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EXECUTIVE SUMMARY

Disinfection by-products (DBPs) such as trihalomethanes (THMs) are ubiquitous in chlorinated
drinking water, and have been linked to health risks. Human exposure occurs through ingestion,
inhalation, and dermal absorption in water-contact activities. This study explores drinking water
consumption habits and water use activities leading to DBP exposure across three European
countries with reported high THM levels: Spain (Barcelona), Cyprus and Ireland. Through a
large scale, population-based survey we assessed how sociodemographic factors, water quality
perception and daily habits influence ingestion by a bivariate and multivariate regression
analysis.

Study participants included 1000 volunteers in Barcelona, 412 in Cyprus, and 532 in Ireland.
Our findings show that bottled water is the dominant drinking water source in all three
countries, especially as a drinking source at home (55% of Barcelona respondents, 41% in
Cyprus and 35% in Ireland), and it even higher outside home (80% of Barcelona respondents,
85% in Cyprus and 66% in Ireland). In contrast, tap water remained the preferred choice for
cooking in most regions. Filtered tap water was frequently used in Cyprus and among more
educated individuals, especially where trust in tap water was low.

A consistent finding across all study areas was that perceived tap water quality, was the
strongest predictor of drinking water behaviour, more influential than sociodemographic factors
and lifestyle variability such as age, gender or education. The role of socio-demographic
characteristics was context-specific. Notably, Cyprus had the lowest public trust in tap water
(36%), coinciding with lower tap water use.

Regarding showering, bathing, and swimming, habits varied by study area, with Barcelona and
Cyprus reporting higher frequencies. These activities can lead to THM exposure through
inhalation and dermal routes, especially when hot water and enclosed environments are
involved.

Recommendations include improvement of public water system transparency and facility to
access water data, education on environmental impacts of bottled water, public health
campaigns tailored to the study setting, and more research on non-ingestion behaviours
exposure pathways. Our findings emphasize that behavioural and subjective factors such as tap
water perception must be considered in designing effective water-related sustainability policies
under the EU Drinking Water Directive.



1. Introduction

The use of disinfectants in water treatment result in the formation of disinfection-by-products (DBPs)
such as trihalomethanes (THM), through reactions with organic matter in water. THMs and other DBPs
are regulated under the Directive 2020/2184 (1), due to their potential health impacts. Epidemiological
studies have associated long-term exposure to THMs with an increased bladder and colorectal cancer
risk (2). In vitro studies have further shown THM may exert hepatotoxic effects (3). Therefore,
understanding household water use and consumption remains essential for developing effective public

health policies aimed to minimize DBP exposure while ensuring microbiological water safety.

Exposure to DBPs occurs primarily through water ingestion but also through inhalation and dermal
absorption, particularly during activities involving warm water and direct skin contact such as
showering, bathing, swimming or hand washing. Dermal and inhalation exposure can vary across

different social and demographic groups (4)

Bottled water consumption has increased in the last few years worldwide (5), and more sharply in low-
and middle-income countries (6). The resulting environmental impact (7) and contribution to plastic
debris has motivated policy action to reduce bottled water use in Europe (1) to decrease greenhouse gas
emissions and marine litter, and adhere to the European Strategy for Plastics (8). Alternatives such as
the use of domestic filters has been reported in some settings (9). Activated carbon-based filters and
reverse osmosis have shown to remove trihalomethanes (THMs) and other disinfection by-products
(DBPs) (10,11), and also reduce environmental impacts as compared to bottled water (7). However,
systematic international knowledge about water consumption habits including the use of filters is partial

and limited to specific populations such as pregnant women (12) or geographically limited studies (9).

Drivers of drinking water choices are complex and may include multiple factors such as organoleptic
ones, risk perception, socioeconomic status, environmental concerns, etc. (13,14). Scientific knowledge
is needed to understand motivations and develop evidence-based interventions that effectively influence
consumer’s behaviour to contribute to a long-term sustainable transformative change, which is

recognized as necessary in the Global Plastics Treaty discussions (15).

This research endeavours to characterize drinking water consumption patterns and evaluate their

potential determinants, including socio-demographic factors, lifestyle, and risk perception, across
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Cyprus, Ireland, and Barcelona (Spain), that are EU countries showing diverse drinking water quality
issues in the past (16,17). Additionally, we analysed non-ingestion exposure routes such as showering,
bathing and swimming, to provide a descriptive assessment of these behaviours. Selected study areas
warrant specific scientific attention and provide the optimal context for examining the complex interplay

between water quality challenges and human behavioural responses.

Barcelona’s drinking water supply is mostly sourced from surface water mixed with other sources,
including a growing proportion of desalinated sea water. The city faces high hydric stress due to dense
urbanization, warm climate and periodic droughts. Historically, public trust in tap water quality has been
low, often attributed to elevated levels of chlorination required to maintain safety in a complex network
(18). This distrust partly explains Barcelona's high bottled water consumption and a rising market of in-
home filter systems. Following the 2008 drought, public authorities implemented infrastructure

upgrades, such as connecting different treatment plants and expanding desalination capacity (19)

Ireland primarily sources its drinking water from surface water, with some areas with significant input
from peatland with high organic matter that can react with chlorine to form DBP(20). The country has
faced challenges in meeting EU-mandated DBP thresholds in part due to its historically decentralized
water infrastructure, which has led to inconsistencies in water treatment and quality across regions(21).
Recent years have seen efforts to centralize water services and improve its coordination through Irish
Water, but public resistance to water charges and historical trust issues continue to influence water use

behaviours. Ireland remains under scrutiny for compliance with EU water quality directives(22).

Cyprus presents a highly contrasting scenario, shaped by geopolitical and climatic conditions. The
northern part of the island receives water via pipeline from Turkey, while the Republic of Cyprus
continues to struggle with chronic water scarcity and patchy water infrastructure (23). Water supply in
the south relies on a mix of groundwater and desalinated seawater, often stored in household tanks due
to intermittent supply (23). Like Barcelona, Cyprus has high seasonal water demand due to tourism.
These challenges, combined with public concerns over water quality, lead to elevated bottled water

consumption and increased use of household filtration systems. Therefore, understanding regional



differences in risk perception, trust in water infrastructure and daily water practices is essential for

designing context sensitive public health interventions and communication strategies.
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2. Methods

A cross-sectional study was conducted in the Barcelona Metropolitan Area, Spain (N=3.3 million
inhabitants), Cyprus (N=920.000 inhabitants), and the Republic of Ireland (N=5 million inhabitants). A
stratified sampling was conducted to enrol participants representative of the study area by age, gender
and geographical area distribution. Sample size was calculated separately in the three study sites using
a survey specific formula (24), and accepting an error of 5%, 95% confidence, and 50% response
distribution. The recruitment of study participants was conducted through a subcontracted international
survey platform (www.cint.com), who contacted volunteers in their databases fulfilling age, sex, and
geographical distribution quota. This method was preferred to CS-specific methodologies (e.g. survey
focused on Group Water Schemes in Ireland) to ensure methodological comparability between areas,
and also expand the study area to National-level in Ireland and Cyrpus, and thus the representativity and
generalizability of findings. In Cyprus, participants were recruited from all five main regions: Nicosia,
Limassol, Larnaca, Paphos, and Famagusta. A small subset (N=12) of participants in Cyprus aged >65
years were contacted using hard copies of the questionnaire to interview friends and relatives of
researchers. The total number of participants included were 1000 in Barcelona, 412 in Cyprus and 532
in Ireland. This was a small percentage compared to the original 10% of each population targeted, since
it was not feasible to include the 10%, and in the end, we calculated the sample size through power
estimations. Study participants were contacted in July 10 to September 15, 2023 in Barcelona,
November 24 to December 12, 2023 in Cyprus, and 18 to 24 of June 2024 in Ireland, and provided
informed consent to participate before enrolment. The study was approved by the Ethics Committees of

the respective study areas or countries.

A questionnaire, that was translated to the local languages, was developed to ascertain socio-
demographics (age, gender, education, ethnicity, municipality of residence), lifestyle indicators
including: smoking (ever, never), having a specific dietary requirement (no specific diet, vegetarian,
vegan, gluten-free, other), number of people living at home, water consumption habits, and 17 questions
on organoleptic and risk perception of tap water. Specifically, we ascertained the type of water
consumed through closed ended options including bottled, tap, filtered, private wells, street tanks (only
in Cyprus), group water scheme (only in Ireland), and other, consumed at home to drink, cook, prepare
coffee and tea, and consumed outside home. Among those reporting the use of filtered water, we

11
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ascertained the type of filter among the closed-ended options: reverse osmosis, filtering jar/reverse
osmosis, ion exchange, softener, ceramic, other, ‘don’t know’. The amount of water consumed
(liters/day), and the percentage of water consumed at home was assessed through open-ended questions.
The questionnaire was self-administered online via a secure platform. For specific elderly groups in

Cyprus, in-paper copies were also provided.

