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Abstract 
Pegirian River is a tributary of the Kalimas River from Undaan street which empties into the 

Tambak Wedi sluice gate. The results of the BLH Surabaya laboratory analysis in 2015 showed 

that the BOD concentration in the Pegirian River throughout the year did not meet quality 

standards. This study intends to evaluate water quality based on physical, chemical and biological 

parameters applying the Qual2Kw model; to assess water quality status by applying data from 

STORET; and to determine the capacity of the Pegirian River. Samples were taken from four 

locations in the morning and evening with the parameters tested being temperature, TSS, pH, 

BOD, COD, DO, PO4, NH3, and E coli. Based on modeling with Qual2Kw, the quality of the 

Pegirian River in simulation 1 (existing) shows that the BOD, phosphate, amonia and E coli 

parameters have exceeded class IV river quality standards, thus indicating that the quality of the 

Pegirian River is polluted. For simulation 2 (prediction for 2029) only the BOD parameter 

exceeds class IV river quality standards. Simulations 3 (self purification) and 4 (capacity capacity) 

are still in line with class IV river quality standards for all parameters. The water quality status 

of the Pegirian River according to the STORET method obtained a total score of -47.75 which 

indicates a heavily polluted status. Pegirian River has a capacity for TSS, BOD, COD, phosphate, 

amonia and E coli parameters. 
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1.  INTRODUCTION  

Every daily human activity produces waste, both in small and large quantities. One of the common 
environmental issues is the discharge of large amounts of liquid waste, both from domestic and industrial 
activities. Poor management of liquid waste can have a negative impact on the quality of the surrounding waters 
[1]. Pegirian River is a branch of the Kalimas River which starts from Undaan street and empties into the Tambak 
Wedi sluice gate. with a length of about 8 km. Surabaya City Environmental Agency (2015) explains that the 
Pegirian River is a river that is included in the Class IV river category and is intended as irrigation water. This 
means that the results of laboratory analysis show that the Pegirian River has BOD levels that exceed water 
quality standards throughout the year. The cause is because it is contaminated by various pollutant sources, 
including housing, small and medium businesses, public buildings, health facilities, educational institutions, 
livestock and workplaces. If this waste is not managed properly before being discharged into the river, it can cause 
high levels of pollution and potentially affect the water quality in the Pegirian River. 

 
Based on the problems that have been mentioned, steps are needed to reuse the Pegirian River water so 

that it fits its function as irrigation water. The STORET method [2] can be used to investigate the impact of 
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domestic waste pollution on water quality. Water quality is also determined by the river's capacity to receive 
input pollution loads without causing pollution to the water. Based on Minister of the Environment Regulation 
No.1 of 2010 it is recommended to use the Qual2Kw.5.1 version of the software which was upgraded by the United 
States Environmental Protection Agency (USEPA) [3]. 

This explanation provides interest for researchers to study the use of the Qual2Kw model on the Pegirian 
River using the following parameters: temperature, acidity level (pH), Total Suspended Solid (TSS), Biochemical 
Oxygen Demand (BOD), Chemical Oxygen Demand (COD), Dissolved Oxygen (DO), phosphate, ammonia, and 
E coli bacteria. The selection of these parameters is based on the main pollutants that affect the Pegirian River, 
namely domestic waste, hospital waste, market waste and livestock waste. 

 
2.  METHOD  

This study is a quantitative study. This study was carried out from February to June 2024. The location of 
this research was the Pegirian River, Surabaya City. The water sampling points are divided into 4 sampling points 
starting from Genteng District, Simokerto District, Semampir District, and Bulak Banteng District. River water 
quality testing was carried out at two locations, namely at the insitu study location (pH, temperature, and DO) 
and testing at the Bangil Fish and Environmental Health Laboratory UPT, Pasuruan (TSS, BOD, COD, 
phosphate, ammonia, and E bacteria coli). This study was carried out taking samples twice, namely in the morning 
and evening with one repetition using the instantaneous sampling method (grab sample). The following is the 
segmentation determination for the Pegirian River: 

  
Table 1. Research Segmentation 

Location Point Distance Segmentation Length (km) Coordinat 
Undaan bridge upstream 8.02 S1(upstream-T1) 3.47 -7.255467⁰ LS 

112.743430 ⁰ BT 
Ampel bridge T1 4.55 S2(T1-T2) 2.08 -7.227534° LS 

112.745882° BT 
Ujung 13 state 

elementary school 
bridge 

Tambak Wedi 
sluice gate 

 
T2 

 
T3 

 
2.47 

 
0 

 
 

S3(T2-T3) 

 
 

2.47 

-7.213654° LS 
112.751663° BT 

 
-7.206279° LS 

112.771851° BT 

Source: Observation Results, 2024 
 

The data contained in the Qual2Kw program worksheet are: hydraulic data, data on discharge and quality 
of the Pegirian River, climatology data, data on waste water from diffuse sources of pollution. After data input, 
the calibration process is carried out by trial and error with the aim of obtaining model validation. The validation 
model used is RMSE (Root Mean Square Error). The formula for RMSE is [4]: 

