... Naney, C.
(2014). Being overburdened and medically underserved: assessment of this
double disparity for populations in the state of Maryland. Environmental Health,
13(1), 26. https://doi.org/10.1186/1476-069X-13-26

Alloway, B. J. (2004). Contamination of soils in domestic gardens and allotments:
A brief overview. Land Contamination & Reclamation, 12.
https://doi.org/10.2462/09670513.658

Wortman, S. E., Lovell, S. T. (2013). Environmental Challenges Threatening the
Growth of Urban Agriculture in the United States. Journal of Environmental
Quality, 42(5), 1283-1294. https://doi.org/10.2134/jeq2013.01.0031

Nabulo, G., Black, C. R., Craigon, J., Young, S. D. (2012). Does consumption of
leafy vegetables grown in peri-urban agriculture pose a risk to human health?
Environmental Pollution, 162(Supplement C), 389-398.
https://doi.org/10.1016/j.envpol.2011.11.040

McClintock, N. (2012). Assessing soil lead contamination at multiple scales in
Oakland, California: Implications for urban agriculture and environmental justice.
Applied Geography, 35(1), 460-473.
https://doi.org/10.1016/j.apgeog.2012.10.001

Finster, M. E., Gray, K. A., Binns, H. J. (2004). Lead levels of edibles grown in
contaminated residential soils: a field survey. The Science of the Total
Environment, 320(2—3), 245-257. https://doi.org/10.1016/j.scitotenv.2003.08.009
Kumar, V., Sharma, A., Dhunna, G., Chawla, A., Bhardwaj, R., Thukral, A. K.
(2017). A tabulated review on distribution of heavy metals in various plants.
Environmental Science and Pollution Research, 24(3), 2210-2260.
https://doi.org/10.1007/s11356-016-7747-1

Mielke, H. W., Reagan, P. L. (1998). Soil is an important pathway of human lead
exposure. Environmental Health Perspectives, 106(Suppl 1), 217-229.

133


https://doi.org/10.1016/j.envpol.2011.11.040
https://doi.org/10.1016/j.scitotenv.2003.08.009

66.

67.

68.

69.

70.

71.

72.

73.

74.

75.

76.

77.

78.

79.

Gallacher, J. E. J., Elwood, P. C., Phillips, K. M., Davies, B. E., Ginnever, R. C.,
Toothill, C., Jones, D. T. (1984). Vegetable Consumption and Blood Lead
Concentrations. Journal of Epidemiology and Community Health (1979-), 38(2),
173-176.

US EPA, OA. (2015). Learn About Environmental Justice [Overviews and
Factsheets]. Retrieved May 18, 2018, from
https://www.epa.gov/environmentaljustice/learn-about-environmental-justice
Gottlieb, R., Fisher, A. (1996). Community food security and environmental
justice: Searching for a common discourse. Agriculture and Human Values, 13(3),
23-32. https://doi.org/10.1007/BF01538224

Corrigan, M. P. (2011). Growing what you eat: Developing community gardens in
Baltimore, Maryland. Applied Geography, 4(31), 1232-1241.
https://doi.org/10.1016/j.apge0q.2011.01.017

Alkon, A. H., Norgaard, K. M. (2009). Breaking the Food Chains: An
Investigation of Food Justice Activism*. Sociological Inquiry, 79(3), 289-305.
https://doi.org/10.1111/j.1475-682X.2009.00291.x

Warren, E., Hawkesworth, S., Knai, C. (2015). Investigating the association
between urban agriculture and food security, dietary diversity, and nutritional
status: A systematic literature review. Food Policy, 53, 54—66.
https://doi.org/10.1016/j.foodpol.2015.03.004

Cole, L. (1992). Empowerment as the Key to Environmental Protection: The
Need for Environmental Poverty Law. Retrieved from
https://scholarship.law.berkeley.edu/cgi/viewcontent.cgi?referer=https://www.goo
gle.com/&httpsredir=1&article=1418&context=elq

Hamm, M. W., Bellows, A. C. (2003). Community food security: background and
future directions. Journal of Nutrition Education and Behavior, 35(1), 37-43.
Neff, R. A., Palmer, A. M., McKenzie, S. E., Lawrence, R. S. (2009). Food
Systems and Public Health Disparities. Journal of Hunger & Environmental
Nutrition, 4(3-4), 282-314. https://doi.org/10.1080/19320240903337041

USDA ERS - Definitions of Food Security. (2017). Retrieved May 17, 2018, from
https://www.ers.usda.gov/topics/food-nutrition-assistance/food-security-in-the-
us/definitions-of-food-security.aspx

Patil, S. P. M., Craven, K. M., Kolasa, K. M. (2017). Food Insecurity: It Is More
Common Than You Think, Recognizing It Can Improve the Care You Give.
Nutrition Today, 52(5), 248-257. https://doi.org/10.1097/NT.0000000000000232
Coleman-Jensen, A., Rabbitt, M., Gregory, C., Singh, A., (2016). Household
Food Security in the United States in 2015. Retrieved from
https://www.ers.usda.gov/webdocs/publications/79761/err-215.pdf

Lewis, L. B., Sloane, D. C., Nascimento, L. M., Diamant, A. L., Guinyard, J. J.,
Yancey, A. K., Flynn, G. (2005). African Americans’ Access to Healthy Food
Options in South Los Angeles Restaurants. American Journal of Public Health,
95(4), 668-673. https://doi.org/10.2105/AJPH.2004.050260

Burns, C. M., Gibbon, P., Boak, R., Baudinette, S., Dunbar, J. A. (2004). Food
cost and availability in a rural setting in Australia. Rural and Remote Health, 4(4),
311.

134



80.

81.

82.

83.

84.

85.

86.

87.

88.

89.

90.

91.

92.

93.

Hardin-Fanning, F., Rayens, M. K. (2015). Food Cost Disparities in Rural
Communities. Health Promotion Practice, 16(3), 383-391.
https://doi.org/10.1177/1524839914554454

Lee, J. H., Ralston, R. A., Truby, H. (2011). Influence of food cost on diet quality
and risk factors for chronic disease: A systematic review. Nutrition & Dietetics,
68(4), 248-261. https://doi.org/10.1111/j.1747-0080.2011.01554.x

Darmon, N., Drewnowski, A. (2015). Contribution of food prices and diet cost to
socioeconomic disparities in diet quality and health: a systematic review and
analysis. Nutrition Reviews, 73(10), 643—660.
https://doi.org/10.1093/nutrit/nuv027

Drewnowski, A., Maillot, M., Darmon, N. (2009). Testing nutrient profile models
in relation to energy density and energy cost. European Journal of Clinical
Nutrition, 63(5), 674-683. https://doi.org/10.1038/ejcn.2008.16

Brimblecombe, J. K., O’Dea, K. (2009). The role of energy cost in food choices
for an Aboriginal population in northern Australia. The Medical Journal of
Australia, 190(10), 549-551.

Waterlander, W. E., Haas, W. E. de, Amstel, I. van, Schuit, A. J., Twisk, J. W.,
Visser, M., ... Steenhuis, I. H. (2010). Energy density, energy costs and income —
how are they related? Public Health Nutrition, 13(10), 1599-1608.
https://doi.org/10.1017/S1368980009992989

Sallis, J. F., Nader, P. R., Rupp, J. W., Atkins, C. J., Wilson, W. C. (1986). San
Diego surveyed for heart-healthy foods and exercise facilities. Public Health
Reports (Washington, D.C.: 1974), 101(2), 216-219.

Block, D., Kouba, J. (2006). A comparison of the availability and affordability of
a market basket in two communities in the Chicago area. Public Health Nutrition,
9(7), 837-845.

Campbell, E. A., Shapiro, M. J., Welsh, C., Bleich, S. N., Cobb, L. K., Gittelsohn,
J. (2017). Healthy Food Availability Among Food Sources in Rural Maryland
Counties. Journal of Hunger & Environmental Nutrition, 12(3), 328-341.
https://doi.org/10.1080/19320248.2017.1315328

Austin, S. B., Melly, S. J., Sanchez, B. N., Patel, A., Buka, S., Gortmaker, S. L.
(2005). Clustering of fast-food restaurants around schools: a novel application of
spatial statistics to the study of food environments. American Journal of Public
Health, 95(9), 1575-1581. https://doi.org/10.2105/AJPH.2004.056341

Alter, D. A, Eny, K. (2005). Relationship between the supply of fast-food chains
and cardiovascular outcomes, The. Can J Public Health, 96(3), 173-177.
https://doi.org/10.17269/cjph.96.615

Zenk, S. N., Schulz, A. J., Israel, B. A., James, S. A., Bao, S., Wilson, M. L.
(2005). Neighborhood racial composition, neighborhood poverty, and the spatial
accessibility of supermarkets in metropolitan Detroit. American Journal of Public
Health, 95(4), 660-667. https://doi.org/10.2105/AJPH.2004.042150

Bader, M. D. M., Purciel, M., Yousefzadeh, P., Neckerman, K. M. (2010).
Disparities in Neighborhood Food Environments: Implications of Measurement
Strategies. Economic Geography, 86(4), 409-430.

Osorio, A. E., Corradini, M. G., Williams, J. D. (2013). Remediating food deserts,
food swamps, and food brownfields: helping the poor access nutritious, safe, and

135



94.

95.

96.

97.

98.

99.

100.

101.

102.

103.

104.

105.

106.

affordable food. AMS Review, 3(4), 217-231. https://doi.org/10.1007/s13162-013-
0049-6

Hill, R. P. (2005). Do the Poor Deserve Less Than Surfers? An Essay for the
Special Issue on Vulnerable Consumers. Journal of Macromarketing, 25(2), 215—
218. https://doi.org/10.1177/0276146705280714

Kotler, P., Roberto, N., Leisner, T. (2006). Alleviating Poverty: A Macro/Micro
Marketing Perspective. Journal of Macromarketing, 26(2), 233-2309.
https://doi.org/10.1177/0276146706291039

Varman, R., Vikas, R. M. (2007). Freedom and Consumption: Toward
Conceptualizing Systemic Constraints for Subaltern Consumers in a Capitalist
Society. Consumption Markets & Culture, 10(2), 117-131.
https://doi.org/10.1080/10253860701256174

Kawabata, M., Shen, Q. (2007). Commuting Inequality between Cars and Public
Transit: The Case of the San Francisco Bay Area, 1990-2000. Urban Studies,
44(9), 1759-1780. https://doi.org/10.1080/00420980701426616

Clifton, K. J. (2004). Mobility Strategies and Food Shopping for Low-Income
Families: A Case Study. Journal of Planning Education and Research, 23(4),
402-413. https://doi.org/10.1177/0739456X04264919

Shaw, H. J. (2006). Food Deserts: Towards the Development of a Classification.
Geografiska Annaler: Series B, Human Geography, 88(2), 231-247.
https://doi.org/10.1111/].0435-3684.2006.00217.x

Haering, S., Franco, M. (2010). The Baltimore City Food Environment. Johns
Hopkins: Center for a Livable Future.

Bell, J., Burlin, B. M. (1993). In Urban Areas: Many of the Poor Still Pay More
for Food. Journal of Public Policy & Marketing, 12(2), 268-270

Pothukuchi, K., Mohamed, R., Gebben, D. A. (2008). Explaining disparities in
food safety compliance by food stores: does community matter? Agriculture and
Human Values, 25(3), 319-332. https://doi.org/10.1007/s10460-008-9132-2
Hager, E. R., Cockerham, A., O’Reilly, N., Harrington, D., Harding, J., Hurley,
K. M., Black, M. M. (2017). Food swamps and food deserts in Baltimore City,
MD, USA: associations with dietary behaviours among urban adolescent girls.
Public Health Nutrition, 20(14), 2598-2607.
https://doi.org/10.1017/S1368980016002123

Bodor, J. N., Ulmer, V. M., Futrell Dunaway, L., Farley, T. A., Rose, D. (2010).
The Rationale behind Small Food Store Interventions in Low-Income Urban
Neighborhoods: Insights from New Orleans. The Journal of Nutrition, 140(6),
1185-1188. https://doi.org/10.3945/jn.109.113266

Minkler, M., Estrada, J., Thayer, R., Juachon, L., Wakimoto, P., Falbe, J. (2018).
Bringing Healthy Retail to Urban “Food Swamps™: a Case Study of CBPR-
Informed Policy and Neighborhood Change in San Francisco. Journal of Urban
Health. https://doi.org/10.1007/s11524-018-0234-x

Farley, T. A., Rice, J., Bodor, J. N., Cohen, D. A., Bluthenthal, R. N., Rose, D.
(2009). Measuring the food environment: shelf space of fruits, vegetables, and
snack foods in stores. Journal of Urban Health: Bulletin of the New York
Academy of Medicine, 86(5), 672—-682. https://doi.org/10.1007/s11524-009-9390-
3

136


https://doi.org/10.1111/j.0435-3684.2006.00217.x
https://doi.org/10.1007/s10460-008-9132-2
https://doi.org/10.1017/S1368980016002123

107.

108.

109.

110.

111.

112.

113.

114.

115.

116.

117.

118.

Meenar, M., Hoover, B. (2012). Community Food Security Via Urban
Agriculture: Understanding People, Place, Economy, and Accessibility from a
Food Justice Perspective. Journal of Agriculture, Food Systems, and Community
Development, 3, 143-160. https://doi.org/10.5304/jafscd.2012.031.013

Allen, P. (1999). Reweaving the food security safety net: Mediating entitlement
and entrepreneurship. Agriculture and Human Values, 16(2), 117-129.
https://doi.org/10.1023/A:1007593210496

Macias, T. (2008). Working Toward a Just, Equitable, and Local Food System:
The Social Impact of Community-Based Agriculture*. Social Science Quarterly,
89(5), 1086-1101. https://doi.org/10.1111/j.1540-6237.2008.00566.x

Baker, E. A., Schootman, M., Barnidge, E., Kelly, C. (2006). The role of race and
poverty in access to foods that enable individuals to adhere to dietary guidelines.
Preventing Chronic Disease, 3(3), A76.

Alaimo, K., Packnett, E., Miles, R. A., Kruger, D. J. (2008). Fruit and Vegetable
Intake among Urban Community Gardeners. Journal of Nutrition Education and
Behavior, 40(2), 94-101. https://doi.org/10.1016/j.jneb.2006.12.003

Carney, P. A., Hamada, J. L., Rdesinski, R., Sprager, L., Nichols, K. R., Liu, B.
Y., ... Shannon, J. (2012). Impact of a Community Gardening Project on
Vegetable Intake, Food Security and Family Relationships: A Community-based
Participatory Research Study. Journal of Community Health, 37(4), 874-881.
https://doi.org/10.1007/s10900-011-9522-z

Algert, S., Diekmann, L., Renvall, M., Gray, L. (2016). Community and home
gardens increase vegetable intake and food security of residents in San Jose,
California. California Agriculture, 70(2), 77-82.

