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Abstract 

Background: Heavy metals are intrinsic, natural constituents of our environment and are generally present in small quantities in natural aquatic 
habitat. They get into the water bodies through run offs from agricultural fields, effluents from industries, dumping of domestic and municipal 
waste and oil spills. Fish accumulate heavy metals by drinking the polluted water and consumption of the aquatic flora and fauna. Humans may 
be contaminated by heavy metals associated with aquatic ecosystem by consumption of contaminated aquatic foods from the environment. Fish 
is a promising bio-indicator that abound in the Niger Delta waters and are available for collection. Qua Iboe River estuary is one of the popular 
coastal areas of Nigeria where anthropogenic activities of agricultural, industrial, oil exploration and exploitation take place.

Methodology: The concentration of five heavy metals namely, cadmium (Cd), Chromium (Cr), Copper (Cu), Iron (Fe) and Zinc (Zn) in the muscle 
tissue of silver catfish (Chrysichtys nigrodigitatus) from the Qua Iboe River estuary, Southeastern, Nigeria was determined using UNICAM 969 
Atomic Absorption Spectrophotometer (AAS) for six months.

Results: The results showed that Cadmium varied from BDL to 0.08mg/kg with a mean value of 0.03 ± 0.041mg/kg. Chromium ranged between 
0.04mg/kg and 0.2mg/kg with a mean concentration of 0.11 ± 0.07mg/kg. Copper varied between 0.28mg/kg and 8.36mg/kg (mean = 3.25 ± 
3.62mg/kg). Iron ranged from 2.32 to 24.96mg/kg with a mean of 15.27 ± 9.13mg/kg whereas zinc varied between 2.52 and 11.72mg/kg (mean 
= 8.01 ± 3.66mg/kg). The rank profile of mean heavy metal concentration in decreasing order was; Fe>Zn>Cu>Cr>Cd was observed.

Conclusion: Except for Cadmium, the mean concentration of the metals were above the Maximum Permissible Limits (MPL) recommended by 
relevant bodies and organizations. Hence, there is need for regular monitoring of heavy metal concentration in this aquatic ecosystem and fauna 
inhabitants because of long term effects.

Keywords: Formicinae; Sudan; Biodiversity; Records

Abbreviations: FR Sudan= first record to Sudan; sp. vov.= new species; subsp.=subspecies; S/E B= Sudan- Eritrea border area. Throughout, each 
locality with the first letter given in bold means confirmed collection site by AK Omer and ZN Mahmoud; when the first two letters are given in 
bold that means new collection site by AK. Omer and ZN Mahmoud

Introduction

There has been concerns about the contamination of the 
environment and the inevitable consequences on human 
population largely due to environmental pollutants from 
agricultural, industrial and domestic activities as well as oil 
exploration and exploitation. Pollution of the aquatic environments  

 
with heavy metals has been on the increase on the west bank of 
the Qua Iboe River Estuary along the Atlantic coastline of Akwa 
Ibom State, Nigeria.

Heavy metals are naturally occurring metallic elements 
that have a relatively high density and atomic weight compared 
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to water [1]. Their multiple, industrial, domestic, agricultural, 
medical and technological applications have led to their wide 
distribution in the environment; raising serious concerns over 
their potential effects on human health and environment. Their 
toxicity depends on several factors including the dose, route of 
exposure and chemical species, as well as the age, gender, genetics 
and nutritional status of exposed individuals. Most metals in the 
streams, and rivers come from industrial, municipal and urban 
run-offs which can be harmful to life [1]. Increased urbanization 
and industrialization could be the cause for an increased level of 
trace metals, especially the heavy metals in our waterways [2]. 
The presence of toxic materials in ecosystems is presently related 
with increased concentration of heavy metals ions, which enter 
water sources with sewage waters. 

In recent years, there has been an increasing ecological and 
global public health concerns associated with environmental 
contamination of these metals. Among environmental pollutants, 
metals are of particular concern due to their toxic effect and 
ability to bioaccumulate in aquatic ecosystems [3]. The toxic effect 
is also felt in the body tissues and organs of aquatic organisms. 
Examples of these heavy metals include: antimony, arsenic, 
cadmium, chromium, cobalt, copper, manganese, mercury, 
nickel, lead, silver, thallium and zinc (Adeosun, 2015). Although 
heavy metals are naturally occurring elements that are found 
throughout the earth’s crust, most environmental contamination 
and human exposure result from anthropogenic activities. Many 
dangerous environmental pollutants such as heavy metals like 
Cadmium (Cd), Chromium (Cr), Copper (Cu), Iron (Fe) and Zinc 
(Zn) if released into the environment, accumulate in the soil and 
sediments of either brackish or pelagic water bodies (NDDC, 
2004).

