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Background: The US Safe Drinking Water Act does not regulate private wells, leaving over

42 million US residents with little regulatory oversight of their water quality. Trends in public
water systems suggest that private wells in Latinx communities may have higher nitrate
concentrations than wells in other communities. Well stewardship promotion is critical in rural
Latinx communities, but few studies have examined their unique barriers and facilitators for well
stewardship behaviors such as well water testing. This study sought to identify the barriers and

facilitators of private well water testing in Latinx communities.

Methods: We conducted 4 focus groups (FG) with private well users, 2 in Spanish and 2 in
English. We recruited 37 participants from the Lower Yakima Valley, WA, a community with a
large Latinx population and elevated nitrate concentrations in groundwater. Questions on testing
barriers and facilitators were drawn from the RANAS model for water-related health behaviors.

Inductive thematic analysis was conducted by two coders to identify common themes.

Results: Although the study sought to investigate barriers and facilitators of testing, themes
around barriers and facilitators to well stewardship behaviors, including well maintenance,
testing, and treatment, emerged more frequently. Facilitators of well stewardship included
strong concerns about well water contamination; knowledge of contamination sources; do-it-
yourself (DIY) home repair expertise; a desire for information; and a sense of duty to protect

family. Barriers included limited actionable information on testing and treatment as well as



financial costs and time limitations, which may be exacerbated for residents with limited

socioeconomic means.

Conclusions: Private well users in this predominantly Latinx community may have increased
concerns about well water contamination, but may lack actionable information to act on those
concerns. Well stewardship programs should provide actionable information to private well
users and make testing and treatment more affordable and convenient. Additionally, programs
in rural Latinx communities should leverage community strengths, such as DIY home repair

expertise and a commitment to family.
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INTRODUCTION

The US Safe Drinking Water Act does not regulate private wells, leaving over 42 million US
residents with little regulatory oversight of their water quality [1]. Therefore, private well users
are responsible for ensuring that their water is safe to drink, which includes testing and treating
their well water as necessary. According to a survey of domestic wells conducted by the US
Geological Survey (USGS) in 48 states, 23% of domestic wells in the US contained one or more
contaminants at a concentration exceeding a human health standard [2]. Nitrate is the most
common anthropogenic contaminant in private wells [2]. Common anthropogenic sources of
nitrate include synthetic fertilizers, fossil fuel combustion, animal waste, and wastewater [3]. The
maximum contaminant level (MCL) for nitrate in regulated drinking water sources is 10 mg/L

NOa-N [4].

Consuming water with nitrates above the MCL may lead to methemoglobinemia, developmental
effects, and gastrointestinal cancers. Methemoglobinemia, also known as blue baby syndrome,
impairs the ability of red blood cells to carry oxygen giving the skin a blue hue. Infants younger
than 6 months are particularly susceptible to methemoglobinemia after consuming formula
prepared with drinking water that exceed recommended nitrate levels [5]. Left untreated, the

condition can be fatal [5].

Some investigators have reported statistically significant associations between nitrate in drinking
water and developmental effects such as birth defects and spontaneous abortion, but other
investigators have not [5]. The evidence of association is limited by incomplete exposure
estimates and other case control study limitations [5]. Stronger evidence exists for the
association between nitrite and gastrointestinal cancers such as gastric and colorectal cancer.
The relative risk of gastric cancer was 2.5 (95% Cl: 1.4, 4.3) at nitrite intakes of = 6 mg/day [6,
7]. The International Agency for Research on Cancer (IARC) determined that nitrate and nitrite

are probably carcinogenic to humans (Group 2A) under conditions that result in endogenous



nitrosation [8]. Endogenous nitrosation increases with consumption of cured meats like bacon
and decreases with the consumption of vitamin C and antioxidants in fruits and vegetables [8].
Unfortunately, the small number of prospective epidemiology studies on nitrate-related health

effects hinders our understanding of this issue.

Nitrate contamination in drinking water supplies is an environmental justice issue
disproportionately impacting Latinx communities [9, 10]. Across the United States, public water
systems in the top quartile of percent Latinx residents served are nearly three times more likely
to exceed 5 mg/L of nitrate than public water systems in the bottom quartile [10]. These
disparities may occur because agriculture is the largest input of nitrogen in US water resources
[3], and 83% of farm workers are Latinx [11]. We expect a similar trend in communities that rely

on private wells.

The Lower Yakima Valley (LYV) in Central Washington is a clear example of this environmental
justice issue. LYV is a vast agricultural region with a predominantly Latinx community and a
history of nitrate groundwater contamination [12]. Approximately 24,400 or 34% of LYV
residents live in unincorporated areas that typically rely on domestic well water [12]. In 2010, the
Washington State Department of Ecology estimated that 12% of domestic private well users, or
2,000 people, are exposed to nitrate above the MCL [12]. In 2016, the local groundwater
advisory committee (GWAC) contracted USGS to survey 156 domestic water wells distributed
across LYV with the purpose of rigorously assessing the valley’s baseline water quality [13]. The
study observed that 26% of wells had at least one water sample with a nitrate concentration
exceeding the MCL [13]. Fortunately, no cases of methemoglobinemia in LYV have been linked
to nitrate groundwater contamination [14]. However, action is needed to reduce nitrate

exposures and prevent nitrate-related health effects in LYV and other rural Latinx communities.



To effectively promote well stewardship behaviors in rural
Latinx communities, we must understand how Latinxs perceive
well water quality and how their perceptions shape decisions to
test well water. The RANAS model for health behaviors related
to water quality can provide an evidence-based framework for
understanding well stewardship behavior [15-19]. The model
(see Figure 1) is composed of five concepts (Risk, Attitudes,
Norms, Ability, and Self-Regulation) drawn from established
health behavior theories, including the Health Belief Model, the
Integrated Behavioral Model, and Social Cognitive Theory [20—

22].

In the RANAS model, risk factors include perceived
vulnerability, perceived severity, and factual knowledge [15].
Perceived vulnerability is an individual’'s beliefs about their
chances of getting a disease or condition. Perceived severity is

an individual’s beliefs about how serious the condition will be.

Risk Factors:
Perceived Vulnerability
Perceived Severity
Factual Knowledge

Attitude Factors:
Instrumental Beliefs
Affective Beliefs

Norm Factors:
Descriptive Norm
Injunctive Norm
Personal Norm

Ability Factors:
Action Knowledge
Self-Efficacy
Maintenance S.-Efficacy
Recovery S.-Efficacy

Self-Regulation Factors:
Action Control/Planning
Coping Planning
Remembering
Commitment

Figure 1. The RANAS model
for water safety behaviors.
Source: Mosler et al. 2012.

Factual knowledge may or may not inform a person’s perceptions of vulnerability and severity.

Attitude factors can be either instrumental or affective [15]. Instrumental attitudes are beliefs

about the outcomes of a health behavior weighing its costs (time, money, etc.) and benefits

(health, savings, etc.). An affective attitude is an individual’'s emotional response to the idea of

the health behavior.

Norm factors include descriptive, injunctive, and personal norms [15]. Descriptive norms are

beliefs about whether most people perform the behavior and injunctive norms are beliefs about

whether other people approve or disapprove of the behavior. Personal norms are an individual’s

internal standards regarding the behavior, such as feeling morally obligated to perform the



behavior. Ability factors represent an individual’s confidence in their ability to perform a behavior
[15]. Action knowledge, or knowing how to perform a behavior, is a pre-condition for having self-
efficacy, the confidence in one’s ability to act. Maintenance and recovery self-efficacy are beliefs
about one’s ability to maintain a behavior over time and return to the behavior if a person stops

doing the health behavior.

Lastly, self-regulation factors are the strategies individuals use to manage their own behavior
despite short-term negative outcomes [15]. These strategies include action control/planning,
coping planning, remembering and commitment. Action control is evaluating current behavior by
comparing it to a behavioral standard. Action planning is planning how to conduct the behavior,
specifying how, when, and where to do it. Coping planning represents the prediction of potential
barriers and identifying ways to overcome them. Finally, committing to a health behavior and

remember to do it are needed to successfully complete the behavior.

Research shows that a combination of RANAS factors determines well stewardship behaviors.
Many may not see the need for testing or treatment due to low perceived risk [23-25], and note
the good taste, smell, and clarity of well water [23, 25—-28]. Private well users are often satisfied
with the quality of their well water and confident that it is safe to drink [23, 25, 28-31]. Attitude
factors such as financial cost and inconvenience deter testing and treatment, as well as lack of
knowledge and lack of social norms around well stewardship [18, 23—-25, 32]. Because the
majority of these studies were conducted in primarily white, English-speaking regions, additional

research is needed to determine the validity of these results for Latinx communities.

Rural Latinx communities may face different barriers to private well stewardship than white
communities and require different health communication strategies. Latinxs tend to have lower
household income and educational attainment than whites and are less likely to own their
homes [33—35], which are associated with lower rates of testing and treatment [36—39].

Additionally, limited technical and financial capacity in rural communities may impact a



household’s ability to cope with contaminated drinking water [40]. Public water systems in rural
areas have higher rates of health-related violations [41], and private well users may also have

limited financial and technical capacity to test and treat their wells.

Latinx perspectives of water quality may facilitate well stewardship behaviors. In a national
survey, more Latinxs agreed that bottled water is safer to drink than tap water [42], and more
Latinxs report that they avoid tap water because they believe it can cause illness [43].
Additionally, the cultural and sociopolitical context in Latinx communities should be incorporated
into private testing promotion efforts. Latinx health experts call for health communication that
appeals to the values of family, cultural traditions, and collectivism and address issues of
acculturation, language, generation, and national origin [44]. In our understanding, there are no

previous studies on how these factors may impact well stewardship behaviors.

Testing is a critical first step towards ensuring safe drinking water, but some well users report
never testing their wells [31, 36, 45, 46] and few testing at recommended frequencies [18, 25,
37, 46, 47]. Additionally, several studies have observed socioeconomic disparities in testing
behavior [36, 39]. There is inadequate research reporting on racial or ethnic disparities in well
water testing behavior, but surveys conducted among Latinx well users show low testing rates
compared to non-Latinx groups from other studies. Vanderslice et al. observed that only 48% of
well users in primarily Latinx communities in Central Washington, including LYV, had ever
tested their wells [31]. In contrast, surveys conducted in primarily white communities in Canada
and the Eastern US report that 78% to 94% of well users have ever tested their well water [18,
25, 29, 38, 47]. This preliminary research suggests that racial/ethnic disparities in testing exist,

and culturally-appropriate testing promotion may be needed.

The purpose of this study is to understand perceptions of private well water quality in a
predominantly Latinx community and identify the barriers and facilitators of private well water

testing reported by those residents. Due to the complexity of behaviors needed for proper well

10



stewardship, we chose to focus on private well water testing as a critical first step in well
stewardship. Additionally, we focused on LYV, an agricultural community in rural central

Washington State with elevated nitrate concentrations.
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MANUSCRIPT: “WE ARE ALL HERE TO LEARN”: A QUALITATIVE STUDY ON
PERCEPTIONS OF PRIVATE WELL WATER TESTING WITHIN A RURAL LATINX
COMMUNITY

Abstract

Background: The US Safe Drinking Water Act does not regulate private wells, leaving over
42 million US residents with little regulatory oversight of their water quality. Trends in public
water systems suggest that private wells in Latinx communities may have higher nitrate
concentrations than wells in other communities. Well stewardship promotion is critical in rural
Latinx communities, but few studies have examined their unique barriers and facilitators for
stewardship behaviors such as well water testing. This study sought to identify the barriers and

facilitators of private well water testing in Latinx communities.

