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Abstract:

Introduction: Heavy metals are useful for essential animal tissue
metabolism; however, when these metals exist beyond the permissible
limits, they cause ecological damage and constitute threat to human
health. Freshwater prawns, including Macrobrachium vollenhovenii, are
bio-indicators of metal pollution. M. Vollenhovenii is an important source
of protein and abundant in the Asejire Lake, which serves as a major
source of drinking water to people living around the Lake.

Aims: This study was therefore designed to examine the concentrations
of some heavy metals (Mn, Pb, Cd, Cu and Zn) in water, sediment and
different sizes of Macrobrachium vollenhovenii in Asejire Lake, southwest
Nigeria.

Materials and Methods: Quarterly sampling of M. vollenhovenii, water
and sediment was conducted on Asejire Lake in the months of November,
February and May 2014. Analysis of the selected heavy metals in the
various samples was done using Atomic Absorption Spectrophotometer.
Bioaccumulation Factors (BAF) of the metals were also determined.
Results: Heavy metals concentration in prawns was in this order: Zn > Cu
> Mn > Pb > Cd. Ranked mean concentration of heavy metals in different
prawn sizes was large > small > medium. There was no significant
difference, at P = .05, among heavy metals concentrations in different
prawn sizes, except in Cadmium. Pb, Cu and Zn were detected in water,
while all the five metals were detected in sediment. Large prawns
bioaccumulated the most heavy metals while medium prawns
bioaccumulated the least. Cu was the most bioaccumulated heavy metal.
Concentrations of Mn, Pb, Cu and Cd were above the FAO limit for prawn;
concentrations of Cu and Zn in water were below the WHO limit, while Pb
was above the limit. Concentrations of heavy metals in sediment were
lower than the FAO limits.

Conclusion: These results suggest that prawns and water from Asejire
Lake are not safe for human consumption, and it is recommended that
proper managerial policy be put in place to check the influx of these metals
into the Lake.
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1. INTRODUCTION

The existence of heavy metals in aquatic environment
has been fundamentally traced to some naturally
occurring geochemical resources. Anthropogenic
activities such as untreated effluent and waste from
industries, farms and communities discharged to water
bodies have also contributed greatly to the persistence
of heavy metals in aquatic environment [1, 2, 3]. Heavy
metals when exist beyond the acceptable range in the
agquatic ecosystem tends to bio-accumulate in aquatic
organisms such as fish, shrimps and prawns over the
time. Deposited metals in the aquatic environment,
have been reported to accumulate in the food chain [4,
5, 6, 7]. These metals cause ecological damage and
also constitute serious threat to human health.
However, many heavy metals are useful for essential
animal tissues metabolisms when exist within the
tolerable range.

Zinc is an essential trace element in living organisms,
being involved in nucleic acid synthesis and occurs in
many enzymes [8]. Background values of zinc in natural
inland surface waters may vary from 0.001 — 0.2mg/L or
even higher [9]. High levels of zinc in the aquatic
environment have been reported to be particularly toxic
to crustaceans and mollusks [10]. Copper, an essential
micronutrient for fish and aquatic life, is also widely used
as an effective algaecide and molluscicide [11]. This
metal is introduced into the aquatic environment
through municipal waste waters, manure, fertilizers,
antifouling paints and industrial wastes [12]. Despite its
important role in the growth of most aquatic organisms,
copper may become toxic to aquatic organisms when
the level exceeds a specific threshold [13]. Lead is a
highly toxic metal whose high concentration in the
aquatic environment is attributed to industrial effluents
and emissions from mechanized boats used for fishing
and transportation purposes. Organic lead compounds
are extensively used as an additive in petrol and this
releases Pb, which is not easily biodegradable, into the
aquatic environment through drainage and surface run-
offs [8]. Lead is a cumulative poison which inhibits the
synthesis of hem in organisms where it interferes with
the effective utilization of iron and blood circulation [12].
Manganese plays an important biological role in
organisms, however, excess amount of manganese is
toxic and the nervous system has been reported to be
the most vulnerable. Cadmium, a highly toxic metal,
with no known physiological role in aquatic organisms
[14] enters aquatic bodies through run-offs from
agricultural lands, degraded batteries, PVC plastics and
ceramic industries.