The lower aquatic organisms absorb and transfer them 
through the food chain to higher trophic levels, including fish. 
Heavy metals, which especially accumulate in organs of fish, such 
as internal organs, gills, muscle tissues, kidneys and spleen can be 
transmitted to and accumulated in various organs of the human 
body by their consumption [4]. In biological systems, heavy metals 
have been reported to affect cellular organelles and components 
such as cell membrane, mitochrondria, lysosome, endoplasmic 
reticulum, nuclei and some enzymes involved in metabolism, 
detoxification and damage repair (Wang and Shi, 2001). Metal 
ions have been found to interact with cell components such as DNA 
and nuclear proteins, causing DNA damage and conformational 
changes that may lead to cells cycle modulation, carcinogenesis 
or apoptosis (Beyersmann & Harwig, 2008). The rapid and 
consistent rise in the level of civilization or urbanization and the 
progress of industries have led to increased emission of pollutants 
into the ecosystem through activities like gas flaring as in the case 
of the Qua Iboe River Estuary in Akwa Ibom State, Nigeria where 
these heavy metals are directly discharged into the water by the 
various oil companies and industrial plants, operating in the area; 
others come from polluted runoff in urban and agricultural areas.

However, fish like the C. nigrodigitatus are often at the peak 
of the aquatic food chain and the concentration of heavy metals 
accumulated in them are many times higher than that which is 
present in water. It occurs in shallow waters of lakes (less than 
4 m), over mud and fine sand bottom. It is omnivorous, feed 
on seeds, insects, bivalves and detritus [5]. Feeding become 
specialized with age and size, larger fish may feed on decapods 
and fish [6]. C. nigrodigitatus is a benthic omnivorous feeder 
subsisting on a variety of benthic food items [7]. The silver catfish, 
C. nigrodigitatus is among the dominant African commercial 
fishes of high economic value and widely serves as food for 
human consumption in West Africa [8]. In general, the specie 
shows gray silvery colour with a white belly and a black adipose. 
C. nigrodigitatus exhibits a pointed snout slightly longer than 
or equal to the width of the mouth and the pre-maxillary tooth 
plate width made 20–30% of the head length. It is a nocturnal 
fish like many other species of catfish and feeds on living and 
dead matter. It is also able to swallow relatively large prey whole, 
because of its wide mouth. Therefore C. nigrodigitatus can absorb 
heavy metals through epithelial or mucosal surface of their skin, 
gills and gastrointestinal tract and since the global consumption 
of the fish and derived fish products has been on the increase in 
recent times, there is need to carefully screen them to ensure that 
unnecessary high levels of some toxic metals are not transferred 
to man through the consumption of the silver catfish.

Moreover, C. nigrodigitatus has been recognized as an 
important food source for the human body. It provides essential 
fatty acids like omega 3, proteins, vitamins and minerals. Despite 
its nutritional value, its consumption when contaminated with 
heavy metals brings many times potential hazards concern for 
human consumers. It is on record that prolong and continuous 
consumption of unsafe concentration of heavy metals through 
food lead to chronic accumulations of the heavy metals in the 
kidney and liver of humans causing disruption of numerous 
biochemical processes leading to cardiovascular, nervous, kidney 
and bone diseases [9]. The rate of accumulation of heavy metals in 
aquatic organism depends on the ability of the organisms to digest 
the metals and the concentration of such metals in the water body. 
Fishes have been recognized as good accumulator of organic and 
inorganic pollutants. Age of the fish, lipid content in the tissue and 
mode of feeding are significant factors that affect the accumulation 
of heavy metals in fish (Eneji et al. 2011). The content of toxic 
heavy metals in fish can counteract their beneficial effects; several 
adverse effects of heavy metals to human health have been known 
for long time (Castro-Gonzalez et al. 2008). This may include 
serious threats like renal failure, liver damage, cardiovascular 
diseases and even death (Al-Busaidi et al. 2011; Rahman et al. 
2012). Lead (Pb), Mercury (Hg) & Cadmium (Cd) are common 
heavy metal toxins and cause toxicological renal effects at high 
levels. These metallic elements are considered systemic toxicants. 
These metallic elements are considered systemic toxicants that 
are known to induce multiple organ damage, even at lower levels 
of exposure.
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According to the United States Environmental Protection 
Agency (US EPA) and the International Agency for Research on 
cancer (IARC) these metals are also classified as either “known” 
or probable human carcinogens based on epidemiological and 
experimental studies showing an association between exposure 
and cancer incidence in humans and animals.

