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ABSTRACT

The purpose of this investigation was to characterize factors that predict tap water mistrust among Phoenix, Arizona Latinx adults. Partici-
pants (n ¥4 492, 28 + 7 years, 37.4% female) completed water security experience-based scales and an Adapted Survey of Water Issues in
Arizona. Binary logistic regression determined odds ratios (OR) with 95% confidence intervals (95% Cl) for the odds of perceiving tap water
be unsafe. Of all participants, 51.2% perceived their tap water to be unsafe. The odds of mistrusting tap water were significantly greater for
each additional favorable perception of bottled compared to tap water (e.g., tastes/smells better; OR %1 ¥.94.595%.%50), negative

home tap water experience (e.g., hard water mineral deposits and rusty color; OR ¥4 1.32,195% TI56), use of alternatives to home

tap water (OR % 1.25, 95%%I1.04, 1.51), and with decreased water quality and acceptability (OR ¥ 1.2¥%,9504,(1.45; P, 0.05).

The odds of mistrusting tap water were significantly lower for those whose primary source of drinking water is the public supply (municipal)
(OR % 0.07, 95% & 0.01, 0.63) and with decreased water access (OR % 0.56, 95843, 0.66; P, 0.05). Latinx mistrust of tap water

appears to be associated with organoleptic perceptions and reliance on alternatives to the home drinking water system.
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HIGHLIGHTS

® QOver half of the Latinx participants believe that their tap water is not safe to drink.

® | atinx adults’ mistrust of tap water appears to be related to negative perceptions of tap water, such as unpleasahtastel|

® | atinx adults who mistrust their tap water appear to rely on bottled water and gallon containers for drinking water as alternatives to tap
water.

INTRODUCTION

Underhydration, dehydration, and low water intake have been linked to various adverse health outcomes, including cardio-
vascular dysfunction, chronic diseases, and death (National Academy of Medicine 2005). Latino and Hispanic (herein Latinx)
adults have significantly lower total water intake (Drewnowski et al. 2013; Brooks et al. 2017; Rosinger et al. 2018) and are
1.42 times more likely to be inadequately hydrated (Brooks et al. 2017) compared to non-Hispanic (NH) White adults. More-
over,Latinx adults tend to consume significantly higher proportions of sugar-sweetened beverages (Rosin2@t &}, al.

which can increase the risk for obesitype 2 diabetesnd cardiovascular diseases (Huang e28I14).

The Centers for Disease Control and Prevention (CDC) recommend individuals to ‘Rethink Your Drink’ by replacing sugar-
sweetened beverages with water. Some tips to accomplish this include improving the flavor of water by adding berries, lime,
lemon, or cucumber, storing water in the fridge, and using a reusable water bottle that can be refilled while on the go (Cente
for Disease Control and Prevention 2019). These strategies may not be effective in Latinx adults as they are significantly mol
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likely to perceive their tap water as unsafe compared to NH White adults (Onufrak2813; Pierce & Gonzalez 2017;
Javidi & Pierce 2018) and bottled water serves as a costly alternative ( Javidi & Pierce 2018).

Water insecurity is prevalent across the United States (US). Perceptions of unsafe tap water are likely valid for some p
lations and individuals. Minority and low-income communities are at a greater risk of water insecurity due to factors sucl
historical planning processeedlining and under boundingeduced enforcement of water regulations and standards,
repeat water violations (Balazs & Ray 2014; Meehan e2(20a)Yet mistrust in tap water also occurs when tap water is
designated safe by federal agency standards (Wilson2€2al).

As an alternative to tap watdrottled water is not necessarily safer to consudseGovernment Accountability Office
testimony concluded that while the EnvironmerRedtection Agency (which regulates tap water) and the US Food and
Drug Administration (FDA,which regulates bottled watehave similar regulations for drinking wateithe FDA is less
capable ofenforcing them for bottled water (United States Governméeacountability Office 2009)ln particular, the
FDA cannot require bottled water to be tested in certified laboratories or test resultgolaiipns of water quality stan-
dards) to be reported (United States Government Accountability Office ZIMExe also are no requirements for bottled
water labels to include information regarding regulation compliatkie,presence oftontaminantspr potentialhealth
risks associated with contaminants (United States Government Accountability Office 2009).

Tap water safety perceptions generally appear to be influenced by geography, household and neighborhood character
demographicsprior experiences with tap watetganoleptic (sensory) perceptioasd availability and sources of infor-
mation about water (Colburn & Kavouras 2024¢wever,recent investigations have not consistently or comprehensively
evaluated the same factofslditionally,only one investigation (Park et 20019) included a sample comprised entirely of
Latinx adults, and many factors in the remaining investigations were not evaluated for differences by race or ethnicity. T
fore, the factors that have previously been identified to influence tap water safety perceptions may not all be relevant tc
adults,specifically.

A greater understanding of tap water aversion could enhance efforts to improve water intake and reduce sugar-sweet:
beverage intake in Latinx adults with access to safe tap Wdtereforethe purpose of this investigation was to evaluate
perceptions, knowledge, behaviors, and experiences related to drinking water in Latinx adults residing in Phoenix, Arizor
We aimed to characterize the degree to which various factors predict the perception that tap water isFaiicafen
level,annual incomeand nativity status were explored as potential moderators.

METHODS

English-and Spanish-speaking adults (18-65 years) who self-identify as Hispanic or Latinx (question: ‘What is your ethni-
City?’; response options‘Hispanic or Latinx’,’Not Hispanic or Latinx’) in Phoenix,AZ (evaluated via self-reported zip

code) were recruited for participatidhe sample was selected using non-probability methods and recruited through Face-
book ads, printed flyers, a university research participant registry, university banner ads, and word of mouth. Eligibility v
evaluated via an online survey (Qualtriempvo, UT, USA). Participants were excluded if they satisfied at least one of the
following criteria: pregnant, use diuretics, do not have access to a desktop, laptop, tablet, or smartphone, or do not have
net access. Potential participants were informed of participation risks and benefits and their rights as a participant. Free
informed consent was obtained electronically, and the study protocol was approved by the Institutional Review Board of
zona State University, Arizona, USA (protocol no. STUDY00014055; approval date: June 1, 2021). This study was register
at clinicaltrials.gov (NCT04997031) and was conducted in compliance with the Helsinki Declaration as revised in 1983. C
collection occurred from September 2021 to February 2022 in Phéeiziona, USA.

