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INTRODUCTION  

 

Environmentalists express significant concern regarding the pervasive freshwater 

source contamination caused by various pollutants. Fish undergo stress due to diverse abiotic 

environmental factors, such as changes in water temperature, pH levels, oxygen concentration 

in addition to water contaminants including pesticides and heavy metals. Furthermore, biotic 

stressors can be observed in fishing activities associated with human intervention, parasitic 

and bacterial infestations, and the influence of predators.  Toxic substances in the aquatic 

environment can also alter the water quality parameters, affecting the fish’s histology indices 

(El-shenawy et al., 2021). Histopathology is a valuable tool for assessing the potential 
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Due to their ability to accumulate pollutants, fish are commonly used as 

bioindicators in river ecosystems. Their direct contact with dissolved substances has 

given the chance for the livers and kidneys of fish to be affected by chemical changes 

in aquatic environments. Thus, concerns have emerged regarding the potential 

degradation of water quality in the Satui River due to human activities, where Mystus 

nemurus is commonly found. In response, this study aimed to evaluate the 

histopathological alterations in the liver and kidney of the river catfish, as well as 

assessing the water quality of the Satui River. Histopathological lesions are detected 

through paraffin-based microtechniques. While pollution Index methodology is 

employed to evaluate river water quality according to the Water Quality Standards as 

specified in Government Regulation No. 22 of 2021 of the Republic of Indonesia. The 

present study utilized a scoring-based qualitative descriptive histopathological analysis 

to investigate the histological characteristics of the liver and kidneys. The Satui River's 

water quality was classified as "lightly polluted" based on the average pollution index 

values of 1.11 and 2.31 for the first and second samplings, respectively. Fat 

degeneration, congestion and necrosis were monitored as the characteristic features of 

liver histopathological damage in river catfish. Simultaneously, the histopathological 

analysis discloses the existence of melanomacrophage center (MMC), congestion and 

glomerular swelling as observable manifestations of kidney damage. Based on the 

obtained scoring results, a score of 1 was recorded, which indicates the occurrence of 

relatively minor damage, encompassing a range of 25-50%. Between stations 1 & 2, no 

significant difference (P> 0.05) was observed in the histological damage for the liver 

and kidneys of river catfish. To conclude, the utilization of histopathological 

assessment for river catfish offers significant benefits since it allows accurate 

evaluation of the health of both fish and water at any given time.   
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impact of water quality degradation on human health.  The histology approach can facilitate 

identifying histopathological changes induced by exposure to anthropogenic toxins, 

potentially adversely impacting fish health (Feist et al., 2015). The Satui River is in the 

Tanah Bumbu district of the South Kalimantan province. It flows through the Satui sub-

district. The river in question, with a length of 58,596.66 meters, is a vital link between 

multiple communities within the Satui sub-district. Water pollution in the Satui River is 

believed to result from various human activities, such as agricultural practices, mining 

operations, domestic tasks, the passage of large vessels and the transportation of fishing 

boats. According to Yulistia (2020), escalating water usage can lead to unregulated waste 

production, negatively impacting water quality. 

The quality of the aquatic environment influences the maintenance of physiological 

functions in fish. The consumption of fish inhabiting polluted waters can potentially 

jeopardize human health and pose significant risks to individuals (Dwiyitno et al., 2008). 

Hence, it is imperative to assess water quality by evaluating physical and chemical 

characteristics, followed by analysis using the pollution index method. The pollution index 

value quantifies the pollution level of the required water quality standard in river water 

sources (Marganingrum et al., 2013). Due to their capacity to highlight the risks of 

introducing dangerous compounds into aquatic habitats, fish are frequently used as important 

control organisms in toxicological investigations (Goenarso, 1988; Safratilofa, 2017; 

Ibrahim & Elbastamy, 2023). Fish serve as effective bioindicators due to their easily 

identifiable taxonomy, extensive geographical range, substantial population sizes and 

quantifiability. Additionally, their amenability to laboratory examination, heightened 

sensitivity or resistance to environmental pressures, and capacity to tolerate adverse 

conditions further enhance their suitability (Purwati, 2015). The presence of river catfish in 

the Satui River is notable due to their wide distribution and high population levels, making 

them a relevant example of this characteristic.  

The species Mystus nemurus is a type of river catfish that belong to the taxonomic 

classification of phylum Chordata, class Pisces, subclass Siluridae, family Bagridae and 

genus Mystus (Imaki et al., 1978; Kottelat et al., 1993). The river catfish, also called Baung 

fish by locals, is an indigenous species in Indonesia. This species holds considerable 

economic importance in South Kalimantan due to its highly palatable flavor and the lucrative 

market value it commands (Komari et al., 2012). River catfish individuals exhibit a 

nocturnal behavior pattern and prefer temperatures ranging from 20 to 33°C (Izquierdo et 

al., 2001). Biologically, river catfish grows and develops in tropical waters; this fish species  

has additional respiratory organs in the form of arborescant organs. In response to 

environmental conditions, river catfish exhibit a behavioral adaptation wherein they ascend to 

the water's surface when oxygen levels are depleted, enabling them to extract oxygen directly 

from the atmosphere (Nuraeni et al., 2022).  

