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Abstract: A slum upgrading program has provided communal boreholes (KOTAKU boreholes) to
improve water supply in slums of Indonesia. However, the achievement of the program was only
estimated by the number of households served with the boreholes. We evaluated the water supply
improvement by comparing actual water consumption, quality, and expenditure and household
satisfaction of existing water sources in a slum of Bandung City, Indonesia. A high iron concentration
and microbial contamination were observed in some KOTAKU boreholes, but the quality was better
than that in the previous sources of the current KOTAKU borehole users. Twenty percent of the users
spend more than 4% of their income on water due to bottled water and vended water for drinking and
cooking. However, KOTAKU boreholes replaced that water for drinking and/or cooking, resulting in
less water expenditure in low-income households. The average consumption was 134 L per capita
per day (LPCD), which was higher than the target (60 LPCD) of the program. However, it was found
that a highly intermittent water supply was the reason for household dissatisfaction rather than
the amount of consumption. The program improved water supply; however, this study revealed
the limitations of the water supply, namely, a lack of attention to continuous water supply and
water quality.

Keywords: household satisfaction; water availability; water consumption; water expenditure;
water quality

1. Introduction

The rapid urban population growth along with insufficient support for basic needs,
such as housing and health care, leads to the emergence of slums, especially in developing
countries [1,2]. People who live in slums face serious public health problems arising from
poor environmental conditions, such as overcrowding and contaminated water [3,4]. UN
Habitat describes a slum as a place lacking one or more of the following: a durable housing
structure, access to clean water, access to improved sanitation, sufficient living space, and
security of tenure [5]. The main concern in each slum area might be different, for example,
a lack of access to basic infrastructure, e.g., toilets and water supply in Nairobi, Kenya and
security of tenure in Thailand [6]. In Asia, cities categorized as lacking basic water services
had high percentages of the population living in slums [7].

In 2018, the slum population in East and Southeast Asia was the largest, at 369 million
people of the total slum dwellers in the world [8]. Indonesia, the most populous country in
the region, had the largest slum population of approximately 44,859,000 in 2018 [8]. The
ratio of slum population to the total urban population in Indonesia is 30%, which is the
fifth highest, after Myanmar (57%), Cambodia (46%), the Philippines (44%), and Mongolia
(37%) [8]. Indonesia’s national slum profiling in 2014 reported that 50% of the urban poor
population lived in slums, and around 30% and 37% of the slum dwellers lacked access to
safe water and sanitation, respectively [9]. Thus, improvement of access to safe water in
slums plays an important role in achieving SDG6 to ensure access to water and sanitation
for all.
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Since slum dwellers have limited access to a piped water supply network, they need
to install a private well and a water storage tank and/or purchase water from shared taps,
water vendors, and water shops to fulfill their needs [10,11]. Slum dwellers, even those who
have access to piped water, generally rely on multiple water sources due to intermittent
water supply and poor water quality [12,13]. Thus, slum households spend a lot of money
on water because water vendors and shops charge a high price for water, especially during
intermittent water supply [14,15]. The inadequacy also causes slum households to consume
less water than the WHO recommendation of 50 L per capita per day (LPCD) [16,17].

Even if slum dwellers have access to sufficient water from water sources, such as
private and communal boreholes, protected wells, and springs, this does not necessarily
mean that safe water is available [18]. A study in Dhaka, Bangladesh found that access
to improved water in the slum area is high (97%), but the water usually had a strange
smell, color, and taste [19]. Many studies reported that E. coli and total coliform were
found in deep and shallow wells, and even in tap water from a public water supply [20–22].
Other water quality problems, such as a high concentration of iron and nitrate due to
geological conditions, waste effluent, improper sanitation, and agriculture activity, have
been also reported [23–25]. In addition, water quality deterioration, especially microbial
contamination, has been frequently observed not only in source water, but also in household
storage tanks [26]. Intermittent water supply forces households to store water, which
increases the risk of microbial contamination, particularly in cases where storage tanks are
not frequently cleaned [13,27].

Slum upgrading programs have been conducted in many countries to improve physi-
cal, social, economic, organizational, and environmental conditions of slum areas [28]. The
most basic form of the programs is the improvement of the physical environment, such
as water supply, sanitation, solid waste collection, and access roads [29]. Through the pro-
grams, slum dwellers have gained access to water on their premises [30,31]. Improvement
of water accessibility enabled slum dwellers to save time and cost expenditures for water in
the Philippines and Thailand [32,33]. However, since slum upgrading programs generally
focus on providing infrastructure and housing (physical capital) and are evaluated based
on the number of people who gained access to those infrastructures, the service quality of
water supply has not been well investigated [29,34].

