Investigating Private Drinking Water Quality and Biomarkers of Associated

Health Outcomes in Southwest Virginia

Grant Bokmiller

Thesis submitted to the faculty of Virginia Polytechnic Institute and State University in partial

fulfillment of the requirements for the degree of

Master of Science
In

Biological Systems Engineering

Leigh-Anne H. Krometis, Chair
Alasdair G. Cohen

Erin J. Ling

July 8, 2025

Blacksburg, VA

Keywords: Private wells, springs, AGI, hypertension, biospecimens, Central Appalachia



Investigating Private Drinking Water Quality and Biomarkers of Associated

Health Outcomes in Southwest Virginia

Grant Bokmiller
ABSTRACT

Approximately 1.8 million Americans living in rural communities do not have access to
safely managed household drinking water. Recent research has demonstrated high rates of the US
Environmental Protection Agency’s (EPA) Safe Drinking Water Act (SDWA) violations in rural
areas and heavy dependence on private systems that are not subject to SDWA monitoring and
treatment requirements. Few studies concurrently examine both the quality of private drinking
water and associated biomarkers of disease. This relative lack of data is particularly acute in
Central Appalachia, a region defined by high poverty, aging public infrastructure, and high rates
of private water supply. This study aims to measure the prevalence of health outcomes associated
with drinking water from a private or environmental source in a rural, Central Appalachian
region in Virginia.

To accomplish this goal, participating households with drinking water supplied by a
private well, spring, or environmental source (e.g. roadside springs) participated in a three-step
process: surveys administered by trained teams, drinking water samples collected at the point of
use, and health outcome measurements. Water samples were collected from the point of use
without flushing, after sanitization and a 5-minute flush, and from any non-bottled, alternative
drinking water sources. These samples were analyzed for fecal indicator bacteria, specific enteric
pathogens, metals, nutrients, and other inorganic ions. Though private sources are not subject to
EPA regulations, water quality results were compared to US EPA maximum contaminant levels
(MCLs), secondary maximum contaminant levels (SMCLs), and health reference levels as
benchmarks. Measurements of health outcomes included immunoassays of saliva samples and
blood pressure measurements.

At least one sample from ~73% (n = 11) of eligible households contained detectable total
coliforms and ~27% (n = 4) contained detectable E. coli. One quarter of eligible households (n =
3) had water containing specific enteric pathogens, all of which were supplied by a private
spring. No samples exceeded health-based standards (MCLs) for inorganic constituents. Only
one individual reported experiencing symptoms of enteric waterborne disease, which coincided
with detection of Aeromonas in their primary drinking water source. However, the participant
also noted a change in medication as a confounding factor for their symptoms. Blood pressure
measurements revealed high prevalence (~69%, n = 11) of hypertension despite fewer
participants (25%, n = 4) reporting the condition, reinforcing the need for measured health
outcomes. Due to recent changes in federal funding and hiring practices, saliva samples were
unable to be analyzed and strong epidemiological associations between private drinking water
use and enteric disease remain out of reach. Despite this, biological contamination of private and
environmental drinking water sources remains prevalent in Central Appalachia.
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GENRAL AUDIENCE ABSTRACT

Approximately 1.8 million Americans living in rural communities do not have access to
safely managed household drinking water. Recent research has found frequent violations of
federal drinking water regulations in rural areas and heavy dependence on private wells or
springs that are not subject to Safe Drinking Water Act (SDWA) monitoring and treatment
requirements. This issue is particularly notable in Central Appalachia, where this topic is under
researched. This study aims to investigate how consuming water from a private source impacts
the health of rural, Central Appalachians.

To accomplish this goal, participating households with drinking water supplied by a
private well, spring, or environmental source (e.g. roadside springs) participated in surveys,
water sampling, and health outcome measurements. Water samples were collected at the point of
use in each household. These samples were analyzed for infectious diseases, metals, nutrients,
and other inorganic ions. Measurements of health outcomes included saliva sampling to identify
cases of waterborne disease and blood pressure measurements to identify cases of hypertension
(high blood pressure).

At least one water sample from ~27% (n = 4) households contained an indicator of fecal
contamination and one quarter (n = 3) contained a specific infectious pathogen. No samples
exceeded health-based standards for inorganic contaminants. Only one individual reported
experiencing symptoms of waterborne disease, which coincided with detection of bacteria in
their drinking water. However, the participant also noted a change in medication may have been
the cause of their symptoms. Blood pressure measurements revealed that high blood pressure
was common, even though few participants reported having hypertension, illustrating the need
for measured health outcomes. However, due to recent changes in federal funding and hiring
practices, saliva samples were unable to be analyzed, making associations between privately
sourced drinking water and waterborne disease difficult to achieve. Despite this, biological
contamination of private and environmental drinking water sources is still prevalent in Central
Appalachia.
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1 Introduction

Access to safe drinking water remains an issue of concern in the United States. It is
estimated that ~10 million people did not have consistent access to safely managed drinking
water in the US in 2020 (WHO/UNICEEF, 2021). This potentially results in thousands of cases of
preventable illnesses stemming from consumption of unsafe drinking water (Lee et al., 2023).
Drinking water supplied by public utilities in the United States is subject to monitoring,
reporting, and treatment requirements by the US EPA’s Safe Drinking Water Act (SDWA)
(Weinmeyer et al., 2017). However, millions of residents depend on utility systems that violate
health-based standards included in this legislation (Allaire et al., 2018). The burden caused by
these violations is not distributed evenly across the country, with low income, rural, and minority
communities facing higher rates of SDWA non-compliance (Brown et al., 2023; A. S. Cohen et

al., 2025; Marcillo & Krometis, 2019; Mueller & Gasteyer, 2021).

When utility-supplied water is not available, residents most often rely on unregulated
private drinking water systems (e.g. private wells and improved springs) (CDC, 2024a). To be
considered improved, a drinking water source must have a connection to household plumbing
and have some form of protection against contamination (WHO, n.d.). As a result, sources that
require residents to leave their household to collect drinking water would be considered
unimproved. Although tap water supplied by both private wells and improved private springs is
not governed by the SDWA, private springs are more vulnerable to contamination from the
surrounding environment. This distinction is especially notable in Virginia, where state law
dictates stringent installation requirements for wells that provide additional protection against
contamination (Private Well Regulations, 1992). However, households reliant on older wells

installed before these policies were implemented may still be subject to additional risks of



contamination relative to newer systems. Estimates of private well use in the United States range
from 11% to 17% of the population, equating to millions of people (CDC, 2024a; Hernandez &
Pierce, 2023; A. Murray et al., 2021). The responsibility of testing, treating, and maintaining
private water sources falls on the consumer, as they are not governed by the SDWA. Recent
research emphasizes that contaminants of health concern are commonly detected in water
sourced from these systems (Allevi et al., 2013; A. Cohen et al., 2022, 2024; Law et al., 2017; R.
T. Murray et al., 2018; B. R. Swistock et al., 2013). When contamination or perceptions of
contamination causes residents to distrust their available water source (utility-supplied or
private), they are more likely to purchase bottled water to meet their daily needs, which results in
additional economic burdens (A. Cohen & Ray, 2018; Marion, 2023; McSpirit & Reid, 2011;

Teodoro et al., 2022).

The health outcome most associated with consumption of biologically contaminated
drinking water is acute gastroenteritis (AGI). This illness can be the result of infection by a wide
variety of enteric pathogens (e.g. E. coli, Aeromonas, Norovirus, Cryptosporidium, Giardia, etc.)
and is characterized by symptoms including diarrhea, nausea, vomiting, and abdominal pain
(Graves, 2013). It is estimated that the prevalence of AGI exceeds 350 million cases in the US
annually, though this value may be an underestimate, as many individuals suffering from these
symptoms do not seek professional medical treatment (Graves, 2013). Even in cases where
infected individuals do visit healthcare facilities, official diagnoses are uncommon and treatment

often involves oral rehydration therapy and/or antibiotics (Graves, 2013).

In addition to acute illnesses like AGI, adverse waterborne exposures can contribute to
the development of serious chronic health conditions as well. Recent concerns regarding

freshwater salinization (Kaushal, 2016) have led to emerging concerns regarding high sodium in



finished drinking water, which may be linked to hypertension (high blood pressure) (Thompson
et al., 2022). The US Center for Disease Control (CDC) estimates that nearly half (45.4%) of
adults in the US have hypertension (Ostchega et al., 2020). While approximately 25% of adults
with hypertension safely manage their condition, it was still identified as the primary or
contributing cause in ~685,000 deaths in 2022 alone (NCHS, n.d.; Ostchega et al., 2020). High
dietary sodium, obesity, high caffeine intake, and substance abuse have all been identified as
factors increasing risk of developing hypertension (Whelton et al., 2018). While the effects of
dietary sodium on hypertension have been well studied, there is little available research
examining the effects of high concentrations of sodium in drinking water in the United States,
and its relative contribution to high dietary sodium. At present, the USEPA has a health guideline
of less than 20 ppm sodium in drinking water for at risk individuals, and less than 30 ppm

sodium for taste and aesthetics (USEPA, 2003).

The present work examines connections between rural safe drinking water access and
health outcomes within the Appalachian region of the United States, which is characterized by
high rates of rurality, poverty (Srygley et al., 2024), health disparities (Burus et al., 2025; Hash et
al., 2024; Krometis et al., 2017; McGarvey et al., 2011), reliance on private water systems
(Hughes et al., 2005), and elevated water hardship. Previous work in the region reports frequent
detection of indicator organisms (total coliforms, E. coli) and specific enteric pathogens in
samples collected from private wells in Appalachia (A. Cohen et al., 2022, 2024; Law et al.,
2017; B. R. Swistock et al., 2013), as well as reliance on alternative sources, including roadside
springs (Krometis et al., 2019; Patton et al., 2020; B. Swistock et al., 2015) and bottled water (A.
Cohen & Ray, 2018; Marion, 2023; McSpirit & Reid, 2011). Despite the complexity of drinking

water access and documented health disparities present in the region data specifically describing



the incidence of waterborne disease in Central Appalachia is quite limited despite consistent
identification of this region as an area of particularly intransigent water infrastructure challenges

(Darling et al., 2023).

All Drinking
Water

Private
Drinking Water

Appalachian
Private
Drinking Water

Central
Appalachian
Private
Drinking Water

w/ Health
Outcomes

Figure 1.1. Illustration of available knowledge surrounding private drinking water

quality and associated health outcomes in Central Appalachia (not to scale)



1.1 Research Objectives

Very little specific data are available describing the incidence of waterborne disease in
Appalachia (Figure 2-1), despite consistent identification of this region as an area of particularly
intransigent water infrastructure challenges. Therefore, this project aimed to examine
connections between the quality of private drinking water sources and waterborne disease by
collecting paired drinking water and human biomarker data from homes located in Appalachian
counties in southwest Virginia (Figure 1-1). This built upon recent examinations of Appalachian
private water quality and connections with household demographics and reported health
outcomes (A. Cohen et al., 2022, 2024). In addition to being the first study to collect paired
home water quality and saliva samples for households dependent on private wells in the region,
this effort also extended the scope of previous work through collection of blood pressure
readings to examine potential connections between water quality and hypertension. In order to

meet the project goal, this effort:

1. Quantified levels of chemical (e.g. nitrate, fluoride, lead, arsenic) and microbiological
contaminants (e.g. total coliforms, E. coli, Campylobacter, Enterobacter) within drinking
water samples collected from the point of use in homes reliant on private or
environmentally sourced drinking water systems in southwest Virginia;

2. Collected human biospecimens (saliva, and stool from soiled diapers) and blood pressure
measurements from these households for concurrent analysis;

3. Characterized epidemiological relationships between water quality measures and
biomarkers to estimate the health impacts associated with the consumption of private or

environmentally sourced drinking water.



2 Literature Review

2.1 Drinking Water in the United States

2.1.1 Drinking Water Access in High Income Countries

While the majority of the population in the United States has access to safely managed
drinking water delivered directly to their homes, truly universal access remains an unresolved
challenge (Brown et al., 2023; Weinmeyer et al., 2017). Data from the United Nations’ Joint
Monitoring Programme estimated that ~10 million people lacked consistent access to safely
managed drinking water in the US in 2020 (WHO/UNICEF, 2021). Drinking water
contamination as a result of poorly managed systems represents a potentially notable, and likely
avoidable, burden of disease. Lee et al. (2023) recently estimated that ~2,720 cases of
gastrointestinal disease per 100,000 residents per year are associated with unsafe drinking water
in HICs, even in countries like the US where greater than 90% of the population has access to
safely managed drinking water. Additionally, an estimated ~7 million cases of illness, ~120K
hospitalizations, ~6,600 deaths, and ~$3.3 billion in medical expenses were the result of
waterborne disease in 2014 alone (Collier et al., 2021; Gerdes et al., 2023). Approximately 1
million of these cases of illness were the result of contaminated drinking water (Collier et al.,
2021; Gerdes et al., 2023). This work emphasized that further research is needed to develop
specific estimates of the burden of disease associated with drinking water in vulnerable
communities within HICs that are more likely to lack access to safely managed drinking water

and therefore are at greater risk (Lee et al., 2023).



2.1.2 Private Drinking Water Wells in the United States

A significant portion of the burden of disease described by Lee et al. (2023) is related to
adverse exposures sourced from private drinking water systems, such as household wells.
Substantial recent work has focused on quantifying dependence on these systems, which operate
beyond the auspices of the US Safe Drinking Water Act (SDWA) and can be difficult to locate,
monitor, and/or inventory. As a consequence, there is considerable variation in estimates of the
population dependent on private water systems. In collaboration with the United States
Environmental Protection Agency (USEPA), Murray et al. (2021) estimated that 23 million
housing units, or ~17% of the U.S. population, were dependent on private domestic water wells.
Similarly, the Center for Disease Control (CDC) estimates that 1 in 8 Americans (12.5%) drink
water from a private well (CDC, 2024b) based on water consumption data from the United States
Geological Survey (USGS) (C. A. Dieter et al., 2018) and US Census data (U.S. Census Bureau,
2018). Using American Housing Survey data, Hernandez & Pierce (2023) estimated that 9.1% of
U.S. households depend on privately managed drinking water wells and septic systems

simultaneously, with 11% dependent on private wells alone.

Despite differences in estimates of the number of active private wells and dependance on
them for drinking water, there is substantial agreement both that millions of Americans depend
on these systems for their household drinking water and that, likely because these private
systems are not subject to quality and maintenance standards established by the SDWA for
community systems (Weinmeyer et al., 2017), enteric pathogens and pathogen indicators are
quite commonly measured in water samples collected from the point of use of private wells
(Allevi et al., 2013; A. Cohen et al., 2022, 2024; Law et al., 2017; Lee & Murphy, 2020). This is

perhaps not surprising as private septic systems are often used to manage wastewater in



households dependent on private wells (Hernandez & Pierce, 2023) and are capable of
introducing enteric pathogens including Salmonella, E. coli O157 (Denno et al., 2009), and
enteric viruses (Hunt et al., 2010) to groundwater supplies; the majority of waterborne outbreaks
associated with PDWs have been linked to improper septic maintenance, siting, or design
(Wallender et al., 2014). A meta-analysis by Hynds et al. (2014) of 55 published studies in the
US and Canada also reported that 62.5% (n= 15/24) of studies focused on private wells fed by
groundwater in the United States detected presence of at least one enteric pathogen or fecal

indicator organism.

In addition to fecal indicator bacteria, contamination by inorganic toxic metals, nutrients,
and emerging anthropogenic organics is also of concern in samples collected from private wells.
An estimated 1.5 - 2.9 million people in the U.S. are dependent on well water where arsenic
levels exceed the SDWA 10 pg/LL Maximum Contaminant Level (MCL) (Ayotte et al., 2017),
though it is important to recognize that risk of arsenic exposure is typically due to local geology
and therefore not uniformly distributed (VanDerwerker et al., 2018). Similarly, 7% of private
wells nationally are estimated to exceed the established 10 mg/L MCL for nitrate (Dubrovsky et
al., 2010), though this proportion increases to 22% for private wells in heavily agricultural areas
due to local fertilization practices (Dubrovsky et al., 2010). Examination of 2,144 first draw
samples collected at the point of use (POU) from Virgina private wells reported that nearly 1 in 5
exceeded the USEPA’s action level of 15 pg/L (Pieper et al., 2015). Although not directly related
to geology or land use as in the cases of arsenic and nitrate, local groundwater chemistry can
influence risk of premise plumbing corrosion and lead release (Pieper et al., 2015, 2016). The
inherent vulnerability of private wells, which frequently lack advanced treatment and

monitoring, renders them particularly vulnerable to emerging contaminants in the local



environment in addition to long recognized and regulated contaminants (Lee & Murphy, 2020).
For example, the detection of per- and polyfluoroalkyl substances (PFAS) in private wells is
increasingly common, with a recent national USGS survey of private well (n = 269) samples
reporting detectable PFAS in 20% of samples (Smalling et al., 2023). Risk may vary
substantially by region: for example, a focused study in southwest Virginia reported that 95% of
samples from the point of use (POU) contained detectable PFAS compounds (Hohweiler et al.,

2024).

2.1.3 Health Risks Associated with Private Wells

Multiple past efforts suggest that the consumption of contaminated water from private
wells can be linked with an increased burden of disease. Wallender et al. (2014) observed that
~30% of all reported drinking water related outbreaks in the United States were associated with
consumption of untreated groundwater between 1971 and 2008. More recently, the
contamination of drinking water sourced from private wells was directly associated with 944
cases of illness, 52 hospitalizations, and 14 deaths between 2015 and 2020 by the US CDC
(Kunz et al., 2015). These illnesses represent not only human morbidity and mortality, but also
lost productivity and costs related to treatment. Defelice et al. (2016) estimated that nearly 100%
of emergency department visits for acute gastrointestinal illness associated with microbial
drinking water contamination in North Carolina could be linked to private wells, resulting in

$39.9 million (USD) in emergency room costs to treat those affected.

Although there appears to be agreement that water contamination in private wells results
in a measurable quantity of negative health outcomes, scant epidemiological work has directly
connected the presence of specific pathogens or other contaminants with their associated burden

of disease (Collier et al., 2021; Gerdes et al., 2023; Lee et al., 2023). Microbiological outcomes



and etiological agents remain particularly poorly understood, as previous studies commonly use
the detection of fecal indicator (e.g. coliforms, E. coli) bacteria as a catch-all metric for human
health risk (Anderson et al., 2005; Darling et al., 2023; Devane et al., 2020; Hamadieh et al.,
2021; McLellan & Eren, 2014). While federal regulations rely on indicator bacteria as a time and
cost-efficient strategy to identify fecal contamination risk, the possible array of potential
waterborne pathogens is substantial, and are associated with a diversity of health risks that vary
significantly in terms of severity and ability to control (Bitton, 2014). Recent work reporting the
presence of bacterial enteric pathogens (Aeromonas, Campylobacter, Enterobacter, and E. coli) in
samples from the point of use in households reliant on private sources in Virginia (A. Cohen et
al., 2022) indicates the need for further analysis and a more complex understanding of biological
contamination in private sources. It is worth noting that in this study, samples containing
detectable pathogens had no detectable E. coli (n = 2/3) (A. Cohen et al., 2022). However, a
study examining contamination of utility-supplied drinking water at point of use recently
reported that 100% of sampled alternative non-utility-supplied water sources (springs) contained
detectable bacterial and/or protozoal and enteric pathogens (4eromonas, Campylobacter,

Enterobacter, and E. Coli) as well as detectable E. coli (A. Cohen et al., 2024).

2.1.4 Inequitable Distribution of Safe Drinking Water

While inconsistent access to safe drinking water affects millions of people in the United
States, this burden is not distributed equitably. Increases in drinking water hardship are
associated with factors such as age, education, indigeneity, poverty and rurality (Mueller &
Gasteyer, 2021). Many of these factors are intersectional and have compounding effects,
rendering access to safely managed drinking water even more difficult. For example, Allaire et

al. (2018) demonstrated that low-income, rural households in the U.S. face higher rates of Safe
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Drinking Water Act (SDWA) violations relative to high-income rural, suburban, and urban
households. Mueller & Gasteyer (2021) identified higher concentrations of drinking water
facilities labeled as SDWA serious violators in Appalachia, New Mexico, Alaska, Puerto Rico,
and the Northern Intermountain West of the U.S. At the community, state or national level,
researchers suggest these differences are often the predictable result of institutional racism and
policies such as red-lining, which created correlations between race, poverty, and access to safe
drinking water that continue to impact vulnerable communities (Brown et al., 2023; Sterling et

al., 2023).

Although these studies suggest there is increasing awareness of differences in access to
safe centralized drinking water systems, fewer examinations of connections between
sociodemographics and water access exist for private sources. While Smith et al. (2014)
observed that the likelihood of detection of fecal indicator bacteria in samples collected from
private wells in Virginia increased as self-reported household income decreased, this same trend
was not observed for lead contamination by Pieper et al. (2015), despite working with the same
Cooperative Extension well water testing program. Understanding connections between social
factors and private well construction and maintenance are essential for the design of effective

household interventions aimed at limiting adverse waterborne exposures.
2.2 Conditions in Appalachia

2.2.1 KEstablished Area of Hardship

The Appalachian region is politically delineated as 423 counties across 13 states,
spanning from New York to Mississippi, that are served by the US federal government’s

Appalachian Regional Commission (ARC). One quarter of these counties are highly rural and
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home to 2.46 million of the region’s 26.4 million people (Srygley et al., 2024). Multiple health,
economic, and educational disparities exist between residents of ARC-designated Appalachian
counties and non-Appalachian counties. In a recent analysis for the ARC, Srygley et al. (2024)
reported that the median household income in Appalachia is more than $10,000 below the
national average and poverty rates are about 2% higher than the national average between 2018
and 2022. Economic disparities are even more pronounced when considering rural communities,
where median household income is ~$26,000 (USD) below the national average ($75,149) and
poverty rates were at 19.5% between 2018 and 2022, as compared to a national average of 14.3%
during the same time (Srygley et al., 2024). Given previous work suggesting that limited
financial resources and maintenance capacity often drive utility-supplied drinking water
inadequacies (Elliott et al., 2023; Hughes et al., 2005), poor drinking water quality and access is
also prevalent throughout Appalachia. Allaire et al. (2018) observed that at the national level,
low-income, rural households are more likely to be supplied water by a public utility system that
fails to meet the standards set forth by the EPA’s SDWA ; with both rurality and poverty rates
higher than the national average, Appalachian water infrastructure faces multiple challenges.
Mueller & Gasteyer (2021) identified the region as the only national hotspot for all three of their
designated indicators of water inequity: incomplete household plumbing, drinking water
suppliers with repeated or multiple health-based SDWA violations (SDWA serious violators), and
Clean Water Act significant noncompliance. Incomplete household plumbing can also lead to
additional risks, with some Appalachians homes reliant on “straight-pipe” septage systems that
discharge directly into local surface waters (Arcipowski et al., 2017; Maxcy-Brown et al., 2021),
and heavy reliance on bottled water and even local unprotected springs to meet potable

household needs (Krometis et al., 2019; McSpirit & Reid, 2011; Patton et al., 2020).
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2.2.2 Health in Appalachia

While public health and medical advancements have led to a consistently declining
mortality rate nationwide, progress moves slower in Appalachia, which suffers from the “rural
mortality penalty.” Rates of death due to disease in this region have declined more slowly than in
more urban communities (Cosby et al., 2019; Hash et al., 2024), and residents of this region face
higher mortality for both cancer and heart disease compared to non-Appalachian communities
(Burus et al., 2025). Past research attributes a portion of these disparities to attitudes of
“fatalism” and “self-reliance” which lead Appalachians to wait longer before seeking medical
treatment when it is available, leading to increased rates of late-stage diagnoses, limited
preventative care, and reduced treatment effectiveness (McGarvey et al., 2011). However, there
is also evidence of environmental and infrastructural challenges to provide health in the region.
Exposure to environmental hazards is common in Appalachia, with a significant proportion being
the result of occupational exposures (Krometis et al., 2017). Additionally, much of Appalachia is
designated as a healthcare shortage area, with less than one primary care physician per 3500

residents (Krometis et al., 2017).

