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Introduction 
 

The United States Environmental Protection Agency’s Unregulated Contaminant 

Monitoring Rule (UCMR) is used to collect data on the presence of emerging contaminants in 

drinking water. For many of these chemicals, preliminary studies suggest that they are associated 

with adverse health effects, but they are not yet regulated under the Safe Drinking Water Act. 

UCMR data collected from water treatment plants across North Carolina can be used to estimate 

population exposure to these chemicals and eventually create health-based standards for 

regulation.  

There have been multiple cases, throughout North Carolina and the United States, in 

which certain disadvantaged communities have been subjected to a larger proportion of chemical 

contamination than others. These communities are called environmental justice communities and 

have a larger percent minority population, low income population, less educated population, or 

some combination of these and other indicator variables. 

Our research objective was to investigate a possible correlation between environmental 

justice indicators and the level of chemical contamination at 35 water treatment plants and wells 

throughout North Carolina’s Cape Fear and Neuse River Basins. That is, we wanted to see 

whether chemical contamination in an area could be predicted by certain environmental justice 

indicators. We aggregated data from the UCMR data set for 35 sites for the following 7 

chemicals: PFOS, PFOA, PFHpA, 1-4 dioxane, chromium, chromium-6, and vanadium. We then 

used EPA’s EJSCREEN tool to collect data on environmental justice (EJ) indicators for the 

populations living within a 0.5 mile radius of each of the 35 sites. Finally, we ran linear 

regression analysis for individual EJ indicators and chemical contaminants to test for possible 

associations. 

 

Literature Review 

 

Environmental Justice and Policy in the United States 

 

Environmental Justice is defined by the EPA (2018) 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.”  

However, when references are made to environmental justice, they are generally meant to 

consider areas of policy or regulation that lack environmental justice. Inequalities in resource 

allocation, or lack of environmental protection against health hazards that disproportionately 

affect areas with high percentages of racial/ethnic minorities or socioeconomically vulnerable 

populations create injustices that can be categorized as “environmental justice issues.” 

The issue of Environmental Justice faced by the United States today stems from the deep-

rooted history of racial inequality, and a residual disparity of resources leftover from the era of 

segregation. Despite civil rights efforts since the 1970s to reverse impacts of racially biased laws 

and traditions, there is still evidence of institutionalized discrimination in the 21st century that 

cannot be ignored. 

Robert Bullard (1990) suggests that much of the environmental justice issues of today 

can be traced back to “residual impact of de facto industrial policy (i.e. any job is better than no 

job).” In the early 1970’s the South became a hotbed of economic and industrial growth, but this 
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growth was targeted at white, suburban areas that were largely inaccessible for rural 

communities of color. As such, unemployment became a huge issue in minority communities, 

and according to Bullard, “In their desperate attempt to improve the economic conditions of their 

constituents, many civil rights advocates, business leaders, and political officials directed their 

energies toward bringing jobs to their communities by relaxing enforcement of pollution 

standards and environmental regulations.” In other words, there was such a lack of opportunity 

that “environmental risks were offered as unavoidable trade-offs for jobs and a broadened tax 

base in economically depressed communities” (27). 

 Even in the persistence of this climate, environmental issues were not truly seen as issues 

of inequality until explicitly put in the context of civil rights, as was the case in Warren County, 

NC. The first national black protest against hazardous waste became a milestone for recognition 

of environmental racism when Warren County, a community that was 87% African American, 

was chosen as the dumping site for soil contaminated with over 30,000 gallons of PCB-based oil. 

(30) Since then, numerous studies have investigated and confirmed the existence of disparities in 

resource allocation based on race, class, and socioeconomic status. 

            

One such study by Balazs & Ray (2014) established that “race/ethnicity and 

socioeconomic class were correlated with exposure to nitrate and arsenic contamination and 

noncompliance with federal standards in community water systems” (603) in San Joaquin 

Valley, CA. Their study sought to create a Drinking Water Disparities Framework that 

categorizes environmental justice and drinking water as a  “composite burden composed of 

exposure to contaminants and inability of socially vulnerable communities to mitigate 

contamination.” Not only are minority communities more exposed to contaminants base, they 

lack “TMF” (technical, managerial, and financial) capacity at the community level to deal with 

such contamination events. 

Unfortunately, “TMF” capacity is often a criterion for funding eligibility to programs like 

the American Recovery and Reinvestment Act of 2009, which provides grants to improve 

drinking water infrastructure. Thus, a cycle is perpetuated where resource-poor communities are 

ineligible for additional resources because of their lack of resources. 

The most serious contemporary example of an environmental justice issue in the context 

of drinking water in the United States is that of Flint, Michigan. In 2014, the mayor of Flint 

switched to a more corrosive water source without proper knowledge or risk assessment of such 

a decision. The resulting corrosion of lead pipes led to the deterioration of water delivering 

infrastructure as well as lead poisoning of almost every resident in this primarily minority and 

low-income community. (Katner, et al, 2016) Due to a lack of enforcement of the Lead and 

Copper Rule by the EPA, coupled with lag time in informing the public, and federal refusal to 

meet the costs to update water infrastructure, this entirely preventable incident has now persisted 

for almost four years. 

As we can see from Flint, resource poor communities are often at the hands of the 

transparency of federal institutions when it comes to things like environmental regulation and 

necessary upgrades in infrastructure. Unfortunately, in the U.S., federal entities like the EPA are 

often not required to disseminate information unless there is significant evidence that an 

environmental metric may cause sufficient harm. 

Unlike the European Union, which follows a precautionary principle by which new 

contaminants and chemicals are guilty until proven innocent, American policy favors the 

innocent until proven guilty rhetoric. As such, ten years of anecdotal research showing the health 
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impacts of a substance may be required before such substance is even considered for 

environmental regulation (Trasande, 2016). 

Since the Toxic Substances Control act has grandfathered in nearly 60,000 chemicals, 

there is a huge lack of knowledge around many chemicals that are already ubiquitously on the 

market. Additionally, policy mechanisms that would classify new chemicals as potentially 

hazardous, such as the Unregulated Contaminant Monitoring Rule (UCMR) under the Safe 

Drinking Water Act, only require 30 new chemicals to be evaluated every five years. With nearly 

600 new substances coming on the market each year, the UCMR requirements barely scratch the 

rapidly rising surface of emerging contaminants (Trasande, 2016). 