The current slum upgrading program in Indonesia, namely “City Without Slum”, also
known as the KOTAKU program, began in 2016 and aimed to eliminate 38,000 hectares
of slum area in Indonesia by 2019. As of 2020, the Government of Indonesia claimed that
more than 80% of the target areas were upgraded [35]. However, because the achievement
of the upgrading is measured by the number of households served with the infrastructure,
which are boreholes in terms of water supply, provided by the program, the actual water
supply condition is unclear.

Thus, this study investigated the water consumption, quality, expenditure and house-
hold satisfaction with the water supply in a slum of Bandung City, Indonesia. In addition,
those four parameters, i.e., consumption, quality, expenditure, and satisfaction, were com-
pared among different water source users (KOTAKU borehole, municipal water, communal
borehole, private borehole, spring water, and protected dug well) to evaluate the contribu-
tion of the KOTAKU program in the improvement of water supply in the slum areas.

2. Materials and Methods
2.1. Study Areas

Bandung, the capital city of West Java Province, is the third-largest city in Indonesia,
with a population of 2,444,160 as of 2020 [36]. The total area of Bandung City is 167.31 km2

and consists of 30 subdistricts (Kecamatan), which are further divided into 151 urban
villages (Kelurahan). The municipal waterworks, Perusahaan Daerah Air Minum (PDAM)
Tirta Wening Bandung, supply water to 72.84% of the Bandung population [37]; however,
intermittent water supply has forced the people to utilize multiple water sources, such
as private boreholes, protected dug wells, or bottled and refilled water, for their daily
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needs [38,39]. For drinking water, it was reported as of 2021 that most of the citizens use
bottled water (75.07%), followed by boreholes (14.27%), piped water from PDAM (7.97%),
protected wells (1.58%), and protected spring water (1.12%) [36].

The city has developed into a metropolitan area and experienced a rapid population
increase and urban expansion [38], resulting in a growth in slum settlements despite slum
upgrading programs being implemented since 1978 [40]. In 2015, the total slum area in
Bandung city was 1457.45 ha, approximately 9% of the total city area, which was the
largest in the West Java Province [41]. The KOTAKU program in Bandung City began
in 2017 to eliminate slum areas by providing basic infrastructure, such as road, water,
sanitation, drainage, waste, and fire safety and involving community participation. To start
the program, the Indonesian Government set two targets for water supply improvement:
adequate quantity (at least 60 LPCD) and access to “improved” water sources (more than
10 m distance from sanitation facility and no odor, taste, and color). The KOTAKU program
upgraded more than 60% of the slum area by 2020 [37]. Out of 151 urban villages in
Bandung, 121 had slum areas and were subject to the KOTAKU program, and 98 urban
villages were provided a piped water supply from a newly drilled communal borehole
(KOTAKU borehole) with a large storage tank (approximately 1000 L) (Figure A1).

In order to evaluate the water supply by the KOTAKU program, an interview survey
and water quality monitoring were conducted in August to October 2021. We randomly
selected 120 households, including 71 KOTAKU borehole users (households), from eight
urban villages in four subdistricts (Figure 1 and Table 1). The Sumur Bandung and Bojon-
gloa Kaler subdistricts are in the city center, while the Mandalajati and Sumur Bandung
subdistricts are in the outskirts of the city. PDAM (treated surface water), KOTAKU bore-
holes (well depth: 60–130 m), communal boreholes (32–100 m), private boreholes (5–45 m),
protected dug wells (5–13 m), and spring water that are categorized as an improved water
source in the program are available as water sources in the urban villages selected for
this study. All the water sources except the protected dug wells are supplied via pipes.
The communal boreholes and spring water were provided by previous slum upgrading
programs and managed by the communities or small private companies in the study area.
The protected dug wells have been used as communal or private wells.

Table 1. Urban villages selected for household survey in Bandung City.

