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Abstract

Private well stewardship, including on-going testing and treatment, can ensure private well users
are able to maintain source-water quality and prevent exposures to potentially harmful constituents
in primary drinking water supplies. Unlike municipal water supplies, private well users are largely
responsible for their own testing and treatment and well stewardship is often minimal. The
importance of factors influencing regular testing, and treatment behaviors, including knowledge,
risk perception, convenience and social norms, can vary by geography and population
characteristics. The primary goals of this study were to survey a general statewide population of
private well users in Wisconsin in order to quantify testing and treatment patterns and gather data
on motivations and barriers to well stewardship. The majority of respondents reported using and
drinking well water daily but only about one half of respondents reported testing their wells in the
last ten years and of these, only 10% reported testing in the last 12 months. Bacteria and nitrates
were contaminants most often tested; and, a private laboratory most often conducted testing. The
most commonly reported water treatment was a water softener. Living in a particular geographic
region and income were the most significant predictors of water testing and treatment. Iron and
hardness, which influence water aesthetics but not always safety, were the most commonly
reported water quality problems. Health concerns or perceived lack thereof were, respectively,
motivators and barriers to testing and treatment. Limited knowledge of testing and treatment
options were also identified as barriers. Results confirm previous findings that well stewardship
practices are minimal and often context specific. Understanding the target population’s
perceptions of risk and knowledge are important elements to consider in identifying vulnerable
populations and developing education and policy efforts to improve well stewardship.
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1. Introduction

The public health importance of private well stewardship—including periodic testing,
appropriate treatment, and maintenance of wells—is often overlooked. Approximately 13
million households (or 15%) in the United States rely on a private well as their primary
source of drinking water.! Unlike public water supplies, no federal laws and minimal state
regulations are in place to ensure systematic monitoring for chemical or microbial
contaminants in domestic private wells. Rather, well owners have primary responsibility for
overall testing, treatment, and maintenance. Public health practitioners acknowledge well
stewardship as an important prevention measure to identify problems early and to ensure
private well users have access to high quality drinking water. However, additional research is
needed to identify factors that influence well stewardship in order to develop strategies that
will improve this practice.

Well stewardship is both a local and a national public health challenge.2* A USGS report
testing private wells in 48 states found that more than one-fifth of all sampled wells had
levels greater than health-based standards, and almost 25% of rural wells located in largely
agricultural areas exceeded health based standards, with over 34% testing positive for
nitrates.2 Private well stewardship is a particularly important issue in states like Wisconsin
where at least one quarter of the population is served by a private well as their primary
drinking water source®. Wisconsin is fortunate to have a vast resource of deep and plentiful
aquifers to supply water for over 800,000 residents throughout many metro-fringe and rural
areas of the state. Wisconsin also has a number of potential groundwater quality issues
associated with naturally occurring mineral deposits and geological formations in addition to
anthropometric threats from agriculture (e.g. nitrate, bacteria) and industry.>® 7A recent
study by Knobeloch et al. (2013) found that over 47% of samples provided to the Wisconsin
State Laboratory of Hygiene for testing had levels of one or more groundwater constituents
at or above health based standards.® Despite occurrence of potentially harmful contaminants
found in well water, it is also well established that private well users are often unlikely to
regularly test or treat well water according to public health recommendations.”: 11 For
example, the Wisconsin Department of Natural Resources (DNR) estimates only 10% of the
almost one million private well users in the state test their wells according to their agency
recommended guidelines with similar findings in Maine and elsewhere.12.8
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Proper well stewardship can help private well users maintain drinking water quality and
identify source-water quality issues early; however, preventing exposures to potentially
harmful constituents requires understanding the specific motivation and barriers to testing
and treatment in populations. A recent review by Morris, 2016 categorized drivers of well
stewardship into four domains: 1) knowledge and information; 2) risk perception; 3)
convenience; and 4) personal and social beliefs.% 7 The importance and relevance of each
domain, as well as specific factors in each domain, are often context specific and can vary
across geographies and even within and across communities. A recent expert panel convened
by the national Centers for Disease Control and Prevention concluded that additional
research to understand testing and treatment behaviors as well as barriers to proper well
stewardship is needed in order to identify vulnerable populations and guide targeted
outreach and education efforts.® Given the increasing awareness of the need to understand
contextual drivers of well stewardship, several recent studies have examined issues in areas
with greater risk of exposure to specific contaminants such as arsenic or general populations
in rural Canada.b: 10 13-19 However, there is a paucity of data available describing
determinants of well stewardship among general populations of private well users in the
United States.

