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Abstract: Arsenic is a naturally occurring toxicant in groundwater, which increases cancer and
cardiovascular disease risk. American Indian populations are disproportionately exposed to arsenic
in drinking water. The Strong Heart Water Study (SHWS), through a community-centered approach
for intervention development and implementation, delivered an arsenic mitigation program for
private well users in American Indian communities. The SHWS program comprised community-led
water arsenic testing, point-of-use arsenic filter installation, and a mobile health program to promote
sustained filter use and maintenance (i.e., changing the filter cartridge). Half of enrolled households
received additional in-person behavior change communication and videos. Our objectives for this
study were to assess successes, barriers, and facilitators in the implementation, use, and maintenance
of the program among implementers and recipients. We conducted 45 semi-structured interviews
with implementers and SHWS program recipients. We analyzed barriers and facilitators using the
Consolidated Framework for Implementation Research and the Risks, Attitudes, Norms, Abilities,
and Self-regulation model. At the implementer level, facilitators included building rapport and trust
between implementers and participating households. Barriers included the remoteness of households,
coordinating with community plumbers for arsenic filter installation, and difficulty securing a local
supplier for replacement filter cartridges. At the recipient level, facilitators included knowledge
of the arsenic health risks, perceived effectiveness of the filter, and visual cues to promote habit
formation. Barriers included attitudes towards water taste and temperature and inability to procure
or install replacement filter cartridges. This study offers insights into the successes and challenges
of implementing an arsenic mitigation program tailored to American Indian households, which
can inform future programs in partnership with these and potentially similar affected communities.
Our study suggests that building credibility and trust between implementers and participants is
important for the success of arsenic mitigation programs.

Keywords: arsenic; drinking water; process evaluation; consolidated framework for implementation
research (CFIR); RANAS model

1. Introduction

Arsenic is a naturally occurring toxicant that is prevalent in groundwater throughout
the United States. Arsenic is associated with a variety of adverse health effects, including
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impaired neurological function, cancer, diabetes, and cardiovascular disease [1–4]. The
United States Environmental Protection Agency (EPA) set a maximum contaminant level
(MCL) of 10 µg/L for arsenic in public drinking water in 2001, lowering it from the
previous MCL of 50 µg/L. However, arsenic in private wells is unregulated, and testing and
mitigation are the responsibility of the homeowner [5]. Since the EPA adopted its current
MCL, exposure to arsenic among public water system users has decreased substantially,
while exposure among private well users has not [6].

American Indian communities are disproportionately affected by arsenic in private
wells [7–9]. Exposure occurs through drinking arsenic contaminated water or preparing
foods and beverages with it (e.g., rice, pasta, juice concentrate, and powdered drink
mixes, which are commonly reported food items [10]). Groundwater concentrations of
arsenic in the Great Plains region are naturally elevated, and mining has further increased
concentrations in some areas [11–13]. Disproportionately high arsenic exposure occurs
in this region in part because communities are rural and water utility infrastructure is
limited, so many households rely on unregulated private wells for potable water [9,11,14].
Programming for arsenic awareness and mitigation is also limited [15].

The Strong Heart Water Study (SHWS) is the first arsenic mitigation program designed
to reduce arsenic exposure among private well users in American Indian communities [15].
The SHWS program was developed using a community-centered approach, and commu-
nity members led program implementation. This program was delivered in the Great
Plains region and included a community water arsenic testing program for private wells,
installing point-of-use (POU) arsenic filters, and providing behavior change communica-
tion to promote use and maintenance of the POU arsenic filters through a mobile health
(mHealth) program and in-person visits by a health promoter.

The SHWS program was evaluated through a randomized controlled trial (RCT) con-
ducted between 2018 and 2021. Eligible households were randomized into one of two arms:
“mHealth/filter” or “intensive”. The mHealth/filter arm received water arsenic testing
through the community water arsenic testing program, POU arsenic filter installation by
a community plumber, and the mHealth behavior change communication delivered by
a community health promoter. The intensive arm received these same components, plus
additional in-person behavior change communication and videos by a community health
promoter [15]. Results from the RCT of the SHWS program found that both arms were
highly effective in reducing arsenic exposure, evidenced by a 48% reduction in urinary
arsenic (a biomarker of arsenic exposure) from baseline to the 2-year follow-up in both the
mHealth/filter and intensive arms [16].

In this study, we report a qualitative evaluation of the implementation of the SHWS
program. Qualitative evaluations of implementation, such as the one we report here, are
important for understanding how and why trial results are achieved. They can also improve
programmatic relevance of RCTs by identifying the underlying factors driving implemen-
tation and intervention success or failure, and identifying opportunities to improve or
replicate trial results in other settings [17–20].

Our specific objectives were to (Objective 1) assess implementers’ and recipients’
perceptions of successes and challenges within the implementation of the SHWS arsenic
mitigation program, (Objective 2) identify barriers and facilitators in implementing the
arsenic mitigation program among implementers, and (Objective 3) identify barriers and
facilitators in using and maintaining the POU arsenic filter among recipients.

2. Materials and Methods

In this study, we used qualitative methods, conducting semi-structured interviews
with implementers and recipients. We also applied conceptual frameworks from imple-
mentation and behavioral science [21–23] to evaluate successes, barriers, and facilitators in
implementation and intervention uptake. Specific methods are described below.
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2.1. Conceptual Frameworks

We assessed perceptions of success and challenges (Objective 1) as the extent to
which implementers and recipients perceived that the SHWS program had achieved the
following implementation outcomes [23]: adoption, acceptability, appropriateness, cost,
feasibility, fidelity, penetration, and sustainability. Definitions are provided in Table 1. For
implementers, we focused on appropriateness, cost, feasibility, fidelity, penetration, and
sustainability. For recipients, we focused on acceptability, adoption, appropriateness, cost,
feasibility, and sustainability.

Table 1. Implementation outcomes as measures of perceived program success.

Outcome Definition

Acceptability Perception that the program, or its component parts, is agreeable and satisfactory

Adoption Intention, decision, or action to uptake key behaviors for the program (e.g., obtaining an arsenic test, using
arsenic-safe water)

Appropriateness Perceived fit, relevance, or compatibility of the program with the context, or perceived fit of the intervention to
address locally relevant issues or problems

Cost Cost of the program and implementation efforts

Feasibility The extent to which the program can be successfully delivered and/or used within with local context

Fidelity The extent to which the program is delivered as originally developed and specified in program plans
and protocols

Penetration Coverage area and intensity of exposure to the program among the target population

Sustainability The extent to which the POU arsenic filters and associated key behaviors are maintained within the
target population

We assessed barriers and facilitators in implementation among implementers (Ob-
jective 2) in five domains following the Consolidated Framework for Implementation
Research (CFIR) [21]: characteristics of the intervention itself, implementing individuals,
inner setting, outer setting, and implementation process. The CFIR proposes that factors in
these five domains influence successful implementation.

We assessed barriers and facilitators to using and maintaining the POU arsenic filter
among recipients (Objective 3) following the Risks, Attitudes, Norms, Abilities, and Self-
Regulation (RANAS) model [22]. The RANAS model proposes that these five factors
must be favorable for the successful adoption of a behavior. Definitions for barriers and
facilitators at the implementer and household-recipient levels are provided in Table 2.

Both the CFIR and RANAS model have been applied in previous water, sanitation,
and hygiene (WaSH) research to describe the factors that influence implementation [24–26]
and behavior change [27–32]. These frameworks are specifically designed to examine these
factors for public health interventions. Application of conceptual frameworks allows for
more comprehensive evaluation and provides a structure with which to categorize and
examine relationships between factors. These frameworks also promote reproducibility
and comparison of findings across studies of similar interventions in other contexts, as they
provide well-established definitions of constructs [33,34].

2.2. Intervention Design and Study Setting

The SHWS program was implemented in the Great Plains region of the United States.
The SHWS program was designed through extensive community-centered formative re-
search. A detailed description of the program is published elsewhere [15]. Briefly, the
program was implemented by Missouri Breaks Industries Research Incorporated (MBIRI)—
a local American Indian-owned research firm—in partnership with local tribal agencies
and the Indian Health Service (IHS). Private well users were identified using data provided
by the IHS and local municipal tribal water utilities, and MBIRI visited identified private
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well users to test arsenic levels as part of a community water arsenic testing program.
Households exceeding the EPA MCL of 10 µg/L were eligible to receive a POU arsenic
filter. A total of 50 households and 84 individuals were enrolled in the trial [16].

Table 2. Barriers and facilitators in implementation of the program and use and maintenance of the
POU arsenic filter at the implementer and recipient levels, based on the Consolidated Framework
for Implementation Research [21] and Risks, Attitudes, Norms, Abilities, and Self-regulation [22]
models, respectively.

Construct Definition Examples

Implementer Level

Intervention
characteristics

Attributes of the program itself, either as a whole or
individual components

Complexity of the program; Relative advantage
over comparable interventions

Implementing
individuals

Attributes of the personnel implementing
the program

Knowledge or beliefs about the POU arsenic
filters; Personal commitment to the organization
or program

Inner setting Attributes of the organization implementing
the program

Organizational communication systems and
norms; Available resources for implementation

Outer setting Attributes of organizations, policies, and other
factors outside the implementing organization

External policy and regulatory environment;
Needs and resources of the recipient population

Process Actions or activities taken to facilitate
implementation

Monitoring and learning processes; Engaging
local champions to promote the program

Recipient level

Risks Understanding and awareness of health risks (both
perceived and factual knowledge)

Perceived health risks of arsenic; Knowledge and
beliefs about arsenic prevalence in groundwater

Attitudes
Beliefs about the costs and benefits of a behavior,
feelings towards a particular behavior, health risk,
or program

Beliefs about the extent to which the POU
arsenic filter can reduce arsenic exposure and
mitigate health impacts

Norms

Personal approval/disapproval of a particular
behavior, health risk, or program component;
perceptions of societal approval/disapproval; and
perceptions of to what extent others perform
a given behavior

Perceptions of whether others also use the
POU arsenic filter; Endorsements from
community leaders

Abilities Capacity, both actual and perceived, to perform
the behavior

Perceived and actual ability to use the POU
arsenic filter for drinking and cooking, and to
perform maintenance on the filter

Self-regulation Ability to develop plans and routines to facilitate the
behavior; cues and feedback to support the behavior

Visual cues to use the POU arsenic filter device;
Burden of other household duties that interfere
with filter use

Households who enrolled in the study received a Multipure® (Model CB-As-SB, Las
Vegas, NV) POU filtration system, which was installed under their kitchen sink/faucet
area. The Multipure Drinking Water System is a POU system designed to remove arsenic
from water using an absorptive media filter. An absorptive media filter was selected due
to concerns voiced by community members during formative research on how reverse
osmosis could impact the taste of drinking water [15]. Water meters were included as a
separate addition to help households know when to change their filters. Water meters were
connected to the POU arsenic filter to monitor water usage and contained a small indicator
light on the faucet, which would flash red to indicate when the filter cartridge needed to be
replaced (at 960 gallons or approximately one year for average household consumption
levels). POU arsenic filters and water meters were installed by plumbers employed by
the local tribal housing authority, who also provided households one spare filter cartridge
at the time of installation. Included with the spare cartridge was an instruction sheet
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with diagrams and instructions on how to operate the filter change. Figure 1 shows the
filter device.
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Households in the intensive study arm only were also provided with cups, water
bottles, coffee cups, a large water storage tankard, and a window sticker branded with the
study logo designed by an artist in the community. Households were encouraged to place
the window sticker near the filter faucet as a visual reminder to use the POU arsenic filter.