No. Subdistrict Urban Village
No. of

KOTAKU
Borehole

Total
Population
(2019/2020)

Total
Area
(km2)

Slum
Population

(2016)

Slum Area
(km2)
(2016)

No. of
Households

1
Rancasari

Derwati 4 18,843 1.56 1042 0.018 13
2 Manjahlega 8 21,426 1.66 2879 0.122 15
3 Mandalajati Karang Pamulang 13 18,144 1.88 3581 0.129 15
4 Pasir Impun 19 12,647 0.84 6697 0.310 19
5 Sumur

Bandung
Kebon Pisang 1 11,651 0.61 2126 0.017 12

6 Merdeka 0 9335 1.43 954 0.034 11
7 Bojongloa

Kaler
Sukaasih 3 19,065 0.87 3154 0.040 12

8 Kopo 27 29,524 0.93 14,302 0.177 23
TOTAL 120
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1 to 8).

2.2. Water Sources and Water Consumption

An interview survey was conducted to discover the water sources for three purposes:
drinking, cooking, and other daily activities (bathing, washing, etc.). When households
used multiple sources for each purpose, the most frequently used source was selected as
the source for the respective purpose. In cases where a household used multiple sources at
almost the same frequency, this was regarded as multiple sources.

Water consumption was obtained from the average of monthly water bills (two or
three months). The per capita water consumption in LPCD was calculated by dividing
the total household water consumption by the number of household members. For the
households paying a flat-rate water tariff due to water meter outages and for the households
using free-of-charge water sources (private boreholes and protected dug wells), the water
consumption was estimated based on the capacity and filling frequency of water storage.
The water consumption of bottled water and water from vendors was estimated by the
monthly average number of those purchases.

2.3. Water Expenditure and Satisfaction with Quantity and Quality

Average monthly water expenditures (two or three months) and household incomes
were also obtained from the interview survey. The water expenditure included the expen-
diture for bottled water and vended water in addition to the water tariff for the other water
sources (PDAM, KOTAKU boreholes, communal boreholes, and spring water). The water
tariffs for each water source are shown in Table A1 (Appendix A). Private boreholes and
protected dug wells are free-of-charge. Satisfaction regarding water quantity and quality
were also asked in the interview survey.
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The respondents in Sections 2.2 and 2.3 were one available person in a household
as a representative, such as the head of the household or their wife. However, since the
representatives in several households were not available, the households for the interview
survey in Section 2.3 numbered less than 120. Personal information was handled carefully
and anonymously. The interview survey (Sections 2.2 and 2.3) was approved by the
Research Ethics Committee, the University of Tokyo (Approval No. KE21-28) in advance.

2.4. Water Quality Analysis

Table 2 shows the number of samples for the water quality analysis taken from each
point. A total of 115 water samples were collected from 109 households out of a total of
120, including 58 households from KOTAKU borehole users. Because 6 out of the 109
households had two sources, water samples were collected from both sources. In addition,
17 samples were directly collected from the KOTAKU boreholes. Household water samples
were collected from either taps or storage, from which each household usually took water
for their daily use. Because three households in Karang Pamulang mixed water from a
communal borehole and a KOTAKU borehole in one storage, that source was regarded as
a “mixed borehole”. A total of six parameters, namely, E. coli, total coliform, iron, nitrate,
total dissolved solid (TDS), and pH, were analyzed for all water samples. In addition, free
and total chlorine concentrations were measured for PDAM samples.

Table 2. Number of samples for water quality analysis at each point.

Source
Sampling Point

Total
Tap Storage Borehole

PDAM 6 4 - 10
KOTAKU borehole 35 23 17 75

Communal borehole 5 2 - 7
Private borehole 12 8 - 20
Mixed borehole - 3 - 3

Spring water 2 6 - 8
Protected dug well - 9 - 9

TOTAL 60 55 17 132

TDS and pH were measured using a compact pH and conductivity meter (LAQUAtwin,
HORIBA, Kyoto, Japan). Iron and nitrate concentrations were analyzed using a portable
calorimeter (DR 900, HACH LANGE®, Loveland, CO, USA). E. coli and total coliform were
measured by the membrane filtration method (Method 10029, USEPA, Washington, DC,
USA), wherein 100 mL of water samples was filtered through a 37 mm mixed cellulose
ester monitoring unit with a pore size 0.45 µm (Advantec, Tokyo, Japan). Then, the cul-
ture medium (m-ColiBlue 24 Broth; Hach, Loveland, CO, USA) was filled in the unit and
incubated at 37 ◦C under aerobic conditions for 24 h [42].

2.5. Statistical Analysis

The comparison of water consumption and water quality parameters between each
water source was statistically analyzed using R v.4.0.3. The Kruskal–Wallis test was used for
the analysis of the difference among more than two sample groups, while Wilcoxon’s test
was used between two sample groups. These test results were considered to be significant
at a p-value of less than 0.05.

