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Abstract

This study aimed to identify the main sources of drinking water, evaluate public perception and satisfaction
with regards to tap water and compare it with the distance from provider in Florianopolis city, Southern Brazil.
Physicochemical and microbiological parameters of water at daycare centers were also assessed. Question-
naires were applied to 1,298 residences in six districts regarding water quality and consumption preferences
and analyzed by adjusted binary logistic regression. Tap water physicochemical and microbiological par-
ameters at the selected districts were assessed during summer and winter seasons. Of the 581 questionnaire
respondents, 93% did not drink tap water, mostly due to a lack of confidence in water safety and taste.
Only 39% were satisfied with water quality and approximately 30% reported that water is worse in summer
season. Most water samples collected were not in accordance with Brazilian regulations. Thirty percent
of samples were positive for total coliform, and one sample was positive for infectious adenovirus
(38 PFU/L). Chlorine concentration was higher in some districts closer to the provider and during the
summer season. These results could be useful in informing political resolutions aiming to improve the quality
of drinking water, and to protect human health.

Keywords: Chlorine; Coliform; Survey; Tap water; Virus; Water quality
Introduction

Management of the quality of drinking water and sanitation is a key factor for preventing and con-
trolling waterborne diseases. In 2010, the United Nations declared access to clean drinking water for
domestic and personal use to be a human right, stating that it should be safe, acceptable in taste,
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odor and color, accessible and affordable (UN, 2010). When such basic conditions are not met, people
face serious risks to their safety caused by poor health and disruption to livelihood.
Additionally, among the global sustainable development goals created by the UN in 2015, there is

one specifically for water and sanitation: ensure the availability and sustainable management of water
and sanitation for all in the next 15 years. Moreover, there are specific targets in other goals that are
related to clean water (UN, 2015).
According to the International Water Association, drinking water standards should be based on the

protection of human health and consumer acceptability (IWA, 2004). In this respect, public surveys
can provide critical information on the perception of and satisfaction with water quality (Doria,
2010). Several studies in many countries have analyzed the public perception of tap water quality
and the reasons why bottled water is consumed (Turgeon et al., 2004; Doria, 2006; Jones et al.,
2006; Doria et al., 2009). In Brazil, surveys reporting public satisfaction are scarce, and despite the
fact that most people seem satisfied with tap water, they buy or filter it to drink. However, these studies
were conducted with few participants (up to 60 respondents), resulting in limited information (Da Silva
et al., 2010; Freitas et al., 2012; De Queiroz et al., 2013).
Public perception is influenced by several psychological and physiological factors. These factors

include personal experiences and external stimulation, as well as organoleptic aspects and health
risks associated with water consumption. Contextual elements, such as social demographics,
source of water supply, and distribution piping network, may also be associated with water quality
and risk perception (Dietrich, 2006; Doria, 2010). Turgeon et al. (2004) reported that general satis-
faction and risk perception vary according to distance from provider, source of water supply, and
chlorine concentrations. In tourist areas, the population increment during summer seasons is another
factor that may affect water quality and perception, mostly in coastal cities, such as Florianopolis,
Brazil.
Chlorine is the most common disinfectant used by water treatment plants. It provides pathogen inac-

tivation, and is a preservative and a marker in water distribution systems (Fawell & Nieuwenhuijsen,
2003). Despite its efficiency as a disinfectant, chlorine can affect the taste and odor of water for con-
sumption. Moreover, water contamination may occur during the distribution process, when the
chlorine concentration drops to inefficient values. Of all outbreaks related to drinking water between
1971 and 2006 in the United States, 50% were related to flaws detected during the water treatment
and distribution process (Craun et al., 2010).
Ligon & Bartram (2016) also identified that most waterborne disease outbreaks are related to

deficiencies in water treatment and/or distribution systems. Furthermore, they reported that viruses
and bacteria are responsible for 9 and 23% of outbreaks related to drinking water, respectively. How-
ever, outbreaks caused by viruses affect more people than other infections.
Diarrhea is the main disease related to contaminated drinking water. 1.7 billion cases per year are

reported by the World Health Organization (WHO), of which, 88% are caused by inadequate hygiene,
sanitation, and water supply. Children are more vulnerable to infections from drinking contaminated
water, mainly due to their immature immune systems. Diarrhea is estimated to cause 1.5 million
child deaths per year, mostly among children under five living in developing countries (WHO, 2013).
Thus, the aim of this study was to evaluate public perception and satisfaction with tap water quality in

a Brazilian coastal city, and to identify the main source of drinking water (tap, filtered, or bottled).
Physicochemical and microbiological parameters of tap water at municipal daycare centers were also
measured during winter and summer.
 http://iwaponline.com/wp/article-pdf/20/5/885/492671/020050885.pdf
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Methods

