




Histological bio monitoring of the Odimodi river basin using the Gills of Sarotherodon melanotheron

Abstract

Aquatic bodies around industrial points are vulnerable to contamination by pollutants such as petrochemicals, solvents, oils, and heavy metals. Chemical and physical parameters are used as biomarkers to monitor aquatic pollution and to evaluate the adverse effects of heavy metals on aquatic organisms. The use of fish gills as bioindicators is an important biomonitoring tool to evaluate environmental pollution. The histological biomarkers adopted to evaluate the health conditions of different organisms indicate potential environmental hazards. Histotoxicology is applied as an effective method to evaluate the influence of contaminants and other stressors in surface waters. Therefore, histological changes in the gill epithelium of Sarotherodon melanotheron were evaluated and adopted as a bioindicator to measure environmental quality in the Odimodi River basin, Delta State, Nigeria. The study was conducted at the Odimodi river basin in study stations: Station 1, Station 2 and Station 3 for water, soil, sediment and fish sampling, respectively. A purposive sample of 40 fish was collected from the referenced and experimental sites. Light microscopy was used to examine the tissues' histology. The data obtained from this study were analysed using Statistical Packages for Social Sciences (SPSS) version 23 to get the descriptive and inferential statistics, which include mean, frequency tables, and bar charts. Inferential analysis, such as a binomial t-test for independent samples, and P values, was adjusted to minimise type 1 error.  It was observed that the referenced site was in good conservation condition, whereas the experimental sites, Locations 1, 2 and 3, showed contamination. The fish species collected from experimental sites showed lesions such as epithelial lifting, vacuolation, and necrosis in the gills. The analysis of the gills obtained from fish collected at the referenced site ARAC showed HAI equal to <10 to <20, indicating reversible and slight organ damage. The total percentage of fish samples collected was 100% for the referenced Site ARAC and the Experimental sites in the Odimodi River Basin. S. melanotheron recorded Regressive Changes: for vacoulation and structural alterations at ARAC 10%, L1 20%, L2 30% and 40%; and Progressive changes: for necrosis and Hyperplasia at ARAC 0%, L1 10%, L2 20 and L3 40%. This study showed histological changes in the fish gills, which suggest the contamination and pollution of the assessed sites caused by heavy metals. Thus, it is necessary to suggest that histological biomarkers be used as the standard bioindicators to measure the environmental status or impact on the environment. 
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INTRODUCTION
It is said that water is the “life-blood of the biosphere.” Since water is a universal solvent, it dissolves different organic and inorganic chemicals and environmental pollutants. “The discharge of waste from agriculture, industries, and urban activities into aquatic ecosystems results in the production of a wide variety of organic and inorganic pollutants. Aquatic bodies around industrial points are vulnerable to contamination by pollutants such as petrochemicals, solvents, oils, and heavy metals” (Rajamanickam & Narayanan, 2009). “Human activities have resulted in the contamination of water resources by biological micropollutants, such as viruses and bacteria, as a result of these activities. Emerging or re-emerging diseases are agents that have piqued the interest of researchers again due to their potential pathogenicity in the human population” (Thanigaivel et al., 2023). “Increased pollution in aquatic ecosystems leads to severe morphological and physiological changes in aquatic organisms” (Mazon et al., 1999; Zhou et al., 2008). “Chemical and physical parameters are used as biomarkers to monitor aquatic pollution and to evaluate the adverse effects of heavy metals on aquatic organisms” (Van der Oost et al., 2003; Au, 2004). 
Recently, “the case of an increase in the concentration of heavy metals and nutrients in surface waters that receive industrial waste has been reported. Heavy metals represent all environmental pollutants' major hazards due to their toxicity and bioaccumulative nature” (Elnaggar et al., 2009). “The relationship between metal accumulation and the feeding behaviour of a species reflects the crucial role of bioavailability of different metals in the aquatic environment and the trophic transfer to the food web” (Monperrus et al., 2005). “Fish is the primary aquatic organism that accumulates considerable amounts of heavy metals, exceeding their concentrations in the aquatic ecosystem” (Ambedkar & Muniyan, 2011). Heavy metal toxicity sometimes damages the nervous system of fish, which affects the interaction of fish with their environment. Heavy metal toxicity has become an important global threat to fish consumers (Garai et al., 2021). Thus, “determining the degree of pollution is of great importance for assessing the potential impact of heavy metals on the environment” (Samanidou et al., 1991). 
