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Abstract- Rapid development in the era of industry 

4.0 and society 5.0 has a huge impact on the 

environment, including aquatic ecosystems. Seketak 

river, one of the rivers flowing in Semarang City, 

has become one of the rivers with poor water quality 

due to various human activities such as domestic, 

industrial, and livestock. This research aims to 

determine the water quality status and pollution 

load of Seketak River using the Canadian Council 

of Ministers of the Environment Water Quality 

Index (CCME-WQI) method and calculate the 

maximum capacity of pollution load based on 

physical and chemical parameters. Sampling was 

conducted at four stations in October 2024, 

including variables such as Total Suspended Solid 

(TSS), Biological Oxygen Demand (BOD), 

Chemical Oxygen Demand (COD), nitrite, total 

phosphate, lead, and iron. The results showed that 

the water quality status of Seketak river was in the 

“poor” category at all stations with the lowest value 

recorded at Station 2 due to the dominance of 

domestic waste from settlements, student boarding 

houses, and shops. The pollution load of COD, 

BOD, iron, nitrite, and lead exceeded the maximum 

capacity, with the largest contribution from Station 

3. This indicates a lack of waste management, 

including wastewater treatment plants (WWTP) at 

the household scale. This study underscores the 

importance of effective waste management to 

reduce the impact of pollution and improve the 

water quality of Seketak River. 

 

Indexed Terms- water quality status, Canadian 

Council of Ministers of the Environment Water 

Quality Index (CCME-WQI), Pollution Load, 

Seketak River, poor.  

 

 

 

I. INTRODUCTION 

 

The massive development in the era of industry 4.0 

and society 5.0 is not only good for Indonesia. 

Semarang City, Tembalang Village is one example, 

this area is an area that has experienced a surge in 

population increase since 2017, this surge is caused 

by the emergence of well-known universities in the 

area. The increase in population has led to a high 

level of human activity, which of course has an 

impact on the land and water environment. For 

example, Seketak River is one of the rivers that flows 

from Banyumanik Subdistrict and empties into 

Tembalang Subdistrict, precisely at the Diponegoro 

University Education Reservoir. Diponegoro 

University Education Reservoir was built for the 

purpose of maintaining the stability of the local 

ecosystem, preventing flooding, increasing water 

absorption capacity, and supporting various business 

activities. In addition, the reservoir is also utilized as 

a recreational area, such as a fishing spot, and a 

source of water for the surrounding community for 

their daily needs. However, with poor water quality, 

the community cannot utilize the water in the 

reservoir optimally. The pollution that occurs in the 

Seketak watershed is thought to come from natural 

factors such as the interaction between water and 

rocks and anthropogenic human activities around the 

Seketak River. Human activities such as industrial, 

domestic, and livestock activities are factors that 

cause a decrease in water quality. The pressure of 

activities that cause impacts on rivers has the 

potential to disrupt the quality and sustainability of 

the ecosystem if not managed properly (Hudiyah and 

Saptomo, 2019). 

 

This study aims to determine the status of water 

quality based on physical and chemical parameters, 

including pH, temperature, Total Suspended Solid 
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(TSS), Biological Oxygen Demand (BOD), Chemical 

Oxygen Demand (COD), nitrite (as N), total 

phosphate, lead (Pb), and iron (Fe). The analysis was 

conducted by combining 2 methods, namely using 

CCME - WQI with the aim to determine the status of 

Seketak River water quality and Pollution Load to 

determine the maximum capacity that can be 

accepted by Seketak River. This research is expected 

to provide an overview of the water quality of 

Seketak River so that the government and related 

agencies can provide the right policy to prevent 

worse pollution in Seketak River. 

 

II. MATERIALS AND METHODS 

 

The research study area is located in the Seketak 

River Basin, which has a river length of ± 10,571 km 

located in Banyumanik and Tembalang Subdistricts, 

Semarang City, Indonesia. Geographically, Seketak 

River is one of the tributary rivers of Kaligarang 

River. This river empties into the Diponegoro 

University Education Reservoir which serves as a 

clean water reservoir and flood prevention in 

Semarang City. 

 

2.4  Sampling point and data sources 

Sampling was conducted in October 2024 with 4 

sampling points based on pollutant sources which can 

be reviewed in figure 1. Station 1 is adjacent to the 

upstream of the river as well as a source of iron 

industry pollutants with coordinates S: 7°4'4.44” and 

E: 110°24'46.48”, this station illustrates the influence 

of chemical waste entering the water body. Station 2 

is a source of domestic pollutants such as residential 

areas, student boarding houses, and small shops with 

coordinates S: 7°3'22.11” and E: 110°26'17.54”, this 

location was chosen because it has great potential to 

produce domestic and organic waste that can affect 

water quality. Station 3 is a source of pollutants from 

campus activities with coordinates S: 7°5'51.27” and 

E: 110°43'86.55”, this point was studied to determine 

the effect of student activities on river water quality. 

