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Abstract:

e This brief provides an overview of the
need for improvements in national
water quality monitoring data to
examine rural-urban differences.

e Included is a review of salient water
quality monitoring datasets and
models in the United States.

e The lack of standardized data makes it
challenging to protect the public from
unsafe waters in a variety of settings.

e The creation of a database and
model(s) to monitor and estimate
water quality nationally, across both
urban and rural contexts, is warranted.

INTRODUCTION

Water quality monitoring throughout the U.S. poses
unique challenges particularly when attempting to
compare localities or urban versus rural communities.
According to the U.S. Environmental Protection
Agency (EPA), water quality is determined by
whether the standards for the waters of states,
territories, and tribes are at their desired condition.'
This includes whether known pollutants are beyond a
certain threshold. It also includes whether the
chemical, physical, and biological integrity of the
water has been degraded. For example, if the oxygen
concentration in the water is reduced this can be
considered a negative impact to the water’s overall
quality.” The transport of pollutants (both small and
large scale) in surface waters combined with
groundwater access and use types across various types
of geography create a voluminous number of

locations that could be monitored in both urban and
rural contexts.” Estimating water quality
concentrations across ecological landscapes in the
U.S. must accommodate this inherent variability;
whereas, air quality dispersion modeling for long-
range atmospheric transport has been demonstrated
to overcome and/or avoid a number of these
challenges.* Large-scale water quality models
estimating concentrations for the entire U.S.
population, including both rural and urban, are
currently not available. Water quality models exist;
however, they do not include a complete national
assessment to compare urban-rural differences.

Polluted waters have a variety of public health
implications. Events like the water crises in Jackson,
MS and Flint, MI highlight how aging infrastructure
and a changing climate can expose significant sections
of the nation’s population to unsafe water. In the
summer of 2022, heavy rains led to flooding from the
Pearl River in Jackson which damaged the city’s water
treatment services and ended up shuttering the city’s
ability to deliver drinking water to their residents.’
The governor of Mississippi declared a state of
emergency as some 180,000 people were left without
adequate drinking water.” Around 99,000 residents in
Flint were exposed to lead from their drinking water
in 2015 after the city switched their source of water
from Lake Huron to the Flint River.” The corrosivity
of the river more readily dissolved the lead in the
city’s water pipes and delivered drinking water with
concentrations well above safe levels. This prompted
the governor of Michigan to declare a state of
emergency.” An examination of water quality in rural
areas cannot be overlooked considering the events in
Flint and Jackson. Rural monitoring is needed
because rural communities may lack funding to
update their water infrastructure. Small water systems
may not have adequate back-up systems in case of
failure. Water has been diverted for use in larger areas
in selected regions impacting farms, drinking water



supplies, and water-powered electricity (e.g., Colorado
River).”"

The Safe Drinking Water Act (SDWA) was first
adopted in 1974 to protect public health by regulating
the nation’s public drinking water supply.' It was
amended both in 1986 and 1996 and includes
protections from over 90 contaminants. Rural water
systems, which often include well systems, come with
their own challenges. Individual wells are not covered
by the SDWA and many of these wells are dug instead
of drilled. As shallow wells they are often
contaminated by chemicals and bacteria.’
Furthermore, testing does not occur routinely or in
some cases at all.”

There has not yet been a comprehensive national
examination of key indicators of rural versus urban
water quality across the U.S. In this brief, we present
a summary of the water quality monitoring data
sources and models, identify the gaps that persist, and
propose the salient categories and types of data that
should be contained in a national water quality
monitoring database to accurately describe rural water
quality.

METHODS

A variety of water quality data sources and water
pollution models were investigated for their urban
and rural coverage across the U.S. Initial water
pollutants were explored including lead, arsenic, and
copper due to their significant public health
implications." Exposure to these pollutants can lead
to certain cancers, cardiovascular and neurological
diseases, and some reproductive effects.'* The
primary water quality dataset investigated was the
Environmental Protection Agency’s (EPA) Water
Quality Portal (WQP)."” The WQP is the nation’s
largest source for water quality monitoring data.
According to the EPA, it contains over 380 million
data records from 900 federal, state, tribal, and other
partners. Data for the years 2000 to 2020 were
downloaded and then plotted using QGIS, a free
open-source geographic information system
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software.”” Monitoring sites for each pollutant were

plotted to assess national, urban, and rural coverage.

