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Drinking Water Violations and Environmental
Justice in the United States, 2011-2015

Yolanda J. McDonald, PhD, and Nicole E. Jones, PhD

Objectives. To assess the extent to which drinking water violations in the United
States differed on the basis of county race/ethnicity and socioeconomic status using the
primary county served by the community water system (CWS) as the unit of analysis and
to determine whether counties with higher proportions of underrepresented groups
were disproportionately burdened with repeat violations.

Methods. We used multivariable logistic regression to calculate odds ratios of con-
textual environmental justice covariates associated with initial and repeat drinking water
violations. We obtained violations from the federal Safe Drinking Water Information
System. Results were nonstratified and stratified on the basis of population size served
by the CWS.

Results. Stratified multivariable logistic regression results revealed previously un-
observable patterns in nonstratified findings. Minorities face significant challenges,
including exposure to poor water quality. The most notable differences in both initial and
repeat violations that we observed were among CWSs that serve large populations. Our
most consistent finding was the positive association of initial and repeat violations with

the proportion of those who were uninsured, irrespective of stratification.

Conclusions. Greater efforts are needed to ensure that counties with higher proportions of
minorities, uninsured households, and low-income households have access to safe drinking
water, irrespective of the size of population served by the CWS. (Am J Public Health. 2018;
108:1401-1407. doi:10.2105/AJPH.2018.304621)

See also Galea and Vaughan, p. 1288.

Ithough the United States has among

the safest drinking water supplies in the
world, harmful contaminants that are detri-
mental to public health may still be found
in public water supplies, as most recently
demonstrated by the Flint water crisis.’
Through the Safe Drinking Water Act of
1974 (SDWA) and its subsequent amend-
ments of 1986 and 1996, the Environmental
Protection Agency (EPA) was charged with
establishing national health standards to
protect drinking water and was granted
federal power to regulate public water systems
to ensure adherence with set standards.” A
public water system provides drinking water
primarily through piped infrastructure to at
least 15 connections or serves 25 or more
people for a minimum of 60 days annually; it
may be public or privately owned.” We ex-
amined community water systems (CWS),
a type of public water system that supplies
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drinking water to the same population year
round. Most residential settings, including
homes, apartments, and mobile park homes,
are served by a CWS.? Despite the SDWA,
many drinking water suppliers receive initial
(i.e., first-time) violations as well as repeat
violations.*™®

Several area-specific studies have found
that minorities and lower socioeconomic
status (SES) populations are more aftected
by drinking water violations than are other
populations.”™ A study of the CWSs of

local government—owned utilities that serve
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populations of 10 000 or more found that
communities at or above 40% of the federal
poverty level (as determined from the Amer-
ican Community Survey, 5-year estimates,
2010-2014) and with a higher percentage of
Hispanics or Blacks had a significant increase
in the number of predicted drinking water
violations.'” These studies have increased our
understanding of the extent of environmental
injustices associated with CWSs. The EPA
defines environmental justice as

the fair treatment and meaningful involvement
of all people regardless of race, color, national
origin, or income with respect to the develop-
ment, implementation and enforcement of’
environmental laws, regulations, and policies.
Fair treatment means no group of people should
bear a disproportionate share of the negative
environmental consequences resulting from
industrial, governmental, and commercial
operations or pc»licies.11

Environmental injustices are a function
of environmental discrimination.” Environ-
mental discrimination can arise from industry
and nonindustry policies and regulations,
resulting in underrepresented groups (i.e.,
racial/ethnic minorities and those of low
SES) being exposed to environmental hazards
that can directly affect quality of life.” For
example, in Flint, Michigan, an economically
depressed city that has a predominantly Black
population, a state-appointed emergency
management body decided to introduce
a more corrosive water source into an aging
water system without also providing adequate
corrosion control. The subsequent failure of
government officials to respond to health

concerns associated with the change in
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drinking water source resulted in a higher
elevated blood level percentage among
children in Flint as compared to those living
outside Flint (i.e., whose water source was
unchanged). The areas in Flint that had

a higher proportion of Black children had
the highest water lead levels and the highest
elevated blood levels among children as
compared to other areas.'?

To date, no studies have assessed both the
extent to which county-level racial/ethnic
and different socioeconomic factors are as-
sociated with initial and repeat drinking water
violations across the United States. We aimed
to (1) assess the extent to which initial
drinking water violations diftered on the basis
of county race/ethnicity and several SES
indicators using the primary county served
by the CWS as the unit of analysis, and (2)
determine whether counties with higher
proportions of underrepresented groups are
disproportionately burdened with repeat
drinking water violations. Additionally, we
addressed a gap in the literature by examining
differences in initial and repeat drinking water
violations on the basis of size of population
served by the CWS."?

