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Abstract
The Indonesian Ministry of Environment in 2014 released study results that 60-70% of rivers in Indonesia 
have been polluted by domestic wastewater, which is not treated properly. Improper and inadequate 
wastewater treatment not only pollutes water resources and damages ecosystems, but can also pose a 
significant public health risk. The development of spontaneous settlements in urban kampong makes 
the environmental quality within the settlements getting worse and many people consider that the 
area of urban kampong is not habitable. The efforts to treat wastewater before being discharged into 
water bodies are very important. The study of “vertical constructed wetland” model using water plants 
which are also ornamental plants can be considered as an alternative system for household wastewater 
treatment in kampong settlements.  The objective of the research is to develop an alternative model 
of wastewater treatment that can overcome the obstacles of implementing a wastewater treatment 
system in terms of cost and availability land. The result shows that the removal efficiency of BOD, 
phosphate and total coliform are 71.64%, 50,92% and 99.67% respectively. Since the research is still 
being conducted on a laboratory scale, the further study must be developed with real case studies in low 
income community settlements in Kampung Kota. Additionally, this research can give suggestions to 
local government an alternative policy to implement domestic waste water treatment plan in a densely 
populated settlement along the riverbank in the city.  
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INTRODUCTION 
A city certainly experiences problems 

due to the rapid population growth which 
has an impact on aspects of life, especially 
with regard to settlements. Since 2007, more 
than half the world’s population has lived 
in cities, and by 2030 the population in the 
region is projected to increase to 60 percent. 
UN demographers estimate that Asia and 
the Pacific dominated the city for the first 
time in history, because in 2019 more than 50 
percent of the population lives in cities. The 
urban population in the region exceeds 2.3 
billion, comprising 54 percent of all urban ar-
eas on the planet. By 2030 the population of 
cities in the region is expected to increase to 

more than 2.8 billion and by 2050 it will reach 
almost 3.5 billion (See Figure 1,) [1]   Urban 
growth automatically influences the spatial 
development within the city, including the 
spatial form of spontaneous settlements in-
habited by low-income people. Spontaneous 
settlements are also called low-income settle-
ments which generally have minimal infra-
structure facilities. [2]  

The densely populated urban areas gen-
erally develop into low-income residential 
areas with very minimum infrastructure fa-
cilities. The settlement of low-income com-
munities usually develops into densely pop-
ulated slum areas

Figure 1. 
 Projected urban population in Asia and the Pacific, 2019 to 2050

Source: United Nation. The Future of Asian & Pacific Cities.
ESCAP and UN-Habitat, 2019

Slum area is a condition of residential 
environment with a very unsuitable qual-
ity and has characteristics such as very high 
building density in a limited area, prone to 
social and environmental ailments, as well 
as very low quality of buildings, not serv-
ing adequate environmental infrastructure 
and endangering the lives and livelihoods of 
its inhabitants. [3]   Many cities in Indonesia 
are crossed by rivers and the riverbanks are 
crowded with the settlements of low-income 
community usually called slum areas. The 
Indonesian Ministry of Environment in 2014 
released study results that 60-70% of rivers 
in Indonesia have been polluted by domestic 
wastewater, which is not treated properly.

Sari et al. (2018) said that tap water dis-
tribution was poor in the slum area. Most of 
the dug wells and half of refill bottled water 
were contaminated. Estimated highest annu-
al risk of infection due to fecal contamination 
would be caused by dug well and spring wa-
ter since majority of the households did not 
use septic tank and disposed human waste 
directly to the river. [4] In addition, Surya B. 
et al. (2020) through their study in Makassar 
city found that slum settlements in water-
sheds and coastal areas as well as inadequate 
support for infrastructure services resulted 
in excessive groundwater use, soil pollution, 
and surface water quality pollution.[5]
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Constructed Wetland can be an alter-
native solution to the problem. Waste wa-
ter treatment with the constructed wetland 
is very suitable to be implemented in  low-
income housing areas, because of the pro-
viding materials, the effectiveness, the com-
patibility of the work system and the low 
operational costs. Its  technology is natural, 
making its own advantages for the system 
that mimics the concept of natural wetlands. 
Besides, conventional wastewater treatment 
systems generally require energy and main-
tenance of mechanical components that need 
huge investments and high operational costs. 
Experiences show that wastewater treat-
ment systems that exist in most developing 
countries fail to treat wastewater adequately. 
Some reasons for the failure of the system are 
due to high maintenance costs, lack of local 
experts and the poor governance. Compared 
to the conventional wastewater treatment 
systems, the wetlands can be built at a low 
cost, are easy to operate and maintain, so it is 
a good consideration to be applied in devel-
oping countries and to be one of the solutions 
to treat many types of liquid waste before be-
ing discharged into water bodies.[6]  

The objectives of this study are to de-
velop a waste treatment model that can over-
come the obstacles of implementing a waste 
treatment system in terms of cost and avail-
ability land, and to test out whether the verti-
cal constructed wetland system model using 
ornamental plants can be used as an alterna-
tive treatment for household wastewater.