Area of study

The study was conducted in Florianopolis, the capital city of Santa Catarina State, Brazil (Figure 1).
The city has 421,000 inhabitants, in an area of 675 km2 and an average family income of USD$880.
Nearly 96% live in urban areas, 84% have access to appropriate sanitation, and 98% of people aged
over 15 are literate (IBGE, 2010).
A municipal water provider is responsible for the uptake, treatment, and distribution of drinking water

for the population. There are three different sources of water supply used for this purpose: (a) the Cuba-
tão river, which supplies the Central region of the island and mainland, (b) the Peri lagoon, which
supplies the Eastern and Southern regions of the island, and (c) the Ingleses aquifer, which supplies
the Northern region of the island (Figure 1). For this study, two districts in each region were selected
according to their distance from the water provider (closest to and furthest from the respective water
provider), in a total of six districts. The population size (number of inhabitants) of the districts evaluated
were: Central-close, 5,883; Central-far, 15,665; Eastern/Southern-close, 5,279; Eastern/Southern-far,
4,925; Northern-close, 10,756; and Northern-far, 3,620 (IBGE, 2010).

Evaluation of perceived drinking water quality

To evaluate public perception of and level of satisfaction with municipal water quality, a question-
naire was developed and distributed in houses located in six districts. The questionnaires were posted
in mail boxes or delivered to residents for later collection, or applied in an interview.
Fig. 1. Location of Florianopolis city (Island and mainland), Southern Brazil, and sources of water provider and served regions.
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Sample size was defined using a formula described by Pocock (1983) for binomial outcomes, assum-
ing 5% for type I error and 80% for power. The prevalence of expected outcomes was unknown,
therefore was established as 50%, maximizing the sample size. A difference of at least 15 percentage
points among the districts was defined as significant. Considering all these parameters, 84 houses
were required in each district, giving a total of 504 residences.
Due to the low response rates using the posting strategy, the sample size was increased to 160%,

achieving approximately 220 residences visited in each district. Only houses that appeared to be inhab-
ited and that do not belong to a private condominium were selected. Streets were chosen to cover the
largest area of each district and every house in the selected streets received one questionnaire to be
answered by a person aged over 18. The data were collected between September and November
2015 (between winter and spring). Informed consent of the participants and the study protocol were
approved by the Federal University of Santa Catarina Ethics Committee on Human Research (protocol
no. 33243014.1.0000.0121, approved on 8 September 2014).
The questionnaire enquires about the source of drinking water (‘What is the main source of drinking

water at home?’; options: tap, filtered, or bottled) and reasons not to drink tap water (‘What are the
reasons not to drink tap water at home?’; options: taste, odor, color, safety (none or more than one
could be selected)). Additionally, satisfaction with the overall quality, taste, odor, color, safety, healthi-
ness, and cost of water during the last 7 days before the survey and during the summer season were
evaluated using a Likert scale ranging from 1 (very bad) to 5 (very good). Sociodemographic infor-
mation (birth date, number of residents, number of rooms, and educational level) were also collected.
Number of rooms was used as a proxy for family income.

Evaluation of drinking water quality

To assess the physicochemical and microbiological parameters of tap drinking water, 12 municipal
daycare centers were chosen, two in each district previously selected. It was decided for daycare centers
as representative sample points of water distributed into the respective districts and because they are
managed by the municipality, therefore have public access. Sampling was carried out in one region
per day (four samples) for 3 consecutive weeks, during the summer and winter seasons of 2016.
Sampling was done prior to water reaching the tank storage, in order to represent the water distributed
to respective districts and to not be influenced by the water tank cleaning conditions. Water temperature,
pH, and free chlorine concentration were measured. Ten liters of water were collected and 10 mL of 5%
sodium thiosulfate were added to chelate free residual chlorine. In the laboratory, the turbidity was
measured and 100 mL of water was used to check the presence of total coliforms and Escherichia
coli using an Aquatest kit (Laborclin™).
For viral analyses, 10 liters of water were concentrated with organic flocculation using the skimmed

milk technique, as described by Calgua et al. (2008), until 10 mL final volume was reached. Briefly,
water sample conductivity was increased by adding 5 g of artificial sea salts (Sigma), pH was adjusted
to 3.5 and 10 mL of 1% skimmed milk (Sigma) solution at the same pH was added. After stirring
and a rest period of 8 hours each, the bottom 500 mL were centrifuged at 3,800� g, for 30 minutes
at 4 °C (Avanti J30I; Beckman). The pellet was then dissolved once again in phosphate-buffered
saline at pH 7.5.
For the detection of human adenovirus (HAdV) infectious particles, samples were evaluated using

