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Abstract: The aim of this study is to evaluate the level of pollution of kubanni lake. Concentrations of some
metals in water and sediment columns of Kubanni lake were investigated for a 2 year period (2002-2004).
Samplings were done monthly at 5 different sites. The concentrations of the metals were determined using
atomic absorption spectrophotometer. The pH fluctuated between acidity (6.50) and alkalinity (9.0). The mean
temperature, electrical conductivity, dissolved oxygen and hardness are: 24.97±.29ºC, 69.20±0.72 :/cm,
07.25±0.05 mg/ and 124.77±8.11 mg/. CaO3, respectively. Mg, Ca, Pb, Co, Cd and Cr were detected in all the
water samples with means of 1.47±.08, 9.21±0.52, 1.220.05, 1.26±0.05, 0.02±0.01 and 0.86±0.04 mg/L
respectively. The dry season means of Mg, Ca and Pb were higher than the rainy season means while a reverse
trend was observed for Co and Cr. The sediment metal concentrations correlated positively with the water metal
concentrations. The detection of Pb and Cd in Kubanni lake indicates the contamination of the lake’s water by
human activity. The concentrations of Cr, Cd and Pb in both sediments and water were above WHO
recommended limits. Also, the Ca: Mg ratio obtained for Kubanni lake water is 6:1, indicating Mg deficiency
of the lake’s water. Consequently, the lake water is not suitable for irrigational purposes in terms of Ca: Mg
ratio.
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INTRODUCTION

The rate of water pollution of all types has increased
much more as compared to other fields of pollution due to
the discharge of all sorts of obnoxious matter into it
(Akhtar et al., 2005). The global concern about heavy
metals in the environment stem from their persistence,
toxicity and bioaccumulation in the trophic chain
(Adakole, 2000; Nnaji and Okoye, 2006).When heavy
metals enter water bodies, they change water quality, bind
to sediments and accumulate in aquatic biota causing
anemia, disturbance of physiological functions and
mortalities of fish (Post, 1983). Specifically, aquatic
organisms experience histological and morphological
changes in tissues; physiological changes like suppression
of growth/development, poor swimming performance,
changes in blood composition and circulation, behavior
and reproduction (Adakole et al., 1998; Widianarko et al.,
2000), adversely affecting aquatic biodiversity. This
adversely affects fish farming through decrease in revenue
and profitability. Heavy metals also pose a serious threat
to humans through ingestion of metal enriched aquatic
organisms. 

Anthropogenic activities like mining, final disposal
of treated and untreated waste effluents containing toxic
metals as well as metal chelates (Amman et al., 2002)
from different industries, e.g. tannery, steel plants, battery

industries, thermal power plants and also the
indiscriminate use of heavy metal containing-fertilizers
and pesticides in agriculture are some of the main causes
of metal pollution in the aquatic ecosystems. 

Though some metals like Cu, Fe, Mn, Ni and Zn are
essential as micronutrients for life processes in plants and
microorganisms, other like Cd, Cr and Pb have no known
physiological activity and have been proved detrimental
beyond a certain limit (Marschner, 1995; Bruins et al.,
2000). At low levels in water, some elements like Cd
(0.01 mg/L), Pb (0.10 mg/L) (ISL, 1982) and Cu (0.05
mg/L) pose threats to humans (Nnaji and Okoye, 2006).
Deadly diseases like edema of eyelids, tumor, congestion
of nasal mucous membranes and pharynx, stuffiness of
the head and malfunctions in genetic makeup,
gastrointestinal cavity, muscular, reproductive and
neurological systems caused by some of these heavy
metals have   been  documented (Johnson, 1998; Abbasi
et al., 1998; Tsuji and Kargatzides, 2001). Various
geochemical and environmental factors influence metal
availability/toxicity to aquatic organisms (Luoma, 1983;
Amman et al., 2002). These include; solute metal
speciation, influence of other metals, temperature, pH
among others.

Therefore, monitoring metals in aquatic environment
is important for safety assessment of the environment and
human   health in particular. Regarding this background,
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Fig. 1: Map of Nigeria and part of Zaria region showing Kubanni lake and location of sampling sites

 this survey monitored the surface water of Kubanni dam;
considering environmental factors variables and metal
content. The status of the lake’s water quality was
evaluated with respect  to drinking and
agricultural/irrigation purposes. 