Loso, J., Staub, D., Colby, S. E., Olfert, M. D., Kattelmann, K., Vilaro, M., ...
Mathews, A. E. (2018). Gardening Experience Is Associated with Increased Fruit
and Vegetable Intake among First-Year College Students: A Cross-Sectional
Examination. Journal of the Academy of Nutrition and Dietetics, 118(2), 275—
283. https://doi.org/10.1016/j.jand.2017.09.005

Santo, R., Palmer, A., Kim, B. A Review of the Benefits and Limitations of Urban
Agriculture. (2016). Retrieved from https://www.jhsph.edu/research/centers-and-
institutes/johns-hopkins-center-for-a-livable-
future/research/clf_publications/pub_rep_desc/vacant-lots-to-vibrant-plots-a-
review-of-the-benefits-and-limitations-of-urban-agriculture.htmi

Firth, C., Maye, D., Pearson, D. (2011). Developing “community” in community
gardens. Local Environment, 16(6), 555-568.
https://doi.org/10.1080/13549839.2011.586025

Milbourne, P. (2012). Everyday (in)justices and ordinary environmentalisms:
community gardening in disadvantaged urban neighbourhoods. Local
Environment, 17(9), 943-957. https://doi.org/10.1080/13549839.2011.607158
Poulsen, M. N., Hulland, K. R. S., Gulas, C. A., Pham, H., Dalglish, S. L.,
Wilkinson, R. K., Winch, P. J. (2014). Growing an urban oasis: A qualitative
study of the perceived benefits of community gardening in Baltimore, Maryland.
Culture, Agriculture, Food and Environment, 36(2), 69-82.
https://doi.org/10.1111/cuag.12035

137


https://www.jhsph.edu/research/centers-and-institutes/johns-hopkins-center-for-a-livable-future/research/clf_publications/pub_rep_desc/vacant-lots-to-vibrant-plots-a-review-of-the-benefits-and-limitations-of-urban-agriculture.html
https://www.jhsph.edu/research/centers-and-institutes/johns-hopkins-center-for-a-livable-future/research/clf_publications/pub_rep_desc/vacant-lots-to-vibrant-plots-a-review-of-the-benefits-and-limitations-of-urban-agriculture.html
https://www.jhsph.edu/research/centers-and-institutes/johns-hopkins-center-for-a-livable-future/research/clf_publications/pub_rep_desc/vacant-lots-to-vibrant-plots-a-review-of-the-benefits-and-limitations-of-urban-agriculture.html
https://www.jhsph.edu/research/centers-and-institutes/johns-hopkins-center-for-a-livable-future/research/clf_publications/pub_rep_desc/vacant-lots-to-vibrant-plots-a-review-of-the-benefits-and-limitations-of-urban-agriculture.html

119.

120.

121.

122.

123.

124,

125.

126.

127.

128.

129.

130.

131.
132.

Shinew, K. J., Glover, T. D., Parry, D. C. (2004). Leisure Spaces as Potential
Sites for Interracial Interaction: Community Gardens in Urban Areas. Journal of
Leisure Research, 36(3), 336-355.
https://doi.org/10.1080/00222216.2004.11950027

USDA Defines Food Deserts | American Nutrition Association. (n.d.). Retrieved
April 23, 2018, from http://americannutritionassociation.org/newsletter/usda-
defines-food-deserts

Olowaoyo, J. O., Lion, G. N. (2016). Urban farming as a possible source of trace
metals in human diets. South African Journal of Science; Pretoria, 112(1/2), 1-6.
http://dx.doi.org/10.17159/

Goldenberg, S., correspondent, U. environment. (2009). Lead found in Michelle
Obama’s White House vegetable garden. The Guardian. Retrieved from
http://www.theguardian.com/world/2009/jul/02/michelle-obama-vegetable-
garden-lead

Murphy, K. (2009). For Urban Gardeners, Lead Is a Concern. The New York
Times. Retrieved from https://www.nytimes.com/2009/05/14/garden/14lead.html
Santo, R., Palmer, A., Buczynski, A. (2015). Researching the Baltimore City
Food Environment: Contributions from The Johns Hopkins Bloomberg School of
Public Health. Johns Hopkins: Center for a Livable Future.

Casagrande, S. S., Franco, M., Gittelsohn, J., Zonderman, A. B., Evans, M. K.,
Fanelli Kuczmarski, M., Gary-Webb, T. L. (2011). Healthy food availability and
the association with BMI in Baltimore, Maryland. Public Health Nutrition;
Cambridge, 14(6), 1001-1007. http://dx.doi.org/10.1017/S1368980010003812
D’Angelo, H., Suratkar, S., Song, H.-J., Stauffer, E., Gittelsohn, J. (2011). Access
to food source and food source use are associated with healthy and unhealthy
food-purchasing behaviours among low-income African-American adults in
Baltimore City. Public Health Nutrition, 14(9), 1632—-16309.
https://doi.org/10.1017/S1368980011000498

Papas, M. A., Alberg, A. J., Ewing, R., Helzlsouer, K. J., Gary, T. L., Klassen, A.
C. (2007). The built environment and obesity. Epidemiologic Reviews, 29, 129—
143. https://doi.org/10.1093/epirev/mxm009

La Rosa, D., Barbarossa, L., Privitera, R., Martinico, F. (2014). Agriculture and
the city: A method for sustainable planning of new forms of agriculture in urban
contexts. Land Use Policy, 41, 290-303.
https://doi.org/10.1016/j.landusepol.2014.06.014

Specht, K., Siebert, R., Hartmann, I., Freisinger, U. B., Sawicka, M., Werner, A.,
... Dierich, A. (2014). Urban agriculture of the future: an overview of
sustainability aspects of food production in and on buildings. Agriculture and
Human Values, 31(1), 33-51. https://doi.org/10.1007/s10460-013-9448-4
Baltimore City Office of Sustainability, Food Policy. Retrieved from:
https://www.baltimoresustainability.org/projects/baltimore-food-policy-
initiative/food-policy

Baltimore, Maryland, Zoning Code art. XXXII, 816 — 581 & 17 — 015 (2017).
Baltimore Soil Safety Policy. (2014). Retrieved from:
https://www.baltimoresustainability.org/projects/baltimore-food-policy-
initiative/nomegrown-baltimore/urban-agriculture-2

138



133.

134.

135.

136.

137.

138.

139.

140.

141.

142.

143.

144,

145.

146.

Blair, D., Penn, S., Giesecke, C., Sherman, S. (1991). A dietary, social and
economic evaluation of the Philadelphia Urban Gardening Project. Journal of
Nutrition Education (USA). Retrieved from http://agris.fao.org/agris-
search/search.do?recordiD=US9138129

Blair, D., Penn, S., Giesecke, C., Sherman, S. (1991). A dietary, social and
economic evaluation of the Philadelphia Urban Gardening Project. Journal of
Nutrition Education (USA). Retrieved from http://agris.fao.org/agris-
search/search.do?recordiD=US9138129

Litt, J., Soobader, S., Turbin, M., Hale, J., Buchenau, W., Marshall, M. (2011).
The influence of social involvement, neighborhood aesthetics, and community
garden participation on fruit and vegetable consumption. American Journal of
Public Health, 101(8), 1466-1473. https://doi.org/10.2105/AJPH.2010.300111
Voicu, I, Been, V. (n.d.). The Effect of Community Gardens on Neighboring
Property Values. Real Estate Economics, 36(2), 241-283.
https://doi.org/10.1111/j.1540-6229.2008.00213.x

Wolf, K.L., Robbins, A.S., (2015). Metro nature, environmental health, and
economic value. Environmental Health Perspectives, 123 (5), 390 — 398.
Brown, K. H., Jameton, A. L. (2000). Public Health Implications of Urban
Agriculture. Journal of Public Health Policy, 21(1), 20-309.
https://doi.org/10.2307/3343472

Sommerfeld, A. J., Waliczek, T. M., Zajicek, J. M. (2010). Growing minds:
Evaluating the effect of gardening on quality of life and physical activity level of
older adults. HortTechnology, 20(4), 705-710

Kim, B. F., Poulsen, M. N., Margulies, J. D., Dix, K. L., Palmer, A. M.,
Nachman, K. E. (2014). Urban Community Gardeners’ Knowledge and
Perceptions of Soil Contaminant Risks. PLOS ONE, 9(2), e87913.
https://doi.org/10.1371/journal.pone.0087913

Grebitus, C., Printezis, |., Printezis, A. (2017). Relationship between Consumer
Behavior and Success of Urban Agriculture. Ecological Economics, 136, 189—
200. https://doi.org/10.1016/j.ecolecon.2017.02.010

Costanigro, M., McFadden, D. T., Kroll, S., Nurse, G. (2011). An in-store
valuation of local and organic apples: the role of social desirability. Agribusiness,
27(4), 465-477. https://doi.org/10.1002/agr.20281

Gallons, J., Toensmeyer, U. C., Bacon, J. R., German, C. L. (1997). AN
ANALYSIS OF CONSUMER CHARACTERISTICS CONCERNING DIRECT
MARKETING OF FRESH PRODUCE IN DELAWARE: A CASE STUDY.
Journal of Food Distribution Research, 28(1). Retrieved from
https://econpapers.repec.org/article/agsjlofdr/26603.htm

Bruhn, C., Vossen, P., Chapman, E., Vaupel, S. (1992). Consumer attitudes
toward locally grown produce. California Agriculture, 46(4), 13-16.

Loureiro, M. L., Hine, S. (2002). Discovering Niche Markets: A Comparison of
Consumer Willingness to Pay for Local (Colorado Grown), Organic, and GMO-
Free Products. Journal of Agricultural and Applied Economics, 34(3), 477-487.
https://doi.org/10.1017/S1074070800009251

Thilmany, D., Onozaka, Y., Nurse, G. (2010). Local Food Consumers: How
Motivations and Perceptions Translate to Buying Behavior. Choices, 25.

139


https://doi.org/10.1371/journal.pone.0087913

147.

148.

149.

150.

151.

152.

153.

154.

155.

156.

157.

158.

159.

160.

161.

Smithers, J., Lamarche, J., Joseph, A. E. (2008). Unpacking the terms of
engagement with local food at the Farmers’ Market: Insights from Ontario.
Journal of Rural Studies, 24(3), 337-350.
https://doi.org/10.1016/j.jrurstud.2007.12.009

Byker, C., Shanks, J., Misyak, S., Serrano, E. (2012). Characterizing Farmers’
Market Shoppers: A Literature Review. Journal of Hunger & Environmental
Nutrition, 7(1), 38-52. https://doi.org/10.1080/19320248.2012.650074

Wolf, M. (1997). A target consumer profile and positioning for promotion of the
direct marketing of fresh produce: A case study. Journal of Food Distribution
Research, 28.

Yu, H., Gibson, K. E., Wright, K. G., Neal, J. A,, Sirsat, S. A. (2017). Food safety
and food quality perceptions of farmers’ market consumers in the United States.
Food Control, 79, 266-271. https://doi.org/10.1016/j.foodcont.2017.04.010
Lockeretz, W. (1986). Urban consumers’ attitudes towards locally grown
produce. American Journal of Alternative Agriculture, 1(2), 83-88.

Weatherell, C., Tregear, A., Allinson, J. (2003). In search of the concerned
consumer: UK public perceptions of food, farming and buying local. Journal of
Rural Studies, 19(2), 233-244. https://doi.org/10.1016/S0743-0167(02)00083-9
Megicks, P., Memery, J., Angell, R. J. (2012). Understanding local food
shopping: Unpacking the ethical dimension. Journal of Marketing Management,
28(3-4), 264-289. https://doi.org/10.1080/0267257X.2012.658838

Tregear, A., Ness, M. (2005). Discriminant Analysis of Consumer Interest in
Buying Locally Produced Foods. Journal of Marketing Management, 21(1-2),
19-35. https://doi.org/10.1362/0267257053166811

Mcgirr, H. K., Batterbury, S. P. J. (n.d.). Food in the City: Urban Food
Geographies and ‘Local’ Food Sourcing in Melbourne and San Diego County.
Geographical Research, 54(1), 3-18. https://doi.org/10.1111/1745-5871.12156
Wong, R., Gable, L., Rivera-Nufez, Z. (2018). Perceived Benefits of Participation
and Risks of Soil Contamination in St. Louis Urban Community Gardens. Journal
of Community Health, 43(3), 604-610. https://doi.org/10.1007/s10900-017-0459-
8

Harms, A. M. R., Presley, D. R., Hettiarachchi, G. M., Thien, S. J. (2013).
Assessing the Educational Needs of Urban Gardeners and Farmers on the Subject
of Soil Contamination. Journal of Extension, 51(1). Retrieved from
https://www.joe.org/joe/2013february/al0.php

Chociolko, C., Copes, R., Rekart, J. (n.d.). Needs, Gaps, and Opportunities
Assessment for the National Collaborating Centre for Environmental Health, 115.
Morgan R (2013) Soil, heavy metals, and human health. In: Brevik EC, Burgess
LC, editors. Soils and human health. CRC Press. pp. 59-82.

Sharma, K., Basta, N. T., Grewal, P. S. (2015). Soil heavy metal contamination in
residential neighborhoods in post-industrial cities and its potential human
exposure risk. Urban Ecosystems, 18(1), 115-132.
https://doi.org/10.1007/s11252-014-0395-7

Keraita, B., Drechsel, P., Konradsen, F. (2008). Perceptions of farmers on health
risks and risk reduction measures in wastewater-irrigated urban vegetable farming

140



162.

163.

164.

165.

166.

167.

168.

169.

170.

171.

172.

173.

174.

in Ghana. Journal of Risk Research, 11(8), 1047-1061.
https://doi.org/10.1080/13669870802380825

Abass, K., Ganle, J. K., Afriyie, K. (2017). ‘The germs are not harmful’: health
risk perceptions among consumers of peri-urban grown vegetables in Kumasi,
Ghana. GeoJournal, 82(6), 1213-1227. https://doi.org/10.1007/s10708-016-9747-
6

Abass, K., Ganle, J. K., Adaborna, E. (2016). Coliform Contamination of Peri-
urban Grown Vegetables and Potential Public Health Risks: Evidence from
Kumasi, Ghana. Journal of Community Health, 41(2), 392—397.
https://doi.org/10.1007/s10900-015-0109-y

ATSDR - Health Risk Communication Primer - Issues and Guiding Principles.
(1994). Retrieved November 25, 2017, from
https://www.atsdr.cdc.gov/risk/riskprimer/vision.html

Morrow, B. Risk Behavior and Risk Communication: Synthesis and Expert
Interviews. (2009). Retrieved November 25, 2017, from
https://coast.noaa.gov/data/digitalcoast/pdf/risk-behavior.pdf

White, B. M., Hall, E. S., Johnson, C. (2014). Environmental Health Literacy in
Support of Social Action: An Environmental Justice Perspective. Journal of
Environmental Health; Denver, 77(1), 24-9.

Manta, D. S., Angelone, M., Bellanca, A., Neri, R., Sprovieri, M. (2002). Heavy
metals in urban soils: a case study from the city of Palermo (Sicily), Italy. The
Science of the Total Environment, 300(1-3), 229-243.

Li, X. (2014). Distribution of the heavy metal in urban soils. Journal of Chemical
and Pharmaceutical Research, 6(6): 2260-2263.

Lusby, G., Hall, C., Reiners, J. (2014). Lead Contamination of Surface Soils in
Philadelphia from Lead Smelters and Urbanization. Environmental Justice, 8(1),
6-14. https://doi.org/10.1089/env.2014.0008

Aelion, C. M., Davis, H. T., Lawson, A. B., Cai, B., McDermott, S. (2013).
Associations between soil lead concentrations and populations by race/ethnicity
and income-to-poverty ratio in urban and rural areas. Environmental
Geochemistry and Health, 35(1), 1-12. https://doi.org/10.1007/s10653-012-9472-
0

Pilgrim, W., Schroeder, B. (1997). MULTI-MEDIA CONCENTRATIONS OF
HEAVY METALS AND MAJOR IONS FROM URBAN AND RURAL SITES
IN NEW BRUNSWICK, CANADA. Environmental Monitoring and Assessment,
47(1), 89-108. https://doi.org/10.1023/A:1005799629588

Chen, T. B., Wong, J. W. C., Zhou, H. Y., Wong, M. H. (1997). Assessment of
trace metal distribution and contamination in surface soils of Hong Kong.
Environmental Pollution, 96(1), 61-68. https://doi.org/10.1016/S0269-
7491(97)00003-1

Aelion, C. M., Davis, H. T., McDermott, S., Lawson, A. B. (2009). Soil metal
concentrations and toxicity: Associations with distances to industrial facilities and
implications for human health. Science of The Total Environment, 407(7), 2216—
2223. https://doi.org/10.1016/j.scitotenv.2008.11.033

Mitchell, R. G., Spliethoff, H. M., Ribaudo, L. N., Lopp, D. M., Shayler, H. A.,
Marquez-Bravo, L. G., ... McBride, M. B. (2014). Lead (Pb) and other metals in

141


https://www.atsdr.cdc.gov/risk/riskprimer/vision.html
https://coast.noaa.gov/data/digitalcoast/pdf/risk-behavior.pdf

175.