plaque assay, using non-cytotoxic dilutions in A549 cells. The method was adapted from Cromeans
 http://iwaponline.com/wp/article-pdf/20/5/885/492671/020050885.pdf
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et al. (2008), filtering the diluted sample with a 0.45 μm membrane and using antibiotics (penicillin 100
U·mL�1; streptomycin 100 μg·mL�1) and an antifungal (Amphotericin B 250 μg·mL�1) at 2% each.
Briefly, A549 cell monolayers were grown in six-well tissue culture plates at a density of 5� 105

cells/well for 24 hours. Diluted and filtered samples were inoculated into cells and after 1 hour of incu-
bation, the samples were removed and cell monolayers were overlaid with 0.6% Bacto-agar (BD) in a
2� concentrated growth medium supplemented with 26 mM MgCl2, antibiotics and antifungal. After 7
days of incubation the agar overlay was removed, cells were stained with 20% Gram’s crystal violet
solution and plaques were counted macroscopically after stain removal.
After each water collection, one sample was always artificially contaminated with 2.0� 106 PFU

(plaque forming units) of murine norovirus (MNV) to be used as an internal control for the water con-
centration process. Plaque assay for MNV was performed according to Gonzalez-Hernandez et al.
(2012). Briefly, RAW 264.7 cell monolayers were grown in six-well tissue culture plates at a density
of 2� 106 cells/well for 24 hours. Diluted samples were injected into cells and after 1 hour of incu-
bation, the samples were removed and cell monolayers were overlaid with 3% Sea Plate (Lonza) in a
2� concentrated growth medium supplemented with antibiotics and antifungals. After 48 hours of incu-
bation the cells were stained with 0.3% neutral red solution and the plaques were counted.

Data analysis

For the survey, descriptive analysis was carried out and the results were presented as absolute and
relative frequencies, with a 95% confidence interval (95% CI) for categorical variables. For continuous
variables, mean values and standard deviation (sd) were presented. As for the inferential statistics,
simple and multiple binary logistic regressions were performed. Control variables were tested for
each exposure–outcome pair, and included into the models using the forward method, those remaining
significant (p, 0.05) or that had reduced by 10% or more the coefficient of already included par-
ameters. To this end, the following was determined.
Outcomes: (a) taste, odor, color, and safety as reasons not to drink tap water (yes or no), (b) satisfac-

tion with overall quality, taste, odor, color, safety, healthiness, and cost of water (satisfied (good and
very good) or not satisfied (very bad, bad, and neither bad nor good)), and (c) worse taste, odor,
color, safety, and healthiness in summer (yes or no).
Exposures: (a) region (Central, Eastern/Southern, and Northern), (b) distance from provider (close

and far), and (c) interaction between region-distance (districts).
Control variables: (a) number of rooms in house, (b) educational level, (c) age, (d) water tank cleaning

frequency, and (e) drinking water source.
The results were displayed as odds ratio (OR) and 95% CI. If OR. 1.0, the odds of outcome occur-

rence were higher in the exposed group compared with the reference group; when OR, 1.0, the odds
were lower. Central region and distance far from provider were taken as references. This implies that the
OR presented between regions is related to the distance far from provider (distance reference). The same
applies comparing distances far from and close to the provider: the OR is related to the Central region
(region reference). In order to compare the OR of regions setting the close distance as a reference instead
of the far distance, the chosen region’s OR must be multiplied by the corresponding interaction term
(regions� distance).
Using taste attribute as an example to calculate the OR comparing Eastern/Southern against Central

regions using close to provider as the reference distance, one has to multiply the corresponding
 from http://iwaponline.com/wp/article-pdf/20/5/885/492671/020050885.pdf
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interaction term (2.90) by the respective OR presented in Eastern/Southern region (0.74), resulting in an
OR of 2.14. The same process needs to be done to compare the effect of distance from provider within a
region other than Central. Using taste attribute again, to calculate the OR comparing close against far
distances within the Eastern/Southern region, one has to multiply the corresponding interaction term
(2.90) by the respective OR presented in close to provider (0.61), resulting in an OR of 1.77. The correct
95% CI cannot be calculated using this process, so regression models were run changing the reference
categories to obtain the proper intervals.
Dependent and independent two-sample Student’s t-tests were performed to compare chlorine con-

centration between the seasons (summer and winter) and the distance from provider (far and close).
Levene’s test was used to check the homoscedasticity. Sensitivity analysis was conducted using equiv-
alent non-parametric tests (Mann–Whitney and Wilcoxon) and results were similar. All analyses were
performed using IBM SPSS 19.0 software, and a p-value ,0.05 was considered significant.
Results

Evaluation of perceived drinking water quality

1,298 residences were contacted, of whom, 581 answered the survey, representing a response rate of
45%. Table 1 shows the number of residences participating in each region, their distance from provider
and sociodemographic profiles. The mean age of the respondents was 50 (sd¼ 15) years. The Central
region seemed to be the one with the highest economic profile due to greater educational level, number
of rooms, and residents per house.
Less than 16% clean their water tank twice or more per year, which is the recommended frequency.

