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Abstract

The presence of heavy metals in the environment could constitute
hazard to public health. Hence the present study determined
heavy metal (Pb, Co, Cr, Cu, Cd, Ni, Fe, Mn, Zn) concentrations
in three selected earthen fish ponds and their feeder streams in
Osun state, south-west, Nigeria in rainy and dry seasons of 2011
and 2012. The analysis was carried out using an atomic
absorption spectrophotometer (AAS). The result revealed that
most heavy metals were higher in the dry season than in the rainy
season. In addition, high level of the metals was generally
recorded in the feeder streams than in the pond which confirms
the stream as potential source of heavy metal pollution to the fish
ponds. A significantly (p<0.05) higher concentration of Zn was
observed in Ilesha pond than in the stream water. On the other
hand, Ni concentration in Osogbo and Yakoyo stream was
significantly higher than in the pond water.

Introduction all over the world. Rapid
urbanization, industrialization
The significance of and population growth have

environmental factors to the
health and well-being of human
populations' is increasingly
apparent, hence the need for
immediate attention by the
society. Consequently, the
management of our
environment and the control of
discharge of waste products
from anthropogenic activities
is of high interest to
researchers, regulatory bodies,
environmental advisory
agencies and policy-makers

been the major causes of stress
on the environment leading to
problems like human health
problems, eutrophication and
fish death, coral reef
destruction, biodiversity loss,
ozone layer depletion and
climatic changes (Sadiq, 2002;
Bayetal.,2003). Determination
of adverse effects of various
elements upon human health
and the ecosystem has been
gaining momentum recently,
especially on scientific, social
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and emotional ground. Consequently, the
management of our environment and the control
of anthropogenic activities is of high interest to
researchers, regulatory bodies, environmental
advisory agencies and policy-makers all over
the world (Sadiq, 2002; Bay et al., 2003;
Ogundiran and Afolabi, 2008).

The pollution of aquatic environment with
heavy metal has been a worldwide problem
during the recent years because they are
indestructible and most of them have toxic
effect on organism (MacFarlane and Burchette,
2000). Water is one of the important natural
resources useful for developmental purposes in
both urban and rural areas. Agricultural wastes
such as pesticides, fungicides and fertilizers,
human and animal feces, seepage from pit
latrines and septic tanks, refuse dump, industrial,
domestic and municipal wastes released into
water bodies are often responsible for surface
water contamination. Bremenetal. (2001) observed
that most surface water resources accessible to
household in rural areas are subjected to chemical
and biological contaminations which may come
from animals, septic tanks, storms water run-off.
Contaminated water is associated with health
risks.

Among environmental pollutants, metals
are of particular concern due to their toxic
effect and ability to bioaccumulate in aquatic
ecosystems (Censi et al.,2006); body tissues and
organs (Babalola, et al., 2009). Heavy metals
including both essential and non essential
elements have a particular significance in
ecotoxicology, since they are highly persistent
and all have the potential to be toxic to living
organisms (Storelli et al.,2005). The heavy
metals investigated in this study have been
implicated for various human health problems
even at trace levels. Pb is ingested by humans
when Pb-containing foods and drinks are
consumed. Water bodies are easily contaminated
with Pb-laden effluents and this gets into aquatic
organisms and then to man, Pb has no known
essentials function in animals and is a well
known toxic metal that damages the liver,
kidneys, brain, central nervous and

reproductive systems (Lovei and Levy, 2000)
of man and aquatic organisms causing all kinds
if diseases. Pb and Cd are classified as
carcinogens (USEPA 1999).

Other metals, investigated in this study,
were Ni, Cr, Zn and Cu, each of which has been
reported for various health problems being non-
biodegradable and with the possibility of
accumulation in the food web. This study is
conducted on water from three selected earthen
fish ponds and their feeder streams with a view
to identify and characterize the levels of heavy
metals (Fe,Cu, Mn, Pb, Cd, Co, Cr, Ni and Zn)
in the water and establish the pollution status of
the fish ponds.