Arsenic is a ubiquitous element that is detected at a low 
concentration in virtually all environmental metrices [10]. 
Contamination with high levels of arsenic is of concern because 
arsenic can cause a number of human health effect. They include 
various clino-pathological conditions such as cardiovascular 
and peripheral vascular diseases, developmental anomalies, 
neurological and neuro-behavioural disorders, diabetes, hearing 
loss, portal fibrosis, hematologic disorders (anemia, leukopenia 
and eosinophilia) and carcinoma all organ systems including the 
cardiovascular, dermatologic nervous, hepatobility, renal, gastro-
intestinal and respiratory systems [11]. Research has also pointed 
to significantly higher standardized mortality rates for cancers 
of the bladder, kidney, skin and liver in many areas of arsenic 
pollution. The severity of adverse health effects is related to the 
chemical form of arsenic, and is also time and dose-dependent 
[12].

Cadmium is a severe pulmonary and gastrointestinal irritant, 
which can be fatal if inhaled or ingested. After acute ingestion, 
symptoms such as abdominal pain, burning sensation, nausea, 
vomiting, salivation, muscle cramps, vertigo, shock, loss of 
consciousness and convulsions usually appear within 15 to 30min 
[13]. Acute cadmium ingestion can also cause gastrointestinal 
tract erosion, pulmonary, hepatic or renal injury and coma, 
depending on the route of poisoning [14]. Cadmium compounds 
are classified as human carcinogens by several regulatory 
agencies. The International Agency for Research on Cancer [15] 
and the U.S. National Toxicology Program have concluded that 
there is adequate evidence that cadmium is a human carcinogen.

Chromium (Cr) is a naturally occurring element present in 
the earth’s crust, with oxidation states (or valence states) ranging 
from chromium (II) to chromium (VI) [16]. Cr released into the 
environment from anthropogenic activity occurs mainly in the 
hexavalent from [Cr (vi)] [10]. Hexavalent Cr [Cr (vi)] is a toxic 
industrial pollutant that is classified as human carcinogen by 
several regulatory and non-regulatory agencies [10]. The health 
hazard associated with exposure to Cr depends on its oxidation 
state ranging from the low toxicity of the hexavalent form. In 
humans and animals [Cr(iii)] is an essential nutrient that plays 
a role in glucose, fat and protein metabolism by potentiating the 
action of insulin [17]. However, occupational exposure has been 
a major concern because of the high risk of Cr-induced diseases 
in industrial workers occupationally exposed to Cr(vi) [18]. For 
example, the widespread incidence of dermatitis noticed among 
construction workers is attributed to their exposure to Cr present 
in cement (Shelnutt et al. 2007). Occupational and environmental 
exposure to Cr (vi) containing compounds is known to cause 

multiorgan toxicity such as renal damage, allergy and asthma, and 
cancer of the respiratory tract in humans  [17]. Breathing high 
levels of Cr (vi) can cause irritation to the lining of the nose and 
nose ulcers. The main health problems seen in animals following 
ingestion of Cr (vi) compounds are irritation and ulcers in the 
stomach and small intestine, anemia, sperm damage and male 
reproductive system damage. Accidental or intentional ingestion 
of extremely high doses of Cr(vi) compounds by humans has 
resulted in severe respiratory, cardiovascular, hepatic, renal and 
neurological effects as part of the sequelae leading to death or in 
patients who survived because of medical treatment [19].

Lead (Pb) is the most systemic toxicant that affects several 
organs in the body including the kidneys, liver, central nervous 
system, hematopoetic system, endocrine system and reproductive 
system [20]. The nervous system is the most vulnerable target of 
lead poisoning. Headache, poor attention spam, irritability, loss 
of memory and dullness are early symptoms of the effects of Pb 
exposure on the central nervous system [20]. There are many 
published studies that have documented the adverse effects of Pb 
in children and the adult population [21]. In children, these studies 
have shown an association between blood level poisoning and 
diminished intelligence, lower intelligence quotient – IQ, delayed 
or impaired neurobehaviour development, decreased hearing 
acuity, speech and language handicaps, growth retardation, 
poor attention span and anti-social and diligent behaviours [22] 
in the adult population, reproductive effects, such as decreased 
sperm count in men and spontaneous abortions in women have 
been associated with high Pb exposure [23]. Acute exposure to 
Pb induces brain damage, kidney damage and gastrointestinal 
diseases, while chronic exposure may cause adverse effects on 
the blood, central nervous system, blood pressure, kidneys and 
vitamin D metabolism (Apostoli et al. 1998).