Station 4 is adjacent to the downstream as well as a 

source of pollutants from chicken, cow and goat 

farming activities with coordinates S: 7°5'47.05” and 

E: 110°44'18.81”, this station was chosen to 

determine the effect of organic waste from chicken, 

cow, and goat farms on the aquatic ecosystem, as 

well as to reflect the downstream condition of 

Seketak river. 

 

2.2 Sample collection 

Sampling was conducted in October 2024 with a 2-

week interval of 2 repetitions. Sampling using a 5 

liter sample bottle. Water sampling was conducted at 

½ the depth of the river surface with composite 

samples from 3 points of each station including ¼, ½, 

and ¾ the width of the river in one sample bottle. 

Water samples were stored using 1000ml 

polyethylene (PE) bottles and put in a coolbox with a 

temperature of ± 4℃. Measurements of variables 

such as Temperature, pH, and Dissolved Oxygen 

(DO) were carried out in situ with pH meter and DO 

Meter tools. 

 

2.3 Analysis Procedures 

The analysis of water samples such as BOD, COD, 

Total Phosphate Nitrite, Lead, and Iron was 

submitted to the Semarang City Environmental 

Agency Laboratory and the TSS variable was tested 

at the Fish and Environmental Resource Management 

Laboratory, Faculty of Fisheries and Marine 

Sciences, Diponegoro University. Testing of TSS 

variables was carried out using the gravimetric 

method, BOD variables using the incubation method 

carried out for 5 days at a temperature of 20 ℃, COD 

using the spectrophotometric closed reflux method, 

total phosphate variables using the spectrophotometer 

method with ascorbic acid reduction, nitrite variable 

testing using the spectrophotometric method, testing 

for heavy metals such as lead and iron using the 

Atomic Absorption spectrometry (SSA) method. 

 

2.4 Data Analysis 

2.1 Canadian Council of Ministers of the 

Environment Water Quality Index 

Determination of the water quality status of Seketak 

River using the CCME-WQI method. The method is 

used because it has the advantage of being able to 

integrate various variables, and has high flexibility in 

parameter selection (Panagopuolos et al. 2024). The 

CCME-WQI approach involves three main factors, 

namely F1 (scope), which calculates the proportion 

of water quality variables that do not meet quality 

standards; F2 (frequency), which measures the 

frequency of violations of quality standards by the 

measured parameters; and F3 (amplitude) indicates 
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the degree or degree of deviation of variable 

concentrations from the specified quality standards. 

F1, F2, and F3 are calculated as follows: 

 

F1 (Scope), expresses the percentage of variables that 

do not meet quality standards, within a certain period 

of time. 

𝐹1 =
𝑁𝑢𝑚𝑏𝑒𝑟 𝑜𝑓 𝑓𝑎𝑖𝑙𝑒𝑑 𝑣𝑎𝑟𝑖𝑎𝑏𝑙𝑒𝑠

𝑇𝑜𝑡𝑎𝑙 𝑛𝑢𝑚𝑏𝑒𝑟 𝑜𝑓 𝑣𝑎𝑟𝑖𝑎𝑏𝑙𝑒𝑠
− 1 

 
F2 (Frequency), expresses the percentage of 

tests that do not meet quality standards (failed tests) 

𝐹2 =
𝑁𝑢𝑚𝑏𝑒𝑟 𝑜𝑓 𝑓𝑎𝑖𝑙𝑒𝑑 𝑡𝑒𝑠𝑡

𝑇𝑜𝑡𝑎𝑙 𝑛𝑢𝑚𝑏𝑒𝑟 𝑜𝑓 𝑡𝑒𝑠𝑡𝑠
− 1 

 
 

F3 (Amplitude), expresses the average relative 

deviation of the variables that do not meet the quality 

standard. F3 is calculated using 3 steps; 

1) Excursion, expresses the relative difference 

between a parameter measurement result and a 

predetermined limit, calculated proportionally to 

the threshold. Excursion is calculated only for 

parameters that do not meet the water quality 

criteria. Here if the test value is more than the 

quality standard: 

𝑒𝑥𝑐𝑢𝑟𝑠𝑖𝑜𝑛 =  
𝐹𝑎𝑖𝑙𝑒𝑑 𝑡𝑒𝑠𝑡 𝑣𝑎𝑙𝑢𝑒

𝑂𝑏𝑗𝑒𝑐𝑡𝑖𝑣𝑒
 − 1 

 
If the test value is less than the quality standard: 

𝑒𝑥𝑐𝑢𝑟𝑠𝑖𝑜𝑛 =  
𝑂𝑏𝑗𝑒𝑐𝑡𝑖𝑣𝑒

𝐹𝑎𝑖𝑙𝑒𝑑 𝑡𝑒𝑠𝑡 𝑣𝑎𝑙𝑢𝑒
 − 1 

 
2) Normalized Excursion (nse), expresses the test 

excursion from the quality standard divided by 

the total number of tests 

 
3) Then calculate using the function with the sum 

scale of nse 

 
CCME-WQI is calculated with the following 

equation: 

