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Introduction 

Thirty percent of North Carolinians get their drinking water from private wells, making the state 

second in the nation for well dependence. While the Safe Water Drinking Act regulates contaminants in 

municipal water systems, there are no requirements for testing unless a new well is constructed.  

Therefore, less than seven percent of old wells were tested before 2010.  Furthermore, in 2014 the third 

largest coal ash spill in the United States released between 50,000 and 82,000 tons of coal ash into 

important waterways. Free well tests were provided to residents who relied on wells that were located 

within a half mile radius of the spill. During the first round of tests, over 350 residents were told not to 

consume their water because of toxic contaminants found. The discovery of these contaminants raised the 

profile of potential exposure, increasing anxiety in residents as more people wanted their wells tested due 

to the concerning finds. Studies have also shown that communities of color and other marginalized groups 

rely heavily on well water and therefore are more susceptible to toxic pollution. Do environmental 

injustice indicators predict private well testing frequencies, sampling protocols, and contamination levels? 

Literature Review  

There are significant findings in previous studies that need to be addressed to help answer the 

research question. Sanders et al. assessed the association between metal concentrations in private well 

water and birth defect prevalence in North Carolina ( 2014, p. 3). To do this, 10,000 well locations and 

associated metal tests were assigned to the census block that contained the geocoded maternal residence. 

Metals such as arsenic, cadmium, manganese, and lead were found to be above the EPA regulatory 

guidelines for drinking water, or the Maximum Contaminant Level “MCL”, all over North Carolina 

(Sanders, 2014, p. 5). However, there were unmistakable patterns for some metals: both arsenic and 

manganese levels were significantly elevated in the piedmont region (Sanders, 2014, p.5). The study has 

found that elevated manganese levels were statistically significantly associated with conotruncal heart 

defects. The Sanders et al. study is significant as it shows that high private well water metal levels is 

widespread, and in some cases such as arsenic and manganese, is particularly heavy in the North Carolina 

piedmont region, the study area for this paper.    

 

Another important finding from the literature is the relationship between natural processes, 

specifically soil weathering and manganese levels in private wells (Gillespie et al, 2016). Manganese 

contamination in private wells have been shown to be positively correlated with several serious health 

risks including infant mortality, conotruncal heart defects, neurodevelopmental defects, and deaths by 

cancer (Spangler et al, 2009; Sanders et. al, 2014; Langley et. al, 2015; Spangler et al, 2010). These 

findings are particularly relevant to this study because of the high levels of manganese contamination in 

the piedmont region of North Carolina discussed above. Research on manganese levels in soil in this 

region show that the highest levels are generally found close to the surface and then decreases deeper in 

the sediment. Similarly, researchers found a negative correlation between well depth and manganese 

contamination levels, with shallow wells being those that were most often contaminated (Gillespie et al, 

2016, p. 9966). These findings suggest that near-surface natural processes such as chemical weathering of 

parent material are a main driver of well contamination in the geographic area for this study (Gillespie et 
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al, 2016, p. 9969). Arsenic is another naturally occurring contaminant that previous researchers have 

studied with relation to well water and environmental justice. One study found that low socioeconomic 

groups do not disproportionately live in areas with arsenic contamination; rather, it is an equal 

opportunity contaminant regarding both education and income (Flanagan et al, 2016). However the 

research shows that disadvantaged groups are significantly less likely to test and treat their wells, 

specifically households with lower education (Flanagan et al, 2016, p. 1024). These results show that 

even for naturally occurring contaminants that affect both ends of the socioeconomic spectrum at 

essentially the same rate, socioeconomic indicators still play an important role in determining who takes 

action to protect themselves against these risks (Flanagan et al, 2016, p. 1028). This suggests that 

although different socioeconomic groups are exposed to the same level of arsenic with respect to 

proximity to natural hazards, low-income households and households with lower education may still be 

more vulnerable to health risks based on behavioral differences (Flanagan et al, 2016, p. 1028).  

In her study on carcinogenic Chromium-6, Sutton has found that, in 89 percent of the cities 

sampled, the water supply is contaminated with this hazard, which currently has an EPA-set legal limit of 

100 parts per billion (ppb), which is 1,700 times higher than California’s proposed public health goal of 

0.06 ppb (Sutton, 2010, p. 4-5). The concern here is the scope of exposure and the magnitude of the 

potential risk: the study claims that at least 74 million Americans in 42 states drink chromium-polluted 

tap water, and yet the EPA does not enforce or require testing for Chromium-6 (Sutton, 2010, p. 15-16). 