Materials and Methods

The study covered three towns in Osun State. A
purposive sampling method was used to select
the study area. The ponds of interest were
earthen fish ponds with inflow from
surrounding natural streams. The streams
selected are Arula in Osogbo, Yah in Ilesha and
Awuru in Yakoyo. There are various
anthropogenic activities around the stream and
fish ponds like waste disposal, sewage as well
as agricultural practices which may result in
deterioration of water quality rendering serious
environmental problems posing threat on
human beings and sustaining aquatic organism.
Water samples were collected following the
standard procedure described by Kegley and
Andrews (1987), Ademoroti (1996) and the
APHA (1998). Heavy metal lead (Pb),
chromium (Cr), zinc (Zn), nickel (Ni),
cadmium (Cd), copper (Cu), Iron (Fe), Cobalt
(Co), Mercury (Hg), Manganese (Mn),
determination was carried out with the use of
Atomic Absorption Spectrometer. The
instrument was be calibrated with analytical
grade metal Standard Stock Solution. Controls
included water samples from fresh water and
deionized water. The data was subjected to
statistical analysis using analysis of variance.
Only variables with p-values < 0.05 were
considered significant.
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Results and Discussion

Effect of Habitat Variation on Heavy Metal
Concentrations

The potential toxicity of metals in water may
have detrimental effects on biochemical
processes of aquatic organisms (Jonsson, 2009)
especially fish which serves as a source of
protein which is deficient in Nigerian diet
(Areola, 2007). Metal concentrations in water
at different ponds and streams are illustrated in
Table (1-.3). Metal concentrations in water
were found in the following order: Fe>Ni>Zn
>Mn > Co > Cu > Cr>Pb in Ilesha pond water
and this was slightly different from the
sequence observed in Yah stream water (Fe>Ni
>7Zn>Mn > Cu > Cr> Co >Pb). Osogbo pond
water recorded heavy metal concentration in
the order of Fe > Ni>Mn>Zn> Co > Cu>
Cr>Pb while Arula stream recorded a sequence
of Fe > Zn > Ni > Mn > Cu > Co > Cr>Pb. In
addition, heavy metal concentrations recorded
in Yakoyo pond water was in the order of Fe >
Zn>Mn>Ni> Co > Cu > Cr>Pb while Ewuru
stream water recorded the concentration in the
order Fe > Zn > Ni > Mn > Cu > Co > Cr>Pb
which was similar to the trend observed in
Arula stream water. Variations in the order of
dominance of these metals could be as a result
of the different anthropogenic activities going
oninthe surrounding of individual water body.

Table 1: Heavy Metal concentration in llesha
Fish Pond and Yah Stream

Metals Pond Water Stream Water P value
(ng/L) (ng/L)
Pb 3.15+0.03 3.70+0.13 0.09
Cr 8.69+0.97 9.97+1.06 0.06
Co 9.78+1.05 6.66+0.51 1.12
Zn 68.57+6.25 41.67£3.44 0.05*
Ni 85.35+8.19 87.86+9.14 0.98
Mn 15.854+6.22 14.34+1.58 0.002
Fe 495.16+71.83 414.50+79.64 0.37
Cu 9.72+0.98 11.15+1.24 0.11
Cd ND ND

*Significant (p<0.05); ** Highly significant
(p<0.01); ***: Very Highly significant (p<0.001)
S.E.M: Standard error of mean, ND: Not detected

Table 2: Heavy Metal concentration in Osogbo

Fish pond and Arula Stream

Metals Pond Water  Stream Water P value
(ng/L) (ng/L)
Pb 1.87+0.13 2.37+0.19 0.09
Cr 2.94+0.27 3.60+0.76 0.01
Co 10.12+1.05 9.52+0.59 0.11
Zn 59.21+6.06 67.08+4.94 0.22
Ni 19.8942.19 47.69+7.04 0.05%
Mn 19.90+6.70 30.98+2.03 0.01%*
Fe 66.47+5.63 90.51+£39.49 0.47
Cu 9.62+1.03 11.09+1.24 0.34
Cd ND ND