METHODS

The EPA has established National Primary
Drinking Water Regulations for the US
drinking water supply that pertain to 88
contaminants and drinking water treatment
techniques. These regulations are legally
enforceable standards that must be monitored
monthly or more frequently on the basis of
population served by the CWS or previous
violations to ensure that maximum contam-
inant—level thresholds are not exceeded."'*'>
The level of safety (i.e., levels that do not
cause known or expected health risk) is to be
monitored, and safe levels are to be enforced
through the collaboration of the EPA, the
states, and the CWSs, with the states granted
primary control (i.e., “primacy”). A state is
granted primacy if it is able to demonstrate
that it will comply with at least the minimum
SDWA standards within its jurisdiction and
that it will report initial violations and repeat
violations to the EPA quarterly. With the
exception of Wyoming and the District of
Columbia (which chose not to apply for
primacy), states have primacy status. The EPA
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oversees drinking water compliance using
state-level violation data.'®

The EPA regularly collects data on
drinking water violations and reports this
information in the EPA Safe Drinking Water
Information System (SDWIS)."” We down-
loaded publicly available data on quarterly
initial drinking water violations (“initial vi-
olations”) and repeat water violations (“repeat
violations”). We linked these data to the EPA
Envirofacts by the public water system ID.'®
By doing this, we constructed a US drinking
water database on the basis of previously
studied contaminants at the county
level.”® 21972 The database included CWSs
that were active 2011 to 2015 (n =159 595).
We excluded Indian reservations and US
territories (n = 1564) because these commu-
nities are confronted with documented his-
torical injustices that contribute to water
quality, access, and administrative challenges
that require separate analysis outside the
scope of this study.*?

Reported initial and repeat violations
during the years 2011 to 2015 were the de-
pendent variables and were operationalized as
abinary variable (1 ifa violation ever occurred
for CWS and 0 otherwise). We aligned initial
violations and repeat violations data to 2011
through 2015 to match the years we selected
from the American Community Survey. We
focused on the contaminants previously ex-
amined in quantitative studies: arsenic; atra-
zine; chlorine; total coliforms (pre-TCR
and TCR); copper; di(2-ethylhexyl) adipate
(DEHA); di(2-ethylhexyl) phthalate
(DEHP); haloacetic acids (HAAS); nitrates;
nitrite; lead; radium 226 and radium 228
(combined radium); total trihalomethanes
(TTHMs); 1,1,1-trichloroethane; 1,1,2- tri-
chloroethane; trichloroethylene (TCE); and
uranium (n=58031).*7%121921 Thege
contaminants have potential negative health
effects if there is long-term exposure above
the maximum contaminant—level threshold,
such as damage to the circulatory, cardio-
vascular, central nervous, respiratory, and
reproductive systems; increased risk of cancer;
kidney and liver disease; physical and de-
velopmental problems; and gastrointestinal
illnesses.'

We obtained county-level covariates from
the 2011 to 2015 American Community
Survey because CWSs and regulatory
agencies do not collect demographic data.'

McDonald and Jones

We excluded 13 counties because of data
suppression (i.e., the county did not have the
minimum number of cases).>> Contextual
environmental justice covariates (units of
analysis were county-level proportions) in-
cluded female-headed households, renter-
occupied households, adults with less than
high school education, non-Hispanic Blacks,
non-Hispanic Asians, Hispanics, non-
Hispanic Whites, and uninsured households
(i.e., not having medical insurance).* We also
obtained median income (in $10 000 in-
crements). With the exception of female-
headed household and median income, the
covariates were not normally distributed,;
we used log-transformations to account for
skewness.

We used multivariable logistic regressions
to evaluate reported initial and repeat viola-
tions; we considered covariates statistically
significant if P was less than .05 (2-tailed)
using a 95% confidence interval (CI). We
stratified results by size of the population
the CWS served on the basis of the stratum
federal agencies use for funding purposes
(very small: <3300; small: 3301-10 000;
medium: 10 001-50 000; and large:
>50001).%2° We performed data manage-
ment and analyses using Stata version 14
(StataCorp LP, College Station, TX).>’

RESULTS

Descriptive results are presented in Table
1. The median percentage of female-headed
households was 42.3% (SD =9.5) and of
renter-occupied households was 29.6%

(SD =7.9). The median household income
was $49 220 (SD = $13 310). Across counties,
the median percentages were 78.6%

(SD =19.9) non-Hispanic White, 3.0%

(SD =12.1) non-Hispanic Black, 1.1%

(SD = 3.3) non-Hispanic Asian, 5.9%

(SD = 14.5) Hispanic, 12.6% (SD = 5.9) with
less than high school education, and 12.9%
(SD =5.3) uninsured.

