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GRAPHICAL ABSTRACT

Use of drinking water sources over time in
Rigolet, Labrador
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ABSTRACT
Concerns regarding the safety and aesthetic qualities of one’s municipal drinking water
supply are important factors influencing drinking water perceptions and consumption patterns (i.e.

sources used and daily volume of consumptiém)northern Canada, Inuit communities face
challenges with drinking water quality, and many Inuit have redodncerns regarding the safety

of their drinking water. The objectives of this research were to describe perceptions of municipal
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tap water, examine use of water sources and changes following the installation of a potable water
dispensing unit (PWDU) in 2014, and identify factors associated with water consumption. This
study used data from three cross-sectional census surveys conducted between 2012.and 2014
Principal component analysis (PCA) was used to aggregate data from multiple variables related to
perceptions of water, and logistic regressions were used to identify variables associated with water
consumption patterns. Three quarters of residents reported using the PWDU atfter its installation
with concomitant declines reported in consumption of bottled, tap, and brook water. Negative
perceptions of tap water were associated with lower odds of consuming tap watescMnentt

= 0.73, 95% CI 0.56-0.94; G®Racomponent= 0.67, 95% CI 0.49 - 0.93); women had higher odds of
drinking purchased water compared to men (OR = 1.90, 95% CI 1.11 - 3.26). The median amount
of water consumed per day was 1L. Using brook water (OR = 2.60, 95% CI 1.22 - 5.56) and living
in a household where no one had full-time employment (OR = 2.94, 95% CI 1.35 - 6.39) were
associated with consuming greater than 2L of water per day. Results of this study may inform
drinking water interventions, risk assessments, and public health messaging in Rigolet and other

Indigenous communities.

Keywords: Indigenous; Nunatsiavut; Arctic; drinking water; perceptions; consumption patterns

1. INTRODUCTION

Aesthetic characteristics play a major role in influencing perceptions of water quality
(Abrahams et al., 2000; Doria, 2010; Doria et al., 2009), with taste often described as the most
important factor impacting consumer perceptions (Abrahams et al., 2000; Doria, 2010).
Additionally, perceived risk can deter users from particular water sources (Doria, 2010, 2006;

Doria et al., 2009), and may be impacted by aesthetic qualities or attitudes towards chemicals or
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microbial contaminants in water (Doria, 2010). Boil water advisories, contamination events, or
experiences of water-related illness can also negatively impact perceptions and consumption
patterns (i.e., choices of drinking water sources and volume of water consumption) (Doria, 2010;
Griffin et al., 1998). It is important that residents have access to a water supply that is trusted and
positively regarded; unfavourable perceptions may lead individuals to drink alternative water
sources or beverages (e.g. juice or soda), which may have negative financial and/or health
implications (Dupont et al., 2010; Spence and Walters, 2012; World Health Organization, 2011).
Although literature describing perceptions and attitudes toward drinking water is well-

established in urban populations (Doria, 2006; Doria et al., 2009; Jones et al., 2007; Roche et al.,
2012), a gap exists in literature relating to rural and remote locales, including northern Canada and
Alaska. This knowledge deficit exists despite the unique and frequent water challenges that rural
and remote populations often experience, when compared to urban centers in the same country
(Bradford et al., 2016; Dunn et al., 2014; Hennessy and Bressler, 2016). For instance, smaller
communities often do not have the financial resources or infrastructure to treat large quantities of
drinking water with the advanced treatment methods found in urban regions (Kot et al., 2011)
While these challenges have affected many remote communities in general across Canada,
Indigenous communities are disproportionately impacted (Dunn et al., 2014; Patrick, 2011)
Indeed, substandard, unreliable water services have contributed to issues with insufficient water
guantity, water contamination, and frequent and / or long-standing boil water advisories in many
Indigenous communities (Daley et al., 2014; Patrick, 2011). In Canada, a growing body of
literature exists describing these persistent drinking water issues in First Nations communities
(Basdeo and Bharadwaj, 2013; Dupont et al., 2014, 2010, Eggertson, 2008, 2006; Harden and

Levalliant, 2008; Metcalfe et al., 2011); however, less is published regarding Inuit communities in
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northern Canada. Water-related issues in Inuit communities are often due to their unique and
challenging geography, climate, financial and human resources, and infrast(Mztino et al.,

2009; Medeiros et al., 2016)Collectively, these challenges have contributed to low consumer
satisfaction of municipal water in many Inuit communities (Daley et al., 2015; Garner et al., 2010;
Goldhar et al., 2013; Marino et al., 2009). For example, in the 2001 Aboriginal Peoples Survey,
100% of Inuit respondents from Rigolet reported that during certain times of the year, they believed
their water was not safe (Statistics Canada, 2004). Water quality and quantity issues (Daley et al.,
2014; Martin et al., 2007), lack of trust, and deep-rooted cultural values may encourage the
consumption of non-municipal drinking water, such as untreated surface water (e.g. from brooks
or rivers) (Goldhar et al., 2014).

In recent years, increased international attention and government funding for improving
access to water and sanitation services has enabled some Arctic communities to begin addressing
water-related challenges (Alaska Department of Health and Social Services and Alaska Native
Tribal Health Consortium, 2015; Health Canada, 2016; United Nations, n.d.). Adequate funding
that will support infrastructure and water-related research is crucial to achieving improved access
to safe water in northern populations, particularly in-light of increasing stresses brought on by
climate change and resource development (Ford, 2012; Instanes et al., 2016). In theqast, va
approaches have been taken to address water-related challenges. For example,imaagiyrox
one third of rural Alaskan villages, residents rely on centrally-located watering points, or
“washeterias”, due to lack of in-home water service for drinking or washing (Hennessy et al.,
2008). Though well-intentioned, many factors can prevent the adoption of new or improved water
systems, leading to residents choosing not to use new systems (Marino et al., 2009). Factors

including local preferences for taste, integration of cultural values and Indigenous knowledge of
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water with water management, and sense of ownership over community water treatment systems
often play integral roles in the adoption of new water treatment systems (Marino et al., 2009).
Further research is still needed to understand why individuals prefer certain water sources. This is
crucial for informing the development of appropriate municipal water systems and identifying
potential barriers to their adoption.

Given the disproportionate water-related challenges in northern Canada, and the complex
yet poorly understood factors that may impact water consumption patterns in Inuit communities,
further work is needed to understand how to improve consumer satisfaction and trust in municipal
water. While research exists assessing drinking water contamination in some Inuit communities
(Martin et al., 2007; Wright et al., 2017), a gap exists in assessing how perceptions of safety and
quality impact water consumption patterns. The goal of this research, therefore, was to characterize
drinking water perceptions and consumption patterns in the Inuit community of Rigolet, Canada.
The objectives were to: (1) describe perceptions of municipal tap water; (2) describe the use of
drinking water sources and changes in water sources over time; (3) identify factors associated with
consuming different water sourcesd (4) examine residents’ daily volume of water consumption.

This study is intended to improve our understanding of specific factors that impact drinking water
consumption patterns in order to inform sustainable drinking water interventions, water-related
risk assessments, and effective public health messaging that considers the unique Indigenous

context and history of water-related challenges in northern Canada.

