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Tilapia (Tilapia nilotica), bottom sediments and water were collected from Nworie River and Oguta Lake.
The muscle, liver and gills of the fish as well as the bottom sediments and water were analysed for Al,
Cr, Cd, Pb, As, Zn, Mn, Co, Se, Cu, Ni and Fe using atomic absorption spectrophotometer to highlight
the importance of tissue selection in monitoring research, contamination studies and human health risk
assessment. Higher concentrations of metals were found in the gills and muscle tissues than in liver,
except for Fe and Ni in the liver of T. nilotica from Nworie River and Fe in the liver of T. nilotica from
Oguta Lake. Fe was the highest accumulating metal in the gills of fish samples collected from the two
study areas, while Mn was the lowest. All metals were found to be below the international permissible
limits. In water samples and bottom sediments, none of the metals exceeded the legal limits for the
protection of the aquatic biota. The estimated daily intake (EDI) was below the reference dose (RfD)
established by the US-EPA and the hazard quotient values indicated that there was no carcinogenic risk
to humans.

Key words: Bottom sediment, water, metals, Tilapia nilotica, River Nworie, Oguta Lake.

INTRODUCTION

Aquatic environment, especially fresh water environment,
has been of significant importance to the human race.
Hence, its contamination has become a worldwide
problem in recent times. Water quality refers to the
chemical, biological and physical characteristics of water
(Diersing, 2009). It is a measure of the condition of water
relative to the requirement of one or more biotic species
and/or to any human need or purpose (Johnson et al.,
1997).

Environmental pollution is a worldwide problem and
heavy metals belong to the most important pollutants.
Metals tend to accumulate in water and move up the food
chain. Heavy metals are commonly found in natural
waters and some are essential to living organisms, yet
they may become highly toxic when present in high
concentrations. Aguatic animals (including fish) bioaccu-
mulate trace metals in considerable amounts and fish
have been recognized as good accumulators of organic
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Figure 1. Map of Oguta Lake.

and inorganic pollutants (King and Jonathan, 2003)

Water pollution has become a global problem. Water is
essential to all living organisms and in all aspects of
human life. Unfortunately, the availability and quality of
water have been impacted upon by both natural and
anthropogenic sources, leading to poor water quality and
productivity of aquatic ecosystems (FAO, 1992). Most
heavy metals have no beneficial functions in the human
body and can be highly toxic. They enter the body
through ingestion, inhalation and skin and accumulate in
body tissues faster than the body’s detoxification path-
ways can dispose of them (Ekpo et al., 2008).

Diffusion, facilitated transport or absorption in gills and
surface membranes are the mechanism of uptake from
water (Oguzie, 1996). The concentration of heavy metals
in fish depends on the rate of uptake of food through the
gut and the rate of excretion (Bull et al., 1981).
Sediments can be sensitive indicators when monitoring
contaminants in aquatic environments and are polluted
with various kinds of hazardous and toxic substances,
including heavy metals. These accumulate in sediments
through several pathways, including disposal of liquid
effluents, terrestrial run-off and leachate carrying
chemicals originating from numerous urban, industrial
and agricultural activities, as well as atmospheric
deposition (Cohen, 2003).

Fish are notorious for their ability to bioconcentrate
heavy metals in their muscles and since they play an
important role in human nutrition, they need to be

carefully screened to ensure that high levels of toxic trace
metals are not being transferred to man through fish
consumption (Adeniyi and Yusuf, 2003).

Imo State is one of the 36 states of Nigeria and one of
the five states that make up the South East geo-political
zone of Nigeria. Owerri is the capital and the largest city
in Imo state. Imo state lies within latitudes 4°45'N and
7°15'N and longitudes 6°50'E and 7°25'E. It occupies the
area between the lower part of River Niger and the upper
and middle of Imo River from which it derives its name
(Okoro et al., 2014).

Oguta Lake is the largest natural lake in Imo State and
is supposed to have originated from a natural depression.
This region is located within the equatorial rainforest belt.
Most of the rainforest has been replaced by oil palm
plantations especially around the Lake. The lake has a
high diversity of phytoplankton which falls in 107 genera
(Okoro et al., 2014). Its coordinates are 5°42'24 "N and
6°47'33 "E. It is of enormous importance to the local
population (the people of Oguta, Orsu, Obodo, Nkwesi
and Awomama) as a source of water, fish, tourism,
transport and also as an outlet for sewage (Okoro et al.,
2014). The primary inflows are Utu, Awbana and Njaba
Rivers and its maximum depth is 8 m (Okoro et al., 2014)
with Nigeria as the only basin country (Figure 1).