Results of the nonstratified logistic re-
gression analysis are shown in Table 1. The
proportion of uninsured had the highest odds
ratio (OR) associated with both reported
initial violations and repeat violations
(OR =1.77; 95% CI=1.64, 1.91 and
OR =1.67; 95% CI=1.52, 1.82, re-
spectively). The OR of 1.77 means that
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TABLE 1—Descriptive Results for County-Level Initial and Repeat Drinking Water Violations: United States, 2011-2015

County-Level Variable

Median (SD)

Initial Violations, OR (95% Cl)

Repeat Violations, OR (95% CI)

Proportion female single headed households
Median household income is $10 000

Log proportion renter occupied

Log proportion less than high school education
Log proportion non-Hispanic Black

Log proportion non-Hispanic Asian

Log proportion Hispanic

Log proportion non-Hispanic White

Log proportion uninsured

0.423 (0.095)
4.922 (1331)
0.296 (0.079)
0.126 (0.059)
0.030 (0.121)
0.011 (0.033)
0.059 (0.145)
0.786 (0.199)

0.813 (0.636, 1.040)
0.915 (0.892, 0.938)
0.899 (0.810, 0.998)
0.842 (0.777, 0.913)
0.899 (0.886, 0.912)
1.015 (0.998, 1.033)
0.878 (0.858, 0.898)
0.597 (0.556, 0.642)

0.468 (0.350, 0.625
0.931 (0.904, 0.959
1.065 (0.942, 1.204
0.805 (0.733, 0.885

0.990 (0.969, 1.010
0.939 (0.914, 0.964
0.697 (0.643, 0.756

0.129 (0.053)

1.773 (1.641, 1.915)

)
)
)
)
0.907 (0.892, 0.922)
)
)
)
)

1.668 (1.524, 1.825

Note. Cl = confidence interval; OR = odds ratio. The sample size was n=58018.

a 1-unit increase in the proportion of those
uninsured within a county, other things being
equal, increased the odds of having an initial
violation by 77%. For most other covariates,
we found a negative association with both
initial violations and repeat violations. For
example, a 1-unit increase in the proportion
of renters within a county, all else being equal,
decreased the odds of only an initial violation
by 10.1%. The proportion of renters was
negatively associated with initial violations
only, the proportion of female-headed
households was negatively associated with

repeat violations only, and the proportion of
non-Hispanic Asians was not associated with
either outcome.

Table 2 presents initial violations strati-
fied by population a CWS serves. Median
household income remained negatively as-
sociated with initial violations for the very
small and small strata, but we did not observe
anegative association in the very small stratum
for proportions of those with less than high
school education and for proportions of
renters. For these 3 covariates, the negative
association with initial violations was most

pronounced for large populations served by
a CWS. The proportion of female-headed
households was significant and changed di-
rection across populations served, with the
exception of the proportion of medium
populations served (i.e., this was
nonsignificant).

Among racial and ethnic groups, the di-
rection of the association with initial viola-
tions varied on the basis of the population size
served by CWS; this was unobservable in our
nonstratified analysis. The exception was the
proportion of non-Hispanic Whites, which

TABLE 2—Descriptive Results for County-Level Initial Drinking Water Violations Stratified by Population Served: United States, 2011-2015

Very Small (Population <3300;
n=47499), OR (95% Cl)

County-Level Variable

n="5657), OR (95% Cl)

Small (Population=3301-10000; Medium (Population=10001-50 000;
n=3769), OR (95% Cl)

Large (Population>50001;
n=1093), OR (95% CI)

Proportion female single
headed households

Median household income is
$10000

Log proportion renter
occupied

Log proportion less than high
school education

Log proportion non-Hispanic
Black

Log proportion non-Hispanic
Asian

Log proportion Hispanic

Log proportion non-Hispanic
White

Log proportion uninsured

0.703 (0.537, 0.919)

0.933 (0.908, 0.959)

1.093 (0.975, 1.226)

1.028 (0.943, 1.122)

0.879 (0.866, 0.893)

1.039 (1.020, 1.057)

0.859 (0.838, 0.880)
0.593 (0.548, 0.641)

1.618 (1.489, 1.759)

2.511 (1.045, 6.031)

0.795 (0.715, 0.883)

0.709 (0.480, 1.048)

0.248 (0.181, 0.340)

1.065 (1.009, 1.124)

0.748 (0.694, 0.806)

1.052 (0.954, 1.160)
0.559 (0.428, 0.731)

2.413 (1791, 3.253)

1.960 (0.643, 5.975)

0.987 (0.877, 1.111)

0.416 (0.249, 0.693)

0.360 (0.246, 0.527)

1.087 (1.005, 1.175)

0.807 (0.705, 0.922)

1.194 (1.036, 1.376)
0.894 (0.617, 1.296)

1.914 (1337, 2.740)

0.007 (0.000, 0.155)

0.317 (0.216, 0.463)