*Significant (p<0.05); ** Highly significant
(p<0.01); ***: Very Highly significant (p<0.001)
S.E.M: Standard error of mean, ND: Not detected

Table 3: Heavy Metal concentration in Yakoyo
Fish pond Ewuru/Rara Stream

Metals Pond Water Stream Water P value
(ng/L) (ng/L)
Pb 2.71+0.12 1.52+0.21 0.07
Cr 3.89+0.62 2.65+0.41 0.12
Co 10.64+0.55 9.00+1.09 1.92
Zn 68.82+4.38 57.48+6.62 0.05
Ni 31.94+5.09 35.64+4.14 0.05%*
Mn 33.24+2.26 17.64+6.47 0.78
Fe 96.86+7.62 60.12+£5.39  0.001***
Cu 11.19+1.27 9.52+6.13  0.001%**
Cd BDL BDL 0.07

*Significant (p<0.05); ** Highly significant
(p<0.01); ***: Very Highly significant (p<0.001)

Table 4: Seasonal Variation in the Water
Quality of Yah stream and associated
Fish pond at llesha

Metals Dry season  Rainy season P value
(ng/L)

Pb 3.79+0.11 3.05+0.06  0.47
Cr 9.92+1.06 8.75£0.96  0.48
Co 10.41+1.01 6.01+0.55  0.05*
Zn 52.96+5.07 57.28+4.62  0.23
Ni 91.18+9.04  82.025+8.29  0.05*
Mn 19.75+1.71 10.44+6.08  0.05*
Fe 474.14+84.66 435.52466.81  0.02*
Cu 10.88+1.00 9.98+1.22  0.31
Cd ND ND

*Significant (p<0.05); ** Highly significant
(p<0.01); ***: Very Highly significant (p<0.001)
S.E.M: Standard error of mean, ND: Not detected
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However, Fe had the highest concentration in
all the samples. Okoye, (1991a) and Asuquo et
al, (1999), Olaifa, et al., (2004) also reported
the dominance of Fe in their study. The
concentrations of the essential metals (Fe, Zn,
Ni, Mn) were generally higher than the non-
essential metals in the water samples in the
three locations. This supports the report of Zn
concentration in Yah stream was significantly
(p<0.05) lower than in the recorded value in
the associated fish pond in Ilesha. In Osogbo,
significance (p<0.05) differences were
observed in the concentrations of Zn, Mn and
Fe, while the concentrations of Ni and Mn in
Ewuru stream were significantly (p<0.05)
higher than the recorded values in the
associated fish pond in Yakoyo.

Effect of Seasonal Variation on Heavy
Metal Concentrations

Heavy metal concentrations were generally
higher in the dry season than in rainy season as
reported by Basyigit and Tekin-Ozan, (2013).
Literature has also explained that heavy metals
concentration in the sediment samples are
usually higher in dry season compared to those
of the rainy season. This may be as a result of
slow current of water in dry season giving room
for the particles to settle down. Metal
concentrations in water samples from Yah,
Arula and Ewuru streams and their associated
fish ponds are shown in Tables 4-6.
Concentrations of Co, Ni, Mn and Fe in Ilesha
water samples were significantly (p<0.05)
lower in the rainy season than in the dry season.
Similarly, seasonal variations significantly
affected the concentrations of Co, Zn, Ni, Fe,
and Cu in Osogbo water samples.
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Table 5: Seasonal Variation of the Water
Quallity of Arula Stream and
Associated Fish Pond at Osogbo

Metals Dry season  Rainy season P value
(ng/L)

Pb 2.42+0.05 1.19+0.46 0.19

Cr 3.32+0.08 1.1540.28 0.06

Co 9.93+0.57 5.83+£1.08 0.05%

Zn 47,43+4.28 4.29+£2.72 0.001***
Ni 89.48+8.94 39.77+7.48 0.01%*
Mn 11.33+1.20 5.97+1.19 0.21