A more recent study by Vengosh focuses on the origins of Chromium-6 in wells from the piedmont 

aquifers of North Carolina (2016). This study has determined that Chromium-6 is widespread in the NC 

piedmont (Vengosh 2016, p.1). While Vengosh has determined that Chromium-6 in NC has contaminated 

private wells due to natural leaching of water-rock interactions, it is important to note that it can also 

occur as an anthropogenic contaminant as found by Sutton (2010, p. 4). Regardless of cause, Chromium-6 

is widespread and dangerous, not to mention woefully unregulated and tested.  

 

Methods  

A usable definition of environmental justice (EJ) was published by the state of Massachusetts in 

October of 2002 that defined EJ communities as “communities where households earn 65% or less of the 

statewide household median income or communities where 25% or more of residents are minority” 

(Enviro. Justice Policy).  To investigate these variables with the data available, this paper uses household 

median income and a percentage of minority populations by block group in Chatham, Moore, and Lee 

counties.  The definition of EJ was a population greater than the state and county averages for African 

American and Hispanic populations. All socioeconomic data was sourced from the US Census FactFinder 

using the most recent Census from 2016.  

Another component of our analysis of environmental justice is environmental hazards. Since 

environmental hazards are generally disproportionately located in low-income and minority 

neighborhoods, it was important to investigate the role these hazards might play both in socioeconomic 

status as well as potential water contamination. This paper used spatial data accessed from the NC 

Department of Environmental Quality, including the exact location of nine different categories of 

environmental hazards: Brownfield Sites, DSCA sites (Dry Cleaning Solvent Act), Hazardous Waste 

Sites, Inactive Hazardous Sites, Manufactured Gas Plants, Active Permitted Landfills, Pre-Regulatory 

Landfills, Underground Storage Tank Incident Sites, Federal Remediation Sites (Superfund Sites). 



4 

 

 Once socioeconomic and hazard data was downloaded and cleaned, individual well tests were 

accessed from the North Carolina Laboratory of Public Health that contained street addresses, sampling 

information, and water quality test results for all private wells tested in North Carolina. Each test sheet 

provided both the allowable limit for all soluble contaminants as well as the concentration measured in 

the test. Thus, this paper includes recorded all contaminant levels and distinguished which private wells 

fell above or below the allowable limit per specific contaminant. The contaminants of focus for this paper  

were: arsenic, chromium, hexavalent chromium, lead, manganese, mercury, nitrate, and nitrite due to the 

wealth of information cited above linking these contaminants to poor health conditions in humans.  

This paper includes data extracted from over 3390 well test sheets from the three counties.   Then, 

a spatial join function in ArcMap was used to connect the wells to the corresponding socio-economic 

statuses for these locations (minority presence and income level) and the proximity of these locations to 

hazardous sites. 

ArcMap was used to display these data spatially and determine which factors were most 

correlated with contaminated wells. First, each well was geocoded and plotted using the X-Y coordinates 

as points on a map with values corresponding to how far each well exceeded the allowable limit per 

contaminant. To illustrate that some wells showed levels exceeding the allowable limit for more than one 

contaminant, each well was scored on a scale of 0 to 2, based on the number of contaminants present. 

Inverse Distance Weighted (IDW) interpolation was then used to identify the spatial distribution of wells 

with multiple contaminants. The basic assumption underlying this methodology is Tobler’s Law; the 

closer things are the more similar they are. Each well was given a value based on its score out of 2 and 

then values of neighboring areas were predicted based on these scores, diminishing with distance.  

Finally, a regression analysis was run using a 2-tailed test at the five percent significance level 

and used this to map well contamination hot spots within the three counties, spatially depicting the areas 

of risk for well water contamination. However, our regression results are limited by the data available and 

may contain bias due to differing sample sizes within variables (e.g. there are 3,218 well tests from raw 

water, while only 172 from treated water).  

