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ABSTRACT
Air limbah domestik dari area kumuh menjadi salah satu penyebab pencemaran air sungai akibat dari 
kurangnya akses sanitasi. Di Kota Yogyakarta, area kumuh berada pada bantaran sungai Winongo, 
Code dan Gajahwong. Adanya perbaikan kawasan kumuh telah mengurangi luasannya dari 264.5 ha 
menjadi 114.72 ha dari 2016 ke 2020. Penelitian ini bertujuan untuk menghitung korelasi antara perbaikan 
kawasan kumuh dengan kualitas air sungai. Penelitian ini menggunakan 10 parameter kualitas air 
sungai dari tahun 2013 sampai 2021 diperoleh dari Pemerintah Kota Yogyakarta. Melalui uji Pearson 
Correlation Coefficient and Spearman Rank, ditemukan bahwa kepadatan penduduk mempunyai korelasi 
positif dengan Total Coliform dan Fecal Coliform (p<0.05). Rasio kawasan kumuh juga menunjukkan 
korelasi positif dengan BOD, COD, TSS, pH dan NH3-N (p<0.05). Jumlah Instalasi Pengolahan Air 
Limbah mempunyai korelasi positif dengan PO4-P (p= 0.037) dan jumlah sambungan rumah tangga 
ke instalasi pengolahan air limbah juga mempunyai korelasi positif dengan P04-P (p=0.028). Melalui uji 
Paired t-test dan Wilcoxon Signed-Rank test, terjadi penurunan yang signifikan pada BOD, COD, NH3-N, 
pH, dan TSS (p<0.05). Penelitian ini menyimpulkan bahwa perbaikan area kumuh telah menurunkan 
pencemar organik dan padatan terlarut, meskipun instalasi pengolahan air limbah tidak bekerja secara 
maksimal untuk menurunkan parameter PO4-P and Coliform, sehingga perlu ditingkatkan kinerjanya. 
Penelitian ini dapat menjadi masukan dalam peningkatan manajemen sungai dan perkotaan di kota 
Yogyakarta. 

Keywords: Pencemaran Sungai; Kualitas Air Sungai; Perbaikan Area Kumuh; Perencanaan Perkotaan; Air 
Limbah.

ABSTRACT
Due to a lack of proper sanitation services, the disposal of residential wastewater from slum areas 
has become one of the river pollution contributors. In Yogyakarta slums were concentrated along the 
riverbanks of the Winongo, Code and Gajahwong rivers. Due to slum upgrading, slums have declined 
from 264.5 ha to 114.72 ha between 2016 and 2020. This research aims to determine the correlation 
between slum upgrading and river water quality. The data was acquired from the Government of 
Yogyakarta City, Indonesia, and examined using ten water parameters from 2013 to 2021. Using Pearson 
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Correlation Coefficient and Spearman Rank, it 
was found that population density positively 
correlated with Total Coliform and Fecal Coliform 
(p<0.05). It was also seen that the slum ratio 
showed a positive correlation with BOD, COD, 
TSS, pH, and NH3-N (p<0.05). The number of 
WWTP had a positive correlation with PO4-P (p= 
0.037), whereas the number of connected houses 
to WWTP reported a positive correlation with 
P04-P (p=0.028). In addition, a significant decrease 
in BOD, COD, NH3-N, pH, and TSS were found 
using the Paired t-test and the Wilcoxon Signed-
Rank test. (p<0.05). Slum upgrading notably 
reduced organic pollutants and suspended 
solids. However, the performance of WWTP did 
not perform a maximal contribution to reducing 
PO4-P and Coliform; therefore, it is necessary to 
improve the performance. This study might be 
used to enhance the river and urban management 
in Yogyakarta City.

Keywords: River Pollution; River Water Quality; 
Slum Upgrading; Urban Planning; Wastewater.

