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Abstract

Due to human activities, both domestic and non-domestic, river pollution can occur over time. One of the rivers in Surabaya, which is
located in a densely populated area, is Bokor River. Residents use Bokor River for pond activities, so the water's quality must meet
these quality standards. This study aims to analyze the suitability of river water quality in Bokor River, Surabaya City, which has met
its quality standards for this activity. Water quality measurement is carried out by existing testing with the standard method that is used
as a reference in Indonesia. Water quality measurements were determined based on the parameters BOD, COD, DO, TSS, Phosphate
(PO4 3-), Nitrate (NO3), and Ammonium (NH4). The measured DO, BOD, phosphate, and ammonia parameters did not meet these
quality standards. However, DO parameters in the upstream still meet the quality standard (above 3 mg/L), while after that, they
experience a decrease in quality. Meanwhile, nutrient parameters, especially ammonia, do not meet quality standards, as it is known
that ammonia can provide toxic properties to fish. In addition, there is an opportunity for eutrophication of this quality. Pollutants
entering the Bokor River are point sources and non-point sources, which cannot be located precisely and generally consist of many
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relatively small individual sources.
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Introduction

The known sources of pollution come from the
activities of the surrounding community and are
dumped into the Bokor River (Ariella & Moesriati,
2017). The wastewater produced has not been treated
to reduce the quality of water bodies. In addition, the
habit of people who litter, either by the surrounding
community or the people who pass through the water
body, further reduces the quality of the Bokor River.
The amount of debris in the water can reduce water
quality and clog (M. M. Sari et al., 2022). Physical
changes have occurred, starting with the watercolor
that is not clear. The smell is unpleasant, and the
aesthetics are no longer suitable for viewing. The
local community began to complain about the
physical changes in the Bokor River.

Efforts to prevent quality degradation in
managing rivers are significant. River management

can be carried out by identifying and predicting water
quality by determining critical points on the river
(Ali Abed et al., 2019; Tiyasha et al., 2020). This is
the basis for conducting river management to
improve environmental conditions in rivers. One of
the efforts that can be made is to determine the
capacity of the river's pollution load. The maximum
limit of waste that can be put into the river can be
selected so that the river can self-purify (improve the
condition of the water naturally) (Lebepe etal., 2022;
Tao et al., 2022).

Control by the surrounding community can be
carried out after the maximum limit is known.
Research on the identification and prediction of the
quality of the Bokor River is carried out with the
hope that water bodies can be appropriately managed
to improve the quality of water bodies, especially for
ponds and fish and shrimp farming. Along with the
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change in the land use of Surabaya from rice fields
to settlements, it is necessary to conduct an analytical
study related to drainage channels and whether the
drainage channels in Bokor River can still
accommodate the current water discharge. This
research is limited to the Bokor River area of
Surabaya, a residential area. This research was
conducted to determine the condition of the capacity
of the drainage channel in Bokor River to
accommodate the current discharge or not. This
research is expected to define the next steps so that
the channel can be used properly. This study aims to
analyze the suitability of water quality in Bokor
River Surabaya according to the designation of fish
farming/pond.

Material and Method

This study discusses the identification and prediction
of the quality of water bodies in Bokor River
Surabaya. Bokor River Surabaya passes through 3
sub-districts, namely Mulyorejo, Sukolilo, and
Gubeng sub-districts. According to the Surabaya
City Regional Regulation Number 2 of 2004, the
Bokor River in Surabaya is included in the class 11
river classification. This Bokor River is used as water
for fish and shrimp farming. This research needs to
be done so that the water in Bokor River Surabaya
gets special attention in maintaining the quality and
quantity of water bodies. Water quality identification
can be seen from the parameters BOD, COD, DO,
TSS, Phosphate (PO4 3-), Nitrate (NO3), and
Ammonia (NH3).

In this study, the Bokor River that will be studied
starts upstream of the Bokor River, a river fragment
from the Mas River before the flood pump, which is
approximately 6.5 km long from the total length of
the Bokor River, which is 8.9 km. The division of

this segment or segment is based on input from
tributaries and the availability of places for sampling
and sources of pollution. Segments in this study
amounted to 3 segments. Each segment is taken 1-2
samples representing the upstream and downstream
of each segment depending on the water discharge of
the Bokor River. Sampling is used to represent the
condition of water bodies in that segment to identify
water quality in the Bokor River.