2. METHODS

2.1 Resear ch location
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First Nations, Métis, and Inuit are the three constitutionally recognized groups of
Indigenous peoples in Canada, comprising 4.3% of the national population (Statistics Canada,
2015). Approximately three quarters of the almost 60 000 Inuit who live in Canada reside in Inuit
Nunangat, a region which covers over one third of Canada’s landmass (Inuit Tapiriit Kanatami,

2017). The four currently settled Land Claim Areas composing Inuit Nunangat include the
Northern Labrador Inuit Land Claims Area (hereafter referred to as Nunatsiavut), Nunavik,
Nunavut, and the Inuvialuit Settlement Region, although additional Inuit land claim negotiations
are in progress (Figure 1). Nunatsiavut, meaning “Our Beautiful Land” in Inuttitut, gained self-
governance in 2005 (Nunatsiavut Government, 2016). The Nunatsiavut Land Claim Area is
comprised of five coastal Inuit communities (from North to South): Nain, Hopedale, Postville,
Makkovik, and Rigolet. These remote communities are not accessible by road, necessitating all
travel by plane or boat or snowmobile in the winter. This study was conducted in partnership with
the community of Rigolet, which grew from a decade of environmental health community-based
and community-led research collaboration and partnership among the research team. Rigolet is a
small community with approximately 306 residents (Statistics Canada, 2012), the vast majority of
whom identify as Inuit (Statistics Canada, 2013). The prominence of Inuit culture and the remote
nature of the community means that many people in Rigolet have a close relationship with the
environment, and rely on and value country foods and other resources from the land for subsistence

(Cunsolo Willox et al., 2012).
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Figure 1 A map of Northern Canada, depicting the four regions of Inuit Nunandéha five Inuit communities of
Nunatsiavut, as of 2017. (2 column-fitting image)

Rigolet residents have access to four types of drinking water in the community (Figure 2)
tap water, bottled water, water collected from nearby brooks, and water from a potable water
dispensing unit (PWDU). The municipally treated tap water is chlorinated (but unfiltered), and
suppliesall households via underground pipes. Bottled water can be purchased from the local store.
Untreated sources of drinking water are also consumed in Rigolet, including surface water from
several nearby brooks in the comntyr{iocally referred to as “brook water””). Some Inuit prefer
to drink untreated sources of water, or may drink it out of necessity when treated water is not
available (for example, when travelling on the land or visiting a cabin) (Goldhar et al., 2014, 2013).
In January 2014, the PWDU was constructed, introducing a fourth source of drinking water. The

Government of Newfoundland and Labrador’s recent Drinking Water Safety Initiative
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(Government of Newfoundland and Labrador, 2017a) has enabled several Labrador communities
to implement PWDU systems within the past few years, including Makkovik, Postville, and
Cartwright (Goldhar et al., 2012; Hanrahan, 2014; Lightfoot, 2014), although several other small
communities on the island of Newfoundland received PWDUs as early as 2000 (CBCL Limited,
2010). Rigolet has a history of long-term boil water advisories and drinking water parameters in
exceedance of the Canadian Guidelines for Drinking Water Quality, making it a candidiai® for
program (Government of Newfoundland and Labrador, 2017b; Health Canada, 2014). The PWDU
uses multiple advanced methods to treat the incoming tap water, including sand filtration,
ozonation, carbon filtration, reverse osmosis, and ultraviolet light (CBCL Limited, 2010). These
processes result in disinfected water that is free of dissolved solids and chlorine residuals. Water
from this central facility is then collected by residents in personal containers for storage in the
household. Water storage containers vary greatly in size and shape; an examination of water

storage in Rigolet is described by Wright et al. (2017).

Figure 2 (A) Brook water (left) tap water (center), and
PWDU water (right); (B) the interior of the PWDU; (C) the
PWDU building in Rigolet, Canada (2014). (1 column-fitting
image)
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2.2 Data collection

This study was planned and implemented using an EcoHealth research framework, which
emphasized community-based, participatory research methods, transdisciplinarity, and systems-

thinking (Charron, 2012; Koster et al., 2012), and involved a team of Inuit and non-Inuit

researchers, epidemiologists, engineers, and social scientists, as both researchers and co-

authors.This study used a subset of data from three cross-sectional studies conducted by local Inuit
researchers in Rigolet between 2012 and 2014 (Figure 3). Two of the surveys were conducted
before the installation of the PWDU, and the third survey was carried out after its construction. In
all instances (except for a subset of questions in May 2013), a census was attempted, meaning that

all residents present in the community were eligible and invited to participate (Figure 3).

September 2012 | May2013  gag June 2014

Census survey Census survey Census survey
Sep. 17 — Oct. 3 May 18 — Jun. 19 Jun. 23 — Jun. 30
« Gender « Gender « Gender
* Age (continuous) * Age (continuous) * Age (continuous)
* Employment & education * Employment & education * 1°& 2° drinking water
* 1°& 2° drinking water * 1°& 2° drinking water * Overall rating of 1° & 2°
* Overall rating of 1° & 2° * Overall rating of 1°& 2° drinking water sources
drinking water sources drinking water sources (Likert scale, very poor —
(Likert scale, very poor — Adults only excellent)
excellent) « Detailed perceptions of « Daily water consumption
water quality, including (500mL increments)

taste, smell, and colour

Figure 3 Timeline of data collected in each survey that related to the objectives of dasctes Rigolet, Canada
(2012-2014). (2 column-fitting image)
2.2.1 Questionnaires

Local Inuit research associates administered and completed all questionnaires on iPads in
the preferred language of the respondent (questionnaire available upon request). All respondents

answered in English, although translation to Inuttitut was available (but not requested by any



196

197

198

199

200

201

202

203

204

205

206

207

208

209

210

211

212

213

214

215

216

217

218

participants). Questionnaires contained closed-framed questions, and all questions gave
respondents the option to provide an alternate answer or more detail. The questionnaires were pre-
tested by local community members, health workers, and academics to ensure that the content was
clear and contextually appropriate. Each of the three questionnaires asked a variety of identically-
worded questions, which allowed for comparisons over time. The questionnaires were
administered to each individual and information on demographics, water, consumption, and
overall ratings of drinking water quality were collected. Additionally, the May 2013 questionnaire
collected data on adult (i.e. individuals 18 years and older) perceptions regarding the safety and
aesthetic quality of municipal tap water (Figure 3). As a census survey, many individuals in Rigolet
completed questionnaires in all three survey periods; however, some individuals may not have
responded in every survey (for example, if they were not present in Rigolet during one of the

survey periods).

The definition used for drinking water in the questionnaires was consistent with other
studies assessing water consumption patterns in Canada (Jones et al., 2007, 2006; Roche et al.,
2012), and was selected to facilitate comparisddsnking watei’ was defined as plain unboiled
water, or cold drinks made with un-boiled water (e.g. frozen juice concentrate and crystal drink
mixes). This definition excluded drinks made with boiled water (e.g. tea, coffee, and hot
chocolate), as well as boxed and canned beverages (e.g. soft drinks and juice boxes). In all three
guestionnaires, respondents were asked about prim3naritl secondary {2 drinking water
sources consumed (i.e. the most frequently used and second most frequently used water sources,
respectively) in the two weeks prior to the survey. Self-reported data on water consumption were
only collected in June 2014; volume was measured in 500mL serving increments, with a plastic

water bottle being used to demonstrate a single 500mL serving at the time of the questionnaire.
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2.2.2 Consent & ethical approvals

Written informed consent was obtained from each participant before completing the
guestionnaires; if a participant was under 18, parental permission was obtained (with parent
present during the interview if desired), and a proxy respondent (parent or primary caregiver) was
used for children under 12 years of age. Ethical approval for research protocols was obtained from
the Nunatsiavut Government Research Advisory Committee, the Research Ethics Boards of Health

Canada, the University of Guelph, and McGill University.

2.3 Data analysis

Questionnaire data from the three surveys were combined into a single dataset and linked
by individual identification number. A second dataset was created for assessing changes in the use
of drinking water sources over time (i.e. objective two). Data were analyzed using Stata I/C 14.2
(StataCorp LP, College Station, TX, USA) for Mac. Participants who did not drink water (n=6 in
September 2012; n=4 in May 2013; n=4 in June 20ddyho responded ‘refuse to answer’ or

‘unsure’ were excluded from the analysis of that question.

