
RJOAS, 11(119), November 2021 

220 

DOI 10.18551/rjoas.2021-11.25 
 

ANALYSIS OF HISTOPATHOLOGY AND HEAVY METALS CONTENTS OF CADMIUM 
(Cd) IN TILAPIA (OREOCHROMIS NILOTICUS) IN DOWNSTREAM AT THE REJOSO 

RIVER OF PASURUAN REGENCY, EAST JAVA, INDONESIA 
 

Aini Riang Nadiya Nur* 
Master’s Study Program, Department of Aquaculture, Faculty of Fisheries and Marine 

Science, University of Brawijaya, Indonesia 
 

Herawati Endang Yuli 
Department of Aquatic Resource Management, Faculty of Fisheries and Marine Science, 

University of Brawijaya, Indonesia 
 

Maftuch 
Department of Aquaculture, Faculty of Fisheries and Marine Science, 

University of Brawijaya, Indonesia 
 

*E-mail: riangnadiya25@gmail.com 
 
ABSTRACT 
The river is one of the water media susceptible to the pollution of harmful pollutant 
substances, one of which is the heavy metal Cadmium (Cd). As a result of the large amount 
of Cd content that enters the river body has an impact on decreasing water quality conditions 
and disrupting fish health. Histopathological observations in fish are significant to know the 
picture of fish health through structural changes in organ tissues. The research was carried 
out in March-April 2021 at the Lower Rejoso River, Pasuruan. The method used survey 
method with descriptive data analysis. Samples were taken three times with a period of 2 
weeks at three different stations. Parameters observed included histopathology of gills, 
kidneys, and liver of tilapia (Oreochromis niloticus). Heavy metal Cd in water and fish organs, 
physical and chemical parameters of water including temperature, pH, DO, and COD. The 
results of histopathological analysis obtained types of damage to the organs of tilapia, 
namely cell degeneration, necrosis, congestion, and hyperplasia with mild-moderate impact. 
Observation results of heavy metal Cd in water and tilapia organs have exceeded the 
specified quality standards. The results of the measurement of physical and chemical 
parameters of water are still optimal for fish growth. Based on these results, it can conclude 
that the increasing amount of histopathological damage to fish organs was in line with the 
high levels of Cd heavy metal in the waters and fish organs. 
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The river is a natural water source that has an important role and provides many 
benefits for human life and other living things [1]. Anthropogenic activities around the river 
that occur significantly pollute and reduce the quality of river water, especially human and 
industrial activities. It produce domestic wastes, industrial wastes, and use hazardous 
chemicals [2]. The Rejoso River is one of the major rivers in Pasuruan Regency, East Java 
which flows and empties into the Madura Strait. There are lot of industrial activities in the 
area downstream of the Rejoso River as sugar factories and MSG [3]. These conditions can 
pollute the river ecosystem and disrupt the natural structure of the river [4]. 

Heavy metal is one of the pollutants found in river waters. The heavy metal content of 
Cadmium (Cd) in the water and body of organisms indicates the presence of heavy metal 
sources originating from nature and human activities [5]. The decline in river water quality 
that occurs due to heavy metal Cd pollution can reduce the ecological balance of the waters 
and trigger structural and functional damage to fish organs [6] [7]. Fish can be used as 
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bioindicators of water pollution because fish can react to physical changes in water and other 
polluting compounds [8]. Tilapia (Oreochromis niloticus) is a fish found in the waters of the 
Lower Rejoso River. Tilapia can survive changes in certain environmental conditions [9]. 

Changes that occur both at the cellular and tissue levels are the basis for 
histopathological analysis. The histopathological analysis was used to describe the health of 
fish through structural changes in organs, the main targets of contaminants such as gills, 
kidneys, and liver [10] [11]. The types of damage that often occur in the gills, kidneys and 
liver are necrosis, degeneration, congestion and hyperplasia [12]. This study aimed to 
analyze the histopathological damage to the gills, kidneys, and liver of tilapia (Oreochromis 
niloticus) and heavy metal content of Cadmium (Cd) in the Lower Rejoso River, Pasuruan 
Regency, East Java. 
 

MATERIALS AND METHODS OF RESEARCH 
 

This research was conducted in March-April 2021 downstream at Rejoso River, 
Pasuruan, East Java. The method used is a survey method with descriptive data analysis. 
Determination of the location of sampling and measurement of water quality is used 
purposive sampling method based on land use. There are three different locations, station 
one is in industrial and residential areas, station two is in aquaculture, and plantation areas, 
and station three is in rice fields and near the estuary. 