Fin and shell fishes have been used as biological
indicators of metal pollution of aquatic environments
and suitability of these aquatic environments for human
use [15]. As a result of their feeding habits, freshwater
prawns have the ability to bio-accumulate metals from
both water and sediment, and as such are one of the
major bio-indicators of pollution in the aquatic
environment. Freshwater prawns are decapod
crustaceans belonging to the Palaemonidae family.
With the exception of Europe, freshwater prawns have
distribution across the tropics and subtropics on all
continents [16]. The freshwater prawn, Macrobrachium

vollenhovenii, is one of the important artisanal
shellfishes in Nigeria; it serves as an important protein
source for Nigerians and also of great aquaculture
potential. Asejire Lake in Oyo State, southwest Nigeria
serves as a major source of drinking water to several
Nigerians in Ibadan (Oyo State) and some other towns
in neighbouring Osun State; in addition, there is an
abundance of Macrobrachium fishery in Asejire Lake.
Consequent upon the abundance of this prawn in
Asejire Lake and the hydrological importance of this
lake to the people of Ibadan and surrounding
towns/villages, this study aimed at determining the
concentration of some selected heavy metals in relation
to size of M. vollenhovenii in Asejire Lake. In addition,
this study aimed to establish whether the concentrations
of these selected heavy metals in M. vollenhovenii in
Asejire Lake are within the acceptable range as
recommended by the World Health Organization.

2. MATERIALS AND METHODS

2.1 Description of the Study Area

The Asejire Lake, latitude 7° 22'N and longitude 4° 08'E
[17], was created by damming the Osun River, at
Asejire, near Ikire in the southwestern part of Nigeria.
The lake has a total surface area of 23.69km? with a
maximum depth of 19m and length of 13km. The Lake
receives water mainly from Rivers Osun and Oba, while
the major outflowing river is the River Oshun. It serves
as a major source of drinking water to several Nigerians
in its neighbourhood and also has a rich abundance of
Macrobrachium fishery.

2.2 Sample Collection

Quarterly sampling of Macrobrachium vollenhovenii,
water and sediment was conducted on Asejire Lake,
Southwest Nigeria, in the months of November,
February and May. Water and sediment samples were
collected from about 50m off the shoreline. Water
samples were collected about 50cm depth below the
water surface in pre-washed and acidified plastic bottles
and immediately spiked with 1ml of nitric acid to prevent
microbial activities. Sediment samples were collected
with a plastic shovel into labeled pre-washed and
acidified polythene bags. Samples of the freshwater
prawn, M. vollenhovenii, were collected from
fishermen/mongers. The prawns were washed with
water to remove particles from their body and
transported on ice packs to the Fisheries laboratory of
Lagos State University. Thereafter, the collected prawn
samples were divided into three (3) size groups viz
small (2.0 — 6.9cm; 8.02 — 17.05g), medium (7.0 —
11.9cm; 26.12 — 38.09g) and large (12.0 — 16.9cm;
41.06 - 64.03@g). The total length, to the nearest 0.1cm,
and body weight, to the nearest 0.01g, of M.
vollenhovenii were measured with a transparent plastic
ruler and Mettler balance (PM 400) respectively.

2.3 Digestion of Prawn, Water and Sediment
Samples: Prawn samples were defrosted for 2hr,
weighed and oven-dried at 80°C until a constant dry
weight was obtained. The dried prawn samples were
grounded to a fine powder using mortar and pestle. 2g
of the ground samples was weighed out on the Mettler
balance (DM-11-K) and put into an appropriately
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labelled beaker. Thereafter, 10ml of nitric acid (HNO3)
and 5ml of hydrogen-peroxide (H202) were added to the
sample in the beaker, and then the mixture was heated
on the hot-plate to ignite as well as carefully burn the
sample in the fume cupboard. The residue was then
diluted with distilled water to make up to 20ml in the
beaker. This procedure was repeated for each of the
three size categories of the prawn and digestion of the
air-dried sediment samples. 15ml of concentrated HNO3
was added to 25ml of water sample in a conical flask.
This mixture was then heated on a hot plate until a clear
solution was obtained. Thereafter, 5ml of dilute HCl was
added to the clear solution and the mixture was made
up to 30ml with distilled water and stored for analysis.

