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Abstract 

Perfluoroalkyl and polyfluoroalkyl substances (PFAS) are persistent environmental contaminants of increasing public 
health concern. Previous national studies have reported associations between PFAS exposure and sociodemographic 
variables. This study investigated relationships between concentrations of three PFAS pollutants—PFOA, PFOS, and 
PFBS—and selected sociodemographic indicators, including population served, education level, and median 
household income, using publicly available drinking-water data from Community Water Systems in New Jersey. Data 
were separated by contaminant, and outliers were removed using the Grubbs test (α = 0.05). Pearson correlation and 
linear regression analyses were conducted to calculate Pearson correlation coefficients, R² values, adjusted R² values, 
and associated p-values. Results showed no consistent or statistically significant associations between PFAS 
concentrations and sociodemographic variables, except for a weak but statistically significant positive correlation 
between household income and PFOA concentration; however, the low R² value (0.0997) indicated limited 
explanatory power. In contrast, stronger correlations were observed among certain PFAS compounds, and the strength 
of these inter-compound relationships corresponded with similarities in carbon chain length and functional groups. 
These findings suggest that, within this statewide dataset, PFAS concentration patterns may be more strongly 
associated with compound-specific chemical characteristics than with sociodemographic factors. 
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1. Introduction 
 

Perfluoroalkyl and polyfluoroalkyl substances (PFAS) are a large class of synthetic chemicals that have been 
widely used since the mid-20th century in industrial processes and consumer products. Their unique molecular 
structure, consisting of carbon chains fully bonded to fluorine atoms, creates some of the strongest bonds in organic 
chemistry, giving PFAS exceptional thermal stability, resistance to degradation, and the ability to repel water and oil 
(Buck et al., 2011). These same properties, however, make PFAS extremely persistent in the environment, “earning 
them the name ‘forever chemicals’ (Wang et al., 2017).” 

PFAS production began expanding rapidly in the late 1940s and early 1950s as companies such as 3M and DuPont 
introduced chemicals, including perfluorooctanoic acid (PFOA), polytetrafluoroethylene (Teflon), and 
perfluorooctane sulfonic acid (PFOS), one of the earliest and most commercially important PFAS chemicals 
(American Chemical Society, n.d.). By the 1960s, PFAS had become common in cookware coatings, stain-repellent 
textiles, firefighting foams, and numerous industrial applications. During this period, few environmental rules existed, 
and PFAS waste was often released into waterways or buried without attention to its long-term effects, allowing these 
chemicals to accumulate in soil, groundwater, and surface water, many of which serve as drinking-water sources. 

Although internal company documents indicated awareness of PFAS toxicity as early as the 1970s, the health 
risks were not widely known to the public until legal cases in the late 1990s and early 2000s revealed extensive 
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contamination and harmful effects (Lerner, 2021). Later studies have found that exposure to some PFAS can raise the 
risk of cancer, slow development in children, weaken the immune system, and cause reproductive problems. In 
response, both federal and state agencies have implemented limits on major PFAS compounds (Grandjean & Clapp, 
2015; Barry et al., 2013). In New Jersey, current enforceable standards include 14 parts per trillion (ppt) for PFOA 
and 13 ppt for PFOS, although Perfluorobutane sulfonic acid (PFBS) and many other PFAS remain unregulated (New 
Jersey DEP, 2020). 

PFAS contamination is now recognized as a widespread national issue. A 2023 study by the U.S. Geological 
Survey estimated that at least 45 percent of tap water in the United States contains one or more PFAS chemicals (US 
Geological Survey, 2023). However, exposure is not evenly distributed. Recent studies show that certain communities, 
particularly Black and Hispanic or Latino populations, are more likely to live near PFAS sources or have detectable 
PFAS in drinking water. Factors such as income level, population density, industrial history, and education may 
contribute to these disparities (Liddie et al., 2023; Hu et al., 2016). These variables serve as proxies for socioeconomic 
status, community resources, and potential exposure vulnerability. 

Despite growing national research on PFAS exposure and environmental justice, no comprehensive statewide 
analysis has examined how PFAS concentrations vary with social and demographic factors in New Jersey. Addressing 
this gap is important because the state has a long industrial history, diverse communities, and varying levels of 
regulatory action. 

