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Abstract: Although piped water is a safely managed water source, many people prefer drinking
packaged/bottled water, which undermines environmental sustainability by creating waste plastics.
Thus, to encourage drinking tap water, this study aimed to identify and fill the discrepancy between
consumers’ perception of and the actual quality of the municipal water supply in Indonesia. Through
questionnaire surveys in three cities, i.e., Malang, Bogor, and Semarang cities, we found that the
majority of the residents, namely, 82%, 58%, and 66%, respectively, drank packaged water. Although
the piped water supply from Perusahaan Daerah Air Minum (PDAM) has a good appearance, color,
taste, and water quality, sporadic microbial contamination was detected due to the depletion of
residual chlorine. However, packaged water was also contaminated by indicator bacteria owing to
storage methods. There was a notable discrepancy between the residents’ perceptions of tap water
safety and their choices of drinking water sources. The residents perceived spring water as a clean
source, which influenced their selection of water sources more than the costs of water. Public drinking
stations installed by PDAM helped to win consumers’ trust in PDAM water, indicating that installing
more public drinking stations will encourage more people to drink piped water.

Keywords: drinking water; municipal water supply; packaged water; public drinking station;
public perception

1. Introduction

Many households worldwide rely on packaged drinking water as their main source
of drinking water [1–3]. The USA, China, and Indonesia combined comprise half of the
global market for packaged drinking water, while per capita sales and consumption are
high in Singapore and Australia [3]. In developing countries, packaged drinking water
consumption is a response to the lack of publicly provided safe drinking water, even
though the piped water supply in these areas is expanding [2,4]. Nevertheless, the high
consumption of packaged drinking water persists, even in European countries, including
Germany, France, and Belgium, where the piped water coverage is high, and the citizens
trust the piped water quality [5–7]. Moreover, the higher cost of packaged water, ranging
from hundreds to thousands of times more expensive per unit volume than tap water,
exacerbates water inequality, particularly impacting marginalized communities [8]. In
Quezon City, the Philippines, income disparity and socioeconomic factors such as legal
status and property ownership contribute to the unequal access to safely managed water
sources, with the poorest quintile frequently lacking access to piped water and, instead, de-
pending on expensive vended water for drinking [9]. In the US, bottled water consumption
and spending, as well as the distrust and avoidance of tap water, are significantly higher

Sustainability 2024, 16, 7082. https://doi.org/10.3390/su16167082 https://www.mdpi.com/journal/sustainability

https://doi.org/10.3390/su16167082
https://creativecommons.org/
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://www.mdpi.com/journal/sustainability
https://www.mdpi.com
https://orcid.org/0000-0003-3287-299X
https://orcid.org/0000-0001-6028-2327
https://doi.org/10.3390/su16167082
https://www.mdpi.com/journal/sustainability
https://www.mdpi.com/article/10.3390/su16167082?type=check_update&version=1


Sustainability 2024, 16, 7082 2 of 19

and growing faster among low-income households, exacerbating the already substantial
economic and racial inequalities [8].

Despite efforts to extend piped water coverage, many people do not drink tap water
because of negative perceptions and a preference for the taste of packaged drinking wa-
ter [7]. However, studies have found no association between public perception and the
actual drinking water quality [10,11]. Previous studies have reported that multiple factors
influence the public perception of tap water, including organoleptic properties (especially
flavor and color), risk perception, previous experience, contextual indicators in the water
supply, the fear of chemicals, trust in water companies, environmental impacts, cost and
price value, and demography [12–14]. Easy access to commercialized packaged water is an-
other reason for not drinking tap water [15]. Lifestyle shifts, the decline in meals consumed
at home, and demands for more convenience have led to the increasing consumption of
single-serve beverages [16]. Additionally, the diversity of the types, prices, and distribution
channels of bottled water contributes to attracting various types of customers [6].

Packaged drinking water is available in different packaging: disposable packaging
such as bottles, cups, and sachets; refillable bulk containers, for example, polycarbonate
bottled drinking water produced and refilled by manufacturers; and refilled water from
drinking water depots [17]. The consumption of packaged drinking water is associated
with environmental impacts from manufacturing to consumption, stemming from the
raw materials and energy inputs required for production, transportation energy often
derived from fossil fuels, and the disposal of used plastic bottles [18]. Producing one liter
of packaged water requires 2000 times more energy than the same amount of tap water [19].
A life cycle analysis revealed that the raw materials required for bottle manufacturing
accounted for the major impact of bottled mineral water, namely, approximately 90%
of the impact on the indicators of abiotic depletion, acidification, eutrophication, global
warming, ozone layer depletion, and photochemical oxidation [20]. The environmental
impact of packaged drinking water is considerably higher than that of tap water with
additional boiling and reverse osmosis treatment [20,21]. Furthermore, the recycling
rates of used packages are low at 52% in Europe, 29% in the US, and 26% in Southeast
Asia, resulting in large amounts of waste packages being discarded in landfills or the
environment [22–24]. The weathering of plastics eventually leads to fragmentation and the
creation of microplastics [25]. Exposure to sunlight degrades plastic packaging, with heavy
metals leaching into the water and posing a health risk [26]. The presence of microplastics
has been found in packaged drinking water worldwide [27]. Aside from source water
contamination, studies have indicated that the packaging itself may release microparticles
into the water, as the particles in the water consist of materials similar to those of the
packaging [28,29]. Therefore, reducing packaged water consumption by promoting piped
water for drinking is a global issue for environmental sustainability.