Given the increased anthropogenic activity in the Satui River, particularly in East Satui 

Village, and the lack of data on the health quality of the Satui River waters up until this point, 

it is essential to biomonitor water quality using a histopathological evaluation approach on 

river catfish, which is widely consumed by the general public. Histopathological evaluation 

in river catfish is highly advantageous due to its ability to assess fish health at any given 

moment accurately. Due to the negative effects of pollution, changes in fish's liver and 

kidney tissue can effectively provide information on the physiological status and health of 

fish, making them ideal candidates for biomonitoring programs.  

The study aimed to assess histopathological abnormalities in the liver and kidneys of 

river catfish and test the physical and chemical quality of the water in the Satui River using 

the pollution index method. 
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MATERIALS AND METHODS  

 

Study area 

The Satui River is in the Satui sub-district, part of the Tanah Bumbu district in the 

South Kalimantan Province of Indonesia. The Satui River, with a length of 58,596.66 meters, 

originates from the Batulaki River and flows downstream along the West Satui coast. Station 

1, situated at coordinates 3°46'47.3"S 115°26'13.4"E, represents the shipping dock area, 

while station 2, located at coordinates 3°46'43.7"S 115°25'15.9"E, corresponds to the 

residential area (Fig. 1). Additionally, Fig. (2) illustrates anthropogenic activities associated 

with the Satui River.  

 
Fig. 1. Map of sampling location 

 

 

 
 

 
 

 
 

  
 

 
 

Fig. 2. Satui River utilization showing: (A) Shipping dock; (B) Household liquid waste disposal; 

(C) Agricultural irrigation; (D) Diesel warehouse; (e) Fishing, and (F) Household plastic 

waste.  

Samples collection 

The method employed for fish and water sampling is "purposive sampling," which 

involves selecting samples based on specific research requirements. According to Sugiyono 

(2014), purposive sampling is a method used to select data sources based on specific criteria. 

A B C 
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The focus of this study revolved around the anthropogenic activities that serve as sources of 

pollution. The study sampled two distinct stations: Station 1, characterized by a high 

concentration of large ships, and Station 2, which represents a residential area.  

The collection of water and fish samples was conducted on two occasions, 

specifically in February and April 2023. The sampling methodology for river water followed 

the guidelines outlined in the Indonesian National Standard (SNI) 8995:2021***. Fish 

specimens were procured through fishing techniques or the deployment of traps with the aid 

of proficient fishermen. Six river catfish were collected from each sampling station, with a 

length range of 20- 23cm and a weight range of 200- 500g. The fish specimens were carefully 

transferred into water containers and subsequently transported to the laboratory to facilitate 

the extraction of their liver and kidney tissues. 

Physical and chemical examination 

The variables for measuring physical water quality included temperature, total 

suspended solids (TSS) and salinity. The chemical quality measurement included pH, 

biochemical oxygen demand (BOD) and dissolved oxygen (DO). The measurement 

procedure pertains to the Indonesian Standardisation Agency (SNI), as indicated in Table (1). 

Table 1. Physical and chemical parameters and the corresponding methods of analysis 

No Parameter Unit  Method Specification 

Field 

1. Temperature ℃ Thermometer 

2. pH - pH indicator 

Laboratory 

3. BOD mg/L SNI 6989.72:2009 

4. TSS mg/L SNI 06-6989.3:2019 

5. COD mg/L SNI 6989.2:2019 

6. DO mg/L digital DO meter  

 

Histopathological examination 

This study utilized the liver and kidneys of the river catfish (Mystus nemurus) for 

histological preparations. The initial stage of the preparation process involves the extraction 

of the liver and kidneys. Subsequently, the liver and kidneys of the catfish were subjected to 

fixation in a 10% buffered neutral formalin solution (BNF), followed by a series of 

dehydration steps using alcohol concentrations of 70%, 80%, 90% and absolute alcohol. 

Furthermore, xylol was employed for two cycles, followed by two cycles of infiltration 

lasting 1.5 hours each. The specimen was then embedded in a paraffin block in preparation 

for sectioning. The tissue bands were sectioned using a microtome set to a thickness of 5 

microns. Next, the hematoxylin- eosin staining technique was employed to introduce 

chromaticity. According to Abdel-Moneim et al. (2012), paraffin microtechniques 

employing split preparations are utilized to identify histopathological lesions. 

Histopathological examination of liver and kidney tissues was conducted using an Olympus 

CX 41 light microscope and an Olympus DP 20 camera. The examination commenced by 

employing a 4x objective lens to acquire a comprehensive tissue perspective, followed by 

objective lenses with higher magnification power, specifically 10x, 20x, 40x, and 100x, to 

discern and identify any lesions present. 