Nworie River is a tributary of the Otammiri River which
is one of the main Rivers in Imo State. Nworie River is
about 9.2 km in length. Its coordinates are 5°30'N and
7°00'E (Figure 2). The Nworie River is subject to intense
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Figure 2. Map of Nworie River.

human and industrial activities and is used as a source of
drinking water by the poor, when the public water system
fails. The Nworie River is polluted by organic wastes, but
in the year 2008, above acceptable levels of chemical
pollution was reported (Okorie and Acholonu, 2008).

This study is geared towards determining the
distribution of some heavy (Cr, Cd, Pb, As, Zn, Co, Se,
Cu, Ni and Fe) and trace (Al, Mn) metals in fish tissues,
water and bottom sediments of Nworie River and Oguta
Lake in Imo State, Nigeria with the view of establishing
baseline data on the current pollution status of the River.
The results obtained from this study would also provide
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information on background levels of metals in the water,
sediments and fish tissues of the two waterbodies
contributing to the effective monitoring of both
environmental quality and health of the organisms
inhabiting the water bodies.

METHODOLOGY
Sample collection and preparation

120 g of two matured fish samples were bought from fishermen at
the bank of Nworie River and Oguta Lake. The fish samples were
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Table 1. The metal concentration in Nworie River and Oguta Lake in comparison with water quality guideline (mg/L).

Guideline Al Cd Cr Mn Pb Fe Zn References

SON 0.200 0.003 0.050 0.200 0.020 0.010 0.300 3.000 SON, 2007

WPCL - 0.003 0.020 - 0.020 0.010 0.450 4.250 WPCL, 2004

Ciw - 0.010 0.100 - 0.200 5.000 - - ANONYMOUS, 1997
WHO 0.200 0.010 0.050 0.500 0.020 0.050 0.300 3.000 WHO, 2003

EPA - 0.010 0.050 0.020 0.050 0.500 5.000 EPA, 2002

EC - 5.000 50.00 0.050 20.00 10.00 - - EC, 1998

Study area Al Cd Cr Mn i Pb Fe Zn

Nworie River 0.133 <0.001 0.319 <0.001 <0.001 <0.001 0.413 0.001 THIS STUDY

Oguta Lake 0.100 <0.001 0.327 <0.001 <0.001 <0.001 0.083 0.002 THIS STUDY

SON- Standard Organisation of Nigeria, EPA- Environmental Protection Agency (US), WPCL- Water Pollution Control Legislation, EC- European
Commission, CIW- Canadian Index of Wellbeing, WHO- World Health Organisation.

separately placed in iceboxes. They were deep frozen at about
—-20°C and stored until analysis. The two different fish samples from
the Nworie River and Oguta Lake were dissected with stainless
steel knife. The tissues (muscle, liver and gill) were then collected
and washed with distilled water and cut into small pieces (2 - 3
cm).The tissues were oven dried at 65°C over night and allowed to
cool at room temperature. Bottom sediment samples were obtained
from the same point where water samples were collected. At each
point, the sediment sample was taken superficially by using pre
cleaned 100 ml, wide mouthed, disposable plastic containers and
packed separately in pre cleaned polyethylene bags. They were
brought to the laboratory, dried in oven for 3 h at 105°C to constant
weight and then ground into fine powder using pestle and mortar.

The dried samples were ground using a glass mortar. After all
samples were passed through a nylon sieve (0.5 mm), they were
stored in airtight plastic vials inside desiccators. Digestion of the
samples was carried out based on the method described by
Rahman et al. (2012) with slight modifications and using HCLO, :
HNO; acids of 1:3 proportions. The samples were mineralised at
200°C for sixty minutes.

Water samples of one litre in volume were collected from each
study area and were adjusted to pH 2 with 2 ml HNOj. Before
collection, the sample bottles were cleaned by washing them with
detergent, soaked in 50% HCI for 2 h, washed with water and then
rinsed with distilled water. The sample bottles were kept in 1% nitric
acid before their use.

Analytical methods

After acid digestion, metal concentrations were determined using
atomic absorption spectrophotometer (Shimadzu AA6650F)
according to APHA 3111 method (APHA, 1998). Results of tissue
analysis were calculated in dry weight basis. All laboratory plastic
and glass ware were cleaned by soaking overnight in a 10% nitric
acid solution and then rinsed with deionised water.

Transfer factor (TF)

The transfer factors in fish tissues, aquatic ecosystem, which
include water and sediments, were calculated according to (2001)
as follows.