0.002 (0.000, 0.012)

0.012 (0.004, 0.033)

1.336 (1.049, 1.701)

2.903 (1.679, 5.017)

3.787 (2.200, 6.520)
0.437 (0.181, 1.053)

4.509 (1.360, 14.95)

Note. Cl = confidence interval; OR = odds ratio.
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was negatively associated with initial viola-
tions for nonstratified analysis and for very
small and small population groups served by
a CWS; this was nonsignificant for medium
and large groups. Yet as the population size
served by CWS increased, the proportion
of non-Hispanic Blacks and Hispanics in

a community changed to being positively
associated with initial violations. The pro-
portion of non-Hispanic Asians in a com-
munity was positively associated with initial
violations with very small and large pop-
ulations served but negatively associated with
initial violations for small and medium strata.
The proportion of those uninsured was
consistent with our nonstratified analysis, and
it had a positive OR,, with initial violations
across all stratification levels.

We found several differences when we
compared initial violations to repeat viola-
tions across the population served by a CWS
(i.e., stratum; Table 3). In particular, cova-
riates shifted significance and reversed di-
rection (i.e., positive to negative OR and vice
versa). Of note, the proportion of uninsured
residents was the most consistent covariate, as
it had a positive OR across every stratum for
initial violations and repeat violations, with
the exception of the nonsignificant finding
for repeat violations within the large stratum.

In the very small stratum, the proportion of
renters was nonsignificant for initial viola-
tions, but it emerged as positively associated
with repeat violations (OR = 1.23; 95%
CI=1.08, 1.40). Likewise, in the small
stratum, the proportion of Hispanics in

a community was nonsignificant for initial
violations but had a significant, positive OR
with repeat violations (OR =1.17; 95%
CI=1.04, 1.32).

An unexpected finding was that the me-
dian income had a positive OR with repeat
violations (OR =1.28; 95% CI=1.10, 1.50)
in the medium stratum, as this association was
not observed in other analyses. This means
that a $10 000 increase in median household
income within a medium stratum, other
covariates held constant, increased the
odds of having a repeat violation by 28%.
Another noteworthy result was that the
proportion of Hispanics in a community
changed direction from being positively as-
sociated (OR =1.19; 95% CI =1.04, 1.38)
with initial violations to negatively associated
with repeat violations (OR = 0.75; 95%
CI=0.63, 0.91) for medium populations
served by a CWS. The following covariates
were significant and either positively or
negatively associated as denoted with
initial violations but were nonsignificant

for repeat violations: the proportion of
female-headed households for small
(positive) and large (negative) strata, the
proportion of renters and the proportion of
those with less than high school education
for medium stratum (negative), and the
proportion non-Hispanic Blacks for small
stratum (positive).

Figure 1 shows the different OR patterns
of nonstratified and stratified racial/ethnic
subgroups for repeat drinking water viola-
tions. For example, except for non-Hispanic
Asians, nonstratified ORs were significant
and negatively associated with repeat drinking
water violations (i.e., as depicted by the 1.0
OR reference line). Because CWSs varied in
size by population served, we found that,
overall, the proportion of non-Hispanic
Whites remained significant and negatively
associated with repeat drinking water viola-
tions, whereas the proportions of other racial/
ethnic groups did not. The large CWSs
showed the most pronounced ORs for
proportion of minority groups. This is of
particular interest because nonstratified
analysis has previously emphasized drinking
water quality in very small and small systems.
Our findings reveal that minority groups
served by large systems have increased sig-
nificant odds for repeat violations.

TABLE 3—Descriptive Results for County-Level Repeat Drinking Water Violations Stratified by Population Served: United States, 2011-2015

Very Small (Population <3300;
n=47499) OR (95% CI)

County-Level Variable

Small (Population=3301-10 000;
n=5657) OR (95% Cl)

Medium (Population=10001-50000;
n=3769) OR (95% CI)

Large (Population>50001;
n=1093) OR (95% Cl)

Proportion female single
headed householder

Median household income is
$10000

Log proportion renter
occupied

Log proportion less than high
school education

Log proportion non-Hispanic
Black

Log proportion non-Hispanic
Asian

Log proportion Hispanic

Log proportion non-Hispanic
White

Log proportion uninsured

0.458 (0.335, 0.626)

0.942 (0.913, 0.971)

1.229 (1.076, 1.403)

0.920 (0.833, 1.017)

0.897 (0.881, 0.913)

1.002 (0.981, 1.024)

0.932 (0.907, 0.959)
0.683 (0.626, 0.746)

1.491 (1.355, 1.641)

1.491 (0.497, 4.470)

0.814 (0.717, 0.924)

0.930 (0.574, 1.509)

0.324 (0.222, 0.474)

0.999 (0.935, 1.067)