 

Data analysis 

The water quality measurements were compared to the water quality standards outlined 

in the Government Regulation of the Republic of Indonesia Number 22 of 2021, which 
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pertains to the Implementation of Environmental Protection and Management regarding the 

Allocation of River Water Quality Standards. Moreover, the analysis was conducted utilizing 

the pollution index (PI) methodology stipulated in Decree No. 115 of 2003 issued by the 

State Minister of Environment of the Republic of Indonesia. The status of the waters is 

classified as good criteria if the PI value is at a score of 0 ≤ Pij ≤ 1.0; lightly polluted if the PI 

value is at a score of 1.0 < Pij ≤ 5.0; fairly polluted if the PI value is at a score of 5.0 < Pij ≤ 

10, and heavily polluted if the PI value is at a score of Pij > 10. Histopathological assessment 

is conducted using a qualitative descriptive analysis. The analysis involved the microscopic 

examination of histopathological images in liver and kidney tissues. The images were 

subsequently juxtaposed with the histological images sourced from the Atlas of Fish 

Histology and other relevant references (Genten et al., 2009). Table (2) presents the analysis 

conducted using the scoring methodology, and the quantified extent of damage presented in 

the study of Lestari et al. (2018). 

  Table 2. Histopathological damage scoring value 

Damage (%)    Score Category 

< 25% 0 Normal 

25% - 50% 1 Light 

50% - 75% 2 Fair 

>75% 3 Heavy 

 

RESULTS  

 

1. Physical and chemical analysis 

Table (3) displays the physical and chemical characteristics of water in the examined 

area of the Satui River. The initial sampling occurred in February, followed by a subsequent 

sampling in April. 

 

Table 3. River water quality measurement results 

Parameter Unit 
Average Class II quality standard according to 

Gov. regulation No 22 of 2021 P1 P2 

pH - 7.5 8 6 – 9  

Temperature ℃ 27 28.5 28 – 30  

BOD5 mg/l 2.9 7.8 3 

COD mg/l 0 27 25 

DO mg/l 6.45 5.3 4 

TSS mg/l 36.1 27.5 50 
Description: 

1)
 P1 (1

st
 sampling) & P2 (2

nd
 sampling) 

      2) 
Government Regulation Number 22 of 2021 concerning the Implementation of 

Environmental Protection and Management concerning the Allocation of River Water 

Quality Standards 

 

2. Pollution index analysis 

Table (4) exhibits the findings of the water quality assessment and pollution index for 

the Satui River during February and April. 
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Table 4. Water quality analysis by pollution index 

Average pollution index value 
Index pollution Category 

P1 P2 

1.11 2.31 1.0<PI≤5.0 Lighty polluted 

Description: 
1)

 P1 (1
st
 sampling) & P2 (2

nd
 sampling) 

          
2)

 Decree of the State Minister of Environment of the Republic of Indonesia 

number 115 of 2003 

3. Morphometric characters 

The morphometric character measurements of Mystus nemurus are presented in Table 

(5) and illustrated in Fig. (3). 

 

Table 5. Morphometric character measurement results of Mystus nemurus (average ± 𝑆𝐷) 

during February and April 

Characters N February 2023 April 2023 

TL 6 21.3 ± 0.79 21.6 ± 0.49 

SL 6 16.1 ± 0.60 16.3 ± 0.27 

HL 6 5.7 ± 0.37 5.8 ± 0.25 

HW 6 4.0 ± 0.07 4.0 ± 0.00 

HD 6 3.6 ± 0.05 3.6 ± 0.05 

ED 6 1.0 ± 0.00 1.0 ± 0.00 

SNL 6 1.5 ± 0.11 1.5 ± 0.00 

IW 6 3.0 ± 0.03 3.0 ± 0.00 

PAL 6 9.6 ± 0.08 9.6 ± 0.09 

BD 6 4.5 ± 0.00 4.5 ± 0.04 

BW 6 7.3 ± 0.18 7.3 ± 0.20 

PVL 6 2.0 ± 0.00 2.0 ± 0.00 

CPD 6 2.0 ± 0.00 2.0 ± 0.00 

CPL 6 2.5 ± 0.03 2.5 ± 0.00 

DBL 6 3.5 ± 0.03 3.5 ± 0.00 

DFH 6 3.0 ± 0.07 3.0 ± 0.00 

PCL 6 1.5 ± 0.00 1.5 ± 0.00 

PPL 6 4.7 ± 0.22 4.8 ± 0.24 

ABL 6 3.0 ± 0.07 3.0 ± 0.00 

PDL 6 7.1 ± 0.15 7.1 ± 0.10 

SNBL 6 1.0 ± 0.07 1.0 ± 0.00 

MXBL 6 1.5 ± 0.04 1.6 ± 0.05 

LUCL 6 4.5 ± 0.03 4.5 ± 0.00 

LMCL 6 1.0 ± 0.07 1.0 ± 0.00 

LCLL 6 4.1 ± 0.09 4.1 ± 0.10 
 Characters appreviations as in Fig. (3); N (Sum); SD (Standard deviation) 
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Fig. 3. Morphometric measurement scheme of river catfish showing: 1. Total length (TL); 2. Standard length 

