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While a growing number of environmental justice (EJ) studies demonstrate that 
contaminated drinking water disproportionately affects low-income communities and 
poor communities across the United States, little attention has been paid to inequalities 
in drinking water quality information dissemination compliance. The information 
dissemination rule violation does not fulfill water governor’s responsibility for securing 
water safety, and also not meet the right-to-know provision as a fundamental element for 
human rights. This study examines patterns of the Confidence Customer Reports (CCR) 
rule violation at a county-level. Within the EJ perspective, we conducted spatial analysis 
of the CCR rule violation, and examined vulnerability factors that may be related to the 
violation likelihood. This study collected the CCR rule violation from 2016 to 2018 
through the Safe Drinking Water Information System. Our study’s findings indicated that 
there are 150 counties as the geographical hot spots of CCR rule violations, which are 
concentrated in some parts of Texas, Oklahoma, and Louisiana in South region. The 
regression analysis showed that the ethnic minority and the county’s poverty rate are 
significant predictors of the CCR rule violation. The results suggest that information 
access to the report about drinking water quality is not equally disseminated across the 
nation. The information asymmetry may exist particularly in poor communities of color, 
reflecting the main framing of environmental injustice in the United States. 

Introduction  

Environmental justice (EJ) assumes that all the people 
have the right to be free from environmental hazards with 
a fair and equal treatment regardless of race, class, and na-
tional origin. With the EJ assumption, EJ researchers ex-
amine whether low-income communities and communities 
of color are disproportionately exposed to environmental 
toxins, ranging from the sitting of hazardous waste facil-
ities to air pollution (see Bullard, 2001). EJ studies have 
also documented that drinking water pollution has the dis-
proportionate impact on poor people of color. In a series 
of those studies, several sociologists and geographers have 
found that there are socio-spatial patterns of the probabil-
ity of residents’ exposure to drinking water contamination, 
concluding that unsafe drinking water has a racial, ethnic 
and class composition of a community in the United States 
(Bae & Lynch, 2022; Balazs et al., 2011; Balazs & Ray, 2014; 
Fedinick et al., 2019; Schaider et al., 2019; Stillo & Gibson, 
2017). 

While a growing number of EJ studies demonstrate that 
contaminated drinking water disproportionately affect low-
income communities and poor communities across the na-

tion, little attention has been paid to inequalities in the ac-
cess of information about consumer’s drinking water. Equal 
access to information about what we drink is a key element 
of the public right-to-know provision in the 1996 Amend-
ments of Safe Drinking Water Act (SDWA). Under the re-
vised federal law, the Consumer Confidence Reports (CCR) 
rule was created that all the water systems are required to 
provide an annual report summarizing information about 
source water detected contaminants and compliance of 
safety regulations. The CCR rule is intended to enhance 
transparency of water systems and encourage consumer ed-
ucation about potential risks pertaining to drinking water 
quality, treatment, and management of water supply, which 
can improve drinking water safety and public health (Siegel, 
2019). 

Therefore, we expect that the CCR rule contributes to 
address the needs of vulnerable communities by increasing 
customer’s confidence in their drinking water system and 
promoting the open exchange of information about water 
safety between water governors, water system operators 
and customers. In opposite, however, unavailability of 
drinking water quality information, as the outcome of the 
CCR rule noncompliance, violates the right-to-know provi-
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sion and weakens drinking water safety and reliability. Ad-
ditionally, if the racial, ethnic, and poverty composition of 
a community affects the likelihood of CCR rule violations, 
it also reflects another environmental injustice that vulner-
able communities are likely to be less informed about any 
regulated contaminants detected in their drinking water, 
exacerbating their experience of water-related jeopardy. 

Considering the U.S. drinking water injustice demon-
strating that the probability of exposure to drinking water 
contamination is associated with living under-resourced 
communities, we also raise a related question whether the 
CCR rule noncompliance has a racial, ethnic and poverty 
composition of a community across the United States, 
which remains, to our knowledge, empirically unaddressed. 
This study, thus, fills the gap by asking ‘whether there are 
disproportionate concentrations of CCR rule violations in 
particular areas; and the racial, ethnic, and poverty compo-
sition of communities affects the violation likelihood?’ To 
respond these questions, spatial analysis and multivariate 
regression are used to examine patterns of CCR rule viola-
tions at the county-level across the U.S. 

First, we present the current context of U.S drinking wa-
ter injustice and the CCR rule based on the EJ framework. 
With the background in mind, the following section raises 
research questions regarding socio-spatial patterns of the 
CCR rule noncompliance. And then, research methodology 
including the specific procedures and research techniques 
are presented. The final section provides a discussion of the 
results and a conclusion. 

Background: Environmental Justice and Drinking      
Water Problems   

The term, environmental justice, is broadly used in re-
search on unequal distribution of environmental benefits 
and hazards between different groups of people (Brulle & 
Pellow, 2006; Lynch et al., 2017; Walker, 2012). In practice, 
environmental justice is specifically referred. For example, 
according to the U.S. EPA (2016), environmental justice is 
defined as “the fair treatment and meaningful involvement 
of all people in environmental decision process regardless 
of race, class, income or national origin… It will be achieved 
when everyone enjoys the same degree of protection from 
environmental and health hazards and equal access to the 
decision-making process to have a healthy environment in 
which to live, learn, and work”. The key dimension of the 
EPA’s definition is concerned with justice to people, par-
ticularly race, class, income, and national origin that are 
equally treated and protected (Walker, 2012). 

