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Abstract
North Carolina well owners have limited access to proper well test procedures, water
contaminant information, and filtration devices. Using publicly available private well tests, this
report examines contamination concerns through an environmental justice (EJ) lens by
considering arsenic, chromium, lead, cadmium, and manganese levels throughout six counties in
the central piedmont of North Carolina. Extensive well contamination was found in all counties,
but no conclusive statistical or spatial evidence was determined correlating contamination with
socioeconomic status (SES) or other EJ risk factors. Among the detectable levels of
contaminants, manganese, lead, and arsenic most often exceed maximum contaminant levels
(MCL), especially in Stanly and Randolph counties. Outdoor samples of arsenic and manganese
were more likely to exceed the MCL than indoor samples, and raw samples were more likely to
exceed the MCL than treated samples for all contaminants. An accompanying analysis on
readability found that information addressing well testing or explaining these contaminants is
written in language well beyond the reading level of the average American.
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I.

INTRODUCTION
The water quality of private wells in North Carolina is a critical concern. Well water

contamination is a possible environmental justice (EJ) issue due to the plausible correlation
between rural living and factors such as race, income, and education level. North Carolina has a
history of environmental justice issues and is home to over 2,514 concentrated animal feeding
operations, coal ash ponds, and a wide variety of other undesirable land uses that are potential
sources of contamination [8]. While Federal and State regulations under the Safe Drinking Water
Act (SDWA) protect municipal sources from contamination, private well owners are entirely
responsible for the testing and maintenance of their own wells. Since the passage of the North
Carolina Well Act of 2008, all newly constructed wells are required to be tested for certain
contaminants; however existing wells are not subject to any routine testing [27, 29, 30]. As a
result, over three million North Carolinians lack the resources to conduct proper well tests, have
limited access to legible information about water contaminants, and have few affordable
filtration solutions available to them. Based on conversations and meetings throughout the state,
we proposed to investigate if socioeconomic status (SES) or EJ metrics such as race and
education predict private well contamination (natural or anthropogenic), test frequency, and test
protocols?
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II.

LITERATURE REVIEW
In order to guarantee that the above research question was unique and unanswered,

