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ABSTRACT: The quality of water discharged into Agodi Reservoir was determined by the levels of Cd, Co, Cr, Cu,
Fe, Mn, Ni, Pb and Zn. Water samples were collected from the inlet, centre and outlet locations of the reservoir and their
heavy metal contents were determined by standard methods using Atomic Absorption Spectrophotometer (AAS) over a
period of twelve (12) months covering both rainy and dry seasons. Test location differences and seasonal variations were
examined using ANOVA at P<0.05 to establish any gradient effect associated with pollution dynamics. Results showed
no seasonal variations in all the heavy metals except for Co. Also, there is no significant variation in heavy metal
concentration between the test locations. The heavy metal profile in Agodi Reservoir, measured in mg/L, was as follows:
Mn (64.81) > Fe (43.75) > Zn (23.13) > Cu (12.44) > Co (0.19) > Ni (0.17) > Cd (0.12). Concentrations of Cr and Pb
were below detectable level. Compared to WHO recommended limits, Co fell below while others were higher than
thresholds. It is concluded that Agodi Reservoir water has a potential environmental hazard unless treated before use.
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Pollution of water is one of the most serious
environmental problems. Water is regarded as polluted
when changes in its quality or composition either
naturally or as a result of human activities such that it
becomes less suitable for drinking, domestic,
agricultural, industrial, recreational, wildlife and other
uses for which it should have been suitable for in its
natural or unmodified state (Goel, 2006). When
sewages and solid wastes are deposited in water, heavy
metal toxicity can be expected. Heavy metal pollution
is caused by toxic heavy metal contaminants (Bose and
Hamantarja, 2005). In recent years, there has been an
increasing ecological and global health concern
associated with environmental contamination by
heavy metals. Pollution of heavy metals in aquatic
environment is a growing problem worldwide and
currently have reached alarming rate (Naziret al.
2015). Major environmental contaminations and
impact result from anthropogenic activity such as
mining and smelting, industrial production and use,
domestic and agricultural use of metals and their
compounds (Shellarie al. 1998, Harawatiet al. 2000).
Environmental pollution can also occur through metal
corrosion, atmospheric deposition, soil erosion of
metals ions and leaching of heavy metal (Goyer, 2001,
He et al 2005). Natural phenomena such as
weathering and volcanic eruptions have also been
implicated Shellariet al. 1998; He et al. 2005) reported
that some heavy metals also occur naturally in the
earth crust and may enter into aquatic system through

human activities. Heavy metals are non-degradable,
they are continuously being deposited and
incorporated in water thus causing heavy metal
pollution in water bodies. The present work aimed to
investigate the pollutants levels of some heavy metals
(Cadmium, Cobalt, Chromium, Copper, Iron,
Manganese, Nickel, Lead, and Zinc) in the water in
Agodi Reservoir, in Ibadan and hence the safety levels
of the water for human consumption.

MATERIAL AND METHODS

The study Area: Agodi Reservoir is situated in Ibadan
Oyo State, Nigeria. The latitude and longitude
coordinate of Ibadan are: 7.401,962, 3.917,313. Ibadan
is one of the largest cities in Nigeria. Agodi reservoir
is human created reservoir formed along the path of
Ogunpa River. The reservoir was constructed in the
1980s following the great flood in 1980 in Ibadan. The
purpose of the construction was to serve as retention
basin for excess run-off from upper section of Ogunpa
River to prevent flooding downstream of the river. The
reservoir covers an area of about 5.2 hectares,
stretching about 1km with a maximum depth of about
Sm. The river traverses major parts of Ibadan city
where it flows across many markets, eateries, schools,
residential areas abattoirs mechanic workshops,
parking lots waste dumps and other areas where waste
are generated before discharging into Agodi Reservoir.
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Sampling Regime and Sample Collection: Samples of
water were collected at different points (figure 1). In
the reservoir, water samples were collected from three
sampling locations comprising the inlet (F) centre (G)
and outlet (H) parts of Agodi Reservoir. The samples
were carefully labeled and taken to the laboratory to
assess their heavy metal quality. The procedure
employed demand immediate acidification with 5ml
cone HNOj; and transport to laboratory for digestion
which was done within 24 hours. All samples for metal
analysis were stored in the refrigerator set at 4°C to in-
activate any bacteria and prevent change in volume
due evaporation.
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Sample Digestion: A 50ml of water sample was
transferred into Teflon beaker and Sml of concentrated
HNOs was added. This was followed by gentle boiling
on a hot plate in a fume cupboard for about 45 minutes.
The digested samples were quantitatively transferred
into a 25ml volume metric flask and diluted with
distilled water.

Metal analysis: The digest samples were analyzed for
heavy metal (Cd, Co, Cr, Cu, Fe, Mn, Ni, Pb and Zn)
using Atomic Absorption Spectrophotometer (Buck
200 AAS model). The instrument setting and
operational conditions were done in accordance with
the manufacturers’ specifications.