3. Results
3.1. Water Source for Daily Activities

Figure 2 shows the water sources for drinking, cooking, and other purposes. Most
of the households (79%) mainly drink bottled water, while the rest drink boiled water
taken from other sources. Bottled water was also used in 40 households (33%) for cooking.
Only fifteen households (13%), namely, seven KOTAKU borehole users, two PDAM, two
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communal borehole users, two spring water users, one protected dug well user, and one
private borehole user, used a single source for the three purposes (drinking, cooking,
and other daily activities), while the others used different sources for each purpose. The
KOTAKU boreholes were used for drinking and cooking in 8% of households (n = 9) and
24% of households (n = 29), respectively. The other sources were used less for drinking and
cooking: 0.8% and 7% of private borehole users for drinking and cooking, respectively; 0.8%
and 2.5% for protected dug wells; 2.5% and 12% for PDAM; 2.5% and 4% for communal
boreholes; and 2.5% and 5% for spring water. This implies that the KOTAKU boreholes
contribute to providing better quality water than the other sources, probably resulting in
the fact that the households can save expenditures on bottled water and vended water.
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Figure 2. Water source distribution for drinking, cooking, and other purposes selected by households
in slum areas, (n = 120).

Figure 3 shows the change of water sources in the current KOTAKU borehole users
(n = 67), excluding four new households that moved into the area after water provision from
the KOTAKU program. The previous main sources of the KOTAKU borehole users (n = 67)
were private boreholes (40%), communal boreholes (19%), protected dug wells (10%), spring
water (10%), multiple sources (10%), PDAM (6%), and vended water (3%). The reason for
the shift from PDAM to KOTAKU (6%) was due to the intermittent supply by PDAM or to
save money considering the cheaper tariff of the KOTAKU borehole. Seven households
(10%) used the KOTAKU borehole as single source. Out of 67, 9 households (13%) shifted
their drinking water source from bottled water (n = 2), vended water (n = 4), protected dug
wells (n = 2), or spring water (n = 1) to KOTAKU boreholes. The number of households that
shifted their cooking water source to KOTAKU boreholes was 26 (37%), which consisted
of 4 that previously used bottled water, 6 vended water, 1 PDAM, 2 communal borehole,
2 private borehole, 4 protected dug well, 5 spring water, and 2 multiple sources (bottled
water and communal borehole). The KOTAKU borehole replaced bottled water and vended
water as drinking and or cooking water in 12 (18%) households, of which 6 households
shifted for both drinking and cooking water. This implies that the KOTAKU boreholes
are considered to be a reliable source by the households. All the 67 users shifted water
sources for other purposes to KOTAKU boreholes, but 15 households (22%) were still using
both KOTAKU boreholes and other free-of-charge sources, namely, private boreholes and
protected dug wells (“Multiple Sources” in Figure 3).
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(n = 67).

3.2. Water Consumption and Availability

The average household water consumption was 134 LPCD. Figure 4 shows the con-
sumption in the groups based on the household’s main source (most-used water source)
with the number of samples and average consumption. There was no significant difference
(Kruskal–Wallis, p > 0.05) in water consumption among the main water sources. The
highest average consumption was observed in the spring water users (178 LPCD), while
the lowest average was in the protected dug well users (105 LPCD). A total of seven (6%)
households, namely, two communal borehole users (29% of the communal borehole users),
two KOTAKU borehole users (3%), one PDAM user (12%), one spring water user (12%), and
one protected dug well user (12%), consumed less than the target consumption (60 LPCD).
The reason for the low consumption in the two KOTAKU borehole users was the low water
availability or both low water availability and/or saving of water expenditure in the others
according to the interview survey (see Section 3.4).
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Figure 5 shows the main source and its availability in terms of supply frequency per
week and supply hours in each household. Most of the households (106 households out
of 120) had access to water every day. However, the inequality of water availability was
observed even among users of the same water source. The availability of KOTAKU borehole
water was highly varied from 24/7 to only 2 h a week. Almost all private boreholes and
protected dug well water were available 24/7, but one protected dug well dried up during
the summer season (from June to September). PDAM and communal borehole water
were available every day, but the supply hour varied; PDAM was supplied for 8–24 h
a day, and communal boreholes were available for 1–24 h a day. As for spring water, only
one household was supplied 24/7 (managed by a private company), while the others
were not supplied every day. There was a total of 30 households (25%), which consist of
18 KOTAKU borehole users (29% of KOTAKU borehole users), five spring water users
(75%), one communal borehole user (14%), and six multiple-source users (67%); however,
water was only supplied for 14 h or less per week. Operators of the KOTAKU boreholes
said that the intermittent water supply occurred due to a lack of water and/or saving
electricity costs. Two KOTAKU borehole users, one communal borehole user, and one
spring water user consuming less than 60 LPCD were included in the 30 households.
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3.3. Water Quality