To investigate how socioeconomic factors may relate to these hotspots, this paper relied on 

census data to display the percentage of minority residents within each block group as either above or 

below two significant intervals: the North Carolina state average (22% Black) and the North Carolina 

County average (11% Black). 

Analysis  

 The data from over 3,000 well water samples from Chatham, Lee, and Moore counties was 

analyzed, using the aforementioned methods. The following subsections present the results of this 

analysis organized into Descriptive Statistics, the Spatial Analysis, and the Regression Analysis.  
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Descriptive Statistics 

Table 1: Descriptive Statistics 

 
Table 1 shows the basic statistics for the three counties combined, with varying numbers of 

samples testing for each contaminant. The occurrences of Manganese and Chromium 6 were especially 

concerning due to the percent of tested wells that were at or above the MCL, 36.57% and 41.1% 

respectively. 

Spatial Analysis  

The geographic data associated with wells, county demographics, and environmental hazards is 

valuable. Utilizing this data to construct and analyze spatial distributions allows characterization of the 

relationships between contaminants, environmental injustice indicators, and environmental hazards. 

Additionally, problem areas may be identified for mitigation prioritization.  

Spatial Distribution of Contamination 

Well contamination across Chatham, Lee, and Moore counties is not concentrated; rather, 

contamination is ubiquitous. The propagation of contamination crosses political and geographic 

boundaries.  
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Map 1: Contaminant Hot Spots  

  

 

Map 1 shows the spatial distribution of contaminants based on IDW interpolation of the number 

of contaminants over the MCL in each tested well. The values range from no contaminants to two 

contaminants indicating the number of different well water contaminants present in an area.  

Each county contains problem areas and these problem areas are spread out within each county. 

The widespread nature of contamination makes prioritizing areas for mitigation difficult. However, the 

concentration of wells with one or more contaminant at the border of Chatham and Moore counties may 

be significant.   

Contamination and Environmental Injustice Indicators 

 The spatial distribution of race in Chatham, Moore, and Lee counties is irregular. This allows 

analysis of the relationship between the Massachusetts environmental injustice indicator of race and 
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contaminants. For the purpose of this paper, the distribution of manganese, arsenic, and lead 

contamination is compared to the racial makeup of Census tracts.  

Map 2: Manganese Contamination and Race 

 
 

 Map 2 illustrates wells contaminated with manganese and the percentage population that is Black 

in each Census tract. There is no correlation between the racial makeup of Census tracts and the number 

of wells with manganese contamination or the amount of manganese found in contaminated wells. It is 

clear that Manganese is found in large quantities across the counties, likely due to its natural occurrence 

in North Carolina’s bedrock. 
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Map 3: Arsenic Contamination and Race 

 
Map 3 illustrates wells contaminated with arsenic and the percentage population that is Black in 

each Census tract. There is no correlation between the racial makeup of Census Tracts and the number of 

wells with arsenic contamination or the amount of arsenic found in contaminated wells. Arsenic is found 

in its highest concentration in Census Tracts where 1-11% of the population is Black, as well as Census 

Tracts where 23-88% of the population is Black. 

 

Map 4: Lead Contamination and Race 
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Map 4 illustrates wells contaminated with lead and the percentage population that is Black in 

each Census tract. There is a correlation between the racial makeup of Census Tracts and the number of 

wells with lead contamination and amount of lead found in contaminated wells. A greater percentage of 

Census tracts with a Black population of 23-88% have wells with lead contamination.  
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Map 5: Multiple Contaminants and Race 

 
Map 5 illustrates the number of contaminants over the MCL in wells and the percentage 

population that is Black in each Census tract. There is a no correlation between the racial makeup of 

Census Tracts and the number of wells with contaminants over the MCL. However, this analysis does 

allow identification of Census Tracts with multiple wells that have contamination levels in violation of 

the MCL.  

Contamination and Environmental Hazards 

Prior research has shown that Environmental Hazards often pose a greater burden on 

communities of low socioeconomic status. Additionally these hazards may be a source of well water 
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contaminants. Each well was assigned the number and type of hazards within .05 mi buffer distance (see 

methods for details) in order to analyze the relationship between distance to hazards and contamination.  

Map 6: Contaminants and Environmental Hazards 

 
Map 6 illustrates the number of contaminants over the MCL in wells and the concentration of 

environmental hazards. There is a correlation between contamination and hazards. Considering Census 

tract size, it is clear that environmental hazards tend to be located in areas with denser populations, while 

wells with contaminant levels over the MCL do not.  