 
Determination of water quality status based on 

CCME - WQI can be reviewed in table 1: 

 

Table 1. Determination of Water Quality Status 

Based on CCME- WQI 

CCME-WQI Status 

95-100 Excellent 

80-94 Good 

65-79 Fair 

45-64 Marginal 

0-44 Poor 

Source: CCME-WQI (2017) 

 

2.4.2 Pollution Load 

Pollutant elements such as Total Suspended (TSS), 

pH, temperature, Dissolved Oxygen (DO), Nitrite (as 

N), Total Phosphate (as P), Biological Oxygen 

Demand (BOD), Chemical Oxygen Demand (COD), 

Iron (Fe) and Lead were calculated using the BP 

equation to determine the amount of pollution load in 

Seketak River. Calculation of actual pollution load 

using the equation, 

 

 
 

Actual pollution load is used to calculate the amount 

of pollution load based on each variable pollutant 

element, Q is the measured discharge, CM is the 

actual concentration. 

 

The maximum amount of pollution load that can be 

accommodated by waters can be measured using the 

maximum pollutant load calculation using the 

following equation, 

 

 
 

The maximum pollution load serves to determine 

whether the actual pollution load value has exceeded 

the maximum pollution load or not. If the actual 

pollution load exceeds the maximum pollution load, 

it is said that the river has been polluted, because it 

exceeds the acceptable capacity. The CBM variable is 

a variable quality standard used with reference to 

Government Regulation of the Republic of Indonesia 

Number. 22 of 2021 concerning the Implementation 

of Environmental Protection and Management Class 

II.  
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Figure 1. Map of Sample Point 

 

III. RESULT 

 

3.1 Water Quality of Seketak River 

The results of the analysis of the physical and 

chemical parameters of Seketak River water during 

the 2 repetitions can be reviewed in tables 2 and 3. 

During the 2 repetitions, the temperature of Seketak 

River water was between 29.2℃ to 33.2℃. The 

highest temperature was recorded at station 3 

(repetition I) and station 2 (repetition I and II), and 

the lowest temperature at station 1 (repetition II). The 

TSS value in Seketak River was recorded at 5.1 mg/L 

to 21.74 mg/L. The highest TSS was recorded at 

station 2 (repetition II) and the lowest at station 1 

(repetition II).  

 

The Dissolved Oxygen (DO) concentration in 

Seketak River during the two repetitions was 

recorded to be between 4.0 ppm and 6.5 ppm. The 

highest DO values were recorded at station 1 

(repetition II) and station 4 (repetition I), while the 

lowest values were recorded at station 2 (repetition I) 

and station 3 (repetition II). Nitrite concentration in 

Seketak River was recorded at 0.21 mg/L to 0.66 

mg/L. The highest nitrite value was recorded at 

station 1 (repetition II) and the lowest at station 4 

(repetition I). The pH value in Seketak River was 

recorded between 7.5 and 9.3. The highest pH was 

recorded at station 3 (repetition II) and the lowest pH 

was recorded at station 4 (repetition I). BOD values 

were recorded at 15 mg/L to 22 mg/L. The highest 

BOD values were recorded at stations 3 and 4 

(repetition II), while the lowest value was recorded at 

station 1 (repetition I). COD in Seketak River was 

recorded between 33 mg/L to 48 mg/L. The highest 

COD values were recorded at stations 3 and 4 

(repetition II), while the lowest values were recorded 

at stations 1 and 2 (repetition I). Total Phosphate 

concentration was recorded at 0.01 mg/L to 0.13 

mg/L. The highest Total Phosphate value was 

recorded at station 1 (repetition II) and the lowest at 

station 3 (repetition II). Iron (Fe) concentration was 

recorded at 0.18 mg/L to 1.07 mg/L. The highest Fe 

value was recorded at station 3 (repetition I) and the 

lowest at station 1 (repetition II). Lead (Pb) 

concentration was recorded at 0.01 mg/L to 0.05 

mg/L. Pb values were highest at stations 2 and 4 

(repetition II), while the lowest values were at 

stations 1 and 3 (repetition I). 
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Table 2. Water Quality Testing Result Repetition I 

 

Table 3. Water Quality Testing Result Repetition II 

Variable 
Station 

Average 
Quality 

Standard 
Unit 

1 2 3 4 

Physical Parameters 

Depth 0,56 0,72 0,75 0,2 0,56 # m 

Brightness 0,35 0,59 0,66 - 0,53 # m 

Debit  0,46 0,99 2,92 0,61 1,24 # m/s^2 

Total Suspended Solid (TSS) 5,1 21,74 18,78 6,06 12,92 50 mg/l 

Temperature 29,2 31,1* 31,2* 30,6* 30,53* Deviation 3 °C 

Chemical Parameters 

Potential of Hydrogen (pH) 8,9 8,5 9,3* 9,2* 8,98 6-9 - 

Dissolved Oxygen (DO) 6,5 4,7 4,7 6,4 5,58 4 ppm 

Nitrit  0,66* 0,48* 0,44* 0,39* 0,49* 0,06 mg/L 

Total Phosphate 0,13 0,06 0,07 0,09 0,09 0,2 mg/L 

BOD 20* 19* 22* 21* 20,50* 3 mg/L 

COD 45* 41* 48* 44* 44,50* 25 mg/L 

Iron (Fe) 0,18* 0,53* 0,44* 0,49* 0,41* 0,3 mg/L 

Lead (Pb) 0,03* 0,05* 0,03* 0,05* 0,04* 0,03 mg/L 

 