Fig 1: Sampling locations F, G and H on Agodi Reservoir

Statistical Data Analysis: The statistical data analyses
were measured on means, Correlation Coefficients and
Linear regression supported by ANOVA. A
combination of Microsoft Excel and R-Statistics were
employed.

RESULTS AND DISCUSSION

The results of analysis of heavy metals for each
location from each steps of the methodology is
presented below. The results are presented in Tables 1,
2 and 3. Table 1 represents the mean of the
concentrations of metals in different water samples.
Table 2 and 3 are values of heavy metals at different
seasons. The major stream entering Agodi Reservoir is
Ogunpa River, which serves as a point source of
pollution to the reservoir. Ogunpa River travels long
distance through residential areas of New and Old
Bodija and collects a variety of wastes from open
drains, industries, slaughter and other sources, before
discharging into Agodi reservoir. The waste contains
pollutants which are of both organic and inorganic
origin, some of the pollutants which may be
biodegradable or non-biodegradable. The impurities

include agricultural wastes and nutrients which may be
oxygen demanding, also heavy metals and toxic
substances that pollute the Reservoir. Non-point
sources of pollution to Agodi Reservoir are run-offs
from Agodi Parks and gardens in the city, agricultural
areas, construction sites, roads and streets, which are
secondary grounds arising from environmental
degrade. Increasing complex due to increase in human
population which subsequently results into rapid
urbanization along the water body contributes
significantly to the pollution of the reservoir. Heavy
metal pollution of Agodi Reservoir can therefore be
traced to both natural and anthropogenic sources.
Eroded earth crust is a natural source of heavy metal
that percolate into and sediment whereas human-
influenced source heavy metal contamination could be
from vehicular gas exhaust, laundry discharges, engine
disposal and fertilizer use.

Heavy Metals Concentrations: The concentration of
Cd in the water body averaged 0.12mg/L during the
experimental year. Analysis of variance (ANOVA) of
cadmium data showed no significant difference (P
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<0.05) at all the locations which imply no gradient
effect. The mean concentration of cadmium in dry
season was 0.06mg/L and in wet season was
0.17mg/L. The T-test statistics at 95% C.I. showed no
significant difference between the dry and wet season.
A linear regression of Cd in the water body along the
sample locations gave a negative correlation (r’= 2%)

The mean concentration of cobalt was 0.19mg/L in the
water body during the experimental year. Mean

1971

concentration of cobalt in dry season was 0.37mg/L
and in wet season was below detectable level. The T-
test statistics at 95% C.I. showed significant difference
between the dry and wet seasons. Analysis of variance
along locations of cobalt data showed no significant
difference (P<0.05). A linear regression of Co in the
water body along the sample locations gave a weak
negative correlation (r’= 5%)

Table 1: Mean values of heavy metals in water samples from Agodi Reservoir along locations (F to H)

Heavy metals in mg/L"! Locations Mean WHO Standards
F G H
Cd 0.10  0.19 0.06 0.12 0.005
Co 0.16  0.44 0.01 0.19 5.0
Cr BDL BDL BDL 0.00 0.05
Cu 10.44  8.05 18.70 12.44 1.0
Fe 21.59 58.58 51.07 43.75 0.1
Mn 1.10 3835 15499 64.81 0.5
Ni 0.19 0.32 BDL 0.17 0.02
Pb BDL BDL BDL 0.00 0.05
Zn 20.33 1297 36.07 23.13 5.0

Key: BDL below Detectable Level

Table 2: Heavy metals concentrations in water along Agodi River during dry Season

Heavy metals Dry Season
in mg/L"! Agodi Reservoir “Mean
F G H
Cd 0.11 BDL 0.07 0.06
Co 0.23 0.88 0.01 0.37
Cr BDL BDL BDL 0.00
Cu 5.71 5.63 34.21 15.18
Fe BDL 1269 75 29.23
Mn 094 225  307.81 103.67
Ni BDL 0.54 BDL 0.18
Pb BDL BDL BDL 0.00
Zn 3492 6.62 65.23 35.59

BDL = Below Detectable level

Table 3: Heavy metals data in water along Agodi River during wet season

Heavy metals Wet Season “Mean
in mg/L"! Agodi Reservoir

F G H
Cd 0.08 0.38 0.05 0.17
Co BDL BDL 0.01 0.00
Cr 0.01 0.01 0.01 0.01
Cu 15.17 10.47 3.18 9.61
Fe 43.17 104.47 27.13  58.26
Mn 1.25 74.44 2.16 25.95
Ni 0.38 0.09 0.01 0.16
Pb 0.01 0.01 0.01 0.01
Zn 5.74 19.32 6.91 10.66

BDL = Below Detectable level

The mean concentration of chromium in the water
body was below detectable level the mean Cr value
during the dry season was below detectable level while
the mean value for the wet season was 0.01mg/L. T-
test statistics at 95% C.I showed no significant
difference in the two seasons. Also, one-way analysis
of variance (F-statics) at P<0.05 showed no significant

difference at the various locations which implies no
gradient effect.

