






































The	  3rd	  AUN/SEED-‐NET	  Regional	  Conference	  on	  Global	  Environment	  (AUN/SEED-‐Net_RCGE	  2011)	  
Kuala	  Lumpur,	  Malaysia,	  21st-‐22nd	  February	  2011	  	  
	  	  
	  

1	  
	  

Analysis of Water Supply and Sanitation Infrastructure Condition  
in Relation to the Water Pollution Level 

(Case Study: Bandung City) 
 
 

Tresna Dermawan Kunaefi1, Dwina Roosmini1*, Herto Dwi Ariesyady1*, and 
Nindia Karlina2 

1Environmental Management Technology Research Group, Faculty of Civil and 
Environmental Engineering, Institut Teknologi Bandung, Bandung, Indonesia. 

2 Department of Environmental Engineering, Faculty of Civil and Environmental 
Engineering, Institut Teknologi Bandung, Bandung, Indonesia 

*Corresponding author: Email: droosmini@bdg.centrin.net.id and herto@ftsl.itb.ac.id 
 
 
ABSTRACT 
Water supply and domestic wastewater infrastructures such as clean water supply, 
toilet, and wastewater disposal facilities are significantly required especially in the 
urban environment. Availability of clean water supply and appropriate sanitation 
facilities would influence environmental pollution level. Bandung City as one of the 
big city in Indonesia still meets the lack of these facilities. This study was aimed to 
describe the relation of water supply and sanitation facilities accessibility rate of 
Bandung citizen to the extent of water deterioration level in the area. Water source 
mostly used were tap water, hand pump well, and dug well. The tap water is a water 
source having the lowest pollution level compared to other water sources. Generally, 
the accessibility rate of water supply, toilet, and wastewater disposal facilities were 
relatively adequate, with the percentages for water supply, toilet, and wastewater 
disposal facility were 78.21%, 67.08%, and 64.08%, respectively. Meanwhile, the 
percentages of infrastructure that have fulfilled the technical and health criteria was 
also relatively adequate with the percentages of 69.43%, 82.24% , and 84.83% for 
clean water supply, toilet, and wastewater disposal facility, respectively. However, 
there are still some districts having less water supply and sanitation accessibility level 
as compared to other districts, i.e. Cinambo, Buahbatu, and Bojongloa Kidul districts. 
This could be related to the social and economic factors. The water supply and 
domestic wastewater sanitation infrastructures that supposed to have adequate number 
in Bandung City, has not perform important contribution towards pollution level 
reduction in Citarum River due to poor wastewater management practices such as 
direct wastewater disposal to the river body by the communities.  
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1. INTRODUCTION 

Water supply and sanitation are the two most important and essential in domestic 
activities. The term of sanitation refers to the sanitation services and facilities of safe 
human defecation. Access to clean water and sanitation has always been to become 
one of the essential requirements that must be provided at the place of human 
habitation. Nevertheless, protecting precious water resources and the impact of 
pathogens from household waste that is harmful to health are often ignored. Sanitation 
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is primarily used for intervention the cycle of pathogens in order not to enter into the 
human body and keep the environmental sustainability (Jones and Silva, 2009). 

In the World Summit on Sustainable Development, Johannesburg, September 
2002, it has been declared the Millennium Development Goals (MDGs), which 
contain one of the agenda related to water supply and sanitation sectors. One of the 
goals was that at least half the population have gained access to clean water supply 
and sanitation facilities. Meanwhile, until the year 2000, the Indonesian population 
that has access to basic safe sanitation; toilets equipped with latrines or septic tanks, 
only reached 50.35% of the population, so that the remaining 49.65% did not obtain 
proper sanitation facilities. Citizens’ access to waste water infrastructure basically 
deals with aspects of health, environment, education and poverty (Abeysuriya et al., 
2007). 

In the handling of sanitation, not only hygiene factor must be considered but also 
problems of environmental pollution caused by domestic wastewater itself. Level of 
pollution caused by domestic wastewater can cause contamination of clean water 
supply access, which is consumed by the public. A great number of pollution level 
often found in the water bodies of urban areas with high population density. The 
problem is how to reduce pollution levels or at least maintain the existing water 
pollution condition in order not to become higher polluted, and the more important is 
to prevent the spread of waterborne diseases (diseases transmitted through water) to 
protect the public from health problems (Avvannavar et al., 2008). 