Ultimately, 1,029 individuals consented to voluntary participation, enrolled, and completed the study online. Data fron
participants were excluded due to multiple submissions by the same person (n % 63), straight-lined data (n ¥ 471), or n
data (n % 3), resulting in n ¥4 492 for the analysis. Multiple submissions by the same person were identified by the use c
same email address and/or name, similar email addresses, and/or variations of similar first and last names. Participants
contacted to verify the completion of multiple surveys. Several survey questions were utilized to identify straight-lined d
For exampleparticipants were asked to rank 11 items based on their level of imporianoany instancestems were
ranked 1-11 in the order in which they were presented to the partichuditionally,some questions asked participants
to select'yes’or ‘no’ to a list of items,some of which were contradictory statemen®pecifically,one question asked:
‘Select'yes’if you agree or ‘no’if you disagree with each othe following statements aboybur home drinking water
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system’. Some individuals selected ‘yes’ for all eight items, which included: ‘I often use bottled water for drinking purposes’,
never buy bottled wateH ,am satisfied with my current drinking water (piped in houaayl,'l am not satisfied with my
current drinking water (piped in houseFinally, participants were excluded from analysipértinentdata was missing
(i.e.,nativity status [n Y2 1] and age [n ¥ 2]).

Enrolled participants completed an online survey (Qualtrics, Provo, UT, USA), which took an average of 37.14 minutes to
finish. All responses were coded in Qualtrics before any participants completed the suhi€ly,allowed researchers to
download a coded version of the dataset. Participants completed an Adapted Survey of Water Issues in Arizona (Supplemen-
tary material, Figure 1), which was adapted from previous national water survey needs assessments from the US Departmen
of Agriculture-Cooperative State Research, Education, and Extension Service Southwest States and Pacific Islands Regional
Water Quality Program (Castro et &011).This survey evaluates participant awarenapsitudesattitudesand actions
toward water quality (specificalfgelings about the environmeehyvironmental perspectiweater safety and quality per-
ceptionswater quality educatiogpvernanceand demographicspdaptations to the survey were minin@he question
previously utilized in literature was added to evaluate prior experiences with tap Witet:is your levebf agreement
with the following statementhad a bad experience with tap watetGorelick etal. 2011).The question ‘What is your
gender?’was updated to ‘Whats your biologicalsex?’ due to differences in gender and biologicaéx. Two questions
were added to evaluate participant nativity status (born in the US vs. born outside of the US) and race. Participants also com
pleted household water security experience-based scales developed for low-income peri-urban and rural communities on the
US-Mexico border (Jepson 2014).

Variables

Survey items used to measure all variables are outlined in Tableloutcome variable was the perception of tap water
safety. Responses were classified as a safe (agree and strongly agree) or an unsafe (disagree and strongly disagree) percept
of tap water. Covariate variables included sex, age, race, education level, annual income, and US nativity. Mutually exclusive
categories were created for the race (Caucasian, African American/African/Black/Caribbean, Native American, and other),
education levels (high school graduate or less, some college, and college graduate or more), and annual income (,$25,000,
$25,000-$69,998nd $70,000).

Exposure variables measured prior experience with poor water qoadigyoleptic perceptionspurces of information
aboutwater,and the home drinking water systerResponses for experience with poor water quality were classified as
bad experience (agree and strongly agree) or no bad experience (neither agree nor disagree, disagree, and strongly disagre«
with tap water. Both questions measuring organoleptic perceptions were utilized to create continuous, composite variables.
‘Favorable perceptions of bottled water compared to tap watariddn + standard deviation [SD] ¥4 2.18 + 1.14) was cre-
ated with each ‘yes’response scored as 1 and each ‘no‘response scored as 0 fororganoleptic perceptionguestion
one. Reliability was good (Cronbach’s a ¥ 0.8 Negative home tap water experiencé8-6, mean + SD % 3.02 + 2.12)
was created with each ‘yegsponse scored as dnd each ‘noftesponse scored as 0 for organoleptic perceptions question
two. Reliability was good (Cronbach’s a % 0.82). ltems for the sources of information about the water question were reduced
to clusters in meaningful ways: media (newspaper and televgeeynment sources (environmental agencoessumer
confidence reportsand extension service)non-governmensources (environmentajroups,universitiesand schools),
friends/family, and healthcare provider. Finally, participants’ home drinking water systems were evaluated by the three Ideal
ized Guttman scales (Jepson 2014 addition to four questions listed in Table ITThe Idealized Guttman water scales
evaluated water accessater quality and acceptabilitgnd water distresdlVater access was scored 0-7 (mean + SD %
3.11 + 2.43)had good reliability (Cronbach’s a ¥ 0.88% was classified as adequate (@prginal (1-3)low (4-5),and
very low (6 -7). Water quality and acceptability were scored 0-6 (mean + SD % 2.96 + 2.09), had good reliability (Cronbach’
a Y2 0.79), and were classified as acceptable (0), mar@dhdb(l{3-4), and very low (5-6). Water distress was scored 0-6
(mean + SD ¥ 2.89 + 2.26), had good reliability (Cronbach’s a ¥ 0.85), and was classified as low (0), marginal (1-2), high (Z
and very high (5-6). Responses for home drinking water systems questions one and two were classified as good quality (goo
or excellent, good and improving, good but deteriorating, fair, and no opinions/don’t know) or bad quality (poor but improv-
ing and poor) of water. A continuous, composite variable, ‘Use of alternatives and/or modifications to home tap water’ (0-6),
was created with each ‘yes’ response scored as 1 and each ‘no’ response scored as 0 for home drinking water systems quest
four. Reliability was acceptable (Cronbach’s a ¥ 0la8h not satisfied with my current drinking water (piped in house)’
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Table 1 | Survey questions and responses utilized to measure variables