Mercury (Hg) is a widespread environmental toxicant and 
pollutant which induces severe alterations in the body tissues 
and causes a wide range of adverse health effects [24]. Once Hg is 
absorbed it has a very low excretion rate. A major proportion of 
what is absorbed accumulates in the kidneys, neurological tissue 
and the liver. All forms of Hg are toxic and their effects include 
gastrointestinal toxicity, neurotoxicity and nephrotoxicity [11]. 
Hence, Hg has been shown to induce the formation of reactive 
oxygen species (ROS) known to cause DNA damage in cells, a 
process which can lead to the initiation of carcinogenic processes 
[25]. The brain remains the target organ for Hg, yet it can impair 
any organ and lead to malfunctioning of nerves, kidneys and 
muscles. It can cause disruption to the membrane potential and 
interrupt with intracellular calcium homeostasis [26].

Apart from the toxic effects, certain metals like, Copper (Cu), 
Selenium (Se) and Zinc (Zn) are reported to play some important 
and beneficial roles in human metabolism. As an example, Cu at 
lower concentration acts as co-factors for various enzymes of 
redox cycling [27].
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Zinc is an important trace element in human metabolism 
and nutrition and plays a major role in functioning of many 
biochemical processes (Kupeli et al. 2014). 

Copper is one of the metals, which are essential to human 
health. Combines with certain proteins to produce enzymes that 
act as catalyst to help in the body functions and it is also necessary 
for the synthesis of haemoglobin [28]. Copper exists in the nervous 
system and has an important role during biological elecetron 
transfer. Furthermore, copper is vital for synthesis of red blood 
cells (Kupeli et al. 2014). Iron (Fe) is involved in the haemoglobin 
synthesis in the red blood capuscles of the blood. Fe also helps 
with red blood cell production. It is a necessary element in human 
diet and plays a significant role in metabolic processes [29].

Manganese (Mn) is an essential micronutrient for both plants 
and animals. Deficiencies of Mn result in severe skeletal and 
reproductive abnormalities in mammals. 

Selenium (Se) is an essential trace element required in the diet 
for normal growth and physiological function of animal, including 
fish [30]. This element is required for normal development, growth 
and maintenance of homeostatic functions at trace concentrations 
(Zhang et al. 2008). 

In Akwa Ibom State in particular and Nigeria in general, C. 
nigrodigitatus is a highly valued food fish, source of income for 
the artisanal fishers and contribute to the internally generated 
revenue of the state as patronage comes from other states [7]. The 
estuarine water of Qua Iboe River in Ibeno Local Government Area 
in Akwa Ibom State, Nigeria, is one of the major hydrographic 
features in Akwa Ibom State. The silver cat fish – Chrysicthys 
nigrodigitatus is of great commercial importance because it is 
one of the most widely consumed fresh water fish in the Niger 
Delta. However, there is little or no information on the heavy 
metal concentration of this important specie in Qua Iboe River 
Estuary, Ibeno town. It is therefore necessary to determine the 
concentration of Cd, Cr, Cu, Fe, Pb and Zn in C. nigrodigitatus 
harvested from the Qua Iboe River Estuary, Akwa Ibom State 
in order to determine the concentration of these heavy metals 
in the flesh tissue and to compare the levels of these metals 
with recommended international maximum permissible limits 
thereby creating awareness on potential health risks of human 
consumption of this specie of aquatic resource. Abiaobo et al. [31] 
studied Assessment of Heavy metals concentration in croaker 
(Pseudotolithus typus) from Iko River Estuary, Southeastern 
Nigeria. They reported that 

Materials and Methods

Description of study area

Figure 1: Map of Qua Iboe River Estuary in Akwa Ibom State showing sampling stations. (Source: Google earth)

The study was carried out in the estuarine water of Qua Iboe 
River in Ibeno Local Government Area in Akwa Ibom State, Nigeria 
(4o49” 02.88’N; 7o56” 51.09’E) (Figure 1).