 

Emerging Contaminants: Chromium and Perfluorinated Compounds (PFCs) 

 

Emerging contaminants may take many forms, including heavy metals or perfluorinated 

compounds. Different contaminants thus pose different human health risks due to their unique 

chemical properties. In order to account for various forms of contamination, the researchers in 

this study examined the heavy metals chromium, chromium-6, and vanadium, as well as 1,4-

dioxane, PFOS, PFOA, and PFHpA. The literature review focuses on chromium and chromium-6 

due to its ubiquitous nature and rich history with environmental injustice. The literature review 

also places special emphasis on PFOS, PFOA, and PFHpA, collectively known as PFCs, due to 

their emergent status. 

 

Chromium: Carcinogenicity and Autism 

 

Chromium (Cr) is a widely used and well known heavy metal. In the chemical industry it 

is used for a variety of processes, including dye production, chrome plating, and alloy 

manufacturing (Zhitkovich, 2011). Trivalent chromium and hexavalent chromium––known as 

Cr(III) and Cr(VI), respectively––are commonly found in in the environment as a byproduct of 

these processes (Zhitkovich, 2011). Specifically, these elements enter the environment through 

incineration, discharges of Cr(VI) by cooling towers, and the improper disposal of incompletely 

processed chromite ore (Zhitkovich, 2011). 

Once chromium enters the environment, studies have shown that exposure to chromium 

may severely damage human health and lead to cancer. For example, Linos et al. (2011) 

conducted an epidemiological study of an industrial town in Greece known to be contaminated 

with chromium. This study found statistically significant standardized mortality ratios (SMRs) of 

primary liver cancer in males and females, as well as statistically significant increases in SMRs 

for lung cancer, kidney cancer and other genitourinary organ cancers in women (Linos et al., 

2011). These results suggest that increased hexavalent chromium exposure via drinking water is 

connected with various forms of cancer and cancer mortality. 

Other studies have found potential links between chromium exposure and autism. In their 

study of children with autism and heavy metals, Yorbik et al. (2010) noted that urine levels of 

chromium were significantly decreased in children with autism, indicating higher chromium 

excretion levels (Yorbik et al., 2010). These researchers postulate that overexposure to 

chromium and other contaminants at an early age can induce renal hyperfiltration, in which the 

kidneys overcompensate for toxic exposure by over-excreting metabolic cofactors. The 

researchers believe this mechanism could lead to the chromium deficiency noted in individuals 

with autism (Yorbik et al., 2010). Other studies have supported this hypothesis, saying that 
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“heavy metals polluting the environment can cause subtle effects on children’s renal and 

dopaminergic systems without clear evidence of a threshold” (Burbure, 2005). In this way, it is 

possible that chromium affects the neurological development of children via renal hyperfiltration 

even at low ambient levels in the environment. 
 

Perfluorinated Compounds: Toxicity, Growing Concern, and NC 

 

Perfluorinated compounds are a class of chemicals commonly used in the manufacturing 

of fluoropolymers (Caverly Rae et al., 2015). GenX, PFOA, and other PFCs are considered 

emerging contaminants because of their sudden ubiquity in the environment; in a relatively short 

period of time, synthetic compounds like PFOA have entered the bloodstream of nearly everyone 

in the US, with the national median serum PFOA concentration reaching 4 ng/mL (Barry, 

Winquist, & Steenland, 2013). For those who work at plants where PFOA is produced, the 

median serum PFOA concentration is as high as 28 ng/mL (Barry, Winquist, & Steenland, 2013). 

Studies have shown that increased estimated PFOA serum levels correlate with increases 

in rates of testicular, kidney, and thyroid cancer (Barry, Winquist, & Steenland, 2013). In a study 

of industrial workers exposed to PFOA, Steenland & Woskie (2012) conducted an exposure-

response analysis by dividing exposed workers into quartiles and analyzing whether mortality 

ratios increased or decreased with increasing exposure. The authors found that cause-specific 

mortality rates were elevated for diabetes and chronic renal disease (Steenland & Woskie, 2012). 

Additionally, they found a positive trend in exposure-response for kidney cancer and 

nonmalignant kidney disease (Steenland & Woskie, 2012). There are some limitations to this 

study, however; it is based on a small number of participants, only 1,084 deaths, and there is 

little data on women (Steenland & Woskie, 2012). 

Clinical laboratory studies have been inconclusive about the toxicity of GenX, though 

conflict of interest may have influenced results. In Caverly Rae et al.’s 2015 study, they observed 

the long-term health effects of GenX in laboratory animals at different doses. The authors did not 

report major differences in the number of cancerous masses in control and dosed animals 

(Caverly Rae et al., 2015). Although some adverse effects were observed––including changes in 

the kidney, tongue, and stomach at the 500 mg/kg dose––overall, the authors convey them as 

minor (Caverly Rae et al., 2015). The authors also call into question whether the mechanism of 

toxicity is relevant to humans. Through assays, they determined that GenX was a non-genotoxic 

compound which acts through a signaling pathway involving peroxisome proliferators, stating 

that compounds that act through this pathway often cause effects in rodents that are not seen in 

humans (Caverly Rae et al., 2015). While it is good practice to take care in extrapolating animal 

data and its relevance to humans, it is important to note that the researchers have a conflict of 

interest because they work for the company that manufactures this compound (Caverly Rae et al., 

2015). 

 

There has been swelling concern in the scientific community over GenX, PFOA, PFAS, 

and other PFCs in recent years. Each presents its own set of challenges. PFOA, for example, is 

concerning due to its ubiquity and persistence in the environment; it is an environmentally stable 

compound with a half-life in humans as long as 2.5-3.5 years (Barry, Winquist, & Steenland, 

2013). It is found in the blood of nearly all Americans, with the national average being 4 ng/mL 

(Barry, Winquist, & Steenland, 2013). As for PFASs, the large number of these related 

compounds and lack of health information has incited much concern among scientists. There are 

over 3,000 PFAS compounds on the market, yet few of them have been through rigorous clinical 
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laboratory studies in order to elucidate health effects (Wang et al., 2017). The little research that 

has been done, however, is highly concerning; emergent studies on PFASs indicate 

developmental immunotoxicity when pregnant mothers are exposed (Wang et al., 2017). While 

there is evidence of their hepatotoxicity, we still do not completely understand the mechanisms 

of action (Wang et al., 2017). 

In response to this crisis of PFCs, over 200 scientists from 38 countries convened and 

summarized their thoughts and concerns in a document called the Madrid Statement, which was 

published in the journal Environmental Health Perspectives in 2015 (Wang et al., 2017). The 

authors of this review present a list of recommendations. First and foremost, they suggest that we 

establish an inventory of PFASs in use and in the environment (Wang et al., 2017). They also 

advocate for a complete synthesis of knowledge from toxicological, industrial, and 

pharmacological studies in order to model the fate and transport of these chemicals and better 

understand their toxicity (Wang et al., 2017). Finally, they recommend that we develop control 

measures, viable remediation techniques, and safer alternatives (Wang et al., 2017). 