“Fish are at the apex of the aquatic food chain, so they are good bioindicators of contamination caused by heavy metals” (Hemmadi, 2017). “Animals from contaminated sites are proven to be great bioindicators” (Livingstone, 2003). Moreover, “histological changes have been widely used as biomarkers to evaluate the health condition of fish exposed to contaminants and to explain the mechanism of action adopted by several stress agents” (Hinton et al., 1992; Schwaiger et al., 1997; Teh et al., 1997; Camargo & Martinez, 2007; Bertoletti, 2008; Nascimento et al., 2012). “These changes are a quick method to detect the effects of irritants, mainly chronic ones, on different tissues and organs” (Johnson et al., 1993; Velmurugan et al., 2009). “Identifying early warning signals through branchial lesions is ecologically and economically relevant, as well as faster; besides, they have the potential to be used as biomarkers” (Sousa et al., 2013). 
“Gills of fish are efficient biomonitoring tools due to their large surface area, which has direct and permanent contact with potential irritants” (Bernet et al., 1999; Sweidan et al., 2015). “Gills are responsible for respiratory gas exchange and play an essential role in osmoregulation and acid-base regulation” (Fernandes & Mazon, 2003; Fernandes et al., 2007). “They are the first organs that respond to unfavourable environmental changes” (Benli et al., 2008). “Changes in the epithelium of gills can be due to exposure to a variety of contaminants, and the severity of such alterations depends on the concentration of these pollutants and the exposure time” (Franchini et al., 1994; Evans et al., 2005; Gomes et al., 2012). Moreover, “they are early warning signs about fish health conditions” (Sorour, 2001). Studies have shown that “the degree of morphological lesions in the gills can delimit the degree of environmental pollution” (Thophon et al., 2003; Camargo & Martinez, 2007; Akinloye et al., 2009; Flores-Lopes & Thomaz, 2011). “Disorders affecting ion regulation and gas exchange, which are processes partly performed by gills” (Verbost et al., 1995; Evans, 1997; Ledy et al., 2003), are among the main impacts of pollution. Furthermore, “mucous cells in gills play an essential role in the resistance of fish to toxic” substances (Bernet et al., 1999), to abrasive injuries caused by solid materials suspended in water (Dezfuli et al., 2003) and to pollutants (Ledy et al., 2003; Roberts & Powell, 2003). 
Black chin Tilapia, also known as Sarotherodon. melanotheron is a resident fish of the marine river estuary. “It has a maximum length of 40cm (SL) and a maximum published weight of 300 grams, with a total of 13 to 16 dorsal spines” (GISD, 2019). “The non-breeding colouration of S. melanotheron is dark olive on top and light olive to yellow-brown on the sides. Lips are bright green, and the chest is pinkish. Six to seven dark vertical bars cross two horizontal stripes on the body and caudal peduncle. Fins are olivaceous, covered in yellow spots with the dorsal and anal fins displaying an outline of a thin orange band. Caudal fin is often grey with pale interstices with dots covering the entire fin. Adults display a black spot outlined in yellow. S. melanotheron from 2 to 14cm (SL) have an entirely yellow to grey caudal fin with no dots, developing a greyish caudal fin with dots with increasing size” (Kumari, 2020). 
The objectives of this study were 1) to evaluate histological changes in fish gills caused by contamination and evaluate their use as biomarkers to measure environmental pollution status, 2) to compare the percentage prevalence in Odimodi and ARAC, and 3) to determine if S. melanotheron are suitable bio histological indicators for biomonitoring. 
MATERIALS AND METHODS 
Study site 
Odimodi River Basin (05°21’-43°04’N, 05°25’-46°10’E) is located in the Burutu local government of Delta State, Nigeria. It has a tropical Monsoon climate, with a habitable area of about 3 km2 and houses a wide variety of habitats such as mangroves, sandbanks, and estuaries (Fig. 1). Odimodi River Basin plays an important role in the regional aquatic ecosystem. Untreated industrial activities in this area are responsible for the generation of waste and by-products that contain Cd and Zn (Lacerda et al., 1982; Molisani et al., 2004). Moreover, this area has been severely affected by anthropogenic activities over the past years (Pizzochero et al., 2019) due to materials and contaminants discarded into it have changed its ecosystem (Wasserman et al., 2001). 
Three stations, located a few meters apart along the creeks of Odimodi River and within reach of the communities, were used. This community was chosen because of its oil spillage state for over two years due to oil and industrial activities, which have rendered the community prone to contamination within their location. 
Study Location
· Experiment Site = Odimodi river basin Study stations: (Station 1, Station 2 and Station 3) = For water, soil, sediment and fish sampling
· Reference Site = African Regional Aquaculture Centre (ARAC), Port Harcourt. (Established in 1979 as an African sub-region aquaculture development Centre by FAO/UNDP). Operated since 1987 by the Nigerian Institute for Oceanography and Marine Research (ARAC/NIOMR). = For control fish sampling.










