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ABSTRACT

This study assessed the concentrations of Mn, Cu, Zn, Pb and Cd in whole prawn specimens and water
samples from Asejire river, Oyo State, using Techcomp AA 6000 atomic absorption spectrophotometer. The
mean concentration of each heavy metal in prawn specimens and water samples  and the bioconcentration
factor were determined. The mean concentrations of  the metals in prawn specimens were in the order of
Zn;97.40 ± 38.10mg/kg >Mn; 94.61 ± 40.45mg/kg > Cu; 72.96 ± 16.36mg/kg >  Pb; 5.22 ± 5.08mg/kg > Cd;
0.91 ± 0.26mg/kg . The mean concentrations of Mn, Cu and Pb  in prawn specimens  were  above the
maximum limits recommended by WHO. While level of Zn was lower than the WHO and FAO limits, the
level  of Cd  was similar to WHO and FAO limits. The mean concentrations of the metals in water samples
were within the limits recommended by WHO and FEPA. The results suggest that Asejire river is contaminated
with heavy metals and the consumption of prawns of the river could pose health hazards to man. Consequently,
continuous environmental pollution monitoring to protect consumers and check heavy metal hazards is hereby
recommended. 
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Introduction

Heavy metals occur in low concentration in
natural aquatic ecosystems. In recent times, however,
the occurrence of such metals in excess of natural
background level has become a problem of increasing
public concern. The present situation has arisen as a
result of anthropogenic sources including mining
activities, industrial and domestic effluents, urban
storm-water run-offs, leaching of metals from garbage
and solid wastes dump, etc.

The danger of heavy metals is aggravated by
their almost indefinite persistence in the environment.
Due to their immutable nature and in contrast to
many organic pollutants, which are biodegradable,
heavy metals can remain in the environment for a
long time [6,14].

Some research findings have shown that heavy
metals in aquatic environment could accumulate in
biota such as prawns which are an important food
source for larger animals from fish to whales.

Asejire river serves as a major source of
drinking water and prawns for human consumption in
Ibadan and its environs. The river is also used for
agricultural activities. There is little or no information
on heavy metal pollution status of the river. It is
therefore necessary to investigate the concentrations
of Mn, Cu, Zn, Pb, and Cd in prawns and water
from this river.

Materials and Methods

Study Area
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Asejire river (07º  21’N 04º  05’E ), a man-
made lake on River Oshun, has an impounded area
of 2342 ha and located about 30km east of Ibadan,
southwest Nigeria [2,3].

Sample Collection

Sampling was conducted on Asejire River, Oyo
State in May, 2010.  Water samples were collected
from two points, with one point at the shore line
(inshore site) and the other point at about 150m off
the shoreline (offshore site) . The water samples
were collected at a 30cm depth in nitric acid pre
rinsed 300ml plastic bottles and accurately labeled. A
total of 15 live prawn specimens were purchased
from the local market women at the water site. Three
prawn specimens were purchased at random from 5
different market women. These specimens were all
rinsed in the water body to remove debris, if any and
wrapped in cellophane bags and labeled. The
specimens were identified as Macrobracium
vollenhovenii. The collected water samples and prawn
specimens were kept in ice during transportation to
the laboratory.

Laboratory Analysis

The heavy metal analysis was done according to
standard methods for heavy metal determination [8],
using Techcomp AA 6000 Atomic Absorption
Sepctrophotometer. In the laboratory, both water and
prawn specimens were kept in the freezer to avoid
deterioration pending analysis.