Measures Question Responses

Outcome variable

Perception of tap Do you feel that your home water is safe to drink? Strongly disagree, disagree, agree, strongly agree
water safety

Covariate variables

Sex What is your biological sex? Male, female
Age What is your age? [text entry]
Race What is your race? African American/African/Black/Caribbean, Asian/

Pacific Islander, Caucasian, Native American, Other,
Multiracial, or Biracial

Education What is your highest level of education? Less than high school, high school graduate, some
college, college graduate, post graduate course work

Annual income What is your annual income? , $25,000; $25,000-$44,999; $45,000-$69,999;
$70,000

United States nativity Which country were you born in? United States, other

Exposure variables

Prior experience with What is your level of agreement with the following Strongly disagree, disagree, neither disagree nor agree,
poor water quality statement: | had a bad experience with tap water? agree, strongly agree

Organoleptic In your opinion, how do bottled and tap water Yes, no for each comparison
perceptions 1 compare?

- Bottled water tastes/smells better
- Bottled water is of higher quality
- Bottled water is safer

Organoleptic Which, if any, of the following have you experiencedres, no for each item
perceptions 2 with the tap water in your home over the past year?

- Hard water/mineral deposits
- Unpleasant taste

- Sediment

- Unpleasant smell

- Rusty color

- Other contaminants

Sources of Have you received water quality information from thées, no for each source
information about following sources?
water
- Newspaper
- Television

- Environmental agencies (government)
- Environmental groups (citizen groups)
- Universities

- Consumer confidence reports

- Schools

- Extension service

- Friends/family

- Healthcare provider

Home drinking water In your opinion, what is the quality of groundwater Good or excellent, good and improving, good but
systems 1 (sources of well water) in your area? deteriorating, fair, poor but improving, poor, no
opinions/don’t know

(Continued.)

Downloaded from http://iwaponline.com/jwh/article-pdf/21/6/702/1246905/jwh0210702.pdf
bv auest



Journal of Water and Health Vol 21 No 6, 706

Table 1 | Continued

Measures Question Responses

Home drinking water In your opinion, what is the quality of surface water$sood or excellent, good and improving, good but
systems 2 (rivers, streams, lakes, channels, and wetlands) deteriorating, fair, poor but improving, poor, no
where you live? opinions/don’t know

Home drinking water Where do you primarily get your drinking water?  Private supply (private well, river, pond, lake), public
systems 3 supply-municipal, public supply-rural district water,
purchase bottled water, | don’t know

Home drinking water Select ‘yes’ if you agree or ‘no’ if you disagree with Yes, no for each statement
systems 4 each of the following statements about your home
drinking water system

- | have water softener

- | have a water treatment system (softener, etc.)

- | purchase 1-gallon containers of drinking water

- | often use bottled water for drinking purposes

- | am not satisfied with my current drinking water
(piped in house)

- My drinking water is separate from my water supply

system
Descriptive variables
Influential sources of Have you ever changed your mind about an Yes, no for each source
information environmental issue as a result of:

- News coverages

- Conversations with other people
- Public meetings

- Classes or presentations

- Speech by elected representative
- First-hand observation

- Financial considerations

Water quality In your opinion, who should be most responsible forFederal government, state government, local
responsibility protecting water quality in your community? government (county, city, or town), individual
citizens, don’t know, other
Learning If you had the following kinds of learning opportuniti®sad printed fact sheets, bulletins, or brochures, read a
opportunities available, which would you be most likely to take newspaper article or series, or watch TV coverage;
advantage of for water quality issues? (Check up to visit a website; look at a demo or display; watch a
three items) video of information; take part in a onetime

volunteer activity to learn or do something (e.g.,
water monitoring); attend a fair or festival; ask for a
home, farm or workplace water assessment; get
trained for a regular volunteer position (e.g.,
watershed steward, or water quality monitor); attend
a short course (weekend, evening); take a course for
credit/certification

was excluded from the composite variable to improve reliability (Cronbach’s a ¥a&awl} SD Y4 3.48 + 1.5binally,
descriptive variables measured influential sources of informatiter, quality responsibilignd learning opportunities.

Statistical analysis

Data analyses were completed using commercial software (IBM SPSS Statistics Version 27.0.0). Data are presented as odds
ratio (OR), 95% confidence interval (95% CI) unless otherwise specified. A P, 0.05 was considered statistically significant
for all analysesMulticollinearity was assessed for predictor variables and interaction terms via bivariate correlation.
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Binary logistic regression was utilized with tap water safety perceptions as the outcome variable (0 % safe, 1 ¥ unsafe
covariate variables were included in the mo@igposure variables were included as predictors based on relevance in the
literature. Interactions between various predictors and nativity (i.e., prior bad experience with water, government informn
sources, and non-government sources), annual income (i.e., the past year home tap water composite variable, home dri
water system composite variable, water access score, water quality and acceptability score, and water distress score), a
cation level (i.e., media information sources, government information sources, non-government information sources, frie
and family information source, and health care provider information source) were explored based on previous literature.
ables were centered before evaluating interactions to account for multicollitrgridgtions were individually added to
the model and evaluated for statistically significant effects via the likelihood ratio test. Predictors that did not have a sta
cally significant effect were removed from the model (Hosmer & Lemeshow 2000).

RESULTS

Participants were 28 + 7 years and mostly male, educated (.90% have at least some college education), and born in the
(Table 2).51.2% mistrusted their tap water safHigusehold water insecurity was prevalent as ,20% of participants had
adequate water access,30% had acceptable water qualignd ~25% had low water distres€ontrarily,.80% of the
sample perceived groundwater and surface water in their area positively. Tap water safety perceptions were only signifi
different among education levelgth the highest prevalence of mistrust observed in adults with some college education
()¢ test,P, 0.05).