2.3.1 Describing perceptions of tap water

Descriptive statistics were used to examine population demographics from the three survey
periods, as well as perceptions of municipal tap water from the May 2013 survey. Two-sample
tests of proportions were used to compare frequencies between demographic groups, including

gender and age.

2.3.2 Examining water consumption patterns
Unconditional logistic regressions were first performed on a variety of explanatory
variables postulated to be associated with outcomes of interest. Unconditional associations with

variables that had a p-value <0.2 were retained for further analysis, which served as a method of
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data reduction (Supplementary Resource 1). Multivariable models were then constructed to
include the exposure of interest (i.e. explanatory variable), with age and gender forced into all
models as a fixed effect, as previous literature has indicated that these variables may act as
confounders when investigating water consumption patterns (Dupont et al., 2010; Jones et al.,
2007, 2006). Explanatory variables examined included demographic factors as well as water-
related habits and perceptions. A significance level<f.05 and 95% confidence intervals were

used to assess statistical significance. Linearity of continuous variables (i.e. age) with the log odds
of the outcomes of interest was assessed using locally weighted scatterplot smoothing (lowess
curves); variables that did not have a linear relationship with the outcome were categorized based
on trends in the lowess curves. Pearson and Devj@rgmodness-of-fit tests were used to assess

fit of the models, and scatter plots of predicted values, residuals, deviance, standardized residuals,
leverage, delta beta, delta deviance, dgftaand best linear unbiased predictors (BLURs)e

used to visually assess model fit (Dohoo et al., 2012). This process was followed to examine
associations of explanatory variables with the (i) use of drinking water sources over time, (ii) use

of tap and purchased water, and (iii) daily volume of water consumed.

2.3.2.1 Assessing use of drinking water sources over time

Descriptive statistics were used to examine the frequency of use of different drinking water
sources before and after the installation of the PWDU. Changes in use of tap, purchased, and brook
water as primary water sources over time were assessed by creating a second dataseti@dth repea
measures for each individual (i.e. one observation per survey), and inputting the survey period
(corresponding to September 2012, May 2013 and June 2014) as a categorical fixed effect into

mixed logistic regression models, while using random effects at the household and individual
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levels to control for clustering and repeated measures (Dohoo et al.,, 2012). A global test of

significance was used to assess the overall significance of the “survey period” variable.

2.3.2.2 Assessing explanatory variables associated with use of tap and purchased water

Mixed logistic regression modelling, using a random effect to control for clustering at the
household level, was used to examine associations between explanatory variables and the use of
tap water, and in the use of purchased water as primary or secondary water sources. When
examining the tap water outcome, principal components analysis (PCA) was conducted to
aggregate data from a larger number of simitarables related to individuals’ ratings, concerns,
and perceived importance of the taste, smell, and colour of tap water. The Kaiser-Meyer-Olkin
measure of sampling adequacy was used to assess the appropriateness of a PCA given our data,
using a minimum value of 0.5 to indicate that PCA was an acceptable method (Kaiser and Rice,
1974). Components with an eigenvalue over 1.0 were retained (following the Kaiser rule) (Kaiser
and Rice, 1974) and considered as explanatory variables in the regression models. Orthogonal
rotation of components was used to facilitate interpretations by giving the highest component
loadings to the fewest possible variables (Supplementary Resource 2). When constructing
regression models with PCA variables, standard logistic regressions with coding to adjust standard
errors for household-level clustering were used in lieu of mixed logistic regressions, due to non-

convergence of mixed models.

2.3.2.3 Assessing daily volume of water consumption

Descriptive statistics were used to obtain an overview of residents’ daily water
consumption. For regression analysis, the volume of water consumed daily by survey respondents
was dichotomized based on previous literature (Jones et al.,, 2007, 2006) in order to assess

explanatory variables associated with consuming a “large” volume of water (i.e. >2L per day).
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Unconditional logistic regression modelling was used to identify explanatory variables associated
with this outcome in June 2014. A mixed model was not used to assess this outcome as significant

household-level clustering of the outcome was not observed.

3.RESULTS

3.1 Responserates & demographic information

High response rates were achieved for each survey: 92% (226/245), 95% (236/249), and
89% (246/275) of individuals present in Rigolet at the times of the surveys participated in
September 2012, May 2013, and June 2014, respectively. In the June 2014 survey, the 10-14 year
age group was significantly over-represented, and the 20-24 year age group was significantly

under-represented, compared to 2011 Census data from Rigolet (Table 1).

3.2 Perceptions of tap water

Tap water received significantly more “poor” and “very poor” overall ratings of quality
compared to purchased water, PWDU water, and brook water (p<0.05) in 2014. Furthermore,
based on data collected in May 2013, 36% of adult respondents felt that tap water had made them,
or someone in their family, “sick.” Ratings of aesthetic qualities, and concerns regarding
chemicals, “germs”, and health impacts of drinking water are presented in Table 2. Significantly
more females stated that they were concerned or extremely concerned about the presence of
“chemicals” and “chlorine” in tap water compared to males (p<0.05). Significantly more adults
(ages 18-54) stated that they were concerned or extremely concerned about présahaimof
and “pathogens” in tap water, and felt that the tap water had made them or someone in their family

“sick” when compared to older adults (age 55+) (p<0.05).

3.3 Drinking water sourcesused over time



309 Prior to the installation of the PWDU, purchased water was the primary drinking water
310 source for half of respondents in Rigolet, followed by tap water (39.4% and 40.4% in the 2012 and
311 2013 surveys, respectively) and brook water ( 7.1% and 5.6% in the 2012 and 2013 surveys,
312 respectively). The PWDU became the most frequently used drinking water source in June 2014,
313 representing the primary source for 67.2% of respondents, with a concomitant decline in
314 consumption of tap, purchased, and brook water. The odds of consuming tap, purchased, and brook
315 water as the primary drinking water sources were significantly lower in June 2014 compared to
316 September 2012 and May 2013; however, no significant differences in the use of primary wate
317 sources were observed between 2013 and 2012 (Table 3, Supplementary Resource 3). Tests of the
318 overall significance of the survey period variable in statistical models had p-values less than 0.05;
319 goodness-of-fit tests and visual methods indicatedtileatnodels fit the data well. In contrast to

320 primary water sources, the pattern and percent use of secondary drinking waterreooagssd

321 relatively consistent over time (Figure 4).
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E Purchased (40.4%) ., Brook (48.9%) 29 O Purchased (36.9%)
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0 Tap Brook B Purchased (27.8%) B Brook (26.9%)
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R PWDU

v L operational

| September 2012 May 2013 January 2014

322

323  Figure4 Changes in the rank order of tap, purchased, brook, and potable waggrsitig unit (PWDU) water over
324  time, for primary and secondary drinking water sources inlRigCanada (2012 2014). Solid lines indicate no
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indicated in brackets. (1.5 column-fitting image)

3.4 Explanatory variables associated with use of tap and purchased water

Individuals who stated that they were “concerned” or “extremely concerned” about
chlorine in tap water (OR = 0.23, 95% CI 0:08.61), and those who rated the perceived quality
of tap water for drinking as “very poor”, “poor”, or “fair” (OR = 0.22, 95% CI 0.08 — 0.58) had
decreased odds of consuming any tap water. A Kaiser-Meyer-Olkin sampling adequacy measure
of 0.79 indicated that PCA was an acceptable method of data reduction. Two components were
retained from the PCA, accounting for 73.7% of the original variance of the data. The first
component loaded heavily on (i.e., was most correlated widlyiduals’ ratings and concerns
regarding the taste, smell, and colour of the tap water, and the second component loaded heavily
on the perceived importance of taste, smell, and colour of tap water. Both components were
associated with reduced odds of consuming tap watesddRponent one= 0.73, 95% CI 0.56-
0.94; ORcacomponent we= 0.67, 95% CI 0.49- 0.93); that is, as perceptions became increasingly
negative (i.e. as the component score increased), the odds of consuming tap water decreased. The
odds of consuming store-purchased water were greater in females than males (OR = 1.90, 95% ClI
1.11- 3.26). Additionally, an individual had greater odds of consuming store-purchased water if
a member of their household was employed full-time during the 2013 survey (OR = 5.52, 95% ClI
2.77—- 10.98) (Table 3, Supplementary Resource 3). Residual diagnostics indicated that these

models were well fitted to the data.