The selection of the sampling location was based on
the ease of taking water as a sample. The sampling
location is in a place where there is a river bridge for
the comfort of taking water as a sample. This applies
at every point. The sampling points in this study were
four sampling points, where each point was
measured for river hydraulic data before sampling
river water. The hydraulic data taken are speed, river
depth, river discharge, and river cross-sectional
width.

Result and Discussion

This study analyzes the Bokor River River with a
length of 6.50 km from upstream to the flood pump
located in the Keputih Kejawan area. In this case, the
river is divided into three segments starting from the
upstream (kilometer 6.50), which is a fraction of the
Kalimas river in Surabaya, to the downstream
(kilometer 0.00), which is in Keputih Kejawan. This
river segmentation is carried out for modeling
purposes. The division of this segment is based on
the classification of water quality characteristics or
the presence of input from other channels/rivers.
These two things are the basis for determining the
segment so that three segments are obtained which
can be seen in Table 1.

Table 1. Characteristics of Segment Area in Bokor River Surabaya

Distance from

Elevation Right

Elevation Left

Segments dov%r;?;r)eam Upstream Downstream  Hulu  Upstream
A-B 6,545 50 13 % 4
B-C 45-16 13 4 3 3
C-D 1,6 -0 4 3 3 2
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Segments A — B is the first segment in forming the
model for Bokor River Surabaya. Segment A — B is
the sampling point located upstream of the river,
while B is the second sampling point. The distance
on this segment A — B is 2 km. This first segment is
divided based on the characteristics of river water
pollutants. Segments B — C are the second segment
in forming the model for Bokor River Surabaya. B is
the sampling point located at the intersection of Jalan
Pucang and Jalan Klampis, while C is the third
sampling point. The distance in segment B — C is 2.9
km. This second segment is the longest segment
among the other two segments. This second segment
is divided based on the characteristics of river water
pollutants and the presence of tributaries that enter
the Bokor River.

River water has its own quality and characteristics.
This is influenced by the quantity and quality of
pollutants that enter the river water. The water
quality of the Bokor River River is obtained from
primary data and secondary data. Primary data
collection is done by analyzing samples taken from
several points on a certain day. A sampling at each
point is carried out using the function of distance and
average speed. Sampling was seen based on river
discharge. According to the Indonesian National
Standard (SNI) 6989.57:2008, if the river discharge
is less than 5 m%/s, the sample taken is 1 location,
namely in the middle of the river and half the depth.
At each point, the river water is put into a 600 ml
bottle and a Winkler bottle for testing at the
laboratory. When analyzed, samples in Winkler
bottles were preserved to not change in quality,
namely five drops of manganese sulfate and oxygen
reagent. Next, the sample water bottle is put into the
cooling box to preserve the sample. This is done to
maintain water quality because of the long distance.
In this study, the sampling point is divided into 4
points: in the upstream segment (point 1), then point
2 is in the A-B segment, point 3 is in the B-C
segment, and point 4 is in the C-D segment.
Sampling was carried out once to obtain hydraulic
data and river quality. The data obtained from the
sampling results show that several parameters are not
following the quality standards used. This can be
seen in the graphic image of each parameter.

In the dissolved oxygen (DO) (Figure 1), only one
point meets the quality standard, namely point 1.
This is due to a small plunge from the sluice gate
located a few meters before the first sampling point.
With this drop, aeration will occur to increase the DO
value. In addition, the upstream of the Bokor River
is a fragment of the Mas River, which is of good
quality. Based on primary data in research on Kali
Mas data, DO data for the Mas River at the point
before the upstream of Bokor River is 4 mg/L.
Therefore, the DO value in Mas River, upstream of
Bokor River Surabaya, greatly affects the DO
condition upstream of Bokor River Surabaya.
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Figure 1. DO Concentration at Study Locations
from Each Segment (A-D)