The high reliance of wealthy households in developing countries on packaged drink-
ing water, instead of tap water, reduces demands for safe tap water and reinforces the
association of bottled water with high social status [2]. Meanwhile, the increased consump-
tion of packaged drinking water by low-income residents indicates inequality in access
to good quality water [30]. Water utility performance can be improved by understand-
ing customers’ preferences and perception of water quality [31]. Promoting the use of
potable piped water not only garners public support for water utilities but also mitigates
the environmental impacts associated with packaged water consumption [31].

In Indonesia, packaged drinking water consumption has steadily increased, with a
growth rate of 1.24% per year from 2000 to 2020. Projections suggest that, by 2026, half of the
Indonesian population will rely on packaged drinking water [32]. This trend is primarily
fueled by the challenges associated with piped water supply, characterized by poor quality
and the degradation of groundwater and surface water sources [33]. Consequently, only 9%
of the population utilized piped water for drinking in 2022, despite a piped water coverage
of 35% [34,35]. The high consumption of packaged water, coupled with an inadequate solid
waste management infrastructure, exacerbates environmental burdens by exacerbating
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plastic pollution and strains on waste management systems, as evidenced by the generation
of 3.22 million metric tons of mismanaged plastic waste annually [36]. In Jakarta, the
PET bottle recycling rate was estimated at 69%, with 18% disposed of in landfills and 13%
leaking into the environment, whereas the national estimate was considerably lower at 22%
due to a lower waste collection coverage [22]. This condition causes plastic pollution in
coastal and marine environments, as it was found that plastic bottle fragments make up
22.9% of the plastic pollution in Cilacap Coast, Central Java [15]. Therefore, it is crucial
to encourage people in Indonesia to drink tap water instead of packaged water in order
to reduce plastic pollution and expenditure for water consumption, as well as to ease the
burden on waste management systems.

This study aims to promote the use of the potable municipal water supply by filling
the discrepancy between consumers’ perceptions of and the actual water quality of the
municipal water supply in Indonesia. We analyze customers’ perceptions of piped water
supply and other water sources using a questionnaire survey in three cities in Indonesia,
and we also analyze the actual water quality of the piped water supply to determine the
discrepancy between consumer’s perceptions and the actual water quality. Based on the
findings, we propose approaches for promoting the use of the potable piped water supply.

2. Materials and Methods
2.1. Study Areas

The study areas were three cities in Indonesia, i.e., Bogor, Malang, and Semarang cities
(Figure 1a). These cities are located on Java Island, which is the most populous island
in Indonesia. These cities have a high population density and service area coverage of
municipal piped water supplied by the municipal water supply company PDAM (Perusa-
haan Daerah Air Minum) in Indonesia. Table 1 shows the details of the study areas. These
three cities were selected for their geographical diversity, socioeconomic variation, water
supply infrastructure, and environmental challenges. Bogor City is a part of the Jakarta
metropolitan area of West Java, with a population of approximately 1.05 million; the aver-
age temperature is 26 ◦C, and it has a high annual rainfall of 3400 mm. The service coverage
in Bogor City is 91%, with raw water taken from rivers (81%) and springs (19%). Bogor City
faces water supply and management challenges due to rapid urbanization and industrial
growth. Malang City is located in East Java, and it is known for its relatively cool climate,
with an average temperature of 25 ◦C. It has a population of approximately 0.86 million,
with a moderately high population density. The service coverage is high at 100%, with raw
water taken from springs (80%) and amended with groundwater (20%). Semarang City, the
capital of Central Java, has a population of around 1.69 million, and, among the three cities,
it has the lowest service coverage at 60%. The average temperature is 28 ◦C, and the water
sources are rivers (76%), deep wells (15%), and springs (9%). Semarang is a coastal city that
experiences groundwater salinization and surface water pollution.

Table 1. Area, population, and water supply systems in the study areas.

Bogor City Malang City Semarang City

Total area (km2) 118.15 101.1 373.78
Annual rainfall (mm) 3400 [37] 2400 [38] 2500 [39]

Total population (persons) 1,052,359 [40] 864,173 [41] 1,694,743 [42]
Population density (persons/km2) 8782 [40] 7677 [41] 4534 [42]

Service coverage 1 (%) 91 [43] 100 [44] 60 [45]
Water production (m3/d) 230,794 [43] 151,042 [44] 284,497 [45]

Production per capita (m3/d. person) 0.22 0.17 0.17

Water supply source (m3/d)
Rivers 200,844

Springs 29,950 [43]
Springs 118,914

Deep wells 32,128 [44]

Rivers 213,415
Springs 26,542

Deep wells 44,540 [45]
1 The service coverage is the percentage of customers per total population.
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Figure 1. Study areas. (a) Locations of the study areas: (b) Bogor City, (c) Malang City, and
(d) Semarang City. Yellow points indicate the sampling sites for tap water only; light blue points
indicate sampling sites for tap water and refill stations; and red points indicate sampling sites for tap
water and packaged water. Some dots are overlapped due to close proximity.