Most households drink bottled water, and, from those who drink tap water (n¼ 38), only four reported
boiling before consumption. Regarding knowledge about the water treatment used by the provider, 18%
reported knowing the basic procedures used by the municipal company.
Safety was the main reason not to drink tap water, reported by 75% of respondents, followed by taste

(41%). Odor and color were considered the main reasons by 30% and 32%, respectively. The prevalence
of each reason for each region and distance from provider, as well as results from the multiple logistic
regressions, are presented in Table 2 (see example on how to interpret results described below in the
‘Data analysis’ section).
Regarding the water odor, residents from Eastern/Southern and Northern regions close to the provider

had, respectively, 2.07 (95% CI: 1.03–4.14) and 2.92 (95% CI: 1.47–5.80) times the odds to report it as
a reason not to drink tap water, compared with those living in the Central region. Among houses far
from the provider, those from the Eastern/Southern region had 0.32 times the odds to state odor as a
reason, compared with the Central (95% CI: 0.15–0.70) and Northern (95% CI: 0.15–0.68) regions.
Moreover, in the Eastern/Southern region, those who lived close to the provider had higher odds
than those who live far away of refusing to drink tap water due to odor (Table 2).
Among houses far from the provider, those in the Eastern/Southern and Northern regions were less

likely to report color as a reason not to drink tap water compared with the Central region. Those from the
Central and Northern regions close to the provider had, respectively, 0.46 (95% CI: 0.24–0.86) and 2.39
(95% CI: 1.23–4.64) times the odd to report color as a reason, compared with those who lived far from
the provider (Table 2).
 http://iwaponline.com/wp/article-pdf/20/5/885/492671/020050885.pdf
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Table 1. Sociodemographic attributes, reservoir cleaning frequency, and main drinking water source by region, Florianopolis,
Brazil, 2015.

Variables

Total
(n¼ 581)

Central
(n¼ 184)

Eastern/Southern
(n¼ 201)

Northern
(n¼ 196)

n % n % n % n %

Distance to supplier
Close 291 50 97 53 94 47 100 51
Far 290 50 87 47 107 53 96 49

Educational level
Incomplete ES 37 7 5 3 8 4 24 13
Complete ES 63 11 10 6 27 14 26 14
Complete HS 184 32 54 30 68 34 62 33
Complete Co 287 50 113 62 95 48 79 41

No. of rooms
1 96 17 25 14 41 21 30 16
2 205 36 49 27 85 43 71 37
3 197 35 69 38 55 28 73 38
4 or more 71 13 39 21 15 8 17 9

No. of residents
1 45 8 7 4 26 13 12 6
2 160 28 39 22 61 31 60 32
3 162 29 56 31 53 27 53 28
4 or more 197 35 79 44 55 28 63 34

Reservoir cleaning frequency per year
0 164 30 70 39 62 34 32 18
1 288 53 90 51 82 46 116 64
2 73 14 15 8 33 18 25 14
3 or more 15 3 3 2 3 2 9 5

Main drinking water source
Tap 38 7 7 4 16 8 15 8
Filtered 215 37 81 44 58 29 76 39
Bottled 326 56 96 52 125 63 105 54

ES, Elementary School; HS, High School; Co, College.
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Likewise, among houses close to the provider, those in the Eastern/Southern region had 2.14 (95%
CI: 1.12–4.11) times the odds to report water taste as a reason not to drink from the tap, when compared
with the Central region. As for water safety, no relationship was observed, but it had the highest preva-
lence in all regions (Table 2).
Only 39% of residences were satisfied with the overall quality of water. Color and odor were the best

attributes, with 57 and 52% acceptance rates, respectively. Taste was considered satisfactory by 38%.
Safety, healthiness, and cost of water were approved by 21, 25, and 25%, respectively. Figure 2
shows the mean satisfaction score for overall and each attribute quality (except cost), comparing district
scores with the survey grand mean of overall quality on the 7 days before the survey. Prevalence of sat-
isfaction by region and distance from provider, as well as logistic regressions, are presented in the
Supplementary material (see Table S1, available with the online version of this paper).
Among houses close to the provider, those in the Northern region had 0.51 (95% CI: 0.27–0.98) times

the odds to be satisfied with the water color, when compared with the Central region. Moreover,
 from http://iwaponline.com/wp/article-pdf/20/5/885/492671/020050885.pdf
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Table 2. Association between reasons for not drinking tap water and region and distance to supplier, Florianopolis, Brazil,
2015.