_ Metal Concentration in Sediment /Water

TF =

Metal Concntration in Tissue

Risk assessment

The risk for human health as a result of eating tilapia was evaluated
by calculating estimated daily intake (EDI) using the following
equation (Onsaint et al., 2010):

Cfish x Dfish
BW

EDI =

Where Ciish = average trace element concentration in fish muscle
(ng/g dry weight), Dssn = the global average daily fish consumption
(g/day) which is only 6.5 g/person for Nigerians (Williams and
Unyimadu, 2013), and BW = average body weight (kg). US-EPA
risk analysis, considering an adult average body weight of 70 kg
(US-EPA, 2000). The Hazard quotient (HQ) was calculated by
dividing the estimated daily intake (EDI) by the established RfD to
assess the health risk from fish consumption. There would be no
obvious risk if the HQ were less than 1 (Onsaint et al., 2010).

Statistical analysis

The results are presented as mean of triplicate determination.

RESULTS

Table 1 shows the metals constituent of Nworie River and
Oguta Lake and reference fresh water values. Metal
concentration in Nworie River decreased in the sequence
Fe>Cr>Al>Zn, whereas the metals concentration in
Oguta Lake decreased in the sequence Cr>Al>Fe>Zn.
Table 2 shows the total extractable metals from Nworie
River sediments, Oguta Lake sediments and other
sediment quality guidelines. The metal concentrations in
sediments samples from Nworie River decreased in the
sequence Fe>Cr>Cu>Zn, whereas metal concentration in
sediment samples from Oguta Lake decreased in the
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Table 2. The metal concentration in Nworie River and Oguta Lake sediment in comparison with sediment quality guidelines (mg/kg dry

weight).
Guideline Cd Cr Mn Ni Cu As Zn Fe References
LEL 0.60 - 0.60 16.00 31.00 2.00 - 26.00 10.30 NOAA, 2009
TEL 0.99 8.00 0.99 22.70 35.00 2.32 8.20 43.40 10.28 NOAA, 2009
PEC 4.90 370.00 4.90 48.60 128.00 3.02 70.00 111.00 20.03 NOAA, 2009
SEC 10.00 - 10.0 75.00 250.00 2.02 - 110.00 35.30 NOAA, 2009
Locality Cd Cr Mn Ni Cu As Zn Fe
Nworie River <0.001 0.327 <0.001 <0.001 <0.001 0.090 <0.002 0.001 0.413  This study
Oguta Lake <0.001 0.319 <0.001 <0.001 <0.001 0.076 <0.002 0.002 0.083  This study
LEL, Lowest element level; TEL, threshold element level; PEC, probable effect concentration; SEC, severe effect level.
Table 3. Mean concentration (mg/kg dry weight) of metals in different tissues of fish from Oguta Lake and Nworie River.

Metal Tilapia (Oguta Lake) Tilapia (Nworie River)

Muscle Gill Liver Muscle Gill Liver

Al 6.670 10.000 3.330 6.670 10.000 3.330

Cr 3.820 3.610 1.410 5.820 0.361 0.361

Mn <0.001 <0.001 <0.001 <0.001 <0.001 <0.001

Fe <0.001 9.910 11.600 19.000 16.500 26.400

Co 2.290 2.030 1.520 1.780 2.030 1.520

Ni 0.342 4.430 <0.001 1.090 0.684 3.410

Pb <0.001 <0.001 <0.001 <0.001 <0.001 <0.001

Zn 4.010 4.580 1.640 5.890 5.970 4.660

As <0.002 <0.002 <0.002 <0.002 <0.002 <0.002

Se <0.002 <0.002 <0.002 <0.002 <0.002 <0.002

Cd <0.001 <0.001 <0.001 <0.001 0.075 0.150

Cu 0.998 0.800 2.000 1.200 0.998 1.200

sequence Cr>Fe>Cu>Zn.

Table 3 shows the metal concentration in fish tissues
from Nworie River and Oguta Lake samples. The results
obtained showed that the metal concentrations in Oguta

Lake fish tissues decreased in the sequence
Al>Zn>Cr>Co>Cu>Ni> for fish muscle,
Al>Fe>Zn>Ni>Cr>Co>Cu for fish Gill and

Fe>AlI>Cu>Zn>Co>Cr for fish liver. Metal concentrations
in Nworie River fish tissues decreased in the sequence
Fe>Al>Zn>Cr>Co>Cr for fish muscle,
Fe>Al>Zn>Co>Cu>Ni>Cr>Cd for fish Gill and
Fe>Zn>Ni>Al>Co>Cu>Cr>Cd for fish liver.