We collected markers of drinking water quality for the years 2022 and 2023 from routine monitoring
records. Data was retrieved from the SINAC website for Spain, from the Environmental Protection
Agency from Ireland (https://eparesearch.epa.ie/safer/dataAndResources/publicly AvailableDatasets.jsp), and
the National Open Data Portal for Cyprus (https://www.data.gov.cy/en). Conductivity and pH were
selected as general quality indicators, and THMs were selected because they had been shown to be high
in the study areas (16) and because the concentrations differ between the drinking water options

examined (4,11).

Descriptive statistics were used to summarize participant characteristics, drinking water consumption
and related variables. Median and interquartile range were calculated for the continuous variables, while
frequency and percentages were computed for categorical variables. We conducted bivariate analysis to
examine the association between the type of water consumed to drink at home and socio-demographics,
lifestyle variables, and risk perception. Statistical significance has been tested by using Chi-Square test
for categorical variables. Multiple logistic regressions were conducted to estimate the odds ratio (OR)
and 95% confidence intervals (CI), for the type of water consumed to drink at home associated with
socio-demographic characteristics, lifestyle, and tap water quality perception in mutually adjusted
models. OR (95% CI) from a multiple regression model provides an estimate of association between the
outcome (e.g., drinking water choice in this case) and each variable, adjusted for the effect of other
variables in the model. Similarly, multiple logistic regression was used to estimate the association
between positive tap water quality perception with socio-demographic and lifestyle variables mutually
adjusted. The Variance Inflation Factor (VIF) was calculated to detect multicollinearity between

variables. Statistical analysis was performed in R software (version 4.3.2)
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3. Results

3.1. Sample characteristics

Sociodemographic and lifestyle characteristics of the study populations are shown in Table 1. The median
age of study participants were 38 years in Cyprus, 39 in Ireland, and 45 in Barcelona. Approximately half
of the study population were women, and the most frequent level of education attained was University
(49% in Barcelona, 68% in Ireland, and 79% in Cyprus). The most frequent self-reported ethnicity,
approximately 90%, was White-European in all three study areas. The proportion of smokers was 51% in
Ireland, 56% in Cyprus, and 58% in Barcelona, and a similar proportion of participants in the three areas

(17-19%) reported following a diet. Most of the study participants (64-67%) lived in households with three

or more co-habitants (Tablel).

Table 1: Socio demographic characteristics and lifestyle among study participants in Barcelona

Metropolitan Area, Spain (N=1000), Cyprus (N=412), and Ireland (N=532), 2023, 2024.

Barcelona

45 (34, 56)

Cyprus

38 (30, 50)

Ireland

39 (29, 50)

93

9.3

47

11.4

85

16.0

168

16.8

115

27.9

122

22.9

233

233

101

24.5

126

23.7

222

22.2

76

18.4

108

20.3

171

17.1

59

14.3

61

11.5

113

11.3

14

3.4

30

5.6




Drinking water habits in the study population are shown in Table 2. Bottled water was consumed at home
among 55% of participants in Barcelona, 41% in Cyprus, and 35% in Ireland. Similarly, bottled water was
the most frequently consumed outside home (85% in Cyprus, 80% in Barcelona, and 66% in Ireland). Tap
water (unfiltered) was consumed to drink at home among 30% in Ireland, 20% in Barcelona, and 10% in
Cyprus. Filtered tap was consumed among 24% in Barcelona, 26% in Ireland, and 34% in Cyprus. Other
water types showed lower percentages. In contrast, the most frequent type of water used to cook was tap
water in Barcelona (57%) and Ireland (50%), and filtered tap water in Cyprus (43%). The median water
consumption (litres/day) was 1.5 in Cyprus, and 2.0 in Barcelona and Ireland. The percentage of water
consumed at home relative to the total represented approximately 90% in Cyprus, 70% in Barcelona and
65% in Ireland. Data on the type of filter was gathered in Barcelona and Ireland, showing filtering

jar/active carbon was most frequently used (34% in Ireland, 33% in Barcelona, relative to all other filter

types).
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Table 2: Drinking water habits among study participants in Barcelona Metropolitan Area, Spain
(N=1000), Cyprus (N=412), and Ireland (N=532), 2023-2024.

Barcelona Cyprus Ireland
N % N % N %

19.6 39 9.5 161 30.3

244 24.4 138 335 138 25.9
546 54.6 170 41.3 188 353
5 0.5 3 0.7 27 5.1
- - 55 13.3 - -

- - - 12 23
1.1

56.5 155 37.6 267 50.2
312 31.2 175 42.5 147 27.6

116 11.6 59 14.3 55 10.3
5 0.5 6 1.5 37 7.0
~ Streettanks (Cyprus) - - 15 3.6 - -
- - - - 21 3.9
2 0.2 2 0.5 5 0.9
. Tapwater 352 35.2 92 223 260 489
. Filtered 313 31.3 165 40.0 169 318
323 323 109 26.5 44 8.3
8 0.8 6 1.5 36 6.8
- - 37 9.0 - !
- - - - 16 3.0
4 0.4 3 0.7 7 1.3

12 2.9
108 10.8 32 7.8 78 14.7

795 79.5 350 85.0 350 65.8
9 0.9 7 1.7 11 2.1
- - 8 1.9 -

- = = - 13 24

70 (40, 80) 90 (58, 100) 65 (45, 80)
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Table 3 illustrates how the type of water consumed and THM concentrations, conductivity and pH vary
geographically within each case study. Bottled water consumption in Cyprus varied from 33% in Nicosia
to 71% in Paphos provinces, while the frequency was similar in Ireland regions (34-35%) and Barcelona
(53-56%). Filtered water consumption ranged from 0% in Paphos to 45% in Nicosia (Cyprus), 22-26% in
Barcelona and 22-28% in Ireland. Tap water consumption varied between regions in Ireland (22-32%),
(from 17% in Barcelona city to 23% in the Metropolitan Area), and Cyprus provinces (5% in Paphos to
18% in Nicosia). The median concentration of THMs in Barcelona city and Metropolitan area were similar
(32 vs.30 pg/L, respectively). THM levels in Cyprus were lower, with the highest median reported in
Larnaca (9.4 pg/L), as compared to other provinces (2.5 ug/L). In Ireland, median THM concentrations
ranged from 9 pg/L in Munster to 54 pg/L in areas other than Leinster or Munster (Table 3). Water quality
data was presented as a descriptive between areas. Personal estimates of concentrations were not possible
to estimate and analyse water quality as a determinant of drinking water choice. We could only estimate
area-level values (province level in Cyprus, municipality level in Barcelona, and county level in Ireland).
Participants living at the same province/municipality/county were assigned the same water quality
estimate, and this variable did not add more to the model as compared to province/municipality/county.
Table 4 describes the type of water consumed at higher geographical detail (municipalities in Barcelona,

counties in Ireland).

Table 3. Type of water consumed, chemical characteristics (conductivity, pH) and trihalomethane
(THM) levels among study participant living in Barcelona city versus the rest of the metropolitan
area, Cyprus provinces, and Ireland region.

Study area Type of water consumed to THMs (ug/L) Conductivity pH
drink at home (nS/cm)

Tap Filtered Bottled Other Median Median Median
% % % % (p25, p75) (p25, p75) (p25, p75)

| Barcelonacity 526 53 17 26 56 1 32(16.8,442) 657 (471,1004) 7.8 (7.7,8.0)
474 48 23 22 53 2 30(15.7,43.8) 903 (493,1107) 7.7 (7.6,7.0)

2.5(0,46.1) 704 (514,762)  8.1(7.9,8.2)
96 23 10 39 45 6 25(0,129)  696(570,845)  8.1(7.9,8.2)
67 16 10 37 42 10 9.4(2.5,264) 800(690,913)  8.0(7.8,8.2)
33 8 5 0 71 24 25(0,16.7) 736 (613,844)  7.9(7.7,8.1)
2.5(2.5,9.5)  837(772,894)  9.0(8.7,9.1)

33.6 (0.6,57.5) 350 (155,563) 7.4 (7.2,7.6)
114 21 32 22 35 11 9.0(2.5,38.1) 284(188,491)  7.3(7.0,7.5)
102 19 22 22 34 22 54.0(36.0,72.0) 290 (211,509) 7.4 (7.2,7.6)




www.intodbp.eu

Table 4. Type of water consumption by geographical divisions: municipalities in Barcelona,
provinces in Cyprus, and counties in Ireland.