[image: ]









Figure 1: Mapped out study area of Odimodi river basin
3.3 Sample size and Sampling techniques
A purposive sample size determination was used to obtain 10 samples each from three different stations and 10 from the control site (ARAC) with a total of 40 fishes as required for this research, a resource equation formula was applied to check if the specimens are more than necessary for the research work, using degree of freedom (DF) of the specimen sample size which falls within the range of 10 -20. 
The degree of freedom was determined using Charan and Kanatharia's (2013) resource equation method for an experimental animal or sentinel study 
The formula is stated thus; 
	Ea = (number of animals in group × number of groups) – number of groups.
Where the number of fish per station for the experiment is ten (10) and the number of stations is three (3), therefore;
	E = (10× 3) – 3
	E = 30 – 3
	E = 27
Though the degree of freedom is more than 20, the number of fish per station is still allowable for the research work.

Fish Sampling 
Based on the foregoing, in this study, the male species of S. melanotheron fish was used. Outside the fact that the S. melanotheron is a dominant fish species in the study area, it's also a widely studied and well-documented fish species (Agbabiaka, 2012; Basiao and Taniguchi, 1984; Bruton and Gophen, 1992; Williams and Bonner, 2008). 
Fishes were sampled from the three (3) designated stations of the experimental site for Gross Anatomical and Histopathological studies.  This was done in accordance with USEPA (2015) fish sampling guidelines; 10 fish of the target species were sampled from each station using the angling fishing technique. The male species was identified and sorted using the Low McConnel (1958) method of fish reproduction classification.
Fish were dissected, and the first gill arch from one of the sides of each fish was excised, but filaments were kept intact (Bakhasha et al., 2025). The removed gill was fixed in 10% buffered formalin for 24 hr (Saxena et al., 2025). 
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Figure 2: Sarotherodon melanotherodon 
Histological preparations
Gills were dehydrated in increasing alcohol concentrations, cleared with xylene, and infiltrated using paraffin under laboratory conditions. Sagittal plane sections (4 μm thick) were cut, mounted on glass slides, and stained with hematoxylin and eosin for histological description. 
“Histological changes in gill tissues were classified based on scores from 0 to 3, wherein 0 = no changes, 1 = slight changes, 2 = moderate changes, and 3 = severe changes” (Flores-Lopes & Thomaz, 2011). “Minor changes do not damage gill tissues, so the restructuring and recovery of normal gill functions occur as environmental conditions improve. Among these changes, one finds interstitial oedema, leukocyte infiltration, lamellar epithelium hyperplasia, lamellar fusion, vasodilatation, and lamellar blood congestion. Moderate changes are more severe and affect tissues associated with gill functioning; however, they are reparable, except when vast gill areas are affected or kept under chronic pollution conditions. Among these changes, one finds the epithelial lifting. Regardless of improvements in water quality or lack of exposure to toxic stimuli, severe changes do not allow gill structure to recover; among these changes, one finds lamellar aneurysms and necrosis” (Nascimento et al., 2012). The histopathologic alterations index (HAI) (Poleksic & Mitrovic-Tutundzic, 1994) is based on lesion severity; it classifies changes of each organ based on progressive tissue damage stages for the determination of HAI (Poleksic & Mitrovic-Tutundzic, 1994; Nascimento et al., 2012). The HAI values of each animal were calculated according to the following formula: HAI = (1 × SI) + (10 × SII) + (100 × SIII), wherein I, II and III correspond to the number of changing stages 1, 2 and 3; and S represents the sum of the number of changes at each particular stage. HAI values ranging from 0 to 10 indicate normal organ functioning, values between 11 and 20 indicate slight changes in the organ, values ranging between 21 and 50 indicate moderate changes in the organ, values ranging from 51 to 100 indicate severe lesions and values greater than 100 indicate irreparable organ lesions (Poleksic & Mitrovic-Tutundzic, 1994). 
The percentage of each anomaly observed in the gill tissue of the two fish species collected in each bay was calculated by dividing the number of fish presenting a given anomaly by the total number of examined fish (Table 2).
Environmental Health Status: Furthermore, a modified classification system by Van Dyk et al., (2009a, b) based on a proposed scoring scheme by Zimmerli et al., (2007) was used to evaluate the degree of histological changes.  This classification system is based on the calculated mean organ index values:  
I. Class 1 (index value <10): Slight histological alterations. 
II. Class 2 (index value 10-25): Moderate histological alterations. 
III. Class 3 (index value 26-35): Pronounced alterations of organ tissue. 
IV. Class 4 (index value >35): Severe alterations of organ tissue. 
Sections were examined using the Hund H600 Wetzlar microscope (400x). 
Statistical analysis 
Light microscopy was used to examine the tissues' histology. Photomicrographs were taken using the LEICA ICC50 E microscope and at a magnification level of ×100 for clearer visualisation.
The data obtained from this study were analysed using Statistical Packages for Social Sciences (SPSS) version 23 to get the descriptive and inferential statistics, which include mean, frequency tables, and bar charts. Inferential analysis, such as a binomial t-test for independent samples, and P values were adjusted to minimise type 1 error.