Methods: We conducted four focus groups (FG) with private well users, two in Spanish and two
in English. We recruited 37 participants from the Lower Yakima Valley, WA, a community with a
large Latinx population and elevated nitrate concentrations in groundwater. Questions on testing
barriers and facilitators were drawn from the RANAS model for water-related health behaviors.

Inductive thematic analysis was conducted by two coders to identify common themes.

Results: Although the study sought to investigate barriers and facilitators of testing, themes
around barriers and facilitators to well stewardship behaviors, including well maintenance,
testing, and treatment, emerged more frequently. Facilitators of well stewardship included
strong concerns about well water contamination; knowledge of contamination sources; do-it-
yourself (DIY) home repair expertise; a desire for information; and a sense of duty to protect
family. Barriers included limited actionable information on testing and treatment as well as
financial costs and time limitations, which may be exacerbated for residents with limited

socioeconomic means.
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Conclusions: Private well users in this predominantly Latinx community may have increased
concerns about well water contamination, but may lack actionable information to act on those
concerns. Well stewardship programs should provide actionable information to private well
users and make testing and treatment more affordable and convenient. Additionally, programs
in rural Latinx communities should leverage community strengths, such as DIY home repair

expertise and a commitment to family.

Introduction

The US Safe Drinking Water Act does not regulate private wells, leaving over 42 million US
residents with little regulatory oversight of their water quality [1]. Therefore, private well users
are responsible for ensuring that their water is safe to drink, which includes testing and treating
their well water as necessary. According to a survey of domestic wells conducted by the US
Geological Survey (USGS) in 48 states, 23% of domestic wells in the US contained one or more
contaminants at a concentration exceeding a human health standard [2]. Nitrate is the most
common anthropogenic contaminant in private wells [2]. Common anthropogenic sources of
nitrate include synthetic fertilizers, fossil fuel combustion, animal waste, and wastewater [3]. The
maximum contaminant level (MCL) for nitrate in regulated drinking water sources is 10 mg/L
NOs-N [4]. Consuming water above this concentration may lead to developmental effects,
gastrointestinal cancer, and methemoglobinemia [5]. Methemoglobinemia, also known as blue

baby syndrome, can be fatal in infants if not treated [5].

Nitrate contamination in drinking water supplies is an environmental justice issue
disproportionately impacting Latinx communities [9, 10]. Public water systems in the top quartile
of percent Latinx residents served are nearly three times more likely to exceed 5 mg/L of nitrate
than public water systems in the bottom quartile [10]. These disparities may occur because
agriculture is the largest input of nitrogen in US water resources [3], and 83% of farm workers

are Latinx [11]. We expect a similar trend in communities that rely on private wells. For example,
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the Lower Yakima Valley (LYV) in Central Washington is home to an agricultural Latinx
community with a history of nitrate groundwater contamination [12]. Approximately 24,400 or
34% of LYV residents live in unincorporated areas that typically rely on domestic well water [12].
A USGS survey of domestic water wells in LYV found that 26% of wells had at least one water
sample with a nitrate concentration exceeding the MCL [13]. Action is needed to reduce nitrate

exposures in rural Latinx communities like LYV.

To effectively promote well stewardship in rural Latinx communities, we must understand how
Latinxs perceive well water quality and how their perceptions shape well stewardship behavior.
Research shows that private well users are often satisfied with the quality of their well water and
confident that it is safe to drink [23, 25, 28-31]. Many note its good taste, smell, and clarity [23,
25-28] and may not see the need for testing and treatment due to low perceived risk [23-25].
Other barriers to testing and treatment include cost, inconvenience, not knowing how to test,
and lack of social norms [18, 23-25, 32]. Because the majority of these studies were conducted
in primarily white, English-speaking regions, additional research is needed to determine the

validity of these results for Latinx communities.

Rural Latinx communities may face different barriers to well stewardship than white
communities and require different health communication strategies. Latinxs tend to have lower
household income and educational attainment than whites and are less likely to own their
homes [33-35], which are associated with lower rates of testing and treatment [36—39].
Additionally, limited technical and financial capacity in rural communities may impact a
household’s ability to cope with contaminated drinking water [40]. Public water systems in rural
areas have higher rates of health-related violations [41], and private well users may also have

limited financial and technical capacity to test and treat their wells.

On the other hand, Latinx perspectives of water quality may facilitate well stewardship

behaviors. More Latinxs than whites agree that bottled water is safer to drink than tap water and
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report that they avoid tap water because they believe it can cause illness [42, 43]. Additionally,
health communication in Latinx communities “need to focus on family, cultural traditions, and
collectivism while attending to acculturation, language, generation, and national origin” [44]. In
our understanding, there are no previous studies on how these factors may impact well

stewardship behaviors.

Testing is a critical first step towards ensuring safe drinking water, but some well users have
never tested their wells [31, 36, 45, 46] and few test at recommended frequencies [18, 25, 37,
46, 47]. Additionally, several studies have observed socioeconomic disparities in testing
behavior [36, 39]. There is little research on racial or ethnic disparities in well water testing
behavior, but an initial survey of Latinx well users points to disparities [31]. Vanderslice et al.
observed that only 48% of well users in primarily Latinx communities in Central Washington,
including LYV, had ever tested their wells [31]. In contrast, surveys conducted in primarily white
communities in Canada and the Eastern US report that 78% to 94% of well users have ever
tested [18, 25, 29, 38, 47]. This preliminary research suggests that racial/ethnic disparities in

testing may exist, and culturally appropriate health information on well water testing is needed.

The purpose of this study is to understand perceptions of private well water quality in a
predominantly Latinx community and identify the barriers and facilitators of private well water
testing. Due to the complexity of behaviors needed for proper well stewardship, we chose to
focus on private well water testing as a critical first step in well stewardship. We focus on LYV,

an agricultural community in rural central Washington State with elevated nitrate concentrations.

Methods

We conducted four focus groups (FGs) between November 2018 and January 2019 with private
well users in LYV, WA: two in Spanish and two in English. FGs are excellent tools for studying

perceptions with cultural sensitivity because they are less intimidating than one-on-one settings,
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fit cultures that value collectivism, and shift the power balance from researchers to participants
[48-50]. The University of Washington Institutional Review Board determined that this study

was exempt from federal human subjects regulations.

Setting

LYV is an agricultural region comprised of many small cities and unincorporated communities.
Yakima County ranks 12th in the nation for total value of agricultural products sold and ranks
first in the state for the quantity or sales of apples, grapes, hops, cattle, and cow milk [51].
According to the 2013-2017 American Community Survey, census tracts located within LYV
have a total population of 60,958, of which 71.4% is Latinx [52]. Many Latinxs work in the
agricultural industry, including farm work, warehouse packaging, and other related positions.
Compared to the state average, LYV communities have lower household income and a higher
percentage of the population with no high school degree [53, 54]. Thirty-four percent of LYV
residents are renters [55]. Lastly, 58.2% of the population speaks Spanish [56] and 16% speaks

English “less than well” [57]. Table 1 shows these demographic variables for LYV and WA state.

Table 1. Demographics of Lower Yakima Valley compared to Washington State.

Characteristic Lower Yakima Valley* Washington State
Race [52]

Latinx 71.4% 12.3%
Non-Latinx White 26.4% 69.8%
Household income [58] $49,155 $66,174
No high school degree (among 36.4% 9.2%
population 25 years and over)

[54]

Renters [55] 34.0% 37.3%
Uninsured [59] 16.4% 8.3%
Speaks Spanish [60] 58.2% 8.4%
Speaks English less than “very 16.0% 7.6%
well” [57]

Source: 2013-2017 American Community Survey.

*An average of data for census tracts within the Lower Yakima Valley.
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Recruitment

We used purposive sampling to recruit individuals based on self-reported private well use,
including renters and homeowners. We sampled for both Spanish and English speakers based
on self-reported language preference for FG discussion. To avoid sampling individuals involved
in community action on groundwater contamination, we excluded individuals who had attended
a meeting of the local groundwater management committee. Recruitment was limited to
individuals who had one of the following members in their household: a child, a pregnant
individual, or an adult 65 years or older. These populations are highly susceptible to health
effects related to nitrate and total coliform, which are common well water contaminants in LYV.

All participants were 18 years or older. Individuals received $25 for participating.

Partnering with community-based organizations, we used multiple methods to recruit
participants including radio, flyers, phone calls, door-to-door canvassing, community meetings
and participant referrals. When other methods yielded few English-speaking participants, we
cold-called individuals who had participated in a free well water testing program organized by
the county. As shown in Table 2, 59% of English FG participants were recruited though the
county testing program. Sixty-one percent of Spanish FG participants were recruited through a
Spanish-language public radio station. The radio station has an audience of 20,000 listeners
and is known as a trusted source of information in the community. A bilingual and bicultural
member of the research team (ET) recruited Spanish-speaking participants with Spanish-
language materials. Before the FGs, participants completed a phone questionnaire on

demographics and well stewardship information.
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Table 2. Recruitment methods and recruitment response rates.

Recruitment Method Response
All FGs English FGs | Spanish FGs

Radio, Spanish language 37% 12% 61%
Radio, English language 0% 0% 0%
County testing program 29% 59% 0%
Flyers 14% 12% 17%
Community meetings 20% 18% 22%
and participant referrals

Door-to-door 3% 0% 6%

Data Collection

Each FG lasted 1.5 to 2 hours and was conducted at a community center that serves a large
farm worker community and houses the Spanish-language radio station used for recruitment.
Participants were identified during the FG sessions by an ID number. A bilingual and bicultural
member of the research team (ET) moderated each FG. ET is a research coordinator and
resident in LYV with previous training and experience moderating FGs. Because LYV is a close-
knit community, ET was known as a trusted research coordinator in the field of environmental

and occupational health.

FG questions were informed by the RANAS model for water-related health behaviors [15-17],
which has been applied to well water testing previously [18, 19, 37-39]. The RANAS model is
composed of five concepts (Risk, Attitudes, Norms, Ability, and Self-Regulation) drawn from
health behavior theories such as the Health Belief Model, Integrated Behavioral Model, and
Social Cognitive Theory [20-22]. In the first segment of the moderator guide, questions
addressed participants’ baseline perceptions of well water quality, water-related health risks,
and well water testing. In the second segment, participants read an agency factsheet on well
water testing. The factsheet communicated agency recommendations for nitrate and coliform
bacteria testing, provided information needed to conduct testing, and discussed blue baby

syndrome. After reading the factsheet, FG questions focused on the perceptions of well water
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testing and intentions to test. ET reviewed the guide for cultural appropriateness. FG questions

are provided in Appendix A and the factsheet is provided in Appendix B.

Analysis

FG discussions were audio recorded, transcribed verbatim, and checked for accuracy. A
certified translator from the community translated the Spanish transcripts into English. All
identifying information was removed during transcription. The English transcripts were analyzed
with inductive thematic analysis and ATLAS.ti Version 8 software [61]. This inductive,
data-driven approach minimizes researcher bias [62] and is particularly appropriate for studies
where researchers do not share the identities of study participants. An initial codebook was
developed by identifying main ideas in the four transcripts, clustering similar ideas into groups,
and naming and defining the groups. Four other members of the research team reviewed one
English FG transcript and provided feedback on the codebook. The final codebook is provided
in Appendix C. Two researchers (KAV and DOD) used the final codebook to independently code
the transcripts and met regularly to reconcile discrepancies. ET attended reconciliation meetings
to provide contextual information and resolve coding disagreements between KAV and DOD.
Following the methods outlined by Braun and Clark, we used thematic mapping to identify
themes across codes [62]. We constructed an initial map illustrating the relationships between
codes. Then we revisited the transcripts, revising the maps until the concepts formed a clear

and succinct pattern that accurately represented the data.