Figure 6a,b show the boxplot of E. coli and total coliform concentrations in the samples
obtained from household taps or storage for each water source, respectively. E. coli was
detected in 77 out of 115 samples (67%) in the range of 2–7810 CFU/100 mL, while total
coliform in all samples was 25–24,700 CFU/100 mL. The highest average concentrations
of both E. coli and total coliform were observed in the protected dug well samples, and
total coliform concentration in the protected dug wells was significantly higher than other
sources. The E. coli concentration in KOTAKU boreholes and communal boreholes was
significantly lower than private boreholes, spring water, and protected dug wells (Wilcoxon
test, p < 0.05). The total coliform concentration in the KOTAKU boreholes was significantly
lower than private boreholes and protected dug wells, but higher than the PDAM’s.
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Although the lowest detection rate of E. coli was observed in the KOTAKU bore-
hole samples (30 out of 58, 48%), the concentration of E. coli varied among the samples
(0–1140 CFU/mL). E. coli was also found in 6 out of 17 samples (35%) collected directly
from the KOTAKU boreholes with a range of 10–68 CFU/100 mL, while total coliform was
detected in all the 17 samples with a range of 5–2012 CFU/100 mL. Out of the KOTAKU
borehole samples collected from the taps and household storage, 37% (11/30) and 53%
(9/17), respectively, had higher concentration of E. coli than its source. Moreover, 20%
(6/30) of the samples from the taps and 29% (5/17) from the household storage had a one
log or more higher concentration than their source. Similarly, a higher concentration of
total coliform than that in the sources was found in 63% (19/30) and 82% (14/17) of the
samples from the taps and storage, respectively; among them, 26% (8/30) from the taps
and 24% (4/17) from storage had a concentration of one or two logs higher of total coliform
than its source. This implied fecal contamination of the KOTAKU borehole water (source
itself) in the taps and storage.

Both E. coli and total coliform were detected in all the PDAM samples despite the
fact that the PDAM was the only water source with disinfection. Since E. coli and total
coliform were also detected in the samples collected at taps, the low concentration of
free chlorine (0.01–0.09 mg/L) and total chlorine (0.03–0.2 mg/L) is considered to be the
reason for microbial contamination of the PDAM samples. Both E. coli and total coliform in
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the PDAM samples collected from the household storage (average concentration: 13 and
192 CFU/100 mL, respectively) were significantly higher than those from the taps (80 and
500 CFU/100 mL, respectively) (Wilcoxon test, p < 0.05), indicating microbial contamination
in the household storage.

A boxplot of total iron concentration in the water sources is shown in Figure 6c. Out
of 115 samples, 29 samples (25%) from KOTAKU boreholes (13 samples), private boreholes
(12 samples), communal boreholes (two samples), and protected dug wells (two samples)
did not meet Indonesia’s drinking water quality guidelines for iron (0.3 mg/L). All the
samples from PDAM and spring water were compliant with the guidelines. The highest
average concentration of total iron was 1.1 mg/L in the private borehole samples. The
concentration of iron in the KOTAKU borehole samples was significantly lower than the
private borehole samples (Wilcoxon test, p < 0.05). All the water samples complied with
Indonesia’s drinking water quality guidelines for nitrate (50 mg/L) and pH (6.5–8.5). Only
two samples from the private borehole exceeded the guidelines of TDS (500 mg/L) at
concentrations of 522 and 527 mg/L.

3.4. Consumer Satisfaction with Water Quantity and Quality

Table 3 shows consumer satisfaction with the quantity and quality of their main
sources. Out of 120 households, there are 10 households (8%) not satisfied with water
quantity, which consist of 5 KOTAKU borehole users (8% of KOTAKU borehole users),
2 spring water users (25%), 2 multiple water users (KOTAKU borehole and private borehole
user or protected dug well user) (22%), and 1 protected dug well user (13%). The reason for
the dissatisfaction was low water availability. Despite using other sources, the multiple
water source users are not satisfied with quantity from the KOTAKU borehole due to the
intermittent supply. On the other hand, households were satisfied when they did not have
a problem with the continuity, although they consumed less than 60 LPCD. In this case, the
small consumption was due to the fact that one PDAM user needed to save money, and
two communal borehole users and one protected dug well user were rarely at home.

Table 3. Consumer satisfaction with water quantity and quality.