To address this gap, the present study analyzes publicly available data on PFOA, PFOS, and PFBS concentrations 
across New Jersey and investigates their relationships with demographic and socioeconomic variables, including 
income, education, and population characteristics. Understanding these patterns may help identify communities at 
elevated risk and support more equitable environmental policy decisions. 

This study tested the hypothesis that PFAS concentrations are significantly associated with sociodemographic 
indicators at the Community Water System level in New Jersey. Additionally, relationships among PFAS compounds 
were evaluated to assess potential structure-related co-occurrence patterns. 
 
2. Methods 
 
2.1 Data Collection and Process 
 

PFAS testing data from 491 Community Water Systems (CWSs) were obtained from the New Jersey Department 
of Environmental Protection (NJDEP) for the years 2022–2024. A master spreadsheet was created to organize the 
dataset, including fields for water utility name, service location, estimated population served, and measured PFAS 
concentrations (ppt). Data were manually transferred into the spreadsheet to verify completeness and ensure accurate 
alignment across variables. 

The dataset was separated into three subsets corresponding to the individual contaminants, PFOA, PFOS, and 
PFBS. CWSs lacking measurements for a specific contaminant were excluded from that subset. Outliers were 
identified and removed using the Grubbs test (α = 0.05) using Equation 1 (Harris, 2009). Outliers identified by the 
Grubbs test were limited in number and were removed cautiously to minimize undue influence on statistical results. 
 

𝐺 =	
|𝑞𝑢𝑒𝑠𝑡𝑖𝑜𝑛𝑎𝑏𝑙𝑒	𝑣𝑎𝑙𝑢𝑒 −	 𝑥̅|

𝑠  (1) 

where 𝑥̅ and s indicate the data set’s average and the standard deviation, respectively.  
 

Demographic information was obtained from the U.S. Census Bureau’s American Community Survey (ACS 
2016–2020). ACS indicators, including high school graduation rate, bachelor’s degree attainment, and median 
household income, were spatially joined to CWS service area boundaries to estimate the sociodemographic 
characteristics of populations served. These variables were matched to their corresponding CWS entries for analysis. 
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2.2 Statistical Analysis 
 

Comparisons were conducted between each PFAS contaminant (PFOA, PFOS, PFBS) and the sociodemographic 
variables (population served, high school graduation rate, bachelor's degree attainment, and median household income) 
using the Pearson correlation coefficient (ρ), as expressed in Equation 2.  
 

 

(2) 

Where xi and yi are individual paired observations, 𝑥̄ and 𝑦̄are the sample means, sx and sy represent the standard 
deviations of the x and y variables, respectively, and n is the sample size. 
 

Statistical significance for all tests was evaluated at an alpha level of 0.05. The null hypothesis for each 
comparison stated that no linear correlation exists between the PFAS concentration and the sociodemographic factor 
of interest. This corresponds to H0:r = 0, while the alternative hypothesis is HA:r ≠ 0. The Pearson correlation and t-
test analyses assume (1) approximate normality of the data, (2) independence of observations, and (3) linear 
relationships between variables for correlation analysis. 

Correlation coefficients and associated p-values were obtained using the linear regression module within the 
Microsoft Excel Data Analysis Toolpak, which computes r, the regression slope, and the corresponding significance 
test statistics. 

Additional analyses were conducted to assess whether statistically significant differences existed between the 
mean concentrations of the three PFAS contaminants (PFOA, PFOS, and PFBS). Pairwise comparisons were 
performed using two-sample Student’s t-tests with pooled variance at the 95% confidence level. For each contaminant 
pair, the t-statistic was calculated using the pooled standard deviation formula shown in Equation 3 (Harris, 2009).  
 

 

where 
 

(3) 

Where denotes the pooled standard deviation, s1 and s2 are standard deviations of the two samples, and n1 and n2 are 
their respective sample sizes. 
 

The t-statistic for each pair was then compared with the corresponding critical t-value to determine whether the 
difference in mean concentrations was statistically significant. When the t-statistic exceeded the critical t-value, the 
null hypothesis of no difference in mean concentrations was rejected. 

It should be noted that the sample sizes varied across analyses due to differences in data availability for each 
PFAS compound and sociodemographic variable. Community Water Systems lacking measurements for a given 
contaminant or missing demographic data were excluded from that specific analysis. This variation in sample size 
may affect statistical power and comparability across models. 
 