Results

A total of 37 people participated in four FGs, with 20 participants in the Spanish FGs and 17 in
the English FGs (Table 3). Each FG had 7-11 participants. All the Spanish FG participants and
65% of English FG participants were Latinx. The remaining participants were non-Latinx white.

Spanish FG participants tended to be younger and have lower income and educational

19



attainment than English speakers. Half of the Spanish FG participants worked in agriculture

compared to 7% of English participants.

Seventy percent of English FG participants reported ever testing their well water compared to
44% of Spanish FG participants. Bottled water was purchased for in-home use by 59% of
English FG participants and 78% of Spanish FG participants. Only two participants reported
using water treatment systems capable of removing nitrate; both reported using reverse

osmosis systems.

Thematic analysis revealed themes that extended beyond the scope of well water testing, which
was our intended research question. Although moderator questions addressed well water
testing and not well maintenance or well water treatment, participants in every focus group
frequently shifted the conversation towards these other topics. Therefore, the themes presented
here represent the barriers and facilitators that are common to the many well stewardship
actions that participants discussed, which included well maintenance, testing, treatment, and
bottled water use. These themes are 1) concerns about water contamination, 2) desire for
information, 3) protecting health, and 4) contextual barriers. See Table 4 for a summary of each

theme.
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Table 3. Participant demographics and - n (%) or mean (SD)

Characteristic Total English Spanish
Focus Focus
Groups Groups
Number of participants, n 37 17 20*
Gender
Female 19 (54%) 10 (59%) 9 (50%)
Male 16 (46%) 7 (41%) 9 (50%)
Age, years 49 (14) 54 (16) 43 (10)
Race
Latinx 29 (83%) 11 (65%) 18 (100%)
Non-Latinx White 6 (17%) 6 (35%) 0 (0%)
Income
< $25,000 11 (31%) 2 (12%) 9 (50%)
$25,000 to $50,000 13 (37%) 5(29%) 8 (44%)
> $50,000 10 (29%) 10 (59%) 0 (0%)
Declined to answer 1(3%) 0 (0%) 1(6%)
Education
Grade school or junior high 11 (31%) 1(6%) 10 (56%)
High school or GED 11 (31%) 5 (29%) 6 (33%)
Trade school, associate’s degree, college 10 (29%) 9 (53%) 1(6%)
Graduate school 3 (9%) 2 (12%) 1(6%)
Home ownership
Owner 32 (91%) 17 (100%) | 15 (83%)
Renter 3 (9%) 0 (0%) 3 (17%)
Employment status
Full time 16 (46%) 9 (53%) 7 (39%)
Part time 10 (29%) 5 (29%) 5 (28%)
Not employed 9 (26%) 3 (18%) 6 (33%)
Occupation
Agriculture 7 (27%) 1(7%) 6 (50%)
Transportation 5 (19%) 4 (29%) 1 (8%)
Social services & administration 4 (15%) 4 (29%) 0 (0%)
Sales, food service, & personal care 3 (12%) 2 (14%) 1 (8%)
Health, sciences & engineering 3 (12%) 2 (14%) 1 (8%)
Construction, installation & maintenance 2 (8%) 0 (0%) 2 (17%)
Other 2 (8%) 1(7%) 1(8%)
Have ever tested well watert 20 (57%) 12 (70%) 8 (44%)
Water Treatment
Purchased water 24 (69%) 10 (59%) 14 (78%)
Water softener 6 (17%) 4 (24%) 2 (11%)
Particle filter 5 (14%) 5 (29%) 0 (0%)
Pitcher, fridge, or faucet-mounted filter 11 (31%) 1 (6%) 10 (56%)
Boil 3 (9%) 2 (12%) 1(6%)
Carbon filtration POE/POU* 4 (11%) 2 (12%) 2 (11%)
Reverse osmosis POE/POU* 2 (6%) 1(6%) 1(6%)
Unknown POE/POU* 2 (6%) 0 (0%) 2 (11%)

*Demographic data for two Spanish FG participants were missing.
TFifty-nine percent of English participants were recruited from a list of participants in a county private well

water testing program.

*POE: point of entry (treats water for whole house). POU: point of use (treat water at one faucet).
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Table 4. Barriers and facilitators of well stewardship among FG participants

Themes Summary

Concerns about Sources of concern: Private well users expressed concerns about 1)
water contamination from nearby agriculture and 2) deposits, discoloration,
contamination and foul odors in well water.

Knowledge and expertise: Private well users demonstrated

1) knowledge of sources and transport of contamination and 2) do-it-
yourself (DIY) home repair expertise.

Desire for Seeking information on solutions: Private well users sought
information information on how to prevent well water contamination and reduce
exposure to contaminants.

Help interpreting results: Private well users wanted help reading their
well reports and asked how to act based on their results.

Limited information on testing: Many private well users were unaware
of agency recommendations on testing and did not have action
knowledge needed for testing.

Protecting health Idea of sickness is worrying: Private well users expressed worry
about sickness from well water, but specific illnesses were rarely
discussed.

Responsibility to protect family: Private well users discussed their
responsibility to protect vulnerable family members.

Contextual Cost, time, and technical support: Financial costs, time limitations,
barriers and lack of technical support for well stewardship are burdensome,
particularly for families with low socioeconomic status. Bottled water is
cheaper and more convenient than water treatment systems.

Renters & shared wells: Issues of responsibility and collaboration are
barriers for renters and shared well users.

Concerns about water contamination

Participants extended and dynamic discussions about well water contamination in which many
spoke with a sense of concern, worry, or suspicion. Many stated that they did not drink their well
water and instead used it for cooking, cleaning, or gardening. Although they were not asked
about sources of well water contamination, participants across all FGs expressed concern about
contamination from nearby agricultural activities or sources on their property. Conversations in
the English FGs demonstrated a good understanding of the sources and transport of nitrate in

the area. These participants described the nuanced processes that transport nitrate through the
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environment, discussing manure lagoons at industrial dairies, the use of manure to fertilize crop
fields, infiltration into groundwater, and the impact of well depth and water table height on water
quality. When discussing potential sickness from well water, one English FG participant relied

on her knowledge of the sources and transport of contamination.

“Our water doesn't taste horrible if we bypass the filter. However, we know that our water
table is really high and we're virtually surrounded by dairies. And so it crosses your mind.
You think how much of what's being sprayed right next door is infiltrating the ground

around us and then seeping into the water table.” (ENG2, P3)

Participants in both the English and Spanish FGs also contemplated contamination from
pesticide application on crop fields and expressed that well water should be tested for pesticides
and other agricultural chemicals. Several participants also reflected on the ubiquity of
contamination in their communities, mentioning air pollution, surface water contamination, and
occupational exposures in addition to groundwater contamination . An exchange between two

FG participants demonstrates this sentiment:

“P4: Is there actual good water? With all the contaminants in the air? With all the

[agricultural] practices? [Background laughter.]
P5: Is there such a thing, is that what you're asking?

P4: Yes. [Background laughs.] Yeah, is there really such a thing? [Group laughs]”

(ENG1)

In addition to dairies and crop agriculture, Spanish FG participants also considered sources of
contamination on their properties, revealing do-it-yourself (DIY) home repair expertise. Many
Spanish FG participants raised concerns about discolored or foul-smelling water and deposits
left on faucets, pipes, and appliances, as did several English FG participants. Unlike the English

FG participants, several Spanish FG participants identified aging piping components as a major
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source of contamination. Frustrated with the look and smell of their water, several Spanish FG
participants described the actions they had taken to address these issues: opening pipes,
discovering extensive corrosion, consulting neighbors, flushing water lines with chlorine, and
researching anti-corrosion pipes online. Additionally, one gentleman shared his observations of

his employer’s well renovation project:

“l saw when they took out the steel pipes [...] [and] put in another type of material. Since
then | was thinking, because if we [live] about half a mile from where he has his well and
| could see the tubes that are about this thick, they are like 7 tubes deep and each is
about 15 or 20 feet long. [...] we can see that although they are made of steel they are
falling apart, they are very rusty. That's why | get the idea that it's necessary to do that.”

(SPAN2, P7)

Participants in the Spanish FGs also discussed septic tanks as a potential source of
contamination in their wells, reflecting on the proximity of their well to neighboring tanks and the

need for regular maintenance.

Desire for information

Throughout each FG, participants raised questions about preventing and mitigating well water
contamination and many expressed gratitude for information they had received at the FGs. For

example, one woman described her need for general well stewardship education:

“My father, he is the one that did the maintenance on [the well], put whatever he had to
do to make sure that the water was good. He passed away two years ago on [DATE].
Now, I'm new. | saw what he, you know, certain things that he used to do. | don’t know

anything else, so how do | know if it's good?” (ENG1, P1)

Spanish FG participants sought information to address the deposits, discoloration, and foul

smells they observed in their well water. Some asked questions about basic well water
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treatment, describing situations that could be resolved with particle filters and water softeners.
Participants across all FGs often used the word “filter” to describe many types of water
treatment systems and some expressed confusion about the purpose of different treatment
systems. Spanish FG participants with DIY home repair expertise asked detailed questions

about pipe corrosion and financial support for well renovations.

Some participants shared that their wells had been tested once or twice in the past. Some
reported satisfactory results and others learned that they had elevated nitrate levels or bacterial
contamination. Those who had received satisfactory results still sought information about future
contamination or contaminants that had not been tested. When asked specifics about the
testing procedure, including when to test and what to test for, many participants admitted that
they had little knowledge on the topic. Most participants across the four FGs were unaware of
government recommendations to test every year for nitrate and total coliform, and only one
participant reported testing his well water on a yearly basis. Many participants did not know
testing costs or who to contact for testing. Even participants who had tested their wells in the
past admitted that they had little knowledge of these specifics. Many had their wells tested by a
third party during groundwater monitoring studies, and so had little knowledge of how to test on
their own. One woman explained this when the moderator asked if participants knew how to test

their well water:

“No. We do not know, and like when the lady, one day they were doing it for free. But it
is to just to know and they said [the water] was fine, but no, we do not know how to do

it.” (SPAN2, P6)

Lastly, participants who had not tested previously were unfamiliar with the testing process itself,
asking if they could purchase a home testing kit or if an inspector would conduct the test at their

house.
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Participants who had tested their wells expressed the need for assistance in interpreting water
quality results. Several participants stated that they did not know the relevant water quality
standards and questioned whether the standards were protective of infants and children. After
reading the factsheet on nitrate and coliform bacterial testing, several participants asked how
they could use contaminated water (e.g. cooking, bathing) and how to improve their water

quality.

The need for more information on well stewardship was recognized by participants across all
FGs. Although several described their lack of knowledge as a deficit, some participants
emphasized it as an opportunity for community learning. For example, one gentleman
expressed regret for not knowing more, stating, “| can send my family and myself to the hospital
for not paying a little bit of attention” (SPAN1, P9). One woman responded to this participant

with an alternate perspective :

“[...] | can say that maybe one in 100 people knows this about the water, so do not feel
bad saying that you do not know much about water because | think [...] that | do not

know much either, so do not feel bad. We are all here to learn.” (SPAN1, P5)

Protecting health

Many participants expressed worry or fear of sickness from contaminated well water, but rarely
discussed specific health effects unprompted. This worry about sickness seemed to be based
on what could happen, rather than knowledge of specific water-related health effects. An older

gentleman shared,

“I tried to monitor my health yet not be paranoid. | just went through a nasty gallbladder
operation. Anything that happens to me, | wonder is it just getting old or is there

something hurting me? [...] I'm not sixteen anymore.” (ENG2, P4)
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In contrast, several participants stated their well water had positive or neutral effects on their

health. Several said that when a family member gets sick, they drink more well water. Despite
positive perceptions of their well water, these participants described water contamination as a
concern that “sits in the back of your mind” (ENG1, P5) and emphasized the need to be aware

of well contamination issues.

