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Introduction
Fish and fishery products are generally regarded as important part 

of a healthy diet. In developing world, fish and fishery products apart 
from being a source of cheap animal protein, are widely consumed since 
they have high quality protein and other essential nutrients and are 
low in saturated fat and contain omega 3 fatty acids. Over the last fifty 
years, there has been an increase in the number of chemical compounds 
identified to be present in natural waters. Majority of these chemicals 
originate from various industrial activities and increasing urbanization 
facilitates their entry into rivers, lakes and ocean [1]. Ondo State is 
located in South Western Nigeria and has coastal areas estimated to 
be about 60,000 hectares. It is an oil producing state along other Niger 
Delta State such as Delta, Rivers, Bayelsa, Akwa Ibom etc. The surface 
area of marine and brackish water resources in Nigeria covers estimated 
area of 233,000 km2 [2] and the brackish-marine fishery potential has 
been estimated at 273,500 metric tonnes per annum [3].

The main marine-brackish water areas in Nigeria are found along 
the coastal zone which are characterized by expansive estuarine lagoon 
and mangroves swamps fronted by beach ridge barriers this extend 
from Lagos lagoon through Ondo State coaster waters to the Niger 
Delta in the South-south of Nigeria. Sustainability of fisheries resources 
in the coastal waters is now threatened by the introduction of oil 
into the ocean via oil spillage for the great majority of species which 
spend their earliest stages near coast, estuarine, brackish or freshwater. 
Exploration and exploitation activities of oil companies such as Shell, 
Chevron, Texaco etc. in the coastal region of Ondo State, Nigeria is one 
major way by which the natural coastal waters of Ondo State, Nigeria 
is being polluted. Oil spills could occur as result of release of crude oil 
from tankers, offshore platforms, drilling rigs and well, as well as spills 
of refined petroleum product (such as gasoline, diesel etc.) and their 
by-products and heavy fuel used by large ship. Oil spillage into water 
affects the ecosystem and its component negatively. Among animal 
species, fish are the inhabitant that cannot escape from the detrimental 
effects of these pollutants. Fish are widely used to evaluate the health 

of aquatic ecosystems because pollutants build up in the food chain 
and are responsible for adverse effects and death in the aquatic systems 
[4]. The major sources of heavy metals in water especially in the oil 
producing areas (like the study area) include crude oil, drilling fluids, 
or mud, agricultural activities, domestic wastes and natural sources 
that make up the background concentration. As heavy metal cannot 
be degraded, they are deposited, assimilated or incorporated in water, 
sediments and aquatic animals and thus causing heavy metal pollution 
in water bodies [5]. Therefore, heavy metals can be bioaccumulated 
and biomagnified via the food chain and finally assimilated by human 
consumers resulting in health risks [6]. 

Arius latisculatus known as roughhead sea catfish belongs to the family 
Ariidea. They live mainly in marine waters, freshwater and brackish waters. 
Ariidea catfish are found in shallow temperate and tropical seas around 
the coastlines of Africa, North and South America, Asia and Australia. 
Cynoglossus browni, commonly known as the Nigerian tonguesole  is a 
species of tonguefish. It is commonly found in Eastern Atlantic Ocean off 
the coast of West Africa. Caranx lugubris and Caranx senegallus referred 
to as Black jack and Senegal jack respectively, belongs to the jack 
family Carangidae. The species is distributed through the tropical waters 
of the eastern  Atlantic Ocean, to the  West African  coast. Carangidae 
are predatory fishes, taking a variety of small fishes, crabs and shrimps 
Sardinella aurita is a genus of fishes in the family  Clupeidae, 
Sardinella species are generally coastal, schooling, marine fish. Juveniles 
are often found in lagoons and estuaries, and adults are more common 
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off the coast. They mainly abundant in warmer waters in both sides 
of the  Atlantic Ocean, throughout the  Mediterranean Sea, and in 
the Indian and the Western Pacific Oceans [7]. Most of this fish species 
feed in a variety of ways, ranging from sieving phytoplankton or grazing 
algae, to suction feeding on benthic invertebrates and to devouring other 
fishes whole or in portions [8].