2.4 Determination of Concentration of

Heavy Metals

The resulting solutions (prawn, water and sediment)
from the digestion were then aspirated into the flame of
the Atomic Absorption Spectrophotometer (AAS)
Perkins EImer Analyst 200 using air-acetylene flame for
the metal analysis against metal solution. Each metal
(Zn, Cu, Mn, Pb and Cd.) was analyzed using the
specific hollow cathode lamp at a specific wavelength.
Analyses were replicated three times.

2.5 Determination of Bioaccumulation

Factor

The Bioaccumulation Factor (BAF), which is a measure
of the ratio of the concentration of the substance in the
study organism to that in the surrounding environment,
was calculated as follows:

BAF =

Concentration of Heavy Metal in Prawn (mg/kg) [ ]
Concentration of Heavy Metal in Water (mg/L)

2.6 Statistical Analysis

Descriptive statistics was used to analyse the data
obtained from this study. Furthermore, the one-way
Analysis of Variance (ANOVA) was used to analyse
differences in concentration of metals in prawn tissues.
The Chi-square test was used to compare the levels of
heavy metals in M. vollenhovenii, water and sediment
samples with the standards set by the Food and
Agriculture Organization/World Health Organization. In
all cases, the level of significance was set at P = .05.

3. RESULTS

The mean concentrations of heavy metals (mg/kg) in
the various sizes of Macrobrachium vollenhovenii from
Asejire Lake are presented in Table 1. There was no
significant difference, at P = .05, among the values
obtained for heavy metals concentrations in the different
sizes of the prawns except in Cadmium which had
significantly different values at P = .05 among the sizes.
Amongst the various prawn sizes, Cadmium had the
least concentration value while Zinc had the highest
concentration value. In the different sizes of the prawn
studied, the concentration values in mg of heavy metals
per kg of the prawn specimens were in the following
order: Zn > Cu > Mn > Pb > Cd. Thus, irrespective of
the prawn size, concentrations of the heavy metals
followed the same order of decrease or increase. An
overall ranking of the mean concentrations of metals in
samples of the various prawn sizes followed this order:

Large > Small > Medium. Thus, on the overall, the large-
size prawns accumulated the highest concentration of
metals, while the medium-size prawns accumulated the
least concentrations.

Table 1: Mean concentrations (mg/Kg) of heavy

metals in different sizes of Macrobrachium

vollenhovenii from Asejire Lake, southwest Nigeria.
Prawn Sizes

Metals Large Medium Small
Mn 88.31+5.23 90.79+10.12 85.22+3.40
Pb 8.21+1.24

6.49+1.23 7.75+1.04

Cu 98.1745.67  96.68+4.14 102.37+6.80
Zn 105.31+2.40 101.00+2.26 103.12+4.01
1.88+0.36°

Cd 0.82+0.072 1.00+0.10¢

Results from the analysis of heavy metals in water
samples from Asejire Lake revealed the presence of
three (out of the five) heavy metals studied (Fig. 1). The
highest mean concentration recorded was for Zn (1.41
+ 0.28mg/L) and the lowest was for Pb (0.13 *
0.25mg/L). Mean concentration value of 0.31 =+
0.42mg/L was recorded for Cu, while the concentrations
of both Mn and Cd were below detectable level in the
water samples.
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Mean concentration (mg/L)

0.2

Mn Pb Cu Zn Cd

Haswns Matale

Figure 1. Mean concentration (mg/L) of heavy
metals in water samples from Asejire Lake,
southwest Nigeria.