Number of Households

Main Source
Quantity Quality

Satisfied Not Satisfied Satisfied Not Satisfied

PDAM 8 0 8 0
KOTAKU borehole 57 5 57 5

Communal borehole 7 0 6 1
Private borehole 18 0 11 7

Spring water 6 2 8 0
Protected dug well 7 1 8 0

Multiple source 7 2 7 2
TOTAL 110 10 105 15

Out of 120, 15 (13%) households were not satisfied with water quality. The reason
for the dissatisfaction was because of the undesirable appearance of the water, such as
turbid and yellowish water. The dissatisfied households used private boreholes (39% of
private borehole users), communal boreholes (14%), KOTAKU boreholes (8%), and multiple
sources (KOTAKU borehole and private borehole or protected dug well) (22%), in which
water samples with significantly high iron concentration were detected (Figure 6c). On the
other hand, one communal borehole user was not satisfied with their water quality even
though the water had a clean appearance and a low iron concentration (0.3 mg/L). This
is because they observed better quality in the other available water (KOTAKU borehole)
than their water. All the samples of the unsatisfied private borehole users were found to
not meet the iron concentration guidelines. On the contrary, even though the total iron
concentration was higher than the guideline value, there were households satisfied with the
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water quality, including households using KOTAKU boreholes. These KOTAKU borehole
users stated that their current water was cleaner than their previous water source (private
borehole), while the other users of communal boreholes, protected dug wells, and private
boreholes stated having no problem using the water.

A total of 12 out of 71 KOTAKU borehole users were dissatisfied with the water supply
from a KOTAKU borehole because of an inadequate quantity or quality (five households for
each) or both of the reasons (two households). The two households that were dissatisfied
with both quantity and quality were the users of multiple sources (KOTAKU borehole
and private borehole or protected dug well) as their main sources. The seven KOTAKU
borehole users with quantity dissatisfaction were supplied water for only 14 h or less in a
week (Figure 7a), and their water consumption (average: 72 LPCD) was significantly lower
than that of the other KOTAKU users (average: 139 LPCD) (Wilcoxon test, p < 0.05). As for
the quality, the dissatisfied households disliked the physical appearance of the water as
mentioned above. This can be explained by the fact that the total iron concentration of the
six KOTAKU borehole users with dissatisfaction was significantly higher than the other
52 KOTAKU users, as shown in Figure 7b.
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3.5. Water Expenditure

The data of household income and water expenditure were obtained from 113 out of
120 households. The income in half of the households was lower than the minimum wage
(IDR 3,742,276) of Bandung City [43]. Figure 8a shows the monthly average household
income and total water expenditure, including expenditure for bottled water and vended
water. It is reported that less than four percent of the income was affordable water expendi-
ture [44]. There were 20 households (17%) that spent more than 4% of their income on water:
12 KOTAKU borehole users (20% of the total KOTAKU borehole users), 2 private borehole
users (12%), 2 communal borehole users (29%), 2 spring water users (20%), 1 PDAM user
(13%), and 1 multiple-source user (11%). Among the 20 households, 6 KOTAKU borehole
users and 1 spring water user pay a flat tariff (low tariff).
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No significant differences were observed in the water expenditure among users of dif-
ferent water sources with charge, namely, KOTAKU borehole, PDAM, communal borehole,
and spring water users (Figure 8b). The highest percentage (6.8%) was found in KOTAKU
borehole users who were applied the flat tariff (low tariff). This was because bottled water
and water from a vendor are the only sources for drinking and cooking water, respectively.
It was found that 61 households (54%) spent more money on bottled water than other
water, which comprise 29 KOTAKU borehole users (48% of the KOTAKU borehole users),
17 private borehole users (100%), 3 PDAM users (38%), 6 protected dug well users (86%),
3 spring water users (60%), 2 multiple-source users (22%), and 1 communal borehole user
(14%). On the other hand, there were six households that did not spend money on bottled
water and vended water from vendors because they shifted their drinking and cooking
water to KOTAKU boreholes, as shown in Section 3.1. The average household income of
the six households was below the minimum wage (IDR 2,525,000). This implied that the
KOTAKU boreholes have a monetary contribution for low-income households.