Inspired by the Civil Right movements in the United 
States, EJ research become widespread in the 1980s, which 
was intersected with environmentalism and social justice 
(Brulle & Pellow, 2006). In the past decades, EJ studies re-
veal race- and class-based disparities in the exposure to en-
vironmental hazards (e.g., Bullard, 1990; Lavelle & Coyle, 
1992), limited access to adequate environmental services/
benefits along with race and income (e.g., Lynch, 2016), 
and lax enforcement of environmental regulations for eth-
nic minorities and low-income communities (e.g., Konisky, 
2009). Those studies indicate that race, ethnicity, and 

poverty matter in environmental problems, resulting in en-
vironmental injustice that is often used interchangeably 
with environmental racism and environmental inequality 
(Lynch et al., 2017). 

EJ researchers have also begun to study for drinking wa-
ter problem in the United States. A growing number of 
studies have documented that water-related benefits such 
as clean water resources and adequate water infrastructure 
are not necessarily commonly accessible, and burdens such 
as high rates of nitrates in drinking water are unevenly dis-
tributed across the nation (Bae & Lynch, 2022; Balazs et al., 
2011; Balazs & Ray, 2014; Fedinick et al., 2019; Schaider et 
al., 2019; Siegel, 2019; Stillo & Gibson, 2017). In a series 
of those research, Balazs and Ray (2014) developed ‘drink-
ing water disparities framework’ to explain the root-cause 
and persistence of social disparities in exposure of conta-
minated drinking water. They suggest that historical and 
structural factors – such as legacies of racial discrimination 
in land-use planning, the sitting of toxic facilities through 
the path of least resistance, and disinvestment of water 
infrastructure – result in the inequitable distribution of 
safe drinking water. Particularly, historically less-empow-
ered communities (e.g., areas in Califonia’s San Joaquin 
Valley) face drinking water challenges intersected with cu-
mulative impacts of environmental hazards and ongoing 
selective annexation in urban policy (London et al., 2018). 
Adverse health consequences – such as cumulative can-
cer risks – are also related with living in those disadvan-
taged communities among poor and minority populations 
who are chronically exposed to contaminated drinking wa-
ter (Uche et al., 2021). 

Even though low-income communities and communities 
of color have disproportionate burden of drinking water 
pollution, their voices for water safety have been excluded 
from water policies (Vanderwarker, 2012). Bullard (2001) 
noted that the minority communities in the Deep South are 
threatened by water contamination from polluting indus-
tries, referring to the region as a ‘sacrifice zone’ where “lo-
cal governments and big business take advantage of peo-
ple who are politically and economically powerless” (pp. 
163-164). In addition, as the Flint water crisis has shown, 
drinking water injustice is also facilitated by inadequate re-
sponse of the government that fails to include vulnerable 
populations in important decision-making processes (See 
also Clark, 2018). The Michigan Civil Rights Commission 
(MCRC) report (2017) indicates that while Flint residents 
faced lead-poisoned drinking water for more than a year, 
the local and state governments did not react immediately 
to remedy contaminated water. As people of color and/
or poor people are less likely to have political influence 
and resources to pressure on the government, environmen-
tal risks to those are likely overlooked or captured by the 
voice from more affluent groups with political resources 
(Bullard, 1990; Vanderwarker, 2012). The MCRC report con-
cludes that “the Flint Water Crisis provides a lens through 
which we can recognize the complex merger of racialized 
structure, overt racism, racial history and disparate im-
pact… This crisis offers a painful lesson, one that will be re-
peated if we do not learn from it” (2017, p. 11). 
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Consumer Confidence Report for Drinking Water       
Safety  

The federal environmental agencies and state govern-
ments have worked to solve disproportionate burden of 
contaminants in drinking water facing low-income commu-
nities and poor populations by integrating EJ considera-
tions. Their efforts include the amended legislation of the 
Safe Drinking Water Act (SDWA) – that was originally es-
tablished in 1974 and amended in 1986 and 1996 – by rec-
ognizing “source water protection, operator training, fund-
ing for water system improvements, and public information 
as important components of safe drinking water.” (EPA, 
2004). The SDWA – the main federal law that protects the 
quality and safety of America’s drinking water regardless of 
race, color, and income – has particularly emphasized the 
importance of public information, consultation, and risk 
communication to achieve drinking water equity and sus-
tainability. To meet the role and legal responsibility, the 
EPA required community water systems to provide cus-
tomers with public information materials about their drink-
ing water, and promulgated the Consumer Confidence Re-
port (CCR) rule in 1998. Specifically, SDWA Section 
1414(c)(4)(A)1 states that all community water systems 
must mail (or by online) to each customer at least once 
annually a report including “a brief and plainly worded 
definition of the terms maximum contaminant level goal 
(MCLSs), maximum contaminant level (MCLs), variances, 
and exemptions and brief statements in plain language re-
garding the health concerns that resulted in regulation of 
each regulated contaminant. The regulations shall also in-
clude a brief and plainly worded explanation regarding con-
taminants that may reasonably be expected to be present in 
drinking water.” All community water systems are, there-
fore, required to prepare and provide an annual Consumer 
Confidence Report about the source and quality of drinking 
water they deliver, including required information about 
the concentration of contaminants in their drinking water 
in relation to regulatory levels chemicals, health risks 
caused by violations of the SDWA, treatment technique re-
quirements, and additional information (EPA, 2004).2 