RESULTS 

Table 1. Physical and chemical Analysis of surface water from the collection sites.
	
Parameters
	Location 1
	Location 2
	Location 3
	
Guidelines

	
	Mean±SD
	Mean±SD
	Mean±SD
	

	Temp. (OC)
	27.80±0.59
	27.38±0.46
	29.145±0.79
	Ambient  (<26.0)

	pH
	5.89±0.27
	6.01±0.08
	6.65±0.40
	6.0 - 9.5

	DO (mg/L)
	8.15±0.30
	8±0.16
	5.45±0.44
	5.5 -9.5

	Conductivity (mS/cm)
	280±1.71
	281±2.63
	307±9.13
	180

	TDS (mg/L)
	663±5.60
	660±6.58
	641±30.31
	500

	Salinity (g/kg)
	722±5.71
	713±17.00
	714±25.24
	1000

	Cd (mg/L)
	0.03±0.06
	0.03±0.03
	0.07±0.081
	0.05

	Cr (mg/L)
	1.14±0.78
	3.99±2.69
	3.31±2.21
	0.003

	Cu (mg/L)
	0.14±0.28
	3.09±3.35
	0.98±0.70
	0.02

	Pb (mg/L)
	0.09±0.10
	3.09±0.30
	0.16±0.13
	1

	Ni (mg/L)
	4.48±3.11
	5.98±4.10
	6.72±4.48
	0.02

	PAH (mg/L)
	0.002±0.001
	0.003±0.002
	0.003±0.001
	0.001









Water analysis 
The DPR (2016) and USEPA (2012) surface water guideline sets the limits for parameters or indicators related to data about the protection of the aquatic environment (class 1). DO concentrations should not be recorded less than 5 mg L-1, pH should be kept between 6.5 and 8.5. 
Locations 1, 2 and 3 showed DO concentrations and pH values within limits determined by the surface water quality guideline mentioned above in all points of collection. Results of water physical and chemical analysis carried out at the sampling sites are shown in Table 1. 
Histological changes in gills 
We observed significant histological changes in the S. melanotheron species from the experimental sites. The observed histological changes included epithelial lifting, vacuolation, epithelial hyperplasia, leukocyte infiltration, lamellar epithelium hyperplasia, lamellar fusion, blood congestion, and necrosis (Plate. 1). As expected, the analysis of the gills obtained from fish collected at referenced site ARAC showed HAI equal to <10 to <20, indicating reversible and slight organ damage. On the other hand, gills obtained from fish collected at experimental sites (Odimodi River basin) presented HAI between 20> to 100, indicating irreversible organ damage.
The mean liver organ indices of the experimental sites (1, 2 and 3) of Odimodi with the reference Site (ARAC) at P value 0.05, shows that there was a significant difference in sites 1, 2 and 3 when compared with ARAC. Based on the frequency of histological changes (Table 2), stage III changes were less common in fish species collected in the referenced site (ARAC), whereas stage I and II changes were often found in the experimental sites (Odimodi river basin). 