Surface water models were also explored during the
investigation and are summarized in a 2018
assessment developed for the EPA’s Water Modeling
Workgroup (WMW)."” The assessment listed 18
separate surface water modeling applications that
support efforts such as assessing permit conditions
for pollution discharge elimination systems,
developing pollutant threshold planning, evaluating
water quality policies, and carrying out additional
water quality analyses.

An additional data source was investigated containing
303(d) Clean Water Act impaired waters' including
data from states, territories, and authorized tribes.
These data sources contained variables for 34
impairment types based on a single pollutant or a
combination of pollutants.” The data source was
downloaded and then plotted using QGIS to assess
national, urban, and rural coverage.

RESULTS
Coverage of Water Sampling Sites

The following sub-section highlights the coverage of
monitoring sites where water quality samples are
collected across the U.S. A map of lead, arsenic, and
copper monitoring sites for 2020 is included below in
Figure 1. This map shows an abundance of
monitoring sites in some areas (e.g., Florida) and
sizable lack of monitoring sites in many other areas
and states (e.g., Maine). Simple interpolations (i.e.,
imputing data for areas without monitoring sites)
based on a map with such high levels of missingness
would likely be invalid and unreliable. A national level
water quality model like the EPA’s Community
Multiscale Air Quality (CMAQ) model™ or National
Air Toxics Assessment (NATA) model® would be a
solution to overcome this level of missingness;
however, none was not found during the
investigation.

Coverage of Water Models

To assess water quality where data is unavailable,
models can provide valid estimates for potential
harmful exposures. This sub-section provides a brief
overview of the EPA’s WMW and their 2018 report
carried out to evaluate the coverage of surface water
models in the U.S. The EPA’s Water Modeling



Workgroup received a report in 2018 assessing the
utility of known surface water models and their
status.'” Each of these models was reviewed for
application in the current investigation. None of the
models had the capability to provide a national-level
assessment of relevant pollutants for public health.
One model, the BASINS model, had the capability
for comparing across several states within a large
watershed. This was the largest geographic coverage
possible. A national level comparison was not
possible. No models assessed had a similar national
coverage to air models such as CMAQ or NATA.

It is also important to note that the assessed models
were of surface water and did not include
groundwater. National groundwater modeling
programs were observed in other countries (e.g.,
England, Wales, and Denmark); however, none were
observed in the U.S.** The geographic vatiability
and size of the U.S. may create barriers for national
groundwater modeling,.

Figure 1. Water Quality Portal Monitoring Sites for Lead, Copper, and Arsenic, 2020

Coverage of Clean Water Act Data

To assess the coverage of an alternative source to
what the EPA provides in the WQP, a data source
was found by investigating impaired waters according
to the Clean Water Act. Maps of the ESRI 2015
303(d) dataset (included in the appendix, Appendices
A through C). Similar to the figure above, these maps
show an abundance of coverage (e.g., Florida) and a
sizable lack of coverage in many other areas and states
(e.g., Maine). However, what is unique about these
maps is they are more than individual sampling sites.
These maps indicate areas and lines of impaired
waters in addition to points for where water quality
samples were collected. This data file includes

aggregated data from multiple state sampling
initiatives. These initiatives vary in sampling/targeting
methods (e.g., non-targeted analysis vs. targeted
analysis), scope (e.g., percentage and type of public
water system), detection limits, sample location,
reporting limits, quantification methods, reported data
elements, and even what data are reported (e.g., some
states choosing only to report detections while other
states report all test results). Because of these
significant differences in how states are collecting
data, the information in this file should not be
compared across state boundaries. EPA intends to



continue adding data from more states as it becomes
available."™

Rural and Urban Water Data Coverage

This final sub-section provides an overview of a rural-
urban comparison of WQP data. Again, the WQP is
EPA’s effort to provide a clearinghouse of all water
data, both surface and groundwater, collected
nationally. This was assumed to be the gold standard
of data to assess both urban and rural coverage of

sampling sites. Figure 2 below represents the urban
and rural sample counts of water quality by state
between 2000 to 2020 according to the WQP. The
number of samples and whether more or less of these
were urban or rural depended on the state. Similar to
the figures above, select states had a high number of
counts while others did not. Additionally, there was a
high degree of variability between urban and rural
counts per state and generalizations, other than
coverage, were not assessed.