3.5 Daily volume of water consumption

In June 2014, responses regarding the volume of water consumed daily ranged from no

water (i.e., they did not drink any water) to five or more 500 mL servings (2.5 L or more) per day,
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and the median amount of water consumed by respondents was two 500mL servings (1.0 L).
Overall, 1.2% (n=3) of participants did not drink any water; 26.0% (n=64) drank a “small” quantity

of watr (<1 L); 55.3% (n=136) drank a “moderate” quantity of water (1-2 L); and 17.5% (n=43)

drank a “large” quantity of water (>2 L). Individuals had greater odds of consuming a large
guantity of water if they drank brook water as a primary or secondary source (OR = 2.63, 95% CI
1.21-5.71), and if they lived in a household where no resident had full-time employment (OR =
2.94, 95% CI 1.35 6.39 (Table 3, Supplementary Resource 3). Residual diagnostics indicated

that the models fit the data well.

4. DISCUSSION

Residents in Rigolet have several choices of drinking water, including piped tap water,
purchased water, untreated brook water, and water from a PWDU that became operational in
January 2014. Many factors can impact drinking water perceptions and consumption patterns,
particularly in communities with frequent water challenges. New uncertainties in perceptions and

consumption patterns can arise with the implementation of a new water treatment system.

4.1 Per ceptions of tap water

Poor ratings and perceptions of the aesthetic qualities of tap water are closely related to
attitudes toward chlorine (Piriou et al., 2004). Chlorine has previously been identified as
undesirable in Rigolet tap water (Goldhar et al.,, 2013), and these prior findings are further
supported by this research. Moreover, the Rigolet tap water has a distinct brown colour due to lack
of filtration (Goldhar et al., 2013), and aesthetic perceptions regarding amounfluence
people’s risk perceptions and beliefs regarding the safety of drinking water (Doria et al., 2009)
Risk perceptions are also likely influenced by a history of boil water advisBiigsdet’s water

system does have a history of boil water advisories. More recently, the municipal tap water in
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Rigolet has been under a boil water advisory since August 2015 (Government of Newfoundland
and Labrador, 2017b). Over one third of adults in Rigolet felt that they, or someone in their family,
had gotten “sick” from the tap water. In contrast, a national Canadian study found that only 10%

of respondents believed their tap water posed a moderate or serious concern for their health or the
health of their families (Dupont, 2005). It also should be noted that in the months leading up to the
survey in 2013, there was increased media coverage reporting on the presence of chlorine
disinfection by-products in Newfoundland and Labrador, which may have resulted in increased
awareness and distrust of the municipal tap watgr CBC News, 2013); however, resident’s

concern about Rigolet tap water was documented as early as 2001 in the Aboriginal Peoples survey
(Statistics Canada, 2004). Our results lend support to the heightened concern regarding the safety
of tap water in Indigenous communities compared to non-Indigenous communities. Indeed,
another study found that First Nations communities had significantly greater odds of believing
someone had gotten sick from their tap water, when compared to non-First Nations Canadians
(Dupont et al., 2014). Moreover, a study in Nunavik reported that individuals often believed their
gastrointestinal illness was attributable to tap water (Martin et al., 2007), further supporting the
notion that poor perceptions of municipal water are common across Canadian Indigenous

communities.

4.2 Drinking water sourcesused in Rigolet

Prior to the arrival of the PWDU, purchased water was consumed by the majority of Rigolet
residents, and was reflective of bottled water use in some other Canadian Indigenous communities;
for example, one study found that, compared to non-First Nations Canadians, Ontario First Nations
communities were over nine times more likely to rely solely on bottled water (Dupont et al., 2014)

In some instances, Indigenous households are reliant on bottled water due to source water
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contamination or failures of water treatment systems (Chan et al., 2013; Sarkar et al., 2015). In
Rigolet, despite the possible inconvenience of having to collect water from the PWDU station,
transport it home, and store it in household containers, the PWDU rapidly became the primary
water source for over two thirds of survey respondents. The clear preference for PWDU water may
be related to lack of satisfaction with tap water, which was apparent in this study, and continues to
be an issue across Indigenous communities in North America (Dupont et al., 2014; Garner et al.,
2010; Goldhar et al., 2013; Marino et al., 2008hen the PWDU was introduced in 2014, all
Rigolet residents over the age of 18 were required to pay $20 per year towards the operation of the
PWDU, which may have also encouraged early adoption of the PWDU as a source of drinking
water. While PWDU wateis less convenient than tap water, this did not appear to deter users,
further supporting the idea that many residents were highly dissatisfied with their tap water.
Moreover, choosing to collect drinking water may be a reflection of traditional Inuit culture.
Activities such as hunting and gathering of food and water play an essential role in the subsistence
culture of Inuit (Pauktuutit Inuit Women of Canada, 2006), facilitating connections with the
environment and community (e.g. through gathering and sharing with neighbours and kin)
(Collings et al., 2017). While collecting water from the PWDU is certainly different thantoaijec

it from the land,the act of collecting and distributing water could be an important factor
influencing the use of the PWDU, although further work assessing this hypothesis would be
necessary. Given these findings in Rigolet, further research in other Labrador communities with
similar water systems would be valuable for comparison, or for identifying other factors that
impact PWDU use. A thorough understanding of PWDU use, sustainability, and perceptions in
Labrador would be useful for informing policy surrounding water infrastructure projects and

public health in Labrador, and potentially other, Inuit communities.
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Despite offering a preferred source of drinking water, the PWDU does have several
important drawbacks. First, the PWD&Jenergy intensive: running costs have been estimated to
be upwards of $30 000 per year for similar systems in other Labrador communities (Sarkar et al.,
2015). This can be cost prohibitive for small remote communities, especially considering that
PWDU expenses are in addition to those already incurred by existing municipal water systems,
such as piped tap water. In addition to running costs, the municipal government is responsible for
repairs and maintenance, including expensive filter replacements (Personal communication,
RICG, 2017). These expenses could make the PWDU financially unsustainable; provincial funding
agreements to support these systems may be important to overcoming this barrier. Furthermore, as
a highly complex system, interruptions in service at the PWDU are possible when components fail
or need to be replaced (Personal communication, RICG, 2017). Given the remoteness of the
community, parts and repairs are not easily or quickly accessed. This can have implications for
water consumption if residents then need to seek out other sources for a period of time. Ensuring
that parts required for typical maintenance and repairs are kept in stock in the community may
increase resiliency of the system to failure. Lastly, water from the PWDU contains no free chlorine
residuals; while this can improve aesthetic appeal, chlorine residuals are crucial for inactivating
microbial contaminants that may enter water after initial treatment (Health Canada, 2006). PWDU
water is therefore vulnerable to recontamination between source and point-of-use, potentially
increasing risk of exposure to waterborne pathogens (Wright et al., 2017). Future risk assessments,
cost-benefit-analyses, and discussions on water policy and public health messaging should take
these contextually unique factors into consideration.