Population Type of water to drink at home
Ta Filtered Bottled Other
526 53 17 26 56 1
79 8 9 14 77 0
69 7 39 23 35 3
37 4 49 24 24 3
28 3 21 18 61 0
27 3 22 30 44 4
26 3 31 12 58 0
20 2 0 55 45 0
19 2 16 21 63 0
19 2 5 47 47 0
17 2 47 12 41 0
15 1 60 13 27 0
13 1 8 15 77 0
12 1 8 25 58 8
10 1 10 30 60 0
10 1 10 20 60 10
73 7 16 22 59 3
1000 100 20 24 55 1
195 18 45 33 3
96 10 39 45 6
67 10 37 42 10
33 5 0 71 24
21 8 31 37 24
412 9 33 41 16
92 17 28 28 41 2
39 7 36 41 21 3
33 6 30 18 39 12
28 5 43 29 29 0
26 5 46 31 19 4
24 5 25 29 21 25
22 4 23 23 41 14
21 4 24 24 43 10
19 4 21 32 37 10
19 4 5 21 63 10
16 3 56 25 19 0
16 3 31 44 25 0
15 3 53 13 27 7
14 3 21 14 50 14
13 2 38 38 15 9
12 2 58 0 33 8
12 2 25 17 58 0
12 2 25 0 42 33
11 2 27 45 27 0
10 2 30 10 40 20
78 15 23 26 38 13
532 100 30 26 35 8

* Includes the municipalities (Barcelona) or counties (Ireland) with 10 or less study participants each.
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Different dimensions of tap water quality perception are presented in Table 5. Positive perception of tap
water quality was highest in Barcelona (42% of participants), followed by Ireland (36%) and Cyprus
(33%). Satisfaction with taste, colour, odour, and trust in the water company was highest in Ireland (62%,
76%, 70%, 57%, respectively), and lowest for most items in Cyprus (38%, 64%, 52%, 42%, respectively).
Social acceptance of tap water among family and friends was highest in Ireland (64%) and lowest in Cyprus
(39%). Approximately 49% reported to be satisfied with tap water in Barcelona, and 67% in Ireland (Table
6, data not collected in Cyprus). Negative tap water perception because of microbial or chemical risks was
highest in Cyprus (59%, 52%, respectively) and lowest in Barcelona (41%, 40%, respectively). Negative
comments about tap water from family and friends, believing that tap water caused health problems, and
perceiving lead pollution was highest in Ireland (52%, 25%, 18%, respectively) and lowest in Cyprus (39%,
15%, 10%, respectively). Perception of excessive chlorine was similar in Barcelona and Cyprus (36%),
and higher compared to Ireland (28%). Perception of excessive lime or hard water was highest in Barcelona
(56%) and lowest in Ireland (39%). Convenience and economy (cheapest option) were reported as reasons
to prefer tap water in highest percentage among participants in Ireland (60%, 64%, respectively) and lowest
in Cyprus (36%, 29%). Willingness to pay more for better tap water quality was highest in Cyprus (62%)
and lowest in Ireland (47%). Notably, willingness to change drinking water habits for environmental

reasons was similar across the three areas (67% in Barcelona, 68% in Cyprus and in Ireland).
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Table 5. Water perception among study participants in Barcelona Metropolitan Area, Spain

(N=1000), Cyprus (N=412), and Ireland (N=532), 2023-2024

Barcelona Cyprus Ireland

0/ o/ o/
/0 % %

42 33 36
22 31 14
37 36 50
39 38 62
18 20 14
43 42 24
60 64 76
25 24 12
15 12 12
56 52 70
26 19 14
19 29 16
51 42 57
33 39 22
16 19 21
48 39 64
26 22 21
26 40 15
41 59 45
26 24 24
34 17 31
40 52 47
28 29 21
32 19 32
45 39 52
25 26 17
30 34 31
20 15 25
28 32 20
53 54 55
15 10 18
51 57 36
34 33 46
36 36 28
37 37 26
28 27 46
56 53 39
26 25 22
18 22 39
43 36 60
19 19 18
38 45 23
41 29 64
22 24 15
37 47 21
53 62 47
31 18 38
16 19 15
5 2 3
62 66 65
19 19 18
14 13 14
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Table 6. Household drinking water choices in relation to tap water satisfaction, housing factors, and
water issues: a comparative study in Spain, Cyprus, and Ireland in Barcelona Metropolitan Area,
Spain (N=1000), Cyprus (N=412) and Ireland(N=532)!, 2023-2024.

Type of water consumed at home
Barcelona  Cyprus Ireland Tap Filtered Bottled Other  pvalue

(%) (%) (%) (%)

The association between tap water consumption at home with socio-demographics, lifestyle, and tap
perception variables mutually adjusted is shown in Figure 1. Negative vs. positive tap water quality
perception led to lower tap water consumption odds in all study areas (83% lower in Barcelona, 77% in
Cyprus, and 74% in Ireland). Non-white/European participants showed lower odds of consuming tap water
in Barcelona and Ireland (49%, 58%, respectively). Other variables showed different statistically
significant patterns between areas. In Barcelona, living in a household with 3 or more led to lower odds of
consuming tap water. In Cyprus, Famagusta compared to Nicosia residents were four times more likely to
drink tap water, and having a university degree led to lower odds of tap water consumption. In Ireland,
participants aged 35 to 54 years were 2-3 times more likely to consume tap water compared to the younger

ones (18-34 years).
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Figure 1. Tap water. Association (odds ratio-OR, 95% confidence interval-CI) between consuming
tap water (unfiltered) at home and different personal characteristics in Barcelona Metropolitan
Area, Spain (N=1000), Cyprus (N=412), and Ireland (N=532)1, 2023, 2024

5.46)
6.15)
2.78)

1.55)
147)

1.16)

1.81)

1.11)

1.48)

.0.83)

1.48)

,047)

Variable Category OR (95% CI) OR (95% CI) OR (5% CI)
Age 18-34 (Ref) . 1.00 . 1.00 1.00
35.44 — 1.81(095,367) ——o— 0.78 (0.24 , 3.00) 269 (1.40,
4554 - 1.81(0.94,3.71) 1.87 (0.62, 7.02) 295(149,
55+ 1.54 (0.71,3.45) 1.02(0.11,7.19) 083(0.28,
Area of residence A(Ref) . 1.00 1.00 1.00
B —— 1.35(0.95, 1.92) 1.63 (0.65 , 3.90) 0.94 (057,
c 205 (0.71,557) 0.85(049,
D ~ 4.01(1.19, 12.80)
E
Gender Man(Ref) . 1.00 1.00 1.00
Women e 090(064,125) —et—— 0.80 (0.37 , 1.70) 0.78(0.52,
Education Other(Ref) . 1.00 . 1.00 L] 1.00
University —— 0.76 (0.55,1.06) —e— ! 0.37(0.17 ,0.82) P — 1.19(0.78,
Smoking Never(Ref) . 1.00 . 1.00 1.00
Ever —— 0.84 (060,1.19) —e—i— 0.60 (0.28 , 1.27) 0.74 (049,
Diet followed No (Ref) . 1.00 . 1.00 1.00
Yes ——— 0.90(0.64,149) —e—H 0.44 (0.14 , 1.14) 0.85 (047,
Ethinicity European(Ref) . 1.00 . 1.00 1.00
Non-European = —=— | 0.51(0.31,081) 0.87(0.13,3.62) 042(0.20
Number of people living at home 1 or 2 (Ref) . 1.00 . 1.00 1.00
23 —— 067 (047,096) —e—i—r 0.77 (0.37 , 1.65) 0.85(0.47,
Tap water is of high quality agree(Ref) . 1.00 . 1.00 1.00
indifferent —o— 053(0.35,079) —e—i—r 0.74 (0.33, 1.63) 0.24 (0.1
disagree ¢ 0.17(0.11,0.26) —— 0.23(0.08 , 0.60) 0.26(0.14,

0

1

2

3

4

0

1

2

3

4

2 3 -

Area of residence codes: Barcelona: A=Barcelona city, B=Metropolitan area, Cyprus: A=Nicosia, B=Limassol,
C=Larnaca, C=Paphos, D=Famagusta (Ammochostos)

The association between filtered tap water and personal characteristics mutually adjusted is shown in
Figure 2. Negative perception of tap water quality and age was associated with lower filtered water
consumption in all areas, although the association was stronger and statistically significant in Barcelona
and Cyprus. Age (being >35 vs. <35 years) was associated with lower filtered water use in Barcelona and
Ireland, and higher filtered water use in Cyprus, where those 55+ years old had almost 5 times more odds
of consuming filtered water compared to those <35. Education (having vs. not having a university degree)
led to higher odds of filtered water use in Barcelona and more strongly in Cyprus. Smoking was associated
with higher probability of consuming filtered tap water in all areas, although it was statistically significant
only in Barcelona, OR 1.51 (1.10-2.09). Ethnicity (being non-white/European) led to 2 times more
probability of using filtered water in Barcelona. In Famagusta (Cyprus), participants were 86% less likely
to consume filtered water compared to the reference group (Nicosia), although only one participant

reported consuming filtered tap water.