previous research was assessed to understand the gaps in the data and literature. A range of
literature was reviewed including topics related to: a general background of water quality issues
in North Carolina; environmental justice issues; the sources of groundwater contaminants and
their health effects; water quality perception issues; the water information gap; and the
effectiveness of treatment methods.
To begin, literature relating to private wells in North Carolina was reviewed in order to
gather context for other topics. Of the entire U.S. population, 10% receives water from private
sources [1]. Regionally, NC is home to the third largest population of well-water consumers in
the U.S. with a total of 3.2 million people in the state relying on private wells [1]. Although
many people rely on these private sources for their livelihood and wellbeing, the regulations for
these wells are minimal. In 2008, the North Carolina Well Act was passed requiring new wells to
be tested for contaminants such as microorganisms, metals, and inorganic chemicals; however,
the act failed to require monitoring, testing, or treatment for old wells [1]. In 2014, the Coal Ash
Management Act was put into place by the NC Department of Environment and Natural
Resources (DENR), which required Duke Energy to pay for the testing of all water supply wells
within 1,500 feet of each of the utility’s 14 coal-fired electrical generating facility boundaries
[2]. As a result of this act, 400 wells were tested and 330 of these well-owners received “Do Not
Drink” letters [2]. In order to understand how and why so many well-owners in NC were
suffering from well contamination, a wide range of studies were examined in order to find the
origins of well water contamination issues.
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Arsenic, cadmium, chromium, lead, and manganese are dangerous in high quantities. But
in order to better understand how to treat them, it is crucial to understand where they originate.
NC’s geography accounts for the existence of some contaminants; the Carolina Slate Belt and
mineral composition of NC, along with underlying solution channels, contribute to arsenic and
manganese contamination [3-7]. These contaminants have also been traced to anthropogenic
sources such as coal ash [8], coal combustion residue effluent [9], the chemical industry [7], and
agricultural activities [10]. In Iredell and Rowan Counties, groundwater contamination by
several companies led to the creation of superfund sites [11]. The presence of these chemicals in
drinking water, regardless of their source, can be deadly. The presence of our chosen
contaminants can have the following health impacts: birth defects, respiratory issues, and
damage to the kidneys, liver, and nervous system [12, 13, 7]. Therefore, it is important for
private well owners to test and monitor their water regularly so that treatment methods can be
installed if necessary.
Although the health concerns associated with well contamination are serious, too few
consumers feel the need to test their wells. This lack of testing is the result of water quality
perception issues. The ways consumers perceive water quality can be influenced by a range of
factors including organoleptics, optimism bias, demographics, water quality information
provided by the state, and policies related to wells. Organoleptics play a large role in how people
perceive their water quality since organoleptics relates to the taste, smell, and color of water. The
issue lies in that many contaminants (including arsenic, cadmium, chromium, lead, and
manganese) are tasteless, odorless, and visually undetectable [31, 32]. Since many people are
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therefore unaware of the contaminants in their water, they continuously fail to test their water [4,
15].
Then, when they are eventually told that their water is contaminated, well-owners fail to
take action to treat their water due to optimism bias. Since the contaminated water has had no
health impacts on them so far, consumers see no need to change their practices [19]. The
readability of information provided by the state contributes to how safe consumers consider their
water to be [20]. Research conducted assessing the readability of water quality reports mandated
by the Environmental Protection Agency found that these reports were at a readability level that
is inaccessible to the average American. If the information provided by the state is written at a
high school level or above, it becomes increasingly difficult for consumers to understand this
information and make an informed decision about their water quality and subsequent actions
[21]. This creates a disconnect between information users and producers [14].
Another disconnect exists between the research being conducted on well water and the
regulations put into place by policymakers. Even with an abundance of contaminated well tests,
there are no policies requiring regular testing or policies working to fix the problem [22]. All of
these issues contribute to the perception that water is safer than it is, when in reality the problem
may be exacerbated by treatment methods that provide a false sense of security. Even when
using appropriate treatment methods, it is still possible for consumers to be exposed to arsenic
levels that exceed the MCL established by the EPA [23, 16]. This is especially true when
filtration systems are in place and require semi-regular maintenance to ensure their effectiveness,
but individuals are unaware of these requirements and do not replace filters.
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Studies have found that age, race, education level, and income are factors that contribute
to overall perception of water quality [14-18]. Due to the prevalence of environmental justice in
our research question, the literature review included case studies considering water
contamination and demographics. These studies found that minority and marginalized groups (in
terms of race, language, education, income age, gender, etc.) often face greater exposure to risks
[25, 27-30]. A well known example is the water crisis in Flint, Michigan, where a predominantly
black community is dealing with water quality issues as a result of bad piping and poor federal
regulations [38, 39]. Therefore, we can state that demographics have the potential to lead to
environmental injustice because of minimal regulations, expensive testing and treatment options,
and lack of resources in non-English languages.
The environmental justice movement has a long history in North Carolina, as the first
national protest for environmental justice began in Warren County, NC. This protest erupted
after hazardous waste, containing polychlorinated biphenyls (PCBs), was illegally dumped in the
county. At the time, Warren County was not only one of the poorest counties in the state, but
also had the highest percentage of blacks [43]. The primary goal of the environmental justice
movement is to ensure that no population bears an undue burden of environmental contamination
and degradation as a result of factors like race, socioeconomic status, or other demographic
factors [41]; the movement seeks to ensure equity in the burdens suffered as a result of
development, which may include burdens suffered as a result of pollution or the need for
disposal sites of hazardous materials as highlighted by the case of Warren county, NC.
Disparities that exist in terms of access to municipal water and sewer services and the treatment
options employed by residents highlight the environmental justice issues that are of greatest
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concern in areas where private well water is most common. Research has shown that age, race,
and socioeconomic status are major indicators of municipal water and sewer disparities [29],
which means that the households who rely on private well water are predominantly found in
regions with lower incomes and larger minority populations.
In addition to these disparities in access to resources, federal protocols are largely found
to be ignored or incorrectly followed in areas that were poorer and had larger minority
populations. A study by Katner and Pieper found that in the case of Flint, Michigan, protocols
outlined in the EPA’s Lead and Copper Rule, which ensures that a certain percentage of
population is not exposed to dangerous levels of contamination by requiring remediation, were
not followed by state and local entities, and this inaction led to undue adverse health effects for
the people of Flint [38]. The predominantly black composition of Flint’s population led to
concerns that the inaction of these entities constituted an environmental injustice. While there is
no broadly accepted description of what constitutes an environmental justice community in terms
of demographics, the state of Massachusetts released an environmental justice policy in 2017,
which outlined the requirements for a community to be considered an environmental justice
community [41]. The requirements outlined in the policy include: 25% of households have an
annual income at or below 65% of the state median or 25% of the population identify as minority
or suffer from English isolation. This Massachusetts environmental justice policy provides a
framework as environmental justice concerns are considered in the context of North Carolina.
Another major disparity highlighted in a review of relevant literature was in the treatment
options that are adopted by households, dependent primarily upon socioeconomic status. The
first disparity exists in a household’s decision to purchase a treatment system or rely on bottled
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water for drinking water. Lower socioeconomic status households are more likely to rely on
bottled water for drinking water when their water source is found to be contaminated; this
presents a justice concern as bottled water is deemed an unimproved water source by the World
Health Organization. The two major treatment systems that exist to mitigate water contamination
are point-of-entry treatment (POE) systems and point-of-use treatment (POU) systems. POE
treatment systems treat water as it enters the home and is, on average, eight times more
expensive than POU systems [42]. POU systems treat water at the tap, and are typically used at
the kitchen faucet. POU are more accessible to lower income households in terms of price, but
individuals are still exposed to a certain level of exposure to contaminants, particularly when
showering, brushing their teeth, and other hygienic water uses. As is evident by the price
discrepancy between the two types of water treatment systems, the other disparity exists in the
method of treatment that households choose, or are restricted to choosing, if they do choose to
purchase a treatment system.
Following this extensive literature review relating to well water contamination, the
following conclusions were drawn: 1) well water consumers will not implement treatment
methods to deal with contamination if they are unaware that they are being exposed to
contaminants, and 2) if private well testing and treatment are left to well owners, there will
always be a population exposed to contaminants. Therefore, our research and analyses were
aimed at filling in the remaining gaps as to why North Carolina residents continue to be exposed
to toxic contaminants and how to get closer to solutions that will guarantee clean water for
private well owners.
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III.