Gill Histological Assessment
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Plate 1: Photomicrographs (H&E; x400) of fish Gills harvested from Site 1, 2, 3 and ARAC. A: Normal Gill tissue showing the Primary Lamella (PL), Secondary Lamella (SL), Chloride Cells (CC) B: Epithelial Lifting (EL) with Normal Epithelial Cells (EC), Diffuse blood congestion of Primary Filament (BCPL), Pillar Cell Hypertrophy (PCHt), C: Blood congestion of Primary Filament (BCPL), Pillar Cell Hypertrophy (PCHt), leading to disruption secondary lamella), Vascular Aneurism (VA). D: Late stages of Gills Degeneration with disruption of Gill’s architecture, showing; Vascular Congestion (VC), rupture of primary filament and secondary lamella (arrows) with Coagulative Necrosis (CN).

Table 2: Percentage prevalence of Gill histopathology of fishes harvested from Location 1, 2, 3 and ARAC 
	ALTERATIONS
	
	% PREVALENCE

	
	Location 1 (n=10)
	Location 2 (n=10)
	Location 3 (n=10)
	ARAC (n=10)

	Circulatory Disturbance (CD) 
	
	
	
	

	Hyperaemia
	10 
	20
	30
	10

	Epithelial Lifting  
	20
	10
	30
	0

	Telangiectasia 
	10
	10
	10
	0

	Regressive Changes (RC)
	
	
	
	

	Structural Alterations
	20
	30
	40
	10

	Vacuolation
	10
	10
	20
	0

	Atrophy
	
	
	
	

	Necrosis
	10
	10
	10
	0

	Progressive Change (PC)
	
	
	
	

	Hyperplasia
	0
	0
	10
	0

	Average % Prevalence
	11.4
	12.9
	21.4
	2.9








Table 3:  Independent Sample t test comparing the mean Gills Histopathological Organ Indices (Iorg) of location 1, 2, 3 and the reference site, ARAC.
	

	
Mean organ index (IORG)
	
STD. Deviation
	
STD. Error mean
	95% Confidence Interval of the Difference
	
T
	
df
	
Sig. (2-tailed)

	
	
	
	
	Lower
	upper
	
	
	