3.1.2 Analysis of Water Quality Status Based on 

CCME-WQI 

The Canadian Council of Ministers of the 

Environment Water Quality Index (CCME WQI) 

method is used for the assessment of water quality 

based on three main aspects, namely f1 (Scope) 

which serves to measure the proportion of variables 

that exceed the safe limit, f2 (Frequency) which is 

how often the variable exceeds the threshold, and f3 

(Amplitude) which measures how far the variable 

exceeds the limit. The CCME method can be widely 

used and reflects water quality conditions for various 

purposes (Wu et al. 2017; Gao et al. 2016). Analysis 

of the water quality status of the Seketak River 

measured using the CCME-WQI (Canadian Council 

of Ministers of the Environment Water Quality 

Variable 
Station 

Average 
Quality 

Standard 
Unit 

1 2 3 4 

Physical Parameters 

Depth 0,6 0,8 0,75 0,2 0,59 # m 

Brightness 0,38 0,75 0,55 - 0,56 # m 

Debit  0,40 1,16 2,26 0,39 1,05 # m/s^2 

Total Suspended Solid 

(TSS) 
5,34 13,78 11,08 5,5 8,93 50 mg/l 

Temperature 29,9 32,2* 33,2* 31,4* 31,68* Deviation 3 °C 

Chemical Parameters 

Potential of Hydrogen 

(pH) 
7,7 7,8 8 7,5 7,75 6-9 - 

Dissolved Oxygen (DO) 6,1 4 6,1 5,8 5,50 4 ppm 

Nitrit  0,21* 0,22* 0,22* 0,47* 0,28* 0,06 mg/L 

Total Phosphate 0,01 0,01 0,01 0,01 0,01 0,2 mg/L 

BOD 15* 16* 20* 21* 18,00* 3 mg/L 

COD 33* 33* 43* 44* 38,25* 25 mg/L 

Iron (Fe) 0,32* 0,78* 1,07* 0,67* 0,71* 0,3 mg/L 

Lead (Pb) 0,01 0,01 0,01 0,02 0,01 0,03 mg/L 
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Index) method obtained results regarding the water 

quality status which can be reviewed in figure 2. The 

water quality of the Seketak River is in the poor 

category at all stations as shown in Figure 4.11, with 

a value at station 1 of 43.552, station 2 of 36.579, 

station 3 of 40.968, and at station 4 of 36.721. 

Referring to the CCME WQI scoring, it can be 

concluded that the water quality status of stations 1 - 

4 of the Seketak River is poor. 

 

3.1.3 Pollution Load Analysis of Seketak River 

 

The results of the Seketak River Pollution Load 

analysis for 2 repetitions can be reviewed in tables 4 

and 5. Based on repetitions I and II, the average and 

maximum actual pollution load data of TSS, nitrite, 

total phosphate, BOD, COD, iron, and lead variables 

were obtained. The highest average actual pollution 

load was at station 3 with TSS variables of 3451.084 

kg/day; nitrite of 76.958 kg/day; total phosphate of 

3.056 kg/day; BOD of 4729.160 kg/day; COD of 

10255.952 kg/day; iron of 160.088 kg/day; lead of 

4.760 kg/day. The lowest average actual pollution 

load was recorded at station 1 with TSS variables of 

520.951 kg/day; nitrite of 16.633 kg/day; total 

phosphate of 2.741 kg/day; BOD of 651.452 kg/day; 

COD of 1452.963 kg/day; iron of 9.021 kg/day; lead 

of 0.764 kg/day. 

 

Table 4. Actual Pollution Load of Seketak River 

Station Repetition 
Actual Pollution Load (kg/day) 

TSS Nitrit Total Phospate BOD COD Iron Lead 

1 

I 182,311 7,170 0,341 512,111 1126,644 10,925 0,341 

II 859,591 26,096 5,140 790,792 1779,283 7,117 1,186 

Average 520,951 16,633 2,741 651,452 1452,963 9,021 0,764 

2 

I 1383,481 22,088 1,004 1606,364 3313,126 78,310 1,004 

II 1850,655 40,861 5,108 1617,408 3490,196 45,117 4,256 

Average 1617,068 31,474 3,056 1611,886 3401,661 61,714 2,630 

3 

I 2166,548 43,018 1,955 3910,737 8408,084 209,224 1,955 

II 4735,619 110,952 17,651 5547,584 12103,819 110,952 7,565 

Average 3451,084 76,985 9,803 4729,160 10255,952 160,088 4,760 

4 

I 185,514 15,853 0,337 708,324 1484,108 22,599 0,675 

II 319,558 20,566 4,746 1107,380 2320,225 25,839 2,637 

Average 252,536 18,209 2,542 907,852 1902,167 24,219 1,656 

 