The transfer factor of heavy metals and trace metals
from water sediments and fish tissues from Nworie River
and Oguta Lake are presented in Tables 4 and 5. The
results showed that transfer factor of sediment were
greater than those of water for both Oguta Lake and
Nworie River. All transfer factors for Nworie River were
less than 1, so there is no concern for potential health

effect (Huang et al., 2008). On the other hand, transfer
factor from sediment was above 1 for Al, Fe (except in
muscle) Zn (in liver) and cadmium (in liver). The profile of
transfer factor from sediment to fish liver in the case of
Tilapia from Nworie River was in the order of
Al>Cr>Co>Cu>Fe>Ni. Aluminium was the greatest metal
accumulated by Tilapia from sediment, while
accumulation of Nickel was the lowest.

In Tilapia from Oguta Lake, the highest values of
transfer factor from sediment to fish liver was in the order
AlI>Cd>Fe>Zn>Ni>Cu>Cr. Nickel accumulated more from
sediment to fish muscles followed by aluminium. Nickel
was the highest accumulating metal in fish tissues with
transfer factor of 4. Since the concentration of Mn, Pb,
Se, Cd, As were below the detection limit in both Oguta
Lake and Nworie River in the fish tissues, water and
sediments, the transfer factor for these metals were not
calculated.

The global average quantity of fish consumed per
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Table 4. Transfer factors (Tf) of metals in different tissues of tilapia fish from Oguta Lake.
Parameter Al Cr Mn Fe Co Ni Pb Zn As Se Cd Cu
Water/Muscles 0.02 0.84 NC 0.00 0.11 NC NC 0.00 NC NC NC 0.08
Sediment/Muscles 1.50 0.10 NC 0.70 0.66 4.00 NC 0.47 NC NC NC 0.80
Water/Gills 0.01 0.09 NC 0.01 0.13 NC NC 0.00 NC NC NC 0.10
Sediment/Gills 1.00 0.11 NC 1.76 0.75 0.31 NC 0.41 NC NC NC 1.00
Water/Liver 0.03 0.23 NC 0.01 0.17 NC NC 0.00 NC NC NC 0.17
Sediment/Liver 3.00 0.27 NC 1.50 1.00 NC NC 1.15 NC NC 2.07 0.40
NC, Not calculated.
Table 5. Transfer factor (Tf) of metals in different tissues of tilapia from Nworie River.

Parameter Al Cr Mn Fe Ni Pb Zn As Se Cd Cu
Water/muscles 0.02 0.06 NC 0.02 0.13 NC NC 0.00 NC NC NC 0.08
Sediment/muscles 1.00 0.06 NC 0.78 0.71 1.56 NC 0.13 NC NC NC 0.67
Water/gills 0.01 0.91 NC 0.03 0.11 NC NC 0.00 NC NC NC 0.09
Sediment/gills 0.67 0.94 NC 0.90 0.63 2.50 NC 0.12 NC NC NC 0.80
Water/liver 0.04 0.91 NC 0.02 0.15 NC NC 0.00 NC NC NC 0.08
Sediment/liver 2.00 0.95 NC 0.54 0.84 0.50 NC 0.16 NC NC NC 0.84

NC, Not calculated.

person (assuming a 70 kg person) per day is 6.5
g/person for Nigerians (Williams and Unyimadu, 2013).
Multiplying this value with the average concentration of
each metal (Al, Cr, Mn, Fe, Co, Ni, Pb, Zn, As, Se, Cd
and Cu) in the analysed fish samples, the average daily
intake (consumption) of metal from fish can be estimated.
The estimated daily intake of Al, Cr, Fe, Co, Ni, Zn and
Cu in fish from Oguta Lake and Nworie River ranged from
0.03 - 2.30 and 0.10 - 1.76, respectively (Table 6). The
estimated daily intake of metals through fish consumption
can be ordered as following Fe>Al>Zn>Cr>Co>Cu>Ni for
Oguta Lake and Fe>Al>Cr>Zn>Co>Cu>Ni for Nworie
River. The results showed that the EDI of metals from
Nworie river and Oguta Lake were all lower than the
reference dose (RfD) value for all metals studied and the
values of hazard quotient were lower than 0.01, except
for Cr, Co and Ni (Table 6).

DISCUSSION

Metals are very important in environmental research
owing to their impact on human health. Indeed, many
common heavy metals (Al, Cr, Mn, Fe, Co, Ni, Pb, Zn,
As, Se Cd and Cu) are known to form materials that are
potentially toxic to the environment (Turkmen and Ciminli,
2007; Chi et al.,, 2007; Fallah et al., 2011) and the
anthropic effect of heavy metals such as Se on fish and

other aquatic life are less studied (Guerin et al., 2011).
The higher elemental concentration in bottom sediments
of Nworie River and Oguta Lake was in agreement with
the concept that bottom sediments contains higher
concentration of metals than that of overlying water
(Depinto and Martin, 1980). The metals concentrations in
the sediment showed that the concentrations did not
exceed the probable effect concentrations.