Bandung as one of the growing cities in Indonesia with a total population in 2008 
of 2.4 million has issues of water supply and sanitation infrastructure. The data 
obtained from Bandung City Health Department from 2007 until the year 2009 
showed that the accessibility of water supply and sanitation in the city of Bandung 
increased slightly responding the increase of the population density. In addition, the 
accessibility of water supply and adequate sanitation in Bandung City was not so 
evenly distributed to each district. There were some areas that have less percentage of 
water supply and sanitation accessibility level and dispose the wastewater directly into 
water bodies. It may result in the number of polluted rivers that are contributed 
towards the heavy pollution in Citarum River Basin with “D” status; heavily polluted 
status (Tjokronegoro, 2010). 

Therefore, it could be mentioned that the problems of water supply and sanitation 
infrastructure such as in Bandung City, still require special attention and priority. By 
improving the quality of infrastructures, there are direct and indirect benefits that 
could be gained. Improving water supply and sanitation infrastructure will have a 
direct impact on improving public health, reducing water pollution, and indirectly 
stimulating macroeconomic growth in an area. From these things, combined with 
good pollution control, would stimulate sustainable development in an area (Warner, 
1984). The analysis on the availability of water supply and sanitation infrastructures 
influences to the extent of water pollution reduction is indeed should be performed to 
evaluate and monitor the performances of wastewater management practices in this 
area. 
 
 
2. MATERIALS AND METHODS 

The purpose of this study was to evaluate the existing condition of water supply 
and domestic wastewater infrastructure in Bandung City and associate it to the actual 
water pollution. The methodology used in this study is shown in Figure 1. 
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         Figure 1. Methodology flow chart diagram 

 
Field Survey 

This field survey was intended to directly grasp the existing condition of water 
supply and sanitation infrastructure in Bandung City. In addition, the survey also 
aimed to observe the procedures and practices of collecting and recording the 
sanitation data conducted by sanitarian.  
 
Interviews 

Interviews were conducted to obtain additional information about water supply 
and sanitation conditions of Bandung City. Interviews were directed to the sanitarian, 
staff of Environmental Health Division of Health Department, and staff of Regional 
Water Company (PDAM) of Bandung City. 
 
Secondary Data Collection 

The collected data were water supply, toilet, and wastewater disposal facilities 
(SPAL) data in 30 districts in Bandung City from 2007 to 2009. This data were 
obtained from the Health Department and Regional Water Company (PDAM) of 
Bandung City. Data collected included water supply pollution level; low, medium, 
high, and very high pollution levels. These data were needed to determine the quality 
and quantity of water supply and domestic wastewater infrastructure in Bandung City. 

 

Survey Interviews 
Secondary data collection of existing water 

supply conditions and sanitation infrastructure in 
30 districts in Bandung City from 2007 to 2009 
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Calculation 
The data that has been collected were then subsequently calculated and analyzed. 

The calculation was performed to determine the level of accessibility of water supply 
and domestic wastewater sanitation facilities, the percentage of proper facilities, and 
the percentage of pollution risk levels.  

 
Correlation Analysis 

Correlation analysis was conducted to understand the relationship between water 
supply and sanitation infrastructure and water pollution level in some rivers in 
Bandung City which are tributaries of Citarum River. This correlation analysis was 
performed after evaluating the existing condition of water supply and sanitation 
infrastructures. 
 
 
3. RESULTS AND DISCUSSION 
 
Condition of Water Supply Infrastructure in Bandung City 

The accessibility rate of water supply infrastructure in Bandung City was adequate 
enough, that was more than 75% had access to clean water supply facilities. In 2007, 
the access to clean water supply in Bandung City was 74.61%, and then increased to 
78.08% in 2008. Small increase was then noted in 2009 to the percentage of 78.21%. 
From these data, it could be assumed that there have been some efforts conducted by 
relevant institution to improve the accessibility rate of society towards clean water 
supply facilities, such as by implementing monitoring and counseling to the public. 
Based on the calculation for each district, the accessibility of water supply facilities 
has been quite evenly distributed to all districts. Almost all regions had access to clean 
water supply facilities in more than 50%. There was only one area that still has access 
below 50% i.e. Bojongloa Kidul district by 41.04%. The accessibility of water supply 
facilities in 30 districts in Bandung can be seen in Figure 2. 