Given the purpose of the CCR rule, it may positively af-
fect drinking water safety in two ways. First, as the CCR 
rule plays a crucial role in compliance with the public right-
to-know provisions in the SDWA, it can be used as a com-
munication tool that starts a dialogue between community 
water systems and customers, encouraging the open ex-
change of information regarding source water assessments, 
health effects data, and water system operations. This re-
port is useful to help local customers make informed deci-
sions about their drinking water with a better understand-
ing (Siegel, 2019). The CCR rule is also helpful to increase 
transparency and encourage public participation in deci-
sion-making process of local drinking water policies, which 
can improve customer’s confidence in their drinking water 
quality and create opportunities for meaningful interaction 
between local customers and decision makers (EPA, 2012). 
Second, as prior studies found that information dissemi-
nation regulations for toxic chemicals release (such as the 
Emergency Planning and Community Right-to-Know Act) 
improve collective action for affected people to strengthen 
regulatory enforcement (Shapiro, 2005; Stephan, 2002), the 
CCR rule is being touted as a useful tool to increase public 
awareness of drinking water safety. Detected contaminants 
tables shown in the report may likely confront with neg-
ative publicity from affected residents and environmental 
advocacy groups (Siegel, 2019). Thus, the information reg-
ulation encourages water agency decision makers to proac-
tively protect against potential harm of contamination in 
drinking water, which also contribute to safe drinking water 
equity. 

Another Injustice in the CCR Rule?       

While many studies indicate race- and class-based dis-
parity in safe drinking water quality, empirical studies that 
reveal patterns of the CCR rule noncompliance within the 
EJ perspective are insufficient. Fundamentally, as the EJ as-
sumption stated positively, benefits of the CCR rule should 
be equally distributed regardless of race, ethnicity, and in-
come, which meet the goal of EJ securing ‘equal protection 
of laws.’ In other words, the CCR rule violation does not ful-
fill water governor’s responsibility for securing water safety, 

The Safe Drinking Water Act mandates CCRs to include at minimum: 
- Sources of water 
- Any regulated contaminants detected and corresponding MCLSs, MCLs, level of detection in water system and for any regulated the 
contaminant health concerns 
- Compliance status with National Primary Drinking Water Regulations 
- Notification if the system is operating under a variance or exemption and the basis on which the variance or exemption was granted 
- Information on monitoring for Cryptosporidium, Radon, unregulated contaminants for which monitoring is required 
- Statement that presence of contaminants does not necessarily pose a health risk that more information can be obtained by call the U.S. 
EPA. 

The CCR rule also requires additional information in the annual water quality report including: 
- A detected contaminant table to display information 
- Additional definitions for “treatment technique,” “action level,” “maximum residual disinfectant level goal” and “maximum residual 
disinfectant level” 
- Specific health information about arsenic and nitrate when detected at certain levels, in addition to lead and its effects on children 
- A multilingual statement about the information of the report as required following a primary agency determination that there are large 
proportions of non-English speaking residents 
- Water system contact information 
- Ground water rule unaddressed significant deficiencies 
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and also not meet the right-to-know provision as a funda-
mental element for human rights. 

Numerous EJ studies claimed that origins of socio-spa-
tial patterns with drinking water-related problems are par-
tially attributed from drinking water policy that operates 
at a business model. At the federal/state level policy, eco-
nomic purposes for water industry such as dams and ir-
rigation are prioritized over concerns with the water-re-
lated service equity (Vanderwarker, 2012). At the local level, 
based on the market logic strategy, municipal development 
patterns that usually prioritize infrastructure investment 
on urban areas surrounded by wealthier populations tend to 
exclude rural communities among poor and minority pop-
ulations from water infrastructure investment (London et 
al., 2018). 

The profit-oriented policy is likely to undermine safe 
drinking water regulations including the CCR rule enforce-
ment, because stricter standard and tighter enforcement 
of laws increases potential expenses for municipalities and 
community water systems that are required to have ade-
quate monitoring systems, trained staff, updated facilities, 
and advanced treatment technologies. Within the cost-ben-
efit process in environmental policy, water regulators tend 
to delay additional regulations and oblige water system’s 
preference for minimal enforcement (Lauren et al., 2018; 
Siegel, 2019). For example, the federal water agency has a 
system that can provide waivers for correcting water safety 
regulation noncompliance targeted at water systems serv-
ing under-resourced rural areas with small populations of 
color, because of the small tax base of paying customers. 
While the exemption system helps ease the financial bur-
den of water systems, it likely threatens the precautional 
function – it does not detect the existence of water contam-
ination until the harm has appeared, worsening the current 
drinking water injustice issue (Siegel, 2019) 