INTRODUCTION
The UN estimates that by 2025, 68% of 

people will reside in urban areas, up from 
52% in 2012 [1]. Urbanization has harmed 
river water quality due to untreated industri-
al and domestic sewage [2]. Water pollution 
is a recent issue faced by many societies in 
the world. Water contamination arises from 
point and nonpoint sources [3], for example, 
urban runoff [4], agricultural [5], household 
sewage, and wastewater treatment plant 
(WWTP) as a sanitation infrastructure [6] 
[7], and industrial activities [8]. Domestic 
wastewater has become the largest pollutant 
source in urban areas in Indonesia, with only 
around 5% of sewage being safely disposed 
of while the rest was released into surface and 
groundwater [1]. The number of individuals 
connected to the sewage system has rapidly 
expanded since it was previously managed 
in septic tanks, resulting in nitrogen (N) and 
phosphorus (P) contamination. [9]. In addi-
tion, fecal and total Coliform has threatened 
river pollution [10] and public health [1]. 

In addition, the rapid rate of urbaniza-
tion in Indonesia also increases the number 
of slum areas in major cities. A shortage of 

sanitary facilities and infrastructure, includ-
ing safe water, sewage, drainage, and waste 
disposal, is a common problem in slum areas 
[11]. Slum upgrading was thought to be more 
successful in tackling slums than relocating 
slum dwellers, which can often generate 
more problems than it solves [12]. Slum up-
grading includes physical upgrading consist-
ing of organizing street networks and settle-
ments: building public service systems, and 
providing open space and facilities exposing 
the place’s physical beauty [13]. Due to a lack 
of waste infrastructure, the main issue with 
riverbank typologies is a lack of wastewa-
ter management [14]. In Yogyakarta, slums 
mainly were concentrated around three ma-
jor rivers, and there was a relationship be-
tween slums and disaster-prone areas [15].

Land use and the water quality of adja-
cent aquatic systems within a watershed are 
widely related [16]. The correlation between 
land-use patterns and river water quality has 
been widely studied [17][18][19] [20] and as-
sessed the river water quality using a water 
quality index [21] [22]. Yogyakarta City’s wa-
ter quality index (WQI), issued by the Yogya-
karta City Environmental Agency, showed a 
declining trend—meaning it became worse—
from 41.98 in 2019 [23] to 38.44 in 2021 [24]. 
It indicates that the river’s health has dete-
riorated and has become one of the strategic 
issues to address in city planning. However, 
Yogyakarta’s slum area declined from 264.9 
hectares in 2016 to 114.7 ha in 2020, along 
with WWTP’s development may possibly 
minimize environmental pollution in rivers. 
Slum upgrading might theoretically improve 
river water quality. However, there is yet a 
scarcity of research on the relationship be-
tween slums and river water quality. Slum 
residents may impact their environment due 
to a lack of basic facilities, resulting in con-
taminated soil, polluted air, and polluted 
streams [25] and presenting a severe chal-
lenge to urban development and planning 
[26]. 

This study aimed to identify the corre-
lation between river water quality response 
to slum upgrading in Yogyakarta City, Indo-
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nesia. Statistical analysis was utilized to ana-
lyze the correlation between water quality 
parameters and variables related to the slum 
upgrading: population density, slum ratio in 
the basin, number of WWTP, and the number 
of connected houses to WWTP. The pairwise 
test was used to find the different river water 
quality parameters before and after slum up-
grading. This research might enhance river 
and wastewater management in slum areas.

METHODS 
Study Area 

This research was conducted in Yogya-
karta City, Indonesia. It covers 32.5 Km² and 
is divided into 14 Districts and 45 Sub Dis-
tricts. It was inhabited by 376,324 people with 
an average density of 11,579 people/Km² 
[27]. The population growth rate constitutes 
-0.38 in the last decade. Yogyakarta is located 

between 110° 24’19”to 110° 28’ 53” longitude 
and 7°49’26” to 7°15’24” latitude. The dis-
tance from north to south is approximately 
7.5 kilometers, while the distance from west 
to east is about 5.6 kilometers.