Given a limited regulatory infrastructure, education campaigns and local well testing
programs are the major tools available to promote well stewardship in most communities.
For example, state agencies in Wisconsin including the Department of Health, the Wisconsin
Department of Natural Resources and the Department of Agriculture provide well owners
with contaminant-specific recommendations that suggest regular testing annually for
constituents such as nitrates and bacteria and every five to ten years for arsenic and other
contaminants. Previous research from across the United States has shown that while
messages are well intentioned the public is often confused about how often and when to
test.1018 Some states have begun to develop policies such as mandatory testing at the sale of
a property or at the time of new well construction, however, these policies are dependent on
population mobility and new construction to initiate or monitor water quality testing.14 20
Additional research into motivators and barriers to testing in a general population sample of
well users could provide important insights into how best to target intervention and policy
strategies to promote well stewardship.

This study emerged as part of a community-academic partnership including state and local
environmental and health agencies to address current gaps in understanding private well
stewardship across Wisconsin. Previous literature in the United States has focused primarily
on testing and treatment behaviors among residents in high-risk areas who have potential
exposure to groundwater contaminants through private wells. Less is known about the
general population. The Survey of the Health of Wisconsin (SHOW) program, an existing
health-based examination study that generated a representative sample of Wisconsin adults,
was used to recruit participants for a follow-up study of private well users. The primary
goals of the project were to: 1) describe the social and demographic characteristics of private
well users among a general population based sample of state residents; 2) identify how often
private well water was used for everyday living; and 3) to quantify testing and treatment
patterns. A final aim of the study was to identify knowledge of, motivations for, and barriers
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to regular, ongoing well stewardship and to use this information to identify target
populations and effective strategies for promoting well stewardship.

2. Methods
2.1 Study Population

Participants were identified based on their indication of being served by a private well as
their primary drinking water source during participation in the baseline 2008—2013 Survey
of the Health of Wisconsin (SHOW) program (n=726 households). Details and methods of
the baseline survey have been previously published.?! In brief, SHOW is a household based
examination survey that includes in-home personal interviews, a self-administered
questionnaire, audio-computer assisted interviews, and a physical exam. The 2008-2013
cohort included non-institutional adults aged 21-74. Baseline data collection included- but
were not limited to -questionnaires on individual health history; socio-demographic and
lifestyle factors, health care access and utilization and household characteristics. The
physical exam includes objective anthropometric measurements, blood pressure and bio-
specimen collection. Beyond initial questions about primary drinking water for each
household, no further information on well stewardship was collected at baseline. Of the 726
households recruited at baseline who reported a private well as their primary source of water,
31 households did not give consent to be contacted for future SHOW studies. Some
households also divided into multiple households between baseline and follow-up due to
moving or divorce (n=24), leaving 719 households as the final target sample for mail-based
follow-up. The target population was defined as private well users rather than private well
owners because approximately 5% of those using private wells for drinking water were
renters and not owners.

2.2 Follow-Up Survey Development and Implementation

The mail survey questionnaire development was supported by a collaboration between
academic partners, public health practitioners and environmental managers from the
Wisconsin Departments of Health Services (DHS) and Natural Resources (DNR) who had
been identified as key stakeholders with interest in private well stewardship. A stakeholder
meeting was held to gather baseline information and identify data gaps regarding private
well stewardship from public health and environmental protection practitioners and
academic partners in water resources. Existing items from previous private well

surveys10. 13, 22,23 \yere compiled to generate a first draft of the questionnaire to be
reviewed and modified by the team. After careful review, stakeholders approved the final
questionnaire and study design, and the full study protocol was sent to and approved by the
University of Wisconsin Institutional Review Board (study # 2013-0251).