Some participants discussed protecting their family from contaminated water with a strong
sense of responsibility. They mentioned children, pregnant women and older adults as
particularly vulnerable to water-related health effects. Many participants described testing,
buying filters, being aware of contamination, and renovating wells as ways to protect their
family’s health. Protecting family as a moral obligation was a strong theme in one Spanish FG.

When discussing the need for information on well water contamination, a woman in this FG

said,
“The responsibility always ends with us. We are the owners of our family, of our children,
and we are the ones who have to look for what we should do.” (SPAN1, P3)

Contextual barriers

After reading the factsheet and learning about well water testing, participants were asked what
makes it difficult to test well water. The most common response from participants across all FGs
was financial cost. Additionally, several English FG participants described the installation and
maintenance costs of water treatment systems as burdensome, particularly for community
members with limited financial means. In contrast, two English FG participants stated that
recurring testing costs and reverse osmosis installation were worthwhile in order to protect their
families. Participants in three FGs stated that taking time off work is also a major barrier to
testing. One Spanish FG participant described how substantial socioeconomic challenges take

priority over water quality for community members who have immigrated from Mexico.
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“When you arrive here all you do is to think about tomorrow: ‘Tomorrow | have to work, |
have to do so much and what to eat,’ or ‘I only have so much,’ but [water] is the least

you think about.” (SPAN1, P5)

Many participants stated that they drank bottled water, but few compared the value of testing
and treatment to that of bottled water. One Spanish FG participant stated that well water testing
was important in areas where water is said to be good and residents drink their well water.
Another participant described how his family tended to purchase bottled water because it was
cheaper and more convenient than replacing the filters in his reverse osmosis system.
Participants also mentioned other challenges with their treatment systems, including reduced

pressure, changes in taste, and distrust filter effectiveness.

Several English FG participants described difficulties receiving adequate technical support and
navigating services during well water testing and treatment. These participants expressed that
testing laboratories provided insufficient guidance on how to address contaminated well water
and water treatment companies often recommended expensive treatment options. Greatly
frustrated, one English FG participant described her difficulties treating E. coli in her well,
“playing phone tag” with treatment companies, implementing various treatment methods, and
still not being satisfied with the quality of her well water. She concluded, “I literally thinking of

selling my house and getting out of here” (ENG1, P6).

Finally, renters and residents on shared wells described significant barriers to good water
quality. At the start of one Spanish FG, a renter asked with great concern whether she or her
landlord was responsible for ensuring the safety of her water. Another woman, one who knew
the renter outside of the study, commented that the renter’s water smells terrible. The renter
explained that her landlord “doesn’t want to help.” She was grateful to hear that she could test
her well water quality independent of her landlord. An English FG participant who shared her

well with her neighbor described her difficulties in treating her well for bacterial contamination.
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She explained that she did not treat her well because her neighbor drank bottled water and was
not interested in treatment. Recalling her thought process at the time, she said, “Well, I'm not

doing anything if the neighbor's not doing it” (ENG2, P6).

Discussion

Concerns about well water quality was a major theme across all FGs. Using the RANAS model,
this theme can be described as participants’ perceptions of well contamination risk. Although
few other studies have observed poor perceptions of well water quality, literature does indicate
that perceived risk is a significant predictor of well water testing and treatment. In Maine well
users who knew that arsenic risk increases over time were more likely to test their wells for
arsenic [18], and those who believed that untreated water is not safe to drink were more likely to
treat their water [19]. Additionally, well users in Ontario, CA were more likely to test their wells
when they suspected or noticed a problem with their well water [47]. This suggests that FG

participants may be better stewards of their wells than the general population.

Perceptions of well contamination risk among private well users is likely based on perceptions of
contamination sources and the sensory characteristics of their water. Many participants were
concerned about their well water because of the well’s proximity to agriculture, a perceived
source of water contamination. This is similar to private well users in Ireland, who perceived
nearby anthropogenic sources of contamination, such as agriculture and mining, as larger
threats to their well water than geogenic sources of contamination [27]. Participants’ personal
experiences living next to and employed in agriculture likely heightened their perceptions of risk.
Testing promotion efforts should emphasize that regular testing is needed regardless of a well’s

proximity to agriculture.

Additionally, local media may have informed participants’ knowledge and perceptions on the

sources of groundwater contamination. Spanish and English-language media in LYV have
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covered local groundwater issues, reporting on topics ranging from a lawsuit against local
dairies to the actions of the local groundwater management committee [63]. We are not aware
of any robust analyses that describe how the coverage of this issue in Spanish and English
media differ. English FG participants demonstrated a thorough understanding of the sources
and transport of nitrate in their communities, which was not evident in the Spanish FGs. This
difference is likely due to our recruitment methods. Fifty-nine percent of English FG participants
were recruited from a list of individuals whose wells were tested by the county compared to zero
percent of Spanish FG participants. These English FG participants likely had greater knowledge
of and interest in well water quality because they had previously volunteered for testing,
observed or participated in the testing process, and received their testing results. This
knowledge disparity may also be due to limited access to information in Spanish speaking
communities, as is common for other health issues [64]. For this reason, future public outreach

should prioritize well stewardship promotion within Spanish speaking communities.

Participants used sensory characteristics of their water to form their perceptions of well water
quality, which has been well documented in the literature [27, 28]. Well users in previous studies
have reported satisfaction with their well water [23, 25, 28—-30] and incorrectly assume that
water with good taste, smell, and clarity is safe to drink [27]. In contrast, FG participants
communicated many issues with discoloration, foul odors, and deposits, particularly in the
Spanish FGs. This is an important reminder that well stewardship promotion must address

issues of water hardness and aesthetics in addition to potential health risks.

Although participants were knowledgeable about nitrate contamination and highly concerned
about their well water contamination, they had limited action knowledge for well water testing
and treatment. English FG participants displayed a nuanced understanding of sources and

transport of contamination, but they still lacked key information about testing, such as agency

recommendations on when to test, who to contact for testing, and interpreting test results. This
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difference in knowledge may be influenced by previous media coverage and testing campaigns.
Previous studies indicate that media can help with “agenda setting,” pushing individuals to
believe they should have an opinion on an issue, but do little to influence action on that opinion
[65]. For example, in their 1987 survey on radon testing, Weinstein et al. observed that only
46% of respondents had thought about testing their homes for radon, even though they all lived
in a high-risk region and had reported that they knew what radon was [66]. Additionally,
because many participants had their wells tested by third parties during groundwater studies
and county testing campaigns, few had tested on their own and had not yet gained key action
knowledge needed to test again. Knowing who to contact for testing is a significant predictor of
testing [19], so this and other action knowledge should be prioritized in public outreach on well

stewardship.

Many Spanish FG participants were highly concerned about water contamination and skilled in
the field of home maintenance; however, they lacked information on well maintenance and
treatment, including basic treatment techniques such as water softeners and particle filters.
Action knowledge is an important antecedent of self-efficacy, and self-efficacy is a significant
predictor of treatment and well maintenance behavior [19, 47]. The home maintenance
expertise and action-oriented perspectives observed in the Spanish FGs represent important
community strengths that can be leveraged to foster well stewardship behavior in Latinx

communities like the LYV.

Protecting family was a strong motivator for well stewardship among FG participants in this
predominantly Latinx community. Familismo, defined as “feelings of loyalty, reciprocity, and
solidarity towards members of the family, as well as the notion of the family as an extension of
the self,” is an important value in Latinx culture [67]. Thus, it is logical that protecting family
emerged as a strong motivator for well stewardship in LYV. In other rural communities, the

belief that testing is useful for protecting family was also observed as a significant predictor of
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testing behavior [19]. However, this belief is associated with higher income [39], which suggests
diverse attitudes about the costs and benefits of well water testing and treatment. FG
participants reported significant costs of testing and treatment, including financial cost and
taking time off work, which appear to be exacerbated by socioeconomic barriers. Therefore,
appeals to protect family members during testing promotion should be accompanied by testing

subsidies in rural Latinx communities.

Questionnaire results show that 78% of Spanish FG participants and 59% of English FGs
participants purchase their drinking water, and during the FG sessions participants often
described drinking bottled water instead of well water. This contrasts with other well water
stewardship literature, where the majority of participants report drinking their well water [27, 28].
However, this finding agrees with studies that observe that Latinxs are more likely to drink
bottled water than tap water than non-Latinxs whites, due to the belief that tap water would
make them sick [42, 43, 68]. Additionally, a survey of well water users in Maine observed that
the use of a treatment system was associated with higher income and higher education while
drinking bottled water was associated with lower income and lower education [19]. Although
treatment for contaminants such as arsenic is more cost-effective than purchased water for
households with more than one person [69], our FG results suggest that water treatment is
burdensome - involving vigilant maintenance, recurring costs, and uncertainty about treatment
effectiveness. Bottled water, in comparison, may be a more sensible choice for well users that

are already stressed by limited socioeconomic means.

This was the first study to explore perceptions of private well water testing in a rural Latinx
community. Another strength of this study is having a bilingual and bicultural research
coordinator from LYV as a member of the research team, moderating the focus groups and
participating in data analysis, which increases the validity of study results. Inductive qualitative

analysis also proved to be critical in this study, allowing us to capture participant concerns about
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treatment and prevention of water contamination even though such topics were outside the
intended research question. Because well users do not artificially separate testing from other
aspects of well stewardship, community engagement on well water contamination should be

sure to address treatment and prevention in addition to testing.

The perspectives shared by FG participants may not be representative of other agricultural
Latinx communities because recruitment methods likely sampled participants with increased
knowledge on and heightened concern for well water contamination. Additionally, previous
media coverage and public outreach has likely increased public awareness of groundwater
contamination in LYV. Regardless, results suggest that even highly engaged and
knowledgeable private well users face significant barriers to well stewardship, which may be
common in other rural communities. Although we believe we reached saturation and themes
were validated by a bilingual and bicultural team member from LYV, additional research is
needed to explore the impact of acculturation, language, and national origin on well stewardship

in Latinx communities.

Conclusion

This study suggests that private well users in this environmental justice community have
increased knowledge and concern about well water contamination than well users in other
communities. However, even among this group, participants lacked key information needed to
complete well stewardship behaviors. Promoting the belief that wells can be contaminated is
important for promoting well stewardship in any community, but interventions to increase risk
perceptions must be accompanied by action information on testing and treatment. Additionally,
within this predominantly Latinx community, home maintenance expertise and a duty to protect
family present important facilitators of well stewardship behaviors. Lastly, barriers to well
stewardship such as financial cost and time limitations may be exacerbated for Latinx

communities with low socioeconomic status. Well stewardship programs in rural Latinx
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communities should leverage community strengths and implement interventions that make

testing and treatment more affordable and convenient.
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CONCLUSION

Lessons learned from this study differ by audience. Here | discuss detailed implications for two
stakeholders: the agricultural safety and health research center that supported this work and

public health agencies working in the Lower Yakima Valley.