In addition, the benefits of this study are 
to develop an alternative form of domestic 
wastewater treatment that is simple, does not 
require large costs, easy to operate but still can 
improve the quality of the wastewater and can 
be applied to urban village settlements.

DISCUSSION OF BASIC THEORIES
It is estimated that more than 1 billion 

people live in slum areas or live in inadequate 
housing. Slums are a physical reflection of the 
poverty and inequality of people living in a city. 
In developing and developed countries, urban 
housing, whether for rent or ownership, is be-

coming increasingly unaffordable. Many cities 
have inadequate housing blocks  and within 
the city homelessness is also growing. In some 
countries, young people continue to live with 
their parents for longer because they cannot af-
ford to buy independent homes [1]

Based on the City without Slums Pro-
gram (KOTAKU), to find out about the slums, 
there are 7 criteria plus one about the avail-
ability of green open space. The seven crite-
ria are: building conditions, road conditions, 
environmental drainage conditions, drinking 
water supply conditions, sewage treatment 
conditions, solid waste management, fire 
safety conditions, and availability of green 
open space. One important aspect to deal with 
slums is dealing with household wastewater 
or commonly referred to as domestic waste-
water. Wastewater treatment methods consist 
of several types, in general the processes used 
are physical, chemical, biological and a com-
bination of the three to increase the efficiency 
of the waste treatment process. The process of 
treating wastewater with the activity of micro-
organisms is called a biological process. [7]   

The wetland component in the research 
design can begin to be considered using orna-
mental plants in its treatment system to dis-
play aesthetic factors in the waste treatment 
design. There are some ornamental plants 
that can grow in an environment such as 
wetland that is always characterized by the 
presence of water in the system. The quality 
of household waste that has gone through a 
bioremediation process by simulating water 
plants, generally meets the requirements for 
release to the environment, both in terms of 
physical and chemical quality, as well as mi-
crobiological quality.[8]  

Constructed Wetland  (CW)
Constructed wetlands are treatment 

technologies designed to mimic the processes 
found in natural wetland ecosystems, built at 
a low cost, biologically treated wastewater. 
This CW system is now being implemented as 
a potential wastewater treatment alternative or 
can also be applied as an additional system for 
wastewater treatment. Today, CW is an innova-
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tive solution that promises to be implemented 
as a low-cost wastewater treatment system and 
is a sustainable treatment system to protect the 
environment that can be developed in many 
countries. CW has been used successfully to re-
duce environmental pollution by removing the 
content of various pollutants from wastewater 
such as organic compounds, suspended solids, 
pathogens, metals and nutrients. [9]  

CW is a man-made wetland that takes 
advantage of the same principles as natural 
wetlands but in a more controlled environ-
ment. Currently there are many CW sys-
tems and natural wetland systems used for 
wastewater treatment [10] Plant species that 
can adapt and grow in the wetland system 
environment are plants that are able to adapt 
to environmental conditions that are always 
characterized by stagnant water conditions 
because they have intercellular tissue (aer-
enchym). This type of plant can bind oxygen 

from the air which will then be released in 
the rhizosphere. Roots of water weed plants 
are able to release oxygen to the rhizosphere 
so that it can support the process of nitrifica-
tion, precipitation of Fe and Mn as well as the 
oxidation process of toxic compounds [11] 

RESEARCH METHODE
This research method is motivated by 

the many dense low income community set-
tlements that develop on the river banks. As 
has been discussed above that the slums of 
urban kampongs that develop on the banks 
of the river have limited land and the waste 
that is produced without being treated is di-
rectly thrown into the river. 

Based on the conditions of the slums, the 
marginal people need a low-cost wastewa-
ter treatment. An alternative, a Constructed 
Wetland is to be developed. The operation 
cost is inexpensive and how to operate it is 
not too difficult. 