176.

177.

178.

179.

180.

181.

182.

183.

184.

185.
186.

New York City community garden soils: factors influencing contaminant
distributions. Environmental Pollution (Barking, Essex: 1987), 187, 162—169.
https://doi.org/10.1016/j.envpol.2014.01.007

Dube, J.-S., Galvez-Cloutier, R., Winiarski, T. (2002). Heavy metal transport in
soil contaminated by residual light non-aqueous phase liquids (LNAPLS).
Canadian Geotechnical Journal; Ottawa, 39(2), 279-292.

Al-Delaimy, W. K., Webb, M. (2017). Community Gardens as Environmental
Health Interventions: Benefits Versus Potential Risks. Current Environmental
Health Reports, 4(2), 252—265. https://doi.org/10.1007/s40572-017-0133-4
Yesilonis, I. D., Pouyat, R. V., Neerchal, N. K. (2008). Spatial distribution of
metals in soils in Baltimore, Maryland: role of native parent material, proximity to
major roads, housing age and screening guidelines. Environmental Pollution
(Barking, Essex: 1987), 156(3), 723-731.
https://doi.org/10.1016/j.envpol.2008.06.010

Chaney, R., Sterrett, S., Mielke, H. The Potential for Heavy Metal Exposure from
Urban Gardens and Soils (1984). Retrieved from
http://indytilth.org/Links/Chaney Exposure.pdf

Schwarz, K., Weathers, K. C., Pickett, S. T. A., Lathrop, R. G., Pouyat, R. V.,
Cadenasso, M. L. (2013). A comparison of three empirically based, spatially
explicit predictive models of residential soil Pb concentrations in Baltimore,
Maryland, USA: understanding the variability within cities. Environmental
Geochemistry and Health, 35(4), 495-510. https://doi.org/10.1007/s10653-013-
9510-6

Schwarz, K. (2010). The spatial distribution of lead in urban residential soil and
correlations with urban land cover of Balitmore, Maryland. Rutgers University -
Graduate School - New Brunswick. https://doi.org/10.7282/T32N52DC
Rabinowitz, M. B. (2005). Lead isotopes in soils near five historic American lead
smelters and refineries. Science of The Total Environment, 346(1), 138-148.
https://doi.org/10.1016/j.scitotenv.2004.11.021

Collett, R. S., Oduyemi, K., Lill, D. E. (1998). An investigation of environmental
levels of cadmium and lead in airborne matter and surface soils within the locality
of a municipal waste incinerator. The Science of the Total Environment, 209(2-3),
157-167.

Liang, F., Zhang, G., Tan, M., Yan, C., Li, X., Li, Y., ... Shan, Z. (2010). Lead in
Children’s Blood Is Mainly Caused by Coal-Fired Ash after Phasing out of
Leaded Gasoline in Shanghai. Environmental Science & Technology, 44(12),
4760-4765. https://doi.org/10.1021/es9039665

Impact of Lead-Contaminated Soil on Public Health. (n.d.). Retrieved May 30,
2018, from https://wonder.cdc.gov/wonder/prevguid/p0000015/p0000015.asp
BCHD

Laidlaw, M. A. S., Filippelli, G. M. (2008). Resuspension of urban soils as a
persistent source of lead poisoning in children: A review and new directions.
Applied Geochemistry, 23(8), 2021-2039.
https://doi.org/10.1016/j.apgeochem.2008.05.009

142


https://doi.org/10.1016/j.envpol.2014.01.007
https://doi.org/10.1007/s40572-017-0133-4
https://doi.org/10.1016/j.envpol.2008.06.010
http://indytilth.org/Links/Chaney_Exposure.pdf
https://doi.org/10.1007/s10653-013-9510-6
https://doi.org/10.1007/s10653-013-9510-6
https://doi.org/10.7282/T32N52DC

187.

188.

189.

190.

191.

192.

193.

194.

195.

196.

197.

198.

Jacobs, D. E., Clickner, R. P., Zhou, J. Y., Viet, S. M., Marker, D. A., Rogers, J.
W., ... Friedman, W. (2002). The prevalence of lead-based paint hazards in U.S.
housing. Environmental Health Perspectives, 110(10), A599-A606.

Douay, F., Roussel, H., Fourrier, H., Heyman, C., Chateau, G. (2007).
Investigation of heavy metal concentrations on urban soils, dust and vegetables
nearby a former smelter site in Mortagne du Nord, Northern France. Journal of
Soils and Sediments, 7(3), 143—-146. https://doi.org/10.1065/jss2007.02.205
Rawlins, B. G., Lark, R. M., Webster, R., O’Donnell, K. E. (2006). The use of
soil survey data to determine the magnitude and extent of historic metal
deposition related to atmospheric smelter emissions across Humberside, UK.
Environmental Pollution (Barking, Essex: 1987), 143(3), 416-426.
https://doi.org/10.1016/j.envpol.2005.12.010

Schulin, R., Curchod, F., Mondeshka, M., Daskalova, A., Keller, A. (2007).
Heavy metal contamination along a soil transect in the vicinity of the iron smelter
of Kremikovtzi (Bulgaria). Geoderma, 140(1), 52—61.
https://doi.org/10.1016/j.geoderma.2007.03.007

Gratani, L., Taglioni, S., Crescente, M. F. (1992). The accumulation of lead in
agricultural soil and vegetation along a highway. Chemosphere, 24(7), 941-949.
https://doi.org/10.1016/0045-6535(92)90013-H

Teichman, J., Coltrin, D., Prouty, K., Bir, W. A. (1993). A survey of lead
contamination in soil along Interstate 880, Alameda County, California. American
Industrial Hygiene Association Journal, 54(9), 557-559.
https://doi.org/10.1080/15298669391355035

Clark, H. F., Brabander, D. J., Erdil, R. M. (2006). Sources, sinks, and exposure
pathways of lead in urban garden soil. Journal of Environmental Quality, 35(6),
2066-2074. https://doi.org/10.2134/jeq2005.0464

Sutton, P. M., Athanasoulis, M., Flessel, P., Guirguis, G., Haan, M., Schlag, R.,
Goldman, L. R. (1995). Lead Levels in the Household Environment of Children in
3 High-Risk Communities in California. Environmental Research, 68(1), 45-57.
https://doi.org/10.1006/enrs.1995.1007

Wu, J., Edwards, R., He, X. E., Liu, Z., Kleinman, M. (2010). Spatial analysis of
bioavailable soil lead concentrations in Los Angeles, California. Environmental
Research, 110(4), 309-317. https://doi.org/10.1016/j.envres.2010.02.004

US EPA, OSWER. (2014). Overview of the Brownfields Program [Overviews
and Factsheets]. Retrieved February 10, 2018, from
https://www.epa.gov/brownfields/overview-brownfields-program

Chen, X., Liu, M., Ma, J., Liu, X., Liu, D., Chen, Y., ... Qadeer, A. (2017).
Health risk assessment of soil heavy metals in housing units built on brownfields
in a city in China. Journal of Soils and Sediments, 17(6), 1741-1750.
https://doi.org/10.1007/s11368-016-1625-9

Page, G. W., Berger, R. S. (2005). Property Characteristics of Contaminated Land
in Environmental Cleanup Programs in New York State. Public Works
Management & Policy, 10(2), 157-169.
https://doi.org/10.1177/1087724X05283842

143



199.

200.

201.

202.

203.

204.

205.

206.

207.

208.

209.

210.

211.

212.

213.

Bacot, H., O’Dell, C. (2006). Establishing Indicators to Evaluate Brownfield
Redevelopment. Economic Development Quarterly, 20(2), 142-161.
https://doi.org/10.1177/0891242405285749

Leviton, L. C., Snell, E., McGinnis, M. (2000). Urban issues in health promotion
strategies. American Journal of Public Health, 90(6), 863-866.

Litt, J. S., Tran, N. L., Burke, T. A. (2002). Examining urban brownfields through
the public health “macroscope”. Environmental Health Perspectives, 110 Suppl 2,
183-193.

Pope, C. A., Burnett, R. T., Thun, M. J., Calle, E. E., Krewski, D., Ito, K.,
Thurston, G. D. (2002). Lung cancer, cardiopulmonary mortality, and long-term
exposure to fine particulate air pollution. JAMA, 287(9), 1132-1141.

Schell, L., Denham, M. (2003). Environmental Pollution in Urban Environments
and Human Biology. Annual Review of Anthropology - ANNU REV
ANTHROPOL, 32, 111-134.
https://doi.org/10.1146/annurev.anthro.32.061002.093218

Cutter, S. L., Scott, M. S., Hill, A. A. (2002). Spatial Variability in Toxicity
Indicators Used to Rank Chemical Risks. American Journal of Public Health,
92(3), 420-422.

Greenberg, M., Lee, C., Powers, C. (1998). Public health and brownfields:
reviving the past to protect the future. American Journal of Public Health, 88(12),
1759-1760.

McCarthy, L. (2009). Off the Mark?: Efficiency in Targeting the Most Marketable
Sites Rather Than Equity in Public Assistance for Brownfield Redevelopment.
Economic Development Quarterly, 23(3), 211-228.
https://doi.org/10.1177/0891242408331159

Lee, S., Mohai, P. (2012). Environmental Justice Implications of Brownfield
Redevelopment in the United States. Society & Natural Resources, 25(6), 602—
609. https://doi.org/10.1080/08941920.2011.566600

US EPA, OSWER. (2017). What is Superfund? [Overviews and Factsheets].
Retrieved March 2, 2018, from https://www.epa.gov/superfund/what-superfund
US EPA, OSWER. (2015). Superfund: National Priorities List (NPL) [Overviews
and Factsheets]. Retrieved March 2, 2018, from
https://www.epa.gov/superfund/superfund-national-priorities-list-npl

US EPA, OSRTI. (n.d.). CHEMICAL METALS INDUSTRIES, INC. Site Profile
[Overviews and Factsheets]. Retrieved March 6, 2018, from
https://cumulis.epa.gov/supercpad/CurSites/srchsites.cfm

Chemical Metals Industries Inc.pdf. (n.d.). Retrieved from
http://mde.maryland.gov/programs/LAND/MarylandBrownfieldVCP/Documents/
Chemical%20Metals%20Industries%20Inc.pdf

KANE & LOMBARD STREET DRUMS Site Profile. (n.d.). Retrieved March 6,
2018, from
https://cumulis.epa.gov/supercpad/SiteProfiles/index.cfm?fuseaction=second.Clea
nup&id=0300344#bkground

Currie, J., Greenstone, M., Moretti, E. (2011). Superfund Cleanups and Infant
Health. American Economic Review, 101(3), 435-441.
https://doi.org/10.1257/aer.101.3.435

144


https://www.epa.gov/superfund/superfund-national-priorities-list-npl

214.

215.

216.

217.

218.

219.

220.

221.

222.

223.

224,

225.

226.

227.

Choi, A. L., Levy, J. ., Dockery, D. W., Ryan, L. M., Tolbert, P. E., Altshul, L.
M., Korrick, S. A. (2006). Does Living Near a Superfund Site Contribute to
Higher Polychlorinated Biphenyl (PCB) Exposure? Environmental Health
Perspectives, 114(7), 1092—-1098. https://doi.org/10.1289/ehp.8827

Neuberger, J. S., Mulhall, M., Pomatto, M. C., Sheverbush, J., Hassanein, R. S.
(1990). Health problems in Galena, Kansas: A heavy metal mining Superfund
site. Science of The Total Environment, 94(3), 261-272.
https://doi.org/10.1016/0048-9697(90)90175-T

Dayal, H., Gupta, S. (1995). Symptom Clusters in a Community with Chronic
Exposure to Chemicals in Two Superfund Sites. Archives of Environmental
Health, 50(2), 108-111.

Kilburn, K. H., Warshaw, R. H. (1995). Neurotoxic effects from residential
exposure to chemicals from an oil reprocessing facility and superfund site.
Neurotoxicology and Teratology, 17(2), 89-102. https://doi.org/10.1016/0892-
0362(94)00057-K

Neuberger, J. S., Hu, S. C., Drake, K. D., Jim, R. (2009). Potential health impacts
of heavy-metal exposure at the Tar Creek Superfund site, Ottawa County,
Oklahoma. Environmental Geochemistry and Health, 31(1), 47-59.
https://doi.org/10.1007/s10653-008-9154-0

Budnick, L. D., Logue, J. N., Sokal, D. C., Fox, J. M., Falk, H. (1984). Cancer
and birth defects near the Drake Superfund site, Pennsylvania. Archives of
Environmental Health, 39(6), 409-413.

Stretesky, P., Hogan, M. J. (1998). Environmental Justice: An Analysis of
Superfund Sites in Florida. Social Problems, 45(2), 268-287.
https://doi.org/10.2307/3097247

Burwell-Naney, K., Zhang, H., Samantapudi, A., Jiang, C., Dalemarre, L., Rice,
L., ... Wilson, S. (2013). Spatial disparity in the distribution of superfund sites in
South Carolina: an ecological study. Environmental Health, 12(1), 96.
https://doi.org/10.1186/1476-069X-12-96

Maranville, A. R., Ting, T.-F., Zhang, Y. (2009). An Environmental Justice
Analysis: Superfund Sites and Surrounding Communities in Illinois.
Environmental Justice, 2(2), 49-58. https://doi.org/10.1089/env.2008.0547
O’Neil, S. G. (2007). Superfund: Evaluating the Impact of Executive Order
12898. Environmental Health Perspectives, 115(7), 1087-1093.
https://doi.org/10.1289/ehp.9903

US EPA, OEL. (2013). TRI-Listed Chemicals [Overviews and Factsheets].
Retrieved May 30, 2018, from https://www.epa.gov/toxics-release-inventory-tri-
program/tri-listed-chemicals

Boone, C. G., Fragkias, M., Buckley, G. L., Grove, J. M. (2014). A long view of
polluting industry and environmental justice in Baltimore. Cities, 36(Supplement
C), 41-49. https://doi.org/10.1016/j.cities.2013.09.004

US EPA, (2018). TRI Basic Data Files: Calendar Years 1987 — 2016, Retrieved
June 16 from, https://www.epa.gov/toxics-release-inventory-tri-program/tri-basic-
data-files-calendar-years-1987-2016

Hendryx, M., Fedorko, E. (2011). The Relationship Between Toxics Release
Inventory Discharges and Mortality Rates in Rural and Urban Areas of the United

145


https://doi.org/10.1016/j.cities.2013.09.004

228.

229.

230.

231.

232.

233.

234.

235.

236.

237.

238.

239.

States. The Journal of Rural Health, 27(4), 358-366.
https://doi.org/10.1111/j.1748-0361.2011.00367.x

Agarwal, N., Banternghansa, C., Bui, L. T. M. (2010). Toxic exposure in
America: Estimating fetal and infant health outcomes from 14 years of TRI
reporting. Journal of Health Economics, 29(4), 557-574.
https://doi.org/10.1016/j.jhealeco.2010.04.002

Suarez, L., Brender, J. D., Langlois, P. H., Zhan, F. B., Moody, K. (2007).
Maternal exposures to hazardous waste sites and industrial facilities and risk of
neural tube defects in offspring. Annals of Epidemiology, 17(10), 772—-777.
https://doi.org/10.1016/j.annepidem.2007.05.005

Boeglin, M. L., Wessels, D., Henshel, D. (2006). An investigation of the
relationship between air emissions of volatile organic compounds and the
incidence of cancer in Indiana counties. Environmental Research, 100(2), 242—
254. https://doi.org/10.1016/j.envres.2005.04.004

Fortunato Carpenter, D. O., Arcaro, K., Spink, D. C. (2002). Understanding the
human health effects of chemical mixtures. Environmental Health Perspectives,
110(Suppl 1), 25-42.

Neumann, C M, Forman, D. L., Rothlein, J. E. (1998). Hazard screening of
chemical releases and environmental equity analysis of populations proximate to
toxic release inventory facilities in Oregon. Environmental Health Perspectives,
106(4), 217-226.