 

The health effects of PFCs are broadly relevant to NC and specifically relevant to the 

Cape Fear River Basin. In their 2007 study of PFCs in the Cape Fear River Basin, Nakayama et 

al. obtained 100 water samples taken at 80 different sites. Of those sites, 17 of them (22%) had 

PFOS concentrations above a conservative estimate of levels deemed protective of avian wildlife 

(43 ng/L) (Nakayama et al., 2007). In addition to PFOS, the study found even more widespread 

contamination by PFOA. The PFOA drinking water guideline is 40 ng/L and 26 of the sites 

(32%) had PFOA levels exceeding this level (Nakayama et al., 2007). Although the sampling in 

this study is of surface water and not of drinking water, these findings indicate the possibility of 

harmful exposure if these compounds are not removed by drinking water treatment (Nakayama 

et al., 2007). 

Even if surface water contamination is relatively low, bioaccumulation of these 

compounds may present significant public health hazards. A study by Mallin et al. (2011) 

provides relevant insight into this phenomenon. In their assessment of arsenic, selenium, 

mercury, cadmium, PCBs, and the pesticide Dieldrin, they consistently found that river sediment 

concentrations were safely below accepted standards for aquatic and benthic wildlife. Despite 

ostensibly safe contaminant levels in the river, researchers found that contaminants accumulated 

in upper trophic levels. Specifically, they found that contaminant concentrations in bowfin fish 

exceeded the levels considered safe for human consumption according to the EPA (Mallin et al., 

2011). Thus, humans can be exposed to harmful levels of water-based contaminants even if 

measured levels of contaminants in the water appear safe. This approach highlights that solely 

examining water quality may not be adequate to determine public health impacts of river 

pollution (Mallin et al., 2011). 

 

 

Methods 

 

Data Collection 

 

The two different groups within our research team focussed on different methods of data 

collection to provide both spatial, and statistical analysis. For eventual spatial analysis, we used 

the Social Explorer Database to collect socio-economic data at the census block group level for 
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North Carolina, notably those regarding median household income, race, educational attainment 

for persons over 25 years, and household English speaking ability of persons over 14 years. 

Additionally, we gathered shapefiles of North Carolina’s river basins, census block groups, and 

counties from the NC Department of Environmental Quality and US Census Bureau Databases. 

For the water treatment facilities, we created a dataset with only the facility name, an unique 

numerical identifier from 0 to 35, and geographical coordinates.  

In order to analyze the statistical patterns between contamination and demographic 

makeup for a given region, we used publicly available datasets collected under the EPA’s 

Unregulated Contaminant Monitoring Rule, as well as the EPA’s Environmental Justice 

Mapping Tool. Within the UCMR 3 data set, each line of data included the water treatment plant 

sampled the contaminant tested, and the minimum reporting level for that contaminant. The 

concentration of each contaminant at each sample point was recorded only if it was detected at a 

level over the minimum reporting level.  

Beginning with the raw data from UCMR 3, which was collected between 2013 and 

2015, the initial process of statistical analysis involved sorting the raw data to isolate data from 

plants within our designated research basins. An EPA official suggested water treatment plants 

of particular note and worthy of analysis. In addition to those plants, we looked at public utility 

systems that exist within our region and acquired lists of water treatment plants that lie in the 

Cape Fear and Neuse river basins. Once we identified plants within the parameters of our 

research, we began sorting raw data from UCMR 3 into a comprehensive list of only those 

treatment plants. 

Our “Master Dataset” contained data from only treatment plants relevant to our research. 

This included all of our data on the locations and levels of contaminants. The next step in our 

data collection involved gathering demographic data around the sample points from where our 

contaminant data were collected. The presence of these contaminants at the water treatment 

plants or the few wells we analyzed, indicated that the surrounding communities bore the burden 

of that contamination both through the environment as well as through their drinking water. To 

test the presence of patterns of contamination against indicators for environmental justice, we 

used the EPA’s environmental justice screen tool. 

The EPA EJscreen allows the collection of data for a given region on typical 

environmental justice indicators like the population percent minority population, percent low 

income population, percent linguistically isolated, percent of the population with less than high 

school education, among many others. For the sake of our study, we focused on those four. 

Using the contaminant sample points as the center of our sample areas, we gathered data on 

those four EJ demographics for regions with a radius of 0.5 miles around the sample points. To 

first find the location of the treatment facilities, we used NPDES permit data and other publicly 

available WTP data to acquire the latitude and longitude of each plant or well. Once 

environmental justice data was collected around the sample points, the values of each EJ variable 

were placed in a data table organized by WTP. With our all of our environmental justice and 

contamination data acquired, we could then analyze the data for statistical regressions. 

 

 

Spatial Data Analysis  

 

To facilitate our spatial analysis of the socio-economic indicators, we utilized ArcGIS 

10.5. We joined the socio-economic dataset to the census block group shapefile based on their 
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unique geographical identifiers and subsequently, narrowed down this shapefile along with the 

counties shapefile to only display the 14 counties that pull directly from the Cape Fear and Neuse 

River Basins and their associated census block groups. For each of the indicators, we determined 

the symbology according to the state averages, which is 36 percent for the proportion of the 

population that is minority, 15 percent for the proportion of the population that is educated at or 

below the high school level, and 3 percent for the proportion of the population that is 

linguistically isolated. For median household income, we multiplied the state median household 

income of $50,584 by 65 percent and rounded down to $32,000 based on the technical guidance 

of an earlier environmental justice study performed in Massachusetts by the Massachusetts 

Office of Energy and Environmental Affairs (2017).  

 

 

Statistical Data Analysis 

 

To analyze the statistical patterns between environmental justice demographic data and 

the contamination levels we plotted the EJscreen data as our independent variable on the x axes 

and the contaminant levels as our dependent variable on the y axes. We created four plots for 

each contaminant, plotting contamination levels against each environmental justice variable for 

each contaminant. With the plots created, we now had scatter distributions relating all 

contaminant levels to all of our environmental justice variables individually. From there we 

performed simple linear regression models in Excel to assess the linear relationships between the 

two variables for each plot. We collected the r2 values for each relationship into a data table for 

comparison over which environmental justice variables accounted for the greatest amount of 

variation in the contamination concentration values. 