Variables n (%)

Crude logistic regressiona Adjusted logistic regressionb

OR 95% CI OR 95% CI

Region
Eastern/Southern 81 (45) 1.33 0.87–2.03 0.74 0.38–1.43
Northern 72 (40) 1.10 0.72–1.68 0.58 0.30–1.13
Central 67 (38) 1.00 1.00

Distance to supplier
Close 116 (44) 1.24 0.88–1.75 0.61 0.32–1.17
Far 104 (39) 1.00 1.00
Region� distance
Eastern/Southern, close 2.90 1.14–7.38
Northern, close 3.01 1.21–7.46

Region
Eastern/Southern 46 (26) 0.97 0.60–1.56 0.32 0.15–0.70
Northern 68 (38) 1.73 1.10–2.72 0.99 0.51–1.93
Central 46 (26) 1.00 1.00

Distance to supplier
Close 89 (34) 1.42 0.98–2.06 0.53 0.26–1.08
Far 71 (26) 1.00 1.00

Region� distance
Eastern/Southern, close 6.44 2.24–18.51
Northern, close 2.94 1.14–7.58

Region
Eastern/Southern 49 (27) 0.59 0.38–0.93 0.38 0.20–0.73
Northern 56 (31) 0.72 0.47–1.12 0.30 0.15–0.59
Central 68 (39) 1.00 1.00

Distance to supplier
Close 86 (33) 1.01 0.70–1.45 0.46 0.24–0.86
Far 87 (32) 1.00 1.00

Region� distance
Eastern/Southern, close 1.95 0.77–4.96
Northern, close 5.26 2.09–13.23

Region
Eastern/Southern 130 (72) 0.79 0.49–1.27 0.67 0.31–1.44
Northern 138 (77) 1.02 0.62–1.68 0.58 0.27–1.24
Central 135 (77) 1.00 1.00

Distance to supplier
Close 193 (73) 0.77 0.52–1.14 0.49 0.23–1.03
Far 210 (78) 1.00 1.00

Region� distance
Eastern/Southern, close 1.13 0.41–3.08
Northern, close 3.08 1.09–8.74

Significant interactions are in bold font.
OR, odds ratio; 95% CI, 95% confidence interval.
aCrude model.
bModel including region, distance to supplier, and the interaction term, adjusted by number of rooms in the house,
educational level, age, water reservoir cleaning frequency, and drinking water source.

L. A. T. Garcia et al. / Water Policy 20 (2018) 885–900892

Downloaded from http://iwaponline.com/wp/article-pdf/20/5/885/492671/020050885.pdf
by guest
on 26 September 2021



Fig. 2. Mean satisfaction score for overall water quality, taste, odor, color, safety, and healthiness in each district, during the
summer season (Δ) and during the survey period (•) (winter and spring), Florianopolis, Brazil, 2015. Dotted lines represent the
survey grand mean for overall quality on the 7 days before the survey. Score represents Likert scale: 1 – very bad, 5 – very
good.
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residents from the Northern region close to the provider were less likely to consider the color good or
very good than those who lived far from the provider. Interactions were not found between region and
distance from provider for water overall quality, taste, odor, safety, and healthiness.
A high frequency of households reported that water quality is worst in summer. For organoleptic attri-

butes, 36, 33, and 30%, assigned lower scores in the summer season for color, taste, and odor,
respectively. Regarding safety and healthiness, 22 and 23% of respondents, respectively, reported
that these factors were worse during the summer. Figure 2 shows the mean score for each attribute in
all districts during summer, which was always lower.
The prevalence of reports that drinking water is worse in summer by region and distance from provider,

as well as logistic regressions, are presented in the Supplementary material (see Table S2, available with
the online version of this paper). Among those who lived far from the provider, Northern region residents
had 1.91 (95% CI: 1.00–3.65) and 2.23 (95% CI: 1.20–4.15) times the odds to report that the odor and
color were worse in summer, respectively, compared with houses from the Eastern/Southern region.
There was an interesting correlation with regards to water odor. In the Northern region, the likelihood of

reporting odor as a reason not to drink tap water and of this attribute being worse in summer is higher, and
the likelihood of considering odor as satisfactory is lower, when compared with the Central region. More-
over, in general, those who lived close to the provider were less likely to report good or very good odor.