Behavior change communication targeted four key behaviors: (1) having one’s well
tested for arsenic, (2) having a POU arsenic filter installed, (3) drinking and cooking
with arsenic-safe water, and (4) changing the POU arsenic filter cartridge when the water
meter flashed red or within 12 months of installation. Behavior change communication
was delivered by MBIRI health promoters. Households in both study arms received
phone calls at one week and approximately at one, three, and five months after POU
arsenic filter installation as part of the SHWS mHealth program. Phone calls delivered
the following: (1) information about the health effects of arsenic exposure; (2) reminders
to use the filter faucet for all drinking and cooking purposes; (3) reminders to check the
indicator light and change the cartridge when the light blinked red; and (4) opportunities
to discuss challenges households faced when using their POU arsenic filters and strategies
to overcome these challenges.

For households in the intensive arm, in-person visits were conducted at two weeks
and one and six months following POU arsenic filter installation. In-person visits were
scripted and included videos shown on tablets promoting recommended behaviors targeted
as part of the program. Video content included information about the health effects of
arsenic, testimonials from community members and the study team, and a demonstration
of how to change the filter cartridge. In-person visits also served as an opportunity to
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discuss challenges households faced when using their POU arsenic filters and strategies
to overcome these challenges. In the spring of 2020, in-person visits ceased due to the
COVID-19 pandemic. Any remaining in-person visits were converted to mHealth visits,
with the same behavior change communication delivered by phone and videos sent by
email or Facebook messenger.

2.3. Sampling and Recruitment

We contacted every household enrolled in the trial that had not been lost to follow-up
at the time of this study (n = 42) to request participation in semi-structured interviews. From
each household, we preferentially recruited adults who were responsible for maintaining
the POU arsenic filter. When such an individual was unavailable, we recruited any adult
over 18 years of age that was enrolled in the study and had been living in the household
since the initial installation.

For implementer semi-structured interviews, we sampled the entire team involved
in delivery of the behavior change component of the program, and at least one represen-
tative from organizations involved in water quality testing and installation of the POU
arsenic filters.

2.4. Data Collection

We conducted a preliminary phase of semi-structured interviews with seven recipients
and four implementers as part of the evaluation of the SHWS program during the RCT.
These preliminary interviews were used to provide context for quantitative trial results
and explore drivers of program success. These transcripts informed development of the
primary interview guides used in this study.

We designed separate guides for recipients and implementers. The recipient guides
asked about knowledge and risk perception, attitudes, norms, abilities, and self-regulation
(following the RANAS model [22]) for each targeted behavior (i.e., water testing, filter
installation, use, and maintenance). The implementer guide asked about implementers’
roles in each component of the program, barriers and facilitators for the target behaviors in
different domains (following the CFIR [21]) in delivering each component, and perceptions
of success.

Two authors (KE, RS) conducted the preliminary semi-structured interviews in Decem-
ber 2018 and December 2021. A single author (DA) conducted all subsequent interviews in
May 2022. A single interviewer conducted each semi-structured interview in participants’
homes or workplaces. Interviews lasted, on average, 45–60 min. We audio-recorded inter-
views when participants gave permission (94%) and transcribed recordings for analysis.
The SHWS RCT was conducted from July 2018 to May 2021.

2.5. Data Analysis

We developed an initial codebook of deductive codes for implementation outcomes
(Objective 1), constructs from the CFIR for barriers and facilitators for implementers (Objec-
tive 2), and constructs from the RANAS model for barriers and facilitators for recipients
(Objective 3), based on our conceptual framework.

We then conducted two rounds of codebook testing and revision. First, we applied
the codebook to an initial subset of six interviews (four recipients, two implementers).
We wrote memos of emergent themes and instances where deductive codes did not fully
capture the study context. We used these memos to revise deductive codes and develop
inductive codes to reflect emergent themes. Second, we conducted this process of coding,
memo writing, and revision again with five additional interviews (four recipients, one
implementer) to develop the final codebook.

Once the codebook was finalized, we then proceeded to code the full dataset. All
coding was performed using NVIVO (release 1.6.2, QSR International). Four authors (DA,
EDT, JG, CMG) participated in codebook development and revision. A single author (DA)
conducted all coding once the codebook was finalized.
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3. Results
3.1. Study Sample

We conducted a total of 45 semi-structured interviews with 48 participants. Three
interviews were conducted with two participants from the same household simultane-
ously. For recipients, we conducted 35 interviews across 26 households. Households not
included in the sample either were unavailable due to work or other obligations (n = 4),
had moved out of the study area or were otherwise unreachable for scheduling (n = 10),
or were unwilling to participate in an interview (n = 2). We conducted 13 implementer
interviews. Implementers were health promoters and study and intervention supervisors
who implemented the behavior change components, and representatives for organizations
involved in water testing and installation of the POU arsenic filter. Implementer and
recipient demographics are provided in Table 3.

Table 3. Demographic traits of the recipient and implementer samples.

Demographic Trait Number of Participants

Recipients (n = 35)

Age
18–35 3
36–50 7
51–65 7
66+ 18

Gender
Male 17
Female 18

Intervention arm
mHealth/filter 23
Intensive 12

Self-reported filter use †
Exclusive user 8
Partial user 26
Non-user 1

Implementers (n = 13)

Behavior change implementers
Health promoters 6
Study and intervention supervisors 2

Role of partner organizations
Water quality testing 3
Filter installation 1

Intervention design and funding 1
† We defined self-reported filter use categories as: Exclusive user (self-reported exclusive use of arsenic filter for
drinking and cooking at the final follow-up visit); Partial user (partial use of the arsenic filter for either drinking
or cooking at the final follow-up visit); Non-user (no use of arsenic filter for drinking nor cooking at the final
follow-up visit).

We present results below for perceptions of success, challenges, barriers, and facili-
tators among implementers, and barriers and facilitators among recipients. A graphical
summary of results is depicted in Figure 2.

3.2. Perceptions of Success

We assessed successes in terms of the following eight implementation outcomes:
acceptability, adoption, appropriateness, cost, feasibility, fidelity, penetration, and sustain-
ability. Implementer and recipient perceptions of each outcome are provided in Table 4.
Key trends are described below.
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Table 4. Implementer and recipient perceptions of intervention successes and challenges.

Outcome Implementer Perceptions Recipient Perceptions

Acceptability Assessed at recipient level only.

Most recipients liked the POU arsenic filter. They
described the installation as “professional” and
“respectful”. Recipients reported that the filter gave
them “peace of mind” for arsenic-safe water. Some
recipients reported low acceptability associated
with installation problems (e.g., filter faucet
improperly secured on the kitchen sink leading
to wobbling).
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Table 4. Cont.

Outcome Implementer Perceptions Recipient Perceptions

Adoption

Implementers perceived that increased arsenic
awareness and opportunities to access arsenic-safe
water were successes. Some implementers reported
that they had achieved success just by installing the
filter, and whether recipients decided to use it was
outside of their control. Others perceived that use of
the filter device by even some recipients was a success,
believing that some recipients would never change
their behavior.

POU arsenic filters provided recipients that wanted
to use arsenic-safe water with an opportunity to do
so. Some recipients were concerned about arsenic
in their well water but did not believe the filter
device would effectively remove it. These
individuals typically used bottled water.
For recipients that were unconcerned about arsenic
and did not intend to switch to arsenic-safe water,
health communication did little to change their
attitudes or practices.

Appropriateness

Implementers believed that arsenic exposure was a
locally relevant problem. Implementing organizations
and agencies had missions and mandates to provide
safe water and/or protect health, and the program
was perceived to align well with those needs.
Implementers perceived the program to be culturally
competent because it was designed with input from
community and tribal members, and many
implementers were tribal members who were aware of
community needs.

Many recipients were concerned about water
contamination and associated health impacts from
arsenic and other toxicants (e.g., solid waste
dumping, farming and mining chemicals).
Recipients believed that the filter addressed a
relevant community need and that water quality
testing and raising awareness about arsenic in the
community was important.

Cost

Some implementers were concerned about the
affordability of replacement filter cartridges for
low-income households, but otherwise cost was not a
major concern mentioned by implementers.

Recipients appreciated that the filter was installed
at no cost. Many expressed concerned over the high
cost of replacement cartridges. Some reported that
they may need to make cuts in other areas of the
household budget to afford one, or that they would
delay replacing an expired cartridge to save money.

Fidelity

The short life of batteries in the water meter
necessitated adaptation to communication regarding
using the indicator light to signal filter cartridge
changes. The COVID-19 pandemic also disrupted
implementation and necessitated adaptation of
in-person components to remote delivery.

Recipient reports confirmed implementer
descriptions of some variation within study arms
about the content and format of behavior change
communication.

Feasibility

Feasibility challenges centered around travel to remote
households over poor quality roads for the installation
of POU arsenic filters and in-person visits. Once at the
household, implementers described the filter device
cannister as well-designed and easy to install.

Some households reported initial difficulty
changing habits to routinely use the filter faucet for
drinking and cooking, but in the long-term reported
few difficulties. Feasibility of maintenance was
more challenging, with many households reporting
trouble due to either lack of physical ability or
sufficient information to change the filter cartridge.

Penetration

Implementers perceived penetration to be good in
terms of conducting water testing for a very high
proportion of private well users in the target area,
even those in remote or difficult to access areas due to
poor road quality.
Implementers reported challenges in penetration of
behavior change communication with enrolled
households (e.g., households not answering
the phone).