The examined fish species have been used as bio-indicators to 
monitor heavy metals concentrations in the coastal environment, 
due to their wide range of distribution, feeding rate, their important 
position in the food chain, and also because they produce evidence of 
relatively stable concentration. The major occupation of the inhabitants 
in the coastal region is fishing, the water body and the examined fish 
species remains the sole source of livelihood for the inhabitants. As 
such, having understood that oil explorations and other industrial 
activities could result into heavy metal pollution of the aquatic system, 
it becomes imperative to continuously monitor the effect of this activity 
on the ecosystem. Recent studies have shown that because of high rates 
of pollution in aquatic environments especially in developed world 
as a result of increased urbanization and industrialization activities, 
fishes and fishery products contain traces of heavy metals which can be 
detrimental to the health of consuming public [9]. Heavy metal toxicity 
is frequently the result of long term low level exposure to pollutants 
common in our environment: air, water, food and numerous consumer 
products. Hence, high concentration of some essential trace metals such 
as Cr, Cu, and Zn may become toxic at concentrations exceeding the 
limits which are required. Therefore, humans who consume significant 
amount of fish may also be at risk. 

The main objectives of the present work is to determine the 
concentration of dissolved heavy metals (Pd, Cd, Cr, Zn, Cu, and Ni) in 
water column of Ondo State coastal waters, estimate the accumulation 
of these heavy metals in the muscle, eyes, gills, head, and bones of 
some commercially important fish species from the coastal waters; 
and compare the levels of toxic metals in the examined fish species and 
water column with maximum allowable limits (MAL).

Materials and Methods
Study area

The study was carried out in Ilaje Local Government Area (ILGA) 
(Figure 1) in the coastal area of Ondo State, Nigeria in January 2014. 
ILGA is at the extreme Southern part of Ondo state. ILGA shares 
boundaries with Okitipupa Local Government Area in the North; 
the Atlantic Ocean in the South; Ijebu Waterside Local Government 
Area (Ogun State) in the West and Delta state in the East. Ilaje local 
government area is considered as one of the most important fishing 
areas in the coast which have rich biodiversity that contains a diverse 
assemblage of fish, shellfish (shrimps, crabs, lobster, gastropods 
and cephalopoda), reptiles and other living organisms [10]. ILGA 
comprised of several fishing communities located within the river 
tributaries discharging into the Atlantic and those along the coastline 
[11]. The study area is parallel to Nigeria Southwest coastline which 
is characterized by extensive lagoons and river delta systems. The area 
represents a reflection of what occurs physically, morphologically and 
environmentally in the adjoining areas. There is a large concentration 

Figure 1: Map of Ondo state showing sampling locations in ILGA.
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those of the blank and standard solutions using Buck scientific AAS, 
200 A.

Fish sampling and analysis

Three pieces each of individual fish species (Arius latisculatus, 
Cynoglossus browni, Caranx lugubris, Sardinella aurita, Caranx 
senegallus) were caught from the water bodies with the assistance of 
local fisher men. The samples were transported to the laboratory, where 
the scales were removed where applicable, rinsed with distilled water to 
remove any adhering substance and each fish separated into eye, head, 
gills, bones and muscles with dissecting knife. The different fish organs 
were then separately oven-dried at 105 ± 2°C in a GallenKamp moisture 
extraction oven until constant weight was obtained and then ground 
into powder. Extraction of metals from the fish samples was by mixed 
acid digestion [13]. Samples of various organs ranging from 0.5 g to 
1.09 g were accurately weighed and digested using 10 ml of 65% HNO3, 
5 ml of 37% HCl and 2 ml of 35% H2O2 at 80 ± 5°C in a fume chamber 
until colourless liquid was obtained. The solutions were allowed to cool 
at room temperature, filtered through Whatman number 1 filter paper 
into a 50 ml standard flask. The filtrate obtained was made up to 50 
ml mark with distilled water and used for heavy metals determination 
against those of the blank and calibration standards using atomic 
absorption spectrophotometer, Buck Scientific model, 200 A. 