2.2. Questionnaire Survey

We selected 50 households connected to the PDAM water supply in each city, totaling
150 households. The survey was conducted in August–September 2023, during the dry
season. The households were selected randomly from various parts of the cities to obtain
representative results across different areas of the water supply. Figure 1b–d shows the
locations of the households in each city. The respondents were either the heads of the
households (41) or their wives (109). The answers were made anonymous following
the research ethics guidelines of the University of Tokyo (Approval No. KE23-49). The
questionnaire was composed of six sections. The first section was about the respondents’
background information, including gender, house ownership, household size, and family
income. The second section was about water sources for drinking, cooking, and other daily
activities (bathing, washing, etc.). If the households used multiple sources for each purpose,
the most frequently used source was selected. The third section comprised questions about
tap water quality, including color, odor, and taste, and perceptions of tap water safety
for drinking, cooking, and other uses. The fourth section was about their perception of
the safety of packaged water and refill station water, as well as their knowledge of water
sources. The fifth section asked their thoughts on bottled water prices and water tariffs.
The last section comprised questions asking about the possibility of shifting from drinking
packaged water to drinking tap water.
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2.3. Water Quality Analyses

A total of 189 samples were collected from 150 households in the three cities during
the same periods as the questionnaire survey: 150 samples from tap water, 30 samples
from packaged drinking water, and 9 samples from refill stations. The tap water samples
were taken from either water meter taps and taps inside the house or the average of both
depending on accessibility. Because of the limitations of sampling, packaged water or refill
station water samples were not collected in all households. Eight water quality parameters,
i.e., pH, turbidity, total dissolved solids (TDS), color, residual free chlorine, residual total
chlorine, E. coli, and total coliforms, were analyzed. The pH and TDS were measured using
a compact pH meter (Apera instrument Zentest PC60-Z, Shanghai, China). Turbidity was
measured using a portable turbidimeter (Thermo Scientific Eutech TN-100, Landsmeer, The
Netherlands). Color was measured using a portable color checker (Hanna, Smithfield, VA,
USA). Residual free chlorine and residual total chlorine were measured using a portable
calorimeter (DR900 HACH LANGE ®, Loveland, CO, USA). E. coli and the total coliform
were measured using the membrane filtration method (Method 10029, USEPA, Washington,
DC, USA).

2.4. Cost Analysis

The monthly costs of packaged water, piped water supplied by PDAM, and refill
station water were compared. As it is a common habit to boil PDAM water before drinking,
the cost of boiling was also included. The costs of two boiling options were calculated:
stovetop and electric kettle boiling. For stovetop boiling, the cost included the monthly
expenditure on LPG (liquid petroleum gas) used for boiling water, and, for the electric
kettle alternative, the cost included the monthly expenditure on electricity used for boiling
water. We assumed that the proportion of cooking fuel used for boiling drinking water was
13.9% [46] and that the monthly demand for fuels in typical urban Indonesian households
was 12 kg [46]. The retail price for LPG in 2023 was IDR 17,500 (USD 1.2) per kg; a kettle
volume of 1 L, a power of 0.6 kW, and an electrical tariff of IDR 1444/kWh (USD 0.09) were
used for this calculation. The water consumption, water tariff, and costs of the packaged
water and refill station water were obtained through the questionnaire survey.

2.5. Public Drinking Water Tap

Malang City PDAM installed public drinking water taps in schools, universities, and
public areas as a program to communicate to the residents that their supplied water is safe
to drink. To determine whether the public drinking taps have affected people’s perception
of tap water, we interviewed 30 users of the public drinking taps. The interview survey
consists of both open and closed-end questions on how the respondents found the public
drinking taps, whether they thought the public drinking taps were safe, what factors made
them think that the public drinking taps were safe, and whether the public drinking taps
improved their trust in the municipal piped water.

2.6. Data Analysis

A statistical analysis was performed using R (v. 4.3) to compare the water quality
data and the respondents’ answers. The Kruskal–Wallis test was used for an analysis of
the differences among more than two sample groups. The Chi-squared test was used to
examine associations between categorical data. The statistical test results were considered
significant at p-values < 0.05.