2.2.3 Perceptions of Drinking Water in Appalachia

Given elevated rates of SDWA violations regionally (Mueller & Gasteyer, 2021), as well
as high reliance on private well water (Hughes et al., 2005), alternative sources of drinking water
are common in the Appalachian region. For example, multiple studies link perceptions of either
poor utility or poor privately supplied in-home drinking with dependence on bottled water (A.
Cohen et al., 2024; McSpirit & Reid, 2011). This issue appears to be widespread, with recent
studies in the area reporting more than 50% of study residents using bottled water as their

primary drinking water source (A. Cohen et al., 2022, 2024; Marion, 2023). This represents an
13



additional burden on communities that are already economically distressed, since the cost of
bottled water is significantly higher than that of utility supplied drinking water (A. Cohen & Ray,
2018). Multiple studies have also suggested that when faced with poor in-home water quality,
Appalachians may turn to other environmental sources for drinking water, including roadside
springs (Arcipowski et al., 2017; Fashina et al., 2022; Krometis et al., 2019; Sinton et al., 2021;
B. Swistock et al., 2015). A direct comparison of in-home and local roadside spring water quality
by Patton et al. (2020) reported that most spring-dependent households did not trust their tap
water due to aesthetic factors; water quality testing confirmed elevated concentrations of water

quality constituents of aesthetic concern in household samples including iron and manganese.

Multiple past studies report on high levels of contamination at the point of use in
Appalachian homes (A. Cohen et al., 2022, 2024; Law et al., 2017; Shiber, 2005); however,
direct links to human health outcomes are implied and seldom confirmed via biomarkers or
epidemiological analysis. A systematic review of published studies of water quality and health in
Appalachia by Darling et al. (2023) observed that many of the studies identifying contaminants
hazardous to human health in Appalachian private wells were conducted in the wake of
significant contamination events that drew national media attention; consequently, an
understanding of broader drinking water exposures is quite limited. Only 6% (n = 5) of eligible
papers in this review focused exclusively on Central Appalachia, which is considered the

location of the most severe health and environmental inequities.

Recent work by A. Cohen et al. (2024) attempted to remedy this gap through
simultaneous investigation of both home drinking water quality and human biomarkers in
Central Appalachian Virginia. Total coliforms were detected in all homes dependent on private

wells or springs (n = 6) and 67% (n = 4) also contained E. coli (A. Cohen et al., 2024).
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Additionally, specific enteric pathogens were detected in 100% (n = 3) of households reliant on
spring water (A. Cohen et al., 2024). Samples for specific pathogen analysis in private wells
yielded inconclusive results due to complications in the extraction and analysis process (A.
Cohen et al., 2024). Antibody responses for Cryptosporidium spp., C. jejuni, and Hepatitis E
were detectible in 34% (n = 15) saliva samples and were strongly associated with reliance on
septic or straight-pipe wastewater systems (Risk ratios = 3.28, 95% CI = 1.01-10.65) (A. Cohen
et al., 2024). Self-reported symptoms of AGI were not associated with detection of E. coli in this
study (A. Cohen et al., 2024). However, in an earlier smaller-scale study within the region that
included homes reliant on private wells, individuals residing in households with enteric
pathogens detected in drinking water supplied by springs or private wells were 25% more likely
to report recent diarrhea (Risk ratio = 1.25, cluster-robust standard error = 1.64, p =0.865) (A.
Cohen et al., 2022). Both studies documented drinking water hardship for low-income residents
of these communities, including high rates of bottled water use and the detection of FIBs or

specific enteric pathogens in spring water supplies (A. Cohen et al., 2022, 2024).
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3 Methods

Study protocols were pre-specified and uploaded to the Open Science Framework

website prior to data collection (A. Cohen, 2024).
3.1 Target Population and Recruitment

The target population of this study was households with drinking water supplied by a
private well or spring in Scott County, Virginia, a Central Appalachian county with a population
0f 21,576 (US Census Bureau, 2020) located in the southwestern corner of Virginia and
bordering Tennessee (Figure 3-1). Like many other Central Appalachian counties, Scott County
is highly rural with significant agricultural landcover, low median incomes, high poverty rates,
declining population, and an aging workforce (Table 3-1) (Jerrell et al., 2023; U.S. Census
Bureau, 2018; USDA, 2017). Scott County was selected as the region of interest as part of pre-
specified study protocols (A. Cohen, 2024). With assistance from the Virginia Department of
Health (VDH), a specific sub-county region of Scott County was targeted for recruitment due to
high rates of private water dependence and waterborne disease (A. Cohen, 2024). Of critical note
for the present work, residents of this community have ranked protecting water quality and
surface water resources as high priority issues in the area (Jerrell et al., 2023). According to
estimates based on USGS water use data (C. Dieter et al., 2018), ~29% of Scott County’s
population lacks access to utility supplied drinking water, leaving them to depend on private
and/or alternative sources. Households were considered eligible for inclusion if they resided in
Scott County, VA and had water not supplied by a utility. Eligibility was not restricted by

income.
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Figure 3.1. Map of Appalachia and surrounding states. Scott County, VA is marked in red
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Table 3.1. Summary table of US Census data regarding Scott County, Virginia

Population . s Scott County,
Characteristic United States Virginia VA
Population 340,110,988 8,715,698 21,433
Population Per
Square Mile 93.8 218.6 40.3
Population
Percent Change 2.60% 2.10% -0.80%
(2020-2024)
Median
Household Income $78,538 $90,974 $45,136
(2023 dollars)
Annual Income
Per Capita (2023 $43,289 $49.217 $28,009
dollars)
Percent
Population in 11.10% 10.20% 20.50%
Poverty
Percent White 75.30% 68.30% 97%
Percent Foreign 13.90% 12.90% 0.60%
Born Persons
Percent Aged 65 17.70% 17.20% 25.60%
or Older
Percent
Population with 9.10% 8.50% 23.80%
Disability
Age < 65 years

Participant households were recruited via protocols pre-approved by Virginia Tech
Institutional Review Board (VT IRB #24-228) and with the assistance of the VDH, staff from the
LENOWISCO Health District, and Virginia Cooperative Extension (VCE). Recruitment included
recruitment fliers, emails, and social media messaging from LENOWISCO Health District staff
and the Scott County VCE office. Interested households filled out screening surveys used to
collect study availability and contact information via a link or QR code on recruitment materials

or directly contacted the research team at VT, Scott County Health Department, or Scott County
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VCE office via email or phone. Incentives for recruitment included provision of free water
quality testing results. Participants received one gift card for completion of any part of the study,
and one additional gift card per individual willing to participate in biospecimen collection (i.e.
saliva collection). For example, if the head of the household participates in the survey, and two
other residents participate in saliva sampling, the household would receive three gift cards.
Households that supplied water collected from roadside springs were offered a ~1 gallon bottle
of purified drinking water to compensate them for time and costs associated with collecting

water from roadside springs.

3.2 Data Collection

3.2.1 Survey Data Collection

Following informed consent, teams of trained students administered surveys piloted by
previous work (A. Cohen et al., 2022, 2024) to collect data regarding demographics,
socioeconomic status, water use and treatment behaviors, sanitation and hygiene practices,
perceptions of water quality and community health, and self-reported health outcomes (Appendix
A). Responses were recorded on paper surveys under unique household identifier codes to
protect participant privacy. These paper copies were later transcribed into Microsoft Excel
spreadsheets under anonymized alphanumeric codes and stored securely following IRB-

approved best practices.

3.2.2 Water Sample Collection

Water samples were collected from the primary point of use (e.g. kitchen tap) identified
by participants. Water samples were collected in three separate groups, termed: exposure, source,

and “other” (Figure 3-2; blue boxes). In brief, exposure samples were collected without flushing
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at the point of use. Although metal analysis samples were collected first from the primary point
of use, it is important to note that participants were not instructed to avoid using water from the
primary POU prior to sample collection. Therefore, this sample best represents water following
typical consumption patterns, not a worst-case scenario for corrosion. After the exposure samples
were collected, the faucet was sanitized with a cloth soaked with 70% isopropyl alcohol and
flushed for 5 minutes. After sanitizing and flushing, the source samples were collected, with the
aim to represent the quality of the household’s water source with minimized influence from
household plumbing and daily use. Finally, if the household was supplied by any non-bottled
alternative water sources (i.e. unimproved spring water), samples were collected from this source

using bottles labeled “other.”

Individual Level|
n=
A
G “
(S > <

Measured Health Su
Outcomes

N4

Blood Pressure
n=17

Biospecimens Reported Health Water Pe| Demogra
n=14 Outcomes and Usa Socioec|

Antigen
Detection

Figure 3.2. Workflow for water sample collection protocol. Household level data are
marked with blue boxes. Individual level data are marked with green boxes. Data that are
collected on both the household and individual levels are marked with boxes containing both

green and blue. Counts include households and participants that were not eligible for analysis
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Five separate sample bottles were collected for each of the three sample groups (Figure 3-

2): one for metals analysis, one for physicochemical parameters, two for fecal indicator bacteria

(FIB) detection (i.e. collected in duplicate), and one for anion analysis (fluoride, nitrate, sulfate).

In addition to the standard samples, the source sample group also included an additional sample

bottle for waterborne pathogen analysis. Sample bottles were prepared according to the best

practices of the corresponding analytical method (Table 3-2). Sample bottles were organized into

tote bags by household identifier code and stored on ice in a cooler until they were returned to

the lab at Virginia Tech. Anion and FIB analyses were carried out immediately upon delivery to

the lab. Samples for metals analysis were acidified with trace metal grade nitric acid before

storage. All other water samples were stored in a lab refrigerator at 4°C until analysis.

Table 3.2. Sample collection categories, collection vessel type, and analyzed parameters.

Sample Use Vessel Type Preparation Method Analyzed Parameter
Fecal Indicator Sterile 120mL IDEXX New, pre-prep E}red E. coli al.ld Total Coliform
Bacteria sample bottles (1nclu(-11ng Sodium Concentrations (Most Probable
Thiosulfate) Number)

. Fluoride (F), Nitrate (NOs), and
Anions 125mL bottles Autoclave Sulfate (SO:) Concentrations
Metals 124mL bottles Autoclave, Acid Wash Heavy Metal and Ir.lorgamc fon

Concentrations
Phys1c0che.m1cal 500mL boitles Sample-rinsed Temperature (C), Conductivity
Properties (uS/cm), pH
Pathogens Enteric Pathogen Presence (e.g.
(Source Water 2L Bottles Autoclave Cryptosporidium, Aeromonas,
Only) norovirus)
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3.2.3 Measured Health Outcomes

Following consent procedures, biospecimen collection included saliva samples from
participants age >6 months and blood pressure measurements from adults (age > 18 years). The
saliva collection process was self-administered (or with some assistance for participants unable
to self-administer) using Oracol S10 Saliva Collection Devices (Malvern Medical Developments,
Worcester, UK), with verbal instructions provided to the participant to swab each cheek for 30
seconds. After the swabs were sealed in their prelabeled tubes, the samples were stored in
biohazard bags for transport. All biohazard bags were transported on ice back to the lab, where
they were stored in a freezer at -80°C until shipped to collaborators for analysis. Last, consenting
adults had their pulse and blood pressure (systolic and diastolic) measured using the Omron 5
Series Wireless Upper Arm Blood Pressure Monitor (Model BP7255, Omron Healthcare Inc.,
Kyoto, Japan). Blood pressure and pulse measurements were taken in duplicate in accordance
with measurement tool instructions. Hypertension results were recorded on tables included in
household surveys and shared with participants. Researchers administering blood pressure
measurements shared the results with participants and explained that the results were not for any
diagnostic purposes and that participants should seek their healthcare provider if they were

concerned about their blood pressure.
3.3 Analytical Methods

3.3.1 Water Quality Analysis

Physicochemical measurements were conducted on site following survey completion and
sample collection. Thermo Scientific™ Elite PCTS pH/Conductivity/ TDS/Salinity Pocket

Testers were used to measure pH, temperature, and conductivity in duplicate for each sample
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group. Upon return to the university laboratories, samples for FIB detection were analyzed via
Standard Method 9223 using the IDEXX Colilert Defined Substrate Technology method with
Quanti-Tray/2000 (IDEXX, Westbrooke, MN, http://www.idexx.com) (Standard Methods
Committee of APHA/AWWA/WED, 1998). Anion analyses for nitrate (NO3"), fluoride (F°), and
sulfate (SO4") were conducted using a Hach DR900 Portable Colorimeter and a Hach DR1900
Portable Spectrophotometer (Hach Company, Loveland, CO; Standard Methods 4500-NO3,
4500-F, and 4500-SO4) (Standard Methods Committee of APHA/AWWA/WED, 1998). Samples
for metals were analyzed for various inorganics, such as lead, arsenic, sodium, iron, chloride,
etc., using ICP-MS following in-bottle acid digestion (Standard Method 3125) (Standard
Methods Committee of APHA/AWWA/WED, 1998). A table with a complete listing of all

analyzed inorganic ions and associated detection limits is available in Appendix B.

3.3.2 Waterborne Pathogen Analysis

The pathogen analysis sample collected from source water (Figure 3-2) was collected in a
2 L autoclaved bottle (Table 3-2). This large sample volume was selected to represent the
approximate higher end amount of drinking water consumed by an average adult in one day.
Following return to the lab, the sample was first concentrated for PCR analysis using a 0.2 pm
InnovaPrep Concentrating Pipette Select and Wet Foam Elution (InnovaPrep LLC, Drexel, MO)
per procedures detailed in A. Cohen et al. (2024). The resultant eluate produced was pipetted into
2 mL PCR tubes and stored in a -80°C freezer for later transport on dry ice to the UNC
Environmental Virology Lab. These samples were analyzed using TagMan array cards and high
throughput RT-qPCR of enteric pathogens using previously established methods described by A.
Cohen et al. (2024). A table listing all species of enteric pathogens tested can be found in

Appendix C.
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3.3.3 Saliva Analysis

Collected saliva samples were shipped on dry ice to the US EPA Lab in Chapel Hill, NC
for analysis of Immunoglobulin G (IgG) responses to antigens of various enteric pathogens, such

as Aeromonas, Cryptosporidium, Campylobacter, Norovirus, etc. as described in previous work

(A. Cohen et al., 2024).
3.3.4 Statistical Analysis

All data analysis was completed using RStudio version 4.5.1 (RStudio, Boston, MA).
Graphs and data visualizations were created using the “ggplot2” package. Wilcoxon Signed Rank
Sum Tests with continuity corrections for non-parametric data were used to compare
concentrations between exposure and source sample groups as paired datasets. Standard
Wilcoxon Ranked Sum Tests with continuity corrections were used to compare concentrations
between sample groups as independent datasets. All statistical calculations were completed using

a conventional significance level of 0.05 (a = 0.05).
3.4 Household Water Quality Results Letters

Each participating household was mailed a summary of their water quality results as
compared to current EPA standards for utility-supplied water systems (USEPA Maximum
Contaminant Levels, Secondary Maximum Contaminant Levels, and Health Reference or
Guidance Levels). An example of the summary table can be found in Appendix D. Results for
blood pressure measurements and saliva/stool antigen tests were not included, as this effort did
not include US FDA approved methods for clinical diagnosis. Households with any water quality
observations that indicated a serious violation of US EPA primary drinking water standards

(MCLs; health based) were contacted by phone shortly after water testing was completed (i.e.
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potentially prior to the completion of all analyses, especially in the case of indicator bacteria) and

provided with information on how to address the issue or request assistance.
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4 Results

4.1 Participating Households

A total of 17 households participated in this study. During the site visit for data collection,
two households revealed that there were no temporary or permanent residences established on
the property, and that they were seeking water quality data to support the development of future
improved water sources (Figure 4-1). Since these individuals did not reside on the property or
consume the water supplied on site, they were excluded from analysis. The remaining 15
households had drinking water supplied by a private well (n = 9), improved private spring (n =
3), or unimproved spring (n = 3) (Figure 4-1). Households were grouped by their choice of
primary drinking water source for analysis (Figure 4-1). The 7 households that primarily drank
water from their tap, supplied by either a private well or improved private spring, were placed in
a “tap water” group for analyses (Figure 4-1; blue boxes). The remaining two groups included
households that consumed bottled water (n = 5) (Figure 4-1; green boxes) or water from
unimproved springs (n = 3) (Figure 4-1; yellow boxes). Sources of unimproved spring water
included roadside springs (n = 1) and private springs not connected to indoor plumbing (n = 2).
One household with an unimproved private spring primarily drank utility-supplied water hauled
from another place of residence, but was included with the other households dependent on
unimproved springs for the purpose of analysis. Water samples collected from the tap without
flushing (n = 12) were referred to as “exposure” samples. The paired samples collected from
these same taps after a 5-minute flush and sanitization (n = 12) were referred to as “source”
samples. Samples collected from unimproved springs (n = 3) were not paired with exposure or

source samples and were referred to as “unimproved spring” samples. Initial data collection for
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eligible households occurred during the months of March (n = 3), April (n = 7), May (n = 3), and
July (n=1) of 2024. One additional household was visited in March 2025 after secondary

recruitment.
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I Households | Households
1 (n=2) 1 (n=15)
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. Improved Unimproved
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(n=9 (n=3) (n=3)*
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*Two households were supplied by municipally managed water, but primarily drank unimproved spring water. However, both households used
utility supplied water for cooking and bathing.

Figure 4.1. Flow chart illustrating the sources of water supplied to eligible households and their
selected primary drinking water sources. Colors of the bottom boxes indicate how households
were grouped for analysis. Blue represents the tap water group, green represents the bottled

water group, and yellow represents the unimproved spring group.

4.2 Household Demographics

All participants owned the homes visited for data collection. All people living in

participating households were included as individual survey respondents. In general alignment

27



with the US Census Bureau statistics for the county (Table 3-1), 97.7% (n = 42) of respondents
identified as white or Caucasian (Table 4-1). Heads of household identified as male in 58.8% (n
= 10) of cases (Table 4-1). However, some households reported having either multiple or no head
of household and indicated equal responsibility split between at least two residents. College
education among the heads of households was common, with 80% (n = 12) reporting education
from a community college, four-year university, or graduate school (Table 4-1). Interestingly, in
the homes where heads of households had a high school (n = 2) or less than high school

education (n = 1) bottled water was used exclusively for drinking (Table 4-1).

The reported annual incomes of surveyed households were high relative to the county’s
median (Table 3-1), with 53.3% (n = 8) households reporting income greater than $70k/year and
only 26.7% (n = 4) reporting income at or below $50k/year (the county median is ~$45k/year;
Table 3-1). Unexpectedly, all households utilizing unimproved springs for drinking water
reported income greater than $70k/year. These income levels were also compared to the 2025 US
Department of Housing and Urban Development thresholds for low, very low, and extremely low
income based on family size in the closest available income limit area to the study sites
(Kingsport-Bristol, TN-VA MSA) (USHUD, 2025). This showed that 20% (n = 3) households
were considered to have low or extremely low income for their family size (Table 4-1). Both
households with extremely low household incomes drank tap water supplied by a private well or

improved spring (Table 4-1).

The majority (86.7%; n = 13) of households reported having at least one functional toilet,
sink, and shower in their home (Table 4-1): one household reported a non-functional sink and
one had only a functioning shower (Table 4-1). With the exception of two households (one

reliant on an outhouse and one on centralized sewage), all homes relied on septic tanks with

28



drainfields to dispose of wastewater. Mean travel times to healthcare facilities for minor ailments

ranged from 21-30.6 minutes across groups (Table 4-1). Mean travel times to healthcare

facilities that can treat major ailments and perform surgery were consistently longer, reaching up

to 45 minutes for households dependent on unimproved springs for drinking water (Table 4-1).

These values roughly align with previous work, which found that the average travel time to a

medical or dental facility for people residing in the rural US was ~34 minutes based on data from

the 2017 National Household Travel Survey (Akinlotan et al., 2023).

Table 4.1. Selected demographics of surveyed households with constructed homes on

property by primary drinking water source

. Tap Water Bottled Water Unimproved Spring Total
Population ° o
Characteristic n or % or SD n or %0 Or n or % or SD n or %0 Or
mean mean SD mean mean SD
Survey Respondent: Gender
Male 5 71 4 80 1 33 10 67
Female 2 29 1 20 2 67 5 33
Total 7 100 5 100 3 100 15 100
Survey Respondant: Age (years)
Male 45 17 45 11 70 NA (n=1) 48 15
Female 59 21 81 (II:I:AI) 30 8 52 | 25
Total 49 17.9 52 18.8 43 23.9 49 18.2
Head of the Household: Gender*
Male 4 50 4 66.7 2 66.7 10 58.8
Female 4 50 2 333 1 333 7 41.2
Total 8 100 6 100 3 100 17 100
Head of the Household: Age*

Male 43 19 45 11 53 24 46 16

Female 56 19 64 25 36 NA (n=1) 55 19
Total 50 19.2 51 17 50 19.2 50 17.4

Head of the Household: Education*
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Less than a high

school education 0 0 ! 20 0 0 ! 6.7
Hg; (fg:t‘;"l 0 0 2 40 0 0 2 13.3
Comlg;“ﬁ?gﬁlzf”ege 7 100 2 40 3 100 12 80
Residents of Households: Race/Ethnicity**
White/Caucasian 19 100 17 100 6 85.7 42 97.7
Non-white** 0 0 0 0 1 14.3 1 2.3
Residents of Households: Totals
Adults (>= 18yrs) 14 73.7 11 64.7 7 100 32 74.4
Children (< 18yrs) 5 26.3 6 35.3 0 0 11 25.6
Total 19 100 17 100 7 100 43 100
Reported Annual Household Income
<$50K 2 28.6 2 40 0 0 4 26.7
$50k-$55k 0 0 0 0 0 0 0 0
$55k-$60k 1 14.3 0 0 0 0 1 6.7
$60k-65k 0 0 0 0 0 0 0 0
$65k-70k 1 14.3 1 20 0 0 2 13.3
> $70k 3 429 2 40 3 100 8 53.3
HUD Income Group
Not Low Income 5 71.4 4 80 3 100 12 80
Low Income 0 0 1 20 0 0 1 6.7
E’“rflfcfge“’w 2 28.6 0 0 0 0 2 | 133
Total 7 100 5 100 3 100 15 100
Working Toilet, Sink, and Tub/Shower
Toilet, sink, and 6 85.7 5 100 2 66.7 13 | 867
shower
Toilet fﬁ;hower 1 143 0 0 0 0 1 6.7
Shower only 0 0 0 0 1 33.3 1 6.7
Total 7 100 5 100 3 100 15 100
Wastewater System
Utility Connection 0 0 0 0 1 33.3 1 6.7
S%’;;Cirfgfl‘d& 7 100 5 100 1 333 13 | 867
Outhouse 0 0 0 0 1 333 1 6.7
Total 7 100 5 100 3 100 15 100

Time to Healthcare Facility if Minor Issue (minutes)
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Time to minor

L . 30 9 21 14.3 24.7 30.6 259 15.6
clinic (min)
Time to Healthcare Facility if Major Issue (minutes)
Time to major clinic | 3¢ 8 31 10.2 45 15 372 | 108

(min)

*Some households reported more than one person as the head of household. As a result, the total
heads of household exceeds the total number of households visited

**Due to relatively small sample size, for the purposes of reporting results here, responses of
Black, African American, and Native American were collapsed into "non-white".

4.3 Drinking Water Source Selection, Treatment, and Opinions

The most common drinking water source was water piped to the tap by a private well or

improved private spring (Figure 4-1; blue squares), although the design of these systems differed

(Table 4-2). Two households reported primarily drinking water from either an unimproved

private spring or a roadside spring despite having access to utility supplied tap water as well

(Table 4-2). One household primarily drank utility supplied water sourced from another location

and boiled unimproved spring water for drinking as a secondary source if their hauled water

supply ran out. This household was included with the other households reliant on unimproved

springs for the sake of this analysis. Additionally, 80% (n = 4) of households that primarily drank

bottled water had tap water supplied by a private well (Table 4-2).
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Table 4.2. Supplied water sources and primary drinking water sources of eligible

households
Supplied Water Source (% of total)
Primary Drinking . Improved . N
Water Source Private Private Ummprov'ed Utlht'y Total
Wells . Private Springs | Supplied
Springs
Bottled Water 4 (44%) 1 (33%) 0 0 5(33%)
Private Well (Deep o o
Borehole) 3 (33%) 0 0 0 3 (20%)
Private Well o 0
(Unknown Depth) 2 (22%) 0 0 0 2 (13%)
Improved Private 0 2 (67%) 0 0 2 (13%)
Spring
Roadside Spring 0 0 0 1 (50%) 1 (7%)
Unimproved 0 °
Private Spring 0 0 0 1(50%) 1(7%)
Hauled Water 0 0 1 (100%) * 0 1 (7%)
15
o o o % o
Total 9 (100%) 3 (100%) 1(100%) 2 (100%) (100%)
* Household drank unimproved spring water as a secondary source

Two thirds (n = 10) of participating households rated their water source as satisfactory,
good, or very good (Table 4-3). Of the three households that perceived their water source quality
as poor, two primarily drank bottled water instead of tap water and one primarily drank water
from private well of unknown depth (Table 4-3). These three households cited floating particles,
strange color, iron stains, and biological contamination as reasons for their negative perceptions.
One household that primarily drank bottled water did not give a quantifiable response when
asked about their perceived drinking water quality, claiming that it varied but was generally
“pretty good.” The final household was unsure of their drinking water quality. Two thirds (n = 2)
of households that drank unimproved spring water indicated a positive perception of this water,

believing that spring water was of higher quality than the source pipe to their home (Table 4-3).
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Although well age was not included in survey questions, one third (n = 3/9) of households
supplied by wells were constructed (1943, 1976, and 1984) before Virginia imposed installation
requirements on private wells. Two of these households described their private water source as

poor and drank bottled water instead.