Water quality assessment

Free chlorine, pH, temperature, turbidity, total coliforms, E. coli, and infectious adenovirus were
assessed at 12 daycare centers. Values for these parameters on each sampling day from all daycare cen-
ters are shown in Table 3 (winter) and Table 4 (summer). The average water temperature was 19.0 °C in
winter and 23.3 °C in summer.
Table 3. Drinking water physicochemical parameters and total coliforms in winter, assessed in municipal daycare centers,
Florianopolis, Brazil, August 2016.

Region
Distance to
supplier

Daycare
center

Residual chlorine
(mg·L�1) pH Turbidity (Tu)

Total
coliforms

Central Close 1 1.43 2.23 1.35 7.0 6.1 6.2 0.53 2.38 1.55 � � þ
2 2.52 2.01 2.18 6.7 6.6 6.4 1.14 0.66 1.33 � � þ

Far 3 1.67 2.06 2.53 6.6 6.6 7.0 4.64 2.35 0.96 � � þ
4 2.47 2.19 2.77 6.4 6.4 7.1 1.74 1.42 2.24 � � þ

Eastern/Southern Close 5 2.05 2.53 2.85 5.0 5.0 5.2 2.21 3.60 2.48 � þ þ
6 2.50 2.83 3.15 4.3 4.5 5.1 2.18 4.34 3.09 � þ þ

Far 7 1.16 0.78 1.05 4.8 5.0 5.3 1.86 2.64 2.67 � þ þ
8 0.00 0.82 0.91 4.7 4.9 5.1 .10.0 5.66 2.59 � þ þ

Northern Close 9 0.00 1.20 2.05 6.1 5.3 5.8 7.02 1.25 1.89 � þ þ
10 1.49 1.16 2.82 6.1 5.4 5.9 0.85 1.22 .10.0 � þ þ

Far 11 1.74 1.33 2.35 6.0 5.0 5.8 1.79 .10.0 0.75 � þ þ
12 1.62 1.21 0.80 6.2 5.4 5.8 5.41 1.12 1.20 � þ þ

Legislation limitsa 0.20–5.00 6.0–9.5 Below 5.00 Absence

Sampling was made for 3 consecutive weeks (column values), one region per day.
Tu: Turbidity unit; (�): below method detection limit.
aAnnex XX of the Consolidation Ordinance no. 5 of the Ministry of Health.
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Table 4. Drinking water physicochemical parameters and total coliforms in summer, assessed in municipal daycare centers,
Florianopolis, Brazil, March 2016.

Region
Distance to
supplier

Daycare
center

Residual Chlorine
(mg·L�1) pH Turbidity (Tu)

Total
coliforms

Central Close 1 3.60 3.60 4.00 5.0 6.7 6.7 0.25 1.19 0.98 � � �
2 2.52 4.00 3.60 5.0 5.9 6.0 1.01 0.55 0.36 � � �

Far 3 2.99 1.31 4.00 5.0 6.4 6.7 2.16 1.61 1.02 � � �
4 3.90 1.99 2.90 5.0 6.6 6.5 1.98 1.74 1.32 � � �

Eastern/Southern Close 5 1.37 2.04 1.69 5.2 4.9 5.2 1.26 2.34 2.45 � � �
6 2.84 2.48 2.56 5.6 5.1 5.5 1.13 4.22 2.56 � � �

Far 7 0.06 0.00 0.08 5.1 5.4 4.9 1.64 1.73 2.40 � þ �
8 0.00 0.00 0.49 5.2 5.0 5.0 2.13 1.66 2.16 � þ �

North Close 9 1.58 1.65 1.10 5.5 6.4 5.4 1.79 2.38 1.37 � � �
10 1.35 1.87 1.49 5.2 6.3 5.4 1.35 0.99 .10.0 þ � �

Far 11 NS 1.57 1.07 NS 6.4 5.2 NS 1.57 1.39 NS � �
12 1.67 1.36 1.55 5.5 6.0 5.8 1.13 1.68 1.06 � � �

Legislation limitsa 0.20–5.00 6.0–9.5 Below 5.00 Absence

Sampling was made for 3 consecutive weeks (column values), one region per day.
Tu, Turbidity unit; NS, Not Sampled; (�), below method detection limit.
aAnnex XX of the Consolidation Ordinance no. 5 of the Ministry of Health.
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From all 71 samples, 63% had physicochemical parameters that are not accepted by Brazilian regu-
lations. Water pH was below 6.0 in 62% of samples and in the Eastern/Southern region all of them were
inappropriate, with the lowest pH registered. Six samples in winter and one in summer were above the
limit for turbidity.
As for microbiological parameters, 55% of samples in winter and 8% in summer were positive for