Yogyakarta is a lowland city with typi-
cal monsoon rainfall with two seasons: rainy 
and dry season. The average annual rainfall 
intensity is around 2000 mm [27]. The aver-
age humidity is relatively high, the highest 
in January and March (88%) and the lowest 
in September (77%). The average air pres-
sure is 995.61 millibars, and the average air 
temperature is 26.26 °C. The topography of 
Yogyakarta City is relatively flat, with an el-
evation of 75-132m of mean sea level. Almost 
88.94% of the Yogyakarta City area is 0-2°. 
Furthermore, 9.64% are on a 2-15°, and 1.09% 
are on a slope of 15-40°. The remaining 0.34% 
are on a slope above 40°, mainly located on 
riverbanks.

Figure 1. 
River Water Quality Monitoring Point in Yogyakarta City 

(W: Winongo, C: Code, G: Gajahwong)
Source: Author Analysis (2022)

Three river passes through the city from 
the north to the south. The rivers are the Wi-
nongo River in western Yogyakarta City. The 
Code River is in the middle, and the Gajah-

wong River flows on the eastern side. The 
rivers stretch upstream at Mount Merapi 
(Special Region of Yogyakarta Province and 
Central Java Province), Indonesia. Its down-
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stream is in Bantul Regency, finally dis-
charging into the Southern-Java Sea. Figure 
1 shows that there are 23 monitoring points 
from 2013 to 2021. Winongo (W) and Code 
(C) River has eight monitoring points, while 
Gajahwong (G) has seven monitoring points. 
The parameters of the river’s water quality 
were acquired from the monitoring points.

Data and Materials
Initially, the water quality data were ob-

tained from the water quality report by the 
Environment Agency of Yogyakarta City 
from 2013 to 2021. There were ten param-
eters used in the analysis. Not all data was 
obtained in the 2013-2021 period. For exam-
ple, Fecal and Total Coliform and PO4-P data 
were only available in 2019-2021. 

Digital Elevation Model (DEM) was 
used to calculate and delineate the river ba-
sin. This processing used SRTM30 obtained 
from https://earthdata.nasa.gov/ with a 
spatial resolution of 30 m. The basin delinea-
tion used ArcGIS 10.4.1 to utilize hydrologi-
cal tools, including flow direction and accu-
mulation [28]few studies have investigated 
the simultaneous effects of macro-scale pa-
rameters (MSPs. 
a.	 Population Density
	 The population density was calculated by 

dividing the total population in a sub-basin 
by the sub-basin area. The population data 
was then divided into two data periods. 
The first period’s data was the average 
population from 2013 to 2016, while the 
second period’s data was the average 
population from 2019 to 2021. The highest 
population density is seen in the Winongo 
River basin at W5 and W6 (Fig.2). Likewise, 
there is no substantial change in population 
density between the two data periods, 
except for a slight shift in G3 and G4.

b.	 Slums
	 The first slum status was formed in 2016, 

according to the Mayor of Yogyakarta 
City’s Decision No. 216 of 2016, 
addressing the establishment of slum 
regions in Yogyakarta City. According 
to this regulation, Yogyakarta City has 

approximately 264.9 hectares of slums. 
Eventually, the Mayor of Yogyakarta City 
issued Decree No. 158 of 2021 on slums in 
2020. It was noted that the number of slums 
decreased to 114.7 ha. Figure 3 presents the 
slum status in both periods. 

c.	 Number of WWTP and Connected Houses to 
WWTP

	 This variable shows the number of WWTP 
and the number of connected houses to 
WWTP in the sub-basins (Figure 4). The 
WWTP was built on the riverbanks to 
reduce environmental pollution from 
domestic wastewater. In Yogyakarta, there 
are three types of WWTP: on-site WWTP 
(commonly using a septic tank), which 
served 1–5 households; community-based, 
which served 50–150 families; and off-site, 
which served more than 500 households [29]
treatment and recovery systems. Therefore 
a technical and financial feasibility analysis 
of these systems was performed using 
Indonesia as an example. COD, BOD, 
nitrogen, phosphorus and pathogen 
removal efficiencies, energy requirements, 
sludge production, land use and resource 
recovery potential (phosphorus, energy, 
duckweed, compost, water. In Period 1, 
we assumed that WWTP built between 
the early 2000s and 2016 would be used as 
initial data. The earlier WWTPs were built 
before slum upgrading. In addition, the 
number of connections explicitly represents 
the number of houses connected to WWTP. 
The designs were primarily anaerobic 
systems. During the slum upgrading 
project between periods 1 and 2, a new 
WWTP was constructed almost identically 
to the old anaerobic design.