It is one of the three major hydrographic features in Akwa 
Ibom State, Nigeria. It is located in the tropical belt with an 
equatorial climate regime characterized by dry (November - 
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March) and wet (April - October) seasons. The southern – most 
part of the river basin which constitutes the estuarine zone 
which consists of sandy coastal beach ridges covering an area 
of C. 560km2. It has a distance of approximately C. 40km from 
Eket to Ibeno where it empties into the Atlantic Ocean. The 
nature of the substratum consists of fine sand, salty and muddy 
deposits. The Estuary consists of tidal creek, small brackish water 
lagoons and fringing mangrove swamps. Hence, the shoreline is 
characterized by muddy/marshy edges. The channel morphology 
is characterized by very wide channel and very deep pools. The 
vegetation of the mangrove swamps comprises predominantly the 
red mangroves (Rhizophora harisonii, R. mamgle and R. racemosa), 
which mangroves (Avicenna africana) and black mangroves 

(Laguncularia racemosa), stands for Nypa fruticans, Phoenix 
reclinata and Acrostichim aureum also grows in some places.

Sample collection

Samples of silver catfish (C. nigrodigitatus) used for the 
analysis were bought from fishers fishing in the Qua Iboe River 
Estuary. The samples were thoroughly washed with the seawater, 
placed in a labeled cellophane bag and preserved in ice cooled 
box. The sample were transported to the Zoology Department 
laboratory, Akwa Ibom State University and stored in the freezer 
at -40oC prior to laboratory analysis. Sampling was carried out 
between June and December, 2018 (Figure 2).

Figure 2: C. nigrodigitatus samples.

Sample preparation

The samples were removed from the freezer, allowed to thaw, 
the total length (TL cm) was measured using a measuring board. 
The total weight of the fish (TW g) was measured by weighing with 
an electronic meter balance. The flesh of the fish was taken using a 
stainless surgical knife, the flesh tissue was placed in a foil paper 
and oven dried for 48 hours at 80oC (eighty degrees celsius). The 
dried samples were ground to powder form with a plastic mortar 
and pestle, sieved to obtain a uniform particle size and preserved 
in a well labeled plastic bottle indicating each month and kept 
prior to digestion.

Digestion procedure

Dry tissue sample weighing 2.0g was digested with 6ml 
of concentrated nitric acid (HNO3) and 1ml of 30% hydrogen 

peroxide (H2O2). The digestion was carried out in a microwave 
digester using microwave digestion. The completely digested 
sample was filtered using what-man filter paper and diluted to 
25ml in volumetric flask with distilled water. 

Metal determination and AAS condition

The resulting solution were analyzed for heavy metals using 
UNICAM 969 Atomic Absorption Spectrophotometer equipped 
with Microsoft Soft Window Application software. The AAS 
determines the presence and concentration of metals such as 
in liquid sample. The AAS instrument looks for a particular 
metal by use of ultra-violet light (UV-Light). When the sample 
of interest is aspirated into a flame, any metal present in the 
sample absorbs some of the light thus reducing its intensity. The 
instrument measures the change in intensity into an absorbance. 
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As concentration goes up, absorbance goes up as well. AAS has 
high sensitivity which means that solution with concentration as 
low as Part Per Million (PPM) range can be analyzed. Cadmium 
(Cd), Chromium (Cr), Copper (Cu), Iron (Fe) and Zinc (Zn) were 
determined and the results obtained from this analysis were 
subjected to Descriptive Statistics and expressed as mean ± 
standard deviation and then compared to maximum permissible 
limits of the metals.

Results

Monthly variation in heavy metals concentration in the 
muscle tissue of C. nigrodigitatus from Qua Iboe River depicted 
that Cadmium showed pronounced fluctuations with the highest 
concentration in August but recorded its lowest concentration 
which was Below Detectable Limit (BDL) in September and 
December. Chromium exhibited a steady rise in its concentration 
from July and peaked at December. Copper levels showed 
pronounced fluctuations with the highest concentrations in 
July, September and the lowest concentration in October. Iron 
displayed a similar fluctuation as copper with a steady increase 
from July and peaked at October decreasing steadily. Zinc showed 
fluctuations with the highest concentration in August but recorded 
its lowest concentration in November. Of the five metals, copper 
displayed the lowest fluctuation in concentration throughout the 
period of study. The concentration of copper ranged from 0.28 
to 8.36mg/kg with a difference of 8.08mg/kg. Cadmium ranged 
from BDL to 0.08mg/kg with a difference of 0.1mg/kg. Chromium 

ranged from 0.04 to 0.2mg/kg with a difference of 0.16mg/kg. Iron 
ranged from 2.32 to 24.96mg/kg with a difference of 22.64mg/kg. 
Zinc ranged from 2.52 to 11.27mg/kg with a difference of 9.2mg/
kg. Cadmium displayed the lowest difference in all the metals in 
the muscle tissue of C. nigrodigitatus in Qua Iboe River Estuary. 
In decreasing order, the sequence of difference in heavy metal 
concentration was as follows: Fe>Zn>Cu>Cr>Cd.