A modified Tailored Design Method was used to recruit participation in the mailed survey.24
The initial survey packet mailing included an invitation letter, a five-dollar bill, the self-
administered questionnaire, and a return stamped envelope asking one participant per
household to complete the survey. A random self-selection method was used to identify one
participant per eligible household to complete the survey. If two household members had
originally participated in the baseline survey, households were asked to select one
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respondent of their choosing to participate. Up to three additional attempts at follow-up were
made. Two weeks after the initial mailing, non-respondent households were mailed a follow-
up reminder post-card. Five weeks after the initial mailing, another letter, paper survey, and
stamped return envelope were mailed and then followed up via email and/or telephone. The
final survey instrument is available in supplemental materials (Appendix 1).

2.3 Data Analyses

Personal demographic and health history data from the baseline 2008-2013 SHOW survey
were linked to the private well survey responses and used to summarize detailed population
characteristics. Existing health conditions were described using the baseline 20082013
data. Body mass index (BMI, kg/m?) was calculated using measured height (m) and weight
(kg). BMI categories were defined based on World Health Organization cut-points for
underweight (<18.5 kg/m?), normal (18.5-24.9 kg/m?2), overweight (25.0-29.9 kg/m?), and
obese (=30 kg/m?).25 Smoking status, cancer and diabetes history were all derived from self-
reported health history data. Hypertension was defined as a participant having systolic blood
pressure equal to or greater than 140 mm Hg and/or diastolic blood pressure equal to or
greater than 90 mm Hg, or a self-report of current use of an anti-hypertensive medication.

Urbanicity of each participant’s home, as well as the census block group, county, and health
region a participant resides in, were determined using geocoded latitude and longitude for
each verified household address. Urban residence was defined as living in an Urbanized
Area (50,000 or more people) or Urban Cluster (2,500 to 50,000 people) based on the 2010
US Census definitions.26 All other areas were classified as “rural.” Health regions were
defined by the Wisconsin’s Department of Human Services (DHS) and consist of multiple
contiguous counties making up public health service regions and consortiums.

In addition to defining private well population characteristics, demographic and geographic
data were also used to determine if there were significant differences between respondents
who test and treat private wells compared to those who did not. In order to better understand
motivations and barriers for testing we also asked detailed questions about testing patterns,
types of parameters tested, and what organization conducted the tests. Additional questions
asked about risk perceptions and concerns driving testing behaviors and used categorical and
open-ended response options. Similarly, we asked about treatment behaviors to determine
types of treatment used and reasons for treating or not treating well again using categorical
and open-ended response options. Questions were asked to address each of the four
previously mentioned categories of motivators and barriers including 1) knowledge and
information; 2) risk perceptions; 3) convenience or lack therefore and 4) social perceptions
or demographic beliefs.

All analyses were conducted using ESRI ArcGIS version 10.1 and SAS version 9.3.
Descriptive statistics, cross tabulations, and logistic regression were used to identify
proportions of population and assess the associations between (a) self-reported behaviors
(well water testing and treatment), and (b) demographic characteristics, motivators and
barriers. Testing was defined first based on response of yes or no to the question “Have you
tested your well in the last ten years?” “Yes” responses were followed by a question to
understand temporality of testing in response to the question, in the last 12-month (<1 year),
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1-5 years or 6-10 years. Well water treatment was defined based on participant self-report
of using a carbon filter or other treatment device designed to reduce the concentration of
microorganisms and/or chemical contaminants or water softener. Potential confounding
variables were selected based on demographic predictors of testing and treatment by
demographic subcategory at p<. 05 and included age, income, gender and geographic region.

User Testing Patterns, Constituents Found, Problems Identified and Actions

Private well users identified at baseline were more likely to be older, have slightly less
education, have household income between $50,000 and $100,000 and live in rural areas
(see Supplemental Table 1) compared to the overall state population. Respondents to the
follow-up survey were more likely to be over 60 years of age and have a higher education,
higher family income, and higher BMI than non-respondents (data not shown). The majority
of respondents (95%) reported drinking their well water at home with 75% reporting they
always drink well water. Nearly all also reported using their private well water for cooking,
dish washing, showering and bathing (Figure 1).