In addition to these drawbacks it is also important to consider that some respondents

despite the availability of PWDU water, continued to drink bottled, brook, and tap water,
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particularly as secondary water sources. This sustained reliance on multiple different water sources
has important implications for local water poliaysk assessments, and future research. For
example, educational messaging and vigilance in monitoring untreated water sources remain
highly relevant in the community, and are particularly important moving into the future, as climate
change continues to impact Arctic water systems and water quality (Harper et al., 2011)
Furthermore, future risk assessments must take into account the continued use of other water

sources.

4.3 Explanatory variables associated with the use of tap and purchased water

Perceptions of risk and aesthetic characteristics are known to play a vital role in people’s
choice of drinking water (Abrahams et al., 2000; Doria, 2010), and were prominent predictors of
tap water use in Rigolet. Aversion to chlorine was a recurrent finding in this study, thus, it was not
surprising to find that those who were more concerned about chlorine were less likely to consume
the tap water. In a previous qualitative study of drinking water in Rigolet, chlorinated water was
often described as “unnatural” or “overwhelming” compared to the taste of brook water (Goldhar
et al., 2013; Goldhar, 2011)Other studies conducted in several Inuit communities found that
individuals frequently collected water from untreated sources due to municipal water shortages or
a preference for untreated surface water, which was often described as more familiar, highe
guality, and more trustworthy than municipal water (Daley et al., 2015, 2014; Goldhar et al., 2013;
Hanrahan, 2014). In Rigolet, this could, in part, be due to the high level of organic matter in the
unfiltered tap water that reacts with added chlorine, which can produce undesirable, flavours and
chlorine disinfection by-products (Health Canada, 2009). Research from other Inuit communities

has also noted residents’ dislike for the taste of chlorine, suggesting that chlorine aversion is not
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uncommon throughout northern Canada (Daley et al., 2015; Martin et al., 2007), as well as other
Southern locales (Jones et al., 2007).

In this study, females had higher odds of consuming purchased water than males, and this
could reflect gender differences in risk perception. Increased bottled water use in females has also
been documented in the United States (Hu et al., 2011). This is thought to be related to an increased
awareness of health-related risks, likely reflecting gendered roles, with women often responsible
for preparing household meals (Dosman et al., 2001; Hu et al., 2011). The finding relating to
employment and use of purchased water may reflect increased financial accessibility to bottled
water due to higher household income. Similar findings and conclusions have been reported in

other studies (Dupont et al., 2010; Hu et al., 2011).

4.4 Daily water consumption

The median volume of water consumed daily by residents was similar to other research
conducted in southern Canada, which reported median water consumption to be between 1.0-
1.3L/day (Jones et al., 2007, 2006; Pintar et al., 2009; Roche et al., 2012). Individuals who reported
using brook water as a primary or secondary source were more likely to consume a large quantity
of water, and this may be related to deeply-rooted cultural beliefs and preferences fdr natura
sources of water among Inuit (Goldhar et al., 2013). In many Indigenous cultures, water is an
integral component of not only physical health, but also of spiritual well-being (Kim et al., 2013)
Inuit in Rigolet share a close spiritual connection with the land (Cunsolo Willox et al., 2013, 2012)
and for generations relied on brook water for sustenance. Even in recent times, a preference for
these familiar sources of water has been noted: qualitatively, brook water in Nunatsiavut has been
described with words such as “healthy”, “pure”, and “alive” (Goldhar et al., 2013). Nonetheless,

brook water consumption also decreased in 2014, which may be related to the closer proximity of
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a positively regarded water source (i.e. the PWDU). Further examination of key similarities and/or
differences between PWDU and brook water may prove useful for informing water infrastructure
projects that consider the unique aesthetic qualities that Inuit identify as important in drinking

water.

45 Limitations

The surveys included in this study were cross-sectional, with each capturing data at one
period in time, and these data do not reflect all possible seasonal variations in water consumption
patterns (e.g., no surveys were conducted during summer or winter). Consequently, the direction
and magnitude of associations between explanatory and outcome variables may differ at other
times of the year. Outcomes relating to water consumption (e.g. number of servings consumed per

day) were self-reported, potentially resulting in recall bias; however, we chose this self-reported

outcome measure to match other Canadian studies to facilitate comparisons. As such, we have

assumed that these biases are similar to other water consumption studies using similar methods

elsewhere. Despite conducting census surveys, a small source population contributed to low
statistical power, which limits the ability to detect statistically significant associations; also, low
statistical power impacted our ability to perform multivariable analyses. A substantial number of
individuals also respondétinsure” when asked about various perceptions of tap water, and this

reduced the number of observations available for analysis. Furthermore, health data and data on
current or historical boil water advisories were not assessed in this study, and so we were unable
to examine possible associations between perceptions, advisories, and health outcomes; this may
be an area of future research. Additionally, these surveys have only been conducted in Rigolet and,
considering the heterogeneity among Indigenous communities, extrapolation of research findings

to other Inuit communities should be done cautiously. Finally, while our study documented water
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perceptions and consumption patterns, we did not collect data to characterize the reasons behind

these perceptions and consumption patterns. As such, we call for future qualitative research to

examine why so many people from Rigolet readily adopted the PDWU, what values drove that,

and where these values emerged from.

5. CONCLUSION

This study characterized drinking water perceptions and consumption in the Inuit
community of Rigolet, Canada, through three cross-sectional surveys conducted between
September 2012 and June 2014. High community use of the PWDU is likely explained by
dissatisfaction with tap water and a preference for a chlorine-free source of drinking water. Future
risk assessments, public health messaging, and other water-related policy should consider the
continued reliance on alternative water sources, such as untreated brook water. Furtheimesearch
other Inuit communities with similar water systems may be useful for evaluating the sustainability
and acceptance of PWDU systems, as well as informing water infrastructure projects in other
communities. Addressing concerns over chlorin®iigolet’s piped tap water is likely a crucial

step in improving satisfaction with the centralized municipal water source.

ACKNOWLEDGEMENTS

Sincere thanks to the residents of Rigolet for their ongoing participation in the many
surveys and research-related events that have taken place in their community over the years. Thank
you also to Charlotte Wolfrey, Michele Wood, and the dedicated work of local surveyors over the
course of this research, including Inez Shiwak, Charlie Flowers, Marilyn Baikie, & Dina Wolfrey.

Survey questionnaires were adapted from questionnaires developed by Health Canada, the Public



533

534

535

536

537

538

539

540

541

542

543

544

Health Agency of Canada, and previous studies investigating water consumption in Canada (Jones
et al., 2006; Jones et al., 2007). This research was funded by the Indigenous Health Adaptation to
Climate Change (IHACC) project [file nos. 106372-003, 004, 005] and the Inuit Traditional
Knowledge for Adapting to the Health Effects of Climate Change (IK-ADAPT) project
[application no. 298312]. IHACC is funded by the International Development Research Centre
(IDRC) and Canadian Tri-Council Agencies (Canadian Institutes of Health Research [CIHR]
Natural Sciences and Engineering Research Council of Canada [NSERC], and the Social Sciences
and Humanities Research Council [SSHRC]). IK-ADAPT is funded by CIHR. This work was also
supported through the Ontario Graduate Scholarship (to CW), the Latornell Graduate Scholarship
(to CW) and the Ontario Veterinary College Scholarship (to CW). The design and conduct of this

study were independent of the funding sources.



545

546
547
548
549
550
551
552
553
554
555
556
557
558
559
560
561
562
563
564
565
566
567
568
569
570
571
572
573
574
575
576
577
578
579
580
581
582
583
584
585
586
587
588
589

REFERENCES

Abrahams, N.A., Hubbell, B.J., Jordan, J.L., 2000. Joint production and averting expenditure
measures of willingness to pay: do water expenditures really measure avoidance costs? Am.
J. Agric. Econ. 82, 42437.