Samples of tilapia (Oreochromis niloticus) were obtained from fisherman using 
handline fishing gear. Fish samples will be surgically removed and the gills, kidneys, and 
liver are taken for microscopic analysis. The method used to make histology preparations is 
the paraffin method and Haemotoxylin-Eosin (HE) staining at the Anatomy and Histology 
Laboratory, Faculty of Medicine, Universitas Brawijaya. The method used to measure the 
concentration of heavy metal Cadmium (Cd) is Automic Absorption Spectrophotometry (AAS) 
at the Chemistry Laboratory, Faculty of Mathematics and Science, Universitas Brawijaya. 
Water quality parameters measured directly in the field include physics (temperature) and 
chemistry (pH and Dissolved Oxygen/DO) the same time, Chemical Oxygen Demand (COD) 
parameters were analyzed at the Jasa Tirta I Laboratory, Malang. 

Observational data are analyzed descriptively. Histopathological observations on the 
gills, kidneys, and liver of tilapia were compared with histopathological results of tilapia under 
normal conditions. Data on Cd heavy metal levels in water and water quality data were 
compared with Water Quality Criteria based on Class III Government Regulation of the 
Republic of Indonesia Number 22 of 2021 [13]. Analysis of heavy metal content in fish 
organs compared with the quality standard of SNI 7387:2009 concerning Maximum Limits of 
Heavy Metal Contamination in Food [14]. 
 

RESULTS AND DISCUSSION 
 

Histopathological observation structures in fish have been widely carried out because 
they can be used as biomarkers of fish stress and monitoring fish health. The main organ 
target of heavy metal exposure are gills, kidneys, liver, and flesh [15]. Based on 
histopathological observations on the gills, kidneys, and liver of tilapia (Oreochromis 
niloticus) downstream in Rejoso River. Several of the damage found in the form of necrosis, 
cell degeneration, hyperplasia, and congestion. The types of damage that generally occur in 
fish organ tissues due to exposure to pollutants are in the form of edema, lamella fusion, 
hyperplasia, necrosis, degeneration, congestion, and hypertrophy [16]. 

Histopathological analysis results of tilapia (Oreochromis niloticus) gills was carried 
microscopically from each station are as follows (Table 1). 

Based on the observation results made, the highest level of gill tissue damage is found 
at station 1 with a damage percentage of 51.22% with moderate damage status, while the 
lowest gill tissue damage is at station 2 with a damage percentage of 45.78% with mild 
damage statuses. Based on the results of the analysis failure status. It indicates that the gills 
of tilapia (Oreochromis niloticus) in the waters of the Lower Rejoso River that damaged due 
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to exposure to pollutants. One of them is heavy metal Cd. Gills are respiratory organs that 
become the first target of defilement because they are directly related to waters that indicate 
to be polluted [17]. 
 

Table 1 – Histopathological Scoring of Tilapia (Oreochromis niloticus) Gills 
 

Station 
Damage 

Average (%) 
Damage Status Necrosis Degeneration Hyperplasia 

1 25.33 72.33 56.00 51.22 Moderate 
2 21.67 61.67 54.00 45.78 Mild 
3 25.33 69.33 56.33 50.33 Moderate 

 

 
 

Figure 1 – Normal histology of gills (A) [18] ; Tilapia histology gills damaged by necrosis (N), 
cell degeneration (Dg), hyperplasia (Hp) (B) (Source: Research documentation) 

 
In the gills tissues structure generally, the primary lamellae (PL) and secondary 

lamellae (SL) are still clearly visible (Figure 1A). Meanwhile, the results of observations on 
the structure of the gill organs exposed to heavy metal Cd obtained types of damage in the 
form of necrosis, cell degeneration, and hyperplasia (Figure 1B). Histopathological 
observations on gill utilize as biomarkers in assessing the level of pollution of the aquatic 
environment. Most of the damage to the gill tissue is the outcome of pollutant entry such as 
insecticides and heavy metals also poor water quality conditions [15]. Several types of 
damage to the gill tissue are necrosis (cell death), edema (swelling), hyperplasia (formation 
of excessive cell tissue) [19]. 

Histopathological analysis result of tilapia (Oreochromis niloticus) kidneys was carried 
microscopically from each station are as follows (Table 2). 
 

Table 2 – Histopathological Scoring of Tilapia (Oreochromis niloticus) Kidney 
 

Station 
Damage 

Average (%) 
Damage Status Necrosis Degeneration Congestion 

1 26.00 68.33 64.33 52.89 Moderate 
2 19.00 66.67 60.00 48.56 Mild 
3 23.33 68.33 55.67 49.11 Mild 

 
Based on the observation result was made, the highest level of damage to kidney 

tissue is found at station 1 with a harm percentage of 52.89% with moderate damage status, 
while the lowest damage to gill tissues is at station 2 with a damage percentage of 48.56% 
with mild damage statuses. Based on the results of the analysis of the damage status. 
It indicates that the kidneys of tilapia (Oreochromis niloticus) in the waters of the Lower 
Rejoso River that damaged due to exposure to pollutants, one of which was heavy metal Cd. 
The kidney’s function is filtering and excreting materials do not need by the fish body such as 
heavy metals. Therefore, the kidneys are often damaged histologically as a toxicant 
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substance result [20]. Heavy metal contamination and poor water quality can cause changes 
in tubules and glomerulus [21]. 
 