Statistical analysis

One way ANOVA and Duncan multiple range test were used to 
evaluate the significant difference in the concentration of different 
studied metals with respect to different fish organs. A probability at 
level of 0.05 was considered significant. Standard errors were also 
estimated.

of mangrove and fresh water swamps. The area is subject to tidal 
fluctuations with salt water incursion, two to ten months of the year. 
There are three subzones viz freshwater, brackish water and saltwater 
bordering the coastal communities. There are two hydrological cycles 
in the study area i.e. the wet and dry seasons. The wet season starts from 
May to October while the dry season spans November to April. There 
are over 80 fishing communities along the coastline and are the major 
fish producers in Ondo State [12]. Two of these communities (Ayetoro 
and Awoye) were purposely selected for this study based on extensive 
fishing activities in the towns, accessibility and their proximity to the 
Atlantic Ocean (Figures 1 and 2).

Water sampling and analysis

Sampling was conducted in January, 2014 representing the peak 
of dry season in Nigeria. Representative surface water samples were 
taken randomly below the surface film at a depth of 6-10 cm from 
three different sampling points along the coastline in each sampling 
locations into one liter acid leached polythene bottle. The water 
samples from the three different points were then mixed together to 
obtain a representative sample. The water sample were acidified to 
a pH of less than 2 by adding 2 ml of analar grade conc. HNO3 and 
kept in the refrigerator prior to analysis. Heavy metal concentrations 
in water samples were determined having digested the samples 
in accordance with the standard procedure established by Parker. 
The water samples (100 ml) were digested on a hot plate with the 
addition of 10 ml concentrated nitric acid. The solution was heated 
to almost dryness and the residue dissolved with 10% HNO3. The 
resulting solution was filtered through Whatman number 1 filter 
paper into 50 ml standard flask and solution made to the mark. The 
concentrations of metals in each sample were determined against 

  Figure 2: Map of Southern Nigeria showing major cities (Inserted is the area map of Africa).
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Transfer factor (TF)

The transfer factor in fish tissues with respect to the water where 
they were caught, was calculated according to Kalfakakour and Akrida-
Demertzi (2000) as follows TF=Mtissue/Mwater where, Mtissue is the metal 
concentration in fish tissue and Mwater metal concentration in water.

Results and Discussion
Heavy metal levels in water

Mean concentration and standard deviation of heavy metals level 
(mg/L) in the various water bodies are presented in Table 1a. The result 
were compare with water quality criteria for fresh water aquaculture 
(FWA) and World Health Organization standard for permissible limit 
of heavy metals in water (Tables 1a and 1b). 

The differences in concentrations of some of the metals analysed 
in water samples from the three study locations were not signification 
(p<0.05) (Table 1a). Metal concentration in water were found in the 
following order Cr>Pb>Zn>Cu>Cd>Ni in Awoye community, whereas 
the order for Ayetoro was Pb>Cd>Cu>Cu>Zn>Cr with nickel not 
detected in the water sample. In the Atlantic Ocean shoreline, the order 
was Pb>Cr>Cu>Zn>Cd>Ni. Comparison of mean concentrations of 
the metals in the coastal water with guideline values recommended 
by [14] (Table 1a). Showed compliance with Cu, Zn and Ni, while Cr 
(0.34-0.63) Cd (0.08-0.19) and Pb (0.34-0.79) were higher than the 
permissible recommended limits. This may be attributed to input from 
raw sewage, agricultural and industrial wastewater discharged into the 
water bodies or by surface runoffs laden with heavy metals from various 
towns/city bordering the coastal waters as earlier reported by Ololade et 
al. [15]. The high level of Pb in the coastal water could also be attributed 
to input from petrol used by fishing boats which are distributed all over 
the coastal water as means of transportation.

Comparing the heavy metals levels in Ondo State coastal water 
in this study with results from previous study within the area and the 
Niger Delta Mangrove Buguma Creek in River State (Table 1b), it is 

found that similar higher levels of Cr, Cd and Pb (0.01-1.49, 0.01-0.11, 
0.01-0.61 mg/kg., respectively) were reported in the water sample and 
that of Buguma Creek in Delta State [16], but were higher compared 
to previous study on Ondo State Coastal Water (Table 1b) [17]. The 
difference in heavy metals concentrations may be associated with 
seasonal variation due to sampling periods. Seasonal variations could 
be associated with input of various substances into the water bodies 
through run-off in one-hand and dilution effect on the other hand 
during rainy season. The mean levels of Cd, Pb, Cu and Zn found in 
water of all the sampled locations exceeded the safe limits recommended 
to protect fish in freshwater aquaculture (Table 1a), which may pose 
a health risk for the fish populations in the coastal waters. This could 
indirectly threatens human health as a result of bioaccumulation of 
this metals by fish inhabiting the water [18]. Acconding to Heath [19], 
fish can regulate metal concentration to a certain limit after which 
bioaccumulation occurs. The concentration of metals in an organism’s 
body vary from organ to organ and is a product of an equilibrium 
between the concentration of the metal in an organism’s environment 
and its rate of ingestion and excretion [20]. 