3. Results
3.1. Perception of Water Quality

Figure 2 shows the water sources for drinking and cooking in the three cities. The
majority of the respondents in the three cities use packaged water for drinking (Figure 2a),
namely 82% in Bogor, 58% in Malang, and 66% in Semarang. Most of the households use
19-L polycarbonate packaged water and store them in a water dispenser or use a mini-water
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pump to serve the water for drinking. Additionally, 14% of the respondents in Bogor, 40%
of the respondents in Malang, and only 8% of the respondents in Semarang use PDAM
water as their drinking water source, while 26% of Semarang residents use refill station
water. Water refill stations are small businesses that sell treated water. Customers bring
their own containers (usually a 19-L polycarbonate bottle), and the stations clean the bottles
and fill them. Some stations offer to pick up empty bottles and deliver refilled ones to
the customers’ homes. The total percentage of households who drink PDAM water in
the three cities is 21%. Households that use PDAM as their drinking water source always
boil the water before consumption. The majority of the households in Bogor (72%) use
PDAM water for cooking, while 26% use packaged water (Figure 2b). Furthermore, 92% of
the households in Malang and 60% of the households in Semarang use PDAM water for
cooking, while 26% use refill station water, and 14% use packaged water.
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Figure 2. Water sources of households in three cities for (a) drinking and (b) cooking.

To determine whether the respondents’ perception of water quality had an influence
on their selection of water sources, we asked, “Do you think PDAM water is safe for
drinking?” (Figure 3a) or “for cooking?” (Figure 3b). The percentage of respondents who
answered “Safe” and “Safe if boiled” for drinking is higher in Malang (80%) than in Bogor
(42%) and Semarang (50%), which is in line with the highest percentage of households
drinking PDAM water in Malang (Figure 2a); however, the percentage of households
actually drinking PDAM water is 40%, namely, only half of those who answered “Safe”
and “Safe if boiled”, indicating a large discrepancy between their perception and the actual
selection of water sources. The percentages of households answering “Not safe” and “I
don’t know” are high in Bogor (58%) and Semarang (50%), leading to a lower percentage of
households drinking PDAM water in these cities than in Malang. As for the question “Do
you think the PDAM water is safe for cooking?” (Figure 3b), the percentage of households
answering “Safe” is larger than that for drinking water: 68% in Bogor, 96% in Malang, and
76% in Semarang. This is probably because cooking involves heating the water. However,
we should note that boiling alone may not eliminate physicochemical contaminants, and
its effectiveness in reducing microbial contamination could be compromised by storage
and hygiene practices [47]. The selection of boiling as a method for household water
treatment over alternative methods, e.g., filtration, may also have been influenced by the
residents’ primary concern about microbial contamination rather than physicochemical
contamination. Still, the percentage of households answering “Safe” for cooking is higher
than the percentage of households answering “Safe” and “Safe if boiled” combined for
drinking water. There is a misconception about water safety for drinking and cooking.
When water is used for cooking, it is often mixed with other ingredients, which makes the
water quality, especially taste, less noticeable. In addition, people ingest drinking water
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directly, whereas cooking water is not directly ingested but rather ingested via cooked food,
which may influence people’s perception of water safety. Moreover, when people use water
for cooking, it is mostly heated in the process of cooking, e.g., cooking rice and making
soups, which makes people feel that it is safe to use water for cooking.
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PDAM water safe for cooking?”.

Figure 4 shows the respondents’ knowledge about the water sources of packaged
water and PDAM water. The percentage of respondents knowing the water source of
PDAM water is lower than that for packaged water in Bogor and comparable to that in
Semarang; however, the percentage of respondents knowing the water source of PDAM
water is higher than that for packaged water in Malang. Although the percentage of
households who knew the water sources of PDAM water and packaged water is the lowest
in Malang among the three cities (44%, 52%, and 64% for PDAM sources and 26%, 60%, and
66% for packaged water sources in Malang, Bogor, and Semarang, respectively), the largest
percentage of households use PDAM water for drinking (40%) and cooking (92%). This
might be because those who knew PDAM water sources answered correctly with “spring”
or “spring and groundwater”, whereas the majority of those who knew the PDAM water
sources in Bogor and Semarang answered correctly with “river”. These results indicate
that, while many households do not know the water sources, those who do know the
water sources think that spring and groundwater are cleaner sources and are more suitable
for drinking than river sources. This is in agreement with the result showing that the
majority of those who knew the source of packaged water answered “spring water”, which
influenced their selection of packaged water for drinking.

Although the selection of correct answers to questions on water sources and the choice
of drinking water sources has no significant correlation (Chi-squared test, p > 0.05), water
source knowledge seems to have a significant association with the selection of PDAM water
for drinking. The answers to the question “Do you know the source of PDAM water?” are
significantly associated with the answers to “Is PDAM water safe to drink?” (Chi-squared
test, p < 0.01). Although water quality problems arise occasionally, PDAM water generally
has a good appearance, color, and taste, as reported by the respondents. Most respondents
describe safe water as “water with no color, no smell, and no distinguishable taste”, which
means that their perception of safety is influenced by organoleptic qualities, primarily
color/appearance, taste, and smell.
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3.2. Water Quality