Fricker, R., Hengartner, N. (2001). Environmental Equity and the Distribution of
Toxic Release Inventory and Other Environmentally Undesirable Sites in
Metropolitan New York City. Environmental and Ecological Statistics, 8.
https://doi.org/10.1023/A:1009649815643

Bowen Johnson, R., Ramsey-White, K., Fuller, C. H. (2016). Socio-demographic
Differences in Toxic Release Inventory Siting and Emissions in Metro Atlanta.
International Journal of Environmental Research and Public Health, 13(8).
https://doi.org/10.3390/ijerph13080747

Bowen, W. M., Salling, M. J., Haynes, K. E., Cyran, E. J. (1995). Toward
Environmental Justice: Spatial Equity in Ohio and Cleveland. Annals of the
Association of American Geographers, 85(4), 641-663.
https://doi.org/10.1111/j.1467-8306.1995.tb01818.x

US. EPA 2017. Fast Facts on Transportation Greenhouse Gas Emissions. (2017).
Retrieved from: https://www.epa.gov/greenvehicles/fast-facts-transportation-
greenhouse-gas-emissions

Asthma and Air Pollution in Baltimore City. (2017). Environmental Integrity
Project. Retrieved from: https://www.environmentalintegrity.org/wp-
content/uploads/2017/12/Baltimore-Asthma.pdf

Gaffron, P. (2012). Urban transport, environmental justice and human daily
activity patterns. Transport Policy, 20, 114-127.
https://doi.org/10.1016/j.tranpol.2012.01.011

Bae, C.-H. C., Sandlin, G., Bassok, A., Kim, S. (2007). The Exposure of
Disadvantaged Populations in Freeway Air-Pollution Sheds: A Case Study of the
Seattle and Portland Regions. Environment and Planning B: Planning and
Design, 34(1), 154-170. https://doi.org/10.1068/b32124

146



240.

241.

242.

243.

244,

245.

246.

247.

248.

249.

250.

251.

252.

Gunier, R. B., Hertz, A., Von Behren, J., Reynolds, P. (2003). Traffic density in
California: socioeconomic and ethnic differences among potentially exposed
children. Journal of Exposure Analysis and Environmental Epidemiology, 13(3),
240-246. https://doi.org/10.1038/sj.jea. 7500276

Houston, D., Li, W., Wu, J. (2014). Disparities in Exposure to Automobile and
Truck Traffic and Vehicle Emissions Near the Los Angeles—Long Beach Port
Complex. American Journal of Public Health, 104(1), 156-164.
https://doi.org/10.2105/AJPH.2012.301120

O’Neill, M. S., Jerrett, M., Kawachi, L., Levy, J. L., Cohen, A. J., Gouveia, N., ...
Workshop on Air Pollution and Socioeconomic Conditions. (2003). Health,
wealth, and air pollution: advancing theory and methods. Environmental Health
Perspectives, 111(16), 1861-1870.

Schweitzer, L., Valenzuela, A. (2004). Environmental Injustice and
Transportation: The Claims and the Evidence. Journal of Planning Literature,
18(4), 383—-398. https://doi.org/10.1177/0885412204262958

Kingham, S., Pearce, J., Zawar-Reza, P. (2007). Driven to injustice?
Environmental justice and vehicle pollution in Christchurch, New Zealand.
Transportation Research Part D: Transport and Environment, 12(4), 254-263.
https://doi.org/10.1016/j.trd.2007.02.004

Geénereux Nie, J., Beyea, J., Bonner, M. R., Han, D., Vena, J. E., Rogerson, P., ...
Freudenheim, J. L. (2007). Exposure to traffic emissions throughout life and risk
of breast cancer: the Western New York Exposures and Breast Cancer (WEB)
study. Cancer Causes & Control: CCC, 18(9), 947-955.
https://doi.org/10.1007/s10552-007-9036-2

Wilhelm, M., Ritz, B. (2003). Residential proximity to traffic and adverse birth
outcomes in Los Angeles county, California, 1994-1996. Environmental Health
Perspectives, 111(2), 207-216.

de Medeiros, A. P. P., Gouveia, N., Machado, R. P. P., de Souza, M. R., Alencar,
G. P., Novaes, H. M. D., de Almeida, M. F. (2009). Traffic-Related Air Pollution
and Perinatal Mortality: A Case—Control Study. Environmental Health
Perspectives, 117(1), 127-132. https://doi.org/10.1289/ehp.11679

Crosignani, P., Tittarelli, A., Borgini, A., Codazzi, T., Rovelli, A., Porro, E., ...
Berrino, F. (2004). Childhood leukemia and road traffic: A population-based
case-control study. International Journal of Cancer, 108(4), 596-599.
https://doi.org/10.1002/ijc.11597

Langholz, B., Ebi, K. L., Thomas, D. C., Peters, J. M., London, S. J. (2002).
Traffic density and the risk of childhood leukemia in a Los Angeles case-control
study. Annals of Epidemiology, 12(7), 482-487.

Raaschou-Nielsen, O., Hertel, O., Thomsen, B. L., Olsen, J. H. (2001). Air
Pollution from Traffic at the Residence of Children with Cancer. American
Journal of Epidemiology, 153(5), 433-443. https://doi.org/10.1093/aje/153.5.433
Reynolds, P., Von Behren, J., Gunier, R. B., Goldberg, D. E., Hertz, A., Smith, D.
(2002). Traffic Patterns and Childhood Cancer Incidence Rates in California,
United States. Cancer Causes & Control, 13(7), 665-673.

Reynolds, P., Von Behren, J., Gunier, R. B., Goldberg, D. E., Hertz, A. (2004).
Residential exposure to traffic in California and childhood cancer. Epidemiology

147



253.

254,

255.

256.

257.

258.

259.

260.

261.

262.

263.

(Cambridge, Mass.), 15(1), 6-12.
https://doi.org/10.1097/01.ede.0000101749.28283.de

VVon Behren, J., Reynolds, P., Gunier, R. B., Rull, R. P., Hertz, A., Urayama, K.
Y., ... Buffler, P. A. (2008). Residential Traffic Density and Childhood Leukemia
Risk. Cancer Epidemiology, Biomarkers & Prevention : A Publication of the
American Association for Cancer Research, Cosponsored by the American
Society of Preventive Oncology, 17(9), 2298-2301. https://doi.org/10.1158/1055-
9965.EP1-08-0338

Oosterlee, A., Drijver, M., Lebret, E., Brunekreef, B. (1996). Chronic respiratory
symptoms in children and adults living along streets with high traffic density.
Occupational and Environmental Medicine, 53(4), 241-247.

McConnell, R., Shen, E., Gilliland, F. D., Jerrett, M., Wolch, J., Chang, C.-C., ...
Berhane, K. (2015). A longitudinal cohort study of body mass index and
childhood exposure to secondhand tobacco smoke and air pollution: the Southern
California Children’s Health Study. Environmental Health Perspectives, 123(4),
360-366. https://doi.org/10.1289/ehp.1307031

Olsson, D., Mogren, I., Eneroth, K., Forsberg, B. (2015). Traffic pollution at the
home address and pregnancy outcomes in Stockholm, Sweden. BMJ Open, 5(8),
e007034. https://doi.org/10.1136/bmjopen-2014-007034

Arcus-Arth, A., Blaisdell, R. J. (n.d.). Statistical Distributions of Daily Breathing
Rates for Narrow Age Groups of Infants and Children. Risk Analysis, 27(1), 97—
110. https://doi.org/10.1111/j.1539-6924.2006.00862.x

Ciccone, G., Forastiere, F., Agabiti, N., Biggeri, A., Bisanti, L., Chellini, E., ...
group, S. collaborative. (1998). Road Traffic and Adverse Respiratory Effects in
Children. Occupational and Environmental Medicine, 55(11), 771-778.

van Vliet, P., Knape, M., de Hartog, J., Janssen, N., Harssema, H., Brunekreef, B.
(1997). Motor Vehicle Exhaust and Chronic Respiratory Symptoms in Children
Living near Freeways. Environmental Research, 74(2), 122-132.
https://doi.org/10.1006/enrs.1997.3757

Venn, A. J., Lewis, S. A., Cooper, M., Hubbard, R., Britton, J. (2001). Living
near a main road and the risk of wheezing illness in children. American Journal of
Respiratory and Critical Care Medicine, 164(12), 2177-2180.
https://doi.org/10.1164/ajrccm.164.12.2106126

Edwards, J., Walters, S., Griffiths, R. K. (1994). Hospital admissions for asthma
in preschool children: relationship to major roads in Birmingham, United
Kingdom. Archives of Environmental Health, 49(4), 223-227.
https://doi.org/10.1080/00039896.1994.9937471

Brunekreef, B., Janssen, N. A. H., Hartog, J., Harssema, H., Knape, M., Vliet, P.
V. (1997). Air Pollution from Truck Traffic and Lung Function in Children Living
near Motorways. Epidemiology.

English, P., Neutra, R., Scalf, R., Sullivan, M., Waller, L., Zhu, L. (1999).
Examining associations between childhood asthma and traffic flow using a
geographic information system. Environmental Health Perspectives, 107(9), 761
767.

148



264.

265.

266.

267.

268.

269.

270.

271.

272.

273.

274.

275.

276.

Raaschou-Nielsen, O., Hertel, O., Thomsen, B. L., Olsen, J. H. (2001). Air
Pollution from Traffic at the Residence of Children with Cancer. American
Journal of Epidemiology, 153(5), 433—443. https://doi.org/10.1093/aje/153.5.433
Ghosh, J. K. C., Wilhelm, M., Su, J., Goldberg, D., Cockburn, M., Jerrett, M.,
Ritz, B. (2012). Assessing the Influence of Traffic-related Air Pollution on Risk
of Term Low Birth Weight on the Basis of Land-Use-based Regression Models
and Measures of Air Toxics. American Journal of Epidemiology, 175(12), 1262—
1274. https://doi.org/10.1093/aje/kwr469

Laurent, O., Wu, J., Li, L., Chung, J., Bartell, S. (2013). Investigating the
association between birth weight and complementary air pollution metrics: a
cohort study. Environmental Health, 12(1), 18. https://doi.org/10.1186/1476-
069X-12-18

Stieb, D. M., Chen, L., Hystad, P., Beckerman, B. S., Jerrett, M., Tjepkema, M.,
... Dugandzic, R. M. (2016). A national study of the association between traffic-
related air pollution and adverse pregnancy outcomes in Canada, 1999-2008.
Environmental Research, 148, 513-526.
https://doi.org/10.1016/j.envres.2016.04.025

Brauer, M., Lencar, C., Tamburic, L., Koehoorn, M., Demers, P., Karr, C. (2008).
A Cohort Study of Traffic-Related Air Pollution Impacts on Birth Outcomes.
Environmental Health Perspectives, 116(5), 680-686.
https://doi.org/10.1289/ehp.10952

Wilhelm, M., Ritz, B. (2005). Local Variations in CO and Particulate Air
Pollution and Adverse Birth Outcomes in Los Angeles County, California, USA.
Environmental Health Perspectives, 113(9), 1212-1221.
https://doi.org/10.1289/ehp.7751

Wilhelm, M., Ritz, B. (2003). Residential proximity to traffic and adverse birth
outcomes in Los Angeles county, California, 1994-1996. Environmental Health
Perspectives, 111(2), 207-216.

Bobak, M. (2000). Outdoor air pollution, low birth weight, and prematurity.
Environmental Health Perspectives, 108(2), 173-176.

Bobak, M., Leon, D. A. (1999). Pregnancy outcomes and outdoor air pollution: an
ecological study in districts of the Czech Republic 1986-8. Occupational and
Environmental Medicine, 56(8), 539-543.

Woodruff, T. J., Grillo, J., Schoendorf, K. C. (1997). The relationship between
selected causes of postneonatal infant mortality and particulate air pollution in the
United States. Environmental Health Perspectives, 105(6), 608-612.

Perera, F P, Jedrychowski, W., Rauh, V., Whyatt, R. M. (1999). Molecular
epidemiologic research on the effects of environmental pollutants on the fetus.
Environmental Health Perspectives, 107(Suppl 3), 451-460.

Iiniguez, C., Ballester, F., Estarlich, M., Esplugues, A., Murcia, M., Llop, S., ...
Rebagliato, M. (2012). Prenatal exposure to traffic-related air pollution and fetal
growth in a cohort of pregnant women. Occupational and Environmental
Medicine, 69(10), 736—744. https://doi.org/10.1136/0emed-2011-100550
Selevan, S. G., Kimmel, C. A., Mendola, P. (2000). Identifying critical windows
of exposure for children’s health. Environmental Health Perspectives, 108(Suppl
3), 451-455.

149



2717.

278.

279.

280.

281.

282.

283.

284.

285.

286.

287.

288.

289.

Brink, L. L., Benson, S. M., Marshall, L. P., Talbott, E. O. (2014). Environmental
Inequality, Adverse Birth Outcomes, and Exposure to Ambient Air Pollution in
Allegheny County, PA, USA. Journal of Racial and Ethnic Health Disparities,
1(3), 157-162. https://doi.org/10.1007/s40615-014-0018-2

Woodruff, Tracey J, Parker, J. D., Kyle, A. D., Schoendorf, K. C. (2003).
Disparities in exposure to air pollution during pregnancy. Environmental Health
Perspectives, 111(7), 942-946.

Perera, Frederica P, Rauh, V., Tsai, W.-Y., Kinney, P., Camann, D., Barr, D, ...
Whyatt, R. M. (2003). Effects of transplacental exposure to environmental
pollutants on birth outcomes in a multiethnic population. Environmental Health
Perspectives, 111(2), 201-205.

Tangahu, B., Sheikh, S., Basri, H., Idris, M., Mukhlisin, M. (2011). A Review on
Heavy metals (As, Pb, and Hg) Uptake by Plants through Phytoremediation.
International Journal of Chemical Engineering. Retrieved from
http://downloads.hindawi.com/journals/ijce/2011/939161.pdf

Ahmad, J. U., Goni, M. A. (2010). Heavy metal contamination in water, soil, and
vegetables of the industrial areas in Dhaka, Bangladesh. Environmental
Monitoring and Assessment, 166(1-4), 347-357. https://doi.org/10.1007/s10661-
009-1006-6

Ernst, W. H. O. (1996). Bioavailability of heavy metals and decontamination of
soils by plants. Applied Geochemistry, 11(1), 163-167.
https://doi.org/10.1016/0883-2927(95)00040-2

Alloway, B. J. (1990). Soil processes and the behaviour of metals. Heavy Metals
in Soils., 7-28.

Wang, C., Yang, Z., Yuan, X., Browne, P., Chen, L., Ji, J. (2013). The influences
of soil properties on Cu and Zn availability in soil and their transfer to wheat
(Triticum aestivum L.) in the Yangtze River delta region, China. Geoderma, 193—
194, 131-139. https://doi.org/10.1016/j.geoderma.2012.10.004

Kumar, V., Sharma, A., Dhunna, G., Chawla, A., Bhardwaj, R., Thukral, A. K.
(2017). A tabulated review on distribution of heavy metals in various plants.
Environmental Science and Pollution Research, 24(3), 2210-2260.
https://doi.org/10.1007/s11356-016-7747-1

Islam, M. S., Ahmed, M. K., Habibullah-Al-Mamun, M., Masunaga, S. (2014).
Trace metals in soil and vegetables and associated health risk assessment.
Environmental Monitoring and Assessment, 186(12), 8727-8739.
https://doi.org/10.1007/s10661-014-4040-y

Ramirez-Andreotta, M. D., Brusseau, M. L., Artiola, J. F., Maier, R. M. (2013). A
greenhouse and field-based study to determine the accumulation of arsenic in
common homegrown vegetables grown in mining-affected soils. Science of The
Total Environment, 443, 299-306. https://doi.org/10.1016/j.scitotenv.2012.10.095
Attanayake, C. P., Hettiarachchi, G. M., Harms, A., Presley, D., Martin, S.,
Pierzynski, G. M. (2014). Field evaluations on soil plant transfer of lead from an
urban garden soil. Journal of Environmental Quality, 43(2), 475-487.
https://doi.org/10.2134/jeq2013.07.0273

Bui, A. T. K., Nguyen, H. T. H., Nguyen, M. N., Tran, T.-H. T., Vu, T. V.,
Nguyen, C. H., Reynolds, H. L. (2016). Accumulation and potential health risks

150


https://doi.org/10.2134/jeq2013.07.0273

290.