Tap water safety perceptions significantly varied among many survey items (Qade BIf of individuals previously
had a bad experience with tap watkowever,about half of the individuals with and without prior bad experiences mis-
trusted their tap water%(jest,P . 0.05). Most of the sample perceive bottled water to taste and smell etterhigher

Table 2 | Sample demographics by the perception of tap water safety (n % 492)

Safe perception of Unsafe perception
All tap water of tap water
n (%) n (%) n (%) P-value?

Sex 0.48
Male 308 (62.6) 154 (50.0) 154 (50.0)

Female 184 (37.4) 86 (46.7) 98 (53.3)

Race 0.09
Caucasian 93 (18.9) 56 (60.2) 37 (39.8)

African American/African/Black/Caribbean 147 (29.9) 65 (44.2) 82 (55.8)
Native American 43 (8.7) 21 (48.8) 22 (51.2)
Other 209 (42.5) 98 (46.9) 111 (53.1)

Education level ,0.001
High school graduate or less 35 (7.1) 19 (54.3) 16 (45.7)

Some college 142 (28.9) 50 (35.2) 92 (64.8)
College graduate or more 315 (64.0) 171 (54.3) 144 (45.7)

Annual income 0.77
, $25,000 87 (17.7) 45 (51.7) 42 (48.3)
$25,000-$69,999 310 (63.0) 151 (48.7) 159 (51.3)

$70,000 95 (19.3) 44 (46.3) 51 (53.7)

Nativity 0.62
United States 452 (91.9) 222 (49.1) 230 (50.9)

Other 40 (8.1) 18 (45.0) 22 (55.0)

2 tests were used to assess differences across categories for each variable.
Significant differences (P, 0.05) are formatted in bold.
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Table 3 | Survey responses by tap water safety perceptions (n % 492)

All (%) Safe perception of tap water (%) Unsafe perception of tap water (%) P-value?

Total sample 100.0 48.7 51.2 -

Prior bad experience with tap water 0.11
Yes 52.4 45.3 54.7
No 47.6 52.6 47.4

Perceptions of how bottled water compares to tap water

Bottled water tastes/smells better ,0.001
Yes 69.3 37.8 62.2
No 30.7 73.5 26.5

Bottled water is of higher quality ,0.001
Yes 75.4 39.1 60.9
No 24.6 78.3 21.7

Bottled water is safer , 0.001
Yes 73.8 38.3 61.7
No 26.2 62.7 37.3

Experiences with home tap water over the past year

Hard water/mineral deposits , 0.001
Yes 65.7 41.5 58.5
No 34.3 62.7 37.3

Unpleasant taste ,0.001
Yes 62.0 38.0 62.0
No 38.0 66.3 33.7

Sediment 0.59
Yes 49.6 47.5 52.5
No 50.4 50.0 50.0

Unpleasant smell 0.008
Yes 47.8 42.6 57.4
No 52.2 54.5 45.5

Rusty color 1.00
Yes 41.7 48.8 51.2
No 58.3 48.8 51.2

Other contaminants 0.02
Yes 35.6 41.7 58.3
No 64.4 52.7 47.3

Have changed their mind about an environmental issue as a result of

News coverage (TV, newspaper, etc.) 0.72
Yes 83.1 48.4 51.6
No 16.9 50.6 49.4

Conversations with other people 0.40
Yes 81.1 47.9 52.1
No 18.9 52.7 47.3

Public meetings 0.25
Yes 75.2 47.3 52.7

(Continued.)
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Table 3 | Continued

All (%) Safe perception of tap water (%) Unsafe perception of tap water (%) P-value?®