Analytical Methods
This research presented rainy seasons 

from December to February, while dry sea-
sons were from June to August. The river 
water characteristics were employed at 23 
sampling points throughout three rivers in 
Yogyakarta. These sampling stations have 
been sorted in ascending order from up-
stream to downstream (Figure 1). 
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Figure 2. 
The Population Density in Each Sub-Basin 

Source: Author Analysis (2022)
Figure 3. 

Slums in Each Sub-Basin in Yogyakarta City, 
Indonesia

Source: Author Analysis (2022)

Figure 4. 
Number Of WWTP and Connected House to WWTP In Each Sub-Basin Winongo (W), Code (C), 

Gajahwong (G)
Source: Author Analysis (2022)
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Watersheds were defined using the Ar-
cGIS 10.4.1 Hydrological tools. Stream mod-
els in the river basin were created using flow 
direction and accumulation. Then, by us-
ing weighting, it was found seven classes of 
streamline. In this research, the authors used 
a scale of 4-7 to present the streams model. 
Afterwards, a snap pour-point tool was used 
to deliver the sampling point in each river 
basin. As an outlet, it produced small basins 
or watersheds on each station. From the pro-
cessing results in ArcGIS 10.4.1, it was found 
that there are three sub-river basins in the 
Yogyakarta City area. The three sub-river 
basins follow the river pattern: the Winongo, 
Code, and Gajahwong rivers.

Biological Oxygen Demand (BOD), 
Chemical Oxygen Demand (COD), Total Sus-
pended Solid (TSS), pH, Ammonium Nitro-
gen (NH3-N), Nitrite Nitrogen (NO2-N), and 
Nitrate Nitrogen (NO3-N) parameters were 
tested using data from two sets of periods. In 
this research, we converted the value of Am-
monium, Nitrite, and Nitrate from original 
data into nitrogen forms. Similarly, PO4 was 
also converted into PO4-P (Phosphate Phos-
phorus). The Phosphate Phosphorus, Fecal 
Coliform, and Total Coliform were only test-
ed using data from the second period since 
these parameters were not measured in the 
first period (Table 1). 

Table 1
The Average Value of River Water Quality Parameters in Two Periods (2016 and 2020)

Parameters Standard *) Winongo Code Gajahwong
Period 1 Period 2 Period 1 Period 2 Period 1 Period 2

Mean Mean Mean Mean Mean Mean
BOD (mg/l) 3 8.54 2.89 7.75 3.44 7.66 2.93
COD (mg/l) 25 45.86 22.77 37.79 24.07 26.5 21.97
TSS (mg/l) 50 94.38 8.73 110.34 10.83 112.09 8.48
pH 6-8.5 7.36 6.86 7.5 6.88 7.28 6.84
NO2 (mg/l) 0.06 0.28 0.21 0.42 0.43 0.49 0.33
NO3 (mg/l) 10 5.77 10.14 4.96 9.52 7.78 14.2
NH3 (mg/l) - 0.43 0.11 0.34 0.17 0.59 0.11
FC (MPN/100ml) 1000 -  1,156,689 -  2,150,765 -  1,088,483
TC (MPN/100ml) 5000 -  1,824,755 -  3,467,595 -  1,970,422
PO4 (mg/l) 0.2 -  0.66 -  0.79 -  0.8

Source: Data Analysis (2022)  
*) Provincial Governor’s Regulations, Special Region of Yogyakarta No. 20 of 2008, about River Water Quality Standards for Rivers Class 2.

Statistical analysis was utilized to obtain 
the correlation and the difference in river 
water quality. The correlation between river 
water quality indicators and slum variables 
(slum ratio areas, population density, the 
number of WWTP, and the number of con-
nected houses to WWTP) was determined 
using a correlation test. The Pearson correla-
tion test is a parametric test used to detect 
the correlation between variables. It is com-

monly applied to normally distributed data. 
Meanwhile, Spearman Rank Correlation is a 
non-parametric test for non-normally dis-
tributed data. The significance of changes in 
river water quality before and after the slum 
upgrading project was determined using a 
paired test, Paired t-test and Wilcoxon Signed-
Rank Test. Data were divided into two cate-
gories: the initial condition or the first period 
used data from 2013 to 2016, and the second 
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period used data from 2019 to 2021. This re-
search used Microsoft Excel and IBM SPSS 
Statistic 25 for Statistical Analysis. 