Heavy metal concentration in fish

Mean concentrations of chromium, cadmium, lead, copper, zinc 
and nickel in muscle, head, gill, eye and bone of Arius latisculatus, 
Cynoglossus browni, Caranx lugubris, Sardinella aurita, Caranx 
senegallus from the coastal waters are shown in Tables 2a-2e.

Fish are considered as biomonitors of aquatic ecosystems for 
estimating heavy metals pollution [4,21]. Different organs of fish are 
known to accumulate varied concentrations of heavy metals when they 
are exposed. In the present study, the concentration of heavy metals in 
the fish organs was in the following order gill>eye>bone>muscle>head. 
The criteria for choosing the various organs are based on the fact that, 
muscle, which is the edible part of the fish is considered a cheap source 
of protein and is widely consumed in the Southern part of Nigeria 
mostly among the middle and low income groups. Fish head (gills 

Metals Awoye Ayetoro Ocean shore FWA WHO
Cr 0.63 ± 0.001a 0.04 ± 0.014c 0.34 ± 0.001b - 0.05
Cd 0.17 ± 0.014a 0.19 ± 0.001a 0.08 ± 0.016b <0.0002-0.0018 0.003
Pb 0.52 ± 0.141b 0.34 ± 0.014b 0.79 ± 0.001a 0.001-0.007 0.01
Cu 0.26 ± 0.001a 0.18 ± 0.001b 0.27 ± 0.018a <0.01 2.0
Zn 0.36 ± 0.003a 0.10 ± 0.001c 0.22 ± 0.001b <0.1 3.0
Ni 0.01 ± 0.001a BDL 0.01 ± 0.001a <0.1 0.02

Data are mean of duplicate [2] determinations.
BDL: Below instrument detection limit. Letters a, b and c show differences among the different locations. Data shown with different letters are statistically different at P<0.05 
level.

Table 1a: Mean concentration of heavy metals in the various water bodies.

Metals Present study Ondo coastal water Buguma creek
Cr 0.04-0.63 0.10-27.10 0.01-1.4b
Cd 0.08-0.19 0.10-9.60 0.01-0.11
Pb 0.34-0.79 0.20-9.60 0.01-0.61
Cu 0.18-0.27 0.60-14.90 -
Zn 0.10-0.36 0.60-17.60 0.01-0.44
Ni BDL-0.01 2.0-36.00 0.01-2.73

Table 1b: Comparison of heavy metal levels (mg/l) in Ondo state coastal water (current study), previous study and Niger Delta mangrove Buguma creek in Rivers State.
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inclusive) and born is used in the production of food additives for 
livestock, i.e. gelatin. Therefore, its health quality is also very important.

Metals concentration in gill could be due to the element complexing 

with the mucus, which is impossible to remove completely from 
between the lamellae before tissue is prepared for analysis. Corollary, 
high concentrations of metals in gill might be associated with the fact 
that during feeding and breathing processes, the water entering the 

Metals Muscle Head Eye Gill Bone Overall mean
Cr BDL 0.38b 0.36b 1.44a 0.35b 0.51
Cd 0.32b 0.33b 0.32b 0.65a 0.32b 0.32
Pb 0.01b 0.12a 0.01b 0.10a 0.11a 0.07
Cu BDL 0.55b BDL 1.51a 0.57b 0.53
Zn 0.51b 0.33c 0.34c 4.14a 0.39c 1.14
Ni BDL 0.05c 0.03c 0.06c 0.01c 0.03

Data are mean of replicate [2] determinations.
BDL: Below instrument detection limit. Letters a, b and c show differences among the different tissues. Data shown with different letters are statistically different at P< 0.05 
level.