The Al, Cd, Cr, Mn, Ni, Pb, Fe and Zn in the water from
Nworie River and Oguta Lake were compared with
National and International Standards. The result obtained
showed that the metals concentration from Nworie River
and Oguta Lake did not exceed the WHO (2003),
Environmental Protection Agency (EPA), Water Pollution
Control Legislation (WPCL 2004), Anonymous, Criterion
for lIrrigation Water (CIW) and SON (Standards
Organisation of Nigeria 2007) guidelines (Table 1).

In the present study, the values of the metals were
within range in the muscle, liver and gills of the fish
analysed from the two sample sites. However, the results
reported in the literature are wide and depend on many
external variables, which make it difficult for comparisons.
Nevertheless, the distribution patterns of different
elements in the tissues analysed in this study are
comparable. Most of the elements were found to be
preferentially accumulated in gills. The high metal
concentrations in the gills could be due to the formation
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Table 6. The dietary intakes of metals through fish consumption from Oguta Lake and Nworie River.

Concentration in

muscle of Tilapia Permissible limit EDI (ug/kg b.w/day) R;[\)Nblgg;g Hazard quotient (EDI/RfD)

Metal Oguta Nworie ]Eirzrg]j/tlﬁgsduré/ weight) in ;I'(ljlapla Tllaplg USEPA, ;llzzpz:llz Tilapia _
Lake River guta (Nworie 2005 muscle (Nworie

Lake) River) (Oguta Lake) River)

Al 6.670 6.670 - 0.62 0.62 - - -

Cr 3.820 5.820 1 (FAO,1983) 0.35 0.54 3 0.11 0.18

Mn <0.001 <0.001 0.5-1.2 (WHO, 1982) NC NC 140 NC NC

Fe 24.800 19.000 1-4.5(WHO, 1982) 2.30 1.76 700 <0.01 <0.01

Co 2.290 1.780 0.01 (USFDA, 1993) 0.21 0.17 20 0.01° 0.01

Ni 0.342 1.090 10 (FAO, 1983) 0.03 0.10 1.5 0.02 0.06

Pb <0.001 <0.001 0.5 (FAO, 1983) NC NC 0.05 NC NC

Zn 4.010 5.890 50 (FAO, 1983) 0.37 0.55 300 <0.01 <0.01

As <0.002 <0.002 0.27 (USFDA, 1983) NC NC 0.3 NC NC

Se <0.002 <0.002 0.01 (USFDA, 1993) NC NC 5 NC NC

Cd <0.001 <0.001 0.5 (FAO, 1983) NC NC 1 NC NC

Cu 0.998 1.200 30 (FAO, 1983) 0.09 0.11 40 <0.01 <0.01

NC, Not calculated.

of complex ions with the mucus, which virtually cannot be
completely removed from the gill Lamellae before
preparation for the analysis (Khali and Faragallah, 2008).
Furthermore, the absorption of metals into the gills
surface as the first target for pollutants in water could
also have a significant influence on the total levels in the
gills. The gills are metabolically active parts that can
accumulate higher levels of heavy metals, as reported in
various fish species such as Cyprinus carpio and Tinca
tinca from Lake Beysehir, Turkey (Khali and Faragallah,
2008) as well as Oreochromis mossambicus and
Cyprinus gariepinus from Olifant River, South Africa
(Marzouk, 1994). Deb and Fukushima (1999) confirmed
that metals may be in high concentrations in the gill,
lungs and digestive gland of fishes because of their
relatively high potential for metal accumulation.

Dural et al. (2007) and Ploetz et al. (2007) reported that
the highest levels of Cd, Pb, Cu and Fe were found in the
gills of fish species such as Sparus aurata, Dicentrarchus
Labrax, Mugil cephalus and Scomberomorus cavalla.
Yilmaz et al. (2007) reported highest levels of Cd, Co and
Cu accumulation in gills of Leuciscus cephalus and
Lepomis gibbosus, while the metal accumulations were at
lower levels in fish muscle. Similarly, high rates of
accumulation of heavy metals in the gills tissue have
been reported by other researchers (Celechovska et al.,
2007; Alhas et al., 2009). The concentration of metals
accumulated in the gill tissue of fish is a fairly good
indicator of the concentrations of metals in the water
where the fish live (Heath, 1987). High levels of metal
accumulation in the gills of fish from Nworie River and
Oguta Lake examined can be considered to be

representative of the high levels of metal concentrations
in the water. Gills are in constant contact with water and
are exposed to metal contamination.

