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Abstract. Domestic wastewater management is one indicator of sustainable 
development achievement. Belian Village in Batam City, Indonesia, needs to be 
evaluated because it has the potential to disrupt environmental conditions. The 
purpose of this research is to determine the current conditions and make 
recommendations for domestic wastewater management solutions in Belian Village, 
Batam City. This study was carried out through direct observation, documentation of 
activities, and literature searches. From 2014 to 2020, increased access to drinking 
water and sanitation in Batam City was measured. Despite the increase, it is still 
observed in Belian Village that wastewater is discharged directly into river bodies. The 
river's quality will deteriorate as a result of this. To mitigate the negative effects of 
these activities, communal processing solutions can be implemented. By considering 
operation and maintenance, an up-flow filter tank can be used for wastewater 
treatment. 
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1. Introduction 
Direct wastewater disposal without prior treatment will affect the community's quality of 
natural water sources [1,2]. Duriangkang Dam, the largest raw water source in Batam City, is 
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polluted by coliform bacteria [3]. Duriangkang Dam is included in the threshold that does not 
meet water quality standards as a source of drinking water which requires E. coli values below 
100 MPN/100 ml [3]. Coliform bacteria (E. coli) are microorganisms used as indicators to test 
for water contamination by feces [4]. Escherichia coli will become pathogenic if it moves from 
its usual habitat to other host parts. For example, if E. coli in the intestine enters the genital 
bladder can cause cystitis, which is an inflammation of the mucous membrane of the organ. 
The unique nature of E. coli is a parasite in the digestive tract of humans and warm-blooded 
animals. In humans, it sometimes causes enteritis, peritonitis, cystitis, and so on [5]. 

The existing condition of domestic wastewater management in the study area does not follow 
Batam City's domestic wastewater management [6,7]. The domestic wastewater 
management policy in Batam City uses a local treatment system (on-site sanitation system), 
which uses a septic tank in each house and is equipped with an infiltration field. The high price 
of land and the type of land in Batam City, which is difficult to absorb water, makes developers 
provide very limited house lots. This is one of the reasons why septic tanks in Batam City are 
not equipped with infiltration [3]. The absence of a catchment area causes domestic 
wastewater from the septic tank to be directly discharged into the drainage channel [8]. It 
pollutes the receiving water body, such as the condition of water bodies in the study area. As 
a result, the state of the receiving water body looks cloudy and black. This has become a 
significant problem in the study area and other big cities with high population density. 
Therefore, to prevent pollution, it is necessary to manage domestic wastewater. This study 
aims to evaluate the existing condition of domestic wastewater management in Belian Village, 
Batam City sub-district. 

2. Methods 
The location is intended to dig up information about problems in the community. In addition, 
a literature review is intended to obtain an overview of science and technology that is 
appropriate to be given to the community regarding solutions to existing problems. Belian is 
the name of a village located in the Batam City sub-district, Batam City, Riau Islands, Indonesia 
(see Figure 1). The area of this village is 14.60 km², with a population in 2020 of 71,484 people 
and a density of 4,896 people/km² [9]. 

The type of research in this thesis is field research with a qualitative descriptive method, 
namely analysis intended to describe a problem. The data collection method is a very urgent 
part of the research itself. This study's data collection procedures were questionnaires, 
observations, interviews, and documentation. The data collected must have specific 
characteristics/conditions to not deviate from the existing problem. 
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Figure 1. Study location [10]. 

3. Result and discussion 
Floods often occur in several densely populated residential areas, one of which is in the Batam 
City sub-district, Batam city. This can happen because of the high intensity of rain; the area is 
also a densely populated area and the existing drainage system on Jalan Raja Isa is still 
inadequate [11]. This flood usually always occurs every year, but this problem still cannot be 
solved. One of the efforts to overcome this flood disaster is the existence of a good drainage 
system, supported by the related planning aspects in it. The drainage system is a series of 
water structures that are used to reduce or remove excess water from a land so that the area 
can be used optimally [11]. Batam City development priorities and targets in 2018 in the 
context of implementing mandatory and optional affairs which are the authority of the Batam 
City Government number one are improving road infrastructure facilities and infrastructure, 
drainage, urban utilities, city cleanliness and flood control [12]. 

The rapid development of housing and shopping areas in Batam District has reduced the 
rainwater catchment area and caused puddles. In addition, the existing drainage channels 
have reduced effectiveness due to the disposal of garbage in the drainage channels, drainage 
channels also lack maintenance [13]. For example, the growth of weeds and the amount of 
garbage in the drainage canals hinders the flow of water when it rains. As a result, every rainy 
season, water from the drainage channel overflows, flooding the roads around the drainage 
canal. 