All the samples of PDAM water met the standard set by the Ministry of Health
Regulation in terms of a pH of 6.5–8.5 and a turbidity of less than 3 NTU, and the color
of all samples was less than the detection limit of 10 TCU. The TDS concentration was
also below the standard of 300 mg/L, with some outliers in Malang City (Figure 5a). The
TDS in the PDAM water was lower in Bogor than in Semarang, and this is because the
main water sources are river water and spring water, respectively. However, the TDS in
the PDAM water in Semarang was high and comparable to the TDS in Malang, indicating
that we took more samples from households receiving piped water from spring sources
than from households receiving piped water from river sources. The TDS in packaged
water varied extensively compared to the TDS in PDAM water and refill water, which
indicates that the packaged water was taken from not only spring and groundwater but
also from different sources, as opposed to people’s perceptions (Figure 4a). In general, the
TDS in river water is lower than in groundwater and spring water. In Bogor, the median
value of the TDS in PDAM water was lower than in packaged water, indicating that the
majority of packaged water was sourced from groundwater or springs. However, the
TDS in PDAM water was significantly higher than in packaged water in Semarang and
Malang, which indicates that the packaged water was sourced from river water as opposed
to people’s perceptions (Figure 4a). These results indicate that people select packaged
water for drinking (Figure 2a) based on their misconception that packaged water is sourced
from springs and groundwater. A study found that people do not discriminate between
waters when the difference in the TDS is less than 150 mg/L [48]. In Malang and Semarang,
the difference in the TDS between PDAM water and packaged water could be as high
as 150 mg/L or even greater than refill station water; therefore, people might notice a
difference in the taste. While taste is one of the factors, noticeable taste could also be linked
to odor [49].

Figure 5b shows the residual free chlorine concentration in the tap water. While the
standard for residual free chlorine is 0.2–0.5 mg/L, 76% of the samples from Bogor fell
below 0.2 mg/L. In Malang, the concentration of residual chlorine ranged from 0.06 to
0.89 mg/L, with 44% of the samples being below the standard, while in Semarang, the value
ranged from 0.11 to 0.73 mg/L, with 52% of the samples being below the standard. Malang
may have had the highest median value of residual free chlorine because the water was
sourced from spring water, while river water was the main source in Bogor and Semarang;
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river water contains more contaminants that consume chlorine than groundwater and
spring water.
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It was found that the free residual chlorine concentration in the tap water was signifi-
cantly different among the households who drink PDAM water, packaged water, and refill
station water (Kruskal–Wallis test, p < 0.05). Similarly, the residual free chlorine in the tap
water was significantly different among the households that use different water sources for
cooking (Kruskal–Wallis test, p < 0.05), indicating that households using packaged water
for drinking and cooking tend to have higher residual chlorine and avoid using PDAM
water due to the chlorine smell. However, there was no significant difference in the residual
free chlorine levels between the respondents who answered yes and no to the question “Is
PDAM water safe for drinking?” (Kruskal–Wallis test, p > 0.05), which indicates that the
chlorine smell is only unpleasant and is not linked to water safety.

Figure 5c shows the E. coli counts of different water sources. In tap water, E. coli was
detected in 5 samples in Bogor, 1 sample in Malang, and 5 samples in Semarang, and total
coliforms were detected in 62 samples in the three cities. The fact that a higher number of
E. coli-positive samples were taken from the taps in Bogor and Semarang than in Malang is
in agreement with the observation of a lower residual chlorine concentration in Bogor and
Semarang than in Malang, indicating the importance of maintaining the residual chlorine
concentration within the standard. It should also be noted that E. coli was not detected in
any of the samples taken from packaged water and refill stations. Thus, compared with
packaged water and refill stations, the microbial safety of PDAM water is compromised
because the residual chlorine is lower than the standard, which is an issue that needs to be
rectified in order to win the confidence of the customers in the safety of PDAM water. The
free chlorine concentration was slightly higher in the tap water samples of households who
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answered “Safe” and “Safe if boiled” to the question “Do you think PDAM water is safe to
drink?” (see Figure A1 in the Appendix A).

Figure 5d shows the total coliforms in the water samples. As opposed to the E. coli
results, a large number of total coliforms were detected in the packaged water, followed
by the refill station water and PDAM water. High numbers of total coliforms indicate
microbial growth during storage in households, which poses a potential risk of microbial
contamination. Total coliforms and E. coli were still detected in samples with residual
free chlorine ranging from 0.1 to 0.3 mg/L. The national standard for residual chlorine is
0.2–0.5 mg/L. In our study, 12 of the 62 PDAM water samples that were found to contain
total coliforms had residual chlorine above 0.2 mg/L (See Figure A2 in the Appendix A).
Total coliforms were detected in 15 out of 30 samples from household drinking water
dispensers for packaged water, which is comparable to previous findings where total
coliforms were detected in 66% of electric dispensers in Kathmandu Valley, Nepal [47]. This
finding is not in agreement with customers’ perception of the superior safety of packaged
water to PDAM water, refill station water, or private borehole water. Although 46% of the
households answered that PDAM water is “Safe” and “Safe, if boiled” and had tap water
meeting the standard for total coliforms and E coli, only 5% of them actually drank PDAM
water. Thus, there are discrepancies among the actual water quality, customers’ perceptions
of water safety, and their choices of drinking water sources. However, the total coliforms
and E. coli were mostly found in the households that answered “Not safe” and “I don’t
know” (See Figures A3 and A4 in the Appendix A).