Table 1 depicts the result of monthly total concentration of 
metals determined (mg/kg), mean ± SD and range. The highest 
value of 39.44mg/kg was recorded in July. The lowest level of 
15.00mg/kg was observed in August. 

Monthly Total Concentration of Heavy Metals Determined 
(mg/kg) Mean ± SD and Range of C. nigrodigitatus Muscle Tissue 
from Qua Iboe River Estuary is depicted in Table 1.

In July, total heavy metal concentration ranged from 0.04 to 
19.72mg/kg. In August the total heavy metal concentration ranged 
between 0.04 and 11.72mg/kg. In September it ranged from BDL 
to 8.36mg/kg. In October the total concentration ranged between 
0.04 and 24.98mg/kg. In November it ranged between 0.04 and 
21.28mg/kg. In December the monthly total concentration of 
heavy metals determined ranged from BDL to 20.52mg/kg.

The overall total monthly total concentration (mg/kg) of heavy 
metals, mean ± standard deviation and range values obtained in C. 
nigrodigitatus from Qua Iboe River Estuary is depicted in Table 2.

Table 1: Monthly Total Concentration of Heavy Metals Determined (mg/kg) Mean ± SD and Range of C. nigrodigitatus Muscle Tissue from Qua 
Iboe River Estuary.

Months Total Concentration Mean ± SD

Range

Min Max

July 39.44 7.89 ± 7.402 0.04 19.72

August 15 3 ± 4.475 0.04 11.72

September 17.58 3.51 ± 3.471 BDL 8.36

October 36.84 7.37 ± 9.833 0.04 24.96

November 24.92 4.98 ± 8.199 0.04 21.28

December 24.82 4.96 ± 9.8331 BDL 20.52

Table 2: Overall Total Concentration, Mean ± Standard Deviation (mg/kg) and Range of Heavy Metals Determined in C. nigrodigitatus Muscle 
Tissue from Qua Iboe River Estuary.

Cd Cr Cu Fe Zn

Total Concentration 0.2 0.64 19.52 91.64 48.08

Mean ± SD 0.03 ± 0.041 0.11 ± 0.068 3.25 ± 3.629 15.27 ± 9.125 8.01 ± 3.655

Range 

Min BDL 0.04 0.28 2.32 2.52

Max 0.08 0.2 8.36 24.96 11.72

Diff 0.1 0.16 8.08 22.64 9.2
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Cadmium varied from BDL to 0.08mg/kg with a mean value 
of 0.03 ± 0.041mg/kg. Chromium ranged between 0.04mg/
kg and 0.2mg/kg with a mean concentration of 0.11 ± 0.07mg/
kg. Copper varied between 0.28mg/kg and 8.36mg/kg (mean = 
3.25 ± 3.62mg/kg). Iron ranged from 2.32 to 24.96mg/kg with 
a mean of 15.27 ± 9.13mg/kg whereas zinc varied between 2.52 
and 11.72mg/kg (mean = 8.01 ± 3.66mg/kg). The rank profile 
of mean heavy metal concentration in decreasing order of 
Fe>Zn>Cu>Cr>Cd was observed.

Discussion

The aquatic ecosystems are being polluted anthropogenically 
with chemical pollutants from agricultural, domestic and 
industrial wastes [32,33]. They persist in the environment and 
can be bio-accumulated by flora and fauna and some of them 
are toxic even at low concentration (ATSDR, 2005). Pollution of 
aquatic ecosystems by heavy metals constitute some of the most 
dangerous toxicants that can be bio-accumulated in living tissues 
[31,34]. Heavy metals have been used as indices of pollution 
because of their toxicity to human and aquatic life [35,36]. Fishes 
are important sources of food and represent a major part of many 
natural food chains. Therefore, the levels of pollutants in fish 
are of particular interest because of the potential effects of the 
polluting substances on the fish themselves and on the organisms 
that consume them, including humans [37]. Consumption of fish 
in Nigeria is considered common, however the environment in 
which these organisms are harvested gives reason to worry [31].