0.837 (0.764, 0.918)

1.171 (1.036, 1.323)
0.731 (0.536, 0.999)

2.243 (1560, 3.224)

0.400 (0.090, 1.772)

1.284 (1.097, 1.503)

0.753 (0.376, 1.506)

0.682 (0.405, 1.146)

1.197 (1.074, 1.334)

0.800 (0.674, 0.949)

0.753 (0.626, 0.906)
1.065 (0.571, 1.988)

2.974 (1.794, 4.931)

0.052 (0.001, 2.165)

0.326 (0.203, 0.523)

0.003 (0.000, 0.017)

0.015 (0.004, 0.051)

1.563 (1.127, 2.168)

3.277 (1.650, 6.506)

4.399 (2.198, 8.804)
0.477 (0.155, 1.469)

4.147 (0.886, 19.42)

Note. Cl = confidence interval; OR = odds ratio.
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FIGURE 1—Comparison of Stratified and Nonstratified ORs for County-Level Repeat Drinking Water Violations by Proportion of (a) Hispanics,

(b) Non-Hispanic Asians, (c) Non-Hispanic Blacks, and (d) Non-Hispanic Whites: United States, 2011-2015

DISCUSSION

We have presented an original analysis of
initial and repeat drinking water violations
using an environmental justice lens and have 3
key findings. First, the majority of initial vi-
olations occurred among systems serving very
small (£3300 inhabitants) and small (3301—
10 000 inhabitants) populations. This finding
aligns with results from previous work.**>
Our second finding, as posited by VanDer-
slice,"” revealed that analysis by size of pop-
ulation served by a CWS revealed results
masked by nonstratified analysis. The third
and novel key finding was that lower SES and
minority groups are associated with an in-
creased OR for initial and repeat drinking

water violations.

October 2018, Vol 108, No. 10 AJPH

To our knowledge, our study is the first to
examine contextually relevant environmental
justice covariates associated with both initial
drinking water violations and repeat violations
stratified by population served by CWS. The
most similar drinking water research focused
on nonstratified drinking water violations for
inactive and active CWSs. Previous studies
found CWSs that served a larger percentage of’
Hispanics and renters had higher nitrate levels
in the drinking water’ and increased odds for
arsenic violations.® Conversely, selective
implementation and enforcement of the re-
vised 2002 SDWA arsenic standard in Arizona
did not reveal disproportionate impacts on
minorities or low-income groups.'’ We found
that the association between initial and repeat

McDonald and Jones Peer Reviewed Research

drinking water violations and race/ethnicity
and SES covariates varied in direction and
strength on the basis of the stratum. The single
consistent association irrespective of stratifi-
cation was between initial and repeat drinking
water violations and the proportion of
uninsured residents. These results further
support the strong relationship between
uninsured status and environmental justice
because those lacking insurance are poten-
tially most likely to be disproportionately
exposed to hazards.” Our finding aligns
with previous environmental justice
research that reported that cumulative
cancer risks increased in direct proportion
with a higher percentage of uninsured
populations.”®
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Separately, median household income
results for stratified and nonstratified analyses
predominantly support previous environ-
mental justice research, which found that
high-income areas are more likely to have
better water quality.'”*’ An unexplained
finding was that median household income
was nonsignificant for initial violations in the
medium stratum but had a significantly in-
creased OR for repeat violations. It is note-
worthy that the proportion of renters was
found to be negatively associated with initial
violations among medium and large strata.
A possible explanation for this is the com-
plexity of the housing market, whereby the
majority of renters are of modest income but
occupants span the income spectrum and the
geographic variations in renting.30 Contrary
to our expectations, the proportion of those
with less than a high school education de-
creased the odds of initial violations across
small, medium, and large strata. A potential
explanation for this is that this population may
reside within a multigenerational household™!
in which some members have attained higher
educational levels, thereby altering the results.

Opverall, our results provide new in-
formation about how population size served
by a CWS may affect the odds of county-level
race/ethnicity proportions associated with
initial and repeat violations. We observed the
decreased OR associated with initial and
repeat violations for non-Hispanic Whites
among only very small and small strata.
Furthermore, the race/ethnicity proportion
results revealed that with the exception of
non-Hispanic Asians, ORs associated with
initial and repeat violations were decreased for
all other subgroups at the very small stratum.
This is noteworthy, because this stratum had
the highest percentage of violations, but we
still observed the lowest OR among non-
Hispanic Whites.

The proportion of Hispanics in a com-
munity emerged as having a significantly
increased OR in the small stratum for repeat
violations, which was not present for initial
violations. Conversely, for this covariate in
the medium stratum, initial violations had an
increased OR, but repeat violations had
a decreased OR. However, minorities face
significant challenges with exposure to poor
water quality. This finding was most notable
among CWSs that serve large populations for
initial and repeat violations.