3. Results  
 
3.1 PFAS Concentrations and Sociodemographic Variables 
 

Pearson correlation analyses were conducted to evaluate relationships between PFAS concentrations (PFOA, 
PFOS, PFBS) and sociodemographic indicators, including population served, percentage of high school graduates, 
percentage of bachelor’s degree attainment, and median household income. 

Table 1 summarizes the regression statistics for PFOA using each sociodemographic variable as a single predictor. 
As shown in Table 1, household income demonstrated a statistically significant positive correlation with PFOA 
concentration (r = 0.3157, p = 0.0034). The R² value was 0.0997, indicating that approximately 10% of the variation 
in PFOA concentration is explained by income. No statistically significant correlations were observed for population 
served, high school graduation rate, or bachelor’s degree attainment (p > 0.05). 
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Table 1. Various statistical coefficients for PFOA using a single predictor regression model. 
 Population % high school 

graduates 
% college 
graduates 

Household 
Income 

Number of Sample 84 74 74 84 
Pearson Correlation Coefficient 0.1684 0.0965 0.1730 0.3157 
R2 0.0284 0.0093 0.0299 0.0997 
Adjusted R2 0.0165 -0.0044 0.0165 0.0887 
Standard Error 3.6398 3.8155 3.7755 3.5037 
P-value 0.1256 0.4133 0.1404 0.0034 
Average PFOA Amount (ppt) 6.71 ± 3.18 

 

Table 2 presents the regression results for PFOS. As shown in Table 2, none of the sociodemographic variables 
exhibited statistically significant correlations with PFOS concentration (all p > 0.05). Correlation coefficients were 
low, ranging from 0.0213 to 0.1845, and R² values were below 0.05. 
 

Table 2. Various statistical coefficients for PFOS using a single predictor regression model. 
 Population % high school 

graduates 
% college 
graduates 

Household 
Income 

Number of Sample 50 43 43 50 
Pearson Correlation Coefficient 0.1845 0.0516 0.0323 0.0213 
R2 0.0340 0.0027 0.0010 0.0005 
Adjusted R2 0.0139 -0.0217 -0.0233 -0.0204 
Standard Error 2.4371 2.1065 2.1082 2.4791 
P-value 0.2000 0.7423 0.8373 0.8832 
Average PFOS amount (ppt) 6.18 ± 1.49 

 

Table 3 displays the regression statistics for PFBS. As shown in Table 3, no statistically significant relationships 
were identified between PFBS concentration and any sociodemographic variable (all p > 0.05). R² values were below 
0.02, and several adjusted R² values were negative. 
 

Table 3. Various statistical coefficients for PFBS using a single predictor regression model. 
 Population % high school 

graduates 
% college 
graduates Household Income 

Number of Sample 32 30 30 32 
Pearson Correlation Coefficient 0.1043 0.0153 0.0848 0.0089 
R2 0.0109 0.0002 0.0072 0.0001 
Adjusted R2 -0.0221 -0.0355 -0.0283 -0.0333 
Standard Error 2.0395 2.0416 2.0345 2.0507 
P-value 0.5698 0.9361 0.6558 0.9613 
Average PFBS amount (ppt) 4.87 ± 2.01 

 

Figure 1 illustrates the relationship between household income and PFOA concentration. The scatterplot shows a 
slight upward trend consistent with the positive Pearson correlation coefficient reported in Table 1. However, the 
dispersion of data points indicates substantial variability around the regression line. 
 
3.2 Relationships Among PFAS Compounds 
 

Relationships among PFOA, PFOS, and 
PFBS concentrations were evaluated using linear 
regression analysis. Table 4 summarizes the 
correlation coefficients, R² values, adjusted R² 
values, and p-values for each pairwise 
comparison among the three PFAS compounds. 
As shown in Table 4, a statistically significant 
moderate positive correlation was observed 
between PFOA and PFOS (r = 0.6444, R² = 
0.4152, p = 6.78 × 10⁻4). A strong positive 

 
Figure 1. The relationship between PFOA concentration and 
household income. 
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correlation was observed between PFOS and PFBS (r = 0.8721, R² = 0.7605, p = 0.0010). In contrast, no statistically 
significant relationship was found between PFOA and PFBS (r = 0.0036, R² = 1.31 × 10⁻5, p = 0.9911). 
 