Furthermore, in the present study, high levels of Al, Fe
and Cu were particularly found in the liver of fish from
both Nworie River and Oguta Lake, when compared with
those in other tissues. This may be due to detoxification
pathways accumulating toxic elements in the liver
(Ekeanyanwu et al., 2011). In the present study, muscles
contained the least concentrations of metals in fish from
Nworie River and Oguta Lake. The results obtained in
this study are quite consistent with those reported in
literature (Khalil and Faragallah, 2008; Fidan et al., 2008;
Eneji et al., 2011; Can et al., 2012; Subatic et al., 2013).
According to Allen-Gill and Martynov (1995), the reason
for low levels of heavy metals could be the low levels of
binding protein in muscles.

The presence of metals in high levels in fish
environment does not indicate a direct toxic risk to fish, if
there is no significant accumulation of metals by fishes
(Kamaruzzaman et al., 2010). In this present study,
transfer factors of 12 metals for sediment and water in
Tilapia from Nworie River and Oguta Lake (Tables 4 and
5) were computed. The results indicated that transfer
factors from water (for both Nworie River and Oguta
Lake) were all below 1.00, which means that no
bioaccumulation of any metal occurred from water so
there is no concern for potential health effect (Huang et
al., 2008). On the other hand, all transfer factors from
sediment were higher than 1.00 which means that Tilapia
accumulated metals from sediments from the two sample
areas. This observation was not in agreement with some



previous studies where it was reported that fish
accumulated metals from water (Rasheed, 2001).

Recently, the consumption of fresh water fishes has
become popular among Imo State people and the intake
of trace elements through fresh water fish consumption is
of great concern. To evaluate the health risk to Imo State
people through consumption of fresh water fishes, the
daily intake of metals was estimated on the basis of the
concentration (wet weight basis) of metals in the muscle
of fish and daily consumption. The rates of fresh water
fish consumption were 6.5 g/person for Nigerians
(Williams and Unyimadu, 2013). In the present study, all
the estimated daily intakes of Al, Cr, Mn, Fe, Co, Ni, Pb,
Zn, As, Se, Cd and Cu were below the guideline values.
Thus, the presence of these elements in the muscle of
fresh water fish may not cause any serious health risk to
Imo State Residents. Nevertheless, the liver and gills are
occasionally consumed by humans and recycled by
fishermen to feed the fish (Onsaint et al., 2010). Few
studies have been conducted on the exposure of trace
elements through fish consumption in Nigeria and the
data obtained in the present study could be valuable and
may provide useful information for assessing the potential
health risks for Imo State people consuming fresh water
fishes. Since there are no guideline values or provisional
limits for metal intake (g/day/body weight), the results
obtained in this study could be used to derive such
guideline values. However, this needs to be further
examined in future studies.

Conclusion

Although, the levels of metals were found to be within
permissible limits, bioaccumulation and magnification is
capable of leading to toxic level of these metals in fish
even when the exposure is low. There is need for
constant monitoring of the metal concentrations in Nworie
River and Oguta Lake since the rivers serve as source of
drinking water, irrigation and fish for local inhabitants in
the study areas.

ACKNOWLEDGEMENTS

Mr Ekam, Uno of Technology Partners International
Limited is gratefully acknowledged for the use of their
laboratory facilities for biochemical analysis. This project
was sponsored by undergraduate research students of
the Department of Biochemistry, Imo State University,
Owerri, Nigeria under the supervision of Dr R. C.
Ekeanyanwu

Conflict of interest

The authors declare that there is no conflict of interest.

Ekeanyanwu et al. 689

REFERENCES

Adeniyi AA, Yusuf KA (2003). Determination of Heavy metals in fish
tissues, water and bottom sediments from Epe and Badagry lagoons
in Lagos, Nigeria. Environ. Monit Assess. 37:451-458.

Alhas E, Oymak S, Karaded H (2009). Heavy metals concentrations in
two barb, BrbusXanthopterus and Babus rajanorummystacous from
Ataturk Dam Lake. Turk. Environ. Monit. Assess. 148(1-4):11-18.

Allen-Gill SM,Martynov VG (1995). Heavy metal burdens in nine
species of fresh water and anachromis fish from the Pechora River,
Northern Russia. Sci. Total Environ. 160/161:1186-1189.

