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ABSTRACT 
River water pollution has now become a serious problem for society with population growth. 

The development of various industries and pesticides usage. One of the rivers in Lamongan, 

namely Kaliotik is heavily polluted. One of the rivers in Lamongan, namely Kaliotik is heavily 

polluted. Therefore, the research aim is to analyze the distribution of Kaliotik river water quality 

pollution zones. The research type is a quantitative descriptive analysis, with the research design 

used the true experimental time series design. Identification of river pollution zones along the 

Kaliotik river is based on the self-purification zone. contamination zone is identified based on 

the content of BOD, COD, DO as well as microscopic and biometric tests of the diversity of 

water organisms. River water quality assessment using Biotilics is carried out by calculating 

the diversity of family types, the diversity of EPT types, percentage of EPT abundance, and the 

Biotilic Index. The research results showed that Station I had a biotilic index of 2.45, Station II 

2.66, Station III 2.82, Station IV 2.82, and Station V 2.97. Based on these values, it can be 

concluded that the Kaliotik river is in a heavily polluted condition and falls within the polluted 

zone, indicating poor water quality and significant ecological degradation. 

 

 

1. INTRODUCTION 

 

Water pollution in rivers has now become a serious problem 

for society with population growth, the development of 

various industries, and the use of pesticides by farmers 

(Anawar & Chowdhury, 2020); (Wijaya et al., 2013); 

(Gamage et al., 2021); (Sturiale et al., 2020). Rapid 

urbanization is always accompanied by urban river pollution 

due to incompatibility with the development of waste 

treatment systems and water conservancy projects (Zhang et 

al., 2019). River water quality in several areas is greatly 

influenced by human activities, especially around rivers 

(Yogafanny, 2015). The accidental discharge and introduction 

of pollutants into the environment is a serious problem, 

especially when the biodegradation activity of natural 

microbiota is insufficient to remove or neutralize them 

(Pozdnyakova et al., 2022). Urbanization often leads to 

inadequate waste management systems and impacts river 

water quality (Aitken et al., 2024; Chiwaridzo, 2024). Studies 

have shown that human activities significantly affect river 

ecosystems, leading to deteriorating water quality (Odume, 

2020). The self-purification capacity of rivers, as discussed by 

(Midyurova et al., 2021; Travin et al., 2019; Zhang et al., 

2019), highlights natural processes that mitigate pollution, but 

these processes can be overwhelmed, as noted by (Chan et al., 

2018). 

 Poor raw water quality is caused by environmental 

pollution such as water pollution by organic waste, inorganic 

waste, and chemical waste. Kaliotik river is one of 42 rivers 

that flow in Lamongan with a length of 12.50 km. This river 

water is used for bathing, washing, and irrigation for residents' 

agriculture (BPS Lamongan, 2021). Management decisions 

must consider enforcing environmental functions that prevent 

degradation and ensure the stability of river ecosystems 

(Manuel, 2022). One of the tributaries of the Lamongan river, 

which is usually called Kaliotik, is also one of the polluted 

basins. The Kaliotik river is starting to show signs of pollution 

such as an unpleasant odor and blackened water color (Shaleh 

et al., 2021). Protein and fat intake increases ammonia and 

nitrate content, which ultimately reduces dissolved oxygen 

(DO) (Pamungkas, 2016). Waste from fish markets often 

produces fluids such as blood, fish skin or scales, fish organs, 

and fish fins from processing. The Kaliotik river is 12.5 km 

long, not all of which is polluted. This is in accordance with 

Hendrasarie & Cahyarani (2010), that water bodies clean 

themselves of polluting elements or what is known as self-

purification. According to Zubaidah et al. (2019), the self-

purification process can be carried out in river flows even 

though they do not reach the clean water zone through the DO 

and BOD levels of the water (Nugraha et al., 2020). The 

worsening of the self-purification process of river water poses 

a risk to the long-term availability of water resources (Pratiwi 

et al., 2023).  