Figure 2. Urban and Rural Counts of Water Quality Samples, 2000-2020, WQP

® Rural m Urban

500000

400000

300000

200000

Sample Counts

100000

FL CO IL PA OH CA IN NC UT SC AZ WI TN AR NJ OR GA DE KS NY MN AL ND MO KY MV TX LA NM MT WA MD 1A CT ID OK WW MA M NE SD WA DC MS VT WY RI NH ME

DISCUSSION

This brief provides an overview of the need for
improvements in national water quality monitoring
data to examine rural-urban differences. After
reviewing an exhaustive list of water quality
monitoring datasets and models, the creation of a
national water quality model across both urban and
rural contexts is warranted. Such a model would have
to overcome the challenges of the various potential
sources of pollution for both surface water and
groundwater, the inherent variability of pollutant
transport through the nation’s surface waters, and the
variability in groundwater access, maintenance, and
use.

Water quality monitoring datasets provided by the
EPA offer available data and, in turn, make them

State

publicly available online but do not standardize the
data in a format or vocabulary that would facilitate
broader regional or national analysis. Additionally,
303(d) Impaired Waters datasets vary in spatial
formats at the state-level with varying density between
point, line, and area as well as broad ‘metals other
than mercury’ descriptions for pollutants as an
example. This creates barriers to data access. Also,
datasets are not presented in a way that allows for
comparability. This is largely due to the way in which
water quality data is collected. A systematic and
standardized methodology to collect data across states
and regions was not found during the investigation.
This further necessitates a national water modeling
initiative comparable to what is available for air
pollution.



Water pollution exposure varies according to its
source (i.e., surface water or groundwater), route of
exposure (drinking, showering, recreation, etc.), as
well as topographical, meteorological, ecological,
agricultural, and industrial influences and inputs.
Thus, water quality data is linked to its source and its
potential route of exposure. For example, drinking
water quality is routinely monitored in Community
Water Systems (CWSs). However, CWS reports are
provided for local review and not formatted for
aggregated reporting or comparison at a wider
regional or national level. CWS reports also do not
reflect potential harmful infrastructure exposures
(lead, etc.) between a treatment facility and household
consumption ot households served by wells.*

The lack of standardized data makes it challenging to
protect the public from unsafe waters in a variety of
settings. As surveillance is a core function of public
health, the water quality data currently collected is
inadequate to monitor potential harmful exposures
across the nation especially as water infrastructure
ages, population increases, and climate change
continues. Several states in the present investigation
were identified as having a plethora of water quality
data (e.g., Florida). As a peninsular state, Florida is
surrounded by water and has significant surface
waters including the Everglades. Its aquifer levels are
closer to the surface relative to many other states.”
With an added focus on governance and water-related
policies (e.g., Florida’s five regional Water
Management Districts), the role that water plays in
Florida contributes to the availability of water
monitoring data and makes a positive contribution to
the essential services of public health especially those
related to assessment, policy development, and

assurance.26’27

One of the recent studies carried out to assess urban
and rural comparisons of polluted waters in the U.S.
was Strosnider et al. in 2017.** The dataset used
contained 26 states’ worth of data leaving almost half
of the country unassessed. The study used data from
Community Water Systems (CWSs) from the CDCs’
Environmental Public Health Tracking (EPHT)
network as their data source which has little to no
well data. From a statistical perspective, this was an
adequate sample size to assess urban and rural

differences for states where data was available.
However, the challenge remains for those
jurisdictions and for those respective populations
where water quality monitoring data is non-existent.
This adds to the importance for greater coverage of
water data in the rural sector of the U.S.