Figure 2 shows the concentration of heavy metals
(mg/kg) in sediments from Asejire Lake. Zinc (Zn)
recorded the highest mean concentration value (1.80 £
0.14mg/Kg) while Cadmium (Cd) had the lowest value
of 0.02 £ 0.01lmg/Kg. The mean concentration values
for Manganese (Mn), Copper (Cu) and Lead (Pb) were
0.83 + 0.05mg/Kg, 0.58 + 0.11mg/Kg and 0.53 %
0.10mg/Kg respectively.
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Figure 2: Concentrations (mg/Kg) of heavy metals
in sediment samples from Asejire Lake, southwest
Nigeria.

The bioaccumulation factors (BAF) of heavy metals
analysed are presented in Figure 3. The highest
bioaccumulation factor value of 330.23 was recorded for
Copper in the small size of M. vollenhovenii while the
least value (49.92) was recorded for Lead in the
medium-size prawns. The BAFs for Copper (Cu) were
316.68, 311.87 and 330.23 for the large, medium and
small-size prawns respectively, while Zinc (zZn) had
values of 74.69 (large), 71.63 (medium) and 73.13
(small) and the respective values for Lead (Pb) were
63.15, 49.92 and 59.62. This implies that Cu was the
most bioaccumulated heavy metal in the prawns,
followed by Zn and Pb in that order.
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Figure 3: Bioaccumulation Factors (BAF) of Heavy
metals in different sizes of Macrobrachium
vollenhovenii.

4. DISCUSSION

Heavy metals naturally exist in the earth crust and they
are persistent in nature with high half-life. When these
metals exist at a considerable level, they form a part of
the human diet and serve a variety of purposes in
metabolic activities [19]. However, when these metals
exist above tolerable levels in the body system, they
become pathogenic and might consequently result in
serious health consequences [20, 21, 22]. The etiology
of renal, heart and endocrine diseases has been traced
to the toxicity of heavy metals [23].

This study examined the concentration of selected
heavy metals Manganese (Mn), Zinc (Zn), Lead (Pb),
Copper (Cu), and Cadmium (Cd) in the tissue of
Macrobrachium vollenhovenii from Asejire Lake,
southwest Nigeria in relation to their body size (weight

and length). The result of this study revealed that Mn,
Zn, Pb, Cu and Cd were all present, in different
concentrations, in the body tissue of M. vollenhovenii,
and this is in accord with the results of earlier studies [6,
12, 19, 24, 25]. From this study, Zinc had the highest
concentration (105.31+2.40) and Cadmium with the
lowest concentration (0.82 + 0.07mg/Kg) in the tissue of
the M. vollenhovenii, as also reported by [24]. Similar
findings have also been recorded in crustaceans [26,
27, 28, 29, 30]. Results from this study showed that the
mean concentrations of Mn, Pb, Cu and Cd are above
the maximum limits for marine sea food (100ppm) [31]
and for prawn (1000ppm) [32], while the concentration
of Zn was similar to the WHO limit [31], but less than the
FAO limit [32].

In relation to the different sizes of prawns studied, the
ranked mean concentration of heavy metals was in this
decreasing order: Large > Small > Medium. In
comparison to large animals, generally small animals
concentrate more heavy metals. However, with the
exception of Cadmium, the analysis of variance
(ANOVA), at 95% confidence level, revealed that there
is no significant difference (P = .05) in heavy metals
concentration in relation to size in M. vollenhovenii,
which suggests that there is no clear relationship
between the body size and ability of the prawn to absorb
heavy metals from the surrounding water.
Concentrations of the various heavy metals studied
were higher in the prawn samples than both in the water
and sediment samples. This was also reported by [39]
and could be attributed to dietary uptake, feeding habits
and availability of pollutants.