Table 5. Maximum Pollution Load of Seketak River 

Station Repetition 
Maximum Pollution Load (kg/day) 

TSS Nitrit Total Phospate BOD COD Iron Lead 

1 

I 1707,036 2,048 6,828 102,422 853,518 10,242 1,024 

II 1976,981 2,372 7,908 118,619 988,490 11,862 1,186 

Average 1842,009 2,210 7,368 110,521 921,004 11,052 1,105 

2 

I 5019,888 6,024 20,080 301,193 2509,944 30,119 3,012 

II 4256,337 5,108 17,025 255,380 2128,168 25,538 2,554 

Average 4638,113 5,566 18,553 278,287 2319,056 27,829 2,783 

3 I 9776,842 11,732 39,107 586,611 4888,421 58,661 5,866 
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II 12608,145 15,130 50,433 756,489 6304,072 75,649 7,565 

Average 11192,494 13,431 44,770 671,550 5596,247 67,155 6,716 

4 

I 1686,486 2,024 6,746 101,189 843,243 10,119 1,012 

II 2636,620 3,164 10,546 158,197 1318,310 15,820 1,582 

Average 2161,553 2,594 8,646 129,693 1080,777 12,970 1,297 

 

 
Figure 2.  Seketak River Water Quality 

 

3.2 Discussion 

Based on the research results obtained, the Seketak 

River discharge value ranges from 0.39-2.92 m3/s. 

The rate of water discharge can be influenced by 

several factors such as river morphology (river slope, 

river shape, depth, river width) and meteorology 

(weather and rainfall). The river rate is influenced by 

the river network (river tiller) (Utama et al., 2018). 

The slow discharge value at Seketak River is thought 

to be due to weather conditions when sampling was 

not raining. The discharge value at station 3 is quite 

different from the other stations, this difference is 

caused by the shape of the flow at station 3 which is 

more downhill. There are other factors that cause 

station 3 to have a heavier discharge, namely the 

presence of a settlement before station 3 where 

domestic waste directly enters the river waters. River 

topography and geomorphology, land cover and 

vegetation cover affect the rate of river discharge 

(Neno et al., 2016).  Decomposition of organic matter 

is faster in rivers that have a heavy discharge. Slow 

discharge in waters has the potential to increase the 

viscosity of organic matter (Mutmainah et al., 2022; 

Mandaric et al., 2018). 

 

The obtained temperature of Seketak River ranges 

from 29.2℃ - 33.2℃ which can be reviewed in 

figure 3. The temperature obtained exceeds the 

quality standards of class I to IV where the 

temperature exceeds 3℃ of the actual average water 

temperature. Light intensity is the main factor of high 

water temperature in Seketak River. High water 
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temperature can be influenced by the intensity of 

sunlight (Rani and Afdal, 2021). High temperature is 

also influenced by the stirring process. (Bahri et al, 

2022). Water quality can be influenced by water 

temperature, because water temperature is one of the 

limiting factors in the photosynthesis process of 

phytoplankton to produce oxygen. There is a linear 

relationship between sunlight intensity and the 

photosynthesis process (Zainuri et al., 2023). High 

temperatures affect the survival of aquatic biota. This 

happens because temperature will affect changes in 

dissolved oxygen which causes an influence on the 

opening of the fish operculum in the respiration 

process (Nasution et al., 2023). However, it is 

precisely with high temperatures that the 

decomposition process of organic substances 

originating from agriculture, industry, and urban 

areas can be faster (Elassassi et al., 2022; Nemati et 

al., 2016).  

 

Total Suspended Solid content recorded from all 

stations ranged from 5.1 - 21.74 mg/L which can be 

reviewed in figure 3. Based on Government 

Regulation Number 22 of 2021 Class II shows that 

the TSS levels obtained are still below the specified 

quality standard of 50 mg/l. The highest TSS content 

of Seketak River is at station 2, which is a source of 

pollutants from community settlements, student 

boarding houses, and shops. The high TSS at this 

station proves the influence of human activities on 

the pollution of waters, this is because waste has the 

potential to directly enter water bodies (Winarsih et 

al. 2016). The high concentration of TSS is 

influenced by the amount of waste entering the 

waters, and the high TSS will affect the concentration 

of TDS in the waters (Sari, 2015). Discharge is also 

one of the factors that cause high TSS, because high 

discharge can carry sediment particles downstream 

(Zulfikar and Kusratmoko, 2017). Particles that enter 

water bodies can cause sedimentation or siltation. 

High TSS concentrations also affect the brightness of 

the water, reducing the ability of light to penetrate the 

water. This is in accordance with the results of the 

study, which showed that the brightness of the water 

decreased as the TSS concentration increased. 