MATERIALS AND METHODS 

Study area and sampling sites: Kubanni lake, also called
Ahmadu Bello University dam, is constructed on river
Kubanni in 1973. The lake’s major use is to supply water
to the University community. The lake (reservoir)
catchment’s area is 57 Km2 (22 square miles), its width is
122 m (400 feet), mean depth is 6 m (20 feet), water level
during wet season is 644.81 m and the corresponding
crest is 646.34 m. The lake is located approximately
within latitude 11º11!N and longitude 7º38!E in Samaru-
Zaria, Kaduna state, Nigeria (Fig. 1). It is located within
the premises of Ahmadu Bello University, main campus.
The lake’s two tributaries are the Kampagi and Samaru
streams. Kampagi stream, which originates from a rural
settlement, has a seasonal flow whereas Samaru stream
that originates from a semi-urban settlement has an all-
year-round flow due to its sustenance by urban runoffs

and seepages. Five sampling sties were chosen, each
about 22.00±2.00 m from the other (Fig. 1).

Sample collection and analysis: Water and sediment
samples were collected from each of the sampling stations
on Kubanni lake for a 2 year period (2002-2004). The
water temperature (oC) (1m below water surface) was
determined in the field using a mercury thermometer.
Electrical conductivity and hydrogen ion concentration
(pH) by using Jenway 4010 conductivity m and Kent Eil
7055 pH m models respectively. Total hardness and
dissolved oxygen were determined by burette titration
while metals were determined by using atomic absorption
spectrophotometer after digestion (APHA, 1992). The
metals analysed were Mg, Ca, Pb, Co, Cd and Cr,
respectively.

RESULTS AND DISCUSSION 

The pH of the lake water fluctuated between acidity
(6.50) and alkalinity (9.0) with an overall mean of
7.45±0.03. Seasonal mean values of pH varied from 7.34
in rainy season to 7.51 during the dry season. Nnaji and
Okoye  (2006)   reported   that   as   pH  decreases,  more
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Table 1: Mean concentrations (mg/L) of metals in water and sediment samples from Kubanni lake
Water Sediment
--------------------------------------------------------------------------------------------------------------------------- ---------------
Mg Ca Cr Co Cd Pb Mg Ca Cr Co

Site 1 1.35 7.85 0.73 1.15 0.02 1.18 1.36 8.05 0.75 1.18
Site 2 1.37 9.43 0.84 1.35 0.02 1.26 1.41 9.71 0.86 1.39
Site 3 1.28 8.89 0.78 1.21 0.04 1.26 1.31 9.24 0.8 1.24
Site 4 2.3 8.9 1 1.33 0.01 1.15 2.26 9.16 1.03 1.36
Site 5 1.07 10.87 0.96 1.27 0.01 1.22 1.1 11.19 0.96 1.3
Dry season 2.33 12.71 0.67 1.16 0.02 1.6 2.4 13.09 0.69 1.19
Rainy season 0.61 5.71 1.05 1.36 0.02 0.83 0.68 5.88 1.08 1.4
Mean±sd 1.47±0.47 9.20±1.09 0.86±0.11 1.26±0.08 0.02±0.01 1.21±0.04 1.51±0.48 9.47±1.13 0.88±0.11 1.29±0.08
Permissible limit* - >270 0.05 - 0.05 0.05 0.05

(WHO, 1996)

dissolved metal ions are produced. Ionic forms of heavy
metals could induce acute poisoning in aquatic animals
leading to kills while complex forms could cause chronic
poisoning  and bioaccumulation in fish tissues (Baeyens
et al., 2005). The mean temperature of the lake during the
study period is 24.95±0.09ºC. There is a non significant
correlation (p<0.05) between temperature and pH.
Temperature correlated positively with all the sediment
and water metals. As temperature increases, rate of
biological processes increase and may result in increase in
metal uptake by fish (Adakole and Alabi, 2007). Mean
values of electrical conductivity and dissolved oxygen
were greater in the dry season than during the rainy
season. The DO of the lake ranged between 5.20 and 9.60
mg/L, with a mean of 7.25 mg/L. The least water hardness
(61.00 mg/L.CaCO3) was obtained in September at site 1
while the highest (206.85 mg/L.CaCO3) was obtained in
June at site 2. Depending on pH and alkalinity, hardness
of above about 200 mg/L can result in scale deposition,
particularly on heating [2]. Soft waters with a hardness of
less than about 100 mg/L have a low buffering capacity
and may be more corrosive to water pipes (WHO, 1996).