Recipients corroborated difficulties receiving
behavior change communication by phone. Many
reported that they did not recognize phone
numbers of the study team and believed they were
spam calls. Study protocols dictated that health
promoters should leave a voicemail message, but
many recipients, particularly the elderly, did not
have a voicemail setup.

Sustainability

Mixed views on sustainability. Some implementers
perceived that since the filter devices had been
installed by the program, households could and
should be responsible for maintaining them. Others
believed that, since an affordable option for
replacement cartridges was not readily available
locally, the intervention would not be sustained.

Recipients expressed concerns over their ability to
locally source and afford filter cartridges in the
long-term. Many expected that the study would
continue to provide them, and had no alternative
plan to source filters when they were no longer
available for free through the study.



Int. J. Environ. Res. Public Health 2023, 20, 2681 10 of 24

Implementers and recipients described successes most often related to acceptability,
appropriateness, and penetration. The SHWS program was widely acceptable to recipients.
They described the installation of the POU arsenic filter and health promoter activities as
“professional” and “respectful”. Multiple participants described feeling “peace of mind”
knowing that the filter was providing a source of arsenic-safe water. Participants had few
objections to its design or placement in the kitchen. Both implementers and recipients
believed that water quality was a problem in the community that should be addressed, and
that the SHWS program was appropriate for community water quality needs.

Implementers reported successes in reaching a high proportion of households in the
study area for water arsenic testing. Recipients similarly described that they believed that
the study had been successful in raising community awareness. Multiple participants
expressed concern that their neighbors may also be exposed to elevated arsenic, and
approved of the program’s broad reach:

“We wanted to be safe and trusted the study—that it was going to help, not only us, but
our people. So we’re grateful for you guys being here.” (Recipient, mHealth/filter arm).

Implementers perceived that the program had been successful in providing recipients
with access to an arsenic-safe water source, as a precursor to adoption. In some cases,
implementers believed that the program was successful just by providing a POU arsenic
filter, regardless of whether recipients used it. In the words of one implementer:

“Some things [are] just out of our control. We can’t persuade them but at least give
thanks for giving it a try.” (Implementer, health promoter).

Recipients reported relatively little impact of health communication encouraging use
of the POU arsenic filter on adoption. Where recipients were already concerned about
arsenic, they appreciated that the filter provided a convenient arsenic-safe source. However,
recipients with low intention to use arsenic-safe water reported relatively little change in
this intention after receiving arsenic health communication.

Feasibility, fidelity, cost, and sustainability were challenging. For feasibility, travel
to reach households for filter installation and in-person visits for behavior change com-
munication was difficult, in part due to the geographic remoteness of households. Some
households took up to three hours one-way to reach by car when driving from the pro-
gram office, with most taking at least an hour one-way. Furthermore, driving directions
were often not readily available on commercial mapping applications (e.g., Google Maps),
and implementers thus relied on knowledge of local landmarks to locate households.
Contacting households by phone for phone-based behavior change communication was
also challenging. However, once households were reached, implementers did not report
substantial feasibility concerns.

Implementers reported some challenges in intervention fidelity. Behavior change com-
munication materials as originally scripted reminded participants to check their indicator
lights on the water meter as a cue to perform the filter cartridge change. However, due to
problems with the short life of the batteries used for the water meters, some water meters
stopped functioning prematurely and the batteries had to be changed out, which reset the
meter. This meant that the indicator light stopped working for some households. As the
implementation team became aware of this problem, they met to discuss this challenge
and proposed revised behavior change communication (e.g., using time-based reminders
to change the filter 12 months after installation). Fidelity was also challenging with the
video component of the intensive arm during the COVID pandemic, when email, text, and
Facebook were used to send videos. Some households reported that they did not receive
the video messages (e.g., did not routinely check their emails), and implementers reported
that it was difficult to monitor whether videos were received and viewed.

Challenges related to cost and sustainability were linked. Recipients appreciated
that the installation of the filter device was free but were concerned about the cost of the
replacement filters. Many participants reported that the cost of replacement cartridges
would be a substantial strain on household budgets. Some described that they would delay
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or avoid replacing the cartridge due to cost, or would need to make tradeoffs between
buying household essentials, such as food, versus replacement cartridges. Some households
ordered replacement cartridges online by entering the model name of the POU arsenic filter
into a search engine. However, other participants reported that they did not know how
they would get replacement cartridges and/or could not afford them, and expected that
MBIRI would continue to provide them.

Implementer concerns over cost and sustainability were mixed. Some felt that sus-
tainability was not a concern because households had the filter devices installed and had
been provided one replacement cartridge, and that households should and would take
responsibility for procuring subsequent replacement cartridges. Other implementers ex-
pressed concerns about sustainability and costs, including affordability for low-income
households, lack of a local supplier of replacement filter cartridges, and the inability of
some households to access filter cartridge suppliers in nearby cities or online (e.g., due
to lack of transportation, internet access, or a mailing address capable of receiving deliv-
eries). Implementers noted that some households had old POU arsenic filters that had
been installed by previous programs that were no longer in use and needed to be removed
before the SHWS filter devices could be installed. Households who had these old systems
removed typically reported that they no longer used them because they were unable to
afford or obtain replacement filter cartridges.

3.3. Barriers and Facilitators among Implementers

We assessed barriers and facilitators among implementers in five categories: interven-
tion characteristics, implementing individuals, inner setting, outer setting, and process,
following the CFIR (Table 2). Key trends for each category are described below.

3.3.1. Intervention Characteristics

Implementers who installed the filter devices reported that they were easy to install.
Filter devices were provided in prepackaged kits that contained all the necessary fittings
to connect with most household plumbing, which streamlined the installation process.
Installers also perceived the steel canister that held the POU arsenic filter to be high quality,
though they did note that the water meter, separate from the filter (used to indicate when
to change the cartridge), had low durability.

Health promoters expressed concerns about the usability of the filter devices, partic-
ularly in changing the filter cartridge. Two health promoters reported that they believed
the instructions and behavior change communication overestimated how easy changing
the filter cartridge was. This finding was corroborated by recipients, who described that
the plumbers had told them that the filter change would be “easy” but in practice it was
more complex and difficult than they had expected. This is supported by the quantitative
findings from the RCT, which found that only 46% of households changed their filter during
the two-year study period [35].

3.3.2. Implementing Individuals

Familiarity with the local context and social capital between implementers and com-
munity members was an important facilitator, particularly among health promoters. Health
promoters were enrolled tribal members and were familiar with the customs and traditions
of their tribes. One health promoter was a respected elder who had grown up in the area,
had deep social ties with many of the recipients, and spoke the local tribal language fluently.
She described how her background made it easier to build rapport with recipients:

“I know where they come from, and we all grew up the same. And so once you go in
there and you’re comfortable with your surroundings, and they’re comfortable with you, I
think things are a lot easier . . . . And there’s a certain amount of respect or standards
that we have too, so it’s not like somebody . . . younger going in there.” (Implementer,
health promoter).
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Whenever younger health promoters encountered difficulty (e.g., households were
unwelcoming or unavailable), they sought assistance from this elder implementer who had
preexisting relationships with many recipients. This was corroborated by recipients, who
described that they felt more comfortable communicating with and trusted implementers
who they had known for many years.

However, regardless of age and any pre-existing relationships with community mem-
bers, communication skills and an outgoing personality were also important. Study and
intervention supervisors reported that health promoters with more outgoing, sociable
personalities were more effective implementers than those who were shy or timid.

3.3.3. Inner Setting

An important factor was coordination between partners involved in implementation.
For some aspects, implementers reported strong coordination that facilitated implementa-
tion. For identifying and recruiting households for water quality testing, multiple partners
collaborated to share data on the location of private wells, resulting in a comprehensive
map of the study area and high coverage of water testing.

However, for other aspects, difficulty in coordination was a barrier. Installations were
scheduled at the convenience of the household and households often changed appointments
at the last minute. While a health promoter was initially intended to be present during
installation, this was difficult to coordinate. To avoid delays in installing the filter devices,
health promoter visits were often conducted separately later. A training was held for
plumbers to orient them with how to explain the installation of the POU arsenic filters
to households and how to explain how to change the filter cartridge. However, not all
plumbers were comfortable or had experience communicating with recipients:

“Away from the reservation you have to have that open communication. And some of
the guys, a couple of guys, they don’t have that. They never left the reservation. So the
communication was a little bit low.” (Implementer, plumber).

When behavior change communication during installation was delivered by plumbers,
it was not always consistent. For example, some plumbers emphasized that the filtered
water should be used exclusively for drinking, and did not mentioned cooking as they had
been instructed to do during their training.

3.3.4. Outer Setting

One important factor in the outer setting was population remoteness and access to
communication technology. Many households were difficult to physically access due to
poor roads, long travel distances, or both, which was a challenge in filter installation and in-
person behavior change communication by health promoters. Health promoters reported
that they would sometimes drive two and a half hours to conduct a home visit, only to
find that the recipient who had scheduled the visit was not home (e.g., had left to run
errands or perform ranching chores). For phone-based behavior change communication,
implementers reported challenges contacting recipients, either because phone numbers
had been disconnected or recipients did not answer. Recipients corroborated this, with
many reporting that they did not recognize phone numbers from the implementation team
and never answered calls from unknown numbers, believing them to be spam. Alternative
means of contact through voicemails or emails were not always possible, as not all recipients
had voicemail setup.

External policies and funding were another important factor, particularly in the sus-
tainability of the POU arsenic filters. Filter installation was funded by the IHS. However,
under IHS regulations, funding could not be used for subsequent operations and main-
tenance. Implementers from IHS reported that they encouraged other implementers to
consider how households would access a sustainable supply of replacement filter cartridges,
but were unable to take further action. Among other implementers, there was disagreement
regarding who should be responsible for ensuring access to a sustainable supply of filter
cartridges. Some believed this should be the responsibility of the homeowner. Others
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believed that homeowners could not or would not pay for replacement cartridges them-
selves and were concerned that no local business stocked the cartridges at an affordable
price. Ultimately, responsibilities for ensuring a sustainable filter cartridge supply were not
clearly established, with implementers from stakeholder groups each reporting that others
should be responsible for ensuring a sustainable supply.