Due to human activities, water pollution changes conditions in a water reservoir such as lakes, 
rivers, oceans, and groundwater [14]. Lakes, rivers, oceans, and groundwater are an essential 
part of the human life cycle and are part of the hydrological cycle. In addition to also drain the 
water drain sediment and pollutants. Its various functions are beneficial for human life. The 
most significant use of lakes, rivers, oceans, and groundwater is for agricultural irrigation, raw 
material for drinking water, as a drainage channel for rainwater and wastewater, and has the 
potential as a tourist attraction [15]. 
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Based on statistical data from Belian Village, Batam City (Table 1), access to drinking water 
and sanitation has increased from 2014 to 2020. Access to safe drinking water and sanitation 
is essential in determining life expectancy in countries [16]. The results of development in 
drinking water and sanitation will influence the welfare of the population, especially from the 
health aspect [17]. The development of the water and sanitation sector affects health status 
because water and sanitation infrastructure are part of the factor in building life expectancy. 
Increasing access to proper water and sanitation at the individual, household, and community 
levels will reduce community-based diseases and contribute to increasing life expectancy. On 
the other hand, pollution of drinking water by wastewater and human waste (feces), which 
contains organisms that can cause disease, viruses, pathogenic bacteria, and so on, can spread 
quickly throughout the drinking water service network system and cause epidemics or 
epidemics outbreaks [18]. 

Table 1. Existing condition of access to drinking water and access to sanitation in Batam City 
Sub-district, Batam City [19,20]. 

Indicator (%) 20141 20151 20192 20202 

Floor area < 20 m2 13.01 7.1 7.9 9.2 

Floor area per capita < 7.2 m2 14.3 6.04 6.1 7.4 

Access to proper drinking water (%) 92.93 94.13 94.42 97.62 

Access to proper sanitation (%)  83.4 85.76 98.13 95.99 

The source of water pollution is primarily determined by the type of activity and the use of 
water resources by humans around the water. Water quality has decreased due to the entry 
of various wastes, both liquid, and solid waste, into the water flow. The level of river pollution 
can affect the capacity of the river. The higher the level of river pollution, it can reduce the 
river's capacity and even exceed the ability of the river. The natural ability of river water 
against pollution must be maintained to minimize the decline in river water quality [21]. Figure 
2 shows the condition of wastewater disposal at one of the study sites in Belian Village, Batam 
City. 

 

Figure 2. Existing condition of river 
management in the study area. 
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There are many activities around the river, one of which is domestic activities that can cause 
pollution and affect and reduce water quality. The increase in the discharge of domestic 
wastewater produced can cause an increase in the burden of domestic wastewater pollution 
so that it can reduce the quality of water in the river. Pollution of domestic wastewater can 
cause an increase in the composition of organic matter in rivers and increase the value of COD 
and BOD, which causes reduced oxygen in river water and reduces river water quality [22–24]. 
The high level of river pollution can reduce the river's capacity and even exceed the river's 
capacity. In addition, human activities around the riverbanks produce household wastewater 
directly discharged into drainage channels or rivers, which causes the quality of the river to be 
polluted. Countermeasures against domestic wastewater pollution can be done by building a 
Wastewater Treatment Plant (WWTP) so that wastewater from households can be treated 
first before flowing directly into water bodies [6,25]. The solutions offered to manage 
domestic wastewater can be seen in Figure 3. 

 

Figure 3. Problem and solution of wastewater treatment in study area. 
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The design and principles of waste management that can be used are management with an 
up-flow biofilter, which in general, the working principle of septic with an "up-flow" filter, is 
the same as an ordinary septic tank, which consists of a settling tank plus a filter filled with 
gravel. or crushed stone. Anaerobic bacteria carry out the decomposition of organic 
substances in wastewater or faces. The settling tank consists of two rooms, and the first is 
sludge digestion and a sludge collector. At the same time, the second chamber functions as 
second sediment and a reservoir for sludge that is not deposited in the first tank, and the 
overflow water from the settling basin is channelled into the filter media with the flow 
direction from top to bottom [26]. 