 

Regression Analysis 

This paper used linear regression models to quantitatively analyze the extent to which various 

factors affect the levels of each contaminant. The following subsections detail these results. No 

regressions are run on Chromium 6 since its sample size is too small to yield accurate results. 

Additionally, Active Permitted Landfills and Superfund Sites are eliminated from the hazard models due 
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to collinearity. The tables below contain the results of the general models; however, for each contaminant, 

multiple regressions were run. These additional regressions include sorting the data by Sample Type, 

Sampling Point, and New Well to test for the effect of the other variables within these categories. 

Additionally, all tests are two-tailed at the 5% significance level; therefore, any t-value at an absolute 

value of 1.96 or greater indicates a statistically significant variable. 

Arsenic 

 Table 2 shows the general models for arsenic levels. The first column contains the results from 

regressing arsenic on well and sampling characteristics, while the second column shows the results from 

regressing arsenic on the presence of hazards (this format is used in all tables). Overall, these regressions 

indicate that the level of arsenic increases when there is an increase in the percentage of the population 

that is White, Black or African American, or Hispanic. This is consistent across the models, suggesting 

that arsenic is present across the three counties. However, the magnitude of each increase for each race 

varies. In the general model below, those who are Black or African American experience the largest 

increase of approximately 0.0208 mg/L of arsenic for each unit increase in the percentage of those in the 

block group who are Black or African American. Finally, none of the hazards appear to significantly 

affect the levels of arsenic in well water. 
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Table 2. Effect of Race, Well & Sampling Characteristics, and Hazards on Arsenic Levels (mg/L) 

 
Note: Sample size is 3,301. t-values are in parentheses. Significance level is 5%. Demographic data is 

calculated at the Census block group level. Sample Type equals 1 if treated and 0 if raw. Sampling Point 

equals 1 if indoor and 0 if outdoor. New Well equals 1 if new and 0 if old. * indicates hazard; hazards 

calculated by number within 0.5 mile radius.  

Chromium 

 The results for the chromium analysis are shown below in Table 3. Unlike arsenic, none of the 

race variables significantly impact the levels of chromium. However, the results indicate that having a 

new well significantly increases the level of chromium by 0.0005 mg/L in the general model of well & 

sampling characteristics. Other models also show a statistically significant increase in chromium in new 

wells. Of the environmental hazards, having one more hazardous waste spill and disposal site within a 0.5 

mile radius of the block group increases the level of chromium by 0.0015 mg/L, according to the general 

model shown below. Similar increases can be seen within other models of chromium and environmental 

hazards as well. 
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Table 3. Effect of Race, Well & Sampling Characteristics, and Hazards on Chromium Levels (mg/L) 

 
Note: Sample size is 3,301. t-values are in parentheses. Significance level is 5%. Demographic data is 

calculated at the Census block group level. Sample Type equals 1 if treated and 0 if raw. Sampling Point 

equals 1 if indoor and 0 if outdoor. New Well equals 1 if new and 0 if old. * indicates hazard; hazards 

calculated by number within 0.5 mile radius.  

Lead 

 An increase in the percentage of people who are Hispanic prompts an increase in the level of lead. 

In additional models of lead not shown below, the percentage of people who are Black or African 

American also affects the amount of lead; however, the coefficients vary in direction, suggesting that this 

result may be due to statistical error. A notable outcome of the lead models is that an increase in the 

percentage of people below the poverty line significantly increases the amount of lead across the models. 

Finally, the hazard models indicate that one more pre-regulatory landfill site within a 0.5 mile radius of a 

block group increases the amount of lead found. This increase is of 0.0070 mg/L in the general model 



15 

 

shown below, which is approximately half of the MCL for lead (0.015 mg/L). Additional regression 

results for lead can be found in Table 4. 

Table 4. Effect of Race, Well & Sampling Characteristics, and Hazards on Lead Levels (mg/L) 

 
Note: Sample size is 3,301. t-values are in parentheses. Significance level is 5%. Demographic data is 

calculated at the Census block group level. Sample Type equals 1 if treated and 0 if raw. Sampling Point 

equals 1 if indoor and 0 if outdoor. New Well equals 1 if new and 0 if old. * indicates hazard; hazards 

calculated by number within 0.5 mile radius.  