Adding to the profit-oriented policy, fragmented water 
system is likely to affect geographical inequity in the CCR 
rule compliance across the nation. There are over 51,000 
water suppliers in the U.S. When comparing other public 
service systems in the U.S. – there are approximately 3,000 
natural gas utilities and 3,888 electric utilities in the U.S 
– the American water infrastructures are too decentralized 
to be managed and regulated efficiently.3 Because of frag-
mented water system, there is much duplication of effort 
that impedes operational efficiencies for drinking water 
safety (Levin et al., 2002). To note, many water systems 
serving rural areas and poor communities of color that are 
already exacerbated by aging infrastructure and decades of 
underinvestment are left to depend on state and federal 
supports (Del Real, 2019; Vanderwarker, 2012). However, 
such funding is competitive and not always reliable because 

of too many water systems across the nation (see also, Lon-
don et al., 2018). Economically disadvantaged communities 
have restricted access to loans and grants, since funding el-
igibility criteria requires operational, technical, and man-
agerial capacities. Even recently, although the U.S. federal 
government has enacted the water infrastructure law that 
pledges about $50 billion to address decades of water un-
derinvestment and aging infrastructure, many smaller and 
poor cities still face difficulties because they are required to 
pay for specialized staff members to set up applications for 
the grants (Flavelle et al., 2022). Taken together, the CCR 
compliance seems to a challenge for poor, minority-popu-
lated communities. 

Combining these ideas, we expect CCR rule noncompli-
ance more frequently occur in lower-income and minor-
ity communities that have already suffered from decades 
of underinvestment and inadequate protection of environ-
mental policy, which will form another environmental in-
justice in drinking water context. Based on the background, 
this study raises research questions below: 

To answer the questions, we, first, examines whether 
CCR rule violations appear to be randomly distributed or 
whether they present spatial clusters across the U.S at a 
county-level. Subsequent analysis examines whether CCR 
rule violation clusters are related with the racial, ethnic and 
poverty segment of a county. 

Data and Methods    

Our study uses the data from the Safe Drinking Water In-
formation System (SDWIS)4 federal report search website in 
the United States. The SDWIS database – that is regularly 
recorded by self-reported information from community wa-
ter system – includes status of the system’s compliance of 
CCR rule. We downloaded drinking water data from the vi-
olation tab for CCR rule between January 1, 2016 and De-
cember 31, 2018. 

Dependent Variable   

As county-level locations for each community water sys-
tem are only known through the SDWIS dataset, the unit 
of analysis is a county. CCR rule violation frequencies per 
community water system were aggregated to the county 
level. The violation includes failure to notify customers of 

• First, are there spatial concentrations of the CCR rule 
noncompliance across the nation? 

• Second, does the CCR rule noncompliance constitute a 
form of injustice? That is, how is the violation related 
with measures of social difference? 

When comparing the water systems with other countries – for example, the U.K. has fewer than 30 – the U.S water systems are also rela-
tively fragmented. The bigger areas and relatively low population density of the U.S. possibly explain the many water systems. However, 
as a study indicated (Levin et al., 2002), “the U.S. water industry has remained quite decentralized even while local public services such 
as schools and police have consolidated substantially (p.44).” 

See EPA, “Safe Drinking Water Information System (SDWIS) Federal Reporting Services,” https://www.epa.gov/ground-water-and-drink-
ing-water/safe-drinking-water-information-system-sdwis-federal-reporting. 
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compliance status regarding national primary drinking wa-
ter regulations and additional information (such as treat-
ment technique and monitoring results) in the annual wa-
ter quality report. We exclude community water systems 
serving less than 500 customers because those systems are 
more likely to report violation status inadequately (Allaire 
et al., 2017; Rubin, 2013). The study samples (i.e., counties) 
in the dataset are 2,966. 

Considering the data collection strategy, this study has a 
limitation that the county-level analysis is not able to iden-
tify the exact location of affected communities or house-
holds. However, the SDWIS dataset provides the county-
level location served by community water systems that is 
the only data available at this time to examine socio-spatial 
disparity in CCR rule compliance. It is at the county that 
primary independent variables of interest lie in this study. 
Table 1 indicates descriptive statistics for the dependent 
variable and all other factors. 

Vulnerability Factors: Race, Ethnicity, and      
Poverty  

Environmental justice research evaluates race/ethnicity 
and poverty as vulnerability factors that affect environmen-
tal disparities in the location of hazardous facilities and 
in the exposure to pollution (Taylor, 2014; Walker, 2012). 
These indicators can be also used to identify and character-
ize less privileged areas that have less regulatory enforce-
ment of environmental laws (Konisky et al., 2021). With the 
environmental justice perspective, we expect those vulner-
ability factors to be important determinants of noncompli-
ance patterns of the CCR rule. 

This study uses three standard measures in the envi-
ronmental justice literature to evaluate a race, ethnicity 
and poverty composition of community (Allaire et al., 2017; 
Balazs et al., 2011; Hamilton, 1995; Schaider, 2019; Walker, 
2012). Our measure of race is the percentage of Black resi-
dents in a county; the measure of ethnicity is the percent-
age of non-white Hispanic residents in a county; and the 
measure of poverty is the percentage of households below 
the poverty rate in a county. Each variable is measured at 
the county-level, obtained from 2012-2016 American Com-
munity Survey data of 5-year estimate (U.S. Department of 
Commerce, Bureau of the Census, 2016). 