 

 

 

Results 
 

Geospatial Data 

Geospatial analysis was an important aspect of our research because it allowed us to 

visualize and determine where environmental justice areas were in relation to the sites of the 

water treatment plants and wells we studied. The data we collected on race, education, income, 

and linguistic isolation was used to create four maps in the 14 counties with the water treatment 

plants (WTPs) and wells, pulling directly from the Cape Fear and Neuse River Basins. We 

numbered the sites 1-35, in a pattern going from the northwest corner of the state toward the 

southeast. 

 

Table 1. Summary of WTP and Well Sites 

Site Number Site Name Site Description EJ Area for the 

following factors 

Total number of EJ 

factors 

1 Townsend Filter  WTP for water drawn 

from Lake Townsend, 

used for Greensboro 

and other cities in 

Guilford County 

Minority, Education 2 

2 Mitchell Filter  WTP for water drawn Education, Linguistic 2 
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from Lake Brandt, used 

for Greensboro and 

other cities in Guilford 

County 

3 Ed Thomas  WTP for Burlington, 

Alamance County 

Minority, Education, 

Linguistic 

3 

4 JD Mackintosh  WTP on Lake 

Mackintosh, Alamance 

County 

Education, Linguistic 2 

5 Graham-Mebane Water 

Plant 

 WTP on Graham-

Mebane Lake in 

Mebane, Alamance 

County 

Education 1 

6 Williams Clearwell  WTP in the city of 

Durham, Durham 

County. Clear wells are 

covered tanks that store 

water in WTPs. 

None 0 

7 Brown Clearwell  WTP north of Durham, 

Durham County. Clear 

wells are covered tanks 

that store water in 

WTPs. 

Education 1 

8 Chatham County WTP  WTP for Chatham 

County, on Jordan Lake 

Education 1 

9 Cary/Apex WTP  WTP for the cities of 

Cary and Apex, Wake 

County 

Education, Linguistic 2 

10 E. M. Johnson  WTP that collects from 

Falls Lake for the city 

of Raleigh and 

surrounding cities, 

Wake County 

None 0 

11 City of Sanford  WTP for the city of 

Sanford, Lee County 

Education 1 

12 Dempsey E. Benton 

Water Plant 

 WTP that collects from 

the Swift Creek 

watershed for the city 

of Raleigh and 

surrounding cities, 

Wake County 

Education 1 

13 Idlewild Road Well  A well for a 

neighborhood in 

Pinehurst, Moore 

County 

Education 1 

14 Cannon Park Well 22  A well in Cannon Park, 

Pinehurst, Moore 

County 

None 0 

15 Town of Southern Pines  WTP for the town of 

Southern Pines, Moore 

County 

Education, Linguistic 2 

16 Moore County 

Pinehurst #9 

 Well near Aberdeen 

Creek in Moore 

County. 

Minority, Education, 

Income, Linguistic 

4 
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17 Clearwell-Harnett 

County of Public 

Utilities 

 WTP on the Cape Fear 

Vier in Lillington, 

Harnett County. Clear 

wells are covered tanks 

that store water in 

WTPs. 

Minority, Education, 

Income 

3 

18 A. B. Uzzel WTP for 

City of Dunn 

 WTP on the Cape Fear 

River for the City of 

Dunn, Harnett County 

Education 1 

19 Town of Smithfield  WTP on the Neuse 

River for the town of 

Smithfield, Johnston 

County 

Minority, Education 2 

20 Johnston County WTP  WTP that treats 

wastewater for the town 

of Smithfield, Johnston 

County 

Education, Income 2 

21 Glenville WTP  WTP on Glenville 

Lake in Fayetteville, 

Cumberland County 

Education, Linguistic 2 

22 Hoffner WTP  WTP on the Cape Fear 

River near Fayetteville, 

Cumberland County 

Minority, Education 2 

23 Murray Site (Wayne 

Water Districts) 

 Well in Wayne County, 

southwest of Goldsboro 

Income, Linguistic 2 

24 Fork Township Sanitary 

District WTP 

 WTP in Wayne County 

west of Goldsboro 

Education 1 

25 Goldsboro WTP  WTP in Wayne 

County, south of 

Goldsboro 

Education, Income, 

Linguistic 

3 

26 Wiggins Site (Water 

Wayne Districts) 

 Well in Wayne County, 

southeast of Goldsboro 

Education 1 

27 CPL Substation Well #1  Well in Lenoir County 

 

Education, Income 2 

28 Garris Well #2  Well in Lenoir County Education, Income 2 

29 Nation Well #4  Well in Wayne County Education, Income 2 

30 Russel Well #3  Well in Lenoir County Education, Income 2 

31 Kinsey Well #5  Well in Wayne County Education, Income 2 

32 Neuse Regional Water 

and Sewer Authority 

 WTP in Lenoir County, 

southeast of Goldsboro 

Minority, Education 2 

33 Northwest WTP  WTP in Brunswick 

County, northwest of 

Wilmington 

Education 1 

34 Sweeney WTP  WTP on the Cape Fear 

River in Wilmington, 

New Hanover County 

Minority, Education, 

Income 

3 

35 Highway 211 WTP  WTP south of 

Wilmington on 

Highway 211, 

Brunswick County 

Education 1 
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The maps we created using GIS were useful for our analysis, but the images of the maps 

may be too small for one to discern whether certain WTPs fall in environmental justice areas or 

not. Our first map highlights environmental justice areas based on the percentage of minority 

population, and we have zoomed in on two WTP sites to show that some sites are very close to 

environmental justice areas but do not fall in these areas themselves (e.g. Site 21). However you 

can refer to Table 1 to see whether a particular site fall in an environmental justice area or not. 

The fifth column in Table 1 describes the total number of factors that crossed the defined 

environmental justice thresholds for an area with a particular WTP or well. This column will be 

the most useful to you when comparing with the contaminant data given later on in this paper, 

although we also perform regression analysis on the correlation between contaminant levels and 

environmental justice factors. The maps for low income, education, and linguistic isolation can 

be found in Appendix C. Our maps do not include Orange County because none of the WTPs or 

wells we looked at are in Orange County, but we did complete a separate contaminant analysis 

on two WTPs in Orange County.  
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Figure 1. Map of Racial Minority Environmental Justice Areas 

Descriptive Statistics 
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Descriptive statistics were performed to examine the occurrences and extent of chemical 

contamination of relevant emerging contaminants at the selected water sampling sites (WTPs and 

wells) in the Cape Fear and Neuse River Basins in North Carolina. Chemical contaminant data 

extracted from the UCMR3, including sampling site specific total occurrences of emerging 

contaminants of interest, occurrences in which concentrations of contaminants exceeded their 

respective MRLs, and average concentrations over the MRL, are summarized in Appendix A at 

the end of this report. The following table (Table 1) summarizes the total times in which 

chemicals of interest were detected, total times in which concentrations exceeded the MRL, 

maximum concentrations detected and average concentrations of contaminants over the MRL. 