	GILLS
	ARAC
	6.900
	9.60382
	3.03699
	-11.571
	2.17016
	-1.548
	9
	0.156

	
	Site 1
	9.150
	15.07057
	4.76573
	-21.481
	.08084
	-2.245
	9
	0.051

	
	Site 2
	12.500
	8.14604
	1.82151
	-8.2125
	-.58754
	-2.416
	19
	0.026*

	
	Site 3
	7.747
	3.94556
	1.37546
	-4.495
	.57019
	-3.562
	19
	0.005*








DISCUSSION 
The temperature range in all three sites was within the given limits, although temperatures varied due to seasonal changes. Surface water bodies gain oxygen through gaseous exchange from the atmosphere. Aquatic organism, especially fish (S. melanotheron) receives oxygen supply from the water and transfer it to their bloodstream through the gills (Francis-Floyd, 2003). The oxygen concentration dissolved in a litre of water is known and referred to as dissolved oxygen (DO). DO is an indicator that is commonly used to evaluate and monitor water-quality in coastal and estuarine areas (Jack et al., 2009), causing increased or decreased blood flow in the gills; increased blood flow in the fish gills is influenced by low oxygen levels in the water; this process causes changes in the gills (Booth, 1979). The mean DO concentrations in Locations 1 and 2 were within the recommended limits by DPR and USEPA, while that of Location 3 failed the given limits.
The pH indicator measures the acidity or alkalinity level of the surface water, which is also an essential indicator to evaluate and control pollution levels. This is because aquatic metabolism is significantly influenced by the water pH (Boyd, 1995). The pH level in this study was significant in Location 1 when compared with Locations 2 and 3.
The impact assessment evaluation of the study area by NOSDRA shows that metals presence in the different sites as a result of industrial activities and centres within the area are the main contaminants. In this study, evaluated heavy metals: Cd, Cr, Cu, Pb, Ni and PAH in location 2 and 3 were all beyond their allowable limits except for Pb in location 2, while Location 1 only Cr, Cu, Ni and PAH were above their allowable limits established by DPR and USEPA in Odimodi river basin. Thus, the histological changes could be caused by the presence of heavy metals in the water. 
This result confirms the hypothesis and news reports that the Odimodi River basin is at a high risk of chemical contamination and pollution caused by heavy metals. The gills of fish (S. Melanotheron) collected at the reference site in ARAC showed lower histopathological changes than those from the Odimodi river basin. This study correlates with Kim et al. (2001) which demonstrates “the histopathological changes in fish gill tissues and their relevant biomarkers to measure the impact of toxic substances since they reflect changes in the morphological and biochemical functions”. 
The total percentage of fish samples collected was 100% for the referenced Site ARAC and the Experimental sites in the Odimodi River Basin. S. melanotheron recorded circulatory disturbance for Hyperamia at ARAC, Location 1, 2 and 3; 10%, 10%, 20% and 30% respectively, Epithelial Lifting 0%, 20%, 10% and 30% for ARAC, location 1, 2 and 3 respectively; and Talangiectasia 0%, 10%, 10% and 20% respectively.
“Circulatory disturbance is often associated with exposure to waterborne irritants, such as microorganisms and high copper sulfate concentrations” (Wani et al., 2011; Karges and Woodward, 1984). “Epithelial lifting is one of the earliest histological changes observed in gills exposed to toxic substances” (Poleksic & Mitrovic-Tutundzic, 1994). “The separation and lifting of lamellar epithelial layers increase the intracellular spaces between the pillar system and the epithelial lining of secondary lamellae” (Elshaer et al., 2015). 
“This change happens when cells derived from the primary lamellae migrate distally; such migration causes cell accumulation in the secondary lamellae's anterior border” (Rogers, 2007). Gusmão et al. (2012) and Movahedinia et al. (2012) also observed “the histopathological effects of crude oils and their byproducts. Lamellar epithelium lifting was less often found in the fish samples collected in ARAC”. “Secondary lamellar fusion is likely caused by severe lamellar hyperplasia, leading to the partial or total fusion of lamellar capillaries within a hyperplastic epithelial mass. However, the proliferation of epithelial cells is often lower than that of hyperplastic changes caused by modifications in mucus consistency. Secondary lamellar fusion, severe lamellar hyperplasia, and lamellar epithelium hyperplasia represent the fastest and easiest adaptation to low water quality, decreased respiratory surface, and increased diffusion distance”  (Sollid & Nilsson, 2006; Bakhasha et al., 2024). 
The total percentage of fish samples collected was 100% for the referenced Site ARAC and the Experimental sites in the Odimodi River Basin. S. melanotheron recorded Regressive Changes: for vacoulation and structural alterations at ARAC 10%, L1 20%, L2 30% and 40%; and Progressive changes: for necrosis and Hyperplasia at ARAC 0%, L1 10%, L2 20 and L3 40%. This outcome suggests the severe exposure of these specimens to water contaminants (Gomes et al., 2012). “Fish subjected to stressful conditions can present vascular changes in lamellae; their response to such exposure can be dysfunctional and impair their physiology” (Heath, 1995; Lima et al., 2006). 
Lamellar necrosis was found in 20% and 40% of the specimens collected at L2 and L3, respectively, in Odimodi. There were lesions and losses of pillar cells in the fish; lamellar structural alterations can impair gills’ gas-exchange function and break pillar cells; thus, it can hinder their supporting capacity and, consequently, cause structural lamellar disorder (Gomes et al., 2012). The incidence of progressive changes in the selected fish species may be associated with their eating habits since accumulated contaminants are found in organic matter settled in sediments (Stehr et al., 1998). “Progressive changes were also observed in the gills of fish exposed to cadmium; a heavy metal often used in experimental toxicological studies. This change results in significant cadmium accumulation in the environment and industrial and domestic waste” (Garcia-Santos et al., 2007). 
[bookmark: _GoBack]“Necrosis is characterised by eosinophilic cytoplasm and necrotic nuclei (pyknosis, karyorrhexis, and karyolysis). This phenomenon is typical of the degenerative process. Necrosis of epithelial cells in the gills is often observed after fish’s exposure to toxins” (Rogers, 2007). “They can be the result of prolonged exposure to irritants, including water suspensions, which can cause turbidity” (Strzyżewska et al., 2016). This irreversible histological change was found in fish samples collected at experimental sites of the Odimodi river basin, whereas the ones collected at ARAC presented none.

CONCLUSION 
In conclusion, this study showed histological changes in the fish gills, which suggest the contamination and pollution of the assessed sites caused by heavy metals. Histological changes seen in the gill epithelium of S. melanotheron could differentiate ARAC (reference site) from Odimodi (experimental site). 
The incidence level of gill lesions shows that the fish in Odimodi are experiencing stress due to water contamination with heavy metals. Although further studies are still needed to confirm our result, we can suggest that histological changes in the gills can be considered a useful biomarker to differentiate environmental pollution status from contamination.
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