Planning a septic tank with an up-flow filter is preceded by drawing the physical environmental 
conditions in the yard and its surroundings, including the location of the up-flow filter and the 
final drain. So that what is observed and measured is the location of the land that will be used 
for a septic tank with up-flow filters. Measurements and observations include measuring land 
area, distance to the location of the lavatory at home, or the location where a new latrine will 
be built, soil conditions (hard, rocky, loose, clay, and so on). Distance to the nearest drinking 
water sources (dug wells, pipes, water reservoirs), including neighbours'. Condition and 
presence of drainage channels, ditches, or rivers around the house to drain water from the 
septic tank with an up-flow filter (distance, height difference with the selected septic tank 
area). The groundwater depth around the land is measured simply by measuring the water 
depth of the nearest well. The depth of groundwater will affect the construction method to 
be carried out. The difference in the height of the land with the house building, precisely with 
the location where the septic tank with up-flow filter is located or can be built.  

The recommended height difference is between the beginning of the flow - the end of the 
flow descending a minimum of 2. Then describe the house's condition where a septic tank is 
built with an up-flow filter, namely the position of the lavatory (front, back, left/right side). 
This path allows pipes to pass from the direction of the septic tank location because it will be 
related to the demolition of walls and floors. Pipelines are chosen with the minimum risk of 
floor/wall demolition. The best alternative paths are plotted in the location sketch drawing 
and selected with the minimum risk for the homeowner, both in terms of cost and 
convenience. 

Septic tank treatment process with up-flow filter ware we propose for sewerage treatment in 
Batam City. High removal rates of pollutant reflected the effectiveness of septic tanks with up-
flow filter [27–30]. 

1. Treated water from the septic tank flows through the inlet pipe to the bottom of the 
up-flow filter. The function of the inlet pipe to the bottom of the up-flow filter is as 
follows: 
a. Flowing wastewater directly to the bottom of the filter media to flow upwards 

through the filter media. 
b. Provides a push to the water under the filter media to flow upwards. 
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c. Reduce or prevent clogging of the filter media. The remaining mud particles carried 
by wastewater will settle to the bottom or bottom of the up-flow filter. 

2. There is a filter media in the up-flow filter from pieces of PVC pipe. 
3. The treated water will undergo a process of decomposition and further processing by 

bacteria attached to the filter media/material so that the quality of the wastewater 
can meet quality standards. 

4. The treated water from the up-flow filter will then be channeledchannelled to the 
environment or water body (drainage, river, lake, sea). 

Operation and maintenance of septic tanks with up-flow filters with the cultivation of 
decomposing bacteria [31–33], namely by: 

1. Perform a start-up process to cultivate bacteria in the septic tank and up-flow filter. 
Fill the septic tank with an up-flow filter with water and enter the bacteria according 
to the recommended dose on the packaging label. 

2. Bacterial cultures for start-ups can be purchased at stores that sell sanitary equipment, 
with various brands and packaging, such as EM4, start bio, bio2000, and so on. 

3. The septic tank can be used after the bacterial cultivation process is complete. 
4. The process of forming decomposing bacteria will be developed more quickly. 

 
4. Conclusions 
Domestic wastewater management in Batam City uses a local treatment system (on-site 
sanitation system), which uses a septic tank in each house and is equipped with an infiltration 
field. For example, in the Belian Village there is still a direct discharge of wastewater into river 
bodies. This will cause a decrease in the quality of the river body. Communal processing 
solutions can be implemented to avoid the negative impacts of these activities. Planning a 
septic tank integrated with up-flow filter is preceded by drawing the physical environmental 
conditions in the yard and its surroundings, including the location of the up-flow filter and the 
final drain. The recommendation system has removal rates of pollutant reflected the 
effectiveness of septic tanks with up-flow filter. This of course is also accompanied by the 
operation and maintenance of cultivation of decomposing bacteria. 

Referensi 
[1] Naidoo S, Olaniran AO. Treated Wastewater Effluent as a Source of Microbial Pollution 

of Surface Water Resources. Int J Environ Res Public Health 2013;11:249–70. 
https://doi.org/10.3390/ijerph110100249. 

[2] Suryawan IWK, Rahman A, Lim JW, Helmy Q. Environmental Impact of Municipal 
Wastewater Management Based on Analysis of Life Cycle Assessment in Denpasar City. 
Desalin Water Treat 2021;244:55–62. https://doi.org/10.5004/dwt.2021.27957. 

[3] Dicky M. Implikasi Perubahan Guna Lahan Terhadap Kualitas Air Baku Kota Batam. 
Universitas Diponegoro, 2008. 