There were no statistically significant differences in testing patterns by demographics with
the exception of health region. Approximately one half of well users (53%) reported having
tested their well water in the last 10 years. Crude rates of testing in the last ten years verses
not testing trended higher for females, non-smokers, those with a median family income of
$50,000-$99,000, and those with more children in the home. Among those who tested,
about one-fifth reported testing their well water within the past 12 months (19%); a lower
testing rate compared to testing 1 to 5 years ago (42%) and between 6 to 10 years ago
(37%). Families with children and individuals living in the northern health region tended to
report testing in the last 1-5 years rather than 6-10 years. There were no differences in
testing rates between those with or without self-report cancer, diabetes, or measured
hypertension (data not shown). Models estimating the odds of testing also revealed no
statistically significant demographic factors predicted increased odds of testing except for
jurisdictional health region in both unadjusted and adjusted models (see supplemental Tables
2 and 3) Private well owners in the Southern Health Region were the most likely to test their
wells in the last ten years (66.2%) and had a 2.4 increased odds of testing their well water
compared to those in the Southeast (see supplemental Tables 2 and 3).

Figure 3 illustrates reported reasons for and against testing well water, with over a third
reporting concerns about water safety as the most prevalent reason for testing. About a fifth
reported a real estate transaction; followed by the presence of children, babies, or pregnant
women in the home; a well test program offered in the area or community was also
important for testing. A small number of respondents (<2%) selected “other-specify,” and
identified several other motivations for testing including installation of a new water pump,
piping, or tank, occurrence of a natural or man-made disaster, and need to acquire water
softener specification. Two respondents indicated concern about contamination from a
nearby factory or dairy farm motivated testing.
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Similar to motivations, the top three reasons for not testing well water were related to a lack
of perceived problems, with 66% reporting they have been drinking the well water for years
without any problem, 46% that their water is probably fine, and 34% that they had not heard
of any water quality problems in the area. Over a quarter of participants indicated they didn’t
know how to test well water or did not know what to test for. Approximately one-fifth
indicated they were treating and/or filtering water so water testing is not needed (21.1%) or
they did not have children or pregnant women in the home (Figure 3). Not knowing water
testing was available, costs, lack of a local water-testing program, and lack of awareness that
testing was the responsibility of private well users were also cited by more than ten percent
of respondents. Approximately 8.3% indicated a well water problem would be too expensive
to fix so avoided testing.

We also asked participants if they remember what agency may have tested their wells and
found a private laboratory or company was most often cited (37%). Local county or city
laboratories were reported as providing testing for 15.5% of respondents. State agencies
including the Wisconsin State Laboratory of Hygiene, University of Wisconsin Extension
and Wisconsin, and the Department of Natural Resources were also cited among ten percent
or fewer respondents. Approximately one-third of respondents were unable to identify who
tested their well (Table 2).

Figure 4 summarizes water quality parameters tested for, problems identified and actions
taken among all respondents who reported testing in the last ten years. Of the 460
respondents 222 (48%) reported testing and provided information on specific water quality
parameters they had tested for. Bacteria and nitrates were most commonly reported followed
by iron, hardness, lead and pesticides. Testing for other parameters such as pH and/or
alkalinity, and conductivity were identified among less than 15% of those providing specific
parameter information. Arsenic, manganese, cadmium, cobalt, aluminum, sulfur, chloride,
nickel, zinc, calcium, chromium, strontium were reported among even fewer (<2%). Of the
222 who indicated testing for a specific parameter, only 60 (or 13% of all 460 respondents)
reported that a water quality problem was identified through testing. Presence of iron and
water hardness were most common problems cited despite the greater overall testing rates
reported for nitrates and bacteria. A similar proportion reported they “didn’t know” if testing
detected a problem. Nitrates were the fourth most common problem identified followed by
“other, specify” and bacteria.

Treating, filtering, or softening water were the most common actions reported as a result of
testing. Approximately one-third of those whose test revealed a problem took no further
action. A smaller number did report taking steps to protect their well-head and other
maintenance including securing the well cap, making it vermin proof or replacing it.
Problems reported did not vary based on time since last testing (data not shown).

Demographic and Geographic Patterns of Private Well Treatment, Treatment Type,
Motivations and Barriers

Similar to testing, treatment varied by geographic region. Those in the Southeast and
Southern health regions were 2.9 (95% CI: 1.4-5.9) and 2.3 (95% CI: 1.4-4.6) times more
likely to treat or filter their well water when compared to those in the Western Health region

Sci Total Environ. Author manuscript; available in PMC 2018 December 01.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Malecki et al.