3.3.5. Process

Identifying and adapting to challenges was an important factor. The implementation
team held routine meetings to discuss progress and identify challenges. Health promoters
had the flexibility to adapt to challenges and develop solutions. When in-person visits
stopped in response to the COVID-19 pandemic, the implementation team adapted to de-
velop video-based behavior change communication as a replacement, which was perceived
as successful by both implementers and recipients. While the implementation team effec-
tively identified challenges and developed solutions, ensuring that households consistently
received adapted materials was sometimes challenging.

3.4. Barriers and Facilitators among Recipients

We assessed barriers and facilitators among recipients in five categories: risks, atti-
tudes, norms, abilities, and self-regulation, following the RANAS model (Table 2). Key
trends for each category are described below. We found few differences in barriers
and facilitators between the two study arms, and therefore report the findings for both
arms together.

3.4.1. Risks

Individuals who were more knowledgeable about arsenic and its health effects were
more likely to believe that the consistent use of arsenic-safe water was important. Knowl-
edgeable recipients often had learned about arsenic before the program, for example
through employment or post-secondary education. For those without prior knowledge,
recipients reported that the program raised awareness of dangerous arsenic levels in their
water. However, many wanted more information on the specific health effects of arsenic,
beyond the health communication already provided as part of the SHWS program which
discussed the association between arsenic in water and cancers, heart disease, and diabetes.
Some recipients sought information elsewhere but found interpreting complex toxicologic
or medical information challenging:

“It was kind of a lot to try reading. I’m just overwhelmed with Google searches... There’s a
lot of stuff to scroll through and try to find what would be more informative.” (Recipient,
mHealth/filter arm).

In some cases, prior arsenic knowledge was a barrier. Some recipients were familiar
with the previous EPA MCL for arsenic of 50 µg/L (applicable before 2001, when the
current MCL of 10 µg/L was set). In these cases, individuals often believed that the new
level was unnecessary or overly cautious.

Personal and family health history was also an important factor. Individuals who
had personally experienced health effects perceived to be related to arsenic (e.g., cancer,
stroke, premature death) believed the use of arsenic-safe water was important. Conversely,
individuals who had grown up in the community drinking the water with no perceived
health effects were less likely to believe that arsenic-safe water was important. In some
cases, people reported generations of family members who drank the same water with no
perceived effects, strengthening the perception that arsenic was not a major risk:

I wasn’t very concerned because like I said, we’ve lived here all this time, and no one’s
died of arsenic poisoning that I know of yet.” (Recipient, intensive arm).
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3.4.2. Attitudes

Attitudes were an important factor in behaviors related to using the POU arsenic
filter, particularly palatability of the filtered water and trust that the filter would effectively
remove arsenic from the water and protect against health effects.

The poor palatability of water was a barrier. A common complaint was that the filtered
water was not as cold, or, less commonly, that filtering changed the taste. For most people
who were strongly concerned about health effects, these preferences were not enough to
prevent the use of the filter, though some opted to purchase bottled water instead. However,
for individuals who were unconcerned or skeptical of the health effects, low palatability
discouraged filter use, and these participants rarely used an alternative arsenic-safe source.

Skepticism of the filter efficacy was another barrier. Some individuals believed that
arsenic was present and had negative health effects but were skeptical that the filter would
remove it. Some of these individuals used other arsenic-safe water sources (e.g., bottled
water), but others continued using unfiltered well water. Skepticism was influenced on two
levels. First, the indicator light used to indicate the filter needed to be changed (which was
connected to a water meter and was a separate component from the filter itself) flashed
red if the filter needed to be changed or lit up solid red if the battery was low. The use of
the same color for two very different signals caused confusion among participants. For
example, one participant reported changing her filter mistakenly because her indicator
light was solid red (low battery) and she thought her filter was not working. Second, loose
or leaking filter faucets, which occurred in two households and were subsequently fixed.

More distally, skepticism was also influenced by historical experiences with poor
quality programming and exploitation, particularly by government agencies. Multiple
participants thought that the SHWS program was a government program because of
partnerships with tribal authorities and the IHS, and had pre-existing perceptions of
government programs as being low quality. For example, a participant described that she
did not report problems with the filter device because she did not believe that anyone from
the implementation team would respond to fix them.

Skepticism and mistrust were mitigated by several activities. The SHWS program
included sampling the filter faucet (treated) and the kitchen faucet (untreated) upon filter
installation, and mailing households test results comparing the levels to indicate filter
effectiveness. The delivery of this information to the recipients helped build confidence
that the filter was working and encouraged consistent use:

“I guess I learned a long time ago, you kind of have to pay attention to what’s in black
and white, because not always is the word truthful. So we did see the results in black and
white, and that gave us some assurance.” (Recipient, mHealth/filter arm).

The implementation team demonstrated drinking a glass of water from the filter
faucet during household visits to show recipients that the filtered water was safe to build
trust. Additionally, for recipients in the intensive arm, videos showing testimonials and
endorsements from community members and elders also helped build trust.

Some individuals believed that arsenic was a problem and that the filter could effec-
tively remove it, but that it was too late for them to mitigate any health impacts. These
individuals were often older and had personally experienced or observed others with a
high burden of other competing hardships, such as exposure to substance abuse or violence.
When asked whether she used the filter, one recipient replied, “why bother”, and noted
that friends and family had died from cancer, drug addiction, and gun violence:

“I’m getting old and am going to die soon anyway . . . I try not to think about it. When I
die, I die.” (Recipient, intensive arm).

However, this same recipient was hopeful that future generations would experience a
better life and encouraged her teenage grandchildren living in the home to use arsenic-safe
water. This attitude was shared by many recipients with children, where older adults
were more diligent about encouraging filter use among younger children than using it
themselves.
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3.4.3. Norms

Norms were not a strong barrier or facilitator. Recipients reported that they did not
typically discuss water with others outside the home. We commonly found that filter users
and non-users lived together within households and did not routinely attempt to influence
each other’s behavior. One recipient described briefly encouraging her teenage children to
drink from the filter faucet but ultimately respecting their autonomy:

“Some people, if they don’t want to use it, they won’t, no matter how much you convince
them. You can suggest it . . . But if they’re not going to use it, that’s not my problem.”
(Recipient, intensive arm).

3.4.4. Ability

Ability was an important barrier in maintaining the filter (i.e., replacing the cartridge
when it reached capacity). We identified two key factors: information and physical capacity.

Informational capacity related to understanding how to disassemble the filter cannister
and replace the cartridge. Some but not all recipients reported that they had received
a demonstration from the plumbers who installed the filter. Information capacity was
hindered by lack of information sharing between household members. Working adults
were often responsible for changing the filter but may not have been home at the time the
filter was installed. Multiple recipients reported that their family members had not relayed
verbal instructions from in-person visits or phone calls, and that printed materials (e.g.,
owner’s manual for the filter device) had been lost. The intensive arm included a video
from a community member changing the filter cartridge which was showed in person and
through Facebook and text messages.

Informational capacity varied by gender and age. Men reported more experience with
day-to-day home repair or employment using mechanical skills (e.g., auto repair), which
gave them the confidence and skills to maintain the filter. Women were less confident and
less willing to attempt maintenance without instructions. Younger recipients regardless of
gender were more likely to look up information, for example, by using an online search
engine to look up the model name and watch instructional videos that were not part of
the study materials (e.g., publicly available videos on YouTube for similar filter devices).
Across all recipients, individuals with low confidence expressed concern that attempting
to replace the filter cartridge might interfere with the water supply throughout the house,
and they preferred to continue using the expired filter rather than risk losing water access.

Physical capacity related to the ability to access the filter cannister under the sink
and maneuver it to replace the filter cartridge. Individuals with limited mobility, par-
ticularly older individuals or those with physical disabilities, reported having difficulty
reaching under the sink. Even individuals with adequate mobility sometimes lacked the
strength to loosen the mounting hardware or lift the cannister to change the filter cartridges,
particularly as cartridges became heavy once saturated with water.

For both informational and physical capacity, barriers were mitigated by having a
strong social support system. Several individuals who lacked capacity themselves asked
friends, family, or neighbors to assist them. Individuals who lacked capacity themselves and
who also did not have a support network often identified that maintenance was necessary
but continued to use the expired filter cartridge or reverted back to the unfiltered faucet.

3.4.5. Self-Regulation

For behaviors related to using the filter, most recipients did not identify any specific
facilitators besides becoming accustomed to the filter over time. For many participants,
acclimating to the new filter was challenging and took weeks or months. During the
adjustment period, recipients reported lapses where they used the unfiltered water. The
kitchen faucet was retained in households to try to preserve the life of the filter cartridge for
as long as possible—using the filter faucet for washing dishes and hands would shorten the
life of the filter—but some participants described that having multiple faucets for different
uses (e.g., using the filtered faucet for cooking and drinking but the unfiltered faucet for
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washing dishes and hands) was complicated and hindered habit formation. For some
households with young children, the novelty of the filter was a facilitator, where children
were excited to try the new device:

“The kids, I think they got used to it right away because the little ones, they just jump up
there, and just turn it on and get their water.” (Recipient, mHealth/filter arm).

Visual cues to action were important. For filter use, participants who placed the
window sticker with the study logo above the kitchen sink reported that it was a helpful
reminder to use the filter. For filter maintenance, households relied on the indicator light to
know when to perform the filter change. As mentioned earlier, a solid red light indicated
that the water meter batteries were low, while a blinking red light indicated that the
filter cartridge had reached capacity. However, there was confusion among recipients
about this, with some recipients reporting changing their filter cartridge just several weeks
after installation in response to the low battery indicator. When this issue was identified,
health promoters then recommended changing filter cartridges after 12 months (time-based
indicator) rather than relying on the indicator lights.

Some recipients believed that there would be a visual sign to change an expired car-
tridge (e.g., a slow down or complete stop to the water flow or a change in the water
appearance), and that any filter still delivering water at the usual flow rate was functioning
as designed and was safe to use. When behavior change communication asked if recipients
were having any problems, many interpreted this to mean major interruptions or malfunc-
tions in the filter flow, and did not report or seek help for smaller issues such as indicator
light malfunctions or problems with the cartridge change:

“Well, I’ve never had a problem with the unit. Well, I guess I did have a, you know, just
minor things. A lot of times the batteries come loose or just pop out [from water meter]...
The filter itself never had any flow problems that was fine. Still has the same flow that it
did when we first installed it. So I had never had any problem with it giving me problems
of not delivering water or anything like that.” (Recipient, intensive arm).

The timing of behavior change communication was also a barrier, particularly in
relation to filter maintenance. During the first six months, when most home visits and
phone calls were made, recipients experienced few problems with the filters and were not
yet ready to perform the cartridge change. When recipients were ready to perform the filter
change, some had forgotten earlier communication from health promoters.