The variations of the metals in lake kubanni is as
presented on Table 1. The water and sediment alkaline
metals, Ca and Mg concentrations varied between seasons
and among sampling sites. Both metals were almost below
detection in the months of May, June, August and
September. This observation could be attributed to
dilution from rainfall while the sharp increase in October
could be due to anthropogenic sources. In a similarly
study, Kar et al. (2008) had attributed an observed
decrease in metal levels due to water dilution from
rainfall. The means of Ca and Mg in water were
9.21±0.52 and 1.47±0.01 mg/L, respectively. Calcium
usually is higher than magnesium in waters; as these
elements increase the tendency for sodium to be toxic
decreases (Adakole, 2000). 

When water hardness is greater than 150.00 mg/L as
obtained in this investigation, it is important to check the
amount of calcium and magnesium dissolved in the water
and determine the Ca: Mg ratio. This ratio should be 3 to
5 mg/L calcium to 1 mg/L magnesium (Terry and Ulrich,
1974; Nelson, 1998). If there is more calcium than this
ratio, it can block the ability of the plant to take up

magnesium, causing a magnesium deficiency (Terry and
Ulrich, 1974; Marschner, 1995; Nelson, 1998).
Conversely, if the ratio is less than 3-5 Ca: 1 Mg, the high
proportion of magnesium can block the uptake of calcium,
causing a calcium deficiency (Terry and Ulrich, 1974).
From Table 1, the Ca: Mg ratio obtained for Kubanni lake
water is 6:1, indicating Mg deficiency of the lake’s water.
Consequently, the lake water is not suitable for
irrigational purposes.

The dry season water values of Mg, Ca and Pb were
significantly higher than during the rainy season. Cr and
Co were higher in the rainy season than in the dry season.
Mean monthly values of chromium varied between 0.05
to 2.99 mg/L with an over all mean of 0.80±0.04 mg/L.
The monthly mean of Co concentrations were consistently
above 1.00 mg/L among the sampling sites. The monthly
mean concentrations of the four heavy metals (Pb, Cr, Cd
and Co) in water samples were in the range 0.00-3.78,
0.05-2.99, 0.00-1.00 and 0.06-2.45 mg/L, respectively.
The relative concentrations of the heavy metals in
sediment are: Co>Pb>Cr>Cd. Similar trend had also been
reported by Kar et al. (2008). A non significant
correlation was observed between water Pb and water Cr.
The effect of heavy metals on man can be additive,
antagonistic or synergic. For instance, Zn and Cu are Cd
antagonists and so adverse effects of high Cd intake can
be reduced by above normal amounts of Zn and Cu in the
body (Nnaji and Okoye, 2006).

The means of all the metal concentrations in water
positively significantly correlated (p<0.05) with the
metals in sediment. The sediment mean concentrations of
each of the elements were higher than their respective
concentrations  in  water  (Table 1).  According to Biney
et al. (1994), heavy metals are portioned between water,
sediments, suspended solids and aquatic biota in water
bodies. Heavy metals accumulate more in sediments than
in aquatic organisms and water (Tariq et al., 1996;
Ravanelli et al., 1997; Nnaji and Okoye, 2006) and as
such sediments act as sinks and sources of supply of
heavy metals to overlying water columns. 

In view of the fact that heavy metals such as Pb, Cd
and Zn are good markers of contamination from human
activity (Ravanelli et al., 1997), detection of these metals
in  Kubanni  lake  indicates  contamination  of the lake’s
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water by human activities. The water and sediment mean
concentrations of Cr, Cd and Pb were above the WHO
(1996) permissible levels for drinking water. The excess
heavy metal load observed during this investigation can
be attributed to the discharge of municipal wastes,
geology and catchment’s area of kubanni lake. These
results indicate that heavy metal pollution and toxicity
might pose some risks to the health of communities
residing around and using the lake water for domestic,
commercial and socio-cultural purposes. 

CONCLUSION

The pollutional status of Kubanni lake water quality
was investigated over a 24 month period. Human activity
is implicated for the lake’s water low quality.  Continued
prohibition of farming activities on the lake’s immediate
borderline and renovation and reactivation of the sewage
treatment plants are suggested to avoid further
deterioration of the lake’s water quality.
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