Table 4.3. Household perceptions of drinking water quality by drinking water source

Satisfactory, Good, or Unsure or Other
Poor or Very Poor Very Good Perceptions
Drinking Water # % # % # %
Source Households | Households | Households | Households | Households | Households
Tap Water 1 14.3 6 85.7 0 0
Bottled Water 2 40 2 40 1 20
Unimproved 0 0 2 66.7 1 333
Spring
Total 3 20 10 66.7 2 13.3

Of the 10 households not reliant primarily on bottled water for drinking, 50% (n =5)
reported that they applied some form of treatment to their water at least rarely (Table 4-4). All of
these households held positive perceptions of their drinking water quality and utilized unique
methods of treatment (Table 4-4). Of the three households reliant on unimproved spring water,
two applied health-based treatments before drinking it (Table 4-4). The final household reliant on
unimproved spring water had access to utility supplied water at the tap but preferred untreated
spring water. Two households that primarily drank bottled water also reported treating their

private well or improved spring water before using it for cooking.

33



Table 4.4. Supplied water source, primary drinking water source, and treatment habits for

households that treated their water at least semi-regularly

4.4 POU Water Sample Analysis

Arbitrary Drinking Supplied Treatment Whole Home Treatment
Household Water
. Water Source Frequency or POU Method
Identifiers Source
Improved Improved Sediment
A Private Privaiz Sprin Always Whole Home Filter
Spring pring (Cotton)
Improved Improved Sediment
B Private P . Always Whole Home Filter, UV
. Private Spring . .
Spring Disinfection
C Private Well Private Well Sometimes POU Carbgn Filter
(Refrigerator)
D Ummproved Utlht.y Always POU Pitcher Filter
Spring Supplied
E Unlmprolzed Unlmproved Rarely POU Boiling
Spring Spring
*Unimproved spring water was a secondary source of drinking water

Water quality results from collected water samples were compared to EPA MCLs, health

action levels, SMCLs, taste/aesthetic action levels, and guidelines/health reference levels.

Although applicable to private well or spring water, these SDWA standards provide useful

benchmarks for water quality assessment. Samples were compared based on whether residents
drank well or spring water pumped to their tap (n = 7), drank bottled water (n = 5), or drank
unimproved spring water (n = 3). In the exposure sample groups for households that drank tap
water or bottled water, the most commonly detected exceedance of EPA MCLs was for total
coliform bacteria (Table 4-5, 4-6). While total coliform were detected in 71.4% (n = 5) of
exposure samples in homes that drank water piped to their taps, E. coli was not detected in any of

these samples (Table 4-5). In households dependent on bottled water for drinking, total coliforms
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and E. coli were detected in 60% (n = 3) and 40% (n = 2) of exposure samples respectively
(Table 4-6). One of these homes with detectable total coliforms and E. coli was supplied by a
well and was constructed before Virginia imposed installation requirements for private wells.
MCLs for FIBs were the only primary/health-based regulation exceedances observed in exposure
samples from households that primarily drank tap or bottled water. Otherwise, exposure samples
exceeded EPA SMCLs for pH (n = 2), aluminum (n = 11), iron (n = 1), and manganese (n = 1)
(Table 4-5, 4-6). An exposure sample from one household reliant on a private well was found to
exceed the EPA’s guideline for individuals on sodium restricted diets by more than 5x with a

concentration of 106.16 ppm Na" (Table 4-5).

35



Table 4.5. Exposure sample group water quality results from households that drank tap
water supplied by a private well or spring (n = 7). Total coliforms and E. coli concentrations are

reported in MPN. All other constituents are reported in ppm.

Constituent Coni\;[zl:;tion Regulation | Median Elj;lclgzielfg El;ggfllil;g
EPA MCLs/Action Level (Health)

Coliform Bacteria 3.12E+01 ABSENT | 4.25E+00 5 71.4
E. coli Bacteria 0 ABSENT 0 0 0
Fluoride 4.35E-01 <4 ppm 4.15E-01 0 0
Nitrate 9.86E-01 <10 ppm 8.00E-01 0 0
Arsenic 1.14E-04 <0.010 ppm | 1.00E-04 0 0
Barium 8.63E-02 <2 ppm 6.97E-02 0 0
Cadmium 5.71E-05 <0.005 ppm 0 0 0
Chromium 2.00E-04 <0.1 ppm | 2.00E-04 0 0
Copper 9.80E-02 <13 ppm | 7.90E-02 0 0

Lead 2.77E-03 <0.015 ppm | 1.20E-03 1 14.3
Selenium 6.71E-04 <0.050 ppm | 6.00E-04 0 0
Uranium 4.29E-04 <0.030 ppm | 1.00E-04 0 0

EPA SMCLs/Action Level (Taste and Aesthetics)

Low pH* 7.79E+00 >6.5 7.64E+00 0 0

High pH* 7.79E+00 <8.5 7.64E+00 1 14.3
Tgfl‘l' d‘;‘:;‘l’)lgd 1.60E+02 | <500 ppm | 1.65E+02 0 0
Fluoride 4.35E-01 <2 ppm 4.15E-01 0 0

Low Aluminum 2.29E-02 >0.05 ppm | 6.50E-03 6 85.7
High Aluminum 2.29E-02 <0.2 ppm | 6.50E-03 0 0
Copper 9.80E-02 <1 ppm 7.90E-02 0 0
Chloride 5.71E-02 <250 ppm 0 0 0
Iron 1.32E-02 <0.3 ppm | 5.60E-03 0 0
Manganese 4.84E-03 <0.05 ppm | 1.40E-03 0 0
Sulfate 2.43E+00 <250 ppm | 2.00E+00 0 0
Silver 0 <0.1 ppm 0 0 0
Zinc 2.61E-01 <5 ppm 6.11E-02 0 0

EPA Guidance/Health Reference Levels

Sodium 1.86E+01 <20 ppm | 2.95E+00 1 14.3
Strontium 1.23E-01 <4 ppm 7.96E-02 0 0
Nickel 2.77E-03 <0.1 ppm | 1.60E-03 0 0
Molybdenum 9.71E-04 <0.04 ppm | 1.00E-04 0 0
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Table 4.6. Exposure sample group tap water quality results from households that drank

other constituents are reported in ppm.

Constituent Coni\;[s?;:l tion Regulation | Median Elj;lcl;ggielfg El;ggfllil;g
EPA MCLs/Action Level (Health)

Coliform Bacteria 7.28E+01 ABSENT | 3.55E+01 3 60
E. coli Bacteria 1.48E+00 ABSENT 0 2 40
Fluoride 2.46E-01 <4 ppm 1.67E-01 0 0
Nitrate 1.20E+00 <10 ppm 1.20E+00 0 0
Arsenic 1.20E-04 <0.010 ppm 0 0 0
Barium 4.84E-02 <2 ppm 4.55E-02 0 0
Cadmium 0 <0.005 ppm 0 0 0
Chromium 2.60E-04 <0.1 ppm | 2.00E-04 0 0
Copper 1.86E-01 <13 ppm | 2.80E-02 0 0
Lead 4.40E-04 <0.010 ppm | 5.00E-04 0 0
Selenium 4.40E-04 <0.050 ppm | 5.00E-04 0 0
Uranium 4.40E-04 <0.030 ppm | 2.00E-04 0 0

EPA SMCLs/Action Level (Taste and Aesthetics)

Low pH* 8.08E+00 >6.5 7.96E+00 0 0
High pH* 8.08E+00 <8.5 7.96E+00 1 20
Tgfl‘l' d‘:‘:;‘l’)l;;‘d 1.88E+02 | <500 ppm | 1.88E+02 0 0
Fluoride 2.46E-01 <2 ppm 1.67E-01 0 0

Low Aluminum 6.66E-03 >0.05 ppm | 6.10E-03 5 100
High Aluminum 6.66E-03 <0.2 ppm | 6.10E-03 0 0
Copper 1.86E-01 <1 ppm 2.80E-02 0 0
Chloride 6.00E-01 <250 ppm 0 0 0
Iron 8.93E-02 <0.3 ppm | 8.40E-03 1 20
Manganese 1.83E-02 <0.05 ppm | 5.00E-04 1 20
Sulfate 1.52E+01 <250 ppm | 8.00E+00 0 0
Silver 0 <0.1 ppm 0 0 0
Zinc 6.81E-02 <5 ppm 3.20E-02 0 0

EPA Guidance/Health Reference Levels

Sodium 2.59E+00 <20 ppm | 1.23E+00 0 0
Strontium 2.89E-01 <4 ppm 2.24E-01 0 0
Nickel 4.70E-03 <0.1 ppm | 6.00E-04 0 0
Molybdenum 6.80E-04 <0.04 ppm | 3.00E-04 0 0

bottled water instead (n = 5). Total coliform and E. coli concentrations are reported in MPN. All
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Source water sample results (i.e. samples collected after faucet sanitization and a 5-
minute flush) were similarly compared against EPA standards. Again, results were separated into
homes using tap water as a primary drinking water source (Table 4-7; n = 7) and homes using
bottled water for drinking (Table 4-8, n = 5). Although coliform detection did not change
following flushing, one source water sample was positive for E. coli although it was absent in the
corresponding unflushed exposure sample (Table 4-7). Homes with coliform and E. coli positive
exposure samples also yielded coliform and E. coli positive source samples (Table 4-7).
Exceedances of SMCLs, guidelines, and health reference levels remained the same across

exposure and source sample groups, regardless of primary drinking water source.
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Table 4.7. Source sample group tap water quality results from households that drank tap

reported in MPN. All other constituents are reported in ppm.

Constituent Coni\glf::ltion Regulation | Median Elj;lcl:azziel:g Eiizzfllilltlg
EPA MCLs/Action Level (Health)

Coliform Bacteria 3.14E+01 ABSENT | 4.10E+00 5 71.4

E. coli Bacteria 2.14E-01 ABSENT 0 1 14.3
Fluoride 3.84E-01 <4 ppm 4.10E-01 0 0
Nitrate 6.71E-01 <10 ppm | 7.00E-01 0 0
Arsenic 1.14E-04 <0.010 ppm | 1.00E-04 0 0
Barium 8.04E-02 <2 ppm 6.03E-02 0 0
Cadmium 0 <0.005 ppm 0 0 0
Chromium 2.00E-04 <0.1 ppm | 2.00E-04 0 0
Copper 1.18E-02 <13 ppm | 1.27E-02 0 0
Lead 3.14E-04 <0.015 ppm | 3.00E-04 0 0
Selenium 8.00E-04 <0.050 ppm | 8.00E-04 0 0
Uranium 4.86E-04 <0.030 ppm | 1.00E-04 0 0

EPA SMCLs/Action Level (Taste and Aesthetics)

Low pH* 7.74E+00 >6.5 7.64E+00 0 0

High pH* 7.74E+00 <8.5 7.64E+00 1 14.3
Tgfl‘l' dl:‘(s;‘l’)l;;d 1.61E+02 | <500 ppm | 1.65E+02 0 0
Fluoride 3.84E-01 <2 ppm 4.10E-01 0 0

Low Aluminum 1.31E-02 >0.05 ppm | 3.00E-03 6 85.7
High Aluminum 1.31E-02 <0.2 ppm | 3.00E-03 0 0
Copper 1.18E-02 <1 ppm 1.27E-02 0 0
Chloride 5.71E-02 <250 ppm 0 0 0
Iron 3.60E-02 <0.3 ppm | 8.30E-03 0 0
Manganese 1.57E-03 <0.05 ppm | 1.10E-03 0 0
Sulfate 2.57E+00 <250 ppm | 2.00E+00 0 0
Silver 0 <0.1 ppm 0 0 0
Zinc 1.10E-02 <5 ppm 5.70E-03 0 0

EPA Guidance/Health Reference Levels

Sodium 1.90E+01 <20 ppm | 2.94E+00 1 14.3
Strontium 1.26E-01 <4 ppm 8.69E-02 0 0
Nickel 8.14E-04 <0.1 ppm | 1.10E-03 0 0
Molybdenum 9.29E-04 <0.04 ppm | 1.00E-04 0 0

water after sanitization and 5-minute flush (n = 7). Total coliforms and E. coli concentrations are
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Table 4.8. Source sample group tap water quality results after sanitization and 5-minute

flush from households that drank bottled water instead (n = 5)

Constituent Coni\glfill}:ltion Regulation | Median Elecl:(:lc:ielfg Egizzfllil;g
EPA MCLs/Action Level (Health)
Coliform Bacteria 1.40E+02 ABSENT | 6.29E+01 3 60
E. coli Bacteria 1.03E+00 ABSENT 0 2 40
Fluoride 1.56E-01 <4 ppm 1.51E-01 0 0
Nitrate 9.20E-01 <10 ppm 6.00E-01 0 0
Arsenic 1.00E-04 <0.010 ppm 0 0 0
Barium 5.07E-02 <2 ppm 4.43E-02 0 0
Cadmium 0 <0.005 ppm 0 0 0
Chromium 2.40E-04 <0.1 ppm | 2.00E-04 0 0
Copper 1.52E-02 <13 ppm | 7.90E-03 0 0
Lead 8.00E-05 <0.015 ppm | 1.00E-04 0 0
Selenium 5.60E-04 <0.050 ppm | 6.00E-04 0 0
Uranium 4.40E-04 <0.030 ppm | 2.00E-04 0 0
EPA SMCLs/Action Level (Taste and Aesthetics)

Low pH* 8.06E+00 >6.5 7.93E+00 0 0
High pH* 8.06E+00 <8.5 7.93E+00 1 20
T‘S’f;‘ll d’:‘(s;‘l’)';;d 1.92E+02 | <500 ppm | 1.89E+02 0 0
Fluoride 1.56E-01 <2 ppm 1.51E-01 0 0

Low Aluminum 3.46E-03 >0.05 ppm | 4.10E-03 5 100
High Aluminum 3.46E-03 <0.2 ppm | 4.10E-03 0 0
Copper 1.52E-02 <1 ppm 7.90E-03 0 0
Chloride 6.20E-01 <250 ppm 0 0 0
Iron 9.31E-02 <0.3 ppm | 4.70E-03 1 20
Manganese 1.69E-02 <0.05 ppm | 6.00E-04 1 20
Sulfate 1.44E+01 <250 ppm | 6.00E+00 0 0
Silver 0 <0.1 ppm 0 0 0
Zinc 9.34E-03 <5 ppm 1.02E-02 0 0

EPA Guidance/Health Reference Levels

Sodium 2.66E+00 <20 ppm | 1.24E+00 0 0
Strontium 2.96E-01 <4 ppm 2.08E-01 0 0
Nickel 1.24E-03 <0.1 ppm | 5.00E-04 0 0
Molybdenum 5.80E-04 <0.04 ppm | 3.00E-04 0 0
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A Wilcoxon ranked sum test comparing metals concentrations determined that
concentrations of metals commonly found in household plumbing components, such as lead,
copper, and aluminum, were significantly higher (o = 0.05) in the exposure samples (pre-flush)
compared to the source water samples (post flush), as would be expected and as was observed in
similar prior studies (Table 4-9). Unimproved springs also had significantly higher levels of total

coliforms in source samples relative to exposure samples (Table 4-9).

Table 4.9. P-values of Wilcoxon ranked sum tests (o = 0.05) between drinking water
sources for various contaminants. Blue cells represent tests that showed significant differences in
concentrations between sources. Yellow cells represent tests that showed no statistically

significant differences in concentrations between sources.

Wilcoxon Test P Values
Contaminant Exposure EX[.)OSlll'e Vs.
Unimproved
vs. Source .
Spring
Iron (Fe) 0.519 0.149
Calcium (Ca) 0.052 0.536
Aluminum
(Al) 0.233
Sodium (Na) 0.136
Total
Coliforms
E. Coli
Lead (Pb)
Copper (Cu)

In addition to these standard water quality metrics, source water samples were analyzed
for detection of specific enteric pathogens. No detectable enteric pathogens were observed in

samples from households that drank tap water supplied by a private well. One tap water sample
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in the source sample group from a household using bottled water for drinking had detectable
Aeromonas and Cryptosporidium. This home’s tap water was supplied by an improved spring,

and the source water was positive for total coliforms and E. coli.
4.5 Samples from Unimproved Springs

Samples taken from households reliant on water from unimproved springs (n = 3) were
also compared to EPA standards in the same fashion as the exposure and source sample groups.
As previously described, two of these households reported treating their water before use.
However, neither were able to provide samples of treated water at the time of data collection. As
a result, all unimproved spring samples were untreated. Total coliforms and E. coli were detected
in 100% (n = 3) and 33.3% (n = 1), respectively, of unimproved spring samples (Table 4-10).
Samples from unimproved springs were analyzed for specific enteric pathogens. Two thirds of (n
= 2) samples from unimproved springs yielded positive detections for 4eromonas, but only one
of these coincided with detection of E. coli. Although biological contamination was prevalent in
these samples, no other EPA standards or guidelines for inorganic constituents were exceeded

(Table 4-10).
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Table 4.10. Water quality results from households reliant on unimproved springs (n = 3).

Total coliforms and E. coli concentrations are reported in MPN. All other constituents are

reported in ppm.
Constituent Coni\glfgf;tion Regulation Median Elj;lclgzielfg Eiizzglil;g
EPA MCLs/Action Level (Health)

Coliform Bacteria 6.64E+02 ABSENT 1.63E+02 3 100

E. coli Bacteria 3.43E+00 ABSENT 0 1 333
Fluoride 3.09E-01 <4 ppm 2.07E-01 0 0
Nitrate 8.67E-01 <10 ppm 8.00E-01 0 0
Arsenic 3.33E-05 <0.010 ppm 0 0 0
Barium 5.90E-02 <2 ppm 4.27E-02 0 0
Cadmium 0 <0.005 ppm 0 0 0
Chromium 3.00E-04 <0.1 ppm 2.00E-04 0 0
Copper 6.33E-04 <1.3 ppm 2.00E-04 0 0
Lead 3.33E-05 <0.015 ppm 0 0 0
Selenium 8.33E-04 <0.050 ppm | 9.00E-04 0 0
Uranium 1.67E-04 <0.030 ppm | 2.00E-04 0 0

EPA SMCLs/Action Level (Taste and Aesthetics)

Low pH* 7.99E+00 >6.5 7.98E+00 0 0
High pH* 7.99E+00 <8.5 7.98E+00 0 0
Total D‘(S;‘l’;gd Solids | (55102 <500 ppm | 1.73E+02 0 0
Fluoride 3.09E-01 <2 ppm 2.07E-01 0 0

Low Aluminum 3.97E-03 >0.05 ppm | 3.10E-03 3 100
High Aluminum 3.97E-03 <0.2 ppm 3.10E-03 0 0
Copper 6.33E-04 <1 ppm 2.00E-04 0 0
Chloride 5.33E-01 <250 ppm 0 0 0
Iron 2.60E-03 <0.3 ppm 1.70E-03 0 0
Manganese 4.67E-04 <0.05 ppm 1.00E-04 0 0
Sulfate 1.33E+00 <250 ppm 0 0 0
Silver 0 <0.1 ppm 0 0 0
Zinc 1.13E-03 <5 ppm 4.00E-04 0 0

EPA Guidance/Health Reference Levels

Sodium 1.17E+00 <20 ppm 4.35E-01 0 0
Strontium 8.24E-01 <4 ppm 3.76E-02 0 0
Nickel 4.67E-04 <0.1 ppm 5.00E-04 0 0
Molybdenum 1.00E-04 <0.04 ppm 1.00E-04 0 0
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4.6 Health Outcomes

Of the 43 eligible participants, 7.0% (n = 3) reported having a cough and 2.3% (n=1)
reported having diarrhea in the week preceding data collection (Table 4-11). No surveyed
individuals reported having a toothache (Table 4-11). These rates are low relative to recent work
conducted in the area, where 36% (n = 30) of participants reported a cough, 11% (n = 9) reported
a toothache, and 10% (n = 8) reported diarrhea when asked the same survey questions (though
income-based eligibility were used in the prior study) (A. Cohen et al., 2024). Although reported
cough and toothache were not the health outcomes of interest in this study, their prevalence was
used to examine overall reporting habits of participants. The only individual that reported
symptoms of AGI (diarrhea) in this work resided in a household that primarily drank unimproved
spring water that tested positive for total coliforms, E. coli, and Aeromonas. However, the

respondent noted that the symptoms of AGI may have been the result of a change in medication.

Table 4.11. Reported health outcomes of eligible study participants (n = 43)

Reported Percent
Health # Reported No # Reported Yes Individuals
or Unsure .
QOutcome Reporting
Cough 40 3 7.0
Toothache 43 0 0
Diarrhea 42 1 2.3

This study intended to gain further insight into cases of enteric disease by completing
saliva immunoassays. However, due to executive orders and other policies enacted by the new
(2025-present) US administration, EPA collaborators were not able to process saliva samples in

the expected timeframe, and it remains unclear when or how stored saliva samples will be
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analyzed. Although pre-specified protocols included methods for sampling of fecal material from
soiled children’s diapers, none were collected. This was due to applicable children being away at

school, unavailability of soiled diapers, or parents declining participation in stool sampling.

Six individuals from households that primarily drank private well or improved spring
tap water were willing to participate in blood pressure measurements. Of these individuals, none
reported having hypertension (Table 4-12). However, 66.7% (n = 4) of these individuals had
blood pressure readings meeting the American Heart Association’s definition of hypertension

(Table 4-12).

Table 4.12. Reported versus measured hypertension of individuals in households that

drank privately supplied tap water

ﬁﬁ?ﬁﬁfl Reported Measured
ID Hypertension | Hypertension
A No
B No
C No
D No
E No
F No

Five individuals who resided in households that primarily drank bottled water consented
to blood pressure measurements (Table 4-13). Of these individuals, three reported having
hypertension, two of which had measured hypertension at the time of the study (Table 4-13). One
additional individual who did not indicate they had hypertension did yield a blood pressure

measurement in the hypertensive range.
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Table 4.13. Reported versus measured hypertension of individuals in households that

primarily drank bottled water

Arbitrary

Individual Reported Measured

Hypertension | Hypertension

Five individuals who resided in households that drank water from unimproved springs
participated in blood pressure measurements (Table 4-14). Again, a significant proportion (50%,
n = 2) of the individuals with measured hypertension at the time of study reported known

hypertension on the survey (Table 4-14).

Table 4.14. Reported versus measured hypertension and sodium content of drinking

water of individuals in households drink water from unimproved springs

Arl.nt.rary Reported Measured
Individual . .
D Hypertension | Hypertension
A
B
C
D
E
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5 Discussion

5.1 Drinking Water Source Selection, Treatment, and Use

Efforts to reduce adverse drinking water exposures generally assume that households are
dependent on and using the water piped directly to their home. However, this study adds to
existing literature by demonstrating that households may rely on a variety of sources of drinking
water. Of the fifteen participating households, over half (n = 8) primarily drank water from a
source not tapped directly to their home, opting instead for bottled water (n = 5) or an
unimproved spring (n = 3) (Figure 4-1). More (n = 8) households relied on bottled water or
unimproved springs for drinking than tap water supplied by a private well or improved spring
(Figure 4-1). Reliance on unimproved springs for potable water has been noted in a growing
body of literature describing drinking water preferences in the Appalachian region (Fashina et
al., 2022; Krometis et al., 2019; Patton et al., 2020; Sinton et al., 2021; B. Swistock et al., 2015).
Previous literature has reported that Appalachian households supplied by private water sources
have more positive perceptions of their tap water and lower likelihoods to utilize bottled water
relative to households with utility supplied water (A. Cohen et al., 2024; Marion, 2023). Even in
households that primarily relied on bottled water for drinking, tap water was used for cooking,
bathing, or as a secondary source of drinking water, indicating that exposure routes remain if that
water is contaminated. It is worth noting that, as with this effort, all available published in-home
field scale studies examining water use have had relatively small sample sizes, making

generalizations difficult.