Copper concentration in the water body averaged
12.44mg/L. The mean copper value during the dry
season was 15.18mg/L while during wet season was
9.61lmg/L. T-test statistic at 95% C.I showed no
significant difference in the two seasons. One-way
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analysis of variance (F-statistic) at P<0.05 showed no
significant difference in values between the test
locations. A linear regression of Cu in the water body
along the sample location showed a positive weak
correlation (r?= 10%)

Iron concentration in the water body averaged
43.75mg/L. The mean values of Iron in dry season and
wet seasons were 29.23mg/L. and 58.26mg/L
respectively. T-test statistic at 95% C.I showed no
significant difference in the two seasons. One-way
analysis of variance (F-statistic) at P<0.05 showed no
significant difference in values between the test
locations. A linear regression of Fe in the water body
along the sample locations showed weak positive
correlation (r’= 7%)

The mean concentration of Manganese in the water
body during the test period was 64.81mg/L. The means
values of Manganese in dry and wet seasons were
103.67mg/L and 25.95mg/L respectively. T-test
statistic at 95% C.I showed no significant difference in
the two seasons. One-way analysis of variance (F-
statistic) at P<0.05 showed no significant difference in
values between the test locations. A linear regression
of Mn in the water body along the sample locations a
strong positive correlation (r>= 100%)

Nickel concentrations in the waters averaged
0.17mg/L during the test period. One way analysis of
variance (F-statistics) at P<0.05 showed no significant
difference in values between the test locations. The
mean values of Nickel in dry and wet seasons were
0.18mg/L and 0.16mg/L respectively. T-test statistics
at 95% C.I showed no significant difference in the two
seasons. A linear regression of Ni in the water bodies
along the sampling locations, showed strong negative
correlation (r?= 77%)

The concentration of Pb in the waters was below
detectable level. One-way analysis of variance (F-
statistics) at P<0.05 showed no significance at the test
locations. T-test statistic at 95% C.I. showed no
significant difference seasonally. No relationship was
established in the levels of Pb in the water bodies along
the test locations.

The mean concentration of Zn in the waters for the
experimental period was 23.13mg/L. One-way
analysis of variance (F-statistics) at P<0.05 in all the
locations showed no significant difference. The mean
values of Zinc in dry season and wet seasons were
35.59mg/L and 10.66 mg/L respectively. T-test
statistic at 95% C.I showed no significant difference in
the two seasons. A linear regression of Zn in the water
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body along the sample locations showed strong
positive correlation (r?= 72%).

Cadmium is a heavy metal of considerable
environmental and occupational concern. It is highly
distributed in the earth’s crust at an average of about
0.1mg/kg. The highest level of cadmium compounds
in the environment is accumulated in sedimentary
rocks and marine. Phosphates which contain 15mg/kg
(Gesmap, 1987), cadmium is a non-essential and toxic
element to humans. Kidney is the critical target organ
for toxicity of cadmium in humans critical effects
include increases excretion of proteins in urine of
proximal tabular cell damage. The severity of the
effect depends on duration and magnitude of exposure.
The international Agency for Research on Cancer
(IARC) classified cadmium into group 1 carcinogen to
humans while the US Environmental Protection
Agency (EPA) have conjectured that cadmium is a
probable carcinogen by inhalation. Epidemiological
data from occupational settings confirm the lungs as
the primary target organ.