APHA (American Public Health Association), (1998). Standard method
for the examination of water and waste water. American Public
Health Association, E.G. Arnold, S.C Lenore, A.E Eaton (eds).
Washington: 4-75.

Bull KR, Dearstly AF, Inskip MH (1981). Growth and mercury content
of Rutilus rutilus L. Perch(PercaFluviallis) and Pike (Esox, Lusius,
L.) living in sewage effluents. Environ. Pollut. 25: 229-240.

Can E, Yabanli M, Kehayias G, Aksu O, Kocabas M, Demir V, Kayim M,
Kutluyer F, Seker S (2012).Determination of Bioaccumulation of
heavy metals and selenium in tissues of brown trout
Salmotruttamacrostigma (Dumeril. 1858) from Munzar stream,
Tunceli, Turkey. Bull Environ.Toxicol. 89:1186-1189.

Celechovska O, Svobodova Z, Ziabek V, Macharackova B (2007).
Distribution of metals in tissues of common carp (Cyprinus carpio L).
Acta Veterina Brno 76:93-100.

Chi QQ, Zhu GW, Langdon A (2007). Bioaccumulation of heavy metals
in fishes from Taihu Lake, China. J. Environ. Sci. 19(12):1500-1504.

Cohen AS (2003). Paleolimnology. Oxford University, New York. U.S.A.
Deb SC, Fukushima T (1999). Metals in aquatic ecosystem:
mechanism of uptake, accumulation and release. Int. J. Environ.
Stud. 56:385-433.

Depinto JV, Yusuf KA (1980). Aquatic Sediments. J. Water Pollut.
Control Legislation. 52:1656-1670.

Diersing N (2009). Phytoplankton Blooms: The Basics. Florida Keys
National Marine Sanctuary, Key West, Florida,USA, 2 pp.

Dural M, Goksu MZL,0zak AA (2007). Investigation of heavy metal
levels in economically important fish species captured from the Tuzla
Lagoon. Food Chem. 102:415-421.

Ekeanyanwu RC, Ogbuinyi CA, Etienajirhevwe OF (2011). Trace metal
distribution in fish tissues, bottom sediments and water from
Okumeshi River in Delta State, Nigeria. Environ. Res. J. 5(1):6-10.

Ekpo KE, Asia 10, Amayo KO, Jegede DA (2008). Determination of
Lead, Cadmium and Mercury in surrounding water and organs of
some species of fish from Ikpoba River in Benin City, Nigeria. Int. J.
Physical Sci. 3:289-292.

Eneji IS, ShaiAto R,Annune PA (2011).Environmental Monitoring and
Assessment, Springer Publisher.Published online: 15 March.

European Commission (EC) (1998). Council directive 98/93/.EC of
November 1998 on the quality of water intended for human
consumption. L.330/32, European Commission.

European Commission (EC), (1998).Council Directive 98/831. EC of
November 1998 on the quality of water intended for human
consumption L. 330/32, European Commission.

Fallah AA, Saei-Dehkordi SS, Nematollahi A, Jafari T (2011).
Comparative study of heavy metal and trace element
bioaccumulation in edible tissues of farmed and wild rainbow trout
(Oncorhynchus mykiss) using ICP-OES technique. Mech. J. 98:275-
279.

Fidan AF, Cigerci H, Konuk M, Kucukkurt I, Aslan R, Dundar Y (2008).
Determination of some heavy metal level and oxidative status in
Carassius carassius L. 1758 from Eber Lake. Environ. Monit Assess,
147:35-41.

Food and Agriculture Organisation (FAO) (1983). Compilation of legal
limits for hazardous substances in fish and fishery products (Food
and agricultural Organisation), FAO fishery circular. No. 464. pp. 5-
100.

Food and Agriculture Organisation (FAO), (1992). Report of the third
session of working party on pollution and fisheries, Accra, Ghana, 25-
29" November, 1991. FAO Fisheries Rep. 471:43.



690 Afr. J. Environ. Sci. Technol.

Guerin T, Chekri R, Vastel C,Sirot V, Volatier JL, Leblanc JC, Noel L
(2011). Determination of 20 trace elements in fish and other sea food
from the French market. Food Chem. 127:934-942

Heath AG (1987). Water pollution and fish physiology. FL, CRC Press,
Boca Raton. pp. 245.

Huang ML, Zhou SL, Sun B, Zhao QG (2008). Heavy metals in wheat
grains: assessment of potential health risk for inhabitants in
Khunshan China. Sci. Total Environ. 405:54-61.

Johnson DL, Ambrose SH, Winter-Nelson AE (1997).Meaning of
Environmental Terms. J. Environ. Qual. 20:581.