1406 Research Peer Reviewed

Stratified analysis revealed that the pro-
portion of female-headed households in
a community had a statistically negative or
positive association with initial and repeat
violations depending on the stratum and had
a nonsignificant association in the non-
stratified analysis, which is an important
finding. In the United States, the relationship
between living in a female-headed house-
hold, environmental justice, and drinking
water quality is underexamined, despite
inclusion of female-headed household as
a covariate of interest in studies measuring
increased risk of exposure to harmful envi-
ronmental factors. Our inconsistent findings
across strata reflected contradictory US-based
research results of a positive association of
female-headed household and poor air
quality**?? as well as no association.”® To
develop a full picture of the role of living
in a female-headed household and drinking
water quality, we recommend that additional
studies include this covariate.

These findings may help us to understand
how environmental justice and drinking
water quality are linked and that although the
majority of violations occur in CWSs that
serve very small and small populations, me-
dium and large strata should not be over-
looked. We found that the proportion of
uninsured residents and of race/ethnicity
were associated with an increased OR,
whereas median household income was
associated with a decreased OR for initial
violations. We observed similar trends for
repeat violations. Our results do not reveal
that counties with a higher proportion of
racial/ethnic subgroups or households with
lower SES were disproportionately burdened
with repeat violations. It is notable that the
ORs for the proportion of non-Hispanic
Blacks and Hispanics were higher for
repeat violations than for initial violations
in the large stratum.

Strengths and Limitations

Our study contributes to the body of
knowledge on environmental justice and
drinking water quality, as it is the first
US-based study, to our knowledge, that
examines county-level risk factors for both
initial drinking water violations and repeat
violations using contextual covariates typi-
cally associated with environmental justice

McDonald and Jones

issues. Another strength is that we used
stratification categories that state- and
federal-level agencies use for funding

: 25,26
and reporting purposes,

unlike past
studies.®""

A limitation of this study is that states may
upload unreliable data on both violations and
enforcement actions to the SDWIS.> As of
August 23, 2017, the EPA is still working on
the implementation of 2011 US Government
Accountability Office recommendations to
improve state water quality reporting and
programs through regional offices providing
guidance and oversight.>* However, the
SDWIS is the most comprehensive publicly
available national database to examine US
drinking water quality. Moreover, this study
combines data from SDWIS with information
from other databases, creating a unique data
set from which to study drinking water vi-
olations. Another limitation of this research is
the ecological study design. Our study was
limited by the lack of available georeferenced
CWS data to conduct an analysis of disparities
(i.e., race/ethnicity and SES) at a more
granular level (i.e., below the county level).

Public Health Implications

Our results suggest that drinking water
stakeholders (including consumers, adminis-
trators, and public health practitioners) need
to make greater efforts to ensure that pop-
ulations with a higher proportion of minor-
ities, of people lacking medical insurance, and
of low-income households have access to safe
drinking water, irrespective of the population
size served by the CWS. Considering the
association between drinking water con-
taminants and potential negative health
outcomes,'” it is imperative that populations
exposed to poor water quality be identified to
prevent public health outbreaks. Although
Congress has mandated that the nation’s
public water supply be regulated to protect
public health, the public has little knowledge
of how water regulation actually works.'
Any effort to improve access to safe drinking
water is moot without reliable and timely
reporting of initial violations and repeat
violations.

There are 3 key initiatives that can con-
tribute to this effort. First, it is essential to
create awareness among the general public
about how the SDWA operates, including
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information on the provision for citizens to
take civil action against any federal agency or
EPA administrator allegedly in violation of
the SDWA.'

Second, citizen engagement is required to
stem the current tide of calls by government
leaders for deregulation.®® Action would
include pressinglocal representatives as well as
Congress to invest in upgrading and main-
taining infrastructure (e.g., water pipes and
water pumps), technical assistance and
training of CWS personnel, and additional
reporting resources (e.g., investment in per-
sonnel and computing tools) to assist the EPA
with SDWA oversight to improve compli-
ance and enforcement of violations. Such
investment would improve the reporting
of initial violations and repeat violations
so that the CWS, the state, and the EPA
know where and what corrective action is
required to ensure that the SDWA goal to
protect public health for all populations is
realized.

Third, public health practitioners need to
be involved in the process to evaluate the
effectiveness of the state primacy practice.”*
Public health practitioners can use county-
level results to address drinking water
quality concerns to respective EPA regional
and state officials of populations aftected by
initial violations and repeat violations. As
discussed by Weinmeyer et al.,' the current
application of the SDWA has resulted in
a burdensome, unreliable, and redundant
system that at best is challenging to manage
and diminishes the EPA’s ability to
monitor drinking water violations and
identify those at greatest risk for poor drinking
water quality. AJPH

CONTRIBUTORS

Y.J. McDonald drafted the introduction, strengths and
limitations, and public health implications sections. N. E.
Jones performed the data analysis. Both authors designed
the research, collected and interpreted the data, drafted
the methods, results, and discussion sections, critically
revised the article, and approved the final version of the
article.