291.

292.

293.

294,

295.

296.

297.

298.

299.

300.

301.

of cadmium, lead and arsenic in vegetables grown near mining sites in Northern
Vietnam. Environmental Monitoring and Assessment, 188(9), 525.
https://doi.org/10.1007/s10661-016-5535-5

Uddh-Saderberg, T. E., Gunnarsson, S. J., Hogmalm, K. J., Lindegard, M. I. B.
G., Augustsson, A. L. M. (2015). An assessment of health risks associated with
arsenic exposure via consumption of homegrown vegetables near contaminated
glassworks sites. Science of The Total Environment, 536, 189-197.
https://doi.org/10.1016/j.scitotenv.2015.07.018

WHO | Lead poisoning and health. (2017). Retrieved November 25, 2017, from
http://www.who.int/mediacentre/factsheets/fs379/en/

PennState Extension. Lead in Residential Soils: Sources, Testing, and Reducing
Exposure. Retrieved from: https://extension.psu.edu/lead-in-residential-soils-
sources-testing-and-reducing-exposure

Antoine, J. M. R,, Fung, L. A. H., Grant, C. N. (2017). Assessment of the
potential health risks associated with the aluminium, arsenic, cadmium and lead
content in selected fruits and vegetables grown in Jamaica. Toxicology Reports, 4,
181-187. https://doi.org/10.1016/j.toxrep.2017.03.006

Izquierdo, M., De Miguel, E., Ortega, M. F., Mingot, J. (2015). Bioaccessibility
of metals and human health risk assessment in community urban gardens.
Chemosphere, 135, 312-318. https://doi.org/10.1016/j.chemosphere.2015.04.079
Gadd, G. M. (2001). Phytoremediation of toxic metals; using plants to clean up
the environment. Edited by llya Raskin and Burt D Ensley, John Wiley & Sons,
Inc, New York, 2000, 304 pp, price UK £58.80, ISBN 0 471 19254 6. Journal of
Chemical Technology & Biotechnology, 76(3), 325-325.
https://doi.org/10.1002/jcth.374

Peralta-Videa, J. R., Lopez, M. L., Narayan, M., Saupe, G., Gardea-Torresdey, J.
(2009). The biochemistry of environmental heavy metal uptake by plants:
implications for the food chain. The International Journal of Biochemistry & Cell
Biology, 41(8-9), 1665-1677. https://doi.org/10.1016/j.biocel.2009.03.005
Pelfréne, A., Douay, F., Richard, A., Roussel, H., Girondelot, B. (2013).
Assessment of potential health risk for inhabitants living near a former lead
smelter. Part 2: site-specific human health risk assessment of Cd and Pb
contamination in kitchen gardens. Environmental Monitoring and Assessment,
185(4), 2999-3012. https://doi.org/10.1007/s10661-012-2767-x

Cherfi, A., Abdoun, S., Gaci, O. (2014). Food survey: Levels and potential health
risks of chromium, lead, zinc and copper content in fruits and vegetables
consumed in Algeria. Food and Chemical Toxicology, 70, 48-53.
https://doi.org/10.1016/j.fct.2014.04.044

National Institute of Environmental Health Sciences. (n.d.). Lead and Your Health
Retrieved November 25, 2017, from
https://www.niehs.nih.gov/health/materials/lead_and_your_health 508.pdf
Goyer, R. A. (1996). Toxic effects of metals. In Casarett and Doull’s Toxicology:
The Basic Science of Poisons (C. D. Klaassen, Ed.), 5th ed. Mc-Graw-Hill, New
York.

Juberg, D. R., Kleiman, C. F., Kwon, S. C. (1997). Position Paper of the
American Council on Science and Health: Lead and Human Health.

151


http://www.who.int/mediacentre/factsheets/fs379/en/
https://extension.psu.edu/lead-in-residential-soils-sources-testing-and-reducing-exposure
https://extension.psu.edu/lead-in-residential-soils-sources-testing-and-reducing-exposure
https://www.niehs.nih.gov/health/materials/lead_and_your_health_508.pdf

Ecotoxicology and Environmental Safety, 38(3), 162—-180.
https://doi.org/10.1006/eesa.1997.1591

302. ATSDR. (2017). Lead (Pb) Toxicity: What Are the Physiologic Effects of Lead
Exposure? | ATSDR - Environmental Medicine & Environmental Health
Education - CSEM. Retrieved November 25, 2017, from
https://www.atsdr.cdc.gov/csem/csem.asp?csem=34&po=10

303. Hansen, O. N., Trillingsgaard, A., Beese, I., Lyngye, T., Grandjean, P. (1989). A
neuropsychological study of children with elevated dentine lead level:
Assessment of the effect of lead in different socio-economic groups.
Neurotoxicol. Teratol. 11 :205-13

304. Fergusson, D. M., Fergusson, J. E., Horwood, L. J., Kinzett, N. G. (1988). A
longitudinal study of dentine lead levels, intelligence, school performance and
behavior. J. Child. Psycho!. Psychiatry 29:793-809

305. Needleman, H., Bellinger, D. (1991). The Health Effects of Low Level Exposure
to Lead. Annual Review of Public Health, 12(1), 111-140.
https://doi.org/10.1146/annurev.pu.12.050191.000551

306. Sharifi, R., Moore, F., Keshavarzi, B., Badiei, S. (2018). Assessment of Health
Risks of Arsenic Exposure via Consumption of Crops. Exposure and Health,
10(2), 129-143. https://doi.org/10.1007/s12403-017-0250-1

307. Rahman, F., Allan, D., Rosen, C., Sadowsky, M. (2004). Arsenic Availability
from Chromated Copper Arsenate (CCA) — Treated Wood. J. Environ. Qual,
(33:173 - 180).

308. Rehman, Z. U., Khan, S., Qin, K., Brusseau, M. L., Shah, M. T., Din, I. (2016).
Quantification of inorganic arsenic exposure and cancer risk via consumption of
vegetables in southern selected districts of Pakistan. Science of The Total
Environment, 550, 321-329. https://doi.org/10.1016/j.scitotenv.2016.01.094

309. Mukherjee, A., Sengupta, M. K., Hossain, M. A., Ahamed, S., Das, B., Nayak, B.,
... Chakraborti, D. (2006). Arsenic contamination in groundwater: a global
perspective with emphasis on the Asian scenario. Journal of Health, Population,
and Nutrition, 24(2), 142-163.

310. Chen, Y., Parvez, F., Liu, M., Pesola, G. R., Gamble, M. V., Slavkovich, V., ...
Ahsan, H. (2011). Association between arsenic exposure from drinking water and
proteinuria: results from the Health Effects of Arsenic Longitudinal Study.
International Journal of Epidemiology, 40(3), 828-835.
https://doi.org/10.1093/ije/dyr022

311. Mohammed Abdul, K. S., Jayasinghe, S. S., Chandana, E. P. S., Jayasumana, C.,
De Silva, P. M. C. S. (2015). Arsenic and human health effects: A review.
Environmental Toxicology and Pharmacology, 40(3), 828-846.
https://doi.org/10.1016/j.etap.2015.09.016

312. Ahsan, H., Chen, Y., Parvez, F., Zablotska, L., Argos, M., Hussain, I, ...
Graziano, J. H. (2006). Arsenic Exposure from Drinking Water and Risk of
Premalignant Skin Lesions in Bangladesh: Baseline Results from the Health
Effects of Arsenic Longitudinal Study. American Journal of Epidemiology,
163(12), 1138-1148. https://doi.org/10.1093/aje/kwj154

313. Argos, M., Kalra, T., Rathouz, P. J., Chen, Y., Pierce, B., Parvez, F., ... Ahsan, H.
(2010). Arsenic exposure from drinking water, and all-cause and chronic-disease

152


https://www.atsdr.cdc.gov/csem/csem.asp?csem=34&po=10
https://doi.org/10.1146/annurev.pu.12.050191.000551

314.

315.

316.

317.

318.

3109.

320.

321.

322.

323.

324.

325.

mortalities in Bangladesh (HEALS): a prospective cohort study. The Lancet,
376(9737), 252—258. https://doi.org/10.1016/S0140-6736(10)60481-3

Chen, C.-L., Hsu, L.-1., Chiou, H.-Y., Hsueh, Y.-M., Chen, S.-Y., Wu, M.-M., ...
Group, forthe B. D. S. (2004). Ingested Arsenic, Cigarette Smoking, and Lung
Cancer Risk: A Follow-up Study in Arseniasis-Endemic Areas in Taiwan. JAMA,
292(24), 2984-2990. https://doi.org/10.1001/jama.292.24.2984

Dauphine, D. C., Ferreccio, C., Guntur, S., Yuan, Y., Hammond, S. K., Balmes,
J., ... Steinmaus, C. (2011). Lung function in adults following in utero and
childhood exposure to arsenic in drinking water: preliminary findings.
International Archives of Occupational and Environmental Health, 84(6), 591
600. https://doi.org/10.1007/s00420-010-0591-6

Smith, A. H., Goycolea, M., Haque, R., Biggs, M. L. (1998). Marked Increase in
Bladder and Lung Cancer Mortality in a Region of Northern Chile Due to Arsenic
in Drinking Water. American Journal of Epidemiology, 147(7), 660-669.
https://doi.org/10.1093/oxfordjournals.aje.a009507

Sohel, N., Vahter, M., Ali, M., Rahman, M., Rahman, A., Streatfield, P. K., ...
Persson, L. A. (2010). Spatial patterns of fetal loss and infant death in an arsenic-
affected area in Bangladesh. International Journal of Health Geographics, 9, 53.
https://doi.org/10.1186/1476-072X-9-53

WHO | Arsenic. (2017). Retrieved November 25, 2017, from
http://www.who.int/mediacentre/factsheets/fs372/en/

Soghoian, S., Sinert, R., Wiener, S. W., Hoffman, R. S. (2009). Ethylene glycol
toxicity presenting with non-anion gap metabolic acidosis. Basic & Clinical
Pharmacology & Toxicology, 104(1), 22—26. https://doi.org/10.1111/j.1742-
7843.2008.00334.x

Mazumder, D. N., Das Gupta, J., Santra, A., Pal, A., Ghose, A., Sarkar, S. (1998).
Chronic arsenic toxicity in west Bengal--the worst calamity in the world. Journal
of the Indian Medical Association, 96(1), 4-7, 18.

Yu, G., Zheng, W., Wang, W., Dai, F., Zhang, Z., Yuan, Y., Wang, Q. (2017).
Health risk assessment of Chinese consumers to Cadmium via dietary intake.
Journal of Trace Elements in Medicine and Biology, 44, 137-145.
https://doi.org/10.1016/j.jtemb.2017.07.003

ATSDR - Public Health Statement: Cadmium. (2015). Retrieved November 24,
2017, from https://www.atsdr.cdc.gov/PHS/PHS.asp?id=46&tid=15

Jaishankar, M., Tseten, T., Anbalagan, N., Mathew, B. B., Beeregowda, K. N.
(2014). Toxicity, mechanism and health effects of some heavy metals.
Interdisciplinary Toxicology, 7(2), 60—72. https://doi.org/10.2478/intox-2014-
0009

ATSDR. (2013). Cadmium (Cd) Toxicity: Who Is at Risk of Cadmium Exposure?
| ATSDR - Environmental Medicine & Environmental Health Education - CSEM.
Retrieved November 24, 2017, from
https://www.atsdr.cdc.gov/csem/csem.asp?csem=6&po=8

Dziubanek, G., Piekut, A., Rusin, M., Baranowska, R., Hajok, 1. (2015).
Contamination of food crops grown on soils with elevated heavy metals content.
Ecotoxicology and Environmental Safety, 118(Supplement C), 183-189.
https://doi.org/10.1016/j.ecoenv.2015.04.032

153


http://www.who.int/mediacentre/factsheets/fs372/en/
https://www.atsdr.cdc.gov/PHS/PHS.asp?id=46&tid=15
https://doi.org/10.2478/intox-2014-0009
https://doi.org/10.2478/intox-2014-0009
https://www.atsdr.cdc.gov/csem/csem.asp?csem=6&po=8

326.

327.

328.

329.

330.

331.

332.

333.

334.

335.

336.

337.

CHSR, Human Health Effects of Heavy Metals.pdf. (2009). Retrieved from
https://www.engg.ksu.edu/chsr/files/chsr/outreach-
resources/15HumanHealthEffectsofHeavyMetals.pdf

Exposure to Cadmium: A Major Public Health Concern. (2010). Retrieved from:
http://www.who.int/ipcs/features/cadmium.pdf

Jin, T., Nordberg, M., Frech, W., Dumont, X., Bernard, A., Ye, T., ... Nordberg,
G. F. (2002). Cadmium biomonitoring and renal dysfunction among a population
environmentally exposed to cadmium from smelting in China (ChinaCad).
Biometals: An International Journal on the Role of Metal lons in Biology,
Biochemistry, and Medicine, 15(4), 397-410.

Navas-Acien, A., Tellez-Plaza, M., Guallar, E., Muntner, P., Silbergeld, E., Jaar,
B., Weaver, V. (2009). Blood cadmium and lead and chronic kidney disease in
US adults: a joint analysis. American Journal of Epidemiology, 170(9), 1156—
1164. https://doi.org/10.1093/aje/kwp248

Schutte, R., Nawrot, T. S., Richart, T., Thijs, L., Vanderschueren, D., Kuznetsova,
T., ... Staessen, J. A. (2008). Bone Resorption and Environmental Exposure to
Cadmium in Women: A Population Study. Environmental Health Perspectives,
116(6), 777-783. https://doi.org/10.1289/ehp.11167

Elinder, C. G., Kjellstrom, T., Hogstedt, C., Andersson, K., Spang, G. (1985).
Cancer mortality of cadmium workers. Occupational and Environmental
Medicine, 42(10), 651-655. https://doi.org/10.1136/0em.42.10.651

Sahmoun, A. E., Case, L. D., Jackson, S. A., Schwartz, G. G. (2005). Cadmium
and Prostate Cancer: A Critical Epidemiologic Analysis. Cancer Investigation,
23(3), 256-263. https://doi.org/10.1081/CNV-200055968

Adams, S. V., Passarelli, M. N., Newcomb, P. A. (2011). Cadmium exposure and
cancer mortality in the Third National Health and Nutrition Examination Survey
cohort. Occup Environ Med, oemed-2011-100111. https://doi.org/10.1136/0emed-
2011-100111

Haswell-Elkins, M., Satarug, S., O’Rourke, P., Moore, M., Ng, J., McGrath, V.,
Walmby, M. (2008). Striking association between urinary cadmium level and
albuminuria among Torres Strait Islander people with diabetes. Environmental
Research, 106(3), 379-383. https://doi.org/10.1016/j.envres.2007.10.004

Duran, A., Tuzen, M., Soylak, M. (2011). Speciation of Cr(I1l) and Cr(VI) in
geological and water samples by ytterbium(l11) hydroxide coprecipitation system
and atomic absorption spectrometry. Food and Chemical Toxicology: An
International Journal Published for the British Industrial Biological Research
Association, 49(7), 1633-1637. https://doi.org/10.1016/j.fct.2011.04.016
ATSDR. (2013). Chromium (Cr) Toxicity: What Are the Physiologic Effects of
Chromium Exposure? | ATSDR - Environmental Medicine & Environmental
Health Education - CSEM. Retrieved November 24, 2017, from
https://www.atsdr.cdc.gov/csem/csem.asp?csem=10&po=10

Zayed, A. M., Terry, N. (2003). Chromium in the environment: factors affecting
biological remediation. Plant and Soil, 249(1), 139-156.
https://doi.org/10.1023/A:1022504826342

154


https://www.engg.ksu.edu/chsr/files/chsr/outreach-resources/15HumanHealthEffectsofHeavyMetals.pdf
https://www.engg.ksu.edu/chsr/files/chsr/outreach-resources/15HumanHealthEffectsofHeavyMetals.pdf
http://www.who.int/ipcs/features/cadmium.pdf
https://www.atsdr.cdc.gov/csem/csem.asp?csem=10&po=10

338.