Figure 3 displays the association between bottled water consumption and the evaluated variables. A
negative perception of tap water quality led to approximately 4 times higher odds of consuming bottled
water in all study areas. Age was related to bottled water use, with a different pattern by area. Age was
positively associated with bottled water use specially in Barcelona and the highest age group (=55 years).
However, an inverse pattern was observed in Cyprus, where the oldest (=55 years) compared to the

youngest (<35 years) had approximately 80% less odds of consuming bottled water.

21
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Figure 2. Filtered water. Association odds ratio-OR, 95% confidence interval-CI) of consuming tap water
filtered at home by different personal characteristics in Barcelona Metropolitan Area, Spain (N=1000),

Cyprus (N=412), and Ireland (N=532)1, 2023, 2024.

Variable

Area of residence

Sex
Education
Smoking
Diet followed

Ethinicity

Category
18-34 (Ref)
3544

45-54

55+

A(Ref)

B

c

D

E

Man(Ref)
Women
Other(Ref)
University
Never(Ref)
Ever

No (Ref)

Yes
European(Ref)
Non-European

Number of people living at home 1 or 2 (Ref)

Tap water is of high quality

23
agree(Ref)
indifferent
disagree

0

————— 211(1.15

OR (95% CI)

1.00
1.46 (0.89,
1.34 (0.81

1.00
081061,

1.00
097 (0.74,

0.82(0.62,
1.00
1.07 (076,

——— 4.45(3.26,

4

2.40)

.223)
,3.92)

1.07)

1.28)

,1.29)

1.08)

1.49)

,1.12)
,1.61)

,362)

6.12)

T.[".H.H'WH'IH'

OR (95% CI)

1.00

1.00

0.78(0.38 , 1.56)
0.58(027,1.21)
0.16 (0.02, 0.78)
1.48 (0,86, 2.57)
1.18(0.64,2.16)
0.86(0.36, 1.94)
3.32(1.20,, 10.20)
0.96 (0.61, 1.50)
0.85(0.52, 1.40)
1.07 (0.68 , 1.69)
082 (0.46 , 1.45)
1.13(0.45,2.79)
0.65 (041, 1.03)

1.86(1.07,327)

————— 417 (2,44, 7.26)

0 1 2

4

.
———
—

.

——

—t e
.
——
.

——te
*
.

———

1 4

——

———

OR (95% CI)

1.00

1.20(0.68 , 2.15)
1.04 (0.56, 1.96)

1.00

220(0.83,5.75)

1.05(0.64 ,1.70)
1.14 (0.68, 1.88)

1.00

1.27(0.86, 1.87)

1.00

0.76 (0.51, 1.13)

1.09(0.74 ,1.63)

074 (0.4 , 124)

1.72(0.94,3.11)

1.35(0.88,2.08)

Area of residence codes: Barcelona: A=Barcelona city, B=Metropolitan area Cyprus: A=Nicosia,
B=Limassol, C=Larnaca, C=Paphos, D=Famagusta (Ammochostos) Ireland: A=Leinster, B=Munster,

C=Other.

Figure 3. Bottled water. Association odds ratio-OR, 95% confidence interval-CI) of consuming tap water
filtered at home by different personal characteristics in Barcelona Metropolitan Area, Spain (N=1000),
Cyprus (N=412), and Ireland (N=532)1, 2023, 2024.

Variable

Area of residence

Gender

Education

Smoking

Diet followed

Ethinicity

Number of people living at home

Tap water is of high quality

Category
18-34 (Ref)

35-44 —-—
45.54 o

55+ —-—

European(Ref)
Non-European
1or 2 (Ref)

23

agree(Ref)

indifferent 1
disagree ——

0

1

2

3

4

OR (95% CI)
1.00

0.46 (0.28 , 0.76)
0.56 (0.33, 0.94)
0.32(0.16, 0.64)
1.00

0.97 (0.70, 1.34)

1.00
1.23(0.90, 1.67)
1.00
1.28(0.95,1.73)
1.00
1.51(1.10,2.09)

0.86 (0.58, 1.25)

2.16(1.49, 3.10)
1.00
1.10(0.70, 1.55)
1.00
0.57 (0.38, 0.85)
0.61(0.43 , 0.86)

1 2 3

4

OR (95% CI)

1.00

165(0.77,
155 (069,
468(1.16,

1.00

1.55(0.88,
135(0.72,

1.82(0.79
0.14 (0.01
1.00

122076,

1.00

2150125,

1.51(0.85,

1.00

072(024,

0.25(0.14

3.74)
3.58)
20.20)

2Mm)
251)

,4.15)
,0.72)

1.70)

381)

.2.33)

2.65)

1.96)

. 2.67)

,0.98)
. 0.44)

0

———
.
—————

e

1

2

3

4

305(1.79,522)
4.05(256, 6.47)

OR (95% CI)

1.00

0.46 (0.26,
0.40 (020,
0.56 (020,
1.00

0.77 (045,
0.92(0.53,

123066,
1.00
0.81(0.52,
1.00
0.87 (0.47 ,
0.88(052,

Area of residence codes: Barcelona: A=Barcelona city, B=Metropolitan area Cyprus: A=Nicosia,
B=Limassol, C=Larnaca, C=Paphos, D=Famagusta (Ammochostos) Ireland: A=Leinster, B=Munster,

C=Other.
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Tables 7-10 show how tap water perception relates to ethnicity (European origin), household size,

education, and sex.

Table 7. Tap water perception by European origin. P-value from a chi2-test.

Barcelona Cyprus Ireland
European European European
Yes No p-value Yes No  p-value Yes No  p-value*
(N=797) (N=203) (N=388) (N=24) (N=461) (N=71)

40 47 33 29 64 66

20 28 <0.01 30 46 0.25 13 20 0.13
39 25 37 25 23 14

38 42 38 29 63 51

18 21 0.17 19 29 0.45 11 30 <0.01
44 37 43 42 25 20

59 63 65 50 77 73

15 16 12 4 11 11

55 59 53 50 70 69

26 25 0.56 19 25 0.73 13 17 0.63
19 16 29 25 16 14

49 58 42 33 57 56

17 14 20 17 21 15

47 50 39 25 66 55

26 23 05 21 38 013 9 28 0.20
26 27 40 38 14 17

36 59 60 54 43 62

26 24 <0.01 23 33 0.50 25 17 0.01
38 17 17 13 32 21

35 57 52 42 46 51

29 26 <0.01 28 46 0.17 20 27 0.13
36 17 20 13 34 23

41 58 40 25 50 61

25 23 <0.01 25 46 0.07 17 18 0.14
33 19 35 29 33 21

15 37 14 17 23 35

28 27 <0.01 31 46 0.24 19 25 0.01
57 36 55 38 58 39

14 18 10 25 16 34

31 50 0.33 58 63 <0.01 37 30 <0.01
35 32 32 13 47 37

36 36 36 21 28 28

36 38 0.81 36 63 0.03 26 30 0.87
28 26 28 17 47 42

57 52 54 25 39 38

26 29 0.55 23 54 0.005 21 27 0.66
17 19 23 21 40 35

41 51 36 33 60 56

19 17 0.03 19 25 0.74 17 21 0.70
40 32 45 42 23 23

39 47 29 33 65 55

22 22 0.07 23 38 0.15 15 20 0.24
39 31 48 29 20 25

50 62 62 67 43 70

33 24 0.01 19 8 0.40 41 23 <0.01
17 14 19 25 16 7

6 2 2 4 3 1

59 73 <0.01 66 63 081 64 73 0.43
21 12 19 17 18 15

14 13 13 17 14 10

23
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Table 8. Tap water perception by household size. P-value from a chi2-test.