[4] Wen X, Chen F, Lin Y, Zhu H, Yuan F, Kuang D, et al. Microbial Indicators and Their Use 
for Monitoring Drinkingwater Quality-A Review. Sustain 2020;12:1–14. 



 

 

A S Afifah et al., REGION: Jurnal Pembangunan Wilayah dan Perencanaan Partisipatif, Vol. 18(1) 2023, 295-303 

Received: March 13, 2022; Accepted: July 10, 2022; Available online: January 31, 2023 302 
Copyright © 2023, REGION: Jurnal Pembangunan Wilayah dan Perencanaan Partisipatif 

https://doi.org/10.3390/su12062249. 
[5] Halijah, Mutiah H, Syam NF. Anti-Bacterial Effectiveness Test of Basil Leaf Extract 

(Ocimum basilicum L.) Against Escherichia coli. J Biol Sci Educ 2021;3:38–46. 
[6] Adicita Y, Suryawan IWK, Apritama MR. Design of Centralized Wastewater Sewerage 

System in Small. J Community Based Environ Eng Manag 2020;4:15–24. 
[7] Hindrasari A, Halimatussadiah A. Households’ Awareness and Willingness to Pay for 

Domestic Wastewater Services: A Case of Batam City, Indonesia. J JUMKA 2022;2:67–
83. 

[8] Withers PJA, May L, Jarvie HP, Jordan P, Doody D, Foy RH, et al. Nutrient Emissions to 
Water from Septic Tank Systems in Rural Catchments: Uncertainties and Implications 
for Policy. Environ Sci Policy 2012;24:71–82. 
https://doi.org/10.1016/j.envsci.2012.07.023. 

[9] BPS Kota Batam. Kecamatan Batam Kota Dalam Angka 2020. BPS Kota Batam 2020. 
[10] Google Map 2021. https://www.google.com/maps/place/. 
[11] Fachri MR. Evaluasi Saluran Drainase pada Jalan Raja Isa, Kecamatan Batam Kota, Kota 

Batam, Kepulauan Riau. Universitas Islam Indonesia, 2020. 
[12] Pemerintah Daerah Kota Batam. Rencana Kerja Pemerintah Daerah Kota Batam Tahun 

2018 2018. 
[13] Pramana T. Evaluasi Kebutuhan Drainase di Kecamatan Batam Kota Berdasarkan Aspek 

Penggunaan Lahan. Universitas Pasundan, 2015. 
[14] Santika N, W DL. Water Pollution Analysis in Yogyakarta Special Region in 2019. J Int 

Conf Proc 2021;4:153–60. 
[15] Khalid Waleed AS, Kusuma PD, Setianingsih C. Monitoring and Classification System of 

River Water Pollution Conditions with Fuzzy Logic. 2019 IEEE Int. Conf. Ind. 4.0, Artif. 
Intell. Commun. Technol. IAICT 2019, 2019, p. 112–7. 
https://doi.org/10.1109/ICIAICT.2019.8784857. 

[16] Rahman MM, Rana R, Khanam R. Determinants of Life Expectancy in Most Polluted 
Countries: Exploring the Effect of Environmental Degradation. PLoS One 2022;17:1–27. 
https://doi.org/10.1371/journal.pone.0262802. 

[17] Sinharoy SS, Pittluck R, Clasen T. Review of drivers and barriers of water and sanitation 
policies for urban informal settlements in low-income and middle-income countries. 
Util Policy 2019;60:100957. https://doi.org/10.1016/j.jup.2019.100957. 

[18] Shanks OC, Korajkic A. Microbial Source Tracking: Characterization of Human Fecal 
Pollution in Environmental Waters with HF183 Quantitative Real-Time PCR. Elsevier 
Inc.; 2020. https://doi.org/10.1016/B978-0-12-815379-6.00006-4. 

[19] Pemerintah Daerah Kota Batam. Statistik Daerah Kota Batam 2015. Kota Batam: BPS 
Kota Batam; 2015. 

[20] Pemerintah Daerah Kota Batam. Statistik Daerah Kota Batam 2020. Kota Batam: BPS 
Kota Batam; 2020. 

[21] Dutta V, Dubey D, Kumar S. Cleaning the River Ganga: Impact of Lockdown on Water 
Quality and Future Implications on River Rejuvenation Strategies. Sci Total Environ 
2020;743. https://doi.org/10.1016/j.scitotenv.2020.140756. 