Table 4. Statistical coefficients for the relationships among three PFAS contaminants. 
 PFOA vs. PFOS PFOA vs. PFBS PFOS vs. PFBS 
Number of Sample 24 12 10 
Pearson Correlation Coefficient 0.6444 0.0036 0.8721 
R2 0.4152 1.31 x 10-5 0.7605 
Adjusted R2 0.3886 -0.1000 0.7306 
Standard Error 1.6091 2.1826 0.9358 
P-value 6.78 x 10-4 0.9911 0.0010 

 

Figure 2 shows the scatterplot and regression line for PFOA versus PFOS concentrations. The data points display 
a positive linear trend consistent with the R² value reported in Table 4. Figure 3 shows the scatterplot and regression 
line for PFOS versus PFBS concentrations. The clustering of data points along the regression line reflects the strong 
positive relationship summarized in Table 4. 
 

  
Figure 2. Scatterplot showing linear regression relationship 
between PFOA and PFOS concentrations in New Jersey 
Community Water Systems. 

Figure 3. Scatterplot showing linear regression relationship 
between PFOS and PFBS concentrations in New Jersey 
Community Water Systems. 

 
Figure 4 shows the scatterplot for PFOA versus PFBS. The data points are widely dispersed with no visible linear 

pattern, consistent with the near-zero correlation 
coefficient and non-significant p-value. 
 
3.3 Differences in Mean Concentrations 
 

Pairwise two-sample Student’s t-tests with pooled 
variance were conducted for towns with at least three 
measurements per contaminant. The results indicated 
that statistically significant differences in mean 
concentrations were observed in 29.2% of towns for 
PFOA vs. PFOS, 75.0% for PFOA vs. PFBS, and 
40.0% for PFOS vs. PFBS. 
 
4. Discussion 
 
4.1 Sociodemographic Factors and PFAS Distribution 
 

The results indicate that sociodemographic indicators were not strong predictors of PFAS concentrations in this 
statewide dataset. Although household income showed a statistically significant positive relationship with PFOA 
concentration, the low R² value suggests limited explanatory strength. The absence of consistent associations across 
PFOS and PFBS further supports the conclusion that socioeconomic variables alone do not explain PFAS 
concentration patterns in New Jersey Community Water Systems. The absence of strong socioeconomic correlations 
may reflect differences in industrial history, regulatory enforcement, groundwater hydrology, or spatial distribution 

 
Figure 4. Scatterplot showing linear regression relationship 
between PFOA and PFBS concentrations in New Jersey 
Community Water Systems. 
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of contamination sources within the state. These findings suggest that PFAS exposure patterns in New Jersey may not 
follow the same sociodemographic trends reported in broader national datasets. Additionally, the use of aggregated 
data at the Community Water System level and variability in sample sizes may limit the ability to detect localized or 
subtle associations. 
 
4.2 Structure-Based Correlation Patterns 
 

 In contrast to the weak sociodemographic associations, stronger statistical relationships were observed among 
certain PFAS compounds. As summarized in Table 4, moderate correlation was found between PFOA and PFOS (R² 
= 0.4152), and a strong correlation was observed between PFOS and PFBS (R² = 0.7605). These relationships are 
visually represented in Figures 2 and 3, respectively. Figure 2 demonstrates a positive linear trend between PFOA and 
PFOS concentrations, whereas Figure 3 shows a more tightly clustered distribution of data points along the regression 
line, consistent with the higher R² value. Conversely, Figure 4 shows the absence of a visible linear pattern between 
PFOA and PFBS, consistent with the near-zero correlation coefficient reported in Table 4. The observed correlations 
among PFAS compounds may reflect both shared contamination sources and similarities in chemical structure. For 
example, PFOS and PFBS are often associated with similar industrial applications, which may lead to co-release into 
the environment. At the same time, their shared functional groups may influence environmental behavior, including 
mobility and persistence. Therefore, the observed correlations likely arise from a combination of common sources and 
structural similarities. Structural similarity among PFAS compounds is environmentally significant because it 
influences key properties such as hydrophobicity, sorption behavior, and mobility in aquatic systems. Compounds 
with similar functional groups or chain lengths may exhibit comparable partitioning and persistence, increasing the 

likelihood of co-occurrence in water 
systems. To interpret these patterns, the 
molecular structures of the three PFAS 
compounds are presented in Table 5. 