 

RMSE = (
∑(𝑦𝑖−𝑦𝑖̂

𝑛
)^
1

2
………………………………………………………………………………..……………….1) 

 
Information: 
yi: Observation value 

𝑦𝑖̂: Model value 
n : Number of samples 
 
 Simulations are carried out after the model is calibrated and validated. The following are some of the 
simulations applied in this study: 
 

Table 2. Simulation 
Simulation Water Conditions 

Upstream 
Pollutant 
Sources 

River Water Conditions 

1 existing existing Model 

2 existing Estimated 
year 2029 

Model 

 
3 

 
Class IV Water 

Quality Standards 

 
Initial 

Conditions 

 
Model 
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Simulation Water Conditions 
Upstream 

Pollutant 
Sources 

River Water Conditions 

 
4 

Class IV Water 
Quality Standards 

Trial and 
Error 

Class IV Water 
Quality Standards 

 Source: [5] 
 
The assessment of the capacity of the Pegirian River to bear the maximum amount of waste that can be 

discharged into it is carried out through an evaluation of the pollution load. This evaluation is based on simulation 
results to determine the capacity. The formula used to calculate capacity is [6]: 

 
Pollution load capacity= Full Pollutant Load (according to quality standards) – initial condition load……..…….2) 
 

 
3.  RESULTS AND DISCUSSION  
3.1.  Qual2Kw Modeling 

The impact estimation parameters using the Qual2Kw program are as follows: 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 1. Temperature Profile 
Source: Qual2Kw, 2024 

 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 2. pH Profile 
Source: Qual2Kw, 2024 

    
 The black line represents the average model data for the Pegirian River, the black box depicts the existing 
data for the Pegirian River, and the dotted red line shows the maximum and minimum model data for the Pegirian 
River. Figure 1 shows that the temperature parameter is in the value range 28.7 to 29.3. However, the temperature 

value is almost close to the maximum water temperature limit, namely at deviation 3 with values of 25⁰C and 

31⁰C. This happened because sample testing was carried out during the summer. Changes in water temperature 
can be influenced by human activities and climate factors [7]. Water temperature is a supporting factor for 
bacterial life because it is related to their metabolic processes. Good temperature values can promote bacterial 
growth [8]. Figure 2 modeling results depict pH values ranging from 7.72 to 8.4. This data illustrates the 
stability of the pH value which meets class IV quality standards. Aquatic organisms are very susceptible to 
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changes in pH, as well as inappropriate pH conditions [9]. In addition, there is a significant relationship between 
temperature and pH because increasing temperature can increase the rate of chemical reactions in water, including 
acid-base reactions. As a result, the pH of the water will increase with increasing temperature [10]. 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 3. TSS Profile 
Source: Qual2Kw, 2024 

 
 
 
 
 
 
 
 
 
 
 
 
 
                                    Figure 4. DO profile   

Source: Qual2Kw, 2024 
 
 Figure 3 shows the TSS value model in the range of 33-59.49 mg/L which can be categorized as class III 
water quality standards. According to field observations, a lot of waste is released into water bodies. Apart from 
that, domestic waste also influences changes in water quality. However, the low TSS value shows that Pegirian 
River water can carry out a good self-purification process which reduces pollutants on a regular basis. Low TSS 
concentrations indicate a high abundance of phytoplankton. TSS concentration affects the number of 
phytoplankton because increasing TSS can block the penetration of sunlight into waters [11]. Figure 4 depicts 
the DO value at the Pegirian River. The DO value shows the closeness of the model to existing data. At the 
headwater point which is 8.02 km away with a DO value of 2.2, segment 1 at a distance of 6.29 km with a DO 
value of 0.98, segment 2 at a distance of 3.51 km with a DO value of 0.85, and segment 3 at a distance of 1.24 km 
with a DO value of 1.81. When the DO value is low, it indicates that there is pollution in the water which can 
inhibit the growth of aquatic biota. On the other hand, a high DO value indicates sufficient total oxygen in the 
water body, which indicates good water quality to support the growth of aquatic biota [12]. 
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Figure 5. BOD Profile 
Source: Qual2Kw, 2024 

 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 6. COD profile 
Source: Qual2Kw, 2024 

 
Figure 5 shows the simulated BOD value ranging from 19.85-51.35 mg/L. In segment 1, the BOD value 

increased due to the presence of domestic waste which had been mixed with market waste, hospital waste and 
slaughterhouse waste. Most organic waste is the result of oxidation by microorganisms, so that when this waste 
is discharged into waters, the BOD increases, which causes a reduction in the availability of dissolved oxygen in 
the water. This illustrates the high level of organic pollution in the Pegirian River. Figure 6 COD trend line 
(model) has approached existing data and still meets class IV quality standards. The simulated values are in the 
range 30.5-66.92 mg/L. In segment 2, the COD value increases because many settlements living on riverbanks 
dispose of their waste directly into water bodies, thereby affecting changes in the water quality of the Pegirian 
River. The relationship between COD and BOD parameters is that the higher the BOD value, the higher the 
COD value produced. This is because COD represents the total oxygen needed to decompose all types of organic 
materials, both those that are easy and difficult to decompose [13]. 