RESULT AND DISCUSSION
Correlation Test

	 The correlation coefficient indicates 
whether the correlation is positive or nega-
tive. A correlation nearing -1 or 1 indicates 
that the variables are strongly correlated. The 
p-value indicates a correlation among vari-
ables. A p-value of more than 0.05 suggests 
an inconsequential correlation, whereas A 
p-value of less than 0.05 shows a substantial 
correlation. 

A correlation test was performed to 
evaluate the correlation of each independent 
variable (population density, slum ratio, 
number of WWTP, and the number of con-
nected houses) to the dependent variables 
(ten river water parameters). The dry sea-
son was considered for the analysis since 
high-water discharge and velocity will alter 
pollution dispersal during the rainy season. 
Pollutants decompose during the dilution 
process, making it difficult to conclude. The 
dry season explained the correlation between 
variables in this correlation test.

Table 2 presents the correlation test be-
tween variables. The population density has 
a 0.437 correlation value with Ammonium 
Nitrogen (p-value 0.011). In addition, Fecal 
Coliform, and Total Coliform has strong cor-
relation with the population density at corre-
lation coefficient of 0.729 (p-value 0.001) and 
0.606 (p-value 0.013), respectively. It may be 
inferred that the higher the population den-
sity, the higher the Ammonium Nitrogen, 
Fecal Coliform, and Total Coliform levels. 
Ammonium Nitrogen is related to domestic 
wastewater from residents. Along with Fecal 
and Total Coliform, the number and design 
of WWTP in a dense population were proba-

bly insufficient to treat Ammonium Nitrogen 
and Coliform properly. 

According to field observations, the 
WWTP may only cover residents with ac-
cessible sewage connections. Meanwhile, the 
alternative for the house, which could not 
be linked to sewerage, was to create an on-
site treatment system or utilize a septic tank. 
However, the results reveal that the coliform 
levels in the three rivers were high, implying 
that the WWTP’s design was unable to treat 
Coliform. The Coliform also shows a high 
value during the rainy season. 

The slum ratio and water quality mea-
sures were investigated for correlation. The 
calculation results show that the slum ratio 
has a positive correlation with BOD during 
the dry season with correlation coefficient 
0.577 (p-value 0.000), COD at correlation coef-
ficient 0.705 (p-value 0.000), TSS at correlation 
coefficient 0.550 (p-value 0.001), pH at correla-
tion coefficient 0.515 (p-value 0.002), Ammo-
nium Nitrogen at correlation coefficient 0.684 
(p-value 0.000) and has a -0.619-correlation 
value with Nitrate Nitrogen (p-value 0.000).

The positive correlation indicates that as 
the slum area shrinks, the BOD, COD, TSS, 
and Ammonium Nitrogen levels will be. The 
lowering in the value of this water quality 
parameter was most likely caused by devel-
opment during slum upgrading, which also 
influenced the reduction of these pollutant 
values. Improvements in WWTP, drainage 
channels, and construction of banks likely 
contributed to the decline in BOD, COD, 
TSS, and Ammonium Nitrogen values. The 
design of a WWTP with an anaerobic sys-
tem effectively lowered BOD, COD, and sus-
pended solid values. WWTP in riparian Yo-
gyakarta City used anaerobic systems to be 
more practical and accessible. Additionally, 
the embankment’s construction may prob-
ably have reduced the erosion rate, lowering 
the TSS value in the second period.
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The correlation test reveals that the 
number of WWTP solely correlated with the 
PO4-P variable in the dry season. It correlates 
positively with a correlation value of 0.526 (p-
value 0.037) and is more significant in the dry 
season than in the rainy season (Figure 5). 