According to Ingram (2010), environmental
economists have devoted less attention to water
quality than air quality.” This is significant for water
pollution-related policies for several reasons. Outdoor
air pollution has a direct impact on public health.
Economists can quantify a value to this and
subsequently compare to regulation costs. Ingram
contrasts this with the benefits of controlling water
pollution which are rooted in improving recreational
use of surface waters and protecting ecosystem
health. Additionally, economists have been able to
implement market-based approaches for air quality
with efforts like tradable permits and emissions
taxes.” This has been challenging to apply to the
water pollution context as quantifying cost-effective
policies have been explored in theory but not in
practice. Finally, Ingram suggests that the most
beneficial environmental intervention for water
quality has to do with the treatment of drinking water
and sanitation. However, for many industrialized
nations, improvements to drinking water and
sanitation were implemented long before
environmental economics existed as a field. As a
result, there was little demand for such investigations.
It is important to note that this may be true presently
to some degree; however, as the nation’s drinking
water and sewer infrastructure ages, crises like Flint,
MI and Jackson, MS may become more frequent.
Additionally, the science in the U.S. need not only
consider domestic implications. Science must be
willing to contribute for the sake of low- and middle-
income countries (LMICs) where such investigations
could be beneficial.

The 1969 National Environmental Policy Act
(NEPA) indicates the president of the United States
shall present an annual report to Congtress on the
status of the environment.” This is to include the
aquatic environments (marine, estuarine, and fresh
water) as well as urban and rural terrestrial spaces
among other sectors (e.g., air quality). Additionally,



this report shall include current and foreseeable
trends in the quality, management, and utilization of
these sections of the environment. Finally, this report
shall indicate remedies for any deficiencies of any
programs or activities for the
environment and its
conservation. Thus, the
NEPA policy implications are
clear. Presently, monitoring
water quality for the entire
nation is lacking and a
remedy for this deficiency
should be developed for
NEPA compliance.

Existing data is insufficient to produce national
estimates of water quality or to compare water quality
in rural versus urban areas. Water quality can vary
dramatically over short distances particularly when
water is drawn from different wells. Most states do
not report water quality at a sufficiently fine
geographic scale to permit reliable spatial estimation
of water quality. Furthermore, data is not reported at
a representative sample of urban and rural locations
but is skewed towards areas with known or suspected
high levels of pollution (e.g., mining areas).

RECOMMENDATIONS

In summary, there is a dearth of consistent and
uniformly available data for water quality monitoring
in contrast to air quality data over space. Air quality
models like the EPA’s CMAQ and NATA systems
address a variety of pollutants with varying scales and
create a “One-Atmosphere” perspective that
incorporates the work of the scientific community.”

Existing data is insufficient to
produce national estimates of
water quality or to compare

water quality in rural versus

urban areas.

Such large scale models take the varying amounts of
air quality data available, apply them over the entirety
of the U.S., and estimate levels of pollutant exposure
in places where that data is unavailable or
unmonitored. Thus, a single space is
created for air monitoring, and this
estimate is applied across the nation.
A similar approach is warranted for
water quality in which the varying
amounts of monitored data are
pulled into a single space so water
quality data can be modeled and
validly estimated for places where
monitoring does not occur. This
“One-Hydrosphere” approach would combine the
scientific community’s contributions for surface and
groundwater pollutants and subsequently estimate for
unmonitored areas through a model or models.
Further research and funding for a CMAQ-like
national model in the water sector should be pursued.

To produce national estimates of water quality and/or
assess differences in water quality between urban and
rural areas, data must be routinely collected at a fine
scale of representative geographic locations. The spatial
resolution of this scale need not be the same in all
areas. Large areas served by a single water source may
need only a couple sampling points while smaller
areas served by multiple water sources (e.g., wells) will
need sufficient sampling to capture the variation in
water quality attributable to the different sources.
Statistical corrections for oversampling of highly
polluted areas may be applied provided these sites can
be differentiated from representative sites.



APPENDICES

Appendix A. 303(d) Clean Water Act Impaired Water Areas*
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Appendix B. 303(d) Clean Water Act Impaired Water Lines*




Appendix C. 303(d) Clean Water Act Impaired Water Points*

*Note: Impaired waters according to the EPA are those with relevance to the Clean Water Act and are the
pollutants that have reached Total Maximum Daily Loads (TMDLs) that are allowed in a waterbody and serve as
the starting point or planning tool for restoring water quality.
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