No 24.8 53.3 46.7

Classes or presentations 0.53
Yes 74.6 48.0 52.0
No 25.4 51.2 48.8

Speech by elected representative 0.78
Yes 66.5 49.2 50.8
No 335 47.9 52.1

First-hand observation 0.20
Yes 79.9 47.3 52.7
No 20.1 54.5 45.5

Financial considerations 0.44
Yes 64.2 47.5 52.5
No 35.8 51.1 48.9

Have received water quality information from each of the following sources

Newspaper 0.06
Yes 80.3 50.9 49.1
No 19.7 40.2 59.8

Television 0.08
Yes 8l.1 46.9 53.1
No 18.9 57.0 43.0

Environmental agencies (government) 0.47
Yes 74.4 49.7 50.3
No 25.6 46.0 54.0

Environmental groups (citizen groups) 0.40
Yes 71.7 47.6 52.4
No 28.3 51.8 48.2

Universities 0.38
Yes 72.8 50.0 50.0
No 27.2 45.5 54.5

Consumer confidence reports 0.10
Yes 58.3 51.9 48.1
No 41.7 44.4 55.6

Schools (elementary and secondary) 0.85
Yes 66.7 49.1 40.9
No 33.3 48.2 51.8

Extension service 0.09
Yes 60.8 51.8 48.2
No 39.2 44.0 56.0

Friends/family 0.69
Yes 76.6 48.3 51.7
No 234 50.4 49.6

(Continued.)
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All (%) Safe perception of tap water (%) Unsafe perception of tap water (%) P-value?
Healthcare provider 0.02
Yes 70.3 45.4 54.6
No 29.7 56.8 43.2
Primary source of drinking water 0.005
Public supply (municipal) 25.6 59.5 40.5
Private supply (private well, river, pond, lake)7.1 45.7 54.3
Public supply (rural water district) 15.7 58.4 41.6
Purchase bottled water 50.2 40.9 59.1
| don’t know 1.4 42.9 57.1
Agreement with each of the following statements about their home drinking water system
| have water softener 0.45
Yes 69.5 47.7 52.4
No 30.5 51.3 48.7
I have a water treatment system (softener, etc.) 0.07
Yes 63.2 45.7 54.3
No 36.8 54.1 459
| purchase 1-gallon containers for drinking water 0.01
Yes 72.6 45.4 54.6
No 27.4 57.8 42.2
| often use bottled water for drinking purposes ,0.001
Yes 77.6 43.2 56.8
No 22.4 68.2 31.8
I am not satisfied with my current drinking water (piped in house) 0.006
Yes 55.5 43.2 56.8
No 44.5 55.7 44.3
My drinking water is separate from my water supply system , 0.001
Yes 65.0 40.0 60.0
No 35.0 65.1 34.9
Perception of groundwater (sources of well water) quality in their area 0.63
Positive 88.2 48.4 51.6
Negative 11.8 51.7 48.3
Perception of surface water (rivers, streams, lakes, channels, and wetlands) quality in their area 0.18
Positive 83.5 50.1 49.9
Negative 16.5 42.0 58.0
Water access classification ,0.001
Adequate 18.9 19.4 80.6
Marginal 38.6 49.5 50.5
Low 18.1 42.7 57.3
Very low 24.4 75.0 25.0
Water quality classification 0.39
Acceptable 29.9 50.3 49.7
Marginal acceptability 12.8 49.2 50.8
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Table 3 | Continued

All (%) Safe perception of tap water (%) Unsafe perception of tap water (%) P-value?®

Low acceptability 28.5 42.8 57.1
Very low acceptability 28.9 52.8 47.2

Water distress classification 0.04
Low 24.4 42.5 57.5
Marginal 21.7 59.8 40.2
High 22.6 44.1 55.9
Very high 31.3 49.4 50.6

Most likely to take advantage of each of the following learning opportunities for water quality’issues

Read printed fact sheets, bulletins, or brochures ,0.001
Yes 38.4 64.0 36.0
No 61.6 39.3 60.7

Read a newspaper article or series, or watch TV coverage 0.005
Yes 48.6 55.2 44.8
No 51.4 42.7 57.3

Visit a website 0.03
Yes 36.8 55.2 44.8
No 63.2 45.0 55.0

Look at a demo or display 0.21
Yes 26.2 53.5 46.5
No 73.8 47.1 52.9

Watch a video of information 0.10
Yes 37.0 44.0 56.0
No 63.0 51.6 48.4

Take part in a onetime volunteer activity to learn or do something (e.g., water monitoring) ,0.001
Yes 35.2 38.2 61.8
No 64.8 54.5 45.5

Attend a fair or festival 0.002
Yes 17.5 64.0 36.0
No 82.5 45.6 54.4

Ask for a home, farm, or workplace water assessment 0.47
Yes 21.5 51.9 48.1
No 78.5 47.9 52.1

Get trained for a regular volunteer position (e.g., watershed steward or water quality monitor) 0.007
Yes 23.6 37.9 62.1
No 76.4 52.1 47.9

Attend a short course (weekend, evening) 0.55
Yes 16.9 51.8 48.2
No 83.1 48.2 51.8

Take a course for credit/certification 0.13
Yes 14.2 57.1 42.9
No 85.8 47.4 52.6

22 tests were used to assess differences across categories for each variable.
PParticipants were instructed to select up to three learning opportunities.
Significant differences (P, 0.05) are formatted in bold.
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quality,and be safer than tap wateand .60% of individuals with each ofthese perceptions mistrusted their tap water

()¢ tests,P, 0.001). Additionally,hard water/mineraldeposits and unpleasartaste in home tap water were the most

common experiences in the previous yeamhile the presence obther contaminants was the least common experience.

Tap water mistrust was more prevalent for those experiencing hard water and mineral deposits, unpleasant taste, unpleasan
smell,and other contaminants®(jestsP , 0.05).

Individuals change their minds about an environmental issue most commonly as a result of news coverage and least com-
monly as a result of financial considerations. Moreover, water quality information was most commonly received via television
and least commonly received via consumer confidence reports. Overall, sources of information did not differ widely between
tap water perception3he only difference observed was that a higher proportiomnndfividuals with unsafe perceptions
received water quality information from their healthcare provfdestp , 0.05).

Half of the participants purchased bottled water as their primary source of drinking Wegtemater mistrust was less
prevalent among those using public supplies (municipal and rural) and more prevalent among those using private supplies
or purchasing bottled water for primary sources of drinking watetegs,P ¥4 0.005)Several differences were observed
regarding home drinking water systems. Tap water mistrust was more prevalent among those purchasing 1-gallon contain-
ers for drinking watethose who often used bottled water for drinking purpadsestisfaction with home drinking water
infrastructure, and obtaining drinking water separately from the home water supply mste® (9.05). The Idealized
Guttman scale for water access revealed that tap water mistrust was more prevalent among those with adequate or low wat
access but less prevalent among those with very low water acctest,f, 0.001).

Overall, the top three water quality learning opportunities of interest were to read a newspaper article or series or watch T
coverage, to read printed fact sheets, bulletins, or brochures, and to watch a video of information (Table 3). However, greate
proportions of individuals who trusted their tap water comprised those who selected reading printed fact sheets, bulletins or
brochuresreading a newspaper article or series or watching TV covevdgjiEng a websiter attending a fair or festival
()@ test,P, 0.05). Contrarily,greater proportions of individuals who mistrusted their tap water (.60%) comprised those
who selected wanting to take part in a onetime volunteer activity or to get trained for a regular volunteer ptestion (x
P, 0.01).