3.3. Cost Comparison of Different Water Sources for Drinking

From the questionnaire survey, we found that, on average, a household with four
members consumed 2.5 packages of 19 L packaged water per week. The price range for
packaged water was IDR 17,000–50,000 (USD 1.1–3.2) per package, while the price range for
refill station water was IDR 6000–20,000 (USD 0.4–1.2) per 19 L. Table 2 shows the monthly
costs of PDAM water, packaged water, and refill station water.

Table 2. Monthly cost of drinking water.

Cost PDAM Water Packaged Water Refill Station Water

Boiling LPG stove IDR 29,200
(USD 1.9)

Electric kettle IDR 6800
(USD 0.4) Not applicable Not applicable

Water 16,000–30,000
(USD 1.0–2.0)

16,000–30,000
(USD 1.0–2.0)

IDR 170,000–500,000
(USD 10.9–32.3)

IDR 60,000–200,000
USD (3.9–12.9)

Total IDR 45,200–59,200
(USD 2.9–3.9)

IDR 22,800–36,800
(USD 1.4–2.4)

IDR 170,000–500,000
(USD 10.9–32.3.0)

IDR 60,000–200,000
USD (3.9–12.9)

PDAM water costs are generally lower than packaged water and refill station water
costs. Boiling using an electric kettle is considerably cheaper than using a kettle, but electric
kettles are not commonly used in households in the study areas. Although packaged
water costs much more than PDAM and refill station water, most respondents think that
the price is appropriate. This is probably because 54% of the respondents have a family
income above IDR 5,000,000 (USD 333) per month; this makes their expenditure on drinking
water not more than 3.4%, which is within the World Bank’s suggested range of 3–5% [50].
However, household income did not seem to significantly influence the selection of water
sources. Among the low-income households earning less than IDR 2,000,000/USD 133 per
month, 7% of the households had the highest expenditure on drinking water, at 9% of their
monthly income.

3.4. Public Drinking Stations

An interview survey was conducted in Malang City with individuals who use the
public drinking taps installed by PDAM. The majority of the respondents (67%) discovered
these drinking stations by passing by them, underscoring the importance of physical
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presence and visibility in raising awareness. Additionally, 40% of the respondents reported
drinking from the public taps 5–7 times a week, indicating a consistent reliance on these
facilities for hydration. Because most users found the drinking stations by passing by them
or through word of mouth from friends and family, the influence of public drinking taps as
a safe drinking water source is limited to those who live or work nearby.

The respondents generally had positive impressions of the PDAM drinking stations,
with 67% answering that they are “Safe” to drink. Their first impressions of the drinking
stations were “good or neutral taste” (36%) and “convenient” (24%). However, three re-
spondents (10%) noted a foreign taste, indicating potential concerns about the water quality.

Among those who consumed PDAM water at home, their opinions on the taste of tap
water and the drinking station water varied; while 50% of the respondents answered that
there was no difference (50%), others preferred the taste of the water from the drinking
stations (37%), although there is no water cooling. The majority of the respondents (67%)
reported that PDAM drinking stations improved their trust in PDAM water quality. Inter-
estingly, even among those who did not switch to drinking PDAM water at home, there
was an increase in trust in PDAM water quality, suggesting that the presence of public
drinking stations positively influences public perception of the quality of PDAM water,
regardless of their behavior. When asked “Which factors make you think the water from
the drinking stations are safe to drink?”, most respondents answered organoleptic qualities
such as appearance, taste, and smell (Table 3). Four respondents (13%) referred to the
collective experience, noting that they observed their friends consuming the water without
becoming sick.

Table 3. Factors influencing drinking water users’ perception of water safety.

Factors 1 Count

Clear color/appearance 22
Collective experience 4

No smell 21
Taste good 12

Trust in institution 4
Total 63

1 Respondents could choose multiple answers.

The interviews with the respondents revealed that social influence and family prefer-
ences play crucial roles in water source selection. Three respondents mentioned switching
from tap water to packaged water to align with the preferences of their spouse or chil-
dren. This indicates that household dynamics and the desire for harmony can drive water
consumption choices. In an interview with a PDAM officer, they said that the goal of
installing public drinking stations in schools was to give the message to school children
that PDAM water is safe to drink, hoping that they will inspire behavior change in their
families. Although public drinking taps have improved trust in PDAM water, PDAM
staff reported that people mistake the drinking stations for water treatment units and,
thus, drink only from drinking stations. Public drinking stations, despite providing the
same water as household taps, are perceived differently due to their modern appearance
and dedicated purpose. This highlights the role of presentation and context in shaping
consumer perceptions of water quality. Public education and assurance of water quality
are important to rectify the misconceptions about tap water.