Cadmium (Cd) is a highly toxic metal and its uptake from 
water by aquatic organisms is extremely variable and depends 
on the species and various environmental conditions, such as 
water hardness (notably the calcium ion and zn concentration), 
salinity, temperature, pH and organic matter content [38-41]. Cd 
is a non-essential trace metal that is potentially toxic to most fish 
and wildlife (Fafioye & Ogunsanwo, 2006; George et al. 2013). 
The effects of acute Cd concentration include high blood pressure, 
kidney damage, destruction of the testicular tissue as well as 
destruction of red blood cells [42] Cd contamination of inland and 
coastal environment could be attributed to discharge of pollutants 
containing Cd and activities which may introduce Cd into the 
environments include electroplating and plastic manufacturing 
[43]. The concentration of Cd varied throughout the period of 
study. It ranged from BDL in September and December to 0.08mg/
kg. The result obtained here is higher than values obtained by 
Ajani et al. 2015 who studied variability in levels of heavy metals in 
water and fish (C. nigrodigitatus) from Badagry creek & Aderinola 
et al. 2015 who studied bio-accumulation of heavy metals in 
silver catfish from Badagry creek. The mean concentration of 
Cd recorded in this study is less than 0.5mg/kg, that is, the WHO 
and FEPA (WHO, 2003; FEPA, 2003) Maximum Permissible Limit 
(MPL). Therefore, the silver catfish gotten from the Qua Iboe River 
Estuary can be consumed without fear of poisoning from this 
metal.

Chromium (Cr) is an essential trace metal, necessary for 
metabolism of carbohydrate at low concentration. Toxic effects of 
Cr in fish include: hematological, histological and morphological 
alterations, inhibition/reduction of growth, production of 
Reactive Oxygen Species (ROS) and impaired immune function 
[44-46]. Cr compounds also cause renal failure leading to the 
loss of osmoregulatory ability and respiration in fish [47]. The 
concentration of Cr ranged from 0.004mg/kg in July and August 
to 0.20mg/kg in November and December with a mean value of 
0.11 ± 0.068mg/kg. This mean value is higher than those obtained 
by Aderinola et al. (2012) in C. nigrodigitatus in Badagry creek. 
The high concentration of Cr may be as a result of anthropogenic 
activities like oil exploration by Mobil Oil Company that is 
operating in the area and the discharge of effluents from other 
industries in and around the Qua Iboe River Estuary. Cr can 
cause many health effects like lung cancer, alteration in genetic 
material, skin diseases, death etc. Therefore, high concentration 
of Cr in the muscle tissue of the silver catfish from Qua Iboe 
River Estuary if consumed could cause serious health problems 
since the concentration of Cr recorded in this study is above the 
MPL (<0.10mg/kg) of the WHO and FEPA (WHO, 2003; FEPA, 
2003) concentration for the fish consumption. Copper (Cu) is 
one of the metals which are essential to human health. Cu is an 
essential trace metal and micro-nutrient is a key constituent of 
metabolic enzymes [48,49]. However, it can be extremely toxic to 
intracellular mechanisms in aquatic animals at high concentration 
which exceed normal levels [50]. The concentration of Cu ranged 
from 0.28mg/kg in October to 8.36mg/kg in July and September 
with a mean concentration 3.25 ± 3.629mg/kg in the muscle 
tissue of the silver catfish caught from Qua Iboe River Estuary. The 
mean concentration of Cu obtained in this research is higher than 
those obtained by Ajani et al. 2015 in silver catfish in Badagry 
creek & Taiwo et al. 2018 in silver catfish in Epe Lagoon. However, 
since the Cu recorded in this study is higher than the MPL for fish 
consumption. C. nigrodigitatus from the Qua Iboe River Estuary 
could cause adverse health effects for living organisms when 
consumed continuously. The high concentration of Cu could 
be attributed to the accumulation of domestic and agricultural 
wastes, and human activities such as oil exploration which can 
introduce these metals into the aquatic environment where the 
fish feed on.