Beliefs about whether the environment receives the right amount of emphasis from local government and elected officials
in Arizona ()¢ test,P ¥4 0.002) and about who should be most responsible for protecting water quality in the community
()@ test, P, 0.001) varied significantly by tap water safety perception. While 42.3% of individuals believed the environment
receives the right amount of emphasis, 34.6% believed it does not. Moreover, 62.9% of individuals who believed the environ:
mentdoes notreceive the rightmountof emphasis also believed their tap water is unsafée remaining individuals
believed the environment receives too much emphasis (17.9%) or did not have an opinion/did not know (5.3%). The majority
of the sample believed the county, city, or town (34.1%) or individual citizens (29.7%) should be most responsible for protect
ing water quality in their community. Interestingly, 63.1% of those who believed the county, city, or town were responsible,
and 38.4% of those who believed individual citizens are responsible mistrusted their tap water. The rest of the sample believ
the state government (21.5%)k federal government (12.8%r), other'(0.6%) should be responsiblesmall proportion
(1.2%) did not know who should be responsible.

The binary logistic regression model is presented in Table 4. The odds of perceiving tap water to be unsafe were significant
greater for African American, African, Black, and Caribbean individuals compared to Caucasian individuals (P, 0.05). Per-
ceptions were not influenced by education, sex, age, annual income, or nativity. The odds of mistrust were also significantly
greater for each additional score for favorable perceptions of bottled water compared to tap water, negative home tap water
experiences, use of alternatives and/or modifications to home tap water, and water quality and acceptability (P, 0.05). Con-
verselythe odds of mistrust were significantly lower for individuals whose primary source of drinking water is the public
supply (municipal) as well as for each additional score for water access (P, 0.05). No sources of information had an influ-
ence on tap water safety perceptiofinally, no significant interactions were observed between predictors and education
level,annual incomeor nativity status.

DISCUSSION

Tap water mistrust in Latinx adults appears to be related to organoleptic perceptions and behavioral changes to the home
drinking water systenOverall,51.2% ofLatinx adults in this PhoenixArizona sample perceived their tap water to be
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Table 4 | Odds of an unsafe perception of tap water (n ¥ 492)

Variable Reference category

Odds ratio (95% Cl)  P-value

Female Male
Age (years) -
Race (of Latinx origin)

African American/African/Black/Caribbean Caucasian
Native American Caucasian
Other Caucasian

Education level
Some college College graduate or more
High school graduate or less College graduate or more
Annual income
$25,000-$69,999
, $25,000
Born outside of the US

Prior bad experience with tap water

$70,000
$70,000
Born in the US

No prior bad experience with tap
water

Favorable perceptions of bottled water compared to tap water
Negative home tap water experiences -
Use of alternatives and/or modifications to home tap water -

Have received water quality information from each of the

following sources
Media Not media
Government Not government
Non-government Not non-government
Friends/family Not friends/family
Healthcare provider Not healthcare provider
Primary source of drinking water
Public supply (municipal) Not public supply (municipal)
Private supply (private well, river, pond, lake) Not private supply
Public supply (rural water district)
Purchase bottled water Not bottled water

Positive perception of groundwater quality
quality

Positive perception of surface waters quality
quality

Water access score -
Water quality and acceptability score -
Water distress score -

1.17 (0.72, 1.90)0.52
1.00 (0.96, 1.03)0.79
0.02
3.28 (1.58, 6.80)0.001
2.50 (0.96, 6.50) 0.06
1.73 (0.87, 3.44)0.12
0.03
0.38 (0.14, 1.03)0.06
1.43 (0.84, 2.45)0.19
0.37
1.85(0.78,4.41)0.16
1.27 (0.68, 2.39)0.45
1.33(0.50, 3.55)0.57
0.74 (0.43, 1.28)0.28

1.94 (1.50, 2.50) , 0.001
1.32(1.12, 1.56), 0.001
1.25(1.04, 1.51)0.02

0.75 (0.30, 1.87)0.54
0.63 (0.28, 1.39)0.25
0.43(0.17,1.11)0.08
0.71 (0.40, 1.26)0.24
0.97 (0.50, 1.89)0.93

0.07 (0.01, 0.63)0.02
0.13 (0.01, 1.19)0.07

0.15 (0.02, 1.21)0.08

(
(
Not public supply (rural water district.18 (0.02, 1.51)0.11
(
(

Negative perception of groundwater 0.61 (0.27, 1.42)0.25

Negative perception of surface waterd.87 (0.88, 3.97)0.1

0.56 (0.48, 0.66) , 0.001
1.21 (1.01, 1.45)0.04
1.16 (0.98, 1.36) 0.09

Binary logistic regression was performed to determine odds ratios for the odds of perceiving tap water to be unsafe.
95% Cl, 95% confidence interval; US, United States.
P-values formatted in bold indicate a significant odds ratio (P,0.05).

unsafe. Previous studies observed the prevalence of mistrust from 14.7 to 33.8% in Latinx individuals (On2frak;et al.
Pierce & Gonzalez 2017; Javidi & Pierce 2018; Park et al. 2019). It is not clear why the prevalence of mistrust was greate
the current sample, but it is unlikely that over half of the sample has access to unsafe water. Most drinking water in Pho
AZ is sourced from the SaltVerde,and Colorado Rivers and regulated across five water treatment pl@ntg.~2% of
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drinking water in Phoenix is sourced from groundwater wells, which are operated by the city (City of Phoenix Water Services
Departmen®2021).The City of Phoenix utilizes chlorine to disinfect allrinking waterwhich can generate disinfection
byproducts in wateAs of 2021 |evels of chlorinegisinfection byproductand other substances were all below the maxi-

mum contaminant levels set by the EPFhereforemunicipal tap water available to individuals in this sample was likely

safe for consumption according to these regulatory stand®adicipants appeared to agree with this as 88.2 and 83.5%

had positive perceptions about the quality of local groundwater and surface waters. However, while the EPA monitors con-
taminants ofemerging concerrthere is currently no framework to regulate or ach these contaminants (Centers For

Disease Control and Prevention). Accordingly, water that is deemed safe by federal agency standards may not be safe if con-
taminants ofemerging concern are preseffPost et al. 2017).Additionally,tap water quality can be affected by home
infrastructure (e.gpremise plumbingWhile water quality was not tested in participamésidencesthe City of Phoenix

tested for lead and copper in a smaédmple (n ¥ 71) aoksidentiawater taps and the federatandards set by the EPA

were met (City of Phoenix Water Services Department 2021).