Among surveyed households, frequency of use, treatment, and perceptions of private

water varied. However, two of the three households with negative perceptions of their tap water
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quality primarily drank bottled water (Table 4-3). This is unsurprising, given that previous work
has illustrated that households with negative perceptions of their tap water quality are more
likely to utilize bottled water instead (A. Cohen et al., 2024; Marion, 2023; McSpirit & Reid,
2011; Teodoro et al., 2022). In contrast, 80% (n = 8) of households that drank tap or unimproved
spring water (n = 10) had positive opinions about their drinking water (Table 4-3). This is
especially notable in two households that drank unimproved spring water, which both had utility
supplied water at the tap, but preferred water from an unimproved private spring due to its

perceived health benefits.

One third (n = 5) of the homes in this study described using treatment prior to water
consumption. The presence of specific water treatment devices or behaviors prior to consumption
varied, and explanations for specific treatment practices revealed that the decision to treat water
can be quite idiosyncratic. One household with improved spring water pumped to their house
reported installing a “cotton” sediment filter at the spring’s source after finding a salamander in
their toilet. Another had concerns over sediment and biological contamination from nearby cattle
grazing, and so installed UV disinfection in addition to a standard sediment filter. Other
treatments included pitcher filters, refrigerator filters, and boiling. Surprisingly, no surveyed
households reported using water softeners or iron filters, which are commonly installed to treat
aesthetic issues with private water sources. This variety of treatments illustrates how nuanced the
topic of drinking in rural Central Appalachia can be, with many households seeking sources,

treatments, and use patterns that suit their unique situations and perceptions.
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5.2 Bacteriological Contamination

Total coliform were detected in the majority of exposure samples, regardless of drinking
water source. However, E. coli was detected far less frequently. None of the exposure samples
taken from homes primarily reliant on private water piped to the tap tested positive for E. coli,
although one did have positive detection in its corresponding source sample (Table 4-5, 4-7).
This low detection rate is surprising, given that previous work has consistently identified E. coli
in a significant proportion of samples from households reliant on private drinking water sources
(Allevi et al., 2013; A. Cohen et al., 2022, 2024; R. T. Murray et al., 2018; B. R. Swistock et al.,
2013). Similarly, despite 100% detection of total coliforms in three unimproved spring samples,
only one sample returned positive for E. coli (Table 4-10), while previous examinations of spring
water suggest fecal contamination is more common (Krometis et al., 2019; Patton et al., 2020).
The low rates of detection in this study may be influenced by the relatively high socioeconomic
status of the surveyed households, which has been associated with lower rates of drinking water
violating EPA MCLs for FIBs (Smith et al., 2014). A majority of sampling was conducted during
the Spring (March, April, May). As a result, cool Spring temperatures may have also played a

role in lower detection rates.

Specific enteric pathogens were detected in three samples, two from unimproved springs
and one from a household that primarily drank bottled water, but had tap water supplied by an
improved spring. Notably, all three were sourced from either improved or unimproved private
springs, with no private wells having detectable enteric pathogens. Previous work by A. Cohen et
al. (2022) suggests the recovery of specific enteric pathogens in home water samples is limited,
and follow-up work (A. Cohen et al., 2024) did support the finding that springs in this region
appear to be relatively more vulnerable to fecal contamination compared with wells. Other work
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has shown that springs had significantly more total coliforms compared to deep drilled wells due
to local geology enabling the transmission of contaminated surface water to these shallow
sources (Pieper et al., 2016). Additionally, state legislation regulating the construction and
location of wells in Virginia provides wells constructed after 1992 with additional protections

against fecal contamination relative to springs (Private Well Regulations, 1992).

As frequently discussed in the literature, though useful, the indicator organism concept is
imperfect (Anderson et al., 2005; Devane et al., 2020; Hamadieh et al., 2021; McLellan & Eren,
2014). One sample with detectable specific enteric pathogens did not contain detectable E. coli.
Not all samples with detectable E. coli also had detectable enteric pathogens, which does suggest
that the use of E. coli as an indicator for biological contamination may be a conservative metric

for water quality.
5.3 Implications for Health Qutcomes

While bacteriological contamination was the most common exceedance of health-based
water quality standards, there was only one reported case of AGI, and the individual suggested
this may be due to side effects associated with a new medication. Observations in a small number
of samples exceeded aesthetic recommendations or health guidelines. As a result, this study
could not identify positive or negative influence on risk of contracting AGI by consuming water
from a private or unimproved environmental source. However, one household had sodium
measured at more than 5 times the EPA’s recommendation for restricted sodium intake, which
coincided with resident having measured hypertension, though the literature indicates dietary
sodium exposures are the primary driver, in addition to genetic factors, for hypertension. This is

likely a result of a variety of factors that influenced this work. Surveyed households showed low
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levels of both biological and inorganic contamination relative to previous work in the region.
This could mean that the sampled households did not have water quality representative of the
region. Additionally, this study was limited by a small sample size. To further this issue, AGI
and hypertension were rarely reported among the small sample population, making inferences
between reported health outcomes and drinking water even more difficult to draw. However,
results from blood pressure measurements revealed that individuals may not even realize they
suffer from a given health outcome and fail to accurately report symptoms, which indicates the
need for the measurement of health outcomes. Finally, AGI and hypertension are known to share
causes and symptoms with other commonly occurring conditions in the region. For example,
Appalachians commonly rely on poorly maintained septic and straight-pipe wastewater systems,
which places them at greater risk of exposure to human waste and enteric pathogens outside of
contaminated drinking water (Arcipowski et al., 2017). Furthermore, a wide variety of enteric
pathogens can result in symptoms of AGI, making definitive diagnoses challenging to attain
(Graves, 2013). Similarly, high rates of tobacco smoking, high dietary sodium, and other
environmental exposures in Appalachia are also associated with increased risk of developing
hypertension (McGarvey et al., 2011; Whelton et al., 2018). As a result, the combination of
relatively good water quality, limited sample size, rarity of health outcomes, and commonality of
comorbidities in Appalachia prevented the establishment of epidemiological relationships

between drinking water quality and health outcomes in this study.
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6 Limitations

The primary factor limiting the strength of results produced by this study was the lack of
data from saliva biospecimens. As previously stated, the primary goal of this work was to use the
results of [gG antigen immunoassay to establish epidemiological associations between drinking
biologically contaminated water from a private source and the prevalence of AGI in consumers.
Without biospecimen data, conclusions connecting these subjects are based on reported health
outcomes, which the blood pressure measurements collected in this study showed can be
unreliable. While analysis of saliva samples was not available at the time of writing,
biospecimens are currently in secure storage and await processing at a date when federal funding

and hiring practices provide the resources necessary.

While past research in the region have had limited sample sizes in rural Appalachia (A.
Cohen et al., 2022, 2024), this study suffered from unexpectedly low recruitment turnouts.
Despite collaboration with the VDH, VCE, and local health district, only 17 households agreed
to participate and 15 were eligible for inclusion. However, this did yield valuable individual level
data on 43 residents. However, low household recruitment still limits the generalizability of

results to regions outside of the targeted sub-county population.

As this work was a cross-sectional study, data was collected from each household only
once and data collection dates were temporally clustered. Since springs are unregulated and often
untreated sources, the chemical and biological quality of water from these sources can vary
depending on environmental factors. Improperly installed or maintained wells are also subject to
this variation. For example, the transport and persistence of E. coli in water sources is influenced

by temperature, sunlight intensity, precipitation, soil humidity, pH, and other physiochemical
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parameters that vary throughout the year (Van Elsas et al., 2011). As a result, the quality of the

sampled water sources may not be representative of drinking water quality throughout the year.

Finally, this study illustrated residents’ complex relationship with selection, perceptions,
and treatment of private and environmental drinking water sources in Appalachia, with users
commonly making decisions that suit their unique situations. This further demonstrates the
limited generalizability of this work to other regions of Appalachia or the broader US.
Additionally, this introduced difficulty in describing and understanding these unique
relationships in terms of pre-specified survey answers. As a result, some data collection teams
struggled with appropriately documenting conditions at surveyed households and introduced
errors in survey data. These errors were addressed on a case-by-case basis through meetings with
data collection teams for clarification, detailed reviews of entered data, and follow-up visits with
households. Despite these efforts, this limited the understanding of nuance regarding private and

environmentally sourced drinking water in the region.
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7 Conclusions

Biological contamination of unregulated private and alternative drinking water sources
remains prevalent in Appalachian Virginia. Samples collected by trained teams from 66% (n =
10) of eligible households had detectable total coliforms, E. coli or specific enteric pathogens
and 33% (n = 5) of households relied on bottled water. Reliance on unimproved springs does
occur, and biological water quality at these sources is often compromised. Despite these issues,
perceptions of private home water sources and unimproved springs were largely positive, with
only three households (20%) dependent on private wells reporting poor views of their water.
Households dependent on bottled water were more likely to characterize their tap water as poor.
In contrast, aesthetic and health-based treatments were more common in households with

positive perceptions of their water, which may play a role in their judgements of water quality.

Associations between drinking water contamination and measured or reported health
outcomes remain inconclusive. Delays with sample processing prevented the use of saliva
immunoassays to assess associations between biological contamination of drinking water and
AGI. Additionally, individuals reporting symptoms of AGI were uncommon. However, the high
prevalence of FIBs and the continued detection of specific enteric pathogens like 4eromonas and
Cryptosporidium in private and alternative drinking water sources indicate the need for further
investigation of these epidemiological relationships. Similarly, households with drinking water
exceeding the EPA’s recommendation for low sodium diets were also uncommon. Only one
household met this requirement and consented to blood pressure measurements. Measured
hypertension and high sodium coincided in this case, despite the respondent reporting no high
blood pressure. Despite a small sample size, recorded blood pressure data did reveal that self-

reported hypertension is an inconsistent metric and should be supplemented with blood pressure
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measurements to improve the quality of future investigations of this relationship. In summary,
quarter quality results showed lower detections of FIBs than in previous work and inorganic
constituents were within limits applied to utility-supplied drinking water. These results did not

show any clear associations with measured health outcomes.
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8 Recommendations for Future Work

8.1 Recruitment

Sample size is often low in studies targeting underserved populations, including those in
rural Appalachia (A. Cohen et al., 2022, 2024). While relatively small sample sizes can be
expected in more sparsely populated, rural communities, they limit the strength of statistical
analyses, generalizability, and reproducibility of the research. This study leveraged formal
partnerships with state and county affiliated government organizations, including the VDH,
VCE, and the Scott County Health Department. Spreading of recruitment materials included
word of mouth communication from partnered organizations, emailing/posting of digital
recruitment fliers, distributing physical copies of recruitment fliers, and even printing
recruitment materials on pizza boxes used by local restaurants. In addition to the > $200 value of
the water quality analysis, gift cards were also offered in accordance with approved IRB
protocols. Despite these efforts, this study was only able to engage n = 17 participating

households.

Recruitment for future studies in the region may be improved by partnering with more
local grassroots or religious organizations and targeting counties with higher participation in
previous research conducted by the Virginia Household Water Quality Program. Significant
public utility failures and public health events, including the COVID-19 pandemic response and
both the Flint and DC drinking water crises, have eroded public trust in regulating bodies and
healthcare institutions (Teodoro et al., 2022). This, in turn, can drive increased hesitancy to
participate in studies involving these organizations. Unlike the VCE, the VDH is a state level

regulator, which may have invoked these feelings of hesitancy. In contrast, partnerships with
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established community-centered organizations, such as churches, have been shown to be an
effective avenue for engaging underserved or at-risk populations in public health research and
interventions (Hippolyte et al., 2013; Tadese et al., 2024). As a result, future research regarding
drinking water or public health in Appalachia may see improved sample sizes by partnering with
churches or other local organizations for recruitment. Additionally, the VCE has conducted
multiple drinking water clinics in Appalachian Virginia under the Virginia Household Water
Quality Program (VCE, 2025). Future research may benefit by examining county level
participation statistics from these clinics to target regions more likely to provide larger sample

sizes.

8.2 Further Pathogenic Analysis

Both this study and work by A. Cohen et al. (2022, 2024) only completed RT-qPCR
detection methods on source water samples collected after tap sanitization and a 5-min flush
(source water samples). As result, the potential pathogenic contamination of unimproved springs
and exposure tap water samples was not assessed in these studies. Understanding the impacts of
household plumbing on biological contamination and the health risks of dependance on
alternative sources in Appalachia are both important topics for future research. These questions
may be answered by applying the same sampling and analysis regime that is used for source
water samples to exposure samples and samples from unimproved springs. While this study did
analyze unimproved spring samples for specific pathogens, differences in detection of E. coli
between exposure and source samples indicate future work may be improved by applying these
methods to exposure samples as well. Furthermore, existing work has relied on pathogen

detection rather than quantification. The above-mentioned recommendations for additional
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testing would be further enhanced by quantification of waterborne pathogens, providing deeper

understanding of health risks relative to the level of biological drinking water contamination.
8.3 Physician Diagnosis

The CDC estimates that prevalence of AGI exceeds 350 million cases annually in the
United States (Graves, 2013); this may well be an underestimate, as many suffering from this
illness do not seek formal medical diagnoses. Even when the symptoms are severe enough to
require professional medical care, treatment for AGI rarely includes etiological diagnosis: even
in cases where stool cultures are used to identify bacterial etiology, only 1.5 — 5.6% of cases
return a positive identification (Graves, 2013). Given this, future work may benefit from
leveraging existing infrastructure for monitoring waterborne disease outbreaks, such as the
CDC’s National Outbreak Reporting System (NORS). By encouraging increased physician
follow-up and etiological diagnosis, existing systems for the identification, quantification, and
treatment of waterborne disease (NORS) can be used more efficiently. In turn, increased
etiological identification will provide additional data to help fill the knowledge gap surrounding
private drinking water quality and its impact on health in Appalachia and other rural
communities. In addition, increased physician follow-up may reduce suffering caused by AGI by
encouraging residents who are otherwise hesitant to seek professional treatment to visit their
doctors. However, this may not be attainable. As previously established, Appalachia is a
healthcare shortage area with less than one primary care physician per 3500 residents (L.-A.
Krometis et al., 2017). Encouraging residents to pursue specific diagnoses for cases of AGI may
put undue pressure on healthcare facilities that are already overburdened. Furthermore, costs
associated with additional diagnostic tests not typically a part of treatment for AGI would be
passed onto residents of an established area of economic hardship (Srygley et al., 2024)
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8.4 Options for Treatment

This study adds to a growing body of work documenting water contamination associated
with private or alternative drinking water sources in Appalachia (A. Cohen et al., 2022, 2024;
Fashina et al., 2022; Law et al., 2017; Patton et al., 2020). While the results have shown high
prevalence of bacteriological contamination, little has been done to find appropriate interventions
to minimize health risks. Extension of utility-supplied water lines to households reliant on
private or alternative water sources may be a solution, but only assuming at-risk households trust
this source; otherwise, reliance on alternatives such as bottled water or springs will continue. Use
of health-based treatment measures is also uncommon in households with unregulated drinking
water sources (A. Cohen et al., 2022, 2024). The potential success of installation of POU
treatment devices may be limited and/or depend on the device. For example, while a recent trial
of end of faucet POU water filters in two dozen homes reliant on private wells in Central
Appalachia did demonstrate significant reductions in concentrations of contaminants such as
total coliforms, lead, copper, and chromium, households with high initial contaminant
concentrations did at times continue to exceed EPA guidelines even after filtering. In addition,
participants believed low flow rates and the bulky size of the filters to be an inconvenience and
the majority declined further use after the trial (Patton et al., 2024). Additionally, the cost of
maintaining these treatment options can put additional economic burdens on struggling
households. Questions remain regarding effectiveness, uptake, and continued use of treatment
options and the impact of educational material surrounding the treatment of unregulated drinking
water sources. As a result, further research is required to identify the best methods for health-

based treatment interventions in Appalachian communities.
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Appendix

Appendix A: Example Survey

2024 VT Scott County Water & Health Study - Household Survey - Prepared by Virginia Tech (agcohen@vt.edu) — v(20240221) VT IRB#24-228

s

e 8 Confidential Household Survey | Housenod
Date: E
(ry/Mm/oD) 20, / I n:;r:?raw County:

(If use paper survey: Read questions only, not response oplions, then use grey shaded boxes fo circle response/s or write in response codes or values)

1 Do you own or rent this home? 2 Approximately when was this home built?
[Rent (1) [ Own (2) | Owned by family member (3) | Owned by friend (4) | Other (99), explain: | [vear=| | Don'tknow (-1) | Other (2): |

3. What was the approximate total annual income for your household last year? -for this guestion, likely helpful to read answer choices aloud
$15k-520k| $20k-$25k| $25k-$30k | $30k-535k | $35k-540k | $40k-545k | $45k-550k | $50-$55k $65-570k Don't want
<515k (1) (5) (6) 8) @) =570k (13)) cav (14
4. What is the highest level of education completed by the head of the household?

W‘mm
2 (@) (4) @) (10) (11) (12)
[ No formal education (1) | El y school (2) | Middle school (3) | Jr. High School (4) [ High School () C ity College (6) | University (7) | Graduate (8) |

5. What is the marital status of the head of the household?
Single, never married (1) | Single, sef for divorced (2) | Single, widowed (3)  [Married (4) | Other (99), specify: |

What is the primary source (the source water comes from before being used) of the water your household uses for: .

Same | Warmer | Colder Piped from water treatment :
source mnms-. I:Ionths: plant, utility (1) Bolild walacia) Roadside spdng (3)
WW&WX‘-O—M%L Private well: Private well: Private well:
reonc B - - Shallow (dug-well) (4) | Deep (borehole) (5) Unknown depth (6)
. - ng — — — Private spring: Private spring: Private spring
8. Bathing Protected (7) Unprotected (8) Unknown protection (9)
9. Secondary |"' ; i & | No secondary source (10) | Rainwater harvesting (11) | Surface water (12) | Other (13), explain:
drinking source?
10. [For non-botiled drinking water sources| Does your household treat water before using it? .-
[No (1) [Never(2) | Rarely (3) | Sometimes (4) Often (5) Always (8) [No, don't know how to treat (7) |
| Mo, t believe not y(8) | No, butwould like water treated (9) | Other (99), explain: |

Note: At this fime the second enurmerator may start fo collect waler samples (or wait uniil after the enfire survey is completed)

To view the full survey instrument, follow the link below:

https://osf.i0/p823n
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Appendix B: Table of all analyzed ions and associated detection

limits and calibration standards for ICP-MS

Element | Isotope | MDL (ppm) | MRL (ppm) | Max Calibration Standard (ppm)
Na 23 1.31E-03 5.00E-03 10.00
Mg 24 1.11E-03 5.00E-03 10.00
Al 27 1.45E-03 1.00E-02 1.00

Si 29 1.51E-02 5.00E-01 10.00

P 31 1.87E-03 5.00E-03 1.00
K 39 2.14E-03 1.00E-02 10.00
Ca 44 5.14E-03 5.00E-02 10.00
Sc 45 3.80E-05 1.00E-03 0.50
Ti 48 3.26E-05 1.00E-04 1.00
\Y 51 2.11E-05 1.00E-04 1.00
Cr 52 3.09E-05 1.00E-04 1.00
Fe 54 3.55E-04 5.00E-03 10.00
Mn 55 2.93E-05 1.00E-04 1.00
Co 59 7.39E-06 1.00E-04 1.00
Ni 60 2.33E-05 1.00E-04 1.00
Cu 65 7.97E-05 1.00E-03 1.00
Zn 66 1.33E-04 1.00E-03 1.00
As 75 2.50E-05 1.00E-04 0.10
Se 78 1.66E-04 1.00E-03 0.10
Sr 88 3.10E-05 5.00E-04 1.00
Y 89 8.62E-06 1.00E-04 0.50
Mo 95 1.19E-05 5.00E-05 0.10
Ag 107 8.40E-06 1.00E-04 1.00
Cd 111 2.37E-05 1.00E-04 1.00
Sn 120 5.72E-06 1.00E-04 1.00
Ba 138 1.20E-05 1.00E-04 1.00
La 139 3.84E-05 1.00E-03 0.50
Ce 140 2.29E-05 1.00E-03 0.50
Pr 141 7.39E-06 1.00E-04 0.50
Nd 146 1.44E-05 1.00E-04 0.50
Sm 147 1.16E-05 1.00E-04 0.50
Eu 153 5.62E-06 1.00E-04 0.50
Gd 157 9.54E-06 1.00E-04 0.50
Tb 159 5.73E-06 1.00E-04 0.50
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Dy 163 1.14E-05 1.00E-04 0.50
Ho 165 7.66E-06 1.00E-04 0.50
Er 166 6.53E-06 1.00E-04 0.50
Tm 169 7.43E-06 1.00E-04 0.50
Yb 172 8.68E-06 1.00E-04 0.50
Lu 175 6.57E-06 1.00E-04 0.50
Pb 208 1.36E-05 1.00E-04 0.50
Th 232 8.15E-06 1.00E-04 0.50
U 238 5.51E-06 1.00E-04 1.00
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Appendix C: Table of all targets analyzed by RT-qPCR and Tagman
array cards

TagMan Array Card Targets

16S pan-16S_pan

EPEC eae-AP4772X

STEC stx1-STEC stx1

Adenovirus 40 41-
AP327HX

ETEC LT-APOHN7T

STEC stx2-AP327GZ

Aeromonas_spp-AP473E4

ETEC _STh-APGZMT7

Salmonella_ttr-APNKW2X

Ancylostoma duod-
APRWIJWM

ETEC_STp-APAAFKH

Sapovirus-Sapovirus

Ascaris_lumbrico-APU672G

E_coli_ O157-APPRRCN

Trichuris_trichi-APXGV7C

Astrovirus-APWC2MC

Entamoeba_histo-
APGZKF3

V_cholerae_hylA-
APPRRMV

BHV-APKCAX2

Giardia_spp-APKA9KX

avian_16s-APCFCHM

BRSV-APH6GD4

HIV_-APDJ43]

canine. mtDNA-APNKX3Z

o Helicobac pylori- eaec_aggRA”A [0-
C_difficile-AP327GX APTDWY?2 APH6GD9
Campy _jej-C_coli- Kevin mtDNA-
APYMPR6 APMF4HY hep_G-APNKX3W
Necator_american- .
Cryptosp_spp-APDJ3RC APT2EG] intl1-APKCAX6

EAEC_aaiC-APZTIC6

Norovirus GI-AP329U4

lepto-APFVT9E

EAEC_aatA-AP2XDW3

Norovirus GII-APFVT9A

myco_tuber-AP9HRIY

EIEC-Shigella-APXGV69

Rotavirus-AP2XFAA

poultry mtDNA-
APGZMUC

EPEC_bfpA-AP7DVMV

SARS-COV-2 NI-
APRWIJ37

zika-APMF4H3

toxocara-APAAGXP
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Appendix D: Example participant result letter

Sampling Date: YYYY-MM-DD |

| Random HH code:

Your Water Quality Results: Courtesy of Virginia Tech & Collaborators

Parameter or
Contaminant
(ppm = parts per million
mpn = most probable
number per 100mL)

EPA’s Measured in Your:
. Secondary Source
Maximum ; Bottled
G oA mat e Tap Water (tap
Contaminant] Water ter after 5 Water
Level* " water after (if used)
Ceyel minutes)

Typical Sources*
[Notes from Virginia Tech]

Microbiological Contaminants

Total Coliforms
bacteria (mpn)

Zero (or 5% of samples
per month for utilities)

Naturally present in the environment

E. coli 7z Bacteria - indicates that the water may be

- coli (mpn) ero - contaminated with human or animal wastes
Other Contaminants

Aluminum (ppm) - 0.05-0.2 [Many potential sources]

. Erosion of natural deposits; runoff from
Arsenic (ppm) 0.010 - orchards, glass and electronics production
. Discharge of drilling wastes & metal

Barium (ppm) 2 - refineries; erosion of natural deposits
Corrosion of pipes; erosion of natural
Cadmium (ppm) 0.005 - deposits; discharge from metal refineries;
runoff from waste batteries, paints
. Discharge from steel and pulp mills;
Chromium (ppm) 0.1 - erosion of natural deposits
(Action Corrosion of household plumbing systems;
Copper (ppm) 1.3 Level) erosion of natural deposits
Iron (ppm) - 0.3 [Many potential sources]
(Action Corrosion of household plumbing systems;
Lead (ppm) 0.015 Level) erosion of natural deposits
Manganese (ppm) - 0.05 [Many potential sources]
: Discharge from petroleum refineries;
Selenium (ppm) 0.05 - erosion of natural deposits; mine discharge
Zinc (ppm) - 5 [Many potential sources]

Note: Red font color indicates value is greater than the EPA Maximum Contaminant Level. Blue font indicates value is
greater than the EPA Secondary Maximum Contaminant Level.