  

Table 2. Summary of chemical contamination at selected sampling sites in Cape Fear and Neuse 

River Basins (NC) 

  Total Times 

Detected 

Total Times 

Detected 

Over MRL 

Minimum 

Reporting 

Level 

(MRL) 

(ppb) 

Maximum 

Concentration 

Detected (ppb) 

Average 

Concentration 

Over MRL 

(ppb) 

PFOS 118 3 0.04 0.09 0.066 

PFOA (C8) 118 5 0.02 0.031 0.025 

PFHpA 118 15 0.01 0.06 0.026 

1,4-Dioxane 117 46 0.07 13.3 2.236 

Chromium 117 27 0.2 0.66 0.299 

Chromium-6 118 81 0.03 0.21 0.065 

Vanadium 118 33 0.2 0.74 0.381 

  

It is important to note that all chemicals examined as part of this study were detected at 

least once at every sampling site – while not all occurrences were over their respective MRLs, 

such a finding suggests significant chemical contamination in the Cape Fear and Neuse River 

Basins. As Table 2 summarizes, all chemicals with the exception of 1,4-Dioxane and Chromium 

were detected 118 times (117 for 1,4-Dioxane and Chromium). The perfluorinated compounds 

(PFCs) include PFOS, PFOA and PFHpA – the PFCs were detected the least amount of times 

over the MRL. Chromium-6 was detected over the MRL the most with 81 times over the MRL 

and 118 total detections. 1,4-Dioxane, Vanadium and Chromium were detected 46, 33 and 27 

times over their MRLs respectively. While the maximum and average concentrations for each 



 

13 

chemical are reported in ppb in Table 1, it should be mentioned that MRL is not a health based 

standard but instead a level established by the EPA that is determined and limited by the 

accuracy of the analytical measurement tools used during the UCMR3 data collection process. 

The highest average concentration over the MRL was 2.236 ppb for 1,4-Dioxane, with a MRL of 

0.07 ppb. Overall, contamination by PFCs collectively in the Cape Fear and Neuse River Basins 

seems relatively low compared to contamination by other emerging contaminants analyzed. As 

mentioned previously, a more detailed table with sampling site specific contaminant data is 

available in Appendix A. 

  

  

Visualization of Chemical Contamination at WTPs and Wells 
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Figure 2. Concentrations of contaminants found over their respective MRLs 

***concentrations displayed only reflect the level of contaminants when found over the MRL; 

all chemicals were detected at low levels (under MRL) at least once at all sites 

 

Figure 2 depicts the concentrations of contaminants at every WTP and well analyzed. 

Some sampling sites are missing bars quantifying the degree of chemical concentration since 

numerical values were only reported in the UCMR3 for data points that had concentrations over 

the MRLs for their respective chemicals. As mentioned above, all chemicals were detected at 

low levels (under MRL) at least once at all sites. From Figure 2, is apparent that 1,4-Dioxane 

was detected at relatively high concentrations compared to the other contaminants – the highest 
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average concentration of 1,4-Dioxane was detected at the Plant Clearwell of the City of Sanford. 

Other chemicals that were detected over the MRL at numerous sites as indicated by Figure 2 

include Chromium, Chromium-6 and Vanadium. Contamination by the PFCs over their 

respective MRLs was not common compared to the other contaminants. Additionally, chemical 

contamination of wells was minimal compared to chemical contamination of WTPs – for 

example, only chromium-6 was detected over the MRL at Cannon Park Well 22, no chemicals 

were detected over the MRL at sampling sites 26-30 (all wells), and only Chromium was 

detected over the MRL at Kinsey Well #5. The order in which the sampling sites are arranged in 

Figure 2 reflects a northwest to southeast direction (lowest number is most northwest while 

highest number is most southeast) to facilitate the identification of trends and clustering of 

contamination. From Figure 2, it is apparent that relatively high chemical contamination can be 

identified in sampling sites #11, #17-22, and #33-34. 

 

 
Figure 3. Concentrations of contaminants found over the MRL in Orange County 

***concentrations displayed only reflect the level of contaminants when found over the MRL; 

all chemicals were detected at low levels (under MRL) at least once at all sites 

 

Figure 3 above depicts the concentrations of chemicals of interest at two WTPs in Orange 

County: Town of Hillsborough and OWASA. For the Town of Hillsborough, only Chromium-6 

was detected over the MRL. For OWASA, PFOA and Chromium-6 were detected over the MRL. 

Overall, compared to the WTPs in the Cape Fear and Neuse River Basins analyzed in Figure 2, 

the two Orange County WTPs analyzed in Figure 3 seem to demonstrate less chemical 

contamination. 

 

Linear Regression Analysis 

  

Linear regression was utilized to elucidate the relationship between the relevant chemical 

contaminant concentrations (over the MRLs) and environmental justice parameters. R2 values 

were utilized to determine the statistical significance of the regression results. Linear regressions 

were fitted for each chemical and the following environmental justice parameters: minority 

population, low-income population, linguistically isolated population and population with high 

school education or less. The scatter plots that depict the regression data for chemical 

concentrations vs. environmental justice parameters can be found in Appendix B. The table 
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below (Table 3) includes the R2 values for each of the fitted linear regressions for the assessment 

of the statistical significance of these relationships. 

  

Table 3. Linear regression R2 values of contaminant concentrations vs. EJ data 

  Minority 

Population 

Low-Income 

Population 

Linguistically 

Isolated 

Population 

Population with 

Less Than High 

School 

Education 

1,4-Dioxane 0.01388 0.00381 0.0927 0.00371 

Chromium 0.0037 0.0544 0.0936 0.0042 

Chromium-6 0.02203 0.01593 0.00014 0.00057 

Vanadium 0.014834 0.03986 0.01009 0.03796 

PFCs 0.55942 0.31652 0.04239 0.03201 

  

Overall, with the exception of the R2 values for PFCs, the R2 values for the linear 

regression data were all low, indicating the results were not statistically significant and that there 

is no predictable pattern of contamination based on the 4 EJ SES metrics. The relatively high R2 

values for PFCs (i.e. 0.55942 for PFCs vs. minority and 0.31652 for PFCs vs. low-income) can 

potentially be explained by the relatively low sample size for PFCs – even after combining PFC 

chemical concentration data over the MRL (including PFOS, PFOA, PFHpA), only 8 data points 

were available. Excluding the PFC R2 values, the highest R2 value was 0.0936 for Chromium vs. 

linguistically isolated population. The hypothesis predicted increased contamination in socially 

vulnerable areas (positive slopes for chemical concentrations vs. EJ SES data) – however, 

several relationships demonstrated the opposite trend (as seen in the scatter plots in Appendix B). 