Biota in river water is an indicator that can provide an idea 

of whether the river is polluted or not. Macroinvertebrates help 

determine water quality because certain taxa and species are 
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more or less tolerant of pollution. These organisms are very 

important for ecosystems because they function as primary 

consumers, detritivores, and prey and play an important role 

in nutrient cycles (Erta et al., 2021) and (Andreano, 2020). 

Benthic macroinvertebrates, especially aquatic insects, can be 

used to assess different levels of river ecological health, as 

some of them are less tolerant of pollution, particularly 

members of the Ephemeroptera, Plecoptera, and Trichoptera 

(EPT) (Unger et al., 2021). Decrease in dissolved oxygen, 

especially in the dry season, species diversity decreases at all 

stations, which consequently causes an increase in the 

Hilsenhoff Biotilic index classified as poor level (Alnoiji et al., 

2022). In the same vein, benthic macroinvertebrate indicators 

are useful tools for water quality assessment because they are 

less mobile and have varying responses to the overall 

environmental stress of aquatic ecosystems (Huh & Lee, 2023). 

According to research conducted by (Alnoiji et al., 2022), it 

shows that there is a significant positive correlation between 

the DO and EPT wealth indices. Biota is spread throughout the 

river body from upstream to downstream of the river. If no 

biota is found in this area, the river is certainly polluted with 

pollutants (Midyurova et al., 2021). According to research 

conducted (Akamagwuna et al., 2019), the lowest abundance 

of EPT organisms occurred in a group of highly disturbed 

locations. Therefore, it is necessary to research to analyze the 

distribution of Kaliotik river water quality pollution zones.  

Studies (Huh & Lee, 2023), have identified correlations 

between dissolved oxygen (DO) levels and EPT diversity, 

underlining their importance in assessing ecological health. 

Despite existing research, gaps remain in understanding 

specific pollution zones along the Kaliotik river (Chatto 

Paylangco et al., 2021). While general trends are known, 

detailed spatial analyses of pollution gradients are lacking. The 

relationship between nutrient inputs (e.g., from fish market 

waste) and water quality parameters like DO, BOD, and COD 

needs further investigation, especially in localized contexts 

such as Lamongan. Additionally, there is a need to explore 

how seasonal variations (e.g., dry seasons affecting DO levels 

and species diversity) impact pollution gradients and biotic 

communities (Liu et al., 2014). Understanding these dynamics 

can provide insights into the resilience of river ecosystems and 

their capacity for self-purification. 

The urgency of studying the Kaliotik river lies in its vital 

role for local communities for domestic use, agriculture, and 

recreation (Zhang et al., 2019). The visible signs of pollution, 

coupled with scientific evidence of declining water quality 

parameters (Chatto Paylangco et al., 2021), underscore the 

immediate need for effective environmental management 

strategies. Without intervention, continued degradation poses 

risks to both ecosystem health and human well-being. 

Addressing these gaps through comprehensive spatial 

assessments and integrating ecological indicators like EPT can 

guide targeted conservation efforts and policy interventions. 

This research is critical for informing sustainable development 

practices and safeguarding water resources in rapidly 

urbanizing areas like Lamongan. By focusing on these aspects, 

the research aims to contribute valuable data-driven insights 

that can support evidence-based decision-making and foster 

community-driven environmental stewardship initiatives 

along the Kaliotik river. 

 

 

2. METHODS 

 

2.1 Research Location 

The research was carried out along the Kaliotik river (Figure 

1) with the river pollution areas determined at five stations. 

The abundance of organisms and the level of river water 

pollution were carried out using the biotylical index. In this 

way, it will be known which stations have experienced light, 

medium or heavy pollution in accordance with water self-

purification (Hendrasarie & Cahyarani, 2010). 