4. Discussion

Public perception and actual water quality. Although nearly half of the households’
perceptions of water safety were correct based on microbiological water quality analyses,
only 5% of the households actually drank PDAM water. This shows that the perception
of safety is not the sole factor influencing households’ selection of water sources, which
indicates a discrepancy between the perception of water safety and the actual selection of
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water sources. A study in Canada also found existing disconnectedness between public
perceptions of drinking water quality and the actual quality, where differing opinions
persisted in communities supplied from the same water sources, despite efforts by the
provincial government to make the water quality reports available on its website [10]. A
study in Uganda found discrepancies between perceived and measured tap water quality,
where its quality was perceived as lower than the actual measured quality, resulting in
unnecessary additional treatment [51].

Although the sporadic detection of E. coli in PDAM water in this study was not
reported to the households, it is important to note that we found that all of the households
boil piped water before drinking, which implies their perception of the microbial risks of
piped water for drinking. In this study, the percentage of samples contaminated with total
coliforms was higher for packaged water samples (50%) than for PDAM water samples
(41%). Ikhsan et al. [32] also found that packaged drinking water is not always safe,
although people often perceive it to be of good quality. Puspita et al. [17] suggested that
households often buy bottled water because of its perceived superior quality and health
benefits. This preference persists even though packaged water is not entirely free from
microbial contamination [10] Etale et al. [52] suggested that psychological factors such as
affect, social norms, and the image associated with bottled water consumption significantly
influence consumer choices. Bottled water is often perceived as a status symbol or a
healthier option, creating a positive affective response, which tap water lacks. Packaged
water is associated with spring water which is perceived to be a clean water source; however,
the TDS variation suggests that it is taken from different sources. Most packaged water
company advertisements suggest that their raw water originates from springs in remote
forests, promoting an image of purity. This marketing strategy relies on the assumption
that everything from nature is inherently pure and healthy [33]. Nastiti et al. [53] found that
spring water is highly regarded because some spring water entrepreneurs and refill station
owners test their water and share the results with the community; this creates a positive
reputation, even though locals do not test the water themselves. Contrarily, even though
the PDAM tests water regularly, people worry about the water sources and recontamination
in the distribution network [53]. A study in Mexico City found that inhabitants of Mexico
City do not drink tap water despite information on water quality provided by the company;
apparently, they are not interested in ascertaining water quality details and would rather
continue their habit of drinking bottled water [54].

Water sources. In Malang, the percentage of households using PDAM water was the
highest among the three cities; this was mainly because the water source of Malang PDAM
is spring water that is clean enough to be delivered as piped water without treatment. The
questionnaire survey revealed that households perceived spring water and groundwater
to be clean sources of water suitable for drinking and cooking, whereas they perceived
river water to be unsuitable for drinking; therefore, the percentages of households drinking
PDAM water were low in Bogor and Semarang, where PDAM takes raw water mainly from
rivers. Because Bogor PDAM depends on river water as a major source of water supply,
it requires more investment for water treatment processes than Malang PDAM. Because
of the low service coverage and history of intermittent supply, many households have
shifted to privately owned water suppliers or refill stations. In Semarang, the percentage
of households who used refill stations for drinking and cooking was higher than in the
other two cities because refill stations are more popular, owing to their easy availability
and lower price.

Residual chlorine. One critical factor contributing to the selection of drinking water is
the presence of residual chlorine in the water. Chlorine smells are often reported in water
utilities around the world. The threshold for chlorine smell varies between North Ameri-
cans and Europeans; the French, who normally drink water with no or low concentrations
of chlorine, have a lower threshold for chlorine smell detection than Americans [55,56].
Residual chlorine is necessary for microbial disinfection, ensuring the safety of drinking
water by preventing the growth of harmful pathogens. However, the downside is the
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chlorine smell, which many people associate with unclean or unsafe water. This aversion
to the chlorine smell leads to a preference for alternative water sources, such as packaged
water and water from refill stations, which are perceived to be cleaner despite the lack of
significant evidence to support this belief. The dual nature of residual chlorine—essential
for safety but unpleasant in terms of odor—plays a significant role in shaping people’s
perception and their subsequent selection of drinking water sources, often overshadowing
the objective quality and safety of PDAM water. Even though households seemed to have
knowledge of the purpose of chlorination to disinfect water, aversion to the chlorine smell
persisted. This aversion is also reinforced by the message conveyed by bottled water brands
that their product is processed by nature [33]. Therefore, it is important to enhance the
operation and management of the water treatment plants and the pipelines to maintain
high pressure and residual chlorine concentration in the distribution networks at levels
between the standards and below the threshold for chlorine smell detection.