total coliforms, although E. coli was not detected in any of them. For infectious human adenovirus
(HAdV), only one sample was positive (38 PFU/L) in summer at daycare center 7, in which chlorine
was absent (Table 4). During the winter, a very strong rainfall occurred 2 days before starting the
second sampling in Eastern/Southern daycare centers. Since then, all samples were positive for total
coliforms. No significant rainfall was observed in the summer sampling.
Residual chlorine concentration was higher during summer in the Central region, but only significant

when close to the provider (Figure 3). In the Eastern/Southern region, the concentration was lower when
far from the provider, which also had the most samples with chlorine below that required by legislation
(Tables 3 and 4 and Figure 3). In the Northern region, residual chlorine was consistent during summer
and winter.
Discussion

In general, people in Florianopolis city were dissatisfied with the tap water quality, mostly due to
taste and lack of confidence in water safety. Thus, the large majority did not drink tap water, choosing
to filter it or buy bottled water. Most water samples at daycare centers were not in accordance with
local legislation and presented some differences in chlorine concentration between the winter and
summer seasons.
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Fig. 3. Residual chlorine concentration measured in municipal daycare centers during winter and summer representing each
district, Florianopolis, Brazil, 2016. *p, 0.01.
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Population surveys can provide valuable information on water quality and population satisfaction.
Furthermore, they can be useful for understanding and decision-making by the provider company, seek-
ing to improve the service (Doria, 2010). Due to the population’s ability to detect problems in the water,
it is proposed that the distribution provider considers using consumers as monitors of water quality
(Whelton et al., 2004; Dietrich, 2006).
Other studies also pointed out that taste is the main sensitive factor for not drinking tap water or for

choosing bottled water (Levallois et al., 1999; Turgeon et al., 2004; Dietrich, 2006; Merkel et al., 2012).
However, these studies reported that safety is not the main reason for not drinking tap water, which was
reported by 75% of respondents in the present work. Doria et al. (2009) showed that in the United King-
dom and Portugal the participants assigned scores below average for safety, despite the organoleptic
factors being considered good.
Florianopolis city is highly visited by tourists, reaching twice its resident population during the

summer. This can lead to contamination of recreational and drinking water as the sewage treatment
system may not adequately manage the increment, and illegal wastewater disposal often occurs
(Moresco et al., 2012). The demand generated by this significant surplus during summer may be related
to the worsening of water quality. In order to supply drinking water for all, the treatment process may be
jeopardized, resulting in declining satisfaction from residents in the summer. Moreover, drinking water
distribution is frequently interrupted during this season, increasing the necessity for water tanks at
residences.
In Brazil, it is common to have one or more water tanks per house. Usually, the volume capacity of

each tank varies from 500 to 2,000 L. For this reason, the tank cleaning frequency could interfere with
perception of water quality. Nearly 30% of residences had not cleaned their tank during the year prior to
the survey, allowing the accumulation of solids, which can modify the taste and color of water. Accord-
ing to Dietrich (2006), changes in public perception are generally caused by chemical and
microbiological agents in water catchment, chemicals added or removed during treatment, and contami-
nation during distribution.
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The inconsistency in the distributed water quality may be a reason for people not considering it sat-
isfactory, since consumers can detect variations in pH, minerals, and organic matter (Dietrich, 2006).
During the present study, seasonal and spatial variations in pH, chlorine, turbidity, and pathogens
were detected in the water. However, it is complex to identify the relationship between the physico-
chemical and microbiological parameters and the public perception of water, due to other factors not
measured in this study, such as the mineral, chemical, and microbiological composition of the three
water sources, and the quality of and repairs to the distribution piping for each region.
Only 25% of the participants were satisfied with the water service cost. This could be related to the

high prevalence of people unsatisfied with the drinking water quality. As seen in Table 1, most people
have a proper filtration system or buy bottled water for consumption. This certainly induces an unbalan-
cing at the ‘cost/benefit’ of the service since they have to invest more to consume safe and palatable
water instead of use the treated tap water provided by the company.
Brazilian regulations on drinking water are established by the Annex XX of the Consolidation Ordi-

nance no. 5 of the Ministry of Health. It allows free chlorine concentration between 0.2 and 5 mg·L�1,
turbidity of up to 5 turbidity units (Tu) and pH between 6.0 and 9.5 in the distribution system. Regarding
microbiological parameters, absence of E. coli is mandatory. However, there is only one recommendation
for surveying enteric viruses in the water supply source, even though it is known that viruses are more
resistant than bacteria to chlorine treatment (Lechevallier & Au, 2004; Brazil Ministry of Health, 2017).
Chlorine concentrations in the Eastern/Southern region far from the provider were the lowest recorded