4. Discussion

This study evaluated the implementation of the community-led SHWS program, the
first RCT designed to mitigate arsenic exposure among private well users in American
Indian communities. We assessed program successes and challenges using a framework of
implementation outcomes [23]. We assessed facilitators and barriers at the implementer
and recipient levels, following the CFIR [21] and RANAS model [22], respectively. At
the implementer level, facilitators were the rapport and trust built between individual
implementation staff members and participating households. Barriers included remoteness
of households, coordinating implementers’ and households’ availability for the installation
of the POU arsenic filters, and difficulty securing a local supplier for replacement filter
cartridges. At the recipient level, facilitators included knowledge of the health risks
of arsenic, perceived effectiveness of the filter, and visual cues provided as part of the
program to promote habit formation. Barriers included attitudes towards water taste and
temperature and the inability to procure or install replacement filter cartridges.

These findings complement those from our RCT of the SHWS program, which found
that the program significantly reduced arsenic exposure and increased exclusive use of
arsenic-safe water [16]. Delivery of the community-led SHWS program resulted in a 48%
reduction in urinary arsenic (biomarker of arsenic exposure) from baseline to the final
follow-up visit during the 2-year study period. Through this study, we were able to identify



Int. J. Environ. Res. Public Health 2023, 20, 2681 17 of 24

important barriers and facilitators to the delivery of the SHWS arsenic mitigation program
at the recipient and implementer levels, which should be targeted during program scaling.

4.1. Implementation Successes and Associated Barriers and Facilitators

Key SHWS program successes were the acceptability of the intervention among recipi-
ents, appropriateness of the program to the community’s needs and the cultural context,
and penetration in terms of reaching a high proportion of private well users in the target
population. These successes were facilitated by the characteristics of implementing individ-
uals and organizations, and the process of engaging key stakeholders from the community
and local agencies for program design and delivery (i.e., CFIR domains for implementing
individuals, inner setting, and process [21]).

Implementers noted that the program had been designed by tribal members [15],
which contributed to its acceptability and appropriateness. Recipients reported concerns
about water contamination and noted that the program addressed an important community
need. Notably, concerns were not restricted to arsenic but rather reflected a broad range of
water contaminants, including uranium, agricultural runoff, and mining-related toxicants.
These concerns have been substantiated in other studies indicating high prevalence of
these water contaminants [11,12,36,37]. While the SHWS program did not address these
non-arsenic contaminants, our study suggests that broad concern for water quality and
contamination can increase the acceptability of mitigation programs, even if the filtration
technology does not specifically target all the contaminants of concern.

SHWS program successes were also facilitated by the characteristics of the implemen-
tation team. Health promoters were enrolled tribal members, who were familiar with the
community context and had lived in the community for years, building social ties with
enrolled households. These social ties helped build trust in the program and the POU
arsenic filter’s effectiveness, improving acceptability and appropriateness. Social ties also
helped implementers identify eligible households within the community and facilitated
follow up with households after enrollment, improving the penetration of the program in
the target community.

Social ties and community trust have been found to be important drivers of WaSH
intervention success in low- and middle-income countries [24,38], and this research suggests
that they are equally important in our partner American Indian communities. Trust and
social ties are likely particularly relevant for American Indian communities, which have a
long history of exploitation and marginalization. Tribes have been forcibly relocated off their
ancestral homelands, often onto lands that were historically considered marginal or less
valuable [39]. Tribal lands and natural resources have been repeatedly contaminated and
exploited—both historically and present-day—by federal and state governments and non-
tribal businesses without tribal consent, often on land that tribes consider sacred [39–42].

Renumeration for these abuses to date has been severely lacking [39–42]. Counties that
are home to American Indian Nations continue to be among the poorest in North America,
with higher incidence of chronic conditions such as heart disease and diabetes [43–45].
Infrastructure on tribal lands remains under-developed compared to neighboring non-tribal
areas [46,47].

This historical trauma is reflected in the current experience of American Indian com-
munities and continues to influence program delivery. Mistrust among American Indian
communities of government programming has been well-documented [48,49]. Participants
in our study discussed how they had received low quality programming unrelated to the
SHWS program (e.g., housing assistance programs) that made them distrustful of other
programming, particularly when they perceived it to be delivered by government agencies.
In this study, we found that personal relationships with SHWS program implementers
helped mitigate this mistrust, as did engagement of community members in the program
design process to ensure the program met community needs. As such, similar WaSH pro-
grams delivered in American Indian communities should meaningfully engage community
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members and trusted community leaders (e.g., tribal elders) in the design phase, and the
implementation teams should be comprised of tribal members.

Participants who were concerned about arsenic and believed the arsenic filter device
would effectively remove arsenic used the filter consistently. Similarly, participants who
were unconcerned about arsenic or did not believe that the arsenic filter device would
effectively remove arsenic did not report using the filter device, nor did they report that the
health communication meaningfully influenced their attitudes or practices. It should be
noted that the health communication provided was only one aspect of the SHWS program
delivery. It is possible that the community promoters calling and making in-person visits
to check in on households was more important than the actual content of the health
communication itself, given that community-led program implementation was important
in building trust in the program.

In the SHWS RCT, we assessed the impact of the SHWS program on behavioral de-
terminants of the exclusive use of arsenic-safe water using a Likert scale questionnaire.
We found that the SHWS program significantly increased perceived vulnerability of use
of arsenic unsafe water and self-efficacy to reduce ones arsenic exposure, and that these
psychosocial factors were associated with higher exclusive use of arsenic-safe water at
follow-up [50]. However, the SHWS program did not significantly change arsenic knowl-
edge, nor was arsenic knowledge associated with exclusive use of arsenic-safe water. Our
current qualitative evaluation yielded consistent findings, with abilities (e.g., knowledge
and/or support systems to change the arsenic filter cartridge) and attitudes (e.g., beliefs
that the filter could effectively remove arsenic and concern for the health implications of
arsenic exposure) identified as key behavioral determinants of use of the arsenic filter, and
arsenic awareness being unchanged by the program. Norms (e.g., encouragement from
family members to use the filter) were also not found to meaningfully drive behaviors

4.2. Implementation Challenges and Associated Barriers and Facilitators

We found few differences in facilitators and barriers between the two study arms.
This may be in part because the filter device was the same across both arms, as was the
mHealth component, and most of the facilitators and barriers described by implementers
and participants related to these two components. This may also reflect fidelity challenges
associated with adapting and delivering the in-person components (e.g., videos) through
mHealth and Facebook during the COVID-19 pandemic, where ensuring that households
received and viewed video content was more challenging, and some households may not
have viewed these materials as intended.

Sustainability and costs of the POU arsenic filters were key challenges. These chal-
lenges were linked, as costs and availability of replacement cartridges were a barrier to
sustained use and maintenance. Households were provided with one spare filter cartridge
but afterwards were expected to procure their own. While some households ordered
replacement arsenic cartridges online, other recipients expressed concern that there was no
locally available supply of affordable arsenic filter cartridges. These concerns are substanti-
ated by the fact that plumbers who installed the point-of-use arsenic filters for the SHWS
program reported that sometimes they had to remove old, no longer used filter systems
before installing the SHWS POU arsenic filter. Recipients corroborated this by reporting
that some had previously received filter systems in the early 2000’s but stopped using them,
in part because they were unable to maintain a supply of replacement cartridges.

Policy and funding structures at the implementer level were barriers to a sustainable
and affordable supply of arsenic filter cartridges. The installation of the filter devices
for this program was funded by the IHS. However, federal regulations dictate that IHS
funding can be used to establish water services but not to subsequently operate and
maintain them. While some implementers were concerned about sustainability, these
policies limited the actions they could take. Other implementers perceived the SHWS
program to be a temporary solution, with the long-term goal of connecting households to
the municipal water supply. However, formative research for the SHWS program indicated
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that some households may be reluctant to connect to the municipal supply, in part because
of preferences regarding the temperature and taste of drinking water and the potential cost
and perceived reliability of the municipal water supply [15].

Beyond household preferences, policy and funding structures complicate connecting
households to the municipal water supply as the long-term solution. The municipal water
supply project serving the SHWS program area was designed in the 1980s and funded by
the federal government [51]. At the time of construction, some areas opted out of being
served by water lines. In areas that were not included under the original scope of work,
tribal authorities are now responsible for funding the construction and maintenance of any
further water lines. Furthermore, even in areas served by the original network, federal
funds that were used for construction have expired [52].

Programs for new household municipal water supply connections are limited, and the
costs of connections are prohibitive for most households without external financial support.
As such, the expectation among implementers that households should be responsible
for maintaining their own supply of arsenic filter cartridges, or that they should connect
to the municipal network as the preferred alternative, may not be realistic. The SHWS
program was designed to provide households with access to arsenic-safe water and provide
information on how to use and maintain arsenic filter systems. The program was not
designed to address supply chain or affordability challenges in sourcing replacement
arsenic filter cartridges in the long-term. However, our findings suggest that additional
interventions at the policy level are also needed to ensure that the SHWS program can
be sustained.

Independent of costs and arsenic filter supply challenges, sustainability was also
a challenge in terms of households’ ability to change the filter cartridge when needed.
These challenges were divided into two categories: information about when and how to
change the cartridge and physical ability to change the filter cartridge. For informational
challenges, cues to action were an important behavioral determinant. In households where
the indicators light on the base of the filter faucet functioned, this served as a visual cue
to replace the arsenic filter cartridge. However, in some households after a few months of
installation this indicator light became solid red light indicating a low battery, and when
batteries were changed, the water meter reading was reset to 0. When these challenges
were detected, implementers used time-based reminders for households, recommending
that households change their filter cartridge after 12 months. mHealth communication
was adapted to include the time when the filter cartridge needed to be changed, and a
video with a community member showing how to change the filter cartridge was sent
by text message and Facebook. Knowledge on how to change the filter cartridge and the
physical ability to change cartridges were also barriers, particularly for older populations
and those with physical limitations. Future arsenic mitigation programs need to target
these important challenges faced by households in changing their arsenic filter cartridges.

We recommend adapting future arsenic mitigation programs to encourage strength-
ening social support networks to assist with changing the filter cartridge when needed.
For households where all members face challenges with their physical abilities and no
one in the household can be readily identified to perform the filter cartridge change, com-
munication encouraging individuals to identify and develop social support systems (e.g.,
identifying and contacting a family member or neighbor to provide assistance) may be
more effective. Other studies have found that social support is an important facilitator for
other WaSH behaviors [24,31,38], and our findings corroborate those results.

