



Heavy Metal Assessment of Claris angullaris and Tilapia zilli from Omambala River Anambra State Nigeria
ABSTRACT
Heavy metal refers to naturally occurring chemical element with relatively high density compared to water. Environmental contamination by these metals as a result of population surge, industrialization and urbanization has raised an ecological and public health concerns. In this study, heavy metal assessment of fish organs and water were conducted. Water and Fish samples (Tilapia zilli, Claris angullaris) from Omambala river, were assessed for heavy metals (Lead, Zinc, Cadmium, Iron, Nickel) concentration. The fishes were caught overnight with the aid of nets cast by the local fishermen. The fish organs (muscles, liver, kidneys and gills) were digested and the concentration of the heavy metals determined using the Atomic Absorption Spectrometer (AAS 220FS). Results showed varying degrees of heavy metal concentrations in the two fish species. In Claris angullaris, the mean heavy metal concentration detected were 0.09±0.013 – 0.454±0.544 in Iron, Nickel 0.001±0.002 - 0.021±0.008, Zinc 0.126±0.008 - 0.345±0.108, Lead 0.001±0.002- 0.660±0.244 and Cadmium 0- 0.014±0.012 -0.029±0.008. Cadmium and lead were not detected in the muscles and kidney of C. angullaris respectively. In Tilapia zilli the range recorded were Iron 0.061±0.005 – 0.0249±0.076, Nickel 0.009±0.004 – 0.021±0.013, Zinc 0.168±0.069 – 0.232±0.081, Lead 0.026±0.023 – 0.447±0.073 and Cadmium 0.010±0.009 –0.016±0.010. The concentration of Iron was at maximum in the kidneys of the two fish species. Highest accumulation of Zinc and Lead were detected in gills of T. zilli and C. angullaris.  Overall the analyzed heavy metal (Iron, Nickel, Zinc, Lead, Cadmium) were all detected in the organs of the two fish species except lead and cadmium which were not detected in the kidney and muscle of C. angullaris respectively. The bioaccumulation of the heavy metals is presented in descending order of the most prevalence as Lead (0.660±0.244) > Iron > (0.454±0.544) > Zinc (0.345±0.108) > Cadmium (0.029±0.008).  Results revealed the presence of heavy metals in the water sample colled from Omambala river and the level of bioaccumulation in the organs of Claris angullaris and Tilapia zilli which indicates the level of heavy metal pollution and associated risk with consumption of fishes from the river. 	Comment by Windows User: ???
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Introduction
[bookmark: _GoBack]Fish enjoys a good reputation as a nutritious and healthy food. They are essential food items that provide high quality protein, vitamins, minerals and omega-3 fatty acids which have been associated with health benefits due to their cardio-protective effects (Wim et al., 2007). Despite the many health benefits associated with fish in a diet, there are also some health risks related to fish consumption, mainly due to potential adverse effects of heavy metal contamination. Jarup (2003) noted that heavy metals are well known environmental pollutants that cause serious health hazards to human beings; their effects are not immediate and show up after many years. These environmental pollutants represent a major problem in both developed and undeveloped countries of the world. 
The concentrations of heavy metals in fish have been extensively studied over the past several decades. Research has shown that extent of accumulation of heavy metals in fish is dependent on the metal types, fish species, and the fish tissues (Korkmaz-Gorur et al., 2012). Heavy metals in water can originate both from natural sources, industrial, agricultural and domestic activities in the drainage basin of a water system.  Heavy metals cannot be degraded but they are deposited, assimilated or incorporated in water, sediments and aquatic biota causing heavy metal pollution in water bodies (Linnik and Zubenko, 2000, Malik et al. ,2010).  