Prawn specimens

Frozen Prawn specimens were allowed to thaw
gradually at room temperature. They were dehydrated
to a constant weight using an oven at 600C for
2days. Individual whole specimens were pulverized
to a uniform particle size and 0.2g of pulverized
specimen was weighed using an analytical balance.
This was  put in a 50ml digestion tube. 2.5ml of
H2S04/selenium mixture was added and placed in an
aluminum block on a hot plate. This was heated at
approximately 2000C until solution fumed. Each tube
was removed from the hot plate and allowed to cool
for 10 minutes. 1ml of 30% H202 was added to each
tube. After reaction subsided, each tube was followed
with an additional 2ml H202. Each tube was replaced
on hot plate, heated to 3300C until clear (usually for
2hrs). The yellow tint of the solution disappeared as
the digest is completed. The solution was poured into
a centrifuge tube and made up to 30ml mark with
distilled water. This was centrifuged at 3000 r.p.m.
for 10mins. The supernatant was decanted into
sample vials for analysis.

Water Samples

25ml of each water sample was measured into a
digestion tube and 20ml of nitric acid was added. It
was digested at 1600C for 2hrs until there was a
clear or colourless solution which was allowed to
cool. The solution was poured into a centrifuge tube,
made up to 30ml with distilled water and centrifuged
at 3000 r.p.m. for 10mins. The supernatant was also
decanted into sample vials for analysis. In both cases
(specimen and water sample digestion), Reagent
blanks were also prepared accordingly; to test the
purity of the reagents. Metal concentration, for all
extraction were determined by Techcomp AA 6000
Atomic Absorption spectrophotometer, using the
respective lamps and wave lengths .Values of heavy
metals were expressed in mg/kg for prawn specimens
and mg/l for water samples.

Determination of Bioconcentration Factor (BCF)

According to Environmental Protection Agency
guidelines, “the BCF is defined as the ratio of
chemical concentration in the organism to that in
surrounding water .Bioconcentration occurs through
uptake and retention of a substance from water only,
through gill membranes or other external body
surfaces.                      

The BCF was calculated thus:

BCF = Level of Substance (Heavy metal) in Prawn
Level of Substance (Heavy metal) in water

Statistical Analysis

Data collected were computed into means with
standard deviation. For easy statistical analysis,
metals not detected were assigned a value of zero.

Results

The mean concentrations of the analysed heavy
metals, (Managenese (mn), Copper (Cu), Zinc (Zn),
Lead (Pb) and Cadmium (Cd) in the sampled prawns
is as presented in figure 1. Zn had the highest value
while Cd had the lowest value. The mean
concentrations of the analysed heavy metals (Mn, Cu,
Zn, Pb and Cd) in the sampled water body are as
presented in figure 2. All the metals except Cu and
Zn were below detectable limit. For easy statistical
analysis, the metals not detected were assigned a
value of zero. The BCFs of detected metals from the
sampled water body is given in figure 3. Cu and Zn
were the only detected metals. A comparison of  the
mean levels of the metals in prawn specimens and
water  body  sampled  during  this study and other 
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Fig. 1: Distribution of Heavy metals in prawn specimens from  Asejire River.

Fig. 2: Distribution of Heavy metals in sampled water body from Asejire  River.

Fig. 3: Bioconcentration factor of detected metals.

studies with WHO, FEPA and FAO standards is
shown in Tables 1 and 2 respectively. The mean
concentrations of Mn, Cu and Pb  in prawn
specimens were above the maximum limits
recommended by WHO. While level of Zn was
lower than the WHO and FAO limits, the level of
Cd was similar to WHO and FAO limits. However,
the mean concentrations of the metals for the
sampled water body were within the maximum limit
recommended by WHO and FEPA.

Discussion

Heavy metals are natural components of the
Earth’s crust. They cannot be degraded or destroyed.
To a small extent they enter our bodies via food,
drinking water and air. As trace elements, some
heavy metals  are essential to maintain the
metabolism of the human body. However, at higher
concentrations they can lead to poisoning. Eleven
metals are known to be essential for aquatic life. Of 
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Table I: Comparison of the Mean Metal Concentrations in prawn specimens with those of WHO and FAO.
Waterbody Mn Cu Zn Pb Cd Source
Asejire River 94.61+40.45 72.96+16.36 97.40+38.10 5.22+5.08 0.91+0.26 This study
WHO (1989) (ug/g) 1 30 100 2 1 WHO (1989)
FAO maximum limits for prawnb - 10 1000 - 0.2 FAO
Results are presented for  Asejire river as mean + standard deviation  b Pourang et al (2005)