 
 

 
 
 
 
 
 
 
 
 
 
 

Figure 7. PO4 Profile 
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Figure 8. NH3 profile 
Source: Qual2Kw, 2024 

 
 Figure 7 simulated phosphate values are in the range of 6-8.6 mg/L. This value has exceeded the specified 
quality standards. In segment 1, the phosphate concentration shows a high value due to domestic activities, 
hospitals, livestock and other activities that contain phosphate. The highest phosphate value is found in segment 
3 because the phosphate content contains detergent which is discharged directly into the river and the presence 
of the Tambak Wedi pump house which makes the river produce large amounts of foam. River water polluted by 
waste from three tributaries is sucked in by a high-pressure pump at a pumping station, then discharged, resulting 
in the appearance of foam on the surface of the river [14]. Figure 8 illustrates that the ammonia value is in the 
range of 4.8-4.9 mg/L. The simulation results of the ammonia value have exceeded the specified quality standards. 
The results of the model simulation illustrate that there is a significant increase in ammonia concentration in 
segment 1. This shows that there is disposal of feces and urine waste in animals and humans originating from 
livestock waste and domestic waste. Excessive amounts of ammonia can cause physiological and respiratory 
disorders, which in turn inhibit the photosynthesis process [15]. In waters that have not been properly degraded, 
increasing ammonia levels result in a nitrification process by bacteria which reduces oxygen levels, thereby 
damaging river ecosystems [16]. 
 
 
 
 
 
 
 
 
 
 
 
 
         Figure 9. E coli Profile 

   Source: Qual2Kw, 2024 
 

Figure 9 depicts a 1 parameter simulation of E coli. The simulation results are in the value range of 60000 
to 155001 CFU/100 mL. The simulation results have exceeded the specified quality standards. Segment 1 shows 
an increase in E coli values due to domestic hospital waste containing pathogenic bacteria, namely bacteria that 
spread disease. In segment 2, the model experienced a significant increase due to the presence of domestic waste 
from residential areas around the river. This bacteria comes from the human digestive tract, so its presence in 
waters shows that human activities on land do not pay attention to environmental sustainability, which results in 
waste entering rivers [17]. 
3.2.  STORET method 

Based on the assessment using the STORET method, the scoring system can determine the water quality 
status of the Pegirian River. The following is a pollutant classification table presented in Table 3 below: 
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Table 3. Water Quality Status Results of the STORET Method 

 

 

 

 

     Source: 
Calculation Results, 2024 

 
Based on Table 3, it shows that the average score obtained heavily polluted status. The main factors that 

play a role in water pollution in the Pegirian River are the parameters of temperature, pH, BOD, DO, phosphate, 
ammonia and E coli. The STORET method relies heavily on biological parameters because the highest scores are 
found on biological parameters [18]. 

 
3.3.  Pollution Load Capacity  

The calculation of the water pollution storage capacity of the Pegirian River takes into account the 
differences in results between simulation 4, which shows the maximum pollution load, and simulation 3, which 
shows the load without pollutants. Pollution storage capacity is calculated by multiplying the water discharge by 
the pollutant concentration recorded in the source summary for each simulation. The following is the calculation 
of the capacity of the Pegirian River which is presented in Table 4 below: 
 

Table 4. Capacity Calculation Results 

Reach Label TSS (kg/day) BOD (kg/day) COD (kg/day) PO4 (kg/day) NH3 (kh/day) E coli (kg/day) 

Segment 1 4.713 0.200 2.173 0.020 0.003 239.832 
Segment 2 2.020 0.086 0.931 0.009 0.001 102.785 
Segment 3 4.377 0.186 2.018 0.019 0.003 222.701 

Source: Calculation Results, 2024 
 
 According to data from Table 4, the pollution storage capacity of the Pegirian River shows a positive 
value. This is caused by the river's self-purification process, which involves reaeration to reduce the concentration 
of pollutants in the water. As a result, oxygen can dissolve into the water more quickly. The maximum capacity 
is in segment 1 and the minimum capacity is in segment 2. 
 
4. CONCLUSION  

In simulation 1 (current), temperature, pH, TSS, DO, and COD still comply with water quality standards 
for class IV rivers, but BOD, phosphate, ammonia, and E. coli have exceeded standard limits, indicating the level 
of pollution in the Pegirian River. In simulation 2 (prediction for 2029), only the BOD parameter exceeds the 
standard limit for class IV rivers. Simulations 3 (self purification) and 4 (for capacity) still meet class IV river 
quality standards for all parameters. The water quality status of the Pegirian River according to the STORET 
method obtained a total score of -47.75 which indicates a heavily polluted status. Pegirian River has a capacity 
for TSS, BOD, COD, phosphate, ammonia and E coli parameters. The maximum capacity is in segment 1 and the 
minimum capacity is in segment 2. 
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