Control Variables   

We included several control variables that may affect 
CCR rule violations. This study included average voter 
turnout (average voting rate of 2012-2016 presidential elec-
tions) and the proportion of non-profit organization in a 
county as a proxy for the potential for political activity 
that influence local decision-making process for environ-
mental regulation and enforcement (Hamilton, 1993, 1995; 
Konisky & Schario, 2010; Levine, 2016; Zahran et al., 2008). 
The voting rate data5 was downloaded from Election Ad-
ministration and Voting Survey and the measure of non-
profit organization proportion come from the 2012-2016 
American Community Survey data. We also included ed-
ucational attainment variable (% population over age 24 
with bachelor degree) and age variable (% over 65 years 
old) by using the 2012-2016 American Community Survey 
data, which may influence collective reaction for environ-
mentally sensitive situations (White, 2003). 

It is important to control urbanization effects on drink-
ing water safety regulation. Community drinking water sys-
tems located in rural areas or less populated communities 
are more likely to suffer from lack of financial resources for 
water system management and operation because of their 
declining customers (Siegel, 2019). It might be related to 
the likelihood of the CCR rule violation. This study includes 
two urbanization variables: a metro counties dummy (vs. 
nonmetro) variable (OMB, 2014) and a county-level popu-
lation density per square mile (U.S. Department of Com-
merce, Bureau of the Census, 2016). 

Considering the drinking water regulatory system, 
agency enforcement decisions of the SDWA are also af-
fected by state politics (Konisky & Schario, 2010). Since 
state governments have the authority to supervise drinking 
water systems within each state’s jurisdiction to meet water 
safety regulations, we need to control state political factors. 
We included the average League of Conservation Voters 
(LCV) voting scores on environmental issues including en-
vironmental/racial justice, water and clean air, public 
health, and climate change for each state’s U.S. House and 
Senate members during 2016 to 2018. The scorecard re-
flects the agreement of experts from more than 20 en-
vironmental justice and conservation groups who select 

For the voting rates, see U.S. Election Assistance Commission*, 2012 Election Administration and Voting Survey:* A Summary of Key 
Findings, Retrieved from https://www.eac.gov/assets/1/6/2012ElectionAdministrationandVoterSurvey.pdf.; U.S. Election Assistance Com-
mission, The Election Administration and Voting Survey: 2016 Comprehensive Report. Retrieved from https://www.eac.gov/assets/1/6/
2016_EAVS_Comprehensive_Report.pdf. 

5 

Another Injustice? Socio-Spatial Disparity of Drinking Water Information Dissemination Rule Violation in the United States

Journal of Policy Studies 5

https://www.eac.gov/assets/1/6/2012ElectionAdministrationandVoterSurvey.pdf
https://www.eac.gov/assets/1/6/2016_EAVS_Comprehensive_Report.pdf
https://www.eac.gov/assets/1/6/2016_EAVS_Comprehensive_Report.pdf


Table 1. Descriptive Statistics for the Variables in the Study (n=2,966)          

Variable Mean SD Min Max 

CCR rule violations 1.105 3.017 .00 52 

% Black 8.729 14.194 .00 86.2 

% Non-white Hispanic 9.058 13.808 .00 99 

% Poverty 16.414 6.427 3.7 53.9 

Average of voting rate (2012&2016) 59.054 9.371 27.9 92.5 

% Non-profit organization 4.835 2.785 .70 28 

% Adult with B.A. 20.594 8.936 4.9 73.7 

% Ages 65 and above 17.442 4.331 6.2 57.3 

Population density (per square mile) 190.013 927.759 .30 34127.9 

Metro county (metro=1, nonmetro=0) .370 .483 .00 1.00 

Water systems per county 7.368 12.020 1.00 42 

State-level 

League of Conservation Voters (LCV) 29.722 22.854 .00 97 

Region (dummy coded) 

Midwest .309 .462 .00 1.00 

West .158 .365 .00 1.00 

South .485 .499 .00 1.00 

Northeast .068 .252 .00 1.00 

key votes on which congressional representatives should be 
scored.6 It indicates how leaderships in the state govern-
ment protect environment and public health, and helps us 
to distinguish which legislators are working for solving en-
vironmental problems. The LCV’s scorecard rate is based on 
a scale of 0 to 100, which is calculated by diving the num-
ber of pro-environmental votes cast by the total number of 
votes scored. We used the average LCV voting score to con-
trol the effect of state environmental politics on water sys-
tem’s regulatory enforcement decision. 

As there are multiple water systems within a county, 
it controls for ‘numbers of community water systems in a 
county’ to reduce possible bias associated with larger coun-
ties and those with more systems. To account for possible 
regional variation in both social demographic patterns and 
CCR violence frequency, four regional indicator ‘dummy’ 
variables (Northeast, South, Midwest, and West) are also 
considered. 

Analysis and Results    
Spatial Pattern of CCR Rule Violations       

A preliminary analysis was conducted for spatial distri-
bution of CCR rule violations using GeoDa program. The 
Figure 1 indicates the geographical distribution of violation 
occurrence across the nation, during 2016-2018. Violations 

of CCR rule vary largely across spatial locations. As Figure 
1 shows, some of the counties with the most frequency of 
CCR rule violations were found in the Southwest and South 
region including New Mexico, Texas, Oklahoma, Louisiana, 
and Florida. The violations were also prevalent in parts 
of the Northeast region including New Hampshire, New 
Jersey, and Pennsylvania. By using standard deviation of 
the violations, there were 89 counties (2.89%) that are the 
highest prevalence locations. Overall, 19.12% (n = 567) of 
all counties exceed the mean violation (1.105). 