Figure 5. 
Spatial Distribution of PO4-P in (a) Winongo, 

 (b) Code and (c) Gajahwong 
Source: Author Analysis (2022)

Even though several new WWTPs have 
been constructed, the WWTP appeared un-

able to handle PO4-P appropriately. Figure 5 
depicts the gradual increase of PO4-P in the 
three rivers from upstream to downstream, 
indicating an accumulation of PO4-P. PO4-P 
was most likely produced by household sew-
age. Besides nitrogen, PO4-P may contribute 
to eutrophication, causing algae blooms in 
rivers. 

During the dry season, river water qual-
ity data was used to conduct a correlation test 
on the number of connected houses. Also, a 
correlation value of 0.549 indicated a positive 
correlation to PO4-P (p-value 0.028). A posi-
tive correlation was reported between the 
number of connected houses. It is suggested 
that it is most likely due to the design of the 
WWTP being insufficient to handle PO4-P.

Pairwise test 
The difference in river-water-quality pa-

rameters between the first and second peri-
ods was determined using pairwise tests to 
measure the significance of differences be-
tween the two pairs of samples. It was used 
in this research to investigate if slum upgrad-
ing significantly influenced changes in river 
water quality in Yogyakarta. The Wilcoxon 
Signed-Rank Test was used for data that were 
not normally distributed, whereas the paired 
t-tests were utilized for normally distribut-
ed data. The p-value shows if the difference 
between the two samples is statistically sig-
nificant. A p-value more than 0.05 indicates 
that the difference is insignificant, whereas 
a p-value less than 0.05 indicates that the dif-
ference is significant. The difference in the 
values of the two criteria was immediately 
shown using data on river water quality dur-
ing the dry season. Meanwhile, the river wa-
ter quality parameters included BOD, COD, 
Ammonium Nitrogen, Nitrite Nitrogen, Ni-
trate Nitrogen, pH, TDS, and TSS. Other pa-
rameters, e.g., Phosphate Phosphorus, Fecal, 
and Total Coliform, were omitted since no 
data was obtained in period 1 (2016).
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Table 3  
Result of Pairwise Test

Parameter Dry Season
p-value Method Status

BOD (mg/l) 0.007 Wilcoxon Signed-Rank Test Decrease
COD (mg/l) 0.016 Paired t-test Decrease
TSS (mg/l) 0.005 Wilcoxon Signed-Rank Test Decrease
pH 0.000 Paired t-test Decrease
NH3-N (mg/l) 0.044 Wilcoxon Signed-Rank Test Decrease
NO2-N (mg/l) 0.766 Wilcoxon Signed-Rank Test -
NO3-N (mg/l) 0.005 Wilcoxon Signed-Rank Test Increase

Source: Data Analysis (2022)

The result in table 3 shows some param-
eters declined while only Nitrate Nitrogen 
increased. The decline in BOD, COD, Am-
monium Nitrogen and TSS parameters cor-
responded to the results of the correlation 
analysis, indicating that the decrease in these 
parameters is linked to the slum ratio. The 
rapid oxidation rate of Ammonium Nitrogen 
to Nitrate Nitrogen is most likely responsible 
for the rise in Nitrate Nitrogen. Elevated Ni-
trate Nitrogen levels in groundwater most 
likely drive the presence of high Nitrate Ni-
trogen levels in the surface water. Due to low 
water quality standards, especially drink-
ing water, high Nitrate Nitrogen levels can 
be detrimental to human health and cause 
diseases that affect children (Baby Blue syn-
drome).

DISCUSSION
As seen in Figure 2, there was no sub-

stantial shift in population density between 
sub-basins, indicating that slum upgrading 
was preferred to relocation. However, it still 
left issues where the coliform value is exces-
sive and exceeds the standard value of river 
water parameters. The correlation between 
population density and pathogenic param-
eters is likely due to groundwater pollution 
caused by unsafe septic tanks not positioned 
reasonably far from wells as water sources 
[30]both in the urban and as well as in the 
rural area due to its quantity and quality ad-
vantages. The rapid population growth has 
caused an increase of groundwater demand, 