Agricultural Safety and Health Research Center

The Pacific Northwest Agricultural Safety and Health Center (PNASH) at the University of
Washington provided technical, financial, and social support for this project. PNASH is a one of
the Centers for Agricultural Safety and Health funded by the National Institute for Occupational
Safety and Health (NIOSH). The center conducts research and promotes best safety and health
practices in the farming, fishing, and forestry industries in the Northwest US [70]. The center has
worked for many years in LYV, conducting research on a variety of topics including pesticide
exposure, sexual harassment among agricultural workers, and environmental triggers of
childhood asthma. The center engages stakeholders to establish research priorities and
respond to regional needs, and transfers solutions through outreach and participatory research.

Considering their mission and approach we make the following recommendations:

o Use qualitative methods to understand stakeholder needs and develop effective
and culturally relevant interventions. While quantitative research is crucial to identify
and characterize environmental health risks, qualitative research is needed to
understand how communities experience and act on these problems [71]. For example,
a quantitative approach to private well contamination in LYV could have been testing a
sample of private wells and returning results to participants. As was observed in this
study, participation in groundwater quality studies does little to promote private well
water testing behavior or illuminate strategies for promotion. This study revealed

complex psychological processes in the decision to test private water, and highlighted
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how LYV residents react to environmental health information in their cultural and
socioeconomic context. Qualitative methods can improve PNASH’s efforts on health
communication, intervention design and evaluation, and data return.

Incorporate health behavior theory in environmental and occupational health
interventions. Many environmental and occupational exposures can be controlled
through behavior change. Evidence indicates that health interventions based on
behavioral science theory are more effective than those that do not use theory [72-74].
Health behavior theories allow researchers to consider multiple psychosocial
determinants of behavior and the different levels of behavior change (e.g. individual,
organizational, and community) [75]. This study observed a clear community need for
knowledge on private well water testing. However, as the RANAS model suggested,
perceptions of risk and attitudes about the costs and benefits of testing are also crucial
determinants of testing behavior. Health behavior theories that would serve PNASH well
in the future include the Health Belief Model and the Transtheoretical Model. The Health
Belief Model has been commonly applied to preventative and asymptomatic health
issues, such as cancer screening [75]. Many concepts in the RANAS model, such as
perceived vulnerability, perceived severity, self-efficacy, and perceived barriers and
benefits, were drawn from the Health Belief Model. The Transtheoretical Model is useful
when describing the stages of changes a health behavior, moving individuals from a
stage where they have never contemplated changing their behavior to contemplating the
change, preparing for the change, and then maintaining a new behavior [22].

Address community concerns about pesticides in water. FG participants expressed
a clear concern for pesticides in their private wells. There have been few studies on the
prevalence of pesticides in LYV private wells. However, in their study of the potential
source of groundwater nitrate in LYV, the US Environmental Protection Agency (EPA)

observed concentrations of pesticides such as atrazine and alachlor in wells near dairies
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and crop fields [76]. Levels of these pesticides did not exceed any established maximum
contaminant limits [76]. Additional research is needed to characterize the extent of
pesticide contamination in LYV private wells and effective public outreach is needed to

communicate the health risks of pesticides in well water.

LYV Public Health Agencies

o Partner with agencies and universities to develop a well stewardship program in
Washington. Private well users need information and financial and technical support on
multiple fronts. Public outreach that promotes testing and provides resources to assist
with the treatment process are necessary, but so is support on basic well stewardship
such as proper well maintenance, water softeners, and particle filters. FG participants
described many issues with deposits and well as the color, odor, and taste of their well
water. Although not directly a public health issue, these issues are critical community
needs. The Private Well Class, a well stewardship program developed by the lllinois
State Water Survey, would serve as an excellent model for public outreach [77].
Potential partners in this work include the Washington State Departments of Ecology
and Health, the Rural Community Assistance Partnership, and Yakima Health District.

o Prioritize action awareness and action knowledge in testing promotion efforts.
Residents in LYV may have a heightened sense of risk due to previous outreach efforts,
media coverage, and experiences with environmental and occupational exposures. After
tapping into this existing perceptions of risk, private well users need to be made aware of
testing as the first step to prevent exposure, and then given the information to carry out
that step. A portion of private well users in LYV have tested their wells, but because their
wells were tested by other parties (the Groundwater Management Area Advisory

Committee, the US EPA, etc.), many do not know how to test on their own.
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e Prioritize Spanish-speaking community during well stewardship outreach. Spanish
FG participants had less knowledge of nitrate contamination in their communities than
English FG participants. They had less knowledge of the potential sources and transport
of nitrate in the environment. They also reported more water issues related to nuisance
and aesthetics than English FG participants, suggesting different needs between

language communities.

This study suggests that private well users in this environmental justice community have
increased knowledge and concern about well water contamination than well users in other
communities. However, even among this group, participants lacked key information needed to
complete well stewardship behaviors. Promoting the belief that wells can be contaminated is
important for promoting well stewardship in any community, but interventions to increase risk
perceptions must be accompanied by action information on testing and treatment. Additionally,
within this predominantly Latinx community, home maintenance expertise and a duty to protect
family present important facilitators of well stewardship behaviors. Lastly, barriers to well
stewardship such as financial cost and time limitations may be exacerbated for Latinx
communities with low socioeconomic status. Well stewardship programs in rural Latinx
communities should leverage community strengths and implement interventions that make

testing and treatment more affordable and convenient.
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APPENDICES

Appendix A — Focus Group Questions

Baseline Perceptions on Well Water Quality and Testing

| will start with some general questions about well water and well water testing.

A) What does it mean to have safe drinking water? When you hear the term “good water
quality,” what do you think of?
B) What do you think about your well water? Tell me about its taste, smell, and
appearance.
C) Do you think your well water is safe to drink? Why do you think that?
i. If someone in your family was sick, would you be worried that well water made
them sick? Why or why not?
D) Have you tested your well water? Why or why not?
E) What do you know about well water testing?
i. Do you know what to test for?
i. Do youknow when to test?
ii. Do you know how to test?
F) Do you have any plans to test your well water in the next 3 months? How come?
G) Do your friends, family, or people in your community test their well water? Why/why not?

Reviewing Agency Factsheet

Health information can be shared in different ways. Websites, TV, radio, and brochures are
examples. We want to know the best ways to share health information with you. We are going to
look at some examples and hear your feedback on them. First we will look at a factsheet about
well water.

A. Take a look at this factsheet. If you saw this at the doctor’s office, would you read it?
Why or why not?
i.  What catches your eye?
i. What doesn’t catch your eye?

Now we are going to read parts of this factsheet. If you have any questions about the factsheet,
feel free to interrupt me as we read. [Read first two paragraphs of factsheet, which briefly
discuss why wells should be tested and who should be testing.]

B. When you hear this information, what do you think of?

[Read the rest of page 1, which discusses what contaminants to test for, when to test, where to
get a test, and how much tests cost.]

C. Do you have any thoughts about this information?
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[Read the insets on page 2, which define nitrate and coliform bacteria and discuss blue baby
syndrome.]

D. When you hear this information, what do you think of?

E. To test your water for nitrate, you have to call a certified testing laboratory. There is one
in Yakima, one in Union Gap, and one in Sunnyside. You can pick up a bottle from the
laboratory. They will give you instructions. Go to a tap in your house or at the well and
take off any hoses or filters. Turn on the water and let it run for a couple of minutes.
Then you fill up the bottle with water and you have to drop it off at the laboratory within
24 hours. You have to keep the bottle cold and you need to fill out a form with your name
and address. The instructions for coliform bacteria are a little different — you need to
clean the faucet with bleach, use clean hands, and keep the bottle clean.

i.  What makes it difficult to test your well water?
i. Do you feel like you know how to test your well water?

F. Now that you know more about well water testing, would you test your well water in the
next 3 months? Why or why not?

G. If we had to convince your friends, family, or neighbors to test their well water, what
should we tell them?
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Appendix B — Agency Factsheet

The factsheet read by focus group participants was the Washington State Department of Health
document number 333-171. The agency’s logo was removed and the contact information for the

local health district was added to the factsheet. The red boxes indicate which portions of the
factsheet were read with focus group participants.

Private Well Water

Coliform Bacteria and Nitrate Information for Private Well Users

Why should my well water be tested?

Drinking contaminated water is a health risk. Some contaminants cannot be
seen, smelled, or tasted. Two of the most commaon contaminants in drinking
water are coliform bacteria and nitrate and they can be harmful.

Who should be testing my well water?

You or your landlord. Private well users are responsible for testing their own
water. If you don't own your home but you use a private well, talk with your
landlord about getting your water tested or seeing the most recent results. You
can always take a water sample yourself and have it tested.

What should I test for and how often?
The Department of Health recommends that you test your private well water

every year for coliform bacteria and nitrate.

You should also test your water when:

+ You notice a change in your water, such as taste, color, or smell.*

« Your well has been flooded.

* You replace any part of your well system.

« Someone in your household is pregnant, nursing, or has an
unexplained illness and you suspect your water may be at risk.
You hear that a neighbor’s water is contaminated.

+ You live near industrial or agricultural activities.*

*These may require testing for something other than coliform or nitrate.

If you have had previous contamination problems or are concerned about
specific contaminants, you may want to test your well water more often.

Where do I go to get my water tested?

Certified drinking water labs are located across the state. The lab you select
or your local health department can help you decide what to test for, how to
collect samples, and how to understand results. There is a cost for these tests.
Costs this year (2018) range from $20 to $28 per test for coliform bacteria,
and $18 to $48 per test for nitrate. Most labs like to provide their own sample
bottles.
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My nitrate level is less than 10 ppm, what

should I do?
Nitrate levels can vary throughout the year, so if your level is
5 ppm or higher, you may want to re-sample in six months.

My nitrate level is more than 10 ppm, what

should I do?

If your nitrate test shows levels higher than 10 parts per
million, find a different and safe drinking water supply.

The quickest thing to do is to begin using bottled water for
drinking and food preparation. Do NOT boil water with high
nitrate. Boiling water may actually increase the nitrate level,
making the problem worse!

Another option is to install a device or filter designed to
remove nitrate from your water. These devices are often
installed on kitchen faucets, where people get their water
for drinking and cooking. Nitrate is not absorbed through the
skin, so it is safe to clean and bathe with it.

Other, longer term solutions include:
* Drilling a deeper well into a different groundwater
source;
+ Connecting to a public water system; or
* Working with others in your community to develop
a new public water system to serve your home and
nearby neighbors.

My test results came back with coliform in
the water, what should I do?

Coliform tests usually come back as SATISFACTORY or
UNSATISFACTORY. If you receive a SATISFACTORY report, it
means your water was free of these bacteria at the time of
the sample. Be sure to test every year for coliform bacteria.

If you receive an UNSATISFACTORY report, it may be
contaminated. Do not drink the water until it tests
SATISFACTORY. Find a different and safe drinking water
supply. The quickest thing to do is either begin using bottled
water or boil all water for drinking and food preparation. This
also includes water used for making ice or coffee, brushing
teeth, and washing fruits and vegetables you eat raw. Boiling
water rapidly for one minute usually Kills bacteria.

Your lab and local health department can help you determine
if you should resample, disinfect your well, or take other
action based on your results.

What are coliform bacteria
and why should I care?

Coliform bacteria are organisms
that are present in the
environment and in the feces of
humans and animals. Coliform
bacteria will not likely cause
illness, but their presence in
drinking water indicates disease-
causing organisms may also be
present.

What is nitrate?

Nitrogen is a chemical found in
most fertilizers, animal manure,
and in septic tanks. Natural
bacteria in the soil can change
nitrogen into nitrate. Rain water
and irrigation water can carry
nitrate down through the soil into
the groundwater.

What can nitrate do to me?