Barcelona Cyprus Ireland
lor2 =3 p- lor2 >3 p- 1lor2 >3 p-
value value value
(N=329) (N=671) (N=147) (N=265) (N=176) (N=356)
% % % % % %
34 46 24 37 66 64
24 21 0.01 30 32 <0.01 15 13 0.5
42 34 46 31 19 23
32 43 31 42 64 60
18 18 <0.01 20 20 0.07 11 15 0.4
50 39 49 39 24 24
55 63 61 65 76 76
30 22 0.01 24 24 0.5 14 12 0.7
15 15 14 11 10 12
50 58 46 56 76 76
28 25 0.02 22 17 0.1 14 12 0.7
22 17 32 27 10 12
43 55 38 43 72 69
39 30 <0.01 37 40 0.1 13 14 0.7
18 15 24 17 15 17
44 50 37 40 65 63
30 24 0.09 22 22 0.8 20 22 0.9
26 27 41 38 14 15
36 43 64 57 44 46
27 25 0.09 21 25 0.3 26 23 0.7
37 32 15 18 30 30
34 42 54 50
31 27 0.05 30 29 0.3 43 49 0.3
34 31 16 21 22 20
46 44 40 39
23 26 0.6 26 26 0.9 47 54 0.2
31 30 34 35 20 16
13 23 15 14
31 27 <0.01 32 32 0.9 22 26 0.5
56 51 53 54 19 21
7 18 12 10 17 19
57 48 <0.01 63 55 0.2 38 35 0.09
36 34 26 34 45 46
33 37 38 34 28 28
39 35 0.42 39 37 0.4 24 27 0.3
28 28 22 29 48 46
59 55 55 51 37 40
26 27 0.45 25 25 0.4 24 21 0.7
15 19 20 24 39 39
39 45 33 37 60 60
19 18 0.09 14 22 0.02 16 18 0.8
42 36 53 41 23 22
39 42 28 30 64 64
21 23 0.35 17 28 0.01 18 14 0.3
40 35 55 42 18 22
44 57 67 60 44 48
36 28 <0.01 16 19 0.2 41 37 0.5
19 15 16 21 15 15
9 3 1 2 4 3
57 64 69 64 67 64 04
18 19 000y, 20 %7 20
16 13 12 14 15 13

24
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Table 9. Tap water perception by education. P-value from a chi2-test.

Barcelona Cyprus Ireland
University University University
Yes No p- Yes No p- Yes No p-
(N=492) (N=508) value (N=291) (N=121) value (N=279) (N=253) value
% % A % A %

42 41 33 31 70 59

21 22 0.9 31 31 0.7 13 15 0.02
36 37 35 39 18 26

41 38 38 36 65 58

17 19 0.6 19 23 0.5 15 12 0.02
42 44 43 40 20 30

63 57 65 62 76 76

23 26 0.2 24 24 0.6 11 14 0.01
14 17 11 14 13 10

58 54 52 53 75 66

25 27 0.4 18 21 0.5 13 15 0.05
18 19 30 26 13 20

32 34 38 40 59 56

16 16 0.8 21 25 0.3 25 19 0.01
51 50 4 35 16 25

50 46 35 0 70 58

22 29 0.01 22 22 0.2 18 25 0.01
29 24 43 36 12 17

43 39 59 60 41 51

23 28 0.2 24 23 0.9 23 26  <0.01
34 33 17 17 36 24

41 38 38 36 44 49

17 19 0.01 19 23 0.5 2 20 0.5
42 44 43 40 34 30

48 41 13 17 52 51

22 28 0.04 35 25 0.4 17 18 0.9
30 31 52 58 31 31

22 17 13 17 25 25

26 30 0.1 35 25 0.1 17 23 0.2
52 53 52 58 58 52

19 11 10 12 15 21

47 55 <001 60 54 0.5 33 40 0.01
34 34 30 35 52 39

41 30 33 40 24 32

33 40 <001 4 31 0.2 26 26 0.2
26 30 26 28 50 42

59 53 52 53 32 46

26 27 <001 28 18 0.08 24 20 0.7
16 19 20 29 44 34

42 45 34 40 - -

16 22 <001 5 17 0.5 66 53 <0.01
42 33 46 43 16 20

42 40 27 34 68 59

20 24 036 g 2 04 15 16 004
38 36 48 44 17 25

59 53 65 55 47 47

26 27 0.1 17 21 0.1 39 37 0.8
16 19 18 24 14 16

6 4 2 2 4 3

62 62 01 67 63 0.6 67 63 04
17 20 17 22 15 21

15 13 13 13 14 13

25
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Table 10. Tap water perception by sex. P-value from a chi2-test

Barcelona Cyprus Ireland
Man Woman p-value  Man Woman p-value Man Woman p-value
(N=470)  (N=525) (N=203) (N=207) (N=263) (IN=268)
o, o o, S l'l/o 0, o () 0 0, o
47 38 34 31 68 62
24 20 <0,01 32 30 0,5 14 13 0,1
30 42 33 39 18 25
45 34 40 36 63 60
20 16 <0,01 19 21 0,6 16 11 0,03
34 50 41 43 20 29
61 59 69 59 76 76
27 22 <0,01 22 27 0,09 14 11 0,5
11 19 9 14 10 13
59 53 54 51 71 70
27 25 0,02 18 20 0,8 15 12 0,3
15 22 28 29 14 18
52 49 52 32 62 53
33 33 0,2 31 47 <0,01 21 24 0,6
14 18 18 21 18 23
51 45 42 35 67 62
28 23 <0,01 22 22 0,2 22 20 0,1
21 31 36 43 11 18
41 40 61 58 47 44
25 26 0,89 19 29 0,01 22 26 0,4
34 34 21 13 31 29
45 34 53 50 46 48
20 16 0,6 22 36 <0,01 21 21 0,8
34 50 25 14 33 31
44 45 44 34 51 52
25 25 0,9 30 23 <0,01 19 16 0,7
30 30 26 43 31 31
22 18 15 14 26 23
27 29 0,2 33 30 0,6 22 18 0,2
51 54 52 56 o2 59
17 13 12 10 22 13
45 56 <0,01 54 62 0,07 32 41 0,01
38 31 34 29 46 46
39 33 36 35 30 25
31 41 0,003 36 39 0,1 22 30 0,2
30 26 28 26 48 45
53 58 54 51 38 40
28 25 <0,01 24 27 0,1 21 24 0,7
19 17 23 23 41 37
45 42 39 33
22 16 <0,01 21 17 0,1 56 63 0,1
33 42 40 50 18 18
41 41 35 24 62 62
25 19 0,06 21 26 0,03 14 14 0,1
34 40 44 50 24 24
50 56 62 63 49 44
31 30 0,03 21 15 0,2 38 38 0,2
19 13 17 22 13 18
4 6 2 2 3 4
62 62 67 66 63 67
20 17 0.3 17 19 0.9 21 15 04
13 15 14 13 13 14

The type of water consumed at home by perception of tap water quality is described in Figure 4. Percentage
of participants drinking tap water was higher among those in agreement with positive statements

concerning tap water (e.g., “my tap water is of high quality”, “I am happy with taste”, “I trust the water
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company”, etc.) and in disagreement with negative tap water statements (e.g., “There are chemical risks”,
“Family/friends told me negative comments concerning tap water”, etc.). Participants with negative tap
water perceptions of reported lower tap water consumption and higher bottled water consumption at home

compared to those without such negative perceptions.