If you have any questions, please contact Alasdair Cohen at Virginia Tech: Phone 540-231-9010 or email agcohen@vt.edu

*Text & data source: https://www.epa.gov/ground-water-and-drinking-water/national-primary-drinking-water-regulation-table
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Appendix D: Raw household level survey data

hhCode | surveyDate | enumerator | county | surveyStartTime
24Vsc.01 2024/4/22 FL Scott 15:37
24Vsc.02 | 2024/04/01 GB Scott 13:29
24Vsc.03 | 2024/05/17 GB Scott 13:15
24Vsc.05 | 2024/04/01 GB Scott 11:51
24Vsc.08 | 2024/04/01 GB Scott 16:18
24Vsc.09 | 2024/07/24 BN Scott 16:12
24Vsc.10 | 2024/04/22 FL Scott 12:51
24Vsc.11 | 2024/05/17 GB Scott 15:08
24Vsc.12 | 2024/04/22 FL Scott 11:11
24Vsc.13 | 2024/05/17 GB Scott 11:18
24Vsc.15 | 2024/04/19 BN Scott 13:30
24Vsc.16 | 2024/04/19 BN Scott 11:36
24Vsc.17 | 2024/03/25 GB Scott 13:32
24Vsc.18 | 2024/03/25 GB Scott 16:10
24Vsc.19 | 2024/03/25 GB Scott 11:36
24Vsc.20 | 2024/04/19 BN Scott 15:11
24Vsc.21 | 2025/03/19 GB Scott 11:17

hhCode | ownRent | homeBuilt | incomeLev | hohEdu | hohMarital
24Vsc.01 2 2005 12 6 4
24Vsc.02 2 1984 12 6 4
24Vsc.03 2 1976 13 6 4
24Vsc.05 2 2006 5 5 3
24Vsc.08 2 2001 13 7 4
24Vsc.09 2 2023 13 3 4
24Vsc.10 2 2023 13 5 4
24Vsc.11 2 1944 3 7 3
24Vsc.12 2 -2 13 7 4
24Vsc.13 2 1940 13 6 4
24Vsc.15 2 1920 13 8 4
24Vsc.16 2 1940 .S 7 1
24Vsc.17 2 ? 10 6 2
24Vsc.18 2 2010 13 6 4
24Vsc.19 2 1943 14 5 4
24Vsc.20 2 2004 1 6 2
24Vsc.21 2 1985 13 7 4




hhCode | wDrinkYear | wDrinkWarm | wDrinkCold
24Vsc.01 6 .S .S
24Vsc.02 2 .S .S
24Vsc.03 5 .S .S
24Vsc.05 2 .S .S
24Vsc.08 5 .S .S
24Vsc.09 2 .S .S
24Vsc.10 1 .S .S
24Vsc.11 7 .S .S
24Vsc.12 3 .S .S
24Vsc.13 7 .S .S
24Vsc.15 13 .S .S
24Vsc.16 13 .S .S
24Vsc.17 5 .S .S
24Vsc.18 2 .S .S
24Vsc.19 2 .S .S
24Vsc.20 6 .S .S
24Vsc.21 7 .S .S

hhCode | wCookY | wCookWarm | wCookCold
24Vsc.01 6 .S .S
24Vsc.02 6 .S S
24Vsc.03 5 .S S
24Vsc.05 7 .S S
24Vsc.08 5 .S S
24Vsc.09 2 .S S
24Vsc.10 1 .S S
24Vsc.11 7 .S S
24Vsc.12 1 .S S
24Vsc.13 7,1 .S S
24Vsc.15 13 .S S
24Vsc.16 13 .S S
24Vsc.17 5 .S S
24Vsc.18 6 .S S
24Vsc.19 2 .S S
24Vsc.20 6 .S S
24Vsc.21 7 .S S




hhCode

wBathYear

wBathWarm

wBathCold

24Vsc.01

6

.S

.S

24Vsc.02

24Vsc.03

24Vsc.05
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24Vsc.10

24Vsc.11
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24Vsc.15

24Vsc.16

24Vsc.17

24Vsc.18

24Vsc.19

24Vsc.20

24Vsc.21

NN NN N[N D= —= D3 |0 |

hhCode

secondDwYear

secondDwWarm

secondDwCold

24Vsc.01

2

2

24Vsc.02

10

24Vsc.03

10

24Vsc.05

10

24Vsc.08

10

24Vsc.09

10

24Vsc.10

2

24Vsc.11

10

24Vsc.12

1

24Vsc.13

10

24Vsc.15

10

24Vsc.16

1

24Vsc.17

2

24Vsc.18

10

24Vsc.19

10

24Vsc.20

2

24Vsc.21

10
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hhCode [ treatW | howTreatHome | howTreatTap

24Vsc.01 2 .S .S

24Vsc.02 .S .S .S

24Vsc.03 1 .S .S

24Vsc.05 6 98 1

24Vsc.08 1 .S .S

24Vsc.09 .S .S .S

24Vsc.10 6 99 .S

24Vsc.11 6 99 .S

24Vsc.12 6 99 .S

24Vsc.13 1 .S .S

24Vsc.15 3 6 .S

24Vsc.16 6 99,7 .S

24Vsc.17 4 .S 4

24Vsc.18 6 99 .S

24Vsc.19 1 .S .S

24Vsc.20 1 .S .S

24Vsc.21 6 99 .S

hhCode | whyTreatlHome | whyTreatlTap | whyTreat2Home | whyTreat2Tap

24Vsc.01 .S .S .S .S
24Vsc.02 .S .S .S .S
24Vsc.03 .S .S .S .S
24Vsc.05 98 99 98 98
24Vsc.08 .S .S .S .S
24Vsc.09 .S .S .S .S
24Vsc.10 6 .S 5 .S
24Vsc.11 99 .S 1 .S
24Vsc.12 3 .S 99 .S
24Vsc.13 .S .S .S .S
24Vsc.15 1 .S 98 .S
24Vsc.16 1 .S 6 .S
24Vsc.17 .S 99 98 98
24Vsc.18 99 .S 98 .S
24Vsc.19 .S .S .S .S
24Vsc.20 .S .S .S .S
24Vsc.21 99 .S 98 .S
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hhCode | waterQualPOV | poorWQprobl | poorWQprob2

24Vsc.01 3 99 98

24Vsc.02 3 6 99

24Vsc.03 6 S .S

24Vsc.05 5 .S .S

24Vsc.08 5 .S .S

24Vsc.09 5 .S .S

24Vsc.10 4 99 99

24Vsc.11 5 .S .S

24Vsc.12 5 .S .S

24Vsc.13 5 .S .S

24Vsc.15 1 .S .S

24Vsc.16 6 .S .S

24Vsc.17 5 .S .S

24Vsc.18 99 5 98

24Vsc.19 3 3 98

24Vsc.20 4 5 7

24Vsc.21 4 99 98

hhCode | bwWhy | bwSize bwBrand bwCostPurchase | bwTimePurchase

24Vsc.01 3 1 Food Club Purified 4 10
24Vsc.02 5 3 Store brand 5 20
24Vsc.03 .S .S .S .S .S
24Vsc.05 5 1 Rural King 10 32.5
24Vsc.08 .S .S .S .S .S
24Vsc.09 .m 1 varies 5.5 15
24Vsc.10 2 1 Great Value 5 20
24Vsc.11 .S .S .S .S .S
24Vsc.12 .S .S .S .S .S
24Vsc.13 .S .S .S .S .S
24Vsc.15 .S .S .S .S .S
24Vsc.16 .S .S .S .S .S
24Vsc.17 2 1 Great Value 0 45
24Vsc.18 1 1 Cheapest brand 6.5 10
24Vsc.19 1 1 Great Value 5 45
24Vsc.20 99 1 Generic, Food City 4.5 15
24Vsc.21 2 1 Generic -1 15
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rssWhy
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.S
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hhCode | sewageSytem | septicPump | sickl2Minor | sickl12Serious
24Vsc.01 2 3 2 2
24Vsc.02 2 2 2 1
24Vsc.03 2 1 1 1
24Vsc.05 2 1 1 1
24Vsc.08 2 2 8 1
24Vsc.09 2 99 2 1
24Vsc.10 99 2 2 2
24Vsc.11 2 1 1 1
24Vsc.12 1 1 1 1
24Vsc.13 2 2 2 2
24Vsc.15 99 S 1 1
24Vsc.16 2 2 1 1
24Vsc.17 2 2 3 1
24Vsc.18 2 1 3 1
24Vsc.19 2 2 2 2
24Vsc.20 2 99 2 1
24Vsc.21 2 2 2 1

80



hhCode | commHealth24 | timeClinicMinor | timeClinicSerious affordHealthcare
24Vsc.01 8 37.5 37.5 7
24Vsc.02 7 20 40 7
24Vsc.03 7 25 45 7
24Vsc.05 8 40 40 6
24Vsc.08 7 45 45 7
24Vsc.09 7 5 15 7
24Vsc.10 8 43 43 99
24Vsc.11 99 25 25 6
24Vsc.12 7 7 45 7
24Vsc.13 99 7 30 7
24Vsc.15 99 60 60 6
24Vsc.16 8 45 60 7
24Vsc.17 5 17.5 45 99
24Vsc.18 8 10 30 7
24Vsc.19 8 30 30 4
24Vsc.20 99 30 40 6
24Vsc.21 7 30 30 7

hhCode | totalAdult | totalChild | surveyEndTime

24Vsc.01 2 0 15:54

24Vsc.02 2 2 13:50

24Vsc.03 2 0 13:24

24Vsc.05 2 0 12:15

24Vsc.08 2 3 16:30

24Vsc.09 2 1 16:38

24Vsc.10 2 0 13:33

24Vsc.11 3 0 15:23

24Vsc.12 2 0 11:30

24Vsc.13 3 0 11:35

24Vsc.15 2 0 14:03

24Vsc.16 1 0 11:50

24Vsc.17 2 0 14:00

24Vsc.18 2 2 16:32

24Vsc.19 3 1 12:09

24Vsc.20 1 0 15:35

24Vsc.21 2 2 11:35
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hhCode |notesS1 notesS2 notesS3 notesS4 notesS5 notesS6
Q3 "Only lived here for 1.5 |Q14.1 "lron
24Vsc.01|months" staining”
Q3 circled 12 however Q14.2
there is a note that says "Biological
24Vsc.02|"$100K" Q4 "Associates" |Q11 "Bioled in past" (E.coli)"
Q3 "105 [refferring to
annual income]" Q6 "90-
24Vsc.03|100ft"
Q7 "Usually boiled, filter|Q12.1 Q14.1 "Wells
system on spring "Unsure of Q13 "Noted sediment|not effective,
24Vsc.05|Q2 "Bought 2006, trailer" [Q4 "GED" (protected?)" quality” (sand)" too deep"
24Vsc.08]|Q3 "~165k" Q4 "Nursing, wife"
Q4 "Dropped out during | Q23 "Newer than
24Vsc.09 | high school" 5 years"
Q6 "Private spring
Q4 water is not being
Q2 "Property not "Completed |used yet, planon
Q1 "Own property, no home, purchased high school, |eventually drinking Q11 "Carbon
24Vsc.10|home yet" sept 2023" Q3 "120K" certifications" |from spring" filter"
Q11 "Sediment |Q19.2 "Piped inw/
filter and UV" gravity flow" Q23
Q12.1 "Safety" "unsure here. 2 yr" Q26
Q19.1 "Declined |"Just getting older.
county H20 last Super old community"
24Vsc.1 year" Q29 "2 uninsured"
Q11 "Brita when
drinking, boiling when Q19.1 "Best form of
cooking. Don't treat Q12.2"Don't |water to putinthe Q23 "Last
24Vsc.12|1Q2 "50's" Q3 "$85K" spring water" trust it" body" week"
Q2 "wasn't sure" Q6 Q25 "only one in years
"Collection boxes, was covid" Q26 "Foot
protection box" Q7 Q19 mineral -> cancer from
"Sometimes town H20, "safer/cleaner than|company -> different
24Vsc.13 | minimal" town H20" H20 source"
Survey start time:
correctionto 13:30 FL Q2 "Built about Q6 "Doesn'tdrink it, |Q7 "Same as
24V'sc.15](2024/4/25) 100 years ago" Q3 "150,000" Q4 "PHD" brings utility water"  |#6"
Q2 "Own land Q3 "No household Q4 Q6 "No household Q8 "About
24Vsc.16[Q1 "Own land" 1940s-1950s" here" "Bachelors" |vet, building house" [100ft deep”
Q4 "Well depth Q5 "Divorced Q9 "Once ina Q11 "Fridge
24Vsc.17|Q3 "Approximate" 645' 2 yr" technically" while" Q10 "fridge only" only, filtered
Q11 "Whole Q12.1 "Remove Q13 "Varies, [Q14.1 "Muddy,
24Vsc.18|Q6 "75 pump" house filter Sediment" pretty good" [sediment" Q17.2"6-7"
Q14.2 "Muddy, needs |Q17.1
Q5 "Well 250 ft. Try to use filter change. Tastes "Sometimes Q24"
bottle. Well put in later. Q14.1 "Water bad, changed answer. |others- Q18. "Food Country [Daughter
24Vsc.19|Used spring 1st" feeds animals" Makes ice" cheapest" sometimes 15 min" _ [usually sick"
Survey start time: Q15"Does  |Q17.2 Originally Q21 "Toilet
correctionto 15:11 FL not like the wrote onform as "$9 |does not
24Vsc.20((2024/4/25) Q3 ">10,000" Q4 "Some college" spring water" |for every two weeks" |[flush"
Q11 "Sediment filter
Q2 "relocated home from with cotton, started Q12 "arrow to {Q19.1 "City H20 too |Q19.2 "Piped
24Vsc.21]1800s in 1985" Q6 "Gravity fed" |[w/salamander in toilet" |previous note" |far" in home"
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hhCode |notesS7 notesS8 notesS9 notesS10|notes S11 notes $12 notes S13 |notes S14 notes S15 |notes S16
24Vsc.01
24Vsc.02
24Vsc.03
Q191 Q26 "Son has I'm not sure
"Spring cancer where to put this
caused bumps on Q32 note for what
teeth Q21 "Just|cheek, son "Daughters |question, note
Q15 "Unsure of |Q17.1 "Purified not |problems as|fixed had blood Q28 "Same [Q29 "Son has [children says "Cave
24Vsc.05 [tap" drinking" a child" sink" clots" Q27 "Or 35" |place" champ VA" |nextdoor” [H20"
24Vsc.08
24Vsc.09
Q29 "HOH -
Q19.2"3 100%, goes
minutes, to VA as he's
however, a veteran.
Q14.2 not Q22 "Septic | Wife not
Q12.1 "Have to drinking [tank and covered,
24Vsc.10|"Chlorine" Q14.1 "High pH" pay forit" |yet" outhouse" cannot afford
24Vsc.11
Q32.2
24Vsc.12|"Currently
24Vsc.13
Q10 "ffrunout |"They stay 2-3 days a Survey end
of utility water  |week every year, they| Q20 Q26 "Lots of|time:
they brought stay about ~ 6 "Can'tget neighbours |corrected to
they boil the month/50-60 days Q11 warmin [Q21 Q22 die of 14:03 by FL
24Vsc.15|spring water" per year" "Cloraxine" [hose" "Outhouse"  |"Outhouse" |cancer” (2024/04/25)
Q11 "5 micron, |"Sediment 40637
.5 micron filter, [camco carbon Q27 "30
24Vsc.16 | camcos” 40638" mins-1hr"
Q121 Q29
"Rust/sediment Q17.2 Q24 "4-5 ["employer for
in lines on move | Q13 "Decent now, "Once every |times per |female,
24Vsc.17]in" need to drain at first" |6 months" _[year” medicare for
24Vsc.18|Q24 "~8/yr"
Q28 " Possibly |Q29 "With insurance,
24Vsc.19|Big Stone" veterans"
Q26 "Neighbor has  [Survey end
Q23 "About 8-9 |had Covid 2-3 times [time
years since last |otherwise healthy or |corrected to
24Vsc.20|cleaning" doesn't know" 15:35 FL
Q28 "Trauma 1
24Vsc.21|50 min away"
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Appendix E: Raw individual level survey data

hhCode | hPersonlD | hhCode | surveyDate | enumerator | county | surveyStartTime
24Vsc.01 1 24Vsc.01 | 2024/04/22 FL Scott 15:37
24Vsc.01 2 24Vsc.01 | 2024/04/22 FL Scott 15:37
24Vsc.02 1 24Vsc.02 | 2024/04/01 GB Scott 13:29
24Vsc.02 2 24Vsc.02 | 2024/04/01 GB Scott 13:29
24Vsc.02 3 24Vsc.02 | 2024/04/01 GB Scott 13:29
24Vsc.02 4 24Vsc.02 | 2024/04/01 GB Scott 13:29
24Vsc.03 1 24Vsc.03 | 2024/05/17 GB Scott 13:15
24Vsc.03 2 24Vsc.03 | 2024/05/17 GB Scott 13:15
24Vsc.05 1 24Vsc.05 | 2024/04/01 GB Scott 11:51
24Vsc.05 2 24Vsc.05 | 2024/04/01 GB Scott 11:51
24Vsc.08 1 24Vsc.08 | 2024/04/01 GB Scott 16:18
24Vsc.08 2 24Vsc.08 | 2024/04/01 GB Scott 16:18
24Vsc.08 3 24Vsc.08 | 2024/04/01 GB Scott 16:18
24Vsc.08 4 24Vsc.08 | 2024/04/01 GB Scott 16:18
24Vsc.08 5 24Vsc.08 | 2024/04/01 GB Scott 16:18
24Vsc.09 1 24Vsc.09 | 2024/07/24 BN Scott 16:12
24Vsc.09 2 24Vsc.09 | 2024/07/24 BN Scott 16:12
24Vsc.09 3 24Vsc.09 | 2024/07/24 BN Scott 16:12
24Vsc.10 1 24Vsc.10 | 2024/04/22 FL Scott 12:51
24Vsc.10 2 24Vsc.10 | 2024/04/22 FL Scott 12:51
24Vsc.11 1 24Vsc.11 | 2024/05/17 GB Scott 15:08
24Vsc.11 2 24Vsc.11 | 2024/05/17 GB Scott 15:08
24Vsc.11 3 24Vsc.11 | 2024/05/17 GB Scott 15:08
24Vsc.12 1 24Vsc.12 | 2024/04/22 FL Scott 11:11
24Vsc.12 2 24Vsc.12 | 2024/04/22 FL Scott 11:11
24Vsc.13 1 24Vsc.13 | 2024/05/17 GB Scott 11:18
24Vsc.13 2 24Vsc.13 | 2024/05/17 GB Scott 11:18
24Vsc.13 3 24Vsc.13 | 2024/05/17 GB Scott 11:18
24Vsc.15 1 24Vsc.15 | 2024/04/19 BN Scott 13:30
24Vsc.15 2 24Vsc.15 | 2024/04/19 BN Scott 13:30
24Vsc.16 1 24Vsc.16 | 2024/04/19 BN Scott 11:36
24Vsc.17 1 24Vsc.17 | 2024/03/25 GB Scott 13:32
24Vsc.17 2 24Vsc.17 | 2024/03/25 GB Scott 13:32
24Vsc.18 1 24Vsc.18 | 2024/03/25 GB Scott 16:10
24Vsc.18 2 24Vsc.18 | 2024/03/25 GB Scott 16:10
24Vsc.18 3 24Vsc.18 | 2024/03/25 GB Scott 16:10
24Vsc.18 4 24Vsc.18 | 2024/03/25 GB Scott 16:10
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24Vsc.19 1 24Vsc.19 | 2024/03/25 GB Scott 11:36
24Vsc.19 2 24Vsc.19 | 2024/03/25 GB Scott 11:36
24Vsc.19 3 24Vsc.19 | 2024/03/25 GB Scott 11:36
24Vsc.19 4 24Vsc.19 | 2024/03/25 GB Scott 11:36
24Vsc.20 1 24Vsc.20 | 2024/04/19 BN Scott 15:11
24Vsc.21 1 24Vsc.21 | 2025/03/19 GB Scott 11:17
24Vsc.21 2 24Vsc.21 | 2025/03/19 GB Scott 11:17
24Vsc.21 3 24Vsc.21 | 2025/03/19 GB Scott 11:17
24Vsc.21 4 24Vsc.21 | 2025/03/19 GB Scott 11:17

hhCode | hPersonlD | salivaSamp | salivaSampCode | stoolSamp stoolSampCode | headHH
24Vsc.01 1 1 24Vsc.01Ind1sv 0 .d 1
24Vsc.01 2 33 .S 33 .S 0
24Vsc.02 1 0 .d 0 .d 1
24Vsc.02 2 33 .S 0 .S 0
24Vsc.02 3 0 d 0 d 0
24Vsc.02 4 0 .d 0 .d 0
24Vsc.03 1 1 24Vsc.03Ind1sv 0 .S 1
24Vsc.03 2 33 .S 33 .S 0
24Vsc.05 1 0 24Vsc.05Ind1sv 0 d 1
24Vsc.05 2 33 .S 33 .S 0
24Vsc.08 1 0 .d 0 .d 1
24Vsc.08 2 33 .S 33 .S 1
24Vsc.08 3 33 S 33 .S 0
24Vsc.08 4 33 .S 33 .S 0
24Vsc.08 5 33 .S 33 .S 0
24Vsc.09 1 1 24Vsc.09Ind1sv 0 S 1
24Vsc.09 2 33 .S 33 .S 0
24Vsc.09 3 33 .S 33 .S 0
24Vsc.10 1 1 24Vsc.10Ind1sv 0 d 1
24Vsc.10 2 0 .d 0 .d 0
24Vsc.11 1 0 .S 0 .S 0
24Vsc.11 2 0 .S 0 .S 0
24Vsc.11 3 0 .S 0 .S 1
24Vsc.12 1 1 24Vsc.12Ind1sv 0 d 0
24Vsc.12 2 33 .S 33 .S 1
24Vsc.13 1 1 24Vsc.13Ind1sv 0 .S 1
24Vsc.13 2 33 .S 33 .S 0
24Vsc.13 3 1 24Vsc.13Ind3sv 0 .S 0
24Vsc.15 1 0 d 0 d 1