Alaska Department of Health and Social Services, Alaska Native Tribal Health Consortium, 2015.
Healthy Alaskans 2020: Strategies, actions, and key partners. http://hss.state.ak.us/ha2020/
assets/Actions-Partners_19 Wastewater.pdf (accessed 1.2.17).

Basdeo, M., Bharadwaj, L., 2013. Beyond physical : social dimensions of the water crisis on
Canada ’ s First Nations and considerations for governance. Indig. Policy J. 23, 1-14.

Bradford, L.E.A., Bharadwaj, L.A., Okpalauwaekwe, U., Waldner, C.L., 2016. Drinking water
quality in Indigenous communities in Canada and health outcomes: a scoping review. Int. J.
Circumpolar Health 75, 32336.

CBCL Limited, 2010. Evaluation of existing potable water dispensing units and recommendations
for design and operational guidelines. St. Johns

CBC News, 2013. THM troubles grow in N.L. water supplies, tests show.

Chan, L., Receveur, O., Batal, M., David, W., 2013. First Nations food, nutrition & environment
study (FNFNES): results from Ontario (2011/2012). University of Ottawa, Ottawa.

Charron, D.F., 2012. Ecohealth research in practice: innovative applications of an ecosystem
approach to health. Springer, Ottawa.

Collings, P., Wenzel, G., Condon, R.G., 2017. Modern food sharing networks and community
integration in the central Canadian Arctic. Arctic 51,-3814.

Cunsolo Willox, A., Harper, S.L., Edge, V.L., Landman, K., Houle, K., Ford, J.D., Rigolet Inuit
Community Government, 2013. The land enriches the soul: on climatic and environmental
change, affect, and emotional health and well-being in Rigolet, Nunatsiavut, Canada. Emot.
Sp. Soc. 6, 1484,

Cunsolo Willox, A., Harper, S.L., Ford, J., Landman, K., Houle, K., Edge, V.L., Rigolet Inuit
Community Government, 2012. “From this place and of this place:” climate change, sense of
place, and health in Nunatsiavut, Canada. Soc. Sci. Med. 75438

Daley, K., Castleden, H., Jamieson, R., Furgal, C., Ell, L., 2015. Water systems, sanitation, and
public health risks in remote communities: Inuit resident perspectives from the Canadian
Arctic. Soc. Sci. Med. 135, 12432,

Daley, K., Castleden, H., Jamieson, R., Furgal, C., Ell, L., 2014. Municipal water quantities and
health in Nunavut households: an exploratory case study in Coral Harbour, Nunavut, Canada.
Int. J. Circumpolar Health 73, 23843.

Dohoo 1., Martin W., Stryhn H., 2012. Methods in Epidemiologic Research. VER Inc.,
Charlottetown

Doria, M.F., 2010. Factors influencing public perception of drinking water quality. Water Policy
12, 1-19.

Doria, M.F., 2006. Bottled water versus tap watedetstanding consumer’s preferences. J. Water
Health 4, 271276.

Doria, M.F., Pidgeon, N., Hunter, P.R., 2009. Perceptions of drinking water quality and risk and
its effect on behaviour: a cross-national study. Sci. Total Environ. 407-54&5.

Dosman, D.M., Adamowicz, W.L., Hrudey, S.E., 2001. Socioeconomic determinants of health-
and food safety-related risk perceptions. Risk Anal. 21;-307.

Dunn, G., Bakker, K., Harris, L., 2014. Drinking water quality guidelines across Canadian



590 provinces and territories: jurisdictional variation in the context of decentralized water

591 governance. Int. J. Environ. Res. Public Health 11, 46331.

592 Dupont, D., Adamowicz, W.L., Krupnick, A., 2010. Differences in water consumption choices in
593 Canada: the role of socio-demographics, experiences, and perceptions of health risks. J. Water
594 Health 8, 671686.

595 Dupont, D., Waldner, C., Bharadwaj, L., Plummer, R., Carter, B., Cave, K., Zagozewski, R., 2014.
596 Drinking water management: health risk perceptions and choices in First Nations and non-
597 First Nations communities in Canada. Int. J. Environ. Res. Public Health 11,5589

598 Dupont, D.P., 2005. Tapping into consumers’ perceptions of drinking water quality in Canada:

599 capturing customer demand to assist in better management of water resources. Can. Water
600 Resour. J. 30, £PO0.

601 Eggertson, L., 2008. Despite federal promises, First Nations’ water problems persist. Can. Med.

602 Assoc. J. 178, 985.

603 Eggertson, L., 2006. Safe drinking water standards for First Nations communities. Can. Med.
604 Assoc. J. 174, 1248.

605 Ford, J.D., 2012. Indigenous Health and Climate Change. Am J Public Health 1022650

606 Garner, R., Carriere, G., Sanmartin, C., Longitudinal Health and Administrative Data Research

607 Team, 2010. The health of First Nations living off-reserve, Inuit, and Métis adults in Canada:
608 The impact of socio-economic status on inequalities in health. Statistics Canada, Ottawa.
609 Goldhar, C.A., 2011. Water ways: vulnerability to freshwater changes in the Inuit settlement
610 region of Nunatsiavut, Labrador. Dissertation, Memorial University.

611 Goldhar, C., Bell, T., Sheldon, T., Andersen, T., Piercy, W., Gear, D., Wolfrey, C., Jacque, H.,
612 Furgal, C., Knight, J., Kouril, D., RiedlIsperger, R., Allice, I., 2012. SakKijanginnatuk
613 Nunalik: Understanding opportunities and challenges for sustainable communities in
614 Nunatsiavut, learning from the coast. Nain, NL. Nunatsiavut Government.

615 Goldhar, C., Bell, T., Wolf, J., 2014. Vulnerability to freshwater changes in the Inuit settlement
616 region of Nunatsiavut, Labrador: a case study from Rigolet. Arctic 68371

617 Goldhar, C., Bell, T., Wolf, J., 2013. Rethinking existing approaches to water security in remote
618 communities: an analysis of two drinking water systems in Nunatsiavut, Labrador, Canada.
619 Water Altern. 6, 462486.

620 Government of Newfoundland and Labrador, 2017a. Drinking water safety initiative http://
621 www.ma.gov.nl.ca/capital_works/ drinking water.html (accessed 1.2.17).

622 Government of Newfoundland and Labrador, 2017b. Boil water advisories for public water
623 supplies in Newfoundland and Labrador. http://www.mae.gov.nl.ca/wrmd/BWA_Reports/
624 BWA_Summary_Community.pdf (accessed 9.27.17).

625 Griffin, R.J., Dunwoody, S., Zabala, F., 1998. Public reliance on risk communication channels in
626 the wake of a cryptosporidium outbreak. Risk Anal. 18;-388.

627 Hanrahan, M., 2014. Black Tickle-Domino, Labrador: case study for the NL rural drinking
628 water project http://nlwater.ruralresilience.ca/wp-content/uploads/2013/04/BT-Full-Case-
629 Study FINAL.pdf (accessed 2.23.17).

630 Harden, A., Levalliant, H., 2008. Boiling point! Six community profiles of the water crisis facing
631 First Nations within Canada. Polaris Institute, Ottawa.

632 Harper SL, Edge VL, Schuster-Wallace CJ, et al., 2011 Weather, Water Qudlityfactious

633 Gastrointestinal lliness in Two Inuit Communities in Nunatsiavut, Canada: Potential
634 Implications for Climate Change. Ecohealth 8;B33.