It is difficult to assess and analyze such trends and relationships as they are not statistically 

significant. 

 

 

Limitations 

 

Due to the way the original UCMR data was collected, there were some limitations in our 

data collection and analysis. Chemicals which were detected but fell under the MRL did not have 

a reported concentration. This is a limitation of the analytical instruments used to measure the 

chemicals in the water, but it greatly restricts data analysis. It distorts the average concentration 

at a WTP because it can’t be included in the calculation. Additionally, there is no simple way to 

represent a chemical that is detected under the MRL in bar charts or linear regression analyses, 

especially since the MRL for each chemical is different and not a health-based value. 
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In terms of environmental justice data, the area within a 0.5 mile radius of some WTPs 

was too sparsely populated to obtain data on certain indicators.  

Due to the complicated nature of the data and the limited number of sites with chemical 

contamination over the MRL, we only ran linear regression for one environmental justice 

indicator and one chemical at a time. A more cohesive analytic approach would be to run a 

multiple linear regression which accounted for various EJ indicators as well as the contamination 

due to each of the 7 chemicals. A larger and more complete data set would be necessary to 

conduct this analysis. 

 

Conclusions 

 

 Using EPA’s UCMR3 and EJSCREEN data sets, we summarized levels of 7 unregulated 

contaminants in 35 water treatment plants (WTPs) as well as the environmental justice (EJ) 

indicators of the surrounding communities. We used linear regression to assess whether there 

was a predictive relationship between EJ indicators and levels of chemical contamination at each 

of these sites in the Cape Fear and Neuse River basins. 

 Our main finding was that chemical contamination was ubiquitous across the 35 analyzed 

sites, and the environmental justice indicators were not correlated with the level of any of the 7 

chemicals across the sites. The 7 chemicals of interest - PFOS, PFOA, PFHpA, chromium, 

chromium-6, 1,4-dioxane and vanadium - were detected at every WTP and well in our data set. 

While we suspected that contamination would be widespread, we did not expect these chemicals 

to be in every single site. We were particularly surprised to see that there was some 

contamination, although for most chemicals it was under the MRL, even in the wells. This 

indicates that these chemicals have likely leached into groundwater, as well.  

Repeated linear regressions of chemical contamination as a function of an EJ indicator 

failed to reveal any strong associations, except for perfluorinated compounds (PFCs). Due to a 

small number of data points, the dependent variable for the PFC linear regression was set as the 

sum of PFOS, PFOA, and PFHpA. Even after aggregating the PFCs, there were only 8 data 

points in this regression analysis. Therefore, the high R2 value may be a spurious correlation. 

Further research is necessary to investigate a possible relationship between environmental justice 

indicators and various perfluorinated compounds. 

Overall, this capstone research project is a preliminary investigation and requires some 

follow-up research. While the chemical contamination is definitively ubiquitous in the Cape Fear 

and Neuse River basins, this may not be the case for all areas. Additionally, analyzing 

environmental justice data for the populations surrounding the WTPs instead of all of the people 

that actually receive the drinking water was the most logistically reasonable strategy, but may 

not have been the best approach. Finally, multiple linear regression incorporating various 

environmental justice indicators as well as the contamination levels for all chemicals tested 

would be the most comprehensive analysis approach.  

While the correlation between environmental justice indicators and chemical 

contamination remains uncertain, we do know that North Carolina residents are currently 

drinking water contaminated with many unregulated chemicals. It is imperative that resources 

continue to be allocated for the investigation of the health effects of these chemicals. We need to 

know which ones are harmful and then prioritize research so that we can establish regulations 

and remediation where necessary. Additionally, further research into low-cost and user-friendly 

filters is needed in order to protect the health of the public at a price which all can afford.  
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Additional Information on some of the Water Treatment Plants: 

Greensboro Plant: https://www.greensboro-nc.gov/departments/water-resources/water-

system/water-treatment 

Graham-Mebane Plant: 

http://www.cityofgraham.com/departments/utilities/ 

Durham Plants: 

https://durhamnc.gov/1196/Water-Treatment-Process 

Raleigh Plants: 

https://www.raleighnc.gov/home/content/PubUtilAdmin/Articles/TreatmentPlants.html 

Moore County Plant: 

https://www.moorecountync.gov/public-works/wastewater-treatment 

 

 

  

https://www.greensboro-nc.gov/departments/water-resources/water-system/water-treatment
https://www.greensboro-nc.gov/departments/water-resources/water-system/water-treatment
http://www.cityofgraham.com/departments/utilities/
https://durhamnc.gov/1196/Water-Treatment-Process
https://www.raleighnc.gov/home/content/PubUtilAdmin/Articles/TreatmentPlants.html
https://www.moorecountync.gov/public-works/wastewater-treatment
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Appendix A – Summaries of chemical contaminant data including times detected, times detected 

over the MRL and average concentration over the MRL for each sampling site 

 

A1. PFOS contamination summary 

WTP 

PFOS Times 

Detected 

PFOS Times Over 

MRL 

PFOS Average 

Over MRL 

Northwest WTP 4 0 N/A 

A.B. Uzzell WTP 4 0 N/A 

Plant Clearwell - City of 

Sanford 4 0 N/A 

Glenville WTP 4 0 N/A 

Hoffner WTP 4 0 N/A 

Clearwell - Harnett 

County Department of 

Public Utilities 4 0 N/A 

Sweeny WTP 4 0 N/A 

Mitchell Filter 4 3 0.066 

Neuse Regional WTP 4 0 N/A 

Cary/Apex WTP 4 0 N/A 

211 WTP 2 0 N/A 

Chatham Co. WTP 4 0 N/A 

Ed Thomas Plant 4 0 N/A 

Mackintosh Plant 4 0 N/A 

Williams Clearwell 4 0 N/A 
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Goldsboro WTP 4 0 N/A 