METHODS
In order to examine patterns in private well water contamination in North Carolina, 4,128

well tests from Davidson, Iredell, Montgomery, Randolph, Rowan, and Stanly counties were
recorded and examined. The wells that were analyzed are shown below:

This map shows the complete database of wells tested and analyzed. The pink dots represent Iredell County. Green
is Rowan County; teal shows Davidson County; purple represents Randolph County; navy is Stanly County; and
orange is Montgomery County.

Publicly available well test results from 2009 through September 2017 were obtained
from the North Carolina State Laboratory Public Health Environmental Sciences - Inorganic
Chemistry database from our client, North Carolina Department of Health and Human Services
(NCDHHS). These counties were chosen at the request of our client, as they straddle the
Carolina Slate Belt of naturally-occurring arsenic. Stanly, Montgomery, Randolph, and Davidson
counties were ranked in the top ten North Carolina counties with well water tests exceeding the
MCL [1]. The remainder of the counties were chosen due to their geographic proximity. Based
on the literature review, data from these counties had also not yet been reviewed. Additionally,
the counties analyzed were chosen in order to explore a potential correlation between well water
11

contamination, existing natural and anthropogenic environmental risks, and demographic
vulnerabilities.
As part of the data collection, name, address, city, zip code, date collected, date reported,
sample type, sample source, sampling point, arsenic concentration (mg/L), cadmium
concentration (mg/L), chromium concentration (mg/L), lead concentration (mg/L), and
manganese concentration (mg/L), were recorded when available. These contaminants were
chosen based on the literature review, as manganese is common in well water, arsenic is a major
concern in North Carolina, and chromium is a concern after recent coal ash spills. Unavailable
values were marked as “NA” and qualitative values were standardized in order to be used during
statistical and geospatial examination. Sampling points reported on the well water tests were
standardized and organized into five categories – well, bathroom, kitchen, inside the house, and
outside the house – in order to allow for more meaningful analysis of this variable. The response
time was determined based on the time between the date collected and the date reported.
The geographical information system, ESRI’s ArcMap 10.4, was utilized for geospatial
examination. The collected data was geocoded using the geocoding tool. The well points were
overlaid a county boundary shapefile. Additionally, a point shapefile was created by merging
various locally undesirable land uses (LULUs), including national pollutant discharge
elimination system permitted sites, brownfield sites, superfund sites, and landfill sites. The
proximity of contaminated well sites and these LULUs were considered in the investigation for
spatial patterns. Block demographic data, particularly percent black, percent low income, and
percent with a high school diploma, were collected from the United States Census Bureau’s
American Community Survey. The ModelBuilder tool was used to create various shapefiles
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based on contamination, response time, and qualitative difference in sample type, sample source,
and sampling point. Patterns of contamination were investigated utilizing boolean operations and
geoprocessing tools. Based on other findings several related maps were created (see Appendix).
Statistical programs such as SPSS, R Studio, and Stata were also used in order to
determine any significance between sampling point, sample type, sample source, sample time,
types of contaminants, and occurrence of contaminants. R studio was used to run an ANOVA
between the counties and to sort the concentrations into undetectable, detectable, above or below
the MCL, and within bin sizes to create histograms of the concentrations. Excel was also used to
sort all of the data visually and to create the final plots in color. A Chi Square test was also
performed for the sampling type to see if the data was statistically significant. New wells were
categorized as “1” and old wells were categorized as “2;” the no data, community, and ground
samples were not taken into account due to their small sample sizes. The Chi Square test for each
county was performed taking into account the standardized residual, the degrees of freedom, and
expected count.
Information from the U.S. Census Bureau, Data USA, Flesch Reading Ease Formula, and
various county health websites was used to analysis three main topics: (1) readability of available
environmental resources and reports published by the state; (2) demographic and environmental
justice indicators; and (3) outreach for alerting citizens of potential environmental hazards in
their well water. The demographic variables in each county included: population, race, age,
income, education, and language. The differences in each county were analyzed and compared to
the state level at large, as well as individually, which will be discussed in the next section.