 
Figure 1. Research Location 

 

2.2 Sampling Procedure 

Identification of river pollution zones along the Kaliotik 

river is based on four criteria such as clean-zone, 

decomposition zone, septic zone and recovery zone. The 

contamination zone was identified by the content of BOD, 

COD, DO also microscopic and biometric tests of the water 

biota diversity. This identification was carried out at five 

stations along the Kaliotik river. At each station, the water 

quality is analyzed by measuring the oxygen levels of the 

water and the abundance of organisms. Oxygen levels are 

measured by measuring DO, BOD5, and COD levels (Islami 

& Jolodar, 2023). The abundance of organisms is observed 

both microscopically and macroscopically. The abundance of 

aquatic organisms was taken at the surface and sediment of the 

waters using an Ekman grab tool. The observation of 

macroinvertebrates was conducted by collecting sediment 

samples from the aquatic environment at each observation 

station. The collected sediment was then sieved using graded 

mesh sieves until macroinvertebrate organisms were retained 

on the sieve surface. The retained organisms were 

subsequently separated and identified for the purpose of 

community analysis. Observation of micro invertebrates was 

carried out by collecting water samples using sterile vial 

bottles. These water samples were then examined in the 

laboratory under a light microscope to identify and quantify 

the presence of micro invertebrates. The data obtained from 

these observations were used as the basis for assessing the 

biological condition of the water body and determining the 

biotilic index. 

 

 

2.3 Sampling Techniques 

Sampling starts from the downstream station for 10 minutes 

from 20 meters/sampling station, then continues to the station 

leading upstream of the river. Take samples using a 

combination of kicking and jabbing techniques on parts of the 

river bank that are not too fast, not deep, and overgrown with 

water plants. Measurements have been carried out with one 

repetition at each station. Lift the net above the surface of the 

water and dip the net bag several times into the water until the 
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water that comes out of the net bag is clear and not muddy. 

Macroinvertebrate sampling is stopped if 100 individual types 

have been found no new types have been found at the next 

station or 10% of new individuals have not been found at the 

previous station. Identify macroinvertebrates. River water 

quality assessment using biotilic index is carried out by 

calculating the diversity of family types, diversity of EPT 

types, the percentage of EPT abundance, and the biotilic index, 

which is given an assessment score using the following 

formula: EPT Index (Travin et al., 2019):  

 

EPT = (n EPT / N) x 100% ............................................. (i) 

 

Biotilic index = (X/N) n         ............................................. (ii) 

 

Where: 

EPT  : Number of individual members of the EPT  

X      : The tolerance value or biotic score assigned to each  

           taxon, representing the level of tolerance of the  

           organism to pollution. 

N      : The total number of individual organisms found in the  

            sample. 

n      : The number of individuals of each observed taxon or  

            species. 

 

3. RESLUTS AND DISCUSSION 

 

The results of testing BOD, COD, and DO levels at the five 

sample stations are presented in Table and graph 2 below: 

 

Table 1. BOD, COD, DO levels at five sample stations 

No Concentration 

(mg/L) 

Regulation 

threshold (mg/L)* 

Station I 

(mg/L) 

Station II 

(mg/L) 

Station III 

(mg/L) 

Station IV 

(mg/L) 

Station V 

(mg/L) 

1 BOD5 60 435 ± 0,58 252 ± 0,58 161 ± 0,00 236 ± 0,58 247 ± 0,58 

2 COD 150 593 ± 0,58 571 ± 0,01 402 ± 0,58 246 ± 0,00 128 ± 1,53 

3 DO > 5 0,3  ± 0,10 0,6  ± 0,06 0,7  ± 0,06 0,9  ± 0,00 1,7  ± 0,25 

Notes: Sign (*) were according to Permen Kes RI, no. 32 Tahun 2017 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 1. BOD, COD, DO levels at five sample stations 

 

Based on the results presented in Table 1, the concentrations 

of BOD, COD, and DO at all sampling stations exceeded the 

established quality thresholds. These findings indicate that the 

water quality of the Kaliotik river is generally poor and that 

pollution is present across all monitoring stations. The highest 

concentrations of BOD and COD were recorded at Station I, 

which is influenced by waste discharge from the nearby fish 

market, suggesting a strong contribution of organic pollution 

in this area. In contrast, dissolved oxygen (DO) levels tended 

to decrease at stations located further away from the fish 

market, reflecting an increasing level of degradation along the 

river. Overall, the measured parameters did not comply with 

the applicable water quality standards in several zones of the 

Kaliotik river research stations. Consequently, the river water 

is considered unsuitable for various uses. The elevated levels 

of BOD and COD, coupled with the reduced levels of DO, are 

attributable to the excessive input of organic waste into the 

river. The decomposition of abundant organic matter and 

complex protein compounds by microorganisms increases 

oxygen consumption, resulting in decreased dissolved oxygen 

concentrations. Furthermore, graphical analysis of BOD and 

DO concentrations demonstrates an inverse relationship, 

where an increase in BOD corresponds to a decrease in DO 

levels. 