Page 8

for which overall rates of treatment were lowest. In contrast to testing, income was a
statistically significant predictor of treatment. The adjusted odds of treating and/or filtering
well water was 2.5 (95% CI: 1.2-5.4) times greater among those with a family income
greater than $99,999 compared with those having less than a $25,000 family income. (See
Supplemental tables 2 and 3).

Figure 5 summarizes reasons for treating private wells. While bacteria and nitrates had the
highest testing rates, the main reason cited for treating water was due to hardness or iron in
the water (73.2%), which is consistent with problems identified in Figure 4. About one-third
of respondents used treatment because they believed it is healthier and safer (36.4%) and
another one-third because treated water tastes and/or smells better (32.7%). Nearly half of
all “other-specify” responders indicated treating with a filter system that came with the
refrigerator and/or their home (n = 20; 7.4%).

Aesthetics and perceived safety were among the primary reasons cited for treating well
water. As summarized in Figure 5, two-thirds of respondents did not treat because they felt
the water did not smell or taste bad (78%), they had been drinking the water “for years
without any problems” (77%) or they felt their water was safe to drink and/or use as is
(and/or it looks clean (68.0%). In contrast to demographic predictors of treatment, only 15%
self-reported cost as a determining factor preventing treating and/or filtering well water.

Table 2 describes the different types of water treatment devices reported. Water softener
(42%) was most commonly reported followed by refrigeration system (18.7%), carbon filter
(13.5%) or pitcher type water filter (8.0%). Other options including absorbent iron-oxide
filter, reverse osmosis system or use of bottled water were reported as treatment types by
fewer than ten percent of respondents.

Approximately 37% of respondents reported testing their well in the last ten years and that
they are currently treating or filtering their well water. Seventeen percent tested in the last
ten years but indicated they did not treat or filter. Approximately 26% reported treating and
filtering well water but did not report testing water in the last ten years (data not shown). No
consistent patterns between testing and treatment behaviors were identified when comparing
those who tested with those who treated.

4. Discussion

The State of Wisconsin has a large rural population that primarily relies on private wells as
their primary drinking water source and for whom detailed information on well stewardship
is largely unknown. Well stewardship is an important protective public health measure
because it ensures ongoing assessment of water quality. Regular testing and treatment can
lead to early identification of potential drinking water quality problems, help guide selection
of appropriate treatment options if warranted and monitor success of mitigation. This is the
premise by which the federal safe drinking water act (SDWA) established regulations
requiring systematic monitoring of municipal water supplies. Similar regulations on state
and federal level have not been employed for private well owners. Over 13 million
households are served by private wells in the United States; however, well stewardship is
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often minimal. Respondents were selected from the Survey of the Health of Wisconsin, a
well-characterized population based study that collects extensive survey and exam based
data on health and wellness of the states population on an ongoing basis.2! The parent
survey provided information on the demographics of populations served by private wells but
less detail on well stewardship providing a unique opportunity for a more detailed follow-up
study.

Overall results confirm previous research demonstrating that the majority of private well
users rely on their well water for every day drinking, bathing and cooking, yet, many do not
regularly test. The reported rate of testing in the last ten years (53%) was considerably lower
than might have been expected (80%) based on previous studies of target populations living
in areas at risk for arsenic and nitrates in Wisconsin.2’ Overall testing rates were also lower
compared to recent studies which found average lifetime testing rates were above 70% in
New Jersey and as high as 89% in Maine.10: 14. 15. 28 Five year testing rates (41%) were also
comparable to testing rates from studies of target populations in communities at high risk of
arsenic exposure in Wisconsin (41%)%7 and Maine (37%) as well as general Wisconsin
population estimates from the Wisconsin Department of Health Services (38%).2° Rates of
testing for common groundwater constituents of concern in the Wisconsin including arsenic
and uranium were particularly low and reported by less than 2% of users. Lower overall
rates of testing in our sample may be because we asked about testing in the last ten years
rather than ever as was done in these previous studies or it could be due to differences in
sample selection. Previous studies in Maine and New Jersey have focused on domestic well
stewardship and voluntary testing largely among populations living in areas with high risk of
exposure to arsenic or nitrates.* 10 In contrast, as previously mentioned, SHOW participants
were randomly selected to provide both a demographically and geographically
representative sample of state residents and not selected based on potential for increased
exposure to particular ground water contaminants or concerns.