Microbial contamination. Microbiological contamination is a concern with PDAM
water, with 7% of the samples contaminated with E. coli and 41% of the samples contami-
nated with total coliforms. However, total coliforms were also detected in the packaged
water (50%) and refill station water (44%), indicating that microbial growth in storage tanks
in households might be a cause of contamination. PDAM must protect the whole water
supply network from microbial contamination. There was a significant difference in the
total coliform presence between those who answered “Not safe” and “I don’t know” and
those who answered “Safe” and “Safe if boiled” (Chi-squared, p < 0.05). Additionally,
E. coli was detected in 7% of the samples, which also corresponds to the percentage of
respondents who answered “Not safe” and “I don’t know, and there was a significant
difference (binomial test, p < 0.05), even though the majority of the respondents (78%) had
never tested their water, and none reported experiencing illness from contaminated water.
Microbial contamination was found even in samples containing residual free chlorine above
the standard of 0.2 mg/L, which indicates the need to increase the concentration of residual
free chlorine to prevent microbial contamination. However, higher doses of chlorine may
increase the chlorine smell. If PDAM succeeds in convincing the residents about the safety
of piped water for drinking, then consumers would stop boiling, save costs, and reduce
the environmental burden. Therefore, improved maintenance and operation of the water
treatment plants and the pipelines, as mentioned before, is necessary to ensure that the
supplied piped water is 100% free from E. coli.

Cost of water. Cost is not a factor for selecting drinking water sources because 60%
of the respondents found the prices of both packaged water and PDAM water to be
appropriate. Purwandari et al. (2021) found that 64% of surveyed households spent more
than 4% of their monthly income on water, and the highest percentage of expenditure
on water was 24.7% for packaged water [57]. Prayoga et al. (2021) found that water
expenditures for low-income, middle-income, and high-income households were 3.4, 2.69,
and 1.64% of their income, respectively [58]. Becoming accustomed to high expenditures
on drinking water is probably one of the reasons for finding the high price of packaged
water to be appropriate. Drinking packaged water may have become a trend and habit
that has normalized the expense of packaged water. It has become common for every
house to have a water dispenser. Moreover, people may not realize that drinking packaged
water is much more expensive than drinking PDAM water because it can be bought in
smaller quantities, and delivery is usually included. The price of paying for packaged water
also comes with the convenience of having water anytime without the need for boiling.
A study in Jakarta found that low-income individuals viewed refilled water as the most
affordable, safe, and easily accessible drinking water source [17], even though it was more
expensive than PDAM water. A study in the US found that the economic consequences
of household perceptions of drinking water as being unsafe are borne disproportionately
by already disadvantaged minority groups because it creates reliance on more expensive
bottled water [59]. The cost of boiling using an LPG stove accounted for 50–60% of the
total cost and using an electric kettle could reduce the cost by up to 50%. Electric kettles
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could also alleviate the inconvenience of boiling water; thus, electric kettles should be
recommended for residents accustomed to boiling water. At the same time, PDAM should
improve its service to supply bacteria-free water that is safe to drink without boiling. This
approach would reduce the cost and alleviate the inconvenience associated with boiling
water. Additionally, it would reduce the environmental impact of the energy used for
boiling water and decrease the consumption of packaged water.

5. Conclusions

This study revealed discrepancies between consumer perceptions and actual water
quality, particularly in the use of municipal water (PDAM) for drinking and cooking in
Malang, Bogor, and Semarang cities, Indonesia. People prefer drinking packaged water,
even when the PDAM water meets the national water quality standards. This preference
persists even though packaged water is not entirely free from microbial contamination,
driven by perceptions of superior quality, based on their misconception that packaged
water is always sourced from spring water; however, the TDS variation suggests that it is
taken from various sources.

PDAM water is more trusted for cooking than for drinking, possibly owing to the
heating process involved in cooking and the indirectness of the consumption of cooking
water. Concerns regarding the safety of PDAM water for drinking persist, and thus,
people boil it before drinking it, which is inconvenient for some and increases the cost.
Additionally, the chlorine smell of PDAM water influences households’ perception and
selection of drinking water. The association of the chlorine smell with impure water diverts
many from PDAM water to packaged water, even if PDAM water meets water quality
standards. Combining disinfection with other methods could be beneficial in reducing
microbial contamination and the chlorine odor. Cost is not a factor in the selection of
drinking water sources. However, the lower cost of PDAM water could be an opportunity
to attract people, as shown by the people drinking from public drinking stations. Boiling
water using an electric kettle was found to be the most affordable method to guarantee
water safety; thus, even though the practice is uncommon, we should encourage the use of
electric kettles. Lower-income households spend a higher percentage of their income on
drinking packaged water than higher-income households. If PDAM could supply water
without the need for boiling before consumption, it would lower the cost of drinking water,
lessen the financial burden on households, and reduce the plastic waste arising from the
use of packaged water.

The presence of public drinking stations has positively influenced users’ trust in
PDAM water quality, whereas misconceptions about the purpose of chlorination and the
safety of chlorinated water remain prevalent. Therefore, it is recommended to increase the
number of drinking water stations and to raise their visibility and accessibility in order to
promote drinking PDAM water.
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