(SL); 3. Head length (HL); 4. Head width (HW); 5. Head depth (HD); 6. Eye diameter (ED); 7. Snout 

length (SNL); 8. Interorbital width (IW); 9. Pre-anal fin length (PAL); 10. Body depth (BD); 11. Body 

width (BW); 12. Ventral fin length (PVL); 13. Caudal pundacle depth (CPD); 14. Caudal pundacle length 

(CPL); 15. Dorsal base length (DBL); 16. Dorsal fin height (DFH); 17. Pectoral fin length (PCL); 18. 

Pre-pelvic fin length (PPL); 19. Anal fin base length (ABL); 20. Pre-dorsal fin length (PDL); 21. Muzzle 

beard length (SNBL); 22. Maxillary barbels lenght (MXBL); 23. Length of upper caudal fin (LUCL); 24. 

Length middle caudal fin (LMCL), and 25. Length caudal lower fin (LCLL) (Personal Documentation, 

2023). 

 

4. Histopathological examination 

4.1 Examination of the liver 

The results in Table (6) show the average histological damage score in the liver of 

Mystus nemurus from different sample specimens during this study. These results revealed 

that there were no significant differences (P> 0.05). Moreover, Fig. (4) illustrates that the 

histological changes in liver of catfish, Mystus nemurus. The components of a typical fish 

liver are shown in Fig. (4 a), which included hepatocytes, sinusoids and central veins. Fig. 

(4b) depicts the histological composition of river catfish livers, encompassing hepatocytes, 

sinusoids and cell nuclei. Fig. (4c, d) shows the phenomenon of cell degeneration. Fig. (4e, f) 

depicts the instances of congestion, while Fig. (4g, h) illustrates the occurrences of necrosis. 

 

Table 6. Average histological damage score of Mystus nemurus liver (average ± S.D) during 

the present study from different sampling specimens 

No Group Station 
Liver histology damage score (average ±SD) 

Degeneration Congestion Necrosis 

1 P 1 
1 1.26 ± 0.30

a
 1.13 ± 0.23

a
 1.13 ± 0.23

a
 

2 1.06 ± 0.11
a
 1.60 ± 0.20

a
 1.00 ± 0.00

a
 

2 P 2 
1 1.00 ± 0.00

a
 1.93 ± 0.61

a
 1.00 ± 0.00

a
 

2 1.33 ± 0.30
a
 1.66 ± 0.98

a
 1.33± 0.57

a
 

    Note: Numbers followed by the same letter in the same column showed no significant difference (P> 0.05). 
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Fig. 4. River catfish heart stained with H&E indicated (a): Normal fish liver with hepatocytes 

(A), sinusoids (B), and central vein (CV) (Genten et al., 2009), x 100; (b): Normal fish 

liver with hepatocytes (Hp), sinusoids (S), and cell nuclei (I) (Jumaida et al., 2022), x 

400; (c&d): Liver showed degeneration of cells (↖) (D) and hepatocytes (↖) (H), x 400; 

(e) Liver showed congestion (↖) (K) (↖) and hepatocytes (H), x 400; (f) Liver showed 

congestion (☐) (K) and Hepatocytes (↖) (H), x 400; (g&h) Liver showed necrosis in 

hepatocytes (↖) (N), Central Vein (CV), x 400. 
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4.2 Examination of the kidney 

The results revealed that the kidneys of typical fish consist of glomerulus, 

lumens, tubules and blood vessels, as depicted in Figs. (5.1, 5.2). The examination of 

the kidney structure in the river catfish specimens revealed the presence of 

congestion, as depicted in Figs. (5.3, 5.4). The Melano Macrophage Center (MMC) 

was also observed, as illustrated in Figs. (5.5, 5.6). Furthermore, glomerular swelling 

was detected, as shown in Figs. (5.7, 5.8). 

  

  

  

  

Fig. 5. H&E stained kidneys of river catfish indicated (a) normal fish kidneys with glomerulus 

(1), lumens (2), tubules (3), and blood vessels (4) (Genten et al., 2009), x 100; (b) normal fish 

kidney with glomerulus (G), Bowman's Capsule (CB), tubules (T), and Hemapoetik (H) 

(Genten et al., 2009), x 100; (c&d) kidney shows congestion (☐) (K), x 400; (e&f) kidney 

shows Melanomacrophage Center (☐) (MMC), x 400; (g) kidney show swelling of glomerular 

(↖) (GS), glomerular (G) x 400; (h) kidneys show glomerular swelling (☐) (GS) x 400. 
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Table 7. Average histological damage score of Mystus nemurus kidney (Average ± S.D) 

No Group Station 

Kidney Histology Damage Score (Average ±SD) 