Mistrust in the present sample did not follow the patterns previously observed across education or incomé@hevels.
prevalence of mistrust was lowest in both the lowest and highest levels of education. While education level was a significant
predictor of tap water mistrushe odds of mistrust were not significantly different between having a college education or
more and having some college education or having a high school education or less. In comparison, the prevalence of mistrus
was lowest in the higher levels of education in previous investigations (Onufrak et al. 2012; Park et al. 2019). Moreover, the
odds of trusting tap water safety were greater in US adults with at least a high school degree who completed the American
Housing Survey in 2013 (OR % 1.448 (Pierce & Gonzalez 2017)) and 2015 (OR ¥ 1.15 ( Javidi & Pierce 2018)). The difference
in our findings compared to previous findings is likely related to our sample being highly educated (.90% have at least some
college education). In comparison, 30.6% of the total Phoenix, AZ population (25 years) have a bachelor’'s degree or higher.
Therefore, this sample likely does not represent the general Latinx population in Phoenix, AZ (United States Census Bureau
2021). Additionally, the prevalence of mistrust has typically declined with increased income (Onufrak et al. 2012; Park et al.
2019).A clear relationship between income and tap water mistrust was not observed in the present inveEtigh&on.
more, education leveland income levelwere not observed to moderate any relationships between predictors and tap
water mistrust.

The prevalence of tap water mistrust was not different across race categories in the preserntaaavaeracial cat-
egories as defined by survey makers may not align with self-identification in Latinx adults (All20Ekt )Bpecifically,
some Latinx individuals may conceptualize race as an identity that is determined by more factors than physical characteristi
and ancestrysuch as experiences with discriminatigrsonalconnection with family and culturend levelof identifi-
cation with White Americans (Allen et &011).Lack of identification with defined racial categories can lead to a greater
prevalence ofLatinx adults selecting ‘other ratgAllen et al. 2011),which was observed in the preseninvestigation.

While tap water mistrust is commonly least prevalent among NH Caucasian individuals (5.1-1th&8%jevalence was

greater in Caucasian adults in the present sample (39.8%) (Onufrak2€Xlal, Pierce & Gonzalez 2017; Javidi & Pierce

2018). In addition to potential non-identification with racial categories, differences in prevalence may be related to ethnicity
as previous investigations only recruited Caucasian individuals who were NH, while the present investigation only recruited
Caucasian individuals of Latinx descemMoreover,after controlling for albther predictors in the moddlatinx African
American,African, Black, and Caribbean adults were over three times more likely to mistrust their tap water compared to
Latinx Caucasian adults, which may reflect this group’s disproportionate exposure to racial discrimination in water and hous-
ing policy in the US (Meehan et &020b; Wilson et aR022).

US nativity did not influence tap water perceptions, despite findings from previous investigations in which the prevalence
and odds of mistrusting tap water were greater in foreign-born individuals (Pierce & Gonzalez 2017; Javidi & Pierce 2018).
The current findings could be related to a relatively srpetcentage of foreign-born participants (8.1fcgomparison,

19.2% ofthe total Phoenix, AZ population is foreign-born (United States Census Bureau 202Tap water mistrustin

foreign-born Latinx adults was hypothesized to be related to experiences with poor water quality in their home countries
(Pierce & Gonzalez 2017). A significant interaction between nativity and prior experiences with tap water was not observed
in the present investigation. However, the country of origin was not reported by foreign-born participants in the present stud
Differences in various factors such as tap water regulations, trust, and violations across all Latinx countries could impact con
parisons made between US-born and foreign-born participakhts.example,foreign-born Latino mothers from Central
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American countries have reported a greater prevalence of trust in tap water in their home countries than in the US (Col¢
Ramos et al2017; McCarley et aR021).

Organoleptic characteristics of water have commonly been associated with safety percEpEdssupported by our
findings in which the odds of tap water mistrust increased with each additional negative home tap water experience. Mi:
was more common among Latinx adults who had experienced hard water/midepalsitsunpleasant tastejnpleasant
smell,and other contaminants in their home tap water in the previous yearprevalence of mistrust was not different
among adults with and without sediment or rusty color in their home tap water. Additionally, the odds of mistrust were s
nificantly greater for each additional water quality acceptability score, where a higher score indicates worse water qualit
acceptabilityWhile organoleptic characteristics of water are not dependable indicators of health risk (Napier & Kodner
2008), it appears Latinx adults may associate undesirable perceptions with a lack of safety. The present findings are sug
by previous focus groups and interviews in which Latinx adults reported believing their tap water was not safe due to un
sant taste, discoloration, unpleasant smell, and presence of chlorine or other minerals that cause tap water to taste unp
(Scherzer et al2010; Hess et ak019).

Bottled water was purchased by about half of this sample as their primary source of drinking water. The prevalence of
water mistrust was greater in those purchasing bottled water but lower in those using the public supply (municipal and 1
as their primary sourcéccordingly,the odds of mistrust were significantly lower in those who rely on the public supply
(municipal).Those who mistrusttheir tap water appear to rely on alternatives or modifications to the home drinking
water systemSpecifically there was significantly greater prevalencavaétrust among those who are nettisfied with
their current drinking water (piped in house) and the odds of mistrust increased with each additional alternative and/or 1
fication employed. Mistrust was significantly more prevalent in those who purchase 1-gallon containers for drinking wate
who often use bottled water for drinking water purposasd whose drinking water is separate from their water supply
systemThus, Latinx adults who mistrustheir tap water are mostikely to rely on alternatives to their home drinking
water system rather than modifications {uater softener or water treatment system).