As the metal levels in many aquatic ecosystems increase due to anthropogenic activities, they raise the concern on metal bioaccumulation through the food chain and related human health hazards (Agah et al.,2009). Fish being at the top of the aquatic food chain may concentrate large amounts of metals from the water (Mansour and Sidky, 2002). As a consequence, fishes are used as indicators of heavy metal contamination in the aquatic ecosystem because they occupy high trophic levels and are important food source (Agah et al. ,2009). Two main ways by which heavy metals enter the aquatic food chain are by direct consumption of water and food through the digestive tract and non-dietary routes across permeable membranes such as the muscle and gills (Oliveira-Ribeiro et al. ,2005). Therefore, levels of heavy metals in fish usually reflect the levels found in sediment and water of the particular aquatic environment from which they are sourced (Nhiwatiwa et al.,2011) and time of exposure (Annabi et al.,2013). Fish have the ability to accumulate heavy metals in their tissues by absorption along gill surface and kidney, liver and gut tract wall to higher levels than environmental concentration (Annabi et al. ,2013). Accumulation of heavy metals by organisms may be passive or selective and differences in accumulation of heavy metals by organisms could be as a result of differences in assimilation, egestion or both (Egila and Daniel, 2011).  Heavy metals such as Cadmium (Cd), Mercury (Hg) and Lead (Pb) have no known essential role in living organisms; exhibit extreme toxicity even at very low (metal) exposure levels and have been regarded as the main threats to all forms of life especially human health (Eisler, 1985). Toxic effects occur when excretory, metabolic, storage and detoxification mechanisms are no longer able to counter uptake eventually resulting in physiological and histopathological changes (Georgieva et al.,2014). These changes can also be altered by water physico-chemistry (Annabi et al.,2013). Entry of heavy metals into the organs of a fish mainly takes place by adsorption and absorption and the rate of accumulation is a function of uptake and depuration rates (Annabi et al., 2013). Heavy metals, aside from being toxic and persistent, are bio accumulated and internally regulated using different strategies such as active excretion and storage (De-Forest et al., 2007).  Elevated levels of toxic heavy metals have been reported from areas experiencing increasing settlement, traffic and agricultural activities (Annabi et al., 2013). The level of nonessential trace element in fish are important because fish is an important source of food for the general human population; fish from freshwater bodies receiving industrial effluents have been reported to be unfit for human consumption because of high tissue levels of some heavy metals (Tyokumbur and Okorie, 2014).
Multiple factors including season, physical and chemical properties of water can play a significant role in metal accumulation in different fish tissues (Hayat et al., 2007). It is therefore of great significance to evaluate pollution effects on fish for both environmental protection and socio-economic reasons. A combination of biological monitoring (bioaccumulation) and measurements of water and sediment quality can provide a good indication of conditions and potential risks to a water body (Alaa and Osmanl, 2010). Accumulation of metals in different fish species depends on their feeding habits, ecological needs, metabolism, age and size of fish (Peakall and Burger, 2003). According to Golovanova, 2008, heavy metals accumulate in many important organs, with the highest concentrations of heavy metals found in fish liver, kidney and gills. He reported that supporting structures and gills mostly accumulate waterborne heavy metals, while stomach and intestines accumulate food-associated elements. Evidently heavy metals accumulate frequently in fish flesh and in internal organs as reported by Dural et al., 2007. Diet is the main route of exposure to heavy metals in the case of population not exposed to them. Thus, heavy metals acquired through the food chain as a result of pollution are potential chemical hazards, threatening consumers. The consequence of heavy metal pollution can be hazardous to man through his food. Therefore, it is important to assess the heavy metal bioaccumulation in aquatic environments (water, sediment and biota) to determine the potential of health concerns arising from pollution of the waterbodies. 