The results of the BOD measurement show a value
that exceeds the predetermined quality standard
(Figure 2). Where BOD is increasing downstream,
the BOD and COD values in the dry season will be
higher than in the rainy season. Therefore, if there is
rainwater, the BOD and COD values will decrease.
This is because rainwater entering the river will
dilute organic pollutants (Hou et al., 2019; Kozak et
al., 2019; Susilowati et al., 2018).
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Figure 2. BOD Concentration at Study Locations
from Each Segment (A-D)

In contrast to BOD, COD in this study shows a
concentration that still meets the quality standard
(Figure 3). If seen and compared, the BOD/COD
value of the data is about 0.5. This value indicates
that most isolated organics are easily degraded
(Helmy et al., 2022; Prajati et al., 2021; Suryawan et
al., 2021). Therefore, the possibility of self-
purification is also quite large. This is because
microorganisms in nature will use organic as a
carbon source for generations (Afifah et al., 2020;
Jiao et al., 2010).
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Figure 3. COD Concentration at Study Locations
from Each Segment (A-D)

In Figure 4 are the parameters that meet the standard
stream quality standards. This indicates that the
nitrate and TSS content is not too large in the Bokor
River because it is far from the water quality standard
limits, namely 0.17-1.73 mg/L (nitrate) and 28-36
mg/L (mg/L).

500

400 B—9—3—8

=

g 300 +

g

% 200 esfje== TSS concentration

; 100 - == stundard
r—————

0 )
0 2000 4000 6000 8000
Length (m)
Figure 4. TSS Concentration at Study Locations
from Each Segment (A-D)

Nitrate in waters is a macronutrient that controls
primary productivity in euphotic areas (Krause et al.,
2011). Nitrate levels in waters are strongly
influenced by nitrate intake from river bodies
(DeLaune et al., 2005). The primary sources of
nitrate are household and agricultural wastes,
including animal and human waste. It can be seen
that the nitrate concentration in Figure 5 meets the
quality standard, so it can be concluded that the
macronutrients do not pollute the Bokor River.
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Figure 5. Nitrate Concentration at Study Locations
from Each Segment (A-D)

The highest phosphate concentration is downstream
of the Bokor River, Surabaya (Figure 6). The high
value of phosphate in the waters is thought to be due
to plantations around the study site that use fertilizers
to increase soil fertility (F. 1. P. Sari et al., 2019). The
primary source of phosphate mainly comes from
land, namely through weathering rocks (allotons)
that enter the sea, primarily through river
transportation. Basically, phosphate is already
contained in abundant amounts in the soil (Yao et al.,
2018). In the phosphate parameter, there was a
significant increase from point 2 to point 3, and quite
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a lot of domestic waste caused this from washing
using detergents and washing laundry washing
business. Based on direct observation, several water
hyacinths were found between point 2 to point 4. The
presence of water hyacinth was caused by high levels
of phosphate (Auchterlonie et al., 2021).
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Figure 6. Phosphate Concentration at Study
Locations from Each Segment (A-D)

Figure 7 shows that the ammonium has passed the
quality standard and downstream for the phosphate
parameter. In the ammonium parameter, the increase
in latrines around the river causes points 3 to 4 to
increase.

: Nonpoint Sources
: Point Sources
: Bokor River

: Fish Pond

Ammonia concentration (mg/L)
w

2 ==@==Ammonia concer
1
0 1 I 1
0 5000 10000
Length (m)

Figure 7. Ammonia Concentration at Study
Locations from Each Segment (A-D)

Pollutants that enter Bokor River Surabaya are point
sources and non-point sources (Figure 8). Point
sources can be precisely located, while non-point
sources/diffuse sources cannot be located precisely
and generally consist of many individual sources that
are relatively small (Andarani et al., 2021; Pegram &
Bath, 1995).

Figure 8. Identification of Point and Non-Point Source Pollution from Each Segment (A-D) (Google Map,
2021)
Nutrient parameters, especially ammonia not in
Bokor River, still do not meet the quality standards,

Conclusion
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as it is known that ammonia can provide toxic
properties to fish. In addition, there is an opportunity
for eutrophication of this quality. Pollutants entering
the Bokor River are point sources and non-point
sources, which cannot be located precisely and
generally consist of many relatively small individual
sources.
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