As the BOD concentration decreases at the sampling 

stations, the DO concentration tends to increase, indicating a 

reciprocal relationship between these two parameters. The 

variations in BOD and DO concentrations across Stations 1–5 

are associated with oxidation processes occurring within the 

flowing water, which are characterized by fluctuations in 

dissolved oxygen levels and a gradual natural reduction in 

BOD concentrations. However, under the observed 

conditions, the river ecosystem has not yet been capable of 

effectively purifying the water from continuous BOD inputs. 

This situation is presumed to result from the inability of the 

dissolved oxygen concentration to recover to its optimal level, 

particularly in river segments that remain heavily affected by 

prolonged waste contamination, leading to suboptimal aerobic 

conditions (Nugraha et al., 2020). Similar findings have been 

reported in previous studies, which demonstrated that BOD 
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and COD concentrations decreased concomitantly with 

increasing DO levels in the Surabaya River (Rosli et al., 2020). 

Furthermore, correlation analysis revealed that COD and BOD 

exhibited a strong linear relationship (Figure 2), while both 

parameters showed an inverse relationship with DO 

concentrations (Deswati et al., 2022). These results reinforce 

the notion that elevated organic pollution intensifies oxygen 

consumption through microbial degradation processes, 

thereby reducing the availability of dissolved oxygen in the 

aquatic environment. 

 

 

 
Figure 2. Inverse relationship between BOD and DO in river waterflow 

Source: (Ghosh et al., 2018) 

 

The examination of water biota along five sampling stations 

of the Kaliotik river involved both microscopic and biotic 

analyses. Microscopic analysis entailed detailed observation 

through microscopes, as documented in table 2 shows results 

of microscopic biota diversity using microscope using 

magnification 400X, to identify and quantify the diverse 

microorganisms present in the water samples. The biotic 

assessment was complemented by additional analysis by 

evaluating the broader ecological impact of these organisms 

on the river's ecosystem health and water quality dynamics. 

 

 

Table 2. Results of microscopic biota diversity using microscope magnification 400X 

Station Microscopic Test Results Information 

1 

 

No biota was found, and only 

debris (trash) was found 

2 

 

No biota was found, and only 

debris (trash) was found 

3 

 

No biota was found, and only 

debris (trash) was found 

4 

 

A type of Cyanophyta was found 

Oscilatoria sp. 
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Station Microscopic Test Results Information 

5 

 

Found Cyanophyta and Protozoa 

Based on this table 2, it can be seen that at stations I, II, and 

III there were no organisms found. At station IV Cyanophyta 

group organisms were found. At station V, a variety of 

protozoa and Cyanophyta organisms were found. The self-

purifying ability of river water was understood as a series of 

processes hydrodynamic, physical, biological, and chemical 

which aims to restore its original properties and composition. 

The results of the microscopic test using a microscope showed 

that no biota was found at Stations 1-3. However, what was 

found at this station was only debris (garbage). Meanwhile, at 

Stations 4 and 5, biota was found with the form of Cyanophyta, 

Oscillatoria type. This was the microalgae which is the water 

pollution indicator by Fukuyo's theory, which shows that the 

water quality in the area was polluted. This is possible because 

there was a lot of organic waste scattered around. Apart from 

that, this microalgae was able to protect itself from toxic 

substances in the waters. Therefore, this genus can live in 

polluted waters (Nugraha et al., 2020). According to 

(Hendrasarie & Cahyarani, 2010) the self-purification 

mechanism process consists of several zones, namely the clean 

water zone, decomposition zone, biodegradation zone, and 

recovery zone. 