ACKNOWLEDGMENTS

We thank Victoria I. Okomina, MPH, Jessica M. Perkins,
PhD, and Amber Trueblood, PhD, for their valuable
comments and suggestions.

HUMAN PARTICIPANT PROTECTION
No protocol approval was necessary because no human
participants were involved in this study.

October 2018, Vol 108, No. 10 AJPH

REFERENCES

1. Weinmeyer R, Norling A, Kawarski M, Higgins E.
The Safe Drinking Water Act of 1974 and its role in
providing access to safe drinking water in the United
States. AMA J Ethics. 2017;19(10):1018-1026.

2. Environmental Protection Agency. Summary of the
Safe Drinking Water Act. 2017. Available at: https://
www.epa.gov/laws-regulations/summary-safe-
drinking-water-act. Accessed August 24, 2017.

3. Environmental Protection Agency. Information about
public water systems. 2017. Available at: https://www.
epa.gov/dwreginfo/information-about-public-water-
systems. Accessed August 20, 2017.

4. Fedinick KP, Wu M, Olson ED. Threats on Tap:
Widespread Violations Highlight Need for Investment in Water
Infrastructure and Protections. New York, NY: Natural
Resources Defense Council; 2017.

5. Allaire M, Wu H, Lall U. National trends in drinking
water quality violations. Proc Natl Acad Sci U S A. 2018;
115(9):2078-2083.

6. Centers for Disease Control and Prevention. Surveil-
lance for waterborne disease outbreaks associated with
drinking water—United States, 2013-2014. MMIWWR
Morb Mortal Wkly Rep. 2017;66(44):1216-1221.

7. Balazs C, Morello-Frosch R, Hubbard A, Ray . Social
disparities in nitrate-contaminated drinking water in
California’s San Joaquin Valley. Environ Health Perspect.
2011;119(9):1272-1278.

8. Balazs CL, Morello-Frosch R, Hubbard AE, Ray I. En-
vironmental justice implications of arsenic contamination in
California’s San Joaquin Valley: a cross-sectional, cluster-
design examining exposure and compliance in community
drinking water systems. Environ Health. 2012;11:84.

9. Deen A, Estrada T, Everts C, et al. Thirsty for Justice: A
People’s Blueprint for California Water. New York. NY:
Issue Lab; 2005.

10. Switzer D, Teodoro MP. The color of drinking water:
class, race, ethnicity, and safe drinking water act com-
pliance. J Am Water Works Assoc. 2017;109(9):40—45.

11. Environmental Protection Agency. Learn about en-
vironmental justice. 2017. Available at: https://www.epa.
gov/environmentaljustice/learn-about-environmental-
justice. Accessed November 14, 2017.

12. Hanna-Attisha M, LaChance J, Sadler RC,
Champney Schnepp A. Elevated blood lead levels in
children associated with the Flint drinking water crisis:
a spatial analysis of risk and public health response. Am |
Public Health. 2016;106(2):283-290.

13. VanDerslice J. Drinking water infrastructure and envi-
ronmental disparities: evidence and methodological con-
siderations. Am J Public Health. 2011;101 (suppl 1):S109-S114.

14. MacDonald Gibson J, Pieper KJ. Strategies to improve
private-well water quality: a North Carolina perspective.
Environ Health Perspect. 2017;125(7):076001.

15. Environmental Protection Agency. National primary
drinking water regulations. 2017. Available at: https://
www.epa.gov/ground-water-and-drinking-water/
national-primary-drinking-water-regulations. Accessed
August 22, 2017.

16. Tiemann M. Safe Drinking Water Act (SDWA): A
Summary of the Act and Its Major Requirements. Washington,
DC: Congressional Research Service; 2017.

17. Environmental Protection Agency. SDWIS federal
reports advanced search. 2017. Available at: https://
ofmpub.epa.gov/apex/stdw/f2p=108:9::NO::P9_
REPORT: VIO: Accessed August 22, 2017.

McDonald and Jones Peer Reviewed Research

AJPH OPEN-THEMED RESEARCH

18. Environmental Protection Agency. Envirofacts: table
name: water_system. 2017. Available at: https://www3.
epa.gov/enviro/index.html. Accessed August 22, 2017.

19. Cory DC, Rahman T. Environmental justice and
enforcement of the safe drinking water act: the Arizona
arsenic experience. Ecol Econ. 2009;68(6):1825-1837.