Table 2a: Level of heavy metals in Arius latisculata organs (mg/kg).

Metals Muscle Head Eye Gill Bone Overall mean
Cr BDL BDL ----- 0.63a 0.35b 0.25
Cd 0.31a 0.33a ----- 0.52a 0.31a 0.37
Pb 0.05c BDL ----- 0.08b 0.11a 0.05
Cu BDL BDL ----- BDL 0.57a 0.14
Zn 0.51a,b 0.36b ----- 0.59a 0.39a,b 0.46
Ni 0.01c 0.03c ----- 0.04c BDL 0.02

Data are mean of replicate [2] determinations.
BDL: Below instrument detection limit .Letters a, b and c show differences among the different tissues. Data shown with different letters are statistically different at P<0.05 
level.

Table 2b: Level of heavy metal in Cynoglosus browni organs (mg/kg).

Metals Muscle Head Eye Gill Bone Overall mean
Cr BDL 0.31bc 1.08b 2.92a 0.31bc 0.93
Cd 0.33b 0.33b 0.95b 2.57a 0.33b 0.90
Pb 0.07b 0.01c 0.47a 0.92a 0.10b 0.31
Cu BDL BDL BDL 4.82a 0.57b 1.08
Zn 0.28c 0.37c 0.03b 2.27a 0.36c 0.86
Ni BDL BDL 0.01b 0.01b 0.01b <0.01

Data are mean of replicate [2] determinations.
BDL: Below instrument detection limit. Letters a, b, and c show differences among the different tissues. Data shown with different letters are statistically different at P<0.05 
level.

Table 2c: Level of heavy metal in Caranx lugubris organs (mg/kg).

Metal Muscle Head Eye Gill Bone Overall mean
Cr BDL 0.40bc 0.76b 3.41a 0.36bc 0.99
Cd 0.34b 0.19b 0.71b 3.18a 0.36b 0.96
Pb 0.10d 0.27c 0.55b 1.14a 0.09e 0.43
Cu BDL BDL BDL 5.72a 0.67b 1.28
Zn 0.31c 0.41c 0.78b 3.15a 0.44c 1.02
Ni BDL 0.02d 0.04d 0.07c 0.01d 0.03

Data are mean of replicate [2] determinations.
BDL: Below instrument detection limit. Letters a, b, bc, c, d and e show differences among the different tissues. Data shown with different letters are statistically different 
at P<0.05 level.

Table 2d: Level of heavy metal in Caranx senegallus organs (mg/kg).

Metal Muscle Head Eye Gill Bone Overall mean
Cr BDL 0.26c 0.81b 1.24a 0.32c 0.53
Cd 0.31c 0.21d 0.71b 1.15a 0.31c 0.54
Pb 0.08b 0.07b 0.32c 0.78a 0.12b 0.27
Cu BDL BDL BDL 2.19a 0.59b 0.55
Zn 0.32c 0.38c 0.86b 1.27a 0.39c 0.64
Ni 0.02a BDL 0.04a 0.07a BDL 0.03

Data are mean of replicate [2] determinations.
BDL: Below instrument detection limit. Letters a, b, c, and d show differences among the different tissues. Data shown with different letters are statistically different at 
P<0.05 level.

Table 2e: Level of heavy metal in Sardinella aurita organs (mg/kg).
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fish mouth passes through the gills in the head, thus making the gills 
exposed to the metals [22]. Chromium concentration is significant 
(p<0.05) in almost all organs of fish species. The distribution pattern 
of chromium in the present study was in the deceasing order of 
gill>eye>head>bone>muscle in most fish species analysed. In other 
word, gill seemed to be the organ which accumulates the highest 
concentration of chromium. The highest value of Cr (3.41 mg/kg) was 
observed in gill of Caranx senegallus (Table 2d). Chromium was not 
detected in muscle of all the species examined. Similar results were 
reported for a number of fish species, which show that muscle is not an 
active tissue in accumulation of metals [23,24]. The concentrations of 
chromium recorded in the present study were lower than the maximum 
allowable limit of 8 mg/kg in food [25]. 