Motivators and barriers to private well testing could be largely categorized into four domains
previously described by Morris, 2016 including: knowledge, risk perception, convenience
and social norms. Within these domains we found concerns about health were among the top
reasons for testing.6 Knowledge needed for a real estate transaction was the second highest
reason reported and suggests that policies of lending institutions and social norms, which
have housing inspected prior to sale, may prompt water testing in Wisconsin, despite formal
policy requirements. Testing programs like those in Oregon and New Jersey can serve as
potential important opportunities for both education and surveillance of well water quality
and promotion of stewardship.14 20 A recent analysis of statewide programs requiring
private well testing at the time of real-estate transactions have found testing rates to increase
after policy implementation.1# A desire for knowledge about water quality and safety when
there were children or pregnant women in the home also relates to risk perceptions and was
ranked as the third reason for testing. Convenience was additionally important as having a
well testing program in the area was also among the top five reasons for testing.

Barriers to testing appear to fall largely in the domains of social norms, knowledge and
convenience as well as risk perception. Studies of private well users in Canadian populations
have found complacency, inconvenience, privacy concerns and limited household resources

Sci Total Environ. Author manuscript; available in PMC 2018 December 01.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Malecki et al.

Page 10

as primary barriers to testing.® 19 Similarly, we found factors relating to social norms and
risk perceptions were most often cited as reasons for not testing. Optimistic bias to believe
that oneself is at less risk than others is pervasive.3? People tend to downgrade information
that indicates a problem, such as recalling a lower test result than indicated in a lab test.”
Finally, sensory information, such the perception that water looks and tastes good, has a
dominate influence on perceived risk and behavior.” These tendencies, in tandem with social
norms, indicate why people thought their water was probably fine and were experiencing no
problems with their water. Never hearing of water quality issues among others in the
community was another main reason for not testing, supporting findings from prior studies

which found nearby wells with a problem increases perceived risk and intentions to
test.31. 32

Previous research suggests a common barrier to testing is a lack of understanding of what
regular testing and treatment entails. We found that the majority of private well users that do
test do not test according to recommended public health guidelines. The Wisconsin
Department of Natural Resources (DNR) suggests testing annually for bacteria and nitrates
if living in a high agricultural area or if there are children live in the home, and every five to
ten years for other naturally occurring constituents such as arsenic and uranium.33 However,
only a small proportion (about 10% of the total population) indicated testing in the last year
and approximately one-third reported testing in the last 1-5 years. Findings are consistent
with studies in Maine where the majority of respondents (80%) did not test within provincial
recommended guidelines of every 12 months1® and only 20% of respondents in New Jersey
or Maine have ever tested for arsenic in the past.1# 15 It is postulated this lack of regular
testing is in part because testing guidelines can be confusing and users are often unaware of
which guidelines to follow. A lack of knowledge about how and what to test for were the
fourth and fifth cited reasons cited for not testing well water, suggesting potential
modifications to existing education and outreach efforts in addition to changing risk
perceptions and social norms could all reduce important barriers to testing.’

We also found motivations and barriers to private well stewardship are context specific.
Wisconsin has indeed had a long history of high quality groundwater for which many in the
state are proud. The long history has led to an overall perception and social norm that
groundwater in the state is good and therefore, testing and treatment are not important. At
the same time, the state is largely agricultural and changing demands in water table use raise
questions about the future of water quality and need for ongoing well stewardship. Previous
studies tracking private well water quality across the United States including studies in
Oregon, Washington, and by the USGS have found geography to be an important predictor
of well water quality.? 20