The concentration of metals detected in water samples
was in this order; Zn > Cu > Pb (1.41 + 0.28mg/L, 0.31
+ 0.42 mg/L, 0.13 + 0.25 mg/L respectively). This result
also agreed with that of (17) in the same water body,
except that Lead was not detected and the reported
concentration values of Zn and Cu were a bit lower than
that of this study, and this could be as a result of the
continuous accumulation of these metals in the water
body. The mean concentration values of Cu (0.31 +
0.42mg/L) and Zn (1.41 = 0.28mg/L) in water from
Asejire Lake were below the WHO recommended
maximum limits [33], while the mean concentration
value of Pb (0.13 £ 0.25mg/L) was above the maximum
limit. Of the five metals detected in the tissue of M.
vollenhovenii in this study, only three (Pb, Cu and Zn)
were detected in the prawn surrounding water;
Cadmium and manganese were not detected.
Cadmium was also not detected in the water samples in
an earlier study on the same water body [34]. The
reason could be that the metals that were not detected
in water, but detected in the body tissue, entered the
tissue of the prawns through the food they consumed
from the sediment and not through water, since these
two metals (cadmium and manganese) were detected
in the sediment and the prawns are benthic feeders.
The accumulation of heavy metals in organisms has
been linked to direct uptake of these metals from food,
respiration and the surrounding environment across the
body wall [36]. The reason could also be that those
metals that were not detected were not present or
present at a very small concentration in the waste from
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agricultural activities and other industries that discharge
their wastes into the water body, hence the metals exist
at undetectable concentration in the water samples.
Concentrations of the various heavy metals were lower
than the values in the prawn specimens, as also
reported by [6, 36, 37].

The concentration of heavy metals in mg/Kg of bottom
sediment samples in Asejire Lake was in this
decreasing order; Zn > Mn > Cu > Pb > Cd (1.80 *
0.14mg/Kg > 0.83 = 0.05 mg/Kg > 0.58 + 0.11mg/Kg >
0.53 £ 0.10mg/Kg > 0.02 + 0.01 mg/Kg). These values
suggest that the mean concentrations of cadmium and
copper in the bottom sediments are lower than the
maximum limits in sediment samples of 10.00 and
250.00 respectively [38]. However, the fact that the
mean concentrations of these metals in the sediment
samples are lower than the values in the prawn tissues
could imply a high rate of accumulation of these metals
in the tissues of the prawns. Also, the concentrations of
Cu, Zn and Pb in the bottom sediment were higher than
the concentrations in the water samples. Sediments
have been variously reported to concentrate more
heavy metals than the aquatic system [39, 40, 41]. This
could be attributed to higher density of metals compared
to that of water. Consequently, heavy metals tend to
settle at the sediment where they accumulate at higher
concentrations.

The concentration of heavy metals in the prawn tissue
relative to the concentration in water (bioaccumulation)
was calculated using the bioaccumulation factor (BAF).
This factor measures the extent to which heavy metals
are shared between an organism and the environment.
The BAFs for Cu in the large, medium and small-size
prawns were 316.68, 311.87 and 330 23, while the
corresponding values for Zn were 74.69, 71.63 and
73.13; and for Pb, the values were 63.15, 49.92 and
59.62. This study revealed that Cu was the most
bioaccumulated in the different sizes of M. vollenhovenii
studied, followed by Zn and Pb. An overall ranking of
the BAFs, in relation to size, showed that the large
prawns bioaccumulated the most heavy metals while
least bioaccumulation was in the medium prawns.
Copper was reported to bioaccumulate in the shrimp,
lobster and crab more than any other heavy metals
investigated in the Oron River Channel [42]. This
implies that M. vollenhovenii can be used to monitor the
levels of these heavy metals in the water body.

5. CONCLUSION AND RECOMMENDATIONS

Macrobrachium vollenhovenii and water samples from
Asejire Lake, from this study, recorded mean heavy
metals concentration values above the maximum limits
recommended by WHO/FAO. The  prawns
bioaccumulated these metals from the surrounding
environment. Therefore, the results suggest that prawn
and water from this water body are not safe for human
consumption/use until proper managerial policy is putin
place to check the influx of these heavy metals into the
Lake. There is the need for close monitoring of the
environment of this Lake in order to possibly control the
discharge of agricultural/domestic wastes into the Lake.

This becomes necessary in view of the hydrological
importance of this Lake to the people and the likely
consequences of the transfer of potentially toxic metals
from the water to man.
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