2.  Materials and methods
2.1   Study Area
The study was conducted on the Omambala River located at Umueze –Anam in Anam, Anambra state. The river flows pass 3 local governments in the riverine axis of the state; Anambra East, Anambra West and Ayamelu Local Government Area.  The Omambala River flows 210 km (130 mi) into the River Niger. The river lies between latitude 6.1788˚ N and longitude 6.7880˚ E of the equator. 	Comment by Windows User: The Map of the study area is very relavant

2.2   Sample collection and preparation
Two fish samples (3 samples each) were collected using cast nets which were thrown by the local fisher men and withdrawn by means of line attached to its opening. These fish species represent different biotopes that were immediately preserved in an ice chest and transferred to the laboratory where they were classified, weighed, with total length recorded and kept frozen at −100C until further analysis. Taxonomical identification of the fish species was done using standard reference source (www.fishbase.org). The collected fish species were identified as Clarias angullaris and Tilapia zilli. The water samples were collected at 30cm below the water surface using the sterile bottles of 750 ml capacities. The fish samples were rinsed with distilled water and scales of Tilapia zilli were removed. The fishes were dissected to harvest the gills, kidneys, liver and muscles. The harvested fish organs were transferred to digestion flasks for analysis. 

2.3 Determination of Heavy Metal Concentrations 
The harvested fish organs were placed in a digestion flask containing 20ml Aqua Regia solution which comprises of 65ml nitric acid, 8ml perchloric acid and 2ml sulphuric acid. The flasks were heated until clear digest were obtained. The digests were then diluted with distilled water to the 100ml mark. The digests were filtered individually and the prepared samples were determined for Iron (Fe), Nickel (Ni), Zinc (Zn), Lead (Pb), and Cadmium (Cd) using Agilent FS240AA Atomic Absorption Spectrophotometer according to the method of APHA 1995 (American Public Health Association). Heavy metal analysis was also carried out on the water samples using the same procedures as the fish samples. 
2.4 Physicochemical properties of water
Evaluation of the physicochemical parameters of the water samples was conducted using standard analytical methods. Conductivity, salinity and total dissolved solids (TDS) were measured using (OHAUS STARTER 3100C gravimetric instrument with mode selection. Temperature and pH were determined on the field using the WTW pH/cond 340i/SET. Turbidity was determined by photometric method using Lutron turbidity meter (model Tu.2016). Nitrates and sulphate and dissolved oxygen were determined using cadmium reduction method using H183300 Hanna multiparameter bench photometer. Total hardness of water and Biological oxygen demand (BOD) were measured using the titration method.

2.5 Bacteriological Analysis of water samples collected from Omambala river
Isolation, characterization and identification of bacteria isolates were carried out following the method of Cheesbrough, 2010. The cultural characteristics of the respective isolates were examined and recorded. Biochemical tests carried out include catalase test, coagulase test, citrate utilization test, oxidase test, urease test, indole test, motility test, Voges-proskauer test, methyl red test, sugar fermentation and hydrogen Sulphide test. Total heterotrophic count was also estimated following the method of Cheesbrough 2010 while the coliforms were enumerated by the most probable number (MPN) techniques. 

2.6 Statistical Analysis
All data were analyzed statistically by calculating the mean and standard deviation using Microsoft excel 2010. 


Results and Discussion
The result in Table 1 describes the physical characterization and identification of the fish samples.  A mean value of 27.63cm and 172.52kg in length and weight respectively for Claris angullaris whereas Tilapia zilli recorded mean values of 18.16cm in length and weight of 111.52kg. 
 Table 1: Characterization of the fish samples
	Fish sample
	Number of samples
	Mean Length(cm)
	Mean Weight (kg)
	Feeding habit

	Claris angullaris (catfish)
	3
	27.63
	172.52
	carnivore

	Tilapia zilli (Redbelly tilapia)
	3
	18.16
	111.52
	omnivore



Heavy metal bioaccumulation in fishes
The study assessed the heavy metal concentration in the organs (muscles, liver, kidneys, gills) of Clarias angullaris and Tilapia zilli. The results as presented in presented in Table 2 and 3 respectively, show varying concentrations of the heavy metals in the different fish organs among the two fish species. In C. angullaris, highest mean concentration of iron was recorded in the kidney (0.454±0.544) followed by gills (0.165±0.063) with the least accumulation recorded in the liver. Nickel was accumulated the most in the liver followed my muscles, gills and the kidney. The gills of C. angullaris accumulated zinc (0.345±0.108) the most followed by kidney, liver and muscles. Highest accumulation of lead was recorded on the gills, followed by the muscles, then the liver. Lead was not detected in the kidneys of C. angullaris. Cadmium accumulation was highest in the kidneys, then liver and the gills, with no amount of cadmium detected in the muscles.	Comment by Windows User: Recast

Table 2: Heavy metal bioaccumulation in Clarias angullaris	Comment by Windows User: Concentrations of Heavy Metals bioaccumulated 
	
Heavy metal
	
Muscle
	
Liver
	
Kidney
	
Gills

	Iron
	0.090± 0.013
	0.110±0.022

	0.454±0.544
	0.165± 0.063

	Nickel
	0.017± 0.014

	0.021±0.008
	0.001± 0.002

	0.011± 0.009


	Zinc
	0.126± 0.008

	0.138±0.063

	0.143±0.050

	0.345±0.108

	Lead
	0.024± 0.020
	0.001±0.002

	ND
	0.660±0.244


	Cadmium
	ND
	0.026±0.005

	0.029±0.008

	0.014± 0.012    








In the organs of Tillapia zilli, the highest mean concentration of iron occurred in the kidney followed by the gills, then the muscle. Nickel concentration was highest in the liver (0.021 ±0.013) followed by the muscles (0.012±0.011), gills (0.011 ±0.009) and the kidney (0.009±0.004). The concentration of zinc and lead were recorded gills > muscle > kidney > liver. Cadmium recorded highest concentration on the gills and least concentration in the kidney of T. zill. Overall the analyzed heavy metal (Iron, Nickel, Zinc, Lead, Cadmium) were all detected in the organs of the two fish species except lead and cadmium which were not detected in the kidney and muscle of C. angullaris respectively. The bioaccumulation of the heavy metals is presented in descending order of Lead (0.660±0.244) > Iron > (0.454±0.544) > Zinc (0.345±0.108) > Cadmium (0.029±0.008). This is in agreement with the work of Amina et., al. (2021) which reported the presence of these heavy metals in the organs of some fish species and showed the levels of heavy metal contamination in other water bodies. Udoye et al, 2024 in their work also reported the presence of iron, zinc, lead and cadmium in the organs of Clarias gariepinus and Heterobranchus longifilis from Omambala river. 