Cadmium concentrations recorded in the fishes organs showed 
significant difference (p<0.05). The distribution pattern of cadmium 
was in the decreasing order gill>eye>muscle>head>bone. The highest 
(3.18 mg/kg) and lowest (0.19 mg/kg) level of Cd was found in gill and 
head of C. senegallus respectively. The concentration of cadmium in 
muscle recorded a comparable value in almost all the species of fish. 
Cadmium concentration in the muscle of the examined fish species 
followed a similar pattern ranging from 0.32 mg/kg Arius latisculata, 
0.31 mg/kg Cynoglosus browni, 0.33 mg/kg Caranx lugubris, 0.34 mg/kg 
Caranx senegallus, 0.31 mg/kg Sardinella aurita, this may be due to long 
exposure period to Cd in the water where they dwell. Bone also shows 
a similar pattern of distribution among the examined species ranging 
from 0.31 mg/kg in Sardinella aurita - 0.36 mg/kg in Caranx senegallus. 
The concentration of Cd in bone and gill recorded comparable values in 
some of the examined species. The results indicate that the accumulation 
of Cd could occur in gill and other hard tissue such as bones. This is 
in agreement with the work of El-Nemr [26] who reported that Cd is 
stored in the body in various tissues including bone and exoskeleton. 
The acute toxicity of cadmium to aquatic organisms is variable, even 
between closely related species and is related to free ionic concentration 
of the metals. Cd interacts with the calcium metabolism in fish to cause 
abnormally low calcium levels (hypocalcaemia), probably by inhibiting 
calcium uptake from the water. However, high calcium concentration 
in water protects fish from cadmium uptake by competing at uptake site 
[2]. The maximum allowable level of Cd in fish for human consumption 
specified by the European Union is 0.05 mg/kg. The observed mean 
concentration of cadmium (0.27-0.96 mg/kg) in this study is higher 
than the maximum allowable limits.

The present study shows that Copper recorded its highest 
concentration (5.72 mg/kg) in gill of Caranx senegallus (Table 2d). 
Concentrations of copper in the fish organs in general were in the order 
of gill>bone>head>eye>muscle. However, copper was not detected in 
the muscle of all the examined species. The low concentration of Cu 
observed in the fish species indicates that food is the primary pathway 
for uptake of copper in all examined species. Since these fish species are 
not fed it is expected that the level of copper will be low as observed in 
the research. Similar results reported by [27] shows lower concentration 
of Cu in muscle of uncultivated fish species. The mean concentration of 
Cu recorded in this study was much lower than maximum allowable 
limit 120 mg/kg in food [25].

Zinc is the only metal that is readily available in all the organs of all 
examined fish species. The abundance of zinc in all the fish part could 
be associated with the fact that these metals are naturally abundant in 
Nigerian soil and irrespective of the source; the final depositories are 
the aquatic systems. The highest concentration of zinc (4.14 mg/kg) was 
recorded in gill of A. latisculata (Table 2a), The low concentration of 

zinc in the muscle of the examined fish species has been linked to lower 
level of binding proteins (metallothioneins) in the muscle. The mean 
concentration of Zn ranging from 0.64 mg/kg in S. aurita to 1.14 mg/
kg in A. latisculata in the examined fish species were lower compared 
to the maximum allowable limit of 50 mg/kg in food [25]. Chromium 
Copper and Zinc are essential elements and are carefully regulated by 
physiological mechanisms in most organisms. However, occurrence 
of excessive levels of them is regarded as potential hazards which can 
endanger both animal and human health [28-31]. 

The concentrations of nickel (Ni) in fish organs were relatively 
low and of the order: gill>eye>head>muscle>bone. The highest 
concentration (0.07 mg/kg) was found in gill of C. senegallus (Table 
2d), while the lowest (0.001 mg/kg) where detected was observed 
in bone tissue of C. lugubris [Table 2c]. The concentrations of nickel 
in the edible muscle of all examined species ranges from BDL - 0.02 
mg/kg in S. aurita. The result confirms that most fish species do not 
bioaccumulate the metal contrary to what was previously reported by 
Karadede et al. [29] and Mendil et al., [30]. The mean concentration 
of nickel in different fish species observed in this present study was 
below the permissible limit of 1.0 mg/kg prescribed by United State 
Environmental Protection Agency [25,32].