MMC Glomerular 

swelling 
 

Congestion 

1 P 1 
1 1.00 ± 0.00

a
 1.06 ± 0.11

a
 1.00 ± 0.00

a
 

2 1.06 ± 0.11
a
 1.00 ± 0.00

a
 1.13 ± 0.23

a
 

2 P 2 
1 1.00 ± 0.00

a
 1.00 ± 0.00

a
 1.13 ± 0.11

a
 

2   1,20 ± 0.39
a
 1.00 ± 0.00

a
 1.06 ± 0.11

a
 

      Note: Numbers followed by the same letter in the same column show no significant difference (P> 0.05) 

 

DISCUSSION 

 

In general, pollution from human activities causes considerable changes in freshwater 

quality. This pollution contributes to the instability and destruction of ecosystems. Globally, 

the contamination of freshwater by organic and inorganic pollutants is a big issue. Inorganic 

pollutants are common and can hinder various biological processes in aquatic organisms, 

particularly fish (Hussain et al., 2019). The Satui River is a source of surface freshwater that 

offers numerous benefits to the local population. Heavy activity along the Satui River is 

suspected to contribute to water contamination. The quality of rivers will fluctuate according 

to the development of the aquatic environment, which is influenced by various human 

activities and existence (Mardhia & Abdullah, 2018). The quality of aquatic well-being can 

be determined by analyzing water's physical and chemical characteristics.  

The analysis of the Satui River water acidity indicated that the pH levels observed 

during the initial and subsequent samplings fell within the acceptable range of 6 to 9, as 

specified by the class II water quality standards. The pH rose from the first measurement of 

7.5 to the second measurement of 8. Organic and inorganic waste dumped into rivers  

(Yuliastuti, 2011) increase the pH value. Based on the foundation, as mentioned earlier, the 

observed rise in pH levels of the Satui River water during the initial and subsequent 

samplings can be ascribed to the discharge of industrial, residential and agricultural effluents 

that infiltrate the Satui River. Aquatic organisms may face lethal consequences due to 

fluctuations in pH levels resulting from industrial discharges (Yulis, 2018). 

The outcomes of the temperature measurements conducted on the Satui River indicate 

that the water temperature ranged between 27 & 29°C during the initial and subsequent 

samplings at Station 1 and Station 2. The maximum temperature recorded during the second 

sampling period was 29°C. The ideal temperature for organisms to live in water is 25°C to 

30°C (Mardhia & Abdullah, 2018). Since the sampling site is situated in an unobstructed 

area that receives direct sunlight, the incident solar radiation reaching the aquatic 

environment is characterized by a notably high intensity, leading to elevated water 

temperatures (Marlina et al., 2017). This is consistent with the study of Irianto (2003) who 

stated that, fluctuations in water temperature are caused by heat absorption and release, as 

well as scorching sun.  

Chemical oxygen demand (COD) is the amount of oxygen required to oxidize organic 

matter, both chemically biodegradable and non-biodegradable (Marlina et al., 2017). During 

the initial sampling, the Satui River water exhibited undetectable levels (0) of the chemical 

oxygen demand (COD) parameter. However, the COD measurement yielded a 27mg/ L result 

in the subsequent sampling. As per Government Regulation of the Republic of Indonesia 
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Number 22 of 2021, the established quality standard for chemical oxygen demand (COD) is 

25mg/ L. The elevated COD readings observed in the second sampling event can be 

attributed to multiple berthing vessels near the sampling location and the discharge of 

residential waste from the surface that was subsequently carried away by the prevailing 

current. Yudo (2010) claimed that, an elevated proportion of chemical oxygen demand 

(COD) in water indicates heightened pollution. Prolonged exposure to elevated chemical 

oxygen demand (COD) concentrations can result in mortality among fish species (Purwanto 

et al., 2014). 

The recorded measurements for the concentration of biochemical oxygen demand 

(BOD) in the water of the Satui River were 2.9mg/ L during the initial sampling and 7.8mg/ 

L during the subsequent sampling. The elevated biochemical oxygen demand (BOD) 

concentration indicates the presence of contaminants in the water (Mahyudin et al., 2015).  

Yohannes et al. (2019) stated that an elevated biochemical oxygen demand (BOD) value 

signifies a substantial presence of organic substances within a water body. This is because the 

BOD value serves as an indicator of the quantity of oxygen required by bacteria to oxidize 

organic matter present in water. The second sampling, conducted in the morning, yielded the 

highest biochemical oxygen demand (BOD) level of 7.8 mg/L. During the second sampling, 

it is hypothesized that numerous residents dispose of waste from dishwashing, bathing, and 

laundry activities. Moreover, many vessels were moored along the banks of the river during 

the subsequent sampling period. Consequently, water bodies are contaminated by a diverse 

range of pollutants originating from domestic sewage. According to Kartika et al. (2016), 

the wastes that produce significant levels of BOD are home and industrial waste. A high 

BOD value indicates a low dissolved oxygen content in the waters, causing death in fish due 

to a lack of oxygen (anoxia). High BOD levels can also affect fish populations in bodies of 

water (Daroini & Arisandi, 2020). 