Indirectly, TSS impacts water quality by inhibiting 

the photosynthesis process of phytoplankton due to 

the disruption of sunlight penetration into the water 

body (Wisha et al., 2019). The turbidity level of a 

water body is also influenced by the TSS 

concentration where both have a positive 

relationship. The higher the TSS concentration, the 

higher the turbidity level. This high turbidity can 

reduce the productivity of aquatic biota and 

potentially disrupt the balance of aquatic ecosystems 

(Sinaga et al., 2024). 

 

The pH or acidity obtained from 4 stations ranges 

from 7.5 - 9.3 which can be reviewed in figure 3. 

This shows that there is a pH that exceeds the 

specified quality standard of 6-9. The high pH that 

exceeds the quality standard in Seketak River does 

not have a major influence on water quality, because 

it is still in the normal pH quality range for 

freshwater. The process of photosynthesis, 

decomposition of organic matter and the activity of 

aquatic biota is one of the factors that affect the pH 

concentration. The pH concentration will change 

during the day, this is because there is a process of 

photosynthesis in phytoplankton. Phytoplankton will 

absorb CO2 to carry out photosynthesis, so that CO2 

levels will decrease and increase pH in waters 

(Pramleonita et al. 2018). However, the respiration 

process carried out by aquatic biota causes pH to 

become acidic because it releases carbon dioxide and 

absorbs existing dissolved oxygen. This also occurs 

during the process of decomposition of organic 

matter assisted by the presence of microorganisms, 

where there will be an increase in the need for 

dissolved oxygen in the waters and release carbon 

dioxide, causing the pH to decrease (Supriatna et al. 

2020). In addition, organic waste that enters water 

bodies also affects pH conditions, such as organic 

waste from agricultural and household activities. The 

composition of soil or aquatic substrates such as 

mineral content, organic matter contained in the 

substrate can be one of the factors causing acidic pH, 

because it is easily dissolved in waters (Anggraini et 

al. 2022). 

 

Dissolved Oxygen (DO) obtained from 4 stations 

ranged from 4 - 7.4 mg/l which can be reviewed in 

figure 3. This shows that the DO concentration 

obtained is in a safe condition. Station 2 has the 

lowest DO concentration. Domestic waste from 

residential areas, student boarding houses and shops 

is one of the factors for the low DO concentration at 

the station. Low DO levels are caused by domestic, 
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urban, industrial and livestock waste entering water 

bodies (Sugianti and Astuti, 2018). Sunlight intensity 

is also a factor in the difference in DO content at each 

station, this occurs at station 2 because there is no 

canopy cover (vegetation covering). The high 

intensity of sunlight is in line with the increase in 

water temperature. Water temperature is inversely 

proportional to dissolved oxygen content, so high 

temperatures will cause low DO concentrations 

(Brennan, 2017). The DO concentration of Seketak 

River also meets the minimum requirements but is 

not yet included in the optimum conditions. 

According to Pakpahan et al. (2023), the DO 

concentration to support the biochemical oxidation 

process is between 3-4 mg/l with an optimum 

condition of 5-7 mg/l. 

 

Nitrite concentrations recorded at all Seketak River 

stations ranged from 0.21 - 0.66 mg/l as shown in 

figure 3. Nitrite concentrations from all stations 

exceeded the quality standard set for class II rivers of 

0.06 mg/l. Household waste discharged into the river 

and activities adjacent to the river are one of the 

factors for the high nitrite content in the river. 

However, the main factor that causes the high nitrite 

content is the livestock farm located at station 4, 

where chicken, cow and goat farm waste directly 

enters the water body. This is in accordance with the 

research of Olivianti et al. (2016), which found high 

nitrite levels in river bodies adjacent to chicken 

manure waste disposal pipes. Waters can be toxic due 

to high nitrite content. High nitrite will easily oxidize 

Fe2+ in hemoglobin biota which affects the rate of 

oxygen movement in the blood and damages biota 

body tissues. Nitrite is also toxic to fish larvae 

(Rejito, 2019). 

 

The concentration of total phosphate at stations 1 to 4 

was recorded to range from 0.01 - 0.13 mg/l which 

can be reviewed in figure 3. The concentration 

obtained is still within the safe range of below 0.2 

mg/l. It was noted that stations 1 and 4 had the 

highest total phosphate concentrations. Community 

waste and the weathering of rocks that are the 

substrate of the river are one of the factors for the 

high concentration of total phosphate at these 

stations. There are other factors that increase 

phosphate levels such as livestock activities found at 

station 4. Livestock, domestic waste such as 

detergents contribute to the increase in phosphate 

levels in waters (Ramadhan and Yusanti, 2020). High 

concentrations of phosphate and nitrate can cause 

algal blooms (Tungka et al. 2016). High algae growth 

rates can occur due to phosphate and nitrate because 

these elements are essential elements for algae 

growth (Misbach et al. 2021).  This causes phosphate 

to be one of the indicators to determine the level of 

water fertility. 