 

Manganese 

Based on Map 2 shown above, manganese appears to be the most widely spread contaminant 

analyzed. This is in line with the regression results shown in Table 5. None of the three race variables 

included are significant. While some of our additional models indicate that an increase in the number of 

people who are Black or African American decreases the manganese level, this result is likely due to 

chance given how widespread manganese is across Chatham, Lee, and Moore counties. However, 
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increased manganese levels do appear to be associated with new wells, perhaps because new 

developments are being built in areas with high levels of naturally-occurring manganese. 

Table 5. Effect of Race, Well & Sampling Characteristics, and Hazards on Manganese Levels (mg/L) 

 
Note: Sample size is 3,301. t-values are in parentheses. Significance level is 5%. Demographic data is 

calculated at the Census block group level. Sample Type equals 1 if treated and 0 if raw. Sampling Point 

equals 1 if indoor and 0 if outdoor. New Well equals 1 if new and 0 if old. * indicates hazard; hazards 

calculated by number within 0.5 mile radius.  

 

Mercury 

 

Table 6 contains the regression results for mercury. Both an increase in the percent of people who are 

Black or African American and an increase in the percent of people who are White increase the level of 

mercury. Looking at the hazards, the models indicate that the presence of hazardous waste spill and 

disposal sites increases the level of mercury. 
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Table 6. Effect of Race, Well & Sampling Characteristics, and Hazards on Mercury Levels (mg/L) 

 
Note: Sample size is 3,301. t-values are in parentheses. Significance level is 5%. Demographic data is 

calculated at the Census block group level. Sample Type equals 1 if treated and 0 if raw. Sampling Point 

equals 1 if indoor and 0 if outdoor. New Well equals 1 if new and 0 if old. * indicates hazard; hazards 

calculated by number within 0.5 mile radius.  

 

Nitrate 

 

As shown in Table 7, a unit increase in the percentage of people below the poverty line increase nitrate by 

3.2197 mg/L. Additional models run are also indicative of a positive relationship between poverty and 

nitrate levels. Having a new well is also shown to increase nitrate levels. Just as with manganese, housing 

development may be occurring in areas with higher concentrations of nitrate.  
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Table 7. Effect of Race, Well & Sampling Characteristics, and Hazards on Nitrate Levels (mg/L) 

 
Note: Sample size is 3,301. t-values are in parentheses. Significance level is 5%. Demographic data is 

calculated at the Census block group level. Sample Type equals 1 if treated and 0 if raw. Sampling Point 

equals 1 if indoor and 0 if outdoor. New Well equals 1 if new and 0 if old. * indicates hazard; hazards 

calculated by number within 0.5 mile radius.  

Nitrite 

The final contaminant is nitrite. Based on the results in Table 8, as well as other regressions not shown 

here, socioeconomic characteristics do not significantly affect nitrite levels in wells. However, the hazard 

models indicate that nitrites are associated with the presence of CAFOs, with each additional CAFO 

within a 0.5 mile radius of the block group prompting an increase nitrite. This increase is 0.0087 mg/L 

according to the general model in Table 8.   
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Table 8. Effect of Race, Well & Sampling Characteristics, and Hazards on Nitrite Levels (mg/L) 

I  

Note: Sample size is 3,301. t-values are in parentheses. Significance level is 5%. Demographic data is 

calculated at the Census block group level. Sample Type equals 1 if treated and 0 if raw. Sampling Point 

equals 1 if indoor and 0 if outdoor. New Well equals 1 if new and 0 if old. * indicates hazard; hazards 

calculated by number within 0.5 mile radius.  

Conclusions and Recommendations 

 

Our findings indicate that race and poverty are not predictors of well water contamination from 

naturally occurring inorganic compounds except for nitrate. This is to be expected from previous research 

stating that naturally occurring contaminants tend to be non-discriminate in nature, affecting people of all 

socioeconomic backgrounds (Flanagan et al. 2016). However, it is important to note that all data used in 

this research was from publically available records and not representative of all private wells in the areas 

of study. Data from less than 10% of all wells in Chatham, Moore, and Lee counties were available, which 

demonstrates the rarity of well testing and how our findings are potentially skewed. This is particularly 
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relevant considering the mandatory testing of all new wells in the area, which tend to be developed in areas 

of high socioeconomic status. However, given the large number of affected wells and high detected levels 

of contamination, many of these compounds are of concern. We are especially concerned to find that about 

10% of the wells tested would not be in compliance with safe drinking water regulations in the Clean Water 

Act.  