4. Discussion

The KOTAKU boreholes provided water on the premises with an affordable price for
most of its users and better quality water than a private borehole, which was the previous
water source of almost half of all KOTAKU borehole users. The households in the area
preferred bottled water and vended water for drinking and cooking water. This preference
was also shown in a previous study because households considered bottled water and
vended water as the only safe water [45,46]. However, approximately 18% of households in
the study area shifted their drinking and/or cooking water from bottled water and vended
water to KOTAKU boreholes because they considered water from the KOTAKU boreholes
to be safe and cheap. This indicates that the KOTAKU boreholes provided reliable water for
them and resulted in the reduction in their water expenditure. The rate of the shift was still
low; however, the KOTAKU boreholes could replace bottled water and vended water as the
main source of water for drinking and cooking. On the other hand, out of the households
targeted in this study, 17%, including 20% of KOTAKU borehole users, still spend more
than 4% of their household income on water due to the charge for bottled water and vended
water. The percentages were much lower than those in the households categorized as poor
in other cities, for example, Quezon City of Metro Manila, the Philippines (44.8%) [47],
and the KOTAKU program needs improvement in water supply to change the behavior
of consuming bottled water and vended water to reduce water expenditure costs. In this
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regard, our study found that the improvement of water supply continuity and water quality
was absolutely required.

The average water consumption in the study area was 134 LPCD, which was higher
than expected although there is a study showing similar consumption (129 LPCD) in a slum
of Sao Paulo and Rio de Janeiro [48]. The KOTAKU program succeeded in providing much
more water than the minimum target of 60 LPCD to almost all the households. Although
3% of KOTAKU borehole users consumed less than the target due to intermittent supply,
the rate (3%) was less than that in users of the communal boreholes (29%) and spring water
(12%) that were provided in the previous slum upgrading program. These results indicate
the contribution of the program to water supply improvement in the study area. However,
the program needs to consider continuous water supply in the area. Water availability
from the KOTAKU boreholes was highly varied, and 29% of the KOTAKU borehole users
had access to water for only 14 h or less in a week. Although the percentage is lower
than that in the spring water users (75%), such a highly intermittent water supply was the
reason for household dissatisfaction with the water quantity rather than the amount of
consumption. One of the main reasons for the highly intermittent supply was insufficient
water at the source. Since the study area is highly dense, the construction sites of boreholes
were limited in areas that had a low abundance of groundwater. Another reason was due
to the operation and maintenance costs, such as electricity costs. Since the operation and
maintenance of the KOTAKU boreholes were managed with low tariffs by the communities,
the communities had difficulty stably supplying water. The slum upgrading programs in
Peru and the Philippines succeeded in improving water accessibility of the slum dwellers
by expanding the municipal water supply to the dwellers with enough subsidized loans
and low interest to set up the connection [31,32]. Although the KOTAKU program is a
community-scale approach, such financial support must be a solution to an unstable water
supply. In addition, as the households in the study area have access to piped water at a
low price and without a water meter in some cases (flat tariff), many households store
water as much as possible in case of water shortages and intermittent supply, as shown
in previous studies [49,50], leading to further intermittent supply for some KOTAKU
borehole users. For equitable water distribution by a nonintermittent and sustainable
water supply, water supply provision based on water availability at the source and the
number of households connected to a KOTAKU borehole should be considered in addition
to the minimum target of water consumption and the total number of KOTAKU boreholes
provided in a whole slum area. In addition, installing a water meter can be one of the
strategies for efficient water use in the households [51]. Continuous water supply must
improve household reliance on water, resulting in reduced water consumption (storing)
and household water expenditure.

The results of water quality monitoring indicate that the improved water in this study
does not guarantee safe water. E. coli and/or total coliform were detected in all the water
samples. However, the KOTAKU boreholes provided better quality water in terms of all
the three parameters (E. coli, total coliform, and iron) than private boreholes. This is also
supported by the statement from the current KOTAKU borehole users that their current
water was better (clearer) than that from the previous source, namely, private borehole
water. The E. coli and total coliform concentrations in the protected dug wells, as well as
in private boreholes, were significantly higher than those in KOTAKU. This is probably
because the protected dug wells and private boreholes are shallow wells and are affected
by unsafely managed sanitation facilities, such as latrines and septic tanks [52]. The high
density of the population in slum areas makes it difficult to provide tube wells with a
safe distance from septic tanks. The reason that E. coli contamination is also found in the
deeper boreholes (communal borehole and KOTAKU borehole) is probably because of
improper construction of the well, pipeline leakage, and defects at the end point [53,54].
Moreover, our results reveal that the microbial concentration at household storage was
much higher than that in its sources (KOTAKU boreholes). The contamination probably
occurred due to not cleaning the storage containers and using open containers as a storage at
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the households [55]. Therefore, the intermittent water supply in the study area accelerated
microbial contamination.