Too much nitrate in your body
makes it harder for red blood
cells to carry oxygen. While many
people do not notice a difference,
this can be very dangerous for
infants and pregnant women.
Infants exposed to high amounts
of nitrate may develop “blue
-baby syndrome,” a condition
that is rare but can be fatal.

What are the symptoms of
blue-baby syndrome?

Symptoms can be confused with
other illnesses. An infant with
mild to moderate blue-baby
syndrome may have diarrhea,
vomiting, and be lethargic.

In more serious cases, the infant

may have:

e skin that becomes gray, darker
brown, or blue, or

* lips, finger or toe nails with a
blue-like color, or

s trouble breathing.
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My test results came back with both coliform and nitrate, what
should I do?

Find a different and safe drinking water supply. The quickest thing to do is to begin using
bottled water for drinking and food preparation. Boiling water kills coliform bacteria, but does
not remove nitrate. Do NOT boil water with both coliform and nitrate. It may increase the
nitrate level, making the problem worse! See other options under nitrate and coliform above.

My test results came back OK, but I don’t like the taste/smell/
appearance of my water. What is wrong with it?

Some contaminants make water smell, taste, or look bad but are not harmful to your health.
Your lab and local health department can help you determine if you need to test or treat your
water.

What about Home Water Treatment Units? I've heard that these
can help.

Point of use (POU) filter systems treat water at a single tap. Point of entry (POE) filter systems
treat water used throughout the house.

Three types of systems that can remove nitrate from your water are:
= Reverse Osmosis Unit
« Distillation Unit
e Anion Exchange Unit

Important: All POU and POE filter systems or treatment units need maintenance to operate
effectively, If they are not maintained properly, contaminants may accumulate in the units and
make your water worse. In addition, some vendors may make claims about their effectiveness
that are not based on science. The EPA does not test or certify treatment units, but two
organizations that do are NSF International and Underwriters Laboratory.

How can I protect my well water from contamination?

Make sure your wellhead extends 6 to 12 inches above the surface of the ground and is
capped to keep contaminants out. Seal the ground around the wellhead and slope it away so
water does not collect and seep into the well.

It is important to keep your well safe ""'et[":“d
from potential contaminants that may be I a P
around your home. The further away from

contamination sources, the better.

A

6-12 inches Screened
Experts suggest your well should be at least:
+« 50 feet from a septic tank,
* 100 feet from the edge of a
drainfield, fuel tank, barn, and any
storage shed for fertilizers and

pesticides, and

e 250 feet from a manure stack.
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Potential Well ﬂé"‘-

Contaminants / b’ 5
. Septic Tank '
. Household Wastes

. Livestock Wastes

. Pesticides and Fertilizers
. Landfills

. Local Industries

~ oo kW e

. Underground Storage Tanks

Questions about your well?

Additional Resources Yakima Health District

Local Health Departments Help Desk Line
www.doh.wa.gov/LHIMap/LHIMap.htm 509-249-6508

Certified Labs in Your Area
www.ecy.wa.gov/apps/eap/acclabs/labguery.asp

Certifying Organizations for Home Water Treatment Units
NSF International (Formerly National Sanitation Foundation), www.nsf.org
Underwriters Laboratory, www.ul.com

Center for Disease Control and Prevention Publications
Private Wells, www.cdc.gov/healthywater/drinking/private/wells/location.htmil

Emergency disinfection of wells, http://emergency.cdc.gov/disasters/wellsdisinfect.asp

Environmental Protection Agency Publications
Household wells, www.epa.gov/safewater/privatewells/pdfs/household wells.pdf

Secondary Standards, r,
Filtration Facts booklet, www.epa.gov/safewater/faq/pdfs/fs healthseries filtration.pdf
Source Water Protection, http://cfpub.epa.gov/safewater/sourcewater

For persons with disabilities, this document is available in other formats.
To make a request, call 1-800-525-0127 or 1-800-833-6388 (TTY/TDD).




Appendix C — Abbreviated & Extended Codebooks

Abbreviated Codebook

1.0 Perception of Water Quality

1.1 Suspicion of
Water

Suspicion of well water and what it could contain.

1.2 Positive
Views of Water

Positive comments about well water quality (cleanliness, taste, etc.).

2.0 Perception of Health Risks

2.1 Water &
Health

Comments about how well water gets into a person’s body and affects
their health.

2.2 Protecting
Family

Comments about protecting family members, pets/livestock, and
vulnerable groups from well water.

3.0 How to Know If Your Water is Bad

3.1 Testing/Data

Comments about the value of/desire for testing or data on well water
contaminants.

3.2 Clues About
Water Quality

Information about sources of contamination sources, well depth, aquifers,
and effects on the environment that participants use as clues to figure out
if their well is contaminated.

3.3 Look/ Taste/
Smell

Comments about the look/taste/smell of well water or the experience of
drinking well water.

4.0 Testing Barriers & Facilitators

4 .1 Costs

Comments about the cost of testing well water.

4.2 Other

Comments about what makes it difficult or easy for a person to test their
well water.
Does not include cost or lack of education.

5.0 “Educate Us U

P

5.1 How to Test

Comments about not knowing how to test one’s well (who to contact,
when to test, etc.).

5.2 Comments about not knowing how to understand test results for private
Understanding well water quality.

Results

5.3 How to Lack of knowledge related to constructing a well, maintaining a well,
Prevent/Treat preventing well water contamination, and treating a contaminated well.
5.4 Other General comments about education or not knowing they had a well.

6.0 Treatment Barriers & Facilitators

6.1 Costs Comments about the cost of treating well water.

6.2 “| Still Don’t Comments about treating well water but still not liking it or knowing if it is
Like It” safe to drink.

6.3 Other Comments about what makes it difficult or easy for a person to treat their

well water.
Does not include cost or lack of education.

7.0 Communication & Sharing Data

7.1 Preferred

Comments about preferred communication formats for well water

Channel information; how participants heard about testing; and where or how
information can be disseminated in the community.

7.2 Trusted Sources that people trust to give them information about well water.

Sources Includes comments about sources that are not trusted.
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7.3 Feedback on
Materials

Feedback shared when reviewing the radionovela, fotonovela, comic, or
factsheet.
Subcodes: A: Factsheet, B: Radionovela, C: Fotonovela/Comic.

7.4 Feedback on
Data
Visualizations

Feedback shared when reviewing the data visualizations.
Subcodes: A: Numbers only, B: Thermometer, C: Histogram, D: Map, E:
Other.

8.0 Miscellaneous

8.1
Responsibility

Comments about who is responsible for preventing/reducing
contamination, testing and treating private wells, or being aware of well
contamination.

Subcodes: A: Dairies/Agriculture, B: Landlords/Shared Wells, C: Well
Users, D: Gov./Community.

8.2 Culture,
Country of
Origin, Language

Comments about culture, country of origin, and language that are
connected to water quality, testing, treatment, and communication.

8.3 What Others
Do

Comments about what neighbors, family, or countries do to make sure
their water is safe to drink.
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Extended Codebook

1.0 Perception of Water Quality

Secondary code

1.1 Suspicious of Water

Description Suspicion of well water and what it could contain.
Includes e When participants use words like “worry,” “concern,”
“skeptical,” or “fear” when describing their well water.
e Comments about how all groundwater in the Valley is or will
be contaminated.
e Comments about how residents should test for
contaminants other than nitrate and total coliform.
Excludes Comments related to health risks. (2.1 or 2.2)

Typical examples

“Is there actual good water? With all the contaminants in the air,
with all the practices?”

“We're probably sitting on top of a river that runs underneath us so
no matter where we dig our well, a new well, it’s going to hit the
same darn river, you know.”

“But the problem is that there’s only...I've had [my] well tested,
what, twice right. There’s only two things they test for. What about
everything else? What about everything else? That's my question”

Unusual examples

“I really believe that the next round of testing well waters, they
should include in the analysis for other chemicals other than
nitrate. And the reason for that is because the last testing that was
done, this gentleman who is, | believe, a retired physician from
Zillah, he mentions that they were also testing for dioxin in the well
water. That the previous testing of wells did not, were not designed
to identify dioxins or some other herbicides in the well water.
Knowing that we are all surrounded by orchards | really believe
that the testing should include other chemicals other than nitrate.”

Close but no

“If [the nitrate levels are] increasing, then we are all at risk
eventually, health wise.” (2.1)

Secondary code

1.2 Positive Views of Water

Description Positive comments about well water quality.

Includes Comments about how water is clean, tastes good, etc.
Being proud of water quality in private well.

Excludes Comments related to health risks. (2.1 or 2.2)

Typical examples

“| say, ‘Try our water. It’s terrific,” and | give them a glass and they
agree that it tastes really well.”

‘I have not heard someone say that the water is bad; on the
contrary, | have heard that they say that there is very clean water.”
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Secondary code

1.2 Positive Views of Water

Unusual examples

“Good water quality sounds like it's not quite as good as excellent
water quality, that's what it sounds like to me. Acceptable.”

Close but no

“M: Is it safe to drink?
P5: Until | guess until proven otherwise. [Laughs] I'm still drinking
it, s0.” (2.1)

2.0 Perception of Health Risks

Secondary code

2.1 Water & Health

Description

Comments about how well water gets into a person’s body and
affects their health.

Includes

Comments can be about positive, negative, or neutral effects on
health.

How well water is needed for life.

How participants drink well water “until proven otherwise.”

How contaminants can get into food from well water.

How well water may affect skin while bathing.

Excludes

Concerns about whether standards protect babies or other
vulnerable groups. (2.2 & 5.2)

Comments about the well water quality that do not mention health.
(1.10r1.2)

Typical examples

“I think it’s our biggest fear: that we are going to get sick because
of the same water we are drinking.”

“When we get sick, we do drink more well water, so | can’t say that
would be the first, you know that’s not first thing that comes to my
mind, is that it's the water. It's one of those things that kind of sits
in the back of your mind but you don't like, it doesn’t jump out
there.”

Unusual examples

“M: Is it safe to drink?
P5: Until | guess until proven otherwise. [Laughs] I'm still drinking
it, so.”

Close but no

“P3: P3 wants to know this, the 10 per whatever...is that on an
average on an actual human being or are they taking into
consideration babies? Just how much this is going to affect, |
mean, it'll be okay for us but how about the baby inside of you?
How about the baby that’s a year old or two? | mean how safe is
that?” (2.2 & 5.2)
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Secondary code

2.2 Protecting Family

Description

Comments about protecting family members, pets/livestock, and
vulnerable groups from well water.

Includes

Babies, pregnant women, elderly, immunocompromised people,
pets, and livestock.

Concerns about whether standards protect babies or other
vulnerable groups. (Double code with 5.2)

Excludes

Children or elderly described as trusted sources of information.
(7.2)

Children’s preferences for drinking water. (6.3)

Comments from elderly participants about protecting their own
health. (2.1)

Sentinel animals (animals that show health effects before
humans). (3.2)

Typical examples

“I raise animals, | have my grandchildren over, | have my mother
over. So my concern is, you know, getting a more in depth test and
my concern for not only my family, my animals.”

Unusual examples

“P3: P3 wants to know this, the 10 per whatever...is that on an
average on an actual human being or are they taking into
consideration babies? Just how much this is going to affect, |
mean, it'll be okay for us but how about the baby inside of you?
How about the baby that’s a year old or two? | mean how safe is
that?” (Double code with 3.1)

Close but no

“Being the kids in. Teach the youth because these are the ones
that need to learn how to [test and mitigate]. And then the youth
will bring their parents in, because they, more of these, but an

activity that has to do with whatever you’re trying to get to.” (7.2)

3.0 How to Know If Your Water is Bad

Secondary code

3.1 Testing/Data

Description

Comments about the value of/desire for testing or data on well
water contaminants.