The initial sampling of Satui River water yielded a dissolved oxygen (DO) 

measurement of 6.45mg/ L; whereas, the subsequent sampling recorded a DO measurement 

of 5.3mg/ L. The concentration of dissolved oxygen (DO) in water can be affected by various 

factors, including the content of total suspended solids (TSS), salinity, temperature, 

degradation of organic matter, rate of photosynthesis and atmospheric pressure (Christiana 

et al., 2020). In comparison to class II water quality standards for dissolved oxygen (DO) 

parameters as stipulated in the Government Regulation of the Republic of Indonesia No. 22 

of 2021, which sets the threshold at four mg/L, the current state of the Satui River's water 

quality with regards to DO parameters remains within the prescribed limits. Dissolved 

oxygen (DO) significantly impacts fish’s life, particularly in growth, tissue regeneration and 

reproductive processes. Oxygen depletion in contaminated aquatic environments leads to 

mortality among fish populations (Astuti & Lismining, 2018). 

 The initial measurement of total suspended solids (TSS) yielded a result of 36.1mg/ L, 

while the second measurement recorded a value of 27.5mg/ L. The Satui River's TSS value 

remains below the established water quality standard of 50mg /L, thus making it suitable for 

utilizing in TSS parameter designations. Effendi (2003) suggests that TSS values ranging 

from 25 to 80mg/ L are appropriate for fisheries. Elevated turbidity levels can potentially 

interfere with the osmoregulatory mechanisms of aquatic organisms. The TSS measurements 

from the Satui River exhibit a range of 21-37.5mg/ L. Notably, these values do not have any 

discernible impact on fish farming operations, as per their designated threshold. 

Examining the current state of river water quality about established water quality 

standards provides insights into the pollution level of a specific water source at a given 

moment. A river is considered polluted when it cannot fulfill its intended purpose. The 
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analysis of the pollution index calculation reveals a noticeable rise in the pollution index, 

with an increase from 1.11 during the first sampling to 2.31 during the second sampling. 

According to the analysis conducted using the pollution index (PI) methodology, the water 

quality classification of the Satui River falls within the lightly polluted category. This 

condition is believed to be attributed to the discharge of domestic/household waste and waste 

generated by ships near the sampling site. This finding aligns with the research conducted by 

Sofiana et al. (2022), which indicates that various human activities carried out by the local 

community residing along the Martapura River in Banjar District have led to the 

contamination of water resources. 

Fig. (3) displays the morphometric attributes of river catfish inhabiting the Satui River. 

The findings from morphological observations indicated that river catfish exhibit a yellowish-

gray hue on the dorsal region of their body. Furthermore, their body structure is elongated, 

lacking scales, and possessing a smooth texture. The observed fish exhibited a discernible 

dark lateral line from the gill cover to the caudal peduncle. River catfish individual possesses 

three barbels around the oral region and an additional pair adjacent to the respiratory 

apertures. The caudal fin exhibits a bifurcated structure, while the dorsal fin possesses rigid, 

pointed appendages. The patil spines can be observed on the pectoral and dorsal fins. The 

morphometric characteristics of river catfish exhibited minimal variation in terms of body 

sizes. The mean total length of river catfish collected at station 1 was 21.45cm, while at 

station 2, it was 21.85cm. The morphometric averages of male and female river catfish from 

two locations were statistically insignificant, as demonstrated in a prior study conducted by 

Firiola and Elvyra (2022). 

The productivity and development of fish can be influenced by the quality of the water 

in which they reside. Favorable water quality conditions benefit fish’s life, while unsuitable 

water quality can impede their growth and development, resulting in suboptimal outcomes 

(Ayuniar & Hidayat, 2018). The study’s findings indicated variation in the morphometrics 

of the river catfish, leading to the classification of the water quality as lightly polluted. 

According to Dauhan et al. (2014), fish's morphometric growth is influenced by water 

quality parameters. In their study, Gunawan et al. (2019) described that morphometric 

characters are correlated with water quality parameters since they are influenced by the 

prevailing water conditions that facilitate the elongation of these morphometric characters. 

For river catfish to achieve optimal growth and development, providing them with a 

conducive aquatic environment is imperative. 

In numerous research investigations, histological alterations have been widely 

employed to explore various human and animal diseases and assess the impact of chemical 

contaminants on fish tissue. Moreover, histology proves to be highly advantageous due to its 

ability to accurately assess the physiological condition of fish at a given moment. Examining 

liver and kidney tissue in fish can yield valuable insights into their physiological well-being 

and overall health in response to the detrimental impacts of pollution. Therefore, it is 

appropriate to implement biomonitoring programs (Giltrap et al., 2020). The presence of 

pollution can lead to a decline in the quality of water, which in turn can result in structural 

and functional harm to the organs of different fish species (Mandia et al., 2013). Fish absorb 

pollutants directly from the water and indirectly through food (Luczynska et al., 2018). 