Figure 2.  
Diagram of Possibility Study of Implementing Vertical Constructed  

Wetland for d
domestic wastewater treatments  in urban Kampong

Source:  Private Documentation
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As mentioned by Gkika et al. (2014), 
through their research about construction 
and operation costs of constructed wetlands, 
it shows that the construction and operation 
costs are respectively comparable and sig-
nificantly lower than the corresponding costs 
of conventional facilities. The cost of CW 
wastewater treatment facilities comprises 
two parts namely capital cost and operation 
cost. The capital cost refers to the cost of the 
land needed for the installation of the facility, 
the construction cost, and engineer and con-
tractor fees. .[12] While from cost analysis of 
constructed wetland pilot scale unit, Thiyagu 
and Vijayanand (2015) concluded also that 
constructed wetland is cost effective than 
conventional treatment plan. [10]  

The problem is that the CW system usu-
ally requires a fairly large area of land, while 
in the slums area it is very difficult to get a 
large area for waste treatment. To meet the 
needs of domestic waste treatment is con-
sidered to modify the CW into Vertical Con-
structed Wetland, so that it can be used to 
treat domestic waste in low-income densely 
populated settlements in urban kampong 
(See Figure 2)  This research was conducted 
on a laboratory scale using domestic waste 
from the Duta Wacana Christian University 
campus. It is expected that with the study 
of the possibility of implementing Vertical 
Constructed Wetland, a wastewater treat-
ment solution for dense settlements with 
limited land can be carried out properly.The 
research methods carried out in detail can be 
explained as follows:

Place of the Research
The research was conducted at the Bio-

technology laboratory - the Faculty of Bio-
technology -  Duta Wacana Christian Univer-
sity

How to Conduct Research
Research Design 

This research is an experimental work, 
by giving treatment to samples passing into 
the CW system consisting of media: sand, 
gravel and small stones combined with orna-

mental plants: ornamental bananas (Heliconia 
psittacorum). 

In this study the media used as a buffer 
media and grow ornamental plants are con-
sisted of gravels with a diameter of ± 7 cm, 
gravel with a diameter of ± 3 cm, and small 
gravel with a diameter of ± 0.5-1 cm and pad-
dy field soil with a ratio of 3: 2: 3: 1 (see figure 
3), adjusted for reactor volume, with HRT of 
3 days. The concept of flow in the system is 
the subsurface flow (SSF).

Procedure
The experiment was carried out by op-

erating the wetland reactor filled with media 
arranged from the bottom up consisting of 
gravel with a diameter of 7 cm, 3 cm, and 0.5-
1 cm, then the top layer consisting of soil of 
rice fields. On the top is planted with orna-
mental bananas (Heliconia psittacorum)

Figure 3.  
Design of CW using ornamental plants

The wastewater used comes from 
wastewater in the infiltration well, Agape 
building at Duta Wacana Christian Uni-
versity representing domestic wastewater 
consisting of black water and gray water. 
Waste water flow is regulated so that a stay 
time of 3 days is reached. 

The parameters observed and measured 
as characteristics of wastewater entering and 
leaving the system include: BOD, Phospate 
and Total Coliform.
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RESULT OF THE REASERCH
The measurement results of several pa-

rameters in “vertical constructed wetland” 

with laboratory scale can be seen in Table 1 
below. 

In treatment 1 the system without plants 
is considered as control and in treatment 2 is 
a “vertical constructed wetland” system us-
ing ornamental plants Heliconia psittacorum. 
Furthermore, the inlet from the Duta Wacana 
Christian University infiltration well is re-
ferred to influent, while the outlet from treat-
ment 1 is called effluent I and the outlet from 
treatment 2 is called effluent II. 

DO values indicate the amount of dis-
solved oxygen in the system. DO values 
greatly affect the processes that occur in 
waste treatment. If the DO value is too low 
then the activity of bacteria, especially aero-
bic bacteria, will have difficulty in degrading 
the organic compounds in the waste.

The dissolved oxygen value in effluent I 
and II has increased compared to the DO val-
ue of the influent. Based on these data it can 
be said that the constructed wetland system 
can increase the dissolved oxygen content 

by utilizing the photosynthesis process. By 
utilizing the lighting factor in this case sun-
light, it proves that the wetland system has 
the advantage of a system that is considered 
as a low-cost waste treatment system. This 
system does not require expenses for energy 
supply except to use sunlight to increase the 
dissolved oxygen content in the system.