85




24Vsc.15 2 0 d 0 d 0
24Vsc.16 1 0 .d 0 .d 1
24Vsc.17 1 1 24Vsc.17Ind1sv 0 d 1
24Vsc.17 2 1 24Vsc.17Ind2sv 0 d 0
24Vsc.18 1 1 24Vsc.18Ind1sv 0 .d 1
24Vsc.18 2 33 .S 0 S 0
24Vsc.18 3 33 .S 0 S 0
24Vsc.18 4 33 .S 0 S 0
24Vsc.19 1 1 24Vsc.19Ind1sv 0 .d 1
24Vsc.19 2 33 .S 33 S 1
24Vsc.19 3 33 .S 33 .S 0
24Vsc.19 4 33 .S 33 S 0
24Vsc.20 1 0 d 0 d 1
24Vsc.21 1 1 24Vsc.21Ind1sy 0 s 1
24Vsc.21 2 1 24Vsc.21Ind2sv 0 .S 0
24Vsc.21 3 1 24Vsc.21Ind3sv 0 S 0
24Vsc.21 4 33 .S 0 .S 0

hhCode | hPersonlD | gen | age | raceEthnicity | height | weight

24Vsc.01 1 0 | 22 1 73 185

24Vsc.01 2 1 23 1 69 150

24Vsc.02 1 0 | 39 1 68 173

24Vsc.02 2 1 36 1 63 139

24Vsc.02 3 0 10 1 48 55

24Vsc.02 4 0 1 1 99 24

24Vsc.03 1 0 | 52 1 71 165

24Vsc.03 2 1 54 1 67 148

24Vsc.05 1 1 81 1 62 180

24Vsc.05 2 0 | 58 1 68 150

24Vsc.08 1 0 | 33 1 72 195

24Vsc.08 2 1 35 1 62 130

24Vsc.08 3 0 4 1 16 38

24Vsc.08 4 0 7 1 37 42

24Vsc.08 5 1 13 1 60 128

24Vsc.09 1 0 | 58 1 74 180

24Vsc.09 2 1 55 1 71 200

24Vsc.09 3 0 17 1 76 250

24Vsc.10 1 0 | 51 5 68 163

24Vsc.10 2 1 51 1 64 160

24Vsc.11 1 0 | 53 1 70 170
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24Vsc.11 2 1 | 47 1 68 99
24Vsc.11 3 1 |71 1 68 130
24Vsc.12 1 1 | 24 1 65 162
24Vsc.12 2 0 | 36 1 72 175
24Vsc.13 1 1 | 36 1 67 146
24Vsc.13 2 0 | 38 1 73 190
24Vsc.13 3 0 | 63 1 69 165
24Vsc.15 1 0 | 70 1 74 245
24Vsc.15 2 1 | 65 ,3 64.5 150
24Vsc.16 1 0 | 69 1 72 175
24Vsc.17 1 0 | 65 1 73 155
24Vsc.17 2 1 | 46 1 65 155
24Vsc.18 1 0 |33 1 76 205
24Vsc.18 2 1 | 32 1 66 140
24Vsc.18 3 0 |10 1 60 115
24Vsc.18 4 1 5 1 42 60
24Vsc.19 1 0 |51 1 70 250
24Vsc.19 2 1 | 46 1 68 99
24Vsc.19 3 1 |20 1 68 135
24Vsc.19 4 0 | 11 1 60 150
24Vsc.20 1 1 | 74 1 59 121
24Vsc.21 1 1 | 44 1 53 140
24Vsc.21 2 0 | 46 1 60 235
24Vsc.21 3 0 | 11 1 48 91
24Vsc.21 4 0 | 14 1 54 122
hhCode | hPersonlD | yrsinHH diabetes | livDis
24Vsc.01 1 ? 0 0 0
24Vsc.01 2 ? 0 0 0
24Vsc.02 1 11 0 0 1
24Vsc.02 2 11 0 0 0
24Vsc.02 3 10 0 0 0
24Vsc.02 4 1 0 0 0
24Vsc.03 1 29 0 0 0
24Vsc.03 2 29 1 0 0
24Vsc.05 1 18 1 0 1
24Vsc.05 2 5 0 0 0
24Vsc.08 1 4 0 0 0
24Vsc.08 2 4 0 0 0
24Vsc.08 3 4 0 0 0
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hhCode | hPersonID | diarrhea7 | stool24 fever7 nausea7 | cramps7 | vomiting7
24Vsc.01 1 0 .S .S .S .S .S
24Vsc.01 2 0 .S .S .S .S .S
24Vsc.02 1 0 .S .S .S .S .S
24Vsc.02 2 0 .S .S .S .S .S
24Vsc.02 3 0 .S .S .S .S .S
24Vsc.02 4 0 .S .S .S .S .S
24Vsc.03 1 0 .S .S .S .S .S
24Vsc.03 2 0 .S .S .S .S .S
24Vsc.05 1 0 .S .S .S .S .S
24Vsc.05 2 0 .S .S .S .S .S
24Vsc.08 1 0 .S .S .S .S .S
24Vsc.08 2 0 .S .S .S .S .S
24Vsc.08 3 0 .S .S .S .S .S
24Vsc.08 4 0 .S .S .S .S .S
24Vsc.08 5 0 .S .S .S .S .S
24Vsc.09 1 0 .S .S .S .S .S
24Vsc.09 2 0 .S .S .S .S .S
24Vsc.09 3 0 .S .S .S .S .S
24Vsc.10 1 1 0 0 0 0 0
24Vsc.10 2 99 .S .S .S .S .S
24Vsc.11 1 0 .S .S .S .S .S
24Vsc.11 2 0 .S .S .S .S .S
24Vsc.11 3 0 .S .S .S .S .S
24Vsc.12 1 0 .S .S .S .S .S
24Vsc.12 2 0 .S .S .S .S .S
24Vsc.13 1 0 .S .S .S .S .S
24Vsc.13 2 0 .S .S .S .S .S
24Vsc.13 3 1 1 0 0 0 0
24Vsc.15 1 0 .S .S .S .S .S
24Vsc.15 2 0 .S .S .S .S .S
24Vsc.16 1 0 .S .S .S .S .S
24Vsc.17 1 0 .S .S .S .S .S
24Vsc.17 2 0 .S .S .S .S .S
24Vsc.18 1 0 .S .S .S .S .S
24Vsc.18 2 0 .S .S .S .S .S
24Vsc.18 3 0 .S .S .S .S .S
24Vsc.18 4 0 .S .S .S .S .S
24Vsc.19 1 0 .S .S .S .S .S
24Vsc.19 2 0 .S .S .S .S .S
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24Vsc.19 3 99 .S .S .S .S .S
24Vsc.19 4 0 .S .S .S .S .S
24Vsc.20 1 0 .S .S .S .S .S
24Vsc.21 1 0 .S .S .S .S .S
24Vsc.21 2 0 0 0 0 0 0
24Vsc.21 3 0 0 0 0 0 0
24Vsc.21 4 0 0 0 0 0 0
hhCode | hPersonlD | bpPulse | systolicl | diastolicl | pulsel | systolic2 | diastolic2 | pulse2
24Vsc.01 1 1 141 75 63 137 84 67
24Vsc.01 2 33 .S .S .S .S .S .S
24Vsc.02 1 1 153 93 62 147 89 60
24Vsc.02 2 33 .S .S .S .S .S .S
24Vsc.02 3 0 d d d d d d
24Vsc.02 4 0 .d .d .d d d d
24Vsc.03 1 1 113 73 55 113 73 55
24Vsc.03 2 33 .S .S .S .S .S .S
24Vsc.05 1 1 201 96 70 210 95 68
24Vsc.05 2 33 .S .S .S .S .S .S
24Vsc.08 1 0 .d .d .d d d d
24Vsc.08 2 33 .S .S .S .S .S .S
24Vsc.08 3 33 .S .S .S .S .S .S
24Vsc.08 4 33 .S .S .S .S .S .S
24Vsc.08 5 33 .S .S .S .S .S .S
24Vsc.09 1 1 126 70 79 122 74 81
24Vsc.09 2 33 .S .S .S .S .S .S
24Vsc.09 3 33 .S .S .S .S .S .S
24Vsc.10 1 1 148 89 83 133 78 72
24Vsc.10 2 0 .d .d .d d d d
24Vsc.11 1 0 .S .S .S .S .S .S
24Vsc.11 2 0 .S .S .S .S .S .S
24Vsc.11 3 0 .S .S .S .S .S .S
24Vsc.12 1 1 140 87 96 137 83 77
24Vsc.12 2 .S .S .S .S .S .S .S
24Vsc.13 1 1 133 91 81 132 93 84
24Vsc.13 2 33 .S .S .S .S .S .S
24Vsc.13 3 1 118 78 78 107 79 82
24Vsc.15 1 1 140 85 56 142 83 60
24Vsc.15 2 1 147 92 86 138 90 82
24Vsc.16 1 0 d d d d d d




24Vsc.17 1 1 154 89 67 157 83 66
24Vsc.17 2 1 130 79 75 118 77 73
24Vsc.18 1 1 146 79 72 136 75 68
24Vsc.18 2 33 .S S .S S S
24Vsc.18 3 33 .S .S .S S S
24Vsc.18 4 33 .S .S .S S .S
24Vsc.19 1 1 122 78 70 119 78 72
24Vsc.19 2 33 .S S .S S S
24Vsc.19 3 33 .S S .S S S
24Vsc.19 4 33 .S S .S S S
24Vsc.20 1 0 d . . d . .
24Vsc.21 1 1 111 84 70 109 82 74
24Vsc.21 2 1 136 79 55 128 82 53
24Vsc.21 3 0 .S S .S S S
24Vsc.21 4 33 .S S .S S S
hhCode | hPersonID notesH1 notesH?2 notesH3
"1.5 Months" in the
24Vsc.01 1 house
24Vsc.01 2 "1.5 Months" in the house
"Liver/scar, Natyets/

24Vsc.02 1 "artificially Sweet" Fatty Liver

24Vsc.02 2

24Vsc.02 3 "Capris Sun"

24Vsc.02 4 "Whole Milk"

24Vsc.03 1

24Vsc.03 2

"Tea-night, Coffee- "daughter's children "allergies, pre-

24Vsc.05 1 morning" next door" diabetes"

24Vsc.05 2 "Skin Cancer on face" "lunges problems" "mining work"

24Vsc.08 1

24Vsc.08 2

24Vsc.08 3

24Vsc.08 4

24Vsc.08 5

24Vsc.09 1

24Vsc.09 2

24Vsc.09 3

24Vsc.10 1 "6 months"

24Vsc.10 2 "smoke cloves" "6 Months"
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24Vsc.11 1
24Vsc.11 2
24Vsc.11 3
"10 months in the
24Vsc.12 1 "currently pregnant" house"
24Vsc.12 2
24Vsc.13 1
24Vsc.13 2
"cough and loose bowels | "Difficult to measure
are persistent -> has blood pressure ->
dementia -> medication dementia -> daughter
24Vsc.13 3 change" administered"
24Vsc.15 1
24Vsc.15 2 "allergies"
24Vsc.16 1 "had kidney stones"
24Vsc.17 1 "Especially 4"
24Vsc.17 2 "6.5 Years"
24Vsc.18 1 "high Bp w/o meds" ?
24Vsc.18 2 "low Bp"
24Vsc.18 3
24Vsc.18 4
24Vsc.19 1 "kidney stones"
24Vsc.19 2 "half-half tea" "breast cancer"
"possible stomach
24Vsc.19 3 issues"
24Vsc.19 4
24Vsc.20 1
24Vsc.21 1
24Vsc.21 2
24Vsc.21 3
24Vsc.21 4
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Appendix F: POU water sample results

hhCode | wSampCode | wSampDate | Enumerator | utility0_otherl | wSampType

24Vsc.01 | 24Vsc.01Src | 4/22/2024 FL 1 tapSm
24Vsc.01 | 24Vsc.Oltap | 4/22/2024 FL 1 tapOm
24Vsc.02 | 24Vsc.02Src | 04/01/2024 GB 1 tapSm
24Vsc.02 | 24Vsc.02tap | 04/01/2024 GB 1 tapOm
24Vsc.03 | 24Vsc.03Src | 5/17/2024 GB 1 tapSm
24Vsc.03 | 24Vsc.03tap | 5/17/2024 GB 1 tapOm
24Vsc.05 | 24Vsc.05Src | 04/01/2024 GB 1 tapSm
24Vsc.05 | 24Vsc.05tap | 04/01/2024 GB 1 tapOm
24Vsc.08 | 24Vsc.08Src | 04/01/2024 GB 1 tapSm
24Vsc.08 | 24Vsc.08tap | 04/01/2024 GB 1 tapOm
24Vsc.09 | 24Vsc.09Src | 7/24/2024 BN 1 tapSm
24Vsc.09 | 24Vsc.0%tap | 7/24/2024 BN 1 tapOm
24Vsc.10 | 24Vsc.10bot | 4/22/2024 FL 1 ?

24Vsc.10 | 24Vsc.10Src | 4/22/2024 FL 0 tapSm
24Vsc.10 | 24Vsc.10tap | 4/22/2024 FL 0 tapOm
24Vsc.11 | 24Vsc.11bot | 5/17/2024 GB 1 ?

24Vsc.11 | 24Vsc.11Src | 5/17/2024 GB 1 tapSm
24Vsc.11 | 24Vsc.11tap | 5/17/2024 GB 1 tapOm
24Vsc.12 | 24Vsc.12bot | 4/22/2024 FL 1 ?

24Vsc.12 | 24Vsc.128rc | 4/22/2024 FL 0 tapSm
24Vsc.12 | 24Vsc.12tap | 4/22/2024 FL 0 tapOm
24Vsc.13 | 24Vsc.13bot | 5/17/2024 GB 0 ?

24Vsc.13 | 24Vsc.13Src | 5/17/2024 GB 1 ?

24Vsc.13 | 24Vsc.13tap | 5/17/2024 GB 1 ?

24Vsc.15 | 24Vsc.158rc | 4/19/2024 BN 1 tapSm
24Vsc.16 | 24Vsc.16Src | 4/19/2024 BN 1 tapSm
24Vsc.16 | 24Vsc.l6tap | 4/19/2024 BN 1 tapOm
24Vsc.17 | 24Vsc.17Src | 03/25/2024 GB 1 tapSm
24Vsc.17 | 24Vsc.17tap | 03/25/2024 GB 1 tapOm
24Vsc.18 | 24Vsc.18Src | 03/25/2024 GB 1 tapSm
24Vsc.18 | 24Vsc.18tap | 03/25/2024 GB 1 tapOm
24Vsc.19 | 24VSc.19Src | 03/25/2024 GB 1 tapSm
24Vsc.19 | 24Vsc.19tap | 03/25/2024 GB 1 tapOm
24Vsc.20 | 24Vsc.20Src | 4/19/2024 BN 1 tapSm
24Vsc.20 | 24Vsc.20tap | 4/19/2024 BN 1 tapOm
24Vsc.21 | 24Vsc.21Src | 3/19/2025 GB 1 tapSm
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24Vsc.21 | 24Vsc.21tap | 3/19/2025 GB 1 tapOm
hhCode | wSampCode | wFpH1 | wFpH2 | wFphM | wFphSD | wFtemp1l | wFtemp2 | wFtempM | wFtempSD
24Vsc.01 | 24Vsc.018rc 9.51 9.53 9.5 0.0 13.9 13.6 13.8 0.2
24Vsc.01 | 24Vsc.0ltap 9.5 9.53 9.5 0.0 14.7 13.8 14.3 0.6
24Vsc.02 | 24Vsc.028rc 7.95 791 7.9 0.0 16 16 16.0 0.0
24Vsc.02 | 24Vsc.02tap 7.89 7.88 7.9 0.0 20.1 20.1 20.1 0.0
24Vsc.03 | 24Vsc.03Src 7.61 7.67 7.6 0.0 18 17.6 17.8 0.3
24Vsc.03 | 24Vsc.03tap 7.72 7.67 7.7 0.0 20.9 21 21.0 0.1
24Vsc.05 | 24Vsc.058rc 8.52 8.52 8.5 0.0 15.1 14.6 14.9 0.4
24Vsc.05 | 24Vsc.05tap 8.6 8.55 8.6 0.0 20.2 20.3 20.3 0.1
24Vsc.08 | 24Vsc.08Src 7.72 7.73 7.7 0.0 15.5 15.4 15.5 0.1
24Vsc.08 | 24Vsc.08tap 7.64 7.63 7.6 0.0 21.3 21.1 21.2 0.1
24Vsc.09 | 24Vsc.098rc 8.22 8.14 8.2 0.1 24.9 25.1 25.0 0.1
24Vsc.09 | 24Vsc.09%tap .m .m .m .m 21.1 20.9 21.0 0.1
24Vsc.10 | 24Vsc.10bot 8.3 8.31 8.3 0.0 14.9 15.1 15.0 0.1
24Vsc.10 | 24Vsc.108rc 7.83 7.82 7.8 0.0 15.3 15.2 15.3 0.1
24Vsc.10 | 24Vsc.10tap 7.7 7.7 7.7 0.0 21.7 22 21.9 0.2
24Vsc.11 | 24Vsc.11bot 742 7.52 7.5 0.1 17.2 17.1 17.2 0.1
24Vsc.11 | 24Vsc.118rc 7.58 7.58 7.6 0.0 21.3 21.5 214 0.1
24Vsc.11 | 24Vsc.1l1tap 7.57 7.56 7.6 0.0 21.3 21.5 214 0.1
24Vsc.12 | 24Vsc.12bot 7.98 7.98 8.0 0.0 19.9 20.2 20.1 0.2
24Vsc.12 | 24Vsc.128rc 7.56 7.52 7.5 0.0 16.9 17 17.0 0.1
24Vsc.12 | 24Vsc.12tap 7.58 7.57 7.6 0.0 16.7 16.8 16.8 0.1
24Vsc.13 | 24Vsc.13bot 8.77 8.68 8.7 0.1 20.1 19.9 20.0 0.1
24Vsc.13 | 24Vsc.138rc 8.31 8.31 8.3 0.0 16.2 16.1 16.2 0.1
24Vsc.13 | 24Vsc.13tap 8.44 8.38 8.4 0.0 16.1 15.9 16.0 0.1
24Vsc.15 | 24Vsc.158rc 7.59 7.55 7.6 0.0 17.9 17.9 17.9 0.0
24Vsc.16 | 24Vsc.16Src 9.34 9.34 9.3 0.0 16.8 16.7 16.8 0.1
24Vsc.16 | 24Vsc.16tap 9.33 9.31 9.3 0.0 22.2 22.1 22.2 0.1
24Vsc.17 | 24Vsc.178rc 7.85 7.87 7.9 0.0 13.4 14.2 13.8 0.6
24Vsc.17 | 24Vsc.17tap 7.9 7.89 7.9 0.0 14.9 14.3 14.6 0.4
24Vsc.18 | 24Vsc.188rc 7.85 7.84 7.8 0.0 16.2 15.6 15.9 0.4
24Vsc.18 | 24Vsc.18tap 7.86 7.84 7.9 0.0 19.8 19.7 19.8 0.1
24Vsc.19 | 24V Sc.198rc 7.83 7.77 7.8 0.0 15.02 15.01 15.0 0.0
24Vsc.19 | 24Vsc.19%tap 8.02 8.03 8.0 0.0 17.7 17.4 17.6 0.2
24Vsc.20 | 24Vsc.208rc 7.34 7.36 7.4 0.0 20.8 20.3 20.6 0.4
24Vsc.20 | 24Vsc.20tap 7.3 7.31 7.3 0.0 16.1 16 16.1 0.1
24Vsc.21 | 24Vsc.218rc 6.56 6.51 6.5 0.0 14.9 15.2 15.1 0.2
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24Vsc21 | 24Vse21tap | 7.16 6.69 6.9 0.3 17.7 181 | 179 | 03 |

hhCode | wSampCode | wFcond1 | wFcond2 | wFcondM | wFcondSD | wEstimatedTDS(0.5) | wEstimatedTDS(0.64)

24Vsc.01 | 24Vsc.01Src 460 464 462.0 2.8 232 296
24Vsc.01 | 24Vsc.Oltap 466 464 465.0 1.4 232 298
24Vsc.02 | 24Vsc.02Src 377 377 377.0 0.0 189 241
24Vsc.02 | 24Vsc.02tap 375 375 375.0 0.0 188 240
24Vsc.03 | 24Vsc.03Src 172.1 175.7 173.9 2.5 88 111
24Vsc.03 | 24Vsc.03tap 184.1 183.1 183.6 0.7 92 118
24Vsc.05 | 24Vsc.05Src 355 362 358.5 4.9 181 229
24Vsc.05 | 24Vsc.05tap 365 362 363.5 2.1 181 233
24Vsc.08 | 24Vsc.08Src 393 396 394.5 2.1 198 252
24Vsc.08 | 24Vsc.08tap 387 384 385.5 2.1 192 247
24Vsc.09 | 24Vsc.09Src 463 462 462.5 0.7 231 296
24Vsc.09 | 24Vsc.09%ap 460 461 460.5 0.7 231 295
24Vsc.10 | 24Vsc.10bot 302 301 301.5 0.7 151 193
24Vsc.10 | 24Vsc.10Src 524 533 528.5 6.4 267 338
24Vsc.10 | 24Vsc.10tap 536 535 535.5 0.7 268 343
24Vsc.11 | 24Vsc.11bot 243 243 243.0 0.0 122 156
24Vsc.11 | 24Vsc.11Src 240 244 242.0 2.8 122 155
24Vsc.11 | 24Vsc.11tap 242 241 241.5 0.7 121 155
24Vsc.12 | 24Vsc.12bot 348 345 346.5 2.1 173 222
24Vsc.12 | 24Vsc.12Src 196 195.9 196.0 0.1 98 125
24Vsc.12 | 24Vsc.12tap 195.8 196 195.9 0.1 98 125
24Vsc.13 | 24Vsc.13bot 193.6 195.1 194.4 1.1 98 124
24Vsc.13 | 24Vsc.13Src 194.4 195.5 195.0 0.8 98 125
24Vsc.13 | 24Vsc.13tap 201 201 201.0 0.0 101 129
24Vsc.15 | 24Vsc.15Src 446 446 446.0 0.0 223 285
24Vsc.16 | 24Vsc.16Src 692 695 693.5 2.1 348 444
24Vsc.16 | 24Vsc.16tap 699 697 698.0 1.4 349 447
24Vsc.17 | 24Vsc.17Src 324 330 327.0 4.2 165 209
24Vsc.17 | 24Vsc.17tap 331 330 330.5 0.7 165 212
24Vsc.18 | 24Vsc.18Src 323 324 323.5 0.7 162 207
24Vsc.18 | 24Vsc.18tap 292 292 292.0 0.0 146 187
24Vsc.19 | 24V Sc.19S8rc 395 396 395.5 0.7 198 253
24Vsc.19 | 24Vsc.19tap 390 389 389.5 0.7 195 249
24Vsc.20 | 24Vsc.20Src 573 579 576.0 4.2 290 369
24Vsc.20 | 24Vsc.20tap 582 580 581.0 1.4 290 372
24Vsc.21 | 24Vsc.218rc 58.1 58.6 58.4 0.4 29 37
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24Vsc21 | 24Vse21tap | 595 | 60.7 60.1 08 | 30 38
hhCode | wSampCode WN“rat)e(Nm' wFluoride | wSulfate(SO4) | wTC1_Iw | wTC1_sw | wTC1_mpn
24Vsc.01 | 24Vsc.01Src 1.3 0.73 0 0 0 0
24Vsc.01 | 24Vsc.0ltap 1.6 0.761 0 0 0 0
24Vsc.02 | 24Vsc.02Src 0.4 0.165 51 0 0 0
24Vsc.02 | 24Vsc.02tap 0.7 0.167 53 0 0 0
24Vsc.03 | 24Vsc.03Src 0.6 0.756 5 4 0 4.1
24Vsc.03 | 24Vsc.03tap 0.8 0.699 5 8 0 8.6
24Vsc.05 | 24Vsc.05Src 0.3 BDL 0 49 26 488.4
24Vsc.05 | 24Vsc.05tap 0.4 BDL 0 47 22 249.5
24Vsc.08 | 24Vsc.08Src 0.7 0.198 0 12 1 14.6
24Vsc.08 | 24Vsc.08tap 0.6 0.239 0 7 0 7.5
24Vsc.09 | 24Vsc.09Src 2.2 0.465 1 0 0 0
24Vsc.09 | 24Vsc.09tap 2.4 0.671 9 0 0 0
24Vsc.10 | 24Vsc.10bot 0.9 BDL 0 49 45 1732.9
24Vsc.10 | 24Vsc.10Src 0.6 0.297 ? 0 0 0
24Vsc.10 | 24Vsc.10tap 1.1 0.244 ? 0 0 0
24Vsc.11 | 24Vsc.11bot 0.3 0.598 2 49 46 1986.3
24Vsc.11 | 24Vsc.11Sre 0.5 0.621 2 0 0 0
24Vsc.11 | 24Vsc.1l1tap 0.7 0.591 2 0 0 0
24Vsc.12 | 24Vsc.12bot 1.3 0.207 4 36 5 69.7
24Vsc.12 | 24Vsc.12Sre 1.4 0.412 3 0 0 0
24Vsc.12 | 24Vsc.12tap 0.9 0.463 4 0 0 0
24Vsc.13 | 24Vsc.13bot 0.6 0.693 0 0 0 0
24Vsc.13 | 24Vsc.13Src 1.1 1.014 4 49 43 1413.6
24Vsc.13 | 24Vse.13tap 0.8 0.72 0 49 46 1986.3
24Vsc.15 | 24Vsc.158rc 0.5 BDL 0 46 4 121
24Vsc.16 | 24Vsc.16Src 0.7 0.447 36 9 1 10.9
24Vsc.16 | 24Vsc.16tap 0.5 BDL 42 9 0 9.8
24Vsc.17 | 24Vsc.17Src 0.7 BDL 5 1 0 1
24Vsc.17 | 24Vsc.17tap 0.4 0.18 5 1 0 1
24Vsc.18 | 24Vsc.18Src 0.6 0.151 4 35 4 64.4
24Vsc.18 | 24Vsc.18tap 1.3 0.107 6 26 4 41.4
24Vsc.19 | 24VSc.19Sre 1.1 BDL 6 47 9 155.3
24Vsc.19 | 24Vsc.19tap 1.2 0.283 8 41 4 88
24Vsc.20 | 24Vsc.20Src 0.9 BDL 4 26 5 42.8
24Vsc.20 | 24Vsc.20tap 1.5 0.142 2 6 0 6.3
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24Vsc.21 | 24Vsc.218rc 0 .m 2 48 10 178.9