PFOA and PFOS share an eight-carbon fully fluorinated backbone, which may contribute to similar 
environmental persistence and co-occurrence patterns. PFOS and PFBS share a sulfonic acid functional group, which 
may influence polarity and mobility in aquatic systems. The absence of correlation between PFOA and PFBS 
corresponds to differences in both carbon chain length and functional group. These structural distinctions may 
contribute to differences in transport, solubility, and environmental partitioning. 

Although statistical correlation does not establish causation, the alignment between structural similarity and 
correlation strength suggests that chemical properties may influence PFAS co-occurrence patterns within drinking-
water systems. 
 
4.3 Environmental and Monitoring Implications 
 

The results indicate that PFAS concentration patterns in this statewide dataset appear to be more strongly 
associated with inter-compound relationships than with sociodemographic variables. The strong correlation between 
PFOS and PFBS (Figure 3) and the moderate trend between PFOA and PFOS (Figure 2) suggest that detection of one 
compound may signal the presence of structurally related compounds within a water system. 

From a monitoring perspective, understanding structural relationships among PFAS compounds may improve 
assessment of co-occurrence risks and inform targeted analytical strategies. These findings also emphasize the 
importance of region-specific investigations, as statewide patterns may differ from national-level trends reported in 
previous research. 
 
4.4 Study Limitations 
 

Several limitations should be acknowledged. First, the analysis relied on publicly available data aggregated at the 
Community Water System level, which may obscure finer-scale geographic variability. Second, the study evaluated 
only three PFAS compounds, whereas many additional PFAS species may be present. Third, sample sizes varied 

Table 5. Chemical structures of three PFAS pollutants studied in this paper. 
PFOA CF3 - CF2 - CF2 - CF2 - CF2 - CF2 - CF2 – CO2H 
PFOS CF3 - CF2 - CF2 - CF2 - CF2 - CF2 - CF2 - CF2 – SO3H 
PFBS CF3 - CF2 - CF2 - CF2 – SO3H 
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across analyses and were relatively small, particularly for inter-compound comparisons in Table 4 (n = 10–24, with 
some comparisons as low as n = 10–12), which may reduce statistical power and increase sensitivity to variability. As 
a result, the reported correlations should be interpreted with caution. Fourth, a temporal mismatch exists between 
sociodemographic data (ACS 2016–2020) and PFAS measurements (2022–2024), which may introduce uncertainty. 
Finally, statistical analyses assume normality and independence, and outliers identified using the Grubbs test were 
limited in number and removed cautiously to minimize undue influence on statistical results. However, outliers in 
environmental datasets may represent true contamination hotspots rather than measurement error, and their exclusion 
may reduce variability and potentially underestimate localized contamination. 
 
5. Conclusion 
 

This study examined the relationships between three PFAS contaminants (PFOA, PFOS, and PFBS) and selected 
sociodemographic indicators across Community Water Systems in New Jersey. Statistical analyses showed that 
socioeconomic variables, including population served, education level, and median household income, were not 
consistent or strong predictors of PFAS concentrations. Although a statistically significant positive association was 
observed between household income and PFOA concentration, the low R² value indicates limited explanatory strength. 

Unlike certain nationwide studies reporting socioeconomic disparities in PFAS exposure (Liddie et al., 2023; Hu 
et al., 2016), the present statewide analysis did not identify consistent or strong associations between PFAS 
concentrations and sociodemographic indicators in New Jersey. 

In contrast, stronger relationships were observed among certain PFAS compounds themselves. Moderate 
correlation was found between PFOA and PFOS, and a strong correlation was observed between PFOS and PFBS. 
The absence of correlation between PFOA and PFBS further highlights differences in distribution patterns among 
these compounds. These inter-compound relationships appear to align with similarities in carbon chain length and 
functional groups, suggesting that chemical structure may influence PFAS co-occurrence in drinking-water systems. 

The findings indicate that, within this statewide dataset, PFAS concentration patterns may be more strongly 
associated with compound-specific chemical characteristics than with sociodemographic variables. From a monitoring 
and regulatory perspective, understanding structural relationships among PFAS compounds may improve assessment 
of co-occurrence risks and inform targeted testing strategies. Future research incorporating hydrological factors, 
contamination source mapping, and multivariable modeling may further clarify the environmental processes 
influencing PFAS distribution across drinking-water systems. 
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