and absent in summer, which may be related to residents being less likely to report odor as a reason for
not drinking tap water, compared with those who live close to the provider. Moreover, odor was mostly
considered satisfactory for those who live far from the provider, which is related to chlorine concen-
trations that are lower than when close to the provider.
In the Northern region, differences in free chlorine concentration were not observed, regardless of

distance from provider. This may be due to a shorter distribution network, with it only being 10 km
to the farthest district, while in the Eastern/Southern and Central regions it is 19 and 25 km, respectively.
Furthermore, the higher temperature during summer may enhance chlorine evaporation. This could
explain the difference between concentrations when close to and far from the provider, mostly in regions
that have a more extensive distribution network.
Regarding the microbiological parameters, it is known that high chlorine concentration and low pH

promote hypochlorous acid formation, which has a higher power and efficiency in water disinfection
(Cheremisinoff, 2002; Page et al., 2010). This could explain why only one sample was positive for
infectious human adenovirus. Since bacteria are less resistant than adenovirus to chlorine inactivation,
the larger number of positive samples may be due to higher contamination in the network system.
It was not possible to correlate gastroenteritis cases with water consumption. However, of the 97

people that reported gastroenteritis symptoms only 48 sought medical aid, representing a 50% underre-
porting rate (see Supplementary material, Table S3, available with the online version of this paper).
Ligon & Bartram (2016) showed that, in general, developed countries are those with most outbreak
reports. This may be related to greater control and identification of diseases than in developing
countries, not necessarily to a higher number of cases.
In Brazil, the underreporting of infectious diseases is common and when reported, they are often

stated with delays, making it difficult to identify the source and to make decisions. Furthermore, the
etiologic agent of gastroenteritis is often not specified, and can simply be categorized as intestinal infec-
tions (Grisotti, 2010). Cesa et al. (2016) studied the relation between water and wastewater treatment
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and waterborne diseases from 2002 to 2009 in Florianopolis city. In this case, people reported that tap
water had an unreliable quality.
It should be taken into account that it is not possible to apply the results from this study to the whole

city, which would require a different and larger sampling method. However, the response rate was
45% and probably most subjects were highly motived to participate in this study. Sample size was
calculated expecting a response rate of 40%, so it is powered for the analyses conducted. Also, resi-
dence responses were represented by one person on behalf of the family. Some differences could be
found if every person in the house were interviewed. Memory and availability biases might be present
as participants were asked to indicate satisfaction about drinking water quality in summer. Neverthe-
less, this strategy allowed us to compare satisfaction between seasons. Confirmation bias could also
be presented since the respondents might be inclined to validate their beliefs about quality of
drinking water.
Analysis of additional drinking water samples may show more accurate results, making it possible to

establish better correlation between water quality and perception. Furthermore, more tests to assess the
quality of water attributes could be conducted. However, it is important to highlight that, to our knowl-
edge, this is the largest study in Brazil on the public perception of water, relating it to the quality of
water.
Regulatory impact assessment (RIA) could be a valuable tool for decision-making policies, since it

can provide a more rational decision on regulations, based on evidence (Carvalho et al., 2017). A survey
done in low-income countries showed that RIA has been applied but it is still in the early stage of adop-
tion (Kirkpatrick et al., 2004). In Brazil, RIA is incipient and faces some problems to proper
implementation, such as the lack of a centralized regulatory agency (Castro, 2014). Also, the lack of
studies and information on this topic hampers the RIA application. Our work combined with future
studies on drinking water quality and satisfaction can offer reliable information for RIA and further
regulation reviewing.
Conclusions

In Florianopolis, most people are dissatisfied with the quality of water, mostly because of safety and
taste. Dissatisfaction is justifiable considering the seasonal and spatial variation in pH, free chlorine, and
microbial presence. In this study, a correlation was identified between the distance from provider and the
perception of odor, probably due to chlorine concentration. More studies on public perception must be
conducted, preferably with a greater sample size.
Nearly 60% of all tap water samples analyzed were not in accordance with Brazilian legislation. Thus,

stricter enforcement of standards for drinking water is recommended. In addition, it is suggested that
enteric viruses are included as a mandatory standard for microbial contamination in Brazilian regu-
lations, as they are present in drinking water samples and are not related to total coliforms.
Usually, there is a deficiency in cooperation among water provider companies, municipalities, and

consumers in Brazil. The data raised in the present work can be useful to notify the Florianopolis popu-
lation about the quality of water supplied. Additionally, it can support water provider companies and
policy-makers to look for solutions to improve the quality of drinking water. Thus, the surveillance
on water quality and public satisfaction can be enhanced and routinely performed. RIA also should
be considered for more studies and decision-making policies.
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