 

Based on Government Regulation No. 22 of 2021 

regarding the designation of class II river water, the 

BOD concentration of Seketak River has exceeded 

the established quality standard of a maximum of 3 

mg/l. Recorded from 4 stations, the BOD 

concentration ranged from 15 - 22 mg/l which can be 

reviewed in figure 3. Station 3 is the point with the 

highest BOD concentration. High student activity is 

one of the contributing factors because it causes 

waste generation around Seketak River. The runoff of 

domestic waste around station 2 is also suspected to 

be a factor in the high BOD concentration at station 

3. The BOD concentration will be high when there is 

high organic matter entering the water body and 

generally occurs during peak hours. This is in line 

with the research conducted, where sampling was 

carried out during peak hours and when the water 

was receding. When rush hour and low tide will 

cause an increase in organic matter pollution in the 

waters (Haque et al. 2024). The presence of chicken, 

cow and goat farms also contributed to the high 

concentration of BOD in Seketak River. This 

research is in line with that conducted by Napitupulu 

et al. (2024), the main contributor to high BOD 

concentrations comes from cattle, goat, and tofu 

industries. High BOD levels indicate that there is an 

increase in the need for dissolved oxygen to 

decompose organic matter, this threatens the life of 

aquatic biota because it causes a decrease in DO 

stocks in the waters. 

 

BOD and COD concentrations have a linear 

correlation shown by the COD concentrations 

obtained which ranged from 33 - 48 mg/l which can 

be reviewed in figure 3. The high concentration 

obtained shows that it has exceeded the quality 

standard set at 25 mg/l. A linear correlation is also 

shown by the high COD concentration at station 3 as 

well as the highest BOD concentration. The disposal 
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of laundry waste from settlements that are not 

equipped with a household-scale Wastewater 

Treatment Plant (WWTP) causes the waste to enter 

the water body directly until it is carried to station 3. 

The high concentration of BOD and COD has a direct 

impact on the concentration of DO in the waters so 

that it has the potential to cause a decrease in water 

quality (Pribadi et al., 2016).   

 

Iron concentrations in the Seketak River from station 

1 to 4 ranged from 0.18 - 0.67 mg/l, which can be 

seen in figure 3. The high iron concentrations at some 

stations indicate that they exceed the specified quality 

standard of 0.3 mg/l. Domestic waste made from 

metals such as springbeds, wire, and construction 

waste are the main causes of high iron concentrations 

in water. Natural factors such as rocks resulting from 

volcanic eruptions can be a factor in high iron 

concentrations in rivers due to the weathering process 

(Bundschuh et al. 2021). Geographically, the Seketak 

River is located adjacent to the Kaligarang River, 

which indicates that the Seketak River is a tributary 

of the Kaligarang River. According to Setyowati 

(2008), the Kaligarang River is a river that originates 

from Mount Ungaran. The mountain once erupted in 

ancient times and many rocks from the mountain 

were found in several rivers in Semarang City. High 

iron content generally comes from industrial waste 

carried by the current (Ishak et al., 2023). High iron 

content has a negative impact on fish metabolism 

because it easily accumulates into body tissues 

through the food chain. 

 

Lead concentrations obtained from stations 1 to 4 

Kali ranged from 0.01 - 0.05 mg/l which can be 

reviewed in figure 3. The high concentration of lead 

shows that there are several stations that exceed the 

quality standard of class II river which is 0.03 mg/l. 

High lead concentrations were found at stations 2 and 

4. Busy and crowded road conditions are a major 

factor in the high lead content at these stations. Motor 

vehicle waste such as oil, grease, and gasoline are the 

main sources of high lead (Alisa et al. 2020). Waters 

containing heavy metals such as lead easily 

accumulate in the food chain and are toxic. Lead 

toxicity can increase if the water has an acidic or low 

pH, this is because a low pH causes the solubility of 

lead metal to be higher (Desriyan et al. 2015). The 

accumulation of lead in water has the potential to 

cause disorders of the human nervous system, 

kidneys, and digestive system and easily accumulates 

in the body of aquatic organisms. Lead accumulation 

will indirectly damage the overall aquatic ecosystem, 

reduce species diversity, and affect the aquatic food 

chain. Fish are at the top of the aquatic food chain 

and are therefore most vulnerable to lead exposure 

(Lee et al. 2019). Low concentrations of lead can be 

fatal to aquatic biota due to bioaccumulation (Kim 

and Kang, 2015). Lead not only affects the life of 

biota but also plants that live through sediments 

(Kumar et al., 2020). 
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Figure 3. Water Quality Variable Concentration of Seketak River 

 

3.2.1 CCME – WQI of Seketak River 

Based on the analysis of the water quality status of 

Seketak River using the CCME-WQI method as a 

whole, it shows that it is in poor condition, which can 

be seen in Figure 4. The variables that have the 

highest impact on the water quality status of Seketak 

River are BOD, COD, nitrite, iron, and lead. The 

worst water quality status was recorded at station 2 

with a value of 36.579 which is thought to be the 

largest contribution of pollutants from domestic 

waste, thus station 2 is more polluted than stations 1, 

3 and 4. High concentrations of BOD and COD are 

caused by domestic, livestock and industrial waste 

that produces heavy metal waste and is difficult to 

decompose. In addition, BOD and COD 

concentrations have a direct impact on decreasing 

DO concentrations due to the high need for oxygen to 

decompose organic matter (Prambuddy et al. 2019). 