Next, the intense hot spots (i.e., spatial clusters) of CCR 
rule violations were present via local spatial autocorrela-
tion. Spatial autocorrelation was accessed by means of a 
global Moran’s I statistic. First, it tested the null hypothesis 
of spatial randomness – no spatial dependence associated 
with frequency of CCR rule violations. Values of the 
Moran’s I range -1 to +1, and a significant and positive 
value of the statistic indicates positive spatial autocorre-
lation, which can reject the null hypothesis of spatial ran-
domness, meaning that similar values are spatially clus-
tered together.7 In other words, hot spot of the violation is 
a county that experiences high prevalence of CCR rule vio-
lations committed by water systems, and is also surrounded 
by neighboring counties with high prevalence of the viola-
tions. 

See the detailed information for the National Environmental Scorecard, https://scorecard.lcv.org. 

In opposite, a significant and lower negative value means high negative spatial autocorrelation – values are clustered by dissimilar val-
ues. 
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Figure 1. Geographic Distribution (Standard Deviation) of CCR Rule Violations, 2016-2018.          

By estimating the Moran I’s statistic for CCR rule vio-
lation during the study period, the coefficient was 0.268, 
which was statistically significant at the 0.05 level (the re-
sult outcome is not presented here). The result rejects the 
null hypothesis of spatial randomness and indicates spatial 
clustering. It means that CCR rule violations are not ran-
domly distributed, but there are hot spot locations where 
counties with high frequency of violations are significantly 
adjacent to one another. 

Even though the Moran’s I statistic considers the com-
plete date sets as a global statistic of spatial autocorrela-
tion, it does not identify the presence of clusters. We can 
obtain insights for spatial clusters of the CCR rule viola-
tions by using a local indicator of spatial association (LISA), 
the local Moran’s I statistic. As Figure 2 shown below, a 
modified Moran scatterplot map in this study indicates spa-
tial clusters of high prevalence of counties in red as hot 
spots, so called “High-High” violation clusters occurred by 
using a combination of the information in a Moran scatter-
plot map and the significance of the local Moran’s I statis-
tic.8 These findings seem similar to Figure 1, but the spa-
tial cluster analysis provides the advantage of determining 
whether violation clusters are significant. There were 150 
counties as hot spots of CCR rule violations, which are par-
ticularly founded in some counties of Texas, Oklahoma, and 
Louisiana in South region. Hot spots also appear in parts 
of Northeast region including New Hampshire, New Jersey, 
and Pennsylvania. 

Zero-Inflated Negative Binominal Regression     
Analysis  

For the next analysis, the zero-inflated negative count 
model was employed to examine whether CCR rule viola-
tions are more widespread in vulnerable communities such 
as ethnic minority and poor areas. As the dependent vari-
able has positive integer values, count models are appropri-
ate for the analysis such as Poisson regression, negative bi-
nomial regression (NBRM), zero-inflated counts regression 
(ZIP) and zero-inflated negative binomial regression (ZINB) 
(see Long & Freese, 2001). The ZINB equation was applied, 
because the frequency of CCR rule violation has positive in-
teger values, and a linear regression model is not appro-
priate for the count dependent variable (Long & Freese, 
2001).9 In addition, the dependent variable has large num-
ber of zeros. There are 65.7% of counties (n=1,950) that re-
port a zero in the dataset, which means no violation of the 
CCR rule during the study period. These data characteris-
tics seem suitable for the ZINB model that is specifically 
designed to analyze count dependent variables with excess 
zeros (Long & Freese, 2001). To decide whether the ZINB 
model best fits this data compared with other count models 
such as ZIP and NBRM model, a likelihood-ratio (LR) test 
and Vuong test were conducted. 

First, the LR test examined a null hypothesis that the 
value of the overdispersion parameter (log alpha) equals 
zero to find whether a ZINB fit the data better than a ZIP 
model (Long & Freese, 2001). As the Table 2 shown, the 
LR test result indicates that this parameter (log al-
pha=1329.99) is statistically significant (p < 0.001), indicat-
ing the null hypothesis that alpha equals zero should be 
rejected. Thus, the ZINB model fits this data better than 

LISA is usually applied to find four different categories: high-high, high-low, low-high, and low-low. And the one that is not part of any 
categories is regarded as non-clustered one. This current study only presents a high-high cluster. 

If count dependent variables are analyzed suing a linear regression model, heteroscedasticity issue will appear, which affects the size of 
standard error estimates. 
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Figure 2. Hot Spots of CCR Rule Violations       

Table 2. Zero-Inflated Negative Binominal Regression (n=2,966).      

CCR Rule Violation 

b SE 

% Black -.004 .004 

% Non-white Hispanic .008** .003 

% Poverty .025** .009 

% Voter turnout -.015* .006 

% Non-profit community org. -.026 .021 

% Adult with B.A. .002 .006 

% Ages 65 and above .016 .011 

Population Density (per square mile) ** 

Metro county -.025 .092 

Number of Water System per County .077*** .006 

LCV score -.011*** .002 

Region (South omitted) 

Northeast 1.22*** .247 

Midwest -.102 .126 

West .074 .131 

Chi-square (d.f.) 387.97 (14)*** 

Likelihood ratio test 1329.99*** 

Vuong test 7.14*** 

Note: Table indicates estimates from the negative binomial part of ZINB model only. Significance levels: * p<.05 ** p<.01 *** p<.001. 

the ZIP model. Second, the Vuong test reports a z-score of 
7.14, which is statistically significant (p < 0.001). It indi-
cates that the ZINB model improve the fit over the NBRM 
model (Long & Freese, 2001). Thus, our test results present 
that the ZINB model statistically fits this data best compar-
ing other models. 