 
 

Figure 2 – Normal histopathology of fish kidneys (A) [22] ; Histology of tilapia kidneys damaged 
by necrosis (N), cell degeneration (Dg), congestion (Kg) (B) (Source: Research documentation) 

 
The ordinary fish kidney tissue structure, the distal tubule (A), glomerulus (B), and 

proximal tubule (C), are visible (Figure 2A). Meanwhile, the results of observations on the 
structure of the kidney organs exposed to heavy metal Cd obtained types of damage in the 
form of necrosis, cell degeneration, and congestion (Figure 2B). Histological changes 
generally in tilapia kidney tissue are necrosis, congestion and cell degeneration [23]. 
Necrosis is damage that can result in tissue cell death characterized by the loss of cell 
boundaries, and cell nuclei [24]. Cell degeneration is a disorder due to a space characterized 
by swelling of the tubular epithelium [16]. Congestion is the damming of blood in which the 
volume of blood in the blood vessels increases [25]. 

Histopathological analysis result of tilapia (Oreochromis niloticus) liver was carried 
microscopically from each station are as follows (Table 3). 
 

Table 3 – Histopathological Scoring of Tilapia (Oreochromis niloticus) Liver 
 

Station 
Damage 

Average (%) 
Damage Status Necrosis Degeneration Congestion 

1 25.33 72.33 40.33 46.00 Mild 
2 47.33 65.00 47.33 53.22 Moderate 
3 53.67 63.67 22.00 46.44 Mild 

 
Based on the observation result was made, the highest level of damage to liver tissue 

was found at station 2 with a harm percentage of 53.22% with moderate damage status, 
while the lowest gill tissue damage was at station 1 with a damage percentage of 46.00% 
with mild damage status. Based on analysis result of the damage statuses. It indicates that 
the liver of tilapia (Oreochromis niloticus) in the waters of the Lower Rejoso River that 
damaged due to exposure to pollutants, one of which is heavy metal Cd. Histopathology in 
fish livers can be used as an indicator of the toxicity of hazardous chemicals in waters [20]. 
The liver exposed to pollutants will experience damage to its tissue structure [26]. 

Generally, fish liver tissue structure, the hepatocytes (H), central vein (CV), and 
sinusoids (BS) were clearly visible (Figure 3A). Meanwhile, the results of observations on the 
structure of the liver exposed to heavy metal Cd obtained types of damage in the form of 
necrosis, cell degeneration and congestion (Figure 3B). Histological changes that occur in 
liver tissue in the form of necrosis and cell degeneration are caused by the presence of 
heavy metals in the waters [27]. Necrotic damage to fish liver can be characterized by loss of 
tissue structure [28]. Degenerative damage to the liver of fish characterizes by the presence 
of swollen tissue [20]. Furthermore, cells that experience continuous degeneration will later 
experience congestion damage, namely an increase in blood in the blood veins [15]. 
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The measurement result of the physical and chemical parameters of water during the 
study can be seen in the table below (Table 4). 
 

 
 
Figure 3 – Normal histopathological fish liver (A) [15] ; Histology of tilapia liver damaged Necrosis (N), 

Cell degeneration (Dg), Congestion (Kg) (B) (Source: Research documentation) 

 
Table 4 – Physical and Chemical Parameters value of downstream in the Rejoso River 

 

Parameter Unit PP No.22 of 2021 Class III quality standard 
Station 

1 2 3 

Temperature 
o
C 28-30 27.5 28.4 28.8 

pH 
 

6-9 6.9 6.7 7.1 
DO mg/L 3 3.7 4.3 3.8 
COD mg/L 40 27.5 26.8 24.3 
Cd mg/L 0.01 0.14 0.06 0.17 

 
Temperature is one of the important indicators in waters. The temperature in the 

downstream area of the river is relatively higher because the intensity of sunlight is more in 
the downstream area [29]. The results of temperature measurements during the study 
ranged from 27.5-28.8oC (Table 4). The temperature value is still considered optimal for the 
growth of tilapia (Oreochromis niloticus). Differences in temperature in a waters can have an 
effect on fish organ tissues [30]. The optimum temperature for the growth and development 
of tilapia ranges from 20-30oC. Some tilapia cannot survive at temperatures below 20oC [31]. 