The variables of high BOD and COD illustrate that 

the high content of organic matter and chemicals that 

require large amounts of oxygen for the 

decomposition process.  Organisms that have a high 

sensitivity to change will find it difficult to survive 

due to a decrease in DO content caused by high BOD 

and COD (Nishat et al. 2023). Livestock waste also 

contributes to the pollution that occurs in Seketak 

River. Livestock waste in the form of manure will 

produce ammonia. Ammonia from animal waste has 

the potential to become nitrite through the oxidation 

process by microorganisms in water. The process is 

one of the stages in the nitrification process that 

serves to maintain water stability (Hou et al., 2013). 

Industrial and domestic waste containing heavy 

metals such as iron and lead also cause the low water 

quality status of Seketak River. The location of 

Seketak River adjacent to the highway is also a factor 

in the high concentration of lead in the waters. Lead 

particles come from vehicles that emit smoke, then 

settle into the soil which is later exposed to rainwater 

and enters the water. High lead levels in water 

samples were found in locations adjacent to bus 

stations (Le et al., 2019). 

 

 
Figure 4. Water Quality Status of Seketak River 

Based on CCME- WQI Method 

 

3.2.2 Pollution Load of Seketak River 

Based on the analysis of the pollution load in the 

Seketak River as a whole, there are 5 variables that 

exceed the maximum pollution load. This indicates 

that the waters have been polluted. The COD variable 

at station 3 became the highest pollution load because 

it exceeded the maximum pollution load of 4,659.705 

kg/day. BOD at station 3 is also the variable that has 

the second largest pollution load level by exceeding 

the maximum pollution load of 4,057,610 kg/day. 

The actual pollution load of BOD at station 2 is also 

high because it has exceeded the maximum pollution 

load of 1,333,599 kg/day. 

 

Industrial waste, domestic waste, and livestock 

activities are the main sources of high organic 

compounds in the Seketak River that cause high 

COD and BOD pollution loads. Generally, domestic 

and industrial waste is the largest producer of waste 

that causes high COD concentrations (Wang et al., 

2020). Household waste in the form of detergents, 

food waste, cleaners cause high COD concentrations. 

In addition, the decomposition process of livestock 

manure such as chicken, cow, and camel also 

contributes to the increase in COD concentrations in 

Seketak River. High concentrations of COD have the 

potential to cause mass mortality of aquatic biota, due 

to depletion of dissolved oxygen stocks. High COD 

values that exceed the quality standards set for waters 

indicate pollution that could potentially harm the 

environment (Ramayanti and Amna, 2019). 
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Domestic waste from settlements, student boarding 

houses, and shops causes a high BOD pollution load. 

High organic waste causes waters to have to 

decompose more organic matter, causing excess 

oxygen demand. Increased BOD can also be caused 

by aquatic plants or leaves that are decomposed by 

aquatic microorganisms (Ali et al., 2022). High BOD 

has the potential to cause a decrease in dissolved 

oxygen levels that interfere with the life of aquatic 

biota. High BOD concentrations cause the 

availability of dissolved oxygen to decrease, 

damaging aquatic habitats and biodiversity (Vigiak et 

al., 2019). Decreased dissolved oxygen 

concentrations can cause stress in organisms due to 

lack of oxygen and cause the death of aquatic biota 

and disrupt the balance of aquatic ecosystems. Low 

DO levels are also related to high temperatures in the 

waters. This occurs due to an increase in molecular 

vibrations, causing a decrease in the intermolecular 

space between water molecules. Therefore, the 

amount of DO is higher in cold water and lower in 

warm water (Khani and Rajaee, 2016). 

 

CONCLUSION 

 

The water quality status of Seketak River analyzed 

using the CCME-WQI method shows that all stations 

are in poor condition with a score of station 1 of 

43.552, station 2 of 36.579, station 3 of 40.968, and 

at station 4 of 36.721. The station with the worst 

quality was recorded at station 2 which is thought to 

be the largest contribution of pollutants from 

domestic waste (residential areas, student boarding 

houses, and shops), thus station 2 is more polluted 

than stations 1, 3 and 4.   

 

The pollution load of Seketak River shows that there 

are several variables that exceed the maximum 

pollution load including Nitrite, BOD, COD, iron, 

and lead, with the largest contribution of COD at 

station 3 because it exceeds the maximum pollution 

load of 4,659.705 kg/day. The poor condition of the 

waters in Seketak River is thought to be due to 

WWTP management that has not been implemented 

at the household scale, and exacerbated by waste 

from industry and livestock. 
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