339.

340.

341.

342.

343.

344,

345.

346.

347.

348.

349.

350.

Gupta, A. K., Sinha, S. (2007). Phytoextraction capacity of the Chenopodium
album L. grown on soil amended with tannery sludge. Bioresource Technology,
98(2), 442-446. https://doi.org/10.1016/j.biortech.2006.01.015

Bini, C., Maleci, L., Romanin, A. (2008). The chromium issue in soils of the
leather tannery district in Italy. Journal of Geochemical Exploration, 96(2), 194—
202. https://doi.org/10.1016/j.gexplo.2007.03.008

Stern, A. H., Fagliano, J. A., Savrin, J. E., Freeman, N. C., Lioy, P. J. (1998). The
association of chromium in household dust with urinary chromium in residences
adjacent to chromate production waste sites. Environmental Health Perspectives,
106(12), 833-8309.

Pellerin, C., Booker, S. M. (2000). Reflections on hexavalent chromium: health
hazards of an industrial heavyweight. Environmental Health Perspectives, 108(9),
A402-407.

ATSDR. Toxicological Profile for Chromium. (2000). Retrieved from:
https://www.atsdr.cdc.gov/toxprofiles/tp7.pdf

ATSDR - Public Health Statement: Chromium. (2015). Retrieved November 24,
2017, from https://www.atsdr.cdc.gov/phs/phs.asp?id=60&tid=17

Chen, H., Arocena, J. M., Li, J., Thring, R. W., Zhou, J. (2014). Assessments of
chromium (and other metals) in vegetables and potential bio-accumulations in
humans living in areas affected by tannery wastes. Chemosphere, 112, 412-419.
https://doi.org/10.1016/j.chemosphere.2014.04.091

Qureshi, A. S., Hussain, M. 1., Ismail, S., Khan, Q. M. (2016). Evaluating heavy
metal accumulation and potential health risks in vegetables irrigated with treated
wastewater. Chemosphere, 163, 54-61.
https://doi.org/10.1016/j.chemosphere.2016.07.073

Liao, Y., Wang, Z., Yang, Z., Chai, L., Chen, J., Yuan, P. (2011). Migration and
transfer of chromium in soil-vegetable system and associated health risks in
vicinity of ferro-alloy manufactory. Transactions of Nonferrous Metals Society of
China, 21(11), 2520-2527. https://doi.org/10.1016/S1003-6326(11)61045-5

Int. Agency Res. Cancer (IARC). 1990. Chromium and chromium compounds. In
IARC Monographs on the Evaluation of Carcinogenic Risks to Humans:
Chromium, Nickel, and Welding. Lyon: IARC

Beaumont, J. J., Sedman, R. M., Reynolds, S. D., Sherman, C. D, Li, L.-H.,
Howd, R. A., ... Alexeeff, G. V. (2008b). Cancer mortality in a Chinese
population exposed to hexavalent chromium in drinking water. Epidemiology
(Cambridge, Mass.), 19(1), 12-23.
https://doi.org/10.1097/EDE.Ob013e31815cea4c

Sutherland, J. E., Zhitkovich, A., Kluz, T., Costa, M. (2000). Rats retain
chromium in tissues following chronic ingestion of drinking water containing
hexavalent chromium. Biological Trace Element Research, 74(1), 41.
https://doi.org/10.1385/BTER:74:1:41

Suh, M., Thompson, C. M., Kirman, C. R., Carakostas, M. C., Haws, L. C.,
Harris, M. A., Proctor, D. M. (2014). High concentrations of hexavalent
chromium in drinking water alter iron homeostasis in F344 rats and B6C3F1
mice. Food and Chemical Toxicology, 65, 381-388.
https://doi.org/10.1016/j.fct.2014.01.009

155


https://www.atsdr.cdc.gov/toxprofiles/tp7.pdf
https://www.atsdr.cdc.gov/phs/phs.asp?id=60&tid=17

351.

352.

353.

354.

355.

356.

357.

358.

359.

360.

361.

362.

363.

364.

Zhang, J. D., Li, X. L. (1987). [Chromium pollution of soil and water in Jinzhou].
Zhonghua Yu Fang Yi Xue Za Zhi [Chinese Journal of Preventive Medicine],
21(5), 262-264.

Kerger, B. D., Butler, W. J., Paustenbach, D. J., Zhang, J., Li, S. (2009). Cancer
mortality in Chinese populations surrounding an alloy plant with chromium
smelting operations. Journal of Toxicology and Environmental Health. Part A,
72(5), 329-344. https://doi.org/10.1080/15287390802529898

Gatto, N. M., Kelsh, M. A., Mai, D. H., Suh, M., Proctor, D. M. (2010).
Occupational exposure to hexavalent chromium and cancers of the
gastrointestinal tract: a meta-analysis. Cancer Epidemiology, 34(4), 388-399.
https://doi.org/10.1016/j.canep.2010.03.013

Zhitkovich, A. (2011). Chromium in drinking water: sources, metabolism, and
cancer risks. Chemical Research in Toxicology, 24(10), 1617-1629.
https://doi.org/10.1021/tx200251t

WHO | Mercury and health. (2017). Retrieved November 25, 2017, from
http://www.who.int/mediacentre/factsheets/fs361/en/

Azevedo, R., Rodriguez, E. (2012). Phytotoxicity of Mercury in Plants: A Review
[Research article]. https://doi.org/10.1155/2012/848614

Hong, Y.-S., Kim, Y.-M., Lee, K.-E. (2012). Methylmercury Exposure and Health
Effects. Journal of Preventive Medicine and Public Health, 45(6), 353-363.
https://doi.org/10.3961/jpmph.2012.45.6.353

Lodenius, M., Tulisalo, E., Soltanpour-Gargari, A. (2003). Exchange of mercury
between atmosphere and vegetation under contaminated conditions. The Science
of the Total Environment, 304(1-3), 169-174. https://doi.org/10.1016/S0048-
9697(02)00566-1

Hanson, P. J., Lindberg, S. E., Tabberer, T. A., Owens, J. G., Kim, K.-H. (1995).
Foliar exchange of mercury vapor: Evidence for a compensation point. Water,
Air, and Soil Pollution, 80(1-4), 373-382. https://doi.org/10.1007/BF01189687
Rea, A. W., Lindberg, S. E., Keeler, G. J. (2001). Dry deposition and foliar
leaching of mercury and selected trace elements in deciduous forest throughfall.
Atmospheric Environment, 35(20), 3453-3462. https://doi.org/10.1016/S1352-
2310(01)00133-9

Bishop, K. H., Lee, Y.-H., Munthe, J., Dambrine, E. (1998). Xylem sap as a
pathway for total mercury and methylmercury transport from soils to tree canopy
in the boreal forest. Biogeochemistry, 40(2-3), 101-113.
https://doi.org/10.1023/A:1005983932240

Li, R., Wu, H., Ding, J., Fu, W., Gan, L., Li, Y. (2017). Mercury pollution in
vegetables, grains and soils from areas surrounding coal-fired power plants.
Scientific Reports, 7, 46545. https://doi.org/10.1038/srep46545

Dushenkov, V., Kumar, P. B. A. N., Motto, H., Raskin, 1. (1995). Rhizofiltration:
The Use of Plants to Remove Heavy Metals from Aqueous Streams.
Environmental Science & Technology, 29(5), 1239-1245.
https://doi.org/10.1021/es00005a015

Zheng, N., Wang, Q., Zheng, D. (2007). Health risk of Hg, Pb, Cd, Zn, and Cu to
the inhabitants around Huludao Zinc Plant in China via consumption of

156


http://www.who.int/mediacentre/factsheets/fs361/en/

365.

366.

367.

368.

369.

370.

371.

372.

373.

374.

375.

376.

vegetables. Science of The Total Environment, 383(1), 81-809.
https://doi.org/10.1016/j.scitotenv.2007.05.002

Shao, D. D., Wu, S. C., Liang, P., Kang, Y., Fu, W. J., Zhao, K. L., ... Wong, M.
H. (2012). A human health risk assessment of mercury species in soil and food
around compact fluorescent lamp factories in Zhejiang Province, PR China.
Journal of Hazardous Materials, 221-222, 28-34.
https://doi.org/10.1016/j.jhazmat.2012.03.061

Shirkhanloo, H., Mirzahosseini, S. A. H., Shirkhanloo, N., Moussavi-Najarkola,
S. A, Farahani, H. (2015). The evaluation and determination of heavy metals
pollution in edible vegetables, water and soil in the south of Tehran province by
GIS. Archives of Environmental Protection, 41(2), 64-74.
https://doi.org/10.1515/aep-2015-0020

Oladele, A. T., Fadare, O. O. (2015). Heavy Metals and Proximate Composition
of Forest Leafy Vegetables in Oil Producing Area of Nigeria. Ethiopian Journal
of Environmental Studies and Management, 8(4), 451-463.

Li, R., Wu, H., Ding, J., Fu, W., Gan, L., Li, Y. (2017). Mercury pollution in
vegetables, grains and soils from areas surrounding coal-fired power plants.
Scientific Reports, 7, 46545. https://doi.org/10.1038/srep46545

Clarkson, T. W., Magos, L., Myers, G. J. (2003). The Toxicology of Mercury —
Current Exposures and Clinical Manifestations. New England Journal of
Medicine, 349(18), 1731-1737. https://doi.org/10.1056/NEJMra022471

Itai, Y., Fujino, T., Ueno, K., Motomatsu, Y. (2004). An epidemiological study of
the incidence of abnormal pregnancy in areas heavily contaminated with
methylmercury. Environmental Sciences : An International Journal of
Environmental Physiology and Toxicology, 11(2), 83-97.

Stern, A. H. (2005). A review of the studies of the cardiovascular health effects of
methylmercury with consideration of their suitability for risk assessment.
Environmental Research, 98(1), 133-142.
https://doi.org/10.1016/j.envres.2004.07.016

Mergler, D., Anderson, H. A., Hing Man Chan, L., Mahaffey, K. R., Murray, M.,
Sakamoto, M., Stern, A. H. (2007). Methylmercury Exposure and Health
Effects in Humans: A Worldwide Concern. AMBIO - A Journal Of The Human
Environment, 36(1), 3-11.

ATSDR - Public Health Statement: Mercury. (n.d.-c). Retrieved May 24, 2018,
from https://www.atsdr.cdc.gov/phs/phs.asp?id=112&tid=24

Oken, E., Wright, R. O., Kleinman, K. P., Bellinger, D., Amarasiriwardena, C. J.,
Hu, H., ... Gillman, M. W. (2005). Maternal Fish Consumption, Hair Mercury,
and Infant Cognition in a U.S. Cohort. Environmental Health Perspectives,
113(10), 1376-1380. https://doi.org/10.1289/ehp.8041

Hawkins, S. (2009). Desert in the City: The Effects of Food Deserts on Health
Disparities of Low-Income Individuals. Retrieved from
https://www.luc.edu/media/lucedu/law/centers/healthlaw/pdfs/advancedirective/p
dfs/issue3/hawkins.pd

Issue Brief 3 Sept 08 - Neighborhoods and Health.pdf. (2008). Retrieved from
http://www.commissiononhealth.org/PDF/888f4a18-eb90-45be-a2f8-

157


https://doi.org/10.1289/ehp.8041
https://www.luc.edu/media/lucedu/law/centers/healthlaw/pdfs/advancedirective/pdfs/issue3/hawkins.pd
https://www.luc.edu/media/lucedu/law/centers/healthlaw/pdfs/advancedirective/pdfs/issue3/hawkins.pd
http://www.commissiononhealth.org/PDF/888f4a18-eb90-45be-a2f8-159e84a55a4c/Issue%20Brief%203%20Sept%2008%20-%20Neighborhoods%20and%20Health.pdf

377.

378.

379.

380.

381.

382.

383.

384.
385.
386.

387.

388.

389.

390.

159e84a55a4c/1ssue%20Brief%203%20Sept%2008%20-
%20Neighborhoods%20and%20Health.pdf

Baltimore City Food Swamps. (n.d.) John’s Hopkins Center for a Livable Future.
Retrieved from: http://mdfoodsystemmap.org/wp-
content/uploads/2013/01/Atlas_CLF-Food-Swamp_final.pdf

Sharkey, J. R., Horel, S. (2008). Neighborhood Socioeconomic Deprivation and
Minority Composition Are Associated with Better Potential Spatial Access to the
Ground-Truthed Food Environment in a Large Rural Area. The Journal of
Nutrition, 138(3), 620-627. https://doi.org/10.1093/jn/138.3.620

Golden, S. Urban Agriculture Impacts: Social, Health, and Economic: A
Literature Review. (2013). University of California. Retrieved from:
http://asi.ucdavis.edu/programs/sarep/publications/food-and-society/ualitreview-
2013.pdf

La Rosa, D., Barbarossa, L., Privitera, R., Martinico, F. (2014). Agriculture and
the city: A method for sustainable planning of new forms of agriculture in urban
contexts. Land Use Policy, 41, 290-303.
https://doi.org/10.1016/j.landusepol.2014.06.014

Colasanti, K., Litjens, C., Hamm, M. W. (2010). Growing Food in the City - The
Production Potential of Detroit’s Vacant Land, 1-13.

Mendes, W., Balmer, K., Kaethler, T., Rhoads, A. (2008). Using Land Inventories
to Plan for Urban Agriculture: Experiences From Portland and VVancouver.
Journal of the American Planning Association, 74(4), 435-449.
doi:10.1080/01944360802354923

Goldstein, M., Bellis, J., Morse, S., Myers, A., Ura, E. (2011). URBAN
AGRICULTURE, 1-94.

Cohen, N., Reynolds, K. (2012). Five Borough Farm. (J. Chou, Ed.), 1-178.
Colasanti, K., Litjens, C., Hamm, M. W. (2010). Growing Food in the City - The
Production Potential of Detroit’s Vacant Land, 1-13.

Hodgson, K. (2012). Planning for Food Access and Community-Based Food
Systems: A National Scan and Evaluation of Local Comprehensive and
Sustainability Plans. American Planning Association Report, 1-175.

Draper, C., Freedman, D. (2010). Review and Analysis of the Benefits, Purposes,
and Motivations Associated with Community Gardening in the United States.
Journal of Community Practice, 18(4), 458-492.
https://doi.org/10.1080/10705422.2010.519682

McClintock, N., Cooper, J., Khandeshi, S. (2013). Assessing the potential
contribution of vacant land to urban vegetable production and consumption in
Oakland, California. Landscape and Urban Planning, 111, 46-58.
https://doi.org/10.1016/j.landurbplan.2012.12.009

Broadway, M. (n.d.). Growing Urban Agriculture in North American Cities: The
Example of Milwaukee. Focus on Geography, 52(3-4), 23-30.
https://doi.org/10.1111/j.1949-8535.2009.th00251.x

Henderson, B. R., Hartsfield, K. (n.d.). Is getting into the community garden
business a good way to engage citizens in local government? National Civic
Review, 98(4), 12-17. https://doi.org/10.1002/ncr.271

158


http://www.commissiononhealth.org/PDF/888f4a18-eb90-45be-a2f8-159e84a55a4c/Issue%20Brief%203%20Sept%2008%20-%20Neighborhoods%20and%20Health.pdf
http://www.commissiononhealth.org/PDF/888f4a18-eb90-45be-a2f8-159e84a55a4c/Issue%20Brief%203%20Sept%2008%20-%20Neighborhoods%20and%20Health.pdf
http://mdfoodsystemmap.org/wp-content/uploads/2013/01/Atlas_CLF-Food-Swamp_final.pdf
http://mdfoodsystemmap.org/wp-content/uploads/2013/01/Atlas_CLF-Food-Swamp_final.pdf
http://asi.ucdavis.edu/programs/sarep/publications/food-and-society/ualitreview-2013.pdf
http://asi.ucdavis.edu/programs/sarep/publications/food-and-society/ualitreview-2013.pdf

391.