Johnston Co. WTP 6 0 N/A 

Plant Clearwell - Town of 

Smithfield 4 0 N/A 

Clearwell - Town of 

Southern Pines 4 0 N/A 

Townsend Filter 4 0 N/A 

Brown Clearwell 4 0 N/A 

Graham-Mebane 4 0 N/A 

D.E. Benton Water Plant 4 0 N/A 

E.M. Johnson Water 

Plant 4 0 N/A 

Fork Township WTP 2 0 N/A 

Kinsey Well #5 2 0 N/A 

Cannon Park Well 22 2 0 N/A 

Idlewild Rd. 2 0 N/A 

Pinehurst # 9 2 0 N/A 

CP&L Well #1 2 0 N/A 

Garris Well #2 2 0 N/A 

Nations Well #4 2 0 N/A 
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Russell Well #3 2 0 N/A 

Murray Site 2 0 N/A 

Wiggins Site 2 0 N/A 

 

A2. PFOA contamination summary 

WTP 

PFOA Times 

Detected 

PFOA Times Over 

MRL 

PFOA Average 

Over MRL 

Northwest WTP 4 1 0.031 

A.B. Uzzell WTP 4 2 0.025 

Plant Clearwell - City of 

Sanford 4 0 N/A 

Glenville WTP 4 0 N/A 

Hoffner WTP 4 0 N/A 

Clearwell - Harnett 

County Department of 

Public Utilities 4 2 0.02 

Sweeny WTP 4 0 N/A 

Mitchell Filter 4 0 N/A 

Neuse Regional WTP 4 0 N/A 

Cary/Apex WTP 4 0 N/A 

211 WTP 2 0 N/a 

Chatham Co. WTP 4 0 N/A 
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Ed Thomas Plant 4 0 N/A 

Mackintosh Plant 4 0 N/A 

Williams Clearwell 4 0 N/A 

Goldsboro WTP 4 0 N/A 

Johnston Co. WTP 6 0 N/A 

Plant Clearwell - Town of 

Smithfield 4 0 N/A 

Clearwell - Town of 

Southern Pines 4 0 N/A 

Townsend Filter 4 0 N/A 

Brown Clearwell 4 0 N/A 

Graham-Mebane 4 0 N/A 

D.E. Benton Water Plant 4 0 N/A 

E.M. Johnson Water Plant 4 0 N/A 

Fork Township WTP 2 0 N/A 

Kinsey Well #5 2 0 N/A 

Cannon Park Well 22 2 0 N/A 

Idlewild Rd. 2 0 N/A 

Pinehurst # 9 2 0 N/A 
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CP&L Well #1 2 0 N/A 

Garris Well #2 2 0 N/A 

Nations Well #4 2 0 N/A 

Russell Well #3 2 0 N/A 

Murray Site 2 0 N/A 

Wiggins Site 2 0 N/A 

  

A3. PFHpA contamination summary 

WTP 

PFHpA Times 

Detected 

PFHpA Times Over 

MRL 

PFHpA Average 

Over MRL 

Northwest WTP 4 3 0.024333333 

A.B. Uzzell WTP 4 2 0.05 

Plant Clearwell - City of 

Sanford 4 1 0.029 

Glenville WTP 4 1 0.015 

Hoffner WTP 4 1 0.01 

Clearwell - Harnett 

County Department of 

Public Utilities 4 3 0.0333 

Sweeny WTP 4 3 0.017666667 

Mitchell Filter 4 0 N/A 

Neuse Regional WTP 4 0 N/A 
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Cary/Apex WTP 4 1 0.01 

211 WTP 2 0 N/A 

Chatham Co. WTP 4 0 N/A 

Ed Thomas Plant 4 0 N/A 

Mackintosh Plant 4 0 N/A 

Williams Clearwell 4 0 N/A 

Goldsboro WTP 4 0 N/A 

Johnston Co. WTP 6 0 N/A 

Plant Clearwell - Town of 

Smithfield 4 0 N/A 

Clearwell - Town of 

Southern Pines 4 0 N/A 

Townsend Filter 4 0 N/A 

Brown Clearwell 4 0 N/A 

Graham-Mebane 4 0 N/A 

D.E. Benton Water Plant 4 0 N/A 

E.M. Johnson Water Plant 4 0 N/A 

Fork Township WTP 2 0 N/A 

Kinsey Well #5 2 0 N/A 
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Cannon Park Well 22 2 0 N/A 

Idlewild Rd. 2 0 N/A 

Pinehurst # 9 2 0 N/A 

CP&L Well #1 2 0 N/A 

Garris Well #2 2 0 N/A 

Nations Well #4 2 0 N/A 

Russell Well #3 2 0 N/A 

Murray Site 2 0 N/A 

Wiggins Site 2 0 N/A 

  

A4. 1,4-dioxane contamination summary 

WTP 

1,4-dioxane Times 

Detected 

1,4-dioxane Times 

Over MRL 

1,4-dioxane 

Average Over 

MRL 

Northwest WTP 4 4 3 

A.B. Uzzell WTP 4 4 2.95 

Plant Clearwell - City of 

Sanford 4 4 5.825 

Glenville WTP 4 3 4.2193333 

Hoffner WTP 4 4 4.38025 
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Clearwell - Harnett 

County Department of 

Public Utilities 4 4 3.55 

Sweeny WTP 4 3 1.866666667 

Mitchell Filter 4 0 N/A 

Neuse Regional WTP 4 1 0.23 

Cary/Apex WTP 4 4 0.41 

211 WTP 2 0 N/A 

Chatham Co. WTP 4 4 0.61 

Ed Thomas Plant 4 0 N/A 

Mackintosh Plant 4 0 N/A 

Williams Clearwell 4 0 N/A 

Goldsboro WTP 4 3 0.145333333 

Johnston Co. WTP 6 4 0.125 

Plant Clearwell - Town of 

Smithfield 4 3 0.15 

Clearwell - Town of 

Southern Pines 4 0 N/A 

Townsend Filter 4 0 N/A 

Brown Clearwell 4 0 N/A 
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Graham-Mebane 4 1 0.09 

D.E. Benton Water Plant 3 0 N/A 

E.M. Johnson Water Plant 4 0 N/A 

Fork Township WTP 2 0 N/A 

Kinsey Well #5 2 0 N/A 

Cannon Park Well 22 2 0 N/A 

Idlewild Rd. 2 0 N/A 

Pinehurst # 9 2 0 N/A 

CP&L Well #1 2 0 N/A 

Garris Well #2 2 0 N/A 

Nations Well #4 2 0 N/A 

Russell Well #3 2 0 N/A 

Murray Site 2 0 N/A 

Wiggins Site 2 0 N/A 

  