In Table 2, main findings are that CCR rule violation 
occurrence was statistically related with the proportion of 
Hispanic residents (p < 0.01) and poverty rate (p < 0.01). 
In the model, both ethnicity and poverty were significant 
and positively related with the frequency of CCR rule non-
compliance during the study period. In the case of the non-
white Hispanic variable, a 10 percent change in the per-

centage of Hispanic population in a county would predict a 
0.8 increase in frequency for the CCR rule noncompliance. 
In the case of the Poverty variable, a 10 percent change in 
the percentage of poor households in a county would trans-
late into a 2.5 increase in frequency for the CCR rule non-
compliance. 

Counter to our environmental justice hypotheses, our 
model did not support the relationship between the Black 
population and the CCR rule violation, while the Hispanic 
population and poverty rates were statistically related with 
the dependent variable. Perhaps it is due to the fact that 
the hot spots of water-related problems are particularly 
found in the Texas colonias, California’s Central Valley and 
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the rural South where are predominately Hispanic residents 
with their population increasing, which reflects the associ-
ation with CCR rule noncompliance (Anderson, 2008; Lon-
don et al., 2018; Schaider et al., 2019). It, then, does not 
demonstrate that the Black was statistically associated with 
the CCR rule violation at county-level demographics. It as-
sumes that the absence of race effect may be affected by the 
limitation of the current analysis using the unit of county 
level (see also Ringquist, 1998). Thus, we suggest subse-
quent studies on the association between race, ethnicity, 
poverty and the CCR rule violation with different level of 
aggregation such as census tracts and different method ap-
proaches such as longitudinal study. 

The outcomes regarding control variables in the ZINB 
model are as follows. It predicts that the CCR rule violation 
occurrence had a negative association with the percentage 
of voter turnout (p < 0.05). That is, areas with higher voting 
rate see less frequency of violation. However, the non-profit 
community organization variable was not related with the 
dependent variable. In addition, no statistically significant 
relationships were found for the proportion of adult with 
the bachelor degree and the proportion of the ages 65-and-
above. Considering the effect of urbanization in the model, 
sparsely populated areas were statistically related with CCR 
rule violation (p < 0.01). That is, water systems in less pop-
ulated areas are more likely to violate the right-to-know 
provision – even though the metro county dummy variable 
was not related with the noncompliance. In addition, the 
more water systems in areas, the more violation frequency 
(p < 0.001). The LCV variable was statistically associated 
with violation occurrence (p < 0.001). It suggests that when 
the state government has more concern on environmental 
issues, counties under the state authority tend to comply 
with the CCR rule. 

Subsequently, the marginal effect of ethnicity and 
poverty on the CCR rule violation is presented in Table 3. 
First column in the table indicates the percent change in 
the expected number of violation occurrence in a county 
for each unit change, all other variables held constant at 
their means. The second column shows the percent change 
with respect to standard deviation. For each unit increase in 
percent Hispanic per county, there is about a 1.44 percent 
increase in the number of the CCR rule violation, which 
amounts to a 0.21 percent increase for one standard de-
viation change. For each percentage increase in county 
poverty, there is about a 6.49 percent increase in the num-
ber of violation occurrence. For a one standard deviation 
change for county poverty, this equates to about a 0.54 per-
cent increase. The county poverty effect is somewhat larger 
than ethnicity effect for the CCR rule violation. 

Conclusion  

Prior EJ studies focused on race-and class-based dispar-
ity in the exposure to contaminated drinking water. Partic-
ularly, disadvantaged unincorporated communities in Texas 
colonias and the rural South lack access to clean water due 
to underinvestment, aging infrastructure, and discrimina-
tion of urban policy (Anderson, 2008; London et al., 2018). 
Several researchers also indicated that predominately His-

panic communities suffer from drinking water contamina-
tion that may pose a threat to their health (Balazs et al., 
2011; Pilley et al., 2009; Schaider et al., 2019). 

This study raised a related question. The main concern 
was with geographical patterns of CCR rule violations at the 
county level. Our study’s finding presented that there are 
150 counties as the geographical hot spots of CCR rule vio-
lations, which are concentrated in some parts of Texas, Ok-
lahoma, and Louisiana in South region. The ZINB analysis 
result showed that the ethnic minority (non-white His-
panic) and the county’s poverty rate are significant predic-
tors of the CCR rule violation. 

The CCR rule, generally, requires community water sys-
tems to regularly report to their consumers on drinking 
water quality, detected risks in water supply, and compli-
ance status with water safety regulations. Our study find-
ings, however, suggest that the consumer confidence report 
is not equally disseminated across the nation. The CCR rule 
violation appears to be more prevalent in poor, minority-
populated areas. 

Limited access to the drinking water quality report or 
the CCR rule noncompliance means consumers do not make 
sure whether their drinking water is safe or not (Fortin, 
2017). That is, the noncompliant water systems fail to im-
prove awareness of customers to potential risks in their 
drinking water. Our findings indicate that the information 
asymmetry may exist in poor communities of color inhab-
ited particularly by Hispanic residents, reflecting the main 
framing of environmental injustice in the United States. 
Those affected communities are less likely to receive the 
water quality report, reducing their knowledge of suscepti-
bility to water contamination, which may worsen the cur-
rent drinking water injustice. 