 
Figure 2. Percentage of accessibility rate of water supply facilities in Bandung City, 

2007-2009 
 

Water supply accessibility rate in Bandung City was 75% in average, in which 
73.86% (2008) and 69.43% (2009) of them have met the requirements of water supply 
facility criteria. These percentages indicated that more than 50% of the society already 
had access to suitable clean water supply. However, the percentage of accessibility 
rate of proper water supply facilities in Bandung has not been equitable for all 
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districts. There were three districts which have less percentage of qualified water 
supply accessibility rate, i.e. Panyileukan, Cinambo, and Buahbatu District by 
30.56%, 36.60%, and 37.25%, respectively. These small percentages of proper water 
supply facilities could be affected by a small amount of toilet and wastewater disposal 
facilities accessibility. Unhealthy sanitation of toilet and wastewater disposal facilities 
could pollute the water sources of society. Based on data obtained from Bandung 
Health Department, it was found that Cinambo District and Buahbatu District have 
small percentage of toilet facilities (Figure 5) and wastewater disposal facilities 
(Figure 6) accessibility rate. Thus, it could be mentioned that good and healthy water 
supply facilities is closely related to the availability of good and healthy toilet and 
wastewater disposal facilities too (Jowitt, 2009). 

In Figure 2, it could be noticed that there were some of the accessibility rates with 
more than 100%. These numbers were resulted because some families have two or 
more water supply facilities. There are several water supply facilities used by the 
people in Bandung, such as tap water, hand pump well, dug well, rain water collecting 
storage, packaging, and others. Most of the communities in Bandung City (about 
44%) use tap water as clean water source. There was no significant change of water 
supply facilities number from 2008 to 2009 (Health Department of Bandung City, 
2009). Tap water gives better water quality compared with others because it is 
accessed from the Regional Water Company (PDAM) through piping system. Besides 
tap water, hand pump well and dug well are the second and third of most widely water 
supply facilities used in the society, as shown in Figure 3. 

 
 

Figure 3. Water supply facilities in Bandung City, 2009 
  

Water supply facilities are risked from water pollution. Based on data obtained, 
the tap water was the water supply facility that has lowest level of pollution risk. This 
is because the tap water is accessed through the piping system that could reduce 
pollution better compared to hand pump well and dug well which are non-piping 
system. Besides, the tap water is provided by Regional Water Company (PDAM) 
which has been treated by water treatment process. Percentage level of pollution risk 
of water supply facilities can be seen in Figure 4. 
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Figure 4. Percentage of pollution risk of water supply facilities 

 
Condition of Toilet Infrastructure in Bandung City 

Toilet is a human defecation facility constructed to avoid direct contact between 
waste itself with human, animals and insects. Besides preventing unpleasant odor, one 
of the most important requirements for a healthy and good toilet is that the toilet does 
not cause water sources and surface soil pollution around the toilet (Avvannavar, 
2008).  

Based on data analysis, it was found that approximately 60% of Bandung City 
community had toilet in their household. In 2007, 60.01% of the population had toilet 
facility, afterward improved to 66.11% and 67.08% in 2008 and 2009, respectively. In 
general, the accessibility rate of toilet facilities in Bandung City has been spread in 30 
districts with the rate of almost above 50%. Figure 5 shows the percentage of toilet 
facility accessibility rate in Bandung City. 

 
Figure 5. Percentage of accessibility rate of toilet facility in Bandung City,  

                        2007-2009 
 
There were three districts which have smaller percentages compared with other 

regions, i.e. Cinambo, Bojongloa Kidul, and Buahbatu District by 20.24%, 35.6%, 
and 41.29%, respectively. This small percentage of toilet accessibility rate could be 
caused by low level of education, economy factors, and awareness of the community 
on the importance of toilet facility. For those who does not have toilet, they frequently 
use public toilet or defecate directly on water bodies leading to water pollution. It 
could be noticed from the Cinambo District and Buahbatu District which have a 
relatively small number of toilet facility, they have the smallest percentage of 
qualified water supply as well. Therefore it could be mentioned that the access to 
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healthy and good toilet facility has considerable influence on access to clean water 
supply that is used by the society (Jowitt et al., 2009).  