Ultimately, behavior change communication for the SHWS program may need to
be tailored to specific groups, as the type of support required by different individuals
varies by demographic. For example, we found that the elderly and individuals with
reduced mobility required more support for physical abilities when changing arsenic filter
cartridges, indicating that they may benefit from more information support. Similarly,
younger recipients were more comfortable receiving video messages by text and Facebook
and using phone voicemail systems, while older recipients often preferred postal mail
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and face-to-face communication. Further research to tailor implementation strategies by
demographic group may improve future program effectiveness.

Filter selection was driven by community preferences on the aesthetic quality of water
and by local hydrogeology and the technical ability of the filter to efficiently remove target
contaminants [11]. Quantitative results from the SHWS RCT indicated that the POU arsenic
filters met and exceeded expectations, with 93% of filter-proceeding water below the arsenic
MCL at the final follow-up visit during the 2-year study period [35]. This finding was
observed despite only 46% of households reporting changing their arsenic filter cartridge
within the 2-year program period. Given the 48% reduction in urinary arsenic observed for
program recipients from baseline to the final follow-up visit during the 2-year study period
(indicating high use of arsenic-safe water) [16], these findings suggests that the POU arsenic
filter cartridges installed can effectively reduce arsenic for a much longer duration than
originally estimated. Future studies are needed to evaluate the gallons of filtered water
that can be produced before arsenic filter failure in the hydrogeological conditions in our
study setting, and the recommendations for the filter life need to be revised accordingly.

4.3. Strengths and Limitations

This study has several strengths. First, we leveraged the CFIR and RANAS model a
priori in designing data collection tools and in the analysis stage, to more comprehensively
capture the range of barriers and facilitators relevant to implementing the SHWS program
and using the POU arsenic filters. Furthermore, we sampled a large proportion of the
households enrolled in the trial, and we achieved saturation across many of the themes
reported in this study. Second, this study was conducted approximately four years after the
start of SHWS program implementation, allowing us to identify a wider range of barriers
and facilitators over time, particularly related to long-term operation and maintenance of
the intervention at the household level. Third, there are very few qualitative evaluations
of arsenic mitigation programs. Most arsenic mitigation studies are cross-sectional and
focus on quantitative data collection methods [53–61]. Through conducting this evaluation,
we were able to identify the facilitators and barriers in the implementation of the SHWS
program at the recipient and the implementer levels, allowing us to identify areas for
further program refinement before scaling.

We identified two main limitations for this study. First, we experienced challenges
with participant recall of activities. Because two or more years had passed since initial
POU arsenic filter installation and early behavior change communication activities, some
participants did not recall receiving certain components of the intervention (e.g., specific
phone calls or home visits). Second, while we sampled a large portion of the households
not lost to follow-up, households with the most severe challenges may be more likely to
be lost to follow-up or not enrolled at all. For example, households without electricity
would not have been able to have the arsenic filter installed and thus were not eligible to be
enrolled, and similarly, households who had their electricity disconnected during the study
would not have been able to continue to operate the filter device and may have shifted
their home due to financial insecurity. As such, this study may underestimate challenges,
particularly for the most vulnerable households.

5. Conclusions

The community-led SHWS is the first RCT of a program designed to mitigate arsenic
exposure through groundwater among private well users in American Indian communities.
The program significantly reduced arsenic exposure, as measured by urinary arsenic
concentration [16]. We attribute this success to the high acceptability, appropriateness, and
penetration of the community-led SHWS program among the target population. These
successes were facilitated by collaborations with tribal agencies, engagement of community
members in the program design and implementation, and the implementation team’s social
ties to communities as enrolled tribal members. Trust was an important facilitator for
acceptability and appropriateness. Lack of trust was also a barrier to acceptability, driven in
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part by prior experiences with low quality programming and the exploitation of American
Indian communities, which was mitigated by social ties between SHWS implementers
and recipients.

Sustainability and costs were challenging. Recipients reported concerns over their
ability to maintain their POU arsenic filters over time, particularly with regard to the
lack of a local, affordable supply of filter cartridges. Addressing these challenges was
complicated by policy and funding structures, as the IHS funded installation of filters,
and federal regulations prohibit using IHS funds for the purchasing of replacement filter
cartridges over time. Other important barriers to sustainability included physical mobility
and strength challenges, as well as low self-efficacy that hindered changing the POU arsenic
filter cartridges.

Future arsenic mitigation programs conducted in partnership with American Indian
communities should meaningfully engage community members in the program design and
implementation to strengthen acceptability, appropriateness, and penetration. Adaptions to
strengthen social support for households with reduced ability for maintaining the arsenic
filter device may improve the success of program implementation. We also recommend
that future arsenic mitigation programs take steps to address challenges related to ensuring
an affordable, sustainable supply of arsenic filter cartridges to support long-term use and
maintenance, which may require interventions at the organizational or policy level to
address relevant barriers.

Author Contributions: D.M.A.: Formal Analysis, Investigation, Methodology, Writing—Original
draft, Writing—Review and Editing; A.B.B.: Investigation, Writing—Review and Editing; T.Z.: In-
vestigation, Supervision, Methodology, Project Administration; Data Curation; K.E.: Investigation,
Data Curation, Writing—Review and Editing; R.S.: Investigation, Data Curation; F.R.: Data Cu-
ration, Investigation, Writing—Review and Editing; L.B.R.: Investigation, Writing—Review and
Editing; D.H.: Investigation, Writing—Review and Editing; L.G.B.: Investigation, Writing—Review
and Editing; R.R.C.: Investigation, Writing—Review and Editing; E.D.T.: Investigation, Methodol-
ogy, Writing—Review and Editing; J.G.: Investigation, Methodology, Writing—Review and Edit-
ing; M.O.: Investigation, Writing—Review and Editing; A.N.-A.: Investigation, Conceptualization,
Writing—Review and Editing, Funding Acquisition; C.M.G.: Conceptualization, Investigation, For-
mal Analysis, Methodology, Supervision, Duration Curation: Original Draft, Funding Acquisition.
All authors have read and agreed to the published version of the manuscript.

Funding: The research was supported by the National Institute of Environmental Health Sciences,
National Institutes of Health of the United States (Grant R01ES025135). ANA, TZ, and MO are
supported by P42ES033719 from the National Institute of Environmental Health Sciences, National
Institutes of Health of the United States.

Institutional Review Board Statement: The study was conducted in accordance with the Declaration
of Helsinki, and approved by the Institutional Review Board (or Ethics Committee) of Johns Hopkins
Bloomberg School of Public Health, the Great Plains Indian Health Service, and the Tribal Research
Review Board (protocol code NCT03725592 approved on 20 August 20215).

Informed Consent Statement: Informed consent was obtained from all subjects involved in the study.

Data Availability Statement: The participants of this study did not give written consent for their data
to be shared publicly, so due to the sensitive nature of the research, supporting data is not available.

Acknowledgments: The authors would like to thank all Strong Heart Water Study and Strong Heart
Study participants, our partner Nations, and other local partners that have made this work possible.
The authors would also like to thank the Indian Health Service for their technical and logistical
assistance, and Rae O’Leary and Joseph Yracheta for their support with intervention development.

Conflicts of Interest: The authors declare no conflict of interest.



Int. J. Environ. Res. Public Health 2023, 20, 2681 22 of 24

References
1. Carlin, D.J.; Naujokas, M.F.; Bradham, K.D.; Cowden, J.; Heacock, M.; Henry, H.F.; Lee, J.S.; Thomas, D.J.; Thompson, C.;

Tokar, E.J.; et al. Arsenic and Environmental Health: State of the Science and Future Research Opportunities. Environ. Health
Perspect. 2015, 124, 890–899. [CrossRef] [PubMed]

2. Ratnaike, R.N. Acute and Chronic Arsenic Toxicity. Postgrad. Med. J. 2003, 79, 391–396. [CrossRef] [PubMed]
3. Naujokas, M.F.; Anderson, B.; Ahsan, H.; Vasken Aposhian, H.; Graziano, J.H.; Thompson, C.; Suk, W.A. The Broad Scope of

Health Effects from Chronic Arsenic Exposure: Update on a Worldwide Public Health Problem. Environ. Health Perspect. 2013,
121, 295–302. [CrossRef] [PubMed]

4. Mohammed Abdul, K.S.; Jayasinghe, S.S.; Chandana, E.P.S.; Jayasumana, C.; de Silva, P.M.C.S. Arsenic and Human Health
Effects: A Review. Environ. Toxicol. Pharmacol. 2015, 40, 828–846. [CrossRef]

5. United States Environmental Protection Agency. Drinking Water Requirements for States and Public Water Systems—Arsenic Rule;
EPA: Washington, DC, USA, 2001.

6. Nigra, A.E.; Sanchez, T.R.; Nachman, K.E.; Harvey, D.E.; Chillrud, S.N.; Graziano, J.H.; Navas-Acien, A. The Effect of the
Environmental Protection Agency Maximum Contaminant Level on Arsenic Exposure in the USA from 2003 to 2014: An Analysis
of the National Health and Nutrition Examination Survey (NHANES). Lancet Public Health 2017, 2, e513–e521. [CrossRef]

7. Gribble, M.O.; Howard, B.V.; Umans, J.G.; Shara, N.M.; Francesconi, K.A.; Goessler, W.; Crainiceanu, C.M.; Silbergeld, E.K.;
Guallar, E.; Navas-Acien, A. Arsenic Exposure, Diabetes Prevalence, and Diabetes Control in the Strong Heart Study. Am. J.
Epidemiol. 2012, 176, 865–874. [CrossRef]

8. Carroll, C.R.; Noonan, C.; Garroutte, E.M.; Navas-Acien, A.; Verney, S.P.; Buchwald, D. Low-Level Inorganic Arsenic Exposure
and Neuropsychological Functioning in American Indian Elders. Environ. Res. 2017, 156, 74–79. [CrossRef]

9. Navas-Acien, A.; Umans, J.G.; Howard, B.V.; Goessler, W.; Francesconi, K.A.; Crainiceanu, C.M.; Silbergeld, E.K.; Guallar, E. Urine
Arsenic Concentrations and Species Excretion Patterns in American Indian Communities Over a 10-Year Period: The Strong
Heart Study. Environ. Health Perspect. 2009, 117, 1428–1433. [CrossRef]