Geographic differences in tangible features of water and nuisance constituents also appear to
be important contextual drivers of well stewardship in this study population. In multivariate
models that adjusted for confounding, the only statistically significant predictor of testing
was health regions. Health regions are clusters of neighboring counties combined into
jurisdictional areas that also mirror in some respect the unique geological formations that
influence hydrology and naturally occurring ground water constituents across Wisconsin.
For example, large portions of the south and south west of the state are known as the non-
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glacial driftless areas from the ice age and contain large mineral deposits of iron ore,
calcium and magnesium. Iron and hardness were the second most commonly reported
reasons for testing. Iron and hardness are considered nuisance constituents because they do
not necessarily pose health risks but do impact aesthetics and can alter taste, impact water
use (e.g, washing clothes) and can be somewhat bothersome to private well users.34 Thus,
the high treatment rates for iron and hardness in our population are also likely motivated by
these geological differences in ground water constituents that change tangible features of
drinking water, are easy to detect and readily apparent to users and influence both perceived
risk and behavior.”

Data were also suggestive that existing well stewardship programs do, in fact, make a
difference in testing and treatment patterns in the state. Higher testing rates for bacteria and
nitrates are likely due to the extensive network of both local and state public health and
academic partners supporting private well testing awareness throughout the state. Wisconsin
has a long standing program run by many local health agencies and academic programs in
rural areas to educate, fund and sponsor local testing programs for nitrates and bacteria.
Local health departments largely target households with pregnant women and children for
nitrate testing due to concerns of methemoglobinemia. Over 15% of the study sample
indicated testing for nitrates or bacteria and findings that children and pregnant women were
important reasons to test in this sample further suggest these messages and programs are
effective in reaching at least some state residents and driving behaviors.

Knowledge regarding appropriateness, efficacy of treatment options are also important
elements of well stewardship but are often difficult to assess. Approximately two-thirds of
the respondents indicated they treated their wells, however, few treated beyond use of whole
house water softeners. Water softeners use ion exchange technology for chemical or ion
removal to reduce the amount of calcium and magnesium in the water; they can also be
designed to remove iron and manganese.3> Some of these systems can additionally remove
heavy metals, some radioactivity, nitrates, arsenic, chromium, selenium, and sulfate but
designs vary and there is no way of knowing given current data what systems well-users
employed. No water softener is designed to protect against protozoa, bacteria, and viruses,
something that is often identified as a potential for concern in many rural areas.2 8- 20. 36
Only one of five participants reported using carbon filters and approximately one in ten
participants reported using bottled water, reverse osmosis or other whole house systems that
would effectively reduce exposures to other chemical or biological risks. We were unable to
ascertain in this study how often the water treatment systems in place are maintained and
future research is needed to increase understanding of how effective water treatments
systems are both in adequately treating for identified problems as well as how long term
maintenance impacts efficacy overtime.

In the future, studies should also consider focusing efforts to protect the most vulnerable
populations that not only face the greatest potential for exposure to groundwater constituents
but for whom well stewardship is also minimal. In a separate study the Wisconsin health
department summarized testing results of nearly 4,000 rural drinking water supplies for
coliform bacteria, nitrate, fluoride, and 13 metals as part of a state-funded program that
provides assistance to low-income families and found 47% of these wells had levels of
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constituents that exceeded one or more water quality standards.® In the current study we
found crude rates of testing were lowest among younger individuals and those with lower
education and lower income. Income was also a predictor of treatment in this study, and
education an important predictor of treatment in other studies® 19 37 providing further
evidence that lower SES individuals are likely most vulnerable based on both greater
potential for exposure and differences in well stewardship.28 Given the strong association
between treatment rates and higher income, the costs of treatment may be a barrier to both
testing and treatment. Whole house treatment systems and maintenance of water softeners
can be costly for some and likely not priorities for others struggling to meet daily basic
needs. Thus, private well stewardship may also be a factor that contributes to health
disparities, particularly in rural areas.1®

Several strengths of this study are important to note. This study was the result of a
community-academic partnership to conduct a comprehensive assessment of well
stewardship practices including prevalence of testing and treatment rates by geography and
demographics in a well-characterized statewide sample of private well users. The sample
was selected irrespective of potential risk of exposure to contaminants or other groundwater
quality issues. Thus, findings are more likely to reflect general population-based estimates of
well stewardship compared to results from existing studies with similar detailed data
collected among participants selected because they live in areas with high risk of ground
water quality issues due to geology or other factors. Findings are important for public health
practitioners, local health departments and others aiming to understand well-stewardship
among these populations. At the same time, some limitations are also important to note. The
self-reported nature of this study may lead to inflation of both testing and treatment rates in
the study. While response rates of 64% are considered relatively high for this type of study;
greater participation by older and more educated individuals results in a sample that does not
fully represent private well owners in the state, particularly more vulnerable individuals, a
common limitation for survey research.38 The lower rates of problems identified through
testing programs may reflect issues of recall bias, mentioned earlier. The cross sectional
nature of the study limits inferring that motivations and barriers caused testing and treatment
and subsequent behavior.