Includes

Tests used to create beliefs about water quality.

Plans to test during a specific time.

Desire for water quality data in a specific region or time.
Criticism of water quality standards.

Testing for hardness and pH.

Comments about how testing is not useful.

Excludes

Specific feedback on data visualizations (7.4) or desire for maps of
water quality. (7.4D)

Questions about standards protecting babies and other groups of
people. (2.2, 5.2)
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Secondary code

3.1 Testing/Data

Typical examples

“The test was done, | qualify for a reverse osmosis. They told us
don’t drink the water out the faucet from the household. Cook with
the reverse osmosis... I’'m not scared of my water because | barely
qualify.”

“I'd like to test in the winter and | can test in the summer too.
During irrigation and other weather-wise. | think twice a year would
be ideal for us.”

“P2: It's just that when they put in the regulations and the limits of
saying, “Ok, ten milligrams per liter is harmful,” and if P1 is at 9
mg, why does it make it that much safer?”

Unusual examples

“The taste is great, and our tests came back to where, not knowing
what the minimum standards are, it was acceptable. It passed
human consumption standards, so we, and again we had it tested
twice, years ago we had it tested, so | am quite proud of our
water.” (1.2, 3.1)

Close but no

“That map is okay, but | was looking for dairies and | didn’t see any
up there... you should have a marker for dairies.” (7.4D)

“My grandpa, parents live like 5 miles away. They live on STREET
NAME. They test their water. Their water is perfectly fine. My mom
tests her water. It's decent, but she also buys.” (8.3)

Secondary code

3.2 Clues About Water Quality

Description Information about sources of contamination sources, well depth,
aquifers, and effects on the environment that participants use as
clues to figure out if their well is contaminated.

Includes Specific sources of contamination (dairies, agriculture, disposal of
chemicals, “water terrorists,” etc.).

Well depth, aquifer, and soil type.

Well location or topography (location on hill vs. valley).

Sentinel animals (animals that show health effects before humans
do).

Environmental effects of contamination on wildlife, plants, and
surface water.

Excludes Comments about who is responsible for testing/treating well water

or preventing/reducing contamination. (8.1)
Comments about how all groundwater is contaminated. (1.1)

Typical examples

When discussing well water contamination: “| just, it really
depends on where you live. And how deep your well is. | think.”

“‘However, we know that our water table is really high and we're
virtually surrounded by dairies...You think how much of what's
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Secondary code

3.2 Clues About Water Quality

being sprayed right next door is infiltrating the ground around us
and then seeping into the water table.”

Unusual examples

N/A

Close but no

“Is there actual good water? With all the contaminants in the air,
with all the practices?” (1.1)

“They went after them and said, “Well, you need to make some
changes to your dairy. You need to put liners in your ponds so it's
not seeping into the underground water aquifers and artesian
wells.” So | think that kinda died down when they said, “Well, ok,
we're taking steps to try to prevent this,” but | don't think it's gonna
solve the whole problem. As long as the dairy is there and they're
putting more in, cattle in there, they're gonna continue to have that
problem.” (8.1A)

Secondary code

3.3 Look/Taste/Smell

Description Comments about the look/taste/smell of well water or the
experience of drinking well water.

Includes Temperature of water and water deposits.
Comments about how you cannot see, taste, or smell nitrates in
water.

Excludes Irrigation water or river water. (3.2)

Comments about bottled water. (Not coded)
General comments about water quality. (1.1 or 1.2)

Typical examples

“The water is no longer enjoyable. Um, it tends to be warm, on the
warm side and not very good tasting.”

Unusual examples

“So if | don't smell it and | don't taste it and | haven't seen anything
in the water, it raises an alarm.” (Double code with 1.1)

Close but no

“You'll see those irrigation spouts pushing manure around the corn
fields.” (3.2)

“Good water quality sounds like it's not quite as good as excellent
water quality, that’s what it sounds like to me. Acceptable.” (1.2)

4.0 Testing Barriers/Facilitators

Secondary code

4.1 Costs

Description Comments about the cost of testing well water.
Includes Ideas about how to make testing more affordable for people.
Excludes Costs about treating water or buying bottled water. (6.1)
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Secondary code

4 1 Costs

Typical examples

“There is a certain population or there’s people that just can't
afford 48 dollars. Some people can’t even afford 18 dollars for that
matter. You know what I’'m saying? | mean it would be nice if it
was a little more reasonable...for those people. Or a grant or you
know what I’'m saying? Like something that would help, like a
community fund or something that you know if they were
concerned or they need to do that, they would have the money to
do so.”

Unusual examples

N/A

Close but no

“But how can you afford to dig deeper because they charge so
much per foot?” (6.1)

Secondary code

4.2 Other Testing Barriers & Facilitators

Description

Comments about what makes it difficult or easy for a person to test
their well water.
Does not include cost or lack of education.

Includes

Comments about inconvenience, issues with shared wells,
decreasing property values, distrust in testing laboratories,
navigating services, and beliefs that testing is useless because
mitigation may not be possible.

Ideas about how to address these issues.

Excludes

Comments about cost (4.1), not knowing how to test (5.1),
understanding results (5.2), or barriers to treatment. (6.1 or 6.2)

Typical examples

“You see we’re calling them for our answers, we’re playing phone
tag with them, we are trying to reach them. They’re making it hard
for us to get our results and then when we get them it’s probably
time to test the water again.”

Unusual examples

N/A

Close but no

“Sometimes price can be prohibitive. | mean | think there is a
certain population or there’s people that just can’t afford 48
dollars.” (4.1)

“P6: I've heard about [testing] because my mother got her water
tested and | talked to the gentleman and | had to go test my water
because | thought it was normal because | was a first time home
buyer and | was too young to know.

Moderator: It was worth your time?

P6: No because he didn’t give me answers.” (5.4, 3.1)
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5.0 “Educate Us Up”

Secondary code

5.1 How to Test

Description Comments about not knowing how to test one’s well.

Includes Not knowing who to contact, where to test, how often to test, how
to take a sample, and what to test for.

Excludes Lack of knowledge about how the samples are analyzed. (4.2 if

lack of knowledge is linked to suspicion of labs.)
Comments about needing education in general or not knowing
they had a well. (5.4)

Typical examples

On the topic of testing: “That’s what | would like to know. My father
took care of all that stuff, | didn’t have to, never seen him do it. Do
they go to their house? Do they test it? Do you take, | don’t know,
that’'s what | would like to know.”

Unusual examples

“P1: P1, my daughter worked for the lab, is that the same kind of
lab that this is?

P8: Is this a medical lab? They probably deal with plasma and
blood and that kind of stuff.

M: No, it’s a special lab that tests for water, different water
sources.”

Close but no

“I'd like to know what kind of equipment is used for testing...It must
be something bigger than can fit in the backseat of your corvette or
they’d do it right there on the spot right. They have to go back to
Yakima, Sunnyside, and get back to you, well there’s always a
possibility that they put your results, your little canister, out the
wrong label on it and mixed yours up with mine and you didn’t get
the right report. If you get it on the spot, all that gray area or a
suspicion would be removed.” (4.2)

Secondary code

5.2 Understanding Results

Description Comments about not knowing how to understand test results for
private well water quality.
Includes Lack of knowledge about:
o Water quality standards;
o Whether standards protect babies and other vulnerable
groups; (double code with 2.2)
¢ Terminology (e.g. satisfactory vs unsatisfactory); and
¢ What to do based on your results (e.g. test every six
months).
Excludes Lack of knowledge about

e how totest, (5.1)

¢ how samples are analyzed, (No code)
¢ how to prevent contamination, or (5.3)
e how to treat water. (5.3)
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Secondary code

5.2 Understanding Results

Comments about needing education in general or not knowing
they had a well. (5.4)

Typical examples

“Instead of like here is your guys’ spreadsheet, you guys want to
look at it and sit down and explain it to you step by step like your
doctor should do. Explain it to us. Dumb it down. I'm sorry, dumb it
down for us, like tell us what exactly we should be looking at.”

Unusual examples

When giving feedback on factsheet: “I want to know, um you know,
it says the coliform is either satisfactory or unsatisfactory. Well,
what'’s satisfactory?” (Double code with 7.3A)

Close but no

Moderator asks who is responsible for making water safe to drink:
“Us. Our practices that we do even our day to day products, how
we dispose of our products...the thing is that it's what we do to our
properties and how we practice and how we conserve our water
and how do we do. It’'s basically being, it's like P8 said, its being
more educated, not dumbing down but being more educated and
practicing the right way.” (5.4, 8.1C)

Secondary code

5.3 How to Prevent/Treat

Description

Lack of knowledge related to constructing a well, maintaining a
well, preventing well water contamination, and treating a
contaminated well.

Includes

Questions about renovating wells, maintaining well heads, using
water softeners, etc.

Questions about how to remove nitrates from water (boiling,
straining, filters, etc.).

Questions about what treatment system is needed.

Excludes

Knowledge related to testing (5.1) and interpreting test results
(5.2).

Comments about needing education in general or not knowing
they had a well. (5.4)

Typical examples

“‘How recommendable is it to replace the tubes that go all the way
down? What is your advice? Should | leave them like this or could
you in some way remove and clean them? Put them in acid and
then put them back or what would you recommend? | really do not
know.”

Unusual examples

“We hope everyone’s well head is covered, you know, sealed.”

Close but no

On the topic of testing: “That’s what | would like to know. My father
took care of all that stuff, | didn’t have to, never seen him do it. Do
they go to their house? Do they test it? Do you take, | don’t know,
that’s what | would like to know.” (5.1)
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Secondary code

5.4 Other Education

Description General comments about education or not knowing they had a
well.

Includes See above.

Excludes Lack of knowledge about testing (5.1, 5.2), treatment (5.3), or

maintaining well (5.3).

Typical examples

“They should inspect well water especially if you are buying a
property because | didn’t know. | thought it, my line was connected
to the water of Sunnyside and it wasn’t until | was having
problems, like, "Wait. What? | have a well?"

“Main thing is educate. Educate, not fear factors.”

Unusual examples

N/A

Close but no

“‘How do we know? | mean, my water tastes good. It's fresh. I've
been living there for 40 years. Never had problems but my father,
he is the one that did the maintenance on it, put whatever he had
to do to make sure that the water was good. He passed away two
years ago on the 15th of December. Now, I'm new. | saw what he,
you know, certain things that he used to do. | don’t know anything
else, so how do | know if it's good?” (3.3 and 5.3)

6.0 Treatment Barriers & Facilitators

Secondary code

6.1 Costs

Description Comments about the cost of treating well water.

Includes Costs of installation and maintenance.
Ideas about how to make treatment more affordable for people.
Costs of buying bottled water.

Excludes Costs of testing water. (4.1)

Typical examples

“But how can you afford to dig deeper because they charge so
much per foot?”

“Well, we, we drink out of the reverse osmosis and we know it's
getting close to our filter's going out and go into the bottled water.
And we've gotten used to just buying the bottled water 'cause it's a
lot easier. It can add over a hundred dollars just to go out and get
the filters and get them back in again and for another six months
and you're right back in the same, so we just tend to buy the
bottled water and Costco is our friend.” (Double code with 6.3)

Unusual examples

N/A

Close but no

“There is a certain population or there’s people that just can't
afford 48 dollars. Some people can’t even afford 18 dollars for that
matter.” (4.1)
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Secondary code

6.2 “I Still Don'’t Like It”

Description Comments about treating well water but still not liking it or knowing
if it is safe to drink.