13

IV.

ANALYSIS

(a) County Level SES Factors
U.S. Census and Data USA was used to analyze demographic characteristics considered
included: population, median household income, median age, race, language, and education
(Table 11). Most of these counties were found to be relatively poor and white communities.
These counties were also at or below the U.S. national education average of 87%high school
graduate or higher and 30% bachelor’s degree or higher [33]. The median age of these counties
hovered in the low 40s.
Notably, Montgomery County was found to be the smallest, poorest, least educated, and
most racially diverse of the counties. Iredell County was found to be the largest, most affluent,
and most educated. Within Iredell County, a large income and education disparity exists between
the towns of Mooresville and Statesville. The well water reports included separate data for the
two towns, categorized as Iredell Mooresville and Iredell Statesville. Research was done to see
what--if any--demographic differences existed between the two towns. Mooresville, a town in
the southern half of Iredell County, is significantly more affluent and educated than its northern
counterpart, Statesville.

(b) Readability of Test Results
Web resourcesfrom the NC Department of Environmental Quality (NCDEQ), NC
Department of Health and Human Services (NCDHHS), and various county official websites
were analyzed for their readability. The web resources, listed in the Appendix, included
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information concerning well water tests, general water quality information, and published “Do
Not Drink” letters, and were run through the Flesch Reading Ease Formula. The formula, noted
below, assigned these resources a raw score, which corresponded to an overall reading level [34].
The ideal range for readability is 60-70, which means the material is comprehensible to an
individual with a 7th-9th grade reading level. The average American has a reading level between
7th and 8th grade [35].

The graphic above illustrates the readability of the state and county web resources. The
NCDEQ, NCDHHS, as well as Davidson County, Iredell County, Randolph County, and Rowan
County, all scored within the fairly difficult or difficult range, equivalent to a 10th-12th grade
reading level [36]. Stanly County, while providing information about well water permits and a
hotline for general questions, provided very little well water material to be analyzed.
Montgomery County did not have any information pertaining to well water available on their
official website.
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(c) Well Testing Rates
The table below was developed from the NC State Laboratory Database. The total
number of wells tested from each county were found and calculated as a percentage of the total
number of wells in the county. The cost of well test was determined from the information
available on each county’s official website. Montgomery and Rowan did not have any available
material concerning the cost of a well test in their respective county. Iredell County requires a
fee of $250 to complete a well test, the highest rate of all six counties [37]. This fee is 0.48% of
the median household income of Iredell County, exceeding that of its fellow counties threefold
and even fourfold. From the table, it is evident that Iredell County has the 2nd lowest rate of well
testing per capita at 1.39%. Davidson has the lowest rate of well testing at 0.49%.
County

Montgomery

Total Number of
Wells

Number of wells tested
(% of total)

Cost of Well Test (%
of income)

8,340

228 (2.73%)

N/A

Stanly

22,772

620 (2.72%)

$55 (0.13%)

Davidson

48,863

238 (0.49%)

$90 (0.21%)

Iredell

50,354

698 (1.39%)

$250 (0.48%)

Randolph

59,534

1137 (1.91%)

$74 (0.18%)

Rowan

70,081

1207 (1.72%)

N/A
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(d) Contaminant Concentrations
The plots on the following pages depict the distribution of well water contaminants
between the counties and the levels at which they occur. Because our analysis of contaminants
was based on the number of wells that did or did not have a contaminant at a specified level, it
was necessary to be sure that our sample size (number of wells) was large enough for statistical
analysis of each contaminant. This was not the case for cadmium and chromium, so our analysis
only concerns arsenic, lead, and manganese. A total of 4,128 wells were analyzed among
Davidson, Stanly, Rowan, Randolph, Montgomery, and Iredell counties with the results below.
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i. Arsenic:
Out of 4,128 wells analyzed, 224 (5.43%) had detectable levels of arsenic. Out of those
224 wells with detectable levels, 126 (56.25%) were above NC’s recommended MCL of 0.010
mg/L (the EPA’s MCL was not used in this case because NC’s MCL was more stringent and applicable for

residents’ health).