The highest BOD levels were found at station I, and was 

likely to have been included in the decomposition zone. This 

zone was found in the source area of pollution, the flowing 

waste would undergo decomposition/oxidation or the process 

of breaking down organic material by bacteria and 

microorganisms. At stations II and III, laboratory test results 

showed that the BOD concentration began to decrease and the 

DO concentration began to increase. The observed decline in 

BOD values across the stations is associated with the 

increasing distance from the pollution source and the 

progressive oxidation and redistribution of organic matter 

within the aquatic system. This shows that the longer the 

distance traveled, the organic compounds would naturally 

experience a decrease in concentration values and this had 

been followed by a decrease in the number of microorganisms 

in the water.  However, because the DO values at this station 

was still below II, no biota was found in the microscopic test, 

but only aquatic waste. At stations 4 and 5, DO values began 

to increase and BOD concentrations decreased. At station 4 

and 5, began to entered the oxygen recovery zone which came 

from air captured by air, aeration and watered plants. Apart 

from that, organic matter decreases after decomposition so that 

BOD decreases and bacterial populations decrease. In this 

zone, dissolved oxygen values began to return to normal. 

Likewise, microscopic air life was starting to become visible, 

however, test results at stations IV and V found blue algae 

biota such as oscillatoria which was a bioindicator that the 

waters had been polluted. This was possible because there was 

a lot of organic waste scattered around. Apart from that, this 

microalgae was able to protect itself from toxic substances in 

the waters. Therefore, this genus was able to live in waters that 

experience pollution (Nugraha et al., 2020). Apart from 

oscillatoria, at station 5, biota in the form of protozoa was also 

found which could be used as a bioindicator for water. The 

course and rate of the purification process depend on several 

conditions: the nature of the incoming chemical pollutants, the 

volume and rate of contamination, the hydrodynamic 

conditions of the aquatic environment, the chemical 

composition, and the biological state (Travin et al., 2019). EPT 

abundance test results and biotylics are presented in Table 3 

below: 

 

 

 

Table 3. Biotilic index test results 

No. Station 

EPT/ 

Non 

EPT 

Family Name 

Biotilic 

Score 

(Ti) 

Amount 

Individual 

(Ni) 

Ti x Ni 

Aboundan

ce EPT 

(%) 

 

Biotilic 

Index 
Information 

1 I 

EPT 
Prosopistomatidae 4 5 20 

0.22 2.45 Polluted 

Subtotal EPT (n EPT) 5 20  

nonEPT 

Nepidae  2 8 16 
Thiaridae -B 2 9 18 
Subtotal Non-EPT 22 34  
Total (N) 22  

2 II 

EPT 
Prosopistomatidae 4 5 20 

0.33 2.66 Polluted 

Subtotal EPT (n EPT) 5 20  

nonEPT 

Nepidae  2 4 8 
Thiaridae -B 2 6 12 
Subtotal Non-EPT 10 20  
Total (N) 15  

3 III EPT 
Prosopistomatidae 4 6 24 

0.27 2.82 Polluted 
Subtotal EPT (n EPT) 6 24  
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No. Station 

EPT/ 

Non 

EPT 

Family Name 

Biotilic 

Score 

(Ti) 

Amount 

Individual 

(Ni) 

Ti x Ni 

Aboundan

ce EPT 

(%) 

 

Biotilic 

Index 
Information 

nonEPT 

Nepidae  2 7 14 
Thiaridae -B 2 4 8 
Gyrinidae 3 11 33 
Subtotal Non-EPT 22 20  
Total (N) 28  

4 IV 

EPT 
Prosopistomatidae 4 6 24 

0.27 2.82 Polluted 

Subtotal EPT (n EPT)  6 24 

nonEPT 

Nepidae  2 7 14 
Thiaridae -B 2 4 8 
Gyrinidae 3 11 33 
Subtotal Non-EPT 22 20 
Jumlah total (N) 28  