In the control treatment without plants 
showed an increase in dissolved oxygen con-
tent which is quite high as well, this can be 
made possible because of the presence of 
microorganisms that can carry out photosyn-
thesis and produce oxygen, indicated by the 
number of biofilm attached to the walls of the 
system.

The dissolved oxygen value in treatment 
2 shows lower results than in treatment 1, 
the control , which is a without plant system 
(see Figure 4). It can be understood because 
the possibility of dissolved oxygen has been 
used by microorganisms to carry out the pro-

Table 1.  
The average measurement results of some measured parameters  

and their removal efficiency
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cess of degradation of organic material using 
oxygen.

The measured parameters show that the 
BOD value has decreased. The greatest effi-
ciency of BOD reduction in treatment 1, the 
treatment of using Heliconia psittacorum. In 
the control system shows also the decreas-
ing of BOD, although the removal efficiency 
was very small. This can be understood and 
explained because in the control treatment 
there are also microorganisms that can carry 
out degradation process (See table 1.) 

Plants play a role in the supply of oxy-
gen which in principle occurs due to the 
process of photosynthesis. Oxygen will flow 
to the roots of plants through the stem after 
diffusing through the pores of the leaves to 
form a rizosphere zone that is rich in oxygen 
throughout the root surface [13]  

The release of oxygen by the roots of 
plants causes the water or the media around 
the root hair to have higher dissolved oxy-
gen, thus allowing it to be a micro habitat for 
aerobic microorganisms to decompose or-
ganic matter. This can be seen by the removal 
efficiency of organic parameters. 

The removal efficiency of phosphate 
content becomes the smallest value com-
pared to the efficiency of decreasing the 
value of other parameters, but overall shows 
a process that results in reduced phosphate 
content after the waste is passed through 

the “vertical constructed wetland” system. 
Rhizophera microorganisms attached to the 
roots of aquatic plants can convert organic 
phosphates into orthophospates. Phosphate 
is needed by aquatic plants for photosynthe-
sis, respiration, transfer and energy storage, 
so that phosphate absorption can occur quite 
a lot in the form of orthophospate.

The result also shows the decrease in the 
total number of coliform in all effluents com-
pared to the amount in influents.  Geen (2015) 
states that the main process involved in re-
moving pathogens is the sedimentation pro-
cess. This conclusion supports the results of 
observations which show a decrease in total 
coliform in all treatments both using plants 
and without plants. All treatments allow the 
sedimentation process to take place.[14] 

Effluent of the system by using plants 
shows a greater reduction in efficiency com-
pared to systems without plants. This shows 
the filtering process as another process that 
can occur in a “vertical constructed wetland” 
system. This screening process can occur not 
only in the wetland system media but also 
through the plant root structure. [15] 

In Vymazal (2008) explained that the 
wetland system offers a combination of phys-
ical, chemical and biological factors that are 
suitable for eliminating pathogenic organ-
isms. Physical factors include filtration mech-
anisms, exposure to ultraviolet radiation and 

Figure 4.  
The histogram of the increase in DO value
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sedimentation. [16] Chemical factors include 
oxidation and exposure to biocides which are 
excreted by some wetland plants. Biological 
removal mechanisms include antibiosis, pre-
dation by nematodes and protists, bacterial 
attack or natural death. 

CONCLUSION
After finishing all discussions in previ-

ous, some conclusions can be seen as follows: 
“Vertical constructed wetland” model can be 
used as a domestic waste treatment system. 
All measured parameters in the effluent have 
decreased compared to the effluent waste-
water, resulting in an improvement in the ef-
fluent quality of the effluent after the waste 
has passed through the “vertical constructed 
Wetland” system. The removal efficiency of 
BOD, phosphate and total coliform values 
respectively by 71.64%; 50.92% and 99.67%. 
The efficiency is greater than that of the con-
trol. The application of Vertical Constructed 
Wetland model is quite ideal, if it is imple-
mented for the treatment of domestic waste-
water in low-income community settlements 
in urban kampongs. Because this research is 
still being conducted on a laboratory scale, 
this study must be further developed with 
real case studies in low-income community 
settlements in Urban Kampung.

Due to conclusions above, the result of 
this research can give recommendations such 
as: Developing other research activities in the 
future about vertical Constructed Wetland 
which use other materials and vegetation as 
well as upscaling the laboratory scale. The 
local government can implement a policy to 
implement Vertical Constructed Wetland in 
densely populated low income settlements 
along the riverbanks within the city.
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