24Vsc.21 | 24Vsc.21tap 1.3 .m 3 47 12 172.3
hhCode | wSampCode | wEC1_Iw | wEC1_sw | WEC1_mpn | wTC2_Iw | wTC2_sw | wTC2_mpn
24Vsc.01 | 24Vsc.01Src 0 0 0 0 0 0
24Vsc.01 | 24Vsc.Oltap 0 0 0 0 0 0
24Vsc.02 | 24Vsc.02Src 0 0 0 0 0 0
24Vsc.02 | 24Vsc.02tap 0 0 0 0 0 0
24Vsc.03 | 24Vsc.03Src 0 0 0 4 0 4.1
24Vsc.03 | 24Vsc.03tap 0 0 0 5 1 6.3
24Vsc.05 | 24Vsc.05Src 0 1 1 49 26 488.4
24Vsc.05 | 24Vsc.05tap 0 0 0 48 17 238.2
24Vsc.08 | 24Vsc.08Src 0 0 0 8 0 8.6
24Vsc.08 | 24Vsc.08tap 0 0 0 1 0 1
24Vsc.09 | 24Vsc.09Src 0 0 0 0 0 0
24Vsc.09 | 24Vsc.09tap 0 0 0 0 0 0
24Vsc.10 | 24Vsc.10bot 12 2 15.8 49 43 1413.6
24Vsc.10 | 24Vsc.10Src 0 0 0 0 0 0
24Vsc.10 | 24Vsc.10tap 0 0 0 0 0 0
24Vsc.11 | 24Vsc.11bot 39 9 90.9 49 47 2419.6
24Vsc.11 | 24Vsc.11Src 0 0 0 0 0 0
24Vsc.11 | 24Vsc.11tap 0 0 0 0 0 0
24Vsc.12 | 24Vsc.12bot 0 0 0 29 3 46.4
24Vsc.12 | 24Vsc.128rc 0 0 0 0 0 0
24Vsc.12 | 24Vsc.12tap 0 0 0 0 0 0
24Vsc.13 | 24Vsc.13bot 0 0 0 0 0 0
24Vsc.13 | 24Vsc.13Src 8 1 9.7 49 44 1553.1
24Vsc.13 | 24Vsc.13tap 8 1 9.7 49 44 1553.1
24Vsc.15 | 24Vsc.15Src 0 0 0 49 10 204.6
24Vsc.16 | 24Vsc.16Src 0 0 0 6 0 6.3
24Vsc.16 | 24Vsc.16tap 0 0 0 8 3 11.9
24Vsc.17 | 24Vsc.17Src 0 0 0 1 0 1
24Vsc.17 | 24Vsc.17tap 0 0 0 3 0 3.1
24Vsc.18 | 24Vsc.18Src 0 0 0 34 4 61.3
24Vsc.18 | 24Vsc.18tap 0 0 0 22 1 29.5
24Vsc.19 | 24VSc.19Src 5 0 5.2 47 6 140.1
24Vsc.19 | 24Vsc.19tap 5 0 5.2 39 5 81.3
24Vsc.20 | 24Vsc.20Src 0 0 0 30 3 48.7
24Vsc.20 | 24Vsc.20tap 0 0 0 39 7 86
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24Vsc.21 | 24Vsc.21Src 1 1 2 45 10 1354
24Vsc.21 | 24Vsc.21tap 0 0 0 47 7 145

hhCo | wSamp | wEC2 | wEC2 | wEC2_ | wITCmp | wITCmp | wECmp | wECmp

de Code Iw sw mpn n M n_SD n M n_SD
24Vsc | 24Vsc.0

.01 1Src 0 0 0 0 0 0 0
24Vsc | 24Vsc.0

.01 ltap 0 0 0 0 0 0 0
24Vsc | 24Vsc.0

.02 2Src 0 0 0 0 0 0 0
24Vsc | 24Vsc.0

.02 2tap 0 0 0 0 0 0 0
24Vsc | 24Vsc.0

.03 3Src 0 0 0 4.1 0 0 0
24Vsc | 24Vsc.0

.03 3tap 0 0 0 7.45 1.626346 0 0
24Vsc | 24Vsc.0

.05 5Src 0 0 0 488.4 0 0.5 0.707107
24Vsc | 24Vsc.0

.05 Stap 0 0 0 243.85 | 7.990307 0 0
24Vsc | 24Vsc.0

.08 8Src 0 0 0 11.6 4242641 0 0
24Vsc | 24Vsc.0

.08 8tap 0 0 0 4.25 4.596194 0 0
24Vsc | 24Vsc.0

.09 9Src 0 0 0 0 0 0 0
24Vsc | 24Vsc.0

.09 9tap 0 0 0 0 0 0 0
24Vsc | 24Vsc.1

.10 Obot 18 1 23.1 1573.25 | 225.7792 19.45 5.16188
24Vsc | 24Vsc.1

.10 0Src 0 0 0 0 0 0 0
24Vsc | 24Vsc.1

.10 Otap 0 0 0 0 0 0 0
24Vsc | 24Vsc.1

11 1bot 40 5 85.7 2202.95 | 306.3894 88.3 3.676955
24Vsc | 24Vsc.l

A1 1Src 0 0 0 0 0 0 0
24Vsc | 24Vsc.l

A1 Itap 0 0 0 0 0 0 0
24Vsc | 24Vsc.l

12 2bot 0 0 0 58.05 16.47559 0 0
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24Vsc | 24Vsc.l

A2 2Src 0 0 0 0 0 0 0
24Vsc | 24Vsc.l

A2 2tap 0 0 0 0 0 0 0
24Vsc | 24Vsc.l

13 3bot 0 0 0 0 0 0 0
24Vsc | 24Vsc.l

13 3Src 9 1 10.9 1483.35 | 98.6414 10.3 0.848528
24Vsc | 24Vsc.1

.13 3tap 9 1 10.9 1769.7 | 306.3187 10.3 0.848528
24Vsc | 24Vsc.1

15 5Src 0 0 0 162.8 59.11413 0 0
24Vsc | 24Vsc.1

.16 6Src 0 0 0 8.6 3.252691 0 0
24Vsc | 24Vsc.1

.16 6tap 0 0 0 10.85 1.484924 0 0
24Vsc | 24Vsc.1

17 7Src 0 0 0 1 0 0 0
24Vsc | 24Vsc.1

17 Ttap 0 0 0 2.05 1.484924 0 0
24Vsc | 24Vsc.1

18 8Src 0 0 0 62.85 2.192031 0 0
24Vsc | 24Vsc.l

18 8tap 1 0 1 35.45 8.414571 0.5 0.707107
24Vsc | 24VSc.1

.19 9Src 4 0 4.1 147.7 10.74802 4.65 0.777817
24Vsc | 24Vsc.l

.19 Otap 8 0 8.6 84.65 4737615 6.9 2.404163
24Vsc | 24Vsc.2

.20 0Src 0 0 0 45.75 4.17193 0 0
24Vsc | 24Vsc.2

.20 Otap 0 0 0 46.15 56.35641 0 0
24Vsc | 24Vsc.2

21 1Src 1 0 1 157.15 | 30.75914 1.5 0.707107
24Vsc | 24Vsc.2

21 ltap 0 0 0 158.65 19.30402 0 0
hhCode | wSampCode | Lithium | Sodium | Magnesium | Aluminum | Silicon
24Vsc.01 | 24Vsc.01Src 4.8 109,767.4 156.0 6.4 4,561.4
24Vsc.01 | 24Vsc.0ltap 4.7 106,158.4 184.9 4.9 3,491.5
24Vsc.02 | 24Vsc.02Src 50.3 7,668.70 14,227.90 1.7 8,079.50
24Vsc.02 | 24Vsc.02tap 55.1 8,318.50 13,921.90 2.3 8,160.30
24Vsc.03 | 24Vsc.03Src 1.3 8,947.4 4,301.0 3.0 5,365.9
24Vsc.03 | 24Vsc.03tap 1.5 9,684.70 4,430.90 13.9 5,345.10
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24Vsc.05 | 24Vsc.05Src 1.3 529.4 20,443.2 5.1 3,617.1
24Vsc.05 | 24Vsc.05tap 1.2 526.9 20,420.60 7.9 3,570.30
24Vsc.08 | 24Vsc.08Src 3.8 468.7 25,730.5 1.7 4,025.5
24Vsc.08 | 24Vsc.08tap 4.0 467.9 25.248.0 5.5 3,933.6
24Vsc.09 | 24Vsc.09Src 14.4 1,175.5 26,772.4 0.2 4,055.6
24Vsc.09 | 24Vsc.09%tap 16.1 1,212.7 26,331.0 0.6 4,033.3
24Vsc.10 | 24Vsc.10bot 8.7 2,729.1 30,450.3 16.0 5,090.1
24Vsc.10 | 24Vsc.10Src 0.3 463.5 18,283.4 13.2 4,764.7
24Vsc.10 | 24Vsc.10tap 8.4 2,907.8 29,788.0 28.6 4,853.5
24Vsc.11 | 24Vsc.11bot 1.6 1,235.1 1,386.3 30.8 3,989.0
24Vsc.11 | 24Vsc.11S8rc 1.5 1,229.9 1,350.1 11.3 3,974.4
24Vsc.11 | 24Vsc.11tap 3.0 1,208.6 1,402.3 18.6 3,927.2
24Vsc.12 | 24Vsc.12bot 2.5 2,768.6 11,163.5 3.1 3,903.1
24Vsc.12 | 24Vsc.12Src 1.0 4,473.6 3,861.3 38.9 2,340.7
24Vsc.12 | 24Vsc.12tap 1.2 4,456.6 3,683.2 15.2 2,079.2
24Vsc.13 | 24Vsc.13bot 1.4 4,152.1 3,297.0 67.4 2,229.5
24Vsc.13 | 24Vsc.13Src 0.2 292.4 11,370.9 34 3,873.2
24Vsc.13 | 24Vsc.13tap 0.3 298.6 11,479.2 5.8 3,945.4
24Vsc.15 | 24Vsc.15Src 1.2 4353 27,038.7 3.0 3,759.0
24Vsc.16 | 24Vsc.16Src 186.3 167,128.1 198.9 8.9 4,872.0
24Vsc.16 | 24Vsc.16tap 150.4 168,751.90 23 5.2 4,792.40
24Vsc.17 | 24Vsc.17Src 0.9 513.3 19,365.4 2.3 4,577.6
24Vsc.17 | 24Vsc.17tap 2.9 534.5 19,501.9 44 4,547.4
24Vsc.18 | 24Vsc.18Src 14.3 2,683.2 14,659.2 4.1 6,522.5
24Vsc.18 | 24Vsc.18tap 8.3 1,645.2 11,252.6 6.1 5,378.0
24Vsc.19 | 24V Sc.19Src 1.6 1,244.2 16,019.8 6.2 3,215.0
24Vsc.19 | 24Vsc.19tap 1.6 1,227.0 15,555.7 16.4 3,150.5
24Vsc.20 | 24Vsc.20Src 18.9 8,908.0 8,244.9 2.2 5,674.2
24Vsc.20 | 24Vsc.20tap 19.4 9,339.8 8,185.0 6.5 5,641.4
24Vsc.21 | 24Vsc.21Src 6.6 2,941.9 2,204.2 64.7 7,326.7
24Vsc.21 | 24Vsc.21tap 6.7 2,954.3 2,197.8 106.3 7,415.1
hhCode | wSampCode | Phosphorus | Sulfur_ppm | Chloride ppm | Potassium | Calcium | Titanium
24Vsc.01 | 24Vsc.01Src 160.0 1.8 0.2 772.5 958.0 0.8
24Vsc.01 | 24Vsc.Oltap 94.2 5.9 0.2 755.5 1,189.0 0.4
24Vsc.02 | 24Vsc.02Src 6.2 36.2 -0.3 4,892.20 | 40,819.90 0.6
24Vsc.02 | 24Vsc.02tap 6.1 36.8 -0.3 4,992.60 | 40,174.70 0.7
24Vsc.03 | 24Vsc.03Src 7.0 9.2 -0.3 1,026.7 17,936.5 0.6
24Vsc.03 | 24Vsc.03tap 15.7 9.7 -0.3 1,010.90 | 18,246.90 0.6
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24Vsc.05 | 24Vsc.05Src -2.0 5.0 -0.4 1,050.4 39,246.4 0.2
24Vsc.05 | 24Vsc.05tap 2.6 5 -0.3 1,084.60 | 39,454.10 0.3
24Vsc.08 | 24Vsc.08Src 4.0 4.2 -0.3 1,389.1 38,615.1 0.2
24Vsc.08 | 24Vsc.08tap 1.3 4.0 -0.2 1,389.5 35,437.7 0.3
24Vsc.09 | 24Vsc.09Src 1.6 12.3 1.2 2,169.7 46,796.4 0.6
24Vsc.09 | 24Vsc.09%tap 0.9 12.5 1.1 2,263.2 46,118.6 0.4
24Vsc.10 | 24Vsc.10bot 2.3 98.8 2.0 2,290.5 55,681.5 0.3
24Vsc.10 | 24Vsc.10Src 2.0 2.3 -0.2 1,242.3 30,385.1 0.4
24Vsc.10 | 24Vsc.10tap 2.2 96.5 2.5 2,251.5 55,021.3 0.3
24Vsc.11 | 24Vsc.11bot 55.8 5.6 -0.2 433.3 41,208.1 1.1
24Vsc.11 | 24Vsc.11S8rc 49.2 5.5 -0.1 430.6 40,391.6 0.6
24Vsc.11 | 24Vsc.11tap 48.4 5.3 -0.2 414.0 38,297.8 0.7
24Vsc.12 | 24Vsc.12bot 7.2 11.0 1.6 650.0 48,447.3 0.2
24Vsc.12 | 24Vsc.12S8rc 1.9 8.3 8.4 1,043.7 25,147.1 0.5
24Vsc.12 | 24Vsc.12tap 0.7 8.3 8.7 985.6 23,632.8 0.0
24Vsc.13 | 24Vsc.13bot 0.9 8.5 7.9 993.3 24.645.7 0.3
24Vsc.13 | 24Vsc.13Src 2.8 1.7 -0.2 929.3 18,932.7 0.6
24Vsc.13 | 24Vsc.13tap 3.2 1.9 -0.2 939.2 19,170.2 0.6
24Vsc.15 | 24Vsc.15Src -4.7 4.8 -0.3 747.9 47,665.5 0.3
24Vsc.16 | 24Vsc.16Src 35.1 34.5 2.6 2,142.9 686.5 0.6
24Vsc.16 | 24Vsc.16tap 42.9 353 2.6 1,519.30 16.8 0.6
24Vsc.17 | 24Vsc.17Src 1.3 11.4 -0.2 1,502.2 32,999.7 0.3
24Vsc.17 | 24Vsc.17tap 0.6 11.7 -0.1 1,507.3 29,805.2 0.4
24Vsc.18 | 24Vsc.18Src 1.6 12.2 -0.3 2,563.2 41,630.5 0.5
24Vsc.18 | 24Vsc.18tap 6.4 8.4 -0.3 2,038.5 36,584.3 0.5
24Vsc.19 | 24V Sc.19Src 8.8 12.7 1.9 1,026.4 50,548.2 0.2
24Vsc.19 | 24Vsc.19tap 9.0 12.3 1.9 1,116.7 50,734.0 0.3
24Vsc.20 | 24Vsc.20Src 0.8 10.2 -0.2 2,824.9 97,290.8 0.5
24Vsc.20 | 24Vsc.20tap 0.6 10.2 -0.1 2,795.8 95,488.6 0.4
24Vsc.21 | 24Vsc.21Src 12.2 6.0 0.2 1,325.2 4,070.1 1.5
24Vsc.21 | 24Vsc.21tap 13.3 6.2 0.2 1,320.9 4,056.2 1.2
hhCode | wSampCode | Vanadium | Chromium | Iron | Manganese | Cobalt | Nickel
24Vsc.01 | 24Vsc.01Src -0.1 0.1 6.7 4.4 0.0 0.0
24Vsc.01 | 24Vsc.Oltap -0.1 0.1 4.0 27.4 0.1 10.8
24Vsc.02 | 24Vsc.02Src -0.2 0.1 437.6 774 0.1 0.4
24Vsc.02 | 24Vsc.02tap -0.2 0.1 388 89.6 0.1 0.4
24Vsc.03 | 24Vsc.03Src -0.2 0.1 50.0 3.7 0.0 1.5
24Vsc.03 | 24Vsc.03tap -0.2 0.1 11.5 1.8 0.1 2.2
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24Vsc.05 | 24Vsc.05Src 0.1 0.2 -10.4 0.1 0.1 0.4
24Vsc.05 | 24Vsc.05tap 0.1 0.2 8.4 0.5 0.1 0.5
24Vsc.08 | 24Vsc.08Src 0.4 0.3 2.3 0.0 0.1 0.4
24Vsc.08 | 24Vsc.08tap 0.4 0.3 1.4 0.0 0.1 0.4
24Vsc.09 | 24Vsc.09Src 0.0 0.3 21.1 0.0 0.4 3.8
24Vsc.09 | 24Vsc.09%tap 0.0 0.2 42.4 0.1 0.5 3.9
24Vsc.10 | 24Vsc.10bot -0.1 0.0 7.8 0.2 0.1 0.6
24Vsc.10 | 24Vsc.10Src 0.0 0.4 17.1 9.6 0.1 0.3
24Vsc.10 | 24Vsc.10tap -0.1 0.1 6.1 0.6 0.1 2.5
24Vsc.11 | 24Vsc.11bot -0.1 0.4 22.9 1.2 0.1 0.4
24Vsc.11 | 24Vsc.11Src -0.1 0.4 54 0.4 0.1 0.4
24Vsc.11 | 24Vsc.1l1tap -0.1 0.3 5.6 1.7 1.2 1.1
24Vsc.12 | 24Vsc.12bot 0.0 0.2 1.7 0.1 0.1 0.6
24Vsc.12 | 24Vsc.12Src 0.0 0.3 20.1 0.4 0.0 0.6
24Vsc.12 | 24Vsc.12tap -0.1 0.1 500.3 8.6 0.1 1.2
24Vsc.13 | 24Vsc.13bot 0.1 0.3 13.7 0.3 0.1 0.6
24Vsc.13 | 24Vsc.13Src 0.0 0.4 3.9 0.9 0.0 0.2
24Vsc.13 | 24Vsc.13tap 0.0 0.5 6.1 1.3 0.0 0.3
24Vsc.15 | 24Vsc.15Src 0.1 0.2 -16.6 0.0 0.1 0.5
24Vsc.16 | 24Vsc.16Src -0.1 0.1 43.7 4.4 0.0 0.0
24Vsc.16 | 24Vsc.16tap 0 0.1 24.8 0 0 0
24Vsc.17 | 24Vsc.17Src -0.1 0.2 8.3 0.2 0.1 1.2
24Vsc.17 | 24Vsc.17tap -0.1 0.2 1.7 1.4 0.1 1.8
24Vsc.18 | 24Vsc.18Src -0.1 0.4 4.7 6.5 0.1 0.5
24Vsc.18 | 24Vsc.18tap -0.1 0.6 5.4 0.3 0.1 0.6
24Vsc.19 | 24V Sc.19Src -0.1 0.2 2.3 0.6 0.1 1.1
24Vsc.19 | 24Vsc.19tap -0.1 0.2 2.5 1.1 0.1 18.1
24Vsc.20 | 24Vsc.20Src -0.2 0.2 141.0 1.2 0.1 1.1
24Vsc.20 | 24Vsc.20tap -0.2 0.2 20.1 0.4 0.1 1.5
24Vsc.21 | 24Vsc.21Src 0.0 0.1 38.0 1.1 0.0 1.1
24Vsc.21 | 24Vsc.21tap 0.0 0.2 47.9 1.2 0.0 1.6
hhCode wSampCod | Coppe Zine Arseni | Seleniu | Strontiu | Molybednu
e r c m m m

24Vsc.0

1 24Vsc.01Src 0.0 0.1 -0.1 1.0 38.1 0.0
24Vsc.0 1,246.

1 24Vsc.0ltap 79.0 4 -0.1 0.5 53.1 0.2
24Vsc.0

2 24Vsc.02Src 0.2 -0.1 -0.1 0.2 695.5 0
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24Vsc.0

2 24Vsc.02tap 0.7 1.7 -0.1 0.1 695.6 0
24Vsc.0

3 24Vsc.03Src 16.6 40.2 0.1 0.3 276.4 0.1
24Vsc.0

3 24Vsc.03tap 54.2 328.9 0.1 0.1 275.9 0.1
24Vsc.0

5 24Vsc.05Src 5.7 4.3 0.0 0.6 32.5 0.0
24Vsc.0

5 24Vsc.05tap 42.2 36.7 0 0.5 32.5 0.1
24Vsc.0

8 24Vsc.08Src 54 5.2 0.3 0.8 86.9 0.4
24Vsc.0

8 24Vsc.08tap 10.7 8.6 0.3 0.7 79.6 0.4
24Vsc.0

9 24Vsc.09Src 12.4 20.4 0.5 0.9 208.2 2.1
24Vsc.0

9 24Vsc.09tap 17.0 26.4 0.6 0.6 223.5 2.5
24Vsc.1

0 24Vsc.10bot 20.0 28.5 0.0 0.3 433.6 0.8
24Vsc.1

0 24Vsc.10Src 0.1 -0.7 -0.1 0.8 14.8 0.0
24Vsc.1

0 24Vsc.10tap 14.4 70.6 0.0 0.2 4233 0.7
24Vsc.1

1 24Vsc.11bot 0.1 0.1 0.1 0.7 152.6 0.2
24Vsc.1

1 24Vsc.118rc 17.3 5.7 0.1 0.6 150.4 0.1
24Vsc.1

1 24Vsc.l1tap | 143.4 37.6 0.1 0.6 144.1 0.1
24Vsc.1

2 24Vsc.12bot 0.2 0.4 0.0 0.7 2,424 4 0.1
24Vsc.1

2 24Vsc.128rc 2.0 10.0 0.0 0.6 186.5 0.2
24Vsc.1

2 24Vsc.12tap 11.1 383.5 0.0 0.2 174.8 0.0
24Vsc.1

3 24Vsc.13bot 2.2 100.0 0.1 0.4 220.0 0.2
24Vsc.1

3 24Vsc.13Src 0.1 1.5 0.1 0.6 10.8 0.2
24Vsc.1

3 24Vsc.13tap 1.6 3.0 0.1 0.9 10.8 0.2
24Vsc.1

5 24Vsc.158rc 0.1 -0.3 0.0 0.9 37.6 0.0
24Vsc.1

6 24Vsc.16Src -0.1 3.4 -0.1 0.9 17.2 0.3
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24Vsc.1