635 Health Canada, 2016. Questions and answers: drinking water and wastewater in First



636
637
638
639
640
641
642
643
644
645
646
647
648
649
650
651
652
653
654
655
656
657
658
659
660
661
662
663
664
665
666
667
668
669
670
671
672
673
674
675
676
677
678
679
680
681

Nations communities south of 60°. http://www.hc-sc.gc.ca/fniah-spnia/promotion/public-
publigue/waterraueng.php (accessed 12.15.16).

Health Canada, 2014. Guidelines for Canadian drinking water quality summary table. Author,
Ottawa.

Health Canada, 2009. Guidelines for Canadian drinking water quality: guideline technical
document - chlorine. Author, Ottawa.

Health Canada, 2006. It’s your health: drinking water chlorination. http://www.hc-sc.gc.ca/hl-
vs/alt_formats/pacrb-dgapcr/pdf/iyh-vsv/environ/chlor-eng.pdf (accessed 6.15.16).

Hennessy, T.W., Bressler, J.M., 2016. Improving health in the Arctic region through safe and
affordable access to household running water and sewer services: an Arctic Council initiative.
Int. J. Circumpolar Health 1-6.

Hennessy T.W., Ritter T., Holman R.C., et al., 2008. The relationship between in-home water
service and the risk of respiratory tract, skin, and gastrointestinal tract infections among rural
Alaska Natives. Am J Public Health 98, 262278.

Hu, Z., Morton, L.W., Mahler, R.L., 2011. Bottled water: United States consumers and their
perceptions of water quality. Int. J. Environ. Res. Public Health 8;5%5

IHACC Research Team. Indigenous Health Adaptation to Climate Change. www.ihacc.ca.
(accessed 9.15.})7

Instanes A, Kokorev V, Janowicz R, et al., 2016. Changes to freshwater systems affecting Arctic
infrastructure and natural resources. J Geophys Res Biogeosciences 1385567

Inuit Tapiriit Kanatami, 2017. About Canadian Inuit. https://www.itk.ca/about-canadian-inuit/
(accessed 2.23.17).

Jones, A.Q., Dewey, C.E., Doré, K., Majowicz, S.E., Mcewen, S.A., Waltner-Toews, D., 2006.
Drinking water consumption patterns of residents in a Canadian community. J. Water Health
4,125-138.

Jones AQ, Dewey CE, Doré K, et al., 2007. A qualitative exploration of the public perception of
municipal drinking water. Water Policy 9, 42838.

Jones, A.Q., Majowicz, S.E., Edge, V.L., Thomas, M.K., MacDougall, L., Fyfe, M., Atashband,
S., Kovacs, S.J., 2007. Drinking water consumption patterns in British Columbia: An
investigation of associations with demographic factors and acute gastrointestinal illness. Sci.
Total Environ. 388, 5465.

Kaiser, H.F., Rice, J., 1974. Little Jiffy, Mark IV. Educ. Psychol. Meas. 34,1171

Kim, A., Barbara, C., Margaret, H.B., 2013. Carriers of water: Aboriginal women’s experiences,
relationships, and reflections. J. Clean. Prod. 60171

Koster, R., Baccar, K. and Lemelin, R.H., 2012. Moving from research ON, to research WITH and
FOR Indigenous communities: A critical reflection on commub#aged participatory
research. Can geogr. 56, 195-210.

Kot, M., Castleden, H., Gagnon, G.A., 2011. Unintended consequences of regulating drinking
water in rural Canadian communities: examples from Atlantic Canada. Health Place 17,
1030-1037.

Lightfoot, T, 2014. “We got it good here”: exploring the drinking water system in Makkovik,
Nunatsiavut. Memorial University, St. Johns.

Marino, E., White, D., Schweitzer, P., Chambers, M., Wisniewski, J., 2009. Drinking water in
Northwestern Alaska: using or not using centralized water systems in two rural communities.
Arctic 62, 75-82.

Martin, D., Bélanger, D., Gosselin, P., Brazeau, J., Furgal, C., Déry, S., 2007. Drinking water and



682
683
684
685
686
687
688
689
690
691
692
693
694
695
696
697
698
699
700
701
702
703
704
705
706
707
708
709
710
711
712
713
714
715
716
717
718
719
720
721
722
723
724
725
726

potential treaths to human health in Nunavik: Adaptation strategies under climate change
conditions. Arctic 60, 19502.

Medeiros, A.S., Wood, P., Wesche, S.D., Bakaic, M., Peters, J.F., 2016. Water security for
northern peoples: review of threats to Arctic freshwater systems in Nunavut, Canada. Reg.
Environ. Chang.

Metcalfe, C., Murray, C., Collins, L., Furgal, C., 2011. Water quality and human health in
indigenous communities in Canada. Glob. Bioeth. 24991

Nunatsiavut Government, 2016. The path to self-government. http://www.nunatsiavut.com/
government/the-patte-self-government/ (accessed 2.18.16).

Patrick, R.J., 2011. Uneven access to safe drinking water for First Nations in Canada: connecting
health and place through source water protection. Health Place 138386

Pauktuutit Inuit Women of Canada, 2006. The Inuit Way: A Guide to Inuit Culture. Pauktuutit
Inuit Women of Canada, Ottawa.

Pintar, K.D.M., Waltner-Toews, D., Charron, D., Pollari, F., Fazil, A., Mcewen, S.A., Nesbitt, A.,
Majowicz, S., 2009. Water consumption habits of a south-western Ontario community. J.
Water Health 7, 27&92.

Piriou, P., Mackey, E.D., Suffet, I.H., Bruchet, A., 2004. Chlorinous flavor perception in drinking
water. Water Sci. Technol. 49, 33P8.

Roche, S.M., Jones, A.Q., Majowicz, S.E., McEwen, S.A., Pintar, K.D.M., 2012. Drinking water
consumption patterns in Canadian communities (2001-2007). J. Water Health8®, 69

Sarkar, A., Hanrahan, M., Hudson, A., 2015. Water insecurity in Canadian Indigenous
communities : some inconvenient truths. Rural Remote Health 15, 3354.

SpenceN., Walters, D., 2012. “Is it safe?” Risk perception and drinking water in a vulnerable
population. Int. Indig. Policy J. 3. Retrieved from: http://ir.lib.uwo.ca/iipj/vol3/iss3/9

Statistics Canada, 2004. 2001 Aboriginal peoples survey: community profiles. Available:
http://lwww12.statcan.ca/english/ profil0laps/home.cfm. (accessed 10.10.17)

Statistics Canada, 2015. Aboriginal Statistics at a glance: 2nd edition.
http://lwww.statcan.gc.ca/pub/89-645-x/89-645-x2015001-eng.pdf. Author, Ottawa.

Statistics Canada, 2013. National Household Survey (NHS) profile, 2011 http://www12.statcan.
gc.ca/nhs-enm/2011/dp-pd/prof/details/page.cfm?Lang=E&Geo01=CSD&Code1=1011010
&Data=Count&SearchText=Rigolet&SearchType=Begins&SearchPR=01&A1=All&B1=A
[I&TABID=1 (accessed 2.3.16).

Statistics Canada, 2012. Rigolet, Newfoundland and Labrador (Code 1011010) and Nunavut
(Code 62) (table). Census profile. 2011 Census. Statistics Canada catalogue no. 98-316-
XWE. Ottawa. Released October 24, 2012. http://www12.statcan.gc.ca/census-
recensement/2011/dp-pd/prof/index.cfm?Lang=E. (accessed 7.22.15).

United Nations, n.d. Goal 7: ensure environmental sustainability. http://www.un.org/millennium
goals/environ.shtml (accessed 3.12.16).