[22] Hasnaningrum H, Ridhosari B, Suryawan IWK. Planning Advanced Treatment of Tap 



 

 

A S Afifah et al., REGION: Jurnal Pembangunan Wilayah dan Perencanaan Partisipatif, Vol. 18(1) 2023, 295-303 

Received: March 13, 2022; Accepted: July 10, 2022; Available online: January 31, 2023 303 
Copyright © 2023, REGION: Jurnal Pembangunan Wilayah dan Perencanaan Partisipatif 

Water Consumption in Universitas Pertamina. J Tek Kim Dan Lingkung 2021;5:1–11. 
https://doi.org/10.33795/jtkl.v5i1.177. 

[23] Khansa P, Sofiyah ES, Suryawan IWK. Wastewater Reclamation Design from Sewerage 
System for Gardening Activity in Universitas Pertamina. J Nat Resour Environ Manag 
2021;11:685–95. https://doi.org/10.29244/jpsl.11.4.685-695. 

[24] Rahmalia I, Hilmi FM, Septiariva IY, Aryanto RTB, Handayani SD, Priutama YE, et al. 
Planning for Small-Scale Business (USK) Batik Wastewater Treatment Plant X 
Yogyakarta. J Presipitasi  Media Komun Dan Pengemb Tek Lingkung 2021;18:464–75. 
https://doi.org/10.14710/presipitasi.v18i3.464-475. 

[25] Jatmoko M, Risky Adinda A, Hadi Siregar F, Chairani Dalimunthe R, Mutiara Sari M, Koko 
Suryawan Pertama IW. Perencanaan Proses Pengolahan Lindi di TPA Nusa Lembongan 
dengan Menggunakan Kolam Stabilisasi. J Tek Pengair 2021;12:165–73. 
https://doi.org/10.21776/ub.pengairan.2021.012.02.08. 

[26] Rohana R, Umar F, Zulaeha S. Desain Perencanaan IPAL (Instalasi Pengolahan Air 
Limbah) Menggunakan Proses Biofilter “Up Flow” Rumah Sakit Pendidikan Unismuh. J 
Linears 2020;3:33–7. https://doi.org/10.26618/j-linears.v3i1.3222. 

[27] Arrubla JP, Cubillos JA, Ramírez CA, Arredondo JA, Arias CA, Paredes D. Pharmaceutical 
and Personal Care Products in Domestic Wastewater and Their Removal in Anaerobic 
Treatment Systems: Septic Tank – Up flow Anaerobic Filter. Ing e Investig 2016;36:70–
8. https://doi.org/10.15446/ing.investig.v36n1.53076. 

[28] Del Castillo AF, Garibay MV, Senés-Guerrero C, Yebra-Montes C, de Anda J, Gradilla-
Hernández MS. Mathematical Modeling of a Domestic Wastewater Treatment System 
Combining a Septic Tank, an Up Flow Anaerobic Filter, and a Constructed Wetland. 
Water (Switzerland) 2020;12:1–20. https://doi.org/10.3390/w12113019. 

[29] Singh RP, Kun W, Fu D. Designing Process and Operational Effect of Modified Septic 
Tank for the Pre-Treatment of Rural Domestic Sewage. J Environ Manage 2019;251. 
https://doi.org/10.1016/j.jenvman.2019.109552. 

[30] Anh NV, Ha TD, Nhue TH, Heinss U, Morel A, Moura M, et al. Decentralized Wastewater 
Treatment - New Concept and Technologies for Vietnamese Conditions. Sci Technol 
2002:24–6. 

[31] Anggraini N, Priadi CR, Herdiansyah H. Material and Life Service of the Septic Tank Have 
an Influence on the Biological Pollution of Groundwater (Case Study Kelurahan 
Pademangan Barat, North Jakarta). IOP Conf Ser Earth Environ Sci 2021;755. 
https://doi.org/10.1088/1755-1315/755/1/012069. 

[32] Suryawan IWK, Prajati G, Afifah AS, Apritama MR, Adicita Y. Continuous Piggery 
Wastewater Treatment With Anaerobic Baffled Reactor (Abr) By Bio-Activator Effective 
Microorganisms (Em4). Indones J Urban Environ Technol 2019;3:1–12. 
https://doi.org/10.25105/urbanenvirotech.v3i1.5095. 

[33] Suryawan IWK, Prajati G, Afifah AS, Apritama MR. NH3-N and COD Reduction in Endek 
(Balinese Textile) Wastewater by Activated Sludge under Different DO Condition with 
Ozone Pretreatment. Walailak J Sci Technol 2021;18:1–11. 
https://doi.org/10.48048/wjst.2021.9127. 

 