In conclusion, this study of a geographically diverse population based sample of private well
users we confirmed well stewardship is minimal despite regular use of private well water for
everyday use. Testing and treatment rates were driven by perceived water quality concerns
confirming that contextual factors including knowledge, social norms, and aesthetics are
important drivers of well stewardship and that these drivers can vary by geographic location.
Thus, national, state and local policy makers and educators should take background
differences in knowledge, perceptions and social norms in designing effective outreach
strategies. Our findings also suggest that future targeted education and outreach efforts to
support proper well-stewardship would be welcome from the general population and likely
needed to ensure long term public health protection. This is especially true for the
approximately one half of private well users in the state who have not tested at all in the last
ten years, yet regularly use water for everyday purposes. Without regular well stewardship,
households served by private wells are particularly vulnerable to potential risks of drinking
water contamination. Socio-demographics including income and access to information or
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limited knowledge were among the most significant barriers, therefore, outreach and
education may be necessary to improve public health protection. Results suggest without
regulatory infrastructure for private well protection, public health prevention efforts should
focus on simplifying messages and increasing awareness regarding the important reasons for
testing and emphasizing the long term health benefits. With additional resources, efforts
should also focus on supporting education and financial incentives to ensure appropriate
treatment, long-term maintenance to ensure efficacy of primary prevention efforts.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Survey of Health of Wisconsin provides state-wide sample of private well
owners

Private well stewardship in Wisconsin is influenced by risk perception and
knowledge

Over 95% of users use their water daily but only 10% tested their private well
in the last year

Testing rates are highest for nitrates and bacteria; treatment is highest for iron
and hardness

Limited knowledge and access to information was a barrier to testing and
treatment

Multipronged policy and prevention approaches including reducing costs are
likely needed
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Primary Uses of Drinking Water by Proportion of 434 households (top). Proportion of
participants reporting frequency of never, rarely, sometimes, mostly and always drinking
water, 429 households (bottom).
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Figure 2.

The adjusted odds ratio (AOR) and 95% confidence interval of testing well water comparing

each jurisdictional health region to the Southeastern region (reference)
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Figure 3. Main Reasons for or Against Testing Well Water Among Private Well Users in a
Statewide Sample of Private Well Users*

*The main reasons household respondents test their water among the 222 household
respondents who reported testing (top) and the main reasons household respondents did not
test their water among the 194 respondents who reported not testing (bottom).
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Figure 5. Main Reasons for or Against Treating Well Water Among Private Well Users in a
Statewide Representative Sample*

*The main reasons household respondents treat or filter their water among the 265
household respondents who reported treating or filtering (top) and the main reasons
household respondents do not treat or filter their water among the 159 household
respondents who reported not treating or filtering (bottom).
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Table 2

Primary Organizations ldentified as Conducting Private Well Testing and Treatment Types among a
Representative Samples of Private Well-Users

1duosnuey Joyiny 1duosnuen Joyiny 1duosnuey Joyiny

1duosnuen Joyiny

n %
Organization that conducted last test (n=222):
Private laboratory or company 78 36.6
Wisconsin State Laboratory of Hygiene 22 103
Wisconsin Department of Natural Resources 10 4.7
County or City Laboratory (health department) 33 155
University of Wisconsin-Extension program 17 8.0
Don’t know 62 291
Treatment or filter type used:
Wiater Softener 193 420
Refrigeration system 86 187
Carbon filter 62 135
Pitcher-type water filter 37 8.0
Absorbent media (Iron-oxide filter) 31 6.7
Reverse osmosis 30 65
Drink only bottled water 22 4.8
Don’t know 15 32
Other (specify): (all other responses) 12 2.6
Distillation 6 13
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