A5. Chromium contamination summary 

WTP 

chromium Times 

Detected 

chromium Times 

Over MRL 

chromium 

Average Over 

MRL 

Northwest WTP 4 1 0.31 

A.B. Uzzell WTP 4 0 N/A 
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Plant Clearwell - City of 

Sanford 3 1 0.29 

Glenville WTP 4 1 0.2 

Hoffner WTP 4 1 0.3 

Clearwell - Harnett 

County Department of 

Public Utilities 4 0 N/A 

Sweeny WTP 4 0 N/A 

Mitchell Filter 4 3 0.26667 

Neuse Regional WTP 4 1 0.2 

Cary/Apex WTP 4 0 N/A 

211 WTP 2 2 0.28 

Chatham Co. WTP 4 0 N/A 

Ed Thomas Plant 4 1 0.24 

Mackintosh Plant 4 2 0.26 

Williams Clearwell 4 1 0.26 

Goldsboro WTP 4 0 N/A 

Johnston Co. WTP 6 4 0.23 

Plant Clearwell - Town of 

Smithfield 4 0 N/A 
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Clearwell - Town of 

Southern Pines 4 4 0.5 

Townsend Filter 4 3 0.3333 

Brown Clearwell 4 0 N/A 

Graham-Mebane 4 0 N/A 

D.E. Benton Water Plant 4 0 N/A 

E.M. Johnson Water Plant 4 0 N/A 

Fork Township WTP 2 1 0.26 

Kinsey Well #5 2 1 0.22 

Cannon Park Well 22 2 0 N/A 

Idlewild Rd. 2 0 N/A 

Pinehurst # 9 2 0 N/A 

CP&L Well #1 2 0 N/A 

Garris Well #2 2 0 N/A 

Nations Well #4 2 0 N/A 

Russell Well #3 2 0 N/A 

Murray Site 2 0 N/A 

Wiggins Site 2 0 N/A 

  

A6. Chromium-6 contamination summary 
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WTP 

chromium-6 

Times Detected 

chromium-6 Times 

Over MRL 

chromium-6 

Average Over 

MRL 

Northwest WTP 4 4 0.05875 

A.B. Uzzell WTP 4 4 0.07 

Plant Clearwell - City of 

Sanford 4 2 0.045 

Glenville WTP 4 3 0.0423333 

Hoffner WTP 4 4 0.04875 

Clearwell - Harnett 

County Department of 

Public Utilities 4 4 0.0425 

Sweeny WTP 4 4 0.04525 

Mitchell Filter 4 4 0.0875 

Neuse Regional WTP 4 4 0.045 

Cary/Apex WTP 4 1 0.03 

211 WTP 2 2 0.185 

Chatham Co. WTP 4 1 0.036 

Ed Thomas Plant 4 3 0.057666667 

Mackintosh Plant 4 4 0.05575 

Williams Clearwell 4 2 0.0425 
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Goldsboro WTP 4 4 0.0625 

Johnston Co. WTP 6 6 0.1017 

Plant Clearwell - Town of 

Smithfield 4 4 0.06675 

Clearwell - Town of 

Southern Pines 4 4 0.1265 

Townsend Filter 4 4 0.105 

Brown Clearwell 4 2 0.033 

Graham-Mebane 4 0 N/A 

D.E. Benton Water Plant 4 4 0.03625 

E.M. Johnson Water Plant 4 4 0.065 

Fork Township WTP 2 0 N/A 

Kinsey Well #5 2 0 N/A 

Cannon Park Well 22 2 1 0.039 

Idlewild Rd. 2 1 0.032 

Pinehurst # 9 2 1 0.056 

CP&L Well #1 2 0 N/A 

Garris Well #2 2 0 N/A 

Nations Well #4 2 0 N/A 
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Russell Well #3 2 0 N/A 

Murray Site 2 0 N/A 

Wiggins Site 2 0 N/A 

  

A7. Vanadium contamination summary 

WTP 

vanadium 

Times Detected 

vanadium Times 

Over MRL 

vanadium Average 

Over MRL 

Northwest WTP 4 3 0.563333333 

A.B. Uzzell WTP 4 2 0.5 

Plant Clearwell - City of 

Sanford 4 2 0.285 

Glenville WTP 4 1 0.59 

Hoffner WTP 4 1 0.74 

Clearwell - Harnett County 

Department of Public 

Utilities 4 3 0.27 

Sweeny WTP 4 2 0.5 

Mitchell Filter 4 1 0.3 

Neuse Regional WTP 4 3 0.33 

Cary/Apex WTP 4 1 0.2 

211 WTP 2 2 0.385 

Chatham Co. WTP 4 2 0.28 
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Ed Thomas Plant 4 1 0.24 

Mackintosh Plant 4 2 0.47 

Williams Clearwell 4 1 0.23 

Goldsboro WTP 4 2 0.355 

Johnston Co. WTP 6 0 N/A 

Plant Clearwell - Town of 

Smithfield 4 2 0.28 

Clearwell - Town of 

Southern Pines 4 2 0.34 

Townsend Filter 4 0 N/A 

Brown Clearwell 4 0 N/A 

Graham-Mebane 4 0 N/A 

D.E. Benton Water Plant 4 0 N/A 

E.M. Johnson Water Plant 4 0 N/A 

Fork Township WTP 2 0 N/A 

Kinsey Well #5 2 0 N/A 

Cannon Park Well 22 2 0 N/A 

Idlewild Rd. 2 0 N/A 

Pinehurst # 9 2 0 N/A 



 

36 

CP&L Well #1 2 0 N/A 

Garris Well #2 2 0 N/A 

Nations Well #4 2 0 N/A 

Russell Well #3 2 0 N/A 

Murray Site 2 0 N/A 

Wiggins Site 2 0 N/A 

  

  

Appendix B – Linear Regression with R2 Values for Chemical Contaminant Concentrations vs. 

Environmental Justice Parameters in a 0.5 Mile Radius From Sampling Site 

 

B1. Chromium-6 vs. EJ SES Metrics



 

37 



 

38 

 
 

B2. Vanadium vs. EJ SES Metrics 
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B3. PFCs vs. EJ SES Metrics 
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B4. 1,4-dioxane vs. EJ SES Metrics 
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B5. Chromium vs. EJ SES Metrics 
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Appendix C – Maps showing Environmental Justice Areas 
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C1. Map of Low Income Environmental Justice Areas 
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C2. Map of Low Education Environmental Justice Areas. Note that for this map only, lighter 

areas are the environmental justice areas. Darker areas have higher levels of education. 
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C3. Map of Linguistically Isolated Environmental Justice Areas. 