Kamaruzzaman CV, Rina Z, John BA, Jalal KC (2010). Heavy metal
accumulation in commercially important fishes of South West
Malaysian Coast. Res. J. Environ. Sci. 5(6):595-602.

Khali M,Faragallah H (2008). The distribution of some leachable and
total heavy metals in core sediments of Manzala Lagoon, Egypt.
Egyptian J. Aquatic Res. 34(1):1-11.

King RP, Jonathan GE (2003). Aquatic Environment perturbations and
monitoring: African Experience, USA.

Marzouk M (1994). Fish and Environmental pollution. Vet. Med. J.
42:51-52.

NOAA (National Oceanic and Atmospheric Administration) (2009),
SQUIRT, Screening Quick Reference Tables for in Sediment,
http://response.restoration.noaa.gov/book_shelf/122_NEW -
SQUIRTs.pdf (online update:23.03.2009).

Oguzie FA (1996). Heavy metals in fish, water and effluents of the lower
Ikpoba River in Benin. Ph.D thesis, University of Benin city, Nigeria.
Okorie, PU, Acholonu ADW (2008). Water quality studies of Nworie

River in Owerri, Nigeria. J. Mississippi Acad. Sci. 47(1): 88.

Okoro BU, Uzochukwu RA,Chimezie NM (2014). River Basins of Imo
State for sustainable water resources management. J. Civil Environ.
Engineering, 4:134.

Onsaint S, Ke C, Wang KJ, Wang WX (2010). Trace elements in two
marine fish cultured in fish cultured in fish cages in Fujian province,
China. Environ. Pollut. 158:1334-1345.

PLoetz DM, Fitts BE, Rice TM (2007). Differential accumulation of
heavy metals in muscles and liver of a marine fish (King Mackerel,
Scomberomorus cavalla, cuvier) from the Northern Gulf of Mexico,
USA. Bull. Environ. Cont. Toxicol. 78:134-137.

Rahman MS, Moha AH, Saha N, Rahman A (2012). Study on heavy
metals levels and its risk assessment in some edible fishes from
Bangshi River, Dhaka, Bangladesh. Food Chem. 134:1847-1854.

Rashed MN (2001), Monitoring of environmental heavy metals in fish
from Nasser Lake. Environ. Int. 27(1):27-33.

Standard Organisation of Nigeria, (SON), (2007). Nigerian Standards
for drinking water quality. Nigerian Industrial Standards, NIS: 554
http://www.unicef.org/Nigeria/ng-publications-Nigerian-Standard-for-
Drinking-W ater-Quality. pdf.

Subotic S, VisnjicJeftic Z, Spasic S, Hegedis A, Krpocetkone J,
Lenhardt M(2013). Distribution and accumulation of elements (As,
Cu, Fe, Hg, Mn and Zn) in tissues of fish species from different
trophic levels in the Danube River at the confluence with the Sara
River (Serbia). Environ Sci. Pollut. Res. 20 (8):5309-5319.

Turkmen M,Ciminli C (2007). Determination of metals in fish and mussel
species by inductively coupled plasma-atomic emission spectrometry.
Food Chem. 103:670-675.

US-EPA (2000). Guidance for Assessing Chemical Contamination data
for use in fish advisories Volume |l risk assessment and fish
consumption limits. EPA/823-B94-004. United States Environmental
Protection Agency Washington.

US-EPA. (2005). Risk-base concentration Table, April, 2005. U.S. EPA,
Region 3, Philadelphia, PA.

US-FDA (1993). Food and drug administration, guidance document for
nickel in shell fish, DHHS/PHS/FDA/CFSAN/office of sea food,
Washington D.C.

WHO (1982).Toxicological evaluation of certain food additives: copper,
zinc. WHO food additives series, No. 17.

WHO (2003).Malathion in drinking water. Background document for
preparation of WHO guidelines for drinking water quality. World
Health Organisation (WHO/SDE/W SH/03.04/103), Geneva.

Williams AB, Unyimadu JP (2013). Organochlorine pesticide residues in
muscle tissues of Ethmalosa Fimbriata and Psettias Sebae from
Lagos Lagoon, Nigeria. International J. Acad. Res, 5(1): 166 — 172.

WPCL (2004). Land Based Water Quality Classification. Official Journal,
25687, Water Pollution control legislation, Turkey.

Yilmaz F, Ozdemir N, Demirak A, Tuna L (2007). Heavy metal levels in
two fish species Leuciscus cephalis and Lepomis gibborus. Food
Chem. 100:830-835.