Of the approximately 60% of Bandung community with a toilet facility, 82.24% 
of them have toilet that have met the requirements. The proper toilet facility 
percentage was increased during 2007 and 2009 by the percentages of 78.29%, 
82.21%, and 82.24% in 2007, 2008, and 2009, respectively. There were 
approximately 32.92% of people who do not have toilet facilities. This means that 
numerous number of the population still defecate directly into rivers or water bodies. 
Society that defecate directly into water bodies are often found in slums with 
underdeveloped economies and low education level (Warner, 1984). However it is 
very unfortunate that these problems do not have accurate qualitative and quantitative 
data, while these data are needed as indicators of environmental pollution.  

Good toilets are equipped with storage and treatment facilities (Dep. of Public 
Works, 2005). Some of them are on-site system, e.g. latrine and septic tank, and off-
site system, such as conventional sewerage, shallow sewer, and small-bore sewer. The 
approximate number of wastewater treatment facilities in Bandung City is shown in 
Table 1. 

 
            Table 1. Wastewater treatment facilities in Bandung City 

(PDAM Bandung City, 2009) 
Treatment Facilities Total (Unit) 

Off-site system (house connection) 98,654 
Individual Septic Tank 200,000 
Communal Septic Tank 34 

                

Therefore it could be estimated that 60% of Bandung society have wastewater 
treatment facilities, while others are estimated to defecate directly into water bodies. 
However, the types of wastewater treatment facilities data should be collected 
accurately, whether latrine, septic tank, sewage systems, and others. It aims to 
determine the level of public access to adequate waste treatment facilities and 
pollution levels.  
 
Condition of Wastewater Disposal Facility Infrastructure in Bandung City 

Wastewater disposal facility is a channel flowing wastewater and then absorbed it 
into the absorption well or flowed to off-site treatment piping system. The 
accessibility rate of wastewater disposal facility in Bandung was more than 60%. In 
2007, the accessibility of wastewater disposal facility was about 57.80%, and then 
increased to 63.68% and 64.08% in 2008 and 2009, respectively. The percentage of 
accessibility rate of wastewater disposal facility in Bandung City is shown in Figure 
6. 
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Figure 6. Percentage of accessibility rate of wastewater disposal facility in Bandung 

City, 2007-2009  
 

There were five districts that have accessibility rate percentage below 50%. The 
districts were Cinambo, Bojongloa Kidul, Sumur Bandung, Bandung Kidul, and 
Buahbatu District by 15.28%, 38.18%, 38.18%, 39.24%, and 40.96%, respectively. Of 
this 60% of the wastewater disposal facility, 84.83% of them were accepted and met 
the requirements. Some of accepted criteria of wastewater disposal facility are: it does 
not pollute water sources with a minimum distance of 10 meters from water sources, it 
does not result in puddle of water, it does not have an unpleasant smell, it is closed, 
and it has infiltration medium into the soil (Dep. Public Works, 2005). However, 
based on the field survey and interviews with the sanitarian, the criteria applied for the 
evaluation of wastewater disposal facility to be categorized as a proper facility were 
just: closed, no odor, and no puddles. According to the sanitarian, if all the criteria 
used for the evaluation of wastewater disposal facility, then the number of proper 
wastewater disposal facility was just about 1-5%. Due to lack of land availability, 
some of the wastewater is flowed to the sewerage channel flowing to Bojongsoang 
Wastewater Treatment Plant (WWTP). However, there were some sewerage systems 
that flow the wastewater directly into water bodies and generate water pollution. 
However, the comprehensive data on this problem has not been available readily.  
 
Correlation Analysis between Access to Domestic Wastewater Infrastructure 
Facilities and Water Pollution Level in Citarum River 

Ideally, the appropriate general development must include the development of 
water supply and domestic wastewater infrastructure in a proper number and quality. 
Water supply and sanitation infrastructure in Bandung City in 2007-2009 has 
generally tended to increase (Figure 7). However, there was a slight decrease of the 
accessibility of proper water supply facilities of 4.43% (Figure 8). This condition was 
occurred because of accessible water source limitation due to significant water 
pollution in Bandung City area from domestic and industrial activities. 
 