The distribution pattern of lead follows the decreasing order of 
gill>head>eye>bone>muscle. Pb recorded its highest concentration 
(0.78 mg/kg) in gill of S. aurita (Table 2e). The concentration of Pb 
in muscle ranged between 0.01 mg/kg to 0.10 mg/kg. Bone showed a 
similar concentration range of between 0.10 mg/kg (Table 2c) to 0.12 
mg/kg (Table 2e). Lead is a neurotoxin that cause behavioral deficits 
in vertebrates and can cause decrease in survival, growth rate, learning 
and metabolisms [8]. Young stages of fish are more susceptible to lead 
than adults or eggs [8,31]. The mean concentration of Pb recorded in 
the fish species is higher than the permissible limit of 0.2 mg/kg in fish 
[25]. It should be noted that Pb and Cd accumulate in human tissues 
and hence are harmful to human health [18,33-35]. 

Transfer factor

The transfer factor (TF) in the examined fish species from water are 
presented in Tables 3a and 3b. Calculated transfer factors for water were 
generally greater than or equal to 1 except for Pb in some species [36]. 
Figure 1 shows the comparisons of the ratio of investigated heavy metals 
levels in fish/water. The concentration of metals in most of the fish species 
was higher than in the water where they are caught except for lead, thus 
suggesting bioaccumulation of these metals in the fish with respect to 
their concentrations in water as observed in Figure 1 [37,38]. 

Cr Cd Pb Cu Zn Ni

Arius latisculata 1.51 4.15 0.09 2.00 5.11 27.00
Cynoglossus browni 0.73 4.78 0.06 0.54 2.07 16.00

Caranx   lugubris 1.20 5.51 0.10 1.82 1.27 3.00
Sardinella aurita 2.76 11.70 0.39 4.07 3.87 3.00

Caranx senegallus 2.93 12.42 0.54 4.82 4.57 28.00

Table 3a: Transfer factor from water to fish. 

Cr Cd Pb Cu Zn Ni

Arius latisculata 1.50 4.00 0.09 1.96 5.18 3.00
Cynoglossus browni 0.74 4.63 0.06 0.52 2.09 2.00

Caranx   lugubris 2.74 11.30 0.39 4.00 3.90 1.00
Sardinella aurita 1.56 6.75 0.34 2.04 2.90 3.00

Caranx senegallus 2.91 12.00 0.54 4.74 4.63 3.00

Table 3b: Variability in species bioaccumulation of heavy metals.
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Table 3b shows variability in bioaccumulation of heavy metals by 
different species. This implies that inorganic contaminants such as 
heavy metals entering coastal waters may be concentrated by fishes 
to varying degree from waters, sediment or their food as observed in 
Figures 3 and 4. This is in agreement with other works on pollutant 
transfer [32,39,40] 

Conclusion and Recommendations 
The obvious conclusion derivable from these results was that some 

heavy metals such as Cd and Pd found in fish muscle and water was 
higher than their allowable limits posing potential health risks on the 
surrounding communities that earn their livelihood from the water 
bodies considering the toxicity of the two metals and also on the fish 
population as a whole because, long term exposure of some heavy 
could lead to larval mortality and temporary reduction in growth of 
fish. Bioaccumulation potential of the studied heavy metals viz: Cr, Cd, 
Pb, Cu, Zn and Ni in muscle, head, gill, eye and bone of the five fish 
species from Ondo State coastal waters was organ specific. Generally, 
metal accumulation in organs of these species follows the decreasing 
order gill>eye>bone>muscle>head. 

In view of the hazard associated with heavy metals consumptions, 
the following are recommended: Education and awareness 
campaign should be carried out by relevant agencies concerned with 
environmental sustainability to sensitize those living in coastal area 
on environmental impact of heavy metals. A proper monitoring 

Figure 3: A plot of the ratio of mean concentrations of metals in fish and water 
column.
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Figure 4: Shows variability in species bioaccumulation of heavy metals.

programme for the water resources within the riverine area should 
be put in place and implemented by Government. There is need for 
continuous contaminants monitoring of the Ondo State coastal regions 
to ascertain the quality of habitats for resident and migratory fishes. The 
monitoring programs should not be limited to heavy metals only but 
also for hydrocarbons and PCBs and pesticides residues.
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