Stanly County had the highest number of wells with arsenic levels above the MCL. Arsenic
contamination was skewed towards lower levels above the MCL, but more than a quarter of the
wells surveyed had arsenic levels more than 2 times the MCL, and the well with the highest
levels of arsenic had 11.6 times the MCL. GIS analysis was used to determine whether the wells
with arsenic levels above the MCL were disproportionately found in areas of lower income or a
higher percentage of blacks, but no spatial correlation was found (Map 8).
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ii. Lead:
Out of 4,128 wells analyzed, 242 (5.86%) had detectable levels of lead. Out of those 242
wells with detectable levels, 85 (35.12%) were above the MCL of 0.015 mg/L. Randolph County
had the highest number of wells with arsenic levels above the MCL. Lead contamination was
skewed toward lower levels above the MCL, but less so than arsenic, with more than a quarter of
the wells surveyed having lead levels more than 5 times the MCL. The well with the highest
levels of arsenic had 37.1 times the MCL. GIS was used to analyze whether the wells with lead
levels above the MCL were disproportionately found in areas of lower income or a higher
percentage of blacks, but no spatial correlation was found (Map 9).
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iii. Manganese:
Out of 4,128 wells analyzed, 1,305 (31.61%) had detectable levels of lead. Out of those
1,305 wells with detectable levels, 1,147 (87.89%) were above the MCL of 0.05 mg/L. Randolph
County had the highest number of wells with arsenic levels above the MCL. Manganese
contamination showed that many wells had levels barely above the MCL; however, there was a
large number of wells that did not fit within the general distribution and had alarming levels of
manganese. The well with the highest level of manganese had 158 times the MCL, and other
wells were not far behind. GIS was used to analyze whether the wells with manganese levels
above the MCL were disproportionately found in areas of lower income or a higher percentage
of blacks, but no spatial correlation was found (Map 10).
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(e) Logistic Regression
Due to the lack of standardization in NC well water testing, wells were taken from both
indoor and outdoor sources at different sampling points. To compare samples taken at each
location, a logistic regression was created. A total of 440 samples were taken from inside the
home, 3,539 from outside, and 149 with no sampling source recorded. The results in the table
below show that outdoor sampling points were more likely than indoor sampling points to
exceed MCLs for arsenic and manganese. Therefore, contamination of water in these samples is
likely due to natural or external sources of pollution, not related to piping or in-home filter
systems. Results for lead showed the opposite; they show that outdoor samples were
approximately half as likely as indoor samples to exceed the MCL. This suggests that the
contamination is due to piping or an in-home source. Most likely, lead contamination is due to
the corrosion of old lead pipes that bring water into homes, as has been the issue in other
environmental injustice case studies. Further research will need to be done in this area to confirm
this source of contamination before effective mitigation can occur.
Indoor v Outdoor
Arsenic

Outdoor samples are 1.15 times as likely as indoor samples to exceed the MCL

Lead

Outdoor samples are 0.48 times as likely as indoor samples to exceed the MCL

Manganese Outdoor samples are 1.75 times as likely as indoor samples to exceed the MCL
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(f) Sample types
Sample type was another variable in the well testing procedure that was not standardized
across testing. Samples varied between raw and treated, although the majority were raw samples:

This map shows wells that were reported as raw and treated. The green dots represent wells that were raw while the
purple dots represent treated wells. A vast number of wells were not reported as raw or treated and thus are not
displayed on the map.

As expected, raw samples were much more likely than treated samples to exceed the
MCL for each contaminant.
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(g) Co-occurrence in Well Data
The well data was analyzed to see if co-occurrence, or the presence of two or more
contaminants, existed in individual wells. This characteristic was important to note due to the
largely undetermined synergistic effects of these contaminants. Only a small percentage of wells
in the sample exhibited co-occurrence: 5.4% of wells had co-occurrence of two or more
contaminants at any detectable level while 3.66% of wells had co-occurrence of two or more
contaminants above their MCL. The breakdown of these percentages can be seen in the
following table. However, co-occurrence did not seem to be a major concern based on the well
data obtained in our sample.
Number of Wells
with Detected
Contaminants
(% of total wells)
Wells without
Co-Occurrence

Wells with
Co-Occurrence

Number of Wells with
Contaminants Above the
MCL
(% of total wells)

0 Contaminants/Well

2567 (62.19%)

2755 (66.74%)

1 Contaminant/Well

1338 (32.41%)

1222 (29.60%)

2 Contaminants/Well

205 (4.97%)

141 (3.42%)

3 Contaminants/Well

16 (0.39%)

10 (0.24%)

4 Contaminants/Well

2 (0.05%)

-
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V.