 
 
 
 
 
 
 

Figure 7. The accesibility rate of water 
supply, toilets, and wastewater disposal 
facilities in Bandung City, 2007-2009              

 
Figure 8. Proper water supply toilets, and 
wastewater disposal  facilities in Bandung 
City, 2007-2009	  
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In terms of number, there has been an increase of water supply and domestic 

wastewater infrastructure in Bandung City. However, this infrastructure improvement 
has not been followed by appropriate wastewater treatment management. This fact 
was indicated by the presence of several polluted rivers in Bandung City, such as 
Cikapundung River, Citepus River, Cisangkuy River, Cibeureum River, and others 
which are tributaries of Citarum River. Heavy pollution that occurred in the Citarum 
River with “D” status (heavy polluted) mainly originated from domestic wastewater 
of Bandung City community activities (Tjokronegoro, 2010). Of the four regions of 
Bandung city, namely North Bandung, East Bandung, West Bandung, Central/South 
Bandung, only East Bandung, Central/South Bandung, and parts of North Bandung 
regions that have been served by sewerage system and flowed their domestic 
wastewater to Bojongsoang Wastewater Treatment Plant. Meanwhile, West Bandung 
which consists of five districts had a sewerage pipeline system, but the wastewater 
itself has not been treated in wastewater treatment plant but flowed directly into water 
bodies, namely Citepus River. The scheme of off-site wastewater management system 
in Bandung City is shown in Figure 9. 
 
 

 

 

 

 

       Figure 9. Scheme of off-site wastewater management system in Bandung City 

This problem is worsened by the lack of community awareness that many of them 
still disposed wastewater directly into the rivers. Disposal or defecation of excreta was 
acted directly over the trench that connects to the river or through the toilet that is 
connected to the piping system. This condition could affect the water supply facilities 
that are used by the population which may cause human health hazard. As the result, 
the water pollution in Bandung City increased the organic concentration (represented 
by BOD and COD values) in the Citarum River which have exceeded threshold values 
(Tjokronegoro, 2010). The water quality of Citarum River is shown in Table 2. 

 
         Table 2. Water quality of Citarum River, 2009 
                                  (PDAM Bandung City, 2009) 

Parameter Up Stream Down Stream 
pH 6.77 6.79 
Dissolved Oxygen (mg/L) 2.32 3.25 

Bandung  

City 

East Bandung, Central/South 

Bandung, & parts of North Bandung 

West Bandung 

Piping 

system 

Piping system 

Bojongsoang WWTP 

Citepus River 
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BOD (mg/L) 110 90 
COD (mg/L) 135 125 
Fecal Coliform (colony/100 mL) 177 x 105 7.5 x 107 

                 
Based on the water quality data of Citarum River, it can be seen that the values of 

BOD, COD, and fecal coliform have exceeded threshold value regulated in 
government regulation no. 82/2001. The threshold limited value of BOD, COD, and 
fecal coliform are 3 mg/L, 25 mg/L, and 5,000 colony/100mL, respectively. In this 
case, the domestic wastewater of Bandung City was the main contributor to the 
heavily pollution of Citarum River (Tjokronegoro, 2010). Domestic activities 
including in Bandung City contributed for about 55% of all water pollution loading in 
Citarum River. 
 Based on findings explained above, it can be concluded that the adequate and 
good infrastructure in Bandung City could not solve the pollution problems in water 
bodies because wastewater treatment management practices were inadequate. 
Therefore, the quality and quantity improvement of infrastructure condition must be 
in parallel with appropriate wastewater treatment management in order to reduce the 
pollution level in water bodies in Citarum River Basin. 
 
 
4. CONCLUSION 

The conclusions are drawn as follows: 
• Access to water supply, toilet, and wastewater disposal facilities in Bandung City 

was relatively good, however, the quality of these water supply and sanitation 
facilities were still inadequate in some districts. 

• The accessibility rate of sanitation facility in parallel with community awareness 
must be increased in order to avoid the defecation directly into water bodies to 
reduce the water pollution.  

• The improvement of sanitation data collection and evaluation system is indeed 
required to figure out the accurate and actual health status. 

• Recent development of water supply and domestic wastewater infrastructure in 
Bandung City has not provide big contribution towards pollution rate reduction in 
Citarum River because this development seemed not to be followed with proper 
wastewater treatment management practices. 
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