10. Nigra, A.E.; Olmedo, P.; Grau-Perez, M.; O’Leary, R.; O’Leary, M.; Fretts, A.M.; Umans, J.G.; Best, L.G.; Francesconi, K.A.; Goessler,
W.; et al. Dietary Determinants of Inorganic Arsenic Exposure in the Strong Heart Family Study. Environ. Res. 2019, 177, 108616.
[CrossRef]

11. Powers, M.; Yracheta, J.; Harvey, D.; O’Leary, M.; Best, L.G.; Black Bear, A.; MacDonald, L.; Susan, J.; Hasan, K.; Thomas, E.; et al.
Arsenic in Groundwater in Private Wells in Rural North Dakota and South Dakota: Water Quality Assessment for an Intervention
Trial. Environ. Res. 2019, 168, 41–47. [CrossRef]

12. Sobel, M.; Sanchez, T.R.; Zacher, T.; Mailloux, B.; Powers, M.; Yracheta, J.; Harvey, D.; Best, L.G.; Bear, A.B.; Hasan, K.; et al.
Spatial Relationship between Well Water Arsenic and Uranium in Northern Plains Native Lands. Environ. Pollut. 2021, 287,
117655. [CrossRef] [PubMed]

13. May, T.W.; Wiedmeyer, R.H.; Gober, J.; Larson, S. Influence of Mining-Related Activities on Concentrations of Metals in Water
and Sediment from Streams of the Black Hills, South Dakota. Arch. Environ. Contam. Toxicol. 2001, 40, 1–9. [CrossRef] [PubMed]

14. Spaur, M.; Lombard, M.A.; Ayotte, J.D.; Harvey, D.E.; Bostick, B.C.; Chillrud, S.N.; Navas-Acien, A.; Nigra, A.E. Associations
between Private Well Water and Community Water Supply Arsenic Concentrations in the Conterminous United States. Sci. Total
Environ. 2021, 787, 147555. [CrossRef] [PubMed]

15. Thomas, E.D.; Gittelsohn, J.; Yracheta, J.; Powers, M.; O’Leary, M.; Harvey, D.E.; Red Cloud, R.; Best, L.G.; Black Bear, A.;
Navas-Acien, A.; et al. The Strong Heart Water Study: Informing and Designing a Multi-Level Intervention to Reduce Arsenic
Exposure among Private Well Users in Great Plains Indian Nations. Sci. Total Environ. 2019, 650, 3120–3133. [CrossRef] [PubMed]

16. George, C.M.; Zacher, T.; Endres, K.; Richards, F.; Bear Robe, L.; Harvey, D.; Best, L.G.; Red Cloud, R.; Black Bear, A.;
Skinner, L.; et al. Evaluation of a Multi-Level, Participatory Intervention to Reduce Arsenic Exposure in American Indian
Communities: A Cluster Randomized Controlled Trial of the Strong Heart Water Study Program. Environ. Health Perspect. under
review.

17. Haque, S.S.; Freeman, M.C. The Applications of Implementation Science in Water, Sanitation, and Hygiene (WASH) Research and
Practice. Environ. Health Perspect. 2021, 129, 65002. [CrossRef]

18. Saunders, R.P.; Evans, M.H.; Joshi, P. Developing a Process-Evaluation Plan for Assessing Health Promotion Program Implemen-
tation: A How-To Guide. Health Promot. Pract. 2016, 6, 134–147. [CrossRef]

19. Setty, K.; Cronk, R.; George, S.; Anderson, D.; O’Flaherty, G.; Bartram, J. Adapting Translational Research Methods to Water,
Sanitation, and Hygiene. Int. J. Environ. Res. Public Health 2019, 16, 4049. [CrossRef]

20. Brown, C.H.; Curran, G.; Palinkas, L.A.; Aarons, G.A.; Wells, K.B.; Jones, L.; Collins, L.M.; Duan, N.; Mittman, B.S.;
Wallace, A.; et al. An Overview of Research and Evaluation Designs for Dissemination and Implementation. Annu. Rev. Public
Health 2017, 38, 1–22. [CrossRef]

21. Damschroder, L.J.; Aron, D.C.; Keith, R.E.; Kirsh, S.R.; Alexander, J.A.; Lowery, J.C. Fostering Implementation of Health Services
Research Findings into Practice: A Consolidated Framework for Advancing Implementation Science. Implement. Sci. 2009, 4, 50.
[CrossRef]

22. Mosler, H.J. A Systematic Approach to Behavior Change Interventions for the Water and Sanitation Sector in Developing
Countries: A Conceptual Model, a Review, and a Guideline. Int. J. Environ. Health Res. 2012, 22, 431–449. [CrossRef]

http://doi.org/10.1289/ehp.1510209
http://www.ncbi.nlm.nih.gov/pubmed/26587579
http://doi.org/10.1136/pmj.79.933.391
http://www.ncbi.nlm.nih.gov/pubmed/12897217
http://doi.org/10.1289/ehp.1205875
http://www.ncbi.nlm.nih.gov/pubmed/23458756
http://doi.org/10.1016/j.etap.2015.09.016
http://doi.org/10.1016/S2468-2667(17)30195-0
http://doi.org/10.1093/aje/kws153
http://doi.org/10.1016/j.envres.2017.03.018
http://doi.org/10.1289/ehp.0800509
http://doi.org/10.1016/j.envres.2019.108616
http://doi.org/10.1016/j.envres.2018.09.016
http://doi.org/10.1016/j.envpol.2021.117655
http://www.ncbi.nlm.nih.gov/pubmed/34426377
http://doi.org/10.1007/S002440010142
http://www.ncbi.nlm.nih.gov/pubmed/11116335
http://doi.org/10.1016/j.scitotenv.2021.147555
http://www.ncbi.nlm.nih.gov/pubmed/33991916
http://doi.org/10.1016/j.scitotenv.2018.09.204
http://www.ncbi.nlm.nih.gov/pubmed/30373089
http://doi.org/10.1289/EHP7762
http://doi.org/10.1177/1524839904273387
http://doi.org/10.3390/ijerph16204049
http://doi.org/10.1146/annurev-publhealth-031816-044215
http://doi.org/10.1186/1748-5908-4-50
http://doi.org/10.1080/09603123.2011.650156


Int. J. Environ. Res. Public Health 2023, 20, 2681 23 of 24

23. Proctor, E.; Silmere, H.; Raghavan, R.; Hovmand, P.; Aarons, G.; Bunger, A.; Griffey, R.; Hensley, M. Outcomes for Implementation
Research: Conceptual Distinctions, Measurement Challenges, and Research Agenda. Adm. Policy Ment. Health Ment. Health Serv.
Res. 2011, 38, 65–76. [CrossRef] [PubMed]

24. Anderson, D.M.; Gupta, A.K.; Birken, S.; Sakas, Z.; Freeman, M.C. Successes, Challenges, and Support for Men versus Women
Implementers in Water, Sanitation, and Hygiene Programs: A Qualitative Study in Rural Nepal. Int. J. Hyg. Environ. Health 2021,
236, 113792. [CrossRef] [PubMed]

25. Anderson, D.M.; Gupta, A.K.; Birken, S.A.; Sakas, Z.; Freeman, M.C. Adaptation in Rural Water, Sanitation, and Hygiene
Programs: A Qualitative Study in Nepal. Int. J. Hyg. Environ. Health 2022, 240, 113919. [CrossRef] [PubMed]

26. Kirk, M.A.; Kelley, C.; Yankey, N.; Birken, S.A.; Abadie, B.; Damschroder, L. A Systematic Review of the Use of the Consolidated
Framework for Implementation Research. Implement. Sci. 2015, 11, 72. [CrossRef]

27. George, C.M.; Inauen, J.; Perin, J.; Tighe, J.; Hasan, K.; Zheng, Y. Behavioral Determinants of Switching to Arsenic-Safe Water
Wells: An Analysis of a Randomized Controlled Trial of Health Education Interventions Coupled with Water Arsenic Testing.
Health Educ. Behav. 2017, 44, 92–102. [CrossRef]

28. Inauen, J.; Tobias, R.; Mosler, H.-J. The Role of Commitment Strength in Enhancing Safe Water Consumption: Mediation Analysis
of a Cluster-Randomized Trial. Br. J. Health Psychol. 2014, 19, 701–719. [CrossRef]

29. Mosler, H.J.; Blochliger, O.R.; Inauen, J. Personal, Social, and Situational Factors Influencing the Consumption of Drinking Water
from Arsenic-Safe Deep Tubewells in Bangladesh. J. Environ. Manag. 2010, 91, 1316–1323. [CrossRef]

30. Sclar, G.D.; Bauza, V.; Mosler, H.J.; Bisoyi, A.; Chang, H.H.; Clasen, T.F. Study Design and Rationale for a Cluster Randomized
Trial of a Safe Child Feces Management Intervention in Rural Odisha, India. BMC Public Health 2022, 22, 106. [CrossRef]

31. Sclar, G.D.; Mosler, H.-J. Caregiver Social Support and Child Toilet Training in Rural Odisha, India: What Types of Support
Facilitate Training and How? Appl. Psychol. Health Well Being 2022, 14, 413–433. [CrossRef]

32. Sclar, G.D.; Bauza, V.; Bisoyi, A.; Clasen, T.F.; Mosler, H.J. Contextual and Psychosocial Factors Influencing Caregiver Safe
Disposal of Child Feces and Child Latrine Training in Rural Odisha, India. PLoS ONE 2022, 17, e0274069. [CrossRef] [PubMed]

33. Bauer, M.S.; Kirchner, J. Implementation Science: What Is It and Why Should I Care? Psychiatry Res. 2020, 283, 112376. [CrossRef]
[PubMed]

34. Nilsen, P. Making Sense of Implementation Theories, Models and Frameworks. Implement. Sci. 2015, 10, 53. [CrossRef] [PubMed]
35. Zacher, T.; Endres, K.; Richards, F.; Robe, L.B.; Powers, M.; Yracheta, J.; Harvey, D.; Best, L.G.; Cloud, R.R.; Bear, A.B.; et al.