392.

393.

394,

395.

396.

397.

398.

399.

400.

401.

402.

Cohen, N., Reynolds, K. (2014). Urban Agriculture Policy Making in New York’s
“New Political Spaces”: Strategizing for a Participatory and Representative
System. Journal of Planning Education and Research, 34(2), 221-234.
https://doi.org/10.1177/0739456X14526453

Mansfield, B., Mendes, W. (2013). Municipal Food Strategies and Integrated
Approaches to Urban Agriculture: Exploring Three Cases from the Global North.
International Planning Studies, 18(1), 37-60.
https://doi.org/10.1080/13563475.2013.750942

Taylor, J. R., Lovell, S. T. (2014). Urban home food gardens in the Global North:
Research traditions and future directions. Agriculture and Human Values, 31(2),
285-305. https://doi.org/10.1007/s10460-013-9475-1

D’Abundo, M. L., Carden, A. M. (2008). “Growing Wellness”’: The Possibility of
Promoting Collective Wellness through Community Garden Education Programs.
Community Development, 39(4), 83-94.
https://doi.org/10.1080/15575330809489660

Teig, E., Amulya, J., Bardwell, L., Buchenau, M., Marshall, J. A., Litt, J. S.
(2009). Collective efficacy in Denver, Colorado: Strengthening neighborhoods
and health through community gardens. Health & Place, 15(4), 1115-1122.
https://doi.org/10.1016/j.healthplace.2009.06.003

Aelion, C. M., Davis, H. T., Lawson, A. B., Cai, B., McDermott, S. (2014).
Temporal and spatial variation in residential soil metal concentrations:
implications for exposure assessments. Environmental Pollution (Barking, Essex :
1987), 185, 365-368. https://doi.org/10.1016/j.envpol.2013.10.018

Bradley, L. J. N., Magee, B. H., Allen, S. L. (1994). Background levels of
polycyclic aromatic hydrocarbons (PAH) and selected metals in new England
urban soils. Journal of Soil Contamination, 3(4), 349-361.
https://doi.org/10.1080/15320389409383475

Norm, S., Weber, A., Kramar, U., Stliben, D. (2001). Mapping of trace metals in
urban soils. Journal of Soils and Sediments, 1(2), 77.
https://doi.org/10.1007/BF02987713

Rouillon, M., Harvey, P. J., Kristensen, L. J., George, S. G., Taylor, M. P. (2017).
VegeSafe: A community science program measuring soil-metal contamination,
evaluating risk and providing advice for safe gardening. Environmental Pollution,
222(Supplement C), 557-566. https://doi.org/10.1016/j.envpol.2016.11.024
Nabulo, G., Oryem-Origa, H., Diamond, M. (2006). Assessment of lead,
cadmium, and zinc contamination of roadside soils, surface films, and vegetables
in Kampala City, Uganda. Environmental Research, 101(1), 42-52.
https://doi.org/10.1016/j.envres.2005.12.016

Daines, R. H., Motto, H. L., Chilko, D. M. (1970). Atmospheric lead: its relation
to traffic volume and proximity to highways. Environmental Science &
Technology, 4(4), 318-322. https://doi.org/10.1021/es60039a004

Zheng, N., Wang, Q., Zhang, X., Zheng, D., Zhang, Z., Zhang, S. (2007).
Population health risk due to dietary intake of heavy metals in the industrial area
of Huludao city, China. Science of The Total Environment, 387(1), 96-104.
https://doi.org/10.1016/j.scitotenv.2007.07.044

159


https://doi.org/10.1016/j.envpol.2016.11.024

403.

404.

405.

406.

407.

408.

409.

410.

411.

412.

413.

Singh, A., Sharma, R. K., Agrawal, M., Marshall, F. M. (2010). Health risk
assessment of heavy metals via dietary intake of foodstuffs from the wastewater
irrigated site of a dry tropical area of India. Food and Chemical Toxicology,
48(2), 611-619. https://doi.org/10.1016/j.fct.2009.11.041

Roychowdhury, T., Tokunaga, H., Ando, M. (2003). Survey of arsenic and other
heavy metals in food composites and drinking water and estimation of dietary
intake by the villagers from an arsenic-affected area of West Bengal, India.
Science of The Total Environment, 308(1), 15-35. https://doi.org/10.1016/S0048-
9697(02)00612-5

Giri, S., Singh, A. K. (2017). Human health risk assessment due to dietary intake
of heavy metals through rice in the mining areas of Singhbhum Copper Belt,
India. Environmental Science and Pollution Research International, 24(17),
14945-14956. https://doi.org/10.1007/s11356-017-9039-9

Nabulo, G., Black, C. R., Craigon, J., Young, S. D. (2012). Does consumption of
leafy vegetables grown in peri-urban agriculture pose a risk to human health?
Environmental Pollution, 162(Supplement C), 389-398.
https://doi.org/10.1016/j.envpol.2011.11.040

Pouyat, R., Szlavecz, K., Yesilonis, I.D., Wong, C.P., Murawski, L., Marra, P.,
Casey, R.E., Lev. S. (2015). Multi-scale assessment of metal contamination in
residential soil and soil fauna: A case study in the Baltimore—Washington
metropolitan region, USA - ScienceDirect. Retrieved November 25, 2017, from
http://www.sciencedirect.com.proxy-
um.researchport.umd.edu/science/article/pii/S0169204615000973

City of Baltimore: Comprehensive Annual Financial Report: Year Ended June 30,
2017. (2017). Retrieved from
https://finance.baltimorecity.gov/sites/default/files/finance_baltimorecity gov/atta
chments/CAFR%20FINAL%20FY'17(01-09-18).pdf

Baltimore City Department of Housing, How to Buy a City Owned Property.
Retrieved from: http://www.baltimorehousing.org/vtov_how

Perlin, S. A., Setzer, R. W., Creason, J., Sexton, K. (1995). Distribution of
Industrial Air Emissions by Income and Race in The United States: An Approach
Using the Toxic Release Inventory. Environmental Science & Technology, 29(1),
69-80. https://doi.org/10.1021/es00001a008

Morello-Frosch, R., Pastor, M., Porras, C., Sadd, J. (2002). Environmental justice
and regional inequality in southern California: implications for future research.
Environmental Health Perspectives, 110(Suppl 2), 149-154.

Bullard RD, Mohai P, Saha R, Wright B: Toxic Wastes and Race at Twenty,
1987-2007: Grassroots Struggles to Dismantle Environmental Racism in the
United States. In A Report for the United Church of Christ Justice and Witness
Ministries. Cleveland, OH: United Church of Christ; 2007.

Heaney, C. D., Wilson, S. M., Wilson, O. R. (2007). The West End Revitalization
Association’s community-owned and -managed research model: development,
implementation, and action. Progress in Community Health Partnerships:
Research, Education, and Action, 1(4), 339-349.
https://doi.org/10.1353/cpr.2007.0037

160


https://doi.org/10.1016/j.envpol.2011.11.040
http://www.sciencedirect.com.proxy-um.researchport.umd.edu/science/article/pii/S0169204615000973
http://www.sciencedirect.com.proxy-um.researchport.umd.edu/science/article/pii/S0169204615000973
https://finance.baltimorecity.gov/sites/default/files/finance_baltimorecity_gov/attachments/CAFR%20FINAL%20FY'17(01-09-18).pdf
https://finance.baltimorecity.gov/sites/default/files/finance_baltimorecity_gov/attachments/CAFR%20FINAL%20FY'17(01-09-18).pdf
http://www.baltimorehousing.org/vtov_how

414.

415.

416.

417.

418.

419.

420.

421.

422.

423.

424.

425.

426.

427.

Wilson, S. M., Wilson, O. R., Heaney, C. D., Cooper, J. (2007). Use of EPA
collaborative problem-solving model to obtain environmental justice in North
Carolina. Progress in Community Health Partnerships: Research, Education, and
Action, 1(4), 327-337. https://doi.org/10.1353/cpr.2007.0036

Wilson, S. M., Howell, F., Wing, S., Sobsey, M. (2002). Environmental injustice
and the Mississippi hog industry. Environmental Health Perspectives, 110 Suppl
2, 195-201.

Noonan, D. S., Turaga, R. M. R., Baden, B. M. (2009). Superfund, hedonics, and
the scales of environmental justice. Environmental Management, 44(5), 909-920.
https://doi.org/10.1007/s00267-009-9372-y

Wilson, S. (2010). Environmental justice movement: A review of history,
research, and public health issues. J Public Manage Soc Policy, 16, 19-50.
https://doi.org/10.1201/9781439821381-c2

Wilson, S. M. (2009). An Ecologic Framework to Study and Address
Environmental Justice and Community Health Issues. Environmental Justice,
2(1), 15-24. https://doi.org/10.1089/env.2008.0515

Abara, W., Wilson, S. M., Burwell, K. (2012). Environmental Justice and
Infectious Disease: Gaps, Issues, and Research Needs. Environmental Justice,
5(1), 8-20. https://doi.org/10.1089/env.2010.0043

Payne-Sturges, D., Gee, G. C. (2006). National environmental health measures for
minority and low-income populations: Tracking social disparities in
environmental health. Environmental Research, 102(2), 154-171.
https://doi.org/10.1016/j.envres.2006.05.014

Downey, L. (2007). US Metropolitan-area Variation in Environmental Inequality
Outcomes. Urban Studies, 44(5-6), 953-977.
https://doi.org/10.1080/00420980701256013

Boone, C. G. (2002). An Assessment and Explanation of Environmental Inequity
in Baltimore. Urban Geography, 23(6), 581-595. https://doi.org/10.2747/0272-
3638.23.6.581

Boone, C. G. (2008). Improving resolution of census data in metropolitan areas
using a dasymetric approach: Applications for the Baltimore Ecosystem Study.
Cities and the Environment 1, 1: article 3. http://digitalcommons.Imu.edu/cate/
vol1/iss1/3.

Boone, C. G. (2008). Environmental Justice as Process and New Avenues for
Research. Environmental Justice, 1(3), 149-154.
https://doi.org/10.1089/env.2008.0530

Maantay, J. (2007). Asthma and air pollution in the Bronx: Methodological and
data considerations in using GIS for environmental justice and health research.
Health & Place, 13(1), 32-56. https://doi.org/10.1016/j.healthplace.2005.09.009
Hoophouses. (n.d.) Dave’s Garden. Retreived from:
https://davesgarden.com/quides/terms/qo/1756/#b

Warming, M., Hansen, M. G., Holm, P. E., Magid, J., Hansen, T. H., Trapp, S.
(2015). Does intake of trace elements through urban gardening in Copenhagen
pose a risk to human health? Environmental Pollution, 202, 17-23.
https://doi.org/10.1016/j.envpol.2015.03.011

161


https://davesgarden.com/guides/terms/go/1756/#b

428.

429.

430.

431.

432.

433.

434.

435.

436.

437.

438.

439.

Zahran, S., Laidlaw, M. A. S., McEImurry, S. P., Filippelli, G. M., Taylor, M.
(2013). Linking Source and Effect: Resuspended Soil Lead, Air Lead, and
Children’s Blood Lead Levels in Detroit, Michigan. Environmental Science &
Technology, 47(6), 2839-2845. https://doi.org/10.1021/es303854c

Zenk, S. N., Schulz, A. J., Israel, B. A., James, S. A., Bao, S., Wilson, M. L.
(2006). Fruit and vegetable access differs by community racial composition and
socioeconomic position in Detroit, Michigan. Ethnicity & Disease, 16(1), 275—
280.

Clarke, L. W., Jenerette, G. D., Bain, D. J. (2015). Urban legacies and soil
management affect the concentration and speciation of trace metals in Los
Angeles community garden soils. Environmental Pollution, 197, 1-12.
https://doi.org/10.1016/j.envpol.2014.11.015

Khillare, P. S., Jyethi, D. S., Sarkar, S. (2012). Health risk assessment of
polycyclic aromatic hydrocarbons and heavy metals via dietary intake of
vegetables grown in the vicinity of thermal power plants. Food and Chemical
Toxicology, 50(5), 1642-1652. https://doi.org/10.1016/j.fct.2012.01.032
Minkina, T. M., Motuzova, G. V., Mandzhieva, S. S., Nazarenko, O. G. (2012).
Ecological resistance of the soil-plant system to contamination by heavy metals.
Journal of Geochemical Exploration, 123, 33-40.
https://doi.org/10.1016/j.gexplo.2012.08.021

Radwan, M. A., Salama, A. K. (2006). Market basket survey for some heavy
metals in fruits and vegetables. Food and Chemical Toxicology, 44(8), 1273—
1278. https://doi.org/10.1016/j.fct.2006.02.004Egyptian

Defoe, P. P., Hettiarachchi, G. M., Benedict, C., Martin, S. (2014). Safety of
gardening on lead- and arsenic-contaminated urban brownfields. Journal of
Environmental Quality, 43(6), 2064—-2078.
https://doi.org/10.2134/jeq2014.03.0099

Verrill, L., Lando, A. M., O’Connell, K. M. (2012). Consumer vegetable and fruit
washing practices in the United States, 2006 and 2010. Food Protection Trends,
32, 164-172.

McBride, M. B., Shayler, H. A., Spliethoff, H. M., Mitchell, R. G., Marquez-
Bravo, L. G., Ferenz, G. S., ... Bachman, S. (2014). Concentrations of lead,
cadmium and barium in urban garden-grown vegetables: The impact of soil
variables. Environmental Pollution, 194, 254-261.
https://doi.org/10.1016/j.envpol.2014.07.036

Li, R., Wu, H., Ding, J., Fu, W., Gan, L., Li, Y. (2017). Mercury pollution in
vegetables, grains and soils from areas surrounding coal-fired power plants.
Scientific Reports, 7, 46545. https://doi.org/10.1038/srep46545

Feldmann, C., Hamm, U. (2015). Consumers’ perceptions and preferences for
local food: A review. Food Quality and Preference, 40, 152-164.
https://doi.org/10.1016/j.foodqual.2014.09.014

Holloway, L., Kneafsey, M., Venn, L., Cox, R., Dowler, E., Tuomainen, H. (n.d.).
Possible Food Economies: a Methodological Framework for Exploring Food
Production—Consumption Relationships. Sociologia Ruralis, 47(1), 1-19.
https://doi.org/10.1111/j.1467-9523.2007.00427.x

162



440.

441.

442.

443.

444,

445,

446.

447.

448.

449.

450.

451.

Zumwalt, B. (2001). Attracting consumers with locally grown products. Institute
of Agriculture and Natural Resources, University of Nebraska, Lincoln. Food
Processing Center. Retrieved from: http://www.foodmap.unl.edu.