6 24Vsc.16tap 2.1 -0.1 -0.1 1 0.1 0.4
24Vsc.1

7 24Vsc.17Src 5.0 11.7 0.3 1.7 67.7 5.9
24Vsc.1

7 24Vsc.17tap 37.6 41.8 0.3 1.7 48.7 6.0
24Vsc.1

8 24Vsc.18Src 7.9 11.8 0.0 0.6 162.0 0.5
24Vsc.1

8 24Vsc.18tap 28.0 32.0 0.0 0.4 93.5 0.5
24Vsc.l | 24VSc.19Sr

9 c 49.6 10.2 0.0 0.5 384.2 0.3
24Vsc.1

9 24Vsc.19tap | 840.6 243.8 0.0 0.6 402.3 0.3
24Vsc.2

0 24Vsc.20Src 12.7 5.5 -0.1 1.2 250.0 0.0
24Vsc.2

0 24Vsc.20tap 95.6 61.1 -0.1 1.1 248.1 0.0
24Vsc.2

1 24Vsc.218rc 25.7 8.5 0.0 -0.8 10.7 -0.2
24Vsc.2

1 24Vsc.21tap | 265.7 100.0 0.0 -1.0 10.8 -0.1

hhCode | wSampCode | Silver | Cadmium | Tin | Barium | Lead | Uranium

24Vsc.01 | 24Vsc.01Src 0.0 0.0 0.0 23.6 0.0 0.0

24Vsc.01 | 24Vsc.Oltap 0.0 0.4 0.4 69.7 12.4 0.1

24Vsc.02 | 24Vsc.02Src 0 0 0 72.1 0 0

24Vsc.02 | 24Vsc.02tap 0 0 0 71.7 0.1 0

24Vsc.03 | 24Vsc.03Src 0.0 0.0 0.0 60.3 0.8 0.0

24Vsc.03 | 24Vsc.03tap 0 0 0 59 0.5 0

24Vsc.05 | 24Vsc.05Src 0.0 0.0 0.0 26.9 0.1 0.2

24Vsc.05 | 24Vsc.05tap 0 0 0 26.9 0.6 0.2

24Vsc.08 | 24Vsc.08Src 0.0 0.0 0.0 220.9 0.1 1.9

24Vsc.08 | 24Vsc.08tap 0.0 0.0 0.0 215.1 0.1 1.6

24Vsc.09 | 24Vsc.09Src 0.0 0.0 0.0 443 0.1 1.5

24Vsc.09 | 24Vsc.09%tap 0.0 0.0 0.0 45.5 0.3 1.6

24Vsc.10 | 24Vsc.10bot 0.0 0.0 0.0 49.4 0.0 0.2

24Vsc.10 | 24Vsc.10Src 0.0 0.0 0.0 14.1 0.0 0.1

24Vsc.10 | 24Vsc.10tap 0.0 0.0 0.0 48.4 0.1 0.2

24Vsc.11 | 24Vsc.11bot | 0.0 0.0 0.1 16.0 0.1 0.1

24Vsc.11 | 24Vsc.118rc 0.0 0.0 0.0 15.4 0.3 0.1

24Vsc.11 | 24Vsc.1l1tap 0.0 0.0 0.0 15.3 1.2 0.0
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24Vsc.12 | 24Vsc.12bot | 0.0 0.0 0.0 124.2 0.0 0.2
24Vsc.12 | 24Vsc.12Src 0.0 0.0 0.1 26.8 0.1 0.1
24Vsc.12 | 24Vsc.12tap | 0.0 0.4 0.4 23.0 0.4 0.0
24Vsc.13 | 24Vsc.13bot | 0.0 0.6 0.6 23.4 0.9 0.0
24Vsc.13 | 24Vsc.13Src 0.0 0.0 0.1 9.9 0.1 0.1
24Vsc.13 | 24Vsc.13tap | 0.0 0.0 0.1 10.1 0.1 0.1
24Vsc.15 | 24Vsc.15Src | 0.0 0.0 0.0 42.7 0.0 0.2
24Vsc.16 | 24Vsc.16Src 0.0 0.0 0.1 19.4 0.1 0.1
24Vsc.16 | 24Vsc.16tap 0 0 0.1 0.1 0.4 0.2
24Vsc.17 | 24Vsc.17Src | 0.0 0.0 0.0 102.7 0.2 1.0
24Vsc.17 | 24Vsc.17tap 0.0 0.0 0.1 104.8 1.2 0.9
24Vsc.18 | 24Vsc.18Src 0.0 0.0 0.0 43.2 0.2 0.2
24Vsc.18 | 24Vsc.18tap 0.0 0.0 0.0 32.9 0.7 0.2
24Vsc.19 | 24VSc.19Src | 0.0 0.0 0.0 67.2 0.0 0.3
24Vsc.19 | 24Vsc.19tap 0.0 0.0 0.0 65.1 0.5 0.2
24Vsc.20 | 24Vsc.20Src 0.0 0.0 0.0 121.7 0.4 0.4
24Vsc.20 | 24Vsc.20tap 0.0 0.0 0.0 121.9 1.0 0.4
24Vsc.21 | 24Vsc.218rc 0.0 0.0 0.0 18.1 0.4 0.0
24Vsc.21 | 24Vsc.21tap 0.0 0.0 0.0 18.2 3.0 0.0
hhCode | wSampCode | Sodium_(ppm) | Magnesium_(ppm) | Aluminum_(ppm) | Sulfur_(ppm)
24Vsc.01 | 24Vsc.01Src 109.7674 0.156 0.0064 1.8
24Vsc.01 | 24Vsc.0ltap 106.1584 0.1849 0.0049 5.9
24Vsc.02 | 24Vsc.028rc 7.6687 14.2279 0.0017 36.2
24Vsc.02 | 24Vsc.02tap 8.3185 13.9219 0.0023 36.8
24Vsc.03 | 24Vsc.03Src 8.9474 4.301 0.003 9.2
24Vsc.03 | 24Vsc.03tap 9.6847 4.4309 0.0139 9.7
24Vsc.05 | 24Vsc.05Src 0.5294 20.4432 0.0051 5
24Vsc.05 | 24Vsc.05tap 0.5269 20.4206 0.0079 5
24Vsc.08 | 24Vsc.08Src 0.4687 25.7305 0.0017 4.2
24Vsc.08 | 24Vsc.08tap 0.4679 25.248 0.0055 4
24Vsc.09 | 24Vsc.09Src 1.1755 26.7724 0.0002 12.3
24Vsc.09 | 24Vsc.09%tap 1.2127 26.331 0.0006 12.5
24Vsc.10 | 24Vsc.10bot 2.7291 30.4503 0.016 98.8
24Vsc.10 | 24Vsc.10Src 0.4635 18.2834 0.0132 2.3
24Vsc.10 | 24Vsc.10tap 2.9078 29.788 0.0286 96.5
24Vsc.11 | 24Vsc.11bot 1.2351 1.3863 0.0308 5.6
24Vsc.11 | 24Vsc.118rc 1.2299 1.3501 0.0113 5.5
24Vsc.11 | 24Vsc.11tap 1.2086 1.4023 0.0186 53
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24Vsc.12 | 24Vsc.12bot 2.7686 11.1635 0.0031 11

24Vsc.12 | 24Vsc.128rc 4.4736 3.8613 0.0389 8.3
24Vsc.12 | 24Vsc.12tap 4.4566 3.6832 0.0152 8.3
24Vsc.13 | 24Vsc.13bot 4.1521 3.297 0.0674 8.5
24Vsc.13 | 24Vsc.138rc 0.2924 11.3709 0.0034 1.7
24Vsc.13 | 24Vsc.13tap 0.2986 11.4792 0.0058 1.9
24Vsc.15 | 24Vsc.158rc 0.4353 27.0387 0.003 4.8
24Vsc.16 | 24Vsc.16Src 167.1281 0.1989 0.0089 34.5
24Vsc.16 | 24Vsc.16tap 168.7519 0.023 0.0052 353
24Vsc.17 | 24Vsc.17Src 0.5133 19.3654 0.0023 11.4
24Vsc.17 | 24Vsc.17tap 0.5345 19.5019 0.0044 11.7
24Vsc.18 | 24Vsc.188rc 2.6832 14.6592 0.0041 12.2
24Vsc.18 | 24Vsc.18tap 1.6452 11.2526 0.0061 8.4
24Vsc.19 | 24VSc.19Src 1.2442 16.0198 0.0062 12.7
24Vsc.19 | 24Vsc.19%tap 1.227 15.5557 0.0164 12.3
24Vsc.20 | 24Vsc.208rc 8.908 8.2449 0.0022 10.2
24Vsc.20 | 24Vsc.20tap 9.3398 8.185 0.0065 10.2
24Vsc.21 | 24Vsc.218rc 2.9419 2.2042 0.0647 6

24Vsc.21 | 24Vsc.2ltap 2.9543 2.1978 0.1063 6.2

hhCode | wSampCode | Chloride (ppm) | Potassium_(ppm) | Calcium_(ppm) ‘ Chromium_(ppm) ‘

24Vsc.01 | 24Vsc.01Src 0.2 0.7725 0.958 0.0001
24Vsc.01 | 24Vsc.0ltap 0.2 0.7555 1.189 0.0001
24Vsc.02 | 24Vsc.02Sre -0.3 4.8922 40.8199 0.0001
24Vsc.02 | 24Vsc.02tap -0.3 4.9926 40.1747 0.0001
24Vsc.03 | 24Vsc.03Sre -0.3 1.0267 17.9365 0.0001
24Vsc.03 | 24Vsc.03tap -0.3 1.0109 18.2469 0.0001
24Vsc.05 | 24Vsc.058rc -0.4 1.0504 39.2464 0.0002
24Vsc.05 | 24Vsc.05tap -0.3 1.0846 39.4541 0.0002
24Vsc.08 | 24Vsc.08Src -0.3 1.3891 38.6151 0.0003
24Vsc.08 | 24Vsc.08tap -0.2 1.3895 35.4377 0.0003
24Vsc.09 | 24Vsc.09Sre 1.2 2.1697 46.7964 0.0003
24Vsc.09 | 24Vsc.09%tap 1.1 2.2632 46.1186 0.0002
24Vsc.10 | 24Vsc.10bot 2 2.2905 55.6815 0

24Vsc.10 | 24Vsc.10Sre -0.2 1.2423 30.3851 0.0004
24Vsc.10 | 24Vsc.10tap 2.5 2.2515 55.0213 0.0001
24Vsc.11 | 24Vsc.11bot -0.2 0.4333 41.2081 0.0004
24Vsc.11 | 24Vsc.118rc -0.1 0.4306 40.3916 0.0004
24Vsc.11 | 24Vsc.11tap -0.2 0.414 38.2978 0.0003
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24Vsc.12 | 24Vsc.12bot 1.6 0.65 48.4473 0.0002
24Vsc.12 | 24Vsc.128rc 8.4 1.0437 25.1471 0.0003
24Vsc.12 | 24Vsc.12tap 8.7 0.9856 23.6328 0.0001
24Vsc.13 | 24Vsc.13bot 7.9 0.9933 24.6457 0.0003
24Vsc.13 | 24Vsc.138re -0.2 0.9293 18.9327 0.0004
24Vsc.13 | 24Vsc.13tap -0.2 0.9392 19.1702 0.0005
24Vsc.15 | 24Vsc.158re -0.3 0.7479 47.6655 0.0002
24Vsc.16 | 24Vsc.16Src 2.6 2.1429 0.6865 0.0001
24Vsc.16 | 24Vsc.16tap 2.6 1.5193 0.0168 0.0001
24Vsc.17 | 24Vsc.17Src -0.2 1.5022 32.9997 0.0002
24Vsc.17 | 24Vsc.17tap -0.1 1.5073 29.8052 0.0002
24Vsc.18 | 24Vsc.18Sre -0.3 2.5632 41.6305 0.0004
24Vsc.18 | 24Vsc.18tap -0.3 2.0385 36.5843 0.0006
24Vsc.19 | 24VSc.19Src 1.9 1.0264 50.5482 0.0002
24Vsc.19 | 24Vsc.19tap 1.9 1.1167 50.734 0.0002
24Vsc.20 | 24Vsc.20Sre -0.2 2.8249 97.2908 0.0002
24Vsc.20 | 24Vsc.20tap -0.1 2.7958 95.4886 0.0002
24Vsc.21 | 24Vsc.218re 0.2 1.3252 4.0701 0.0001
24Vsc.21 | 24Vsc.21tap 0.2 1.3209 4.0562 0.0002
wSampCod | Iron_(ppm | Manganese (ppm | Nickel (ppm | Copper_(ppm
hhCode e ) ) ) )
24Vsc.0
1 24Vsc.01Src 0.0067 0.0044 0 0
24Vsc.0
1 24Vsc.0ltap 0.004 0.0274 0.0108 0.079
24Vsc.0
2 24Vsc.02Sre 0.4376 0.0774 0.0004 0.0002
24Vsc.0
2 24Vsc.02tap 0.388 0.0896 0.0004 0.0007
24Vsc.0
3 24Vsc.03Src 0.05 0.0037 0.0015 0.0166
24Vsc.0
3 24Vsc.03tap 0.0115 0.0018 0.0022 0.0542
24Vsc.0
5 24Vsc.05Sre -0.0104 0.0001 0.0004 0.0057
24Vsc.0
5 24Vsc.05tap 0.0084 0.0005 0.0005 0.0422
24Vsc.0
8 24Vsc.08Src 0.0023 0 0.0004 0.0054
24Vsc.0
8 24Vsc.08tap 0.0014 0 0.0004 0.0107
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24Vsc.0

9 24Vsc.09Src 0.0211 0 0.0038 0.0124
24Vsc.0

9 24Vsc.09%tap 0.0424 0.0001 0.0039 0.017
24Vsc.1

0 24Vsc.10bot 0.0078 0.0002 0.0006 0.02
24Vsc.1

0 24Vsc.10Src 0.0171 0.0096 0.0003 0.0001
24Vsc.1

0 24Vsc.10tap 0.0061 0.0006 0.0025 0.0144
24Vsc.1

1 24Vsc.11bot 0.0229 0.0012 0.0004 0.0001
24Vsc.1

1 24Vsc.11Src 0.0054 0.0004 0.0004 0.0173
24Vsc.1

1 24Vsc.11tap 0.0056 0.0017 0.0011 0.1434
24Vsc.1

2 24Vsc.12bot 0.0017 0.0001 0.0006 0.0002
24Vsc.1

2 24Vsc.12Src 0.0201 0.0004 0.0006 0.002
24Vsc.1

2 24Vsc.12tap 0.5003 0.0086 0.0012 0.0111
24Vsc.1

3 24Vsc.13bot 0.0137 0.0003 0.0006 0.0022
24Vsc.1

3 24Vsc.13Src 0.0039 0.0009 0.0002 0.0001
24Vsc.1

3 24Vsc.13tap 0.0061 0.0013 0.0003 0.0016
24Vsc.1

5 24Vsc.15Src -0.0166 0 0.0005 0.0001
24Vsc.1

6 24Vsc.16Src 0.0437 0.0044 0 -0.0001
24Vsc.1

6 24Vsc.16tap 0.0248 0 0 0.0021
24Vsc.1

7 24Vsc.17Src 0.0083 0.0002 0.0012 0.005
24Vsc.1

7 24Vsc.17tap 0.0017 0.0014 0.0018 0.0376
24Vsc.1

8 24Vsc.18Src 0.0047 0.0065 0.0005 0.0079
24Vsc.1

8 24Vsc.18tap 0.0054 0.0003 0.0006 0.028
24Vsc.1 | 24VSc.19Sr

9 c 0.0023 0.0006 0.0011 0.0496
24Vsc.1

9 24Vsc.19tap 0.0025 0.0011 0.0181 0.8406
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24Vsc.2
0 24Vsc.20Sre 0.141 0.0012 0.0011 0.0127
24Vsc.2
0 24Vsc.20tap 0.0201 0.0004 0.0015 0.0956
24Vsc.2
1 24Vsc.21Src 0.038 0.0011 0.0011 0.0257
24Vsc.2
1 24Vsc.21tap 0.0479 0.0012 0.0016 0.2657
hhCode | wSampCode | Zinc_(ppm) | Arsenic_(ppm) | Selenium_(ppm) | Molybednum_(ppm)
24Vsc.01 | 24Vsc.01Src 0.0001 -0.0001 0.001 0
24Vsc.01 | 24Vsc.0Oltap 1.2464 -0.0001 0.0005 0.0002
24Vsc.02 | 24Vsc.02Src -0.0001 -0.0001 0.0002 0
24Vsc.02 | 24Vsc.02tap 0.0017 -0.0001 0.0001 0
24Vsc.03 | 24Vsc.03Src 0.0402 0.0001 0.0003 0.0001
24Vsc.03 | 24Vsc.03tap 0.3289 0.0001 0.0001 0.0001
24Vsc.05 | 24Vsc.05Src 0.0043 0 0.0006 0
24Vsc.05 | 24Vsc.05tap 0.0367 0 0.0005 0.0001
24Vsc.08 | 24Vsc.08Src 0.0052 0.0003 0.0008 0.0004
24Vsc.08 | 24Vsc.08tap 0.0086 0.0003 0.0007 0.0004
24Vsc.09 | 24Vsc.09Src 0.0204 0.0005 0.0009 0.0021
24Vsc.09 | 24Vsc.09tap 0.0264 0.0006 0.0006 0.0025
24Vsc.10 | 24Vsc.10bot 0.0285 0 0.0003 0.0008
24Vsc.10 | 24Vsc.10Src -0.0007 -0.0001 0.0008 0
24Vsc.10 | 24Vsc.10tap 0.0706 0 0.0002 0.0007
24Vsc.11 | 24Vsc.11bot 0.0001 0.0001 0.0007 0.0002
24Vsc.11 | 24Vsc.11Src 0.0057 0.0001 0.0006 0.0001
24Vsc.11 | 24Vsc.11tap 0.0376 0.0001 0.0006 0.0001
24Vsc.12 | 24Vsc.12bot 0.0004 0 0.0007 0.0001
24Vsc.12 | 24Vsc.128rc 0.01 0 0.0006 0.0002
24Vsc.12 | 24Vsc.12tap 0.3835 0 0.0002 0
24Vsc.13 | 24Vsc.13bot 0.1 0.0001 0.0004 0.0002
24Vsc.13 | 24Vsc.13Src 0.0015 0.0001 0.0006 0.0002
24Vsc.13 | 24Vsc.13tap 0.003 0.0001 0.0009 0.0002
24Vsc.15 | 24Vsc.158rc -0.0003 0 0.0009 0
24Vsc.16 | 24Vsc.16Src 0.0034 -0.0001 0.0009 0.0003
24Vsc.16 | 24Vsc.16tap -0.0001 -0.0001 0.001 0.0004
24Vsc.17 | 24Vsc.17Src 0.0117 0.0003 0.0017 0.0059
24Vsc.17 | 24Vsc.17tap 0.0418 0.0003 0.0017 0.006
24Vsc.18 | 24Vsc.18Src 0.0118 0 0.0006 0.0005
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24Vsc.18 | 24Vsc.18tap 0.032 0 0.0004 0.0005

24Vsc.19 | 24VSc.19Src 0.0102 0 0.0005 0.0003

24Vsc.19 | 24Vsc.19tap 0.2438 0 0.0006 0.0003

24Vsc.20 | 24Vsc.20Src 0.0055 -0.0001 0.0012 0

24Vsc.20 | 24Vsc.20tap 0.0611 -0.0001 0.0011 0

24Vsc.21 | 24Vsc.21Src 0.0085 0 -0.0008 -0.0002

24Vsc.21 | 24Vsc.21tap 0.1 0 -0.001 -0.0001
hhCode | wSampCode | Silver (ppm) | Cadmium_(ppm) | Barium (ppm) | Lead (ppm) | Uranium_(ppm)
24Vsc.01 | 24Vsc.01Src 0 0 0.0236 0 0
24Vsc.01 | 24Vsc.0ltap 0 0.0004 0.0697 0.0124 0.0001
24Vsc.02 | 24Vsc.02Src 0 0 0.0721 0 0
24Vsc.02 | 24Vsc.02tap 0 0 0.0717 0.0001 0
24Vsc.03 | 24Vsc.03Src 0 0 0.0603 0.0008 0
24Vsc.03 | 24Vsc.03tap 0 0 0.059 0.0005 0
24Vsc.05 | 24Vsc.05Src 0 0 0.0269 0.0001 0.0002
24Vsc.05 | 24Vsc.05tap 0 0 0.0269 0.0006 0.0002
24Vsc.08 | 24Vsc.08Src 0 0 0.2209 0.0001 0.0019
24Vsc.08 | 24Vsc.08tap 0 0 0.2151 0.0001 0.0016
24Vsc.09 | 24Vsc.09Src 0 0 0.0443 0.0001 0.0015
24Vsc.09 | 24Vsc.09tap 0 0 0.0455 0.0003 0.0016
24Vsc.10 | 24Vsc.10bot 0 0 0.0494 0 0.0002
24Vsc.10 | 24Vsc.10Src 0 0 0.0141 0 0.0001
24Vsc.10 | 24Vsc.10tap 0 0 0.0484 0.0001 0.0002
24Vsc.11 | 24Vsc.11bot 0 0 0.016 0.0001 0.0001
24Vsc.11 | 24Vsc.118rc 0 0 0.0154 0.0003 0.0001
24Vsc.11 | 24Vsc.11tap 0 0 0.0153 0.0012 0
24Vsc.12 | 24Vsc.12bot 0 0 0.1242 0 0.0002
24Vsc.12 | 24Vsc.12Src 0 0 0.0268 0.0001 0.0001
24Vsc.12 | 24Vsc.12tap 0 0.0004 0.023 0.0004 0
24Vsc.13 | 24Vsc.13bot 0 0.0006 0.0234 0.0009 0
24Vsc.13 | 24Vsc.13Src 0 0 0.0099 0.0001 0.0001
24Vsc.13 | 24Vsc.13tap 0 0 0.0101 0.0001 0.0001
24Vsc.15 | 24Vsc.158rc 0 0 0.0427 0 0.0002
24Vsc.16 | 24Vsc.16Src 0 0 0.0194 0.0001 0.0001
24Vsc.16 | 24Vsc.16tap 0 0 0.0001 0.0004 0.0002
24Vsc.17 | 24Vsc.17Src 0 0 0.1027 0.0002 0.001
24Vsc.17 | 24Vsc.17tap 0 0 0.1048 0.0012 0.0009
24Vsc.18 | 24Vsc.18Src 0 0 0.0432 0.0002 0.0002




24Vsc.18 | 24Vsc.18tap 0 0 0.0329 0.0007 0.0002
24Vsc.19 | 24VSc.19Src 0 0 0.0672 0 0.0003
24Vsc.19 | 24Vsc.19tap 0 0 0.0651 0.0005 0.0002
24Vsc.20 | 24Vsc.20Src 0 0 0.1217 0.0004 0.0004
24Vsc.20 | 24Vsc.20tap 0 0 0.1219 0.001 0.0004
24Vsc.21 | 24Vsc.21Src 0 0 0.0181 0.0004 0
24Vsc.21 | 24Vsc.21tap 0 0 0.0182 0.003 0
hhCode wSampCod . tacW_Aero | tacW_Crypt | tacW_ETE
e waterthi m 0 C
24Vsc.0
1 24Vsc.01Src | 24Vsc.0lsrcPCR 0 0 0
24Vsc.0
1 24Vsc.0ltap not_tested
24Vsc.0
2 24Vsc.02Src 24Vsc.02srcPCR 0 0 0
24Vsc.0
2 24Vsc.02tap not tested
24Vsc.0
3 24Vsc.03Src 24Vsc.03srcPCR 0 0 0
24Vsc.0
3 24Vsc.03tap not tested
24Vsc.0
5 24Vsc.05Src 24Vsc.05srcPCR 1 1 0
24Vsc.0
5 24Vsc.05tap not tested
24Vsc.0
8 24Vsc.08Src 24Vsc.08srcPCR 0 0 0
24Vsc.0
8 24Vsc.08tap not tested
24Vsc.0
9 24Vsc.09Src | 24Vsc.09srcPCR 0 0 0
24Vsc.0
9 24Vsc.09%tap not tested
24Vsc.1
0 24Vsc.10bot not tested
24Vsc.1 24Vsc.10srcPCR(1L
0 24Vsc.10Src ) 1 0 0
24Vsc.1
0 24Vsc.10tap not tested
24Vsc.1
1 24Vsc.11bot not tested
24Vsc.1
1 24Vsc.11Src 24Vsc.11srcPCR 0 0 0
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24Vsc.1

1 24Vsc.11tap not_tested
24Vsc.1

2 24Vsc.12bot not tested
24Vsc.1

2 24Vsc.12S8rc | 24Vsc.12srcPCR
24Vsc.1

2 24Vsc.12tap not_tested
24Vsc.1

3 24Vsc.13bot not tested
24Vsc.1

3 24Vsc.13Src 24Vsc.13srcPCR
24Vsc.1

3 24Vsc.13tap not tested
24Vsc.1

5 24Vsc.15Src 24Vsc.15srcPCR
24Vsc.1

6 24Vsc.16Src 24Vsc.16srcPCR
24Vsc.1

6 24Vsc.16tap not tested
24Vsc.1

7 24Vsc.17Src 24Vsc.17srcPCR
24Vsc.1

7 24Vsc.17tap not tested
24Vsc.1

8 24Vsc.18Src | 24Vsc.18srcPCR
24Vsc.1

8 24Vsc.18tap not tested
24Vsc.l | 24V Sc.19Sr

9 c 24Vsc.19srcPCR
24Vsc.1

9 24Vsc.19tap not tested
24Vsc.2

0 24Vsc.20Src | 24Vsc.20srcPCR
24Vsc.2

0 24Vsc.20tap not tested
24Vsc.2

1 24Vsc.21Src not tested
24Vsc.2

1 24Vsc.21tap not tested
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