DISCUSSION
A. Recommendations
Based off of this analysis, six major recommendations are being proposed. First, the

resources within the NCDHHS website and all county websites pertaining to well water testing
and treatment should be updated. Not only were the sites difficult to navigate, but every
document about wells that was studied corresponded to reading levels significantly exceeding the
recommended 7th-8th grade level. One document from the NCDHHS was even graded as “very
difficult” by the Flesch Reading-Ease formula, on par with a scientific journal. Providing such
important information at nearly a college reading level is problematic since more than 1 in 8
adults in North Carolina did not graduate from high school [33]. Making these resources easier to
read and comprehend will enable individuals of all education levels to understand the actions
they need to take in order to test and treat their water.
Second, beyond creating more readable resources, these documents should be provided to
individuals in multiple forms, not just online. Pamphlets and informational flyers could be
distributed in community centers, government buildings, or places of worship. Educational
mailers and brochures could also be sent to well owners’ homes. Well testing and treatment
information should be made more readily available to everyone, regardless of their ability to use
a computer or internet accessibility.
Third, these resources should be provided in multiple languages in addition to English.
The NCDHHS has provided some Spanish resources on their webpage, but the county webpages
have not. Of all the counties analyzed, Montgomery County was the poorest county and had the
largest Latino population, yet completely lacked an environmental health website. As the
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non-native English speaking population is likely to increase in Montgomery County and
elsewhere [44], it is important to supply these individuals with resources in their native language
in the interests of equity and justice.
Fourth, the cost of well tests in Iredell County should be lowered. The county currently
charges $250 for well tests, which is extremely high and likely contributes to a lack of testing
among old wells. This is likely due to the financial burden that it places on low-income
individuals in the county who need well tests.
Fifth, it should also be a priority to reach out to individuals with well water contaminant
levels that greatly exceed the MCL. Some of the tests in the dataset were over 100 times greater
than the MCL. This is a critical public health issue; these well owners should be contacted
immediately and provided with information about treatment options.
Sixth, both Randolph County and Rowan County were found to be of interest for lead
contamination. Based on the limited sample size of this study, it is not clear whether this
contamination is an environmental justice issue. While it’s likely related to the predominance of
older homes and infrastructure, further research is needed to confirm this conclusion.
Finally, well water test results must be disseminated more effectively to well owners.
Through the analysis, it was clear that well test results were not communicated in ways that
individuals without scientific backgrounds could comprehend. In order to ensure that individuals
are equipped with the information they need to protect themselves from water contamination, it
is crucial to contextualize well tests results in simple terms. By clearly explaining what the test
results mean and by explicitly stating the harms associated with each contaminant, this can be
accomplished. One solution is to add a column on the well test results that indicates the
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associated risk level for each contaminant. For example, contaminants that are undetectable
could be listed as “safe,” contaminants that are detectable but within the MCL could be listed as
“acceptable,” and contaminants above the MCL could be listed as “dangerous.” Contextualizing
the numbers and communicating the risk level for each contaminant, would enable well owners
to better understand the health risks associated with their well water. In addition to this, well test
results documents should include information about the next steps to take for water treatment.
However, this is not only a problem with public well tests, but is also an issue with the
HRE letters sent to individuals with contaminated wells. The instructions about the safety of the
water are not prominent on the page, which makes them easy to miss if the document is not read
in-depth. The instructions relating to the safety of the water should be bolded and prominently
placed on the page to ensure that the reader sees and understands the message.
B. Limitations
While the findings of this study were significant, there were several data limitations. The
time frame for the study was only three months, which limited the time available for data
collection and analysis. Additionally, the only accessible data was for publicly tested private
wells that were tested by the North Carolina State Laboratory Public Health Environmental
Sciences Inorganic Chemistry Unit. There was no access to wells that were privately tested or
wells that had never been tested, which excluded a significant number of wells from the dataset.
Furthermore, the public well tests that were available were from 2009 to 2017, which excluded
any wells tested prior to that time period.
Within the data that was gathered from the North Carolina State Laboratory, there were
many cases of incomplete data. Incomplete data was classified as any well test that lacked
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information such as an address or sampling point. For this study, all incomplete data was
excluded. This was limiting because it excluded wells with potentially high contamination levels,
and it limited the robustness of the data for certain counties. Data was also limited because of the
census data available, since the most recent census data was collected in 2015 and 2016 and
since all census data is gathered through voluntary response.
Another potential source of uncertainty with the data were the inconsistent sampling
points used for each well test. This is primarily an issue with testing protocol, because there is no
standardized way to conduct well tests. Many of the tests were drawn from inside the home at the
POU, but others were drawn from outside the home at the wellhead, also known as the POE.
This inconsistency lead to misleading well test results because additional contaminants could
have entered the water supply as it traveled to the home. Additionally, the differences in flow
rate between POU and POE sampling could have contributed to differences in contaminant level.
If the sample was taken at the POE, where the flow rate is slower than in the home, the
contamination would likely be lower because there are fewer contaminants pulled from the
piping structure at a lower flow rate [40]. The flow rate coupled with the sampling point limited
the data in our study because the difference in contaminant level for some of the wells could
have been attributed to either one of these factors instead of the environmental justice indicators
in a particular geographic area.
There were also several limitations in regards to the readability assessments that were
conducted. The only documents assessed for readability were the informational documents
pertaining to well water treatment and testing. Due to the constraints of the Flesch Reading-Ease
Formula, no well permits or applications for water testing were assessed. Despite this limitation,
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these documents should still be evaluated for readability and changes should be made to make
them more understandable by the public. There were also many different types of readability
tests to choose from to assess these documents. The team chose the one best thought to assess
these types of documents, but it is possible that other readability formulas could have produced
different results.
Finally, the data pertaining to internet access in these counties was extremely limited.
There was no source that was able to provide an accurate report for the number of individuals
with or without internet access. With this in mind, it may be possible that internet access is more
widely available than the information showed.
C. Conclusions
The goal of this project was to explore whether there were clear links between
environmental justice metrics and private well water contamination in six central North Carolina
counties. Based on our analysis, it was determined that there were no real spatial, demographic,
or socioeconomic patterns in the datasets that established any statistical relationship between
contaminated well water resources and injustice.
However, the literature indicated that income and education level are linked to well
testing and treatment choices. Income is important plainly because the cost of well tests and
treatment is significant. Furthermore, per the North Carolina Well Act of 2008, these tests are
only required of new wells, which might coincide with new construction and wealthier areas -while precluding rented or older properties. Education plays a role because a general lack of
knowledge about drinking water quality seems to lead people to test infrequently and treat
insufficiently. Additionally, the scientific language and high grade level of the resources that are
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available, as well as the need for internet access to obtain them, are barriers that might prevent
North Carolinians from gathering the information they need. These gaps in communication and
information about well testing and treatment options are exacerbated by the socioeconomic,
cultural, and educational disparities that exist in these communities. With all these factors in
mind, it is critical to supply citizens with appropriate information in order to protect public health
through equitable access to appropriate, high-quality information.
Overall, it appears that the NCDHHS and county-level Environmental Health
departments are falling short when it comes to meeting the needs of the public. These
departments and the state of North Carolina should take steps to mitigate the risks posed to
public health by contaminated private water sources, educate the public about drinking water
safety, and prevent the continued use of unsafe well water resources.
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VII.