20. Edwards M, Triantafyllidou S, Best D. Elevated blood
lead in young children due to lead-contaminated drinking
water: Washington, DC, 2001-2004. Environ Sci Technol.
2009;43(5):1618-1623.

21. Centers for Disease Control and Prevention. Rural
and urban differences in air quality, 2008-2012, and
community drinking water quality, 2010-2015—United
States. MMWR. Surveill Summ. 2017;66(13):1-10.

22. National Congress of American Indians. Policy issues:
land & natural resources: water. Available at: http://
www.ncai.org/policy-issues/land-natural-resources/
water. Accessed November 22, 2017.

23. US Census Bureau. American Community Survey
(ACS): data suppression. 2016. Available at: https://
WWW.census.gov/programs-surveys/acs/technical-
documentation/data-suppression.html. Accessed August
25, 2017.

24. Collins TW, Grineski SE, Chakraborty J, McDonald
Y]J. Understanding environmental health inequalities
through comparative intracategorical analysis: racial/
ethnic disparities in cancer risks from air toxics in El Paso
County, Texas. Health Place. 2011;17(1):335-344.

25. Gémez AJ. Rural water infrastructure: federal agencies
provide funding but could increase coordination to help
communities. 2015. Available at: https://www.gao.gov/
assets/670/668743.pdf. Accessed September 13, 2017.

26. Giles C. Drinking Water Enforcement Response Policy.
‘Washington, DC: Environmental Protection Agency; 2009.

27. Stata Statistical Software, Version 14. [computer pro-
gram|. College Station, TX: StataCorp LP; 2015.

28. Linder SH, Marko D, Sexton K. Cumulative cancer
risk from air pollution in Houston: disparities in risk
burden and social disadvantage. Environ Sci Technol. 2008;
42(12):4312-4322.

29. Washington State Departments of Agriculture,
Ecology, and Health; Yakima County Public Works
Department. Lower Yakima Valley Groundwater Quality:
Preliminary Assessment and Recommendations Document.
Washington, DC: Environmental Protection Agency;
2009.

30. Joint Center for Housing Studied of Harvard Uni-
versity. America’s Rental Housing: Evolving Market Needs.
Cambridge, MA; 2013.

31. Casper LM, Bianchi SM. Continuity & Change in the
American Family. Thousand Oaks, CA: Sage Publications;
2002.

32. Downey L. Single mother families and industrial
pollution in metropolitan America. Sociol Spectr. 2005;
25(6):651-675.

33. Trimble D. Drinking Water: Unreliable State Data Limit
EPA’s Ability to Target Enforcement Priorities and Commu-
nicate Water System’s Performance. Washington, DC: US
Government Accountability Office; 2011.

34. Gémez AJ. Status of GAO recommendations made
to EPA since fiscal year 2007. 2017. Available at:
https://www.gao.gov/assets/690/686946.pdf.
Accessed September 13, 2017.

35. Landrigan PJ. The power of environmental pro-
tection: arsenic in drinking water. Lancet Public Health.
2017;2(11):e488—489.

1407


https://www.epa.gov/laws-regulations/summary-safe-drinking-water-act
https://www.epa.gov/laws-regulations/summary-safe-drinking-water-act
https://www.epa.gov/laws-regulations/summary-safe-drinking-water-act
https://www.epa.gov/dwreginfo/information-about-public-water-systems
https://www.epa.gov/dwreginfo/information-about-public-water-systems
https://www.epa.gov/dwreginfo/information-about-public-water-systems
https://www.epa.gov/environmentaljustice/learn-about-environmental-justice
https://www.epa.gov/environmentaljustice/learn-about-environmental-justice
https://www.epa.gov/environmentaljustice/learn-about-environmental-justice
https://www.epa.gov/ground-water-and-drinking-water/national-primary-drinking-water-regulations
https://www.epa.gov/ground-water-and-drinking-water/national-primary-drinking-water-regulations
https://www.epa.gov/ground-water-and-drinking-water/national-primary-drinking-water-regulations
https://ofmpub.epa.gov/apex/sfdw/f?p=108
https://ofmpub.epa.gov/apex/sfdw/f?p=108
https://www3.epa.gov/enviro/index.html
https://www3.epa.gov/enviro/index.html
http://www.ncai.org/policy-issues/land-natural-resources/water
http://www.ncai.org/policy-issues/land-natural-resources/water
http://www.ncai.org/policy-issues/land-natural-resources/water
https://www.census.gov/programs-surveys/acs/technical-documentation/data-suppression.html
https://www.census.gov/programs-surveys/acs/technical-documentation/data-suppression.html
https://www.census.gov/programs-surveys/acs/technical-documentation/data-suppression.html
https://www.gao.gov/assets/670/668743.pdf
https://www.gao.gov/assets/670/668743.pdf
https://www.gao.gov/assets/690/686946.pdf