World Health Organization, 2011. Guidelines for drinking-water quality - fourth edition.
http://apps.who.int/iris/bitstream/10665/44584/1/9789241548151 eng.pdf. Author, Geneva.

Wright, C.J., Sargeant, J.M., Edge, V.L., Ford, J.D., Farahbakhsh, K., Rigolet Inuit Community
Government, Shiwak, I., Flowers, C., Indigenous Health Adaptation to Climate Change
Research Team, Harper, S.L., 2017. Water quality and health in northern Canada: stored
drinking water and acute gastrointestinal illness in Labrador Inuit. Environ. Sci. Pollut. Res.



727

728
729
730

731
732
733

TABLES

Table 1 Demographic information of Rigolet residents: comparison between 2011 Rigolet
census data and survey participants.

Variable Rigolet census  Rigolet survey Rigolet survey Rigolet survey
2011 Sep. 2012 May 2013 Jun. 2014
Number (%) Number (%) Number (%) Number (%)
Population N = 305 n=226 n=235 n = 246
Gender
Female 160 (52.5) 119 (52.7) 121 (51.5) 121 (49.2)
Male 145 (47.5) 107 (47.3) 114 (48.5) 125 (50.8)
Age (years)*
0-9 40 (13.1) 38 (16.8) 43 (18.3) 41 (16.7)
10-14 15 (4.9) 17 (7.5) 19 (8.1) 24 (9.8)**
15-19 15 (4.9) 10 (4.4) 11 (4.7) 9 (3.6)
20-24 25 (8.2) 10 (4.4) 10 (4.2) 7 (2.8)**
25-64 180 (59.0) 134 (59.3) 140 (59.6) 144 (58.5)
65-69 10 (3.3) 6 (2.7) 5(2.1) 10 (4.1)
>70 20 (6.6) 11 (4.9) 7 (3.0) 11 (4.5)

*Global p-value = 0.028

**Significant difference between survey and 2011 Slendata (p<0.05)
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Table 2 Adults’ perceptions of tap water in Rigolet, Canada in May 2013.

Demographic characteristics*

Gender Age (years) Education level
. Post-
CV%AS'ITSREH C QUALITIESOF TAP Male Female 1854 55+ H'%r; IS‘eCShSOOI second.ary
education

Ratings of taste

Good, excellent 16 (19.8) 11(13.3) | 95(81.2) 34 (75.6)| 14(16.5) 10 (15.2)

Fair, poor, or very poor 63 (77.8) 68(81.9) | 16 (13.7) 11(24.4)| 69 (81.2) 52 (78.8)
Ratings of smell

Good, excellent 18 (22.2) 13(15.7) | 20(17.1) 11(24.4)| 13(15.3) 16 (24.2)

Fair, poor, very poor 55(67.9) 61(73.5) | 84(71.8) 30(66.7)| 61(71.2) 45 (68.2)
Ratings of colour

Good, excellent 14 (17.3) 11(13.3) | 15(12.8) 10(22.2)| 14(16.5) 11 (16.7)

Fair, poor, very poor 67 (82.7) 68(81.9) | 99(84.6) 34 (75.6)| 68 (80.8) 54 (81.8)
CONCERNSABOUT TAP WATER
Chemicals/pollutants

Concerned/extremely concerned 44 (54.3) 51 (61.4) | 71(60.7) 23(51.1)| 51 (60.0) 35 (53.0)

Somewhat, slightly, not concerned 29 (35.8) 18 (21.7) 31(26.5) 15(33.3)| 21(24.7) 22 (33.3)
Chlorine

Concerned/extremely concerned 46 (56.8) 52 (62.6) | 75(64.1) 21(46.7) | 51 (60.0) 37 (56.1)

Somewhat, slightly, not concerned 31(38.3) 20 (24.1) 35(29.9) 16(35.6)| 23(27.1) 25 (37.9)
“Germs”

Concerned/extremely concerned 50 (61.7) 55(66.3) | 82(70.0) 21(46.7) | 50 (58.8) 46 (54.1)

Somewhat, slightly, not concerned 25 (30.9) 19 (22.9) | 27 (23.1) 17 (37.8)| 24 (28.2) 16 (24.3)
How does chlorine impact health?

Positive health impact 3(3.7) 6 (7.23) 5(4.3) 4 (8.9) 6 (7.1) 2(3.0)

Negative health impact 15(18.5) 17(20.5) | 25(21.4) 7 (15.6) | 15(17.6) 14 (21.2)

Positive & negative health impacts 21 (25.9) 28(33.7) | 42(35.9) 6(13.3) | 17 (20.0) 29 (43.9)

No health impacts 7 (8.6) 6 (7.23) 8 (6.8) 5(11.1) 7(8.2) 5 (7.6)
Do you think you or someonein your
family has ever gotten sick from
drinking tap water?

Yes 21(25.9) 28(33.7) | 41(35.0) 8(17.8) 25 (29.4) 22 (33.3)

No A7 (58.0) 40(48.2) | 57(48.7) 28(62.2)| 42(49.4) 36 (54.5)
n (per group) 81 83 117 45 85 66

* Includes data only for adults (18 years and older).

Bolded values indicate significant differences betwd@mographic groups, based on two sample test of prop(je0.05).

Note: not all comparison groups add to 100%, as individuals who responded “unsure” or “refuse” are not presented here.



739 Table 3 Results of multivariable analyses examining associations between explanatory variables
740 and odds of using tap, purchased, and brook water, as well as the odds of consuming > 2L

741 water/day in Rigolet, Canada in 2014 (controlling for age and gender as confounding variables).
742  Crude results are presented in Supplementary Resource 3.

49
Adjusted* multivariable results 744
745
Variable n OR p-value 95% Cl_ .
Outcome: Tap water as 1° water source =0
Survey period rar
Sep 2012 91 Ref. - - 748
May 2013 93 1.13 0.630 0.69-1.8449
Jun 2014 42 0.16 <0.001 0.09- 0.28c(
Outcome: Purchased water as 1° water source —1
Survey period i
Sep 2012 113 Ref. . . 132
May 2013 124 1.13 0.582 0.71-1.8453
Jun 2014 34 0.06 <0.001 0.03-0.1754
Outcome: Brook water as 1° water source 755
Survey period
Sep 2012 16 Ref. - - 756
May 2013 13 0.47 0.176 0.16- 1.4(?57
Jun 2014 3 0.05 0.001 0.01- 0.2658
Outcome: Consumption of tap water as 1° or 2° water sourcein June2014 7959
Concerned or extremely concerned about chlorine 760
Yes 98 0.23 0.003 0.08-0.6%61
No 51 Ref. - - 762
Rated quality of tap water for drinking asfair, poor, or very poor
Yes 127 0.22 0.002 0.08- 0.5 63
No 34 Ref. - - 764
PCA: component one't 103 0.73 0.017 0.56-0.9765
PCA: component two f* 103 0.67 0.017 0.49- 0.9%g4
Outcome: Consumption of purchased water as 1° or 2° water sourcein June 20%4;
Gender o
Female 121 1.90 0.019 1.11- 3.2368
Male 125 Ref. - . 769
Someone in household had full-time employment in May 2013 770
Yes 99 5.52 <0.001 277-109871
No 93 Ref. - - 779
Outcome: Water consumption >2L/day in June 2014 e
Drank brook water as 1° or 2° water source i
Yes 42 2.63 0.015 121-57174
No 204 Ref. - - 775
No onein household had full-time employment in May 2013 776
Yes 93 2.94 0.004 1.35-6.3977
No 99 Ref. - - 778

* Adjusted for age and gender.
T Component one loaded heavily on adults’ ratings and concerns regarding the taste, smell, and colour of tap. wat

+1 Component two loaded heavily on adults’ perceived importance of the taste, smell, and colour of tap water.