According to Altinok and Capkin (2007), the histopathological method has been 

documented as an effective means of identifying and characterizing pathological alterations 

in the organs of fish exposed to contaminants. Pieterse (2008) elucidated that histopathology 

is a valuable tool for evaluating the extent of contamination. 
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The liver and kidneys are essential organs frequently employed as bioindicators of 

fish health in freshwater ecosystems. Tissues that encounter external contaminants are more 

susceptible to adverse effects when subjected to elevated levels of chemical pollutants. Using 

histopathological examination to assess pollutant exposure is a valuable approach for 

evaluating the extent of pollution. Pollution induces morphological and cytological 

alterations in aquatic organisms' hepatic and kidney tissue, specifically fish. The condition 

causes harm to the nephrons of the kidneys resulting in decreased kidney function (Hussain 

et al., 2019).  

The study revealed histological alterations in river catfish's hepatic and kidney tissues. 

The liver is an organ that plays a significant role in the processes of detoxification and 

biotransformation (Camargo & Martinez, 2007). Pollutants frequently impact the liver due 

to their crucial functions in metabolism, nutrition, carbohydrate metabolism, protein synthesis 

and enzymatic processes. The assessment of liver histopathology serves as a crucial 

determinant in evaluating the extent of fish pollutants and the overall health condition of fish 

(Oz et al., 2020). Based on data on the liver histopathology of river catfish, it was observed 

that the damage manifested in the form of cellular degeneration, congestion and necrosis. 

Consequently, it can be inferred that the pollutants present in the Satui River possess toxic 

characteristics.  

The degeneration of liver cells in river catfish is marked by the progressive reduction 

in the size of cell nuclei, increased concentration of color, and the presence of cytoplasmic 

vacuoles containing fat. Cellular degeneration results from the failure to eliminate excess fat 

from the cells (Lekatompessy et al., 2021). Silviany (2004) stated that exposure of fish to 

lead has been found to induce fatty degeneration in the liver, resulting in a decline in the 

overall complexity of liver function. In addition, cells undergoing persistent degeneration will 

encounter congestion (Juanda & Edo, 2018). According to Sari and Perwira (2016), 

microscopic examination revealed the presence of cell degeneration, characterized by the 

appearance of vacuoles containing fat in the cytoplasm of the liver. Additionally, core 

damage was observed, accompanied by a reduction in the size of liver tissue (Fig. 4c, d). This 

is in line with the results of Abdel-Moneim et al. (2012) who reported that cell degeneration 

is a frequently observed phenomenon that is readily discernible.  

Congestion is the pathological accumulation of densely packed red blood cells in 

fish’s blood vessels, indicating abnormal liver conditions (Sulistyorinie et al., 2020). The 

present study demonstrated that the liver tissue exhibited a heightened reddish hue, which can 

be attributed to the accumulation of red blood cells within the blood vessels, signifying a state 

of congestion (Fig. 4e, f). According to Masfiah et al. (2018), congestion arises due to an 

inflammatory response that manifests as a discernible alteration in the hue of the red blood 

cells. The onset of congestion is characterized by the progressive degeneration of cells, 

thereby classifying it as a moderate level of damage. Additionally, congestion may arise due 

to physical trauma caused by parasitic infections or disorders of the circulatory system 

(Juanda & Edo, 2018).  

In addition, the liver observations indicated the presence of necrosis, a form of tissue 

damage. Necrosis is the demise of cellular and tissue structures in fish organs, resulting from 

metabolic dysfunctions induced by pollutants. This is reinforced in the study of Triadayani 

et al. (2010); necrosis refers to the phenomenon of cellular demise accompanied by the 

rupture of the plasma membrane. In their findings, Wolf and Wheeler (2018) stated that, 

numerous histopathological alterations such as necrosis in fish can be attributed to endocrine 

system dysfunction resulting from exposure to pollutants. Nurdin (2008) postulated that, the 

exposure of goldfish to pesticides has been found to induce necrotic damage in the liver. Fat 
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accumulation in significant amounts leads to liver cell death due to pesticide toxicity. 

Additional investigation is required within this particular framework to ascertain the origin of 

pollution in the Satui River. 

Due to fish kidneys' direct and constant exposure to dissolved chemicals in aquatic 

environments, they exhibit a heightened sensitivity to chemical fluctuations in freshwater 

ecosystems. The kidneys play a vital role in regulating the body's pH, maintaining fluid 

volume, and facilitating erythropoiesis. Fish maintain water and electrolyte balance to ensure 

a stable internal environment. Because of these characteristics, the kidneys are a remarkable 

indicator of potential contamination and environmental stress in the vicinity of fish (Hussain 

et al., 2019). The kidneys’ primary function is to eliminate waste and xenobiotics from the 

circulatory system, thereby ensuring a stable internal environment regarding water and salt 

metabolism and excretory function (Santoso et al., 2021). The kidneys are organs that exhibit 

susceptibility to the adverse effects of chemical pollutants (Metcalfe, 1998). Hence, the 

kidneys are prone to exposure to various toxic substances, which can lead to 

histopathological impairments, including congestion, Melano Macrophage Center (MMC) 

presence, and glomerular swelling. These damages can be attributed to the exposure of the 

kidneys to heavy metals and other pollutants. 