Figure 4. Tap water perception by type of water consumed at home in Barcelona, Spain (N=1000),

Cyprus (N=412), and Ireland (N=532). P-value calculated by Chi-Square test. *p value<0.05

Barcelona Cyprus Ireland
My tap water is of high quality * *
agree  mm30mmES T3 T2 449 23 13 3727 25 11
indifferent W2OEEE2OEEEEE "] 34 39 16 14 32 50 4
disagree @wwigme 72 . 419 59 17 ‘16 23 57 4
| am happy with taste *
agree mmgdmmmmgQEmmendSenng  SIPESSSSSQEmm2310 a0 27 24 9
indifferent 2l S G2 127 51 21 M5 31 43 11
disagree em2Omm—T2e— 722 53 18 14 212 59 6
I am happy with colour '
agree 240027 4T 2 40 33 16 3% 27 28 9
indifferent ESEE22EEE G2 7 25 56 12 ‘17 18 2 s 9
disagree 1319 '8 16 53 22 10 28 62 0
I am happy with odour *
agree M2 GEEAG D 1242 32 13 35 26 28 11
indifferent m1SEEIgEEETEEESET——N] D02 ZEmmEG— 13 18 25 50 7
disagree gumppmnpgun]  AERGEggT—22 . 19 26 55 0
I trust the company supplying tap water
P T e e ] 544 26 15 36 30 27 7
indifferent mlGmE2EEEEZn)  EEEBQEm P17 =222 40 16
disagree MOmRPgg——]  SUIBmmmgF 15T 23 21 5 0
Drinking tap water is socially accepted among family and friends *
agree 33 3mmmnn g 19 52 18 11 38 29 24 9
indifferent BIGEEREEEEgE——] 33 48 2 18 25 49 8
disagree 83 317 61 20 16 65 5
There are microbiological risks *
agree MQAee2@en B3 5 31 50 14 21 29 45 5
indifferent =g EEEflE——"y  FlPESEgReng4en 17 29 24 33 14
disagree E32EEEE20EEEEAGE) 13 46 @ 22 19 G 24 229
There are chemical risks *
agree  MOM28mmn 02 6 31 46 16 18 24 37 21
indifferent moEEE2gEmEEESEEIIIN)  M3EEZQEmEgZenn 14 30 23 38 9
disagree mm@gmm—2 g P 444 25 16 e 2400 21 11
Family/friends told me negative comments concerning tap water * *
agree M2 PEm G52 8 23 50 19 29 28 41 6
indifferent =2 QE— 7 3% 3% 21 ~23 28 43 6
disagree EmgqEEmmggmmEIEAGEIIN  MSEmmmAfEmmmngQeend L3727 22 14
| think tap water has caused health problems to me or my family * *
agree MIPE32enn 4605 5 33 45 17 26 25 43 6
indifferent ma8mIgE G0 8 23 52 17 19 28 46 7
disagree =2y 1 40 34 15 . 36 26 28 10
My tap water is polluted with lead *
agree ~16~ 28 52§ 5 3% 45 16 21 24 49 6
indifferent BIEm22e G2 9 31 45 15 33 29 32 6
disagree mm@PempumgS—] 1239 33 16 . 35 26 30 9
My tap water has too much chlorine
agree MOEE2EEEEE G- 726 46 21 23 25 46 6
indifferent mgGEEE2Zm S Fa——] 936 44 12 222345 10
disagree mem@Qummmnd e ] 14 41 32 14 g 250 27 12
My tap water is too hard/too much lime *
agree MI3EE23mmIGZm—"] 8 33 43 16 23 26 43 8
indifferent me2PEE2ZEEE D % 30 41 21 24 2 40 10
disagree g2 3P 14 31 39 16 o4 24 25 10
| drink tap water because it is the most convenient option " *
agree mem3dmmm——3gmmm——2Te) 18 57 18 7 41 30 21 8
indifferent 22l gEESGE——"3 537 41 17 18 24 48 10
disagree 2:4» 86 . %13 61 21 111 22 63 4
1 drink tap water because it is the cheapest option
agree mEm32Emmmn3SEmg Qe 19 47 24 10 41 30 20 9
indifferent m@qeeggmm— 6 4 33 17 16 25 51 8
disagree @uI3mEg2E—] 520 5 19 615 72 7
| am willing to pay more to receive better tap water quality
yes @ GG 7 32 43 18 25 27 42 6
[ T . | ] 439 4 13 g5 250 30 10
don'tknow 29 2Zmngg 23 33 33 29 o34 212 28 17
I am willing to change drinkign water habits to help our enviroment '
Already have G2 g 80 100 0 e 3500 18
agree  WI9EIE2Pen G 11 38 38 13 33 29 29 9
indifferent m2@EEsggERE Q"D 527 45 22 22 22 49 7
disagree A 718 60 15 =215 53 11

mTap %

m Filtered %

raas

annas ans

» Bottled %
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The association between positive tap water quality perception with socio-demographic, lifestyle, and
number of people living at home mutually adjusted is shown in Figure 5. Participants in an intermediate
age (35-54 years) were less likely to have a positive tap water quality perception compared to the younger
(18-34 years) in all areas, although it was statistically significant only in Cyprus and Ireland (58%, 48%,
respectively). Women were 17% less likely to have a positive perception compared to men in Barcelona,
while in Cyprus and Ireland gender led to non-significant association. Education was statistically
significant only for Ireland, where participants with university were 80 % more likely to have a positive
tap quality perception. Smoking was only significantly associated in Barcelona, while diet was not
associated with the tap water quality. For ethnicity the point estimates vary and did not show statistical
significance in any of the study areas. Households with 3 or more people living at home were more likely

to have a positive perception in Barcelona and Cyprus.

Figure 5. Association (odds ratio-OR, 95 confidence interval-CI) between positive tap water quality
perception and socio-demographic and lifestyle variables in Barcelona Metropolitan Area, Spain
(N=1000), Cyprus (N=412), and Ireland (N=532), 2023, 2024.

091)
1.32)

1.19)

0.96)

1.16)

2.65)

1.63)

1.27)

1.79)

1.32)

Barcelona Cyprus Ireland

Variable Category OR (95% CI) OR (96% ClI) OR (95% CI)
Age 18.34 (Ref) . 1.00 ¢ 1.00 ¢ 1.00

3554 - 061(0.44,085) —=—! 042(021,086) ——! 0.52(029,

55+ —— 0.92(062,135) e 087 (0.42,1.79) s 0.73(0.40,
Area of residence A(Ref) . 1.00 ¢ 1.00 ¢ 1.00

B —— 1.01(0.77,134) — 0.89(051,1.52) —— 074 (047,

c ! . 065(0.34,1.21) —— 0.59(0.37,

D ' —.—— 062(0.25, 1.42) '
Gender Man(Ref) H 1.00 . 1.00 . 1.00

Women - 0.73(0.56, 0.95) ——— 0.83(0.52,1.32) e 0.80(0.55,
Education Other(Ref) H 1.00 . 1.00 . 1.00

University = 1.05(081,1.36) ——— 123(0.74,2.07) L e———— 180(1.23,
Smoking Never(Ref) H 1.00 . 1.00 . 1.00

Ever R 1.42(1.09, 1.86) e 0.84 (053, 1.33) ——— 1.11(0.76,
Diet followed No (Ref) t 1.0¢ 4 . 1.00 . 1.00

Yes . 1.17(0.85, 1.61) B 1.41(0.80, 2.46) —— 0.78 (048,
Ethinicity European(Ref) 2 1.00 . 1.00 . 1.00

Non-European - 1.21(0.86,1.70) _._._ 0.72(0.24 , 1.89) o — 0.99 (055,
Number of people fiving at home 1 or 2 (Ref) ' 100 . 1.00 . 1.00

23 : e - ]158(1272?5) e 179(1.12,291) = 0.88(059,

f T T T r T T T 1
0 1 2 3 4 0 1 2 3 4 0 1 2 3 4

Area of residence codes: Barcelona: A=Barcelona city, B=Metropolitan area; Cyprus: A=Nicosia,
B=Limassol, C=Larnaca, C=Paphos, D=Famagusta (Ammochostos). Ireland: A=Leinster, B=Munster

Table 11 presents data on showering, bathing, and swimming in pools across the three study sites.
Swimming pool attendance varied between regions. In Barcelona 14% of the respondents reported

attending swimming pools more than 10 times annually, with an additional 32% attending primarily during
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the summer months. In contrast, Cyprus and Ireland had lower reported frequencies of pool attendance,

with only, 4% and 11% year-round respectively, and 19% (Cyprus) and 12% (Ireland) attendance only
during the summer. These differences may reflect variations of cultural or climatic factors, access to

facilities or recreational habits.

Showering was more frequent than bathing in all study sites. This suggests an overall shorter water contact
times, and potentially leading to reduced dermal exposure. Notably, respondents in Barcelona and Cyprus
reported higher frequencies of daily showering, which could be influenced by warmer climates and
seasonal heat in these regions. This behaviour could lead to increased exposure to volatile THMs,
particularly via inhalation and dermal absorption, as hot water and enclosed bathroom environments may
promote THM volatilization. Regarding shower duration, the median times reported in Ireland and
Barcelona were similar in both winter and summer. However, among respondents who reported bathing,
seasonal differences were observed, in Barcelona bath duration was longer during winter compared to

summer while no such seasonal difference was reported in Ireland.