Fe 172.17+11.85 32.30+21.06 0.01%*
Cu 58.3945.65 1.3941.05 0.001**%*
Cd ND ND

*Significant (p<0.05); ** Highly significant
(p<0.01); ***: Very Highly significant (p<0.001)
S.E.M: Standard error of mean, ND: Not detected

Table 6: Seasonal Variation of the
Physicochemical water quality of
Ewuru/Rara Stream and
associated Fish Pond at Yakoyo

Metals Dry season  Rainy season P value
(ng/L)

Pb 2.71£0.12 1.52+0.21 0.07

Cr 3.89+0.62 2.65+0.41 0.12

Co 10.64+0.55 9.00£1.09 1.92

Zn 68.82+4.38 57.48+6.62 0.05%

Ni 31.94+5.09 35.64+4.14 0.78

Mn 33.24+2.26 17.64+6.47 0.001***
Fe 98.86+7.62 60.12+5.39 0.001***
Cu 11.19+1.27 9.52+6.13 0.07

Cd ND ND

*Significant (p<0.05); ** Highly significant
(p<0.01); ***: Very Highly significant (p<0.001)
S.E.M: Standard error of mean, ND: Not detected

In addition, the concentrations of Zn, Mn
and Fe, were significantly (p<0.05) higher
in the dry season than in the rainy season as
reported by Basyigit and Tekin-Ozan,
(2013). Tables 7 and 8 the EPA (2002),
WHO (2003) and SON (2007) standards
for surface water. Although study revealed
that the heavy metals of interest found in
measurable quantities are still within
recommended limits. Efforts should
however be concentrated on ensuring that
these concentrations are notexceeded.
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Table 7: Comparison of Heavy Metal Contents in llesha, Osogbo and Yakoyo Pond and
Stream Water with Water Quality Guidelines (mg/L)

Heavyy WHO EPA  SON ILESA 0SOGBO YAKOYO
metal  (2003) (2002) (2007) POND STREAM POND  STREAM POND STREAM
Pb 005 0.05 001 0.0032 00037 0.0021  0.00577 0.00187  0.0024
Cr 0.05 0.05 - 0.0086  0.0099 0.0028 0.0392 0.0029 0.0036
9
Ni 0.02 - 0.02 0.085 0.087 0.084 0.087 0.019 0.048
Mn 0.5 0.02 0.20 0.0159 0.0014 0.011 0.0119 0.020 0.031
cd 001 0.0l 0.005 ND ND ND ND ND ND

Table 8: Comparison of Heavy Metal Contents in llesha, Osogbo and Yakoyo Pond and
Stream water with Water Quality Guidelines (ug/L) in both Dry and Rainy Seasons

Metal WHO EPA Dry Rainy Dry Rainy Dry Rainy
(1993) (2002)  Season Season  Season Season Season Season

Pb <0.010 0.05 0.00334  0.003 0.0024 0.0012 0.0027 0.0015

Cr - 0.05 0.009 0.0088  0.0033 0.0012 0.0039 0.0027

Ni 1.500 - 0.091 0.082 0.0895 0.0398 0.032 0.036

Mn - 0.02 0.020 0.010 0.0113 0.0060 0.033 0.018

Cd <0.010 0.01 ND ND ND ND ND ND

Conclusion Nigeria. A paper presented at the educative and

Water quality study is essential for setting base
line conditions and standards. Against these
standards results of further studies can be
evaluated. The persistence and toxicity of
heavy metals in man and aquatic ecosystem
calls for the constant monitoring of the
incidence of these metals in the environment.
This study summarizes the seasonal and habitat
variation in the concentration of some heavy
metal in three fish ponds and their feeder
streams in Osun state. The result showed that
most investigated heavy metals were within
WHO, EPA and SON recommended limits,
however, these concentrations should not be
exceeded.
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