Includes Installing treatment and still being frustrated with the water quality.
Having treatment systems and not knowing if you can drink the
water. (Double code with 5.3)

Excludes Barriers to water testing or interpreting testing results. (4.1, 4.2,

5.1,0r5.2)

Challenges with mitigation once a participant has identified the
right mitigation action (e.g. installation or maintenance). (6.1 or
6.3)

Typical examples

‘I don’t drink [the water] because I've already had it tested. |
already had my lines pumped, my house, nothing seems to work.
And we had the dairy, the E. coli. They said they’re going to come
test the waters again and they never did.” (Double coded with 4.2)

“I have that system outside, correct? The water softener and then
inside, down where you wash your hands there are filters. There
are 2 filters there for the water. There are 2 filters plus this one,
combined with that, right? | do not know if that is what helps more
so that the water comes out better.” (Double code with 5.3)

Unusual examples

N/A

Close but no

“You see we’re calling them for our answers, we’re playing phone
tag with them, we are trying to reach them. They’re making it hard
for us to get our results and then when we get them it’s probably
time to test the water again.” (4.2)

“If we have bad water, can we, we can’t clean it can we? Because
it'll just be restored by more bad water. If you sucked all the water
out of your well [background laughter] and then thought, “Well, |
took care of that” and [makes sound effect] and you have the
same water back in it the next morning. You can't fix it can you?”
(5.3)

Secondary code

6.3 Other Treatment Barriers & Facilitators

Description Comments about what makes it difficult or easy for a person to
treat their well water.
Does not include cost or lack of education.

Includes Comments about inconvenience, kids’ preferences for drinking

water, distrust of salesmen, working with a neighbor on a shared
well, and difficulty navigating services.

Ideas about how to address these issues.

Treatment systems installed before house was purchased.
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Secondary code

6.3 Other Treatment Barriers & Facilitators

Comments about preventing pollution such as maintaining septic
tanks, covering wellheads, and maintaining wells.

Excludes

Costs or lack of education.

Typical examples

“I have to go test my water from Tri Cities because no one else
would do it. When they told me my result they were like yea you
can just put Clorox in there. | was like okay and can you come and
do it. They were like no you can do it. It's cheaper for you to do it
that way. Yep, | gave them a really bad review on google.” (Double
coded with 6.1)

Unusual examples

“Then they changed [the filter] recently. Now my water tastes
funny from the reverse osmosis. It tastes really, my kids don’t like
it. And so | got bottled water because they won’t drink out of the
reverse [osmosis]. | drink out of the, they prefer to drink out of the
faucet because it tastes better, so.” (Do not double code with 2.2)

Close but no

“If we have bad water, can we, we can’t clean it can we? Because
it'll just be restored by more bad water. If you sucked all the water
out of your well [background laughter] and then thought, “Well, |
took care of that” and [makes sound effect] and you have the
same water back in it the next morning. You can't fix it can you?”
(5.3)

7.0 Communication & Sharing Data

Secondary code

7.1 Preferred channel

Description

Comments about preferred communication formats for well water
information; how participants heard about testing in the past; and
where or how information can be disseminated in the community.

Includes

Television, radio, print media, internet, social media.

General suggestions about tone (e.g. factual vs. fearful) or
phrases to use.

Comments expressing gratitude for the focus groups.

Specific media organizations, such as Radio KDNA, should be
double-coded with 7.2.

Excludes

Feedback specific to the factsheet, radionovela, comic, or
fotonovela shown in the focus groups. (7.3A, 7.3B, or 7.3C)

Typical examples

When asked about preferred communication formats, “On our
phones, on our computers because [there are] pop-up ads for
everything. Just pop up and say, ‘Is your well water safe?”
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Secondary code

7.1 Preferred channel

Unusual examples

“There are some things we all do. We all pay certain bills, we all
need to get our hair cut or we all need to do certain things
periodically. At those places post it, at those clinics post it. ‘Is your
well water safe? Call this free number. It's free. Call a free service
or something.” We all go some places. Everybody does.”

“Main thing is educate. Educate, not fear factors. | get it. This is
ugly but I don’t think none of us here have, wells that shut down,
the health department has shut down.”

Close but no

When giving feedback about comic shown at the focus group,
“One thing, | work with elderlies...I think it would be a little bit
harder for them to read the print. Maybe a little bit bigger for them
because...some people have poor sight and | like the big one.”
(7.3C)

Secondary code

7.2 Trusted Sources

Description Sources that people trust to give them accurate and useful
information about well water contamination. Includes comments
about sources that are not trusted.

Includes A person or an organization:

o specifically named (Yakima County, Radio KNDA or Flo
from Progressive car insurance); or
e generally discussed (a community member, doctors, or
drilling companies).
Comments about recognizable logos.
May be double coded with 7.1
Excludes Comments about communication formats or when/how to

distribute information. (7.1)

Typical examples

When asked about trusted sources, “Radio Cadena. | think it's
very reliable. We all grew up with it.”

Unusual examples

Example of distrust: “Yea because the Culligan came up and did
the little [makes a sound], their little colors and then they show
their grids and, ‘Here’s where your water’s at. Here’s basically it.’
And of course it’s all...what is it called? The snake oil salesmen
that they try to.” (Double coded with 6.3)

Close but no

“There are some things we all do. We all pay certain bills, we all
need to get our hair cut or we all need to do certain things
periodically. At those places post it, at those clinics post it. ‘Is your
well water safe? Call this free number. It’s free. Call a free service
or something.” We all go some places. Everybody does.” (7.1)
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Secondary code

7.3 Feedback on Materials

Description Feedback shared when reviewing the radionovela, fotonovela,
comic, or factsheet. Includes negative, positive, and neutral
feedback.

Use subcodes only (see below).
Includes Feedback related to
e content (clarity of information, information that is missing,
too much information);
¢ design (formatting, pictures, color);
e cultural relevance (stereotypes, music, language, etc.).
Excludes General comments about communication channels (7.1) or trusted

sources. (7.2)

Typical examples

“P5: That was like, not that I've ever heard anything like that, but
it's just too dramatic, like it's more of a car- not a cartoon. What do
you call it?

P4: Soap opera?

P5: Bingo, you got it.”

Unusual examples

N/A

Close but no

When asked about trusted sources of information:

“P4: Direct flyer. Yes, those uh, you know the Sunday paper, just
put themin and ...

P6: Don’t make the ads small so it's harder to see. You actually
have to literally look for that. Make it a little bit like okay.” (7.1)

Subcodes

7.3A: Factsheet
7.3B: Radionovela
7.3C Fotonovela/Comic

Secondary code

7.4 Feedback on Data Visualizations

Description

Feedback shared when reviewing the data visualizations.
Use subcodes only (see below).

Includes

Includes negative, positive, and neutral feedback.

Comments about wanting maps or region-specific water quality
data, even if the comments are shared before the data
visualizations are shown. (7.4D)

Excludes

Comments about wanting to test seasonally or the need for long-
term monitoring. (3.1)

Typical examples

“I've never seen those charts before, but they are very visually, uh,
| can understand you know, uh what the problem looks like and for
me as a, drinking water from our well, we tell people where we're
at and right now I'm glad, we haven’t, we're not drinking the water
at all. We haven't, | haven’t for the last 10 years.” (7.4E)

65




Secondary code

7.4 Feedback on Data Visualizations

When viewing thermometer chart, “Right now, I'm going to have to
put 48 dollars every 6 months to have my nitrates tested.” (7.4B)

Unusual examples

“If there were studies done, we talked earlier about, about uh the
zone, the other zone and then the other zone, if there was that
available, the data was available, I'd like to know on a sheet like
this that you could tell us, you can find out what zone you’re in and
if your area has a lot of contamination, it might prompt somebody
to go get tested if they’re a B7 zone.” (7.4D)

Close but no

“I'd like to test in the winter and | can test in the summer too.
During irrigation and other weather-wise. | think twice a year would
be ideal for us.” (3.1)

Subcodes

7.4A: Numbers only
7.4B: Thermometer
7.4C: Histogram
7.4D: Map

7.4E: Other

8.0 Other

Secondary code

8.1 Responsibility for Testing/Treatment

Description

Comments about who is responsible for preventing and reducing
contamination, testing and treating private wells, or being aware of
well contamination.

Includes

Use subcodes only (see below).
Comments about community-wide solutions that involve all
stakeholders (8.1D)

Excludes

Comments about how being close to a dairy or other
contamination sources indicates whether a well is contaminated.
(3.2)

Typical examples

“I'm like with P8, like, so who’s responsible? If the big dairy people
are contaminating our water it should, will you be paying the
testing or should they because our water was fine then all of the
sudden its going bad.” (8.1A)

“The responsibility always ends with us. We are the owners of our
family, of our children, and we are the ones who have to look for
what we should do. It is always our responsibility and we must not
wait for someone to come and tell us, we must search.” (8.1C)

Unusual examples

“Most of those who live around us with the exception of the
American, they are all renting, no one has gone to do tests, and
they have not put a lot of pressure, so they have not done it.”
(8.1B, Double code with 8.2 & 8.3)
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Secondary code

8.1 Responsibility for Testing/Treatment

Close but no “‘However, we know that our water table is really high and we're
virtually surrounded by dairies...You think how much of what's
being sprayed right next door is infiltrating the ground around us
and then seeping into the water table.” (3.2)

Subcodes 8.1A: Dairies and agriculture

8.1B: Landlords or households on a shared well
8.1C: Well users
8.1D: Government & community

Secondary code

8.2 Culture, Country of Origin, Language

Description

Comments about culture, country of origin, and language that are
connected to water quality, testing, treatment, and communication.

Includes

Comments about ignorance connected to Mexican heritage.
Socioeconomic barriers faced by immigrants.

Language barriers faced by monolingual and bilingual residents.
Feedback about cultural aspects of educational materials. (Double
coded with 7.3)

Excludes

N/A

Typical examples

“Yes, | think it is our ignorance. | come from Mexico. Sometimes
we talk to a friend who is also from Mexico where we think that it is
okay to drink water from streams. And that is what we say and you
know | surely did it. Nevertheless, | think that it is plain ignorance.
[INAUDIBLE, 33: 07] different now | think that out of ignorance |
can send my family and myself to the hospital for not paying a little
bit of attention.”

“My parents, they also own a well and | believe the Yakima County
also went to go test their water but the same. He was like, ‘Well,
here are the results," and they're only Spanish-speaking so they
gave it to me. And I'm like, “Well, | don't know how to read it
either!”” (Double code with 8.2, 5.2)

Unusual examples

“Most of those who live around us with the exception of the
American, they are all renting, no one has gone to do tests, and
they have not put a lot of pressure, so they have not done it.”
(Double code with 8.1B)

Close but no

N/A

Secondary code

8.3 What Others Do

Description

Comments about what neighbors, family, or countries do to make
sure their water is safe to drink.
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Secondary code

8.3 What Others Do

Includes Comments about anyone who is not a participant and whether
they test or treat their well water.
Comments about other people’s perception of well water quality
and health effects.

Excludes Comments about the look/taste/smell of someone else’s water.

(3.3)
Comments about where another person’s well is located. (3.2)

Typical examples

“My grandpa, parents live like 5 miles away. They live on

independence. They test their water. Their water is perfectly fine.

My mom tests her water. It's decent, but she also buys.”

Unusual examples

“Most of those who live around us with the exception of the
American, they are all renting, no one has gone to do tests, and
they have not put a lot of pressure, so they have not done it.”
(Double code with 8.1B & 8.2)

Close but no

“My grandparents have cows on his [property] and we, I’'m sorry,
we, we do put manure on our property because that is what
fertilizes our alfalfa, but it's not even close to where our well is.”
(3.2)
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