Table 3: Heavy metal bioaccumulation in organs of Tilapia zilli	Comment by Windows User: See table 2 title
	Heavy metal
	Muscle
	Liver
	Kidney
	Gills


	Iron
	0.124±0.017
	0.061±0.005

	0.249±0.076
	0.182± 0.037


	Nickel
	0.012±0.011
	0.021 ±0.013
	0.009±0.004

	0.011±0.009

	Zinc
	0.168±0.069
	0.063±0.027

	0.091± 0.032
	0.232± 0.081

	Lead
	0.234±0.171
	0.026± 0.023

	0.045± 0.038

	0.447±0.073

	cadmium
	0.009±0.016
	0.013±0.016

	0.010±0.009

	0.016± 0.010











Physicochemical evaluation of water
The physicochemical properties (pH, turbidity, conductivity, salinity, BOD, dissolved oxygen, hardness of water, nitrate and sulphate) of the water samples from Omambala river were evaluated and result presented in Table 4. Result recorded a pH value of 1.8, with turbidity and hardness values higher than the WHO/FEPA limit. Sulphate was not detected in the water samples whereas other parameters presented values within or lesser than the limit. 

Table 4: Physicochemical parameters of the water sample
	Parameter 
	Values 
	WHO/FEPA limit	Comment by Windows User: Which Year

	pH
	1.8
	6.5 - 9

	Conductivity	
	29.10
	300

	Turbidity(NTU)
	17.78
	5

	Salinity(PSU)	
	0.02
	600

	Sulphate(mg/L)
	0.00
	20-200

	Dissolved oxygen(mg/L)
	5.70
	-

	BOD(mg/L
	2.30
	5,300

	Hardness(mg/L)
	500
	300

	Nitrate (mg/L
	8.155
	50


The result of the heavy metal analysis of the water samples as reported in Table 5, recorded values within the WHO/FEPA standard for all the heavy metals analyzed with highest concentration recorded for Lead (0.524) and least detected concentration in cadmium (0.007).	Comment by Windows User: Recast this sentence
Table 5: Heavy Metal concentration of water samples from Omambala river.
	Heavy metals
	Mean concentration 
	WHO/FEPA Standard	Comment by Windows User: Mention the Year

	Iron 
	0.06
	0.3

	Nickel 
	0.063
	6

	Zinc 
	0.066
	1.5

	Lead 
	0.524
	1.5

	Cadmium 
	0.007
	3


			





Bacteriological examination of water from Omambala river	
The bacteriological assessment of the water samples was conducted and result presented in Table 6. Result presented the colony morphologies and biochemical identification of suspected organisms as Staphylococcus sp., Escherichia coli and Streptococcus sp. The total heterotrophic and coliform bacteria count was recorded as 5.0 х 104cfu/ml. 	
Table 6: Morphological characteristics of the isolates	
	Shape 
	colour
	texture
	elevation
	Gram staining
	motility
	oxidase
	catalase
	Suspected organism

	circular
	creamy
	smooth
	convex
	     +
	        _
	  _
	 +
	Staphylococcus aureus

	circular
	Dark metallic sheen
	smooth
	convex
	     _
	       +
	  _
	+
	Escherichia coli

	spherical
	Grey white
	smooth
	convex
	     _
	       _
	  _
	+
	Streptococcus pyogenes



Conclusion
The study revealed the presence and bioaccumulation of heavy metals; iron, Nickel, Zinc, Lead and Cadmium in water samples collected from Omambala River as well as in organs of Clarias angullaris and Tilapia zilli. This provides a valuable insight to the level of heavy metal pollution in and around the Omambala river. Though the results presented data within the WHO limits but accumulation of these heavy metals overtime in the waterbody can be detrimental to the fish health and adversely pose a greater health risk to the fish consumers.
Conflict of interest 	Comment by Windows User: Not stated
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