Iron (Fe) is a necessary element in human diet and plays a 
significant role in metabolic processes. It has been reported that 
Fe occurs at high concentration in Nigerian soils [51], where they 
are leached into the aquatic environment. Fe is involved in the 
haemoglobin synthesis in the red blood corpuscles of the blood. 
The concentration of Fe ranged from 2.32mg/kg in September to 
21.28mg/kg in November with a mean value of 15.27 ± 9.125mg/
kg. This mean value is higher than those reported for the same 
specie by Ajani et al. 2015 in Badagry creek & Adeosun et al. 2010 
in Ikere Gorge, Oyo. The high concentration of Fe may be attributed 
to industrial and mining effluents that are often discharged into 
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the river. Though an essential heavy metal, Fe has the tendency 
to become toxic to living organisms, when the exposure is higher 
than normal. In this study, the rank profile of metals showed that 
Fe had the highest value in all the months (except August and 
September) especially during October to December with a peak 
in October. In this study, the observed mean value of Fe in the 
muscle tissue far exceeded the WHO/FEPA recommended limits 
of 0.5mg/kg in fish food, hence they inhabitants of Ibeno and the 
environs of Qua Iboe River should consume the fish with caution.

Zinc (Zn) is an essential trace element in our diet that is 
required for the synthesis of DNA, RNA and protein and thus for 
cell division [52]. Zn is the second most abundant trace element 
recorded in this work and it is an essential mineral of importance 
to both plants and animals. Harmful effects generally begin at 
levels 10-15 times higher than the amount needed for good health 
[33]. The concentration of Zn ranged from 2.52mg/kg in November 
to 11.72mg/kg in August with a mean value of 8.01 ± 3.655mg/
kg. The mean value of Zn obtained in this study was higher than 
those obtained by Adeosun et al. 2012 in C. nigrodigitatus in 
Badagry creek. The high concentration of Zn may be attributed 
to the discharge of domestic waste into the river. Zn has been 
reported to be in relatively high concentration (20 mg excreted 
per day) in human excreta [53]. Zn deficiency may be responsible 
for retarded growth, loss of fast and hypogonadism, leading to 
decreased fertility [28,54]. Concentration of Zn exceeded the 
permissible level of 3.0mg/kg set by World Health Organization, 
hence consumption of fishes especially C. nigrodigitatus from Qua 
Iboe River should be minimal.

The highest concentration of heavy metals was recorded in 
July and lowest in August, this might be attributed to July being 
the peak of the wet season, it may be possible that storm water 
from adjacent environment and run-off may be contributory to 
the higher level of heavy metals observed in the muscle tissue of 
silver catfish in July. The lowest concentration recorded in August 
might be attributed to the August break in rainfall during the 
year In Akwa Ibom State in particular and Nigeria in general, C. 
nigrodigitatus is a highly valued food fish, source of income for 
the artisanal fishers and contribute to the internally generated 
revenue of the state as patronage comes from other states [7]. The 
estuarine water of Qua Iboe River in Ibeno Local Government Area 
in Akwa Ibom State, Nigeria, is one of the major hydrographic 
features in Akwa Ibom State [55-105]. 

Conclusion and Recommendations

The study indicated variations in the levels of heavy metals 
investigated (Cd, Cr, Cu, Fe and Zn) Fe recorded the highest values in 
the muscle tissue followed by Zn, Cu, Cr and Cd. The concentration 
of the heavy metals investigated in the muscles tissue of the silver 
catfish from the Qua Iboe River Estuary, Ibeno, Akwa Ibom State 
were above the recommended maximum acceptable units in fish 

food consumption except Cd. Therefore, this fish should not be 
eaten regularly or in large quantities, as it could be a source of 
health concern. The work further showed that the muscle tissue 
of C. nigrodigitatus obtained from the Qua Iboe River Estuary, had 
heavy metals concentration that were higher than the specified 
WHO (2003) consumption limits. As such, for prevention of food 
poisoning as a result of heavy metal toxicity in the silver catfish, it 
is recommended that:

a)	 Efforts should be made to ensure that these 
concentrations are reduced or not exceeded especially Fe and Zn 
which are essential in human diet. In view of the importance of 
fish to diet of man, it is necessary that biological monitoring of the 
water and fish meant for consumption should be done regularly to 
ensure continuous safety of food. 

b)	 Safe disposal of domestic sewage and industrial 
effluents should be practiced and where possible, recycled to 
avoid these metals and other pollutants from going into Qua Iboe 
River Estuary.

c)	 Laws enacted to protect our environment should be 
enforced.

d)	 The Polluter Pays Policy should be implemented as a last 
resort measure.
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