5 V 

EPT 

Prosopistomatidae 4 9 36 

0.37 2.97 Polluted 

Psychomyiidae 4 7 28 
Subtotal EPT (n EPT)  16 64 

nonEPT 

Libellulidae 3 4 12 
Vellidae 3 6 18 
Nepidae  2 6 12 
Thiaridae -B 2 8 16 
Viviparidae 2 3 6 
Subtotal Non-EPT  27 64 
Total (N)  43  

In Station I of the Kaliotik river, the assessment revealed a 

notable presence of EPT taxa such as Prosopistomatidae, 

alongside Non-EPT taxa including Nepidae and Thiaridae – 

B. The indicator values indicated an EPT abundance 

percentage of 0.22 and a biotilic index of 2.45, categorizing 

the station as experiencing heavy contamination. Similarly, 

Station II exhibited a comparable composition with EPT 

represented by Prosopistomatidae and Non-EPT taxa like 

Nepidae and Thiaridae – B, yielding an EPT abundance 

percentage of 0.33 and a biotilic index of 2.66, also indicating 

heavy contamination.  

Stations III and IV displayed a diversity of EPT taxa 

including Prosopistomatidae, Nepidae, Thiaridae – B, and 

Gyrinidae, with EPT abundance percentages of 0.27 and biotic 

indices of 2.82, denoting heavy contamination levels. Station 

V exhibited the highest EPT diversity with Prosopistomatidae 

and Psychomyiidae, along with Non-EPT taxa such as 

Libellulidae, Vellidae, Nepidae, Thiaridae – B, and 

Viviparidae, resulting in an EPT abundance percentage of 0.37 

and a biotilic index of 2.97. These findings collectively 

indicate severe pollution across all stations, rendering the 

water unsuitable for daily human needs. The variations in EPT 

taxa composition and abundance along the river suggest 

differing pollutant sources, with upstream locations generally 

showing lower diversity compared to downstream areas 

(Malvandi et al., 2021). The percentage of Ephemeroptera and 

EPT taxa composition, Tolerance metric consists of the 

tolerance taxa percentage. To calculate the tolerant taxa 

percentage, aquatic insect families are sorted based on their 

tolerance value families that have a tolerance value of less than 

5 are considered taxa sensitive to pollution, and those that have 

a tolerance value of 5 or greater than 5 are categorized as 

tolerant organisms (Athulya, 2023). Their relationship to the 

physicochemical parameters of water also varies from one 

species to another. In addition, only a few arthropods showed 

a significant relationship with the type of water quality in the 

sampling area (Chatto Paylangco et al., 2021). This is also in 

accordance with (Odume, 2020), that urban pollution that 

urban pollution affects macroinvertebrate traits differently. 

Certain ecological traits and preferences were largely 

associated with impacted sites compared with control sites. 

Taxonomically, certain metrics such as EPT abundance, 

diversity, and richness have been established through years of 

research as being quite sensitive to environmental disturbances 

including urban pollution. Understanding these relationships 

is crucial for effective water quality management and 

conservation efforts in urban river ecosystems. 

 

 

4. CONCLUSION 

 

This results showed that The biotic index values recorded at 

each station varied, with Station I registering 2.45, Station II 

2.66, Station III 2.82, Station IV 2.82, and Station V 2.97. 

These values consistently indicate a high level of ecological 

degradation. Based on this assessment, it can be concluded that 

the Kaliotik River is classified as heavily polluted and falls 

within the polluted zone, reflecting a severely compromised 

water quality status. The study highlights significant 

implications for environmental management and public 

health. It underscores the severity of water pollution in the 

Kaliotik river, exacerbated by organic waste from fish markets 

and urban runoff. The findings suggest that water quality 

across all five stations is severely compromised, as indicated 

by elevated levels of Biological Oxygen Demand (BOD) and 

Chemical Oxygen Demand (COD), coupled with depleted 

Dissolved Oxygen (DO) levels. These conditions are 

detrimental to aquatic biota, as evidenced by the absence of 

macroinvertebrates and the presence of pollution-tolerant 

microorganisms like Cyanophyta and Protozoa.  
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