Chromium 6 in particular is an immediate concern given its high concentrations above the 

maximum contaminant level (MCL), with 41% of wells tested above the allowable limit. Manganese is also 

a concern given its widespread prevalence, as seen in Map 2. Of the wells tested for manganese, 36.57% 

were above the allowable limit. Arsenic is less common; however, Map 3 shows that arsenic contamination 

is more concentrated along the Slate Belt in the middle of the state. Map 3 shows that these areas contain a 

high number of predominantly Black communities, and while there is no statistical correlation, the counties 

involved should be aware of the racial and geological correlations in this area when zoning and creating 

affordable housing regulations so to avoid environmental injustice. 

Our research also indicates that poverty is an indicator of the presence of lead, which is in line with 

previously referenced literature. A higher percentage of individuals experiencing poverty indicates a higher 

likelihood of lead contamination. We also found that lead has may be correlated with communities with a 

high percentage of Black residents. This relationship is not statistically significant according to the 

regression models, but the Spatial Analysis indicates otherwise. Since lead is almost exclusively 

anthropogenic, we can conclude that Chatham, Lee, and Moore counties are facing environmental 

injustices. The smaller correlation than expected is likely due to the surplus of well tests from white well 

owners which skews the results toward that demographic. This is why more comprehensive testing should 

be required for further research, as the current sample does not fully reflect the population of private well 

owners in the study area. This is of particular importance, as research has shown that lead directly impacts 

cognition, influencing the functions of the hippocampus and thus weakening decision making skills while 

increasing violent tendencies (Nevin, 2006). Unjust, racially biased contamination can thus increase crime 

rates and contribute to further systematic oppression of people of color.  

Immediate action from the affected counties is recommended due to the adverse health and 

neurological effects of the minerals found. This is especially important with correlations of poverty or race 

to prevent further injustice. Immediate solutions include multiple advertising campaigns to promote regular 

testing and treatment. The campaigns will bring awareness to the need for testing well water and normalize 

the act of regular well testing throughout the community. Advertising campaigns can also educate people 

on the common contaminants in the area. This is significant, as research shows that promotion through 

socializing and word of mouth is the most effective way to shift community behavior towards regular well 

testing and treatment (Aziz et al. 2006).  

There should also be free standardized well testing (first draw sampling, all for the same amount 

of time, and with the same compounds collected). Reports from these tests should be released quicker, 

provide more clear results, and be written at a reading level appropriate for more universal understanding. 

In other words, the results from these test should coincide with the national reading level and expert 

terminology should be avoided or fully explained. The reports need to be understood by those impacted so 

that their risk perception and subsequent action is optimized. Finally, tests need to be standardized to include 

compounds of concern, such as chromium 6 which did not have many tests. This is important not only for 

public health concern, but also for increased data, as more tests could more variance to this project.  

Perceived risk and risk awareness does not always lead to treatment and action of alternatives are 

not accessible to all. To address issues with class and lack of action following the distribution of results, 

there should be well-advertised, affordable, and effective water treatment options. This becomes difficult 

as many contaminants require different treatments, thus information regarding best practices for each 

contaminant will have to be effectively advertised.  

The above solutions are relevant to county and community level initiatives. In the long run, we 

would like to see larger efforts put forth the prevent water contamination and the environmental injustice 

that often occurs as a result. Legislation changes can address housing placements and the concentrations of 

environmental hazards, particularly CAFOs. Maximum contaminant levels can be standardized and shifted 
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to reflect risk on children and women, as opposed to full-grown men. In regards to lead pipes, there should 

be a collective effort to remove and replace all older pipes because of its contribution to lead poisoning 

within communities. While recommended action items are numerous and expansive, we emphasize the 

importance of starting small and local. Addressing concerns within the community should be the first 

priority for the counties studied, with hopes that action and activism can expand from there.  
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