The problem of a high iron concentration in groundwater has been reported in Ban-
dung City because of the geological conditions [56]. Our study also found the problem
in the KOTAKU boreholes, private boreholes, communal boreholes, and protected dug
wells. A high concentration of iron generates odor and yellowish water, which resulted in
dissatisfaction with the water quality in our study. Although the iron concentration in the
KOTAKU boreholes was significantly lower than that in the private boreholes (previous
main water source of the current KOTAKU borehole users), some KOTAKU boreholes had
a higher iron concentration than the guidelines. This finding shows the necessity of not only
providing KOTAKU boreholes, but also water quality checks before supplying water from
KOTAKU boreholes. For the supply of better quality water, especially considering the high
iron concentration and microbial contamination, installing simple water treatments, such
as oxidation/filtration, rapid sand filtration, and chlorination, is one of the solutions [57] in
addition to water quality checks in advance and periodic monitoring.

5. Conclusions

This study evaluated a slum upgrading program, the KOTAKU program, for the
improvement of water supply in a slum by investigating actual water consumption, water
quality, expenditure for water, and household satisfaction with the water supply. The
majority of the KOTAKU borehole users were satisfied with the water supply in terms of
both water quantity and quality. This is also indicated by the fact that KOTAKU boreholes
replaced the use of the bottled water and vended water for cooking and drinking purposes
in some of the households. However, this study revealed the limitations of the water supply
in the program.

The borehole water, including the KOTAKU boreholes, had a high iron concentration,
exceeding the drinking water guidelines. Microbial contamination was found in all water
sources, even in the chlorinated public water supply (PDAM). Although the concentrations
of iron, E. coli, and total coliform in the samples of the KOTAKU borehole were significantly
lower than those of the previous most common water source, providing safe water is still a
big challenge.

The average water consumption in KOTAKU borehole users (130 LPCD) was compara-
ble to that in the other source users (134 LPCD) and much higher than the target (60 LPCD)
in the program. However, there were still a few KOTAKU borehole users that gained less
water than the target or who spend a lot of money to obtain enough water due to the highly
intermittent water supply caused by insufficient water at the source and the operation
and maintenance costs. It was found that such a highly intermittent water supply was the
reason for household dissatisfaction with the water quantity rather than the amount of
consumption and also caused water quality deterioration due to unsafe storage.

The slum upgrading program contributed to increasing access to a better water sup-
ply in the study area. However, the evaluation of the upgrading based on the number
of households served with the infrastructure can easily miss the important aspects for
households, namely, continuous water supply and water quality. Given that other slum
upgrading programs also focus on only providing water supply infrastructure, those same
issues could be observed. To improve the intermittent water supply in the study area, the
supply should be estimated based on the availability of the water source and the number
of households connecting to one KOTAKU borehole. In addition, the financial capacity of a
community, especially a small community with a very low tariff, to manage the supply must
be considered for a sustainable water supply. Installing a water meter can be one solution
to improve their financial status. The improvement of the intermittent supply can make it
easy to promote effective water use, resulting in a further improvement of the intermittent
supply. To ensure safe water, water treatment installations and periodic monitoring of the
water quality should be carried out. The improvement of water continuity and quality will
lead more households to shift their drinking and cooking water from bottled water and
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vended water to other sources, such as KOTAKU boreholes, resulting in the households
saving water expenditure costs. To achieve not only slum upgrading, but also the SDG 6,
these issues should be addressed in future projects.
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Appendix A

Table A1. Water tariff of different water sources in the study area.

Water Source
Tariff (IDR)

Meter Flat

PDAM

based on category, for this study:
IDR 2000/m3 (0–10 m3), IDR

3600/m3 (11–20 m3), IDR 5700/m3

(21–30 m3), IDR 8800 (>30 m3)
KOTAKU borehole IDR 4000–IDR 5000/m3 IDR 20,000–100,000/month

Communal borehole IDR 4000–IDR 5000/m3 IDR 50,000/month
Spring water IDR 7000/m3 IDR 30,000–50,000/month

Private borehole Free of charge
Protected dug well Free of charge

IDR 1000 = USD 0.0675 (as of 27 June 2022). The flat tariff of each KOTAKU borehole was decided by
each community.

https://doi.org/10.6084/m9.figshare.20445915.v7
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Table A1. Water tariff of different water sources in the study area. 
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Figure A1. Samples of water sources available in study area: (a) communal borehole, (b) protected
dug well, and (c) KOTAKU borehole.
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