Congestion in the kidneys of river catfish inhabiting the Satui River was hypothesized 

to be attributed to compromised blood flow, leading to an inadequate supply of oxygen and 

essential nutrients. Congestion is defined by a red hue within the cellular composition due to 

increased erythrocytes leading to intravascular coagulation (Parameswari et al., 2013). 

Histopathological alterations characterized by congestion signify an elevation in the number 

of blood cells within the blood vessels, resulting in the capillaries appearing to be maximally 

dilated and occupied by erythrocytes (Wagiman et al., 2014). The kidney congestion in river 

catfish can be observed in Fig. (5c, d). Guardiola et al. (2013) found that cadmium 

pollutants in Sparus aurata fish leads to congestion, as evidenced by a distinct red coloration 

in the blood vessels. 

The presence of melanomacrophage centers (MMC) in fish organs tends to exhibit an 

increase in quantity during chronic stress although their continued existence is not always 

guaranteed (Pratiwi et al., 2019). According to  Roberts (1978), MMC in cells is a 

protective mechanism against the harmful effects of toxic substances, particularly heavy 

metals. MMC is a collection of macrophages that indicate inflammation. The presence of 

MMC in cells is attributed to an inherent mechanism of self-defense in response to the 

invasion of foreign bodies. Reasonable quantities of MMC involve components derived from 

the fish’s immune system, allowing the process of phagocytosis (Sianturi et al., 2022). 

Agius and Roberts (2003) stated that certain toxic chemicals have the potential to induce a 

rise in the quantity of melanomacrophage centers within the kidneys. The presence of MMC 

in the kidneys of river catfish is evident from the observations made in Fig. (5e, f). Its brown 

pigment distinguishes this MMC.  

The kidneys of river catfish obtained from the Satui River exhibited signs of 

glomerular swelling, indicating damage. The glomerulus experiences swelling due to the 

obstruction caused by toxic compounds in the glomerulus. Despite the low concentration of 

these compounds, their prolonged presence in the fish's body leads to contamination. 

Glomerular swelling refers to the pathological condition wherein the glomerulus undergoes 

tissue damage, resulting in an enlargement of its size and the formation of adhesions between 

the glomerulus and Bowman's capsule (Aliza, 2020). Handy and Penrince (1993) found 

swelling in the glomerulus of the kidney of the fish Oncorhynchus mykiss contaminated by 
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mercury chloride. Camargo and Mertinez (2007) also found glomerular swelling in the 

kidneys of Prochilodus lineatus contaminated with mercury waste.  

The findings from the biomonitoring study utilizing histopathological bioindicator 

tools on the liver and kidneys of river catfish indicated that these organs exhibited a moderate 

level of damage, ranging from 25% to 50%, as indicated by a score of 1. Additionally, the 

present study observed insignificant differences (P> 0.05) in the histopathological 

impairment of the liver and kidneys in river catfish located at stations 1 and 2. Based on the 

assessment of pollution levels in the first and second samplings, it can be concluded that the 

Satui River exhibited a low degree of pollution. Nevertheless, if this scenario persists without 

proper regulation and regular monitoring by concerned entities like the Environmental 

Agency, pollution’s proliferation and origins will escalate with the rise in human-induced 

activities in the Satui area. The cause of histopathological damage observed in river catfish is 

hypothesized to be associated with exposure to chemical pollutants, including domestic 

waste, heavy metals and pesticides. Consequently, it is recommended that further 

investigations should be conducted to clarify the specific sources and origins of these 

pollutants. The significance of this matter lies in the economic value of river catfish, which is 

highly regarded for its nutritional content and palatability. By mitigating the detrimental 

impacts of pollutants on river catfish populations, the potential risks to public health can be 

reduced. 

 

CONCLUSION 

 

The water quality in the Satui River is classified as lightly polluted, and the river 

catfish, which is abundant in the area and holds economic and nutritional importance, has 

exhibited histopathological liver damage characterized by fatty degeneration, congestion and 

necrosis. In the context of the river catfish, histopathological alterations observed in the 

kidney encompass the presence of melanomacrophage centers (MMCs), glomerular 

congestion and glomerular swelling. Histological examinations conducted on river catfish to 

evaluate contamination levels in aquatic environments can yield valuable insights into the 

overall ecological well-being of these ecosystems. The liver and kidneys of river catfish serve 

as valuable bioindicators for biomonitoring since they allow for the assessment of potential 

contamination and the presence of pressure or stress in the aquatic environment. 
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