APPENDIX
A. Maps and Geographic Data

Background Maps:
The first six maps show the areas and wells analyzed in order to answer the research question.
These maps provide background information about the location of the wells, and the amount of
wells with detectable levels of contaminants and wells with contaminant levels above the MCL.
Other maps included in this section show wells with co-occurrence as well as wells with
contaminants above the MCL that were reported as old or new. Finally, this section contains a
map showing wells with contaminants above the MCL that are less than one mile for an
undesirable land-use.
Raw versus Treated Maps:
The next group of maps show information about the differences between raw and treated wells.
The first map shows block census data was added to the map showing the percent of the
population considered low income, or making less than $20,000 a year, and the percent of the
population with a high school education or higher.
County Specific Maps:
These maps show the counties with the highest number of contaminants above the MCL for
arsenic (Stanly County), lead (Randolph County), and manganese (Randolph County). These
wells were paired with demographic data including percent of the population that is black and
percent of the population considered low income displayed in a table.
Statistical Significance Maps:
This group of maps shows the p-values for response times as well as the distribution of arsenic,
chromium, lead, and manganese above the MCL when considering the percent of the population
that is low income within the block group.
Well Count Maps:
These maps show the number of wells within each block group that exceed the MCL for at least
one contaminant. The block groups vary in shade based on percent black, percent low income,
and percent with a high school education or higher.
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Background
Map 1. Counties Analyzed

The above map shows the location of the six counties for which data was collected and analyzed: Iredell, Rowan,
Davidson, Randolph,Stanly, and Montgomery Counties.

Map 2. Wells with Detectable Levels vs. Levels Over MCL

This map shows all wells with detectable levels of contaminants (blue) and all wells with contaminant levels
exceeding the MCL (red).
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Map 3. Co-Occurring Contaminants (Detectable and Above MCL)

Co-occurring contaminants can be seen in the map above. Green dots represent wells were two or more chemicals
were detected in the same well. Red dots represent wells that contained two or more contaminants above the MCL.

Map 4. New vs. Old Wells Above the MCL

Wells containing at least one contaminant above the MCL and reported as “old” are shown in blue. Orange dots
represent “new” wells with at least one contaminant above the MCL
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Map 5. Wells Above MCL and Less than 1 Mile from a Locally Unwanted Land-Use

The above map shows wells with at least one contaminant above the MCL that are less than one mile from a locally
unwanted land-use, such as a landfill, brownfield, concentrated animal feeding operation (CAFO), etc.