Table II: Comparison of the mean metal concentration in sampled water bodies with those of other rivers and WHO and FEPA standards
Waterbody Mn Cu Zn Pb Cd Source
Asejire River 0.00+0.00 0.01+0.02 0.69+0.98 0.00+0.00 0.00+0.00 This study
Ikpoba River 0.42 0.15 0.32 0.10 0.21 Oguzie, 2003
River Niger 0.04 - - 0.05 0.11 Okoronkwo, 1992
Olumoro water bodies 0.07 0.07 2.01 0.04 0.10 Idodo-Umeh, 2002
WHO (1997) 0.  01 1.00 5.00 0.05 0.05 WHO (1997)
FEPA (2003) 0.05 <1.00 20 <1.0 <1.0 FEPA (2003)
Results are presented for  Asejire river as mean + standard deviation

the metals analysed in this report, Mn, Cu and Zn
are grouped in this class while Pb and Cd are non-
essential.

The result of this study showed that of all  the
metals analysed in prawn specimens, Zn had the
highest mean concentration while Cd had the
lowest.It was in the order of Zn;97.40 ± 38.10mg/kg
>Mn; 94.61 ± 40.45mg/kg > Cu; 72.96 ± 16.36mg/kg
>  Pb; 5.22 ± 5.08mg/kg > Cd; 0.91 ± 0.26mg/kg.
The mean concentrations of Mn, Cu and Pb  in
prawn specimens  were  above the maximum limits
recommended by WHO. While level of Zn was
lower than the WHO and FAO limits, the level  of
Cd  was similar to WHO and FAO limits  (Table 1).
This finding showed that the prawns (M.
vollenhovenii) from Asejire river is contaminated
with heavy metals and therefore not safe for human
consumption.It suggests bioaccumulation which is a
process whereby an organism concentrates metals in
its body from the surrounding medium or food, either
by absorption or ingestion [5,1].

On the other hand, the result of the quantitative
metal analysis of the water samples showed that none
of the metals analysed was detected from water
samples collected from the shore but Cu and Zn only
were detected at about 150m offshore. This may be
attributed to the point of collection (e.g proximity to
pollution) of the water samples which could have
possibly affected the detectability of the  metals.A
similar finding was observed by Adedeji and Okocha,
2010 (in press) in Epe lagoon in Lagos state in
which none of the analysed metals was detected from
the water samples collected at the shore but Cu only
was  detected about 150m offshore. For easy
statistical analysis, the metals not detected were
assigned a value of zero. The calculated mean
concentrations of the metals (i.e. shore and off
shore), were within the limits recommended by WHO
and FEPA (Table 2).The observed low mean
concentrations of 0.01mg/l for Cu and 0.69mg/l for
Zn in water samples compared to their high mean
concentrations of 72.96mg/kg and 97.40mg/kg
respectively  in prawns is supported by Obasohan et
al 2006  who  observeved that  the level of  heavy 

metals in water were lower than levels for sediment
and fish.

The BCFs of 7296 and 141.16 for detected
metals (i.e Cu and Zn respectively) revealed the
occurrence of bioaccumulation in the prawns.

Conclusion

The data obtained from this study revealed that
the prawns (M.vollenhovenii )  obtained Asejire river 
are not safe for human consumption due to
contamination with hazardous metals (Mn, Cu and
Pb). It is important to note that, there is lower
concentration of detected metals in water than in
prawns. The BCFs of detected metals suggest that
the prawns have bioaccumulated the metals from the
water environment. The results further showed that
given the point of water sample collection (e.g
proximity to pollution), some of the metals were not
detected and this may not over rule their presence.
Consequently, very close monitoring of heavy metal
loads in Asejire River is recommended in view of
the possible risks to health of consumers.  
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