The pH value can use as a determinant of the goodness or badness of water. The low 
pH value of the river is caused by the increasing amount of heavy metal content that enters 
the river waters [32]. The results of pH measurements during the study ranged from 6.7 to 
7.1 (Table 4). The pH value is still in optimum conditions for the growth of tilapia 
(Oreochromis niloticus). The optimum pH value for tilapia ranges from 6.5 to 8.5. Waters 
having a pH value of <4.8 and >9.8 are classified as polluted waters [33]. 

Dissolved oxygen parameters can be used as an indicator of water quality because 
dissolved oxygen plays a role in the oxidation and reduction of organic and inorganic 
materials [34]. The measurement result of dissolved oxygen (DO) levels during the study 
ranged from 3.7 to 4.3 mg/L (Table 4). The dissolved oxygen level is still considered optimal 
for fish growth. Based on the Government Regulation of the Republic of Indonesia No. 22 of 
2021 Class III, the minimum value for dissolved oxygen is 3mg/L. Low levels of dissolved 
oxygen in the water can interfere with the respiration process and reduce the level of activity 
of aquatic organisms. The decrease in dissolved oxygen levels in the impact human activities 
and increases water temperatures [35]. 

The results of measuring COD (Chemical Oxygen Demand) levels during the study 
ranged from 24.3-27.5 mg/L (Table 4). The COD value is still considered optimal for fish 
growth. Based on Government Regulation of the Republic of Indonesia No.22 of 2021 Class 
III, the optimal COD value for fish growth is 40 mg/L. The high value of COD in water 
indicates that the water is polluted. It can interfere with the survival of the organisms on it 
[36]. 
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Heavy metal Cadmium (Cd) is a type of pollutant found in river waters. The analysis 
result of the heavy metal content of Cadmium (Cd) during the study ranged from 0.06-0.17 
mg/L (Table 4). The highest Cd value is at station 3, while the lowest Cd value is at station 2. 
Based on the Indonesian Government Regulation No.22 of 2021 for metal levels, the weight 
of Cd in the Lower Rejoso River has exceeded the Class III water quality standard, which is 
0.01 mg/L. The high value of Cd at station 3 is because the location included a residential 
area and rice fields. Sources of heavy metal pollution do not only come industrial waste but 
also from domestic waste, agriculture, and rice fields [35]. This is following the statement of 
[37], that pollution that occurs in river waters comes from the increasing amount of waste 
such as domestic waste, combustion emissions, mining activities, and agricultural activities. 

The analysis result of of Cadmium (Cd) content in the gills, kidneys and liver of tilapia 
(Oreochromis niloticus) in the Lower Rejoso River can see in the table below (Table 5). 
 

Table 5 – Heavy Metal Concentration of Cadmium (Cd) in Tilapia (Oreochromis niloticus) Organs 
 

No Organs 
Station 

1 2 3 

1 Gill 3.77 ± 0.00 2.73 ± 0.12 3.12 ± 0.06 
2 Kidney 18.49 ± 0.08 16.83 ± 0.10 20.34 ± 0.12 
3 Liver 26.58 ± 0.27 30.67 ± 0.85 29.69 ± 0.34 

 
The concentration of heavy metal Cd in the gills, kidneys, and liver of tilapia 

(Oreochromis niloticus) from each station has exceeded the threshold value based on SNI 
7387:2009 The Maximum Limit of Heavy Metal Contamination in Food is 0.10 mg/Kg.Tilapia 
(Oreochromis niloticus) that lives in the Lower Rejoso River is not suitable for human 
consumption. Fish containing high levels of heavy metals and exceeding the threshold was 
used as an indicator of pollution in water [38]. 

Heavy metal Cd enters the fish body in several ways, namely through the gill 
membranes (breathing), the food chain (digestion), and the mucous layer [39]. Usually, the 
heavy metal content in the fish body is higher than the heavy metal content in the waters 
[40]. Heavy metal Cd becomes dangerous in the body of fish or other aquatic organisms due 
to the bioaccumulation process [11]. 
 

CONCLUSION 
 

Based on the analysis of the histopathology of the gills, kidneys, and liver of tilapia 
(Oreochromis niloticus) in the Lower Rejoso River, several types of damage were found 
namely cell degeneration, necrosis, congestion, and hyperplasia. The damage status of the 
three organs was in the light-moderate level of damage. This research supports the analysis 
result of the heavy metal content of Cd in the water and the organs of tilapia (Oreochromis 
niloticus) downstream in the Rejoso River that has exceeded the quality standard. With the 
increasing Cd content in river waters, the histopathological damage to fish organs will also 
increase 
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