Table 11. Showering, bathing and swimming pool attendance frequency.

Ireland
N

165 17% 90 22% 144 27%
384 38% 227 55% 263 49%
315 32% 79 19% 64 12%
136 14% 16 4% 61 11%

H

%

Swimming pool attendance

Showering, summer

- >5times/week (78 68% | 330 | 80% @ 294 | 55%
o Idtimeshweek: 291  22% 67 16% 207 39%%
~ I3times/monthh 22  18% 5 1% 29 5%
- Neveralmostnever 9 0.9% 10 | 2% 2 1%
~ minutes, median (P25,P75)  10(5.15) NA 10 (5, 15)
. NA 9 412 0

Showering, winter

D S5 times/week| 504 | 50% 281 | 68% 266 | 50%
O [ Atimes/week| 452 | 32% 114 | 28% 224 | 42%
~ 1-3times/month 30 2.6% 3 1% 39 7%
~ Never/almostnever 14 14% 10 2% 3 1%
~ minutes, median (P25, P75)  10(5. 15) NA 10 (5, 15)
- NA 14 412 0

Bathing, summer

89 89% 152 | 37% 49 9%
130 | 58% 98 | 24% 59 11%
83 44% @ 34 8% 118 22%
698 70% 128 | 31% = 306 | 58%
15 (10, 30) NA 5 (0, 20)
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701 412

|

Bathing, winter

73 7.3% 139 34% 46 9%
138 5.8% 115 28% 74 14%

104 | 5.1% 33 8% 117 22%
685 69% = 134 | 33% 295  55%
20 (10, 30) NA 10 (0, 20)

685 412 0

Report on water-related behaviour leading to DBP exposure in Europe and recommendations.30



www.intodbp.eu

4. Discussion

Findings show that bottled water is the primary type of drinking water consumed in Barcelona, Cyprus,
and Ireland, with key motivations linked to subjective factors related to tap water quality perception. The

use of domestic filters was widespread in all the areas, emerging as a growing option.

Bottled water was the predominant choice across all study areas, with notably high consumption rate at
home (56% in Barcelona, 41% in Cyprus and 35% in Ireland), and even more frequently outside the home
environment (80% in Barcelona, 85% in Cyprus, 66% in Ireland). These consumption patterns reveal
substantially higher bottled water usage compared to a previous study in Québec (Canada), where only
15% of participants reported bottled water consumption (25). In contrast, tap water was the primary choice
for cooking and for the preparation of beverages such as coffee or tea in Barcelona and Ireland, while
filtered tap water was preferred in Cyprus. This result is consistent with previous findings of a study
conducted in Catalonia, where only 11.53% of participants reported using bottled water for cooking (9).
This observed pattern might suggest that concerns about tap water quality primarily influence drinking
rather than cooking water choices. However, there are limited previous studies reporting drinking water
habits in the general population, and most studies focus on specific populations such as children (26) or
pregnant women (27). Ongoing work analysing drinking water habits during pregnancy using databases

from mother-child cohorts in ISGlobal will expand knowledge to other age groups.

Our initial bivariate analysis found associations between certain socio-demographic and lifestyle variables
and home drinking choices. However, the multivariate logistic regression model showed that personal
factors varied in importance across the different study areas. In contrast, perception that tap water is of
high quality was consistently associated with water consumption choices in all study areas. This finding
highlights that subjective factor rather than objective characteristics play a central role in drinking water
decisions. Consequently, policies aimed at changing drinking water behaviour, such as reducing bottled
water consumption, should address cultural beliefs and improve organoleptic characteristics. This is
consistent with previous studies that report how risk perception modulates drinking water choice in
different settings such as Quebec, Canada (25), Catalonia, Spain (18), Iran (28), Mexico (29), UK and
Portugal (30), or Belgium (31).

Tap water perception and social acceptance were generally more negative among participants in Cyprus
compared to other study areas. Only 42% of participants in Cyprus trust their tap water supplier, aligning

with concerns about chemical and microbiological risks associated with tap water, which may contribute
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to lower tap water consumption. As a comparison, according to previous studies in Germany (32—-34) the

consumption of tap water is very low despite the high levels of trust in tap water quality among participants.
In Italy, dissatisfaction with tap water quality is an underlying driver for the high consumption of bottled
water as shown in a survey carried out by the European Federation of Bottled Waters in 2017, where
participants reported the highest consumption of bottled water among 25 European countries (35).
Essentially, consumer’s trust in tap water varies among different countries in Europe, where the highest
intake of tap water has been reported in Nordic countries, while the lowest consumption has been reported

in Malta, Ireland and Cyprus(34), supporting our findings.

Socio-demographic factors are identified as significant determinants of water consumption behaviours
include age, ethnicity, and education. In Barcelona, participants aged 55+ years old were more likely to
consume bottled water than younger adults (18-34 years old). Similar findings were observed in a study
conducted in Belgium (N=2309) where the consumption of bottled water was more common among older
people(31). The reasons behind water consumption choices are potentially influenced by generational
differences in risk perception and environmental sensitivities. It is plausible that the older population may
have higher purchasing power that partly explains this. In addition, drinking water treatments have
improved over the years through technical advances and more stringent regulations, and its plausible that

older people may retain in past beliefs of negative tap water quality and lower trust in public drinking

supply.

Education was found to be a significant determinant of drinking water choice only in Cyprus, where higher
education was associated with a higher probability of consuming filtered water and lower tap water
consumption. A similar pattern was observed in Barcelona, although the magnitude of association was
lower and not statistically significant. Previous studies suggest that participants with higher education tend
to drink more tap water due to better perception of scientific studies which generally support tap water
quality (36). However, this observation does not fully align with our findings in Cyprus, where results
might suggest greater scepticism about tap water among more educated individuals. In fact, the use of
filtered water among the most highly educated participants can foster the idea of integrating the best of

both approaches, by improving organoleptic properties while reducing bottled water consumption (37,38).

Non-white/European ethnicity was associated with lower tap water consumption in Barcelona and Ireland,
and with higher consumption of filtered water in Cyprus. Similar trends were found in other studies where
ethnicity showed to influence perception of drinking water among non-white ethnicity groups who

preferred other water choices over tap water (39), compared to white ethnicity groups (40). The lower
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consumption of tap water among non-European participants in Ireland and Barcelona might be related to

socio-cultural beliefs or some potential negative experiences related to the quality of tap water (13). We
found that tap water perception was associated with ethnicity in specific dimensions of risk perception,
suggesting that this may be an underlying reason behind drinking water choice among non-European

participants.

Household size (i.e., number of people living at home) showed complex links with tap water perception
and drinking water choice. The comparison of water perception by household size showed that participants
living in larger households reported higher percentage of agreement with positive tap water perception
statements (e.g., tap water to be of high quality), compared smaller households. This was contradictory
with a higher percentage of agreement with negative tap water perception statements, which may explain
lower OR of tap water consumption in larger households in the multivariate models, particularly in
Barcelona and Cyprus. While previous evidence showed that water preferences are influenced by the age
of children in the household (25), our dataset lacks the specific demographic information needed to confirm

this hypothesis.

Sex was not shown to be significant in the regression model for any of the study areas. According to our
results, both men and women’s main water consumption at home choice is bottled water in all three study
areas (approx. 54%) with women having a slightly higher percentage (56%) compared to men (53%) in
Barcelona, in contrast to tap water usage that has an average of 20% in both sexes. The lowest consumption
of tap water was reported in Cyprus, similarly among men and women (9%). These are opposite results to
a study performed in Canada (N=1014) where women had a higher percentage of tap water use compared
to men (25). Smoking and diet, included as general markers of lifestyle, were barely associated with
drinking water choice at home with one exception. Smokers showed a significantly higher probability of
consuming filtered tap water at home in Barcelona. This was unexpected and difficult to explain, as non-

smoking and water filtering could a priori be linked to health-conscious behaviours.

Consumption of filtered water at home was 24% in Barcelona, 24% in Cyprus, and 26% in Ireland,
representing the second most frequent water choice in Barcelona and Cyprus (34%), and the third more
frequent in Ireland. Filtering jars with activated carbon was the most commonly utilized filtration method
in Barcelona and Ireland. In a previous study conducted in Catalonia, softener was the most commonly
used filtering system (9) due to the perception of having a high level of lime in the water system. However,
this was centralized in the main water pipe, and not exclusively related to drinking water consumption.