consequently it is facing some problems to 
the sustainability of groundwater supply. 
Lowering of groundwater level has been ob-
served in some places, as well as the degra-
dation of groundwater quality. Earthquake 
which stroke Yogyakarta on 27 May 2006, 
damaged buildings and other infrastructures 
in the area, including roads and bridges. It 
might also damage the underground struc-
tures such as septic tanks, and pipes under-
neath the earth surface. It might cause crack-
ing of the geologic structures. Furthermore, 
the damage of underneath infrastructures 
might create groundwater quality changes 
in the area. Some complains of local commu-
nity on lowering and increasing groundwa-
ter level and groundwater quality changes 
were noted. Field observation and investi-
gation were conducted, including collection 
of groundwater samples close to (the. Septic 
tank leaks were likely to pollute groundwa-
ter [31][32], which may lead to polluting riv-
ers. When the water flow increases during 
the rainy season, it likely pushes groundwa-
ter through the aquifer layer and to the wa-
ter surface, causing Fecal Coliform and Total 
Coliform levels to rise. Another possibility is 
that the WWTP did not perform optimally, 
particularly in densely populated areas.

The provision of wastewater treatment 
facilities in highly populated areas must nec-
essarily consider the load, design, and main-
tenance. The WWTP was designed as an an-
aerobic system (septic tank and anaerobic 
baffled reactor-anaerobic filters) more suit-
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able for reducing organic pollutants and sus-
pended solids. An anaerobic baffled reactors-
anaerobic filters feature relatively affordable 
operational and maintenance expenses, and 
it was influential in reducing organic pollut-
ants and suspended solids, even though the 
effectiveness of this system is still lacking in 
treating nutrients and pathogens [33]

According to the correlation test, the 
slum ratio was positively correlated with 
BOD, COD, TSS, and Ammonium Nitrogen 
and solely inversely correlated with Nitrate 
Nitrogen. The positive correlation implies 
that some physical improvements, such as 
the building of a WWTP and the develop-
ment of the drainage network, and embank-
ment, are closely correlated to these param-
eters. The WWTP design could be related to 
decreased BOD, COD, and TSS parameters. 
In principle, the WWTP design lowers the 
value of these parameters. Furthermore, riv-
erbank embankment construction most likely 
lowered the rate of soil erosion as well. 

On the other hand, the Nitrate Nitrogen 
parameter is inversely related to the slum ra-
tio. The pairwise test also revealed that only 
the Nitrate Nitrogen parameter increased. 
The high Nitrate Nitrogen value is most like-
ly due to the rapid oxidation of ammonium 
Nitrogen to Nitrate Nitrogen. Due to a lack 
of Total Nitrogen (TN) in the data source, the 
nitrogen cycle cannot be addressed further. 
However, another research found significant 
nitrate levels in well water in the Code Riv-
er’s midstream [34], indicating the high Ni-
trate in groundwater affects river water qual-
ity. Notably, high Nitrate is a toxic parameter 
in water, causing health problems in humans 
[35][36][37]the grey water footprint (GWF.

The correlation test on the number of 
WWTP and the number of the connected 
houses with river water quality parameters 
demonstrates only a correlation between 
PO4-P and the number of the connected 
house. The likely cause is an increase in the 
connection of inhabitants’ wastewater chan-
neled to WWTP [38] makes these parameters 
accumulate in WWTP. Figure 5 also depicts 
that PO4-P increases from upstream to down-

stream gradually. Furthermore, the low ef-
ficiency in PO4-P removal caused the PO4-P 
value to accumulate in the WWTP. 

CONCLUSION
Slum upgrading likely has improved 

river water quality since BOD, COD, and TSS 
levels have decreased. However, the WWTP 
design considered was unlikely to remove 
Coliform and PO4-P. Untreated sewage by 
unsafe septic tanks most likely produced the 
bacterial parameters, resulting in groundwa-
ter and surface water pollution. Moreover, 
Ammonium Nitrogen was thought to be 
decreasing, and the increase in Nitrate Ni-
trogen should be highlighted. It was most 
likely caused by groundwater pollution in 
each sub-basin or the high oxidation rate in 
the aquatic environment. This study suggests 
that the subsequent research could investi-
gate the WWTP performance in the field.
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