Hispanic households have been observed to be significantly less likely to rely on tap water (unfiltered and filtered) ove
bottled water compared to NH White households ( Ja\8dPierce 2018).Additionally,the use of home water treatment
devices was significantly less prevalent among Hispanic adults compared to NH White adults (Rosinger et al. 2018). It is
ible thatfiltered or treated water may nbie perceived as safeven ifit is perceived more favorably than unfiltered or
untreated water. Florida residents who consumed municipal water believed that water filters could combat organoleptic
cerns,such as unpleasant-tasting watidowever,they stillpreferred bottled water for what they considered to be more
serious concerns (i.e., safety, contamination, and health risk) (Triplett et al. 2019). Additionally, among Latinx parents p:
cipating in a water filter intervention,tap water consumption increased despite mixed perceptioos filtered water.
Specificallysome perceived their water to be safer when using a water filter piiahempthers maintained their distrust
and still preferred bottled watkedse et al. 2022; Santillan-Vazquez et al. 2022). Similarly, tap water mistrust in the presel
sample was prevalent among those with perceptions that bottled water tastes and smells bettsrdbRigle&), quality
(60.9%), and is safer (61.7%) than tap water. Moreover, the odds of mistrusting tap water were significantly greater witt
favorable perception of bottled water compared to tap wateomparison previous investigations have observed 34.1%
(Onufrak et al2012) and 64.7% (Park et 2019) of Hispanic adults to perceive bottled water to be safer than tap water.
Adults who believe bottled water is safer than tap water are significantly less likely to primarily consume tap water (van
Erp et al.2014)Similarly,beliefs that bottled water is cleaner and tastes better than tap have been associated with signif
cantly greater odds of primarily consuming bottled water (Gorelick2€x1al).

While participants have changed their minds about environmental issues in response to various sources of informatior
differences in the prevalence of mistrust were not observed for any sdlowever,newspaperstelevisionand friends
and family were the most common sources of water quality information. The news, advertising, and friends have previol
been identified as prevalent information souneés), family being a significantly more common source for Latinx parents
compared to NH White parents (Gorelick etal. 2011).Additionally,70.3% of participants received information from
health care providers and the prevalence of mistrust was greater for those who receive water quality information from a
health care provider (54.6%) compared to those who do not (4P&%)ouslyonly ~35% of participants were observed
to receive information from their physicians (Gorelick et al. 2011). However, receiving information from health professiol
is believed to have minimal to no influence on perceptions (Doria 2009), as supported by the present data (OR %2 0.97, ¢
Cl ¥ 0.50,1.89, ¥ 0.93).
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Unsurprisingly, consumer confidence reports were the least common source of water quality information. While the EPA
utilizes these reports to communicate with citizens about the quality of their local water, they do not meet national readabilit
standards and are considered difficult to understand (Roy et al. 2015). The low prevalence of these reports as a source of inf
mation in the present study may also have been impacted by terminology used in the survey question. While participants we
asked about consumer confidence reports in the survey, the reports in PAdaria,marketed as a water quality report.
Thereforejt is possible that some participants were not aware that their water quality reports qualified as consumer confi-
dence reportslLatinx mistrust in tap water safety has also been hypothesized to be related to distrust in the government
(Scherzer et al. 2010). However, receiving water quality information from government sources and non-government sources
was not a significant predictor of tap water mistrust in this investigation. Additionally, 68.4% of adults believe some level of
government (federal, state, or local) should be responsible for protecting water quality in the community. Mistrust was great:
est in those who believe local government should be responsible and lowest in those who believe individual citizens should b
responsible. Ultimately, education about water quality does not appear to be an effective way to address tap water mistrust |
Latinx adults. Contrarily, favorable perceptions of and reliance on bottled water in this sample support previous beliefs that
water-related perceptions and behaviors are influenced by bottled water advertisements and marketing (Doria 2006; Pierce «
Gonzalez 2017)In particular,bottled water marketing campaigns appear to capitalize on perceived associations between
organoleptic perceptionisealth,and risk through utilizing labels such as pyrgstine,natural,and healthy (Doria 2006;

Wilk 2006). Bottled watermarketing and advertising campaigns also have a historyt@frgeting minorities ( Javidk
Pierce 2018)Unfortunately, few promotional campaigns for tap water currently exist.

Limitations

A high prevalence of survey responses included straight-lined data and were excluded from data analysis. This may have be
influenced by various aspects of the online survey deasidnding the use of matrix questiopsgsenting more than one

question per pageand the overalllength ofthe surveyThe statisticabnalysis utilized could have introduced type one

error due to multiple comparisorghe sample was highly educatedfh 92.9% of participants having completed at least

some collegeand was notevenly distributed across sexes (62.6% mdlajticipants were only recruited from Phoenix,

AZ, so these results are not generalizable to other geographiieak.While participants with a wide range of ages (18-

75 years) were recruited, 93.5% of the sample was ,40 years (median age of 26 years). As mentioned previously, participant:
residential tap water quality was not tested. Accordingly, it is possible that some perceptions of mistrust in tap water safety «
valid. The Adapted Survey of Water Issues in Arizona did not include bottled water marketing or advertising as a source of
information about wateFuture investigations should evaluate these sources of information as pobeadiators of tap

water perception§inally,there is unmeasured error associated with all forms of public opinion regeaiclkommonly

the case with self-reported data, we were not able to verify the accuracy of responses. Specifically, we could not verify whett
individuals were Latinx or residents of the greater PhodZixrea.

CONCLUSION

Overall, Latinx mistrust in tap water safety is very prevalent in Phé&niand appears to be related to organoleptic per-
ceptions of home tap water and reliance on alternatives to their home drinking water systbras purchasing bottled

water and 1-gallon containers for drinking wateFhe majority of this sample perceives local sources of water positively

and appears to trust their government to regulate municipal water. Accordingly, public policy and/or interventions differen-
tiating quality and sensory characteristics (@ste and smell) from safety seem warrar®@eetime or regular volunteer

activities related to water may be effective means for reaching this population.
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