Knowledge about specific filters used in Europe is very limited, and we provide novel evidence on the
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frequency of filter use and type of filter used. Although some domestic filters (e.g., reverse osmosis an

active carbon) are effective in removing some of the most common chemicals (41) found in tap water, it

still requires sustained effort such as maintenance, filter replacing, etc. (42).

In terms of non-ingestion exposure to THMs, we provided a descriptive overview of some non-ingestion
water exposure including showering, bathing and swimming. Warmer climates and greater swimming pool
attendance in Spain (43,44), emphasize the role of climate, culture and infrastructure in shaping water-
contact behaviours. These are relevant as THMs are volatile compounds that can be absorbed dermally or
inhaled, particularly during hot showers or indoor swimming activities. What is more, it is also reported in
literature that ingestion concentration in body return faster to basal as opposed to dermal exposure with
some types of THMs such as bromodichloromethanes (4 versus 24 hours) (45). Our resutls contribute to a
broader understanding of behavioural factors that could be accounted for in future exposure assessments.
Some key limitations in current data are the incomplete of information on showering and bathing duration,
the absence of information about the water temperature, ventilation and type of pool (chlorinated versus
saltwater) which limits our ability to estimate cumulative exposure or compare risk between subgroups.
Nonetheless, by identifying patterns of water use behaviours serves as a first step towards exposure
assessment models, as well as it expands the focus of environmental health research beyond ingestion-

based paradigms towards a more holistic view of water exposure that reflects real habits.

To the authors’ knowledge, this is the largest European systematic study comprehensively covering various
water uses at home (drinking, cooking, preparing coffee or tea), drinking water consumption outside home,
and a wide range of socio-demographic factors and tap water perception variables. The study offers a
nuanced perspective on water consumption patterns and how different social groups perceive drinking
water habits. However, this study also has certain limitations. Although our study population was
representative in age, gender and geographic distribution, the proportion of participants with higher
education or university degree results in a sample not representative of the general population in terms of
educational level. Since income level was not included in the survey, this may limit our ability to
understand whether preferences for bottled or filtered water reflect affordability concerns. In certain
categories in socio-demographic characteristics, statistical power was limited due to a small sample size
and lack of variability (e.g., Famagusta in Cyprus). Data on the type of filter used in Cyprus were not
available, limiting a complete comparison across the three study areas. Also, the approach to “trust” in
terms of risk perception used in this study may have been limited to reflect underlying factors such as
institutional behaviour, infrastructural underinvestment or even water insecurity that was not essentially a

part of this study(46). The concept of trustworthiness, which focuses on the reliability and transparency of
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institutions, provides a broader understanding of how trust in water systems is formed. Following that,

studies in the United States emphasize how empirical examples on structural drivers(47), such as

race/ethnicity, housing age can potentially predict bottled water dependency.

We contribute relevant evidence to support the Drinking Water Directive (EC 2020) to design actions
addressed to minimize single-use drinking water plastic bottles. By integrating multiple datasets across
diverse socio-economic and geographical contexts, the study provides novel insights into how risk
perception and trust in water sources influence consumption behaviour. Furthermore, the findings have
broad global implications, offering a reproducible model that can be applied in other regions facing
drinking water quality challenges. Understanding the drivers of drinking water choices provides a
foundation for public health interventions, risk communication strategies, and policy development that can
be adapted to different cultural and regulatory settings globally. By way of highlighting the interplay
between water quality concerns and human behaviour, this research contributes to a more comprehensive

understanding of water safety and sustainability on an international scale.
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5. Conclusion and recommendations

Subjective factors linked to tap water quality perception constitute the main drivers of drinking water
choice. Socio-demographic characteristics such as age, education, ethnicity, and household size appeared
to be associated with drinking water choices in some instances, but no systematic consistent pattern
emerged across the evaluated countries. This suggests that water consumption habits are not solely dictated
by demographic attributes but are instead influenced by a dynamic interplay of personal beliefs, cultural
norms, historical experiences with water quality, and local environmental conditions. For example, in
regions where past water contamination incidents have occurred, distrust in public water supplies may

persist across generations, reinforcing bottled water preference despite regulatory improvements.

Perception of tap water quality have a strong influence on drinking behaviours, with individuals who
choose non-tap water often feeling comfortable cooking with tap water. Our findings suggest that sensory
experiences, trust in public water systems, and risk perception, whether scientifically justified or not, plays
a significantly role in shaping drinking water choices. These results highlight the need for context-specific
policies that address not only cultural beliefs and organoleptic concerns but also psychological and social

dimensions of water trust.

Given the environmental and economic costs associated with bottled water consumption, future
interventions should incorporate education on the sustainability implications of drinking water choices.
This could involve comparative life cycle assessments of bottled versus tap water, highlighting carbon

footprints, plastic waste, and resource depletion.

» Building trust and transparency in water systems
A core focus in water policies should be building trust towards public water systems. Firstly, through more
transparent communication and accessible data as well as in communication regarding water quality,
including THM levels, free chlorine, among other parameters, the improvements and providing consistent
updates. Offering clear, accessible explanations of health risk and regulatory safeguards. Engaging
communities in decision-making processes, can enhance public confidence and promote more informed
water use choices, including those that mitigate high-risk exposure behaviours, such as unnecessary

avoidance of tap water.
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» Addressing cultural beliefs and organoleptic concerns

Cultural beliefs, taste, smell and other organoleptic characteristics such as appearance of tap water strongly
influence drinking behaviours. Policies aimed at reducing bottled water consumption and home filtration
device use should focus on improving this sensory aspect of tap water, as well as to address psychological
and social dimensions of water trust, aligning perceptions with actual risk, to shift consumer perceptions

and build confidence in drinking from the tap.

» Incorporating educational campaigns on sustainability implications of water choices
Given the environmental, economic cost and health issues associated with bottled water consumption,
future interventions must incorporate education on sustainability such as campaigns addressing carbon
footprint, plastic waste and resource depletion associated with bottled water comparing benefits of tap
water consumption and health effects. Comparative life cycle assessment of bottled versus tap water can

illustrate the substantial environmental impact of bottled water.

» Public Health campaigns tailored to sociodemographic contexts
Public health campaigns around water use and DBP exposure should be tailored to sociodemographic
profiles of the population. It should take into consideration factors such as age, education, ethnicity,
household size as well as purchase power, which influences both perception of tap water and behavioural
exposure patterns, to ensure the message reaches all citizens. Risk communications strategies should be
context-specific and culturally sensitive to effectively promote safe water practices and reduce reliance on

bottle water

» Expanding broader behavioural factors into water quality
Policies and scientific studies should also consider the broader water use activities bathing, showering and
swimming as non-ingestion exposure routes, which contribute to total internal dose, particularly in warm
environments. Therefore, future water studies and exposure risk assessments such as in THM evaluations,
should include these additional exposure pathways to provide more comprehensive understanding of risk.
More research to clarify the role of non-ingestion DBP exposure routes, that can contribute to the total

internal dose.
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ANNEX 1. Main geolocation of study areas.
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intoDBP will create innovative tools and strategies to improve water quality
management for safe human use and a healthy environment. It focuses on catchment
protection and forecasting, transformative drinking water treatment, and real-time
monitoring to combat the effects of climate and global change. In particular, intoDBP
focuses on pollution and risks related to disinfection byproducts (DBPs). By
developing and applying advanced, integrated, and cost-effective sensors and
analytical methods, intoDBP will expand knowledge on water quality and DBP
precursors to better understand its formation and human exposure in Europe.
intoDBP monitoring results will feed into numerical forecasting tools to predict source
water changes and formulate climate change adaptation pathways at catchment and
treatment scale. intoDBP also develops transformative options for advanced and cost-
effective upgrade of water treatment and disinfection.

In the intoDBP consortium researchers, small and large enterprises, communication
experts and public services join forces to generate interdisciplinary solutions, that will
generate a renewed perspective of drinking water surveillance, support decision-
making and governance, and increase system resilience. intoDBP will implement and
validate its cross-cutting products in four complementary case studies from three
European countries where compliance with DBP regulation currently is an
acknowledged challenge. The direct and visible positive impact of intoDBP in the case
studies will foster rapid product adoption at a European and global scale, thus
strengthening Europe’s position and role in the global water market.

Reaching out beyond the water sector itself, intoDBP will directly engage society
through surveys to analyze exposure to DBPs, collect data about catchment
protection initiatives, create awareness and promote sustainable consumer behavior
such as reducing bottled water consumption.
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