Although environmental governors have good intentions 
in drinking water management and regulation with the de-
mocratic norm embedded in the environmental law, we ar-
gue that the drinking water information dissemination dis-
parity results in part from a complicated regulatory system 
under the profit-oriented water policy as mentioned before. 
With the 1996 Amendment of SDWA, the federal authority 
of drinking water safety falls dawn to state and local gov-
ernments, tolerating different allowable standards of safe 
drinking water across states. Under substantial variability 
of regulatory systems, some states may undermine their 
legislation improving drinking water quality and enforcing 
water regulations, because of financial burden that comes 
with strict standard of environmental laws (Siegel, 2019). 
The near-exclusive control of state/local governments is, 
thus, likely to make a misalignment between the interests 
of water systems and the public health protection.10 Some 
government agencies provide preferential treatment for 
water systems when enforcing water regulations; for exam-
ple, there are waivers for fixing violations targeted for water 
systems with financial incapability (Siegel, 2019). As such, 
the CCR rule may also be differently enforced at the state/
local level, when regulatory application is too costly (see 
Franz, 2011). With the cost-benefit perspective, minimal- 
or non-enforcement for the CCR rule noncompliance may 
alleviate the financial burden of water systems. However, 
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Table 3. Estimated Effects of Ethnicity and Poverty on        
CCR Rule Violations.    

Variable 
Percent 
Change 

Percent Change for 
Standard Deviation Change 

% Hispanic 1.441 0.212 

% Poverty 6.487 0.534 

Note: The predicted change in county-level CCR rule violation are estimated from the 
ZINB model shown in Table 3. 

such lax regulatory system tends to overlook cumulative 
risks to low-income and minority communities, intensify-
ing the existing inequalities of the current water system. 
Thus, we needs a revised regulatory system that makes the 
Consumer Confidence Reports equally accessible and avail-
able online in actual time by particularly supporting wa-
ter systems in poor, minorities-populated areas (see also 
Siegel, 2019). 

While this study first examined whether there are socio-
spatial disparities of the CCR rule compliance with the en-
vironmental justice framework, there are several limita-
tions that need to be addressed. First, violation records 
from the EPA Safe Drinking Water Information System are 
known to be underestimates of actual occurrence (Allaire et 
al., 2017). As mentioned before, the EPA has allowed water 
systems to have exemptions from monitoring and report-
ing for contaminated drinking water if they have financial 
incapacity to meet the regulation. Therefore, violation oc-
currence of the CCR rule is likely to be much greater than 
reported in this study. Second, our analysis using county-
level demographics is challenging for identifying commu-
nity characteristics served by each community water sys-
tem. Considering prior EJ studies (Atlas, 2001; Lavelle & 
Coyle, 1992; Liu, 2001; Lynch et al., 2004; Ringquist, 1998; 
Stretesky & Hogan, 1998), subsequent research needs to 
apply different unit of analysis such as census tracts or ZIP 
code. Third, our study separately measures each racial and 

ethnic minority and population below poverty at a county 
level. Given recent EJ studies that consider a combined ef-
fect of social vulnerability, the measurement strategy for 
the EJ indicators needs to be clarified in the subsequent 
study. Last, we used the non-religious nonprofit organiza-
tions proportion in a county as a proxy variable for commu-
nity political activity, but could not discern whether these 
organizations are working for environmental issues or not 
(see also, Oh & Park, 2013). The subsequent study needs to 
address the measurement validity issue. 

Beyond community water systems, future study should 
be done on the safety and contamination of U.S. private 
wells. According to the United States Geological Survey 
(USGS, 2009), about 42 million households depend on pri-
vate wells (Dieter & Maupin, 2017). However, the private 
wells are not regulated by SDWA11 – any kind of water test-
ing and reports is not required. With lack of environmen-
tal inspections/regulations, it is expected that contamina-
tion in the wells disproportionately impacts low-income 
rural communities via polluted source water and chemical 
spills.12 Future research needs to focus on national trends 
in drinking water wells as well as find whether environmen-
tal injustice exists in communities relying on the private 
wells. 
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An example of trade-off between water system’s interest and public health is that, according to Siegel (2019, p. 37), the water system 
“would have an incentive to have the threshold for acceptable contamination set as high as possible, thereby making the utility’s treat-
ment costs as low as possible.” 

According to the EPA’s website, “EPA does not regulate private wells nor does it provide recommended criteria or standards for individual 
wells.” Retrieved from https://www.epa.gov/privatewells. 

In 2009, the USGS also indicated, based on a sampling of about 2,100 wells across the nation, 23% of them were polluted by chemical 
contamination – at a level of a potential health risk (USGS, 2009). Among various types of contaminants in those wells, high concentra-
tion nitrate pollutant was found, especially in agriculture areas, which come from excessive fertilizer use and can be transmitted through 
groundwater. In addition, in Wisconsin, approximate 6% of the state’s private wells (i.e., 42,000 out of 676,000) were contaminated with 
serious level of nitrates, or E. coil bacteria that may threaten human health (Healy, 2018; Wisconsin Council Report, 2021). 
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