Concentration of Cd level was above the
recommended WHO for drinking water. The WHO
maximum allowable concentration of cadmium in
drinking water is 0.005 mg/L (WHO, 2011). This gives
a cause for concern as the use of water high in Cd could
cause adverse health effects. The mean Co level was
below the maximum WHO maximum allowable
concentration of Co in drinking water is Smg/L (WHO,
2011). Since nearly all the water samples analyzed
contained Co concentration that may not be
detrimental to consumers, the water may not constitute
health risk due to cobalt. The values of chromium were
lower than the maximum contamination level (MCL)
of 0.lmg/L recommended by USEPA 1986 and
0.05mg/L by WHO (2011). Chromium may be present
in the hexavalent (Chromate) or trivalent form, but the
trivalent chromium is extremely irritating and toxic to
human tissues. Chromate poisoning causes skin
disorder and liver damage. Chromium is certainly an
objectionable contaminant in drinking water because
of its alleged carcinogenic effects (Hassan et al. 1989,
Juma, 2013 and Mustafa et al. 1988). Concentration of
Cu was above 1.0mg/L WHO recommended level for
drinking water (WHO, 2011). Copper is an essential
trace nutrient that is required in small amounts (5-20)
micrograms per gram (pg/g) by humans and other
mammals, fish and shellfish for carbohydrate
metabolism and the functioning of more than 30
enzymes. It is also needed for the formation of
hemoglobin and haemocyanis, and the oxygen
transporting pigments in the blood of vertebrates and
shellfish respectively. Copper is toxic and capable of
causing “Wilson disease”. It has harmful biochemical
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effects and toxicity in flora, fauna and human beings.
Intake of Cu through air, water and food beyond its
permissible limits is hazardous. For example,
ingestion of 15-75mg of Cu causes - intestinal
disorders. Excessive intake of Cu may even cause
hemolysis, hepatotoxie and nephron-toxic effects.
Copper toxicity leads to mucosal irritation, corrosion,
widespread capillary damage, hepatic and renal
damage also nervous system irritation followed by
depression (Krishnamurthy et al. 2009). The values of
Fe obtained in this study was above 0.1mg/L WHO
recommended level for Fe in drinking water (WHO,
2011), hence use of such water for domestic purposes
may pose serious long-term danger. In cellular process
in both plants and animals Iron is very important metal
(Lovell, 1989). The major effect of Iron in water is
aesthetic. High concentration of Iron above 0.3mg/L in
water gives rise to consumer complaints due to its
ability to discolour aerobic water (WHO, 2004).

The WHO maximum allowable concentration of Mn
in drinking water is 0.5mg/L (WHO, 1993). It was,
however observed that the water contained
concentrations higher than above stated WHO limit.
This gives a cause of concern as the use of water high
in Mn could cause adverse health effects such as lung,
liver and vascular disturbances, reduces blood
pressure, developmental problems in animal foetus,
brain damage, irritation to the eye (Goyer, 1992;
Gossel, 1994, Copeland, 1996). On the other hand Mn
is an element of low toxicity having considerable
biological significance and one of the more
biogeochemical and active transition metals in aquatic
environment (Evans ef al. 1977). The concentration of
Nickel in the water body is higher than the 0.02mg/L
recommended WHO maximum allowable
concentration for drinking water (WHO, 1993). Hence
the use of such water for domestic purposes may pose
danger.

Nickel is nutritionally essential trace metal for at least
several animal species, micro-organisms and plant,
and therefore either deficiency or toxicity symptoms
can occur, respectively too little or too much Nickel is
taken up (Bencko, 1983; Scott-Fordsmand, 1997).
Nickel is however ubiquitous, frequently responsible
for allergic skin reactions and it has been implicated as
common causes of allergic contact dermatitis,
confirmed through positive dermal patch test
(Kitauraet al. 2003; Clarkson, 1988, Iris, 1996). The
sensitivity to nickel would emphasize the need to
monitor nickel content in drinking water and nickel-
allergic subjects should be sensitive to increase
absorption when drinking water on an empty stomach
(Nelson et al. 1999)
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The recommended WHO value for Pb in drinking
water is 0.005mg/L (WHO, 2011). The study showed
that the concentrations were lower than the WHO
recommended standard. The concentrations of Pb in
the dry season were low and could not be detected in
water from all the sampling locations. Lead has been
potentially hazardous and toxic to most forms of life
by the United States Environmental Protection Agency
(US EPA, 1986). Some of the health hazards of Pb are
chronic neurological disorders in foetus and in
children when the concentration exceeds 0.1mg/L.

The values of Zinc obtained in this study were higher
than the 5.0mg/L WHO recommended level of Zinc in
drinking water (WHO, 1984, 2011). The high level of
Zinc in this water body could be as a result of refuse
dump and domestic sewage sources around the water
body. The concentrations of Zinc could also be
attributed to industrial effluent discharge inside the
water. It has been found that high concentration of Zn
could be toxic to fish and some other aquatic
organisms (Alabaster and Llyods 1982). Low toxicity
level of Zn has no effect on man, however prolonged
accumulation of large doses can cause some health
effects which may include fatigue, dizziness and
neutropenia (Hess and Schmid, 2002).

Conclusions: Heavy metal (Cd, Cu, Fe, Mn, Ni and
Zn) content in Agodi reservoir were higher than the
WHO recommended values for drinking water. The
water was highly polluted with these heavy metals and
therefore not recommended for human consumption.
Seasonal variation using T-test statistic showed no
significant differences in all the heavy metals except
for Co. There were no significant differences in all the
heavy metals at the various sampling locations,
implying no gradient effect. The type and sources of
water discharged into the Agodi Reservoir is
implicated for intense pollution of the water. A
monitoring network is needed to effect preventive
actions and reduce anthropogenic discharges into the
reservoir.
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