Pelfréne, A., Douay, F., Richard, A., Roussel, H., Girondelot, B. (2013).
Assessment of potential health risk for inhabitants living near a former lead
smelter. Part 2: site-specific human health risk assessment of Cd and Pb
contamination in kitchen gardens. Environmental Monitoring and Assessment,
185(4), 2999-3012. https://doi.org/10.1007/s10661-012-2767-x

Cambra, K., Martinez, T., Urzelai, A., Alonso, E. (1999). Risk Analysis of a Farm
Area Near a Lead- and Cadmium-Contaminated Industrial Site. Journal of Soil
Contamination, 8(5), 527-540. https://doi.org/10.1080/10588339991339450
Beccaloni, E., Vanni, F., Beccaloni, M., Carere, M. (2013). Concentrations of
arsenic, cadmium, lead and zinc in homegrown vegetables and fruits: Estimated
intake by population in an industrialized area of Sardinia, Italy. Microchemical
Journal, 107, 190-195. https://doi.org/10.1016/j.microc.2012.06.012

Gu, Y.-G., Gao, Y.-P., Lin, Q. (2016). Contamination, bioaccessibility and human
health risk of heavy metals in exposed-lawn soils from 28 urban parks in southern
China’s largest city, Guangzhou. Applied Geochemistry, 67, 52-58.
https://doi.org/10.1016/j.apgeochem.2016.02.004

Abdu, N., Agbenin, J. O., Buerkert, A. (2011). Phytoavailability, human risk
assessment and transfer characteristics of cadmium and zinc contamination from
urban gardens in Kano, Nigeria. Journal of the Science of Food and Agriculture,
91(15), 2722-2730. https://doi.org/10.1002/jsfa.4583

Oomen, A. G., Hack, A., Minekus, M., Zeijdner, E., Cornelis, C., Schoeters, G.,
... Van Wijnen, J. H. (2002). Comparison of Five In Vitro Digestion Models To
Study the Bioaccessibility of Soil Contaminants. Environmental Science &
Technology, 36(15), 3326—-3334. https://doi.org/10.1021/es010204v

Hu, J., Wu, F., Wu, S., Cao, Z., Lin, X., Wong, M. H. (2013). Bioaccessibility,
dietary exposure and human risk assessment of heavy metals from market
vegetables in Hong Kong revealed with an in vitro gastrointestinal model.
Chemosphere, 91(4), 455-461.
https://doi.org/10.1016/j.chemosphere.2012.11.066

Kato, Y. (n.d.). Not Just the Price of Food: Challenges of an Urban Agriculture
Organization in Engaging Local Residents. Sociological Inquiry, 83(3), 369-391.
https://doi.org/10.1111/s0in.12008

Li-Cohen, A. E., Bruhn, C. M. (2002). Safety of consumer handling of fresh
produce from the time of purchase to the plate: a comprehensive consumer
survey. Journal of Food Protection, 65(8), 1287-1296.

Ferk, C. C. ., 2, Calder, B. L. ., 3, Camire, M. E. (2016). Assessing the Food
Safety Knowledge of University of Maine Students. Journal of Food Science
Education, 15(1), 14-22. https://doi.org/10.1111/1541-4329.12076

Fein, S. B., Lando, A. M., Levy, A. S., Teisl, M. F., Noblet, C. (2011). Trends in
U.S. consumers’ safe handling and consumption of food and their risk
perceptions, 1988 through 2010. Journal of Food Protection, 74(9), 1513-1523.
https://doi.org/10.4315/0362-028X.JFP-11-017

163


https://doi.org/10.1002/jsfa.4583

452.

453.

454,

455.

456.

457.

458.

4509.

460.

461.

462.

463.

464.

465.

466.

Lin, C.-T. J. (1995). Demographic and Socioeconomic Influences on the
Importance of Food Safety in Food Shopping. Agricultural and Resource
Economics Review, 24(2), 190-198. https://doi.org/10.1017/S1068280500008832
Kjearnes, U. (2006). Trust and Distrust: Cognitive Decisions or Social Relations?
Journal of Risk Research, 9(8), 911-932.
https://doi.org/10.1080/13669870601065577

Zorba, N. N. D., Kaptan, M. (2011). Consumer food safety perceptions and
practices in a Turkish community. Journal of Food Protection, 74(11), 1922—
1929. https://doi.org/10.4315/0362-028X.JFP-11-126

Tonsor, G. T., Schroeder, T. C., Pennings, J. M. E. (n.d.). Factors Impacting Food
Safety Risk Perceptions. Journal of Agricultural Economics, 60(3), 625-644.
https://doi.org/10.1111/j.1477-9552.2009.00209.x

Behrens, J. H., Barcellos, M. N., Frewer, L. J., Nunes, T. P., Franco, B. D. G. M.,
Destro, M. T., Landgraf, M. (2010). Consumer purchase habits and views on food
safety: A Brazilian study. Food Control, 21(7), 963-9609.
https://doi.org/10.1016/j.foodcont.2009.07.018

Verbeke, W., Frewer, L. J., Scholderer, J., De Brabander, H. F. (2007). Why
consumers behave as they do with respect to food safety and risk information.
Analytica Chimica Acta, 586(1), 2—7. https://doi.org/10.1016/j.aca.2006.07.065
Bandura, A. (1993). Perceived Self-Efficacy in Cognitive Development and
Functioning. Educational Psychologist, 28(2), 117-148.
https://doi.org/10.1207/s15326985ep2802_3

Bong, M., and E. M. Skaalvik. (2003). Academic self-concept and self-efficacy:
How different are they really? Edu. Psych. Rev. 15:1-40.

Richards, J. K., Beavers, A. S. (2014). What Implications Does a Baseline of Self-
efficacy of Food Safety in Adolescent Populations Have for Future Food Safety
Education Interventions? Food Protection Trends; Des Moines, 34(1), 20-24.
Unklesbay, N., Sneed, J., Toma, R. (1998). College students’ attitudes, practices,
and knowledge of food safety. Journal of Food Protection, 61(9), 1175-1180.
Morrone, M., Rathbun, A. (2003). Health education and food safety behavior in
the university setting. Journal of Environmental Health, 65(7), 9-15, 28.
Haapala, 1., Probart, C. (2004). Food safety knowledge, perceptions, and
behaviors among middle school students. Journal of Nutrition Education and
Behavior, 36(2), 71-76.

McArthur, L. H., Holbert, D., Forsythe, W. A. (2007). College Students and
Awareness of Food Safety. Journal of Family and Consumer Sciences, 99(1), 60—
67.

Endres, J., Welch, T., Perseli, T. (2001). Use of a computerized kiosk in an
assessment of food safety knowledge of high school students and science
teachers. Journal of Nutrition Education, 33(1), 37—-42.

Abbot, J. M., Byrd-Bredbenner, C., Schaffner, D., Bruhn, C. M., Blalock, L.
(2009). Comparison of food safety cognitions and self-reported food-handling
behaviors with observed food safety behaviors of young adults. European Journal
of Clinical Nutrition, 63(4), 572-579. https://doi.org/10.1038/sj.ejcn.1602961

164



467.

468.

469.

470.

471.

472.

473.

474.

475.

476.

477.

Leon, A. C., Davis, L. L., Kraemer, H. C. (2011). The Role and Interpretation of
Pilot Studies in Clinical Research. Journal of Psychiatric Research, 45(5), 626—
629. https://doi.org/10.1016/j.jpsychires.2010.10.008

Catalogue of Bias Collaboration, Spencer EA, Brassey JR. Perception bias. In:
Catalogue Of Bias 2017. https://www.catalogofbias.org/biases/perception-bias
Porta, M., (2008). A Dictionary of Epidemiology. Oxford University Press.

p. 275. ISBN 978-0-19-157844-1. Retrieved 27 March 2013

Neumann, C. (1998). Improving the U.S. EPA toxic release inventory database
for environmental health research. Journal of Toxicology and Environmental
Health, Part B, 1(3), 259-270. https://doi.org/10.1080/10937409809524555
Morello-Frosch, R., Pastor, M., Sadd, J. (2001). Environmental Justice and
Southern California’s “Riskscape”: The Distribution of Air Toxics Exposures and
Health Risks among Diverse Communities. Urban Affairs Review, 36(4), 551
578. https://doi.org/10.1177/10780870122184993

Board of Municipal and Zoning Appeals [City of Baltimore], 1950, Review of the
Zoning Situation in Baltimore; Report and Recommendations by the Board of
Municipal and Zoning Appeals to the Honorable Thomas D’ Alessandro, Jr.,
Mayor . Maryland Room, Enoch Pratt Free Library, Baltimore, MD.

Saumel, 1., Kotsyuk, I., Holscher, M., Lenkereit, C., Weber, F., Kowarik, I.
(2012). How healthy is urban horticulture in high traffic areas? Trace metal
concentrations in vegetable crops from plantings within inner city
neighbourhoods in Berlin, Germany. Environmental Pollution (Barking, Essex:
1987), 165, 124-132. https://doi.org/10.1016/j.envpol.2012.02.019

Abdu, N., Agbenin, J. O., Buerkert, A. (2011). Phytoavailability, human risk
assessment and transfer characteristics of cadmium and zinc contamination from
urban gardens in Kano, Nigeria. Journal of the Science of Food and Agriculture,
91(15), 2722-2730. https://doi.org/10.1002/jsfa.4583

Rosati, S., Saba, A. (n.d.). The perception of risks associated with food-related
hazards and the perceived reliability of sources of information. International
Journal of Food Science & Technology, 39(5), 491-500.
https://doi.org/10.1111/j.1365-2621.2004.00808

U.S. EPA. (2007). Guidance for Evaluating the Oral Bioavailability of Metals in
Soils for Use in Human Health Risk Assessment. Retrieved from:
https://nepis.epa.gov/Exe/ZyNET.exe/93001C31. TXT?ZyActionD=ZyDocument
&Client=EPA&Index=2006+Thru+2010&Docs=&Query=&Time=&EndTime=&
SearchMethod=1&TocRestrict=n&Toc=&TocEntry=&QField=&QFieldYear=&
QFieldMonth=&QFieldDay=&IntQFieldOp=0&ExtQFieldOp=0&XmIQuery=&F
ile=D%3A%5Czyfiles%5CIndex%20Data%5C06thrul0%5CTxt%5C00000033%
5C93001C3I.txt&User=ANONYMOUS&Password=anonymous&SortMethod=h
%7C-
&MaximumDocuments=1&FuzzyDegree=0&ImageQuality=r75g8/r7598/x150y1
50916/i425&Display=hpfr&DefSeekPage=x&SearchBack=ZyActionL&Back=Zy
ActionS&BackDesc=Results%20page&MaximumPages=1&ZyEntry=1&SeekPa
ge=x&ZyPURL#

USFDA (United States Food and Drug Administration). Danger of Lead Still
Linger. FDA Consumer Magazine. January—February, 1998.

165


https://www.catalogofbias.org/biases/perception-bias
https://books.google.com/books?id=s7R-MLMyEgwC&pg=PT275
https://en.wikipedia.org/wiki/International_Standard_Book_Number
https://en.wikipedia.org/wiki/Special:BookSources/978-0-19-157844-1
https://doi.org/10.1002/jsfa.4583
https://doi.org/10.1111/j.1365-2621.2004.00808

478.

479.

480.

481.

482.

483.

484.

485.

486.

487.

488.

489.

490.

NRC (National Research Council): Committee on Measuring Lead in Critical
Populations, Board on Environmental Studies and Toxicology, Commission on
Life Sciences. Measuring lead exposure in infants, children and other sensitive
populations. Washington, DC: National Academy Press, 1993.

Ziegler, E. E., Edwards, B. B., Jensen, R. L., Mahaffey, K. R., Fomon, S. J.
(1978). Absorption and Retention of Lead by Infants. Pediatric Research, 12(1),
29-34. https://doi.org/10.1203/00006450-197801000-00008

Gomaa, A., Hu, H., Bellinger, D., Schwartz, J., Tsaih, S.-W., Gonzalez-Cossio,
T., ... Hernandez-Avila, M. (2002). Maternal bone lead as an independent risk
factor for fetal neurotoxicity: a prospective study. Pediatrics, 110(1 Pt 1), 110-
118.

US EPA, ORD. (2015). Regional Screening Levels (RSLs) - User’s Guide
(November 2017) [Data and Tools]. Retrieved April 19, 2018, from
https://www.epa.gov/risk/regional-screening-levels-rsls-users-guide-november-
2017

Lewellen, D. Urban Gardens Grow Healthy Communities. (2016). Journal of the
Catholic Association of the United States. Retrieved from:
https://www.chausa.org/docs/default-source/health-progress/urban-gardens-grow-
healthy-communities.pdf?sfvrsn=0

B’more Farm and Food Map. John’s Hopkins Center for a Livable Future.
Retrieved from: http://mdfoodsystemmap.org/farm-food-storymap/

Huang, Y.-L., Batterman, S. (2000). Residence location as a measure of
environmental exposure: a review of air pollution epidemiology studies. Journal
of Exposure Science and Environmental Epidemiology, 10(1), 66-85.
https://doi.org/10.1038/sj.jea. 7500074

Dolinoy, D. C., Miranda, M. L. (2004). GIS Modeling of Air Toxics Releases
from TRI-Reporting and Non-TRI-Reporting Facilities: Impacts for
Environmental Justice. Environmental Health Perspectives, 112(17), 1717-1724.
http://doi.org/10.1289/ehp.7066

Environmental Health Perspectives — The Emergence of Environmental Health
Literacy—From Its Roots to Its Future Potential. (2017). Retrieved December 1,
2017, from https://ehp-niehs-nih-gov.proxy-um.researchport.umd.edu/14-09337/
Berman, L., Orr, D., Forrester, T. (2009). Commentary: Improving Community
Health: Brownfields and Health Monitoring. Environmental Practice, 11(3), 190—
195. https://doi.org/10.1017/S146604660999024 X

Kyle, A. D., Balmes, J. R., Buffler, P. A., Lee, P. R. (2006). Integrating Research,
Surveillance, and Practice in Environmental Public Health Tracking.
Environmental Health Perspectives, 114(7), 980-984.
https://doi.org/10.1289/ehp.8735

Sexton, K. (2012). Cumulative Risk Assessment: An Overview of Methodological
Approaches for Evaluating Combined Health Effects from Exposure to Multiple
Environmental Stressors. International Journal of Environmental Research and
Public Health, 9(2), 370-390. https://doi.org/10.3390/ijerph9020370

What is Food Justice. (n.d). Just Food. Retrieved from:
http://justfood.org/advocacy/what-is-food-justice

166


https://www.chausa.org/docs/default-source/health-progress/urban-gardens-grow-healthy-communities.pdf?sfvrsn=0
https://www.chausa.org/docs/default-source/health-progress/urban-gardens-grow-healthy-communities.pdf?sfvrsn=0
http://mdfoodsystemmap.org/farm-food-storymap/
http://doi.org/10.1289/ehp.7066
https://ehp-niehs-nih-gov.proxy-um.researchport.umd.edu/14-09337/
https://doi.org/10.3390/ijerph9020370
http://justfood.org/advocacy/what-is-food-justice

491.

492.

493.

494,

495.

496.

Bateson, T. F., Schwartz, J. (2008). Children’s response to air pollutants. Journal
of Toxicology and Environmental Health. Part A, 71(3), 238-243.
https://doi.org/10.1080/15287390701598234

ATSDR. (n.d.). Arsenic Toxicity Case Study: What are the Routes of Exposure
for Arsenic? | ATSDR - Environmental Medicine & Environmental Health
Education - CSEM. Retrieved May 9, 2018, from
https://www.atsdr.cdc.gov/csem/csem.asp?csem=1&po=6

Urban Pastoral Collective. (n.d.). Retrieved from:
http://www.urbanpastoral.co/#approach

de Jong, M. G., Pieters, R., Fox, J.-P. (2010). Reducing Social Desirability Bias
Through Item Randomized Response: An Application to Measure Underreported
Desires. Journal of Marketing Research, 47(1), 14-27.
https://doi.org/10.1509/jmkr.47.1.14

Nabulo, G., Young, S. D., Black, C. R. (2010). Assessing risk to human health
from tropical leafy vegetables grown on contaminated urban soils. Science of The
Total Environment, 408(22), 5338-5351.
https://doi.org/10.1016/j.scitotenv.2010.06.034

Kuruppuarachchi, L., Kumar., Ashok., Franchetti, M. (2017). A comparison of
Major Environmental Justice Screening and Mapping Tools. Environmental
Management and Sustainable Development, [S.1.], v. 6, n. 1, p.59 — 71. Retrieved
from: http://www.macrothink.org/journal/index.php/emsd/article/view/10914

167


https://doi.org/10.1080/15287390701598234
http://www.urbanpastoral.co/#approach
https://doi.org/10.1509/jmkr.47.1.14
https://doi.org/10.1016/j.scitotenv.2010.06.034
http://www.macrothink.org/journal/index.php/emsd/article/view/10914