Raw versus Treated Wells
Map 6. Raw and Treated Well Samples & Percent Low Income

The map above shows raw wells (green) and treated wells (purple) as well as the percent of the population that is
low income. Darker areas represent higher low income populations.
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Map 7. Raw and Treated Well Samples & Percent with High School Education

Raw wells are represented in green while treated wells are shown in purple. Darker block groups represent areas
where a smaller percent of residents have a high school education.

County Specific
Map 8. Stanly County and Arsenic

The above maps show wells in Stanly County that contained levels of arsenic exceeding the MCL. The map on the
left shows percent black with darker shades corresponding to a higher percentage. The map of the right shows the
percent of the population considered low income with darker shades representing poorer areas.
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Map 9. Randolph County and Lead

The above maps show wells in Randolph County that exceeded the MCL for lead. On the left, these wells are shown
along with percent black. On the right, the wells can be seen with percent low income.

Map 10. Randolph County and Manganese

The above maps show wells in Randolph County containing manganese in concentrations above the MCL. The map
on the left pairs this with percent black while the map on the right shows the wells and percent low income.
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Table 1. County Demographics
County

Pop.

Median
Household
Income

Median
Age

Race

Language

Education

Davidson

163,867

$43,363

42

81% White
9% Black
7% Latino

92% English
6% Spanish

82%-HS
diploma or
higher
19%-Bachelor’s
degree or higher

Montgomery

27,601

$32,500

41

64% White
18% Black
15% Latino

85% English
15% Spanish

75%-HS
diploma
15%-Bachelor’s
degree

Iredell

165,066

$52,306

40

77% White
12% Black
7% Latino

91% English
9% Spanish

87%-HS
diploma
26%-Bachelor’s
degree

(Mooresville at
$63,792;
Statesville at
$32,728)

(Mooresville at
92% and 35%;
Statesville at
80% and 20%)

Randolph

142,947

$41,947

41

80% White
11% Black
6% Latino

89% English
9% Spanish

80%-HS
diploma
15%-Bachelor’s
degree

Rowan

138,361

$43,069

40

73% White
16% Black
8% Latino

91% English
7% Spanish

83%-HS
diploma
18%-Bachelor’s
degree

Stanly

60,586

$40,910

42

82% White
10% Black
4% Latino

94% English
3% Spanish

83%-HS
diploma
16%-Bachelor’s
degree

Source: Data USA

The above table show overall population, income, age, race, language, and education demographics for each of the
six counties for a general comparison of the regions.
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Statistical Significance
Map 11. Statistical Significance of Response Times and Low Income

This map shows the statistical significance of response times as well as percent low income. P-values below 0.05
(shown in blue) represents statistically significant results, meaning that it is unlikely that these values occurred by
chance. However, lower p-values do not appear to correspond with low income.

Map 12. Statistical Significance of Arsenic and Low Income

The above map shows the statistical significance of wells containing arsenic above the MCL; p-values of less than
0.5, represented in blue, indicate values that were likely not randomly occurring. This can be attributed to the fact
that arsenic is naturally occurring in North Carolina, meaning its location is somewhat predictable. Yet, there does
not seem to be a correlation between low p-values and block groups with high low income populations.
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Map 13. Statistical Significance of Chromium and Low Income

P-values of less than 0.05, in blue, show areas where it is likely that wells containing chromium above the MCL did
not occur randomly. Most of these values occur in Rowan County, outside of Salisbury, NC. Duke Energy operates
the Buck Steam Station in this area, which may account for low p-values in this area. There did not appear to be a
pattern between low income block groups and low p-values.

Map 14. Statistical Significance of Lead and Low Income

Wells exceeding the MCL for lead are shown above along with their p-values. Blue dots represent p-values less than
0.05 which indicates that it is unlikely that their location and values occurred by chance. There does not seem to be a
relation between low p-values and low income block groups. Although in Randolph County, there does appear to be
some clustering.
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Map 15. Statistical Significance of Manganese and Low Income

Blue dots, representing p-values less than 0.05, indicate wells with manganese above the MCL that were likely not
randomly occurring. These values seem to border Mecklenburg and Cabarrus Counties (bottom left of the map), but
do not appear to correspond with low income areas.

Well Counts
Map 16. Percent Black and Well Counts Above the MCL

The above map shows the number of wells in each block group that exceeded the MCL for at least one contaminant.
Some blocks had over 100 contaminated wells, but there did not appear to be a relationship between number of
contaminated wells and percent black.
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Map 17. Percent Low Income and Well Counts Above the MCL

This map shows the number of wells exceeding the MCL for at least one contaminant as well as the block group
data for percent of the population considered low income. As seen with Map 18, there does not appear to be a
correlation between number of contaminated wells and percent low income.

Map 18. Percent with High School Education and Well Counts Above the MCL

The number of wells exceeding the MCL for at least one contaminant is shown with the percent of the population
within each block group that has received a high school education or higher. There did not appear to be a pattern
between these variables.
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