Evaluation of Water Arsenic Filter Treatment in a Participatory Intervention to Reduce Arsenic Exposure in American Indian
Communities: The Strong Heart Water Study. Sci. Total Environ. 2022, 862, 160217. [CrossRef]

36. Devore, C.L.; Rodriguez-Freire, L.; Mehdi-Ali, A.; Ducheneaux, C.; Artyushkova, K.; Zhou, Z.; Latta, D.E.; Lueth, V.W.;
Gonzales, M.; Lewis, J.; et al. Effect of Bicarbonate and Phosphate on Arsenic Release from Mining-Impacted Sediments in the
Cheyenne River Watershed, South Dakota, USA. Environ. Sci. Process. Impacts 2019, 21, 456–468. [CrossRef]

37. Swift Bird, K.; Navarre-Sitchler, A.; Singha, K. Hydrogeological Controls of Arsenic and Uranium Dissolution into Groundwater
of the Pine Ridge Reservation, South Dakota. Appl. Geochem. 2020, 114, 104522. [CrossRef]

38. Malolo, R.; Kumwenda, S.; Chidziwisano, K.; Kambala, C.; Morse, T. Social Outcomes of a Community-Based Water, Sanitation
and Hygiene Intervention. J. Water Sanit. Hyg. Dev. 2021, 11, 483–493. [CrossRef]

39. Farrell, J.; Burow, P.B.; McConnell, K.; Bayham, J.; Whyte, K.; Koss, G. Effects of Land Dispossession and Forced Migration on
Indigenous Peoples in North America. Science 2021, 374, eabe4943. [CrossRef]

40. Anderson, R.T. Water Rights, Water Quality, and Regulatory Jurisdiction in Indian Country. Stanf. Environ. Law J. 2015, 34, 195.
41. Mitchell, F.M. Water (in) Security and American Indian Health: Social and Environmental Justice Implications for Policy, Practice,

and Research. Public Health 2019, 176, 98–105. [CrossRef]
42. Yablon, M. Property Rights and Sacred Sites: Federal Regulatory Responses to American Indian Religious Claims on Public Land.

Yale Law J. 2003, 113, 1623–1662. [CrossRef]
43. Breathett, K.; Sims, M.; Gross, M.; Jackson, E.A.; Jones, E.J.; Navas-Acien, A.; Taylor, H.; Thomas, K.L.; Howard, B.V. Cardiovascu-

lar Health in American Indians and Alaska Natives: A Scientific Statement From the American Heart Association. Circulation
2020, 141, E948–E959. [CrossRef] [PubMed]

44. Leonard, B.; Parker, D.P.; Anderson, T.L. Land Quality, Land Rights, and Indigenous Poverty. J. Dev. Econ. 2020, 143, 102435.
[CrossRef]

45. Poudel, A.; Zhou, J.Y.; Story, D.; Li, L. Diabetes and Associated Cardiovascular Complications in American Indians/Alaskan
Natives: A Review of Risks and Prevention Strategies. J. Diabetes Res. 2018, 2018, 2742565. [CrossRef] [PubMed]

46. Deitz, S.; Meehan, K. Plumbing Poverty: Mapping Hot Spots of Racial and Geographic Inequality in U.S. Household Water
Insecurity. Ann. Am. Assoc. Geogr. 2019, 109, 1092–1109. [CrossRef]

47. Mathers, R.L. The Failure of State-Led Economic Development on American Indian Reservations. Indep. Rev. 2012, 17, 65–80.
48. Belcourt-Dittloff, A.; Stewart, J. Historical Racism: Implications for Native Americans. Am. Psychol. 2000, 55, 1166–1167.

[CrossRef]
49. Koch, J.W. Racial Minorities’ Trust in Government and Government Decisionmakers. Soc. Sci. Q. 2019, 100, 19–37. [CrossRef]
50. Endres, K.; Zacher, T.; Richards, F.; Bear Robe, L.; Powers, M.; Yratcheta, J.; Harvey, D.; Best, L.G.; Red Cloud, R.; Black

Bear, A.; et al. Behavioral Determinants of Arsenic-Safe Water Use among Great Plains Indian Nation Private Well Users: Results
from the Strong Heart Water Study. Environ. Health 2022, in press.

http://doi.org/10.1007/s10488-010-0319-7
http://www.ncbi.nlm.nih.gov/pubmed/20957426
http://doi.org/10.1016/j.ijheh.2021.113792
http://www.ncbi.nlm.nih.gov/pubmed/34144357
http://doi.org/10.1016/j.ijheh.2022.113919
http://www.ncbi.nlm.nih.gov/pubmed/35033992
http://doi.org/10.1186/s13012-016-0437-z
http://doi.org/10.1177/1090198116637604
http://doi.org/10.1111/bjhp.12068
http://doi.org/10.1016/j.jenvman.2010.02.012
http://doi.org/10.1186/s12889-021-12405-0
http://doi.org/10.1111/aphw.12311
http://doi.org/10.1371/journal.pone.0274069
http://www.ncbi.nlm.nih.gov/pubmed/36083872
http://doi.org/10.1016/j.psychres.2019.04.025
http://www.ncbi.nlm.nih.gov/pubmed/31036287
http://doi.org/10.1186/s13012-015-0242-0
http://www.ncbi.nlm.nih.gov/pubmed/25895742
http://doi.org/10.1016/j.scitotenv.2022.160217
http://doi.org/10.1039/C8EM00461G
http://doi.org/10.1016/j.apgeochem.2020.104522
http://doi.org/10.2166/washdev.2021.264
http://doi.org/10.1126/science.abe4943
http://doi.org/10.1016/j.puhe.2018.10.010
http://doi.org/10.2307/4135775
http://doi.org/10.1161/CIR.0000000000000773
http://www.ncbi.nlm.nih.gov/pubmed/32460555
http://doi.org/10.1016/j.jdeveco.2019.102435
http://doi.org/10.1155/2018/2742565
http://www.ncbi.nlm.nih.gov/pubmed/30302343
http://doi.org/10.1080/24694452.2018.1530587
http://doi.org/10.1037/0003-066X.55.10.1166
http://doi.org/10.1111/ssqu.12548


Int. J. Environ. Res. Public Health 2023, 20, 2681 24 of 24

51. 100th United States Congress. Mni Wiconi Project Act of 1988; H.R. 2772; United States Congress: Washington, DC, USA, 1988.
52. 113th United States Congress. Mni Wiconi Project Act Amendments; United States Senate: Washington, DC, USA, 2013; pp. 113–174.
53. Flanagan, S.V.; Marvinney, R.G.; Zheng, Y. Influences on Domestic Well Water Testing Behavior in a Central Maine Area with

Frequent Groundwater Arsenic Occurrence. Sci. Total Environ. 2015, 505, 1274–1281. [CrossRef]
54. Flanagan, S.V.; Spayd, S.E.; Procopio, N.A.; Chillrud, S.N.; Braman, S.; Zheng, Y. Arsenic in Private Well Water Part 1 of 3: Impact

of the New Jersey Private Well Testing Act on Household Testing and Mitigation Behavior. Sci. Total Environ. 2016, 562, 999–1009.
[CrossRef]

55. George, C.M.; Smith, A.H.; Kalman, D.A.; Steinmaus, C.M. Reverse Osmosis Filter Use and High Arsenic Levels in Private Well
Water. Arch. Environ. Occup. Health 2006, 61, 171–175. [CrossRef] [PubMed]

56. Severtson, D.J.; Baumann, L.C.; Brown, R.L. Applying a Health Behavior Theory to Explore the Influence of Information and
Experience on Arsenic Risk Representations, Policy Beliefs, and Protective Behavior. Risk Anal. 2006, 26, 353–368. [CrossRef]
[PubMed]

57. Shaw, W.D.; Walker, M.; Benson, M. Treating and Drinking Well Water in the Presence of Health Risks from Arsenic Contamination:
Results from a U.S. Hot Spot. Risk Anal. 2005, 25, 1531–1543. [CrossRef] [PubMed]

58. Slotnick, M.J.; Meliker, J.R.; Nriagu, J.O. Effects of Time and Point-of-Use Devices on Arsenic Levels in Southeastern Michigan
Drinking Water, USA. Sci. Total Environ. 2006, 369, 42–50. [CrossRef]

59. Spayd, S.E.; Robson, M.G.; Buckley, B.T. Whole-House Arsenic Water Treatment Provided More Effective Arsenic Exposure
Reduction than Point-of-Use Water Treatment at New Jersey Homes with Arsenic in Well Water. Sci. Total Environ. 2015, 505,
1361–1369. [CrossRef]

60. Yang, Q.; Flanagan, S.V.; Chillrud, S.; Ross, J.; Zeng, W.; Culbertson, C.; Spayd, S.; Backer, L.; Smith, A.E.; Zheng, Y. Reduction in
Drinking Water Arsenic Exposure and Health Risk through Arsenic Treatment among Private Well Households in Maine and
New Jersey, USA. Sci. Total Environ. 2020, 738, 139683. [CrossRef] [PubMed]

61. Walker, M.; Seiler, R.L.; Meinert, M. Effectiveness of Household Reverse-Osmosis Systems in a Western U.S. Region with High
Arsenic in Groundwater. Sci. Total Environ. 2008, 389, 245–252. [CrossRef] [PubMed]

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual
author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to
people or property resulting from any ideas, methods, instructions or products referred to in the content.

http://doi.org/10.1016/j.scitotenv.2014.05.017
http://doi.org/10.1016/j.scitotenv.2016.03.196
http://doi.org/10.3200/AEOH.61.4.171-175
http://www.ncbi.nlm.nih.gov/pubmed/17867571
http://doi.org/10.1111/j.1539-6924.2006.00737.x
http://www.ncbi.nlm.nih.gov/pubmed/16573626
http://doi.org/10.1111/j.1539-6924.2005.00698.x
http://www.ncbi.nlm.nih.gov/pubmed/16506980
http://doi.org/10.1016/j.scitotenv.2006.04.021
http://doi.org/10.1016/j.scitotenv.2014.06.026
http://doi.org/10.1016/j.scitotenv.2020.139683
http://www.ncbi.nlm.nih.gov/pubmed/32535281
http://doi.org/10.1016/j.scitotenv.2007.08.061
http://www.ncbi.nlm.nih.gov/pubmed/17919687

	Introduction 
	Materials and Methods 
	Conceptual Frameworks 
	Intervention Design and Study Setting 
	Sampling and Recruitment 
	Data Collection 
	Data Analysis 

	Results 
	Study Sample 
	Perceptions of Success 
	Barriers and Facilitators among Implementers 
	Intervention Characteristics 
	Implementing Individuals 
	Inner Setting 
	Outer Setting 
	Process 

	Barriers and Facilitators among Recipients 
	Risks 
	Attitudes 
	Norms 
	Ability 
	Self-Regulation 


	Discussion 
	Implementation Successes and Associated Barriers and Facilitators 
	Implementation Challenges and Associated Barriers and Facilitators 
	Strengths and Limitations 

	Conclusions 
	References

